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 Recommended methods for sampling and analyzing subtidal soft-bottom benthic 
macroinvertebrate assemblages in Puget Sound are presented in this chapter.  The methods 
are based on the results of a workshop and written reviews by representatives from most 
organizations that fund or conduct environmental studies in Puget Sound (Table 1).  The 
purpose of developing these recommended protocols is to encourage all Puget Sound 
investigators conducting monitoring programs, baseline surveys, and intensive 
investigations to use standardized methods whenever possible.  If this goal is achieved, 
most data collected in the Sound should be directly comparable, and thereby capable of 
being integrated into a sound-wide database.  Such a database is necessary for developing 
and maintaining a comprehensive water quality management program for Puget Sound. 

 Before the recommended protocols are described, a section is presented on study design 
considerations.  This section discusses some major elements of the design of subtidal 
benthic macroinvertebrate studies that were considered at the workshop but left unresolved.  
Following this initial section, specifications are provided for the field, laboratory, quality 
assurance/quality control (QA/QC), and data reporting procedures that are recommended for 
most future benthic macroinvertebrate studies in Puget Sound. 

 Although the following protocols are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special requirements of 
individual projects.  If such departures are made, however, the funding agency or 
investigator should be aware that the resulting data may not be comparable with most other 
data of that kind.  In some instances, data collected using different methods may be 
compared if the methods are intercalibrated adequately. 
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 The designs of different benthic macroinvertebrate studies can vary substantially, 
depending upon study-specific objectives.  Therefore, it is not possible to standardize all of the 
elements that constitute such a study design.  Because variations in some of these elements can 
influence the comparability of different data sets, it is preferable that as many of these elements 
as possible be similar among studies. 

 Nine study design elements that may vary among different studies in Puget Sound and may 
limit data comparability are described in this section.  They include: 

  � Kind of sampler 

  � Area of sampler 

  � Sample replication 

  � Sieve mesh size 

  � Sieving location 

  � Use of relaxants 

  � Use of stains 

  � Level of taxonomy 

  � Sampling season. 

The specifications for these nine elements that are used most frequently in surveys of subtidal 
benthic macroinvertebrate assemblages in Puget Sound are summarized in Table 2. 
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Kind of sampler    Modified van Veen bottom grab 

Area of sampler    0.1 m2 

Sample replicationa   4-5 per station 

Sieve mesh size    1.0 mm 

Initial sieving location   On vessel 

Use of relaxants    No 

Use of stains    Yes - rose bengal 

Level of taxonomy    Species, if possible 

Sampling season    Variable 

a For variance-related comparisons. 
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 A wide variety of devices can be used to sample benthic macroinvertebrates, 
including trawls, dredges, grabs, box corers, suction samplers, and hand-held 
corers (Eleftheriou and Holme 1984).  Because most of these devices sample the 
benthos in a unique manner, comparability of data collected using different 
devices may be questionable.  Trawls and dredges generally collect organisms 
over a variable and relatively large area.  By contrast, the remaining devices 
generally collect organisms over a fixed and relatively small area.  Data collected 
using the former devices are semi-quantitative at best, and detailed comparisons 
with data collected using the latter, more quantitative, devices generally are 
questionable.  Differences among data collected using the latter devices generally 
are more subtle. 

 The most common device used to sample subtidal soft-bottom benthic macro-
invertebrates in Puget Sound is the modified van Veen bottom grab (Kahlsico 
1986).  Penetration depth (i.e., the maximum depth sampled below the sediment 
surface) can be as great as 15-16 cm when using this device.  The major advantages 
of this device are its ease of deployment from small vessels, its reliable operation in 
a wide range of sediment types (from clays through sands), and its frequent use in 
Puget Sound in the past (affording a large database for comparison).  Its principal 
disadvantages are that its penetration depth varies from sample to sample with 
sediment properties, that it can land at an angle (providing varying penetration depth 
within the same sample), and that the sample inevitably is folded by the closing 
motion and geometry of the device (with resulting loss of information on vertical 
structure within the sediments). 

 Most of the disadvantages identified for the van Veen grab are shared by all 
grabs.  The Smith-McIntyre grab's characteristics differ only slightly from those of 
the van Veen.  It is spring loaded and encased in a frame that ensures vertical entry 
of the grab into the sediments.  This combination of features slightly reduces 
variability in penetration, both within and between samples.  Its major disadvantages 
relative to the van Veen grab are slightly greater difficulty in handling and general 
lack of intercalibration studies with the more widely used (in Puget Sound) van 
Veen.  No other grabs have been used commonly in the Sound. 

 Box corers (Hessler and Jumars, 1974; Eleftheriou and Holme, 1984) have a 
surrounding frame that ensures vertical entry.  Although most have stops and 
weighting systems that allow depth of penetration to be set, most workers adjust 
the devices for maximum penetration (roughly 45 cm in the most common 
models) and then slice the resulting core to a standard depth (e.g., 10 cm) for 
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sieving.  Thus, imprecision due to variable penetration depth is much reduced in 
comparison to grab samples.  Using box corers, in situ horizontal partitioning of 
samples for gaining further spatial information or for unbiased subsampling is 
routine.  Box corers are widely recognized as the tools of choice for maximal 
accuracy and precision of sampling in soft sediments below diving depths.  Their 
disadvantages are large size and weight, requiring a large vessel for deployment 
and large expense for construction.  In addition, their relatively recent introduction 
and lack of intercalibration studies with the van Veen grab make comparability 
with historical data in Puget Sound an issue. 

 Suction samplers and hand-held corers avoid some of the problems identified 
for grabs and box corers by being operated in situ using SCUBA.  Suction corers 
can penetrate sediments as deeply as box corers, but they can draw animals 
(vacuum-cleaner-like) from surrounding sediments, inflating abundance estimates.  
Some suction methods are extremely rough on organisms, turbulently abrading them 
with drawn-in sediments.  Hand-held corers, on the other hand, are limited in 
penetration depth.  Both kinds of devices are restricted to SCUBA depths and thus 
are not of general utility in Puget Sound. 

 Because different species of benthic macroinvertebrates may have different 
scales of horizontal spatial distribution (Elliott 1971), data comparability generally 
is enhanced if sampling devices sample the same area of sediment surface.  The 
major reason that trawls and dredges are considered semi-quantitative devices is that 
they do not sample consistently the same area of sediment surface.  Although most 
grabs and corers sample sediment surface area relatively consistently, comparisons 
among samples with different surface areas may be questionable.  At present, it is 
uncertain how such comparisons would be affected. 

 The most common sediment surface area sampled by the quantitative bottom 
devices used historically in Puget Sound is 0.1 m2 (van Veen grab, Smith-McIntyre 
grab).  Other surface areas sampled using these devices include 0.06 m2 (van Veen 
grab, box corer), 0.002 m2 (hand-held corer), and 0.001 m2 (hand-held corer). 
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SAMPLE REPLICATION 

 Because the appropriate level of sample replication is determined largely by 
study objectives, it cannot be standardized for all studies in Puget Sound.  Given the 
potentially large within-station variability of benthic macroinvertebrate 
assemblages, it generally is advisable to use more than one sample to represent a 
station.  However, single samples may be acceptable for some kinds of 
investigations, such as preliminary surveys.  For statistical comparisons that rely on 
within-station variance of benthic infaunal variables, Swartz (1978) recommends 
that five replicates be collected at each station, if possible, and that the minimum 
number of replicates per station be three.  Most historical studies in Puget Sound 
that have used variance-related statistical analyses have collected four to five 
replicate samples per station. 

 Perhaps more than any of the other elements discussed in this section, the mesh 
size with which benthic infauna are sieved can limit data comparability among 
studies (e.g., Reish 1959; Lewis and Stoner 1981; Schwinghamer 1981; Rees 
1984).  In some cases, study objectives may require that a specific mesh size be 
used.  For example, studies of infaunal recruitment or predation patterns of juvenile 
fishes generally require very small mesh sizes (i.e., 0.3 mm or smaller).  However, 
in other cases (e.g., general characterization of benthic infaunal assemblages for 
impact assessment or monitoring), the study objectives do not narrowly constrain 
the choice of mesh size.  Data comparability among such studies can be ensured by 
using a common mesh size, whenever possible. 

 The mesh size used most frequently to characterize benthic macroinvertebrate 
assemblages in Puget Sound is 1.0 mm.  A mesh size of 0.5 mm has also been used 
in a small number of Puget Sound investigations and is commonly used in studies of 
benthic macroinvertebrates on the east coast of the U.S.  Eleftheriou and Holme 
(1984) recommend that a mesh size of 0.5 mm be used for most macroinvertebrate 
studies.  A major advantage to using a 0.5-mm mesh size rather than a 1.0-mm mesh 
size is increased retention of total macroinvertebrates (e.g., by a factor of 130-180 
percent; Lewis and Stoner 1981), including adults of smaller species and juveniles 
of larger species (see also Rees 1984).  A major disadvantage is increased cost (e.g., 
by as much as 200 percent) of sample processing (i.e., primarily sorting and 
taxonomic identifications). 

 For future characterizations of benthic macroinvertebrate assemblages in Puget 
Sound, it is recommended that either a 1.0- or 0.5-mm mesh size be used to sieve 
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samples.  If a 0.5-mm mesh size is used, it is recommended that each sample first be 
screened using a 1.0-mm mesh size and that the two fractions (i.e., 0.5 and 1.0 mm) 
be processed separately.  In this manner, the 1.0-mm results can be compared with 
data based on a 1.0-mm mesh size from other studies.  Data from the two fractions 
also can be pooled during data analysis to represent the full fraction of organisms 
>0.5 mm in size. 

 Sieving can be conducted either aboard the survey vessel as samples are 
collected or onshore after a sampling excursion has been completed.  In the first 
case, sieving usually precedes fixation and is conducted primarily on live 
organisms.  This is the method used by most studies in Puget Sound.  In the second 
case, sieving generally occurs after fixation and is therefore conducted on dead 
organisms.  Comparability between the results of these two techniques may be 
influenced by at least two factors.  First, because fixation may cause some taxa to 
distort their shape or autotomize (i.e., cast off body parts), the sieving characteristics 
of those taxa may change following fixation.  Second, sieving characteristics of live 
organisms may differ from those of dead individuals.  This bias occurs primarily for 
soft-bodied organisms (e.g., polychaetes) that can crawl through mesh openings or 
entangle themselves on the screen when they are sieved live. 

 A major problem that may be encountered when organisms are fixed in 
sediment before being sieved is that the fixative either will not reach all buried 
organisms or will not reach them in time or in sufficient concentration to prevent 
some deterioration.  Because deteriorated individuals may decompose completely or 
fragment upon sieving, their sieving characteristics can be modified substantially by 
inadequate fixation.  Therefore, if samples are fixed in sediment, extra care should 
be taken to ensure that organisms are fixed adequately.  For example, the sample 
container can be rotated gently immediately after fixation and again after 12-24 h to 
ensure adequate fixative penetration. 

 From a logistical standpoint, sieving of samples in the field is generally 
preferred for surveys in which a large number of samples are collected during each 
cruise.  Field sieving results in a considerable reduction in the volume of material 
that must be stored on the vessel (i.e., where space is often limiting) and later 
transported to the laboratory.  Most historical large-scale studies in Puget Sound 
have sieved samples in the field. 
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 Relaxants are often used when processing benthic macroinvertebrate samples for 
at least two major reasons.  First, relaxants facilitate taxonomic identifications (and 
morphometric measurements) by reducing the tendency of organisms to distort their 
shape or autotomize when exposed to a fixative (Gosner 1971).  Complete 
organisms having a natural appearance are easier to identify correctly than are 
fragmented and/or distorted specimens.  For some taxonomic groups (e.g., 
Maldanidae), complete organisms are required for species-level identification. 

 A second reason for using a relaxant is to ensure that animals are sieved whole, 
if sieving follows fixation.  The tendency for some taxa (especially polychaetes) to 
autotomize if not relaxed can influence sieving by reducing the size of individuals. 

 Because relaxation can influence taxonomic identification and sieving, data 
comparability between studies that use a relaxant and those that do not use one may 
be affected.  The magnitude of these effects is unknown, but probably is greatest for 
soft-bodied taxa that are difficult to identify (e.g., some polychaetes) and smallest 
for taxa encased in a hard enclosure such as a calcareous shell (e.g., most molluscs) 
or an exoskeleton (e.g., crustaceans), particularly if the hard parts are the primary 
taxonomic characters used for identification.  To date, most studies in Puget Sound 
have not used a relaxant prior to sieving and fixation. 

 A vital stain (primarily rose bengal) is often added to samples to facilitate 
sorting.  The stain colors most infauna and thereby enhances their contrast with the 
debris from which they are sorted.  Taxa that do not always stain adequately include 
ostracods and gastropods. 

 Some taxonomists have found that staining may interfere with the identification 
of certain taxa, and therefore discourage its use.  Although it generally is agreed that 
staining aids the sorting process (particularly for inexperienced sorters), a proper 
quality control program should ensure that sorting efficiency is adequate whether or 
not staining is used.  Most past studies in Puget Sound have used rose bengal stain 
to facilitate sorting. 

 Depending on the objectives of different studies, taxonomic identifications can 
range from the phylum to the species level.  Identifications to higher taxonomic 
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levels can provide gross characterizations of benthic infaunal assemblages, but 
sacrifice the potential wealth of information available using species-level 
identifications (e.g., species composition, species indicative of impacted or 
reference conditions, species diversity and evenness, species replacements, 
interspecific interactions).  The primary drawback to identifying organisms to the 
species level is cost, which can be 200-300 percent greater than identifications to the 
two highest taxonomic levels (i.e., phylum and class). 

 Although data based on different taxonomic levels generally cannot be 
compared directly, data based on lower taxonomic levels can be pooled upward 
(e.g., species to genus, genus to family) for comparisons with higher level taxa.  
Data based on higher-level taxa can be compared with lower-level taxa only if 
additional taxonomic identifications are made to lower the level of taxonomy of the 
former data set.  Because future comparisons may make it desirable to lower the 
taxonomic level of a data set, it is strongly recommended that all samples identified 
only to higher taxonomic levels be properly archived (indefinitely if possible).  Most 
historical studies in Puget Sound have identified organisms to either the species 
level or the lowest taxonomic level possible (i.e., based on the physical condition of 
specimens). 

 Benthic assemblages are constantly changing over time.  Probably the most 
common temporal patterns observed in benthic assemblages are those associated 
with seasonal changes (Gray 1981).  Seasonal variation in benthic assemblages can 
result from changes in physical or chemical environmental variables such as 
temperature, light, salinity, dissolved oxygen, and habitat disturbance.  In general, 
the influence of these kinds of variables is greatest in shallow water (Gray 1981).  
Seasonal variation can also result from changes in biological variables (e.g., compe-
tition, predation, recruitment). 

 The season in which benthic assemblages are sampled depends largely on study 
objectives.  Past studies in Puget Sound have sampled benthic assemblages during a 
variety of time periods.  Although seasonal variations of benthic macroinvertebrate 
assemblages are not well characterized for Puget Sound, information presented by 
Lie (1968) suggests that both numbers of individuals per sample and variability 
among stations is lowest during the late winter and highest during the late summer.  
This pattern may reflect the recruitment cycles of many, but not necessarily all, 
species.  For characterizing adult populations of benthic macroinvertebrates it 
generally is preferable to sample when population estimates are least variable.  Data 
collected by Lie (1968) suggest that late winter may be the most appropriate time to 
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sample adult populations of benthic macroinvertebrates in Puget Sound. 

  Given the seasonal variation characteristic of benthic assemblages in 
general, it is recommended that direct comparisons between samples collected 
during different seasons be made with appropriate caution, or avoided completely.  
Therefore, studies investigating interannual variation in the characteristics of benthic 
assemblages should be conducted during the same season (preferably the same 
month) each year. 
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Pre-Collection Preparation

Construction of Sieve Boxes-- 

 If sieving will be conducted in the field, it is recommended that sieve boxes be 
used to facilitate processing.  Sieve boxes should be sturdy, and have high sides to 
minimize the possibility of material washing out of the box.  They should also be 
large enough to receive the benthic sample and wash water without completely 
clogging.  Swartz (1978) recommends boxes 40 cm x 40 cm.  The boxes should also 
be constructed to permit nesting of the sieves, especially if more than one mesh size 
will be used.  A typical sieve box might be constructed as shown in Figure 1.  Note 
the application of silicone sealant at the mesh/wood interface.  This sealant will 
prevent organisms from crawling into the space where the mesh enters the box 
frame.  All wood pieces used in construction of the sieve boxes should be treated 
with fiberglass or epoxy resin (of the types used in boat building), sanded, and 
painted. 

 It is imperative that the mesh used in the sieve boxes meet specifications 
outlined in ASTM E-11, USA Standard Z23.1, AASHO M92, and 
Fed. Spec. RR-S-366b.  Such mesh is available from scientific supply houses.  
Inferior mesh will not have uniform openings and will not be durable.   

 Before each sample is sieved, all sieves should be examined for damage and 
wear.  Look for rips in the mesh, irregular mesh spacing, and sand grains caught in 
the mesh.  Use water pressure or a nylon brush to dislodge the sand.  Do not use 
sharp objects or stiff brushes, as the mesh may be damaged or the mesh spacing may 
be altered. 

Fixative Preparation-- 

 The fixative most commonly used for benthic macroinvertebrate samples is 
formalin, an aqueous solution of formaldehyde gas.  Under no circumstances should 
ethyl or isopropyl alcohol (i.e., preservatives) be used in place of the formalin.  
Penetration of the alcohol into body tissues is too slow to prevent decomposition of 
the specimens. 
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 Caution should be exercised when handling formalin mixtures because formalin 
is toxic and carcinogenic (Kitchens et al. 1976).  It can cause irritation to the eyes, 
nose, and throat at concentrations as low as 1 ppm.  Sensitivity in humans varies 
with the individual, but in general, the detection limit is around 2 ppm.  Anyone 
working with formalin mixtures should therefore wear protective clothing, rubber 
gloves, and safety goggles, and should work under a properly ventilated fume hood.  
A protective vapor mask should be worn, even if working near open windows or 
under a ventilation hood. 

 Formalin solutions of 5-20 percent (v/v) strength are recommended for fixing 
marine organisms (Gosner 1971; Birkett and McIntyre 1971; Smith and Carlton 
1975; Swartz 1978).  Solutions of 10-15 percent are used most commonly.  It is 
recommended that at least 2 L of diluted formalin solution be on hand for each 
replicate sample to be collected, unless experience has shown otherwise. 

 The formalin solution should always be buffered to reduce acidity.  Failure to 
buffer may result in decalcification of molluscs and echinoderms.  Ideally, pH 
should be at least 8.2, as calcium carbonate dissolves in more acidic solutions.  
Borax (sodium borate, Na2B407) should be used as the buffer because other 
buffering agents may hinder identification by leaving a precipitate on body tissues 
and setae. 

 To prepare a 10-percent buffered formalin solution, add 4 oz of borax to each 
gallon of concentrated formalin (i.e., a 40-percent solution of formaldehyde in 
water).  This amount will be in excess, so use the clear supernatant when making 
seawater dilutions.  Dilute the concentrate to a ratio of one part concentrated 
formalin to nine parts seawater.  Seawater will further buffer the solution.  Seawater 
also makes the fixative isotonic with the tissues of the animals, thereby decreasing 
the potential for animal tissues to swell and break apart, as often happens with 
freshwater dilutions of formalin. 

 It is recommended that fresh fixative be prepared prior to each sampling 
excursion, as formalin will eventually consume all the buffering capacity of the 
borax.  Formalin solution of any strength should not be exposed to freezing 
temperatures, because the formaldehyde polymers will degrade into 
paraformaldehyde and the solution will have to be discarded. 

Rose Bengal Preparation-- 

 If staining is used, rose bengal may be added to samples either as a powder or a 
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solution.  Both are effective.  However, it is easier, and perhaps less expensive, to 
use a solution.  A rose bengal concentration of 4 g/L of concentrated formalin 
commonly is used (Eleftheriou and Holme 1984). 

Relaxant Preparation-- 

 If a relaxant is to be used, several kinds are available for use with benthic 
organisms.  However, a solution of magnesium chloride in tap water is effective on 
a wide variety of taxa (Gosner 1971), and is easily prepared and used.  The MgCl2
solution should be isotonic with seawater.  To prepare, dissolve 73 g MgCl2

.6H20 
per liter of tap water.  Anhydrous MgCl2 can be purchased (optionally and at a 
considerably higher cost) and used to prepare the relaxant solution.  However, 
accurate determinations of mass are very difficult because of the propensity of the 
crystals to absorb atmospheric moisture.  Hence, use of the hydrated form is 
recommended. 

Sample Containers-- 

 Samples can be stored in a variety of containers including glass or plastic jars, 
and plastic or muslin bags.  If jars are used, plastic lids are preferable to metal lids 
because formalin corrodes metal.  If glass jars are used, extra care should be taken 
when handling, shipping, and storing them to prevent breakage.  If plastic or muslin 
bags are used, extra care should be taken to prevent them from tearing. 

 In general, a single 1- or 2-quart container is large enough to hold a sieved 
sample from a 0.1-m2 sampler.  However, more or larger containers may be required 
if large quantities of gravel, peat, wood chips, or other large items occur in the 
sample. 

Labels-- 

  A complete label should be placed inside each sample container, as well as 
on the side of each container.  An abbreviated label may be placed on the caps of 
jars to identify them when in shipping or storage cases.  All labels should be 
waterproof and preprinted.  The internal label should be made of at least 100 percent 
waterproof rag paper and the external labels should be gummed.  External labels 
may be filled out using waterproof ink, but internal labels should be filled out using 
only a pencil. 
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Collection

Design of Sampler-- 

 Collection of an acceptable sediment sample for infaunal analysis generally 
requires that the sampler 1) create a minimal bow wake when descending, 2) form a 
leakproof seal when the sample is taken, and 3) prevent winnowing (i.e., loss of 
fine-grained material) and excessive sample disturbance when ascending.  A 
desirable feature of a sampler is easy access to the sample surface.  Reduction of the 
bow wake is critical to ensuring that small, lightweight, surface-dwelling organisms 
are not blown away before the sampler contacts the sediment.  A leakproof seal is 
necessary to ensure that organisms are not lost when the sampler is being retrieved.  
Preventing sample disturbance is necessary for accurately characterizing the 
sediment and measuring penetration depth.  Easy access to the sample surface 
facilitates sediment characterization and measurement of penetration depth. 

 The bow wake of several kinds of sampler is reduced by having hinged solid 
doors or rubber flaps cover the open upper face of the device.  The rubber flaps 
generally cover screened doors, which prevent organisms from escaping as the 
sampler is retrieved.  Upon descent of the sampler, the solid doors or rubber flaps 
are cocked open or held open by water pressure.  Upon ascent, the solid doors are 
held closed by springs or elastic cords, whereas the rubber flaps are held closed by 
water pressure. 

 Although most samplers seal adequately when purchased, the wear and tear of 
repeated field use eventually reduces this sealing ability.  A sampler should 
therefore be monitored constantly for sample leakage.  If unacceptable leakage 
occurs, the sampler should be repaired or replaced.  If a sampler is to be borrowed or 
leased for a project, its sealing ability should be confirmed prior to sampling.  Also, 
it is prudent to have a back-up sampler on board the survey vessel in case the 
primary sampler begins leaking during a cruise. 

 Penetration depth (i.e., maximum distance below the sediment surface that is 
sampled) generally varies with sediment character for most samplers, being greatest 
in fine-grained sediments and least in coarse-grained sediments.  The penetration 
depth achieved by a particular sampler can often be increased by attaching lead 
weights to the device. 
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Operation of the Sampler-- 

 The sampler should be attached to the hydrowire using a ball-bearing swivel 
(Figure 2).  The swivel will minimize the twisting forces on the sampler during 
deployment and ensure that proper contact is made with the bottom.  For safety, the 
hydrowire, swivel, and all shackles should have a load capacity at least 3 times 
greater than the weight of a full sampler. 

 The sampler should be deployed and retrieved with a minimum amount of 
swinging when out of the water.  Excessive swinging can cause the sampler to 
trigger prematurely upon deployment and can disturb the sediment sample upon 
retrieval.  Swinging can be minimized by heading the survey vessel into any waves 
when the sampler is out of the water and by attaching handling lines to the cable that 
can then be operated by the sampling team (Figure 2). 

 Because form drag and skin friction of the sampler can produce a bow wave 
when the device is lowered too quickly, it is essential that the sample enter the 
sediment at a relatively slow speed.  It is recommended that the lowering speed at 
sediment entry be 0.3 m/sec ( 1 ft/sec).  Lowering rates through the water column 
can be much faster until several meters from the bottom, as long as the speed at 
sediment entry is 0.3 m/sec.  Entry at faster speeds requires demonstration that 
bow waves are not a problem.  Swell and chop can significantly degrade samples 
due to effects on entry speed (i.e., vertical ship motion alternately adds to and 
subtracts from entry velocity).  These additional factors must therefore be taken into 
account when they are present. 

 After the sampler has contacted the bottom, it initially should be retrieved 
slowly to permit the device to close properly.  After the jaws are closed, a constant 
retrieval speed should be maintained to avoid jerking the sampler and possibly 
disturbing the sample.  When the sampler approaches the water surface (i.e., when 
first sighted), the winch should be stopped to permit the handling lines to be clipped 
onto the cable.  The sampler can then be raised slowly, and the handling lines can be 
used to minimize swinging of the device.  When brought on board, the sampler 
should be properly secured as soon as possible. 
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Sample Acceptability Criteria-- 

 After the sampler has been secured, the sediment sample should be inspected 
carefully before being accepted.  The following acceptability criteria should be 
satisfied: 

 � Sediment is not extruded from the upper face of the sampler such that 
organisms may have been lost 

 � Overlying water is present (indicates minimal leakage) 

 � The sediment surface is relatively flat (indicates minimal disturbance or 
winnowing) 

 � The entire surface of the sample is included in the sampler 

 � The following penetration depths (i.e., the maximum depth of sediment 
sampled) are achieved at a minimum 

  - 4-5 cm for medium-coarse sand 
  - 6-7 cm for fine sand 
  - 10 cm for muddy sediment. 

 If a sample does not meet any one of these criteria, it should be rejected.  
Examples of some acceptable and unacceptable grab samples are presented in 
Figure 3. 

Sample Characterization-- 

 After a sample is judged acceptable, the following observations should be noted 
on the field log sheet: 

 � Station location 

 � Depth 

 � Gross characteristics of the surficial sediment 

  - Texture 
  - Color 
  - Biological structures (e.g., shells, tubes, macrophytes) 
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 - Presence of debris (e.g., wood chips, wood fibers, manmade debris) 
  - Presence of oily sheen 
  - Odor (e.g., hydrogen sulfide, oil, creosote) 

 � Gross characteristics of the vertical profile 

  - Changes in sediment characteristics 
  - Presence and depth of redox potential discontinuity (rpd) layer (if 

visible) 

 � Maximum penetration depth (nearest 0.5 cm) 

 � Comments relative to sample quality 

  - Leakage 
  - Winnowing 
  - Disturbance. 

Processing

 It is recommended that the entire sample be sieved for benthic infaunal 
analyses.  If subsamples are removed for physical or chemical analyses, they should 
be very small relative to the size of the entire sample (i.e., _5 percent) because 
organisms would be lost from the sample in the process.  If large numbers of 
organisms are lost at this stage, subsequent abundance determinations could be 
biased substantially.  Subsamples, other than those made in situ by box-core 
partitions, are not recommended for benthic infaunal analyses because it is unknown 
what effect the sampling process has on the spatial distribution of motile organisms.  
For example, suface-dwelling organisms may move to the edges of the sample as 
the grab is being retrieved.  If the sampling process disrupts the natural spatial 
patterns of the organisms, collection of a representative subsample for infaunal 
analysis may not be possible. 

 After qualitative characteristics of the sample have been recorded, sediments 
should be washed on the designated sieve(s).  Sediment adhering to the outside of 
the sampler should not be mixed with the sample.  When being sieved, sediments 
may be gently sprayed with water from above, gently agitated by hand in a washtub 
of water (in an up-and-down, not swirling, motion), or washed using a combination 
of these techniques.  For all methods, it is imperative that the samples be washed 
gently to minimize specimen damage.  A few minutes extra care in the field can 
save hours of time for the taxonomist, and will result in a better data set. 
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 For many surveys, it is easiest to wash the samples from above with a gentle 
spray, because efficient, easy-to-use gear may be constructed to hold the sampler 
and sieve boxes.  An example of a stand designed to hold a van Veen grab is shown 
in Figure 4.  The top section is designed to accept the grab sampler.  Wash water 
and sediment drain through the openings in the bottom of the top tray and into the 
lower section of the sieving stand, where the screen box(es) is (are) located. 

 All wash water should be filtered (using a cartridge-filter system) or screened 
through mesh with openings less than one-half the size of those used in the survey, 
so as not to introduce planktonic or bentho-pelagic organisms into the samples.  
Failure to screen in this way can result in increased sorting time.  It can also 
compromise the quality of the resulting data, because it is impossible to distinguish 
bentho-pelagic organisms caught by the grab from those entrained in the wash 
water. 

 Sieving stands should have attachment points (e.g., eyebolts) at appropriate 
places with which the stand may be lashed to the deck or rail.  As shown in Figure 4, 
all wastewater should exit the sieve tray via a spout, to which a hose can be 
attached.  The wash water can then be discharged overboard through a scupper.  
This is especially important in cold weather, when wash water may otherwise freeze 
on the deck and safety may be compromised. 

 Once sieving is completed, the screen box should be held at an angle and the 
remaining material gently washed into one corner.  The sample may then be 
transferred to a container for relaxation, if desired, or for immediate fixation, using 
as little water as possible.  Place a permanent internal sample label in the container 
at this time.  If more than one screen fraction is generated, be sure to keep them 
separate throughout all phases of field and laboratory processing.  Be sure to check 
the screen for organisms trapped in (or wound around) the mesh wires.  If they 
cannot be dislodged with gentle water pressure, use a pair of jewelers forceps.  Be 
careful not to damage the wire mesh.  After the screen has been checked for 
remaining animals and sample removal is complete, back-wash the screen with a 
high- pressure spray to dislodge any sediment grains that may be caught in the mesh. 

 As mentioned earlier, a 10-15 percent solution of borax-buffered formalin 
usually is sufficient to fix benthic organisms.  However, samples containing large 
amounts of fine-grained sediments, peat, or woody plant material may require higher 
concentrations.  The volume of fixative should be at least twice the volume 
occupied by the sample.  The formalin solution should be added to the sample 
container until it is completely filled.  This will minimize abrasion during shipping  
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and handling.  If the sample volume exceeds one half of the container volume, more 
than one container should be used.  Use of multiple containers for single samples 
should be recorded on the log sheet. 

 After fixative has been added to a sample container, it is critical that the contents 
be mixed adequately.  This usually can be accomplished by inverting the container 
several times.  After mixing, sample containers should be placed in protective 
containers for storage and transport to the laboratory.  After being stored for 
approximately 1 h, samples should be inverted several times again to ensure 
adequate mixing. 

 On board ship, samples should be stored so as to minimize exposure to sunlight 
and temperature extremes.  They should also be stored in a stable part of the ship to 
minimize agitation. 

Equipment and Supplies

 The laboratory should be equipped with both stereo dissection and compound 
microscopes.  Magnifying lamps also can be available for sorting samples.  
Compound microscopes should be capable of magnifications up to 1,000-power.  
The optics of the dissection and compound microscopes should be of the highest 
quality.  Apparent savings realized by purchasing lower quality optics are quickly 
consumed by increased labor costs during the sorting and identification processes.  
The probability of misidentifying organisms also is increased.  Other recommended 
laboratory supplies include jewelers forceps, fine scissors, small scalpels, fine 
needles, flat and depression microscope slides, cover slips, small dissection trays, 
immersion oil, and glycerol alcohol (half glycerol and half 70-percent alcohol). 

Preservative Preparation

 After the specimens are fixed, alcohol should be used as a long-term 
preservative.  Either 70-percent ethanol (v/v) in water or 70-percent isopropanol 
(v/v) may be used (Fauchald 1977).  Although isopropanol is less expensive than 
ethanol, it is more unpleasant to work with.  Specimens preserved in isopropanol are 
unsuitable for histological examination.  If future studies of anatomy or reproductive 
biology are anticipated, ethanol should be used. 

 It is most cost-effective to purchase isopropanol and ethanol in bulk solutions of 
5-percent water and 95-percent alcohol.  Purer grades are available, but more costly. 
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 To prepare 1 L of a 70-percent solution of either alcohol, add 263 mL of water to 
737 mL of 95-percent alcohol solution.  It may be necessary to use distilled water to 
dilute the alcohol solution, because hard water mixed with alcohol creates a milky 
precipitate that makes examination of the samples difficult. 

 Use of the 70-percent alcohol/30-percent water solution is adequate for the 
preservation of most infaunal organisms (Fauchald 1977; Eleftheriou and Holme 
1984).  For long-term storage of crustaceans, however, it is recommended that 
glycerine be substituted for some of the water.  The glycerine helps keep the 
exoskeletons supple, thereby facilitating examination and manipulation.  This is 
especially critical for crustaceans archived in the reference collection (see below).  
An appropriate alcohol-glycerine solution would be 70-percent alcohol, 25-percent 
water, and 5-percent glycerine (Eleftheriou and Holme 1984). 

Analytical Procedures

Transfer to Alcohol-- 

 Samples should remain in the formalin-seawater solution for a minimum of 24 h 
to allow proper fixation (Fauchald 1977).  A maximum fixation period of 7-10 days 
is recommended to reduce the risk of decalcifying molluscs and echinoderms.  After 
fixation, the samples should be washed (i.e., rescreened) on a sieve with mesh 
openings half the size (at most) of those used in the field.  The smaller screen size 
ensures that specimens collected in the field will be retained in the sample 
regardless of shrinkage or breakage resulting from contact with the formalin.  It is 
desirable to wash the formalin from the samples as soon as possible after the initial 
24 h, because the buffering capacity of the borax in the formalin solution decreases 
continually. 

 If the sample consists of multiple containers, locate all containers prior to 
rescreening and wash them at the same time.  Carefully pour the contents of each 
container into the appropriately sized screen and rinse the container to remove 
adhering organic material, sediment, or organisms.  Do not fill the screen more than 
half full to avoid spilling or splashing the sample. 

 As mentioned earlier, caution should be exercised when handling formalin 
mixtures because formalin is toxic and carcinogenic (Kitchens et al. 1976).  It can 
cause irritation to the eyes, nose, and throat at concentrations as low as 1.0 ppm.  
Sensitivity in humans varies with the individual, but in general, the detection limit is 
around 2 ppm.  Therefore, by the time formalin generally is detected, it has already 
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caused some irritation.  The technician doing the rescreening should wear protective 
clothing, rubber gloves, and safety goggles, and should work under a properly 
ventilated fume hood.  A protective vapor mask should be worn, even if working 
near open windows or under a ventilation hood.  

 There are several acceptable methods for rinsing formalin from a sample.  One 
method is to gently flush the sample with large quantities of fresh water from a 
low-pressure faucet or hose, being careful not to splash any sample material.  A 
second method is to partly immerse the sieve in a plastic tub filled with fresh water 
and wash the sample by moving the sieve in an up and down motion.  Care must be 
taken not to let the water rise above the top level of the sieve. 

 Allow the rinse water to completely drain from the sieve and lightly rinse the 
sample with a solution of 70-percent ethanol from a squirt bottle.  Carefully wash 
the sample material into a sample jar filling it no more than three-quarters full.  
Rinse the last bit of material into the jar using the squirt bottle of alcohol.  Fill the 
jar to the top with the 70-percent alcohol solution and screw the lid on tightly.  
Gently shake and invert the jar several times to ensure proper mixing. 

 Each jar should have one internal label and two external labels.  The internal 
label should be made of waterproof, 100-percent (at least) rag paper and filled out 
using a pencil.  Paper with less than a 100-percent rag content or that is not 
waterproofed will disintegrate in the 70-percent alcohol mixture.  The two external 
labels should be preprinted and should be labeled with an indelible marking pen.  
One label should be attached to the side of the jar and the second should be attached 
to the lid of the jar.  All three labels should include all information recorded on the 
field data tag, plus all other information needed to ensure proper identification of the 
sample. 

 Keep all jars of a given sample together (if more than one), and all replicate 
samples from a given station together.  As the samples are shelved prior to sorting, 
each should be cross-referenced to the field log sheet. At this point the sample 
custodian should date and initial the rescreening section of the sample tracking form 
for each station.  Store washed samples in an upright position at a cool temperature, 
and away from direct sunlight.  Storage should be in a secure place, where sample 
containers are not exposed to breakage, and samples should be checked periodically 
to ensure that adequate levels of preservative are maintained. 
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Sample Sorting-- 

 Several techniques can be used to sort organisms from sediment.  The most 
common technique involves placing a small amount of the sample into a glass or 
plastic petri dish and using a pair of jewelers forceps to sort through the sample in a 
systematic manner, removing each organism.  This entire process should be done 
while viewing the sample through a 10-power dissecting microscope or a 
magnifying lamp.  Care must be taken that enough liquid is present in the petri dish 
to completely cover the sample; otherwise, reflections from the sediment/liquid 
interface will cause distortions and the sorter may miss some organisms.  Each petri 
dish of material should be sorted twice to be sure that all organisms are removed. 

 A second sorting technique is a flotation method, which is particularly effective 
when the sediment residue is primarily coarse sediment grains containing small 
amounts of organic matter (e.g., wood fragments, leaf debris, sewage sludge).  The 
sample is first washed with fresh water in a large flat tray.  The less dense material 
that becomes suspended in the fresh water (organic material, arthropods, and most 
soft-bodied organisms) is carefully poured into a sieve, and is sorted using the 
standard technique described above.  The remaining material is covered with liquid 
and sorted using a 5-power self-illuminated hand lens.  Organisms remaining in this 
portion of the sample generally include molluscs and some tube-dwelling or 
encrusting organisms that are associated with sand grains.  Because it is difficult to 
see extremely small organisms with the 5-power hand lens, the sorter must remove 
all molluscs and polychaete tube fragments for closer inspection.  All material 
collected from this portion is placed into a labeled sample jar and viewed under a 
10-power dissecting microscope to remove organisms from tubes and to ensure that 
the molluscs were alive when captured. 

 Whichever technique is used, the sorter is exposed to alcohol fumes.  Because 
these fumes can be irritating to some people, the sorting process can be done using 
fresh water.  However, as each portion of the sample is sorted, it should be drained 
and returned to the alcohol solution immediately. 

 Each sample should be sorted by only one person.  At a minimum, organisms 
should be sorted into the following major taxonomic groups:  Annelida, Arthropoda, 
Mollusca, Echinodermata, and miscellaneous phyla (combined).  All organisms 
should be placed in large vials containing 70-percent alcohol solution.  The 
exception is Ophiuroidea, which require air-drying for identification.  Removal of 
the majority of arms from certain Ophiuroidea (e.g., Amphiuridae) permits easier 
identification.  This preparation may be performed by experienced sorters to 
minimize identification time.  Special handling of Ophiuroidea should be conducted 
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after biomass analyses, if biomass analyses are performed.  Each vial containing a 
major taxonomic group should have an internal label listing the survey name, station 
designation, water depth, date sampled, and field screen size.  All vials from the 
same sample should be stored in a common container and immersed in the 
70-percent alcohol solution.  To reduce evaporation of alcohol, vial and container 
lids can be sealed with plastic tape. 

Biomass Determination-- 

 When required, biomass estimates for the major taxonomic groups should be 
made prior to identifying the organisms to the species level.  It is recommended, 
however, that taxonomists examine the major taxonomic groups before biomass 
measurements are made, to ensure that sorters have correctly grouped all individuals 
and fragments and that the remains of dead organisms (e.g., empty mollusc shells) 
are not included.  Biomass should be estimated to the nearest 0.1 g (wet 
weight).  All specimens of taxa within the following major groups should be 
composited for biomass analyses:  Annelida (principally polychaete worms), 
Mollusca (principally bivalves, gastropods and aplacophorans), Arthropoda 
(principally crustaceans),  Echinodermata (principally asteroids, ophiuroids, 
echinoids, and holothuroids), and miscellaneous taxa (combined).  These five 
categories generally are adequate to characterize the standing stocks of the major 
infaunal groups.  They also are sufficiently distinct from each other to permit proper 
assignment of fragments to each of the groups.  All fragments should be placed in 
their respective major taxonomic groups prior to weighing.  

 There are several major problems associated with the collection and interpre-
tation of biomass information.  Some taxa lose weight when immersed in 
preservative fluids, while others gain weight (Howmiller 1972; Lappalainen and 
Kangas 1975; Wiederholm and Eriksson 1977; Mills et al. 1982).  For this reason, 
the most accurate biomass estimates are performed on live material.  However, it is 
rarely practical to sort and weigh live specimens.  Accurate measurements of 
biomass may be compromised further by evaporation from the specimens while they 
are on the balance.  Lastly, biomass measurements are only estimates of standing 
crop.  They do not reflect estimates of production because all organisms are treated 
in the same manner whether they are large and long-lived, or small and short-lived.  
Because of these problems, biomass measurements should be interpreted carefully. 

 Several methods of measuring biomass are possible.  One technique is to 
estimate the difference in weight of a tared beaker filled with preservative before 
and after organisms are placed in the beaker.  The individual organisms are not 
blotted prior to weighing, and as few individuals as possible are transferred to the 
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weighing container.  These procedures minimize the transfer of fluids held within a 
pile of individuals.  This technique can be used for preserved or live animals, and 
appears to introduce the least amount of variation into the weighing process. 

 A second technique for biomass determination consists of air-drying the 
organisms on absorbent paper for a specific length of time (e.g., 5 min).  Because 
70-percent ethanol is volatile, small variations in drying time may increase the errors 
associated with the weight measurements.  A container open at one end and covered 
at the other end with a 0.25-mm mesh screen (maximum mesh opening) can be used 
to hold the organisms for weighing.  After the tare weight of the container is 
measured, the animals are carefully placed into the container.  The container with 
organisms is then placed on a paper towel and allowed to air dry for exactly 5 min 
prior to weighing.  The weight of the organisms is obtained by subtracting the 
weight of the container with the organisms from the tare weight of the container.  
Extremely large organisms (e.g., large molluscs or asteroids) should be weighed 
individually. 

Taxonomic Identification-- 

 After biomass estimates are completed, identification and counting of the 
organisms may begin.  Unless otherwise specified, identifications should be to the 
lowest taxonomic level possible, usually the species level.  For incomplete 
specimens, enumerate only the anterior or posterior ends, depending upon the 
taxon.  All identifications should be made using binocular dissecting or compound 
microscopes.  If possible, at least two pieces of literature should be used for each 
species identification.  Moreover, each species identification should be checked 
against a reference specimen from a verified reference collection (see QA/QC 
Procedures). 

 After completing taxonomic identifications, all organisms should be placed in 
vials containing 70-percent alcohol.  All vials for a single sample should be stored in 
common jars and immersed in 70-percent alcohol.  Each vial should contain an 
internal label with the following information:  survey name, station number, 
replicate number, collection gear, water depth, and date of collection.  Any 
specimens removed from the sample jar and placed in the reference collection 
should be so noted (species, number) on the sample identification sheet. 

 Each taxonomist should record initial identifications and counts in a notebook, 
which should also include notes and comments on the organisms in each sample.  
Upon completion of the sample, the data should be transferred to the sample data 
sheets and double-checked.  The taxonomist should then sign and date the sample 
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data sheet.  All notebooks should be kept in the laboratory at all times so the 
laboratory supervisor can check questionable identifications and follow the progress 
of each sample. 

Calibration and Preventive Maintenance

 The analytical balance used for biomass determinations should be calibrated 
weekly, at a minimum.  The balance and all microscopes should be serviced at 
regular intervals.  Annual service and inspection is adequate in most cases, unless 
the manufacturer recommends otherwise. 

 Taxonomic identifications should be consistent within a given laboratory, and 
with the identifications of other regional laboratories.  To that end, at least three 
individuals of each taxon should be sent for verification to recognized experts.  The 
verified specimens should then be placed in a permanent reference collection.  
Continued collection of a verified species does not require additional expert 
verification, because the reference collection can be used to confirm the 
identification.  Participation of the laboratory staff in a regional taxonomic 
standardization program (if available) is recommended, to ensure regional 
consistency and accuracy of identifications. 

 All specimens in the reference collection should be held in labeled vials that are 
segregated by species and sample.  For example, there may be three labeled vials of 
Gemma gemma, one from each of three samples.  More than one specimen may be 
in each vial.  The labels placed in these vials should be the same as those used for 
specimens in the sample jars.  It is important to complete these labels, because 
future workers may not be familiar with the survey, station locations, and other 
details of the work in progress.  In addition, the reverse side of the label should 
contain information about the confirmation of the identification by experts in 
museums or other institutions (if appropriate).  Such information would include the 
name and institution of the outside expert, and date of verification.  All vials for a 
given species should be placed in a single jar filled with alcohol.  To reduce 
evaporation of alcohol, the lids of vials and jars can be sealed with plastic tape 
wrapped in a clockwise direction.  The species (or other taxonomic designation) 
should be written clearly on the outside and on an internal label.  Reference 
specimens should be archived alphabetically within major taxonomic groups.  A 
listing of each species name, the name and affiliation of the person who verified the 
identification, the location of the individual specimen in the museum, the status of 
the sample if it has been loaned to outside experts, and references to pertinent 
literature should be maintained by the laboratory performing the identifications. 
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 Reference specimens are invaluable, and should be retained at the location 
where the identifications were performed, in the offices of the funding agencies, or 
at a museum with long-term storage capabilities.  In no instance should this portion 
of the collection be destroyed.  A single person should be identified as the curator of 
the museum collection and should be responsible for its integrity.  Its upkeep will 
require periodic checking to ensure that alcohol levels are adequate.  When refilling 
the jars, it is advisable to use full-strength alcohol (i.e., 95 percent), because the 
alcohol in the 70-percent solution will tend to evaporate more rapidly than the water. 

Quality Control Checks

 It is recommended that at least 20 percent of each sample be re-sorted for 
QA/QC purposes.  Re-sorting is the examination of a sample or subsample that has 
been sorted once and is considered free of organisms.  The 20- percent aliquot 
should be taken after the entire sample has been spread out in a pan or tray.  It is 
critical that the aliquot be a representative subsample of the total sample.  Care 
should be taken to include any organisms that may be floating in the preservative.  
Re-sorting should be conducted using a dissection microscope capable of 
magnification to 25-power.  A partial re-sorting of every sample should ensure that 
all gross sorting errors are detected.  In addition, it should give added incentive to 
sorters to process every sample accurately.  Re-sorting should be conducted by an 
individual other than the one who sorted the original sample. 

 In addition to efficient sample sorting, consistent identification of organisms 
among individuals and among sampling programs are critical to the collection of 
high quality data.  Consistent identifications are achieved by implementing the 
procedures discussed below and by maintaining informal, but constant, interaction 
among the taxonomists working on each major group.  One important procedure is 
to verify identifications by comparison with the reference collection.  To ensure that 
identifications are correct and consistent, 5 percent of all samples identified by one 
taxonomist should be re-identified by another taxonomist who is also qualified to 
identify organisms in that major taxonomic group.  It is the duty of the senior 
taxonomist to decide upon the proper identification(s).  The senior taxonomist may 
also decide whether the taxonomic level to which a given organism is identified is 
appropriate.  If it is not, the senior taxonomist may decide to drop back to a higher 
taxonomic level, or to further refine the taxonomy of that group through additional 
study. 

 When all identification and QA/QC procedures are completed, the jars 
containing the vials of identified species should be topped off with 5- percent 
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glycerine/70-percent alcohol.  The lids should then be sealed tightly with black 
electrical tape to prevent evaporation.  All sample jars should be placed in 
containers filled with 70-percent alcohol for long-term storage.  The containers 
should be fitted with a tightly sealed lid, and electrical tape should again be used to 
seal the joints.  Each container should be labeled clearly with the survey name, date, 
and number and type of samples within it. 

Corrective Action

 Following QA/QC procedures discussed earlier, each 20-percent sample aliquot 
should be checked for complete or nearly complete removal of organisms.  Thus, 
each sample elicits a decision concerning a possible re-sort.  When a sample is 
found that does not meet the recommended 95-percent removal criterion (see Data 
Quality and Reporting Requirements below), it should be re-sorted. 

 When a taxonomic error or inconsistency is found, it is necessary to trace all of 
the work of the taxonomist responsible for the error, so as to identify those samples 
into which the specific error or inconsistency may have been introduced.  This 
process can be very time-consuming.  However, upon completion of all taxonomic 
work, few (if any) taxonomic errors or inconsistencies should remain in the data set.  
Avoiding errors and inconsistencies through the constant interchange of information 
and ideas among taxonomists is the best way to minimize lost time due to faulty 
identification. 

 A sample sorting efficiency of 95 percent of total number of individuals 
generally is considered acceptable.  That is, no more than five percent of the 
organisms in a given sample are missed by the sorter.  Similarly, species 
identifications by each taxonomist can reasonably be expected to be accurate for at 
least 95 percent of the total number of species.  Unless otherwise specified, all 
organisms should be identified to the lowest possible taxon; to species level 
whenever possible.  In cases where the identity of a species is uncertain, a species 
number will suffice (e.g., Macoma sp.1, Macoma sp.2).  Numerical designations 
must be consistent throughout each study.  To facilitate comparability among 
different studies, the distinguishing characteristics of each unidentified species 
should be recorded.  Data for each replicate sample should be reported as numbers 
of individuals per sample for each species and as biomass (nearest 0.1-g wet weight 
per sample) for each major taxonomic group. 



33

Birkett, L., and A.D. McIntyre.  1971.  Treatment and sorting samples.  
pp. 156-168.  In:  Methods for Study of Marine Benthos.  N.A. Holme and 
A.D. McIntyre (eds).  IBP Handbook No. 16.  Blackwell Scientific Publications, 
Oxford, UK. 

Eleftheriou, A., and N.A. Holme.  1984.  Macrofauna techniques.  pp. 140-216.  In:  
Methods for the Study of Marine Benthos.  N.A. Holme and A.D. McIntyre (eds).  
Blackwell Scientific Publications, London. 

Elliott, J.M. 1971.  Some methods for the statistical analysis of samples of benthic 
invertebrates.  Scientific Publication No. 25, Freshwater Biological Assn., Ferry 
House, UK.  148 pp. 

Fauchald, K.  1977.  The polychaete worms; definitions and keys to the orders, 
families, and genera.  Science Series 28.  Natural History Museum of Los Angeles 
County.  Los Angeles, CA.  188 pp. 

Gosner, K.L.  1971.  Guide to identification of marine and estuarine invertebrates.  
Wiley-Interscience, New York, NY.  693 pp. 

Gray, J.S.  1981.  The ecology of marine sediments.  Cambridge University Press, 
London.  185 pp. 

Hessler, R.R., and P.A. Jumars.  1974.  Abyssal community analysis from replicate 
box cores in the central North Pacific.  Deep-Sea Res. 21:185-209. 

Howmiller, R.P.  1972.  Effects of preservatives on weights of some common 
macrobenthic invertebrates.  Trans Am. Fish. Soc. 101:743-746. 

Kahlsico.  1986.  Catalogue for Kahl Scientific Instrument Corporation. P.O. Box 
947, El Cajon, CA  92022. 

Kitchens, J.F., R.E. Casner, G.S. Edwards, W.E. Harward III, and B.J. Macri.  
1976.  Investigation of selected potential environmental contaminants:  
formaldehyde.  EPA-560/2-76-009.  U.S. Environmental Protection Agency, 
Washington, DC. 

Lappalainen, A., and P. Kangas.  1975.  Littoral benthos of the northern Baltic Sea.  
II. Interrelationships of wet, dry, and ash-free weights of macroinfauna in the 
Tvarminne area.  Int. Rev. Gesamten Hydrobiol. 60:297-312. 



34

Lewis, F.G. III, and A.W. Stoner.  1981.  An examination of methods for sampling 
macrobenthos in seagrass meadows.  Bull. Mar. Sci. 31:116-124. 

Lie, U.  1968.  A quantitative study of benthic infauna in Puget Sound, Washington, 
USA, in 1963-1964.  Fisk Dir. Skr. Ser. HavUnders. 14:229-556. 

Mills, E.L., K. Pittman, and B. Munroe.  1982.  Effect of preservation on the weight 
of marine benthic invertebrates.  Can. J. Fish. Aquat. Sci.  39:221-224. 

Rees, H.L.  1984.  A note on mesh selection and sampling efficiency in benthic 
studies.  Mar. Pollut. Bull. 15:225-229. 

Reish, D.J.  1959.  A discussion of the importance of screen size in washing 
quantitative marine bottom samples.  Ecology 40:307-309. 

Schwinghamer, P.  1981.  Characteristic size distributions of integral benthic 
communities.  Can. J. Fish. Aquat. Sci. 38:125-1263. 

Smith, R.I., and J.T. Carlton (eds).  1975.  Light's manual:  intertidal invertebrates of 
the central California coast.  University of California Press, Berkeley, CA.  716 pp. 

Striplin, P.L., and S.H. Maupin.  1982.  Custom-designed sieving stations for small 
research vessels.  Task report to the U.S. Environmental Protection Agency.  
Corvallis, OR. 

Swartz, R.C.  1978.  Techniques for sampling and analyzing the marine macro-
benthos.  EPA-600/3-78-030.  U.S. Environmental Protection Agency, Corvallis, 
OR.  27 pp. 

Wiederholm, T., and L. Eriksson.  1977.  Effects of alcohol preservation on the 
weights of some benthic invertebrates.  Zoon 5:29-31. 





For 
U.S. Environmental Protection Agency Puget Sound Water Quality Authority  
Region 10, Office of Puget Sound  P. O. Box 40900 
1200 6th Avenue    Olympia, WA  98504-0900 
Seattle, WA  98101      


January  1987 







ii


 CONTENTS 


 Page


LIST OF FIGURES...........................................................................................................  iii 


LIST OF TABLES ............................................................................................................  iv 


ACKNOWLEDGEMENTS ..............................................................................................  iv 


INTRODUCTION.............................................................................................................   1 


STUDY DESIGN CONSIDERATIONS ..........................................................................   3 
 KIND OF SAMPLER ...................................................................................................   5 
 AREA OF SAMPLER ..................................................................................................   6 
 SAMPLE REPLICATION ............................................................................................   7 
 SIEVE MESH SIZE ......................................................................................................   7 
 SIEVING LOCATION..................................................................................................   8 
 USE OF RELAXANTS.................................................................................................   9 
 USE OF STAINS ...........................................................................................................  9 
 LEVEL OF TAXONOMY .............................................................................................  9 
 SAMPLING SEASON.................................................................................................  10 


PROTOCOLS FOR SAMPLING AND ANALYSIS ......................................................  12 
 FIELD PROCEDURES................................................................................................  12 
 Pre-Collection Preparation ...........................................................................................  12 
 Collection .....................................................................................................................  16 
 Processing.....................................................................................................................  21 
 LABORATORY PROCEDURES................................................................................  24 
 Equipment and Supplies...............................................................................................  24 
 Preservative Preparation...............................................................................................  24 
 Analytical Procedures...................................................................................................  25 
 QA/QC PROCEDURES ..............................................................................................  30 
 Calibration and Preventive Maintenance .....................................................................  30 
 Quality Control Checks ................................................................................................  31 
 Corrective Action .........................................................................................................  32 
 DATA QUALITY AND REPORTING REQUIREMENTS .......................................  32 


REFERENCES.................................................................................................................  33 







iii


 LIST OF FIGURES 


Number                 Page


1 Construction of a sieve box      13      


2 Deployment of a grab sampler     18 


3 Examples of acceptable and unacceptable grab samples  20 


4 Example of a sieving stand      23 


Note:  Figures 1, 2, 3 and 4 are not contained in this electronic version.   Figures appear 
on the paper copies accompanying the disks. 







iv


 LIST OF TABLES 


Number Page


TABLE 1.  CONTRIBUTORS TO THE BENTHOS PROTOCOLS..................................   2 


TABLE 2.  SUMMARY OF THE MAJOR STUDY DESIGN CHARACTERISTICS 
USED MOST FREQUENTLY IN HISTORICAL SURVEYS OF SUBTIDAL 
BENTHICMACROINVERTEBRATE ASSEMBLAGES IN PUGET SOUND..........   4 


 ACKNOWLEDGEMENTS 


 This chapter was prepared by Tetra Tech, Inc., under the direction of Dr. Scott Becker, 
for the U.S. Environmental Protection Agency in partial fulfillment of Contract 
No. 68-03-1977, Dr. Thomas Ginn of Tetra Tech was the Program Manager.  Mr. John 
Underwood and Dr. John Armstrong of U.S. EPA were the Project Officers.  Much of this 
chapter was modified from material prepared originally by Tetra Tech, Inc. for the Marine 
Operations Division, Office of Marine and Estuarine Protection, U.S. EPA, 
Washington, DC as part of U.S. EPA Contract No. 68-01-6938, Allison J. Duryee, Project 
Director.  The primary authors of this chapter were Drs. Gordon Bilyard and Scott Becker 
of Tetra Tech, Inc., Mr. Peter Striplin of Evans Hamilton, Inc., and Mr. Jack Word of 
Battelle Northwest. 







Benthic Infauna 
Introduction 


January 1987 


1


 Recommended methods for sampling and analyzing subtidal soft-bottom benthic 
macroinvertebrate assemblages in Puget Sound are presented in this chapter.  The methods 
are based on the results of a workshop and written reviews by representatives from most 
organizations that fund or conduct environmental studies in Puget Sound (Table 1).  The 
purpose of developing these recommended protocols is to encourage all Puget Sound 
investigators conducting monitoring programs, baseline surveys, and intensive 
investigations to use standardized methods whenever possible.  If this goal is achieved, 
most data collected in the Sound should be directly comparable, and thereby capable of 
being integrated into a sound-wide database.  Such a database is necessary for developing 
and maintaining a comprehensive water quality management program for Puget Sound. 


 Before the recommended protocols are described, a section is presented on study design 
considerations.  This section discusses some major elements of the design of subtidal 
benthic macroinvertebrate studies that were considered at the workshop but left unresolved.  
Following this initial section, specifications are provided for the field, laboratory, quality 
assurance/quality control (QA/QC), and data reporting procedures that are recommended for 
most future benthic macroinvertebrate studies in Puget Sound. 


 Although the following protocols are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special requirements of 
individual projects.  If such departures are made, however, the funding agency or 
investigator should be aware that the resulting data may not be comparable with most other 
data of that kind.  In some instances, data collected using different methods may be 
compared if the methods are intercalibrated adequately. 
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 Rick Albrighta U.S. EPA 
 John Armstronga U.S. EPA 
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 The designs of different benthic macroinvertebrate studies can vary substantially, 
depending upon study-specific objectives.  Therefore, it is not possible to standardize all of the 
elements that constitute such a study design.  Because variations in some of these elements can 
influence the comparability of different data sets, it is preferable that as many of these elements 
as possible be similar among studies. 


 Nine study design elements that may vary among different studies in Puget Sound and may 
limit data comparability are described in this section.  They include: 


  � Kind of sampler 


  � Area of sampler 


  � Sample replication 


  � Sieve mesh size 


  � Sieving location 


  � Use of relaxants 


  � Use of stains 


  � Level of taxonomy 


  � Sampling season. 


The specifications for these nine elements that are used most frequently in surveys of subtidal 
benthic macroinvertebrate assemblages in Puget Sound are summarized in Table 2. 
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Kind of sampler    Modified van Veen bottom grab 


Area of sampler    0.1 m2 


Sample replicationa   4-5 per station 


Sieve mesh size    1.0 mm 


Initial sieving location   On vessel 


Use of relaxants    No 


Use of stains    Yes - rose bengal 


Level of taxonomy    Species, if possible 


Sampling season    Variable 


a For variance-related comparisons. 
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 A wide variety of devices can be used to sample benthic macroinvertebrates, 
including trawls, dredges, grabs, box corers, suction samplers, and hand-held 
corers (Eleftheriou and Holme 1984).  Because most of these devices sample the 
benthos in a unique manner, comparability of data collected using different 
devices may be questionable.  Trawls and dredges generally collect organisms 
over a variable and relatively large area.  By contrast, the remaining devices 
generally collect organisms over a fixed and relatively small area.  Data collected 
using the former devices are semi-quantitative at best, and detailed comparisons 
with data collected using the latter, more quantitative, devices generally are 
questionable.  Differences among data collected using the latter devices generally 
are more subtle. 


 The most common device used to sample subtidal soft-bottom benthic macro-
invertebrates in Puget Sound is the modified van Veen bottom grab (Kahlsico 
1986).  Penetration depth (i.e., the maximum depth sampled below the sediment 
surface) can be as great as 15-16 cm when using this device.  The major advantages 
of this device are its ease of deployment from small vessels, its reliable operation in 
a wide range of sediment types (from clays through sands), and its frequent use in 
Puget Sound in the past (affording a large database for comparison).  Its principal 
disadvantages are that its penetration depth varies from sample to sample with 
sediment properties, that it can land at an angle (providing varying penetration depth 
within the same sample), and that the sample inevitably is folded by the closing 
motion and geometry of the device (with resulting loss of information on vertical 
structure within the sediments). 


 Most of the disadvantages identified for the van Veen grab are shared by all 
grabs.  The Smith-McIntyre grab's characteristics differ only slightly from those of 
the van Veen.  It is spring loaded and encased in a frame that ensures vertical entry 
of the grab into the sediments.  This combination of features slightly reduces 
variability in penetration, both within and between samples.  Its major disadvantages 
relative to the van Veen grab are slightly greater difficulty in handling and general 
lack of intercalibration studies with the more widely used (in Puget Sound) van 
Veen.  No other grabs have been used commonly in the Sound. 


 Box corers (Hessler and Jumars, 1974; Eleftheriou and Holme, 1984) have a 
surrounding frame that ensures vertical entry.  Although most have stops and 
weighting systems that allow depth of penetration to be set, most workers adjust 
the devices for maximum penetration (roughly 45 cm in the most common 
models) and then slice the resulting core to a standard depth (e.g., 10 cm) for 
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sieving.  Thus, imprecision due to variable penetration depth is much reduced in 
comparison to grab samples.  Using box corers, in situ horizontal partitioning of 
samples for gaining further spatial information or for unbiased subsampling is 
routine.  Box corers are widely recognized as the tools of choice for maximal 
accuracy and precision of sampling in soft sediments below diving depths.  Their 
disadvantages are large size and weight, requiring a large vessel for deployment 
and large expense for construction.  In addition, their relatively recent introduction 
and lack of intercalibration studies with the van Veen grab make comparability 
with historical data in Puget Sound an issue. 


 Suction samplers and hand-held corers avoid some of the problems identified 
for grabs and box corers by being operated in situ using SCUBA.  Suction corers 
can penetrate sediments as deeply as box corers, but they can draw animals 
(vacuum-cleaner-like) from surrounding sediments, inflating abundance estimates.  
Some suction methods are extremely rough on organisms, turbulently abrading them 
with drawn-in sediments.  Hand-held corers, on the other hand, are limited in 
penetration depth.  Both kinds of devices are restricted to SCUBA depths and thus 
are not of general utility in Puget Sound. 


 Because different species of benthic macroinvertebrates may have different 
scales of horizontal spatial distribution (Elliott 1971), data comparability generally 
is enhanced if sampling devices sample the same area of sediment surface.  The 
major reason that trawls and dredges are considered semi-quantitative devices is that 
they do not sample consistently the same area of sediment surface.  Although most 
grabs and corers sample sediment surface area relatively consistently, comparisons 
among samples with different surface areas may be questionable.  At present, it is 
uncertain how such comparisons would be affected. 


 The most common sediment surface area sampled by the quantitative bottom 
devices used historically in Puget Sound is 0.1 m2 (van Veen grab, Smith-McIntyre 
grab).  Other surface areas sampled using these devices include 0.06 m2 (van Veen 
grab, box corer), 0.002 m2 (hand-held corer), and 0.001 m2 (hand-held corer). 
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SAMPLE REPLICATION 


 Because the appropriate level of sample replication is determined largely by 
study objectives, it cannot be standardized for all studies in Puget Sound.  Given the 
potentially large within-station variability of benthic macroinvertebrate 
assemblages, it generally is advisable to use more than one sample to represent a 
station.  However, single samples may be acceptable for some kinds of 
investigations, such as preliminary surveys.  For statistical comparisons that rely on 
within-station variance of benthic infaunal variables, Swartz (1978) recommends 
that five replicates be collected at each station, if possible, and that the minimum 
number of replicates per station be three.  Most historical studies in Puget Sound 
that have used variance-related statistical analyses have collected four to five 
replicate samples per station. 


 Perhaps more than any of the other elements discussed in this section, the mesh 
size with which benthic infauna are sieved can limit data comparability among 
studies (e.g., Reish 1959; Lewis and Stoner 1981; Schwinghamer 1981; Rees 
1984).  In some cases, study objectives may require that a specific mesh size be 
used.  For example, studies of infaunal recruitment or predation patterns of juvenile 
fishes generally require very small mesh sizes (i.e., 0.3 mm or smaller).  However, 
in other cases (e.g., general characterization of benthic infaunal assemblages for 
impact assessment or monitoring), the study objectives do not narrowly constrain 
the choice of mesh size.  Data comparability among such studies can be ensured by 
using a common mesh size, whenever possible. 


 The mesh size used most frequently to characterize benthic macroinvertebrate 
assemblages in Puget Sound is 1.0 mm.  A mesh size of 0.5 mm has also been used 
in a small number of Puget Sound investigations and is commonly used in studies of 
benthic macroinvertebrates on the east coast of the U.S.  Eleftheriou and Holme 
(1984) recommend that a mesh size of 0.5 mm be used for most macroinvertebrate 
studies.  A major advantage to using a 0.5-mm mesh size rather than a 1.0-mm mesh 
size is increased retention of total macroinvertebrates (e.g., by a factor of 130-180 
percent; Lewis and Stoner 1981), including adults of smaller species and juveniles 
of larger species (see also Rees 1984).  A major disadvantage is increased cost (e.g., 
by as much as 200 percent) of sample processing (i.e., primarily sorting and 
taxonomic identifications). 


 For future characterizations of benthic macroinvertebrate assemblages in Puget 
Sound, it is recommended that either a 1.0- or 0.5-mm mesh size be used to sieve 
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samples.  If a 0.5-mm mesh size is used, it is recommended that each sample first be 
screened using a 1.0-mm mesh size and that the two fractions (i.e., 0.5 and 1.0 mm) 
be processed separately.  In this manner, the 1.0-mm results can be compared with 
data based on a 1.0-mm mesh size from other studies.  Data from the two fractions 
also can be pooled during data analysis to represent the full fraction of organisms 
>0.5 mm in size. 


 Sieving can be conducted either aboard the survey vessel as samples are 
collected or onshore after a sampling excursion has been completed.  In the first 
case, sieving usually precedes fixation and is conducted primarily on live 
organisms.  This is the method used by most studies in Puget Sound.  In the second 
case, sieving generally occurs after fixation and is therefore conducted on dead 
organisms.  Comparability between the results of these two techniques may be 
influenced by at least two factors.  First, because fixation may cause some taxa to 
distort their shape or autotomize (i.e., cast off body parts), the sieving characteristics 
of those taxa may change following fixation.  Second, sieving characteristics of live 
organisms may differ from those of dead individuals.  This bias occurs primarily for 
soft-bodied organisms (e.g., polychaetes) that can crawl through mesh openings or 
entangle themselves on the screen when they are sieved live. 


 A major problem that may be encountered when organisms are fixed in 
sediment before being sieved is that the fixative either will not reach all buried 
organisms or will not reach them in time or in sufficient concentration to prevent 
some deterioration.  Because deteriorated individuals may decompose completely or 
fragment upon sieving, their sieving characteristics can be modified substantially by 
inadequate fixation.  Therefore, if samples are fixed in sediment, extra care should 
be taken to ensure that organisms are fixed adequately.  For example, the sample 
container can be rotated gently immediately after fixation and again after 12-24 h to 
ensure adequate fixative penetration. 


 From a logistical standpoint, sieving of samples in the field is generally 
preferred for surveys in which a large number of samples are collected during each 
cruise.  Field sieving results in a considerable reduction in the volume of material 
that must be stored on the vessel (i.e., where space is often limiting) and later 
transported to the laboratory.  Most historical large-scale studies in Puget Sound 
have sieved samples in the field. 
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 Relaxants are often used when processing benthic macroinvertebrate samples for 
at least two major reasons.  First, relaxants facilitate taxonomic identifications (and 
morphometric measurements) by reducing the tendency of organisms to distort their 
shape or autotomize when exposed to a fixative (Gosner 1971).  Complete 
organisms having a natural appearance are easier to identify correctly than are 
fragmented and/or distorted specimens.  For some taxonomic groups (e.g., 
Maldanidae), complete organisms are required for species-level identification. 


 A second reason for using a relaxant is to ensure that animals are sieved whole, 
if sieving follows fixation.  The tendency for some taxa (especially polychaetes) to 
autotomize if not relaxed can influence sieving by reducing the size of individuals. 


 Because relaxation can influence taxonomic identification and sieving, data 
comparability between studies that use a relaxant and those that do not use one may 
be affected.  The magnitude of these effects is unknown, but probably is greatest for 
soft-bodied taxa that are difficult to identify (e.g., some polychaetes) and smallest 
for taxa encased in a hard enclosure such as a calcareous shell (e.g., most molluscs) 
or an exoskeleton (e.g., crustaceans), particularly if the hard parts are the primary 
taxonomic characters used for identification.  To date, most studies in Puget Sound 
have not used a relaxant prior to sieving and fixation. 


 A vital stain (primarily rose bengal) is often added to samples to facilitate 
sorting.  The stain colors most infauna and thereby enhances their contrast with the 
debris from which they are sorted.  Taxa that do not always stain adequately include 
ostracods and gastropods. 


 Some taxonomists have found that staining may interfere with the identification 
of certain taxa, and therefore discourage its use.  Although it generally is agreed that 
staining aids the sorting process (particularly for inexperienced sorters), a proper 
quality control program should ensure that sorting efficiency is adequate whether or 
not staining is used.  Most past studies in Puget Sound have used rose bengal stain 
to facilitate sorting. 


 Depending on the objectives of different studies, taxonomic identifications can 
range from the phylum to the species level.  Identifications to higher taxonomic 
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levels can provide gross characterizations of benthic infaunal assemblages, but 
sacrifice the potential wealth of information available using species-level 
identifications (e.g., species composition, species indicative of impacted or 
reference conditions, species diversity and evenness, species replacements, 
interspecific interactions).  The primary drawback to identifying organisms to the 
species level is cost, which can be 200-300 percent greater than identifications to the 
two highest taxonomic levels (i.e., phylum and class). 


 Although data based on different taxonomic levels generally cannot be 
compared directly, data based on lower taxonomic levels can be pooled upward 
(e.g., species to genus, genus to family) for comparisons with higher level taxa.  
Data based on higher-level taxa can be compared with lower-level taxa only if 
additional taxonomic identifications are made to lower the level of taxonomy of the 
former data set.  Because future comparisons may make it desirable to lower the 
taxonomic level of a data set, it is strongly recommended that all samples identified 
only to higher taxonomic levels be properly archived (indefinitely if possible).  Most 
historical studies in Puget Sound have identified organisms to either the species 
level or the lowest taxonomic level possible (i.e., based on the physical condition of 
specimens). 


 Benthic assemblages are constantly changing over time.  Probably the most 
common temporal patterns observed in benthic assemblages are those associated 
with seasonal changes (Gray 1981).  Seasonal variation in benthic assemblages can 
result from changes in physical or chemical environmental variables such as 
temperature, light, salinity, dissolved oxygen, and habitat disturbance.  In general, 
the influence of these kinds of variables is greatest in shallow water (Gray 1981).  
Seasonal variation can also result from changes in biological variables (e.g., compe-
tition, predation, recruitment). 


 The season in which benthic assemblages are sampled depends largely on study 
objectives.  Past studies in Puget Sound have sampled benthic assemblages during a 
variety of time periods.  Although seasonal variations of benthic macroinvertebrate 
assemblages are not well characterized for Puget Sound, information presented by 
Lie (1968) suggests that both numbers of individuals per sample and variability 
among stations is lowest during the late winter and highest during the late summer.  
This pattern may reflect the recruitment cycles of many, but not necessarily all, 
species.  For characterizing adult populations of benthic macroinvertebrates it 
generally is preferable to sample when population estimates are least variable.  Data 
collected by Lie (1968) suggest that late winter may be the most appropriate time to 
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sample adult populations of benthic macroinvertebrates in Puget Sound. 


  Given the seasonal variation characteristic of benthic assemblages in 
general, it is recommended that direct comparisons between samples collected 
during different seasons be made with appropriate caution, or avoided completely.  
Therefore, studies investigating interannual variation in the characteristics of benthic 
assemblages should be conducted during the same season (preferably the same 
month) each year. 
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Pre-Collection Preparation


Construction of Sieve Boxes-- 


 If sieving will be conducted in the field, it is recommended that sieve boxes be 
used to facilitate processing.  Sieve boxes should be sturdy, and have high sides to 
minimize the possibility of material washing out of the box.  They should also be 
large enough to receive the benthic sample and wash water without completely 
clogging.  Swartz (1978) recommends boxes 40 cm x 40 cm.  The boxes should also 
be constructed to permit nesting of the sieves, especially if more than one mesh size 
will be used.  A typical sieve box might be constructed as shown in Figure 1.  Note 
the application of silicone sealant at the mesh/wood interface.  This sealant will 
prevent organisms from crawling into the space where the mesh enters the box 
frame.  All wood pieces used in construction of the sieve boxes should be treated 
with fiberglass or epoxy resin (of the types used in boat building), sanded, and 
painted. 


 It is imperative that the mesh used in the sieve boxes meet specifications 
outlined in ASTM E-11, USA Standard Z23.1, AASHO M92, and 
Fed. Spec. RR-S-366b.  Such mesh is available from scientific supply houses.  
Inferior mesh will not have uniform openings and will not be durable.   


 Before each sample is sieved, all sieves should be examined for damage and 
wear.  Look for rips in the mesh, irregular mesh spacing, and sand grains caught in 
the mesh.  Use water pressure or a nylon brush to dislodge the sand.  Do not use 
sharp objects or stiff brushes, as the mesh may be damaged or the mesh spacing may 
be altered. 


Fixative Preparation-- 


 The fixative most commonly used for benthic macroinvertebrate samples is 
formalin, an aqueous solution of formaldehyde gas.  Under no circumstances should 
ethyl or isopropyl alcohol (i.e., preservatives) be used in place of the formalin.  
Penetration of the alcohol into body tissues is too slow to prevent decomposition of 
the specimens. 
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 Caution should be exercised when handling formalin mixtures because formalin 
is toxic and carcinogenic (Kitchens et al. 1976).  It can cause irritation to the eyes, 
nose, and throat at concentrations as low as 1 ppm.  Sensitivity in humans varies 
with the individual, but in general, the detection limit is around 2 ppm.  Anyone 
working with formalin mixtures should therefore wear protective clothing, rubber 
gloves, and safety goggles, and should work under a properly ventilated fume hood.  
A protective vapor mask should be worn, even if working near open windows or 
under a ventilation hood. 


 Formalin solutions of 5-20 percent (v/v) strength are recommended for fixing 
marine organisms (Gosner 1971; Birkett and McIntyre 1971; Smith and Carlton 
1975; Swartz 1978).  Solutions of 10-15 percent are used most commonly.  It is 
recommended that at least 2 L of diluted formalin solution be on hand for each 
replicate sample to be collected, unless experience has shown otherwise. 


 The formalin solution should always be buffered to reduce acidity.  Failure to 
buffer may result in decalcification of molluscs and echinoderms.  Ideally, pH 
should be at least 8.2, as calcium carbonate dissolves in more acidic solutions.  
Borax (sodium borate, Na2B407) should be used as the buffer because other 
buffering agents may hinder identification by leaving a precipitate on body tissues 
and setae. 


 To prepare a 10-percent buffered formalin solution, add 4 oz of borax to each 
gallon of concentrated formalin (i.e., a 40-percent solution of formaldehyde in 
water).  This amount will be in excess, so use the clear supernatant when making 
seawater dilutions.  Dilute the concentrate to a ratio of one part concentrated 
formalin to nine parts seawater.  Seawater will further buffer the solution.  Seawater 
also makes the fixative isotonic with the tissues of the animals, thereby decreasing 
the potential for animal tissues to swell and break apart, as often happens with 
freshwater dilutions of formalin. 


 It is recommended that fresh fixative be prepared prior to each sampling 
excursion, as formalin will eventually consume all the buffering capacity of the 
borax.  Formalin solution of any strength should not be exposed to freezing 
temperatures, because the formaldehyde polymers will degrade into 
paraformaldehyde and the solution will have to be discarded. 


Rose Bengal Preparation-- 


 If staining is used, rose bengal may be added to samples either as a powder or a 
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solution.  Both are effective.  However, it is easier, and perhaps less expensive, to 
use a solution.  A rose bengal concentration of 4 g/L of concentrated formalin 
commonly is used (Eleftheriou and Holme 1984). 


Relaxant Preparation-- 


 If a relaxant is to be used, several kinds are available for use with benthic 
organisms.  However, a solution of magnesium chloride in tap water is effective on 
a wide variety of taxa (Gosner 1971), and is easily prepared and used.  The MgCl2
solution should be isotonic with seawater.  To prepare, dissolve 73 g MgCl2


.6H20 
per liter of tap water.  Anhydrous MgCl2 can be purchased (optionally and at a 
considerably higher cost) and used to prepare the relaxant solution.  However, 
accurate determinations of mass are very difficult because of the propensity of the 
crystals to absorb atmospheric moisture.  Hence, use of the hydrated form is 
recommended. 


Sample Containers-- 


 Samples can be stored in a variety of containers including glass or plastic jars, 
and plastic or muslin bags.  If jars are used, plastic lids are preferable to metal lids 
because formalin corrodes metal.  If glass jars are used, extra care should be taken 
when handling, shipping, and storing them to prevent breakage.  If plastic or muslin 
bags are used, extra care should be taken to prevent them from tearing. 


 In general, a single 1- or 2-quart container is large enough to hold a sieved 
sample from a 0.1-m2 sampler.  However, more or larger containers may be required 
if large quantities of gravel, peat, wood chips, or other large items occur in the 
sample. 


Labels-- 


  A complete label should be placed inside each sample container, as well as 
on the side of each container.  An abbreviated label may be placed on the caps of 
jars to identify them when in shipping or storage cases.  All labels should be 
waterproof and preprinted.  The internal label should be made of at least 100 percent 
waterproof rag paper and the external labels should be gummed.  External labels 
may be filled out using waterproof ink, but internal labels should be filled out using 
only a pencil. 
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Collection


Design of Sampler-- 


 Collection of an acceptable sediment sample for infaunal analysis generally 
requires that the sampler 1) create a minimal bow wake when descending, 2) form a 
leakproof seal when the sample is taken, and 3) prevent winnowing (i.e., loss of 
fine-grained material) and excessive sample disturbance when ascending.  A 
desirable feature of a sampler is easy access to the sample surface.  Reduction of the 
bow wake is critical to ensuring that small, lightweight, surface-dwelling organisms 
are not blown away before the sampler contacts the sediment.  A leakproof seal is 
necessary to ensure that organisms are not lost when the sampler is being retrieved.  
Preventing sample disturbance is necessary for accurately characterizing the 
sediment and measuring penetration depth.  Easy access to the sample surface 
facilitates sediment characterization and measurement of penetration depth. 


 The bow wake of several kinds of sampler is reduced by having hinged solid 
doors or rubber flaps cover the open upper face of the device.  The rubber flaps 
generally cover screened doors, which prevent organisms from escaping as the 
sampler is retrieved.  Upon descent of the sampler, the solid doors or rubber flaps 
are cocked open or held open by water pressure.  Upon ascent, the solid doors are 
held closed by springs or elastic cords, whereas the rubber flaps are held closed by 
water pressure. 


 Although most samplers seal adequately when purchased, the wear and tear of 
repeated field use eventually reduces this sealing ability.  A sampler should 
therefore be monitored constantly for sample leakage.  If unacceptable leakage 
occurs, the sampler should be repaired or replaced.  If a sampler is to be borrowed or 
leased for a project, its sealing ability should be confirmed prior to sampling.  Also, 
it is prudent to have a back-up sampler on board the survey vessel in case the 
primary sampler begins leaking during a cruise. 


 Penetration depth (i.e., maximum distance below the sediment surface that is 
sampled) generally varies with sediment character for most samplers, being greatest 
in fine-grained sediments and least in coarse-grained sediments.  The penetration 
depth achieved by a particular sampler can often be increased by attaching lead 
weights to the device. 
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Operation of the Sampler-- 


 The sampler should be attached to the hydrowire using a ball-bearing swivel 
(Figure 2).  The swivel will minimize the twisting forces on the sampler during 
deployment and ensure that proper contact is made with the bottom.  For safety, the 
hydrowire, swivel, and all shackles should have a load capacity at least 3 times 
greater than the weight of a full sampler. 


 The sampler should be deployed and retrieved with a minimum amount of 
swinging when out of the water.  Excessive swinging can cause the sampler to 
trigger prematurely upon deployment and can disturb the sediment sample upon 
retrieval.  Swinging can be minimized by heading the survey vessel into any waves 
when the sampler is out of the water and by attaching handling lines to the cable that 
can then be operated by the sampling team (Figure 2). 


 Because form drag and skin friction of the sampler can produce a bow wave 
when the device is lowered too quickly, it is essential that the sample enter the 
sediment at a relatively slow speed.  It is recommended that the lowering speed at 
sediment entry be 0.3 m/sec ( 1 ft/sec).  Lowering rates through the water column 
can be much faster until several meters from the bottom, as long as the speed at 
sediment entry is 0.3 m/sec.  Entry at faster speeds requires demonstration that 
bow waves are not a problem.  Swell and chop can significantly degrade samples 
due to effects on entry speed (i.e., vertical ship motion alternately adds to and 
subtracts from entry velocity).  These additional factors must therefore be taken into 
account when they are present. 


 After the sampler has contacted the bottom, it initially should be retrieved 
slowly to permit the device to close properly.  After the jaws are closed, a constant 
retrieval speed should be maintained to avoid jerking the sampler and possibly 
disturbing the sample.  When the sampler approaches the water surface (i.e., when 
first sighted), the winch should be stopped to permit the handling lines to be clipped 
onto the cable.  The sampler can then be raised slowly, and the handling lines can be 
used to minimize swinging of the device.  When brought on board, the sampler 
should be properly secured as soon as possible. 
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Sample Acceptability Criteria-- 


 After the sampler has been secured, the sediment sample should be inspected 
carefully before being accepted.  The following acceptability criteria should be 
satisfied: 


 � Sediment is not extruded from the upper face of the sampler such that 
organisms may have been lost 


 � Overlying water is present (indicates minimal leakage) 


 � The sediment surface is relatively flat (indicates minimal disturbance or 
winnowing) 


 � The entire surface of the sample is included in the sampler 


 � The following penetration depths (i.e., the maximum depth of sediment 
sampled) are achieved at a minimum 


  - 4-5 cm for medium-coarse sand 
  - 6-7 cm for fine sand 
  - 10 cm for muddy sediment. 


 If a sample does not meet any one of these criteria, it should be rejected.  
Examples of some acceptable and unacceptable grab samples are presented in 
Figure 3. 


Sample Characterization-- 


 After a sample is judged acceptable, the following observations should be noted 
on the field log sheet: 


 � Station location 


 � Depth 


 � Gross characteristics of the surficial sediment 


  - Texture 
  - Color 
  - Biological structures (e.g., shells, tubes, macrophytes) 
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 - Presence of debris (e.g., wood chips, wood fibers, manmade debris) 
  - Presence of oily sheen 
  - Odor (e.g., hydrogen sulfide, oil, creosote) 


 � Gross characteristics of the vertical profile 


  - Changes in sediment characteristics 
  - Presence and depth of redox potential discontinuity (rpd) layer (if 


visible) 


 � Maximum penetration depth (nearest 0.5 cm) 


 � Comments relative to sample quality 


  - Leakage 
  - Winnowing 
  - Disturbance. 


Processing


 It is recommended that the entire sample be sieved for benthic infaunal 
analyses.  If subsamples are removed for physical or chemical analyses, they should 
be very small relative to the size of the entire sample (i.e., _5 percent) because 
organisms would be lost from the sample in the process.  If large numbers of 
organisms are lost at this stage, subsequent abundance determinations could be 
biased substantially.  Subsamples, other than those made in situ by box-core 
partitions, are not recommended for benthic infaunal analyses because it is unknown 
what effect the sampling process has on the spatial distribution of motile organisms.  
For example, suface-dwelling organisms may move to the edges of the sample as 
the grab is being retrieved.  If the sampling process disrupts the natural spatial 
patterns of the organisms, collection of a representative subsample for infaunal 
analysis may not be possible. 


 After qualitative characteristics of the sample have been recorded, sediments 
should be washed on the designated sieve(s).  Sediment adhering to the outside of 
the sampler should not be mixed with the sample.  When being sieved, sediments 
may be gently sprayed with water from above, gently agitated by hand in a washtub 
of water (in an up-and-down, not swirling, motion), or washed using a combination 
of these techniques.  For all methods, it is imperative that the samples be washed 
gently to minimize specimen damage.  A few minutes extra care in the field can 
save hours of time for the taxonomist, and will result in a better data set. 
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 For many surveys, it is easiest to wash the samples from above with a gentle 
spray, because efficient, easy-to-use gear may be constructed to hold the sampler 
and sieve boxes.  An example of a stand designed to hold a van Veen grab is shown 
in Figure 4.  The top section is designed to accept the grab sampler.  Wash water 
and sediment drain through the openings in the bottom of the top tray and into the 
lower section of the sieving stand, where the screen box(es) is (are) located. 


 All wash water should be filtered (using a cartridge-filter system) or screened 
through mesh with openings less than one-half the size of those used in the survey, 
so as not to introduce planktonic or bentho-pelagic organisms into the samples.  
Failure to screen in this way can result in increased sorting time.  It can also 
compromise the quality of the resulting data, because it is impossible to distinguish 
bentho-pelagic organisms caught by the grab from those entrained in the wash 
water. 


 Sieving stands should have attachment points (e.g., eyebolts) at appropriate 
places with which the stand may be lashed to the deck or rail.  As shown in Figure 4, 
all wastewater should exit the sieve tray via a spout, to which a hose can be 
attached.  The wash water can then be discharged overboard through a scupper.  
This is especially important in cold weather, when wash water may otherwise freeze 
on the deck and safety may be compromised. 


 Once sieving is completed, the screen box should be held at an angle and the 
remaining material gently washed into one corner.  The sample may then be 
transferred to a container for relaxation, if desired, or for immediate fixation, using 
as little water as possible.  Place a permanent internal sample label in the container 
at this time.  If more than one screen fraction is generated, be sure to keep them 
separate throughout all phases of field and laboratory processing.  Be sure to check 
the screen for organisms trapped in (or wound around) the mesh wires.  If they 
cannot be dislodged with gentle water pressure, use a pair of jewelers forceps.  Be 
careful not to damage the wire mesh.  After the screen has been checked for 
remaining animals and sample removal is complete, back-wash the screen with a 
high- pressure spray to dislodge any sediment grains that may be caught in the mesh. 


 As mentioned earlier, a 10-15 percent solution of borax-buffered formalin 
usually is sufficient to fix benthic organisms.  However, samples containing large 
amounts of fine-grained sediments, peat, or woody plant material may require higher 
concentrations.  The volume of fixative should be at least twice the volume 
occupied by the sample.  The formalin solution should be added to the sample 
container until it is completely filled.  This will minimize abrasion during shipping  
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and handling.  If the sample volume exceeds one half of the container volume, more 
than one container should be used.  Use of multiple containers for single samples 
should be recorded on the log sheet. 


 After fixative has been added to a sample container, it is critical that the contents 
be mixed adequately.  This usually can be accomplished by inverting the container 
several times.  After mixing, sample containers should be placed in protective 
containers for storage and transport to the laboratory.  After being stored for 
approximately 1 h, samples should be inverted several times again to ensure 
adequate mixing. 


 On board ship, samples should be stored so as to minimize exposure to sunlight 
and temperature extremes.  They should also be stored in a stable part of the ship to 
minimize agitation. 


Equipment and Supplies


 The laboratory should be equipped with both stereo dissection and compound 
microscopes.  Magnifying lamps also can be available for sorting samples.  
Compound microscopes should be capable of magnifications up to 1,000-power.  
The optics of the dissection and compound microscopes should be of the highest 
quality.  Apparent savings realized by purchasing lower quality optics are quickly 
consumed by increased labor costs during the sorting and identification processes.  
The probability of misidentifying organisms also is increased.  Other recommended 
laboratory supplies include jewelers forceps, fine scissors, small scalpels, fine 
needles, flat and depression microscope slides, cover slips, small dissection trays, 
immersion oil, and glycerol alcohol (half glycerol and half 70-percent alcohol). 


Preservative Preparation


 After the specimens are fixed, alcohol should be used as a long-term 
preservative.  Either 70-percent ethanol (v/v) in water or 70-percent isopropanol 
(v/v) may be used (Fauchald 1977).  Although isopropanol is less expensive than 
ethanol, it is more unpleasant to work with.  Specimens preserved in isopropanol are 
unsuitable for histological examination.  If future studies of anatomy or reproductive 
biology are anticipated, ethanol should be used. 


 It is most cost-effective to purchase isopropanol and ethanol in bulk solutions of 
5-percent water and 95-percent alcohol.  Purer grades are available, but more costly. 
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 To prepare 1 L of a 70-percent solution of either alcohol, add 263 mL of water to 
737 mL of 95-percent alcohol solution.  It may be necessary to use distilled water to 
dilute the alcohol solution, because hard water mixed with alcohol creates a milky 
precipitate that makes examination of the samples difficult. 


 Use of the 70-percent alcohol/30-percent water solution is adequate for the 
preservation of most infaunal organisms (Fauchald 1977; Eleftheriou and Holme 
1984).  For long-term storage of crustaceans, however, it is recommended that 
glycerine be substituted for some of the water.  The glycerine helps keep the 
exoskeletons supple, thereby facilitating examination and manipulation.  This is 
especially critical for crustaceans archived in the reference collection (see below).  
An appropriate alcohol-glycerine solution would be 70-percent alcohol, 25-percent 
water, and 5-percent glycerine (Eleftheriou and Holme 1984). 


Analytical Procedures


Transfer to Alcohol-- 


 Samples should remain in the formalin-seawater solution for a minimum of 24 h 
to allow proper fixation (Fauchald 1977).  A maximum fixation period of 7-10 days 
is recommended to reduce the risk of decalcifying molluscs and echinoderms.  After 
fixation, the samples should be washed (i.e., rescreened) on a sieve with mesh 
openings half the size (at most) of those used in the field.  The smaller screen size 
ensures that specimens collected in the field will be retained in the sample 
regardless of shrinkage or breakage resulting from contact with the formalin.  It is 
desirable to wash the formalin from the samples as soon as possible after the initial 
24 h, because the buffering capacity of the borax in the formalin solution decreases 
continually. 


 If the sample consists of multiple containers, locate all containers prior to 
rescreening and wash them at the same time.  Carefully pour the contents of each 
container into the appropriately sized screen and rinse the container to remove 
adhering organic material, sediment, or organisms.  Do not fill the screen more than 
half full to avoid spilling or splashing the sample. 


 As mentioned earlier, caution should be exercised when handling formalin 
mixtures because formalin is toxic and carcinogenic (Kitchens et al. 1976).  It can 
cause irritation to the eyes, nose, and throat at concentrations as low as 1.0 ppm.  
Sensitivity in humans varies with the individual, but in general, the detection limit is 
around 2 ppm.  Therefore, by the time formalin generally is detected, it has already 
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caused some irritation.  The technician doing the rescreening should wear protective 
clothing, rubber gloves, and safety goggles, and should work under a properly 
ventilated fume hood.  A protective vapor mask should be worn, even if working 
near open windows or under a ventilation hood.  


 There are several acceptable methods for rinsing formalin from a sample.  One 
method is to gently flush the sample with large quantities of fresh water from a 
low-pressure faucet or hose, being careful not to splash any sample material.  A 
second method is to partly immerse the sieve in a plastic tub filled with fresh water 
and wash the sample by moving the sieve in an up and down motion.  Care must be 
taken not to let the water rise above the top level of the sieve. 


 Allow the rinse water to completely drain from the sieve and lightly rinse the 
sample with a solution of 70-percent ethanol from a squirt bottle.  Carefully wash 
the sample material into a sample jar filling it no more than three-quarters full.  
Rinse the last bit of material into the jar using the squirt bottle of alcohol.  Fill the 
jar to the top with the 70-percent alcohol solution and screw the lid on tightly.  
Gently shake and invert the jar several times to ensure proper mixing. 


 Each jar should have one internal label and two external labels.  The internal 
label should be made of waterproof, 100-percent (at least) rag paper and filled out 
using a pencil.  Paper with less than a 100-percent rag content or that is not 
waterproofed will disintegrate in the 70-percent alcohol mixture.  The two external 
labels should be preprinted and should be labeled with an indelible marking pen.  
One label should be attached to the side of the jar and the second should be attached 
to the lid of the jar.  All three labels should include all information recorded on the 
field data tag, plus all other information needed to ensure proper identification of the 
sample. 


 Keep all jars of a given sample together (if more than one), and all replicate 
samples from a given station together.  As the samples are shelved prior to sorting, 
each should be cross-referenced to the field log sheet. At this point the sample 
custodian should date and initial the rescreening section of the sample tracking form 
for each station.  Store washed samples in an upright position at a cool temperature, 
and away from direct sunlight.  Storage should be in a secure place, where sample 
containers are not exposed to breakage, and samples should be checked periodically 
to ensure that adequate levels of preservative are maintained. 
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Sample Sorting-- 


 Several techniques can be used to sort organisms from sediment.  The most 
common technique involves placing a small amount of the sample into a glass or 
plastic petri dish and using a pair of jewelers forceps to sort through the sample in a 
systematic manner, removing each organism.  This entire process should be done 
while viewing the sample through a 10-power dissecting microscope or a 
magnifying lamp.  Care must be taken that enough liquid is present in the petri dish 
to completely cover the sample; otherwise, reflections from the sediment/liquid 
interface will cause distortions and the sorter may miss some organisms.  Each petri 
dish of material should be sorted twice to be sure that all organisms are removed. 


 A second sorting technique is a flotation method, which is particularly effective 
when the sediment residue is primarily coarse sediment grains containing small 
amounts of organic matter (e.g., wood fragments, leaf debris, sewage sludge).  The 
sample is first washed with fresh water in a large flat tray.  The less dense material 
that becomes suspended in the fresh water (organic material, arthropods, and most 
soft-bodied organisms) is carefully poured into a sieve, and is sorted using the 
standard technique described above.  The remaining material is covered with liquid 
and sorted using a 5-power self-illuminated hand lens.  Organisms remaining in this 
portion of the sample generally include molluscs and some tube-dwelling or 
encrusting organisms that are associated with sand grains.  Because it is difficult to 
see extremely small organisms with the 5-power hand lens, the sorter must remove 
all molluscs and polychaete tube fragments for closer inspection.  All material 
collected from this portion is placed into a labeled sample jar and viewed under a 
10-power dissecting microscope to remove organisms from tubes and to ensure that 
the molluscs were alive when captured. 


 Whichever technique is used, the sorter is exposed to alcohol fumes.  Because 
these fumes can be irritating to some people, the sorting process can be done using 
fresh water.  However, as each portion of the sample is sorted, it should be drained 
and returned to the alcohol solution immediately. 


 Each sample should be sorted by only one person.  At a minimum, organisms 
should be sorted into the following major taxonomic groups:  Annelida, Arthropoda, 
Mollusca, Echinodermata, and miscellaneous phyla (combined).  All organisms 
should be placed in large vials containing 70-percent alcohol solution.  The 
exception is Ophiuroidea, which require air-drying for identification.  Removal of 
the majority of arms from certain Ophiuroidea (e.g., Amphiuridae) permits easier 
identification.  This preparation may be performed by experienced sorters to 
minimize identification time.  Special handling of Ophiuroidea should be conducted 
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after biomass analyses, if biomass analyses are performed.  Each vial containing a 
major taxonomic group should have an internal label listing the survey name, station 
designation, water depth, date sampled, and field screen size.  All vials from the 
same sample should be stored in a common container and immersed in the 
70-percent alcohol solution.  To reduce evaporation of alcohol, vial and container 
lids can be sealed with plastic tape. 


Biomass Determination-- 


 When required, biomass estimates for the major taxonomic groups should be 
made prior to identifying the organisms to the species level.  It is recommended, 
however, that taxonomists examine the major taxonomic groups before biomass 
measurements are made, to ensure that sorters have correctly grouped all individuals 
and fragments and that the remains of dead organisms (e.g., empty mollusc shells) 
are not included.  Biomass should be estimated to the nearest 0.1 g (wet 
weight).  All specimens of taxa within the following major groups should be 
composited for biomass analyses:  Annelida (principally polychaete worms), 
Mollusca (principally bivalves, gastropods and aplacophorans), Arthropoda 
(principally crustaceans),  Echinodermata (principally asteroids, ophiuroids, 
echinoids, and holothuroids), and miscellaneous taxa (combined).  These five 
categories generally are adequate to characterize the standing stocks of the major 
infaunal groups.  They also are sufficiently distinct from each other to permit proper 
assignment of fragments to each of the groups.  All fragments should be placed in 
their respective major taxonomic groups prior to weighing.  


 There are several major problems associated with the collection and interpre-
tation of biomass information.  Some taxa lose weight when immersed in 
preservative fluids, while others gain weight (Howmiller 1972; Lappalainen and 
Kangas 1975; Wiederholm and Eriksson 1977; Mills et al. 1982).  For this reason, 
the most accurate biomass estimates are performed on live material.  However, it is 
rarely practical to sort and weigh live specimens.  Accurate measurements of 
biomass may be compromised further by evaporation from the specimens while they 
are on the balance.  Lastly, biomass measurements are only estimates of standing 
crop.  They do not reflect estimates of production because all organisms are treated 
in the same manner whether they are large and long-lived, or small and short-lived.  
Because of these problems, biomass measurements should be interpreted carefully. 


 Several methods of measuring biomass are possible.  One technique is to 
estimate the difference in weight of a tared beaker filled with preservative before 
and after organisms are placed in the beaker.  The individual organisms are not 
blotted prior to weighing, and as few individuals as possible are transferred to the 
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weighing container.  These procedures minimize the transfer of fluids held within a 
pile of individuals.  This technique can be used for preserved or live animals, and 
appears to introduce the least amount of variation into the weighing process. 


 A second technique for biomass determination consists of air-drying the 
organisms on absorbent paper for a specific length of time (e.g., 5 min).  Because 
70-percent ethanol is volatile, small variations in drying time may increase the errors 
associated with the weight measurements.  A container open at one end and covered 
at the other end with a 0.25-mm mesh screen (maximum mesh opening) can be used 
to hold the organisms for weighing.  After the tare weight of the container is 
measured, the animals are carefully placed into the container.  The container with 
organisms is then placed on a paper towel and allowed to air dry for exactly 5 min 
prior to weighing.  The weight of the organisms is obtained by subtracting the 
weight of the container with the organisms from the tare weight of the container.  
Extremely large organisms (e.g., large molluscs or asteroids) should be weighed 
individually. 


Taxonomic Identification-- 


 After biomass estimates are completed, identification and counting of the 
organisms may begin.  Unless otherwise specified, identifications should be to the 
lowest taxonomic level possible, usually the species level.  For incomplete 
specimens, enumerate only the anterior or posterior ends, depending upon the 
taxon.  All identifications should be made using binocular dissecting or compound 
microscopes.  If possible, at least two pieces of literature should be used for each 
species identification.  Moreover, each species identification should be checked 
against a reference specimen from a verified reference collection (see QA/QC 
Procedures). 


 After completing taxonomic identifications, all organisms should be placed in 
vials containing 70-percent alcohol.  All vials for a single sample should be stored in 
common jars and immersed in 70-percent alcohol.  Each vial should contain an 
internal label with the following information:  survey name, station number, 
replicate number, collection gear, water depth, and date of collection.  Any 
specimens removed from the sample jar and placed in the reference collection 
should be so noted (species, number) on the sample identification sheet. 


 Each taxonomist should record initial identifications and counts in a notebook, 
which should also include notes and comments on the organisms in each sample.  
Upon completion of the sample, the data should be transferred to the sample data 
sheets and double-checked.  The taxonomist should then sign and date the sample 
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data sheet.  All notebooks should be kept in the laboratory at all times so the 
laboratory supervisor can check questionable identifications and follow the progress 
of each sample. 


Calibration and Preventive Maintenance


 The analytical balance used for biomass determinations should be calibrated 
weekly, at a minimum.  The balance and all microscopes should be serviced at 
regular intervals.  Annual service and inspection is adequate in most cases, unless 
the manufacturer recommends otherwise. 


 Taxonomic identifications should be consistent within a given laboratory, and 
with the identifications of other regional laboratories.  To that end, at least three 
individuals of each taxon should be sent for verification to recognized experts.  The 
verified specimens should then be placed in a permanent reference collection.  
Continued collection of a verified species does not require additional expert 
verification, because the reference collection can be used to confirm the 
identification.  Participation of the laboratory staff in a regional taxonomic 
standardization program (if available) is recommended, to ensure regional 
consistency and accuracy of identifications. 


 All specimens in the reference collection should be held in labeled vials that are 
segregated by species and sample.  For example, there may be three labeled vials of 
Gemma gemma, one from each of three samples.  More than one specimen may be 
in each vial.  The labels placed in these vials should be the same as those used for 
specimens in the sample jars.  It is important to complete these labels, because 
future workers may not be familiar with the survey, station locations, and other 
details of the work in progress.  In addition, the reverse side of the label should 
contain information about the confirmation of the identification by experts in 
museums or other institutions (if appropriate).  Such information would include the 
name and institution of the outside expert, and date of verification.  All vials for a 
given species should be placed in a single jar filled with alcohol.  To reduce 
evaporation of alcohol, the lids of vials and jars can be sealed with plastic tape 
wrapped in a clockwise direction.  The species (or other taxonomic designation) 
should be written clearly on the outside and on an internal label.  Reference 
specimens should be archived alphabetically within major taxonomic groups.  A 
listing of each species name, the name and affiliation of the person who verified the 
identification, the location of the individual specimen in the museum, the status of 
the sample if it has been loaned to outside experts, and references to pertinent 
literature should be maintained by the laboratory performing the identifications. 
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 Reference specimens are invaluable, and should be retained at the location 
where the identifications were performed, in the offices of the funding agencies, or 
at a museum with long-term storage capabilities.  In no instance should this portion 
of the collection be destroyed.  A single person should be identified as the curator of 
the museum collection and should be responsible for its integrity.  Its upkeep will 
require periodic checking to ensure that alcohol levels are adequate.  When refilling 
the jars, it is advisable to use full-strength alcohol (i.e., 95 percent), because the 
alcohol in the 70-percent solution will tend to evaporate more rapidly than the water. 


Quality Control Checks


 It is recommended that at least 20 percent of each sample be re-sorted for 
QA/QC purposes.  Re-sorting is the examination of a sample or subsample that has 
been sorted once and is considered free of organisms.  The 20- percent aliquot 
should be taken after the entire sample has been spread out in a pan or tray.  It is 
critical that the aliquot be a representative subsample of the total sample.  Care 
should be taken to include any organisms that may be floating in the preservative.  
Re-sorting should be conducted using a dissection microscope capable of 
magnification to 25-power.  A partial re-sorting of every sample should ensure that 
all gross sorting errors are detected.  In addition, it should give added incentive to 
sorters to process every sample accurately.  Re-sorting should be conducted by an 
individual other than the one who sorted the original sample. 


 In addition to efficient sample sorting, consistent identification of organisms 
among individuals and among sampling programs are critical to the collection of 
high quality data.  Consistent identifications are achieved by implementing the 
procedures discussed below and by maintaining informal, but constant, interaction 
among the taxonomists working on each major group.  One important procedure is 
to verify identifications by comparison with the reference collection.  To ensure that 
identifications are correct and consistent, 5 percent of all samples identified by one 
taxonomist should be re-identified by another taxonomist who is also qualified to 
identify organisms in that major taxonomic group.  It is the duty of the senior 
taxonomist to decide upon the proper identification(s).  The senior taxonomist may 
also decide whether the taxonomic level to which a given organism is identified is 
appropriate.  If it is not, the senior taxonomist may decide to drop back to a higher 
taxonomic level, or to further refine the taxonomy of that group through additional 
study. 


 When all identification and QA/QC procedures are completed, the jars 
containing the vials of identified species should be topped off with 5- percent 
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glycerine/70-percent alcohol.  The lids should then be sealed tightly with black 
electrical tape to prevent evaporation.  All sample jars should be placed in 
containers filled with 70-percent alcohol for long-term storage.  The containers 
should be fitted with a tightly sealed lid, and electrical tape should again be used to 
seal the joints.  Each container should be labeled clearly with the survey name, date, 
and number and type of samples within it. 


Corrective Action


 Following QA/QC procedures discussed earlier, each 20-percent sample aliquot 
should be checked for complete or nearly complete removal of organisms.  Thus, 
each sample elicits a decision concerning a possible re-sort.  When a sample is 
found that does not meet the recommended 95-percent removal criterion (see Data 
Quality and Reporting Requirements below), it should be re-sorted. 


 When a taxonomic error or inconsistency is found, it is necessary to trace all of 
the work of the taxonomist responsible for the error, so as to identify those samples 
into which the specific error or inconsistency may have been introduced.  This 
process can be very time-consuming.  However, upon completion of all taxonomic 
work, few (if any) taxonomic errors or inconsistencies should remain in the data set.  
Avoiding errors and inconsistencies through the constant interchange of information 
and ideas among taxonomists is the best way to minimize lost time due to faulty 
identification. 


 A sample sorting efficiency of 95 percent of total number of individuals 
generally is considered acceptable.  That is, no more than five percent of the 
organisms in a given sample are missed by the sorter.  Similarly, species 
identifications by each taxonomist can reasonably be expected to be accurate for at 
least 95 percent of the total number of species.  Unless otherwise specified, all 
organisms should be identified to the lowest possible taxon; to species level 
whenever possible.  In cases where the identity of a species is uncertain, a species 
number will suffice (e.g., Macoma sp.1, Macoma sp.2).  Numerical designations 
must be consistent throughout each study.  To facilitate comparability among 
different studies, the distinguishing characteristics of each unidentified species 
should be recorded.  Data for each replicate sample should be reported as numbers 
of individuals per sample for each species and as biomass (nearest 0.1-g wet weight 
per sample) for each major taxonomic group. 
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 INTRODUCTION 
 
 
 This document presents recommended guidelines for conducting the following laboratory sediment 
bioassays in Puget Sound: 
 
 n Amphipod bioassay 
 n Bivalve larvae bioassay 
 n Echinoderm embryo bioassay 
 n Anaphase aberration bioassay 
 n Microtox bioassay 
  – Organic extraction 
  – Saline extraction 
 n Juvenile polychaete bioassay. 
 
 The sediment bioassays considered in this document are generally the tests used most frequently 
by a variety of Puget Sound investigators.  Each recommended guideline is based on the results of a 
workshop and written reviews by representatives from most organizations that fund or conduct 
environmental studies in Puget Sound (Table 1).  The purpose of developing these guidelines is to 
encourage all Puget Sound investigators conducting monitoring programs, baseline surveys, and 
intensive investigations to use standardized methods whenever possible.  If this goal is achieved, most 
data collected in the sound will be directly comparable and thereby capable of being integrated into a 
sound-wide database.  Such a database is necessary for developing and maintaining a comprehensive 
water and sediment quality management program for Puget Sound. 
 
 The recommended guidelines for each sediment bioassay describe the use and limitations of the 
respective toxicity endpoints; the field collection and processing methods; and the laboratory analytical, 
quality assurance and quality control (QA/QC), and data reporting procedures.  In developing the 
recommended guidelines, it was recognized that the field of sediment bioassays is relatively new and is 
expanding rapidly.  The loose-leaf format of this document will allow modification of the recommended 
guidelines, if necessary, and inclusion of guidelines for additional sediment bioassays. 
 
 Although the following guidelines are recommended for most studies conducted in Puget Sound, 
departures from these methods may be necessary to meet the special requirements of individual 
projects.  If such departures are made, however, the funding agency or investigator should be aware 
that the resulting data may not be comparable with most other data of that kind  
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and will be identified as such in the Puget Sound database maintained by the Puget Sound Water Quality 
Authority (PSWQA).  In some instances, data collected using different methods may be compared if the 
methods are inter-calibrated adequately.  
 
 Before guidelines for specific bioassays are described, sections are presented on 1) the criteria 
used to select the tests considered in this document, 2) protocols for field collection of surficial test 
sediments, and 3) general QA/QC procedures that apply to all sediment bioassays. 
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 BIOASSAY SELECTION 
 
 
 A large number of marine sediment bioassays have been developed and used in recent years (e.g., 
Swartz et al. 1979, 1985; Chapman et al. 1985; Schiewe et al. 1985; Williams et al. 1986; Long and 
Buchman 1989; Pastorok and Becker 1990).  Many of these tests have been used to evaluate the 
toxicity of Puget Sound sediments.  Nine tests were considered for inclusion in this document based on 
the following criteria: 
 
 n Sensitivity—each test has detected biological effects in a variety of sediments 
 
 n Usage—each test has been used in more than one study in Puget Sound. 
 
Of the nine sediment bioassays selected for consideration, six were identified as suitable for general 
application in Puget Sound for reasons outlined in Table 2.  These six tests are categorized in Table 3 by 
kind of test and kind of effect measured.  The other three tests, which represent promising techniques to 
be developed further, include the oligochaete respiration test (Chapman et al. 1985), the surf smelt 
partial life-cycle test (Chapman et al. 1985; Casillas et al. 1989), and the copepod partial life-cycle test 
(Misitano 1983; Chapman, unpublished data). 
 
 For the 1994 revision effort, two additional bioassays were suggested for inclusion in this chapter: 
solid phase Microtox and a bioaccumulation bioassay.  They will be further considered in the next 
revision effort as addenda to this chapter.  
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 TABLE 2.  APPLICABILITY AND RELEVANCE OF SELECTED 


 LABORATORY SEDIMENT BIOASSAYS 
 
 


Bioassaya Species Primary 
Endpoint(s) 


Comments  


Amphipod 10-day test Rhepoxynius abronius 
Eohaustorius estuarius 
Ampelisca abdita 


Mortality Simple test, reproducible, ecologi-
cally relevant, applicability verified in 
numerous studies, extensive usage 
to date in Puget Sound 


Bivalve larvae 48-hour test Crassostrea gigas 
Mytilus edulis 


Abnormality 
Mortality 


Simple test, relevance and applica-
bility verified in several independent 
studies, extensive usage to date in 
Puget Sound 


Echinoderm embryo test Strongylocentrotus purpuratus 
S. droebachiensis 
Dendraster excentricus 


Combined  
Abnormality 
Mortality 


Simple sensitive test, can be con-
ducted year-round by using different 
echinoderm species, extensive 
usage to date in Puget Sound 


In vitro anaphase aberration 
tests with rainbow trout gonad 
cells 


Oncorhyncus mykiss Abnormal 
anaphases 


One of the few methods to measure 
possible genotoxic/cytotoxic effects, 
minor usage to date in Puget Sound, 
requires a higher level of expertise 
than other tests but can be conducted 
by more than one laboratory in this 
region 


Microtox, bacterial lumines-
cence bioassay 


Photobacterium phosphoreum Lumin- 
escence 


One of the few methods to measure 
possible effects on bacteria, shows 
good promise, extensive usage to 
date in Puget Sound 


Juvenile polychaete  test Neanthes  sp. Biomass Simple sublethal test, measures 
growth (biomass) response and 
mortality, applicability verified in a 
series of studies, minor usage to 
date in Puget Sound 


 
a Primary references for bioassays are as follows: 
 
 Amphipod test - Swartz et al. (1985); DeWitt et al. (1989); ASTM (1993b) 
 Bivalve test - Chapman and Morgan (1983) 
 Echinoderm test - Dinnel and Stober (1985);  ASTM (1993a) 
 Anaphase test - Landolt and Kocan (1984a,b) 
 Microtox test - Schiewe et al. (1985); Williams et al. (1986) 
 Polychaete test - Johns et al. (1990). 
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 TABLE 3.  CATEGORIZATION OF SELECTED SEDIMENT 
 BIOASSAYS BY KIND OF TEST AND KIND OF EFFECT 
  
 
 
 Kind of Effecta  
 
Kind of Test      Lethal Sublethal Genotoxic 
 
Solid and liquid phase: 
 


 Amphipod X X 


 Bivalve larvae X X b 


 Echinoderm embryo Xc Xc b 


 Juvenile polychaete X X 
 
Extracts: 
 


 Microtox  X 


 Anaphase aberration   X 
 
 
 
a Only the juvenile polychaete test measures long-term effects (i.e., 20 
days, which is a substantial portion of the test organism's life cycle). 
 
b Genotoxic endpoints have been measured by others outside the Puget 
Sound area. 
 
c Unlike bivalve larvae, echinoderm larvae rarely disintegrate.  While 
mortality can be calculated, it is more of a reflection of embryos lost in the 
sediments rather than embryos lost to disintegration.  Thus a combined 
mortality/abnormality endpoint is more appropriate. 
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 FIELD COLLECTION OF SUBTIDAL SURFICIAL SEDIMENTS 
 
 
 This section describes the protocols required to collect an acceptable subtidal surficial sediment 
sample for analysis by a laboratory sediment bioassay.  This subject has generally been neglected in the 
past and sampling crews have been given relatively wide latitude in deciding how to collect samples.  
However, because sample collection procedures influence the results of all subsequent laboratory and 
data analyses, it is critical that samples be collected using acceptable and standardized techniques. 
 
 
DESIGN OF SAMPLER 
 
 In Puget Sound, the most common sampling device for subtidal surficial sediments is the modified 
van Veen bottom grab.  However, various sampling devices (e.g., Smith-McIntyre grab sampler, box 
corer, Kasten corer, Minisoutar) are also used.  The primary criterion for an adequate sampler is that it 
consistently collects undisturbed samples to the required depth below the sediment surface without 
contaminating the samples.  An additional criterion is that the sampler can be handled properly onboard 
the survey vessel.  An otherwise acceptable sampler may yield inadequate sediment samples if it is too 
large, heavy, or awkward to be handled properly.  It is recommended that the sampler be constructed 
of stainless steel to avoid metals contamination which might be likely to occur with brass or other 
construction materials.  One potential source of sampling devices is the University of Washington 
Department of Oceanography. 
 
 Collection of undisturbed sediment requires that the sampler: 
 
 n Creates a minimal bow wake when descending 
 
 n Closes to form a leak-proof seal after the sediment sample is taken 
 
 n Prevents sediment washout and excessive sample disturbance when ascending 
 
 n Allows easy access to the sample surface. 
 
 Most modified van Veen grabs have open upper faces that are fitted with rubber flaps.  Upon 
descent the flaps are forced open to minimize the bow wake, whereas upon ascent the flaps are 
forced closed to prevent sample washout.  Some box corers have solid flaps that are clipped open 
upon descent and snap shut after the corer is triggered.  Although most samplers seal adequately 
when new, the wear and tear of repeated field use eventually reduces this sealing ability (e.g., 
through chipped or improperly aligned jaws).  A sampler should therefore be properly maintained 
and monitored constantly for proper operation and minimal sample leakage.  If unacceptable 
leakage occurs or the sampler malfunctions in any manner, the  
sampler should be repaired or replaced.  If a sampler is to be borrowed or leased for a project, its 
operation and sealing ability should be evaluated prior to sampling.  Also, it is prudent to have a 
backup sampler onboard the survey vessel if the primary sampler begins leaking during a cruise.   







Laboratory Sediment Bioassays 
Sediment Collection 


Revised July 1995 


 


 
 
 9 


 
 The required penetration depth below the sediment surface is a function of the desired sample 
depth (see Penetration Depth).  Generally, it is better to penetrate below the desired sample depth to 
minimize sample disturbance when the sampling device closes.  Penetration depth of most sampling 
devices varies with sediment character; it is greatest in fine-grained sediments and least in coarse-
grained sediments.  Sampling devices generally rely upon either gravity or a piston mechanism to 
penetrate the sediment.  In both cases, penetration depth can be modified by adding or removing steel 
or lead weights from the samplers.  Thus, it is optimal to use a sampler that has a means of weight 
adjustment.  If a sampler cannot consistently achieve the desired penetration depth, an alternate device 
should be used. 
 
 The sampler should be brought aboard the vessel with a minimum amount of swinging, to minimize 
sample disturbance.  Once the sampler is secured onboard the survey vessel, it is essential that the 
surface of the sample be made accessible without substantially disturbing the sample.  Most samplers 
have hinged flaps on their upper face for this purpose.  The openings in the upper face of the sampler 
should be large enough to allow convenient subsampling of the sediment surface.  If an opening is too 
small, the sample may be unduly disturbed as the field member struggles to take a subsample. 
 
 
PENETRATION DEPTH 
 
 For characterizing the toxicity of surficial sediments in Puget Sound, it is recommended that the 
upper 2 cm of the sediment in a sample be evaluated.  The upper 2 cm of sediment is recommended for 
analysis because that is the sediment horizon in which most infaunal organisms reside and the horizon 
that is contacted most frequently by epifaunal organisms.  When collecting the upper 2 cm of sediment, 
it is recommended that a minimum penetration depth of 4-5 cm be achieved for each acceptable 
sample.  The portion of sample below the upper 2 cm of sediment can be discarded after the surficial 
sediment has been collected (unless the study design specifies otherwise). 
 
 Although the 2-cm specification is arbitrary, it will ensure that: 
 
 n Relatively recent sediments are sampled 
 n Adequate volumes of sediment can readily be obtained to satisfy the needs of most study 


objectives 
 n Data from different studies (historical or ongoing) can be compared validly. 
 
 Sampling depths other than the upper 2 cm may be appropriate for specific purposes.  For 
example, when toxicity determinations are made for sediments to be dredged as part of the permitting 
process, sediments collected from depths as great as several meters may be tested.  Additionally, some 
investigations may want to examine concentration gradients of contaminants  
 
with sediment depth in order characterize the history of some contamination. It should be remembered, 
however, that if a sampling depth other than the upper 2 cm is used, the results based on the alternative 
depth may not be equivalent to results based on the upper 2 cm of sediment. 
 
For sampling of reference sediments it may be appropriate to avoid anoxic sediments below the redox 
potential discontinuity (RPD) horizon.  In the Puget Sound Dredged Disposal Analysis program, 
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reference sediments with high sulfides are suspected of  producing  performance problems in some 
bioassays. 
 
 
OPERATION OF SAMPLER 
 
 The sampling device should be attached to the hydrowire using a ball-bearing swivel.  The swivel 
will minimize the twisting forces on the sampler during deployment and ensure that proper contact is 
made with the bottom.  For safety, the hydrowire, swivel, and all shackles should have a load capacity 
at least 3 times greater than the weight of a full sampler.  In addition, screw-pin shackles should have 
wire through the eye and around one side of the shackle to prevent the pin from rotating. 
 
 The sampler should be lowered through the water column at a controlled speed of approximately 
1 foot/second.  Under no circumstances should the sampler be allowed to "free fall" to the bottom, as 
this may result in premature triggering, an excessive bow wake, or improper orientation upon contact 
with the bottom.  The sampler should contact the bottom gently, and only its weight or piston mechanism 
should be used to force it into the sediment. 
 
 After the sediment sample is taken, the sampler should be raised very slowly off the bottom and 
then retrieved at a controlled speed of approximately 1 foot/second (0.3 meters/second).  Before the 
sampler breaks the water surface, the survey vessel should head into the waves (if present) to minimize 
vessel rolling.  This maneuver will minimize swinging of the sampler after it breaks the water surface.  If 
excessive swinging occurs or if the sampler strikes the vessel during retrieval, extra attention should be 
paid to evaluating sample disturbance when judging sample acceptability.  
 
 The sampler should be secured immediately after it is brought onboard the survey vessel.  If the 
sampler tips or slides around before being secured, extra attention should be paid to evaluating sample 
disturbance. 
 
SAMPLE ACCEPTABILITY CRITERIA 
 
 After the sampler is secured on deck, the sediment sample should be inspected carefully before 
being accepted.  The following acceptability criteria should be satisfied: 
 
 n The sampler is not overfilled with sample such that the sediment surface is pressed 


against the top of the sampler 
 
 n Overlying water is present (indicates minimal leakage) 
 
 n The overlying water is not excessively turbid (indicates minimal sample disturbance) 
 
 n The sediment surface appears to be relatively undisturbed (i.e., lack of channeling or 


sample washout) 
 
 n The desired penetration depth is achieved (e.g., 4-5 cm for a 2-cm-deep surficial 


sample). 
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If a sample does not meet all of these criteria, it should be rejected and discarded away from the 
sampling station. 
 
SAMPLE COLLECTION 
 
 After a sample is judged acceptable, the following observations should be entered on the field log 
sheet: 
 
 n Date and time 
 
 n Station location at the time of bottom contact (see recommended protocol for station 


positioning)  
 
 n Station depth (relative to MLLW) 
 
 n Gross characteristics of the surficial sediment 
 
  – Texture 


  – Color 


  – Biological structures (e.g., shells, tubes, macrophytes) 


  – Presence of debris (e.g., wood chips, wood fibers, human artifacts) 


  – Presence of oily sheen 


  – Obvious odor (e.g., hydrogen sulfide, oil, creosote) 
 
 n Gross characteristics of the vertical profile (determined after the surficial sediments have 


been collected) 
 
  – Vertical changes in sediment characteristics 


  – Presence and depth of any apparent redox potential discontinuity layer 
 
 n Penetration depth. 
 
 Before subsamples of the surficial sediments are taken, the overlying water must be removed.  The 
preferred method of removing this water is by slowly siphoning it off near one side of the sampler.  
Methods such as decanting the water or slightly opening the sampler to let the water flow out are not 
recommended, as they may result in unacceptable disturbance or loss of fine-grained surficial sediment 
and organic matter. 
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 Once the overlying water has been removed, the surficial sediment can be subsampled.  It is 
recommended that subsamples be taken using a flat scoop.  This device will allow a relatively large 
subsample to be taken accurately to a depth of 2 cm.  Coring devices are not recommended because 
they usually collect inadequate amounts of surficial sediment, and therefore require repeated extractions 
to obtain a sufficient volume of material for analysis of conventional sediment variables.  A curved scoop 
is not recommended because it does not sample a uniform depth.  Because accurate and consistent 
subsampling requires practice, it is advisable that an experienced person perform this task. 
 
 Finally, sample contamination during collection must be avoided.  All sampling equipment (e.g., 
scoops, containers) should be made of noncontaminating material, and should be cleaned appropriately 
before use.  It is recommended that all objects coming in contact with the sample be made of glass, 
stainless steel, or PTFE (i.e., polytetrafluoroethylene; e.g., Teflon®).  To avoid contamination, all 
sampling equipment should be cleaned in sequence with site seawater, a detergent scrub and rinse, 
pesticide-grade acetone, and pesticide-grade methanol or hexane prior to initial use and between use 
for each station.  The methanol or hexane should be allowed to evaporate prior to using the equipment.  
If metals samples are being taken, equipment should also be cleaned with dilute acid (10% HNO3) and 
rinsed, followed by the pesticide-grade acetone steps.  Where possible, innocuous or biodegradable 
sampling gear cleaning and decontaminating agents should be used.  
 
SAMPLE HOMOGENIZATION 
 
 Sediment from single samples or composites of multiple collections or composites of multiple 
samples should be homogenized prior to collecting a subsample for bioassay analyses.  Compositing 
and homogenization can be accomplished by transferring sediment to a clean glass or stainless steel 
bowl and thoroughly homogenizing by stirring with stainless steel spoons or spatulas until textural and 
color homogeneity are achieved.  The contents of the bowl should be continuously homogenized as 
subsamples are taken, to prevent potential settlement of larger particles.  In addition, unrepresentative 
material (e.g., stones, wood chips, seagrass) should be removed at the discretion of the chief scientist 
and noted in the field logbook.  The bowl and all utensils should be cleaned in sequence with site 
seawater,  a detergent scrub and rinse, pesticide-grade acetone, and pesticide-grade methanol or 
hexane between composites, and kept covered with aluminum foil to prevent airborne or other 
contamination.  The methanol or hexane should be allowed to evaporate prior to using the bowl and 
utensils.  If metals samples are being taken, equipment should also be cleaned with dilute acid (10% 
HNO3) and rinsed, followed by the pesticide-grade acetone steps. If total sulfides are to be measured, 
a subsample should be taken immediately.  Zinc acetate should be used as a fixative following the 
recommended protocol for measuring conventional sediment variables.   
 
 
CONCURRENT COLLECTION OF SEDIMENT CHEMISTRY  
AND BIOASSAY SAMPLES 
 
 If sediment chemistry samples are being collected concurrently with sediment bioassay samples, 
they should be collected from the same homogenized sediment sample.  Specifically, individual samples 
or composites of several samples should be mixed before aliquots are removed for sediment chemistry 
and sediment bioassay determinations.  Sample homogenization and removal of bioassay aliquots should 
be conducted so that chemical aliquots are not contaminated in the process.  The protocols for 
removing aliquots for analyses of organic compounds and metals should be consulted in the appropriate 
Puget Sound guidelines documents (PSEP 1989a,b) to ensure that removal procedures for bioassay 







Laboratory Sediment Bioassays 
Sediment Collection 


Revised July 1995 


 


 
 
 13 


aliquots are compatible with those recommended for chemical aliquots. 
 
 
REPLICATION OF BIOASSAYS  
 
 The guidelines for all of the sediment bioassays included in this document recommend that all field-
collected sediments be homogenized before subsamples are removed for bioassay and chemical 
analyses.  This technique is the one used for most studies in Puget Sound, and it ensures that the 
bioassay and chemical results are related as closely as possible.  The replicate analyses that are 
subsequently conducted on the bioassay subsample assess the variability encountered in laboratory 
testing, rather than the variability of sediment toxicity that exists in the field.  To assess field variability, an 
alternate sampling design could be specified that requires each bioassay replicate to be run on a 
separate replicate grab sample from each station.  The primary drawback to this technique is that the 
single set of chemical concentrations usually measured at each station (i.e., primarily because of cost 
constraints) would not relate directly to the sediment toxicity measured in each replicate grab sample.  
This lack of a direct relationship between bioassay and chemical results can sometimes make data 
interpretation difficult for individual replicate samples.  However, the mean bioassay response could be 
compared directly with chemical concentrations if the chemical measurements are made on a composite 
of equal amounts of sediment subsampled from each of the replicate samples used for bioassay analysis. 
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 GENERAL QUALITY ASSURANCE/QUALITY  
 CONTROL GUIDELINES 
 
 
 The following general QA/QC procedures apply to all sediment bioassays.  QA/QC procedures 
specific to each of the individual bioassays addressed in this document, and that differ from the following 
generic guidelines, are incorporated into individual bioassay guidelines. 
 
 
NEGATIVE CONTROLS 
 
 All bioassays must be conducted using well-established negative (clean) controls.  Such controls 
are clean, nontoxic seawater and/or sediment samples taken from outside each study area.  For every 
test series with a particular organism, one bioassay test chamber or series of chambers must contain 
clean, material (i.e., seawater and/or sediment).  In most cases, a complete batch of bioassay analyses 
must be repeated if more than a specified percentage of the corresponding control animals exhibits the 
response of interest. 
 
 
POSITIVE CONTROLS 
 
 All bioassays shall be conducted using well-established positive (toxic) controls.  These controls 
involve the use of reference toxicants such as cadmium chloride, silver chloride, phenol, and sodium 
lauryl sulfate.  Use of sodium pentachlorophenate as a reference toxicant should be avoided because of 
the potential for dioxin contamination and the difficulty encountered in disposing of this chemical.  
Reference toxicants are used to provide insight into mortalities or increased sensitivity that may occur as 
a result of disease, changes in tolerance/sensitivity, or loading density.  Reference toxicants can also 
provide insight into nonlethal effects that occur due to acclimation, insensitivity, or stress tolerance 
developed during handling and acclimation.  Also, the use of reference toxicants facilitates comparisons 
of test results among different studies.  Accordingly, concurrent bioassays using a reference toxicant 
should be implemented for each test series.  Labs are advised to investigate proper disposal of 
reference toxicant in their area, e.g., acceptability for disposal to sanitary sewer systems.  Labs should 
maintain documentation on discharge practices for test solutions, sediments and culture water, including 
disinfection of discharged water.  Finally, it is common practice for labs to establish an internal 
acceptance standard through control charts (for example, plus or minus two standard deviations on the 
EC50 or LC50). 
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TEST ORGANISMS 
 
 Only healthy organisms of similar size and life history stage should be used in bioassays.  
Taxonomic identifications of bioassay organisms must be confirmed by a qualified taxonomist.  It is 
recommended that a type specimen be established, with at least annual identification of organisms and 
maintenance of voucher specimens for each project.  Labs should maintain documentation on the source 
of test organisms and the disposal of test organisms.  Some test organisms (for example Neanthes 
arenaceodentata and Ampelisca abdita) are not native to Washington and must be managed in 
compliance with Washington State Department of Fisheries and Wildlife (WDFW) regulations regarding 
aquatic disease control and the importation of exotic species (Chapter 220-77 WAC, Aquatic Disease 
Control, and Chapter 232-12-017 WAC, Deleterious Exotic Wildlife).  Also, labs are advised to have 
and maintain the proper WDFW permits for collecting Puget Sound marine organisms.   
 
 
REFERENCE TEST SAMPLES 
 
 Laboratory negative control sediments generally are those from which infaunal test animals (e.g., 
amphipods) were collected.  As such, physical and chemical sediment characteristics (e.g., interstitial 
water salinity, grain size, organic content) may be very different from those of the test sediments.  Where 
this is the case, one or more reference sediments should be added to the test series.  Reference 
sediments should be collected from an area documented to be free from chemical contamination and 
should represent the range of important natural physical and chemical characteristics of the test 
sediments (see section titled Puget Sound Reference Areas).  Such a sample, if it is in fact essentially 
free of contamination, can provide data that can be used to separate toxicant effects from unrelated 
effects such as those of sediment grain size.  Additionally, to further ensure the integrity of reference test 
samples, investigators should use experienced sampling personnel and sample from the biologically 
active zone, avoiding anoxic sediments below the RPD horizon. The wet-sieving method (PTI, 1991; 
PSDDA, 1990) should be used to match reference sediments with test sediments . 
 
 
SEDIMENT HOLDING TIME 
 
 At the present time specific holding times for sediment samples used for bioassay testing have not 
been thoroughly evaluated.  The following suggestions are recommended on an interim basis.  As 
additional data are generated, these holding times for bioassay samples will be re-evaluated.  Each study 
(and testing of reference and control sediments) should report the holding times with the study results.   
 
 Fresh sediment to be used in the amphipod, bivalve larvae, echinoderm embryo, juvenile 
polychaete, and Microtox (saline extract) bioassays should be stored in the dark at 4°C for as brief a 
time as possible after field collection (ideally no more than 2 week).  Sediments to be used in the 
anaphase aberration and Microtox (organic extract) tests should be frozen at -20°C within 8 hours of 
collection, stored, and extracted with organic solvent within 6 months after field collection.   
 
Although it is largely unknown whether sediment toxicity changes substantially between field collection 
and laboratory analysis following a holding time of 2 weeks at 4°C, the 2-week holding time is 
considered the minimum holding time that can be routinely achieved by most studies conducted in Puget 
Sound.  The minimum 2-week holding time is therefore based partly on logistical considerations. 
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 Maximum holding times are important to programs that rely on tiered testing where chemical 
analyses are conducted prior to toxicity testing.  This tiered approach is used by the Puget Sound 
Dredged Disposal Analysis (PSDDA) program for evaluating dredged sediments for unconfined open-
water disposal in Puget Sound.  Under the PSDDA program, sediments are stored in the dark in a 
nitrogen atmosphere at 4°C for no longer than 8 weeks.  The PSDDA program has established an 8-
week maximum based on Tatem et al. (1991) and Becker and Ginn (1990).  Because the results of 
recent studies evaluating the effects of sediment holding time on sediment toxicity have been variable, it 
is prudent to store sediments for as short a time as possible after field collection.  If there are no other 
compelling reasons (such as the tiered testing schedule under PSDDA), a maximum holding time of 2 
weeks is recommended for Puget Sound, based on the best professional judgment of regional investiga-
tors and on logistical constraints.   
 
At the national level, while the American Society for Testing and Materials recommends a maximum 
holding time of 2 weeks for both marine sediment (ASTM 1990) and freshwater sediment (ASTM in 
press) prior to toxicity testing, national guidance provided by the joint EPA/Corps Ocean Testing 
Manual (1991) and Inland Testing Manual (draft 1994) allow longer sediment holding times similar to 
PSDDA.   
 
Regardless of the holding time used for a study, it is essential that the holding time be reported along 
with the study results.   
 
 
BLIND TESTING 
 
 For regulatory purposes, blind and random testing is required and all sediment treatment containers 
should be randomized and testing should be conducted without laboratory personnel knowing sample 
identities.  Replicates of each treatment should be assigned a code number during testing and 
randomized in the test sequence. 
 
 For some research investigations it is recognized that blind testing may not be required. 
 
 
MAINTENANCE/MEASUREMENT OF WATER QUALITY 
 
 Bioassays involving exposure of organisms in aqueous media require that the media be 
uncontaminated, and that proper water quality conditions be maintained to ensure the survival of the 
organisms and to ensure that undue stress is not exerted on the organisms unrelated to the test 
sediments.  At a minimum, the following variables must be measured at the beginning and terminations of 
testing:  salinity, dissolved oxygen, pH, and temperature.  Other conventional water  
quality variables, such as sulfides and ammonia, may also influence the results of sediment toxicity testing 
and should be measured as routine water quality parameters at the beginning and termination of testing.  
For bioassay tests lasting several days, it is recommended that the following variables be measured on a 
periodic basis and recorded: salinity, dissolved oxygen, pH, and temperature. 
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EQUIPMENT CLEANING PROCEDURES 
 
 It is essential that field and laboratory equipment be properly cleaned before sediments are 
collected or bioassays are conducted.  Proper cleaning ensures that bioassay responses are related to 
the contaminants present in the test sediments and not to contaminants present on improperly cleaned 
equipment.  The following cleaning procedures are recommended for all bioassays: 
 
 n Sediment collection equipment (e.g., corers, grab samplers, homogenization bowls, and 


utensils): 
 
     - Wash with laboratory detergent (non-phosphate) 
    - Rinse with 10% HNO3 followed by distilled water 
    - Rinse with pesticide-grade acetone 
    - Rinse with pesticide-grade methanol or hexane     
 
 n Laboratory equipment (e.g., sample containers, bioassay chambers, and utensils): 
 
    - Wash with laboratory detergent 
    - Rinse with tap water 
    - Rinse with 10-percent reagent-grade hydrochloric acid 
    - Rinse 5 times with deionized water 
    - Rinse with pesticide-grade acetone 
    - Rinse with pesticide-grade methanol or hexane 
    - Allow residual methanol or hexane to evaporate     
 
If alternate cleaning techniques are used, it should first be demonstrated that they are as effective as the 
above techniques, and they shall be documented as a standard operating procedure and kept with the 
study records.   
 
 
STANDARD LABORATORY PROCEDURES 
 
 Standard laboratory procedures must be followed in all testing.  These include proper 
documentation, proper cleaning, avoidance of contamination, and maintenance of appropriate test 
conditions.  All unusual observations or deviations from established procedures must be recorded and 
reported. 
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PUGET SOUND REFERENCE AREAS 


 
 
 Performance standards for reference areas are needed to provide an objective and consistent basis 
for assessing contaminated sediments in various environments.  Performance standards are criteria for 
suitable reference conditions defined in terms of habitat characteristics (e.g., sediment grain size, salinity, 
chemical concentrations) and biological properties (e.g., bioassay responses).  The Washington 
Department of Ecology has developed interim performance standards for subtidal sediments in Puget 
Sound reference areas (Pastorok et al. 1989).  Development of reference area performance standards 
for intertidal areas or for specific biogeographic regions (including low-salinity habitats) requires further 
data collection.  Where quantitative performance standards could not be developed for certain 
variables, general objectives for locating reference area stations were provided to guide technical 
judgments regarding the acceptability of reference sites on a case-by-case basis.  The recommended 
performance standards modified from Pastorok et al. (1989) are summarized below. 
 
 Reference areas used in evaluating sediments should be relatively clean (i.e., they should be 
consistent with the performance standards being developed by Ecology).  Reference areas should not 
be located immediately adjacent to contaminated sites (e.g., within the central basin, within the East 
Passage, or within an urbanized embayment such as Elliott Bay or Commencement Bay).  Pastorok et 
al. (1989) suggested Sequim Bay, Samish Bay, Dabob Bay, and Carr Inlet as the primary reference 
areas for Puget Sound based on available data.  Reference areas used by other investigators of 
sediment conditions have included Carr Inlet (Tetra Tech 1985); Samish Bay, Dabob Bay, and Sequim 
Bay (Battelle 1986); Case Inlet (Malins et al. 1980; Battelle 1986); Port Madison (Malins et al. 1980); 
and Port Susan (Malins et al. 1982; PTI and Tetra Tech 1988a,b).  Recent work suggests that other 
locations (e.g. in Grays Harbor and Willapa Bay) may make suitable reference areas (EPA, 1993).  
Additional information on specific reference areas may become available as Ecology or other agencies 
continue to develop performance standards.  Sampling stations in reference areas should be located to 
achieve the following general objectives. 
 
 
SEDIMENT CHEMISTRY 
 
 n Concentrations of all chemicals measured in sediments should be representative of 


uncontaminated areas of Puget Sound that are remote from significant sources of 
contaminants. 


 
 n Concentrations of all chemicals analyzed in sediments should be lower than available 


performance standards for Puget Sound reference areas.  If such standards are not 
available for specific compounds, the concentrations of those compounds should be less 
than the state sediment quality standards. 
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SEDIMENT BIOASSAYS  
 
 n The bioassay response measured for sediments from each reference station should be 


less than the mean response that can be consistently discriminated as toxic in statistical 
comparisons (a=0.05) with control sediments (amphipod and juvenile polychaete 
bioassays), control seawater (bivalve larvae and echinoderm embryo bioassays), or 
solvent (anaphase aberration and Microtox bioassays). 


 
 n The physical and chemical characteristics (e.g., grain size, organic content, interstitial 


salinity) of reference sediments should match the corresponding characteristics 
corresponding to those of the test sediments as closely as possible.  In some cases it 
may be appropriate to use the wet-sieving technique (PTI, 1991; PSDDA, 1990) to 
match reference sample grain sizes to test sediment. 


 
 n Quantitative performance standards for sediment bioassays from reference areas are 


currently being developed by Ecology. 
 
 
GENERAL HABITAT 
 
 n Existing or planned development (e.g., major shoreline or water projects) should be 


minimal in the vicinity of reference sites 
 
 n A reference area should be accessible for sampling by routine techniques. 
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 AMPHIPOD SEDIMENT BIOASSAY  
 
 
USE AND LIMITATIONS 
 
 The amphipod (Rhepoxynius abronius, Ampelisca abdita or Eohaustorius estuarius) sediment 
bioassay is used to characterize the toxicity of marine or estuarine sediments.  This bioassay may be 
used alone as a screening tool in broad-scale sediment surveys, in combination with sediment chemistry 
and in situ biological indices, and in laboratory experiments addressing a variety of sediment and water 
quality manipulations.  Mortality is the primary endpoint in the amphipod bioassay.  Sublethal endpoints, 
such as emergence of amphipods from the sediment during the exposure period and failure to rebury in 
sediment at the end of the exposure period, may also be used to assess sediment toxicity.  Total 
effective mortality, a combined endpoint representing the sum of percent mortality and percent 
nonreburial, has also been used in this bioassay for R. abronius or E. estuarius.  The basis for the 
combined endpoint is the assumption that individuals that fail to rebury in sediments at the end of the 
exposure period would die in nature as a result of predation. 
 
 The following constraints apply: 
 
 n For the R. abronius bioassay, an interstitial water salinity of ≥25 ppt is necessary to 


ensure that there are no salinity effects.  In general, adjustment of interstitial water salinity 
should not be attempted because of potential effects of adjustment on toxicological 
properties of the sediment.  However, for dredged material that will be disposed of in 
the marine environment (where in situ sediments have interstitial water salinities 
>25 ppt), salinity adjustment may be desirable.  If interstitial water salinities of dredged 
material are between 15 and 24 ppt, they may be adjusted upward for use in the R. 
abronius bioassay.  For other testing purposes, use of the E. estuarius or A. abdita 
bioassay is preferred for sediments with salinities <25 ppt. 


 
 n Grain size may have an effect on R. abronius or E. estuarius at extremes of fine and 


coarse material (DeWitt et al. 1988, 1989).  If the clay and fines content of the test 
sediments exceeds 20 percent or the gravel content exceeds 35 percent, controls for the 
effects of particle size distribution (i.e., a reference area sediment similar in grain size to 
the test sediment) are recommended for interpretation of toxicity test results when using 
R. abronius or E. estuarius.  At the coarse end  of  the spectrum (greater than 20 
percent gravel), a grain size reference sediment is also recommended for Ampelisca.   


 
 n As in all bioassays using natural populations, there is a possibility that relative sensitivity 


of the amphipods will vary with season or other factors.  Accordingly, a positive control 
is recommended.  This should comprise a 96-hour LC50 measurement with a reference 
toxicant (e.g., cadmium chloride) conducted in the absence of sediment.  The salinity and 
temperature of the dilution water should be equivalent to the values specified for 
sediment testing (i.e., 28 ppt and 15°C, respectively). 
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 n Identification of R. abronius, A. abdita and E. estuarius must be confirmed by a 


qualified taxonomist prior to initiation of the bioassay, and representative specimens 
should be preserved and archived for future reference. 


 
 n Predators generally are not a problem in the bioassay, but potential problems can be 


avoided by observation and predator removal (if necessary). 
 
 The R. abronius bioassay is appropriate for sediments with interstitial water salinity of ≥25 ppt.  
The E. estuarius bioassay is appropriate for sediments with interstitial water salinity of 2-28 ppt.  A. 
abdita is appropriate for sediments which have greater than 60 percent clay and silt  (fines) and with 
interstitial water salinity < 25 ppt.  
 


Recommended Use Matrix  Sediment fines < 60% Sediment fines ≥ 60% 


Salinity ≥ 25 ppt R. abronius A. abdita 


Salinity < 25 ppt E. estuarius A. abdita 


 
 These guidelines have been adapted from Swartz et al. (1985) for R. abronius and DeWitt et al. 
(1989) for E. estuarius.  A standard guide for conducting 10-day static sediment toxicity tests for 
marine and estuarine amphipods has been developed by ASTM (1990). 
 
FIELD PROCEDURES 
 
Collection 
 
 Test Animals—Both R. abronius and E. estuarius can be collected using benthic grabs (e.g., van 
Veen, Smith-McIntyre) or small dredges.  E. estuarius can also be collected by shovel at low tide.  A. 
abdita can be collected by grab or by shovel in shallow areas.  A. abdita is an east coast species which 
has also been introduced into San Francisco Bay.  If a dredge is used, a short haul (10 meters) will 
minimize potential damage to the animals during collection.  R. abronius inhabits fine sands from the low 
intertidal zone to a maximum depth of 60 meters.  E. estuarius is generally found in intertidal estuarine 
sediments from +0.5 meters to +2.0 meters above mean lower low water (MLLW). A. abdita is found 
mainly in fine sediments from the low intertidal to 60 m.  Approximately one-third more animals than are 
required for the bioassay are collected.  Surface and bottom seawater salinity and temperature are 
measured at the collection site.  Sediment temperature is recorded from the first and last dredge sample. 
 It is recommended that bioassays be conducted within 10 days of amphipod collection. 
 
 Sediment—Control, reference, and test sediments should be stored in glass jars that have PTFE-
lined lids and have been cleaned according to the procedures described in the section entitled General 
QA/QC Guidelines.  Each jar should be filled completely to exclude air.  A minimum sediment sample 
size of 0.25 liters for each bioassay chamber is recommended for each kind of sediment.  Because five 
replicate tests are conducted for each field sample, a minimum sediment sample size of 1.25 liters is 
recommended for each station.  As a general advisory, twice the volume of sediment needed should be 
collected, however, the actual amount could be project-specific. 
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Processing 
 
 Test Animals—Contents of the dredge or grab sampler are gently washed into a container using 
seawater of similar temperature and salinity to that at the collection depth.  Samples that show evidence 
of contamination (e.g., oil sheen) are rejected.  R. abronius and E. estuarius will typically bury in the 
sediment and if necessary can be held in the containers for several hours (at the temperature of the 
collection depth) prior to sieving.  It is preferable to minimize the delay between collection and sieving.  
Screens for sieving sediments should be either stainless steel or Nitex® type plastic to avoid sediment 
contamination with metals.  To avoid handling stress, each dredge sample is placed in a separate 
container.  Amphipods are maintained and transported in clean coolers, should be held in sediment 
during transport to the laboratory, and should be kept at or below the collection site temperature.  
During a long transport, aeration may be required.  Ampelisca are not as easily removed from the 
sediment and are sometimes transported to the lab in the tube mat and sieved there. 
 
 Sediment—Control, reference, and test sediments should be stored at 4°C in the dark.  Holding 
time should be set according to the procedures described in the section entitled General QA/QC 
Guidelines. 
 
 
 
LABORATORY PROCEDURES 
 
 The laboratory procedures for R. abronius and E. estuarius are those described by Swartz et al. 
(1985) and DeWitt et al. (1989) with the following changes incorporated: 
 
 n The salinity of the overlying water is adjusted to 28 ppt for R. abronius 
 
 n A 1.0-mm screen is used to sieve out amphipods prior to initiation of testing 
 
 n Holding time for amphipods is standardized to between 2 and 10 days 
 
 n Additional details are provided concerning maintenance and transportation of 


amphipods, confirmation of taxonomic identifications, and freeing of amphipods trapped 
by water surface tension during testing 


 
 n A specific procedure for adjustment of interstitial water salinity for testing dredged 


material is included. 
 
 The laboratory procedures for A. abdita are those described by the ASTM (1993b).   The 
following points should be observed when using A. abdita: 
 
 
 n Ampelisca are fed during the laboratory holding period before the test 
 
 n A 0.5-mm screen is used to sieve out amphipods prior to initiation of testing 
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 n The Ampelisca test is run at 20°C instead of 15°C 
 
 n Holding time for amphipods is standardized to between 2 and 10 days 
 
 n Immature amphipods are used in the Ampelisca test because if mature male Ampelisca 


are used, they will likely die of senescence during the 10-day test 
 
 n There is no reburial endpoint in the Ampelisca test.  Ampelisca is not indigenous to the 


West Coast (except for an introduced population in San Francisco Bay), therefore 
special care must be taken by testing laboratories not to release the animals into the 
environment. 


 
Test Animals 
 
 Sieving (R. abronius and E. estuarius)—A 1.0-mm sieve is used to remove the amphipods 
from sediment and mature amphipods (3.0–5.0 mm total length) are used in the sediment bioassay.   
Gentle sieving is essential to reduce handling stress.  The sieve is placed in a large tub filled with 
seawater at ambient salinity and temperature for the collection site sediments.  The entire contents of 
each holding container, including water, are washed through the sieve using seawater pumped at low 
pressure through a fan spray nozzle.  The sieve can be shaken gently, but the bottom of the screen must 
be beneath the water surface at all times.  Material retained on the screen is washed into buckets for 
sorting.  Large pieces of detritus and obvious predators are discarded.  If there is a delay of more than 
1 hour before sorting begins, the buckets should contain enough sieved sediment to allow the 
amphipods to bury.  The buckets must be kept at or below collection site temperature.  Aeration may 
be necessary.  
 
 Sieving (A. abdita)—A 2-mm mesh sieve nesting over a 0.5-mm mesh sieve is used for rinsing 
the sediment containing the amphipods with a forceful stream of seawater at the collection temperature 
and salinity.  The rinsing should break up the sediment material and also force most of the amphipods 
out of their tubes.  An additional 1-mm mesh sieve may optionally be used to sort the animals by size.  
Material retained on the 0.5-mm sieve is vigorously shaken and swirled so the fine sediments pass 
through and the amphipods are separated from tubes, sediment, and detrital material.  The sieve is then 
lifted from the water, allowed to drain, and slowly lowered into a shallow tray of seawater so that the 
Ampelisca will be caught on the water's surface tension and can be collected with a fine mesh dip net. 
   
 Sorting—Animals should be presorted.  As an example, an aliquot of detritus or sediment 
containing amphipods is placed in a sorting tray.  Healthy, active animals are removed with a bulb 
pipette (5-mm opening) and placed in 10-cm-diameter finger bowls filled with seawater of appropriate 
salinity and a 2-cm-deep layer of 0.5-mm sieved collection site sediment.  Twenty amphipods are held 
in each bowl and enough bowls are prepared to provide at least one-third more specimens than are 
required for the bioassay.  Seawater temperature during sorting of amphipods must not exceed 18°C 
(except for Ampelisca).  Ampelisca is routinely tested at 20°C, and for comparison with other 
Ampelisca test results, 20°C is recommended.  Filled finger bowls are submerged in holding tanks 
supplied with flowing water or aeration where temperature and salinity approximate bioassay conditions. 
 If temperature and salinity adjustments are necessary, they should be made gradually.  Healthy 
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amphipods will remain in the finger bowl sediment and can be retrieved easily when the bioassay is set 
up.  A. abdita may leave their tubes and swim.  Therefore a screened overflow should be used if this 
species is held in flowing seawater.  Amphipods should be acclimated to laboratory conditions for a 
minimum of 2 days and a maximum of 10 days before testing. 
 
 
Control Sediment 
 
 R. abronius and A. estuarius typically inhabit well-sorted, fine sand.  Suggestions for sieving and 
settling may have to be adjusted for other sediment types. A. abdita is a tube-dwelling amphipod found 
mainly in protected areas and is often abundant in sediments with a high organic content.  It generally 
inhabits sediments from fine sand to mud and silt without shell, although it can also be found in relatively 
coarser sediments with a sizeable fine component.  
 
 Approximately 0.25 liters of control sediment should be collected for each bioassay  chamber.  
This sediment is sieved twice:  first, to remove the test species and other macrobenthos and second, to 
adjust interstitial water salinity.  The entire contents of one or more sediment samples, including water 
and suspended particulate matter, are sieved through a 0.5-mm screen without allowing overflow from 
the container.  After the first sieving, the sediment is allowed to settle for at least 4 hours (preferably 
12-16 hours).  Overlying water is then decanted and the sediment resieved through a 0.5-mm screen 
into water of the bioassay salinity (28 ppt for R. abronius and A. abdita, ambient salinity for E. 
estuarius).  Investigators should report methods used to determine ambient salinity in cases where the 
interstitial salinity of the test sediments varies over a range of salinities.  Again, the sediment is allowed to 
settle for at least 4 hours (preferably 12-16 hours), overlying water is decanted, and the control 
sediment is held at 4°C until the bioassay chambers are prepared. 
 
Test and Reference Area Sediment 
 
 Approximately 0.25 liters of test sediment should be collected for each bioassay chamber.  Test 
sediments should not be wet-sieved, but if large predators or other large organisms are present, they 
can be removed using forceps or by pressing the sediment through a 2.0-mm screen.  The natural 
geochemical properties of test sediment collected from the field must be within the tolerance limits of the 
test species.  R. abronius may be adversely affected by salinity stress if the interstitial water salinity is 
below 25 ppt.  For estuarine dredged material designated for disposal in the marine environment and for 
other sediments, interstitial water salinities below 25 ppt may require adjustment upwards to control for 
false positives.  While both R. abronius and E. estuarius are tolerant of a range of sediment grain size, 
particle size may affect test results.  For these two species, controling for the effects of particle size 
distribution with reference sediments is recommended if the silt and clay content exceeds 20 percent or 
the gravel content exceeds 35 percent.  For A. abdita, which can be found in relatively coarser 
sediments with a sizeable fine component, controling for the effect of particle size distribution with 
reference sediments is recommended if the gravel content exceeds 35 percent.  (See applicable 
constraints, p. 20.) 
 
 The R. abronius test requires a minimum water column salinity regime of 28 ppt.  When the 
interstitial (i.e., pore water) salinity is below 25 ppt, it must be raised if this test is to be used.  The 
following procedure is recommended.  The interstitial salinity of the sediments is determined (e.g., by 
refractometer using interstitial water collected by centrifugation) and the sediments are placed in the 
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bioassay chambers with overlying water of a salinity calculated to raise interstitial salinities to a minimum 
of 25 ppt.  The sediments are then carefully and slowly stirred by hand with a clean glass rod for 
1 minute, and allowed to settle for at least 4 hours (preferably 12-16 hours).  The majority 
(approximately 75 percent) of the overlying water is then carefully decanted and the interstitial salinity in 
each chamber confirmed prior to bioassay initiation.  The decant water can be retained, salinity adjusted 
if necessary, and used as the overlying water in the bioassay.  Alternatively, fresh seawater with the 
appropriate salinity can be used as the overlying water.  Sediments are slowly mixed with a glass rod 
after adding the decant water.  When the bioassays are terminated, the interstitial salinities are 
reconfirmed (e.g., by refractometer using interstitial water collected by centrifugation). 
 
 
Bioassay Seawater 
 
 Seawater used in the bioassay is maintained at a salinity of 28 ± 1 ppt for the R. abronius and A. 
abdita tests and at ambient interstitial salinity for the sediment collection site for the E. estuarius test.  
Temperature of seawater used in bioassays of either R. abronius or E. estuarius is maintained at 15 ± 
1°C.  A temperature of 20°C is recommended for A. abdita.  The bioassay seawater must be 
uncontaminated, which may necessitate collection of seawater at the amphipod collection site.  
Seawater in which algal blooms have occurred should not be used.  Natural and reconstituted seawater 
should be held at ≤15°C for no longer than 2 days before inoculation.  The quantity of seawater 
required is dependent on sieving and holding needs and on the number of bioassay chambers. 
 
 Bioassay seawater is passed through a filter with 0.45-µm pore diameter.  If necessary, salinity is 
reduced by addition of deionized distilled water or raised by addition of clean oceanic water, sea salts, 
brine prepared by freezing or reagent grade chemicals (ASTM 1989).  Seawater is prepared within 
2 days of the bioassay and stored in covered, clean containers at the bioassay temperature. 
 
 
Facilities and Equipment 
 
 The bioassay chamber is a standard 1-liter glass beaker (10-cm internal diameter) covered with an 
11.4-cm diameter glass watchglass.  The beakers are placed in a shallow water bath or temperature-
controlled room with overhead aeration source.  Aeration to each beaker is provided through a 1-mL 
glass pipette that extends between the beaker spout and watchglass to a depth not closer than 2 cm 
from the sediment surface.  Air is bubbled into the beakers at a rate that does not disturb the sediment.  
The bioassay temperature is maintained by either the water bath or room temperature control. 
 
 All laboratory glassware is cleaned according to the procedures specified in the section entitled 
General QA/QC Guidelines.  Large plastic containers and plastic sieves used for preparation and 
storage of sediment and seawater are preconditioned initially by soaking for 24 hours in seawater and 
rinsed after each use with clean seawater.  They are used only for bioassays and stored in a clean room. 
 Sieves and containers used to collect and store amphipods, seawater, and control sediment are kept 
separate from those used for test sediment. 
 
 
Bioassay Procedure  
 







Laboratory Sediment Bioassays 
Amphipod Bioassay 


Revised July 1995 
 


 


 
 
 26 


 The day before the bioassay is initiated, approximately 175 mL of test sediment are placed in the 
bottom of the 1-liter bioassay chamber to create a 2-cm-deep layer.  Five replicate tests are conducted 
for each field sample.  Chambers are filled to 750 mL with seawater at 28 ppt for the R. abronius and 
A. abdita tests or ambient interstitial salinity for the E. estuarius test, covered with a watchglass, and 
placed in a water bath (15°C for R. abronius and E. estuarius, 20°C for A. abdita).  Constant 
illumination is provided by overhead lights.  Water in the chambers is aerated without disturbing the 
sediment surface.  The system is allowed to equilibrate overnight before the amphipods are added.  
When the test is initiated, 20 amphipods are placed in each chamber and the seawater level is brought 
up to 950 mL.  The bioassay is terminated after 10 days of exposure. 
 
 The primary endpoint is mortality after 10 days exposure to test or control sediment.  The 
secondary endpoints that also can be measured are daily emergence of amphipods from sediment and 
for R. abronius and E. estuarius failure to rebury in sediment at the end of the exposure period.  It is 
recommended that the number of amphipods reburying and the number removed from the test be 
recorded.  This information may provide an indication of the viability of the test stock of amphipods. 
 
 Initiation—The day before the bioassay is initiated, each test sediment sample is homogenized 
and an aliquot of 175 mL (sufficient to make approximately a 2-cm-deep layer) is added to a bioassay 
chamber.  For replicate bioassay samples, the volume of sediment necessary to place 175 mL in the first 
chamber is added to the other replicates.  The same procedure applies to control and reference 
sediment.  Treatments are randomly assigned to prenumbered bioassay chamber. 
 
 The sediment aliquot in the chamber can be settled by smoothing with a spoon, and bubbles can be 
removed by tapping the beaker against the palm of the hand.  A disk (attached by a string for removal) 
is placed on the sediment surface.  This minimizes sediment disruption as bioassay seawater is added up 
to the 750-mL mark on the chambers.  This disk is removed and rinsed in bioassay water between 
chambers and changed between treatments.  The beakers are covered with watchglasses, put into the 
water bath of the appropriate temperature or the temperature-controlled room, and aerated.  The 
chambers are allowed to equilibrate overnight to bioassay conditions.  Normal room lighting is 
maintained continuously during the bioassay.  If the experimental design requires monitoring of sediment 
chemistry [e.g., metals, total volatile solids, oxidation potential (Eh)], additional chambers must be set up 
for this purpose.  Monitoring the quality of seawater overlying the sediment can be accomplished in the 
bioassay chambers without disturbing the sediment.  Temperature is recorded from a thermometer 
maintained in a separate chamber containing control sediment and bioassay water but no amphipods. 
 
 On the day the bioassay is initiated, amphipods are distributed among all chambers  so that each 
receives 20 individuals.  It is usually not logistically possible to distribute amphipods to all chambers at 
the same time, so it is necessary to select a portion of the chambers (as many as 15) to be processed 
together.  The exact number of chambers to receive amphipods at one time is dependent on the size and 
design of the experiment.  At least one replicate from each treatment, including control and reference 
area sediment, is processed at a time if possible.  Otherwise, selection is random. 
 
 Amphipods are removed from the holding sediment using a sieve (1.0-mm for R. abronius and E. 
estuarius, 0.5-mm for A. abdita), and then transferred to sorting trays.  About one-third more 
fingerbowls are removed from the holding tank at one time than are required for the number of 
chambers.  This allows selection of active, apparently healthy animals for the bioassay.  Amphipods are 
removed from the sorting tray and sequentially distributed among clean 10-cm fingerbowls each 
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containing 150 mL of bioassay seawater without sediment.  The number of amphipods distributed to 
each fingerbowl is recounted by transferring them to a separate fingerbowl. 
 
 Amphipods are added to the bioassay chambers by placing a black plastic disk on the seawater 
surface and gently pouring the entire contents of the fingerbowl into the beaker.  The fingerbowl is 
washed with bioassay water to remove adhering amphipods.  The seawater level is brought up to 
950 mL with bioassay water, and the disk is removed and rinsed between samples.  Amphipods are 
allowed to bury in the sediment and any that are floating on the seawater surface are pushed down with 
the edge of the beaker cover or a clean glass rod.  For R. abronius and E. estuarius, after 15 minutes 
amphipods that have not buried are removed and replaced.  Normally, less than 1 percent of the animals 
will fail to bury in 1 hour.  A. abdita should be given one hour to burrow into the sediments. 
 
 
 Monitoring—If samples for chemical analysis are desired, seawater and sediment samples can be 
taken from chambers at the initiation of the bioassay.  A small quantity of seawater can be taken from 
chambers at the initiation of the bioassay, but chemistry beakers have to be sacrificed to obtain sediment 
samples.  This is accomplished by siphoning the overlying seawater without disturbing the sediment 
surface and then taking appropriate sediment aliquots for chemical analyses.  It is not necessary to add 
amphipods to chemistry beakers that are sacrificed at the initiation of the bioassay,  but amphipods are 
added to those sacrificed later.  Certain sediment and water quality variables (e.g., dissolved oxygen, 
pH, Eh) can be monitored by inserting analytical probes into the chemistry beakers. 
 
 During the course of the bioassay, certain observations are made daily.  Temperature in the 
chamber set up for this purpose is monitored.  Lighting and aeration systems are checked.  Each 
chamber is carefully examined but not disturbed except for the temporary removal of the aeration 
pipette and watchglass.  Notes are made on sediment appearance and unusual conditions.  The number 
of amphipods that have emerged from the sediment, either floating on the water surface or lying on top 
of the sediment, is recorded.  Amphipods that have emerged are not removed, even if they are dead.  
These data are used to document the temporal pattern of emergence.  Amphipods trapped by surface 
tension at the water surface are gently pushed down with a clean instrument (e.g., pipette, glass rod, 
beaker cover). 
 
 
 Termination—The bioassay is terminated after 10 days of exposure.  After daily observations are 
recorded, the contents of the bioassay chambers are sieved through a 0.5-mm screen.  Material 
retained on the screen is placed in clean bioassay water in a sorting tray.  The numbers of live and dead 
amphipods are recorded.  The sum of these numbers may not always equal 20 because of death and 
subsequent decomposition of amphipods.  An amphipod is counted as alive if there is any sign of life 
(e.g., pleopod twitch observed under magnification, response to gentle prodding with a clean 
instrument). 
 
 If the reburial endpoint is to be evaluated, amphipods that survive the test are transferred to dishes 
containing a 2-cm layer of negative-control sediment and observed under constant illumination.  The 
numbers of individuals able to bury after an exposure period of 1 hour is then recorded.  There is no 
reburial endpoint in the Ampelisca test. 
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Experimental Design 
 
 Logistics—A typical sediment bioassay involves about 50–60 bioassay chambers.  Collection and 
preparation of animals, sediment, and seawater requires at least four people for 2 days.  Three or four 
people are required on the days experiments are initiated and terminated.  One person can monitor the 
experiment in progress. 
 
 Controls—Five replicates of the amphipod collection-site control sediment are included in all 
bioassays.  These comprise a negative (clean) control that allows comparisons among experiments and 
among laboratories of the validity of the procedures used in individual investigations.  In the negative 
control, mean mortality should be ≤10 percent and individual replicate mortality should be ≤20 percent 
for the test to be considered valid.  Experiments in which contaminants are added to sediment may 
require additional solvent control replicates to determine effects of solvent addition. 
 
 A positive (toxic) control is also required for all testing.  This involves determining 96-hour LC50 
values for R. abronius, E. estuarius, or A. abdita exposed to a reference toxicant in clean, filtered 
seawater without sediment (following standard bioassay procedures and under the same general test 
conditions as the sediment bioassays).  Such data are necessary to determine the relative sensitivity of 
the animals (e.g., seasonal difference in sensitivity) for each test series to ensure comparability of the 
data.  The commonly used reference toxicant is reagent-grade cadmium chloride.  For R. abronius, 
Swartz et al. (1986) determined a 96-hour LC50 of 1.61 mg/L for cadmium chloride.  The LC50s for R. 
abronius and A. abdita, using data from the Army Corps of Engineers DAIS database, are 0.79±0.48 
mg/l (n=42) and 0.49±0.42 mg/l (n=9) cadmium, respectively (Army Corps of Engineers personal 
communication, 1994).  Acute lethality results for a reference toxicant must be reported along with the 
sediment bioassay results.  Bioassays to establish an LC50 involve four or five logarithmic concentration 
series and a control.  At least one treatment should give a partial response below the LC50 and one 
above the LC50.  Statistical procedures for the LC50 estimate are given in APHA (1985) and ASTM 
(1989). 
 
 
 Reference Area Sediment—The design of field surveys typically includes a reference sediment 
involving five replicate laboratory tests of samples from an area believed to be free from sediment 
contamination.  This provides a site-specific basis for comparison of potentially toxic and nontoxic 
conditions while controlling for the effects of exposing amphipods to non-native sediments.  The grain 
size composition (as measured by percent silt plus clay and percent gravel) of the reference area 
sediment should be as similar as possible to that of the test sediment.  Organic carbon content of 
reference area sediment should also be matched with the test sediment as closely as possible.  However, 
it should be recognized that matching of organic carbon content may not be warranted in cases where 
pollution (e.g., from pulp mills, sewage outfalls, combined sewer overflows) is responsible for high 
organic content of test sediments. 
 
 DeWitt et al. (1988) found that sediments having a high percentage of fine-grained material could 
increase the mortality rate of Rhepoxynius abronius in the absence of apparent chemical contamination. 
 DeWitt et al. (1988) developed a regression model to predict the relationship between amphipod 
mortality and sediment grain size.  In their approach, test results (i.e., mean mortality values) that lie 
outside the 95-percent prediction limit developed from reference area data are considered indicative of 
chemical toxicity.  A similar model can be applied to the E. estuarius bioassay (DeWitt et al. 1989). 
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 Response Criteria—Endpoints examined in the amphipod bioassay include mortality, emergence 
from sediment, and for R. abronius and E. estuarius failure to rebury in sediment at the end of the 
exposure period.  Data on emergence and reburial are used to monitor sublethal behavioral responses 
of the amphipods during (i.e., emergence) and after (i.e., reburial) the 10-day exposure.  Mortality after 
10 days of exposure is the primary criterion of toxicity.  An estimate of total effective mortality may also 
be calculated by summing percent mortality and percent failure to rebury (based on the starting number 
of amphipods (20), not the number alive at the end of the test).  Each of these response criteria must be 
monitored in a "blind" fashion; that is, the observer must have no knowledge of the treatment of the 
sediment in the chambers.  This is accomplished through randomization of beaker numbers. 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Water quality measurements during testing [i.e., dissolved oxygen, temperature, salinity, 


pH, sulfides (optional), and ammonia (optional)] 
 
 n Daily emergence for each chamber and the 10-day mean and standard deviation for 


each treatment 
 
 n Failure of R. abronius or E. estuarius to rebury (optional) for each chamber and the 


mean and standard deviation for each treatment 
 
 n 10-day mortality and total effective mortality (optional) in each chamber  and the mean 


and standard deviation for each treatment 
 
 n Interstitial water salinity for control, reference, and test sediments 
 
 n 96-hour LC50 values with reference toxicants (results for metallic compounds should be 


reported in terms of the metal ion rather than as the weight of the whole salt)Any 
problems that may have influenced data quality.   
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BIVALVE LARVAE SEDIMENT BIOASSAY  
 
 
USE AND LIMITATIONS 
 
 The bivalve larvae bioassay technique is described in Standard Methods (APHA 1985) and by 
ASTM (1989) as a rapid and reliable indicator of environmental quality.  Pacific oysters (Crassostrea 
gigas) and blue mussels (Mytilus edulis) are recommended for testing.  During the first 48 hours of 
embryonic development, fertilized oyster and mussel eggs normally develop into free-swimming, fully 
shelled larvae (prodissoconch I).  Failure of the eggs to survive or the proportion of larvae developing in 
an abnormal manner have been used as the primary indicators of toxicity.  A combined mortality and 
abnormality endpoint may also be calculated from the number of normal surviving larvae. 
 
 This sediment bioassay can be used to characterize the toxicity of marine sediments.  It may be 
used alone as a screening tool in broad-scale sediment surveys, in combination with sediment chemistry 
and in situ biological indices, and in laboratory experiments addressing a variety of sediment and water 
quality manipulations. 
 
 The two species recommended for testing may show different levels of sensitivity to various 
contaminants.  Therefore, the quantitative results for corresponding endpoints may not be strictly 
comparable between the two species.  Nevertheless, results of statistical comparisons of test sediments 
with reference area sediments based on the two bivalve species as well as the related echinoderm 
embryo bioassay may be considered interchangeable for some purposes (e.g., regulatory decision--
making). 
 
 The bivalve larvae bioassay probably can be used in sediments that have interstitial salinities less 
than 1 ppt, as the sediments are mixed and equilibrated with seawater prior to testing.  However, 
because further testing is required to determine the validity of using this technique with such low salinity 
sediments, this bioassay is not recommended for sediments that have an interstitial salinity of less than 
10 ppt.  In addition, the following caveats apply: 
 
 n Bivalve larvae such as those of C. gigas normally reside in the water column and are not 


intimately associated with sediments.  Hence, this bioassay is primarily an indicator of the 
relative toxicity among different samples because its direct ecological significance with 
respect to in situ sediments has not yet been established. 


 
 n Spawning of C. gigas occurs naturally in the Puget Sound area in summer.  The natural 


spawning period for M. edulis is late spring to early summer.  Both of these bivalves can 
be induced to spawn at other times of the year, but may show decreased viability of 
gametes.  Gamete viability may also vary depending on the brood stock used.  
Accordingly, a positive control is required.  This should comprise 48-hour LC50 and 
EC50 measurements with a reference toxicant in seawater only. 


 
 n Relative sensitivity of the three endpoints (percent mortality, percent abnormality, and 







Laboratory Sediment Bioassays 
Bivalve Larvae Bioassay 


Revised July 1995 
 


 


 
 
 31 


percent combined mortality/abnormality) to toxic chemicals, natural chemical factors 
(e.g., total organic carbon, paralytic shellfish poison) and physical factors (e.g., 
suspended sediment) has not been thoroughly evaluated.  However, caution should be 
exercised in utilizing C. gigas larvae in sediments known to have a high proportion of 
clays and silts (EPA 1993). 


 
 n High mortalities in the seawater control and/or reference sediment tests may be 


occasionally observed.  The cause of such mortality is unknown, but may be related to 
natural factors that reduce embryo quality.  


 
 n It is possible that abnormalities induced during testing may be underestimated due to 


poor recovery of living abnormal larvae from the sediments. However, investigators have 
found that recovery of abnormal larvae from sediment is not worth the effort. 


 
 
FIELD PROCEDURES 
 
Collection 
 
 Both test and reference area sediment should be collected in glass jars that have PTFE-lined lids 
and have been cleaned according to the procedures described in the section titled General QA/QC 
Guidelines.  Each jar should be filled completely with sediment to exclude air.  A minimum sediment 
sample size of 18 grams for each bioassay chamber is recommended for both kinds of sediment.  
Because five replicate tests are conducted for each field sample, and additional sediment is used for 
water quality monitoring, a minimum sediment sample size of 200 grams is recommended for each 
station. 
 
Processing 
 
 Both test sediment and reference area sediment should be stored at 4°C in the dark.   Holding time 
should be set according to the procedures described in the section entitled General QA/QC 
Guidelines. 
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LABORATORY PROCEDURES 
 
 The following procedures apply equally to larvae of both C. gigas and M. edulis, and are as 
described by Chapman and Morgan (1983) with the following changes incorporated: 
 
 n The salinity of test water is adjusted to 28 ppt 


 n Exposure time can range from 48 to 60 hours and depends on larval development in the 
negative controls 


 n Replication is increased from two to five to allow adequate statistical comparisons 


 n Larvae of M. edulis are included in the bioassay protocol 


 n Sediment holding time should be set according to the procedures described in the section 
entitled General QA/QC Guidelines. 


 n Seawater holding time prior to testing is set at a maximum of 2 days for field-collected and 
reconstituted seawater.  If the seawater is not filtered or UV-treated, it should be used within 
8 hours.  


 n Sediment resuspension in the test chambers is adequately accomplished by vigorous shaking 
for 10 seconds; there is no need to rotate the chambers for 3 hours at 10 rpm 


 n Eighteen grams of sediment is suspended in 900 mL of seawater rather than 15 grams in 
750 mL 


 n Sediments are allowed to settle in the bioassay chamber for 4 hours prior to inoculation 
with embryos 


 n pH is not adjusted before the bioassay starts and is only monitored 


 n An interim oyster-specific threshold value for ammonia of 0.13 mg/L unionized ammonia has 
been proposed (EPA 1993);  data should be qualified as possible false positives if this 
threshold value is exceeded 


 n Aeration is generally recommended and is specified for test chambers in which dissolved 
oxygen concentrations decline below 60 percent of saturation or when ammonia or sulfides 
are suspected or have been measured; all chambers should be aerated if aeration is necessary 


 n A positive control (reference toxicant) is required. 


 n Additional seawater controls are added for monitoring the stage of larval development 


 n For test termination, three 10-mL aliquots should be taken; one is counted and two are 
preserved in buffered formalin for possible later use.  


 n Additional details provided by ASTM (1989) for conditioning and spawning adults are 
included. 


 
 
Bioassay Species 







Laboratory Sediment Bioassays 
Bivalve Larvae Bioassay 


Revised July 1995 
 


 


 
 
 33 


 
 The species selected for testing depends on the availability of brood stock and spawning success 
during recent bioassays or pilot tests.  For a given test or series of related tests, adult bivalves (brood 
stock) should be obtained from the same source:  either commercial rearing facilities (oysters) or a 
chemically uncontaminated area (mussels).  If brood stock is obtained from a commercial source, the 
original collection area should preferably be identified.  For collection of mussels, it is recommended that 
the bissel threads be clipped rather than pulled loose from the native substrate, as mussels are likely to 
die if the bissel gland is pulled out during brood stock collection.  Brood stock should be sexually 
mature individuals with normal, well-developed shells.  Within 24 hours of collection or purchase, adults 
should be transported to the test laboratory and placed into flowing seawater similar in character to that 
from which they were taken.  Rough handling, extended periods of desiccation, and abrupt changes in 
temperature, salinity, or other water quality variables must be avoided as these may induce premature 
spawning or render the stock useless for later controlled spawning or both.  Upon receipt, adults should 
be cleaned of fouling organisms and detritus and placed in flowing seawater for conditioning. 
 
 Adult bivalves are held at recommended conditioning temperatures to stimulate final maturation of 
the gametes.  The desired conditioning temperature (20 ± 1°C for oysters and 16 ± 1°C for mussels) 
and salinity (28 ± 1 ppt) should be attained gradually at increments not exceeding 2°C/day and 
5 ppt/day.  Conditioning may extend from a few days to several weeks depending on the physiological 
and gametogenic status of the adults.  The length of the conditioning period is determined empirically by 
periodic sacrificial examination and spawning of representative individuals.  Adults should be spawned 
or discarded within 2-3 weeks after attaining acceptable maturity because gamete quality will 
deteriorate rapidly with excessive conditioning.  Adults should be provided with an adequate supply of 
natural or cultured phytoplankton.  Natural seawater flow should be about 28 liters/hour per individual 
adult.  ASTM (1989) describes procedures for maintaining holding tanks.  Procedures for inducing 
spawning in bivalves, enhancing the quality of gametes, and preparing embryos are described in ASTM 
(1989). 
 
 
Reference Sediment 
 
 The bivalve larvae bioassay is conducted with reference area sediment in addition to seawater 
controls.  Reference area sediment typically consists of material collected from an area documented to 
be free of chemical contamination and nontoxic to bivalve larvae.  The reference sediment grain size 
should be as similar as possible to the test sediment (see section on Puget Sound Reference Areas).   
 
 
Bioassay Seawater 
 
 Seawater used in the bioassay is maintained at a salinity of 28 ± 1 ppt and temperature of 20 ± 
1°C for oysters and 16 ± 1°C for mussels.  Seawater should be collected from uncontaminated areas 
(e.g., deep or offshore waters) to avoid contamination and should be held at ≤20°C for no longer than 
2 days before inoculation.  Reconstituted seawater (ASTM 1989) should be held at ≤20°C for no 
longer than 2 days before use.  The bioassay seawater must be uncontaminated and of acceptably low 
toxicity.  The biological criterion of acceptability is that the larvae, spawned by adults in the dilution 
water, must attain a minimum of 70% normally developed larvae. 
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 Bioassay seawater is passed through an ultraviolet sterilizer or a filter with 0.45-µm pore diameter. 
 If necessary, salinity of the bioassay water is reduced by addition of deionized distilled water or raised 
by addition of clean oceanic water, sea salt, brine prepared by freezing, or reagent grade chemicals 
(ASTM 1989).  Artificial seawater is prepared within 2 days of use and is stored in clean, covered 
containers at the requisite temperature. 
 
 
Facilities and Equipment 
 
 All laboratory glassware is cleaned according to the procedures specified in the section entitled 
General QA/QC Guidelines.  The bioassay chamber is a 1-liter glass bottle with a screw-top lid.  
Bioassays are conducted at 20 ± 1°C for oysters and 16 ± 1°C for mussels, with the bottles in shallow 
water baths, incubators, or temperature-controlled rooms.   
 
 If adults are to be conditioned for spawning out of season, a continuous supply of temperature-
controlled, aerated seawater is needed.  Laboratory facilities should be well-ventilated and free of 
organic vapors.  Holding and conditioning chambers preferably should not be in a room in which toxicity 
tests are conducted, stock or test solutions are prepared, or equipment is cleaned.  Air used for aeration 
should be free of organic vapors, oil, and water.  Raw seawater can be used for holding and 
conditioning, but feeding the adults a natural or cultivated alga is necessary to deter starvation.  The flow 
rates used for adult conditioning must be high enough (typically >28 liters/hour/individual) to prevent 
water quality degradation and provide as much food as possible to the adults. 
 
 Tanks and trays are necessary for holding the adults, and a water bath, incubator, or temperature-
controlled room is necessary during the bioassay.  Adult holding and conditioning tanks should be 
cleaned several times each week to prevent accumulation of organic matter and bacteria.  Dead 
specimens should be removed immediately and the tanks cleaned.  The tanks should be cleaned with 
detergent and rinsed with clean seawater, and if microbial growth is present, rinsed with 200 mg/L of 
hypochlorite and then seawater.  With enriched waters and elevated conditioning temperatures, more 
frequent cleaning may be required. 
 
 
Bioassay Procedure  
 
 
 Initiation—Adult bivalves, conditioned as necessary in the laboratory, are induced to spawn with 
selected thermal and biological (i.e., sperm) stimulation.  Selected densities of the resulting embryos are 
exposed to the test or reference area sediments for 48 hours, during which the embryos normally will 
develop into prodissoconch I larvae.  A slightly longer exposure period may be used if necessary to 
achieve adequate development of larvae in seawater controls.  Exposure time should not exceed 
60 hours for an acceptable test.  Data from tests with longer exposures (>48 hours) may not be 
comparable to those from tests conducted using the standard 48-hour exposure.  Toxicity test endpoints 
are based on abnormal shell development and larval death. 
 
 The bivalves are spawned by rapidly raising the water temperature to 5-10°C above the 
conditioning temperature.  Individuals are additionally stimulated to spawn by the addition of sperm from 
a sacrificed or naturally spawned male. 
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 Spawning is conducted by placing the bivalves in individual, clean Pyrex dishes containing 
filtered, ultraviolet (UV)-treated seawater.  Fertilization is accomplished within 1 hour of spawning by 
combining eggs and sperm (i.e., at a concentration of 105–107 sperm/mL) in a 1-liter Nalgene beaker.  
The fertilized eggs are then washed through a 0.25-mm Nitex screen to remove excess gonadal material 
and suspended in 2 liters of filtered, UV-treated seawater at incubating temperature.  The embryos are 
kept suspended by frequent agitation using a perforated plunger, and used in the bioassay within 2 hours 
of fertilization.  When microscopic examination of fertilized eggs reveals the formation of polar bodies, 
egg density is determined from triplicate counts of the number of eggs in 1.0-mL samples of a 1:99 
dilution of homogeneous egg suspension. 
 
 Sediment bioassays are conducted in clean, 1-liter glass bottles.  Five replicate tests are conducted 
for each field sample.  An additional bioassay chamber is prepared for water quality monitoring.  
Eighteen grams (wet weight) of the appropriate sediment is added to each bottle and a volume of 900 
ml filtered or UV-treated seawater (28 ± 1 ppt salinity) is added to all containers.  The reference area 
sediment chambers each contain 18 grams of clean sediment.  In addition, negative and positive controls 
for determination of LC50 and EC50 are prepared consisting of clean seawater without sediment. 
 
 The sediments are suspended by vigorous shaking for 10 seconds and the suspended sediments 
are allowed to settle for 4 hours prior to addition of larvae.  No additional agitation is provided.  The 
seawater controls are treated similarly except for the lack of sediments. 
 
 Within 2 hours of fertilization, each container is inoculated with 20,000–40,000 developing 
embryos to give a concentration of about 20–40/mL.  The containers are covered and incubated for 
48 hours (or longer if required) at 20 ± 1°C for oysters and 16 ± 1°C for mussels under a 14-hour 
light:10-hour dark photoperiod.  Aeration of test chambers generally is recommended during the 
bioassay.   Moreover, if the dissolved oxygen concentration in any test chamber declines below 60 
percent of saturation or if high levels of ammonia or sulfides are suspected or measured, the water in 
that chamber should be aerated gently for the remainder of the test.  If aeration is necessary, all 
chambers should be aerated and at a rate of approximately 100 bubbles per minute.  A random 
numbering method should be used to distribute the chambers in the water bath (or incubator or cold 
room). 
 
 The mean embryo concentration at 0 hours should be determined by collecting five replicate 
10-mL samples from control containers and preserving them in 5-percent buffered formalin.  This 
method of determining the initial embryo concentration is one of three methods recommended by ASTM 
(1989) for larval bioassays of water and elutriates.  Because the method recommended for the present 
bioassay does not rely on direct assessments of embryo densities in the test chambers, the resulting 
density estimates have an unquantified error component associated with them.  This error reduces the 
reliability of larval mortality estimates and may thereby influence the results of statistical analyses.  
However, it does not affect larval abnormality estimates because they are based on known numbers of 
survivors.   
 
 
 Monitoring—Temperature, pH, salinity, and dissolved oxygen are measured daily in the replicates 
prepared specifically for monitoring water quality.  Measurements are taken just prior to introduction of 
the embryos to the bioassay chambers at the same time each day until the conclusion of the bioassay.  
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Measurements of conventional water quality variables (e.g., sulfides, ammonia) should be made at the 
start and termination of the bioassay and additionally monitored if high levels are found (EPA 1993). 
 
 Termination—The bioassay is terminated when greater than 95 percent of the embryos in the 
duplicate seawater control have reached the prodissoconch I stage (approximately 48–60 hours).  
Once this stage has been achieved in the control chambers, final water quality measurements are 
recorded and the test is terminated.  The bioassay is terminated in the following manner.  The water and 
larvae overlying the settled sediment in each container are carefully poured into a clean 1-liter beaker.  
This water is then mixed with a perforated plunger, and 10-mL aliquots of the well-mixed sample are 
removed by pipette and placed in 10-mL screw-cap vials.  The contents of each vial are preserved in 5-
percent buffered formalin.  
 
 Preserved samples (equal in volume to those containing 200–400 larvae in controls) are examined 
in Sedgewick-Rafter cells.  Normal and abnormal larvae are enumerated to determine percent survival 
and percent abnormality. A minimum sample size of 20 living larvae in each of the five replicate bioassay 
chambers for test sediment and reference area sediment and 100 larvae in each replicate chamber for 
the seawater control should be scored for abnormalities.  Percent survival for each replicate bioassay 
chamber is based on the number of normal larvae surviving relative to the mean number of normal 
survivors in the seawater controls.  Larvae that fail to transform to the fully shelled, straight-hinged, 
D-shaped prodissoconch I stage are considered abnormal.  Percent abnormal for each replicate 
bioassay chamber is based on the number of survivors that are abnormal.  Definitions of normal 
development specified at the PSDDA larval bioassay workshop should be followed.  These definitions 
include the following: 
 
n An uninterrupted shell must be formed around the margin; any indication that the shell cannot close 


(e.g., chips or knobs) constitutes an abnormality.  Classification of open shells or shells seen in 
other than side view should be made on best professional judgment.  Empty shells that are 
complete count as normal, because they developed successfully to the shelled stage, no matter 
what happened thereafter. 


 
 n Larvae classified as normal must have a straight hinge by termination of experiment.  If 


larvae have not reached D or prodissoconch I stage by the end of the exposure time (set 
by the duplicate sacrificial control vessel) they are considered abnormal. 


 
 
Controls 
 
 Five replicates of the seawater control are included in all bioassays.  These comprise negative 
(clean) controls that allow comparison among experiments and among laboratories of the validity of the 
procedures used in individual investigations.  At least 70 percent of the larvae must the 48-hour 
exposure with seawater alone.  Experiments in which contaminants are added to sediment may require 
control replicates to determine effects of solvent addition. 
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 A positive (toxic) control is also required.  This involves determining 48-hour (or longer if required) 
LC50 and EC50 values for bivalve larvae exposed to reference toxicants in clean, filtered or UV-treated 
seawater without sediment [following standard ASTM (1989) bioassay procedures and under the same 
general test conditions as the sediment bioassays].  Such data are necessary to determine the relative 
sensitivity of the larvae.  Two commonly used reference toxicants are reagent-grade cadmium chloride 
and sodium dodecyl sulfate.  Either of these reference toxicants may be used, but the results must be 
reported along with the sediment bioassay results.  Bioassays to establish an LC50 or an EC50 involve 
four or five logarithmic concentration series and a control.  At least one treatment should give a partial 
response below the LC50 and EC50 and one above the LC50 and EC50.  Statistical procedures for the 
LC50 and EC50 estimates are given in APHA (1985) and ASTM (1989). 
 
 
Reference Area Sediment 
 
 The design of field surveys may include a reference sediment from an area known to be free from 
chemical contamination.  This provides a basis for comparison of potentially toxic and nontoxic 
conditions. 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Source, qualitative condition, and holding time of brood stock 
 
 n Information on how the brood stock were collected 
 
 n All water quality measurements [e.g., dissolved oxygen, temperature, salinity, pH, 


sulfides (optional), ammonia (optional)] 
 
 n Individual replicate and mean and standard deviation data for larval percent mortality 


after 48-hour exposure 
 
 n Individual replicate and mean and standard deviation data for larval percent abnormality 


after 48-hour exposure 
 
 n Individual replicate and mean and standard deviation data for larval percent combined 


mortality and abnormality after 48-hour exposure (optional) 
 
 n 48-hour LC50 and EC50 values for reference toxicants (with results for metallic 


compounds reported in terms of the metal ion, not as weight of the whole salt) 
 
 n Data on stocking density (number/ml), stocking aliquot size (ml), and initial count data 


for seawater controls 
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 n Any problems that may have influenced data quality. 
 
 
Mortality  = 100 x (1 - (no. of surviving test larvae / no. of control larvae)) 
 
Abnormality = 100 x (1 - (no. of abnormal larvae / no. of normal and abnormal survivors)) 
 
Combined larval mortality/abnormality = 100 x (1 - (no. of surviving normal larvae / no. of embryos 
inoculated)) 
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 ECHINODERM EMBRYO SEDIMENT BIOASSAY  
 
 
USE AND LIMITATIONS 
 
 The echinoderm embryo bioassay is described by Dinnel and Stober (1985) as a rapid and 
sensitive technique for assessing the toxicity of marine sediments.  Sand dollars (Dendraster 
excentricus), purple sea urchins (Strongylocentrotus purpuratus), and green sea urchins (S. 
droebachiensis) are the recommended species for testing.  During the first 48–96 hours of embryonic 
development, fertilized echinoderm eggs normally develop into the pluteus stage.  Failure of the eggs to 
survive and the proportion of larvae developing in an abnormal manner are used as indicators of toxicity. 
 A combined mortality and abnormality endpoint is calculated from the number of normal pluteus larvae. 
 Unlike the bivalve larval test, a "mortality" endpoint cannot be used because dead embryos rarely 
disintegrate during the test as do oyster or mussel embryos. 
 
 The echinoderm embryo bioassay can be used to characterize the toxicity of marine sediments.  It 
may be used alone as a screening tool in broad-scale sediment surveys, in combination with sediment 
chemistry and in situ biological indices, and in laboratory experiments addressing a variety of sediment 
and water quality manipulations. 
 
 The three species recommended for testing may show different levels of sensitivity to various 
contaminants.  Therefore, the quantitative results for corresponding endpoints may not be strictly 
comparable between the three species.  Nevertheless, results of statistical comparisons of test sediments 
with reference area sediments based on the three echinoderm species, as well as the related bivalve 
larvae bioassay, may be considered interchangeable for some purposes (e.g., regulatory decision-
making). 
 
 The echinoderm bioassay probably can be used in sediments that have interstitial salinities less than 
1 ppt, as the sediments are mixed and equilibrated with seawater prior to testing.  However, because 
further testing is required to determine the validity of using this technique with such low salinity 
sediments, this bioassay is not recommended for sediments that have an interstitial salinity of less than 
10 ppt.  In addition the following caveats apply: 
 


 n Echinoderm larvae normally reside in the water column and are not intimately associated 
with sediments.  Hence, this bioassay is primarily an indicator of the relative toxicity among 
different samples because its direct ecological significance with respect to in situ sediments 
has not yet been established. 


 
n Spawning of Strongylocentrotus spp. occurs naturally in the Puget Sound region from 


December to April.  The natural spawning period for D. excentricus is from April to 
October.  Echinoderms can be induced to spawn at other times of the year, but may show 
decreased viability of gametes.  Gamete viability may also vary depending on the brood 
stock used.  Accordingly, a positive control is required.  This should comprise 48-hour LC50 
and EC50 measurements with a reference toxicant in seawater only.  
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 n Relative sensitivity of the two endpoints (percent abnormality and percent combined 


mortality/abnormality) to toxic chemicals, natural chemical factors (e.g., total organic 
carbon, paralytic shellfish poison) and physical factors (e.g., suspended sediment) has 
not been thoroughly evaluated.  It has been shown that larvae of D. excentricus do not 
show an adverse response to increasing silt and clay fractions, and under conditions of 
expected high silts and clay, the sand dollar test is preferable to the oyster larvae test 
(EPA 1993). 


 
 n High mortalities in the seawater control and/or reference sediment tests may be 


observed occasionally.  The cause of such mortality is unknown, but may be related to 
natural factors that reduce embryo quality.  


 
 n It is possible that abnormalities induced during testing may be underestimated due to 


poor recovery of living larvae from the sediments.   However investigators have found 
that recovery of abnormal larvae from sediment is not worth the effort. 


 
 
FIELD PROCEDURES 
 
 
Collection 
 
 
 Test Animals—All recommended echinoderm species can be collected off the coast of 
Washington.  Purple sea urchins can be found in the intertidal zone (or the shallow subtidal zone in the 
Strait of Juan de Fuca) and are usually ripe from December through March in Washington waters.  
Green sea urchins occur in the shallow subtidal zone and are usually ripe from January through April.  
Sea urchins should be collected with care to avoid injury from the sharp spines.  Sand dollars are the 
preferred test species during the summer months as they are in spawning condition from about April 
through October.  Sand dollars can be collected by hand on many Puget Sound beaches during low 
tide.  All animals should be collected from uncontaminated areas. 
 
 
 Sediment—Both reference area and test sediment should be collected in glass jars that have 
PTFE-lined lids and have been cleaned according to the procedures described in the section entitled 
General QA/QC Guidelines.  Each jar should be filled completely with sediment to exclude air.  A 
minimum sediment sample size of 18 grams for each bioassay chamber is recommended for both kinds 
of sediment.  Because five replicate tests are conducted for each field sample and additional sediment is 
used for water quality monitoring, a minimum sediment sample size of 200 grams is recommended for 
each station. 
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Processing 
 
 
 Sediment—Both control and test sediment should be stored at 4°C in the dark.  Holding time 
should be set according to the procedures described in the section entitled General QA/QC 
Guidelines. 
 
LABORATORY PROCEDURES 
 
 The following procedures are synthesized primarily from Dinnel and Stober (1985) and ASTM 
(1994).  The following changes were incorporated: 
 
 n The salinity of test water is adjusted to 28 ppt 


 n Seawater temperature during the bioassay is maintained at 15 ± 1°C for all test species 


 n Exposure time can range from 48 to 96 hours and depends on larval development in the 
negative controls 


 n Replication is increased from three to five to allow adequate statistical comparisons 


 n Sediment holding time should be set according to the procedures described in the section 
entitled General QA/QC Guidelines. 


 n Seawater holding time  prior to testing is set at a maximum of 2 days for field-collected and 
reconstituted seawater 


 n Sediment is included in each test chamber 


 n Sediment resuspension in each test chamber is adequately accomplished by vigorous shaking 
for 10 seconds 


 n Sediment is allowed to settle in test chambers for 4 hours before addition of fertilized eggs 


 n pH is not adjusted before the bioassay starts and is only monitored 


 n Aeration is specified for test chambers in which dissolved oxygen concentrations decline 
below 60 percent of saturation or if sulfides or ammonia are present.  If aeration is required, 
all test chambers should be aerated at a rate of approximately 100 bubbles per minute 


 n A positive control (reference toxicant) is required 


 n Additional seawater controls are added for monitoring the stage of embryo development 


 n A single endpoint of combined mortality and abnormality should be calculated and reported 
(both should be measured)  


 


 n An ammonia testing criterion of 0.014 mg/L unionized ammonia has been proposed for the 
echinoderm test (EPA 1993); data may be qualified as a possible false positive response if 
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unionized ammonia values are greater than or equal to 0.04  mg/L  


 n For test termination, three 10-mL aliquots should be taken; one is counted and two are 
preserved in buffered formalin for possible later use. 


 
 
Bioassay Species 
 
 The species selected for testing depends on the availability of brood stock and spawning success 
during recent bioassays or pilot tests.  For a given test or series of related tests, adult echinoderms 
(brood stock) should be obtained from the same source:  either commercial harvesters or a chemically 
uncontaminated area.  If brood stock is obtained from a commercial source, the original collection area 
should be identified.  Within  24 hours of collection or purchase, adults should be transported to the test 
laboratory and placed into flowing seawater similar in character to that from which they were taken.  
Because epidemic spawning can occur when echinoderms are transported in seawater, test animals can 
be transported in ice chests containing only kelp or other moist material, and kept cool.  Rough 
handling, extended periods of desiccation, and abrupt changes in temperature, salinity, or other water 
quality variables must be avoided as these induce premature spawning or render the stock useless for 
later controlled spawning or both.  Upon receipt, adults should be cleaned of detritus and placed in 
flowing seawater.  Sand dollars are best held on a bed of sand in flowing or well-aerated seawater. 
 
 
Reference Sediment 
 
 The echinoderm embryo bioassay is conducted with reference area sediment in addition to 
seawater controls.  Reference area sediment typically consists of material collected from an area 
documented to be free of chemical contamination and  nontoxic to echinoderm embryos. 
 
 
Bioassay Seawater 
 
 Seawater used in the bioassay is maintained at a salinity of 28 ± 1 ppt.  Water temperature should 
be maintained at 15 ± 1°C for all test species.  Seawater should be collected from uncontaminated 
areas (e.g., deep or offshore waters) to avoid contamination and should be held at ≤15°C for no longer 
than 2 days before inoculation.  Reconstituted seawater (ASTM 1994) should be held at ≤15°C for no 
longer than 2 days before use.  The bioassay seawater must be uncontaminated and of acceptable low 
toxicity.  The recommended biological criterion of acceptability is that the larvae, spawned by adults in 
the dilution water, must not incur more than 30-percent combined mortality/abnormality during 48-96 
hours of exposure to the bioassay seawater.   
 
 Bioassay seawater is passed through an ultraviolet sterilizer or a filter with a 0.45-µm pore 
diameter.  If necessary, salinity is reduced by addition of deionized distilled water or raised by addition 
of clean oceanic water, sea salt, brine prepared by freezing or reagent-grade chemicals (ASTM 1994). 
 
 
Facilities and Equipment 
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 All laboratory glassware is cleaned according to the procedures specified in the section entitled 
General QA/QC Guidelines.  The bioassay chamber is a standard 1-liter glass jar or beaker (10-cm 
internal diameter) covered with an 11.4-cm-diameter watchglass.  The bioassay chambers are 
maintained at 15 ± 1°C in a shallow water bath, incubator, or temperature-controlled room with an 
overhead aeration source.  General recommendations of ASTM (1994) should be followed for 
materials used for test equipment, cleaning procedures, and good laboratory practices. 
 
 If adults are to be conditioned for spawning out of season, a continuous supply of temperature-
controlled, aerated seawater is needed.  Laboratory facilities should be well ventilated and free of 
organic vapors.  Holding and conditioning chambers preferably should not be in a room in which toxicity 
tests are conducted, stock or test solutions are prepared, or equipment is cleaned.  Air used for aeration 
should be free of organic vapors, oil, and water.  Raw seawater can be used for holding and 
conditioning, but feeding the adults a natural or cultivated alga is necessary to deter starvation.  The flow 
rates used for adult conditioning must be high enough (typically >28 liters/hour/individual) to prevent 
water quality degradation and provide as much food as possible to the adults. 
 
 Tanks and trays are necessary for holding adults.  These are placed in a water bath, incubator, or 
temperature-controlled room to maintain proper temperature.  Adult holding tanks should be cleaned 
several times each week to prevent accumulation of organic matter and bacteria.  Dead specimens 
should be removed immediately and the tanks cleaned.  The tanks should be cleaned with detergent and 
rinsed with clean seawater, and if microbial contamination is present, rinsed with 200 mg/L of 
hypochlorite and then seawater.  With enriched waters and elevated conditioning temperatures, more 
frequent cleaning may be required. 
 
 
Bioassay Procedure  
 
 
 Initiation—Adult echinoderms, conditioned as necessary in the laboratory, are induced to spawn 
with chemical stimulation.  Selected densities of the resulting embryos are exposed to the test or 
reference area sediments for 48 to 96 hours, during which the embryos normally will develop into the 
four-armed pluteus stage.  Data from tests with longer exposures (>48 hours) may not be comparable 
to those from tests conducted using the standard 48-hour exposure.  The toxicity test endpoint is based 
on failure to develop normal pluteus larvae.  
 
 Adult sea urchins are spawned by injecting 1 mL of 0.5-molar potassium chloride (KCl) through 
the peristomal membrane into the coelomic cavity.  Sand dollars are injected with 0.5 mL of 0.5-molar 
KCl through the oral opening, with the syringe held at an angle.  Animals are rinsed with clean seawater 
and inverted over individual 150–250 mL beakers filled with seawater for about 30 minutes until 
spawning is completed.  As many as 12 females may need to be spawned to ensure an adequate 
quantity of eggs.  The spawning beakers should be placed in a water bath or temperature-controlled 
room to maintain temperature at acclimation levels. 
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 Eggs from females discharging relatively small numbers of eggs (e.g., <100,000) are discarded.  
The retained eggs are examined microscopically for viability and ripeness.  Ripe, viable eggs are 
normally round, uniform in size, free of excessive debris, and appear slightly granular.  Immature eggs 
contain a large, clear spot (the germinal vesicle) in the cytoplasm; overripe eggs are usually less circular, 
have inconsistent granularity of the cytoplasm, and are often associated with increased debris.  If the 
proportion of underripe or overripe eggs in a beaker exceeds 10 percent, the eggs are discarded.  Eggs 
that are accepted are pooled together into a 1-liter beaker and washed three times by repeatedly 
decanting the water above the eggs and adding 500–1,000 mL new seawater (allow the eggs to settle to 
the bottom of the beaker between washes).  Small subsamples of eggs are counted using a dissecting 
microscope to determine the number of eggs per milliliter. 
 
 The solutions of sperm from males producing thick, viscous discharges are combined to provide a 
stock solution.  Sperm density is determined by immobilizing the sperm (i.e., by heat shock or exposure 
to 10-percent glacial acetic acid) and counting on a hemocytometer.  Fertilization should be initiated 
within 1 hour of spawning by adding sperm to the beaker containing the eggs, at a sperm:egg ratio of 
≤2,000:1.  A perforated plastic plunger is used to gently mix the contents of the beaker.  Care should be 
taken that excessive amounts of sperm are not used.  Fertilization is monitored by examining successive 
1-mL aliquots microscopically and determining the percentage of eggs with a raised fertilization 
membrane.  When greater than 90 percent of the eggs show membrane formation (about 
10-15 minutes), the developing eggs are counted and the density is adjusted to 20,000–30,000 per mL, 
either by diluting with seawater to decrease density or decanting excess surficial water to increase 
density. 
 
 Test chambers should be prepared prior to spawning of the adult echinoderms to allow enough 
time for sediments to settle in the chambers before inoculation with the fertilized eggs.  Five replicate 
tests are conducted for each field sample.  An additional bioassay chamber is prepared for water quality 
monitoring.  Eighteen grams of reference or test sediment is added to each chamber.  Filtered or UV-
treated seawater (28 ppt salinity) is added to each chamber up to 1 liter to make a final concentration in 
all containers of 18 grams (wet weight) of sediment per 900 ml of seawater.  Each reference area 
sediment chamber also contains 18 grams/900ml of clean sediment.  In addition, two control series are 
prepared consisting of clean seawater without sediment (one series is used as a duplicate, sacrificial 
control to monitor embryo development). 
 The sediments are suspended by vigorous shaking for 10 seconds and then allowed to settle for 
4 hours prior to addition of the embryos.  No additional agitation is provided.  The seawater control 
chambers are treated similarly. 
 
  Within 2 hours of fertilization, a 1-mL aliquot of the solution of embryos (about 25,000 embryos) is 
added to each bioassay chamber using an automatic pipette.  The containers are covered with a 
watchglass and incubated for 48 hours (or longer if required) at 15 ± 1°C under a 14-hour light:10-hour 
dark photoperiod.  Test chambers generally are not aerated during the bioassay.  However, if the 
dissolved oxygen concentration in any test chamber declines below 60 percent of saturation, the water 
in all chambers should be aerated gently for the remainder of the test.  A random numbering method 
should be used to distribute the chambers in the water bath (or incubator or cold room).   
 
 The mean embryo concentration at 0 hours should be determined by collecting five replicate 10-
mL samples from thoroughly mixed control cultures and preserving them in 5-percent buffered formalin. 
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 This method of determining the initial embryo concentration is one of three methods recommended by 
ASTM (1994) for larval bioassays of water and elutriates.  The other two methods include 1) direct 
subsampling of each test chamber after inoculation and 2) direct subsampling of the stock solution.  
According to ASTM (1994), the preferred method is direct subsampling of test chambers after 
inoculation.  This method provides the best estimate of embryo densities within each chamber and the 
variability of densities among chambers.  However, this method cannot be easily used for the present 
bioassay because the sediment present in each test chamber prevents the contents of each chamber 
from being homogenized adequately for representative subsampling.  Because the method 
recommended for the present bioassay does not rely on direct assessments of embryo densities in the 
test chambers, the resulting density estimates have an unquantified error component associated with 
them.  This error reduces the reliability of larval mortality estimates.  However, it does not affect larval 
abnormality estimates because they are based on known numbers of survivors.   
 
 Monitoring—Temperature, pH, salinity, and dissolved oxygen are measured daily in the replicates 
prepared specifically for monitoring water quality.  Measurements are taken just prior to introduction of 
the embryos to the test chambers, then at the same time each day until the conclusion of the bioassay.  
Measurements of conventional water quality variables (e.g., sulfides, ammonia) should be made at the 
start and termination of the bioassay. 
 
 
 Termination—The bioassay is terminated at 48 hours or when greater than approximately 90 
percent of the embryos in the duplicate seawater control have reached the four-armed pluteus stage 
with deeply invaginated preaural arms (whichever is later and within 48–96 hours).  Once this stage has 
been achieved in the control chambers, final water quality measurements are recorded and the test is 
terminated. 
 
 The bioassay is terminated in the following manner.  The water and larvae overlying the settled 
sediment in each chamber are carefully and gently stirred to insure the larvae are suspended in the water 
without disturbing the sediment; and then carefully decanting up to 98 percent of the water, leaving the 
sediment remaining in the test chamber. The water is then mixed thoroughly using a perforated plunger 
and three 10-mL aliquots of the sample are removed by pipette and placed in 10-mL screw-cap vials.  
The contents of each vial are preserved in 5-percent buffered formalin.  One 10-mL aliquot is then 
counted, while the other two are archived until counts are assured to be adequate for characterizing test 
replicates. 
 
 Preserved samples (equal in volume to those containing 200–400 larvae in controls) are examined 
in Sedgewick-Rafter cells.  Normal and abnormal larvae are enumerated to determine percent failing to 
achieve a normal pluteus larva.  Percent survival for each replicate bioassay chamber is based on the 
number of larvae surviving in each test container relative to the initial number.  Percent mortality is then 
calculated, including correction for mortality in the seawater control.  Larvae that fail to transform into 
clearly defined pluteus with two well-developed arms and the second pair of arms budding are 
considered abnormal.   
 
Controls 
 
 Five replicates of the seawater control are included in all bioassays.  These comprise negative 
(clean) controls that allow comparison among experiments and among laboratories of the validity of the 
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procedures used in individual investigations.  At least 70 percent of the larvae must achieve a normal 
pluteus stage.  Experiments in which contaminants are added to sediment may require control replicates 
to determine effects of solvent addition. 
 
 A positive (toxic) control is also required.  This involves determining 48 to 96 hour EC50 values for 
echinoderm larvae exposed to reference toxicants in clean, filtered or UV-treated seawater without 
sediment [following standard ASTM (1994) bioassay procedures and under the same general test 
conditions as the sediment bioassays].  Such data are necessary to determine the relative sensitivity of 
the larvae.  Two commonly used reference toxicants are reagent-grade cadmium chloride and sodium 
dodecyl sulfate.  Either of these reference toxicants may be used, but the results must be reported along 
with the sediment bioassay results.   Sodium dodecyl sulfate has a short shelf life, and should be made 
up fresh every several days.  Bioassays to establish an EC50 involve dilution series and a control.  At 
least one treatment should give a partial response below the EC50 and one above the EC50.  Statistical 
procedures for EC50 estimates are given in APHA (1985) and ASTM (1994).  The EC50 for the D. 
excentricus combined endpoint, using data in the Army Corps of Engineers' DAIS database, is 10.1 ± 
6.5 mg/L cadmium (n=32) (Army Corps of Engineers personnel communication, 1994).  
 
 
Reference Area Sediment 
 
 The design of field surveys may include a reference sediment from an area known to be free from 
chemical contamination.  This provides a basis for comparison of potentially toxic and nontoxic 
conditions.  Additionally, to further ensure the integrity of reference test samples, investigators should use 
experienced sampling personnel and sample from the biologically active zone, avoiding anoxic 
sediments.  The wet-sieving method (PTI, 1991; PSDDA, 1990) should be used to match reference 
sediments with test sediments. 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this assay: 
 
 n Source, qualitative condition, and holding time of brood stock 
 
 n Stocking density (number/ml), stocking aliquot size (ml), and initial count data for 


seawater control 
 
 n All water quality measurements [e.g., dissolved oxygen, temperature, salinity, pH, 


sulfides (optional), and ammonia (optional)] 
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 n Individual replicate and mean and standard deviation data for combined larval  
mortality/abnormality at termination of bioassay (should also report separate data for 
mortality and abnormality for comparison to previous data endpoints) 


 
 n Individual replicate and mean and standard deviation data for larval percent combined 


mortality plus abnormalities at termination of bioassay 
 
 n EC50 values for reference toxicants (with results for metallic compounds reported in 


terms of the metal ion, not as weight of the whole salt) 
 
 n Any problems that may have influenced data quality. 
 
Mortality  = 100 x (1 - (no. of surviving test larvae / no. of control larvae)) 
 
Abnormality = 100 x (1 - (no. of abnormal larvae / no. of normal and abnormal survivors)) 
 
Combined larval mortality/abnormality = 100 x (1 - (no. of surviving normal larvae / no. of embryos 
inoculated)) 
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 GENOTOXICITY: ANAPHASE ABERRATION SEDIMENT BIOASSAY  
 
 
USE AND LIMITATIONS 
 
 This sediment bioassay is used to characterize the genotoxicity of marine sediments.  It may be 
used alone as a screening tool in broad-scale sediment surveys, in combination with sediment chemistry 
and in situ biological indices, and in laboratory experiments addressing a variety of sediment and water 
quality manipulations. 
 
 This bioassay can be used with any type of sediment, regardless of the interstitial salinity or grain 
size characteristics.  However, the following caveats apply: 
 
 n The bioassay depends on a chemical extraction procedure that is specific for neutral, 


nonionic organic compounds.  Other classes of contaminants such as metals and highly 
acidic and basic organic compounds are not efficiently extracted.  Thus, characterization 
of sediment toxicity is directed towards neutral compounds such as aromatic and 
chlorinated hydrocarbons. 


 
 n "Natural" genotoxicity may occur in marine sediments due to the decomposition of plant 


species containing genotoxic substances that evolved as a means of protecting plants 
from parasites and predators.  Thus, positive genotoxic responses may be noted in areas 
generally regarded as pristine. 


 
 
FIELD PROCEDURES 
 
 
Collection 
 
 Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been 
cleaned according to the procedures described in the section entitled General QA/QC Guidelines.  
Each jar should be filled completely to exclude air.  A minimum sediment sample size of 200 grams is 
recommended for each test. 
 
 
Processing 
 
 Sediment samples should be stored frozen at -20°C within 8 hours of collection.  Holding time 
should not exceed 6 months. 
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LABORATORY PROCEDURES 
 
 As previously mentioned, this technique depends on a chemical extraction procedure.  Extraction 
procedures recommended are those presently used by the National Marine Fisheries Service, National 
Oceanic and Atmospheric Administration in Puget Sound (MacLeod et al. 1984). 
 
 The following procedure is adapted from Kocan et al. (1982), Chapman et al. (1982a,b), Kocan 
and Powell (1985), and Kocan et al. (1985).  Accordingly, this procedure supersedes previous 
published methods. 
 
 
Cell Cultures 
 
 Although any cell type can be used in this test, the rainbow trout gonad cell (RTG-2) is 
recommended because it has been used extensively for this purpose, is readily obtainable, and is easy to 
cultivate.  It has numerous mitotic figures when growing exponentially and the mitotic cells are large in 
comparison to those of other species, thereby making it easy to count the damaged anaphase cells.  This 
cell type is sensitive to a wide range of organic chemical compounds (Kocan et al. 1982) as well as 
complex mixtures of chemicals that may occur in marine sediments (Kocan and Powell 1985; Kocan et 
al. 1985).  Other cells used for this purpose are the bluegill-sunfish line, human foreskin fibroblasts, newt 
cells, and several plant cells (in vivo).  Generally these cells can be obtained from any state or federal 
fish disease diagnostic laboratory, from investigators at both university and federal laboratories, or from 
the American Type Culture Collection (Rockville, Maryland). 
 
Sediment Extraction 
 Test materials must consist of substances that are compatible with the growth of cells in culture.  
Generally this can be accomplished using organic extracts of environmental material such as marine 
sediments. 
 
 Extractions should be made using pesticide-grade reagents that have been tested for toxicity to the 
cells prior to their use for extraction.  This initial toxicity testing can be done by evaporating a volume of 
the reagent equivalent to that which would be used for the actual extraction, and adding this to the 
cultures in varying amounts dissolved in the solvent [e.g., dimethyl sulfoxide (DMSO)] to be used for 
cell exposure.  If the maximum anticipated amount of the solvent blank to be used in the final test does 
not significantly affect the cell cultures, the extraction can proceed without concern about the possible 
toxic effect of the solvents.  Once the extracts have been made, gravimetric determinations of their 
absolute organic content must be made so that comparable organic concentrations from each site can be 
used in cell cultures exposed to extracts from different locations.  This is accomplished by first weighing 
the tube to be used for extract storage to the nearest 0.001 gram, adding the extract in the solvent, 
evaporating the solvent with nitrogen, and reweighing the tubes.  The difference between the original 
tube weight and the final tube weight is the weight of the sample extract.  The sample extract is then 
redissolved in spectral-grade DMSO so that each sample contains the same weight/volume ratio of 
extract (e.g., mg/mL).  In this way it is possible to expose each set of cultures to exactly the same 
amount of organic extract, thereby  
 
making comparisons possible on an organic content basis.  If relative toxicities from site to site are 
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needed, one can extrapolate back to the original organic content of each sample and compare sites 
based on total amounts of organic compounds present.  The following detailed procedures for the 
preparation of sediment extracts follow those of Chapman et al. (1982a,b) and MacLeod et al. (1984). 
 
 Sediment samples are frozen and stored until just prior to extraction.  Each sample is then thawed 
and rehomogenized by thorough stirring.  An aliquot of approximately 20 grams wet weight is 
transferred to a clean, tared beaker, dried to constant weight (80°C), desiccated, and reweighed to 
determine the percent water.  A second aliquot (approximately 150 grams wet weight) is transferred to a 
tared, 315-mL stainless steel centrifuge bottle with a PTFE-lined screw-cap, and weighed.  The sample 
is then serially extracted with pesticide-grade solvents. 
 
 Methanol (50 mL) is added to each centrifuge bottle.  The bottle is tightly capped, shaken 
vigorously for 2 minutes, and centrifuged at 2,000 rpm for 5 minutes.  The clean solvent is decanted into 
a 1-liter separatory funnel.  The procedure is performed twice more and the methanol extracts are 
combined in the separatory funnel, which is then closed and covered with aluminum foil. 
 
 Next, 100 mL of a dichloromethane/methanol (2:1 v/v) solution is added to the centrifuge bottle, 
the cap is closed tightly, and the bottle is shaken vigorously for 2 minutes to ensure complete mixing.  
The bottle is then placed in a shaker table overnight (approximately 18 hours), following which the 
sediment is settled by centrifuging at 2,000 rpm for 5 minutes and the solvent decanted into the 
separatory funnel with the methanol.  A second 100-mL aliquot of the dichloromethane/methanol (2:1) 
solution is added, the bottle is shaken vigorously, and the bottle is then placed on the shaker table for 
6 hours.  The sediments are again settled by centrifuging and the solvents are decanted. 
 
 The remaining sample is shaken vigorously for 2 minutes with approximately 30 mL of 
dichloromethane.  It is then centrifuged and the solvent is decanted into the separatory funnel.  Another 
100 mL of dichloromethane is added to the bottle, the cap is secured, the bottle is shaken vigorously, 
and the bottle is placed on the shaker table overnight.  The sediments are again settled by centrifuging 
and the solvent is decanted into the separatory funnel.  A final 30-mL rinse of dichloromethane is added, 
the bottle is shaken vigorously, centrifuged, and decanted.  The sediment is then discarded. 
 
 Approximately 500 mL of clean, distilled water is added to the combined solvents in the 
separatory funnel.  The funnel is carefully swirled and inverted (with frequent venting) for 2 minutes.  The 
liquid phases are allowed to separate and the dichloromethane (lower) layer is drained into a 500-mL 
separatory funnel.  The aqueous layer is re-extracted twice with 20 mL of dichloromethane and the 
remainder is discarded.  The dichloromethane fractions are combined in the 500-mL funnel, transferred 
with rinsing, back to the 1-liter funnel, and re-extracted with another 500 mL of distilled water.  The 
dichloromethane is drained into the 500-mL funnel and the aqueous layer is extracted once more with 
20 mL of dichloromethane.  The latter solvent is added to the 500-mL funnel and the aqueous layer is 
discarded. 
 
 The dichloromethane is drained from the 500-mL separatory funnel through approximately 
20 grams of combusted and washed anhydrous sodium sulfate that is held in a 30-mL glass conical 
centrifuge tube with the tip cut off.  The effluent from this mini-column is discharged into a 500-mL 
Kuderna-Danish flask with a 15-mL receiver.  When empty, the 500-mL separatory funnel is rinsed with 
20 mL of dichloromethane, which is drained through the sodium sulfate column into the flask.  The 
column is washed a final time with 10 mL of dichloromethane and drained into the flask. 
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 Boiling chips are added to the Kuderna-Danish flask and a three-ball Snyder column is placed on 
top.  The solvent volume is reduced to about 5 mL using a hot water bath.  When cooled, the sides of 
the flask are rinsed into the receiver with dichloromethane.  The receiver is removed and the contents 
are quantitatively transferred to a tared conical centrifuge tube with a ground glass stopper.  The sample 
is taken almost to dryness using the hot water bath, and stored wrapped in aluminum foil in a desiccator 
with the stopper open slightly until a constant weight is achieved upon reweighing the tube.  This weight 
is the amount of extractable organic material.  Samples should never be taken completely to dryness, 
because low molecular weight volatile compounds could be lost in the process. 
 
 After weighing, the tube is closed and wrapped fully in aluminum foil, ready for anaphase 
aberration testing.  Extracts are treated with 1 mL of spectrophotometric-grade DMSO for 24 hours 
with frequent stirring on a vortex mixer.  The DMSO is then removed to a glass vial and used as "stock" 
solution.  Because all extracted material is not dissolved in the DMSO during testing, the centrifuge 
tubes are dried and reweighed to determine the exact amount used in testing (fraction soluble).  Both 
stock and extract solutions are stored in the dark under nitrogen until applied to the cell cultures. 
 
 
Culture Conditions  
 
 RTG-2 cells as well as most fish cell lines grow in a variety of commercially available culture media. 
 The Leibovitz L-15 medium was found to be most consistent in terms of ease of preparation, use 
without special buffers or carbon dioxide incubators, and long-term storage capability.  This medium can 
be obtained from any scientific supply house that carried cell/tissue culture materials.  The medium 
comes as a dry powder that is added to distilled water, autoclaved or filter-sterilized, and stored in a 
refrigerator at 4°C until it is used.  Full instructions are available with the medium when it is purchased.  
Generally, heat-deactivated fetal calf serum is added to any culture medium at 10-percent concentration 
to ensure that the proper growth factors are present.  This serum can also be purchased in 100-mL to 
1-liter lots already sterilized from the scientific suppliers.  Before the cells are placed in the medium, pH 
should be adjusted to 7.1–7.3 using either sodium bicarbonate or HCl.  Some laboratories use HEPES 
buffer (either acid or base in a commercially available product) in place of the bicarbonate or HCl.  This 
culture system differs from that originally described by Kocan et al. (1982) only because it has been 
modified to simplify the laboratory procedures. 
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Bioassay Procedure  
 
 Cells are grown and tested at 18°C on standard, clean microscope slides or on 1×5-cm coverslips 
in Leighton tubes, depending on the amount of test material available.  The cells are placed into the 
culture system 1 day prior to the actual exposure to ensure that they have had a chance to attach to the 
glass substrate and begin growing.  On the following day (18-24 hours later), the culture medium is 
removed and the test material is added.  This should consist of normal L-15 medium dissolved in 
DMSO, to which the organic extract has been added.  The DMSO should be from a pretested lot to 
ensure that it is nontoxic to the system and should not exceed 0.5 percent (v/v) of the culture medium 
(e.g., 5 µL/mL).  This can be reduced to 0.1-percent DMSO if toxicity is a problem or if minimal 
DMSO is required for conservation of extract.  Exposure time should be 48 hours from the time of 
addition of the treated medium until fixation.  Damaged cells can be observed for longer periods even 
after the toxic substance has been removed, but the maximum response does not increase beyond 
48 hours. 
 
 An initial screening test must be conducted to determine the actual extract dilutions to be used for 
this bioassay.  Ideally, dilutions tested for anaphase aberrations comprise both the highest concentration 
of extract (mg/L) that permits continued cell proliferation (i.e., is nontoxic) and a second concentration 
one dilution lower.  This method ensures that a sufficient number of mitotic figures are present to score 
for chromosome damage.  Based on previous experience in Puget Sound, the following six extract 
dilutions should be prepared:  50, 25, 15, 5, 2, and 1 µg/mL.  Cells are first exposed to these 
concentrations for each sediment extract tested, and then the concentrations that inhibit mitosis are 
determined.  Although identical extract dilutions may not be used to test each sediment sample, all 
results are normalized to organic content which has been previously determined. 
 
 To determine mitotic effects and anaphase aberrations, the slides or coverslips containing the cells 
are removed from the culture medium and fixed in methanol:acetic acid (3:1).  The methanol is absolute 
and the acetic acid is glacial (undiluted).  Following 15-60 minutes in the fixative (no adverse effects 
occur if they are left longer), the slides are air dried, then placed into 3-percent Gurr's R66 Geimsa stain 
for 15-30 minutes. This stain is made up in Sorensen's buffer (pH 6.8).  Optimum staining is determined 
empirically by examining the slides with a microscope at various intervals after placing them in the stain.  
Problems usually occur because of too little staining time rather than excessive staining.  If excessive 
staining does occur, the cells can be destained in Sorensen's buffer.  The staining system selectively 
stains the condensed chromosomes undergoing mitosis and has very little effect on the cytoplasm of the 
cell, which allows good resolution of the small fragments of chromosome that are not associated with the 
main chromosome bundles. 
 
 Once the cells have been stained, they are mounted on microscope slides (if on coverslips) or are 
covered with coverslips (if grown on slides) to facilitate microscopic examination and scoring.  Slide 
identification labels are covered with a piece of tape to prevent observer bias while scoring.  Three 
replicate slides are made of each exposure concentration with two concentrations for each sediment 
extract.  Each slide is then examined at 500X to 1,000X until a minimum of 100 anaphase cells is 
observed and scored.  In this way, there will be three replicates per dose with 100 anaphase cells per 
replicate. 
 
 The numbers and percents of normal and abnormal anaphases are recorded.  Cells are scored as 
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abnormal if they contain any of the previously described chromosomal lesions reported for this test 
(Nichols et al. 1977; Kocan et al. 1982; Chapman et al. 1982a; Kocan and Powell 1985; Kocan et al. 
1985). 
 
 
Controls 
 
 Controls consist of 1) untreated cultures used as negative controls to ensure that the culture 
conditions (e.g., medium, serum) are not toxic to the cells, 2) a solvent blank to ensure that the residue 
from the solvents used during the extraction procedure is not cytotoxic or genotoxic (generally done 
prior to actual testing and includes the DMSO that will be used in the final solution), and 3) a positive 
control consisting of cultures exposed to several concentrations of a known genotoxic agent to indicate 
that the test system is functioning properly and does indeed respond to genotoxic substances.  One 
possible positive control is a 0.25-µg/mL concentration of benzo(a)pyrene.  This level of exposure 
should result in an anaphase aberration frequency of 50-65 percent (Chapman et al. 1982a). 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Initial screening data for the determination of extract concentrations 
 
 n Individual replicate and mean and standard deviation data for numbers (and 


percentages) of normal and abnormal anaphases observed 
 
 n Types of anaphase aberrations observed 
 
 n Frequency of anaphase aberrations observed with the positive control 
 
 n Any problems that may have influenced data quality. 
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 MICROTOX SEDIMENT BIOASSAY - ORGANIC EXTRACT 
 
 
USE AND LIMITATIONS 
 
 The Microtox bioassay is a rapid, sensitive method of toxicity testing based on light emission by the 
luminescent bacterium Photobacterium phosphoreum in the presence and absence of aqueous 
toxicants.  The emitted light is a product of the bacterial electron transport system and thus directly 
reflects the metabolic state of the cells.  Accordingly, decreased luminescence following exposure to 
chemical contaminants provides a quantitative measure of toxicity.  The assay was developed for use in 
freshwater habitats to assess the toxicity of waterborne pollutants (Bulich et al. 1981) and has been 
adapted for use in the marine environment to assess toxicity of organic sediment extracts (Schiewe et al. 
1985). 
 
 This sediment bioassay is used to characterize the toxicity of marine sediments.  It may be used 
alone as a screening tool in broad-scale sediment surveys, in combination with sediment chemistry and 
in situ biological indices, and in laboratory experiments addressing a variety of sediment and water 
quality manipulations. 
 
 The Microtox bioassay can be used with any type of sediment, regardless of interstitial salinity or 
grain size characteristics.  However, the following caveats apply: 
 
 n The bioassay depends on a chemical extraction procedure that is specific for neutral, 


nonionic organic compounds.  Other classes of contaminants such as metals and highly 
acidic and basic organic compounds are not efficiently extracted.  Thus, characterization 
of sediment toxicity is directed towards neutral compounds such as aromatic and 
chlorinated hydrocarbons. 


 
 n Extraction by an organic solvent results in exposure of test organisms to concentrations 


of contaminants much higher than those expected to occur in sediment interstitial water.  
The use of an organic extract may not mimic pore-water composition and natural 
exposure routes. 


 
 n Naturally occurring toxic substances may be present in and extracted from marine 


sediments.  Hence, relatively high toxicity occasionally may be noted in areas generally 
regarded as free from chemical contamination. 


 
 n Luminescence can increase, rather than decrease, in some samples.  At present, these 


samples are considered nontoxic.  However, additional research is needed to determine 
the meaning of an increase in luminescence. 
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FIELD PROCEDURES 
 
 
Collection 
 
 Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been 
cleaned according to the procedures described in the section entitled General QA/QC Guidelines.  
Each jar should be filled completely to exclude air.  A minimum sediment sample size of 500 grams is 
recommended for each station. 
 
Processing 
 
 Sediment samples should be stored frozen at -20°C within 8 hours of collection.  Holding time 
should not exceed 6 months. 
 
 
LABORATORY PROCEDURES 
 
 
Facilities and Equipment 
 
 The bioassay is performed using a Microtox toxicity analyzer system, a temperature-regulated 
photometer equipped with a photomultiplier.  Freeze-dried bacteria, reconstitution solution (i.e., 
organic-free distilled water), diluent, and other necessary materials can be purchased from commercial 
suppliers.  The test procedure is conceptually quite straightforward.  However, the methodology 
requires careful attention to detail and requires 1-2 weeks to become technically proficient. 
 
Sediment Extraction 
 
 As previously mentioned, this technique depends on a chemical extraction procedure.  Extraction 
procedures recommended are those presently used by the National Marine Fisheries Service, National 
Oceanic and Atmospheric Administration in Puget Sound (MacLeod et al. 1984). 
 
 n Thaw sediment, decant and discard excess water.  Homogenize sediment with stainless steel 


spoon.  Discard large pebbles, shells, seaweed, wood, crabs, etc. 


 n Weigh out 10 ± 0.5 grams sediment to the nearest 0.01 gram and place in a dichloromethane-
rinsed centrifuge bottle. 


 n Set aside approximately 10 grams of the homogenized sediment for the determination of dry 
weight. 


 n Centrifuge sediment sample for 5 minutes at 1,000 × G and discard water.  Centrifuge bottles 
should be made of glass or stainless steel. 


 
 n Add 100 mL spectral-grade dichloromethane and 50 grams sodium sulfate to sediment 


sample.  Note that spectral-grade solvents may contain some trace contaminants that 
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may be toxic to the test organism.  Pesticide-grade solvents are preferred. 


 n Manually shake bottle until contents are loose and free-flowing and then roll 16 hours 
(overnight) on a tumbler. 


 n Centrifuge sediment 5 minutes at 1,000 × G and save the dichloromethane extract. 


 n Add another 100 mL dichloromethane to sediment and tumble for 6 hours (during day). 


 n Centrifuge for 5 minutes at 1,000 × G and save the dichloromethane extract. 


 n Repeat extraction a third time with 100 mL dichloromethane for 16 hours (overnight) and 
collect extract by centrifugation. 


 n Combine the three 100-mL portions of the dichloromethane extract. 


 n Add three or four boiling chips to flask containing the dichloromethane extract and attach to 
Snyder column. 


 n Concentrate extract to 10-15 mL in a 60°C water bath and then transfer it to a 
concentrator tube. 


 n Wash down the flask 2 times with 3-4 mL dichloromethane and add washings to the tube. 


 n Add a boiling chip to the tube and, using a tube heater, concentrate the extract to greater than 
0.9 but less than 1.0 mL. 


 n Adjust volume to 1.0 mL with dichloromethane (at this point 0.1 mL may be removed 
for gas chromatography/mass spectrometry analyses). 


 n Add 3 mL of hexane to the remaining 0.9 mL of extract and concentrate to 2 mL. 


 n Remove 100 µL of extract and add to a concentrator tube containing 3 mL nondenatured 
ethanol. 


 n Place tube in heater block and concentrate to 2 mL. 


 n Adjust volume to 3.0 mL with nondenatured ethanol (the standard sediment extract used in 
Microtox testing). 


 n Extraction blanks are prepared using an identical procedure but without the sediment. 


 
 
Bioassay Procedure  
 
 The approach to testing organic extracts uses the basic Microtox method described in the 
Microtox Operating Manual (Beckman Instruments 1982) and by Bulich et al. (1981). 
 
 n Reconstitute lyophilized bacteria with 1-mL double-distilled, charcoal-filtered water in a 
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Microtox cuvette and place in 4°C holding well.  Bacterial suspensions should be used 
within 2 hours of reconstitution. 


 
 n Prepare three or more widely spaced primary dilutions [e.g., 5.0-, 0.5-, and 0.05-per-


cent extract (v/v)] in double-distilled, charcoal-filtered water. 
 
 n Adjust concentration of each primary dilution to 2-percent NaCl by adding 0.1 mL of 


22-percent NaCl per mL of diluted extract. 
 
 n Use these diluted extracts in a range-finding assay to determine an appropriate primary 


dilution for the definitive assay described below.  The primary dilution should cause a 
65-90 percent decrease in bioluminescence in 15 minutes.  Methods for the range-
finding assay are the same as those for the definitive assay except usually only three 
concentrations are tested without replication. 


 
 n For the definitive assay, two-fold serial dilutions (i.e., 6.0, 2.5, 1.25, and 0.625 percent) 


of extract are prepared in 2-percent NaCl.  A 2-percent NaCl blank is also prepared 
for testing to measure spontaneous decay of light production which occurs naturally 
independent of treatment. 


 
 n In each of 10 test cuvettes, a 10-µL aliquot of bacterial suspension is added to 500 µL 


of diluent and incubated for 15 minutes in the incubation wells.  This assures temperature 
equilibration and stability of bioluminescence. 


 
 n After 15 minutes, initial levels of light emission are measured in each of the 10 test 


cuvettes. 
 
 n At 30-second intervals, 500-µL aliquots of each concentration of extract are added to 


two of the cuvettes (i.e., two replicates each of the four extract dilutions and the saline 
blank).  Timing is critical because bioluminescence gradually decreases over time. 


 
 n Exactly 5 minutes after addition of the sediment extract, light emission is measured at 


30-second intervals and in the same sequence used for extract additions in the preceding 
step.  Light emission is measured again at 15 minutes; additional measurements are 
sometimes made at 30 minutes. 


 
 n Immediately after testing each sediment extract, an ethanol-only control is assayed using 


the same primary dilution sequence used in the sediment extract test.  The ethanol-only 
data are used to adjust the sediment extract data for the contribution of the solvent 
vehicle. 


 
 
Controls 
 
 n Ethanol, sodium lauryl sulfate, or other suitable reference toxicants should be used as 







Laboratory Sediment Bioassays 
Microtox Bioassay - Organic Extract 


Revised July 1995 
 


 


 
 
 58 


positive controls to assess daily bioassay performance and to determine differences in 
response among lots of bacteria 


 
 n Clean sediment can be evaluated as a negative control 
 
 n Bioassay repeatability is evaluated by duplicate testing (i.e., extraction and analysis) of 


10 percent of the sediment extracts. 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Range-finding assay results. 
 
 n Raw light emission data for each test series. 
 
 n Determination of a significant dose-response relationship by least-squares regression of 


the natural log of gamma values for percent decrease in luminescence on the natural log 
of extract concentration based on the 15-minute data. 


 
 n 15-minute EC50 values and 95-percent confidence intervals for each test series and for 


controls.  Estimates of the 15-minute EC50s (i.e., the concentration of extract causing a 
50-percent reduction in bioluminescence) are obtained using linear regression analyses 
[see Microtox Operating Manual (Beckman Instruments 1982)].  Briefly, the percent 
inhibition of light emitted at each test concentration and time point is converted to a 
gamma value which is defined as the ratio of light lost to light remaining.  Gamma values 
are normalized for natural decline in light production measured over time as described by 
Bulich et al. (1981) and further adjusted for the contribution of the ethanol vehicle.  The 
natural log of gamma is regressed on the natural log of extract concentration and the 
EC50 is calculated from the regression equation.  A statistical procedure based on 
Fieller's theorem (Finney 1984) is used to calculated a 95-percent confidence interval. 


 
 n Any problems that may have influenced data quality. 
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MICROTOX BIOASSAY - SALINE EXTRACT 


 
USE AND LIMITATIONS 
 
 The use of saline extracts of sediment for the Microtox bioassay has been described by Williams et 
al. (1986).  The organic and saline extract approaches both use the basic Microtox method described in 
the Microtox Operating Manual (Beckman Instruments 1982) and by Bulich et al. (1981).  The major 
difference is in the preparation of test samples.  Each procedure is specific with regard to the classes of 
contaminants that are tested for toxicity and, in general, the results for each approach can be viewed as 
complementary.  Additional variations of the Microtox test are being developed that are based on the 
direct exposure of the test organisms to interstitial water or sediments (i.e., in Microtox diluent). 
 
 The saline extract Microtox bioassay procedure removes only the water-soluble fraction of 
sediment-adsorbed trace metals and organic pollutants from the sediments.  Thus, contaminants with 
extremely low water solubilities [polychlorinated biphenyls (PCBs)] will tend to be partitioned almost 
exclusively onto sediment particles and are unlikely to occur in high concentration in the saline extract 
used in toxicity testing.  This is a limitation of the test if exposure is primarily through ingestion of 
sediment, rather than contact with pore-water.  Limitations of the Microtox saline-extract bioassay 
include the following: 
 
 n A correction factor needs to be established for changes in bacterial luminescence caused 


by variation among samples in sediment pore-water salinity.  Although Williams et al. 
(1986) showed that salinity-induced changes in luminescence were negligible for 
sediments taken from Commencement Bay, other estuarine sediments may have a 
greater range of pore-water salinities and may require a salinity correction factor. 


 
 n The use of a standardized dilution series limits the calculation of EC50 in some cases.  


The 100-percent dilution presently specified in the protocol consists of approximately 
58-percent sediment extract and 42-percent Microtox diluent, thereby limiting the 
sensitivity of the test.  A range-finding test could be conducted to determine the 
appropriate dilution series to calculate an EC50. 


 
 n The use of a saline extract may not mimic the actual pore-water composition.  


Alternatively, True and Heyward (1989) conducted the Microtox test on undiluted 
interstitial water and demonstrated a greater sensitivity than that achieved with the saline 
extract protocol.  The assay requires further research to demonstrate the efficiency and 
precision of the extraction procedure and the stability of toxicity during the allowable 
sediment holding time (i.e., 2 weeks) and the allowable extract holding time (i.e., 2 
hours).  Further research into alternative techniques (i.e., analysis of full-strength saline 
extract or sediment pore water) is recommended. 


 
 n Luminescence can increase, rather than decrease, in some samples.  At present, these 


samples are considered nontoxic.  however, additional research is needed to determine 
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the meaning of an increase in luminescence. 
 
 
FIELD PROCEDURES 
 
Collection 
 
 Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been 
cleaned according to the procedures described in the section entitled General QA/QC Guidelines.  
Each jar should be filled completely to exclude air.  A minimum sediment sample size of 200 grams is 
recommended for each station. 
 
Processing 
 
 Sediment samples should be stored at 4°C in the dark.  Holding time should be set according to 
the procedures described in the section entitled General QA/QC Guidelines. 
 
 
LABORATORY PROCEDURES 
 
 
 With slight modification, sample processing follows procedures described by Williams et al. 
(1986).  Glass test tubes are filled with a minimum of 60 grams of sediment, sparged with high-purity 
nitrogen gas, tightly sealed with PTFE-lined caps, stored in the dark at 4°C, and assayed within 14 days 
following collection. 
 
 
Preparation of Sediment Extract 
 
 n Remove 30 grams of sediment from each test tube with a stainless-steel spatula, place in 


30-mL glass containers equipped with a fitted glass cap, and add 10 mL of Microtox 
diluent (2.0-percent NaCl w/v in double-distilled, organic-free water). 


 
 n Mix the sediment-diluent slurry for 24 hours in the dark at 4°C by gentle agitation (100 


rpm) on a rotary shaker table. 
 
 n Transfer the sediment slurry to 30-mL Corex tubes and centrifuge for 15 minutes at 


9,000 rpm (9,770 × G) in a refrigerated (4°C) centrifuge. 
 
 n Draw the supernatant off by pipette, place it in a clean test tube, cool on ice, and use 


immediately in preparation of serial dilutions for the Microtox bioassay.  Supernatant 
may be held at 4°C for no longer than 2 hours before use. 


 
 
 
Bioassay Procedure  
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 n Rehydrate a vial of freeze-dried bacteria with 1.0 mL of reconstitution solution, cover 
with parafilm, store in a 4°C well on the Microtox analyzer, and use within 2 hours of 
rehydration.   


 
 n Prepare 100-, 50-, 25-, 12.5-, and 0-percent serial dilutions of the sediment 


supernatant in Microtox diluent.  The 0-percent dilution is a reagent blank needed to 
measure spontaneous decay in bacterial luminescence independent of any treatment. 


 
 n In each of 10 test cuvettes, add 10 µL of the rehydrated bacterial suspension to 350 µL 


of diluent and incubate for 15 minutes in one of the 15°C wells on the analyzer.  This 
ensures temperature equilibration of the bacterial suspension and stability of lumines-
cence. 


 
 n After 15 minutes, measure initial luminescence in each of the 10 test cuvettes. 
 
 n At 30-second intervals, add 500-µL aliquots of each supernatant dilution to two of the 


cuvettes (e.g., two replicates each of the four test dilutions and the saline blank).  Timing 
is critical because toxicant-induced decrease in luminescence begins as soon as the 
sediment supernatant is added to the bacterial suspension. 


 
 n Exactly 15 minutes after addition of the sediment supernatants, measure luminescence at 


30-second intervals and in the same sequence used for supernatant additions in the 
preceding step. 


 
 n Calculate percent decrease in luminescence relative to the reagent blank using the 


formula:  
   Percent Decrease = [(Rio –It)/(RIo)] x 100  
 
 where: 
  Io = initial luminescence 
  It = luminescence at the end of 15 minutes 
  R = blank ratio. 
The blank ratio is calculated by: 
     R = Bt/Bo 
 where: 
  Bo = initial luminescence of the reagent blank 
 
  Bt = luminescence of the reagent blank after 15 minutes. 
 
 
Controls 
 
 n Clean reference sediments used as negative controls 
 
 n Construction of a calibration curve to determine salinity-induced changes in bacterial 


luminescence (Bechman Instruments 1982) 
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 n Use of a reference toxicant (i.e., phenol, sodium arsenate) to assess day-to-day 


performance of the bioassay and to determine differences in toxic response among lot 
number of bacteria.  The EC50 for phenol using data in the Army Corps of Engineers' 
DAIS database is 20.1 ± 4.7 mg/L (n=56) (Army Corps of Engineers personnel 
communication, 1994).  


 
 n Verification of a dose-response relationship between bacterial luminescence and 


sediment extract concentration. 
 
 
DATA REPORTING REQUIREMENTS 
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Initial and final luminescence and percent decrease in luminescence after 15-minute 


exposure for each concentration of supernatant (e.g., saline sediment extract) tested. 
 
 n Determination of a significant dose-response relationship by least-squares regression of 


the natural log of gamma values for percent decrease in luminescence on the natural log 
of extract concentration based on the 15-minute data. 


 
 n Fifteen-minute EC50 values and 95-percent confidence limits for each test series and the 


reference toxicant.  Estimates of the 15-minute EC50 values (i.e., the concentration of 
extract causing a 50-percent reduction in bioluminescence) are obtained using linear 
regression analyses [see Microtox Operating Manual (Beckman Instruments 1982)].  
Briefly, the percent inhibition of light emitted at each test concentration and time point is 
converted to a gamma value which is defined as the ratio of light lost to light remaining.  
Gamma values are normalized for natural decline in light production measured over time 
as described by Bulich et al. (1981).  The natural log of gamma is regressed on the 
natural log of extract concentration and the EC50 is calculated from the regression 
equation.  A statistical procedure based on Fieller's theorem (Finney 1984) is used to 
calculate a 95-percent confidence interval. 


 
 n Any problems that may have influenced data quality. 
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 JUVENILE POLYCHAETE SEDIMENT BIOASSAY  
 
 
OVERVIEW 
 
 This protocol is for conducting a bioassay in which the survival and change in biomass of juvenile 
polychaetes (Neanthes sp.) are determined following a 20-day exposure to test sediments.  Parameters 
measured to determine the effects of exposure include mortality, total biomass, and average individual 
biomass.  Sediments can be either naturally occurring, field-collected samples, or sediments that have 
been experimentally modified (e.g., sediment mixed with other sediment to form a gradient of sediment 
types or sediment to which chemicals have been added).  This bioassay is conducted as a static renewal 
exposure, and food (i.e., TetraMarin®) is provided to the test organisms during the exposure period to 
promote body tissue increases.  Following the 20-day exposure period, all surviving worms are 
collected, dried to a constant weight, and total and average individual biomass are determined.  
 
 
INTRODUCTION 
 
 Neanthes sp., a marine nereid polychaete, is widely distributed throughout the world, and has 
been collected in New England, Florida, California, Europe, and the central Pacific Ocean (Reish 
1980).  Laboratory cultures of Neanthes have been successfully maintained since 1964.  Pesch et al. 
(1988) reported a difference in chromosome numbers from two populations (collected in Connecticut 
and California, respectively) of Neanthes.  In addition to the differences observed in chromosome 
numbers, differences were also noted in the morphology indicating that these populations represent 
different species.  Although specimens from both populations have been used in testing, almost all the 
testing data are associated with experiments conducted with specimens from the California population.  
The procedures discussed in this protocol are for Neanthes originating from the California population. 
 
 Since 1966, various life stages of Neanthes have been used as bioassay organisms for a wide 
variety of investigations including evaluating the effects of dissolved oxygen concentrations, nutrients, 
salinity, temperature, metals, pesticides, hydrocarbons, and contaminated sediments on survival, growth, 
and reproduction.  In addition, Neanthes has also been used to investigate the effects of mutagens 
(Pesch et al. 1981; Pesch and Pesch 1980) and irradiation (Jones et al. 1983) on marine organisms; an 
interlaboratory comparison has been conducted with a Neanthes 28-day flow-through seawater toxicity 
test (Pesch and Hoffman 1983); and a 96-hour acute sediment bioassay using Neanthes is currently 
being used for dredged material testing by the U.S. Army Corps of Engineers, Los Angeles District 
(Reish and Lemay 1988). 
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Species Sensitivity 
 
 Neanthes has been used to evaluate the toxicity of a wide variety of contaminants including metals, 
hydrocarbons, and multicontaminated media (i.e., sediments).  Examples of the types of toxicity tests 
conducted with Neanthes and species sensitivity are presented in Table 4. 
 
 Reish (1984) summarized data on the sensitivity of Neanthes to metals.  In comparison to other 
polychaetes, Neanthes appears to be moderately sensitive to most metals tested.  Studies indicate that 
mercury and copper are the most toxic to Neanthes, followed by aluminum, cadmium, chromium, zinc, 
lead, and nickel. 
 
 
Ecological Importance 
 
 Neanthes is distributed on the west coast from Mexico to southern California (Reish 1980).  
Neanthes has not been collected from Puget Sound.  The family Nereidae is widely distributed and is a 
dominant taxa in intertidal and subtidal habitats.  In Puget Sound, the nereid Platynereis bicanaliculata 
is a dominant member of the polychaete fauna at many sites (Lie 1968; PTI and Tetra Tech 1988a,b).  
P. bicanaliculata is morphologically similar to Neanthes in jaw structure and is also recorded to be an 
omnivore, feeding on algae and other detritus (Fauchald and Jumars 1979).  Both species also build 
similar tubes of organic material and display similar aggressive behavior patterns (Gray 1974). 
 
 
USE AND LIMITATIONS 
 
 The Neanthes sublethal bioassay is used to characterize the toxicity of marine sediments primarily 
based on worm growth.  Data reported by Johns and Ginn (1990b) indicate that the level of 
contamination affecting juvenile growth in Neanthes is similar to the level of contamination that affects 
reproductive success.  The bioassay may be used alone (e.g., as a screening tool in broad-scale 
sediment surveys), in combination with sediment chemistry and in situ biological indices, and in 
laboratory experiments to address various sediment and water quality manipulations.  The following 
constraints apply: 
 
 n The bioassay should be conducted with laboratory-cultured juvenile Neanthes 
 
 n Modification of the protocol may be required for tests conducted at salinities (both 


interstitial and overlying water) less than 20 ppt. 
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 TABLE 4.  SENSITIVITY OF NEANTHES TO VARIOUS CONTAMINANTS 
  
 
 
  Lowest 
  Concentration for 
  Observed Effect  Test 
 Contaminant (mg/L) Endpoint Duration Reference 
 
 
Aluminum >2.0 Mortality 4 days Petrich and Reish (1979) 
 
Cadmium (as CdCl2) 3 Mortality 28 days Reish (1980) 
 1 Reproduction Life cycle Reish and Gerlinger (1984) 
 
Chromium (as CrO3) 0.6 Mortality 28 days Reish (1980) 
 
Hexavalent chromium  0.0125 Reproduction Life cycle Oshida (1976) 
(as K2Cr2O7) 
 
Copper 0.1 Mortality 29 days Pesch and Morgan (1978) 
 
Lead [as Pb(CH3CO)2] 3.2 Mortality 28 days Reish (1980) 
 0.97 Reproduction Life cycle Reish and Gerlinger (1984) 
 
Mercury (as HgCl2) 0.17 Mortality 28 days Reish (1980) 
 
Nickel 49.0 Mortality 4 days Petrich and Reish (1979) 
 
Silver (as AgNO3) 0.165 Mortality 28 days Pesch and Hoffman (1983) 
 
Zinc (as ZnSO4) 1.4 Mortality 28 days Reish (1980) 
 0.32 Reproduction Life cycle Reish and Gerlinger (1984) 
 
DDT 0.1 Mortality 28 days Reish (1985) 
 
No. 2 fuel oil 2.7 Mortality 4 days Rossi and Anderson (1976) 
 
South Louisiana crude oil 12.5 Mortality 4 days Rossi and Anderson (1976) 
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FIELD PROCEDURES 
 
 
Collection 
 
 
 Test Animals—Neanthes are not indigenous to Puget Sound and test organisms must be 
obtained from laboratory cultures.  (See Laboratory Procedures section for a discussion on culturing 
and obtaining test organisms.) 
 
 
 Sediment—Control, reference and test sediments should be collected in solvent-cleaned glass 
containers that have PTFE-lined lids and have been cleaned according to the procedures described in 
the section entitled General QA/QC Guidelines.  Each jar should be filled completely to exclude air.  A 
minimum sediment sample collection size of 0.25 liters for each bioassay chamber is recommended for 
all sediment types.  Because five replicate tests are conducted for each field sample, a minimum sample 
size of 1.25 liters is recommended for each station. 
 
 
Processing 
 
 
 Test Animals—Not applicable. 
 
 
 Sediment—All sediments should be stored at 4°C in the dark.  Holding time should be set 
according to the procedures described in the section entitled General QA/QC Guidelines. 
 
 
LABORATORY PROCEDURES 
 
 
Test Animals 
 
 
 Culturing—Almost all Neanthes used for laboratory tests come from laboratory cultures.  
Culturing techniques have been described by Reish (1980) and Pesch and Schauer (1988).  Under 
laboratory conditions, the Neanthes life cycle is completed in 3–4 months at 20–22°C. 
 
 Cultures of adult Neanthes are maintained in glass aquaria under static (with monthly renewal) or 
flow-through water conditions.  After sexually mature males and females pair, the pairs can be isolated in 
jars and maintained until juveniles are ready to be removed and used for testing.  Eggs are laid within the 
worm tube, and the female dies within 2–3 days.  The zygotes are cared for by the surviving male.  
Larvae emerge from the worm tube in approximately 3 weeks (at 20–22°C) following fertilization.  
Hatched larvae feed on yolk reserves until emergence from the adult worm tube.  Following emergence, 
the juvenile worms are capable of feeding and building independent tubes.  Until testing, the juvenile 
worms are maintained without sediment and are provided TetraMarin® (a food source) and powdered 
alga (either Enteromorpha or Ulva sp.).  Enough powdered alga (sieved to less than 0.3 mm) should 
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be provided to cover the bottom of the aquarium.  The powdered alga provides material for tube 
construction and increases survival (Pesch and Schauer 1988). 
 
 
 Shipping and Holding—Juvenile Neanthes are obtained from laboratory cultures.  If test 
organisms are obtained from an outside source, enough time should be allotted to allow the worms to 
acclimate prior to starting a test.  Neanthes can be shipped by overnight courier without significant 
mortality.  Worms are typically packed in plastic bags containing seawater with 50 organisms per bag.  
Each bag should contain several fronds of dried Enteromorpha.  This alga can be collected, dried, and 
stored for extended periods.  Prior to use, the alga should be soaked in seawater.  The bags are 
shipped in a hard-sided container (e.g., cardboard box).  When the shipment arrives at the laboratory, 
the worms, still in the plastic bags, are placed in a holding aquarium containing seawater at the proper 
test temperature.  The worms are released from the bags after temperature equilibration.  The worms 
are maintained in the holding aquarium for 1-2 days prior to initiation of the bioassays.  The holding time 
will provide for acclimation between the culture temperature and the anticipated testing temperature and 
for observation of the condition of the test organisms to ensure that the bioassay is conducted with 
healthy individuals. 
 
 Neanthes juveniles should be held in all-glass aquaria containing clean seawater and provided with 
gentle aeration [see Pesch and Schauer (1988) if flowing seawater is available].  Water temperature is 
maintained at 20 ± 1°C, and salinity is maintained at the salinity at which the bioassay will be conducted. 
 Enough powdered green alga (Enteromorpha or Ulva sp.) should be provided to cover the bottom of 
the holding tank. 
 
 During the holding period, organisms are provided with TetraMarin® on an every-other-day basis. 
 The amount of food provided should be calculated at approximately 8 mg (dry weight) per juvenile, but 
the tank should be observed following feeding to determine if the food is being consumed.  If it is not 
being consumed, then the amount of food provided should be reduced in order to avoid potential water 
fouling problems.  If the entire amount of food provided is being eaten, then an increase in the food 
ration might be appropriate. 
 
 No water changes in the holding tank are required if the worms are being maintained in the aquaria 
for less than 1 week.  If the worms are to be maintained for a longer period, then the water should be 
replaced with fresh seawater once every 2 weeks.  Rising salinity, due to evaporative losses during the 
holding period, can be compensated for by adding sufficient distilled water to lower the salinity to the 
desired level. 
 
 
 Test Animal Size—The size of juvenile worms used in the bioassays is potentially a critical factor 
to the eventual success of the bioassay.  Worms should be 0.5–1.0 mg (dry weight) (i.e., 2-3 weeks 
post-emergence) to ensure that they are in a rapid growth phase during the exposure period.  Under 
PSDDA testing, a minimum initial size of 0.5 mg is considered a warning flag if not achieved.  Worms of 
the appropriate size are large enough to be easily handled to avoid errors in placing the correct number 
of worms in each exposure chamber.  For consistency in aging test organisms, initiation of emergence 
should be considered as the point when feeding juveniles emerge from the egg case.  Commencement of 
feeding can be identified by the presence of food particles in the digestive tract. 
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 Feeding Requirements—Several different types of food have been used in culturing Neanthes, 
including alfalfa flour, powdered alga (Enteromorpha or Ulva sp.), TetraMarin®, and prawn flakes.  
Of these foods, prawn flakes and TetraMarin® appear to provide the best and most consistent growth 
throughout the life cycle.  Because of potential problems in obtaining a consistent supply of prawn 
flakes, TetraMarin® should be used.  TetraMarin® should be provided to juveniles maintained in 
holding tanks prior to testing and during the exposure period.  In both cases, the worms should be fed 
on an every-other-day basis.  The amount of food provided should be calculated at approximately 8 mg 
(dry weight) per juvenile Neanthes. 
 
 
 
Control and Reference Sediments 
 
 Five replicates of the polychaete collection-site control sediment are included in all bioassays.  
These compromise a negative (clean) control that allows comparisons among experiments and among 
laboratories of the validity of the procedures used in individual investigations.  For the Neanthes 
bioassay, sand should be used as the control sediment. 
 
 Sand was initially chosen as an appropriate control sediment based on the work of Pesch and 
Hoffman (1982), who used sand as a substrate in a series of experiments with Neanthes.  They 
reported no significant mortality associated with maintaining the worms in sand.  For the sublethal 
bioassay test demonstration study and subsequent testing (Johns and Ginn 1990a,b), sand collected 
from West Beach on Whidbey Island, Washington, was used as the control sediment.  Neanthes 
maintained in West Beach sand exhibited low mortality and high percentage increases in biomass during 
the exposure period, indicating that West Beach sand is a suitable material for a control sediment.  In 
addition, West Beach sand was selected because it was used as a control sediment for a number of the 
regulatory bioassays conducted in Puget Sound and is known to be relatively free of contaminants.  
However, West Beach sand was adequate only when food was supplied. 
 
 Because control sediments may differ greatly from the test sediments with respect to physical and 
chemical sediment characteristics (e.g., grain size and organic content), a reference sediment is also 
included in the bioassay series.  Data from the reference sediment can be used to partition contaminant 
effects associated with a test sediment from those relating to the physical and chemical characteristics of 
the test sediment.  Johns and Ginn (1990a) evaluated the influence of sediment grain size on Neanthes 
survival and growth following exposure to sediments having differing granulometry (expressed as a 
percentage of the silt/clay fraction in the sediment).  The results of this experiment indicate that 
Neanthes are able to survive and grow in a wide range of sediment types.  Johns and Ginn (1990a) also 
noted that statistical differences in growth could occasionally be detected in Neanthes exposed to 
widely differing sediment types, and cautioned that reference sediment used in Neanthes bioassays 
should have a similar grain size and organic content as the test sediments to avoid potential differences in 
organism response related to the physical characteristics of the sediment.    
 
 Nontreatment factors such as ammonia and sulfides can affect the results of sublethal bioassays 
such as the Neanthes biomass test.  When such nontreatment effects occur, water quality monitoring 
measurements are necessary for determining the factors contributing to the expressed effect.  For the 
Neanthes biomass test it is recommended that ammonia and total sulfides be measured at the beginning 
and end of the test. Further ammonia and sulfides monitoring is recommended prior to the first and 
second water renewals when initial monitoring reveals greater than 0.7 mg/L unionized ammonia or 
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greater than 5  mg/L total sulfides (Dillon et al. 1993). 
 
Test Sediments 
 
 The natural geochemical properties of test sediment collected from the field must be within the 
tolerance limits of the test species.  Johns and Ginn (1990a) determined the 96-hour LC50 for Neanthes 
exposed to seawater of different salinity to be 15 ppt.  Caution should be used when performing and 
interpreting the results of Neanthes bioassays conducted with sediments with an interstitial salinity of 
less than 20 ppt.  Modification to the test sediment (e.g., mixing the sediment with high salinity water to 
raise interstitial salinity) or test protocol (e.g., use of high salinity seawater in the exposure chamber) 
might be considered when testing sediment collected from low salinity areas. 
 
 
Bioassay Seawater 
 
 Seawater used in the bioassay should be maintained at a salinity of 28 ± 2 ppt and at a 
temperature of 20 ± 1°C.  If a series of experiments is planned, then the test temperature and salinity 
should be the same throughout the series.  The bioassay seawater must be uncontaminated. 
 
Facilities and Equipment  
 
 Bioassay chambers are 1-liter glass containers with an internal diameter of approximately 10 cm.  
The chambers are covered with lids to reduce contamination of the contents and evaporation of the 
seawater or loss of volatiles.  The bioassay chambers are maintained at 20 ± 1°C in either a shallow 
waterbath or in a constant-temperature room.  Exposure chambers are gently aerated with air that is 
free of fumes, oil, and water.  This air is delivered to the exposure chamber by nontoxic tubing with a 
glass Pasteur pipette suspended 3–4 mm below the water surface.  The aeration rate should be between 
150 and 300 mL/minute, or approximately 100 bubbles per minute. 
 
 Prior to use, all glassware is thoroughly cleaned, following the General QA/QC guidelines for 
equipment cleaning procedures. 
 
    
Bioassay Procedure  
 
 Overview—The bioassays are conducted using a static renewal exposure system.  Five replicate 
tests are conducted for each field sample.  Each exposure chamber consists of a 1-liter 
 jar or beaker containing 175 mL of sediment (which should be approximately 2 cm in depth) and 
sufficient seawater to bring the level up to 950 ml (Figure 1). Prior to testing, all exposure chambers are 
cleaned and rinsed in turn with distilled water, 10-percent nitric acid (HN03), and distilled water. 
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FIGURE 1.  Static exposure system used for the juvenile polychaete bioassay 
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 At the beginning of each test, five juvenile worms are randomly placed into each exposure 
chamber.  During setup, three subsamples of worms (five worms per subsample) are randomly selected 
to provide an estimate of initial worm biomass. 
 
 During the exposure period, each exposure chamber is provided with 40 mg of food (i.e., 8 mg 
per individual) on an every-other-day basis.  Every third day, one-third of the seawater in each 
exposure chamber is exchanged with fresh seawater.  Water quality measurements taken during the 
exposure period include dissolved oxygen concentration, salinity, and pH.  These measurements are 
made for each exposure chamber just prior to the seawater exchange. 
 
  Following the exposure period, the contents of each replicate chamber are sieved through a 
0.5-mm screen and the number of living worms is recorded.  Surviving worms are then placed in a vial 
containing clean seawater.  After all chambers have been sieved, the surviving worms in each vial are 
quickly rinsed with deionized water, placed on a preweighed aluminum pan, and dried at 50°C to a 
constant weight.  Total weights are then determined to the nearest 0.1 mg. 
 
 Initiation—Prior to initiation of a bioassay, all exposure chambers are cleaned as described 
above, and test organisms are acclimated.  On the day before test initiation, test sediments are placed in 
each of the five replicate exposure chambers.  Each chamber should be filled with 175 mL of sediment 
so that a 2-cm sediment layer is formed in the bottom of the chamber.  Sediment placed in the chamber 
is smoothed by tapping the jar against the palm of the hand.  Once the sediment is smoothed, the 
chamber is filled with seawater to the 950 mL level by gently pouring the water down the side of the 
chamber.  Filled chambers are placed in a 20 ± 1°C waterbath and capped.  An air line is inserted 
through a hole in the cap.  The exposure chambers are allowed to equilibrate overnight to bioassay 
conditions.  The photoperiod during testing should be continuous, using ambient light of low to moderate 
intensity.  Although the intensity does not have to be measured, light levels should be similar to that 
obtained from fluorescent or incandescent light sources that are not placed directly over the water bath. 
 
 On the day of test initiation, juvenile worms are collected from the holding tank for distribution to 
the exposure chambers.  The worms should be handled as little as possible.  Handling should be 
conducted quickly and carefully so that the worms are not unnecessarily stressed.  Any worms that are 
accidentally dropped onto hard surfaces or are injured during handling should be discarded.  To prevent 
possible damage to the worms during handling, various handling procedures can be employed.  One 
procedure is to use a small, fine-point paint brush to remove the organisms from the holding tank.  
Because Neanthes produce mucus over the body surface, individual worms are easily captured and 
transferred with this procedure.  Another handling procedure is to use a wide-bore pipette with an 
attached bulb.  Individual organisms can be collected in the pipette through suction and can be removed 
from the pipette using a gentle flushing action. 
 
 Individual worms, in excess of the number needed to conduct the bioassay, are transferred from 
the holding tank to a shallow dish containing seawater maintained at the test temperature and salinity.  
Worms placed in the shallow dish should be as similar in size as possible, given the size range of worms 
available from the holding tank.  The mean size of worms used should be no smaller than 0.5 mg.  
Worms transferred to the shallow dish should be observed to determine that they represent the best 
worms available for testing (e.g., all appear healthy and represent the smallest range in size of test 
organisms).   
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 Individual worms are removed from the dish and randomly placed in a plastic cup (five worms per 
cup) containing seawater.  Enough cups are used to equal three more than the number of exposure 
chambers that will be used during the bioassay.  Once this procedure has been completed, worms within 
a cup are randomly transferred to an exposure chamber by pouring the contents into the chamber.  A 
squirt bottle containing seawater maintained at the test temperature and salinity can be used to free any 
worms adhering to the cup.  During the transfer process, three of the cups containing worms are 
randomly selected and set aside.  Worms from these cups are used to estimate initial total biomass.  To 
determine initial total biomass, worms from these three cups are quickly rinsed with an isotonic, 0.9-
percent (w/v) ammonium formate solution of distilled water, placed on a preweighed aluminum pan, 
dried at 50°C to a constant weight, and weighed to the nearest 0.1 mg. 
 
 Once worms have been placed in all of the exposure chambers, each chamber is checked to 
ensure that air is flowing to the chamber and that the worms have begun to burrow into the sediment.  
Following setup, food (e.g., TetraMarin®) is provided to each chamber.  To ensure adequate 
distribution of the food within the exposure chamber, a small volume of seawater (i.e., 5 mL) at test 
temperature and salinity is added to the cup containing the preweighed food ration.  Once wetted, the 
food is poured into the exposure chamber.  Water from a squirt bottle is used to rinse the cup of any 
remaining food. 
 
 Following placement of the worms in the exposure chamber, initial (i.e., 1 hour) observations of 
burrowing should be made.  If a worm, or group of worms, do not appear to be burrowing and the 
observer believes that the nonburrowing behavior results from factors other than sediment toxicity (e.g., 
reduced viability or damage to test organisms), then those organisms should be replaced. 
 
 
 Monitoring—During the 20-day exposure period, the test chambers are observed on a daily 
basis to ensure that adequate aeration is provided and to note the general status of each chamber (e.g., 
presence of accumulated food, burrowing activity of worms, and presence of fouling on sediment 
surface).  On an every-other-day basis, worms in each exposure chamber are provided with food.  As 
discussed earlier, 40 mg of food are provided to each exposure chamber.  This food ration is maintained 
throughout the exposure period, even though mortality may occur during the test. 
 
 Every third day, one-third of the seawater in each exposure chamber is replaced.  Water 
replacement is achieved by removing the aeration line, then siphoning one-third of the volume and 
carefully replacing it with fresh seawater that has been maintained at 20 ± 1°C and at the appropriate 
test salinity.  Steps should be taken during seawater replacement to ensure that test sediments are not 
disturbed.  One method of replacement is to add the fresh seawater by allowing the water to slowly 
flow down the inside wall of the exposure chamber.  When the chamber is filled, the aeration line is 
placed back in the chamber and the air flow is adjusted to the specified level (i.e., 150 to 300 
mL/minute or approximately 100 bubbles per minute). 
 
 Prior to seawater replacement, dissolved oxygen, salinity, and pH are determined in one randomly 
selected exposure chamber for each sample.  Dissolved oxygen is determined using a dissolved oxygen 
electrode.  Following determination of dissolved oxygen in each chamber, the electrode is thoroughly 
rinsed with 20 ± 1°C seawater.  Salinity is determined on a small sample of seawater using a hand-held 
refractometer.  The seawater sample for the salinity measurement is obtained with a Pasteur pipette.  
The pipette should be thoroughly rinsed with seawater between samples.  The pH is determined with a 
portable pH meter and probe.  As with the dissolved oxygen electrode, the pH probe is rinsed between 
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readings. 
 
 
 Termination—Following the exposure period, worms from each exposure chamber are removed 
from the test sediment.  Two methods can be used to collect worms from each exposure chamber.  In 
the first, surviving worms are collected by sieving the sediment through a 0.5-mm screen.  The sieve 
should be gently shaken in a water bath rather than sprayed with water to remove the sediment.  In the 
second method, the sediment is placed in a white enamel pan containing seawater and searched for 
surviving worms.  Worms collected from sediment often remain in their tubes.  A worm can be removed 
from the tube by gently prodding either end of the tube to force the worm to leave.  Once out, the 
worms are removed using either the tip of a small paint brush or a wide-bore pipette.  Following 
collection, the number of worms surviving is noted on data sheets. 
 
 To determine total biomass, surviving worms are quickly rinsed in isotonic 0.9-percent (w/v) 
ammonium formate or distilled water, placed on a preweighed drying pan, and dried at 50°C until a 
constant weight is attained.  Total biomass is determined to the nearest 0.1 mg as the difference in 
weight of the aluminum pan with and without the worms.  Prior to rinsing the worms, observations 
should be made to determine if food or sediment is present in the digestive tract.  Such information may 
be useful in explaining changes in individual biomass occurring during the exposure period. 
 
 During the sublethal test demonstration study, a constant dry weight was attained within 24 hours.  
To determine when a constant weight has been achieved, several aluminum pans containing worm 
samples are removed from the drying oven, placed in a desiccator, and allowed to reach room temp-
erature.  Following cooling, each aluminum pan is placed on the balance and the weight is determined.  
Following dry weight determinations, all samples are placed back in the drying oven.  After additional 
drying (i.e., at least 1 hour), the same samples are again removed from the drying oven, allowed to cool 
in the desiccator, and reweighed.  When the dry weights for the samples are the same for consecutive 
readings (i.e., within 0.1 mg of each other), a constant weight has been attained. 
 
 
 
Experimental Design 
 
 
 Logistics—A typical Neanthes bioassay for testing 10 sediment samples involves about 50 to 60 
exposure chambers.  Collection and preparation of test organisms, sediment, and seawater requires at 
least four people for 2 days.  Three or four people are required on the days tests are initiated and 
terminated.  One or two people can monitor a test in progress.   
 
 
 Controls—A control sediment and a reference sediment should be included as part of every test.  
The control sediment provides a nontoxic sediment to evaluate the condition of the test organisms being 
used in the bioassay.  The reference sediment provides a test reference to partition contaminant effects 
associated with the treatment sediment from those relating to noncontaminant characteristics (e.g., grain 
size and total organic carbon). 
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 A positive (toxic) control is also required for all testing.  This involves determining 96-hour LC50 
values for Neanthes juveniles exposed in clean, filtered seawater without sediment to reference 
toxicants (following standard bioassay procedures and under the same general test conditions as the 
sediment bioassays).  Such data are necessary to determine the relative sensitivity of the animals (e.g., 
seasonal difference in sensitivity) for each test series to ensure comparability of the data.  The commonly 
used reference toxicant is reagent-grade cadmium chloride.  Reported 96-hour LC50 values for 
Neanthes exposed to cadmium range between 5.0 and 22.0 mg/L (Reish 1984; Johns and Ginn 1990a; 
Dillon et al. 1993).  The  LC50 calculated using data in the Army Corps of Engineers' DAIS database is 
12.5±5.4 mg/L cadmium (n=30) (Army Corps of Engineers personal communication, 1994). 
 
 The positive control should be conducted with 10 juveniles per exposure chamber.  The worms 
should not be fed during the 96-hour LC50 exposure. 
 
 The acute lethality results must be reported along with the sediment bioassay results.  Bioassays to 
establish an LC50 involve four or five logarithmic concentration series and a control.  At least one 
treatment should give a partial response below the LC50 and one above the LC50.  Statistical procedures 
for the LC50 estimate are given in APHA (1985). 
 
 Response Criteria—Survival, total biomass (dry weight), average individual biomass (i.e., total 
biomass divided by the number of surviving worms), and average individual growth rate are the four 
response criteria that can be determined for the Neanthes bioassay. 
 
 Of the four endpoints, data collected to date indicate that the survival endpoint is the least sensitive 
to changes in level of contamination.  Although survival rates of worms in each replicate have generally 
been similar, it should be noted that variability in percent survival within replicates could be high since 
each worm in a replicate represents 20 percent of the replicate survival.  The total biomass endpoint is 
an estimate of the biomass produced by the group of worms in the exposure container.  Total biomass 
represents an integrated measurement of lethal and sublethal effects.  Thus, a reduction in total biomass 
could indicate that one or more worms had died during the exposure or that the growth of all worms 
had been reduced.  Average individual biomass is an estimate of the biomass of each surviving worm.  
Unlike the survival and total biomass endpoints, worm survival is not integrated into the determination of 
individual biomass.  Dillon et al. (1993) recommend normalizing to initial weight to estimate average 
individual growth rates.  Worm survival is an important ancillary measurement and should always be 
considered in the interpretation of either biomass endpoint.  Each of these response criteria should be 
monitored in a "blind" fashion; that is, the observer must have no knowledge of the treatment of the 
sediment in the chambers. 
 
 
DATA REPORTING REQUIREMENTS  
 
 The following data should be reported by all laboratories performing this bioassay: 
 
 n Water quality measurements during testing [i.e., dissolved oxygen, temperature, salinity, 


pH, sulfides (optional), ammonia (optional)] 
 
 n 20-day survival in each exposure chamber and the mean and standard deviation for each 


treatment 
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 n Initial total biomass (dry weight) for three groups of five worms 
 
 n 20-day total biomass (dry weight) in each exposure chamber and the mean and standard 


deviation for each treatment 
 
 n 20-day average individual biomass (dry weight) in each exposure chamber and the mean 


and standard deviation for each treatment 
 
 n Average individual growth rate (dry weight/day) in each exposure chamber and the mean and 


standard deviation for each treatment 
 
 n Interstitial salinity values of control, reference, and test sediments (both initial and final) 
 
 n 96-hour LC50 values with reference toxicant (results for metallic compounds should be 


reported in terms of the metal ion rather than as the weight of the whole salt) 
 
 n Any problems that may have influenced data quality. 
 
The growth endpoint is calculated according to the following expression: 
 


where 
  G = estimated individual growth rate (milligrams dry weight/day) 
  DWt = estimated individual dry weight at termination (milligrams) 
  DWi = mean estimated individual dry weight at initiation (milligrams) 
  T = exposure time (days) 


 G = (DWt – DWt)/T  
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 INTRODUCTION 
 
 
 Recommended methods for measuring the following conventional sediment variables in Puget 
Sound are presented in this chapter: 
 
 • Particle size 
 • Total solids 
 • Total volatile solids 
 • Total organic carbon 
 • Oil and grease 
 • Total sulfides 
 • Total nitrogen 
 • Biochemical oxygen demand 
 • Chemical oxygen demand. 
 
Each method is based on the results of a workshop and written reviews by representatives from most 
organizations that fund or conduct environmental research in Puget Sound (Table 1).  The purpose of 
developing these recommended protocols is to encourage all Puget Sound investigators conducting 
monitoring programs, baseline surveys, and intensive investigations to use standardized methods 
whenever possible.  If this goal is achieved, most data collected in Puget Sound should be directly 
comparable and thereby capable of being integrated into a sound—wide database.  Such a database is 
necessary for developing and maintaining a comprehensive water quality management program for Puget 
Sound. 
 
 Each recommended protocol describes the use and limitations of the respective variable; the 
field collection and processing methods; and the laboratory analytical, QA/QC, and data reporting 
procedures.  Each recommended analytical procedure was modified from Plumb (1981).  The general 
collection and holding recommendations for each variable are presented in Table 2. 
 
 Although the following protocols are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special requirements of individual 
projects.  If such departures are made, however, the funding agency or investigator should be aware that 
the resulting data may not be comparable with most other data of that kind.  In some instances, data 
collected using different methods may be compared if the methods are intercalibrated adequately. 
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TABLE 2.  RECOMMENDED SAMPLE SIZES, CONTAINERS, PRESERVATION 
TECHNIQUES AND HOLDING TIMES FOR SEDIMENT CONVENTIONAL VARIABLES 


Variable Minimum 
Sample Size (g)


a
 


Container
b
 Preservation Maximum 


Holding Time 


Particle size 100-150
c
 P,G Cool, 4°C 6 mo


d
 


Total Solids 50 P,G Freeze 6 mo
d
 


Total Volatile 
Solids 


50 P,G Freeze 6 mo
d
 


Total Organic 
Carbon 


25 P,G Freeze 6 mo
d
 


Oil and Grease 100 G Only Cool, 4°C, HCl; 
Freeze 


28 days
d
 


6 mo
d
 


Total Sulfides 50 P,G Cool, 4°C, lN 
zinc acetate 


7 days
d
 


Total Nitrogen 25 P,G Freeze 6 mo
d
 


Biochemical 
oxygen demand 


50 P,G Cool, 4°C 7 days
e
 


Chemical oxygen 
demand 


50 P,G Cool, 4°C 7 days
e
 


 


a 
Recommended field sample sizes for one laboratory analysis.  If additional laboratory 


analyses are required (e.g., replicates), the field sample size should be adjusted 
accordingly. 
b
 P = polyethylene, G = glass. 


c 
Sandier sediments require larger sample sizes than do muddier sediments. 


d
 This is a suggested holding time.  No U.S. EPA criteria exist for the preservation of this 


variable. 
e
 This holding time is recommended by Plumb (1981). 
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COLLECTION OF SURFICIAL SEDIMENTS 
FOR PHYSICAL AND CHEMICAL VARIABLES 


 
INTRODUCTION 
 
 This section describes the protocols required to collect an acceptable subtidal surficial 
sediment sample for subsequent measurement of physical and chemical variables.  This subject 
has generally been neglected in the past and sampling crews have been given relatively wide 
latitude in deciding how to collect samples.  However, because sample collection procedures 
influence the results of all subsequent laboratory and data analyses, it is critical that samples be 
collected using acceptable and standardized techniques. 
 
DESIGN OF SAMPLER 
 
 In Puget Sound, the most common sampling device for subtidal surficial sediments is 
the modified van Veen bottom grab.  However, a variety of coring devices is also used.  The 
primary criterion for an adequate sampler is that it consistently collect undisturbed samples to the 
required depth below the sediment surface without contaminating the samples.  An additional 
criterion is that the sampler can be handled properly on board the survey vessel.  An otherwise 
acceptable sampler may yield inadequate sediment samples if it is too large, heavy, or awkward 
to be handled properly. 
 
Collection of undisturbed sediment requires that the sampler: 
 
 • Create a minimal bow wake when descending 
 • Form a leakproof seal when the sediment sample is taken 
 • Prevent winnowing and excessive sample disturbance when ascending 
 • Allow easy access to the sample surface.  
 
Most modified van Veen grabs have open upper faces that are fitted with rubber flaps.  Upon 
descent, the flaps are forced open to minimize the bow wake, whereas upon ascent, the flaps are 
forced closed to prevent sample winnowing.  Some box corers have solid flaps that are clipped 
open upon descent and snap shut after the corer is triggered.  Although most samplers seal 
adequately when purchased, the wear and tear of repeated field use eventually reduces this 
sealing ability.  A sampler should therefore be monitored constantly for sample leakage.  If 
unacceptable leakage occurs, the sampler should be repaired or replaced.  If a sampler is to be 
borrowed or leased for a project, its sealing ability should be confirmed prior to sampling.  Also, 
it is prudent to have a backup sampler on board the survey vessel in case the primary sampler 
begins leaking during a cruise.   
 
 The required penetration depth below the sediment surface is a function of the desired 
sample depth (see Penetration Depth).  Generally, it is better to penetrate below the desired 
sample depth to minimize sample  disturbance when the sampling device closes.  Penetration 
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depth of most sampling devices varies with sediment character, and generally is greatest in fine 
sediments and least in coarse sediments.  Sampling devices generally rely upon either gravity or a 
piston mechanism to penetrate the sediment.  In both cases, penetration depth can be modified by 
adding or subtracting weight from the samplers.  Thus, it is optimal to use a sampler that has a 
means of weight adjustment.  If a sampler cannot consistently achieve the desired penetration 
depth, an alternate device should be used.    
 
 Once the sampler is secured on board the survey vessel, it is essential that the surface of 
the sample be made accessible without disturbing the sample.  Generally, samplers have hinged 
flaps on their upper face for this purpose.  The opening(s) in the upper face of the sampler should 
be large enough to allow easy subsampling of the sediment surface.  If an opening is too small, 
the sample may be disturbed as the scientific crew member struggles to take a subsample.   
 
PENETRATION DEPTH 
 
 For characterizing surficial sediments in Puget Sound, it is recommended that the upper 
2 cm of the sediment column be evaluated.  When collecting the upper 2 cm of sediment, it is 
recommended that a minimum penetration depth of 4-5 cm be achieved for each acceptable 
sample.   
 
Although the 2-cm specification is arbitrary, it will ensure that:  
 
 • Relatively recent sediments are sampled 
 • Adequate volumes of sediments can be obtained readily for laboratory analyses 
 • Data from different studies can be compared validly.   
 
Sampling depths other than 2 cm may be appropriate for specific purposes.  For example, the 
upper 1 cm of sediment may be required to determine the age of the most recently deposited 
sediments.  By contrast, a sample depth much greater than 2 cm may be required to evaluate the 
vertical profile of sediment characteristics or to determine depth-averaged characteristics prior to 
dredging.  If a sampling depth other than 2 cm is used, comparisons with data from 2-cm deep 
samples may be questionable. 
 
OPERATION OF SAMPLER 
 
 The sampling device should be attached to the hydrowire using a ball-bearing swivel.  
The swivel will minimize the twisting forces on the sampler during deployment and ensure that 
proper contact is made with the bottom.  For safety, the hydrowire, swivel, and all shackles 
should have a load capacity at least three times greater than the weight of a full sampler.  
 
 The sampler should be lowered through the water column at a controlled speed of 
approximately 1 ft/sec.  Under no circumstances should the sampler be allowed to "free fall" to 
the bottom, as this may result in premature triggering, an excessive bow wake, or improper 
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orientation upon contact with the bottom.  The sampler should contact the bottom gently and 
only its weight or piston mechanism should be used to force it into the sediment. 
 
 After the sediment sample is taken, the sampler should be raised slowly off the bottom 
and then retrieved at a controlled speed of approximately 1 ft/sec.  Before the sampler breaks the 
water surface, the survey vessel should head into the waves (if present) to minimize vessel 
rolling.  This maneuver will minimize swinging of the sampler after it breaks the water surface.  
If excessive swinging occurs or if the sampler strikes the vessel during retrieval, extra attention 
should be paid to evaluating sample  disturbance when judging sample acceptability.   
 
 The sampler should be secured immediately after it is brought on board the survey 
vessel.  If the sampler tips or slides around before being secured, extra attention should be paid to 
evaluating sample disturbance.  
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SAMPLE ACCEPTABILITY CRITERIA 
 
 After the sampler is secured on deck, the sediment sample should be inspected carefully 
before being accepted.  The following acceptability criteria should be satisfied:   
 
• The sampler is not over-filled with sample so that the sediment surface is pressed 


against the top of the sampler 
• Overlying water is present (indicates minimal leakage) 
• The overlying water is not excessively turbid (indicates minimal sample disturbance) 
• The sediment surface is relatively flat (indicates minimal disturbance or winnowing) 
• The desired penetration depth is achieved (i.e., 4-5 cm for a 2-cm deep surficial sample). 
 
If a sample does not meet all criteria, it should be rejected.   
 
SAMPLE COLLECTION 
 
 After a sample is judged acceptable, the following observations should be noted on the 
field log sheet:   
 
• Station location 
• Depth 
• Gross characteristics of the surficial sediment 
   — Texture 
   — Color 
   — Biological structures (e.g., shells, tubes, macrophytes) 
   — Presence of debris (e.g., wood chips, wood fibers, human artifacts) 
   — Presence of oily sheen 
   — Odor (e.g., hydrogen sulfide, oil, creosote) 
• Gross characteristics of the vertical profile 
   — Changes in sediment characteristics 
• Presence and depth of redox potential discontinuity (rpd) layer  
• Penetration depth 
• Comments related to sample quality 
   — Leakage 
   — Winnowing 
   — Disturbance. 
 
 Before subsamples of the surficial sediments are taken, the overlying water must be removed.  
The preferred method of removing this water is by slowly siphoning it off near one side of the 
sampler.  Methods such as decanting the water or slightly cracking the grab to let the water run 
out are not recommended, as they may result in unacceptable disturbance or loss of fine-grained 
surficial sediment and organic matter.   
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 Once the overlying water has been removed, the surficial sediment can be subsampled.  It is 
recommended that subsamples be taken using a flat scoop shaped like a coal shovel.  The 
shoulders of the scoop should be 2 cm high.  This device will allow a relatively large subsample 
to be taken accurately to a depth of 2 cm.  Coring devices are not recommended because 
generally they collect small amounts of surficial sediment and therefore require repeated 
extractions to obtain a sufficient volume of material for analysis of conventional sediment 
variables.  A curved scoop is not recommended because it does not sample a uniform depth.  
Because accurate and consistent subsampling requires practice, it is advisable that an 
experienced person perform this task.   
 
 When subsampling surficial sediments,  unrepresentative material should be removed in the 
field under the supervision of the chief scientist and noted on the field log sheet.  The criteria 
used to determine representativeness should be determined prior to sampling. 
 
 Finally, if samples are to be analyzed for trace metals or priority pollutant organic compounds, 
sample contamination during collection must be avoided.  All sampling equipment (i.e., siphon 
hoses, scoops, containers) should be made of noncontaminating material and should be cleaned 
appropriately before use.  Samples should not be touched with ungloved fingers.  In addition, 
potential airborne contamination (e.g., stack gases, cigarette smoke) should be avoided.  Detailed 
guidance for preventing sample contamination is given in the protocols for metals and organic 
compounds in other chapters of this notebook. 
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 PARTICLE SIZE 
 
 
USE AND LIMITATIONS 
 
 Particle size is used to characterize the physical characteristics of sediments.  Because particle 
size influences both chemical and biological variables, it can be used to normalize chemical 
concentrations according to sediment characteristics and to account for some of the variability 
found in biological assemblages.  Particle size is also an important variable for marine 
engineering purposes.  In addition to Plumb (1981), a variety of other references discuss the uses 
and measurement of particle size (e.g., Krumbein and Pettijohn 1938; Folk 1968; Buchanan 
1984). 
 
 Particle size can be characterized in a wide range of detail.  The grossest divisions that generally 
are considered useful for characterizing particle size distributions are percentages of gravel, sand, 
silt, and clay.  However, each of these size fractions can be subdivided further so that additional 
characteristics of the size distribution (e.g., mean diameter, skewness, kurtosis) can be 
determined. 
 
 Particle size determinations can either include or exclude organic material.  If organic material 
is removed prior to analysis, the "true" (i.e., primarily inorganic) particle size distribution is 
determined.  If organic material is included in the analysis, the "apparent" (i.e., organic plus 
inorganic) particle size distribution is determined.  Because true and apparent distributions may 
differ, detailed comparisons between samples analyzed by these different methods are 
questionable.  It is therefore desirable that all samples within each study (at a minimum) and 
among different studies (if possible) be analyzed using only one of these two methods. 
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 100-150 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be 
removed in the field under the supervision of the chief scientist and noted on the field log sheet. 
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Processing 
 
 Samples should be stored at 4° C, and can be held for up to 6 mo before analysis.  Samples must 
not be frozen or dried prior to analysis, as either process may change the particle size 
distribution. 
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
  — Sieve shaker 
    Ro-Tap or equivalent 
  — Drying oven 
  —  Constant temperature bath 
  — Analytical balance 
    0.1 mg accuracy 
  — Desiccator 
  — Clock 
    With second hand 
  — Standard sieves 
    Appropriate mesh sizes 
  — Sieve pan and top 
  — Sieve brush 
  — Funnel 
  — 1-L graduated cylinders 
  — 50-mL beakers 
  — 20-mL pipets 
  — Water pique or squirt bottle 
  — Glossy paper 
  — Dispersant 
    1 percent sodium hexametaphosphate = 1 percent commercially available Calgon 
  — Distilled water. 
 
• Sample preparation 
  — Allow samples to warm to room temperature. 
  — Homogenize each sample mechanically. 
  — Remove a representative aliquot (approximately 25 g) and analyze for total solids 


content.  This information can be used to estimate the dry weight of the aliquot used 
for particle size analysis.  The efficiency of the entire analysis can then be evaluated 
by adding the dry weights of all sample fractions and comparing this sum with the 
estimated dry weight of the original aliquot. 


  — Remove a second representative aliquot for wet sieving.  The aliquot can range from 
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20 g for muddy sediments to 100 g for sandy sediments.  The critical factor for 
sample size determination is the weight of fine-grained material that will be used for 
the pipet analysis.  Ideally the total dry weight of fine-grained material in the 1-L 
graduated cylinder should equal approximately 15 g.  However, total weights 
between 5 and 25 g are considered acceptable.  Total weights outside this range are 
not considered acceptable and it is recommended that aliquot size be modified to 
bring the amount of fine-grained material into the acceptable range. 


  — Weigh the wet sample to the nearest 0.01 g. 
 
• Organics oxidation - this step removes organic material from the sample.  It is optional and 


depends upon the objectives of each study. 
  — Place the sediment sample in a large beaker (≥ 2 L). 
  — Add 20 mL of 10 percent hydrogen peroxide solution. 
  — Let the sample stand until frothing stops. 
  — Once frothing stops, add an additional 10 mL of hydrogen peroxide solution. 
  — Continue adding 10-mL portions of hydrogen peroxide solution until no frothing 


occurs on addition. 
  — Boil the sample to remove any excess hydrogen peroxide. 
  — Be careful that material is not lost from the beaker during frothing and boiling. 
 
• Wet-sieving - this step separates the sample into size fractions greater than 62.5 um (i.e., 


sand and gravel) and less than 62.5 um (i.e., silt and clay) 
  — Place the 62.5-um (4 phi) sieve in a funnel, with a 1-L graduated cylinder 


underneath.  Moisten the sieve using a light spray of distilled water. 
  — Place the sample in a beaker, add 20-30 mL of distilled water, and stir to suspend 


fine-grained material. 
  — Pour the sample into the sieve and thoroughly rinse the beaker and stirrer with 


distilled water. 
  — Wash the sediment on the sieve with distilled water using a water pique or squirt 


bottle having low water pressure.  Aggregates can be gently broken using a rubber 
policeman. 


  — Continue wet sieving until only clear water passes through the sieve.  Try to ensure 
that the rinsate does not exceed approximately 950 mL.  This can generally be 
accomplished by sieving a sample quantity that is not too large and by efficient use 
of the rinse water.  Both of these techniques may require experimentation before 
routine wet sieving is started. 


 
• Gravel-sand fraction - this fraction is subdivided further by mechanically dry sieving it 


through a graded series of screens. 
  — Wash the coarse fraction into a preweighed 50-mL beaker using distilled water.  


Rinse the sieve thoroughly. 
  — Dry the coarse fraction to constant weight at 90 ± 2° C.  The drying temperature is 


less than 100° C to prevent boiling and potential loss of sample. 
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  — Cool the sample to room temperature in a desiccator. 
  — Weigh the cooled sample to the nearest 0.1 mg. 
  — Set up a nest of sieves that will divide the coarse fraction into the desired number of 


subfractions.  Set up the sieves in a graded series of mesh sizes, with the coarsest 
mesh on top and the finest mesh on the bottom.  The bottom sieve always should 
have a mesh size of 62.5 um (4 phi).  Place a solid pan on the bottom of the stack and 
a lid on top of the stack.  At a minimum, the coarse fraction should be separated into 
gravel and sand fractions, using a sieve with a mesh size of 2 mm (-1 phi). 


  — Add the sample to the uppermost sieve.  Complete transfer can be ensured by using a 
sieve brush to remove any material adhering to the beaker.  The sieve brush can also 
be used to gently break up aggregated sediment. 


  — Shake mechanically for exactly 15 min using the Ro-Tap (or equivalent).  A shaker 
having an automatic timer is preferable. 


  — After shaking, empty the contents of each sieve onto a glossy piece of paper (e.g., 
wax paper).  To empty a sieve, invert it and tap it on the table several times while 
ensuring that all edges hit the table at the same time.  If the sieve is not tapped 
evenly, the meshes may be distorted.  After tapping the sieve, ensure complete 
removal of the sample by brushing the back of the screen.  After brushing the back of 
the screen, turn the sieve over and brush out any particles adhering to the sides of the 
sieve or the inside of the screen. 


  — Add the fraction that passed through the bottom sieve (e.g., 4 phi) and was retained 
by the solid pan to the silt-clay fraction of that sample. 


  — Weigh each remaining size fraction to the nearest 0.1 mg. 
  — Sum the weights of all size fractions and compare the result with the initial weight of 


the coarse fraction.  Losses and inaccuracies should be less than 1 percent of the 
initial weight. 


  — Large amounts of organically derived fragments (e.g., wood debris, grass, shells) or 
any unusual material in any size fraction should be noted on the laboratory log sheet. 


 
• Silt-clay fraction - this fraction is subdivided further using a pipet technique that depends 


upon the differential settling rates of different particles.  Because additions to this fraction 
may be made after mechanical sieving of the gravel-sand fraction (see above), it is 
recommended that the silt-clay analysis for each sample not be conducted until the gravel-
sand analysis has been completed. 


 
  — Add 10 mL of the dispersant to 990mL of distilled water.   Determine the weight of 


dispersant in a 20-mL aliquot by pipeting a 20-mL aliquot of dispersant into each of 
five tared beakers, drying the samples to constant weight at 90 ± 2° C, cooling the 
samples in a desiccator, weighing the cooled samples, and calculating the mean 
weight of dispersant in the five samples.  This weight will be subtracted from the 
weight of each sediment fraction at the end of the pipet analysis. 


  — Add 10 mL of the dispersant to the each sample suspension in the 1-L graduated 
cylinders. 
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  — Mix each suspension by either stoppering and inverting the cylinder or by using the 
up and down motion of a perforated disc plunger. 


  — Allow the mixed suspension to stand for 2-3 h and check for signs of flocculation.  
Flocculation can be recognized by a curdling and rapid settling of lumps of particles 
or by the presence of a thick soupy layer on the bottom of the cylinder passing 
abruptly into clear water above. 


  — If flocculation occurs, add dispersant in 10-mL increments until no noticeable 
flocculation occurs.  Record the volume of dispersant added. 


  — When ready to conduct the pipet analysis, bring the sample volume to 1 L by adding 
distilled water, mix the suspension thoroughly, and place the cylinder in a constant-
temperature water bath.  If the volume is greater or less than 1 L, the factor for 
converting the weight of the sediment in each 20-mL aliquot to that in the total 
volume must be modified accordingly. 


  — After 20 sec, withdraw a 20-mL aliquot from a depth of 20 cm below the surface of 
the suspension using a pipet.  The pipet should be marked for the specified sampling 
depths and should be inserted vertically into the settling cylinder when the aliquot is 
taken.  A suction bulb may be used on the open end of the pipet to facilitate 
sampling.  It is critical that the suspension be disturbed as little as possible when 
pipet aliquots are taken. 


  — Transfer the 20-mL aliquot to a preweighed 50-mL beaker.  Rinse the pipet into the 
beaker using 20 mL of distilled water. 


  — Withdraw 20-mL aliquots at a depth of 10 cm below the surface of the suspension at 
the appropriate time(s) listed in Table 3.  A formula for calculating withdrawal times 
is given by Folk (1968) and Buchanan (1984).  If a withdrawal is missed, the 
suspension can be stirred again and the missed withdrawal can be taken at the 
appropriate time after settling begins.  It is not necessary to withdraw the initial 
20-mL aliquot when this corrective action is conducted. 


  — Transfer these additional 20-mL aliquots to 50-mL preweighed beakers, each time 
rinsing the pipet into the respective beaker using 20 mL of distilled water 


  — Dry all aliquots to constant weight at 90 ± 2° C.  A drying temperature less than 100° 
C is used to prevent boiling and potential loss of sample. 







TABLE 3.  Withdrawal times for pipet analysis as a function of particle size and water temperatureab 
 
 
Diameter finer 


than 
Withdrawal 


depth Elapsed time for Withdrawal of Sample in Hours (h), Minutes (m) and Seconds (s) 


(phi) (µ)         (cm) 18°C 19°C 20°C 21°C 22°C 23°C 24°C
4.0          62.5 20 20s 20s 20s 20s 20s 20s 20s
5.0 31.2 10 2m 0s 1m 57s          1m 54s             1m 51s            1m 49s 1m 46s        1m 44s 
6.0 15.6 10 8m 0s 7m 48s 7m 36s 7m 25s 7m 15s 7m 5s 6m 55s 
7.0 7.8 10 31m 59s 31m 11s 30m 26s 29m 41s 28m 59s 28m 18s 27m 39s 
8.0c 3.9 10 2h 8m 2h 5m 2h 2m 1h 59m 1h 56m 1h 53m 1h 51m 
9.0 1.95 10 8h 32m 8h 18m 8h 6m 7h 56m 7h 44m 7h 32m 7h 22m 


10.0 0.98 10 34h 6m 33h 16m 32h 28m 31h 40m 30h 56m 30h 12m 29h 30m 
 


                                                 
a Modified from Plumb (1981) 
b It is critical that temperature be held constant during the pipet analysis. 
c Breakpoint between silt and clay. 
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  — Cool dried samples to room temperature in a desiccator. 
  — Weigh cooled samples to the nearest 0.1 mg. 
 
• Calculations 
  — The total weight of a phi-size interval in the 1-L graduated cylinder is 


determined as follows: 
 
  Where: 
  A =  weight (g) of residue in a 20-mL aliquot for a 
given phi-size boundary  


  B =  weight (g) residue in a 20-mL aliquot for the next larger phi-size boundary 
  C =  mean weight (g) of dispersant in a 20-mL aliquot. 
 
QA/QC Procedures 
 
 It is critical that each sample be homogenized thoroughly in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field. 
 
 After dry-sieving a sample, all material must be removed from the sieve.  This can be 
accomplished by tapping the rim of the sieve evenly on a hard surface and by brushing the screen. 
 
 The total amount of fine-grained material used for pipet analysis should be 5-25 g.  If more 
material is used, particles may interfere with each other during settling and the possibility of flocculation 
may be enhanced.  If less material is used, the experimental error in weighing becomes unacceptably 
large. 
 
 Before pipet extractions can be made, the sample must be homogenized thoroughly within the 
settling cylinder.  Once the pipet analysis begins, the settling cylinders must not be disturbed, as this will 
alter particle settling velocities.  Care must be taken to disturb the sample as little as possible when pipet 
extractions are made. 
 
 After a pipet extract has been transferred to a drying beaker, any sample adhering to the inside of 
the pipet must be removed.  This can be accomplished by drawing 20 mL of distilled water into the pipet 
and adding this rinse water to the drying beaker. 
 
 Dried samples should be cooled in a desiccator and held there until they are weighed.  If a 
desiccator is not used, the sediment will accumulate ambient moisture and the sample weight will be 
overestimated.  A color-indicating desiccant is recommended so that spent desiccant can be detected 
easily.  Also, the seal on the desiccator should be checked periodically, and, if necessary, the ground 
glass rims should be greased or the "O" rings should be replaced. 


Φweight (g dry wt)  =  50 [(A – C) – (B – C)] 
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 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.  It is also recommended that the analytical balance, 
drying oven, and temperature bath be inspected daily and calibrated at least once per week. 
 
DATA REPORTING REQUIREMENTS 
 
 The weight of each sediment fraction should be reported to the nearest 0.0001 g dry weight.  The 
laboratory should report the results of all samples analyzed (including QA replicates) and should note 
any problems that may have influenced data quality. 
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 TOTAL SOLIDS 
 
 
USE AND LIMITATIONS 
 
 Total solids are the organic and inorganic materials remaining after a sample has been dried 
completely.  This variable is commonly used to convert sediment concentrations of substances from a 
wet-weight to a dry-weight basis.   
 
 Total solids values are operationally defined, because results depend on drying temperatures.  
For example, temperature-dependent weight losses occur from volatilization of organic matter, mechan-
ically occluded water, water of crystallization, and gases from heat-induced chemical decomposition.  By 
contrast, weight gains may result from oxidation processes.  To provide data that are comparable among 
different studies, it is therefore critical that drying temperatures be standardized.   
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 50 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet.   
 
Processing 
 
 Samples should be stored frozen and can be held for up to 6 mo under that condition.   
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Muffle furnace 
   550° C capacity 
 — Drying oven 
 — Desiccator 
 — Analytical balance 
   0.01 g accuracy 
 — 100-mL evaporating dishes  
   Porcelain, platinum, or Vycor. 
 
 
• Equipment preparation 
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 — Ignite clean evaporating dishes at 550 ± 10° C for 1 h in a muffle furnace to remove any 
remaining organic material. 


 — Cool ignited dishes to room temperature in a desiccator. 
 — Weigh each cooled dish to the nearest 0.01 g and store in the desiccator. 
 
• Sample preparation 
 — Allow frozen sediment samples to warm to room temperature 
 — Homogenize each sample mechanically. 
 — Transfer a representative subsample (approximately 25 g) to a preweighed evaporation 


dish. 
 — Weigh the undried sample to the nearest 0.01 g. 
 
• Analytical procedures 
 — Dry the sample to constant weight at 103 ± 2° C. 
 — Cool the dried sample to room temperature in a desiccator. 
 — Weigh the cooled sample to the nearest 0.01 g. 
 
• Calculations 


— Total solids content is determined as follows: 
 


Percent solids = (A-B) (100) 
         C-B 


 
  Where: 
  A = weight (g) of dish and dry sample residue 
  B = weight (g) of dish 
  C = weight (g) of dish and wet sample. 
 
QA/QC Procedures 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 Evaporating dishes must be ignited at 550° C before being used for total solids analysis.  This 
step ensures that dishes are free from organic contaminants. 
 
 Dried samples should be cooled in a desiccator and held there until they are weighed.  If a 
desiccator is not used, the sediment will accumulate ambient moisture and the sample weight will be 
overestimated.  A color-indicating desiccant is recommended so that spent desiccant can be detected 
easily.  Also, the seal on the desiccator should be checked periodically and, if necessary, the ground glass 
rims should be greased or the "O" rings should be replaced.   
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 It is recommended that triplicate analyses be conducted on one of every 20 samples or on one 
sample per batch if less than 20 samples are analyzed.  It is also recommended that the analytical balance 
and drying oven be inspected daily and calibrated at least once per week.   
 
DATA REPORTING REQUIREMENTS 
 
 Total solids should be reported as a percentage of the wet weight of the sample to the nearest 0.1 
unit.  The laboratory should report the results of all samples analyzed (including QA replicates) and 
should note any problems that may have influenced sample quality.   
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 TOTAL VOLATILE SOLIDS (TVS) 
 
 
USE AND LIMITATIONS 
 
 Total volatile solids represent the fraction of total solids that are lost on ignition at a higher 
temperature than that used to determine total solids.  Total volatile solids is used as a crude estimate of 
the amount of organic matter in the total solids.   
 
 Total volatile solids is operationally defined by the ignition temperature.  Total volatile solids 
content does not always represent the organic content of a sample because some organic material may be 
lost at the drying temperature and some inorganic material (e.g., carbonates, chlorides) may be lost at the 
ignition temperature.  Because of the temperature dependence of total volatile solids, valid interstudy 
comparisons require the use of standardized drying and ignition temperatures.   
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 50 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet.   
 
Processing 
 
 Samples should be stored frozen and can be held for up to 6 mo under that condition.   
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Muffle furnace 
   550° C capacity 
 — Drying oven 
 — Desiccator 
 — Analytical balance 
   0.01 g accuracy 
 — 100-mL evaporating dishes  
   Porcelain, platinum, or Vycor. 
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• Equipment preparation 
 — Ignite clean evaporating dishes at 550 ± 10° C for 1 h in a muffle furnace to remove any 


remaining organic material. 
 — Cool ignited dishes to room temperature in a desiccator. 
 — Weigh each cooled dish to the nearest 0.01 g and store in the desiccator. 
 
• Sample preparation 
 — Allow frozen sediment samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Transfer a representative subsample (approximately 25 g) to a preweighed evaporating 


dish. 
 
• Analytical procedures 
 — Dry the sample to constant weight at 103 ± 2° C. 
 — Cool the dried sample to room temperature in a desiccator. 
 — Weigh the cooled sample to the nearest 0.01 g. 
 — Ignite the sample at 550 ± 10° C to constant weight.  Make sure that the samples do not 


flare up when placed in the oven, as sediment may be lost from the crucibles.  If sample 
flashing is a problem, it is recommended that the muffle furnace be cooler than 550° C 
when samples are placed inside, and that the temperature gradually be increased to 550° 
C. 


 — Weigh each cooled sample to the nearest 0.01 g. 
 
• Calculations 
 — TVS content is determined as follows: 
 
  Percent TVS = (A-C)100 
       A-B 
 
  Where:   
 
   A = weight (g) of dish and dry sample residue 
   B = weight (g) of evaporation dish 
   C = weight (g) of dish and ignition residue. 
 
QA/QC Procedures 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 Evaporating dishes (or crucibles) must be ignited at 550° C before being used for total volatile 
solids analysis.  This step ensures that the dishes are free from volatile contaminants.   
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 Dried and combusted samples should be cooled in a desiccator and held there until they are 
weighed.  If a desiccator is not used, the sediment will accumulate ambient moisture and the sample 
weight will be overestimated.  A color-indicating desiccant is recommended so that spent desiccant can 
be detected easily.  Also, the seal on the desiccator should be checked periodically and, if necessary, the 
ground glass rims should be greased or the "O" rings should be replaced.   
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples or on one 
sample per batch if less than 20 samples are analyzed.  It is also recommended that the analytical balance, 
drying oven, and muffle furnace be inspected daily and calibrated at least once per week.   
 
DATA REPORTING REQUIREMENTS 
 
 Total volatile solids should be reported as a percentage of the dry weight of the uncombusted 
sample to the nearest 0.1 unit.  The laboratory should report the results of all samples analyzed (including 
QA replicates) and should note any problems that may have influenced data quality.    
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 TOTAL ORGANIC CARBON (TOC) 
 
 
USE AND LIMITATIONS 
 
 Total organic carbon is a measure of the total amount of nonvolatile, volatile, partially volatile, 
and particulate organic compounds in a sample.  Total organic carbon is independent of the oxidation 
state of the organic compounds and is not a measure of the organically bound and inorganic elements that 
can contribute to the biochemical and chemical oxygen demand tests. 
 
 Because inorganic carbon (e.g., carbonates, bicarbonates, free CO2) will interfere with total 
organic carbon determinations, samples should be treated to remove inorganic carbon before being 
analyzed. 
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 25 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet. 
 
Processing 
 
 Samples should be stored frozen and can be held for up to 6 mo under that condition.  Excessive 
temperatures should not be used to thaw samples. 
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Induction furnace 
   e.g., Leco WR-12, Dohrmann DC-50, Coleman CH analyzer, Perkin Elmer 240 


elemental analyzer, Carlo-Erba 1106 
 — Analytical balance 
   0.1 mg accuracy 
 — Desiccator 
 — Combustion boats 
 — 10 percent hydrochloric acid (HCl) 
 — Cupric oxide fines 
 — Benzoic acid. 
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• Equipment preparation 
 — Clean combustion boats by placing them in the induction furnace at 950° C.  After being 


cleaned, combustion boats should not be touched with bare hands. 
 — Cool boats to room temperature in a desiccator. 
 — Weigh each boat to the nearest 0.1 mg. 
 
• Sample preparation 
 — Allow frozen samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Transfer a representative aliquot (5-10 g) to a clean container. 
 
• Analytical procedures 
 — Dry samples to constant weight at 70 ± 2° C.  The drying temperature is relatively low to 


minimize loss of volatile organic compounds. 
 — Cool dried samples to room temperature in a desiccator. 
 — Grind sample using a mortar and pestle to break up aggregates. 
 — Transfer a representative aliquot (0.2-0.5 g) to a clean, preweighed combustion boat. 
 — Determine sample weight to the nearest 0.1 mg. 
 — Add several drops of HCl to the dried sample to remove carbonates.  Wait until the 


effervescing is completed and add more acid.  Continue this process until the incremental 
addition of acid causes no further effervescence.  Do not add too much acid at one time 
as this may cause loss of sample due to frothing.  Exposure of small samples (i.e., 1-10 
mg) having less than 50 percent carbonate to an HCl atmosphere for 24-48 h has been 
shown to be an effective means of removing carbonates (Hedges and Stern 1984).  If this 
method is used for sample sizes greater than 10 mg, its effectiveness should be 
demonstrated by the user. 


 — Dry the HCl-treated sample to constant weight at 70 ± 2° C. 
 — Cool to room temperature in a desiccator. 
 — Add previously ashed cupric oxide fines or equivalent material (e.g., alumina oxide) to 


the sample in the combustion boat. 
 — Combust the sample in an induction furnace at a minimum temperature of 950 ± 10° C. 
 
• Calculations 
 — If an ascarite-filled tube is used to capture CO2, the carbon content of the sample can be 


calculated as follows: 
   
   Percent Carbon = A(0.2729) (100) 
     B 
  Where: 
 
 A = the weight (g) of CO2 determined by weighing the ascarite tube before and after combustion 
 B = dry weight (g) of the unacidified sample in the combustion boat 
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 0.2729 = the ratio of the molecular weight of carbon to the molecular weight of carbon dioxide 
 
  A silica gel trap should be placed before the ascarite tube to catch any moisture driven 


off during sample combustion.  Additional silica gel should be placed at the exit end of 
the ascarite tube to trap any water that might be formed by reaction of the trapped CO2 
with the NaOH in the ascarite. 


 — If an elemental analyzer is used, the amount of CO2 will be measured by a thermal 
conductivity detector.  The instrument should be calibrated daily using an empty boat 
blank as the zero point and at least two standards.  Standards should bracket the expected 
range of carbon concentrations in the samples. 


 
QA/QC Procedures 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field. 
 
 Dried samples should be cooled in a desiccator and held there until they are weighed.  If a 
desiccator is not used, the sediment will accumulate ambient moisture and the sample weight will be 
overestimated.  A color-indicating desiccant is recommended so that spent desiccant can be detected 
easily.  Also, the seal on the desiccator should be checked periodically and, if necessary, the ground glass 
rims should be greased or the "O" rings should be replaced. 
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.  A method blank should be analyzed at the same 
frequency as the triplicate analyses.  The analytical balance should be inspected daily and calibrated at 
least once per week.  The carbon analyzer should be calibrated daily with freshly prepared standards.  A 
standard reference material should be analyzed at least once for each major survey. 
 
DATA REPORTING REQUIREMENTS 
 
 Total organic carbon should be reported as a percentage of the dry weight of the unacidified 
sample to the nearest 0.1 unit.  The laboratory should report the results of all samples (including QA 
replicates, method blanks, and standard reference measurements) and should note any problems that may 
have influenced sample quality.  The laboratory should also provide a summary of the calibration 
procedure and results (e.g., range covered, regression equation, coefficient of determination). 
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 OIL AND GREASE (FREON-EXTRACTABLE) 
 
 
USE AND LIMITATIONS 
 
 Oil and grease tests measure all material recovered as a substance soluble in a nonpolar solvent 
(e.g., Freon) under acidic conditions.  Oil and grease includes such compounds as hydrocarbons, 
vegetable oils, animal fats, waxes, soaps, greases, and related industrial compounds.    
 
 In addition to oil and grease, the solvent may dissolve other kinds of substances, such as sulfur 
compounds, organic dyes, and chlorophyll.  Oil and grease is therefore operationally defined by the kind 
of solvent and analytical methods used.  Standardized procedures are essential for valid interstudy 
comparisons. 
 
FIELD PROCEDURES 
 
Collection 
 
 Samples should be collected only in glass containers having TFE-lined lids.  Although 
aluminum-lined lids can be used, seawater eventually will corrode the aluminum.  Before being used, 
containers and lids should first be washed with a warm aqueous detergent mixture and then, in sequence, 
thoroughly rinsed with hot tap water, rinsed at least twice with distilled water, rinsed once with Freon 
(i.e., 1,1,2-trichloro-1,2,2-trifluoroethane, and dried at 105 ± 2° C for 30 min.  A minimum sample size of 
100 g is recommended.  If unrepresentative material is to be removed from the sample, it should be 
removed in the field under the supervision of the chief scientist and noted on the field log sheet. 
 
Processing 
 
  If samples cannot be analyzed within 24 h, they can be preserved with approximately 1 mL of 
concentrated hydrochloric acid (HCl) per 80 g of sample.  Acid-preserved samples should be stored at 4° 
C, and can be held for up to 28 days in that condition.  Although U.S. EPA has not established a 
recommended maximum holding time for oil and grease sediments, 28 days is consistent with the 
recommended holding time for acid-preserved water samples.  Samples can also be preserved by freezing 
at -20�C, and can be held under that condition for up to 6 mo.  Samples must be kept field-moist during 
storage because they may lose apparent oil and grease as a result of drying. 
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Infrared spectrophotometer 







27


 Conventional Sediment Variables 
 Oil and Grease (Freon-Extractable) 
 March 1986  


 


 
 


   IR technique only 
 — Analytical balance 
   Gravimetric technique only, 0.1 mg accuracy 
 — Extraction apparatus, Soxhlet 
 — Vacuum pump or other source of vacuum 
 — Extraction thimble, paper 
 — Concentrated hydrochloric acid (HCl) or concentrated sulfuric acid (H2SO4) 
 — Magnesium sulfate monohydrate 
   Prepare MgSO4


.H2O by drying a thin layer of MgSO4
.7H2O overnight in an oven 


at 103° C 
 — Freon (1,1,2-trichloro-1,2,2,-trifluoroethane), boiling point 47° C 
   The solvent should leave no measurable residue on evaporation; redistill if 


necessary 
 — Grease-free cotton 
   Extract nonabsorbent cotton using Freon 
 — Oil reference standard 
   If the identity of oil and grease in a sample is unknown, a mixture of 15.0 mL 


n-hexadecane, 15.0 mL isooctane, and 10.0 mL chlorobenzene should be used as 
the standard.  This is the same reference oil used for water samples in U.S. EPA 
Method 413.2 (U.S. EPA 1983).  If the identity of oil and grease is known, the 
standard can be comprised of the same substance as that in the sample. 


 
• Sample preparation 
 — Allow samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Remove a representative aliquot (approximately 25 g) and analyze it for total solids 


content. 
 — Remove a representative aliquot (approximately 20 g) and weigh it to the nearest 0.1 mg. 
 — Transfer the weighed aliquot to a 150-mL beaker for oil and grease analysis. 
 
• Oil and grease extraction 
 — Acidify the sample to pH = 2 using concentrated HCl or concentrated H2SO4. 
 — Add 25 g MgSO4


.H2O to the acidified sediment sample.  Stir to make a uniformly smooth 
paste that is spread on the beaker wall.  Allow to stand 15-30 min until solidified. 


 — Following solidification, remove the solids and grind in a porcelain mortar.  The use of a 
desiccated, uniformly ground sample improves the efficiency of the extraction process. 


 — Add the ground sample to a paper extraction thimble.  The beaker and mortar should be 
wiped with a small piece of filter paper that has been soaked in Freon.  Add the filter 
paper to the paper thimble. 


 — Fill the thimble with glass wool or small glass beads.  Extract the prepared sample using 
Freon in a Soxhlet apparatus at a rate of 20 cycles/h for 4 h.  If the final extract is turbid, 
filter the sample through grease-free cotton into a clean flask.  Rinse the initial sample 
container and the cotton with Freon and add the washing to the filtered sample. 
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 — Oil and grease concentration of the extract can be determined using either the infrared 
spectrophotometry or the gravimetric method. 


 
 
• Infrared spectrophotometry method 
 — Quantitatively transfer the sediment extract to a convenient size volumetric flask and 


dilute to volume with Freon. 
 — Prepare calibration standards using the reference oil. 
 — Transfer required amounts of the reference material into 100-mL volumetric flasks using 


microliter pipettes.  Dilute to volume with Freon. 
 — The most appropriate pathlength for the quartz cells to be used in the spectrophotometric 


determination is determined by the expected sample concentration.  The following 
information is presented as a guide for selecting cell length: 


Pathlength, cm  Expected Range, 
mg 


1  4 - 40 


5  0.5 - 8 


10  0.1 - 4 
 
  Based on observed ranges of oil and grease in sediments, it may be necessary to dilute 


the sample extracts to the working ranges indicated above. 
 — Scan the standards and samples from 3,200 to 2,700 cm-1 using a recording infrared 


spectrophotometer.  Freon should be used in the reference beam of a dual beam 
instrument or to zero a single beam instrument.  The absorbance of the 2930-cm-1 peak 
should be used to construct a standard curve. 


 — Prepare a standard curve by plotting measured absorbance vs. oil and grease 
concentration of the standards.  Compare the absorbance of the Freon extract to the 
standard curve to determine the oil and grease concentration. 


— Calculate oil and grease concentration as follows: 
 
  Concentration (mg/kg dry weight) = (X) (V) (1,000) 
              (g) (% S) 


 
  Where: 
    X = concentration of oil and grease in the Freon extract, mg/L 
    V = volume of Freon extract, L 
    g = wet weight of sediment extracted, g 
    %S = percent total solids in the sediment sample expressed as a 


decimal fraction). 
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• Gravimetric method 
 — Quantitatively transfer the sediment extract to a tared distilling flask.  Rinse the extract 


container with Freon and add to the distilling flask. 
 — Distill the Freon from the extraction flasks using a water bath at 70° C. 
 — After the solvent has been evaporated, place the flask on a warm steam bath for 15 min 


and draw air through the flask by means of an applied vacuum for the final 1 min. 
 — Cool the sample to constant weight in a desiccator. 
 — Weigh the cooled sample to the nearest 0.1 mg. 
 — Calculate oil and grease concentration as follows: 
 
   
Concentration (mg/kg dry weight) = (A-B) (1000) 
          (g) (%S) 


 
Where: 


 
    A = weight (mg) of tared flask and oil and grease residue  
    B = weight (mg) of tared flask 
    C = calculated residue (mg) based on Freon flask 
    g = wet weight (g) of sediment extracted 
    %S = percent total solids in the sediment sample (expressed as a 


decimal fraction). 
 
QA/QC Procedures 
 
 Because the results of an oil and grease analysis are extremely sensitive to the methods used, 
comparable results can be obtained only by strict adherence to all methodological details. 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.  Also, a method blank should be analyzed at the 
same frequency as the triplicate analyses. 
 
DATA REPORTING REQUIREMENTS 
 
 Oil and grease concentrations should be reported as mg/kg dry weight to no more than three 
significant figures.  The laboratory should report the results of all samples (including QA replicates and 
method blanks) and should note any problems that may have influenced sample quality.  The laboratory 
should also provide a description of the calibration procedures and standards used to determine oil and 
grease concentrations by infrared spectrophotometry. 
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 TOTAL SULFIDES 
 
 
USE AND LIMITATIONS 
 
 Total sulfides represent the amount of acid-soluble H2S, HS-, and S2- in a sample.  Sulfides are 
measured because they may be toxic and because they may create unaesthetic conditions.  This method 
cannot be used if a measure of only water-soluble sulfides is desired.  A measure of water-soluble 
sulfides might be desired if an estimate of biologically available sulfides is needed. 
 
Sulfides are difficult to sample because some may be lost through volatilization and/or gas stripping and 
some may be lost through oxidation by dissolved oxygen. 
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 50 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet. 
 
Processing 
 
 Samples should be stored at 4° C immediately after collection and analyzed as soon as possible.  
Samples must be kept moist during storage because oxidation may result from drying.  Although 
U.S. EPA has not established a recommended maximum holding time for sulfides in sediments, a 
maximum holding time of 7 days would be consistent with the holding time recommended for sulfides in 
preserved water samples. 
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Distillation apparatus, all glass 
   For large samples, a suitable assembly consists of a 1-L pyrex distilling flask 


with Graham condenser as used for the analysis of phenols.  A section of glass 
tubing should be connected to the tip of the condenser so that it reaches the 
bottom of the collection tube. 


 — Distillate collection tubes 
   Short-form Nessler tubes, graduated at 50 and 100 mL. 
 — Spectrophotometer 
   For use at 650 nm and providing a light path of 1 in or greater. 
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 — Nitrogen, water-pumped 
 — Zinc acetate, 2 N 
   Dissolve 220 g of Zn(C2H3O2)2


.2H2O in distilled water and dilute to 1 L. 
 — Zinc acetate, 0.2 N 
   To 100 mL of 2 N Zn(C2H3O2)2


.2H2O add several drops of acetic acid and dilute 
to 1 L. 


 — Sulfuric acid solution, 1:1 
   Carefully add 500 mL of concentrated H2SO4 to 500 mL of distilled water in a 


1-L flask.  Mix continuously and cool under running water while combining 
reagents.  Cool solution before using. 


 — Dilute sulfuric acid solution, approximately 0.1 N  
   Dilute 5 mL of 1:1 H2SO4 to 1 L with distilled water. 
 — Stock amine solution 
   Dissolve 2.7 g of N, N-dimethyl-p-phenylenediamine sulfate and dilute to 100 


mL with 1:1 H2SO4 solution.  This solution is stable for approximately 1 wk. 
 — Working amine solution 
   Dilute 2 mL of stock amine solution to 100 mL with 1:1 H2SO4 solution.  


Prepare fresh daily. 
 — Ferric chloride solution 
   Dissolve 100 g of FeCl3


.6H20 in hot distilled water and dilute to 100 mL.  Cool 
before use. 


 — Standard potassium biniodate solution, 0.025 N 
   Accurately weigh out 0.8124 g KH(IO3)2 and dissolve in distilled water.  Dilute 


to 1 L. 
 — Standard sodium thiosulfate titrant, 0.025 N 
   Dissolve 6.205 g Na2S2O3


.5H20 in distilled water and dilute to 1 L.  Preserve 
with 5 mL chloroform.  Standardize against standard potassium biniodate using 
starch as an indicator. 


 — Potassium iodide solution 
   Dissolve 5 g of KI in distilled water and dilute to 100 mL. 
 — Treated hydrochloric acid 
   Place one or two strips of aluminum in a small beaker of concentrated HCl.  


Following the subsequent reaction, the acid is poured off and is ready to use. 
 — Oxygen-free dilution water 
   Pass nitrogen gas through a sufficient quantity of distilled water for dilution 


requirements.  A minimum of 10 min is required to displace oxygen in the water. 
 — Sodium sulfide, reagent, crystal. 
 
• Standards preparation 
 — Prepare 0.01 N sulfide solution as follows:  weigh approximately 1.2 g of large crystal 


Na2S.9H20.  Wash the crystals several times with distilled water.  Discard the washings 
and add the washed crystals to 975 mL of nitrogen-saturated distilled water.  Dilute to 1 
L. 
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 — Pipet 20 mL of stock sulfide solution into 100 mL of oxygen-free water.  Add 5 mL of 
KI solution, 20 mL of 0.025 N KH(IO3)2 solution, and 10 mL of 0.1 N H2SO4.  Titrate 
with 0.025 N Na2S203 solution using starch as an endpoint indicator.  Carry a blank 
through the procedure and calculate the amount of reacted iodine from the difference 
between the blank and standard titrations.  Because 1 mL of 0.025 N KH (IO3)2 is 
equivalent to 0.400 mg of sulfide ion, calculate the sulfide concentration in the stock 
solution. 


 — Calculate the volume of stock solution that contains 0.2 mg sulfide and add this amount 
to 900 mL of oxygen-free water.  Dilute to 1 L.  This is the working standard containing 
2 ug S/mL.  Sulfide solutions are extremely unstable and must be prepared fresh and 
used immediately.  Stability is increased by using nitrogen-saturated water for dilution. 


 — Prepare a standard curve by dilution of the working sulfide solution.  Pipet 20 mL 0.2 N 
Zn(C2H302)2 into a series of 50-mL Nessler tubes.  Add the required amounts of sulfide 
solution to each Nessler tube, taking care to pipet the solution below the Zn(C2H302)2 
level.  Dilute to 50 mL with oxygen-free water. 


 — Equilibrate the temperature of the standards to 23-25° C using a water bath while the 
colorimetric reagents are added.  Add 2 mL dilute amine-sulfuric acid solution to the 
standard, mix, and add 0.25 mL (5 drops) FeCl3 solution.  Mix the solution and allow 10 
min for color development.  Measure the absorbance at 650 nm. 


 
• Sample preparation 
 — Allow samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Remove a representative aliquot (approximately 25 g) and analyze for total solids 


content. 
 — Remove a representative aliquot for total sulfides analysis.  The aliquot should not 


contain more than 50 ug of sulfide. 
 — Weigh the aliquot to the nearest 0.1 mg. 
 
• Distillation 
 — Set up the distillation apparatus.  The transfer tube from the condenser should reach the 


bottom of the distillated collection tube.  The condenser should be attached so that it can 
be easily moved up or down when diluting the distillate or adding reagents. 


 — Pipet 20 mL of 0.2 N Zn(C2H302)2 into a 100-mL Nessler tube and lower the condenser 
so that the transfer tubing reaches below the level of the liquid.  Attach a distilling flask 
and pass nitrogen gas through the system for at least 10 min. 


 — Transfer the sample aliquot to the distillation flask.  Bubble nitrogen gas through the 
sample to remove any oxygen dissolved in the sample.  A small amount of sulfide may 
be driven over by the gas, so be sure that the only exit is through the zinc acetate solution 
in the collecting tube. 


 — Discontinue nitrogen evolution and add rapidly several boiling stones, two drops of 
methyl orange indicator, and enough treated HCl to change the color from orange to red.  
Stopper as quickly as possible and heat slowly.  The slower the heating rate, the greater 
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the contact time between the evolved H2S and Zn(C2H3O2)2 and the less chance of sulfide 
loss. 


 — Distill the solution until approximately 20 mL of distillate has been collected (roughly 
5-8 min after the solution commences to boil).  Turn off heat and remove the stopper in 
the distillation flask to keep the distillate from being sucked back up the condenser.  
Raise the transfer tube above the 50-mL mark on the collection container and dilute the 
solution to 50 mL. 


 — Place the distillates in a water bath at 23-25° C.  Add 2 mL dilute amine solution and 
mix.  Add 0.25 mL (5 drops) FeCl3 solution and mix.  Allow 10 min for color develop-
ment and measure sample absorbance at 650 nm. 


 
 
• Calculations 
 — Prepare a standard curve by plotting absorbance of the standards vs. sulfide 


concentration.  Ensure that the standards cover the range of concentrations expected in 
the samples.  Determine the sulfide concentration of the sample distillate by comparing 
sample absorbance with the standard curve. 


 — Calculate total sulfides concentration as follows: 
 
  Concentration (mg/kg dry weight) = (C) (0.05) (1000) 
       (g) (%S) 
    
 Where: 
 
    C = sulfide concentration in distillate, mg/L 
    0.05 = sample volume of distillate, L (as written) 
    g = wet weight of sediment aliquot, g 
    %S = percent solids of sediment as a decimal fraction. 
 
 
QA/QC Procedures  
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.  Fresh standards should be used to calculate a 
calibration curve for each batch of samples.  The analytical balance should be inspected daily and 
calibrated at least once per week.   
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DATA REPORTING REQUIREMENTS 
 
 Total sulfides should be reported as mg/kg of sediment dry weight to the nearest 0.1 unit.  The 
laboratory should report the results of all samples (including QA replicates) and should note any 
problems that may have influenced sample quality.  The laboratory should also describe the calibration 
curve used to determine total sulfide concentrations.   
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 TOTAL NITROGEN 
 
 
 If the elemental analyzer used to measure total organic carbon can also measure total nitrogen, it 
is recommended that the latter variable be measured simultaneously with TOC.  Total nitrogen values in 
sediments generally are used to compare carbon-to-nitrogen ratios.  A separate total nitrogen analysis 
using a technique other than the elemental analyzer method is not considered equivalent for calculating 
carbon-to-nitrogen ratios. 
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 BIOCHEMICAL OXYGEN DEMAND (BOD) 
 
 
USE AND LIMITATIONS 
 
 Biochemical oxygen demand is a measure of the dissolved oxygen consumed by microbial 
organisms while assimilating and oxidizing the organic matter in a sample.  This test is used to estimate 
the amount of organic matter that is available to organisms, in contrast to other tests used to estimate the 
total amount of organic matter (e.g., total volatile solids, total organic carbon, chemical oxygen demand).   
 
 In addition to oxygen used for degrading organic matter, biochemical oxygen demand may also 
include oxygen used to oxidize inorganic material (e.g., sulfide, ferrous iron) and reduced forms of 
nitrogen.   
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 50 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet.   
 
Processing 
 
 Samples should be stored at 4° C, and can be held for up to 7 days under that condition.  Samples 
should be kept field-moist and air contact should be prevented to minimize oxidation. 
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Incubator 
   Thermostatically controlled at 20° ± 1° C. 
   All light should be excluded to prevent the photosynthetic production of 


dissolved oxygen by algae in the sample. 
 — Incubation bottles 
   300-mL capacity, with ground glass stoppers. 
 — Distilled water 
   Free of copper, chlorine, chloramines, caustic alkalinity, acids, and organic 


material. 
 — Phosphate buffer solution 
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   Dissolve the following in distilled water:  8.5 g potassium dihydrogen phosphate, 
KH2PO4; 21.75 g dipotassium hydrogen phosphate, K2HPO4; 33.4 g disodium 
hydrogen phosphate heptahydrate, Na2HPO4


.7H2O; and 1.7 g ammonium 
chloride, NH4Cl.  Dilute to 1 L.  The pH of this buffer should be 7.2 without 
further adjustment.  If dilution water is to be stored in the incubator, the 
phosphate buffer should be added just prior to using the dilution water. 


 — Magnesium sulfate solution 
   Dissolve 22.5 g MgSO4


.7H2O in distilled water and dilute to 1 L. 
 — Calcium chloride solution 
   Dissolve 27.5 g anhydrous CaCl2 in distilled water and dilute to 1 L. 
 — Ferric chloride solution 
   Dissolve 0.25 g FeCl3


.6H2O in distilled water and dilute to 1 L. 
 — Dilution water 
   Store distilled water in cotton-plugged bottles for a sufficient length of time to 


become saturated with dissolved oxygen.  The water should be aerated by 
shaking a partially filled bottle or using a supply of clean compressed air.  The 
distilled water used should be as near as possible to 20° C and of high purity.  
Place the desired volume of distilled water in a suitable bottle and add 1 mL each 
of phosphate buffer, magnesium sulfate, calcium chloride, and ferric chloride for 
each liter of water. 


 — Seeding material 
   Satisfactory seed may sometimes be obtained by using the supernatant liquor 


from domestic sewage that has been stored at 20° C for 24-36 h.  Use the seed 
that has been found by practical experience to be the most satisfactory for the 
particular material under study. Only past experience can determine the amount 
of seed to be added per liter but the amount should give an oxygen depletion of 
approximately 2 mg/L.  The amount of seed required may vary with the source of 
the seed.  If the sample contains organic compounds not amenable to oxidation 
by domestic sewage seed, it may be necessary to use seed prepared from soil, an 
acclimated seed developed in the laboratory, or sediments collected below a 
particular waste discharge (preferably 2-5 mi below the point of discharge).  
Seeded dilution water should be used the same day it is prepared. 


 
• Standards preparation 
 — Prepare a stock BOD standard solution by dissolving 0.150 g reagent grade glucose and 


0.150 g reagent grade glutamic acid in 1 L of distilled water.  The solids should be dried 
for 1 h at 103° C prior to weighing. 


 
• Sample preparation 
 — Allow samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Remove a representative aliquot (approximately 25 g) and analyze for total solids 


content. 
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 — Remove a representative aliquot (approximately 5 g) and weigh it to the nearest 0.1 mg. 
 — Transfer the weighed aliquot to a BOD bottle for analysis. 
 
• Analytical procedures 
 — Fill each BOD bottle with dilution water and place the samples in the incubator.  Ensure 


that air bubbles are not trapped in the BOD bottles.  Prepare a blank consisting of 
dilution water in a separate BOD bottle.  Make sure that there is a water seal in the neck 
of each sample bottle and blank when placed in the incubator.  Replenish the water seals 
on all bottles each morning. 


 — Determine the initial dissolved oxygen concentration of each sample and blank using the 
Winkler titration method or a dissolved oxygen probe.  This can best be accomplished by 
directly measuring the dissolved oxygen concentration in the dilution water.  This 
method is recommended because sediment may cause a rapid consumption of oxygen, 
making it difficult to obtain a stable initial dissolved oxygen reading.  If a probe is used 
for oxygen measurement, the same sample can be used for immediate dissolved oxygen 
demand and biochemical oxygen demand. 


 — Incubate samples and blanks for 5 days at 20 ± 1° C.  Determine residual dissolved 
oxygen concentrations in the incubated samples using the analytical method of choice.  
The most reliable BOD determinations will occur in those samples with a residual 
dissolved oxygen concentration of at least 2 mg/L and a dissolved oxygen depletion of at 
least 2 mg/L.  


 — It is recommended that the dilution water be incubated as a check on its quality.  To do 
this, fill two BOD bottles with unseeded dilution water.  Stopper one bottle, fill the water 
seal, and place in the incubator at 20 ± 1° C for 5 days.  Analyze the second sample to 
determine initial dissolved oxygen concentration.  Following the 5-day period, determine 
dissolved oxygen in the incubated sample.  The oxygen depletion should not be more 
than 0.2 mg/L and preferably not more than 0.1 mg/L.  If these values are exceeded, the 
quality of the dilution water or the treatment of samples (e.g., filling of water seals) 
should be considered suspect. 


 
 — Prepare a working BOD standard solution by diluting 20 mL of the stock solution to 1 L 


with seeded dilution water.  Fill three BOD bottles and incubate at 20 ± 1° C for 5 days.  
The resulting BOD of these samples should be 218 ± 11 mg/L.  Any appreciable 
deviation from these expected results may raise questions on the quality of the dilution 
water, the viability or suitability of the seed material, or the analytical technique. 


 
• Calculations 
 — Sediment BOD is calculated as follows: 
   
  BOD (mg/kg dry weight) = (O-F) (b) 
         (g) (%S) 
 
  Where: 
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    0 = dissolved oxygen concentration at time zero, mg/L 
    F = dissolved oxygen concentration after 5 days, mg/L 
    b = volume of BOD bottle, mL 
    g = wet weight of sediment sample used, g 
    %S = percent solids in sediment sample (expressed as a decimal 


fraction.) 
 
QA/QC Procedures 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.  A dilution water blank and glucose-glutamic acid 
standard should be analyzed at the same frequency as the triplicate analyses.   
 
DATA REPORTING REQUIREMENTS 
 
 Biochemical oxygen demand should be reported as mg/kg dry weight, to the nearest 0.1 unit.  
The laboratory should report the results of all samples analyzed, including QA replicates, seeded dilution 
water blanks, unseeded dilution water blanks, and glucose-glutamic acid standards.  The laboratory 
should also note any problems that may have influenced sample quality. 
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 CHEMICAL OXYGEN DEMAND (COD) 
 
 
USE AND LIMITATIONS 
 
 Chemical oxygen demand is a measure of the oxygen equivalent of the organic matter content of 
a sample that is susceptible to oxidation by a strong chemical oxidant at elevated temperature and 
reduced pH.  The test was devised as an alternative to the biochemical oxygen demand test for estimating 
organic matter.  For samples from a specific source, chemical oxygen demand can be related empirically 
to biochemical oxygen demand, total organic carbon, or total volatile solids and then used for monitoring 
after a relationship has been established.   
 
 Major limitations of the chemical oxygen demand test are that it is not specific for organic matter 
and that correlations with other measures of organic carbon are not always found.  Inorganic substances 
such as Fe2+, Mn2+, and S2- can increase the consumption of oxidizing agent during the test.  Plumb 
(1981) recommends that chemical oxygen demand not be equated with organic matter in sediments.   
 
FIELD PROCEDURES 
 
Collection 
 
 Samples can be collected in glass or plastic containers.  A minimum sample size of 50 g is 
recommended.  If unrepresentative material is to be removed from the sample, it should be removed in 
the field under the supervision of the chief scientist and noted on the field log sheet. 
 
Processing 
 
Samples should be stored at 4° C and can be held under that condition for 7 days.  Samples must be kept 
field-moist and free from air contact during storage to prevent air oxidation.   
 
LABORATORY PROCEDURES 
 
Analytical Procedures 
 
• Equipment 
 — Reflux apparatus 
   Consisting of 250- or 500-mL Erlenmeyer flasks with ground glass 24/40 neck1 


and 300-mm jacket Liebig, West, or equivalent condensers2 with  24/40 
ground glass joint. 


 — Hot plate 


                                                           
    1Corning 5000 or equivalent. 
    2Corning 2360, 91548, or equivalent. 
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   Having sufficient power to produce 1.4 W/cm2 (9 W/in2) of heating surface, or 
equivalent, to ensure adequate refluxing of the sample. 


 
 — Standard potassium dichromate solution, 0.250 N 
   Dissolve 12.259 g K2Cr2O7 primary standard grade, previously dried at 103° C 


for 2 h, in distilled water and dilute to 1 L.  The addition of 0.12 g/L sulphamic 
acid will eliminate interference due to nitrites in the sample at concentrations up 
to 6 mg/L. 


 — Sulfuric acid reagent 
   Concentrated H2SO4 containing 22 g silver sulfate, Ag2SO4, per 9-lb bottle.  


Allow 1 or 2 days for dissolution. 
 — Standard ferrous ammonium sulfate titrant, 0.25 N 
   Dissolve 98 g Fe(NH4)2 (SO4)2


.6H2O in distilled water.  Carefully add 20 mL 
concentrated H2SO, cool, and dilute to 1 L.  This solution must be standardized 
against K2Cr2O7 daily.  To standardize the ferrous ammonium sulfate, dilute 10 
mL standard potassium dichromate solution to approximately 100 mL.  Carefully 
add 30 mL concentrated H2SO4 and allow to cool.  Titrate with ferrous 
ammonium titrant, using 2-3 drops of ferroin indicator. 


 
   Normality = (mL K2Cr207) (0.25) 
           [mL Fe (NH4)2 (S04)2] 
 
 — Ferroin indicator 
   Dissolve 1.485 g 1,10-phenantroline monohydrate and 0.695 g ferrous sulfate, 


FeSO4
.7H2O, in water and dilute to 100 mL.  Alternatively, a commercially 


prepared indicator can be purchased. 
 — Silver sulfate 
   Ag2SO4, reagent powder. 
 — Mercuric sulfate 
   HgSO4, analytical-grade crystals. 
 
• Sample preparation 
 — Allow samples to warm to room temperature. 
 — Homogenize each sample mechanically. 
 — Remove a representative aliquot (approximately 25 g) and analyze for total solids 


content. 
 — Remove a representative aliquot (approximately 2 g) and weigh it to the nearest 0.1 mg. 
 — Transfer the weighed aliquot to a reflux flask for COD analysis.  Wash the sediment into 


the flask with a minimum amount of distilled water (i.e., <25 mL). 
 
• Analytical procedures 
 — Place several boiling stones or glass beads and 1.0 g HgSO4 in the reflux flask with the 


sample. 
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 — Add 25 mL 0.25 N K2CR2O7 to the flask and mix thoroughly. 
 — Slowly, and with constant mixing, add 75 mL of sulfuric acid-silver sulfate solution.  


Ensure that the mixture is well mixed to avoid localized superheating. 
 — Attach the sample flask to a condenser and reflux for 2 h.  If the added dichromate 


dissipates during reflux, either 1) repeat, using a smaller sample size, or 2) carefully add 
additional 0.25 N K2Cr2O7 through the condenser.  Be sure to record any added dichro-
mate. 


 — Allow the sample to cool and rinse the condenser with 40-50 mL distilled water. 
 — Add an additional 50 mL of distilled water to the sample and allow to cool to room 


temperature. 
 — Add 3-5 drops of ferroin indicator and titrate with 0.25 N Fe(NH4)2(SO4)2 to a sharp 


color change (blue-green to reddish-brown). 
 — For a blank, reflux 25 mL of distilled water, 25 mL of 0.25 N K2Cr2O7, 1 g HgSO4, 


several glass beads or boiling stones, and 75 mL of sulfuric acid-silver sulfate solution 
for 2 h.  Cool, add 3-5 drops of ferrion indicator, treat as a sample and titrate with 0.25 N 
Fe(NH4)2(SO4)2. 


 
• Calculations 


— Sediment COD is determined as follows: 
 


COD (mg/kg dry weight) = (A-B) (N) (8,000) 
    (g) (%S) 


 
  Where: 
    A = volume of 0.25 N Fe(NH4)2(SO4)2 for blank titration, mL 
    B = volume of 0.25 N Fe(NH4)2(SO4)2 for sample titration, mL 
    N = normality of 0.25 N Fe(NH4)2(SO4)2 used for titration, eq/L 
    8,000 = equivalent weight of oxygen, mg/eq 
    g = wet weight of sample, g 
    %S = percent solids in sediment sample (expressed as a decimal  


      fraction. 
 
QA/QC Procedures 
 
 It is critical that each sample be thoroughly homogenized in the laboratory before a subsample is 
taken for analysis.  Laboratory homogenization should be conducted even if samples were homogenized 
in the field.   
 
 It is recommended that triplicate analyses be conducted on one of every 20 samples, or on one 
sample per batch if less than 20 samples are analyzed.   
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DATA REPORTING REQUIREMENTS 
 
 Chemical oxygen demand should be reported as mg/kg of sediment dry weight to the nearest 0.1 
unit.  The laboratory should report the results of all samples analyzed (including QA replicates and 
method blanks) and should note any problems that may have influenced data quality.  The laboratory 
should also report the results of the standard test. 
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 INTRODUCTION 
 
 
 Recommended guidelines for measuring the following 15 conventional water-column variables 
in Puget Sound are presented in this chapter: 
 
 � pH 


 � Salinity 


 � Temperature 


 � Transparency 


 � Turbidity (transmissivity) 


 � Total suspended solids 


 � Dissolved oxygen (modified Winkler method) 


 � Dissolved oxygen (probe method) 


 � Nitrogen (ammonia) 


 � Nitrogen (nitrite) 


 � Nitrogen (nitrate) 


 � Phosphate 


 � Silicate 


 � Chlorophyll a 


 � Total and fecal coliform bacteria. 
 
Each guideline is based on the results of a workshop sponsored by the Puget Sound Estuary 
Program (PSEP) and written reviews by representatives from most organizations that fund or 
conduct environmental studies in Puget Sound (Table 1). The purpose of developing these 
recommended guidelines is to encourage all Puget Sound investigators conducting monitoring 
programs, baseline surveys, and intensive investigations to use standardized methods whenever 
possible. If this goal is achieved, most data collected in Puget Sound should be directly comparable 
and thereby capable of being integrated into a sound-wide database. Such a database is necessary 
for developing and maintaining a comprehensive water quality management program for Puget 
Sound. 
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 TABLE 1. CONTRIBUTORS TO THE MARINE  
 WATER-COLUMN GUIDELINES 
 


Name Affiliation 


Jim Andersona University of Washington 


Scott Beckerb PTI Environmental Services 


John Bernhardta Washington Department of Ecology 


Chuck Boatmanb Converse Consultants NW 


Andrea Coppingb Puget Sound Water Quality Authority 


Joe Cumminsa U.S. Environmental Protection Agency  


Bob Dexterb EVS Consultants 


Jacques Faigenblumc Washington Department of Ecology 


David Hallocka Washington Department of Ecology 


Carol Janzenb Washington Department of Ecology 


Cliff Kirchmerb Washington Department of Ecology 


Kathy Krogslundb University of Washington 


Tony Paulsonb National Oceanic and Atmospheric 
Administration 


Mary Jane Perrya University of Washington 


Lynn Singletona Washington Department of Ecology 


Pete Striplinb Washington Department of Ecology 


Despina Strongb Washington Department of Ecology 


George Whiteb University of Washington 


Bruce Woodsa U.S. Environmental Protection Agency  
 
 a Provided written comments only. 
 
 b Attended workshop held on 15 September 1989. 
 
 c Workshop moderator. 
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 Each recommended guideline describes field collection and processing methods and laboratory 
analytical, quality assurance/quality control, and data reporting procedures. Each recommended 
analytical procedure was based on standardized techniques from Parsons et al. (1984), U.S. EPA 
(1983), or APHA (1989). Much of this report was based on U.S. EPA (1987). These techniques are 
summarized in Table 2. The general collection and holding recommendations for each water-column 
variable are presented in Table 3. 
 
 Although the following guidelines are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special requirements of 
individual projects. If such departures are made, however, the funding agency or investigator should 
be aware that the resulting data may not be comparable with most other data of that kind. In some 
instances, data collected using different methods may be compared if the methods are intercalibrated 
adequately. 
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TABLE 2. RECOMMENDED METHODS FOR MEASURING  


WATER-COLUMN CONVENTIONAL VARIABLES 
 


 Method Reference 


Variable U.S. EPAa APHAb Otherc 


pH 150.1 4500-H B In situd 


Salinity -- 2520 B Salinometere; 
in situd 


Temperature 170.1 2550 B In situd 


Transparency -- -- Secchi disk 


Turbidity 180.1 2130 B -- 


Transmissivity -- -- In situd 


Total suspended solids 160.2f 2540 Df -- 


Dissolved oxygen    


 Probe method 360.1 4500-0 G In situd; 


 Winkler method -- -- Parsons et al. (1984) 


Nitrogen    


 Ammonia-N -- -- Parsons et al.  
(1984); autoanalyzerg 


 Nitrite-N -- -- Parsons et al.  
(1984); autoanalyzerg 


 Nitrate-N -- -- Parsons et al.  
(1984); autoanalyzerg 


Phosphate -- -- Parsons et al.  
(1984); autoanalyzerg 


Silicate -- -- Parsons et al. (1984) 


Chlorophyll a -- -- Parsons et al.  
(1984); in situ 


Total coliform bacteria -- 9221 Bh 
9222 Bi 


 -- 


Fecal coliform bacteria -- 9221 Ch 
9222 Di 


 -- 


 
 a Methods recommended in U.S. EPA (1983). 
 
 b Methods recommended in APHA (1989). 
 
 c Methods recommended in sources other than U.S. EPA (1983) or APHA (1989). 







TABLE 2. (Continued) 
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 d This variable can be measured using an in situ instrument. The operating manual for the 


instrument should provide all necessary information for proper instrument calibration and 
measurement of this variable. 


 
 e The instruction manual for the salinometer should provide all necessary information for 


instrument calibration and salinity determination. 
 
 f A 0.40- or 0.45-µm membrane filter should be used instead of the glass fiber filter 


recommended in the method. 
 
 g The instruction manual for the autoanalyzer should provide all necessary information for 


instrument calibration and nutrient determinations. A general discussion of the use of 
autoanalyzers is presented by Grasshoff et al. (1983). 


 
 h This method can be used whether or not chlorine is present. 
 
 i This method cannot be used when chlorine is present. 
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 TABLE 3. RECOMMENDED SAMPLE SIZES, CONTAINERS, PRESERVATION,  
 AND HOLDING TIMES FOR WATER-COLUMN SAMPLESa 
  
     Minimum          Maximum 


 Sample   Holding 
Measurement Sizeb Containerc Preservative Time 


 
pH 25 mL P,G None Analyze immediatelyd 
 
Salinity 200 mL G None Indefinitely 
 
Temperature 1 L P,G None Measure immediatelyd 
 
Turbidity 100 mL P,G Cool, 4°C, dark 24 hours 
 
Total suspended solids 1-4 Lf P,G Cool, 4°C, dark 7 days 
 
Dissolved oxygen 
 Probe method 125 mL G bottle &  None Analyze immediatelyd 
  top only 
 Modified Winkler 125 mL G bottle & Fix onsite; 8 hours 
 method  top only store in dark  
 
Nitrogen 
 Ammonia-N 100 mL P,G Freezee at -20°C 7 days 
 Nitrite-N 100 mL P,G Freezee at -20°C 28 days 
 Nitrate-N 200 mL P,G Freezee at -20°C 28 days 
 
Phosphate 200 mL P,G Freezee at -20°C 28 days 
 
Silicate 100 mL P only Freezee at -20°C 28 days 
 
Chlorophyll a 100-300 mLf P,G Freeze filter at 30 days 
   -20°C in the 
   dark in a desiccator 
Total and fecal 
coliform bacteria 500 mL P,G Cool, 4°C 24 hours 
   0.008% Na2S2O3


g 
 
a Reference: Adapted from U.S. EPA (1983, 1984). 
b Recommended field sample sizes for one laboratory analysis. If additional laboratory analyses are 
required (e.g., replicates), the field sample size should be adjusted accordingly. 
c Polyethylene (P) or Glass (G). 
d Immediately means as soon as possible after the sample is collected, generally within 15 minutes 
(U.S. EPA 1984). However, reversing thermometers must equilibrate at depth prior to making 
measurements. 
e After filtration. 
f The volumes specified are only estimates; the actual volume filtered depends on concentration 
and may be larger than those presented in the table. 
g Should be used in the presence of chlorine residual. 
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 COLLECTION AND ANALYSIS OF 
 WATER-COLUMN SAMPLES 
 
 
 For most studies in Puget Sound, water-column variables are sampled using water bottles, in 
situ instrumentation, or a combination of both of these techniques. Both kinds of sampling 
equipment can be deployed from a variety of sampling vessels. For some purposes, the equipment 
can also be deployed from a seaplane. The key consideration in selecting a sampling platform is that 
samples can be collected in a manner that ensures the safety of the sampling personnel and the 
quality of the resulting data. The remainder of this section discusses the use of water bottles and in 
situ instrumentation to measure marine water-column variables. 
 
 
WATER BOTTLES 
 
 Water-bottle samplers are relatively simple devices that generally consist of some type of 
cylindrical tube with stoppers at each end and a closing device that is activated by a messenger or an 
electrical signal. The most commonly used samplers of this description are the Van Dorn, Niskin, 
Nansen, and Go-Flo samplers. Each device samples a discrete parcel of water at any designated 
depth. Each sampler can be attached directly to a hydrographic wire or cable and lowered to the 
desired sampling depth. Frequently, multiple water samplers are fixed on a rosette frame so that 
several depths can be sampled during one cast or replicate samples can be taken at the same depth 
using an electronic release. 
 
 Prior to deployment, the stoppers of water-bottle samplers are cocked open on the sampling 
vessel. At this step, it is critical that the interior of the sampler and stoppers remain free from 
contamination. All members of the sampling team should therefore avoid touching the insides of the 
sampler and stoppers. The interior of each water bottle sampler should be washed periodically with 
10-percent hydrochloric acid (i.e., before each cruise at a minimum). 
 
 After cocking, the sampler is lowered to a designated depth. The sampler must be open at both 
ends so that water is not trapped within the device as it is being lowered through the water column. 
Once the sampler reaches the desired depth, it should be allowed to equilibrate with ambient 
conditions for 2-3 minutes before being closed. Equilibration time should be extended to 5 minutes 
if thermometers are used for temperature measurements. 
 
 After equilibration, the closing device can be activated by messenger or electrical signal, and 
the sampler can be retrieved. In some cases (e.g., for deep water), two samplers can be used simulta-
neously for each depth. A second sampler provides a backup to the primary sampler in case the 
latter device misfires or will not trigger. This may eliminate the need for an additional cast. A second 
sampler can also supplement the primary sampler if the volume collected by the latter device is too 
small for all required subsampling and rinsing. To ensure that all subsamples at a particular depth 
are collected from the same water parcel, it is essential that they all be taken from a single cast. 
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Multiple casts using a single water sampler will not meet this objective. Sample water must 
therefore be used conservatively after collection. 
 
 Once the water sampler is brought on board the sampling vessel, the stoppers should be 
checked immediately for complete seals. If a stopper is not properly sealed, water from the sampled 
depth may have been replaced by water from another depth. Because this kind of contamination can 
bias results, the entire water sample should be rejected. 
 
 Accepted water samples should be subsampled as soon as possible (i.e., within 15 minutes) 
because appreciable delay may result in unrepresentative subsamples. For example, measurement of 
variables sensitive to biological alteration (e.g., dissolved oxygen, turbidity, color, nutrients) or 
settlement within the water sampler (e.g., total suspended solids, settleable solids, phytoplankton) 
can be biased substantially by subsampling delays. Samples for dissolved oxygen measurements 
should be the first samples collected. If samples for other variables are not collected within 15 
minutes after sample collection, the sampling bottles should be shaken prior to subsampling to 
homogenize the sample water. 
 
 
IN SITU INSTRUMENTATION 
 
 A wide variety of instruments capable of measuring water column variables in situ are 
available. Most are deployed from the sampling vessel using a hydrographic wire or conducting 
cable. Sensors housed within the instruments measure the variables of interest and transmit data in 
the form of electrical signals to recorders on the survey vessel or within the instruments. The 
simplest instruments measure conductivity (i.e., for conversion to salinity), temperature, and water 
pressure (i.e., for conversion to depth). Additional sensors and instrumentation can be included to 
measure a variety of additional water-column variables such as dissolved oxygen, pH, 
transmissivity (i.e., an index of turbidity), and oxidation-reduction potential. Water transparency can 
be measured using a quantum meter. Chlorophyll a can be measured in situ using an in situ 
fluorometer. Generally, the operating manuals supplied with these instruments provide detailed 
descriptions of how to calibrate, operate, and maintain the equipment. If a particular manual lacks 
sufficient detail, the manufacturer should be contacted for specific guidance. An annual or 
semiannual intercalibration effort among the various groups that measure water-column variables in 
Puget Sound would be useful for ensuring the comparability and quality of those measurements. 
 
 A major advantage of in situ instrumentation is the ability to measure continuous depth profiles 
of water-column variables. Continuous profiling eliminates the need to arbitrarily select discrete 
sampling depths. In addition, continuous profiling can identify water-column discontinuities and 
plumes that may not be detected if measurements are restricted to discrete depths. This information 
can be used to guide sampling at discrete depths by water bottle samplers. 
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Although the instrument operating manuals should be consulted for specific instructions, several 
general procedures for operating in situ instruments apply to all or most devices and have a direct 
influence on data quality. When acquiring in situ instruments for use in marine and estuarine waters 
the following features are highly recommended: 
 
 � Instruments should be of rugged construction, corrosion-resistant, and waterproof 
 
 � Instruments should be capable of operating with acceptable accuracy within the 


range of expected environmental conditions 
 
 � Cables should be of adequate length and strength 
 
 � Electrical connectors should be easy to use, waterproof when connected, and capable 


of being locked after connection 
 
 � External sensors should be protected by housings or other means 
 
 � Instruments should be easy to calibrate on board the survey vessel in the case of 


extended cruises 
 
 � Ideally, a service center should be located nearby so that an instrument can be 


repaired rapidly, if necessary 
 
 � If sample contamination by the sampling equipment may be a problem, all such 


equipment should be made of noncontaminating material. 
 
 When using in situ instruments it is critical that they be protected from rough handling and 
adverse environmental conditions. The following precautions should always be taken: 
 
 � Instruments should be transported and stored in specially designed shipping boxes. 


During transport, care should be taken to ensure that the instruments are secure and 
subjected to a minimal amount of agitation. 


 
 � Instruments should be surrounded by a "birdcage" when being deployed. Frequently, 


instruments are attached within a rosette frame when they are used in conjunction 
with water bottles. Caution should be taken to ensure that the birdcage or rosette 
frame does not create sampling artifacts. 


 
 � Instruments should be securely lashed down in a safe area when on deck, and 


preferably stored in shipping boxes when not being used. 
 
 � Instruments should be rinsed with fresh water, and probes and sensors should be 


rinsed with distilled water after each submersion. 
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 � Optical surfaces should be cleaned with alcohol and lens tissue (or as recommended 


by the instrument manufacturer) after each submersion. 
 
 � Instruments should be protected from direct sunlight and excessive heat, as plastic 


components may be damaged by heat. 
 
 � External sensors and optical ports should be covered and protected whenever the 


instrument is not being used for extended periods (i.e., >1 hour). 
 
 When operating in situ instruments, the following procedures should be followed to ensure that 
instruments are prepared, deployed, and retrieved properly: 
 
 � Instruments should be allowed to warm up for a sufficient length of time prior to 


calibration or deployment. This time should be specified in the instrument manuals. 
 
 � Instruments should be field-calibrated at the beginning and end of each day of 


sampling and 3-4 times during the day. All circuits should be tested at the same time. 
Calibration should be conducted more frequently if equipment malfunctioning is 
suspected. Instruments should also be calibrated in the laboratory before and after 
each field sampling event. Calibration should be conducted with standard solutions, 
whenever possible. 


 
 � Upon instrument deployment, the survey vessel should be anchored or drifting 


slowly. The extent of vessel drift and wave motion should be noted if they could 
influence the representativeness or quality of measurements. 


 
 � Instruments should be deployed relative to vessel construction and sea conditions so 


that cables will not tangle in the propeller or rudder assemblies and measurements 
will not be influenced by physical or chemical artifacts from the vessel. 


 
 � When measuring continuous profiles, the lowering speed through the water column 


should not exceed the equilibration rate of the sensor having the slowest response 
time (usually the dissolved oxygen sensor). 


 
 � Excessive strain should not be placed on the cable(s), as it could disrupt electrical 


connections. 
 
 Routine maintenance and inspection of in situ instruments should follow the manufacturer's 
recommendations. Detailed records of all maintenance activities should be kept for quality 
assurance purposes. General maintenance and inspection procedures include: 
 
 � All rubber parts of underwater connectors should be coated with silicone grease to 


ensure proper lubrication 
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 � Plugs should be inspected for bent or broken pins, which may cause faulty 


connections and flooded cables 
 
 � Cables should be inspected for nicks, cuts, abrasions, or other signs of physical 


damage 
 
 � Seals should be inspected and periodically cleaned and greased to ensure a 


waterproof fit 
 
 � Desiccant should be inspected and replaced with fresh or reactivated desiccant when 


necessary 
 
 � Battery voltages and conditions should be checked periodically. 
 
 To facilitate shipboard repair of in situ instruments, it is recommended that critical spare parts 
be stored on the sampling vessel. Factory inspection and recalibration at recommended intervals is 
essential to ensure that the in situ instruments are functioning properly and will continue to function 
properly during future cruises. It is strongly recommended that factory service be conducted at least 
once per year. Factory service should always be conducted when instrument malfunctions cannot be 
corrected by following the operating manual. Factory service may also be required when part of an 
in situ system is replaced, as all components are not interchangeable without factory recalibration. 
 
 
SHIPBOARD LABORATORY ANALYSES 
 
 Depending upon the size and capabilities of the survey vessel, many of the water-column 
variables described in this document can be analyzed on board. In general, the laboratory 
procedures described in this document are applicable to both shipboard and land-based laboratories. 
This consistency is important to ensuring that analytical results will be comparable regardless of 
which kind of laboratory generates them. 
 
 Although most laboratory procedures are similar between shipboard and land-based 
laboratories, a number of additional factors must be considered when analyzing samples at sea. 
These factors relate primarily to the remoteness of the shipboard laboratory from land-based 
support, the movement and limited space of the survey vessel, and the potential for sample 
contamination. The major considerations are: 
 
 � The design of the laboratory should be efficient, with convenient equipment 


locations and adequate storage space. 
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 � The vessel should be equipped with an uninterruptible power supply that is adequate 
for operation of all scientific instruments. 


 
 � The laboratory should be well-ventilated to remove any toxic vapors created by 


chemicals. All laboratory conditions should be consistent with the specifications of 
the Occupational Safety and Health Administration (OSHA). 


 
 � The temperature of the laboratory should be well-controlled, especially if variations 


in ambient temperature can influence particular analyses. 
 
 � Adequate lighting is necessary, especially for analyses requiring color discrimination 


(e.g., titration endpoints). Fluorescent lights of the daylight type are often 
recommended. 


 
 � The laboratory should have adequate water purification apparatus or be capable of 


storing pre-purified water. 
 
 � For storing many kinds of samples, adequate refrigeration and freezing capabilities 


are required. 
 
 � The laboratory should never be used as a general passageway or lounge. Smoking 


should be prohibited in the laboratory. 
 
 � The laboratory should be off-limits to unauthorized personnel. 
 
 � Adequate safety and first aid equipment should be on board, preferably including an 


overhead quick-pull safety shower. 
 
 � Extreme care must be taken when handling samples (for quality purposes) and 


hazardous reagents (for safety purposes), as vessel movement can sometimes be 
unpredictable. 


 
 � Backup supplies and instruments should be on board so that sampling can continue if 


a piece of equipment is broken or will not operate properly. A continuously updated 
inventory tracking system is useful for maintaining backup equipment. 


 
 � All equipment should be properly secured to compensate for predictable and 


unpredictable vessel movements. Specially designed racks are useful for this 
purpose. 


 
 � Instruments should be checked and calibrated before sailing so that problems 


requiring land-based assistance can be solved quickly. 
 
 � Whenever possible, plastic containers or plastic-coated glass containers should be 
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used instead of glass, because plastic is less susceptible to breakage. 
 
 � Preprinted data sheets should be used to ensure that all required information is 


recorded. Data sheets should be made of waterproof paper if they will be exposed to 
the weather. 
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 MEASUREMENT OF SPECIFIC VARIABLES 
 
 
 Recommended procedures are presented in this section for measuring the following 15 water-
column variables: 
 
 � pH* 
 
 � Salinity* 
 
 � Temperature* 
 
 � Transparency* 
 
 � Turbidity (transmissivity)* 
 
 � Total suspended solids 
 
 � Dissolved oxygen (Winkler method) 
 
 � Dissolved oxygen (Probe method)* 
 
 � Nitrogen (ammonia) 
 
 � Nitrogen (nitrite) 
 
 � Nitrogen (nitrate) 
 
 � Phosphate 
 
 � Silicate 
 
 � Chlorophyll a* 
 
 � Total and fecal coliform bacteria. 
 
 Samples to be analyzed for these variables generally will be collected using water-bottle 
samplers. Those variables followed by an asterisk (*) may also be measured (or estimated in the 
case of turbidity) using in situ instruments. Operation of water-bottle samplers and in situ 
instruments are described in the preceding general methods section. 
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 It is recommended that all measurements of nutrients (i.e., ammonia, nitrite, nitrate, phosphate, 
and silicate) be made on the dissolved fraction of samples, to represent the nutrients with the highest 
degree of bioavailability. Results of all analyses should be identified accord-ingly (i.e., that they 
represent dissolved nutrients). All samples for nutrient analyses should therefore be filtered in the 
field, using filters with a pore size of approximately 0.40 or 0.45 µm. Filters should be rinsed in 
sequence with 10-percent hydrochloric acid and ammonium-free distilled water (i.e., to remove 
ammonia) prior to use. This filtration step will separate the dissolved and particulate fractions of the 
samples. 
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pH 
 
 
Field Procedures 
 
 
 Collection—Samples for pH determination should be collected in polyethylene or glass bottles 
with airtight screw caps. Because pH can be unstable (especially when influenced by fresh water) 
and cannot be preserved, these samples should be collected immediately after the sampler is brought 
on deck. Only dissolved oxygen samples should be collected before pH samples. Because pH of 
waters not at equilibrium with the atmosphere may change upon exposure to the atmosphere, 
sample containers should be completely filled and tightly sealed during collection. 
 
 Prior to sample collection, each sample bottle and cap should be rinsed thoroughly with sample 
water. This can be achieved by rinsing the bottle three times with a small volume of sample water, 
and rinsing the stopper as the wash water is discarded each time. 
 
 A piece of soft-walled rubber tubing should be attached to the outlet valve of the sampler. This 
tubing should then be inserted to the bottom of the sample bottle and at least one full volume 
allowed to overflow the bottle. With the water still flowing, the tubing should be withdrawn slowly 
from the sample bottle. Contamination of the sample with air bubbles should be avoided. 
 
 After the tubing has been removed from the sample bottle, the stopper should be put in place 
carefully to avoid trapping air bubbles. Once stoppered, the sample should be checked for bubbles. 
If they are present, the sample should be discarded and a new one taken. The stopper on each 
accepted sample should be double-checked to ensure a tight seal. 
 
 Processing—Because pH cannot be preserved, samples should be analyzed immediately after 
collection (i.e., within 15 minutes from the time the water bottle is brought on deck). 
 
Laboratory Procedures 
 
 Analytical Procedures—Analytical procedures are given in EPA Method 150.1 and APHA 
Method 4500-H B. As noted previously, pH samples should be analyzed as soon as possible 
following collection. 
 
 Several potential sources of interference with pH measurements should be avoided. Because 
the response of the electrode can be impaired if it is coated with oily or particulate material, the 
electrode should be gently blotted or washed periodically with a detergent. Treatment with 
hydrochloric acid may be necessary to remove some kinds of film. Temperature can influence pH 
measurements by altering electrode output and changing the pH inherent in the sample. The first 
source of temperature interference can be controlled by using a pH meter with temperature 
compensation or by calibrating the meter at the temperature of the samples. Because the second 
kind of temperature interference cannot be controlled, the temperature at which the pH 
determination of each sample is made should be logged and reported. 
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 When pH measurements are being made, it is critical that the sample be stirred at a constant 
rate to provide drift-free (<0.1 pH units) measurements. The rate of stirring should minimize air 
transfer at the surface of the sample. At least 30 seconds should be allowed for each measurement to 
stabilize. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures for the pH meter should 
follow specifications of the manufacturer. General guidelines are given in U.S. EPA (1983) and 
APHA (1989). 
 
 Calibration buffers for pH can be purchased as solutions that are traceable to buffer solutions 
prepared from buffer salts available from the National Institute of Standards and Technology 
(NIST). The pH meter should be calibrated at a minimum of two points that bracket the expected 
pH value of the samples and that are three or more pH units apart (U.S. EPA 1983). Prepare fresh 
buffer solutions at least every month to avoid erroneous calibration as a result of mold growth or 
contamination. 
 
 Preventive maintenance procedures should follow specifications given by the manufacturer of 
the pH meter. In general, verification of electrode performance and meter performance is the only 
operator service recommended. Maintenance records should document all maintenance activities 
including performance checks and equipment replacement. An electrode should be replaced when it 
no longer meets span requirements and does not improve with rejuvenating procedures. 
 
 
 Quality Control Checks—The pH meter should be calibrated at the beginning of each series 
of samples and after each group of 10 successive measurements. It is recommended that duplicate 
pH determinations be made on at least 10 percent of the total number of samples. As an independent 
check, an EPA reference sample should be analyzed at a minimum of every 3 months. 
 
 
 Corrective Action—If the pH meter does not appear to be operating correctly, consult the 
manufacturer's troubleshooting guide. Some common problems include a dirty electrode, failure to 
fill the reference portion of the electrode with internal solution, and inadequate stirring. 
 
 
 Data Quality and Reporting—A precision of ±0.02 pH unit and an accuracy of ±0.05 pH unit 
can be achieved under the best circumstances. However, the limit of accuracy under most 
circumstances is ±0.1 pH unit (APHA 1989). A precision of 0.1 pH unit is considered acceptable 
(U.S. EPA 1983). 
 
 Measurements of pH are reliable only when the instrument has been calibrated by standard 
buffers bracketing the desired range. Samples having a pH greater than 10 may require a special 
probe to correct for "sodium" error. However, pH values as high as 10 are not likely to be 
encountered in most coastal waters. 
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 It is recommended that pH values be reported to the nearest 0.1 unit. In addition, the ambient 
temperature at the time of measurement of each sample should be reported to the nearest 
degree Celsius. Results of all determinations should be reported, including quality assurance 
replicates. Any factors that may have influenced sample quality should also be reported. 
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SALINITY 
 
 
Field Procedures 
 
 
 Collection—The bottles used for collecting salinity samples should be made of borosilicate 
glass and have an airtight septum stopper. Soft glass bottles, polyethylene bottles, and ground glass 
stoppers should not be used. 
 
 During storage and prior to use, the collection bottles should be "seasoned" by filling them 
with seawater. Bottles should remain upside down in the case until the sample is taken. Bottles with 
chipped edges or loose caps should not be used. 
 
 Each collection bottle and cap should be rinsed at least three times with sample water before 
the sample is collected. No salt crystals should remain on the bottle or stopper. The bottle and 
stopper should not be contaminated by contact with any surface. If contamination occurs, the rinsing 
step should be repeated. 
 
 After the bottle and stopper have been rinsed thoroughly, the bottle should be filled to the 
shoulder of the bottle with sample (leaving headspace) and sealed. The stopper should be double-
checked for a tight fit. The external label on each bottle should be filled out completely. 
 
 
 Processing—No reagents are necessary to preserve the salinity samples. Bottles should be 
stored upright after samples have been collected. If necessary, properly sealed salinity samples can 
be stored indefinitely before analysis (Parsons et al. 1984). 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—Analytical procedures are given in APHA Method 2520 B. It is 
recommended that salinity determinations be made using a salinometer (including a wheatstone 
bridge) . The salinometer manufacturer should provide a detailed description of how to use the 
instrument. To avoid heating the sample bottles, they should be propped up rather than gripped by 
hand during the salinity determination. The sample cell bowl should be filled slowly to avoid 
introducing bubbles. The cell should be rinsed thoroughly with sample water before each sample is 
analyzed. Prior to analysis, samples should be allowed to equilibrate to close to the temperature of 
the salinometer water bath. Samples should also be shaken vigorously prior to analysis to eliminate 
potential stratification. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow the 
specifications given by the manufacturer of the salinometer. It is recommended that the primary 
standard be Copenhagen seawater and that all secondary standards be based on this primary 
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standard. Secondary standards should consist of filtered seawater and should be periodically 
checked against the primary standard to guard against contamination or drift. The secondary 
standards should be equilibrated to the temperature of the samples before calibration begins. 
Secondary standards should be stored in glass containers and protected from evaporation. The 
calibration standards should span the range of salinity expected to be encountered in a study. 
 
 Preventive maintenance procedures should follow the salinometer manufacturer's recommen-
dations. These include periodic cleaning of the sample cell bowl, greasing the threads on the water-
trap jar, tightening all water connections, checking the temperature circuit calibration, and 
lubricating the pump, pump motor, and stirrer motor. It is critical that the sample cell bowl be kept 
clean. Normally, the bowl should be cleaned daily. However, if the sample water is very dirty, 
hourly cleaning may be necessary. 
 
 
 Quality Control Checks—Two standards should be analyzed before the start of each series of 
samples. In addition, one standard should be analyzed after each group of 10 successive samples to 
monitor instrument drift. It is recommended that duplicate determinations be made for at least 10 
percent of the samples analyzed. 
 
 
 Corrective Action—If the salinometer does not appear to be operating properly, the 
manufacturer's troubleshooting guide should be consulted. Several common problems include 
failure of the null indicator to show a deflection, failure of the thermometer circuit, excessive 
salinity balance drift, inability to fill the sample cell completely, and failure of the stirrer to operate 
properly. 
 
 
 Data Quality and Reporting—A precision of ±0.1 ppt is possible using an induction 
salinometer. Conductivity measurements should be converted to salinity values using standard 
tables corrected for temperature. Salinity concentrations should be reported in ppt to the nearest 0.01 
unit. Results of all determinations should be reported, including quality assurance replicates and 
standards. Any factors that may have influenced sample quality should also be reported. 
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TEMPERATURE 
 
 
Field Procedures 
 
 
 Collection—Temperature can be measured using a mercury-filled Celsius thermometer or a 
digital thermometer on samples collected in glass or plastic containers. The former kind of 
thermometer should have a scale etched on capillary glass for 0.1°C increments and a minimal 
thermal capacity to permit rapid equilibration. Temperature can be measured in situ using a 
reversing thermometer or a thermistor. Of these two in situ instruments, the thermistor is usually 
more accurate, but also more expensive. 
 
 
 Processing—Because temperature can change rapidly after a sample is removed from ambient 
conditions, temperature determinations by thermometer should be made immediately after sample 
collection. However, temperature of samples from deep water under stratified conditions should be 
measured in situ. When using a reversing thermometer, the thermometer should be allowed to 
equilibrate to ambient conditions before it is inverted in the water column. The thermometer should 
also be allowed to equilibrate on board the sampling vessel before temperature measurements are 
made. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—Methods for making temperature measurements are described in 
EPA Method 170.1 and in APHA Method 2550 B. It is critical that the measuring device be 
adequately immersed in the sample and allowed to completely equilibrate (i.e., the temperature 
reading stabilizes) before temperature is determined. The sample should be agitated if temperature 
stratification within the sample is suspected. 
 
 
 Calibration and Preventive Maintenance—Each kind of temperature-measuring instrument 
should be calibrated frequently against an NIST-certified thermometer that is used with its 
certificate and correction chart. To prevent breakage, it is recommended that each thermometer be 
enclosed in a metal case. If a mercury thermometer is broken, samples or containers in the vicinity 
of the exposed area may be contaminated by the mercury. 
 
 
 Quality Control Checks—Each temperature-measuring instrument should be periodically 
calibrated against an NIST standard thermometer. 
 
 
 Corrective Action—If the temperature-measuring instrument cannot be calibrated consistently 
against the NIST thermometer, it should be repaired or replaced. 
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 Data Quality and Reporting—Precision and accuracy have not been determined for 
temperature measurements (U.S. EPA 1983). If possible, temperature measurements should be 
reported to the nearest 0.01°C. Results of all determinations should be reported, including quality 
assurance replicates and standard checks. Any factors that may have influenced sample quality 
should also be reported (e.g., unusually hot or cold air temperature, proximity to a river plume or 
other kind of discharge). 
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TRANSPARENCY 
 
 Transparency is measured using a Secchi disk. This device is usually a circular plate with a 
standard diameter of 30 cm (although plates having a diameter of 20 cm are also used). The top side 
of the disk should be white. A ring attached at the center of the disk allows a graduated line to be 
secured. A 2-4 kg weight should be attached centrally to the underside of the disk to ensure that the 
device will sink rapidly and vertically. The deployment line should be made of material that will not 
stretch or shrink substantially after repeated use (e.g., braided Dacron). 
 
 Transparency measurements should be made by lowering the Secchi disk from the shaded side 
of the survey vessel until the disk is barely perceptible. This depth should be recorded to the nearest 
0.5 meters and the disk should continue to be lowered until it is no longer visible. The disk should 
then be raised slowly until it is again barely visible. This second depth should also be recorded. The 
average of the two depth readings (i.e., downward and upward) should be reported to the nearest 0.5 
meters as the measured transparency value. 
 
 Because Secchi disk readings are dependent upon the available illumination, they vary with 
time of day, cloud formation, and cloud cover. Secchi disk readings may also vary with the observer 
because of interpersonal differences in visual acuity. Thus, to standardize these readings, repeated 
measurements should be made by one individual under similar conditions of illumination. Because 
these criteria are not always achievable, associated meteorological data at the time of measurement 
and the name of the person making the determination should be included on the log sheet with the 
Secchi disk readings. 







 Conventional Water-Column Variables 
 Turbidity 
 May 1991 


  
  24


TURBIDITY 
 
 
Field Procedures 
 
 
 Collection—Turbidity samples can be collected in glass or plastic containers. Samples should 
be removed from the sampler as soon as possible after collection to minimize settling of suspended 
material within the sampler. Sample containers and lids should be rinsed thoroughly with sample 
water before samples are collected. A gross approximation of turbidity can be made in situ using an 
appropriately calibrated transmissometer. A discussion of such in situ instrumentation is provided 
earlier in the general methods section. 
 
 
 Processing—Because turbidity samples cannot be preserved adequately, they should be 
analyzed as soon as possible after collection. If a delay occurs, samples should be held at 4°C for no 
more than 24 hours to minimize microbial decomposition of solids. The length of delay should be 
noted on the log sheet. 
 
Laboratory Procedures 
 
 Analytical Procedures—The nephelometric method is described in EPA Method 180.1 and in 
APHA Method 2130 B. For turbidities greater than 40 nephelometric turbidity units (NTU) (an 
unlikely value for most of Puget Sound), samples should be diluted with one or more volumes of 
turbidity-free water until the turbidity falls below 40 NTU. Turbidity-free water is distilled water 
passed through a membrane filter with a 0.2-µm pore size. Samples should be shaken vigorously to 
thoroughly disperse solids, and resulting air bubbles should be allowed to dissipate before the 
sample is analyzed. 
 
 Interference with turbidity measurements arises from several sources. Because the presence of 
floating debris and coarse sediments that settle out rapidly will give low readings, readings should 
be made as soon as possible after sample agitation. Small air bubbles will tend to result in high read-
ings. If present, the bubbles should be allowed to dissipate before a reading is made. Finally, 
dissolved substances that absorb light in the sample will interfere with turbidity readings. Any color 
in the sample should therefore be noted. 
 
  Calibration and Preventive Maintenance—It is recommended that a standard suspension of 
formazin be used to calibrate the nephelometer. Formazin provides a more reproducible turbidity 
standard than do other materials used in the past. The formazin standard suspension should be 
prepared daily (APHA 1989). Commercially available standards such as styrene divinylbenzene 
beads (trade name AMCO-AEPA-1) can be substituted for formazin if they are demonstrated to be 
equivalent to freshly prepared formazin (APHA 1989). Standards measured on the nephelometer 
should cover the range expected for the samples. The instrument should give stable readings in all 
sensitivity ranges used. Calibration curves should be prepared for each instrument range to be used. 
This information should be included with the maintenance records. 
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 Quality Control Checks—The nephelometer should be calibrated at the start of each series of 
analyses and between all samples. Duplicate analyses should be conducted on at least 10 percent of 
the total number of samples. 
 
 
 Corrective Action—If the nephelometer will not stabilize in any of the relevant ranges or if 
the instrument does not appear to be functioning properly in any other aspect, the manufacturer's 
troubleshooting guide should be consulted. Sample tubes that become scratched or etched should be 
replaced. 
 
 
 Data Quality and Reporting—Limited precision data indicate that standard deviations of 
measurements vary directly with the level of turbidity (APHA 1989). Accuracy data are not avail-
able at present. The sensitivity of the nephelometer should allow detection of a turbidity difference 
of 0.05 units or less in waters with turbidities less than 1.0 unit. Results should be reported in NTU. 
APHA (1989) recommends the nearest reporting unit as a function of the range of measured values 
as follows: 
 


NTU Record to Nearest 


0.0-1.0 0.05 


1-10 0.1 


10-40 1 


40-100 5 


100-400 10 


400-1,000 50 


>1,000 100 
 
Results of all determinations should be reported, including quality assurance replicates. Any factors 
that may have influenced sample quality should also be reported (e.g., disturbed bottom sediment, 
proximity to a river plume). 
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TOTAL SUSPENDED SOLIDS 
 
 
Field Procedures 
 
 
 Collection—Samples should be collected in glass or plastic bottles. Samples should be 
collected soon after the sampler is brought on board to minimize settling of suspended material 
within the sampler. Nonrepresentative particulates such as leaves and sticks should be noted, and 
then excluded from the sample. 
 
 
 Processing—Total suspended solids (TSS) samples cannot be preserved adequately and should 
therefore be analyzed as soon as possible after collection (APHA 1989). If a delay occurs, samples 
should be held at 4°C to minimize microbiological decomposition of solids. The length of delay 
should not exceed 7 days and should be noted on the log sheet. 
 
Laboratory Procedures 
 
 Analytical Procedures—Suspended solids determination should be made according to 
procedures described in EPA Method 160.2 and APHA Method 2540 D. These procedures entail the 
measurement of material retained on filters. However, a 0.40- or 0.45-µm membrane filter should be 
used to remove suspended solids instead of the glass fiber filter specified in the EPA and APHA 
methods, because the pores of the membrane filters are more uniform in size than those of the glass 
fiber filters. Membrane filters are among those commonly used for oceanographic work in coastal 
waters. However, if ashed weights are to be determined, a membrane filter cannot be used. 
 
 The drying temperature of the filtered residue can influence results because temperature and 
time of heating affect weight losses due to volatilization of organic matter, mechanically occluded 
water, water of crystallization, and gasses from heat-induced chemical decomposition, as well as 
weight gains due to oxidation (APHA 1989). Thus, drying temperature must be carefully controlled 
and not allowed to deviate from the recommended range of 103-105°C. It is recommended that 
drying time be uniform and not exceed 6 hours. 
 
 To avoid contamination, filters should be handled with forceps during all steps from initial to 
final weight determinations. Filters should always be stored in a desiccator when cooling. When 
filtering the samples, it is critical that the filter is sealed tightly on the surface of the filtration 
apparatus and that all holes in the filter holder are covered. To ensure complete removal of salts after 
filtering the sample, the filter should be rinsed by filtering a minimum of three successive 20-mL 
portions of distilled water. It is recommended that enough sample be filtered to ensure that at least 5 
mg of residue is collected. Because excessive residue on the filter may form a water-entrapping 
crust, the sample size should be limited to that which yields less than 200 mg of residue (APHA 
1989). Prolonged filtration times resulting from filter clogging may produce high results due to the 
capture of particles that would pass through an unclogged filter. Therefore, filtering should be 
terminated before any evidence of clogging is noted. 
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 Calibration and Preventive Maintenance—The analytical balance should be calibrated 
weekly using standard weights according to the manufacturer's instructions. It is recommended that 
the balance have a minimum accuracy of 0.1 mg. The manufacturer's preventive maintenance 
procedures should be followed carefully. 
 
 
 Quality Control Checks—For each TSS weight determination, filters should be run 
repeatedly through the drying/cooling cycle until the weight loss is less than 4 percent of the 
previous weight or 0.5 mg, whichever is less (APHA 1989). Duplicate analyses should be conducted 
on at least 10 percent of the total number of samples. Two filter blanks should be taken through the 
preparation, drying, and desiccation steps for each batch of samples to monitor changes in filter tare 
weight. If necessary, blank corrections should be applied to data in the range of 0-10 mg/L. EPA 
reference samples should be analyzed quarterly to check the overall accuracy of the method. 
 
 
 Corrective Action—If the analytical balance will not produce repeatable measurements within 
0.1 mg, the manufacturer's troubleshooting guide should be consulted. If the filter becomes clogged 
during filtration, it should be discarded and the analysis should be repeated using a clean filter. To 
prevent clogging of the second filter, the volume of sample analyzed should be reduced. 
 
 If the weight of the filter blank is not consistent after drying and cooling (4 percent of previous 
weight or 0.5 mg, whichever is less), the desiccant should be checked. A color-indicating desiccant 
is recommended, so that spent desiccant is easily detected. Also, the seal on the desiccator should be 
checked and, if necessary, ground glass rims should be greased or "O" rings replaced. Cooling time 
should be closely monitored, so weighing times are consistent between batches of samples, thereby 
minimizing the need for multiple weighings. 
 
 
 Data Quality and Reporting—Precision of results varies directly with the concentration of 
suspended matter and, at low levels, the ratio of the weight of the suspended matter to the weight of 
the filter. There are no procedures for determining the accuracy of field measurements of suspended 
matter. Total suspended solids measurements should be reported as mg/L to a minimum of two 
significant figures. Results of all determinations should be reported including quality assurance 
replicates and filter blanks. Any factors that may have influenced sample quality should also be 
reported. 
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DISSOLVED OXYGEN (MODIFIED WINKLER METHOD) 
 
 
Field Procedures 
 
 
 Collection—Prior to sample collection, the fixing reagents should be prepared and the 
dispensing apparatus should be filled. Because the fixing agents are sensitive to light, they should be 
stored in dark bottles. The accuracy of the volumes being dispensed should be checked and no air 
should be trapped in the system. Packets of premeasured reagents can be used instead of the 
dispensing apparatus if it is demonstrated that use of the packets provides results comparable to 
those achieved using the dispensing apparatus. It is recommended that 125-mL glass BOD bottles or 
125-mL Erlenmeyer flasks with ground glass stoppers be used for the modified Winkler method. 
 
 Oxygen samples must be the first ones collected from the sampler, and they should be collected 
immediately after the sampler is brought on board. Temperature and salinity should be measured in 
conjunction with all oxygen measurements to allow calculation of percent saturation. Collection of 
samples should be conducted by experienced personnel, because most errors in measuring this 
variable are the result of poor collection techniques. It is recommended that a piece of soft-walled 
rubber tubing with a glass tip be connected to the discharge valve of the sampler to prevent air 
bubbles from contaminating the sample during collection. The tubing should be soaked in seawater 
prior to use to prevent air bubbles from collecting inside. 
 
 After being attached to the sampler, the tubing should be flushed with sample water to remove 
air bubbles. The sample bottle and stopper should then be rinsed thoroughly with sample water. 
After rinsing, the tubing should be inserted to the bottom of the sampling bottle. The bottle should 
be filled slowly until at least half full, and then filled rapidly thereafter. A least one full bottle 
volume of sample should overflow the bottle before the tubing is removed. After the tubing is 
removed slowly, the stopper should be carefully put in place with a twisting motion while water is 
displaced from the bottle. Once stoppered, the sample should be checked for air bubbles. If bubbles 
are present, the sample should be discarded and a new sample collected. Acceptable samples should 
be fixed as soon as possible after collection. 
 
 
 Processing—The stopper should be carefully removed from the bottle without agitating the 
sample. Each fixing reagent (i.e., manganous chloride and alkaline iodide) should be added by 
gently placing the tip of the pipette slightly below the surface of the sample and gently pushing the 
plunger. The plunger should not be released until the pipette has been removed from the sample. 
The pipette tip should be rinsed with distilled water before being returned to the reagent bottle. 
 
 After the fixing reagents have been added, the bottle should be carefully stoppered without 
introducing air bubbles. Excess fluid around the outside of the stopper should be poured off and the 
sample bottle should be inverted 5-10 times to thoroughly disperse the precipitate. After the 
precipitate has settled, the sample bottle should be inverted another 5-10 times. 
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 After allowing the precipitate to settle for 10-15 minutes, the stopper should be removed and 
sulfuric acid should be added to the sample in the same manner as the fixing reagents. The stopper 
should then be replaced and the bottle inverted several times until all of the precipitate has 
dissolved. If the precipitate fails to dissolve, it should be allowed to settle again and additional 
sulfuric acid should be added to the sample. It is critical that all of the precipitate be dissolved 
before samples are stored. Also, it is critical that samples not be allowed to stand longer than 8 hours 
before sulfuric acid is added, as erroneous measurements may result. 
 
 Preserved dissolved oxygen samples should be stored in the dark (i.e., to prevent color from 
bleaching in sunlight) at 10-20°C. Fixed samples should be analyzed as soon as possible after 
collection, and it is recommended that storage time should not exceed 8 hours. The length of storage 
should be recorded on the log sheet. 
 
 
Laboratory Procedure 
 
 
 Analytical Procedures—The recommended modified Winkler method is described in detail in 
Parsons et al. (1984). The method is applicable for dissolved oxygen concentrations of 0.1-10 mg/L. 
The method involves the addition of divalent manganese and strong alkali solutions to the sample. 
The precipitated manganous hydroxide is dispersed evenly throughout the sample, and any 
dissolved oxygen rapidly oxidizes an equivalent amount of divalent manganese to basic hydroxides 
of higher valency states. The solution is then acidified in the presence of iodine, the oxidized 
manganese reverts to the divalent state, and iodine (equivalent to the original dissolved oxygen 
content of the sample) is liberated. The amount of the iodine is then measured by titration with 
standardized thiosulfate solution. The titration equipment should be capable of making duplicate 
measurements of standards that agree within ±0.05 mg/L. An alternate method of measuring the 
amount of iodine is through use of a spectrophotometer. 
 
 
 Calibration and Preventive Maintenance—Methods of standardizing the thiosulfate solution 
are presented by Parsons et al. (1984). It is recommended that one person perform the standard and 
sample titrations for each set of samples because of subjectivity in the color of the endpoint. 
 
 Preventive maintenance is generally limited to ensuring that reagent dispensing and titrating 
equipment are clean and function properly. Thiosulfate should be stored in a dark bottle to prevent 
light-induced changes. Thiosulfate solution that has remained in the buret for longer than 2 hours 
should be replaced. 
 
 
 Quality Control Checks—It is recommended that triplicate thiosulfate titration analyses be 
conducted on at least 10 percent of the total samples. Four replicate reagent blanks should be run 
daily during a cruise, or whenever a reagent is changed. 
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 Corrective Action—If any of the results obtained by running triplicate standard titrations of 
the thiosulfate solution do not agree within ±0.05 mL, the titrations should be repeated until 
agreement is achieved. All reagent dispensers should be checked for bubbles, and the amounts of 
reagents delivered should be verified. 
 
 Any substances with oxidizing or reducing potential are possible sources of interference with 
measurements of dissolved oxygen. Examples include nitrite, ferrous iron, and organic matter. If 
problems related to these substances are suspected, Parsons et al. (1984) provide references that 
describe precautions that can be taken. 
 
 
 Data Quality and Reporting—Using the modified Winkler method, reproducibility for field 
samples is approximately 0.2 mg/L of dissolved oxygen at the 7.5 mg/L level (U.S. EPA 1983). 
Duplicate titrations made during standardization of reagents should agree within ±0.05 mL. With 
careful collection and treatment of samples, dissolved oxygen as low as 1 percent of saturation can 
be measured. Dissolved oxygen concentrations should be reported in mg/L to the nearest 0.1 unit. 
Results should be reported for all determinations, including quality assurance replicates and reagent 
blanks. Any factors that may have influenced sample quality should also be reported (e.g., bubbles 
in sample, all reagent not dissolved or used). 
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DISSOLVED OXYGEN (PROBE METHOD) 
 
 
Field Procedures 
 
 
 Collection—Water samples for oxygen measurements should be the first ones collected from 
the sampler, and they should be collected immediately after the sampler is brought on board. 
Temperature and salinity should be measured in conjunction with all oxygen measurements to allow 
calculation of percent saturation. Collection of samples should be conducted by experienced 
personnel, because most errors in measuring this variable are the result of poor collection 
techniques. It is recommended that a piece of soft-walled rubber tubing with a glass tip be 
connected to the discharge valve of the sampler to prevent air bubbles from contaminating the 
sample during collection. The tubing should be soaked in seawater prior to use to prevent air 
bubbles from collecting outside. 
 
 After being attached to the sampler, the plastic or rubber tubing should be flushed with sample 
water to remove air bubbles. The sample bottle and stopper should then be rinsed thoroughly with 
sample water. After rinsing, the tubing should be inserted to the bottom of the sampling bottle. The 
bottle should be filled slowly until at least half full, and then filled rapidly thereafter. At least one 
full bottle volume of sample should overflow the bottle before the tubing is removed. After the 
tubing is slowly removed, the stopper should be carefully put in place with a twisting motion while 
water is displaced from the bottle. Once stoppered, the sample should be checked for air bubbles. If 
bubbles are present, the sample should be discarded and a new sample collected. 
 
 
 Processing—Because no reagents are used to preserve the oxygen samples, analyses should be 
conducted immediately after collection (i.e., within 15 minutes). If a delay occurs, it should be noted 
on the log sheet. 
 
 
Laboratory Procedures 
 
 Analytical Procedures—Detailed analytical procedures should be provided by the 
manufacturer of the dissolved oxygen meter. General procedures are listed in EPA Method 360.1 
and APHA Method 4500-0 G. The data provided by this method are generally lower in quality than 
the data provided by the modified Winkler method. The probe method is not commonly used for 
oceanographic studies in which measurements are made on discrete samples of seawater. Probes are 
used mainly on in situ instruments for providing continuous water-column profiles of dissolved 
oxygen. 
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 Several precautions should be taken when making measurements with a membrane electrode. 
First, constant turbulence should be provided by a stirrer or pump to ensure precise measurements. 
Second, adequate time should be allowed for the instrument to warm up before measurements are 
started and, when individual samples are analyzed, for the probe to stabilize to sample temperature 
and dissolved oxygen. Third, reactive gases, such as chlorine and hydrogen sulfide, pass through the 
membrane probes and may interfere with the analysis or desensitize the probe. Finally, broad 
variations in the kinds and concentrations of salts in samples can influence the partial pressure of 
oxygen in samples and thereby affect measurement accuracy. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow the 
instruction manual for the dissolved oxygen meter. The meter generally can be calibrated using one 
of four methods: Winkler titration, saturated water calibration, sodium sulfite zero calibration, or air 
calibration. The air method is simplest, but the Winkler method is preferred. Overall error is 
diminished when the probe and instrument are calibrated under conditions of temperature and 
dissolved oxygen that match those of the samples. Calibration can be disturbed by physical shock, 
touching the membrane, or desiccation of the electrolyte. 
 
 Preventive maintenance procedures should follow the manufacturer's recommendations. The 
oxygen probe should always be stored in a humid environment to prevent drying out and the need to 
frequently replace membranes. 
 
 
 Quality Control Checks—The instrument should be calibrated at the beginning of each series 
of measurements and after each group of 10 successive samples. Duplicate measurements should be 
made on at least 10 percent of the total number of samples. 
 
 
 Corrective Action—If the dissolved oxygen meter does not appear to be operating correctly, 
consult the manufacturer's troubleshooting guidelines for remedial actions. 
 
 
 Data Quality and Reporting—Repeatability of dissolved oxygen measurements using a 
membrane electrode should be 0.1 mg/L and accuracy should be ±1 percent (U.S. EPA 1983). 
Sensitivity of the electronic readout meter for the output from the dissolved oxygen probes should 
normally be 0.05 mg/L (U.S. EPA 1983). Dissolved oxygen concentrations should be reported in 
mg/L to the nearest 0.1 unit. Results should be reported for all determinations, including quality 
assurance replicates. Any factors that may have influenced sample quality should also be reported. 
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NITROGEN (AMMONIA) 
 
 
Field Procedures 
 
 
 Collection—Samples for dissolved ammonia should be filtered in the field and can be 
collected in glass or plastic containers with leak-proof caps. Prior to collection, each container and 
cap should be rinsed with sample water. If plastic containers are used more than once, they should 
be acid-washed to remove bacteria. Filters should be washed in sequence with 10-percent 
hydrochloric acid and ammonium-free distilled water. Filters should be washed in the laboratory 
and brought to the field in sealed containers.  
 
 
 Processing—Ammonia samples should be analyzed immediately after collection. However, 
samples can be stored for up to 7 days by freezing the filtrate at -20°C immediately after collection. 
It is recommended that stored samples be frozen as quickly as possible, preferably using dry ice or 
liquid nitrogen. Sufficient headspace should be left in the sample container to accommodate 
increases in sample volume during freezing. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—The recommended analytical method for ammonia is described by 
Parsons et al. (1984). The method is applicable for ammonia concentrations of 0.04-10 µg-at N/L. 
The method involves the oxidation of ammonia in the sample to nitrite with hypochlorite in alkali, 
using a large excess of potassium bromide as a catalyst. The precipitation of metal hydroxide in 
saline water in an alkaline medium is prevented by the addition of a complexing reagent prior to the 
oxidation step. Nitrite produced from the oxidation of ammonia is then determined. Ammonia can 
also be measured using automated procedures and instruments. The instrument manual should 
describe all relevant procedures for analyzing samples. Automated procedures are therefore not 
considered further in this section. 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow those 
specified for the method being used. Calibration should be conducted using filtered seawater in 
which the concentration of ammonia has been reduced by boiling. Alternatively, calibration can be 
conducted using deep ocean water that has been depleted of ammonia by phytoplankton. At least 
three concentrations of the calibration standards should be used, and they should bracket the sample 
concentrations. If a sample concentration is outside the range of calibration, then an additional 
calibration standard should be analyzed to check if the result is within the linear range of the 
method. Alternatively, the sample should be diluted to within the calibration range and then 
reanalyzed. 
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 Because sample contamination is a particularly common problem for ammonia analyses, the 
following precautions should be taken: 
 
 � Frozen samples should not be stored with potential sources of contamination (e.g., 


fish, meat, cleaning products) 
 
 � The deionized water used for standards and reagents should be passed through a 


strong cation exchange resin immediately before use (the resin should preferably be 
in lithium or sodium form) 


 
 � All reagents should be stored in well-stoppered containers which have been washed 


with dilute hydrochloric acid 
 
 � All glassware used for the laboratory analysis of ammonia should be acid-washed 
 
 � Ammonium hydroxide should not be used in the laboratory during ammonia analysis  
 
 � Ammonium-free seawater is desirable in the calibration. If it is not available, then 


1 liter of seawater should be boiled after addition of 5 mL of 1N NaOH and the 
volume reduced until it is about 0.7 liters. The volume is replaced to 1 liter with 
deionized water after neutralization with equivalent HCl and is filtered through a 
glass fiber filter. 


 
 
 Quality Control Checks—Duplicate analyses should be conducted on a minimum of 
5 percent of the total number of samples, with an additional 5 percent of the samples spiked and 
analyzed for percent recovery. Duplicate seawater and reagent blanks should be analyzed with each 
batch of samples or every 20 samples (whichever is less). The seawater blank should be comprised 
of ammonium-free seawater and the reagent blank should consist of high-quality deionized water. 
At least one (preferably two) check standards prepared independently of the calibration standards 
should be analyzed with each batch of samples. An EPA performance sample should be analyzed at 
least once per quarter. 
 
 
 Corrective Action—Contamination of ammonia samples can occur easily (particularly on 
vessels) due to the volatile nature of ammonia. To prevent possible cross-contamination, reagents 
should be isolated from samples and standards used for ammonia determinations. In addition, 
cleaning preparations that contain significant quantities of ammonia (e.g., PineSol®, wax removers, 
hand cleaners) should not be used in the laboratory area where ammonia determinations are 
performed. Because tobacco smoke can be a source of ammonia contamination, smoking should not 
be allowed near samples. 
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 Prior to use, glassware should be rinsed once with 10-percent hydrochloric acid and then three 
times with distilled water. To check for contamination, blanks should be analyzed whenever a new 
reagent is prepared. It may also be advisable to designate specific glassware for use with low, 
moderate, and high concentrations of ammonia. 
 
 
 Data Quality and Reporting—Detection and accurate quantification of ammonia in receiving 
water is routinely attainable, although method detection limits can vary widely because of methods 
or instrumentation. The analytical instructions should be consulted to determine expected detection 
limits, precision, and accuracy. In general, ammonia concentrations in seawater are very low. Data 
should be reported in µM as N [µM=mg/L×(1,000/14)] to a maximum of three significant figures. 
Results should be reported for all determinations, including quality assurance replicates and spiked 
samples. Any factors that may have influenced sample quality should also be recorded. 
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NITROGEN (NITRITE) 
 
 
Field Procedures 
 
 
 Collection—Samples for dissolved nitrite should be filtered in the field and can be collected in 
glass or plastic containers with leak-proof caps. Prior to collection, each container and cap should be 
rinsed with sample water. If plastic containers are used more than once, they should be acid-washed 
to remove bacteria. 
 
 
 Processing—Nitrite samples should be analyzed immediately after collection. However, 
samples can be stored for up to 28 days by freezing the filtrate at -20°C immediately after 
collection. It is recommended that stored samples be frozen as quickly as possible, preferably using 
dry ice. Sufficient headspace should be left in the sample container to accommodate increases in 
sample volume during freezing. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—The recommended analytical method for nitrite is described by 
Parsons et al. (1984). This method is applicable for nitrite concentrations of 0.01-2.5 µg-at N/L. The 
method involves the reaction of nitrite in the sample with sulfanilamide in an acid solution. The 
resulting diazo compound is reacted with N-(l-naphthyl)-ethylenediamine and forms a highly 
colored azo dye, which can be measured spectrophotometrically. Nitrite can also be measured using 
automated procedures and instruments. The instrument manual should describe all relevant 
procedures for analyzing samples. Automated procedures are therefore not considered further in this 
section. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow those 
specified in the method. At least three concentrations of the calibration standards (prepared using 
distilled water) should be used and they should bracket the sample concentrations. If a sample 
concentration is outside the range of calibration, then an additional calibration standard should be 
analyzed to check if the result is within the linear range of the method. Alternatively, the sample 
should be diluted to within the calibration range and reanalyzed. 
 
 
 Quality Control Checks—Duplicate analyses should be conducted on a minimum of 
5 percent of the total number of samples, with an additional 5 percent of the samples spiked and 
analyzed for percent recovery. Duplicate blanks comprised of distilled water should be analyzed 
with each batch of samples or every 20 samples (whichever is less). At least one (preferably two) 
check standards prepared independently of the calibration standards should be analyzed with each 
batch of samples. An EPA performance sample should be analyzed at least once per quarter. 
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 Corrective Action—Various components of a sample can interfere with the analysis. The 
method should be reviewed for ways to remove possible interferences prior to analysis. Possible 
interferences include suspended solids, residual chlorine, oil and grease, and high concentrations of 
iron, copper, or other metals. 
 
 The area where nitrite analyses are performed should be well isolated from exposure to nitric 
acid or nitric acid fumes. 
 
 
 Data Quality and Reporting—The detection and accurate quantification of nitrite in seawater 
are routinely attainable, although method detection limits can vary because of methods or 
instrumentation. The analytical method should be consulted to determine expected detection limits, 
precision, and accuracy. In general, nitrite concentrations in seawater are very low. Data should be 
reported in µM as N [µM=mg/L×(1,000/14)] to a maximum of three significant figures. Results of 
all determinations should be reported, including quality assurance replicates, blanks, and spiked 
samples. Any factors that may have influenced sample quality should also be reported. 
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NITROGEN (NITRATE) 
 
 
Field Procedures 
 
 
 Collection—Samples for dissolved nitrate should be filtered in the field and can be collected in 
glass or plastic containers with leak-proof caps. Prior to collection, each container and cap should be 
rinsed with sample water. If plastic containers are used more than once, they should be acid-washed 
to remove bacteria. 
 
 
 Processing—Nitrate samples should be analyzed immediately after collection. However, 
samples can be stored for up to 28 days by freezing the filtrate at -20°C immediately after 
collection. It is recommended that stored samples be frozen as quickly as possible, preferably using 
dry ice. Sufficient headspace should be left in the sample container to accommodate increases in 
sample volume during freezing. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—The recommended analytical method for nitrate is described by 
Parsons et al. (1984). This method is applicable for nitrate concentrations of 0.05-45 µg-at N/L. The 
method involves the quantitative reduction of nitrate to nitrite by running the sample through a 
column containing cadmium filings coated with metallic copper. The resulting nitrite is then 
determined by diazotizing with sulfanilamide and coupling with N-(l-naphthyl)-ethylenediamine 
dihydrochloride to form a highly colored azo dye which can be measured spectrophotometrically. 
Any nitrite initially present in the sample must be accounted for by a separate nitrite analysis. 
Nitrate can also be measured using automated procedures and instruments. The instrument manual 
should describe all relevant procedures for analyzing samples. Automated procedures are therefore 
not considered further in this section. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow those 
specified in the method. Efficiency of each reduction column should be checked by comparing a 
nitrate standard to a nitrite standard at the same concentration. This efficiency check should be made 
at the beginning and the end of each sample run and at a minimum frequency of every 10 samples. 
Reactivate the copper-cadmium granules when reduction falls below 95 percent. Standard values 
should not be compared among different columns because each column may have unique 
characteristics. 
 
 Because of a small salt effect, standard nitrate solutions should be prepared in synthetic 
seawater or a low nitrate seawater sample should be "spiked" with a standard amount of nitrate. The 
standard nitrate solution should be prepared fresh before each use. 
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 Because the cadmium column can be destroyed by hydrogen sulfide, samples containing 
hydrogen sulfide (e.g., from anoxic areas) should be aerated prior to analysis. 
 
 
 Quality Control Checks—Duplicate analyses should be conducted on a minimum of 
5 percent of the total number of samples, with an additional 5 percent of the samples spiked and 
analyzed for percent recovery. Duplicate blanks comprised of dilute ammonium chloride that have 
been run through the reduction column should be analyzed with each batch of samples or every 20 
samples (whichever is less). A blank should be applied only to the column with which it was 
determined, as each column may have unique characteristics. At least one (preferably two) check 
standards prepared independently of the calibration standards should be analyzed with each batch of 
samples. An EPA performance sample should be analyzed at least once per quarter. 
 
 
 Corrective Action—Various components of a sample can interfere with the analysis. The 
method should be reviewed for ways to remove possible interferences prior to analysis. Possible 
interferences include suspended solids, residual chlorine, oil and grease, and high concentrations of 
iron, copper, or other metals. 
 
 The area where nitrate analyses are performed should be well isolated from exposure to nitric 
acid or nitric acid fumes. 
 
 
 Data Quality and Reporting—The detection and accurate quantification of nitrate in seawater 
are routinely attainable, although method detection limits can vary because of methods or 
instrumentation. The analytical method should be consulted to determine expected detection limits, 
precision, and accuracy. Data should be reported in µM as N [µM=mg/L×(1,000/14)] to a maximum 
of three significant figures. Results of all determinations should be reported, including quality 
assurance replicates, blanks, and spiked samples. Any factors that may have influenced sample 
quality should also be reported. 
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PHOSPHATE 
 
 
Field Procedures 
 
 
 Collection—Samples for dissolved phosphate should be filtered in the field and can be 
collected in glass or plastic containers with leak-proof caps. Containers should be rinsed with 1N 
HCl followed by several rinses with distilled water. Detergents containing phosphate (most 
detergents contain phosphate) should never be used on containers or other laboratory equipment that 
will be used for phosphate analysis. Sample containers and lids should be rinsed thoroughly with 
sample water before sample collection. 
 
 
 Processing—Phosphate samples should be analyzed immediately after collection. However, 
samples can be stored for up to 28 days by freezing the filtrate at -20°C immediately after 
collection. It is recommended that stored samples be frozen as quickly as possible, preferably using 
dry ice. Sufficient headspace should be left in the sample container to accommodate increases in 
sample volume during freezing. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—The recommended analytical method for phosphate is described by 
Parsons et al. (1984). This method is applicable for phosphate concentrations of 0.03-5 µg-at/L. The 
method involves the reaction of the sample with a composite reagent containing molybdic acid, 
ascorbic acid, and trivalent antimony. The resulting complex is reduced to yield a blue solution that 
is analyzed spectrophotometrically. Phosphate can also be measured using automated procedures 
and instruments. The instrument manual should describe all relevant procedures for analyzing 
samples. Automated procedures are therefore not considered further in this section. 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow those 
specified in the method. At least three of the calibration standards should be used, and they should 
bracket the sample concentrations. If a sample concentration is outside the range of calibration, then 
an additional calibration standard should be analyzed to check if the result is within the linear range 
of the method. Alternatively, the sample should be diluted to within the calibration range and 
reanalyzed. 
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 Quality Control Checks—Duplicate analyses should be conducted on a minimum of 
5 percent of the total number of samples, with an additional 5 percent of the samples spiked and 
analyzed for percent recovery. Duplicate blanks consisting of distilled water should be analyzed 
with each batch of samples or every 20 samples (whichever is less). At least one (preferably two) 
check standards prepared independently of the calibration standards should be analyzed with each 
batch of samples. An EPA performance sample should be analyzed at least once per quarter. 
 
 
 Corrective Action—Because phosphorus contamination can occur from a variety of sources, it 
is recommended that a clearly marked set of labware be dedicated to only phosphorus analysis. This 
labware should never be exposed to phosphorus detergents or reagents containing phosphate. If high 
blank values are experienced, the ammonium molybdate should be made up again and tested. 
 
 Various components of a sample can interfere with the analysis. The method should be 
reviewed for ways to remove interferences or adjust for interferences from components that cannot 
be removed. Silica and arsenic are possible positive interferences, while hexavalent chromium and 
nitrite can cause low recovery. 
 
 For highly colored or turbid samples, additional sample preparation (e.g., further filtration) 
may be required prior to color development. In any case, blanks should be prepared by adding all 
the reagents except the coloring reagents to the sample. Measure absorbance in the sample blank at 
the wavelength used for the phosphorus determination and subtract this absorbance value from the 
sample absorbance prior to calculation of phosphorus concentration. 
 
 
 Quality Control and Reporting—Detection and accurate quantification of phosphate in 
seawater is routinely attainable. Actual method detection limits can vary because of methods or 
instrumentation. The analytical method should be consulted to determine expected detection limits, 
precision, and accuracy. All glassware used for phosphate analysis should be cleaned with hot 1:1 
hydrochloric acid. If the glassware is rinsed thoroughly after each use, the hydrochloric-acid 
treatment is needed only occasionally. Data should be reported in µM as P [µM = mg/L×(1,000/31)] 
to a maximum of three significant figures. Results of all determinations should be reported, 
including quality assurance replicates and spiked samples. Any factors that may have influenced 
sample quality should also be reported. 
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SILICATE 
 
 
Field Procedures 
 
 
 Collection—Samples for dissolved silicate should be filtered in the field and should be 
collected in plastic containers. Glass containers (particularly borosilicate glass) should not be used. 
Prior to collection, each container should be rinsed thoroughly with sample water. 
 
 
 Processing—Silicate samples should be analyzed immediately after collection. However, 
samples may be stored for up to 28 days by freezing the filtrate at -20°C immediately after 
collection. If the silica concentration of samples exceeds 100 µM (e.g., near freshwater sources), the 
samples should not be frozen and should be analyzed as soon as possible. It is recommended that 
stored samples be frozen as quickly as possible, preferably using dry ice. Sufficient headspace 
should be left in the sample container to accommodate increases in sample volume during freezing. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—The recommended analytical method for silicate is described by 
Parsons et al. (1984). The method is applicable for silicate concentrations of 0.1-140 µg-at/L. The 
method involves the reaction of the sample with molybdate under conditions that result in the 
formation of silicomolybdate, phosphomolybdate, and arsenomolybdate complexes. A reducing 
solution containing metal and oxalic acid is then added to reduce the silicomolybdate complex and 
give a blue color. Simultaneously, any phosphomolybdate or arsenomolybdate in the sample is 
decomposed. The resulting extinction is then measured spectrophotometrically. Silicate can also be 
measured using automated procedures and instruments. The instrument manual should describe all 
relevant procedures for analyzing samples. Automated procedures are therefore not considered 
further in this section. 
 
 
 Calibration and Preventive Maintenance—Calibration procedures should follow those 
specified by Parsons et al. (1984). The standard silicate solution should be stored in a plastic 
container and mixed with synthetic seawater to achieve the desired concentrations. At least three 
concentrations of the calibration standards should be used, and they should bracket the sample 
concentrations. If a sample concentration is outside the range of calibration, an additional calibration 
standard should be analyzed to determine if the result is within the linear range of the method. 
Alternatively, the sample should be diluted to within the calibration range and reanalyzed. 
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 Quality Control Checks—Duplicate analyses should be conducted on a minimum of 
5 percent of the total number of samples, with an additional 5 percent of the samples spiked and 
analyzed for percent recovery. A blank consisting of distilled water collected in a plastic container 
should be analyzed with each batch of samples or every 20 samples (whichever is less). At least one 
(preferably two) check standards prepared independently of the calibration standards should be 
analyzed with each batch of samples. 
 
 
 Corrective Action—Various components of a sample can interfere with the analysis. The 
method should be reviewed for ways to remove possible interferences prior to analysis. Possible 
interferences include excessive coloration or turbidity and large amounts of iron and sulfide. Sample 
contact with glass should be minimized and silica-free reagents should be used as much as possible. 
 
 
 Data Quality and Reporting—The detection and accurate quantification of silicate in 
seawater are routinely attainable, although method detection limits can vary depending on methods 
and instrumentation. The analytical method should be consulted to determine expected detection 
limits, precision, and accuracy. Data should be reported in µM as Si [µM=mg/L×(1,000/28.1)] to a 
maximum of three significant figures. Results of all determinations should be reported, including 
quality assurance replicates, blanks, and spiked samples. Any factors that may have influenced 
sample quality should also be reported. 
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CHLOROPHYLL a 
 
 
Field Procedures 
 
 
 Collection—Chlorophyll a samples can be collected in glass or plastic containers. Because 
acids will decompose chlorophyll a to phaeo-pigments, it is critical that the water sampler and 
sample containers remain free of acids (including acids from fingerprints). In addition, sample 
containers should be rinsed three times before sample collection. 
 
 
 Processing—Chlorophyll a samples should be filtered immediately after collection. Two or 
three drops of magnesium carbonate suspension should be added to the filter before filtration to 
prevent the sample from becoming acidic (which causes chlorophyll a to decompose). Filters can be 
stored for up to 30 days by holding them in the dark in a desiccator at -20°C (Parsons et al. 1984). 
However, storage usually leads to low results and makes the extraction of chlorophyll more 
difficult. It is therefore recommended that filters be extracted immediately after filtration. If filters 
are stored, the length of delay until analysis should be recorded on the log sheet. 
 
 
Laboratory Procedures 
 
 
 Analytical Procedures—Chlorophyll a determinations using the spectrophotometric and 
fluorometric methods are described in detail in Parsons et al. (1984). It is recommended that 
chlorophyll a concentrations be determined using the fluorometric method rather than the 
spectrophotometric method, because the former technique is 5-10 times more sensitive, requires less 
sample, and can be used for in vivo measurements (APHA 1989). However, the fluorometric 
method may be less accurate than the spectrophotometric method. Although the fluorometric 
method does not distinguish between chlorophyll a and b, the chlorophyll b:a ratio in seawater is 
usually well below the value (i.e., 0.2) at which chlorophyll b will affect measurement of 
chlorophyll a. 
 
 All work with chlorophyll extracts should be conducted in subdued light to avoid degradation. 
Opaque containers or containers wrapped in aluminum should be used to protect samples from light. 
Glass fiber filters (Grade GF/F) with a pore size of approximately 0.5 µm are recommended because 
they are inexpensive and result in a low blank (Parsons et al. 1984). To improve extraction 
efficiency, a sonification or cell-grinding step should be included prior to extraction. For 
sonification, the filter should be placed in a tube with 90-percent acetone, immersed in a water/ice 
bath, sonicated for 7 minutes, extracted for 10 minutes, shaken, centrifuged, and analyzed. 
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 Calibration and Preventive Maintenance—The fluorometer should have a red-enhanced 
photodetector and the appropriate filters. The fluorometer should be calibrated spectrophotomet-
rically using samples from the same standard chlorophyll solution. This solution should have a 
known concentration of chlorophyll a that was extracted from a marine phytoplankton. Parsons et 
al. (1984) recommend that a mixed culture of equal amounts (by pigment) of Skeletonema costatum, 
Coccolithus huxleyii, and Peridinium trochoidium be used as the sources of chlorophyll. If natural 
phytoplankton populations are used, phaeopigments may be present. 
 
 A series of dilutions of the standard chlorophyll solution should be made so that concentrations 
of 2, 6, 20, and 60 µg/L are achieved. Readings of each dilution should be made at sensitivity 
settings of 1x, 3x, 10x, and 30x and linearity should be checked for each scale. This will allow 
derivation of calibration factors to convert fluorometric readings in each sensitivity level to 
chlorophyll a concentrations (for details, see APHA 1989). 
 
 
 Quality Control Checks—To correct for scatter, the fluorometer should be zeroed against a 
cuvette of 90-percent acetone for each sample. Duplicate analyses should be conducted on at least 
10 percent of the total number of samples. 
 
 
 Corrective Action—If the fluorometer does not appear to be functioning properly, the 
manufacturer's troubleshooting guide should be consulted. Scratched or etched cuvettes should be 
replaced. Care should be taken to keep fingerprints off the cuvette. All acid should be well rinsed 
from the cuvette between samples to avoid creating an erroneously low initial fluorescence reading 
for the later samples. 
 
 
 Data Quality and Reporting—Precision of the recommended method varies as a function of 
the amount of pigment being measured. For chlorophyll a concentrations exceeding 0.5 mg/m3, a 
precision of ±8 percent is possible. The sensitivity of detection has been estimated as 0.01 mg/m3 
for a 2-liter sample (Parsons et al. 1984). Chlorophyll a concentrations should be reported as mg/m3 
or µg/L to the nearest 0.01 units. Results of all determinations should be reported, including quality 
assurance replicates. Any factors that may have influenced sample quality should also be reported 
(e.g., time of filtering, types of filters). 
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TOTAL AND FECAL COLIFORM BACTERIA 
 
 The recommended protocols for total and fecal coliform bacteria are included in the PSEP 
microbiology protocols (PSEP 1986). However, the primary source of information should be APHA 
(1989) rather than the earlier edition of that document (i.e., 1985) cited in PSEP (1986). 
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1.  INTRODUCTION 
 
This document presents recommended guidelines for sampling marine sediment, water column and tissue 
for the chemical analysis of conventionals, metals and organics parameters, as well as microbiological 
and bioassay testing.  The guidelines include recommended sampling methodologies, field health and 
safety protocols, quality control and quality assurance procedures, and documentation requirements.  
Many of these procedures are required when conducting sampling activities under one of the Puget 
Sound regulatory programs. 
 
These guidelines were developed with the assistance of representatives from organizations that fund or 
conduct environmental studies in the Puget Sound region (Table 1).  The purpose of developing sampling 
guidelines is to encourage the use of standardized methods by organizations and individuals involved in 
data generation activities in support of the various Puget Sound monitoring and regulatory programs.  
The use of standardized field sampling and measurement methodologies should aid in producing 
comparable data among future studies performed in Puget Sound. 
 
This document presents recommended guidelines for sampling sediment, water column and tissue in the 
marine environment of Puget Sound.  Information regarding fresh water sampling may be found in other 
chapters of the Puget Sound Protocols and Guidelines (PSP&G).  While this document is by no means 
exhaustive, the guidelines presented herein will support data generation activities for the following major 
Puget Sound programs: 
 
 • . Puget Sound Dredged Disposal Analysis (PSDDA), 
 • . Puget Sound Ambient Monitoring Program (PSAMP), 
 • . National Pollutant Discharge Elimination System (NPDES), and 
 •••• . Washington State Department of Ecology Sediment Management Standards (SMS). 
 
This document attempts to centralize and improve access to general marine sampling guidelines and field 
information for a variety of matrices and target analytical parameters.  Reference is made to other 
PSP&G chapters for in-depth guidance on sampling activities that support a particular analytical need.  
The guidelines presented in this document have been compiled partly from information contained in the 
field sampling sections of the following Puget Sound Protocols chapters.  Where appropriate, this 
information has been updated and/or amended, and supersedes field and sampling information contained 
in the documents noted below. 
 
 • . General QA/QC Considerations for Collecting Environmental Samples in Puget Sound (PSEP, 


1986a), 
 • . Recommended Protocols for Measuring Conventional Sediment Variables in Puget Sound (PSEP, 


1986b), 
 • . Recommended Guidelines for Measuring Organic Compounds in Puget Sound Sediment and Tissue 


Samples (PSEP, 1989a), 
 • . Recommended Protocols for Measuring Metals in Puget Sound Water, Sediment and Tissue Samples 


(PSEP, 1989b), 
 • . Recommended Guidelines for Conducting Laboratory Bioassays on Puget Sound Sediments (PSEP, 


1995), 
 • . Recommended Protocols for Microbiological Studies in Puget Sound (PSEP, 1986c), and 
 • . Recommended Guidelines for Measuring Conventional Marine Water-Column Variables in Puget 


Sound (PSEP, 1991). 
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It should be stressed that this document provides guidance on field sampling methodologies.  These 
guidelines are not intended to take the place of carefully written project planning documents.  It should 
also be noted that some program-specific guidance referenced in this document is subject to change 
through annual PSDDA and SMS updating and clarification processes such as the Sediment Management 
Annual Review Meeting. 
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Table 1 
Contributors to the Sampling Guidelines 


 
Name Organization 
John Armstrongc U.S. Environmental Protection Agency 
John Blained King County Environmental Laboratory 
Nicolas Bloomc Frontier Geosciences, Inc. 
Katherine Bourbonaisa King County Environmental Laboratory 
Ann Bryanta King County Environmental Laboratory 
Yip Chuna Hart Crowser, Inc. 
Kathryn Bragdon-Cookc Washington State Department of Ecology - 


Sediment Management Unit 
Lee Carfiolia,c North Creek Analytical 
Rob Cuelloa Battelle Marine Sciences Laboratory 
John Dohrmanna Puget Sound Water Quality Action Team 
Lyn Faasa,b,c King County Environmental Laboratory 
Raleigh Farlowa D.M.D., Inc. 
Anne Fitzpatricka Hart Crowser, Inc. 
Sherri Fletchera King County Environmental Laboratory 
David Hericksa Beak Consultants, Inc. 
Craig Homana,c King County Water Pollution Control 


Division 
Richard Jornitz CanTest, Ltd. 
Roger Kadegc Foster Wheeler Environmental Corporation 
Cheryl Kameraa,c King County Environmental Laboratory 
Bill Kammina Washington State Department of Ecology - 


Manchester Environmental Laboratory 
Gordon Kanc Environment Canada - Pacific 


Environmental Science Centre 
David Kendalla,c U.S. Army Corps of Engineers 
Cliff Kirchmerc Washington State Department of Ecology - 


Quality Assurance Section 
Jay Kuhna Analytical Resources, Inc. 
Brenda Lasorsac Battelle Marine Sciences Laboratory 
Kevin Lic King County Environmental Laboratory 
Mingta Lina,c AGI Technologies 
Roberto Llansóc Washington State Department of Ecology - 


Ambient Monitoring Section 
Stew Lombarda,c Washington State Department of Ecology - 


Quality Assurance Section 
Kim Magrudera EVS Environmental Consultants 
Ricardo Marroquinc North Creek Analytical 
Ray McClaina,c King County Environmental Laboratory 
Teresa Michelsena,c Washington State Department of Ecology - 


Sediment Management Unit 
Scott Mickelsona,d King County Environmental Laboratory 
Jan Newtonc Washington State Department of Ecology - 


Environmental Investigations and 
Laboratory Services Program 


Dale Nortonc Washington State Department of Ecology - 
Environmental Investigations and 
Laboratory Services Program 


Sandra O'Neillc Washington State Department of Fish and 
Wildlife 


George Perrya,c King County Environmental Laboratory 
Keith Phillipsc Washington State Department of Ecology - 


Sediment Management Unit 
Larry Pommenc BC Environment - Water Quality Branch 
Tim Ransoma,c Puget Sound Water Quality Action Team 
Paul Robischa,c National Oceanic and Atmospheric 


Administration - Montlake Laboratory 
B. W. Rummelc URS Consultants 
Catherine Sloana National Oceanic and Atmospheric 


Administration - Montlake Laboratory 
Randy Shumanc King County Water Pollution Control 


Division 
Despina Stronga King County Environmental Laboratory 
Eric Strouta EcoChem, Inc. 
Dana Walkera,c King County Environmental Laboratory 
Mike Webba Garry Struthers & Associates, Inc. 
Bruce Woodsc U.S. Environmental Protection Agency - 


Quality & Data Management Office 
Bill Yakec Washington State Department of Ecology - 


Environmental Investigations and 
Laboratory Services Program 


Tracy Yeriana Sound Analytical Services, Inc. 
Rob Zisettec Herrera Environmental Consultants, Inc. 
 
Notes: 


a. Attended workshop held on January 8, 1996.   
b. Workshop facilitator.  
c.  Provided written comments  
d.  Author/editor of protocol. 
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2.  SAMPLING PREPARATION 
This section provides information to consider prior to initiating field work and to aid in planning a 
successful sampling effort and/or data gathering activity.  


2.1  Project Plans 
Inherent in the success of any sampling effort is the creation of a project plan.  Regulatory programs such 
as NPDES, PSDDA, SMS, Model Toxics Control Act (MTCA), and Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA) all have specific project planning requirements 
and have available detailed guidance for the creation of project planning documents.  In each of these 
programs, regulatory approval of the project plan is required prior to project implementation.  A detailed 
discussion of project planning requirements may be found in Recommended Quality Assurance and 
Quality Control Guidelines for the Collection of Environmental Data in Puget Sound (PSEP, 1997a). 
 
The need for a statistical approach to sampling should never be overlooked when planning a project.  The 
statistician becomes an integral member in designing a successful sampling and analytical strategy.  
Another critical member of the project design team is the analytical laboratory that will be analyzing 
samples collected during the project.  Laboratory input is invaluable to the success of the project. 
 
The chief scientist, lead field technician or a designee should thoroughly review the project plan prior to 
each sampling effort, and all sample handling personnel should be familiar with those criteria associated 
with their respective tasks.  The plan should be checked for completeness and clarity of objectives.  
Additionally, a designated person at the analytical laboratory(ies) assigned to the project must also 
review the project plan prior to implementation.  Depending on the type of project plan selected, major 
elements may include: 
 
 • . identification of scientific party and the responsibilities of each member; 
 • . statement and prioritization of study objectives; 
 • . description of study area, including background information and station locations; 
 • . identification of variables to be measured, and containers and preservatives required; 
 • . specification of analytical methods and data reporting requirements; 
 • . identification of all quality control samples to be submitted with analytical samples; 
 • . brief description of sampling equipment and methods including station positioning technique; 
 • . specific standard operating procedures (SOPs) addressing the collection of representative samples; 
 • . proposed cruise schedule (including time, date and location of embarkation and debarkation); 
 • . sample storage, handling, shipping and chain of custody procedures; 
 • . identification of onshore laboratories; 
 • . survey vessel requirements (e.g., size, laboratory needs, sample storage needs); and 
 • . location and availability of an alternate survey vessel. 
 
Project objectives and their prioritization should be understood by all members of the scientific party.  
This will ensure that if project plan modifications become necessary in the field, their impact on project 
objectives can be evaluated adequately.  After the project plan has been reviewed, contingency plans 
should be outlined.  These plans should include potential problems and their solutions.  
 
The captain of any vessel involved in the field work should be provided with a copy of the project plan to 
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ensure that it is consistent with the equipment and capabilities of the vessel.  Modifications to the ship or 
cruise plan may be required. 
 
To ensure that all required sampling equipment and supplies are available at the time of sampling, an 
equipment checklist should be developed.  Spare parts and backup supplies should be included in the 
inventory. 


2.2  Station Positioning 
Proper station positioning is a critical component of  sampling and data collection.  Successful station 
positioning allows samples or data to be precisely collected from predetermined locations as well as 
allowing repeated sampling or data collection at the same location over time.  Detailed descriptions of 
station positioning methodologies and techniques are addressed in the document Recommended 
Protocols for Station Positioning in Puget Sound (PSEP, 1998).  


2.3  Health and Safety 
The health and safety of the sampling team is a primary concern during sampling operations.  The 
process for addressing these topics should be organized, comprehensive and well documented while 
ensuring that such concerns do not interfere with the collection of quality data. 
 
Certain projects will require the preparation of a site-specific Health and Safety Plan (HSP) as part of the 
project planning process.  A HSP is required for sediment sampling at sites listed under one or more of 
the following: 
 
 • . Model Toxics Control Act (MTCA), 
 • . Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and 
 • . Sediment Management Standards (SMS) 
 
A HSP is also required for any other area that is known to be contaminated by toxic materials.  
Requirements for HSPs are provided by the Department of Labor and Industry and detailed in 
Washington Industrial Safety and Health Administration/Occupational Safety and Health Administration 
(WISHA/OSHA) regulations.  Health and safety issues are addressed in Appendix A to this chapter. 


2.4  Sampler Design 
A large selection of sampling devices is available for collecting marine sediment, water column, and 
tissue samples.  Sampling program requirements, along with a knowledge of individual sampler 
characteristics, will aid in determining which type of device should provide the best performance.  The 
types of sampling equipment described below represent those samplers that are most frequently used in 
the marine waters of Puget Sound. 
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2.4.1  Sediment 
The main objective of sediment sampling is to obtain a sample that is closely representative of the 
environmental area of interest.  Sediment sampling devices may be placed in one of three categories: 1)  
grabs and snappers, 2) corers, and 3) dredges.  While most of these larger units are typically attached and 
deployed from a floating platform, small sample aliquots may be collected by hand if there is little or no 
overlying water.  Sediment material may also be collected while it is still in the process of settling, 
usually through the use of sediment traps.  In some instances,  subtidal sampling by divers may be 
desirable.  Since there are no widely accepted protocols available for diver collected sediment sampling, 
development of, and adherence to, detailed quality assurance and quality control procedures is essential 
for this type of sampling.  If diver collected sediment samples are being collected for regulatory 
purposes, the sampling plan should be discussed with the appropriate regulatory agencies before samples 
are collected to ensure the proposed protocols are acceptable. 


2.4.1.1  Grab Samplers 
Ideally, grab samplers should be able to collect an undisturbed bottom sample with minimal disruption to 
the surface layer.  The typical grab sampler, regardless of type, is held in the open position during 
descent and activated upon reaching the bottom.  The body is usually weighted to help with penetration.  
Some designs, such as the Smith-McIntyre, Birge-Ekman, and a variety of small spring loaded snapper 
grabs, will rely on spring tension to close a set of jaws around a given volume of sediment.  Other 
models, such as the following, will incorporate another means of mechanical advantage for enclosing the 
sediment material just prior to retrieval. 
 
Campbell and Petersen grabs both utilize a pulley arrangement to gain extra purchase to activate a pair of 
jaws.  Shepard (1973) reports that a large Campbell grab was successfully used on continental shelf 
operations off the east coast, and that large Petersen grabs have been known to bring back undisturbed 
samples that still retain stratification characteristics.  However, Schlieper (1972) points out a potential 
weakness with the Petersen grab design: the tensile closing action from the attached hydrowire creates a 
secondary lifting force at the central axis that the two jaws pivot around, resulting in a shallower bite (5 
centimeters (cm) or less), especially in firmer sediments. 
 
One of the most commonly used grab samplers for surface sediments in Puget Sound is the 0.1 square 
meter (m2) modified van Veen (a smaller 0.05-m2 sampler is also used, especially on smaller boats with a 
lighter lifting capacity).  The van Veen is popular because, despite its compact size and weight, it is 
capable of collecting sediment material up to 17 cm in depth.  The unique scissors-like closing action 
generated by the lifting wire provides good leverage while helping to further embed the jaws into the 
sediment.  It is not unusual to penetrate down to 5 to 10 cm, even in firm, sandy bottom material.  The 
sampler also has large access doors for convenient removal of the upper sample layers.  The mesh 
covering on the sampler doors allows water to pass through during deployment, reducing the pressure 
wave that can disturb the floc layer on the surface of the sediment. 
 
All grab samplers run the risk of sample leakage if rocks or other debris are present that are capable of 
preventing complete closure of the jaws.  The Orange Peel Bucket sampler is an attempt to get around 
this problem.  It utilizes four spade-shaped jaws which are less susceptible to jamming, making it 
sometimes more desirable for very rocky environments.  However, the additional seams from the 
multiple jaws often allow significant sample loss and/or disruption of the finer-grained sediments during 
ascent. 
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Instead of jaws, Holme and Shipek samplers utilize one or two rotating semi-circular scoops to collect 
sample material.  A mechanical advantage is employed via the lifting wire to rotate the scoops after the 
sampler has settled on the bottom.  A major disadvantage is that the 180-degree rotation of the scoop 
severely disrupts the stratified configuration of the material. 


2.4.1.2  Coring Devices 
Sediment coring devices are designed to collect samples that give an accurate representation of sediment 
stratification over depth.  All suitable coring devices must contain the following components: 
 
 • . a rigid core tube (with or without core liner), 
 • . a one-way water vent at the top of the core tube, 
 • . a cutting edge (cutter) at the bottom, 
 • . a mechanism for sample retention (e.g., core catcher, flaps, etc.) just above the core cutter, and 
 • . a means for driving the tube into the sediment to a predetermined depth. 
 
Coring devices typically used in Puget Sound fall into one of six basic categories: 1) gravity, 2) box, 3) 
piston, 4) impact, 5) vibrating, and 6) diver-assisted.  Selection of the most appropriate coring system is 
generally driven by project needs, cost limitations and composition of the sediments to be sampled. 
 
A gravity corer is a simple core tube, weighted at the top end, which free falls over an established 
distance to penetrate the bottom.  As an example, the Phleger corer can collect a core down to a depth of 
approximately four feet.  Gravity is the only driving mechanism, and some designs incorporate tail fins to 
help stabilize the device during the drop.  The free fall is usually controlled by use of a tripping 
mechanism-and-counterweight assembly which precedes the core tube by a calculated number of feet.  
Some advantages to this system are that it is relatively inexpensive, has essentially no moving parts and 
is easy to operate. Disadvantages include structural distortion of the strata due to internal frictional 
compression from the tube itself, the potential for dewatering (which could skew porosity and/or bulk 
density results) and limited penetration depth of just a few feet. 
 
The Reineck box corer uses an open-ended rectangular box, found in various sizes, in place of a core 
tube.  The dimensions of the box are large enough that the surface of the sediment remains essentially 
undisturbed during the collection process.  Upon reaching the bottom, the weighted box slides down 
through the support frame and penetrates the sediment.  The lifting wire uses the mechanical advantage 
of a pulley system to swing a spade-like knife through the sediment to close off the lower end.  Two 
hinged covers at the top seal off the upper opening.  The box corer takes excellent, undisturbed samples, 
even in compact material.  However, it is not suitable for small boats as it weighs about 900 pounds and 
is awkward to handle. 
 
The piston corer, such as the Kullenberg corer (or modification thereof), is essentially a gravity corer 
with the addition of an internal piston.  The lifting wire is attached to this piston, rather than the tail of 
the corer.  Upon impact with the bottom, the piston stops while the core tube continues down through the 
substrate.  Upon retrieval, the piston creates a negative hydrostatic pressure against the surface of the 
sediment which aids in extraction of the material as the tube is withdrawn.   Some advantages include 
improved penetration depth (the original design was capable of 65 feet of penetration in some substrates), 
and minimal sediment compression. Disadvantages include some loss of the uppermost surface layer (due 
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to bow wake from the piston-plugged nose during descent) and the corer may be somewhat cumbersome 
to operate. 
 
Impact coring utilizes a concussive force to drive the core tube into the substrate.  It is used primarily on 
compacted sediments where gravity and piston corers have little effect.  The core tubes must be of a 
sturdy material.  An advantage is good penetration in firm substrates such as those having a high clay 
content.  The main disadvantage is its relative expense, requiring a stable floating platform with a large 
enough work area to supply the core-driving and support equipment. 
 
Vibration or vibra-coring, like impact coring, uses an external driving force to penetrate sediments that 
are unsuitable for simpler coring devices.  In essence, the vibrational force liquefies the substrate in the 
immediate vicinity of the core cutter, allowing the core tube to enter the bottom.  An advantage is good 
penetration in firm, sandy substrates and/or those containing a large amount of small-sized debris.  A 
disadvantage is the relative expense, as a stable floating platform with a work area large enough to 
maneuver and deploy the potentially awkward vibra-coring device is required. 
 
Diver-assisted coring employs divers who drive the core tubes directly into the sediment substrate with 
the aid of either mechanical or pneumatic hammers.  The diver is usually responsible for noting the 
inside and outside depth penetration measurements, plugging the tube against sample leakage, and 
attaching the lifting line.  One advantage is that the diver may be able to supply additional observations.  
The disadvantages are that diver-assisted operations are expensive, and the operation is limited by diver 
depth and endurance limitations. 


2.4.1.3  Dredging Equipment 
Dredges are towed devices that collect rock and biological samples along, or just beneath, the surface of 
marine sediments.  For geological applications, Shepard (1973) states that the pipe dredge and the frame 
dredge are traditionally the two most common devices for collecting rock samples from the sea floor.  
For sediment collection, they are significantly inferior to coring and grab samplers due to sample loss 
through the coarse-mesh bag, and total disruption of the remaining material.  For this reason, this type of 
equipment will not be discussed further. 


2.4.2  Water Column 
The main objective of water column sampling is to obtain representative samples from discrete depths at 
an established sampling point.  Water column samples are usually collected with some type of water 
bottle sampler.  These samplers typically consist of a cylindrical tube with stoppers at each end, along 
with a closing device that is activated from the surface by a messenger or an electrical signal.  Niskin, 
Van Dorn and Kemmerer samplers are some of the samplers most commonly used in Puget Sound.  
Multiple water samplers may be either sequentially attached to a hydrowire so that several discrete 
depths can be sampled during one cast, or they may be mounted on a rosette-type frame, which allows 
replicate sampling at the same depth.  Water samples may also be collected with a pump, the intake of 
which has been deployed to a known and desired sampling depth. 
 
Regardless of the sampler type, it should have sufficient capacity to supply adequate volume for the tests 
required.  It is also important for inner surfaces that come in contact with the sample to be made of inert, 
noncontaminating materials. 
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2.4.3  Tissue 
Some project objectives may require that laboratory analyses be conducted on tissue samples from 
specific marine organisms.  Over the years, a large assortment of sampling equipment has been 
developed to collect marine animals from essentially every major taxonomic group.  The preferred 
method for sample collection will be determined by the type of organism required, and the nature of its 
habitat. 
 
Primary concerns when collecting marine animals for chemical analyses are that: 
 
 • . specimens be representative of the population being sampled, 
 • . specimens be representative of the geographic area being sampled, 
 • . metabolic changes be minimized during transit between the sampler and the lab bench, and 
 • . sample integrity be preserved. 


2.5  Cleaning Methods for Field Equipment and Sample Containers 
Proper cleaning of both sampling equipment and containers will enhance the representativeness of a 
sample by ensuring that detectable analytes are sample-related rather than equipment-related. 


2.5.1  Sampling Equipment 
The following procedures for cleaning sampling equipment are general and can be used successfully in 
most sampling situations.  Specialized sampling equipment that requires additional cleaning procedures 
is described in detail in other sections. 


2.5.1.1  Field Decontamination of Sampling Equipment 
Field decontamination of sediment sampling equipment and associated utensils should be conducted 
between sampling stations by scrubbing with a brush and phosphate-free detergent solution to remove 
excess sample material.  All equipment should then be thoroughly rinsed with clean in situ water, using 
either a clean hose while on deck, or by repeatedly submersing the equipment overboard.  It is desirable 
to give the sample-handling utensils a secondary rinse with analyte-free water.  At contaminated sites 
with high concentrations of organic compounds, a solvent rinse may also be necessary prior to the final 
analyte-free water rinse. 
 
The most suitable detergents would be those that leave the least amount of residue behind, especially 
residue containing analytes that could bias sample results.  A disinfecting detergent may be required if 
sampling equipment will be used for collection of samples for biological analysis.  Analyses may need to 
be performed on one or more container blanks and/or rinsate equipment blanks to determine which 
detergents are best (see Sections 3.7.1 and 3.7.4).  Acceptable detergents include Alconox , Liquinox , 
and Detergent 8 .  
 
For projects where sediments are expected to be relatively clean, solvent or acid decontamination in the 
field is not recommended due to the potentially hazardous nature of these chemicals; their introduction 
into the sampling environment should consequently be avoided.  At more contaminated sites, particularly 
where organic contamination is expected to be high, it is acceptable to use methanol, acetone, or a 50:50 
acetone/hexane mix as a rinse for sampling utensils, as these solvents pose less of a threat to personnel 
and the environment.  Decontamination with solvents should always be performed on an open deck of a 
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vessel or outdoors if on land. If trace metals analysis is to be performed on samples, a weak dilution of 
nitric acid (10 percent HNO3) may be used as a rinse.  All solvent and acid rinses should be followed by 
thorough rinses with analyte-free water.  All decontamination fluids that include solvents or acid rinses 
should be properly contained and not allowed to enter the environment.  Evaporation of small amounts of 
residual solvent into the air is acceptable. 
 
A tiered approach may be taken to equipment decontamination for sediment sampling when the expected 
level of contamination is known in advance. 
 
 • . If the sediment represents ambient conditions, decontamination may consist of merely scrubbing the 


sampling equipment to remove residual sediment followed by a thorough rinsing with in situ water. 
 • . If the sediment is slightly contaminated, decontamination may consist of scrubbing with a water and 


phosphate-free detergent mixture, followed by rinses with in situ water and analyte-free water. 
 • . If the sediment is heavily contaminated, decontamination may consist of scrubbing with a water and 


phosphate-free detergent mixture, a rinse with in situ water, rinses with solvents and/or acids, and a 
final rinse with analyte-free water. 


 
Another option would be to have additional sets of precleaned sampling utensils on board so that a fresh 
set could be used at each new sampling station.  Advantages are that decontamination could be conducted 
under more controllable conditions on shore, cleaning time would be minimized between stations and 
there would be little onboard need for solvents and/or acids. 
 
Field decontamination of water sampling bottles should consist of thoroughly rinsing the bottle analyte-
free water followed by a thorough in situ rinsing. 


2.5.1.2  Laboratory Decontamination for Conventionals Analysis 
For conventionals analysis, sample collection equipment should be cleaned with a phosphate-free 
detergent solution, followed by thorough rinses with hot tap water and analyte-free water.  If oil and 
grease analysis is required, equipment should also be rinsed with acetone or methanol in a well-ventilated 
area. If ammonia and nitrate/nitrite analysis is also required, a sulfuric acid dilution (20 percent H2SO4) is 
to be used instead.  HNO3 is somewhat more effective as a decontaminating agent, but it is known to 
interfere with nutrient analyses.  The acids used should be of at least reagent-grade purity. 


2.5.1.3  Laboratory Decontamination for Metals Analysis 
Prior to use, sampling and laboratory equipment should be thoroughly cleaned with a phosphate-free 
detergent solution, rinsed thoroughly with hot tap water, soaked a minimum of one hour (overnight is 
recommended) in  20 percent HNO3, and then rinsed with analyte-free water. 
 
If sampling equipment contains metal components, those parts should be cleaned as stated above, but the 
acid-soak step should be omitted.  If both trace organics and metals analyses are to be performed on the 
same samples, final rinsing of metal equipment parts with methylene chloride is acceptable. 
 
If trace metals analysis is to be conducted on marine water, the water sampling bottles must not contain 
metal or rubber parts that could potentially contaminate the water sample.  The sampling bottles should 
be cleaned by first filling them with 20 percent HNO3 for at least 24 hours, followed by thorough rinsing 
with metal-free water. 
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2.5.1.4  Laboratory Decontamination for Organics Analysis 
For trace organics analyses other than volatile compounds, sample collection equipment should be 
cleaned with a phosphate-free detergent solution, followed by thorough rinses with hot tap water and 
analyte-free water.  Before use, equipment should be rinsed with solvent (e.g., acetone, hexane or 
methanol) and air-dried.  If samples are to be analyzed for volatile compounds, sampling equipment 
should be oven-dried at 105°C or greater after the wash and water-rinse steps.  A solvent rinse should be 
avoided to eliminate the possibility of analytical interferences. A 20 percent HNO3 soak may be used 
instead of the solvent rinse. 


2.5.2  Laboratory Cleaning of Sample Containers 
Various Puget Sound marine sampling programs and published analytical methodologies specify sample 
container criteria, relative to the analytes of interest.  Selection of sample container types should meet the 
prescribed data quality objectives, while following criteria for the Puget Sound program guidelines under 
which the project is carried out.  They should also be specified in any project plan documents.  
Documentation of sample container cleanliness may be required by a project and, if so, such 
documentation should accompany samples throughout sampling and analysis.  Proper sample containers 
for sediment, water, and tissue samples are summarized in Tables 2, 3, and 4. 
 
If the analytical laboratory under contract reuses sample containers, the following sample cleaning 
procedures should be verified as part of the project planning process.  Cleanliness should be verified by 
the collection and analysis of container blanks (see Section 3.7.1).  If this information is critical, bottle 
blanks may be prepared and analyzed prior to field activities.  Many precleaned sample containers are 
shipped from the manufacturer with Environmental Protection Agency (EPA)-certified levels of 
cleanliness.  The certification provided with the sample container shipment will outline the cleaning 
procedures performed by the manufacturer to receive the certification.  This information should also be 
reviewed as part of the planning process prior to the start of field sampling activities.  Depending on the 
matrix to be analyzed, recleaning and reuse of sample containers may be impractical.  In such situations, 
it may be necessary to use certified pre-cleaned containers. 


2.5.2.1  Conventionals 
Sample containers and lids used for conventionals analysis should first be washed with a phosphate-free 
detergent solution, followed by thorough rinses with hot tap water and analyte-free water.  For oil and 
grease analysis, an additional rinse with hexane or methylene chloride and drying at 105°C for 30 
minutes should be added to the procedure. 


2.5.2.2  Metals 
For trace metals analysis, new sample containers should always be used.  Sample containers and lids 
should be thoroughly cleaned with a phosphate-free detergent solution, thoroughly rinsed with metal-free 
water, soaked for 24 hours in 20 percent HNO3  or 50 percent HCl, and rinsed with metal-free water.  The 
acids used should be of at least reagent-grade purity.  See section 2.3 of Recommended Guidelines for 
Measuring Metals in Puget Sound Marine Water, Sediment and Tissue Samples (PSEP, 1997b) for 
additional information about cleaning methods. 
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2.5.2.3  Organics 
Sample containers and lids used for semivolatile analysis should first be washed with a phosphate-free 
detergent solution, followed by thorough rinses with hot tap water and analyte-free water.  The last step 
should be an acetone rinse, then a final rinse using high-purity methylene chloride.  The lids should be in 
place on the container during this rinse step (solvent in the container with the lid tightly screwed down) 
because the solvents may rinse plastic from the interior screw threads onto the Teflon  lining.  Firing of 
glass containers at approximately 350°C for 4 hours may be substituted for the final solvent rinse only if 
precautions are taken to avoid contamination as the container is dried and cooled. 
 
For analysis of volatile organic compounds, sample containers, screw caps, and cap septa (silicone vapor 
barriers) should be washed with a phosphate-free detergent, rinsed once with tap water, rinsed at least 
twice with analyte-free water, then dried at greater than 105°C.  A solvent rinse should generally be 
avoided because it may interfere with the analysis, although a methanol rinse may be acceptable. See 
section 2.3 of Recommended Guidelines for Measuring Organic Compounds in Puget Sound Water, 
Sediment and Tissue Samples (PSEP, 1997c) for additional information about cleaning methods. 


2.5.2.4  Microbiology 
Sample containers for the collection of microbiological parameters should be washed with a phosphate-
free detergent, triple rinsed with hot tap water and autoclaved for a period of at least 15 minutes at 121° 
C and 15 pounds.  Sample containers for the collection of toxicological testing samples should be washed 
with a phosphate-free detergent, triple rinsed with hot tap water and may be finished with a weak 
hydrochloric acid rinse. 
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3.  SAMPLING PROCEDURES FOR SEDIMENT 
This section describes recommended procedures for collection of surface and subsurface marine 
sediments. 


3.1  Sediment Grabs 
Grab samplers are used to collect surface sediments.  In some cases, not all of the sample material within 
the sampler is utilized.  For instance, source control and ambient monitoring sampling programs might be 
interested in performing trend analyses for recently deposited sediments, in which case only the top 2 cm 
might be required for analysis.  For sediment cleanup efforts, it is now a standard practice for all 
sampling programs to require that the top 10 cm be retained for evaluation. 


3.1.1  Sampling Procedures 
There are several kinds of grab sampling devices that could be used to sample marine sediments in Puget 
Sound (Section 2.4.1.1).  The primary criterion for selection of an adequate sampler is that it consistently 
collect undisturbed samples to the required depth below the sediment surface without compromising the 
sample material.  Such a sampler should: 
 
 • . be made of contamination-free materials, 
 • . create a minimal bow wake when descending, 
 • . enclose the sample material with minimal disturbance, 
 • . form a leakproof seal during sampler retrieval, and 
 • . have easy internal access to the sample surface. 
 
Puget Sound marine sediment is commonly collected with a 0.1-m2 Van Veen grab sampler, especially 
for those samples undergoing chemical analysis for regulatory purposes.  Nonstandard sampling devices 
may be proposed for use but, if data will be used for regulatory purposes, their use must be approved in 
advance by the regulatory agency.  Such devices should be designed to meet the criteria outlined above.  
A smaller 0.05-m2 sampler may also be used, although there will obviously be less material, and a 
shallower penetration can be expected.  Stainless steel is considered to be the material of choice for the 
main body of the Van Veen grab.  Because good-quality stainless is very resistant to the corrosive effect 
of salt water, it will release minimal quantities of free ions, and its relatively nonporous surface will 
make decontamination easier. 
 
To better meet the above requirements, a 0.1-m2 Van Veen grab sampler can be slightly modified as 
follows. 
 
 • . The small secondary lifting chain which holds the jaws open during deployment sometimes falls into 


the jaw hinge after release, causing it to jam.  This problem can be alleviated by replacing it with a 
stiffer, two-legged bridle made of stainless steel hydrowire. 


 • . The wire screen on the upper access doors is lightly spot welded in place.  These welds can fail over 
time, resulting in possible sample loss, or loss of the entire screen and neoprene flap assembly, thus 
disabling the sampler until a replacement door can be installed.  One solution is to overlap the screen 
spot welds with an additional strip of stainless steel and bolt to the door frame.  Also replace all 
regular nuts with (stainless) locking nuts. 


 • . To form a tighter seal between the upper doors and the main body of the grab, lay down a bead of 
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good-quality silicone sealant at the top where the two surfaces meet.  Let the sealant cure for a few 
days with the doors open (silicone is totally inert in sea water and will not bias sample results). 


• . Each access door on the Van Veen has its own neoprene flap.  If the flap is too flimsy, it could fold 
back on itself during retrieval, causing sample washout.  The flaps can be made more rigid by 
laminating additional neoprene strips (at least 1 inch wide) around the three upper edges of each.  The 
neoprene cement should be allowed to cure a few days before using.  If the flaps are too heavy, 
however, the pressure wave created during descent could increase. 


 • . If two grabs are to be deployed in tandem (through use of a spreader bar), use them as independent 
units; do not bolt them together or join them on a common hinge pin.  This way, if one fouls during 
the tripping sequence, it will not foul the other, thereby increasing the chances of at least one 
acceptable grab on any given cast. 


 
The grab sampler should be attached to the hydrowire via a ball-bearing swivel, as all wire rope will have 
a tendency to twist when strain is applied.  During deployment, the safety pin should be released just 
after the device is clear of the vessel.  With the sampler at the surface, the meter wheel, which reads 
depth below the surface, should be adjusted to zero. 
 
The sampler is lowered at a controlled speed of approximately 4 feet per second with the hydrowire at a 
straight angle.  Under no circumstances should the grab sampler be allowed to free fall to the bottom as 
this may result in premature triggering, an excessive bow wake, or improper orientation upon contact 
with the bottom.  As the sampler descends, water should be able to pass freely through the closed upper 
screened doors to minimize the bow wake.  Descent speed should be slowed to about 1 foot per second as 
the sampler nears the bottom to minimize disturbance of the surface sediments.  The winch operator 
should be supplied with bottom depth information so that s/he knows when to reduce winch speed.  Once 
the sampler reaches the bottom, the hydrowire should not be allowed to slack. 
 
After the sampler has been tripped, it should be raised slowly off the bottom to allow for proper closure 
without spillage.  Once clear of the bottom, the ascent speed can be increased to approximately 4 feet per 
second.  Retrieval of the sampler should be continuous.  While ascending, the upper door flaps should 
seal tightly to minimize sample disturbance.  The sampler should be handled carefully, especially during 
rough weather, to minimize sample disturbance.  It should also exhibit minimal leakage when coming on 
board, which is a good indication that the sample was collected in its entirety. 
 
During retrieval, one crew member should watch for the appearance of the sampler, and should alert the 
winch operator and the vessel skipper when the sampler is first visible below the surface.  The winch 
operator should minimize swinging before the grab sampler is brought on board.  Hard hats and gloves 
should always be worn when handling the grab sampler. 
 
The grab sampler should be decontaminated between sampling stations (see Section 2.5.1.1).  If 
information regarding contamination levels within the sampling area is available, it is recommended that 
samples be collected from stations starting from the least contaminated and ending with the most 
contaminated. 


3.1.2  Field Sample Handling 
After the grab sampler has been secured on board, the upper doors are opened and the sample is 
examined for acceptability as follows: 
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 • . the sampler is not overfilled, which could be indicative of sample loss; 
 • . overlying water is present indicating sample integrity; 
 • . the sediment surface appears to be relatively undisturbed; and 
 • . the desired sample depth has been achieved (ideally, at least 1 or 2 cm should remain at the bottom of 


the sampler after the upper layer has been subsampled). 
 
If sample acceptability criteria are met, overlying water is carefully siphoned off (if the water is turbid, it 
could be allowed to settle out for a short period).  During or before the sample material is removed, field 
measurements and observations should be noted and recorded, if required.  Field measurements may 
include sample depth, pH, Eh (redox), specific conductivity, pore water salinity and field screening for 
grain size.  Observations may include a determination of visual/textural soil characteristics and 
descriptions of visible infauna, the presence of debris, and evidence suggesting the presence of 
contaminants such as an oil sheen, paint chips, etc.. 
 
For subsampling, a sample aliquot is collected to the appropriate sediment depth and placed in a mixing 
container, such as a stainless steel bowl.  It is recommended that sample aliquots be collected with 
stainless steel utensils such as spoons, spatulas, or ‘cookie cutters’ although PTFE (Teflon ) 
implements may be substituted.  Sample material should be thoroughly homogenized prior to splitting 
into separate sample containers.  If sample aliquots are to be collected from multiple sampler 
deployments, the stainless steel bowl containing the sediment should be covered between deployments to 
minimize contamination from the immediate environment and stored in an ice chest or cooler.  A 
successful sampler deployment with a 0.1-m2 Van Veen grab will yield enough material from the upper 2 
cm to fill about three 8 oz. jars.  Sample aliquots for physical, chemical and biological testing should 
always be collected out of the same grab sample or composite of grab samples. 
 
Sample material for volatile organic or sulfide compound analysis must be collected out of the grab 
sampler from the first successful deployment and sample containers must be filled immediately, prior to 
any homogenization.  Sample containers for volatile analyses should have no headspace.  Once the 
volatile subsamples have been removed, the sample is thoroughly homogenized with a stainless steel 
utensil until a uniform color and texture are achieved.  After homogenization, the remaining subsamples 
are transferred to appropriate containers and preserved as required.  Samples that are to be stored frozen 
require a minimum of 2 cm of head space in the sample container.  Storage requirements are summarized 
in Table 2. 
 
In accordance with United States Coast Guard regulations, sediment retrieved from grab samples that 
exhibits evidence of contamination such as a strong odor or visible sheen should not be disposed of 
overboard.  The sediment should be contained and removed off site for proper disposal as potentially 
dangerous or hazardous waste. 


3.1.3  Sample Depth 
The depth to which surficial samples are collected will be project and program specific and should be 
specified in the project planning document.  Some considerations are listed below. 
 
Past studies in Puget Sound have demonstrated that the majority of benthic infauna are generally found 
within the uppermost 10 cm of the sediments.  While some species may be present at greater depths, 10 
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cm is generally assumed to represent a reasonable estimate of the biologically-active zone.  Determining 
site-specific vertical distribution of benthic infauna or the depth to anoxic sediments is generally not 
practical.  Sediments at possible cleanup sites must be collected to a depth of 10 cm to allow for 
comparison to the applicable Sediment Management Standards criteria. 
 
In some cases, monitoring data may be used to help interpret temporal changes in sediment conditions.  
For example, some programs are designed to monitor ambient conditions, various permitted discharge 
points or a cap placed over contaminated sediments as part of remediation.  In such cases, it is 
appropriate to limit sample collection to the uppermost 2 cm of sediments.  A depth of 2 cm is generally 
considered to be the average sediment thickness accumulated over a one-year period throughout the 
depositional areas of Puget Sound. 


3.2  Sediment Cores 
Sediment cores are collected to evaluate chemical and/or biological characteristics of surface and 
subsurface sediments at depths which greatly exceed those achieved by grab samplers.  Selection of the 
most appropriate coring device usually depends on: 
 
 • . the quantity of sample required within a given stratification (determines diameter size), 
 • . the penetration depth required, 
 • . the sediment characteristics (e.g., soft, compact, rocky, etc.), and 
 • . possible physical restrictions pertaining to deployment (i.e., vessel size, lifting capacity, etc.). 


3.2.1  Sampling Procedures 
Regardless of the coring method employed, the core tube should be constructed of a noncontaminating 
material which would not contribute analytes of interest to the sample medium.  If the core tube is 
designed to hold a core liner, the liner would then need to be constructed of a noncontaminating material. 
 Refer to the appropriate cleaning methods as described in Section 2.5.1. 
 
Prior to deployment, inspect to see that the sediment retainer behind the cutting edge will provide a good 
seal.  If the device is a box corer, be sure that the cable feeds through the pulley system properly and that 
the spade rotates freely.  The opening/closing mechanism at the top of the core body should also be 
checked; it may be in the form of a stop-check valve, a valved piston or a set of doors. 
 
Both gravity and piston corers utilize inertia as the primary driving force to achieve the desired 
penetration depth.  The degree of penetration can be altered by either adjusting the number of weights at 
the top of the tube or by changing the vertical distance that the core tube is allowed to free-fall.  During 
descent, the device should be lowered under power to its predetermined free-fall distance above the 
bottom.  The lowering should be halted when this vertical distance equals the difference between the 
meter wheel reading and the fathometer reading. 
 
If the device is equipped with a trip-weight or a small gravity trip-corer, the free-fall distance will equal 
the length of the core tube plus the vertical distance between the core cutter and the trip-weight 
suspended beneath it.  When the trip-weight contacts the bottom, it relaxes the tension on the release 
mechanism and the core tube free-falls into the sediment.  Consistent penetration depths can be obtained 
with this method, as the free-fall distance is independent of winch control and changing bottom depth 
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variables. 
 
With smaller boats using simpler coring devices, free-fall can be initiated by free-wheeling the winch 
drum, but only after the desired free-fall depth has been reached.  The winch should be braked 
immediately after the core tube has penetrated fully.  Changes in wire strain can be observed through the 
use of a tensiometer or dynamometer snatch-blocked to the lifting wire. 
 
The amount of pull that is required to extract a core tube from the substrate depends on the specific 
gravity of the device and its contents, plus the amount of frictional force against the surface of the core 
tube walls that must be overcome.  This force depends both on the nature of the sediment type (e.g., clay-
based material requires more pull), and the depth penetrated.  For this reason, the capacity of the lifting 
equipment should never be underestimated.  During the extraction, the wire strain should be steady and 
continuous; the vessel should be held stationary directly above the coring device.  Once clear of the 
bottom, winch take-up speed may increase to about 4 feet per second. 
 
While swinging the sampling device on board, it should be noted if there is sample leakage at the cutter 
end.  If possible, it may be desirable to place a cap or plug over one or both ends of the core tube.  While 
still vertical, overlying water should be siphoned off at the top of the core tube (after allowing for settling 
time).  The length of the sediment core should then be determined by comparing measurements of the 
length of the core material against the overall penetration depth (as evidenced by traces of sediment 
material on the outer surface of the core tube).  If the core tube uses a liner, the liner may need to first be 
removed to establish sample depth.  With diver-driven core tubes, it is sometimes possible for the diver 
to make this depth comparison while the tube is still imbedded.  The ratio of penetration depth to core 
material length should be calculated to determine the compaction of the sediment during coring. 
 
If the core is acceptable, the core tube (or liner) should be labeled with the core identification number, 
collection date, core orientation and length of core material collected.  Until the core sample can be split 
into sections, the core tube should be secured in an upright position, taking care not to invert the core.  
The procedures described above are also followed when collecting core samples employing impact or 
vibrational coring devices. 


3.2.2  Field Sample Handling 
Cores should be split within 24 hours of collection.  The cores should be stored in an upright position and 
kept cool to the best extent possible between the time of sample collection and sample splitting.  Ideally, 
cores should be refrigerated until splitting is performed.  Cores should be stored in a manner that best 
facilitates chain of custody protocols (Section 6.2). 
 
For transverse sectioning, the core tube (or liner) is placed on a secure surface such as a plumber's tripod 
or specially designed coring table, and the end caps removed to allow remaining water to run out.  The 
length of the core material is measured again to evaluate further compaction between collection and 
sectioning.  Beginning at the top of the core tube (the sediment surface), sample sections are measured 
and marked on the outside of the core in indelible ink.  Care should be taken when measuring core 
sections to consider core compaction.  Core sections, depending on the material of the tube or liner, may 
be cut with a manual, heavy-duty pipe cutter.  If cutting all sections from the core at one time, cover the 
top and bottom of each section with aluminum foil to prevent contamination from the immediate 
environment and to keep the sediment intact. 
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After cutting, the sediment material can be extruded slowly by tilting the core tube.  If the core section 
will not slide out easily, a plunger may be used to aid the process.  The plunger may be constructed of 
any material, but should be covered with a clean piece of aluminum foil each time it is used.  Note any 
stratification of color or sediment composition on the core-splitting data sheet.  To exclude any sediment 
coming into contact with the wall of the core tube, the outer layer (0.25 to 0.5 cm) of the sediment core 
should be scraped away using a stainless steel knife or straight-edge.  (This material may be used for 
particle size distribution analysis if additional sediment volume is required.)  If volatile compounds 
(organics or sulfides) are to be analyzed, fill these sample containers immediately.  The remainder of the 
sediment core is placed into a stainless steel bowl and homogenized as thoroughly as possible with a 
stainless steel or Teflon  spoon or spatula. Sample aliquots should be transferred to appropriate 
containers and preserved as required. 
 
Longitudinal core splits are advantageous to better evaluate the various sedimentary stratifications 
relative to overall structure.  In this case, the core tube or liner can be split with a circular saw to expose 
the core, or the core material can be run across a splitting knife as it is ejected at one end.  The same 
measurements, observations, and sample-handling techniques as those described above should be 
followed. 
 
Special attention should be paid to regulatory requirements for sample homogenization over depth when 
sectioning core samples.  PSDDA requires homogenization over a certain depth (i.e., 4 feet) to assess 
chemical and physical characteristics of  the depth of sediment that will be dredged.  SMS programs are 
interested in samples that have been homogenized from obvious sediment stratification. 
 
It should be stressed that core samples provide a limited volume of sample.  Careful planning is required 
to provide sufficient sample matrix for the most critical analyses. 


3.3  Hand Collection 
With a favorable tide, sediment samples (either surficial or at depth) may be collected by hand in the 
intertidal zone.  Care should be taken when collecting samples by hand that sediments are not transported 
from one station to another on boots, gloves, or sampling implements. 


3.3.1  Sampling Procedures 
Sediment samples may be collected by hand with a variety of sampling implements such as spoons or 
trowels for surface sediments, or with hand augers or corers for collecting sediments at discrete depths.  
Any sampling implement that comes into contact with the sample should be constructed of stainless steel 
or Teflon .  If individual sample collection kits are not available for each sampling location, sampling 
equipment should be thoroughly decontaminated between stations by scrubbing with a phosphate-free 
detergent solution, followed with a thorough rinsing with analyte-free water.  While it is not advisable to 
create the potential to introduce chemicals to the sampling environment, if heavy contamination by 
organic compounds or metals is expected at the site, sampling equipment may be rinsed with methanol, 
acetone, or a 50:50 acetone/hexane mix for organics or 10 percent HNO3 for metals.  Decontamination 
fluids containing solvent or acid rinses should be properly contained and not allowed to enter the 
environment.  All decontamination fluids should be transported off-site at the end of each sampling day. 
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3.3.2  Field Sample Handling 
If at all possible, samples should be homogenized and aliquots transferred to sample containers in the 
field.  If volatile organic or sulfide compounds are to be analyzed, fill these sample containers 
immediately, prior to homogenization.  The remainder of the sample is transferred directly from the 
substrate to a stainless steel bowl and homogenized as thoroughly as possible with a stainless steel or 
Teflon  spoon or spatula. Sample aliquots are transferred to appropriate laboratory supplied containers 
and preserved as required. 
 
If the these procedures are not feasible in the field, the entire sample should be transported to the 
laboratory in ice chests as soon after collection as possible. The sample should be kept in a tightly closed, 
inert glass or metal container (or plastic if no organics are to be analyzed) and be maintained at 
approximately 4°C until received by the analytical laboratory. 


3.4  Sediment Traps 
Sampling and analysis of settling particulate matter (SPM) provides useful data for studies of 
sedimentation rates and resuspension of bottom sediments.  SPM may be collected successfully through 
the use of sediment traps.  Sediment traps may include flat containers, bottles, jars, plastic bags, funnels, 
and cylinders (often containing lids or collars).  Cylindrical traps with the appropriate height-to-diameter 
dimensions appear to be the best instruments to correctly measure the settling downward flux of 
particulate matter (Mudroch and MacKnight, 1994). 
 
The Washington State Department of Ecology (Ecology) has successfully conducted SPM studies using 
sediment traps consisting of straight-sided glass cylinders with a collection area of 78.5 cm2 and a height 
to width ratio of 5.  Ecology has moored paired cylinders for a total collection area of 157 cm2  (Norton 
and Michelsen, 1995). 


3.4.1  Sampling Procedures 
If collecting SPM for chemical analysis, the traps should be cleaned with a phosphate-free detergent 
solution, then sequentially rinsed with hot tap water, 10 percent HNO3, analyte-free, pesticide grade 
acetone, and finally, wrapped in aluminum foil until deployment in the field.  If the sediment trap is 
constructed of plexiglass, the acetone rinse should be avoided as acetone will damage the plexiglass. 
 
Prior to deployment, the traps should be filled with two liters of high-salinity (saturated or nearly 
saturated) analyte-free water containing a preservative to reduce microbial degradation of the samples 
during the deployment period.  Preservatives may be selected based upon the list of target analytes, and 
could include sodium azide, formalin, and mercuric chloride. 


3.4.2  Field Sample Handling 
SPM samples are collected by retrieving the traps and removing the overlying water in the collection 
cylinders using a peristaltic pump.  The water immediately overlying the trapped sediment is analyzed to 
determine the salinity and the presence of preservative to determine if the trap was disturbed during 
deployment.  The SPM is transferred to sample containers and taken to an analytical laboratory for 
processing.  The particulate fraction of the SPM is removed by centrifuge and split into sample aliquots 
for chemical analysis. 
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3.5  Special Considerations 
Homogenization is important, especially when the contents from several sediment samplers must be 
combined to provide sufficient material for testing.  The volume of sediment and the number of 
successful sampler deployments required to meet this volume should be specified during the project 
planning process.  This information should be conveyed to the sampling crew prior to initiation of field 
activities.  Compositing of the contents of multiple sediment grabs may be performed by transferring 
sediment to a stainless steel or glass bowl and stirring with a clean, stainless steel spoon or spatula until 
textural and color homogeneity are achieved.  Thorough mixing of the sample is required when removing 
subsamples for different chemical analyses. 
 
Samples collected for the analysis of volatile organic or sulfide compounds should not be homogenized 
because many of these compounds could be lost while compositing.  If analysis of volatile compounds is 
required, containers should be completely filled with sample sediment from the first grab, prior to sample 
homogenization.  No headspace should remain in either container. To avoid leaving headspace in the 
containers, sample containers can be filled in one of two ways.  If there is adequate water in the 
sediment, the container should be filled to overflowing so that a convex meniscus forms at the top.  Once 
sealed, the bottle should be inverted; no headspace will be demonstrated by the absence of air bubbles.  If 
there is little or no water in the sediment, jars should be filled as tightly as possible, eliminating obvious 
air pockets.  With the cap liner's PTFE side down, the cap should be carefully placed on the opening of 
the vial, displacing any excess material. 
 
If sediment chemistry samples are being collected concurrently with sediment bioassay samples, refer to 
the guidelines included in Recommended Guidelines for Conducting Laboratory Bioassays on Puget 
Sound Sediments (PSEP, 1995).  They recommend that all field-collected sediments be homogenized 
before subsamples are removed for bioassay and chemical analyses (with the exception of volatile 
compounds that are removed prior to homogenization).  This method is used for most studies in Puget 
Sound, and it ensures that bias to the bioassay or chemical results caused by sample collection and 
handling procedures is minimized. 
 
3.6  Sample Preservation 
Preservation of sediment samples is generally limited to specified storage conditions such as refrigeration 
or freezing.  Depending on the parameter to be analyzed, some samples will require addition of chemical 
preservatives.  Preservation techniques are summarized in Table 2.  Care should be taken to avoid 
exposure to acid gases which might be released when chemical preservatives are added to sediment 
samples in the field. 
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 Table 2 
Recommended Sample Sizes, Containers, Preservation 


Techniques, and Holding Times for Sediment 
Parameter Minimum Sample 


Size (g)a  (wet wt.) 
Container Preservation 


Technique 
Holding Time 


Particle Size 
 


100 to 150b Glass or Polyethylene Refrigerate, 4°C 6 Months 


Total Solids 
 


50 Glass or Polyethylene Freeze, -18°C 
Refrigerate, 4°C 


6 Months 
14 Days 


Total Volatile Solids 50 Glass or Polyethylene Freeze, -18°C 
Refrigerate, 4°C 


6 Months 
14 Days 


Total Organic Carbon 25 Glass or Polyethylene Freeze, -18°C 
Refrigerate, 4°C 


6 Months 
14 Days 


Oil and Grease 
 


100 Glass Freeze, -18°C 
Refrigerate, 4°C 


6 Months 
28 Days 


Total Sulfides 
 


50 (a 250 ml sample  
for 5 ml Zn Acetate) 


Glass or Polyethylene Refrigerate, 4°C 
(2 N Zn Acetate - 5 ml) 


7 Days 


Acid Volatile Sulfides 50 Glass (no headspace 
protect from O2) 


Refrigerate, 4°C 14 Days 


Total Nitrogen 
 


25 Glass or Polyethylene Refrigerate, 4°C 28 Days 


Biochemical Oxygen 
Demand 


50 Glass or Polyethylene Refrigerate, 4°C 7 Days 


Chemical Oxygen 
Demand 


50 Glass or Polyethylene Refrigerate, 4°C 7 Days 


Volatile Organics 50 Glass 
(no headspace) 


Refrigerate, 4°C 14 Days 


Semivolatile Organics 100 Glass Freeze, -18°C 
Refrigerate, 4°C 


1 Yearc 
14 Daysc 


Organotins 
 


100 Glass Freeze, -18°C 
Refrigerate, 4°C 


1 Yearc 
14 Daysc 


Methyl Mercury 100 Teflon  or Glass Freeze, -18°C 28 Days 
Mercury 
 


50 Polyethylene, Glass 
(LDPE) or Teflon  


Freeze, -18°C 
Refrigerate, 4°C 


28 Daysd 
28 Days 


Metals 
 


50 Polyethylene (LDPE) Freeze, -18°C 
Refrigerate, 4°C 


2 Years 
6 Months 


Microbiology 
 


100 HDPE 
(Autoclaved) 


Refrigerate, 4°C 24 Hours 


Bioassay 
 


7 Liters Glass or Polyethylene Refrigerate 
Protect from light 


2 Weeks 


Notes: 
a. Minimum field sample size for one laboratory analysis.  If additional QC analyses are required, the field sample size should 


be adjusted accordingly. 
b. Sandier sediments require larger sample sizes than do muddier sediments. 
c. Holding time to extraction.  After extraction, holding time is 40 days to analysis. 
d. A number of unpublished studies have demonstrated that freezing sediment samples may extend the holding time for mercury 


analysis up to 6 months. 
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3.7  Field Quality Control (QC) 


Collection of one or more field QC samples may be required during a sediment sampling effort.  The type 
and frequency of QC sample collection will be specified during the project planning process.  A list of 
the various types of sediment QC samples follows: 


3.7.1  Container Blank 
A container blank is prepared at the analytical laboratory by filling one of the project’s sample containers 
with analyte-free water or organic solvent.  The blank is retained at the laboratory and analyzed along 
with samples collected in the same batch of containers.  Container blank results are used to evaluate any 
contamination present in the sample containers. 


3.7.2  Field Blank 
A field blank is a sample of analyte-free water that is supplied by the laboratory.  The field blank is 
generated by opening the analyte-free water container at the sampling location and transferring an aliquot 
to another laboratory-supplied container.  The field blank may be analyzed for any or all of the analytes 
for which associated samples are being analyzed.  Field blank results are used to measure and document 
any possible on-site contamination. 


3.7.3  Preservation Blank 
A preservation blank is a sample of analyte-free water that contains the same preservative used for 
associated samples and is analyzed for the same parameters.  Analysis of the preservation blank is used to 
measure and document any contamination present in the preservative. 


3.7.4  Rinsate (Equipment) Blank 
A rinsate blank is a sample of analyte-free water that has been used to rinse sampling equipment after 
prescribed decontamination.  The analyte-free water is supplied by the laboratory.  The rinsate blank may 
be analyzed for any or all of the analytes for which the samples are being analyzed.  Analysis of the 
rinsate blank is used to measure and document the effectiveness of field decontamination of sampling 
equipment and possible carry-over of contamination to samples collected after the rinsate blank. 


3.7.5  Trip Blank 
A trip blank is a sample of analyte-free water plus preservative that is prepared by the laboratory in a 40-
ml volatile organic analysis (VOA) vial.  It is transported to the sampling location, remains unopened 
during sampling, and accompanies the samples back to the laboratory.  A trip blank is submitted only 
when sample analysis includes volatile organic compounds or gasoline.  Analysis of the trip blank is used 
to indicate sample contamination during transport, or from bottle or sample storage, both before and after 
sampling. 


3.7.6  Temperature Blank 
A temperature blank is a plastic container of water that is kept in the sample cooler with analytical 
samples between sample collection and delivery.  The temperature of this water is measured and recorded 
when samples are received at the analytical laboratory.  Measurement of the temperature blank is used to 
indicate whether proper sample temperature was maintained between sample collection and delivery to 
the analytical laboratory. 
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3.7.7  Field Split Sample 
A field split sample consists of an actual sample for which twice as much volume as necessary to fill the 
sample containers has been collected.  Aliquots of this sample are equally distributed in two sets of 
sample containers.  This division results in two (theoretically) equivalent samples collected from one 
sampling location.  The field split sample is generally analyzed for the same set of analytes for which the 
original sample is being analyzed.  Analysis of a field split sample may be performed by a second 
analytical laboratory; it is used to measure and document repeatability of sample handling procedures, 
heterogeneity of the sample matrix, and the standardization of analytical procedures. 


3.7.8  Field Replicate 
A field replicate consists of a second sample that is collected using the same sampling methodology used 
to obtain the first sample.  It is collected at the same sampling location and as soon after the original 
sample as possible.  The field replicate is generally analyzed for the same set of analytes as the original 
sample.  Analysis of the field replicate is used to measure and document the repeatability of field 
sampling methodologies as well as the heterogeneity of the sample matrix.  Any number of field 
replicates may be collected at a particular sampling location.  Statistical analysis of numerical analytical 
results (mean and standard deviation) of the original sample and multiple replicates may also be 
performed to calculate the likely range of analyte concentrations at a given sampling location. 


3.7.9  Background/Reference Sample 
A background sample is collected from an area outside, but near to, the area of suspected contamination. 
 It should be collected using the same sampling methodology during the same time period as the other 
samples.  The background sample may be analyzed for any or all of the chemical analytes as the regular 
samples.  Analysis of the background sample is used to measure background concentrations of analytes 
of interest in the general sampling area.  A background sample collected for the purpose of bioassay 
testing is generally referred to as a reference sample. 


3.8  Field Analyses 
Several physical and chemical sediment parameters are best measured in the field because of the unstable 
nature of the parameter, or because the information is needed to direct further sampling.  Four sediment 
field parameter measurements are described in this section. 


3.8.1  Percent Fines 
This procedure provides a gross field measurement of percent fines in a sediment sample.  This field 
measurement is not intended to take the place of Particle Size Distribution analysis in the laboratory, but 
to aid in directing collection of bioassay samples and reference samples which can be dependent upon 
percent fines.  Equipment required to perform this field measurement includes: 
 
 • . USA Standard Testing Sieve #230 (63 µm opening), 
 • . 50-mL measuring cup, 
 • . 100-mL graduated cylinder, 
 • . small plastic funnel, 
 • . teaspoon, 
 • . squirt bottle filled with water, and 
 • . safety glasses or goggles and chemical-resistant gloves (if contamination is suspected to be present). 
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Once a sediment sample has been collected, the following procedures should be carried out. 
 
 • . Thoroughly rinse the sieve and all other equipment and visually inspect to ensure that no sediment or 


other detritus is present. 
 • . Collect a sediment aliquot from the grab sampler in the 50-mL cup, ensuring that exactly 50 mL is 


collected by "shaving" excess sediment from the top of the cup and rinsing any sediment off the sides 
of the cup. 


 • . Transfer the sediment aliquot from the 50-mL cup to the sieve using the spoon.  Thoroughly rinse the 
cup and the spoon into the sieve with water to ensure that the entire aliquot has been transferred. 


 • . Gently rinse the sieve with running water and observe the stream of water coming from the bottom of 
the sieve.  During this step, the fines are being rinsed away.  Rinse until the stream of water appears 
clear.  This indicates that all fines have passed through the sieve.  Gently rinse the remaining 
sediment to one side of the sieve. 


 • . Place the plastic funnel into the 100 mL graduated cylinder and position the lip of the sieve over the 
funnel.  Using the squirt bottle, rinse the sediment into the graduated cylinder, directing the stream of 
water through the back of the sieve.  Continue rinsing until all sediment has been transferred to the 
graduated cylinder.  If needed, rinse any sediment that may have adhered to the funnel.  The rinse 
water should not overflow the graduated cylinder.  If it appears that the graduated cylinder will 
overflow before all sediment has been transferred, discard the sample and repeat the entire procedure. 


 • . Allow the sediment to settle completely in the graduated cylinder and record the amount of sediment 
present.  This measurement represents the volume retained.  Also record any turbidity observed in the 
overlying water. 


  
The volume retained (in mL), subtracted from the original 50-mL aliquot, provides the volume that 
passed through the sieve, or volume of fines in 50 mL of sample.  Multiplying this remainder by two 
gives the volume of fines in 100 mL or percent fines.  The formula can be stated as: 
 


Percent fines = (50 mL - Volume Retained in mL) x 2 


3.8.2  pH 
Sediment pH may be measured by two methods, depending on the type of pH probe that is used.  When 
using either method, it is important to calibrate the pH meter prior to field use.  The meter should be 
calibrated according to manufacturer’s specifications with at least two buffers that will bracket the 
expected pH of the sediment samples.  If the pH of a sediment sample falls outside the bracket of buffers 
in the initial calibration, the meter should be recalibrated with the proper buffers. 
 
Sediment pH may be measured with a standard combination pH electrode by inserting the electrode 
directly into the sediment sample to a depth of approximately 2 centimeters.  The measurement should be 
recorded after the reading has stabilized.  It should be noted that this method can be extremely hard on 
sensitive combination pH electrodes and care should be taken when inserting the electrode.  An alternate 
method is described below. 
 
A “soil” pH electrode contains a concentric ceramic junction above the reference contact.  Sediment pH 
may be measured with this type of electrode as follows. 
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 • . Collect approximately 5 grams of sediment from the sample and place the aliquot in a small container 
such as a test tube. 


 • . Add approximately 5 milliliters of distilled water and mix completely. 
 • . Allow the mixture to settle for approximately 15 minutes. 
 • . Insert the pH electrode into the container so that the pH-sensitive bulb is immersed in the opaque 


sediment suspension and the reference contact remains in the relatively clear supernatent layer. 
 • . Record the measurement after the reading has stabilized. 
 
Whichever pH electrode is used, rinse the electrode in distilled water after each use and store it in buffer 
between measurements. 


3.8.3  Redox Potential 
Redox potential (or Eh) should be measured as soon as possible after sample collection due to the 
unstable nature of this parameter.  Redox potential may be measured using a platinum electrode and 
combination pH/millivolt meter.  The electrode is inserted directly into the sediment sample to a depth of 
approximately 2 centimeters.  Record the measurement after the reading has stabilized. 
 
The redox electrode should be calibrated prior to use with a solution of potassium ferrocyanide and 
potassium ferricyanide. Manufacturer’s directions for preparation of the calibration solution are included 
with the electrode. This solution is poisonous and should be labeled, stored and handled accordingly.  
Most electrodes should calibrate to a value near +192 millivolts using this calibration solution. 


3.8.4  Interstitial Salinity 
The salinity of pore or interstitial water contained in a sediment sample may measured directly in the 
field.  An aliquot of the sediment sample is placed in a separate container not intended for chemical 
analysis and the sediment solids allowed to settle.  The salinity of the overlying interstitial water may be 
measured directly using a salinometer.  The salinometer should be calibrated prior to use according to 
manufacturers directions with a salinity standard of a concentration (in parts per thousand) close to that 
expected in the field.  If the salinometer has a temperature compensation feature, the temperature of the 
interstitial water should be measured prior to the salinity measurement and the salinometer adjusted 
accordingly. 
 
Salinity of the interstitial water may also be measured indirectly with a conductivity meter.  The meter 
should be calibrated prior to use with a known conductivity standard (in umhos/cm or uS/s) close to the 
conductivity expected at the sampling site and temperature measured prior to the conductivity 
measurement.  Conductivity and temperature measurements may be used to calculate salinity according 
to methods outlined in Standard Method (SM) 2520B (APHA, 1985). 
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4.  SAMPLING PROCEDURES FOR MARINE WATER 
This section describes sampling procedures for the collection of marine water column samples for 
analysis of conventionals, metals, organic, and microbiological parameters. 


4.1  Sampler Types and Operation 
As mentioned in Section 2.4.2, the typical water bottle sampler consists of a cylindrical tube with 
stoppers at each end, and a closing device that is activated from the surface by a messenger or an 
electrical signal.  Multiple water samplers can be attached sequentially to a vertical hydrowire for 
sampling at multiple depths on a single cast, or they can be mounted on a rosette frame (often in 
conjunction with an in situ sensor array) which allows for collection of replicate samples at the same 
depth. 
 
During deployment, the stoppers at both ends of the sampler are cocked open and the air vent and drain 
are closed.  If any of the bottles carry reversing thermometers, the holders should be flipped into the 
cocked position.  It is critical that the stoppers and interior of the sampler remain free from 
contamination.  All members of the sampling team should avoid touching the stoppers and the insides of 
the sampler. 
 
Reversing thermometers must be treated carefully.  This type of thermometer must always be carried and 
stored in the vertical position, never horizontal.  During long-term storage, the thermometer should be 
stored with the mercury reservoir at the bottom.  When not in use, the thermometer should be ‘exercised’ 
two or three times by hand-flipping it end-to-end (moving quickly through the horizontal plane without 
pause).  All reversing thermometers should be checked and documented for calibration at a certified 
calibration facility once a year. 
 
After the sampler is cocked, it is lowered to a designated depth.  Avoid deploying water bottles in 
obvious surface slicks as these can contaminate samples with organic compounds, etc.  Be aware that not 
all surface microlayer contamination will be in the form of visible slicks.  If contamination by the surface 
microlayer is of concern, use samplers that are designed to remain closed until they have descended 
below the microlayer (e.g., Go-FloTM bottle from General Oceanics, Inc., Miami, Florida).  Teflon -
lined Go-Flo  bottles are recommended when sampling marine water that will be analyzed for ambient 
or trace levels of mercury. 
 
Once the sampler reaches the desired depth, it should be allowed to equilibrate to ambient conditions for 
approximately 1 minute before it is closed.  If reversing thermometers are involved, equilibration should 
be 5 minutes.  Note that a pair of unprotected reversing thermometers is adequate for the waters of Puget 
Sound; the depths encountered are not sufficient to create an appreciable pressure differential offset 
between unprotected and protected instruments.  After equilibration, the closing device is activated by a 
messenger or electrical signal, and the sampler is retrieved.  When deploying a mechanical messenger, an 
attempt should be made to maintain a minimum wire angle.  Extreme wire angles, if unavoidable, should 
be recorded in field notes.  To ensure that all samples are truly representative of the water column within 
a specific water parcel, it is advisable that they be collected from a single cast.  Multiple casts cannot 
meet this objective, as ambient conditions change too rapidly near the surface.  If sampler failure occurs 
at depth, it may be acceptable to deploy another single cast at this depth since conditions show much less 
variation over time. 
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As the water samplers are being brought on board, each bottle should be checked immediately for 
leakage of sample water around the seals; there should be no sample loss from any orifice.  A visual 
inspection is usually sufficient, as the weight of the water with the bottle suspended in air will force its 
way around a weak seal.  If the sample has been compromised, the cast should be repeated. 


4.2  Sample Collection and Preservation for Specific Parameters 
The following sections describe sample collection procedures unique to conventionals, metals, organics, 
and microbiological analytical parameters.  Recommended sample volumes, containers, preservation 
techniques, and holding times for water samples are summarized in Table 3. 


4.2.1  Conventionals 
Acceptable water samples should be subsampled as soon as possible (i.e., within 15 minutes), as 
appreciable delay may result in unrepresentative subsamples.  For example, measurement of variables 
sensitive to biological alteration (e.g., dissolved oxygen, color, nutrients, etc.), or settlement within the 
water sampler (e.g., suspended/settleable solids, turbidity, phytoplankton, etc.) can be biased 
substantially by subsampling delays.  Dissolved oxygen should be the first parameter collected, followed 
in order of priority by those parameters which would be the most affected by subsampling delays.  It may 
be allowable to gently invert the sampling bottles end-over-end to homogenize the contents, but only 
after the dissolved oxygen sample aliquots have first been collected. 


4.2.2  Metals 
The recommended method for metals sample preservation depends on the type of analysis that will be 
conducted.  Samples that will be analyzed for total metals or total mercury should be acidified to pH<2 
using ultrapure HNO3.  Samples that will be analyzed for mercury speciation should be preserved with 
HCl rather than HNO3.  Samples that will be analyzed for both dissolved and particulate metals should be 
filtered as soon as possible, within 24 hours of collection is advisable.  The filtrate, which contains the 
dissolved fraction, should be preserved by acidifying to pH<2 using ultrapure HNO3.  The particulate 
fraction, which is retained on the filter, is frozen for preservation. 
 
Marine and estuarine water samples have high ionic strength resulting in a buffering capacity that 
impacts the amount of acid required for preservation.  The pH of these samples should be confirmed and 
documented to be less than 2 at the time of preservation by pouring off a small amount of sample and 
checking it with short range pH paper.  Excess acid should be avoided because preconcentration 
techniques for some metals analyses are strongly dependent on pH.  Suggested final concentration of the 
HNO3  in the sample is 0.15 percent but the pH should be checked carefully to ensure proper preservation 
of the sample.  Additional information on the preservation of marine water samples may be found in 
Section 4 of  PSEP, 1997b. 
 
Studies of metals in the water column may require separation of dissolved and particulate fractions, 
depending on project objectives.  For the purposes of the PSP&G protocols, the particulate fraction of a 
water sample is defined as the material that is retained on a 0.4- or 0.45-µm filter.  Several of the most 
commonly used filters have a nominal pore size of 0.4 µm. The dissolved fraction consists of the material 
in the filtrate (i.e. the material that passes through the 0.4- or 0.45-µm filter).  Additional information on 
collection of dissolved and particulate samples is available in PSEP, 1997b and Recommended 
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Guidelines for Measuring Conventional Water Quality Variables and Metals in Fresh Water of the Puget 
Sound Region (PSEP, 1990).  Any device used to separate particulate material from water samples may 
contribute contaminants to the sample taken for analysis.  This contamination must be determined in 
advance and reduced whenever possible. 
 
Filtration is preferable to other techniques for many analyses because the required equipment is relatively 
inexpensive (i.e., a high speed centrifuge is not required), and filtration provides a sample that is suitable 
for direct chemical analysis (i.e., an extractable or digestible residue on a filter).  The amount of 
particulate material that may be collected on a filter (typically less than 10 mg) may limit this technique 
for low-level metals analyses.  Centrifugation techniques can yield comparable results and may be used 
to collect larger amounts of particulate material (e.g., several grams).  Use of centrifugation requires 
careful and complete transfer of the sample from the centrifuge prior to analysis. 
 
Horowitz (1986) describes a fixed-angle head or swing-bucket rotor centrifugation technique for metals 
analysis in large-scale studies (e.g., 2,000 to 3,000 samples per year).  Bates, et al., (1983) describe a 
continuous-flow centrifugation technique (using a Sorvall Model SS-3 or RC-5 high-speed centrifuge) for 
collection of particulate material for hydrocarbon analyses.  Bates, et al., (1983) noted that continuous-
flow centrifugation may not recover fine-grained particles in the 1 to 2 µm range as efficiently as 
filtration.  Because these very small particles may have a higher loading of metals than larger particles, 
continuous-flow centrifugation may not quantitatively recover the metals in the particulate phase of a 
water sample. 
 
A detailed protocol for shipboard filtration of large volumes of sea water using commercially available 
equipment is given by Mart (1979).  A completely submersible, self-contained, filtration apparatus, 
capable of filtering up to 1,000 L at a flow rate of 50 to 200 mL/min, is commercially available from 
Seastar Instruments, Ltd., Sidney, British Columbia, Canada.  Clean conditions, are essential for filtering 
sea water.  If field conditions cannot be adequately controlled, then filtering should be conducted in a 
laboratory environment.  However, filtration and preservation must occur within 24 hours of sample 
collection. 
 
Sections 5.3.1 and 5.3.2 of the Metals chapter (PSEP, 1997b) describe laboratory methods for dissolved 
and particulate metals sample preparation.  Additional information about water column samples collected 
for the analysis of ultratrace level metals can be found in EPA Method 1669 Sampling Ambient Water for 
Determination of Trace Metals at EPA Water Quality Criteria Levels (EPA, 1995). 


4.2.3  Organics 
Although collection of water column samples for organics analyses is not common in the four major 
Puget Sound programs, the following basic guidelines are included. 
 
 • . Collect samples for the analysis of volatile organic compounds first.  Samples should be collected in 


40 ml VOA vials leaving no head space. 
 • . Protect samples from possible contamination such as fuels, winch grease, exhaust, and solvents that 


may be present on or around a research vessel. 
 
Preserve water samples collected for organics analysis as soon as possible, according to the guidelines 
summarized in Table 3. 
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4.2.4  Microbiology 
Water sampling can result in highly variable data because bacteria are not uniformly distributed 
throughout the water column (Gameson, 1983) and sample volumes generally are limited to 50 to 100 ml. 
 One major cause of spatial heterogeneity is the tendency for bacterial cells to concentrate in a thin 
microlayer on the surface of the water.  Because bacterial abundances in the microlayer may exceed 
abundances in underlying surface water by several orders of magnitude (Hardy, 1982), it is recommended 
that the microlayer and underlying water be sampled separately.  However, sampling of the microlayer 
requires specialized techniques that have yet to be standardized.  Also, collection and analysis of samples 
from both the microlayer and underlying water at each station may be too expensive for many routine 
monitoring programs.  Thus, if separate samples cannot be collected within the constraints of a particular 
program, it is recommended that the microlayer be included in the sample by using the traditional 
"scoop" method of surface water sampling (EPA, 1978).  This method involves plunging an open bottle 
straight down to a depth of 15 to 30 cm below the water surface, moving it horizontal to the surface while 
tipping it slightly to let trapped air escape, and removing the bottle in a vertical position.  Approximately 
2.5 cm of headspace is required in the sample container. Sample containers should be isolated from 
contact with wet ice as it could impart contamination to the sample. 


4.3  Field QC 
Collection of one or more field QC samples may be required during a water column sampling effort.  The 
type and frequency of QC sample collection should be specified during the project planning process.  The 
field QC samples described in Section 3.7 apply to water column sampling as well as sediment. 
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Table 3 
Recommended Sample Sizes, Containers, Preservation 


Techniques, and Holding Times for Water 
 


Parameter Minimum Sample 
Size (ml)a 


Container Preservation 
Technique 


Holding Time 


Alkalinity 100 Glass or 
Polyethylene 


Refrigerate, 4°C 14 Days 


Total Hardness 100 Glass or 
Polyethylene 


Refrigerate, 4°C 
HNO3 to pH<2 


6 Months 


Total Phosphorous 50 Glass or 
Polyethylene 


Refrigerate, 4°C 
H2SO4 to pH<2 


28 Days 


Orthophosphate 50 Glass or 
Polyethylene 


Refrigerate, 4°Cg 
Filter on Site 


48 Hours 


pH 25 Glass or 
Polyethylene 


None Analyze 
Immediatelyb 


Salinity 
 


200 Glass or 
Polyethylene 


None 28 Days 


Turbidity 100 Glass or 
Polyethylene 


Refrigerate, 4°C 48 Hours 


Total Suspended 
Solids 


1,000 to 4,000d Glass or 
Polyethylene 


Refrigerate, 4°C 7 Days 


Dissolved Oxygen 
Winkler 


125 Glass Bottle with 
Glass Top 


Fix with MnCl2 and 
Alk. Iod. (2 ml ea.) 


8 Hours (store in the 
dark) 


Dissolved Oxygen 
Probe 


125 Glass Bottle with 
Glass Top 


None Analyze 
Immediatelyb 


Ammonia - N 100 Glass or 
Polyethylene 


Refrigerate, 4°C 
H2S04 to pH < 2g 


28 Days 


Nitrite - N 100 Glass or 
Polyethylene 


Refrigerate, 4°Cg 48 Hours 


Nitrate - N 100 Glass or 
Polyethylene 


Refrigerate, 4°Cg 48 Hours 


Silica 
 


100 Polyethylene Refrigerate, 4°Cg 28 Days 


Chlorophyll a 25 to 1,000d Glass or 
Polyethylene (Dark) 


Store filters frozen 
(-20°C) in the darkf 


28 Daysf 


     
  (cont. on next page)   
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Table 3 (Continued)     
     
Parameter Minimum Sample 


Size (ml)a 
Container Preservation 


Technique 
Holding Time 


Volatile Organics 
 


80 Glass -2 40 ml vials 
No Headspace 


Refrigerate, 4°C 
HCl to pH<2 


14 Days 


Semivolatile 
Organics 


1,000 to 2,000 Glass Refrigerate, 4°C 7 Dayse 


Total Mercury and 
Diss. Mercury 


500 Teflon  or Glass 
with Teflon  Cap 


Refrigerate, 4°C, 
HNO3 to pH<2g,h 


28 Days 


Total Metals and 
Diss. Metals 


1,000 Polyethylene or 
Teflon  


Refrigerate, 4°C, 
HNO3 to pH<2g 


6 Months 


Microbiology 500 HDPE 
(Autoclaved) 


Refrigerate, 4°C 24 Hours 


 
a. Minimum field sample size for one laboratory analysis.  If additional QC analyses are required, the field sample size should 


be adjusted accordingly. 
b. Immediately means as soon as possible after the sample is collected, generally within 15 minutes.  These parameters should, 


ideally, be measured in the field. 
c. After filtration. 
d. The volumes specified are only estimates; the actual volume collected and filtered depends on concentration and analytical 


methodology used and may be larger than those presented in the Table. 
e. Holding time to extraction.  After extraction, holding time is 40 days to analysis. 
f. Samples collected for the analysis of chlorophyll a must be kept cold until sample filtration.  Filtration should occur as soon 


as possible after sampling.  The filter may be immersed in 90 percent acetone solution and frozen which may significantly 
extend the holding time, however, this method is not approved for use on projects that come under regulatory scrutinity.  
Prolonged exposure of the filter to air can result is a loss of chlorophyll a. 


g. Samples for analysis of total mercury and total metals should be preserved within 24 hours of sample collection, preferably in 
the field immediately following sample collection.  Samples for analysis of dissolved mercury and dissolved metals must be 
preserved after filtration.  Filtration and/or preservation of metals samples and the nutrients orthophosphate, ammonia 
nitrogen, nitrate, nitrite, and silica must occur within 24 hours of sample collection, preferably in the field immediately 
following sample collection.  Holding times for nutrient samples may be extended up to 60 days by freezing but this 
methodology may not be allowed if samples are collected under certain regulatory programs.  


h. Samples collected for analysis of very low levels of mercury or for mercury speciation should be preserved with HCl rather 
than HNO3.  


 
Footnote:  When it is not feasible to preserve metals samples in the field, preservation must as soon as possible.  Metals samples 
not preserved within 24 hours must sit at least 16 hours after preservation before analysis begins.  Metals samples should always 
be filtered within 24 hours of collection. 
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4.4  In situ Measurements 
There is a wide variety of instruments that are capable of measuring water column variables in situ.  Most 
are deployed from the sampling vessel using a hydrographic wire or conducting cable.  These 
submersible sensor arrays measure the variables of interest and either transmit electronic data to 
recorders on the survey vessel, or store the data on a logger within the submersible package.  The earliest 
sensing instruments were designed as CTD (conductivity/temperature/depth) systems to measure 
conductivity (for conversion to salinity and in calculation of density), water pressure (for conversion to 
depth) and temperature.  Additional sensors can be included to measure other water column variables 
such as dissolved oxygen, pH, irradiance, turbidity, oxidation-reduction potential and chlorophyll a. 
 
There are significant advantages when taking in situ water column measurements, such as: 
 
 • . data on selected variables can be collected in real time, and 
 • . continuous depth profiles are possible (to characterize water structure). 


4.4.1  Equipment Acquisition 
When selecting the type of in situ instrument for use in marine and estuarine waters, the following factors 
should be considered: 
 
 • . the research vessel might have equipment handling limitations such as deck space or lifting capacity; 
 • . the system should be capable of operating within the prescribed ranges for accuracy and precision, as 


specified by the project plan; 
 • . the system should have good electronic stability and be relatively immune to external electrical 


interference; 
 • . the system should be easy to calibrate on board the survey vessel; 
 • . the cable should meet expected work load requirements and be easily repaired; 
 • . automatic data logging should occur only under increasing depth increments to avoid data pile up; 
 • . data uploading capabilities should be compatible with database software and hardware; and 
 • . the vendor should be able to supply good service support. 


4.4.2  Equipment Calibration 
Typically, the accompanying operating manuals should provide detailed descriptions of equipment 
calibration, operation and maintenance.  The manufacturer should also be able to provide specific 
guidance if necessary. Instruments should be calibrated at a certified calibration lab annually; full 
documentation should be provided.  An annual or semiannual intercalibration effort among the various 
groups that measure water-column variables in Puget Sound could be useful for ensuring data 
comparability and quality.  When attainable, National Institute of Standards and Technology (NIST) or 
other similar data traceability is encouraged. 
 
Usually, the higher the degree of probe resolution and precision, the more expensive the instrument.  This 
is because more sophisticated devices have features such as greater noise filtration capabilities, more 
stable power supplies, faster processors, and better cushioning/mounting of internal components.  For 
example, an instrument with a precision of +/- 0.05 for conductivity and temperature may cost less than 
$10,000, whereas another model with specifications of +/- 0.005 may be $50,000.  It is important to 
remember that instrument specifications, as stated in the manual, will reflect hypothetical probe 
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performance at the lab bench onshore; performance while at sea under adverse conditions will usually not 
be as good. 
 
The following general criteria should be considered during instrument calibration: 
 
 • . the instrument should be allowed to warm up prior to calibration as specified in the manual; 
 • . sensors should be field-calibrated according to manual instructions at the beginning and end of each 


sampling day; 
 • . if instrument stability is suspect, sensor calibration should be checked immediately before 


redeploying; and 
 • . routine maintenance and inspection of in situ instruments should follow the manufacturer's 


recommendations, and detailed records of all maintenance activities should be kept for quality 
assurance purposes. 


   
Discrete water samples should always be collected simultaneously with respective sensor measurements 
to establish sensor offsets for later data correction.  Typically, calibration samples are collected at the top 
and bottom of the water column for each cast, or at several discrete depths on a cast at the beginning and 
end of each sampling day.  In situ fluorescence and dissolved oxygen sensors should be checked against 
several profiles rather than only one or two discrete samples. 
 


4.4.3  Equipment Operation 
Although instrument operating manuals should be consulted for specific instructions, the following 
general procedures for operating in situ instruments have a direct influence on data quality and apply for 
most models. 
 
 • . The sealing parts of all underwater connectors and housings should be cleaned and lightly coated with 


silicone grease to ensure proper lubrication and watertight integrity. 
 • . Cables should be inspected for nicks, cuts, abrasions, or other signs of physical damage, and repaired 


as needed, prior to submersion (a flooded cable is usually irreparable). 
 • . Desiccant should be inspected and replaced when necessary. 
 • . Battery condition should be checked periodically. 
 • . Sensors should be housed in such a way as to provide protection from direct impact, yet still allow for 


unrestricted exposure to water flow around the sensor heads. 
 • . Optical surfaces should be cleaned with a detergent solution, rinsed with fresh or distilled water, and 


dried with lens tissues prior to deployment. 
 • . During deployment, the survey vessel should attempt to maintain position. The degree of vessel 


motion and sea state should be noted if data results are thought to be adversely influenced. 
 • . The sensors should be deployed from a part of the vessel that is outside the immediate influence of 


prop wash and possible vessel contaminants (e.g., bilge and head discharges, oil/fuel slicks, etc.). 
 • . If possible when measuring continuous profiles, the descent rate should not exceed the equilibration 


rate of the sensor having the slowest response time (electro-chemical probes will always have a 
slower response than electronic sensors). 


 • . Cable strain should not exceed recommended working load, nor should the specified bend radius be 
reduced while under a load. 


 • . Sensors and associated sampling bottles should be rinsed with fresh water after each sampling event. 
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 • . External sensors and optical ports should be covered for protection when not in use for any length of 
time (this will vary based on probe type). 


 • . Instruments should be safely secured when on deck, and preferably stored in shipping boxes when not 
in use. 


 
To facilitate shipboard repair of in situ instruments, it is recommended that critical spare parts be stored 
on the sampling vessel.  Factory inspection and recalibration at recommended intervals are essential to 
ensure that the in situ instruments will continue to function properly during operational cruises.  It is 
strongly recommended that factory service be conducted at least once a year.  Factory service may also 
be required when part of an in situ system is replaced, as not all components are necessarily 
interchangeable without factory recalibration. 


4.5  Field Analyses 
Physical and chemical water analyses that may be performed in the field as well as in the analytical 
laboratory include: 
 
 • . pH, 
 • . conductivity, 
 • . dissolved oxygen, 
 •••• . turbidity, and  
 • . salinity. 
 
It is frequently preferable to perform these analyses in the field, especially if the samples will not be 
immediately transported to the analytical laboratory (pH, in particular, should be measured in the field if 
feasible).  In addition, measurements of temperature and transparency can only be collected accurately in 
the field. 


4.5.1  Temperature 
Water temperature may be measured with an alcohol, mercury or digital thermometer.  Temperature 
should be measured as soon as the sample is collected to obtain a measurement that is an accurate 
representation of the in situ sample temperature.  If possible, it is recommended that alcohol or digital 
thermometers be used in place of mercury thermometers to avoid possible breakage and introduction of 
mercury into the environment and to remove a source of possible contamination to samples collected for 
the analysis of mercury.  All instruments used to measure temperature should be traceable to a NIST 
temperature reference. 


4.5.2  Transparency 
Water column transparency is measured with a Secchi disk.  A Secchi disk is a weighted, black and white 
or all white disk lowered into the water body on a calibrated rope or line.  The disk is lowered until it is 
just visible to the sampler and the depth, as measured from the water surface, is recorded in feet or 
meters. The all-white disk may be preferable when the water transparency is high.  Either disk, however, 
is acceptable to use. 
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4.5.3  pH 
The pH of a water column sample may be measured in the field using a pH meter.  The meter should be 
calibrated according to manufacturers’ specifications with at least two standards of known pH.  The pH 
of these standards should bracket the expected pH at the sampling site.  For example, if the pH at the 
sampling site is expected to be basic (pH 7 to 14), standards of pH 7.00 and 10.00 should be used to 
calibrate the meter.  If pH measurements at the sampling site do not fall within the initial calibration 
range, the meter should be recalibrated with appropriate standards and sample pH remeasured for those 
samples which fell outside the calibration range. 


4.5.4  Dissolved Oxygen 
Dissolved oxygen may be measured in the field by either a dissolved oxygen meter and probe or by a 
field-portable Winkler titration kit.  If using a meter and probe, the system should be calibrated prior to 
use with a zero oxygen standard and a second standard of known oxygen content.  The second standard 
should be checked by performing a Winkler titration.  When measuring dissolved oxygen with a meter 
and probe, the sample should be swirled or stirred constantly until the reading stabilizes and the 
measurement is recorded. 


4.5.5  Turbidity 
Turbidity may be measured in the field with a field-portable nephelometer (turbidity meter).  The meter 
should be calibrated prior to use with at least two standards of different but known turbidity (in 
nephelometric turbidity units or NTUs).  The two standards should attempt to bracket the range of 
turbidity measurements expected at the sampling site.  When performing field analysis for turbidity, 
samples should be analyzed as soon as possible after collection.  If immediate analysis is not possible, the 
sample should be agitated prior to analysis to resuspend any settled solid material. 


4.5.6  Salinity 
Salinity may be measured in the field with a salinometer.  The meter should be calibrated prior to use 
according to manufacturer’s directions using a standard of known salinity (in parts per thousand).  The 
salinity of the standard should be close to the expected salinity of the sampling site.  When measuring a 
sample for salinity, the sample should be swirled or stirred until the meter stabilizes and a measurement 
is recorded.  Salinity may also be calculated from the measured conductivity and temperature of a 
sample.  The conductivity is measured with a conductivity meter that has been calibrated according to 
manufacturer’s directions to known conductivity standards (in umhos/cm or uS/s).  Salinity is calculated 
from the conductivity and temperature according to Standard Method 2520B (APHA, 1985).  Gross 
salinity measurements may also be taken with a field-portable refractometer.  This instrument will 
provide salinity measurements with an accuracy of 1 to 2 parts per thousand.  
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5.  SAMPLING PROCEDURES FOR TISSUE 
This section is concerned with various issues relating to the collection of biological tissue samples for the 
analysis of metal, organic and microbiological parameters. 


5.1  Sample Collection 
The methods used to obtain tissue specimens will vary, based upon the species of interest, since most 
marine taxonomic groups are habitat specific.  For example, it is usually most practical to collect salmon 
and other pelagic (free-swimming) species through the use of some type of commercial fishing gear.  One 
common problem with pelagic species is that, due to their mobility, it is hard to determine if the 
individuals collected are truly representative of the population within a given locale.  (Purchasing 
specimens at a dock or a store is usually not recommended, as point-of-origin records are not reliable.)  
Field records should include the type of collection equipment used, the size of the area covered, 
geographical references, etc. 
 
Shellfish and other intertidal taxa can be hand-collected on a favorable tide.  Only intact specimens 
should be retained for analysis (the tightly-closed shell, or carapace, makes an excellent barrier between 
the internal tissues and the outside environment).  For studies involving human health risk assessment, it 
is recommended that specimens be collected by the same methods as those used by the people whose 
health risk is being assessed.  Recommended sample sizes, containers, preservation techniques and 
holding times are summarized in Table 4. 
 
A primary concern is to avoid contaminating tissue specimens during collection and transportation to the 
analytical lab.  In the field, contaminating agents may be in the form of cross-contamination from 
sampling gear, shipboard lubricants, engine exhaust, atmospheric particles or meltwater from ice used for 
cooling.  Efforts should be made to minimize sample handling and to avoid sources of contamination.  
One way to avoid contamination is to wrap whole samples (e.g., mollusks in shell, whole fish) in 
aluminum foil (dull side in) and place in watertight plastic bags in a covered ice chest, with ice. The 
aluminum foil may be precleaned with acetone or heat-treated prior to use if low-level trace organic 
analyses are to be performed.  If low-level trace metals analysis (especially of aluminum) will be 
performed on the tissue sample, it is recommended that an alternative to aluminum foil be considered 
such as pre-cleaned polypropylene or Teflon  sheets. 
 
Sources of contamination may also be avoided by resecting (i.e., surgically removing) tissue in a 
controlled environment.  Organisms should not be frozen prior to resection if internal organs are included 
in the analysis, as freezing may cause some internal organs to rupture and contaminate other tissues.  If 
organisms are eviscerated on board the survey vessel, the remaining tissue may be wrapped as previously 
described and frozen. 


5.2  Field QC 
Field QC procedures for tissue sampling and processing are limited to minimization of contamination 
described in previous and following sections.  Field QC samples collected as a check for contamination 
may include equipment and container blanks.  Field replicate samples are generally specified in the 
project planning document and may be included as a check of sample variability rather than a check of 
sampling methodology. 
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5.3  Sample Processing 
Tissue resection and any subsampling of specimens should be conducted in a dust free environment.  In 
most cases, this requires that organisms be transported on ice to a laboratory, rather than being resected 
on board the sampling vessel.  Resection must be conducted by or under the supervision of a 
knowledgeable biologist.  For fish samples, special care must be taken to avoid contaminating target 
tissues (especially muscle) with slime and sediment from the fish skin during resection.  The incision 
troughs are subject to such contamination and should not be included in the sample.  In the case of 
muscle, a core of tissue is taken from within the area bordered by the incision troughs, without contacting 
them. 


5.4  Special Considerations 
Sections 5.4.1 through 5.4.3 describe special sampling and processing considerations for tissues 
undergoing metal, organic, or microbiological analyses. 


5.4.1  Metals 
Resection is best performed under "cleanroom" conditions.  The cleanroom should have positive pressure 
and filtered air.  It should also be isolated from highly contaminated samples (e.g., containing hazardous 
waste).  At a minimum, care should be taken to avoid contamination from dust, instruments, and all 
materials that may come in contact with the samples.  If gloves are worn during resection, they must be 
powder-free. 
 
The best equipment to use on tissue samples intended for trace metal analyses is made of quartz, 
polypropylene, polyethylene or fluoropolymers.  Stainless steel that is resistant to corrosion may be used 
if necessary.  Corrosion resistant stainless steel is not magnetic, and thus can be distinguished from other 
stainless steel by applying a magnet.  Stainless steel scalpels have been found not to contaminate mussel 
samples (Stephenson, et al., 1979).  However, other biological tissues (e.g., fish muscle) may be 
contaminated by exposure to stainless steel.  Quartz utensils are ideal but expensive.  Titanium knives 
may be used and can be made inexpensively from titanium sheet metal.  Titanium, however, is soft and 
the knives may be difficult to keep sharp.  Ceramic knives have been used successfully for tissue cutting. 
   To minimize contamination when resecting tissue, separate sets of utensils should be used for removing 
outer tissue vs. removing tissue intended for analysis. 
 
Sample size requirements can vary with tissue type and detection limit requirements.  In general, a 
minimum sample size of 6 grams (wet weight) is required for a single analysis of all priority pollutant 
metals.  A separate sample of a least 5 grams (wet weight) is required for a single mercury analysis.  
Larger samples should be collected to allow for duplicates, spikes, and required reanalyses. 


5.4.2  Organics 
To avoid cross-contamination, all equipment used in sample handling should be thoroughly cleaned 
before each sample is processed.  All instruments must be of a material that can be easily cleaned (e.g., 
stainless steel, anodized aluminum, borosilicate glass).  Before the next sample is processed, instruments 
should be cleaned (e.g., washed with a detergent solution, rinsed with tap water, soaked in high-purity 
acetone or dichloromethane, and finally rinsed with analyte-free water).  Work surfaces should be 
cleaned with 95 percent ethanol or other similar cleaning agent and allowed to dry completely. 
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The removal of biological tissues should be carried out by skilled persons that have been trained by an 
experienced biologist.  Tissue should be removed with clean stainless steel or quartz instruments (except 
for external surfaces of the specimen).  The specimens should come into contact with precleaned glass 
surfaces only.  Polypropylene, polyethylene, and other plastic surfaces and implements are a potential 
source of contamination and should not be used.  To control contamination when resecting tissue, 
separate sets of utensils should be used for removing outer tissue and for resecting tissue for analysis. 
 
The tissue sample should be placed in a clean glass or PTFE container (e.g., containers that have been 
washed with detergent, rinsed at least once with tap water, rinsed at least twice with analyte-free water, 
rinsed with acetone, and, finally, rinsed with high-purity dichloromethane).  Firing of the glass jar at 
350°C for 4 hours may be substituted for the final solvent rinse only if precautions are taken to avoid 
contamination as the container is dried and cooled.  Jars used to store samples intended for VOA should 
not be solvent rinsed but instead, should be heated to greater than 105°C as a final preparation step. 


5.4.3  Microbiology 
Shellfish sampling is very important because the consumption of shellfish, sometimes in the raw state, 
may present a serious public health hazard.  Shellfish offer several advantages for sampling:  they 
concentrate bacteria, can be sampled relatively easily and reflect pollution levels over relatively long 
periods in both sediment and water.  In Puget Sound it is recommended that one or several shellfish 
species of recreational or commercial importance be sampled routinely at each major harvesting area.  
The use of a small number (preferably one) of species as standards will reduce the variation among 
stations and sampling periods that results from interspecies differences in the propensity to concentrate 
bacteria.  Because of the variability of microbial concentrations in different types of tissues and species, 
the part of the organism selected for analysis should be based on project objectives, most likely driven by 
human consumption of specific tissue types.  While the protective shell of most shellfish will preclude 
contamination from sampling implements, care should be taken not to introduce microbial contamination 
to the sample organisms.  As soon as specimens have been collected, they should be placed into 
polyethylene bags with minimal handling by the sampling personnel.  Recommended procedures for 
processing shellfish samples for microbiological analysis can be found in PSEP, 1986c.  Processing of 
samples is best performed in a controlled environment such as the biology laboratory. 


5.5  Sample Storage 
Recommended sample storage conditions for metal, organic and microbiological analyses are 
summarized in Table 4.  Resected tissues should be stored frozen at -18°C until analysis.  Tissue samples 
intended for metals analysis should be stored in precleaned polyethylene or glass containers.  Container 
lids must not have aluminum or cardboard liners.  The recommended material for container lid liners is 
PTFE.  Tissue samples intended for analysis of both metals and organic compounds can be stored in glass 
or fluoropolymer containers. 
 
No holding time criteria for tissue samples are specified by EPA for metals analysis.  Because mercury is 
volatile, the EPA holding time criterion for water samples intended for mercury analysis is 28 days.  
Previous Puget Sound Estuary Program (PSEP) workshop participants agreed that the 28-day maximum 
holding period is also appropriate for tissue samples intended for mercury analysis.  Workshop 
participants further agreed to recommend a 2-year maximum holding time for tissue samples intended for 
analysis of metals other than mercury.  In an unpublished study by the Washington Department of Fish 
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and Wildlife and the King County Environmental Laboratory, fish muscle samples stored in glass 
containers and frozen at -20°C were analyzed for mercury before and after the 28-day holding time.  
Samples were analyzed at 6 different times, ranging from 4 to 86 days after sample collection.  No 
significant differences in mercury concentrations were observed.  Based on these results it is suggested 
that a frozen holding time of 3 to 6 months is acceptable for mercury in tissue and further study may be 
warranted.   
 
Recommended holding times for frozen tissue samples have also not been established by EPA for 
organics analyses, but a 1-year maximum holding time (similar to the sediment holding time) is 
recommended for Puget Sound studies.  Extracts should be analyzed within 40 days.  Extended sample 
storage in a glass jar can minimize desiccation.  At a minimum, the samples should be kept frozen at -18° 
C until extraction.  This temperature will slow biological decomposition of the sample and decrease loss 
of moisture.  Because of the potential rupture of tissue cells upon freezing, liquid associated with the 
sample when thawed must be maintained as part of the sample or extracted separately and combined with 
the tissue extract. 
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Table 4 
Recommended Sample Sizes, Containers, Preservation 


Techniques, and Holding Times for Tissue 
 


 
Parameter Minimum and 


Recommended Sample 
Sizes (g) 
 


Container Preservation 
Technique 


Holding Time 


Metals 
 


6a     (50 recommended) Polyethylene 
(LDPE) or Teflon  


Freezeb, -18°C 2 Years 


Mercury 
 


5a     (50 recommended) Polyethylene, Glass 
(LDPE) or Teflon  


Freezeb, -18°C 28 Daysd 


Semivolatile 
Organics 


30a  (100 recommended) Glass or Teflon  Freezeb, -18°C 1 Yearc 


Volatile Organics 
 


5a     (20 recommended) Glass or Teflon  Freezeb, -18°C 14 Days 


Bacteriology 
 


100 Plastic or Glass Refrigerate, 
4°C 


24 Hours 


 
Notes: 
a. Weight is a minimum for a single analysis of resected, homogenized tissue.  Studies using specific organs may require more 


tissue.  Recommended sample size refers to the minimum amount of resected sample and accounts for tissue lost during 
homogenization.   


b. Post-resection. 
c. Holding time to extraction.  After extraction, holding time is 40 days to analyze. 
d. A number of unpublished studies have demonstrated that freezing tissue samples may increase the holding time for mercury 


analysis up to 6 months. 
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6.  SAMPLE HANDLING 
This section describes sample handling procedures that include sample shipment, chain of custody 
protocols and holding times and conditions. 


6.1  Sample Shipment 
All samples should be shipped or delivered to the analytical laboratory immediately after completion of 
sampling.  This minimizes the number of people handling samples and protects sample quality and 
security.  The following guidelines apply to water and sediment samples.  Shipping protocols for tissue 
samples will most likely be project specific and should be stated in the project planning document.  As 
samples are prepared for shipping, the following guidelines should be observed. 
 
 • . Shipping containers should be in good shape and capable of withstanding rough treatment during 


shipping. 
 • . Samples should be packed tightly with dividers separating all glass containers and empty space within 


shipping boxes filled so that jars are held securely. 
 • . Sample coolers should be packed with ice to maintain an ambient sample temperature of 


approximately 4°C until delivery to the analytical laboratory.  Either “water” ice or synthetic “blue” 
ice may be used in shipping.  Both types of ice should be packaged in a manner that will preclude 
leaking inside the sample cooler.  A temperature blank (see Section 3.7.6) may be placed in the 
sample cooler along with the analytical samples. 


 • . All coolers must be leakproof.  If a cooler is not leakproof by design, the interior should be lined with 
two heavy-duty plastic bags and the tops of bags should be tied once samples are inside.  Adequate 
absorbent material should be placed in the container in a quantity sufficient to absorb all of the liquid. 


 • . All samples should be accompanied by a sample analysis request.  Parameters to be analyzed by the 
laboratory, and total number and kind of samples shipped for analysis should be listed on the request 
sheet.  The laboratory should acknowledge receipt of shipment by signing and dating the form, and 
returning a copy to the designated project QA coordinator or sample manager. 


 • . A chain of custody record for each shipping container should be filled out completely and signed.  
The sample analysis request and chain of custody record are frequently combined into one form.  
Chain of custody procedures are more fully described in Section 6.2. 


 • . The original chain of custody record and analysis request should be protected from damage and 
placed inside the shipping box.  A copy of each should be retained by the shipping party. 


 • . A custody seal should be attached so that the shipping box cannot be opened without breaking the 
seal. 


 • . For shipping containers carrying glass sample containers a "This End Up" label should be attached to 
each side to ensure that jars are transported in an upright position and a "Fragile-Glass" label should 
be attached to the top of box to minimize agitation of samples. 


 • . Shipping containers should be sent by a carrier that will provide a delivery receipt.  This will confirm 
that the contract laboratory received the samples and serve as a backup to the chain of custody record. 


 • . Sample shipments by common carrier or air freight must be packaged and labeled according to U.S. 
Department of Transportation regulations or the International Air Transportation Association 
requirements.  Packaging must account for suspected types and levels of contaminants in the samples 
as well as chemicals used to preserve the samples.  The information may influence required packaging 
and labeling requirements.  Failure to properly package and label sample shipments can subject the 
person offering the shipment to potential fines and legal action. 
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At the analytical laboratory, the sample custodian should oversee: 
 
 • . receipt of samples; 
 • . measurement and recording of the temperature blank; 
 • . maintenance of chain of custody records; 
 • . maintenance of sample tracking logs; 
 • . distribution of samples for laboratory analyses; 
 • . sending of samples to outside laboratories; 
 • . supervision of labeling, log keeping and data transcription; and 
 • . storage and security of all samples, data, and documents. 
 
Upon receipt of samples, a designated laboratory custodian should fill out the chain of custody record, 
indicating time and date of reception, number of samples and condition of samples including sample size, 
container type and preservation.  All irregularities indicating that sample security or quality may have 
been jeopardized (e.g., evidence of tampering, loose lids, cracked jars) should be noted on the sample 
analysis request form and returned to the client-designated QA coordinator.  In addition, a sample 
manager or designated laboratory person should initiate and maintain the sample tracking log that will 
follow each sample through all stages of laboratory processing and analysis. 
 
Minimum information in a chain of custody sample tracking log includes: 
 
 • . sample identification number; 
 • . location and condition of storage; 
 • . date and time of each removal of, and return to storage; 
 • . signature of person removing and returning the sample; 
 • . reason for removal from storage; and 
 • . final disposition of sample. 
 
All logbooks, labels, data sheets, tracking logs and custody records should have proper identification 
numbers and be accurately filled out.  All information should be written in indelible black ink.  
Corrections should be made by drawing a line through the error and entering the correct information.  
Corrections should be initialed and dated.  Accuracy of all data reductions and transcriptions should be 
verified at least twice.  All samples and documents should be properly stored within the laboratory until 
the client authorizes their removal.  Security and confidentiality of all stored material should be 
maintained at all times.  Before releasing analytical results, all information on sample tags, data sheets, 
tracking logs, and custody records should be cross-checked to ensure that data pertaining to each sample 
are consistent throughout the record. 
 
Originals of the following documents should be sent to the client: 
 
 • . chain of custody record, 
 • . sample tracking logs, 
 • . data report sheets, and 
 • . quality control records. 
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Copies of all forms should be retained by the laboratory in case originals are lost in transit. 


6.2  Chain of Custody Procedures 
Many projects will require chain of custody procedures be followed if the project comes under regulatory 
scrutiny.  Chain of custody may be defined as an unbroken trail of accountability that ensures the 
physical security of samples, data, and records (ANSI/ASQC, 1994).  Field chain of custody procedures 
should be followed from the time a sample is collected until it is relinquished to the analytical laboratory 
(either in person or to a shipper).  A chain of custody form should be initiated when the first sample is 
collected and updated continuously through the sampling event.  A new chain of custody form should be 
prepared for each day of field sampling.  Information to be entered on the chain of custody form should 
include sample number, date and time of sampling and names of all sampling personnel.  The form may 
also include type of sample container and requested analyses. 
 
A sample is considered to be “in custody” when in the possession or view of the sampling personnel or in 
a secured area.  A custody seal should be placed on the sample cooler when it is not in the custody of a 
member of the sampling team. 
 
When samples are relinquished, either to the laboratory or for shipment, the chain of custody form must 
be completed by the sample deliverer.  It should include the printed and signed name of the deliverer, the 
organization that person represents, date and time of sample relinquishment, and method of shipment, if 
appropriate. 


6.3  Holding Times and Conditions 
Observance of proper holding times and conditions during sample shipment and prior to laboratory 
analysis is critical to obtaining quality data from a sampling effort.  Immediately after collection, samples 
should be stored in refrigerators (if available) or ice filled, insulated coolers to maintain an ambient 
temperature of approximately 4°C until receipt by the analytical laboratory.  Sample holding times and 
conditions for specific matrices and analyses are outlined in Tables 2, 3 and 4.   
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7.  DOCUMENTATION AND REPORTING 
This section provides guidance for documenting sampling and data gathering activities.  The 
documentation of field activities provides important project information and data that can act as support 
to data generated by laboratory analyses.  Project data validation may require reporting field data to 
verify sample identification, sampling locations, correct sampling techniques.  It may also be necessary to 
validate results of field analyses and measurements. 


7.1  Field Notes 
Field notes should be maintained for all field activities, whether the collection of samples or the 
gathering of environmental data.  Field notes should be kept on water-resistant paper and all field 
documentation should be recorded in indelible black ink.  Information recorded in field notes for water 
samples may include, but not be limited to: 
 
 • . name of recorder; 
 • . sample and station number; 
 • . data or sample station locator information; 
 • . sample elevation (water depth of the sampler bottle); 
 • . date and time of sample or data collection (all times should be recorded for multiple sampler 


deployments); 
 • . ambient characteristics such as temperature, salinity, transparency, pH, and Eh (redox); and 
 • . ambient climatological characteristics such as air temperature, cloud cover, and precipitation. 
 
The following are examples of notes that may be added for sediment samples: 
 
 • . sample elevation (water depth above the surface of the sediment); 
 • . sampling interval (i.e., 0 to 10 cm); 
 • . positioning information required to calculate the location of the station; 
 • . physical characteristics such as gross particle size distribution, debris, odor or evidence of 


contamination such as a visible sheen or discoloration; 
 • . record of splits, duplicates and subsamples taken; 
 • . physical measurements such as particle size, interstitial pore water salinity, pH, or Eh (redox); and 
 • . tidal information. 
 
Other information that may be recorded in field notes includes sampling methodology and any deviations 
from established sampling protocols.  Additional anecdotal information pertaining to observations of 
unusual sampling events or circumstances may be recorded in field notes.  A field book should be unique 
to the project or, at the very least, to a class of field events, such as marine sediment sampling.  It is also 
advisable to keep record of all personnel involved in each sampling event, including the time each 
individual boarded and departed the research vessel. 
 
For sediment coring operations, a core splitting data sheet should be completed for each core sampling 
station.  The core splitting data sheet is completed when the core is sectioned and samples split.  The core 
splitting data sheet should include: 
 
 • . project name; 
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 • . core identification name or number; 
 • . sampling date and core splitting date and time; 
 • . personnel involved in core splitting; 
 • . individual sample numbers split from the core; 
 • . core compaction calculations; 
 • . depth range of sample sections split from the core; 
 • . sample observations such as color, debris, gross particle size distribution and odor for each sample 


section; and 
 • . storage conditions from time of receipt at laboratory until splitting (i.e. refrigerated or frozen). 
 
The analytical laboratory can be a source of valuable information for observations made during the 
preparation of a sample aliquot for analysis.  In many cases it may be advisable to provide the analytical 
laboratory with a project form to record any observations they might make during the analytical process.  
This form would be included with the analytical results as part of the deliverable package. 


7.2  Field Analyses and Field Instrument Calibration Records 
Field analyses frequently provide project information that is as important as data generated by laboratory 
analyses.  Results of field analyses or measurements should be recorded in a manner that provides easy 
identification of the information as analytical results.  This information should be kept in a section of a 
field book separate from general field notes.  In addition to field analytical results or measurements, field 
instrument calibration records provide critical information to allow data users to judge the validity of 
field measurements and analyses.  All information should be recorded in indelible, black ink and errors 
should be crossed out with a single line and initialed and dated by the data recorder. 
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10.  APPENDIX A - HEALTH AND SAFETY 
Certain projects will require preparation of a site-specific Health and Safety Plan (HSP) as part of the 
project planning process.  A HSP is required for sediment sampling at sites listed under one or more of 
the following: 
 
 • . Model Toxics Control Act (MTCA), 
 • . Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and 
 • . Sediment Management Standards (SMS). 
 
A HSP is also required for any other project in an area that is known to be contaminated by toxic 
materials.  Requirements for HSPs are provided by the Department of Labor and Industry and detailed in 
WISHA/OSHA regulations. 
 
All members of a sampling team working at a hazardous site must receive 40 hours of hazardous waste 
operations (HAZWOPER) training as prescribed by OSHA Regulation 29 CFR 1910.120, and at least 
one member must receive supervisory training.  Employers must make a medical monitoring program 
available to all crew members conducting sampling operations at hazardous sites.  All sampling team 
members must read and understand the contents of the HSP prior to the commencement of field work, 
and verify such by signature on the original HSP document. 
 


10.1  General Health and Safety 
Since a site-specific HSP is not prepared for all sampling projects, the following general health and 
safety guidance is provided. 
 
 • . All crew members should receive annual vessel safety training which will include proper chain of 


communication, equipment operation and safe boating practices. 
 • . Sampling personnel should wear, at a minimum, chemical-resistant gloves when coming in contact 


with contaminated sediment. 
 • . No eating, drinking or use of tobacco products should be allowed during sampling operations. 
 • . All accidents (or near-accidents), including instances of possible exposure to health-threatening 


elements, should be reported to the respective supervisor within 24 hours of occurrence. 


10.2  Health and Safety During Sampling Activities 
Marine sampling can be inherently dangerous, and proper precautions need to be taken.  The physical 
hazards unique to sampling equipment, sampling operations, general vessel safety, and chemical hazards 
are described in Sections 10.2.1 through 10.2.4. 


10.2.1  Hazards Associated with Sampling Equipment 
There is a large variety of marine sampling equipment in use today and each has the potential for causing 
serious injury.  Many types are heavy, ranging from under 50 pounds for a small sediment grab or 
plankton net to up to 2,000 pounds for a large Ewing piston corer.  Unless the equipment is secure on 
deck or fully deployed and submerged, care must be taken to avoid crushing or other impact-related 
injuries from the handling of this gear. 
 







April 1997 - - Sampling Chapter 


50
 


In addition to being heavy, coring equipment can also be dangerous in that it is usually weighted toward 
the top end, making its handling more awkward.  Also, an appreciable amount of vertical clearance is 
usually required to clear the gunwale during deployment and retrieval, which in turn can increase the risk 
of uncontrolled lateral motion unless suitable tethers are used. 
 
A typical box corer is fairly heavy (from 700 to 900 pounds) and is also both tall and wide at the base.  
At least 100 square feet of deck area is required to safely manage this equipment.  Good foot protection 
is mandatory. 
 
With impact coring, which uses concussion as the primary means for driving the core tube, personnel 
may have the potential hazard of fragmentation, breaking of high-pressure lines and danger of fast-
moving parts to contend with.  Ear protection may also be necessary. 
 
Essentially all types of sediment grabs (or snappers) utilize their own weight, some type of tensioning 
device or other form of mechanical advantage to actuate the sampler upon contact with the bottom.  Care 
must therefore be taken to minimize the risk of accidental or premature closure while handling.  Once a 
grab is armed or cocked, the safety device on the tripping mechanism should be in place until the sampler 
is clear of the rail and over the side. 
 
In general, all sampling equipment uses the same type of marine hardware to attach to the appropriate 
lifting device.  Periodically, all connections (e.g., cabling, shackles, pins, swivels etc.) should be 
inspected to ensure the integrity of all points along the sampling assembly. 


10.2.2  Safety During Sampling Operations 
A sampling device is least secure while suspended in the air during the transitional period between the 
deck of a vessel and the surface of the water; a pitching and/or rolling deck during rough weather will 
aggravate this situation.  Care must be taken to ensure that sufficient restraining lines or other devices are 
in place to meet these conditions. 
 
Because of the increased potential for damage or injury, all personnel on deck and in the wheelhouse 
must be notified before a sampling device leaves the deck during deployment or breaks the surface upon 
retrieval.  If the winch operator is remotely located from the scene of operations, a clear system of signals 
must be established between the lead deck person and the winch operator, usually via hand signals or 
electronic communication. 
 
Hard hats, gloves and steel-toed boots should always be worn if the potential for serious injury exists 
when working topside.  OSHA requires that hard hats be worn when working beneath suspended 
equipment, or when the potential of injury to the head exists due to lateral impact. 
 
All crew members should have a suitable level of seamanship skills, based upon their level of 
responsibility.  Listed below are some of the items related to seamanship and gear-handling that, when 
overlooked, have been known to cause serious accidents on board ship. 
 
 • . A capstan is potentially more dangerous than a winch drum, as the wraps are not enclosed and could 


instantly slip off the end if not handled properly. 
 • . If a hydraulic hose fails, winches can free-wheel and load-bearing rams can collapse under a load 
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unless backed up with balance-check valves. 
 • . Different kinds of line and wire rope have different characteristics which may not be suitable for all 


applications (e.g., nylon is 25 percent stronger than polypropylene, but it is much more elastic and can 
be lethal if parted under a strain; polypropylene will float, making it less susceptible to propeller 
entanglement). 


 • . An eye splice over a thimble will only cause a 5 percent reduction in line strength, but a knot 
(depending on type) can reduce the strength in a line by as much as 55 percent due to unequal strain 
on the fibers (a line will usually break under a strain at that point where it is forced to bend). 


 • . Theoretically, the longer a line under a strain, the weaker it is when compared against its rated 
breaking strength (the chances are statistically greater of encountering a section weaker than the last 
as line length increases). 


 • . The recommended working load-to-breaking strain for wire rope and line is typically 1 to 5.  If the 
load ever exceeds 75 percent of the breaking strength, permanent damage could result, which can lead 
to unexpected breakage. 


 • . Topside operations may be more dangerous on larger ships than smaller vessels because it is harder to 
keep track of safety concerns when activities are spread over a larger area of deck. 


 • . Crew members should always stand clear of slack or looped line laying on deck to avoid 
entanglement.  A sudden strain on slack line can entrap arms and legs; personnel may be severely 
injured or carried overboard. 


 
Inclement weather may introduce additional hazards. Heavy equipment can be much more difficult to 
manage, and footing may become more unsure due to slippery decks and/or increased vessel motion, and 
the risk of falling overboard may increase.  WISHA requires that all railings be a minimum of 36 inches 
in height and OSHA requires that an approved life vest be donned when working over the water or if 
there is an increased risk of falling overboard.  Vessel accommodations should be able to provide relief 
to crew members in case of cold or heat stress. 


10.2.3  General Vessel Safety 
To ensure adequate preparation for emergencies that may possibly arise, the following safety equipment 
should be required on all research/sampling vessels: 
 
 • . one Coast Guard approved personal floatation device for each crew member (waterproof lights must 


be included for nighttime operations); 
 • . at least one throwable floatation device; 
 • . an emergency life raft with accessories (optional); 
 • . at least one emergency self-actuating radio beacon; 
 • . two very high frequency (VHF) marine radios (Coast Guard channel 16 and Vessel Traffic System 


channel 14 both need to be monitored); 
 • . a cellular telephone (desirable); 
 • . navigation lights; 
 • . an anchor and line; 
 • . three signal flares (for nighttime); 
 • . three orange smokes (for daytime); 
 • . radar (for reduced visibility); 
 • . bilge pumps; 
 • . fire extinguishers; 
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 • . a horn; 
 • . reach pole or gaff; 
 • . an accessible, clearly-labeled, fully stocked first-aid/CPR kit; and 
 • . an accessible, clearly-labeled eye wash kit. 
 
Protective gear for sampling personnel should include: 
 
 • . a hard hat, 
 • . steel-toe rubber boots, 
 • . chemical-resistant gloves (e.g., Nitrile), 
 • . safety glasses, 
 • . respiratory protection, 
 • . rain gear (if necessary), and 
 • . hearing protection (if safe noise levels are exceeded). 
 
Some HSPs may require that a safety officer be assigned to oversee sampling operations.  However, it is 
important to note that the ship’s captain has the ultimate responsibility and authority (as recognized by 
the U. S. Coast Guard) to immediately override the authority of all other on board personnel, especially 
where the general welfare of ship and crew are concerned. 


10.2.4  Chemical Hazards 
In some areas, contact with marine sediment may present a health hazard from chemical and/or biological 
constituents of the sediment.  Possible routes of exposure to chemical/biological hazards include 
inhalation, skin and mucous membrane absorption, ingestion, and injection.  Potentially hazardous 
chemical/biological sediment constituents may include hydrogen sulfide, mercury and other heavy 
metals, polynuclear aromatic hydrocarbons, polychlorinated biphenyls, solvents, and various types of 
bacteria and viruses.  Other potentially hazardous substances may include chemicals used as sample 
preservative agents or sampler decontamination agents. 
 
Crew members should exercise caution to avoid coming into contact with contaminated sediment during 
sampling operations.  Protective equipment should include chemical-resistant gloves, safety glasses or 
goggles, and protective clothing such as rain gear.  Crew members should exercise good personal hygiene 
after sampling and prior to eating or drinking. 
 
Exposure to airborne contaminants can be greatly reduced if the vessel steams to windward in a way that 
minimizes risk to the sampling crew from exposure to volatiles.  Having respirators on hand is advisable 
to reduce exposure to volatile fumes that may be present when mixing large quantities of sediment or 
using a solvent rinse during equipment decontamination.  The use of an air monitoring instrument is 
recommended when airborne contaminants are suspected in a sampling area or the sampling area has 
poor ventilation, such as under piers or docks. 
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 INTRODUCTION 
 
 
 The kinds of pathological abnormalities measured most commonly in Puget Sound organisms 
are hepatic (i.e., liver) lesions in fishes, primarily English sole, Parophrys vetulus.  These 
abnormalities are important for assessing the biological effects of chemical contamination, because 
numerous field and laboratory studies have established a putative cause/effect relationship between 
the prevalence of hepatic lesions and exposure of fishes to toxic chemicals.  Although a variety of 
other pathological conditions has been found in Puget Sound organisms (e.g., fin erosion, skeletal 
anomalies, epidermal papillomas, parasites), none of these conditions has been linked to chemical 
contamination as strongly as hepatic lesions in fishes. 
 
 Given the importance of hepatic lesions in fishes for evaluating environmental 
contamination, the primary focus of this document is to recommend methods for conducting field 
surveys of fish liver histopathology in Puget Sound.  These methods are based on a general review 
of the literature regarding hepatic lesions in feral fishes, as well as the results of a workshop and 
written reviews by representatives from most organizations that fund or conduct fish liver histopa-
thology studies in the Sound (Table l).  The purpose of developing these recommended protocols is 
to encourage all Puget Sound investigators conducting monitoring programs, baseline surveys, and 
intensive investigations to use standardized methods whenever possible.  If this goal is achieved, 
most data collected in the Sound should be directly comparable, and thereby capable of being 
integrated into a Sound-wide database. Such a database is necessary for developing and maintaining 
a comprehensive water quality management program for Puget Sound. 
 
 Although the following protocols are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special requirements of 
individual projects.  If such departures are made, however, the funding agency or investigator 
should be aware that the resulting data may not be comparable with most data of that kind.  In some 
instances, data collected using different methods may be compared if the methods are 
intercalibrated adequately. 
 
 Because the use of fish pathology as a quantitative field assessment tool is a relatively new 
endeavor, the loose-leaf format of this chapter ensures that the recommended protocols can be 
modified as new information is collected.  In addition, this format will allow protocols to be 
included in the future for pathological conditions other than hepatic lesions. 
 
 Before recommendations are made for field studies of fish liver histopathology in Puget 
Sound, historical information regarding the general subject is reviewed.  Included are reviews of  
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hepatocarcinogenesis models for fishes and results of laboratory and field studies.  The review of  
historical information will acquaint non-pathologists with the subject.  In addition, it formed the 
basis for many of the recommended protocols for Puget Sound. 
 
 
 
 
 TABLE 1.  CONTRIBUTORS TO THE FISH PATHOLOGY PROTOCOLS 
 
       


 Name Organization 


John Armstrong U.S. EPA 


Scott Becker Tetra Tech 


Ralph Elston Battelle 


Marsha Landolt University of Washington 


Bruce McCain NMFS/NOAA 


Bruce Miller University of Washington 


Mark Myers NMFS/NOAA 


Linda Rhodes NMFS/NOAA 


Sefton Wellings Private 


Toshe Yasutake U.S. FWS 
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 REVIEW OF HISTORICAL DATA 
 
 
 In this section, historical laboratory and field studies of fish liver histopathology are 
reviewed.  Many of the concepts and patterns described in these sections were used to develop the 
recommended protocols for field studies of fish liver histopathology. 
 
HEPATOCARCINOGENESIS MODELS FOR FISHES 
 
 Two models of hepatocarcinogenesis in fishes have been proposed in the literature.  The first 
is based on laboratory studies of rainbow trout, and the second is based on field studies of English 
sole.  These two models are the most detailed ones available for fishes, and both were derived from 
extensive amounts of empirical data. 
 
 The most complete description of and nomenclature for the sequential cellular alterations 
involved in animal hepatocarcinogenesis are for rats and mice (e.g., Squire and Levitt 1975; Frith 
and Ward 1980; Stewart et al. 1980).  By comparison, fish hepatocarcinogenesis studies are in their 
infancy (Hendricks 1982).  Although many of the principles and much of the nomenclature used in 
rat studies have been applied to fish studies, the degree to which hepatocarcinogenic processes in 
rats are analogous to those in fishes is unknown. 
 
Rainbow Trout 
 
 The species of fish most studied with respect to chemically induced hepatic neoplasms is the 
rainbow trout. The chemicals used most often to induce hepatic neoplasms in this species are 
aflatoxins (primary aflatoxin B1 or AFB1), a group of potent carcinogens produced by the mold 
Aspergillus flavus.  The relatively large amount of information available for this species has been 
synthesized by Sinnhuber et al. (1977), Hendricks (1982), and Hendricks et al. (1984).  Because 
most studies have focused primarily on the mere presence of hepatic neoplasms rather than their 
developmental processes, the pathogenesis of liver cancer in rainbow trout is not well-documented.  
However, as more information is available for this species than for any other fish, it is instructive to 
review the available data. 
 
 In rainbow trout, the morphologic stages involved in hepatocarcinogenesis are as follows: 
 
 � Pale, swollen, individual cells with enlarged pleomorphic nuclei 
 
 � Eosinophilic foci 
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 � Basophilic foci 
 
 � Hepatocellular carcinomas. 
 
However, the sequential nature of these stages has not been confirmed (Sinnhuber et al. 1977). 
 
 The enlarged cells of the first stage undergo degeneration and necrosis, but do not form 
nodules of proliferating cells.  Sinnhuber et al. (1977) suggest that the toxic influence of the 
carcinogen interferes with normal cell functions and division, thereby producing a polyploid, 
hypertrophic cell that eventually dies.  The number of affected cells increases with increasing doses 
of aflatoxin.  Islets of regenerating cells frequently are found in livers with degenerating cells, but 
their role in hepatocarcinogenesis is unknown. 
 
 Eosinophilic foci generally are small (i.e., <0.5-mm diameter).  Cells within these foci have 
relatively normal nuclei, but are distinctly eosinophilic, hypertrophic, and devoid of glycogen.  
Mitotic figures are rare, and the cells do not compress surrounding tissue.  The eosinophilia results 
primarily from extensive proliferation of SER.  Although the role of eosinophilic foci in 
hepatocarcinogenesis is uncertain, there is evidence that these foci may give rise to basophilic foci.  
There is also evidence that one route to neoplastic transformation may begin with the eosinophilic 
stage progressing to the basophilic stage.  Observations in more recent studies demonstrate that 
eosinophilic foci frequently are invaded by lymphocytes, resulting in varying degrees of cytotoxic 
effects.  Because this apparent host-immune response presumably destroys the altered cells, 
Sinnhuber et al. (1977) believe that the contribution of eosinophilic foci to neoplasm development 
in rainbow trout is minimal.  According to Hendricks et al. (1984), it is doubtful that eosinophilic 
foci contribute significantly to the carcinogenic process. 
 
 Basophilic foci vary in size from clusters of several cells to clusters several millimeters in 
diameter.  The cells are small, unencapsulated, intensely basophilic, and deficient in glycogen.  
Nuclei are slightly enlarged and vesicular and nucleoli are prominent.  Cells usually exhibit some 
mitotic activity, but do not compress surrounding tissue.  The basophilia results from extensive 
granular endoplasmic reticulum and free ribosomes.  Basophilic foci frequently are surrounded by 
normal cells and display no indication of a prior eosinophilic stage.  Basophilic foci rarely elicit a 
host immune response.  Although the role of basophilic foci in trout hepatocarcinogenesis is not 
firmly established, Sinnhuber et al. (1977) believe that the principal route of neoplastic transforma-
tion begins directly at the basophilic stage. 
 
 Hendricks et al. (1984) suggest that basophilic foci may be considered microcarcinomas or 
carcinomas in situ, because the only distinguishing characteristics between the two kinds of hepatic  
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lesion are size and degree of compression of surrounding tissue.  As with basophilic foci, cells of 
hepatocellular carcinomas are intensely basophilic, mitotically active, devoid of glycogen, and 
grouped into cords several cells in thickness.  In rats and trout, the appearance of the basophilic cell 
type signifies that neoplastic transformation is complete (Sinnhuber et al. 1977; Hendricks et 
al. 1984). 
 
 Although many authors distinguish adenomas from carcinomas on the basis of degree of 
differentiation and presence or absence of metastases, Sinnhuber et al. (1977) suggest that the 
potential for malignant behavior is present in all trout tumors, and may occur given sufficient time.  
They therefore recommend that all tumors induced by aflatoxin in rainbow trout be classified as 
hepatocellular carcinomas. 
 
English Sole 
 
 Myers et al. (1987) provide the first comprehensive documentation of close morphological 
similarities between idiopathic hepatic lesions in a feral fish and the established series of lesions 
induced in rodents following laboratory exposure to hepatocarcinogens.  The study was conducted 
on English sole collected from Eagle Harbor, Washington.  The sediments in Eagle Harbor are 
contaminated with a variety of hepatocarcinogens (particularly creosote-derived aromatic hydrocar-
bons), and prevalences of hepatic neoplasms and other liver abnormalities are among the highest 
found in English sole from any location in Puget Sound (Malins et al. 1985b; see section entitled 
Field Studies). 
 
 Myers et al. (1987) identified statistically significant associations between a variety of lesion 
types based on their patterns of co-occurrence.  The authors assumed that co-occurring lesions may 
be caused by similar etiological agents and that these lesions may be temporally related to each 
other in terms of their development.  A temporal relationship implies that the lesions may be 
induced in a sequence of progression that terminates with hepatic neoplasms.  The authors also 
compared the lesions they observed in feral English sole, with similar lesions found by others in 
rodents and rainbow trout following controlled laboratory exposure to hepatocarcinogens.  Myers et 
al. (1987) caution that although their results are based on strong circumstantial evidence, conclusive 
proof of the hepatocarcinogenesis model for English sole must await carefully controlled field or 
laboratory experiments. 
 
 Myers et al. (1987) identified the following major hepatic lesions that are thought to be 
related to or associated with the histogenesis of liver neoplasms in English sole: 
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 � Nonspecific necrotic lesions 
   � Hepatocellular coagulation necrosis 
   � Liquefactive necrosis 
   � Hydropic degeneration 
   � Pyknosis 
   � Hyalinization 
   � Cystic parenchymal degeneration 
 
 � Specific degenerative conditions 
   � Nuclear pleomorphism 
   � Megalocytic hepatosis 
 
 � Nonneoplastic proliferative conditions 
   � Nonhyperplastic hepatocellular regeneration 
 
 � Foci of cellular alteration 
   � Eosinophilic foci 
   � Basophilic foci 
   � Clear cell or vacuolated cell foci 
   � Hyperplastic regenerative foci 
 
 � Neoplasms 
   � Liver cell adenomas 
   � Hepatocellular carcinomas 
   � Cholangiomas 
   � Cholangiocellular carcinomas 
   � Mixed carcinomas. 
 
 Although, nonspecific necrotic lesions are known to be caused by a variety of agents, Myers 
et al. (1987) excluded those lesions closely associated with visible infectious agents.  The necrotic 
lesions reported by Myers et al. (1987) generally exhibited focal or multifocal distributions and 
rarely were found in a large proportion of any liver.  These lesions frequently were accompanied by 
hemorrhage, fibrinization, mononuclear infiltrates, fibroplasia, and increased density of 
melanomacrophage centers. 
 
 The two specific degenerative conditions affected only hepatocytes, were diffusely distributed 
in nonzonal patterns, and occurred in the absence of cellular infiltrate.  Nuclear pleomorphism was 
characterized by nuclei of various size and chromatin distribution/content.  Aside from those aber 
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rations, hepatocytes with nuclear pleomorphism exhibited a normal appearance.  Megalocytic 
hepatosis was characterized primarily by enlargement of both nuclear and cellular diameters and 
atypical distributions or densities of chromatin within vesicular nuclei. 
 
 Nonhyperplastic hepatocellular regeneration was the only nonneoplastic proliferative 
condition found that is thought to play a role in hepatocarcinogenesis in English sole.  Although a 
second nonneoplastic proliferative condition (e.g., cholangiofibrosis) was found, Myers et al. 
(1987) concluded that it probably was not involved in the progression toward neoplasia.  
Nonneoplastic hepatocellular regeneration ranged in appearance from the undifferentiated 
morphology to the later stages of parenchymal replacement characterized by maturing, more 
differentiated hepatocytes. 
 
 Foci of cellular alteration were similar to the lesions in rats and mice that are thought to be 
precursors of neoplasms.  Each type exhibited a distinct pattern of alteration, and was arranged in 
discrete micronodular foci.  The borders of the foci blended indistinctly into the surrounding 
muralia and compression of adjacent parenchyma was minimal or absent. 
 
 Eosinophilic foci ranged from 0.1 to 0.9 mm in diameter, and were characterized primarily by 
slight to dramatic cellular hypertrophy, increased cytoplasmic eosinophilia with a granular texture, 
and varying degrees of nuclear pleomorphism.  Basophilic foci ranged from 0.1 to 0.8 mm and were 
characterized primarily by hyperbasophilic cytoplasm in normal-sized hepatocytes with 
pleomorphic nuclei.  Clear cell or vacuolated cell foci were smaller than the former two lesions 
(i.e., <0.4 mm) and were characterized by hepatocytes with either a vacuolated cytoplasm or a lacy, 
flocculent, poorly stained cytoplasm.  Alterations of nuclei were minimal.  Hyperplastic 
regenerative foci also were relatively small (i.e., 0.05-0.3 mm).  In addition, these foci were 
hyperplastic and characterized by regenerative hepatocytes that exhibited reduced size and 
increased basophilia.  Prevalence of hyperplastic regenerative foci were rare compared to 
prevalences of the other three kinds of foci of cellular alteration. 
 
 Neoplasms included those of hepatocellular (i.e., liver cell adenoma, hepatocellular 
carcinoma) and biliary (i.e., cholangioma, cholangiocellular carcinoma) origin.  One kind of 
neoplasm included both hepatocellular and cholangiocellular elements (i.e., mixed carcinoma).  Of 
these five kinds of neoplasm, liver cell adenomas and cholangiomas are considered benign, whereas 
the remaining three neoplasms are considered malignant. 


 As mentioned previously, the hepatocarcinogenesis model proposed by Myers et al. (1987) 
for English sole was based primarily on statistical associations among lesions and comparisons with 
similar lesions founds in laboratory studies of rodents and rainbow trout.  Myers et al. (1987) 
propose the following sequence of events for the histogenesis of hepatocellular neoplasms in 
English sole: 
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 �  Nonspecific necrotic lesions and specific degenerative conditions appear as the 


initial, subchronic to chronic hepatocellular lesions manifesting the cytotoxic 
effects of exposure to hepatocarcinogens.  These conditions provide the proper 
stimulus for a compensatory, regenerative, proliferative response. 


 
 �  In the above environment favoring proliferation, foci of cellular alteration can 


develop.  Because these foci are selectively resistant to the cytotoxic effects of 
carcinogens, they have a growth advantage over normal hepatocytes. 


 
 �  Autonomous, neoplastic hepatocytes arise from some of the nonautonomous foci 


of cellular alteration.  This transformation may occur by a complex multistep 
process of mutation followed by selection. 


 
Myers et al. (1987) note that the pattern of histogenesis of biliary neoplasms in English sole 
presently is unclear. 
 
LABORATORY STUDIES 
 
 A relatively large number of chemicals has been found to induce  hepatic lesions in various 
fishes following controlled laboratory exposure.  As part of this project, historical information 
regarding laboratory induction of hepatic lesions in fishes was reviewed.  Information was collected 
from review articles by Matsushima and Sugimura (1976), Myers and Hendricks (1982), and Couch 
and Harshbarger (1985), and from the results of additional laboratory studies conducted between 
1981 and 1985 (Arrillo et al. 1982; Dalich et al. 1982; Goodman et al. 1982; Larsson and Haux 
1982; Schultz and Schultz 1982a,b; Solangi and Overstreet 1982; Katti and Sathyanesan 1984; 
Kumar and Pant 1984; Park and Kim 1984; Lowe-Jinde and Niimi 1984; Rhodes et al. 1985; 
Wester et al. 1985). 
 
 The 87 chemicals considered in the literature review are summarized in Table 2.  The 
chemicals are grouped according to the general scheme of Meyers and Hendricks (1982), to facili-
tate interpretation by environmental managers.  As noted previously, all of the chemicals have 
induced hepatic lesions in fishes.  These chemicals represent a wide variety of natural and anthro-
pogenic products, including pesticides, fossil-fuel related compounds, chemotherapeutic agents, 
mycotoxins, plant derivatives, nitrogenous compounds, and inorganic compounds.  Twenty-six (30 
percent) of these chemicals have induced hepatic neoplasms in one or more species of fish.  The 
major groups of chemicals having the highest percentages of hepatocarcinogens include mycotoxins 
(100 percent), nitroso- compounds (100 percent), miscellaneous nitrogenous compounds (75 p-
ercent), and plant derivatives (60 percent).  Sixty-one (70 percent) of the chemicals listed in Table 2 
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have not induced hepatic neoplasms in fishes.  Major groups having no apparent hepatocarcinogens 
include organochlorine herbicides, organophosphate insecticides, carbamate insecticides, miscel-
laneous herbicides, miscellaneous organic compounds, and inorganic compounds.  Although these 
latter 61 chemicals have not induced neoplasms, they have induced other kinds of hepatic lesions in 
fishes and may be capable of inducing lesions under different sets of test conditions (e.g., different 
test species, different exposure routes, higher chemical concentrations, longer test durations). 
 
 
Most of the fish species in which hepatic lesions (i.e., neoplasms and other kinds) have been 
induced by laboratory exposure to chemicals are listed in Table 3.  This list represents a broad 
taxonomic spectrum, and includes 39 species from 20 families.  The family Salmonidae is 
represented by the largest number of species (i.e., seven).  The species used most frequently in 
laboratory tests have been rainbow trout, guppy, coho salmon, and zebra fish. 
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 TABLE 2.  CHEMICALS THAT HAVE INDUCED HEPATIC LESIONS 
 IN FISHES FOLLOWING LABORATORY EXPOSUREa 
 
  


Number of Species Affectedb 
Neoplasmsc     Other Lesionsd 


Organochlorine insecticides  
 Chlordane -      1 
 DDT 1      7 
 Dieldrin -  >5 
 Endosulfan -   1 
 Endrin -   6 
 Heptachlor -   3 
 Hexachlorocyclohexane -   1 
  (beta isomer, lindane byproduct) 
 Kepone -   1 
 Lindane -   3 
 Methoxychlor -   3 
 Toxaphene -   1 
Organochlorine herbicides 
 Dichlobenil -   1 
 Dowicide G -   1 
 2,4-D -   3 
 Kuron (silvex) -   1 
 Tordon 101 (picloram and 2,4-D as 


  amine salts) 
-   1 


 Tordon 22K (picloram, potassium salt) -   1 
 
Industrial organochlorine compounds 
 PCB-Aroclor 1248 -   1 
 PCB-Aroclor 1254 -   4 
 PCB-Miscellaneous -   3 
 Carbon tetrachloride 1   3 
 Monochlorobenzene -   1 
 
Organophosphate insecticides 
 Abate (temphos) -   1 
 Diazinon (Spectracide) -   1 
 Dimethoate (Cygon) -   1 
 Dursban (chlorpyrifos) -   1 
 Dylox (trichlorfon) -   1 
 Malathion -   3 
 Methyl parathion -   2 
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TABLE 2.  (Continued) 
  Number of Species Affected 


Neoplasms  Other Lesions
Carbamate insecticides 
 Aldicarb (Temik) -   1 
 Carbaryl (Sevin) -   3 
 Propoxur (Baygon) -   1 


Miscellaneous herbicides 
 Acrolein -   1 
 Amitrole-T -   1 
 Dinoseb -   1 
 Diquat -   1 
 Hydrothol 191 -   1 
 Paraquat-CL -   1 


Fossil-fuel related compounds 
 Benzo(a)pyrene (BaP) 1   1 
 Crude oil-whole -   3 
 Crude oil-water soluble fraction -   2 
 7-12 Dimethylbenz(a)anthracene (DMBA) 2   2 
 Oiled sediments -   1 


Chemotherapeutic agents 
 Copper sulfate -   3 
 Diethylstilbestrol (DES) 1   1 
 Sulfamethazine -   1 
 Thiabendazole -   1 


Mycotoxins 
 Aflatoxin B1 (AFB1) 5   5 
 Aflatoxin G1 (AFG1) 2   2 
 Aflatoxin M1 (AFM1) 1   1 
 Aflatoxin Q1 (AFQ1


) 1   1 


 Aflatoxicol (AFL) 1   1 
 Ochratoxin A + B 1   1 
 Sterigmatocystine 3   3 
 Versicolorin A 1   1 


Plant derivatives 
 Cycad nut meal 3   3 
 Cycasin -   1 
 Cyclopropenoid fatty acids (CPFA) 1   1 
 Gossypol -   1 
 Methylazoxymethanol acetate (MAMA) 2   2 
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TABLE 2.  (Continued) 
 
                
 
  Number of Species Affected 


NeoplasmsOther Lesions 
 Pyrrolizidine alkaloids -   1 
 Tannic acid 1   1 
 
Nitroso- compounds 
 N,N'-dinitrosopiperazine (DNP) 1   1 
 N-nitrosodiethylamine (DEN) 7   7 
 N-nitrosodimethylamine (DMN) 3   3 
 N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) 1   1 
 N-nitrosomorpholine (NM) 2   2 
 
Miscellaneous nitrogenous compounds 
 2-Acetylaminofluorene (2-AAF) 3   3 
 o-Aminoazotoluene (o-AAT) 4   4 
 Ammonia -   2 
 Benzidine -   1 
 Carbazone 1   1 
 p-Dimethylaminoazobenzene (DAAB) 3   5 
 Thiourea 1   1 
 Urethane 1   1 
 
Miscellaneous organic and organometallic compounds 
 Bis(tri-n-butyltin) oxide -  1 
 Dimethylsulfoxide (DMSO) -   4 
 Methylmercuric chloride  -   2 
 4-Nitro-3-(trifluoromethyl)phenol -   1 
 Phenol -   1 
 
Inorganic compounds 
 Cadmium chloride  -   8 
 Cupric chloride  -   1 
 Cupric sulfate -   1 
 Disodium arsenate  -   1 
 Lead nitrate  -   1 
 Mercuric chloride  -   3 
 Sodium arsenite  -   1 
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TABLE 2.  (Continued) 
 
 
a Chemicals are grouped according to the general scheme used by Meyers and Hendricks (1982), to 
facilitate interpretation by environmental managers. 
 
b Note that the values represent the number of unique species, not the number of laboratory studies 
conducted. 
 
c Any kind of hepatic neoplasm. 
 
d All kinds of hepatic lesions except neoplasms.  In studies where neoplasms were induced, other 
kinds of lesions rarely were reported by the authors.  For the purposes of this table, it was assumed 
that other kinds of lesions were present in all studies in which neoplasms were induced. 
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 Hepatic neoplasms have been induced in 8 of the 39 species (20.5 percent) listed in Table 3 
(each denoted by an asterisk).  These species include all three poeciliids (i.e., guppy, two 
topminnows), two of three cyprinodontids (i.e., sheepshead minnow, rivulus), two of seven 
salmonids (i.e., sockeye salmon, rainbow trout), and one of five cyprinids (i.e., zebra fish). 
 
 Couch and Harshbarger (1985) summarized the various amounts of time required for initial 
formation of hepatic neoplasms in a variety of fishes exposed to a variety of carcinogenic 
chemicals.  The times to first neoplasm for all 105 fish/chemical combinations included in Couch 
and Harshbarger (1985) are presented in Figure 1.  Some of these times probably are overestimates, 
because fish were not examined until the experiments were terminated.  In 59 cases (56.2 percent), 
hepatic neoplasms were induced within 6 mo of exposure to the carcinogen.  In 98 cases (93.3 
percent), hepatic neoplasms were induced within 1 yr of exposure. 
 
 Direct extrapolation of laboratory results to field conditions are difficult to make (e.g., 
Johnson and Bergman 1984).  In many cases, the species used for laboratory tests are selected 
because they are known to be very sensitive to hepatocarcinogens.  In addition, the contaminant 
concentrations to which fishes are exposed in many laboratory studies are much higher than most 
observed concentrations in the environment.  Finally, the duration of contaminant exposure in 
laboratory studies often exceeds that which might be expected under natural conditions.  Despite 
these limitations, laboratory results may be useful as estimates of the worst-case conditions that 
may be encountered in the environment. 
 
 With the above caveats in mind, several patterns identified in laboratory studies have 
implications for interpreting the results of field studies.  First, controlled laboratory studies 
demonstrate unequivocally that many contaminants found in the environment can induce the same 
kinds of hepatic lesions as those found in feral fishes from polluted habitats.  This demonstration is 
essential for supporting the hypothesis that lesions observed in feral fishes are the result of chemical 
contamination.  It does not, however, discredit the alternative hypotheses that lesions are induced by 
other agents (e.g., nutritional imbalances, viruses). 
 
 A second laboratory result with field implications is the fact that similar kinds of hepatic 
lesions in fishes have been induced by a wide variety of chemical contaminants.  Although many of 
these lesions are thought to be indicative of toxic effects, their general nonspecificity makes 
diagnosis of a single causative agent difficult, if not impossible (e.g., Meyers and Hendricks 1982).  
This nonspecificity is extended to field studies by the observation of Harshbarger (1977) that nearly 
every kind of neoplasm (i.e., hepatic and others) found in fishes currently was known prior to 1940.  
This lack of differences has been maintained despite the large increase in quantity and variety of 
toxic chemicals to which fishes have been exposed since 1940.  It therefore is highly unlikely that 
specific types of hepatic neoplasms in feral fishes can be used to identify definitively their causative 
agents. 
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 A third laboratory result with field implications is the fact that hepatic neoplasms have been 
induced in certain fishes in time intervals shorter than 6 mo.  Thus, even if a particular fish visits a 
contaminated site once and for a relatively short period of time, there is the possibility that hepatic 
lesions, including neoplasms, could be induced if the fish is suitably sensitive and if the 
contaminant concentrations in the environment are suitably high. 
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 TABLE 3.  SPECIES IN WHICH HEPATIC LESIONS HAVE BEEN 


 INDUCED FOLLOWING LABORATORY EXPOSURE TO CHEMICALSa 
 
Family Scientific Name Common Nameb 
Petromyzonidae Petromyzon marinus Lamprey 
 
 


Oncorhynchus kisutch Coho salmon 


Salmonidae Oncorhynchus nerka Sockeye salmon* 
 Oncorhynchus tshawytscha Chinook salmon 
 Salmo clarki Cutthroat trout 
 Salmo gairdneri Rainbow trout* 
 Salmo trutta Brown trout 
 Salvelinus namaycush Lake trout 
   
Cyprinidae Barbus conchonius c 
 Carassius auratus Goldfish 
 Cyprinus carpio Carp 
 Danio (Brachydanio) rerio Zebra fish* 
 Rhodeus amarus Bitterling 
Heteropneustidae Heteropneustes fossilis c 
   
Ictaluridae Ictalurus punctatus Channel catfish 
   
Clariidae Clarius batrachus Walking catfish 
   
Batrachoididae Halobatrachus didactylus Sapo 
   
Oryziidae Oryzias latipes Medaka 
   
Cyprinodontidae Cyprindon variegatus Sheepshead  minnow* 
 Fundulus heteroclitus Mummichog 
 Rivulus marmoratus Rivulus* 
   
Poeciliidae Peocilia (Lebistes) reticulata Guppy* 
 Poeciliopsis lucida Topminnow* 
 Poeciliopsis monacha Topminnow* 
   
Atherinidae Menidia beryllina Inland silverside 
   
Gasterosteidae Gasterosteus aculetus Threespine stickleback 
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TABLE 3.  (Continued) 
 
 
Family Scientific Name Common Nameb 
Channidae Channa punctatus Asian catfish 
   
Centropomidae Dicentrarchus labrax Robalo 
   
Centrarchidae Lepomus cyanellus Green sunfish 
 Lepomus macrochirus Bluegill 
 Lepomus microlophus Redear sunfish 
   
Sciaenidae Leiostomus xanthurus Spot 
   
Mugilidae Mugil auratus Lisa 
   
Anabantidae Trichogaster fasciatus c 
   
Pleuronectidae Parophrys vetulus English sole 
 Platichthys flesus Flounder 
 Pseudopleuronectes americanus Winter flounder 
   
Soleidae Trinectes maculatus Hogchoker 
 
 
 
a This list is based on the studies reported in Table A-1 (Appendix A). 
 
b Species in which some kind of hepatic neoplasm has been induced in a laboratory study are 
denoted by an asterisk(*). 
 
c Common name not found. 
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Figure 1.  Distribution of times to first neoplasm for a variety of fishes exposed to a variety of chemicals in 
the laboratory 
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FIELD STUDIES 
 
 Most field studies of hepatic lesions in fishes from contaminated environments have been 
conducted within the last 10 yr.  However, this does not necessarily mean that these lesions were 
not present prior to the mid-1970s.  The occurrence of hepatic lesions in many fishes initially was 
discovered inadvertently as specimens were being evaluated for other purposes (e.g., Falkmer et 
al. 1976; Pierce et al. 1978; Smith et al. 1979).  In these cases, the presence of grossly visible 
nodules led to detailed microscopic evaluations of the affected livers.  Once a putative relationship 
between environmental contamination and hepatic lesions in fishes had been established, many 
subsequent studies were designed specifically to evaluate microscopic hepatic lesions in fishes from 
unsurveyed, contaminated areas.  Thus, the scarcity of data on hepatic lesions prior to the mid-
1970s probably was due largely to the lack of studies designed specifically to evaluate these 
abnormalities. 
 
 This section reviews most of the field studies that have documented elevated prevalences of 
hepatic neoplasms and other liver abnormalities in feral fishes collected from chemically 
contaminated environments (Table 4).  Mix (1986) also reviewed much of this information for 
studies conducted prior to 1985.  The studies listed in Table 4 include nine geographic locations 
(seven in the U.S. and two in Europe), freshwater (five) and saltwater (four) habitats, and 12 
species. 
 
 Most of the historical field studies (7 of 17, or 41 percent) have been conducted in Puget 
Sound, Washington (Table 4).  The highest prevalence of neoplasms found in any field study was 
100 percent (i.e., saugers in Torch Lake, Michigan).  However, in all other cases, maximum 
neoplasm prevalence was less than 40 percent. 
 
 The following reviews describe the design of each field study, the observed prevalences of 
hepatic neoplasms and putative preneoplastic lesions, the microscopic characteristics of the 
observed liver abnormalities, any relationships between lesions and other variables (e.g., age, sex, 
chemical concentrations), and the major conclusions reached by the authors.  Much of the 
information presented in this section was used to develop the recommended protocols for Puget 
Sound studies. 
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TABLE 4.  SUMMARY OF FIELD STUDIES IN WHICH ELEVATED PREVALENCES 
 OF HEPATIC NEOPLASMS HAVE BEEN FOUND IN FERAL FISHES 
 
 
Location 


 
       Studya 


 
    Speciesb 


Sample
 Size


Percent 
Neoplasmsc 


Puget Sound, WA Pierce et al. 1978 English sole     62 32.3 
 McCain et al. 1982 English sole    673 0-12.9 
  Starry flounder    350 0-3.0 
 Malins et al. 1984 English sole  2,190 0-16.2 
  Rock sole  1,379 0-4.8 
  Pacific staghorn 


sculpin 
   422 0-1.7 


 Malins et al. 1985a English sole    106 0-7.5 
 Malins et al. 1985b English sole    115 0-26.7 
 Tetra Tech 1985 English sole  1,014 0-8.3 
 Krahn et al. 1986 English sole    249 0-20.7 


Fox River, IL Brown et al. 1973 Brown bullhead    283 12.4 
 Brown et al. 1977 Brown bullhead    284 13.8 


Black River, OH Baumann et al. 1982 Brown bullhead      ? 1.2-33.0 
 Baumann and  Harshbarger 


1985 
Brown bullhead    125 38.4 


Torch Lake, MI Black et al. 1982 Sauger Walleye     23


22


100.0 


>27.3 


Hudson River, NY Smith et al. 1979 Atlantic tomcod    264 25.0 


Boston Harbor, MA Murchelano and   Wolke 
1985 


Winter flounder    200 8.0 


Deep Creek Lake, MD Dawe et al. 1964 White sucker     12 25.0 


Elbe Estuary,   Ger-
many 


Kranz and Peters 1985 Ruffe    551 8.0 


Gullmar Fjord,   
Sweden 


Falkmer et al. 1976 Atlantic hagfish 23,600 0.6-5.8 


a The details of all of these studies are presented in the text. 
b Scientific names of species are presented in Table 4. 
c Prevalence or range of prevalences found for any kind of hepatic neoplasm in the species of interest. 
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Puget Sound, Washington 
 
Study 1-- 
 
 Pierce et al. (1978) collected 62 English sole from the Duwamish River in Puget Sound, 
Washington from July 1975 to January 1976.  For comparative purposes, 18 English sole were 
collected from Point Pully, a Puget Sound reference area.  Microscopic examination revealed that 
20 fish (32.3 percent) from the Duwamish River had hepatic neoplasms.  None of the fish from 
Point Pully had neoplasms. 
 
 Most neoplasms were minimum-deviation basophilic nodules or eosinophilic nodules.  The 
 basophilic nodules frequently compressed surrounding tissue.  In some cases, they appeared to 
have invaded surrounding tissue.  The eosinophilic nodules, by contrast, frequently exhibited 
numerous areas of invasiveness. 
 
 A variety of nonneoplastic abnormalities were found in English sole from the Duwamish 
River.  These included increased size and number of melanin macrophage centers, centrolobular 
fatty degeneration and necrosis, cord disarray, increased hepatocyte basophilia, and hepatocellular 
hypertrophy associated with bizarre nuclei and multiple nucleoli. 
 
 The authors conclude that chemical contaminants are the suspected cause of the observed 
liver abnormalities in English sole, but that other agents such as pathogens and nutritional 
deficiencies cannot be ruled out.  They note that sediments of the Duwamish River are 
contaminated with DDT, PCBs, copper, and lead and that the liver damage observed in English sole 
resembles that induced in other fishes by PCBs and other chlorinated hydrocarbons. 
 
Study 2-- 
 
 McCain et al. (1982) collected 673 English sole and 350 starry flounder (Platichthys stellatus) 
from four areas of Puget Sound between October 1978 and October 1980.  Three of the areas 
(Duwamish River, Snohomish River, Lake Washington Ship Canal) are chemically contaminated to 
various degrees.  The fourth area (McAllister Creek) is an uncontaminated reference area.  All four 
areas are influenced by fresh water to some extent. 
 
 In English sole, hepatic neoplasms (i.e., minimum deviation nodules, liver cell adenomas, 
hepatocellular carcinomas, cholangiocellular carcinomas, and mixed carcinomas) ranged from 0 
percent in McAllister Creek and the Snohomish River to 8.2 percent and 12.9 percent in the Lake 
Washington Ship Canal and the Duwamish River, respectively.  Prevalence of putative pre-
neoplastic lesions [i.e., hepatocellular regeneration, hepatocellular eosinophilic hypertrophy 
(subsequently referred to as eosinophilic foci)] ranged from 0 percent in McAllister Creek and the 
Snohomish River to 9.4 percent and 10.2 percent in the Duwamish River and the Lake Washington  
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Ship Canal, respectively.  A variety of nonneoplastic liver abnormalities were also found in higher 
prevalences in the Lake Washington Ship Canal and the Duwamish River compared with the 
Snohomish River and McAllister Creek.  These included megalocytic hepatosis, cholangiofibrosis, 
necrosis, and hemosiderosis. 
 
 In starry flounder, adequate sample sizes were available only for the Duwamish River and 
McAllister Creek.  Prevalence of hepatic neoplasms (i.e., minimum deviation nodules, liver cell 
adenomas, and cholangiocellular carcinomas) was 3.0 percent in the Duwamish River, compared to 
0 percent in McAllister Creek.  Prevalence of putative preneoplastic lesions (i.e., hepatocellular 
eosinophilic hypertrophy) was 1.4 percent in the Duwamish River, compared to 0 percent in 
McAllister Creek.  Nonneoplastic liver abnormalities exhibiting elevated prevalences in the 
Duwamish River compared to McAllister Creek included megalocytic hepatosis, fatty change, and 
necrosis. 
 
 McCain et al. (1982) found that neither sex of English sole from the Duwamish River was 
affected disproportionately by any of the hepatic lesions evaluated.  The authors did find, however, 
that prevalence of total hepatic lesions was positively related to fish length, and therefore indirectly 
to fish age. 
 
Study 3-- 
 
 Malins et al. (1984) collected 2,190 English sole, 1,379 rock sole (Lepidopsetta bilineata), 
and 422 Pacific staghorn sculpin (Leptocottus armatus) from 19 urban and nonurban areas 
throughout Puget Sound.  Hepatic neoplasms were found in all three species and included 
minimum-deviation basophilic nodules, liver cell adenomas, hepatocellular carcinomas, cholan-
giocellular carcinomas, and cholangiomas.  Prevalences of neoplasms in English sole, rock sole, 
and Pacific staghorn sculpin exhibited the following ranges:  0-16.2 percent, 0-4.8 percent, and 
0-1.7 percent, respectively. 
 
 Malins et al. (1984) also found a variety of putative preneoplastic lesions in fish livers, 
including nodular eosinophilic hypertrophy, hyperbasophilic foci, clear cell foci, and hyperplastic 
regenerative islands.  Prevalences of preneoplastic lesions in English sole, rock sole, and Pacific 
staghorn sculpin exhibited the following ranges:  0-24.3 percent, 0-9.5 percent, and 0-3.4 percent, 
respectively. 
 
 Malins et al. (1984) also found a number of nonneoplastic abnormalities in fish livers.  The 
most prevalent nonneoplastic abnormalities were megalocytic hepatosis, cholangiofibrosis, 
steatosis, and hemosiderosis. 
 
 In general, highest prevalences of most liver abnormalities were found in major urbanized 
areas for all three fishes.  Lowest prevalences generally were found in nonurban areas.  Using 
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multivariate and bivariate statistical analyses, Malins et al. (1984) found positive associations 
between sediment concentrations of aromatic hydrocarbons and certain liver lesions in English sole 
and Pacific staghorn sculpin, and between sediment concentrations of metals and certain liver 
lesions in English sole. 
 
Study 4-- 
 
 Malins et al. (1985a) collected 66 English sole from a contaminated area of Puget Sound near 
Mukilteo, Washington during June and July of 1983.  For comparative purposes, 40 English sole 
were sampled from a Puget Sound reference area near President Point.  Hepatic neoplasms (i.e., 
minimum- deviation nodules, liver cell adenomas, hepatocellular carcinomas, and cholangiocellular 
carcinomas) were identified microscopically in five fish (7.5 percent) from Mukilteo and in no fish 
from President Point.  Putative preneoplastic lesions (i.e., eosinophilic foci and hyperbasophilic 
foci) were found in 11 fish (16.7 percent) from Mukilteo and in no fish from President Point. 
 
 Most nonneoplastic abnormalities found in fish livers were more prevalent at Mukilteo than 
at President Point.  These included degeneration, necrosis, and regeneration.  By contrast, steatosis 
and hemosiderosis were more prevalent at President Point. 
 
 Chemical analyses showed that sediment concentrations of aromatic hydrocarbons, 
chlorinated compounds, and carbazole were substantially higher at Mukilteo than at President 
Point.  By contrast, sediment concentrations of toxic metals (except lead) were similar at both sites.  
In fish livers, PCB concentrations at Mukilteo were 17 times as high as those at President Point.  
Concentrations of hexachlorobenzene were also elevated in livers from Mukilteo.  By contrast, 
aromatic hydrocarbons and carbazole generally were not detected in livers from either site.  In fish 
bile, concentrations of benzo(a)pyrene-like and naphthalene-like metabolites in fish from Mukilteo 
were 6 times and 3 times, respectively, as high as those in fish from President Point.  In fish 
stomach contents, concentrations of aromatic hydrocarbons and PCBs in fish from Mukilteo were 
22 times and 3 times, respectively, as high as those in fish from President Point. 
 
 Malins et al. (1985a) concluded that their findings support the statistical relationships 
identified by Malins et al. (19 84) between sediment concentrations of aromatic hydrocarbons and 
hepatic lesions in English sole.  The authors note that they had documented for the first time the 
bioavailability of organic chemicals through the diet of English sole.  They also note that the 
absence of detectable concentrations of aromatic hydrocarbons in the livers and the apparent 
presence of metabolites in the bile supports the hypothesis that biotransformation of aromatic 
hydrocarbons by English sole is both rapid and extensive. 
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Study 5-- 
 
 Malins et al. (1985b) captured 75 English sole from Eagle Harbor, Washington between 
November 1983 and April 1984.  Eagle Harbor is a small embayment in Puget Sound that is 
contaminated by creosote.  For comparative purposes, the authors used the same 40 English sole 
from President Point as described in Malins et al. (1985a).  Hepatic neoplasms (i.e., liver cell 
adenomas, hepatocellular carcinomas, cholangiocellular carcinomas, and mixed carcinomas) were 
identified microscopically in 20 fish (26.7 percent) from Eagle Harbor and in no fish from President 
Point.  Putative preneoplasms (i.e., eosinophilic foci, basophilic foci, and clear cell foci) were found 
in 33 fish (44.0 percent) from Eagle Harbor and in no fish from President Point. 
 
 Most nonneoplastic abnormalities found in fish livers were substantially more prevalent at 
Eagle Harbor than at President Point.  These abnormalities included degeneration, necrosis, 
regeneration, steatosis, and hemosiderosis. 
 
 Chemical analyses showed that sediment concentrations of aromatic hydrocarbons and the 
heterocycles carbazole and dibenzofuran were elevated substantially compared to President Point.  
By contrast, sediment concentrations of chlorinated hydrocarbons and toxic metals were not 
elevated substantially.  In fish muscle and liver tissue, concentrations of aromatic hydrocarbons, 
carbazole, and chlorinated hydrocarbons generally were relatively low.  Naphthalene and alkylated 
naphthalenes constituted the highest proportion of aromatic hydrocarbons found in livers.  Although 
the concentration of PCBs was somewhat elevated (i.e., 1.1 ppm) in livers from Eagle Harbor, it did 
not differ substantially from that at President Point (i.e., 1.0 ppm).  In fish bile, metabolites of 
aromatic hydrocarbons were substantially elevated in Eagle Harbor compared to President Point.  In 
fish stomach contents, concentrations of aromatic hydrocarbons were substantially higher at Eagle 
Harbor than at President Point.  By contrast, concentrations of chlorinated hydrocarbons and car-
bazole were similar in stomach contents from the two study sites. 
 
 Malins et al. (1985b) concluded that certain creosote components, acting individually or 
synergistically, were causally linked to the high prevalence of liver abnormalities observed in 
English sole from Eagle Harbor.  The authors suggest that the diet is an important route of con-
taminant uptake.  The authors also note that the presence of metabolites in bile demonstrates that 
English sole accumulated and actively metabolized creosote components. 
 
Study 6-- 
 
 Tetra Tech (1985) collected 896 English sole (age ≥3 yr) from chemically contaminated areas 
of Commencement Bay during June 1984.  For comparative purposes, 118 English sole (age ≥3 yr) 
were collected from Carr Inlet, a nonurban reference embayment.  Prevalences of hepatic 
neoplasms (i.e., liver cell adenomas, hepatocellular carcinomas, cholangiocellular carcinomas, and 
cholangiomas) ranged from 0 to 8.3 percent in Commencement Bay, and were absent from Carr 
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Inlet.  Prevalences of putative preneoplastic lesions (i.e., eosinophilic foci, basophilic foci, and clear 
cell foci) ranged from 3.4 to 26.7 percent in Commencement Bay and was 5.1 percent in Carr Inlet.  
Prevalences of megalocytic hepatosis and nuclear pleomorphism were substantially higher in 
Commencement Bay than in Carr Inlet. 
 
 Tetra Tech (1985) found that prevalences of the four major kinds of lesions evaluated did not 
differ (P>0.05) between the sexes of English sole.  However, prevalences of neoplasms and 
putative preneoplasms were both positively correlated (P<0.05) with fish age.  Prevalences of 
megalocytic hepatosis and nuclear pleomorphism were not significantly correlated (P>0.05) with 
fish age. 
 
Study 7-- 
 
 Krahn et al. (1986) collected 249 English sole from 11 areas throughout Puget Sound from 
November 1983 to January 1984.  Stations were selected to represent a gradient of chemical 
contamination.  Prevalence of hepatic neoplasms ranged from 0 to 20.7 percent.  Prevalence of 
putative preneoplastic lesions ranged from 0 to 32.8 percent.  Highest prevalences of both kinds of 
lesion were found in the Duwamish River.  Prevalence of megalocytic hepatosis ranged from 0 to 
86 percent, with the highest value found in Eagle Harbor.  Prevalence of steatosis ranged from 0 to 
41.4 percent, with the highest prevalence found in the Duwamish River. 
 
 In addition to fish liver lesions, Krahn et al. (1986) measured the bile concentrations of multi-
ring aromatic compounds that fluoresce at the benzo(a)pyrene wavelength pair.  English sole from 
Eagle Harbor had the highest concentrations of biliary metabolites.  Significant (P<0.05) positive 
correlations were found between the relative mean concentration of biliary metabolites at each 
study site and the prevalences of neoplasms, putative preneoplasms, megalocytic hepatosis, and 
total lesions (i.e., one or more of the four lesions considered).  Correlations between lesion 
prevalences and sediment concentrations of selected aromatic hydrocarbons were not significant 
(P>0.05).  The correlation between sediment concentrations of selected aromatic hydrocarbons and 
relative mean concentrations of biliary metabolites also was not significant (P>0.05). 
 
 Krahn et al. (1986) concluded that the significant correlations between biliary metabolites and 
hepatic lesions in English sole provide added evidence of the putative relationship between 
aromatic compounds and liver abnormalities. 
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Fox River, Illinois 
 
Study 1-- 
 
 Brown et al. (1973) collected 2,121 fishes from the highly polluted Fox River watershed near 
Chicago, Illinois between 1967 and 1972.  Of the over 17 species sampled, only the brown bullhead 
(Ictalurus nebulosus) exhibited unusually high prevalences of hepatic neoplasms.  Of the 283 
bullheads examined, 35 (12.4 percent) had hepatic neoplasms.  Brown et al. (1973) also sampled 
4,639 fishes from reference sites in Canada and found that of the 101 brown bullheads sampled in 
those uncontaminated areas, 2 (2.0 percent) had hepatic neoplasms. 
 
 Brown et al. (1973) conclude that increased levels of such pollutants as mercury, lead, 
arsenic, toluene, crude oil, gasoline, benzanthracene, chlorinated hydrocarbons, phosphates, 
sulfates, and coliform bacteria in the Fox River system may have been responsible for the observed 
neoplasms.  Factors such as dissolved oxygen, temperature, and nutritional variation were 
considered similar in both the Fox River and the reference area. 
 
Study 2-- 
 
 Brown et al. (1977) sampled 284 additional brown bullheads from the Fox River watershed 
from 1972 to 1976 and found that 39 (13.8 percent) had hepatic neoplasms.  Of the 87 brown 
bullheads sampled in the Canadian reference areas from 1972 to 1976, only 1 (1.2 percent) had 
hepatic neoplasms.  These results were very similar to those found by Brown et al. (1973) from 
1967 to 1972, suggesting that the observed patterns were temporally stable. 
 
 Microscopic examination of the livers evaluated by Brown et al. (1977) revealed that 
neoplastic cells generally were pleomorphic and frequently multinucleate.  The cytoplasm of 
neoplastic cells was sometimes vacuolated, and sometimes granular and acidophilic.  Some 
neoplasms tended to invade surrounding tissue, but widespread metastasis rarely was observed. 
 
Black River, Ohio 
 
Study 1-- 
 
 Baumann et al. (1982) collected brown bullheads from the industrialized Black River near 
Lorain, Ohio from April to June of 1980.  For comparative purposes, 329 brown bullheads were 
collected from Buckeye Lake, Ohio, a less contaminated water body, from July to August of 1980.  
Hepatic neoplasms in fish from the Black River were grossly visible as small white nodules on the 
surface of the liver.  These neoplasms were thought to be cholangiomas. 
 
 Microscopic examination revealed a large number of mitotic figures throughout the 
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neoplasms, and invasion of surrounding tissue.  The central regions of the neoplasms contained 
acidophilic cells and large areas of necrosis. 
 
 The prevalence of grossly visible hepatic neoplasms in Black River fish ≥3 yr old (33.0 
percent) was significantly higher (P<0.01) than the prevalence in fish <3 yr old (1.2 percent).  None 
of the bullheads from Buckeye Lake had grossly visible hepatic neoplasms. 
 
 Baumann et al. (1982) noted that the Black River is contaminated by a wide range of organic 
contaminants, but that the basic difference between that waterway and Buckeye Lake is the 
presence of industrial effluents containing PAH.  Chemical analyses conducted in conjunction with 
the pathology study documented high levels of PAH in Black River bottom sediments and elevated 
levels (relative to Buckeye Lake) in tissue of Black River bullheads.  The authors concluded that 
PAH were the most likely cause of the hepatic neoplasms observed in the Black River bullheads. 
 
Study 2-- 
 
 Baumann and Harshbarger (1985) collected 125 brown bullheads from the Black River in 
1982.  Microscopic examination revealed that 48 fish (38.4 percent) had hepatic neoplasms.  
Cholangiocellular carcinomas (28.8 percent) were more common than hepatocellular carcinomas 
(19.2 percent).  Neoplasms were equally common in 3- and 4-yr-old fish.  Chemical analyses 
showed that sediment concentrations of PAH in the Black River were 1,000 times greater than 
those in Buckeye Lake.  In addition, tissue concentrations in Black River bullhead were elevated 
relative to those of Buckeye Lake fish.  Dioxins, dibenzofurans, DDT, PCBs, arsenic, and cadmium 
were not unusually elevated in Black River bullheads relative to Buckeye Lake fish.  The authors 
concluded that the elevated prevalence of hepatic neoplasms in Black River bullheads was 
chemically induced and the result of exposure to PAH. 
 
Torch Lake, Michigan 
 
 Black et al. (1982) collected 23 saugers (Stizostedion canadense) and 22 walleye 
(Stizostedion vitreum) from Torch Lake, Michigan in September 1979 and July 1980.  Hepatic 
neoplasms (diagnosed microscopically as hepatocellular carcinomas) were grossly visible as 
nodules in all (100 percent) of the saugers and in at least six (27.3 percent) of the walleyes.  Visible 
nodules ranged from 2 to 20 mm in diameter.  Microscopically, neoplastic cells exhibited increased 
basophilia and moderate anaplasia.  Cells had large nuclei and nucleoli, but only mild 
pleomorphism.  Fibrosis was not common.  Few mitoses were evident and neoplasm growth 
appeared to be slow.  The neoplasms compressed and sometimes evoked atrophy in surrounding 
hepatocytes.  Parasitic trematode cysts and melanin macrophage centers were present in most liver 
sections. 
 
 Black et al. (1982) noted that the saugers they evaluated were very old (i.e., probably >12 yr 
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old).  They also noted that gonads frequently appeared atrophic in the saugers and less frequently so 
in the walleyes, suggesting that the populations of these species in Torch Lake may thereby be 
negatively affected (i.e., in terms of reproductive capacity). 
 
 Black et al. (1982) suggest that the copper mining wastes discharged to Torch Lake may be 
directly or indirectly responsible for the high prevalences of hepatic neoplasms in resident saugers 
and walleyes.  Since 1900, over 20 percent of the lake has been filled with copper tailings.  In 
addition, mine water pumpage and untreated municipal sewage were also discharged to the lake for 
many years.  The authors suggest that some chemical component(s) of the mine wastes (e.g., 
copper, selenium, arsenic) may be carcinogenic.  Alternatively, the mine wastes may be interacting 
with the sewage wastes to produce carcinogens (e.g., metal-catalyzed nitrosamines).  The authors 
suggest there is no relationship between the parasitic trematodes and hepatic neoplasms. 
 
Hudson River, New York 
 
 Smith et al. (1979) evaluated hepatic neoplasms in 264 adult Atlantic tomcod (Microgadus 
tomcod) collected from the Hudson River from December 1977 to February 1978.  The presence of 
these neoplasms was noted incidentally as fish were being processed in the laboratory for growth, 
mortality, and reproduction studies.  Fish were divided into three categories according to the gross 
characteristics of the liver abnormalities.  Only four livers were examined microscopically:  two 
from one group and one from each of the other two groups.  Based solely on gross characteristics, 
Smith et al. (1979) estimated that approximately 25 percent of the 264 livers contained hepatic 
neoplasms.  However, that figure may underestimate the true prevalence, as microscopic 
examination may have revealed neoplasms in livers that lacked grossly visible neoplasms.  Based 
on gross examinations, none of the neoplasms exhibited metastasis. 
 
 Microscopic examination of the liver of the one fish from the group having the fewest 
number of gross abnormalities showed excessive vacuolation suggestive of fat deposition.  Also 
observed were focal areas of subcapsular congestion and mild hemorrhage. 
 
 Microscopic examination of the single liver from the group characterized by small (1-3 mm) 
light grey pustule-like lesions revealed several small neoplasms.  The neoplasms were not 
encapsulated and appeared to be invading surrounding normal tissue.  Neoplastic cells generally 
were poorly differentiated and enlarged.  Nuclei of neoplastic cells were pleomorphic, swollen, and 
vesicular.  Nucleoli were also swollen and mitoses were uncommon.  The cytoplasm of all 
neoplastic cells exhibited increased basophilia.  Necrotic cells were scattered diffusely throughout 
the neoplasms. 
 
 Microscopic examination of two livers from the groups characterized by dark red or purple 
lesions of various sizes revealed numerous small neoplasms that were histologically similar to those 
described for the liver with light gray lesions.  However, in one liver from the third group, a single 
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neoplasm involved approximately 60 percent of the liver.  Focal areas of sinusoidal congestion and 
subcapsular hemorrhage were also found in one liver from the third group.  In the more advanced 
neoplasms from the third group, cells were greatly enlarged (i.e., 5-6 times normal), highly pleo-
morphic, and often binucleate or multinucleate.  The nuclear:cytoplasmic ratio appeared to be 
reduced, nucleoli were often swollen, and the cytoplasm was frequently vacuolated. 
 
 Smith et al. (1979) noted that livers of some of the Atlantic tomcod contained relatively high 
levels (i.e., 10.9-98.2 ppm) of PCBs (Aroclor 1016 and 1254), and suggested that those chemicals 
may have caused the observed neoplasms. 
 
Boston Harbor, Massachusetts 
 
 Murchelano and Wolke (1985) collected 200 winter flounder (Pseudopleuronectes 
americanus) from Boston Harbor, Massachusetts in April and June 1984.  Microscopic examination 
revealed that 16 fish (8.0 percent) had hepatic neoplasms and 20 fish (10.0 percent) had either 
neoplasms or putative preneoplastic lesions.  Neoplasms included hepatocellular (2.5 percent) and 
cholangiocellular (7.0 percent) carcinomas, cholangiomas (0.5 percent), and adenomas (0.5 
percent).  Preneoplastic lesions included basophilic (3.5 percent) and vacuolar (4.5 percent) foci.  
The authors note that prevalences of preneoplastic lesions may have been higher had more liver 
sections been examined for each fish. 
 
 The most common nonneoplastic abnormalities observed in the Boston Harbor fishes were 
increased numbers of melanin macrophage centers (68 percent) and hepatocyte vacuolation (68 
percent).  Other nonneoplastic lesions included pericholangitis, vasculitis, focal necrosis, biliary 
hyperplasia, and cholangiofibrosis. 
 
 Murchelano and Wolke (1985) noted that only fish collected off Deer Island had grossly 
visible hepatic lesions.  Deer Island is the discharge point for much of Boston's primary-treated 
municipal sewage.  The authors also noted that the high incidence of vacuolated cells and increased 
numbers of melanin macrophage centers were consistent with the action of a hepatotoxin.  
However, they do not speculate as to what kind of hepatotoxin may have been responsible for the 
observed liver abnormalities. 
 
Deep Creek Lake, Maryland 
 
Study 1-- 
 
 Dawe et al. (1964) performed gross neocropsies on six fishes from Deep Creek Lake, 
Maryland during September 1963.  Of 12 white suckers (Catostomus commersoni) evaluated, 3 (25 
percent) had intrahepatic bile-duct neoplasms, none of which was detectable by external inspection 
or palpation.  All of the fish with tumors were relatively old (i.e., 5-15 yr). 
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 Microscopic evaluation of the three livers with neoplasms revealed that none of the 
neoplasms had metastasized.  In all cases, parasitic protozoans (i.e., probably a haplosporidium 
species) were present within the neoplastic epithelium.  However, similar protozoans were also 
found in the livers of fish without tumors. 
 
 Dawe et al. (1964) caution that the low sample size and relatively old age of many of the fish 
may bias the apparently high prevalence of neoplasms.  The authors suggest that the neoplasms may 
have been caused by the parasitic protozoans, carcinogenic hydrocarbons (i.e., from boating ac-
tivity), pesticides used to eradicate mosquitos, or rotenone used to sample fish in the lake at regular 
intervals. 
 
Study 2-- 
 
 Dawe et al. (1976) collected 74 white suckers from Deep Creek Lake between 1964 and 
1974.  Sixty-six of those fish were similar in length to those sampled by Dawe et al. (1964) in 
1963.  None of the 74 fish collected after 1963 had liver neoplasms.  Dawe et al. (1976) also 
collected 3,134 white suckers from a wide variety of aquatic habitats throughout the U.S. and 
Canada and found only one fish with a liver neoplasm.  That individual was taken from Pleasant 
Valley Lake, Maryland.  Thus, the high prevalence of hepatic neoplasms found in 1963 may have 
represented an isolated case, rather than a general trend. 
 
Elbe Estuary, Germany 
 
 Kranz and Peters (1985) collected 551 ruffe (Gymnocephalus cernua) from the Elbe Estuary 
near Hamburg, Germany from 1980 to 1982.  Nodules suspected of being neoplastic were grossly 
visible in 8 percent of the livers.  Microscopically, the initial stages of the nodules were seen as 
small groups of greatly enlarged basophilic cells.  In the larger nodules, signs of necrosis were 
evident.  The trabecular arrangement of the cells disintegrated and cells became increasingly 
pleomorphic.  Vascular congestion sometimes occurred.  Nuclear pleomorphism was slight.  
Melanin macrophage centers were large and numerous in the surrounding parenchyma. 
 
 Partial discolorations of the liver were grossly evident in 39 percent of the fish.  Microscopic 
examination revealed that these discolorations were primarily areas of fatty vacuolation that 
resulted from excess storage of lipids.  Glycogen also appeared to be accumulated in some of these 
areas.  The authors noted that the observed excessive accumulation of lipid was probably 
pathological and similar to the kind of liver lipoid degeneration that results from improper nutrition 
and reaction to certain pollutants. 
 
 Liver nodules were absent in small ruffe (i.e., <17 cm in length).  However, prevalence of 
nodules showed a positive association with size for large ruffe.  Because size often correlates with 
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age, nodule prevalence may have been a function of fish age.  Condition (i.e., weight x 100/length3) 
was significantly lower for fish with nodules than for fish without gross liver abnormalities. 
 
 Kranz and Peters (1985) noted that the Elbe Estuary is affected by a variety of pollutants.  
They also noted that similar abnormalities were found in fishes following exposure to pesticides, 
PCBs, crude oil, and heavy metals.  Finally, they suggested that fat-soluble hydrocarbons were 
possible causes of the observed abnormalities in the Elbe Estuary. 
 
 
Gullmar Fjord, Sweden 
 
Study 1-- 
 
 Falkmer et al. (1976) sampled 23,600 hagfish (Myxine glutinosa) from Gullmar Fjord, 
Sweden from 1972 to 1975.  For comparative purposes, 1,183 hagfish were collected from the 
nearby open sea during 1972 and 1974.  Many of the observed hepatic neoplasms were grossly 
visible as small white spots on the surface or within the parenchyma of the liver.  Although liver 
color varied considerably among individuals, there was no association with neoplasms.  No gross 
evidence of metastasis was observed. 
 
 Microscopic evaluation revealed two major kinds of neoplasms:  hepatocellular and 
cholangiocellular.  Both kinds of neoplasm frequently occurred in the same liver, but hepatocellular 
neoplasms generally were more common (i.e., 2-3 times) than cholangiocellular neoplasms.  
Hepatocellular neoplasms exhibited a range of characteristics.  Some of these neoplasms were 
nodular hyperplasias of questionable neoplastic nature.  They did not compress the adjacent liver 
parenchyma and formed boundaries that often were difficult to discern.  A second group consisted 
of slightly larger nodules that were composed of highly differentiated hepatocytes that compressed 
or evoked atrophy in surrounding tissue.  No cellular or nuclear pleomorphisms were exhibited in 
these neoplasms and the number of mitotic figures was low or absent.  Falkmer et al. (1976) 
classified this second group as benign liver cell adenomas.  A third group consisted of the largest 
hepatocellular neoplasms and was classified as carcinomas.  Areas of necrosis and hemorrhage 
occurred frequently and invasive growth was evident.  However, both the degree of cellular atypia 
and the number of mitotic figures were relatively low. 
 
 As with hepatocellular neoplasms, the characteristics of cholangiocellular neoplasms covered 
a wide range.  The larger neoplasms were definite carcinomas, being either highly or poorly 
differentiated. 
 
 In 1972, prevalence of neoplasms in the Gullmar Fjord was 5.8 percent compared to 2.8 
percent in the open sea.  In 1974, prevalence of neoplasms in the fjord was 0.6 percent, compared to 
0.9 percent in the open sea.  Between 1972 and 1975, prevalence of neoplasms declined from 5.8 
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percent (1972) to 2.9 percent (1973) to 0.6 percent (1974 and 1975). 
 
 Falkmer et al. (1976) compared the body weight of hagfish with neoplasm prevalence and 
found a positive relationship.  Because body weight generally correlated with age, these results 
suggest that neoplasm prevalence exhibits a positive association with age.  Falkmer et al. (1976) 
also noted that neoplasms were absent in small hagfish (i.e., <25 g).  Falkmer et al. (1976) 
concluded that because hagfish from the open sea generally were smaller than those from Gullmar 
Fjord, observed differences in neoplasm prevalence between the two areas may have been biased. 
 
Study 2-- 
 
 Falkmer et al. (1977) collected 3,700 hagfish from Gullmar Fjord in 1976 and found a 
neoplasm prevalence (i.e., 0.6 percent) identical to that found in 1974 and 1975.  Preliminary 
chemical analyses showed that composites of livers (with and without neoplasms) from hagfish 
captured in the fjord contained PCBs at a concentration of 5 ppm (wet weight), whereas the concen-
tration in composited livers from the open sea was approximately 0.2 ppm.  Given that use of PCBs 
was prohibited in Sweden in 1971-72 and that neoplasm prevalence in hagfish from the Gullmar 
Fjord declined from 5.8 percent in 1972 to 2.9 percent in 1973 and to 0.6 percent in 1974-76, 
Falkmer et al. (1977) suggest that PCBs may have been the primary cause of the observed 
neoplasms. 
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RECOMMENDED PROTOCOLS FOR FIELD STUDIES IN PUGET SOUND 
 
 
 This section presents recommended procedures for conducting field studies of fish liver 
histopathology in Puget Sound.  Included are recommendations regarding study design, field 
sampling procedures, laboratory methods, and data analysis and interpretation.  Recommendations 
were made as specific as possible without sacrificing their general applicability.  Many of the 
recommendations are based on the information presented earlier in this report. 
 
STUDY DESIGN 
 
Species Selection 
 
 Different fish species can exhibit markedly different sensitivities to toxic contaminants in the 
environment based on such factors as habitat, prey type, life span, migratory behavior, and genetic 
constitution.  Many of these factors for the 12 species in which elevated prevalences of hepatic 
neoplasms were found in field studies are summarized in Table 5. 
 
 All of the species listed in Table 5 spend most of their time near the seafloor, in close 
proximity to any contaminants that may be present in bottom sediments.  Seven of the species are 
known to sometimes bury themselves in sediment and thus further enhance possible contact with 
sediment contaminants.  Ten of the species prey primarily upon benthic invertebrates, many of 
which are relatively stationary.  In contaminated areas, there is a high probability that those 
invertebrates will also be contaminated and thereby transfer contaminants to their piscine 
predators.  At least four of the fishes exhibit some degree of homing ability.  This implies that 
although these species may migrate (e.g., seasonally), they may also have the ability to relocate 
contaminated areas and thereby be exposed repeatedly to contaminants.  Finally, individuals from 
most of the 12 species commonly reach ages ≥3 yr.  The potential therefore exists that some of 
these fishes may be exposed to contaminants for many years. 
 
 Based on Table 5, it appears that bottom-dwelling, bottom-feeding species in contaminated 
areas have a high potential for being affected by liver abnormalities.  This is consistent with 
conclusions reached by Dawe et al. (1964) and  Harshbarger (1977).  However, a number of other 
species with characteristics similar to those of the fishes listed in Table 5 were sampled in 
contaminated areas and did not exhibit liver abnormalities (e.g., Brown et al. 1973, 1977; Falkmer 
et al. 1976; Kurelec et al. 1981; Sloof 1983). 







 


 


 TABLE 5. CHARACTERISTICS OF FISHES FOUND TO HAVE ELEVATED 


  PREVALENCES OF HEPATIC NEOPLASMS IN FIELD STUDIESa 
 
Family   Common Name    Scientific Name Primary 


Habitat 
 


Bury?b 
Primary 
Preyc 


Homing 
Ability?d 


Myxinidae Atlantic hagfish Myxine glutinosa Bottom Yes F  
  (hagfishes)     
     
Catostomidae White sucker Catostomus commersoni Bottom Yes BI Yes 
  (suckers)     
     
Ictaluridae Brown bullhead Ictalurus nebulosus Bottom  BI, P  
  (bullhead catfishes)     
     
Gadidae Atlantic tomcod Microgadus tomcod Bottom  BI, F  
  (codfishes)     
     
Percidae Ruffe Gymnocephalus cernua Bottom  BI  
  (perches) Sauger Stizostedion canadense Bottom  BI, F  
 Walleye Stizostedion vitreum Bottom  F Yes 
     
Cottidae Pacific staghorn Leptocottus armatus Bottom Yes BI  
  (sculpins)   sculpin     
     
Pleuronectidae Rock sole Lepidopsetta bilineata Bottom Yes BI  
  (righteye flounders) English sole Parophrys vetulus Bottom Yes BI Yes 
 Starry flounder Platichthys stellatus Bottom Yes BI  
 Winter flounder Pseudopleuronectes americanus Bottom Yes BI Yes 
a References:  Bigelow and Schroeder (1953), Hart (1973), Scott and Crossman (1973), Day (1976). 


b Partially bury themselves in sediment as part of normal behavior. 


c BI = benthic invertebrates, F = fish, P = plant material. 
d Evidence exists that fish can intentionally return to specific locations. 
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 Interspecific differences in the presence or absence of liver lesions may largely be the result 
of interspecific differences in sensitivity to toxic chemicals.  For example, such differences are 
evident in 
 the sensitivities of various salmonids to aflatoxins (Hendricks 1982).  Rainbow trout is very 
sensitive to aflatoxin carcinogenicity, but brown trout (Salmo trutta) and brook trout (Salvelinus 
fontinalis) are much less sensitive.  In addition, coho salmon (Oncorhynchus kisutch) and sockeye 
salmon (O. nerka) are relatively insensitive to aflatoxins. 
 
 Based on the previous discussion, the most important requisite for a target species is 
sensitivity to toxic chemicals.  That is, the species should have a high probability of developing 
hepatic lesions following exposure to chemical contaminants.  It is likely that this species will be a 
bottom-dwelling, bottom-feeding fish, but all fishes having these characteristics cannot be expected 
to be sensitive.  When selecting a target species for a fish liver histopathology study, historical 
information regarding the sensitivities of the species likely to be encountered in a contaminated area 
should be reviewed.  In the absence of such information, preliminary field surveys or laboratory 
tests may be required to evaluate this characteristic.  Preliminary field studies should evaluate 
candidate species at the most contaminated study sites.  Laboratory tests should expose candidate 
species to chemical concentrations high enough to induce lesions in at least one species. 
 
 Once sensitive species have been identified, at least two other criteria should be met.  First, 
the species must be present in both contaminated and uncontaminated areas so that statistical 
comparisons with reference conditions can be made.  Second, the species should not be highly 
migratory, so that residence time in the contaminated area would be too short to induce liver lesions 
or that migration between contaminated and uncontaminated areas would destroy gradients in the 
prevalences of liver lesions and thereby confound interpretation of prevalence data from multiple 
sampling sites. 


 Other desirable characteristics of a target species are that it can be captured easily to provide 
desired sample sizes at reasonable cost and that it be either commercially or recreationally valuable. 
 
 Most of the recommended criteria for a target species require that considerable information 
be available regarding the characteristics of the species.  Unfortunately, this kind of information is 
incomplete for many species.  Based on the results of historical studies, the knowledge of which 
species are sensitive to chemical contamination is probably the most important information to have 
when designing a fish liver histopathology study. 


 For Puget Sound, English sole has been shown to be the best target species for fish liver 
histopathology studies.  This species is sensitive, bottom-dwelling, bottom-feeding, widely 
distributed across contaminated and reference areas, and not highly migratory.  In areas of Puget 
Sound where adequate sample sizes of English sole cannot be collected, an alternate species should 
be selected using the criteria discussed in this section. 







 Fish Pathology 
 Recommended Protocols 
 July 1987 


  


 


 
 


36


Age Limits 
 
 Several field studies have found a positive relationship between prevalence of hepatic 
neoplasms or putative preneoplasms and age, length, or weight of fish (Figure 2).  Because length 
and weight generally increase with increasing age, it is presumed that age is the primary factor in all 
cases.  In all of these studies, hepatic neoplasms were absent in the youngest fish.  Elevated 
prevalence of hepatic neoplasms in older fish relative to younger individuals has also been noted by 
Baumann et al. (1982), Malins et al. (1982), and McCain et al. (1982). 
 
 The patterns in Figure 2 suggest that age may confound interpretation of the results of certain 
fish liver histopathology studies.  For example, prevalence of hepatic lesions in fish from a 
contaminated area could be higher than prevalence in a reference area partly because fish in the 
former area may be older than fish in the latter area.  To estimate the elevation in lesion prevalence 
that may be the result solely of chemical contamination, age differences between fish from different 
areas must be minimized. 
 
 Ideally, fish should be compared only within age classes.  However, because this kind of 
stratification frequently reduces sample sizes below desirable levels, it may not always be practical.  
An alternative to making comparisons based on age classes is making comparisons based on 
samples having similar age frequency distributions. 
 
 In making comparisons based on age frequency distributions, strategies can vary from 
evaluating as broad an age range as possible to evaluating a specific component of the total 
population.  If the objective is to evaluate lesion prevalence in the overall population of a species, 
the entire age spectrum should be considered.  However, if the objective is to evaluate lesion 
prevalence in that component of the population most likely to be affected by lesions, age limits may 
be imposed on the comparisons.  For example, because hepatic neoplasms were not found in the 
youngest hagfish (Falkmer et al. 1976), ruffe (Kranz and Peters 1985), and English sole (Tetra Tech 
1985) from contaminated areas (Figure 2), future studies may elect to exclude fish younger than the 
age at which neoplasms begin to appear. 
 
It generally is not practical to determine fish age in the field.  Instead, some hard structure (e.g., 
otoliths, spines, scales, opercular bones, vertebrae) of each fish is retained and later analyzed for 
annual markings in the laboratory.  If the study design calls for comparisons to be stratified by age, 
fish collected in the field can be stratified by an easily measured index of age (e.g., length), pending 
subsequent confirmation of actual age.  For example, if only fish older than a certain age are to be 
evaluated histopathologically, a lower size limit corresponding to the minimum age can be imposed 
on the sample collected in the field.  Because indirect measures of age are not totally accurate, the 
number of fish collected in the field should exceed the sample size desired for histopathological 
analysis. 
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Figure 2.  Relationship between hepatic lesions and size or age of Atlantic hagfish (Falkmer et al. 1976), 
ruffe (Kranz and Peters 1985), and English sole (Tetra Tech 1985).     
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 The use of an indirect estimate of age (e.g., length, weight) for evaluating age differences 
among study areas is not recommended, because they generally are not suitably accurate, especially 
for older fish.  The indirect measure of age used most commonly is length.  However, the length 
frequency method of age estimation is useful only for young fish from populations in which 
spawning occurs during a single, short period and individuals grow at nearly the same rate (Royce 
1972).  Many species do not meet these criteria.  Spawning may be protracted over a relatively long 
period, or individuals may grow at different rates depending on endogenous and exogenous factors.  
As fishes grow older, differential growth rates generally increase the observed range of lengths 
within an age group. 
 
 Several other factors may influence length/age relationships.  Because fish from contaminated 
and reference areas may represent different populations with different growth rates (potentially due, 
in part, to contamination), length/age relationships may vary between these areas.  Because some 
species exhibit sexual differences in growth rates (Royce 1972), failure to stratify length/age 
relationships by sex may confound length/age relationships. 
 
 Several of the problems associated with the length frequency method for estimating age of 
English sole are illustrated in Figure 3.  All of the fish shown in Figure 3 were collected from a 
single embayment (i.e., Commencement Bay, Washington) and age was determined from otolith 
(sagitta) analysis.  For both males and females, the observed length range increased as fish grew 
older.  For example, the length range for females at age 3 was 5 cm (i.e., 22.5-27.5 cm), whereas the 
range at age 7 was 12 cm (25.5-37.5 cm).  Thus, the ability to accurately estimate age from length 
declines with increasing age.  As demonstrated in Figure 3, the median size of females was larger 
than that for males at ages greater than 3.  Furthermore, this disparity between the sexes increased 
with increasing age. 
 
 In addition to stratifying samples prior to comparisons, age can be used to evaluate the 
growth of fish using a length-at-age analysis (see section entitled Data Analysis).  This kind of 
analysis is valuable for determining whether hepatic lesions are associated with reduced growth. 
 
 Based on the previous discussion, it is recommended that age be determined directly for all 
fish evaluated histopathologically.  The preferred method for direct age determination in fishes is 
the annual ring method, using some kind of hard body part.  Many of these techniques are reviewed 
in Chilton and Beamish (1982) and Jearld (1983). 
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Figure 3.  Length frequency distributions of various age groups of male and female English sole from 
Commencement Bay, WA.   
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Sample Size 
 
 Most fish liver histopathology data collected in the field are expressed in the form of a 
proportion or percentage.  The numbers represent the prevalence of a pathological condition in the 
sample evaluated.  For example, if 10 of 50 fish were found to have hepatic neoplasms, the pre-
valence of hepatic neoplasms in that sample would be 0.20 (10/50) or 20 percent [(10/50)x100)].  In 
an epidemiological context, prevalence is defined as the number of cases of a disease in a given 
population at a given time (Klontz 1984).  Prevalence is distinct from incidence, another commonly 
used epidemiological measure, which is defined as the number of new cases of a disease in a 
population over a period of time (Klontz 1984).  Prevalence therefore represents a static "snapshot" 
of the level of a disease in a population, whereas incidence is a dynamic property concerning the 
rate of introduction of a disease into a population. 
 
 One of the major considerations when designing a fish liver histopathology study is the 
sample size required to meet the objectives of the study.  As objectives may vary widely among 
studies, it is not possible to make a single set of recommendations in the present report.  Instead, 
two of the more common objectives that may be encountered during fish liver histopathology 
studies are evaluated.  The principles identified as part of these evaluations apply to most kinds of 
objectives and can therefore be used to guide sample size determinations for specific studies. 
 
Objective 1-- 
 
 One possible objective of a fish liver histopathology study is to determine whether a 
pathological condition (e.g., hepatic neoplasms) is present in a population of fish.  This objective 
might be encountered during a reconnaissance study in an unsurveyed area or during a monitoring 
study of temporal changes of fish health in a previously uncontaminated area.  The emphasis of 
these studies would be to collect a single individual having the pathological condition of interest. 
 
 A critical consideration in achieving Objective 1 is the minimum sample size required to 
detect a single occurrence of the pathological condition in the test population of fish.  This 
minimum sample size is dependent primarily upon the following variables: 


 � Population size 
 � Prevalence of the condition within the population 
 � Level of desired confidence. 
 
Simon and Schill (1984) present tables of required sample sizes in relation to a variety of 
specifications for the three variables listed above.  Those tables are based largely on earlier work 
conducted by Ossiander and Wedemeyer (1973) and McDaniel (1979). 
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 For the present study, the data presented by Simon and Schill (1984) are displayed 
graphically (Figure 4) for a variety of conditions that may be encountered during field surveys for a 
relatively rare (i.e., ≤10 percent prevalence) pathological condition in a fish population.  
Prevalences of that magnitude might be expected for hepatic neoplasms in most environments.  The 
desired confidence level was set at 95 percent; population prevalences were set at 1, 2, 3, 4, 5, and 
10 percent; and population size ranged from 100 to 10,000 fish. 
 
 Above a population size of approximately 1,000 fish, the required sample size stabilizes for 
all population prevalences except 1 percent (Figure 4).  For a population prevalence of 1 percent, 
the required sample size begins to stabilize substantially at population sizes greater than 3,000 fish.  
Because the fish populations surveyed by most field studies probably exceed 1,000 individuals, 
population size should have a negligible effect on required sample sizes when population 
prevalence is ≥2 percent. 
 
 At population sizes greater than 1,000 fish, the population prevalence has a substantial 
influence on the sample size required to detect a single affected fish.  For example, approximate 
sample sizes of 30, 60, and 150 fish are required for population prevalences of 10, 5, and 2 percent, 
respectively.  A sample size of between 260 and 300 fish is required for a population prevalence of 
1 percent. 
 
 The results of Figure 4 can be used to determine the sample size required for a 
reconnaissance or monitoring study by specifying the minimum population prevalence that is 
desired to be detectable, based on the capture of a single fish having the pathological condition of 
interest.  This assumes a confidence level of 95 percent and a population size greater than 1,000.  
For example, if 5 percent is the desired minimum detectable population prevalence, a sample size 
of 60 must be collected to be 95 percent confident that the survey would collect at least one affected 
individual.  With a sample size of 60 fish, one could not be 95 percent confident that an affected 
individual would be collected if population prevalences were less than 5 percent.  Thus, prevalences 
less than 5 percent would be considered undetectable at 95 percent confidence if 60 fish were 
sampled.  If a sample size of 30 fish is used, population prevalences as high as 9 percent would not 
be detectable with 95 percent confidence.  To be 95 percent confident of detecting a pathological 
condition at its earliest stages (i.e., prevalence <1 percent), sample sizes greater than 300 fish must 
be collected.  Because sample sizes of that magnitude often are unaffordable, most researchers will 
have to accept the fact that very low prevalences of a pathological condition will not be detectable 
with 95 percent confidence. 
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Figure 4.  Sample sizes required to detect one individual affected with a lesion with 95 percent confidence, 
given various population sizes and prevalences. 
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Objective 2-- 
 
 A second possible objective that may be specified for a fish liver histopathology study is to 
determine whether prevalence of a particular lesion at a test site differs significantly from that at a 
reference site.  This objective may be encountered in a study designed to test whether prevalence in 
a contaminated area is elevated above the level that would be expected in the absence of contamina-
tion. 
 
 A common method of comparing prevalences between two areas is the test of independence 
using 2x2 (i.e., two-way) contingency tables (cf. Sokal and Rohlf 1981).  The significance of these 
comparisons can be made using either the chi-square statistic or G-statistic, the latter of which is 
recommended by Sokal and Rohlf (1981). 
 
 As part of the present study, the G-test of independence was evaluated at various sample sizes 
using the 2x2 case.  The goal was to determine the statistical power of this test at the various 
sample sizes that may be used during most fish liver histopathology studies (i.e., 0-300 fish).  The 
power of a statistical test is the probability of correctly rejecting the null hypothesis when, in fact, it 
is false.  Power analyses were conducted over the range of prevalences that might be expected for 
most hepatic lesions in contaminated and reference areas (i.e., 0-25 percent).  Results are presented 
graphically to provide quick reference to the approximate levels of statistical power that can be 
achieved for various study designs and various environmental conditions. 
 
 The general layout of a 2x2 contingency table is presented in Figure 5.  The table is divided 
into two classes based on the kind of study area (i.e., rows) and two classes based upon the presence 
or absence of hepatic lesions in sampled fish (i.e., columns).  Multiway contingency tables with 
more than two classes can also be used to summarize pathology results from more than two study 
areas. 
 
 In Figure 5, the expected prevalence (i.e., that at the reference site) and the observed 
prevalence (i.e., that at the test site) can be computed and compared to provide a statistical test of 
the null hypothesis of independence between study site and lesion prevalence.  In most fish liver 
histopathology studies, a fixed number of fish are collected at each study site.  Thus, the totals (i.e., 
the marginal sums N11 + N12 and N21 + N22) in the third column are fixed in each analysis.  The test 
of independence therefore consists of computing the probability of obtaining the observed (or 
greater) departures from independence of lesion prevalences (i.e., the numbers that can vary), out of 
all possible two-way tables with the same marginal totals for study sites. 
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Figure 5.  Example of a 2 x 2 contingency table. 
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 The G-test of independence is a likelihood ratio test (Neyman and Pearson 1928; Neyman 
1950).  The likelihood ratio criterion (expressed as G) for testing the null hypothesis of 
independence is: 


 
where: 
 
  N = Total number of samples collected 
 
 Nij = Number of observations in the i, jth cell of the r x s contingency table 
 
  Ni . = Marginal sum of observations in the ith row of the r x s contingency table 
 
 N. j = Marginal sum of the observations in the jth column of the table 
 
  r = Number of rows in the r x s contingency table (r=2 in a 2x2 table) 
 
  s = Number of columns in the r x s contingency table (s=2 in a 2x2 table). 
 
  Under the null hypothesis of independence (Ho), the distribution of 2 ln(G) tends to a  x 
distribution as n→∞, where f is the degrees of freedom (f=1 for a 2x2 test).  For small sample sizes, 
it cannot be assumed that this approximation is close.  As a result of deviations from the asymptotic 
distribution of the test statistic, the actual Type I error of the G-test tends to be higher than the 
nominal level.  The approximation is also poorest when r and s are small and when pi. = Ni./N and 


p.j = N.j/N are near 0 or 1.  Therefore, in applying the G-test in the analysis of 2x2 contingency 
tables with small sample sizes (i.e., N≤200), the use of correction factors has been recommended 
(e.g., Sokal and Rohlf 1981).  This subject is treated in detail in Section 3.4.3.  Because different 
studies may use different correction factors, the power analyses conducted in the present section did 
not employ correction factors.  They therefore represent a more generalized evaluation of the G-test. 
 


  (1) 
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 Two kinds of power analyses were conducted.  In the first set of analyses, the probability of 
detecting selected differences in lesion prevalences between reference and test sites was calculated.  
In the second set of analyses, the minimum detectable difference in prevalence at the test site (i.e., 
compared to the reference site) was evaluated for different levels of prevalence at the reference site 
and at a fixed level of power. 
 
 Determination of the power of the G-test involves the calculation of the area under the 
curve in the critical region on the noncentral chi-square probability density (C*).  Thus, the power 
of the test can be found by evaluating the integral: 
 


 
where: 
 
 λ =  The noncentrality parameter 
 
  f =  Degrees of freedom. 
 
 The value of the noncentrality parameter (λ) may be obtained from the following general 
rule.  If under the null hypothesis (Ho), the test statistic, T(X1, X2...Xn) is asymptotically distributed 
as central x, then for n finite, the approximating noncentrality parameter (λ) under an alternative 
hypothesis (H*) is simply the value of the test statistic, T(X1, X2...Xn) with the expected value of Xi 
under H* (EH*Xi) substituted everywhere for Xi.  Therefore, the noncentrality parameter to be used 
in determining the power of the G-test is given by: 
 


  (2) 


  (3) 
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where: 
 
  N = Total number of samples collected 
 
     Ni⋅ = Marginal sum of observations in the ith row of the r x s contingency table 
 
 N⋅ j = Marginal sum of the observations in the jth column of the table 
 
  r = Number of rows in the r x s contingency table (r=2 in a 2x2 table) 
 
  s = Number of columns in the r x s contingency table (s=2 in a 2x2 table) 
 
 p* = Sample proportions under the alternative hypothesis H*. 
 
The results of the first set of power analyses are summarized in Figures 6 and 7.  These figures 
show the power of the G-test in relation to the number of samples collected at each location for 
selected prevalence levels at both the reference and test sites.  These analyses were conducted for 
equal sample sizes at each study site, and the sample sizes (i.e., marginal sums) in Figures 6 and 7 
represent the number of samples collected at each site. 
 
 Several patterns are apparent in Figures 6 and 7.  First, at a fixed power, larger sample sizes 
are required to detect smaller elevations in lesion prevalence.  For example, if lesion prevalence in 
the reference area is 0.1 percent (Figure 6) and power is fixed at 0.9, the approximate sample sizes 
required to detect elevations in lesion prevalences at the test site of 20, 15, 10, and 5 percent are 35, 
50, 75, and 160 fish, respectively. 
 
 A second pattern identified by the power curves is that at a fixed sample size, power 
increases as the elevation in lesion prevalence at the test site increases.  For example, if lesion 
prevalence in the reference site is 0.1 percent (Figure 6) and sample size is fixed at 40 fish, the 
approximate values of power to detect elevations in lesion prevalences at the test site of 5, 10, 15, 
and 20 percent are 0.35, 0.65. 0.85, and 0.95, respectively. 
 
 A third pattern identified by the power curves is that at a fixed sample size and elevation of 
lesion prevalence above reference levels, power declines as reference prevalence increases.  For 
example, at a sample size of 40 and elevation in prevalence of 10 percent, the approximate values 
of power to detect the elevated prevalence when reference prevalences are 0.1 percent (Figure 6) 
and 5 percent (Figure 7) are 0.65 and 0.30, respectively.  This suggests that every effort should be 
made during a fish liver histopathology study to locate reference stations in as uncontaminated an 
area as possible to enhance the probability that prevalence of chemically induced hepatic lesions 
will be very low (i.e., as close to 0 percent as possible). 
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 The power curves presented in Figures 6 and 7 can be used to guide the selection of sample 
sizes for planned studies.  If preliminary information exists regarding lesion prevalences in 
reference and test areas, these values can be applied to Figures 6 and 7 to determine the sample 
sizes needed to detect specific elevations in lesion prevalence with various degrees of statistical 
power.  The power curves can also be used in an a posteriori analysis in which the focus is on the 
evaluation and interpretation of statistical analyses.  For example, if lesion prevalence in the 
reference area was known (or assumed) to be close to 0 percent, and the study objective was to have 
an 80 percent probability of detecting a lesion prevalence of 10 percent at a test site, Figure 6 
indicates that approximately 60 fish should be collected at each site.  In instances where the null 
hypothesis has been accepted, the information provided in these plots also can be used to evaluate 
the probability of the corresponding type II error (i.e., the probability of accepting a null hypothesis 
when it is false). 
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Figure 6.   Power of the G-test vs. sample size when lesion prevalence at the reference site is 0.1 percent. 
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Figure 7.  Power of the G-test vs. sample size when lesion prevalence at the reference site is 5.0 percent. 
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 A second set of power analyses was conducted to provide a different view of the power of 
the G-test in specific applications.  These analyses provide information concerning the relative 
benefits in terms of increased test sensitivity that can be obtained for corresponding increases in 
sample size.  These analyses were conducted at a fixed power of 0.80.  The minimum detectable 
prevalence at a test site that could be discriminated statistically (P<0.05) from that at the reference 
site was calculated for reference site prevalences between 0.1 and 20 percent.  The analyses were 
conducted by fixing the noncentrality parameter ( ) in Equation 3 for a power of 0.80 and solving 
the resulting equation for the number of lesions at the test site (N21, see Figure 5).  This is possible 
because the total numbers of samples at both the reference and test sites are equal in these 
evaluations, and the marginal sums for the reference site corresponding to the selected prevalence 
levels are fixed.  The values of N21 were obtained by setting the resulting equation equal to zero and 
using the Newton-Raphson method to solve the single unknown (N21). 
 
 Results of the second set of power analyses are presented in Figure 8. They demonstrate that 
if prevalence at the reference site is constant, the minimum detectable prevalence at the test site 
decreases with increasing sample size.  However, the rate of decrease is not linear.  For example, 
when lesion prevalences at the reference site are near 0 percent, the approximate minimum 
detectable prevalences at the test site at sample sizes of 20, 40, 60, 100, and 200 fish are 26, 14, 10, 
6, and 3 percent, respectively.  Thus, by increasing sample size by 20 fish from N=20 to N=40, the 
minimum detectable prevalence declines by 12 percentage points.  By adding another 20 fish from 
N=40 to N=60, the minimum detectable prevalence declines by only 4 percentage points.  To 
realize an additional decline of 4 percentage points, 40 fish must be added from N=60 to N=100.  
Finally, the addition of 100 fish from N=100 to N=200 reduces the minimum detectable prevalence 
by only 3 percentage points.  Thus, the value of adding additional replicate samples declines as 
sample size increases. 
 
 Results of the second set of power analyses (Figure 8) also demonstrate that as prevalence at 
the reference site increases, the margin (or difference) between that value and the minimum 
detectable prevalence at the test site also increases.  For example, if N=60 and reference site pre-
valences are 0, 5, and 10 percent, the differences between those prevalences and the corresponding 
minimum detectable prevalences at the test site are approximately 10, 15, and 20 percent, 
respectively.  Thus, as prevalence at the reference site increased within this range, the minimum 
detectable elevation in prevalence above reference levels doubled.  These results support the recom-
mendation made earlier in this section that every effort should be made to ensure that prevalences at 
the reference site are as low as possible. 
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Figure 8.  Effects of sample size on the minimum detectable prevalence at a test site relative to the 
prevalence at the reference site. 
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Sampling Season 
 
 Little information is available regarding seasonal variation in prevalences of hepatic lesions 
in fishes.  McCain et al. (1982) evaluated seasonal variation in the prevalences of neoplasms and 
putative preneoplasms in livers of 551 English sole from the Duwamish River, Washington (Fig-
ure 9).  No significant difference among seasons (P>0.05; G-test of heterogeneity) was found for 
either neoplasms or preneoplasms. 
 
 Seasonal variation in the prevalence of hepatic neoplasms could result from the seasonal 
migrations exhibited by many fishes if fish with lesions behave differently than fish without 
lesions.  For example, if fish with lesions do not migrate, lesion prevalence would be at a minimum 
when fish without lesions migrate into a contaminated area and would peak when fish without 
lesions leave the area.  Seasonal variation in the prevalence of rapidly induced lesions also may vary 
if fish are more sensitive to lesion induction during particular times of the year. 
 
 Ideally, fish liver histopathology surveys should be conducted during the times of year when 
lesion prevalences are expected to peak (Sindermann et al. 1980).  This strategy allows the worst-
case conditions to be evaluated.  It also increases the likelihood that the observed prevalences can 
be discriminated statistically from reference conditions.  In the absence of information on seasonal 
variation in lesion prevalences, interannual comparisons should be made only between surveys 
conducted during the same season. 
 
Station Location 
 
 Appropriate locations of sampling stations depend upon the objectives of different studies.  
To evaluate the elevation of lesion prevalences above an expected level as a possible consequence 
of chemical contamination, stations frequently are located in contaminated and uncontaminated 
(i.e., reference) areas.  This pairwise approach allows the observed prevalence in the contaminated 
area to be compared statistically with the prevalence that would be expected in the absence of 
contamination (i.e., the observed prevalence in a reference area).  A more convincing case can be 
made for the association between lesion prevalences and contamination if stations are located along 
a gradient of contamination (i.e., from highly contaminated to moderately contaminated to 
uncontaminated). 
 
 In all of the above circumstances, it is recommended that chemical analyses of sediments be 
conducted in conjunction with fish histopathology to confirm the degrees of sediment 
contamination.  It is also recommended that stations be located in areas where the spatial extent of 
contamination is large enough to reasonably expect that the sampled fish may have spent a 
considerable amount of time within the influence of the measured contamination. 
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Figure 9.  Seasonal variation of hepatic lesions in English sole from the Duwamish River, WA. 
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FIELD SAMPLING PROCEDURES 
 
Fish Acquisition 
 
 A major concern when determining prevalences of hepatic lesions in fishes is that the 
collection technique does not bias the results.  Bias will occur if fish with lesions are sampled 
differently than fish without lesions (Sindermann et al. 1980).  For example, a passive collection 
technique (cf. Hubert 1983) that relies on fish feeding (e.g., hook-and-line, long-line) or fish 
movement (e.g., gill nets, traps) may undersample fish with lesions if their desire or ability to feed 
or move is reduced.  By contrast, an active capture technique (cf. Hayes 1983) such as otter trawling 
may oversample fish with lesions if their swimming ability is reduced to the point that they would 
be less likely to escape the oncoming net than would fish without lesions. 
 
 At least one potential instance of sampling bias has been reported in the literature.  Dawe et 
al. (1976) found high prevalences of hepatic neoplasms in white suckers from Deep Creek Lake, 
Maryland, using rotenone poisoning, but failed to find similar lesions in suckers from other local-
ities by gill-netting the fish during spawning runs.  The authors suggest that the suckers with 
neoplasms may not have taken part in spawning runs and therefore could not be sampled by the 
gill-netting technique. 
 
 Given the possible influence of collection technique on observed lesion prevalences, it is 
recommended that the technique used in each study of fish liver histopathology be selected to 
account for any known behavioral differences between fish with and without lesions.  
Unfortunately, little information is available regarding this topic.  However, if some behavioral 
information exists, or if reasonable speculations can be made, this information should be used to 
evaluate the collection technique. 
 
 A second kind of collection bias can occur when fish are supposed to be randomly 
subsampled to represent a larger sample of captured individuals.  This subsampling should not be 
biased by such factors as fish size, sex, condition, or gross abnormalities.  If, however, the study 
design specifies that a particular component of the population (e.g, adult, juveniles, males, females) 
be selected, subsampling should focus on that component (e.g., using size limits or sexual 
characteristics), but be randomly employed within the target component.  In many cases, an 
unconscious tendency may exist to collect larger individuals or individuals that appear to be 
unhealthy.  Also, if fish are combined in a container prior to subsampling, large or active 
individuals tend to rise to the surface, whereas small or inactive fish tend to sink to the bottom of 
the container.  It is therefore important to avoid selecting individuals from only one location in the 
container when subsampling. 
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Holding Time and Conditions 
 Because some kinds of cellular alterations may begin immediately after fish are collected 
(e.g., due to stress, injury, death), it is recommended that hauls be relatively short in duration (i.e., 
5-10 min) and that target fish be necropsied as soon as possible after collection (i.e., preferably 
within 15 min).  If fish cannot be necropsied immediately, they should be held alive in a flow-
through seawater tank. 
 
Labeling and Coding 
 At a minimum, labels should be used for liver samples and the hard body structures used for 
aging (e.g., otoliths, scales, spines).  In some cases, the whole fish or part of the fish may be 
retained, and aging structures removed after sampling has been completed. 
 
 All labels should be made of waterproof paper, and all labeling should be conducted using 
indelible ink.  Each sample container should be labeled both internally and externally (i.e., 
double-labeled).  The external label can be gummed on one side to facilitate attachment to the 
container. 
 
 Each specimen should be given a unique code number.  The code number should be used to 
label all samples that will be analyzed in the laboratory (e.g., liver samples, otoliths).  The coding 
system can be simple, but must prevent the laboratory personnel from knowing any of the 
characteristics of the fish from which each sample was taken, including age, sex, health, and 
location of capture.  This lack of knowledge will ensure that the analysis is conducted objectively.  
The process of ensuring sample anonymity at the time of laboratory analysis is called a "blind" 
system. 
 
Liver Subsampling 
 
 Before being necropsied, each fish should be weighed (nearest gram, wet weight) and 
measured (nearest millimeter, total length).  The fish should then be scanned for grossly visible 
external abnormalities by a person trained to recognize those conditions.  The fish should then be 
sacrificed by severing the spinal cord at the brain stem in a manner that poses no risk of damage to 
the liver or to the body parts used for aging. 
 
 Following severance of the spinal cord, the abdominal cavity should be opened, ensuring 
that the liver is not damaged in the process.  Following primary incision, the entire liver should be 
removed gently from the abdominal cavity to provide a full view of the organ.  When removing the 
liver, extreme care should be taken to avoid puncturing the gall bladder, as the bile stored within 
that organ is extremely caustic to liver tissue (Hendricks et al. 1976).  If a liver is damaged by 
contact with bile, it should not be used for histological analysis. 
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 Following liver removal, the fish should be scanned for grossly visible internal 
abnormalities.  The sex of each fish and its reproductive state should also be noted at this time. 
 
 Each liver should be scanned for grossly visible abnormalities.  The color and texture of the 
organ should also be noted.  Color charts can be used to help standardize color descriptions.  
Particular attention should be paid to describing any abnormal foci or nodules.  It may be useful to 
weigh each liver, photograph each anomaly, and identify on diagrams where subsamples were 
removed. 
 
 The process of tissue collection should be guided by the presence or absence of grossly 
visible abnormalities.  In the absence of abnormalities, a tissue subsample (i.e., section) should be 
resected from the entire depth of the liver along its longest axis.  When visible abnormalities are 
present, the tissue section should be taken so that the entire depth of the anomaly is sampled.  The 
section should contain both normal and abnormal tissue, so that the pathologist can see the border 
between the two kinds of tissue.  If more than one kind of abnormality is visible within a liver, each 
kind should be described and subsampled.  Multiple sections within a single liver should be coded 
separately, so that histological preparations can be related to gross observations.  To ensure proper 
fixation, each tissue section should not exceed 4 mm in thickness (Luna 1968). 
 
Tissue Fixation 
 
 Adequate fixation is essential for accurate histological determinations (Luna 1968).  The 
goals of fixation are to: 
 
 � Preserve cells and their constituents in as lifelike a state as possible 
 
 � Prevent postmortem changes such as autolysis 
 
 � Protect and harden soft tissues to allow for easy manipulation during subsequent 


processing 
 
 � Convert the normal semi-fluid consistency of cells to an irreversible semi-solid 


consistency 
 
 � Aid visual differentiation of tissue structure when using stains. 
 
To achieve these goals, fixation should be performed immediately after tissue removal, and as soon 
as possible after death of the organism.  In addition, the thickness of the resected tissue should be 
≤4 mm, and the volume of fixative should be at least 10 times that of the tissue subsample.  In 
general, tissues should remain in the fixative for at least 48 h.  For some fixatives, it may be 
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necessary to transfer the tissue to ethanol prior to infiltration and embedment.  For most fixatives, it 
is advisable to preserve and store the tissues at room temperature (20o C) or below.  Freshly 
prepared fixative should be used at all times. 
 
 The choice of fixative generally reflects the personal preferences of the pathologist, as well 
as the manner in which the tissue will be processed or evaluated after fixation.  In a review of 
fixation procedures primarily for mammalian tissue, Hopwood (1969) concluded that no single 
fixative is ideal for all situations.  Hinton et al. (1984) noted that, in contrast to mammalian studies, 
controlled fixation evaluations have not been undertaken with fish tissues. 
 
 The most common fixatives used to date for fish tissues are Bouin's fluid and 10 percent 
neutral buffered formalin (Hinton et al. 1984).  Other fixatives used for fish tissue include Dietrich's 
fluid, Carnoy's fluid, Zenker's fixative, Helly's fixative, and Davidson's solution.  None of the 
commonly used fixatives for light-microscopy studies of fish tissues yield fixation of high enough 
quality for electron microscopy (Hinton et al. 1984). 
 
 Given the above discussion, it is recommended that the method of fixation be evaluated 
carefully before a study begins.  Because subsequent staining characteristics of fixed tissue vary 
with the kind of fixative, it is recommended that a single fixative be used in all surveys among 
which histopathological comparisons will be made. 
 
Ancillary Data 
 
 When conducting fish liver histopathology surveys, a variety of ancillary data is helpful 
when evaluating histopathological results.  Many of these kinds of data have been noted in earlier 
sections of this document.  The following kinds of data should be included in most fish liver histo-
pathology surveys: 
 
 � Fish age 
 
 � Fish sex 
 
 � Fish length 
 
 � Fish weight 
 
 � Gross pathological observations. 
 







 Fish Pathology 
 Recommended Protocols 
 July 1987 


  


 


 
 


59


Age-- 
 
 As described earlier, certain hepatic lesions in fishes are associated positively with 
increasing fish age.  It is therefore critical that age dependence be evaluated for all lesions 
considered in a study.  If age dependence is found, age differences among samples must be 
removed before statistical comparisons can be made.  As recommended earlier, age should be 
determined directly using the annual ring method applied to an appropriate hard body structure. 
 
 A variety of hard body structures have been used for aging fish, including otoliths (primarily 
the sagittae), fin rays, scales, spines, and vertebrae (Jearld 1983).  The method used for each kind of 
structure is different, but all require that they be performed by a well-trained and experienced 
individual.  Also, different methods may be optimal for different species.  Methods of fish aging are 
reviewed by Chilton and Beamish (1982) and Jearld (1983). 
 
Sex-- 
 
 Few field studies have examined whether hepatic lesions are found disproportionately in 
one sex.  None of the studies evaluating sex dependence of hepatic lesions of English sole from 
Puget Sound found statistically significant relationships between lesion prevalence and fish sex 
(McCain et al. 1977, 1982; Malins et al. 1982; Tetra Tech 1985; Krahn et al. 1986).  However, 
laboratory studies (Matsushima and Sugimura 1976; Hendricks 1982) have demonstrated that 
induction of hepatic neoplasms in fishes can differ between sexes.  It is therefore recommended that 
sex differences in the prevalence of hepatic lesions be evaluated prior to comparing different sites.  
If sex-related differences are found, the sex ratios of the samples from the different sites should be 
adjusted so that they do not differ significantly. 
 
 Because patterns of length and weight of some species exhibit sex-related differences 
(Royce 1972), comparisons of variables based on length and/or weight (e.g., growth, condition) 
must be stratified by sex.  It is therefore recommended that the sex of each fish selected for 
histopathological analysis be determined.  In some cases, it may be necessary to evaluate the gonads 
histologically to verify the sex of an individual. 
 
Length-- 
 
 As described earlier, length of each fish can be used as a rough estimate of age when 
considered in conjunction with fish sex.  This approximation is useful when fish are to be 
subsampled from the total catch on the basis of age.  An approximation method generally is 
necessary during field sampling because exact ages usually are not determined until after sampling 
has been completed. 
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 Length can be used to estimate the growth and condition of each fish when it is considered 
relative to age and weight, respectively.  Thus, comparisons can be made between fish at reference 
and test sites or between fish with and without hepatic lesions to determine whether contamination 
or lesions are affecting fish growth and condition.  Both of these characteristics have implications 
with respect to the health and behavior of individuals and the status of future populations. 
 
 It is recommended that total length (TL) be determined to the nearest millimeter for each 
individual of the target species, regardless of whether or not that individual will be used for 
histopathological analysis.  Length should be measured prior to necropsy for those individuals 
selected for histopathological analysis.  Total length is the length from the anterior-most part of the 
fish to the tip of the longest caudal fin rays.  Two kinds of total length can be measured (Anderson 
and Gutreuter 1983).  Maximum TL is determined when the lobes of the caudal fin are compressed 
dorso-ventrally, whereas natural TL is measured when the caudal fin is in its natural state.  To be 
consistent with the convention used by most fishery investigations in the U.S., maximum TL should 
be measured (Anderson and Gutreuter 1983). 
 
 In some cases, erosion of the caudal fin in a substantial segment of a population may require 
that a measurement other than total length be used for affected individuals.  If this occurs, it is 
recommended that maximum standard length (SL) be used as a substitute.  Standard length is the 
length from the anterior-most part of the fish to the posterior end of the hypural bone.  Anderson 
and Gutreuter (1983) state that in practice, SL may be measured to some external feature such as 
the last lateral line scale, the end of the fleshy caudal peduncle, or the midline of a crease that forms 
when the tail is bent sharply.  Standard length can be related to total length by developing a 
regression relationship between these two measures for a sample that covers the complete length 
range observed in the population. 
 
Weight-- 
 
 As described earlier, weight generally is used in conjunction with length to evaluate fish 
condition.  However, Falkmer et al. (1976) used weight as an index of fish size and, indirectly, of 
fish age.  Generally, it is recommended that length, instead of weight, be used as a rough estimate 
of fish age.  If weight is considered during a Puget Sound study, it is recommended that it be 
determined individually for each fish selected for histopathological analysis.  Weight should be 
measured to the nearest gram (wet weight) of the whole body prior to necropsy. 
 
Gross Pathological Observations-- 
 
 Gross observations of external abnormalities in all fishes sampled (both target and nontarget 
species) are relatively inexpensive and should be performed routinely when conducting fish liver 
histopathology surveys.  Gross observations of internal abnormalities of all individuals selected for 
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histopathological analysis also is recommended.  Although gross observations generally are not 
definitive evaluations of fish health, they may be very useful for uncovering previously unknown 
pathological conditions in fishes from polluted areas.  For example, liver abnormalities in Atlantic 
tomcod from the Hudson River, New York (Smith et al. 1979) and in English sole from the 
Duwamish River, Washington (Pierce et al. 1978) were discovered incidentally, as fishes were 
being evaluated for other purposes.  In addition to uncovering previously unknown pathological 
conditions, gross observations can also be related to microscopic observations of the liver to 
investigate possible associations between different kinds of pathological conditions. 
 
 Gross external observations are relatively inexpensive because they do not require 
specialized equipment or preparation techniques and thus can be made as individuals are sorted 
from the catch.  In addition, gross external observations generally do not require that a trained 
pathologist be aboard the sampling vessel.  However, it is extremely important that at least one 
individual on board be trained by a qualified pathologist to identify the various kinds of 
pathological conditions that may be encountered.  Sindermann et al. (1980) stress that pathological 
observations made by untrained personnel are usually useless and often misleading.  For example, 
at least two pathological conditions (fin erosion and skin ulcers) can easily be confused with the 
external damage that fishes may suffer as they are dragged along the seafloor in an otter trawl. 
 
 Given the potential usefulness of gross observations and the need for accurate and verifiable 
determinations, it is recommended that representative fishes having each kind of pathological 
condition be archived for each major survey, and that the conditions be confirmed by a qualified 
pathologist.  This verification step is especially important if different personnel make the gross 
observations during different surveys.  For all suspected pathological conditions that cannot be 
identified in the field, representative specimens should be archived for later evaluation by a 
qualified pathologist. 
 
 Sindermann et al. (1980) reviewed the literature on the relationship of fish pathology to 
pollution in marine and estuarine environments, and identified the following four grossly visible 
conditions as acceptable for immediate use in monitoring programs: 
 
 � Fin erosion 
 � Skin ulcers 
 � Skeletal anomalies 
 � Neoplasms (i.e., tumors). 
 
 Fin erosion is found in a variety of fishes from polluted habitats.  It probably is the most 
frequently observed gross abnormality in polluted areas (Sindermann 1983).  In demersal fishes, the 
dorsal and anal fins are the ones most frequently affected whereas in pelagic fishes, the caudal fin is 
the one primarily affected.  The causes of fin erosion are unknown and likely complex.  They may 







 Fish Pathology 
 Recommended Protocols 
 July 1987 


  


 


 
 


62


include chemical contaminants, low dissolved oxygen, and pathogens.  Fin erosion has been 
induced in fishes after laboratory exposure to petroleum and PCBs (Couch and Nimmo 1974; 
Minchew and Yarbrough 1977). 
 
 Skin ulcers have been found in a variety of fishes from polluted habitats.  Next to fin 
erosion, they are the most frequently reported gross abnormalities in polluted areas (Sindermann 
1983).  Prevalence of ulcers generally varies with season, and is often associated with organic en-
richment.  The primary cause of skin ulcers may be pathogenic organisms (e.g., Vibrio spp.) 
associated with pollution. 
 
 Skeletal anomalies frequently are more prevalent in fishes from polluted areas than in fishes 
from uncontaminated areas.  Most observed skeletal anomalies involve the spinal column and 
include fusions, flexures, and vertebral compressions.  Skeletal anomalies also include 
abnormalities of the head, fins, and gills.  Skeletal anomalies have been induced in fishes after 
laboratory exposure to kepone and heavy metals (Sindermann et al. 1980). 
 
 Neoplasms or tumors have been found in elevated prevalences in a variety of polluted areas 
throughout the world.  The most frequently reported grossly visible tumors include liver tumors, 
skin tumors (i.e., epidermal papillomas and/or carcinomas), and neurilemmomas.  Liver tumors 
have been induced in fishes after laboratory exposure to a variety of chemicals (see section entitled 
Laboratory Studies).  Two kinds of growths have been described as epidermal "papillomas" and 
pseudobranchial "tumors" in the literature (Sindermann et al. 1980).  The predominant and 
pathognomonic cell type in these growths is the presently unidentified X-cell.  Available evidence 
suggests that this cell probably is a protozoan parasite, possibly an amoeba of the family 
Harmanellidae (Dawe 1981; Myers 1981).  No relationship between the prevalence of these skin 
anomalies and pollution has been demonstrated conclusively. 
 
 It is recommended that any survey of fish liver histopathology examine fishes for fin 
erosion, skin ulcers, skeletal anomalies, and neoplasms, at a minimum.  The occurrence of parasites 
should also be recorded.  In addition to the five conditions listed above, any additional grossly 
visible pathological conditions that are suspected of occurring in a specific locality should be 
monitored. 
 
Other Ancillary Data-- 
 
 In addition to the kinds of ancillary data recommended for all fish liver histopathology 
studies (i.e., those discussed previously), several other kinds of data may prove useful when 
interpreting observed patterns of lesion prevalences, including: 
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 � Contaminants in sediment 


 � Contaminants in tissue 


 � Contaminants in stomach contents 


 � Contaminant metabolites in bile 


 � Stomach contents 


 � Sediment toxicity 


 � Benthic infaunal assemblages 


 � Identities and abundances of nontarget species. 
 
LABORATORY PROCEDURES 
 
Tissue Processing 
 
Embedding-- 
 
 Before a fixed tissue can be sectioned (i.e., sliced into very thin sections for microscopic 
analysis), it must be embedded in a firm medium (Luna 1968).  The medium ensures that thin, 
uniform sections can be cut.  The most common embedding medium used for fish tissue being 
prepared for light microscopy is paraffin.  Other media considered suitable for light microscopy 
include celloidin and carbowax, as well as the relatively new plastic materials (e.g., methacrylate, 
epoxies) developed for high-resolution light microscopy and electron microscopy (Johnson and 
Bergman 1984). 
 
 It is recommended that paraffin be used to embed tissues being prepared for routine 
histopathological evaluation of liver abnormalities in fish.  Paraffin is readily available in 
commercial laboratories and is relatively inexpensive.  It allows examination of much larger tissue 
sections than do many of the more specialized techniques (e.g., methacrylate embedment).  
However, other media may be used if the objectives of the study go beyond routine 
histopathological examination using light microscopy. 
 
 The paraffins commonly used to embed fish tissue include Paraplast, Paraplast Plus, and 
Paraplast Extra.  Of these media, Paraplast Extra generally provides the best results in terms of ease 
of sectioning and degree of resolution. 
 
 It is recommended that embedding be conducted using an automated tissue embedding 
center.  Automated methods usually are better at providing high quality, uniform, and reproducible 
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results than are manual methods.  The automated center should provide a guaranteed uniform 
temperature during embedment.  The use of vacuum infiltration during embedment is recommend-
ed.  Tissues generally are embedded in plastic cassettes (marked with unique specimen numbers) 
for ease of sectioning and subsequent storage and retrieval. 
 
 When paraffin is used as an embedding medium, tissues must first be dehydrated and 
cleared in solutions miscible with paraffin.  Dehydration entails removing all extractable water from 
the tissue by having a dehydrant diffuse through the tissue.  This generally is accomplished by 
immersing the tissue in a graded series of increasing concentrations of the dehydrant.  The 
dehydrant used most frequently is alcohol (e.g., ethanol). 
 
 Following dehydration, the tissue must be cleared using a reagent that is miscible with 
paraffin and the dehydrant.  Clearing renders the tissue amenable to paraffin infiltration by 
removing the dehydrant.  As the dehydrant is removed, the tissue clears.  When the tissue becomes 
transparent, the clearing process is considered complete.  Commonly used clearing agents include 
xylene, toluene, and chloroform. 
 
 Following clearing, the tissue is impregnated by paraffin.  Impregnation is the complete 
removal of the clearing reagent by substitution with paraffin.  Impregnation usually requires two or 
three baths in paraffin under a controlled temperature that keeps the paraffin above its melting 
point.  The temperature of the bath should never rise more than 5o C above the melting point of the 
paraffin, as excessive shrinking and hardening of the tissue may result.  When a vacuum is applied 
during impregnation, it helps remove air, gases, and any remaining clearing agent.  The vacuum 
also draws the paraffin into all areas of the tissue, especially those areas left void by the evacuation 
of air. 
 
 Following impregnation, embedding of the tissue is completed by properly orienting it in 
melted paraffin.  When the paraffin solidifies, it provides a firm medium for keeping intact all parts 
of the tissue when sections are cut. 
 
 
Sectioning-- 
 
 Following embedment, tissues are sectioned (i.e., cut) into very thin slices from the paraffin 
block using a microtome equipped with a very sharp stainless steel blade (Luna 1968).  High quality 
sectioning facilitates the pathologist's task of accurately identifying tissue and cellular abnor-
malities. 
 
 The quality of sectioning depends greatly on the ability of the sectioning technician and the 
quality and condition of the sectioning equipment.  The technician must have adequate manual 
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dexterity and must be well-trained.  Quality of sectioning should be preferred over performance 
rate.  The most critical component of the microtome is the knife.  The knife should always be 
maintained at its highest degree of sharpness, so that sections ribbon off the paraffin block in a flat, 
unwrinkled manner.  The knife should be cleaned after each use by removing accumulated paraffin 
with a piece of gauze saturated with xylene. 
 
 The ideal section should be of uniform thickness and free from compression, wrinkles, and 
knife marks.  Unsatisfactory sections should always be discarded and new ones taken.  For 
histopathological analysis of fish liver tissue, it is recommended that sections be 4-5 um in 
thickness.  Sections of this thickness can be produced readily by most commercial laboratories. 
 
Mounting-- 
 
 Following sectioning, tissues are mounted onto glass microscope slides (Luna 1968).  This 
procedure involves floating tissue sections in a warm-water bath (50o C) to fully expand the section, 
and then transferring the section onto a glass slide.  The slide may be precoated with albumin to 
facilitate adhesion.  The section must lie flat on the slide with no wrinkles, tears, or bubbles 
present.  Slides sometimes are heated to ensure the firm adhesion of the section to the glass. 
 
Staining-- 


 After tissue sections are mounted on microscopic slides, they can be stained using dyes to 
differentiate various tissue and cellular elements (Luna 1968).  Staining enhances the pathologist's 
ability to recognize individual tissues and cell types, and to detect pathological alterations. 


 A wide variety of stains and staining procedures are available, both for routine and 
specialized purposes.  The most common staining procedure used for fish liver tissue is initial 
staining with hematoxylin, followed by counterstaining with eosin.  The hematoxylin and eosin 
procedure is often abbreviated as H&E staining.  Hematoxylin imparts a blue or purple tint to 
alkaline (basic) cellular elements.  Eosin, by contrast, imparts a pink or red tint to acidic elements.  
Cellular elements stained by hematoxylin are termed basophilic, whereas those stained by eosin are 
termed eosinophilic.  Because numerous methods of H&E staining are available, it is recommended 
that several be evaluated before a fish liver histopathology study begins, and that the one providing 
the best results for the species of interest be selected for use in the study. 
 
 Although H&E staining is suitable for most diagnostic purposes, it may be necessary to use 
more specialized staining techniques to identify accurately certain tissue and cellular elements.  
Some adjunct staining techniques used in fish pathology include Periodic Acid-Schiff (PAS), 
Masson's trichrome, Prussian blue reaction for hemosiderin, and Best's carmine for glycogen.  The 
choice of suitable special stains will depend upon the kinds of conditions detected.  The need for 
special stains should be determined by the pathologist who examines the tissues. 
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 Following any staining procedure, the tissue sections must be covered with glass 
coverslips.  The coverslips are attached to the slide by using mounting medium.  Several mounting 
media are commercially available.  The one that is chosen should provide good optical clarity and 
should protect the tissue for long-term storage.  A commonly used mounting medium is Protex. 
 
Slide Coding-- 
 
 In general, slides should be given the same code number as that given to each specimen in 
the field.  However, in some cases the pathologist may be capable of discerning the site of capture 
from this code number.  For example, the same pathologist may have been involved with the field 
collection of tissue sections.  In such cases, it is recommended that a second code number be 
substituted for the original code number on each slide to ensure complete objectivity of 
histopathological evaluations. 
 
Histopathological Evaluations 
 
Qualifications of the Pathologist-- 
 
 Probably the most important factors for ensuring accurate histopathological evaluations are 
the qualifications of the pathologist making those evaluations.  Pathology is a science that relies 
considerably on training and experience.  It is therefore recommended that, at a minimum, the 
pathologist be formally trained in the fields of human, veterinary, or comparative pathology.  In 
addition, it is recommended that the pathologist have demonstrated experience in the histologic 
examination of fish tissue.  This second requirement is necessary because pathological conditions in 
fish tissue may not directly resemble similar conditions in other groups of organisms (e.g., 
mammals).  Ideally, the pathologist should have experience with the species of interest, because 
interspecific differences exist in the appearance and structure of fish livers.  If a pathologist who 
meets all of the above criteria is not available for a particular study, it is recommended that the 
pathologist chosen for the study work closely with an experienced fish pathologist, until adequate 
experience has been gained to work independently. 
 
Equipment-- 
 
 To adequately perform the tasks required of a diagnostic pathologist, it is essential that high 
quality optical equipment be employed.  The microscope should be a modern instrument equipped 
with multiple objectives and the capability of magnifications up to a minimum of 500 X.  Ideally, 
the microscope should also be equipped with a camera system, so that observed abnormalities can 
be documented photographically. 
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Examination of Sections-- 
 
 For each fish, at least one section should be examined microscopically.  During this 
examination it is imperative that the entire tissue area be evaluated at a minimum magnification of 
100-200 X.  The investigator should begin by scanning the entire section at 50-X power to obtain 
an overall impression of the section.  Subsequently the pathologist should examine each field in the 
section at a magnification of 100-200 X, and increase magnification to 400-500 X when necessary 
to verify the presence and characteristics of subtle abnormalities. 
 
Descriptions of Lesions-- 
 
 The field of fish histopathology does not have the long history enjoyed by the fields of 
human and veterinary pathology.  As a consequence, the level of knowledge concerning the clinical 
effects of many lesions in fishes is incomplete.  It is possible that future field studies will evaluate 
species for which prior histopathological data or even data on normal histology are not available.  
To avoid assignment of unwarranted prognostic connotations, it is recommended that descriptive, 
rather than diagnostic, terms be employed when evaluating the new species.  For species that have 
been studied extensively, the use of diagnostic terms may be appropriate.  The nomenclature used 
in descriptive histopathology is contained in most basic pathology texts (e.g., Robbins et al. 1984; 
Smith et al. 1972). 
 
Coding and Recording Abnormalities-- 
 
 As each tissue section is examined, individual abnormalities should be described on a 
pathology record sheet.  In studies for which there are multiple examiners (pathologists), all cases 
bearing significant abnormalities should be set aside for confirmation by the chief pathologist.  
After confirmation, the abnormalities may then be entered in an appropriate computer format for 
storage and analysis. 
 
 Presently, the only available coding system specifically designed for use in fish 
histopathology studies is that maintained by the National Ocean Data Center (NODC) in 
Washington, DC.  The NODC Fish Histopathology Code (i.e., File Type 13) was developed for use 
in descriptive and diagnostic fish histopathology studies.  The code was developed by L.D. Rhodes 
and M.S. Myers of the Northwest and Alaska Fisheries Center (National Marine Fisheries Service, 
NOAA) in Seattle, Washington.  This coding system serves the following basic purposes: 
 
 � Permit the recording of unique histopathologically evinced disease entities (i.e., 


lesions), infectious conditions, parasitic conditions, and cellular alterations onto 
computer formats for convenience in later entry, storage, and analysis 
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 � Provide a standardized nomenclature for lesions detected in tissue sections 
 
 � Permit an assessment of the distribution and relative severity of any lesions 


detected, including any host response to infectious or parasitic agents. 
 
 The basic organization of this coding system was adopted from the Systematized 
Nomenclature of Pathology (SNOP) system which has been used in various forms by hospitals and 
animal research institutes for over 10 yr. However, the NODC code is designed specifically for use 
in fish histopathology studies and does not provide for entry of the kind of clinical data that the 
SNOP system allows.  The organizational scheme of the NODC Fish Histopathology Code allows 
for specific identification and description of the following features:   
 
 � The organ affected  
 
 � The suborgan or tissue involved 
 
 � The lesion itself 
 
 � The distribution of the lesion within the organ (e.g., focal, multifocal, or diffuse) 
 
 � The relative severity of the lesion 
 
 � Any host response resulting from reaction to an infectious or parasitic agent. 
 
The NODC code also is designed to be interfaced, via the unique specimen identification 
(accession) number, to other data formats within File Type 13 that are capable of documenting 
other essential information such as site, method, time and date of fish capture, bottom and surface 
water temperature (station header record), sex, sexual maturity, age, weight, length, and gross 
pathology data (gross pathology record).  This kind of information facilitates the epizootiological 
analysis of the histopathology data and intersite comparison of lesion prevalences. 
 
 Specifically relating to lesion descriptions, the NODC Fish Histopathology Code is 
organized into repeating units of 12 digits that describe a specific lesion according to organ affected 
(3 digit code), suborgan or tissue type (3 digits), lesion description (3 digits), distribution (1 digit), 
severity (1 digit), and degree of host response in the case of parasitic/infectious agents (1 digit).  On 
a typical 80-column data format, this permits the description of five lesions.  However, a much 
larger number of lesions can be described for a particular specimen as a result of the sequence 
number in Column 80 that permits entry of additional descriptions in subsequent rows. 
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 The organ code permits entry of up to 999 different organ types for a particular specimen, 
and therefore is quite flexible.  This code therefore permits expansion beyond the 97 organ types 
used currently.  It generally is organized into broad anatomical groupings, such as elements of the 
gastrointestinal tract, other digestive organs (liver and exocrine pancreas), and excretory, 
circulatory, reproductive, endocrine, skeletal, immune, and nervous systems, along with specific 
identification of skin and fin anatomical entities (e.g., caudal fin). 
 
 The suborgan/tissue code is also highly flexible and permits expansion of the current code, 
because it permits up to 999 different identifiers.  It also is generally organized into broad groupings 
of tissue types, including epithelial subtypes (e.g., hepatocellular epithelium); connective tissue and 
the cells and other elements composing connective and supportive tissues; hematopoietic (blood 
forming) tissues and blood cell types; elements of the cardiac and circulatory system; elements of 
the central and peripheral nervous system; and elements of the skin, excretory, and reproductive 
systems.  Currently, 353 identifiers are available within this subcode. 
 
 The lesion code itself generally is organized according to broad categories characteristic of 
different pathological processes.  Within the 3-digit format for this code, the first digit (001) is 
reserved for identification of normal tissue.  Generally, codes up to 099 are reserved for protozoal 
infectious agents; 100-199 for metazoan parasites and bacterial, viral, and rickettsial infections; 
200-299 for inflammatory disorders; 300-399 for degenerative and necrotic conditions; 400-499 for 
cellular organelle changes (i.e., generally applicable to observations made at the electron 
microscope level); 500-699 for miscellaneous cellular and extracellular alterations; 700-799 for 
growth disorders such as tissue atrophy, proliferation, regeneration, and hyperplasia; 800-899 for 
preneoplastic and neoplastic conditions; and 900-999 for vascular disorders such as thrombosis and 
congestion.  Within these categories, there exist numerous available open codes should other 
descriptors be needed. 
 
 The distribution code (1 digit) assesses the involvement of a lesion within an organ or 
suborgan according to its distribution.  It uses a scale of 1 to 5 to describe focal, focal to multifocal, 
multifocal, multifocal to diffuse, or diffuse distributions, respectively. 
 
 The severity code (1 digit) uses a scale of 1 to 7.  It describes the relative severity of a 
condition from minimal (1) to severe (7). 
 
 The final subcode in the NODC Fish Histopathology Code is the host response code (1 
digit).  It is used exclusively to describe the severity of host reaction to an infectious/parasitic 
agent.  This inflammatory response is coded on a scale of 1 to 8, describing no observable response 
(1) to a severe response (8). 
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The NODC Fish Histopathology Code utilizes a nomenclature for pathological description derived 
from several sources to properly and specifically describe any observed lesions.  Most terms are 
derived from the pathology text of Robbins et al. (1984), which is a standard reference for human 
pathology, including morphologic descriptions of histologic lesions.  However, because this text 
deals strictly with human pathology, specialized texts for fish pathology (e.g., Ribelin and Migaki 
1975; Roberts 1978) and for veterinary pathology (e.g., Smith et al. 1972) have been used for 
specialized terms applicable to fishes.  Identification of parasites in tissue sections follows the 
criteria set forth in the monograph of Chitwood and Lichtenfels (1972).  The nomenclature for 
specific degenerative, proliferative, preneoplastic, and neoplastic conditions in the liver of fishes 
has been adopted from terms used to describe similar lesions in mice (Frith and Ward 1980), rats 
(Stewart et al. 1980), and rainbow trout (Hendricks et al. 1984). 
 
Quality Assurance/Quality Control 
 
Interspecific Considerations-- 
 
 Some fish liver histopathology studies may involve a diverse array of species from 
numerous geographic locations.  Compared with mammals, fish are a relatively primitive group of 
animals with a long period of phylogenetic development.  Because of this relatively long 
evolutionary history, the anatomical and histological differences that exist between different species 
of fish (even closely related ones) are much more profound than are those that exist between 
different species of mammals.  This diversity is illustrated by the fact that an experienced 
pathologist can readily distinguish three sympatric species of flatfish (pleuronectidae) from Puget 
Sound, Washington simply on the basis of liver architecture.  The hepatic tissues of these three 
fishes are so distinct in terms of distribution of hepatopancreas and melanin macrophage centers, 
and hepatocellular morphology that pathologists can readily sort slides by species without having to 
refer to data sheets.  Such interspecific differences make it necessary for pathologists to become 
intimately familiar with the target species before beginning a field study, so as to accurately 
recognize anatomical features and to correctly distinguish seasonal or maturational changes from 
pathological alterations.  Such interspecific differences also make it almost impossible for a 
pathologist unfamiliar with a given species to interpret accurately verification samples received 
under the auspices of a QA/QC program. 
 
Internal Verification of Identification-- 
 
 For studies in which multiple pathologists in the same laboratory are used to read slides, all 
cases bearing significant lesions should be examined and verified by the senior pathologist.  In 
addition, at least 5 percent of the slides read by one pathologist should be selected randomly and 
read by a second pathologist without knowledge of the diagnoses made by the initial reader. 
 







 Fish Pathology 
 Recommended Protocols 
 July 1987 


  


 


 
 


71


External Verification of Identification-- 
 
 At least 5 percent of the slides read within a laboratory should be submitted for independent 
diagnosis to a pathologist not involved with the laboratory.  These slides should be chosen to 
represent the range of pathological conditions found during a study, and the external pathologist 
should not be aware of the diagnoses made by laboratory personnel.  The external pathologist 
should have experience with fishes and, ideally, with the species of interest. 
 
Reference Collection-- 
 
 Each laboratory should build a reference collection of slides that represents every kind of 
pathological condition found in various studies conducted by laboratory personnel.  Each of these 
slides should be verified by an external pathologist having experience with the species of interest.  
These slides can then be used to verify the diagnoses made in future studies to ensure 
intralaboratory consistency among studies.  The slides also can be compared with those of other 
laboratories to ensure interlaboratory consistency.  A reference collection of photographs also can 
be made, but should not be substituted for a slide collection. 
 
Photographic Record-- 
 
 The chief pathologist should develop a photographic record that documents the significant 
classes of lesions encountered during the course of each study.  The photographs should be of 
sufficient quality to illustrate clearly the diagnostic features of each lesion.  Where necessary, 
multiple photographs taken at increasing levels of magnification should be included.  The 
photographs should bear a label that indicates the degree of magnification and the code number of 
the tissue photographed. 
 
Slide Set-- 
 
 The chief pathologist should prepare a set of microscope slides that bear representative 
examples of major lesions encountered during each study.  The slide set should also contain 
representative normal slides that illustrate the range of physiological variation encountered over the 
course of the investigation.  The slide set should be accompanied by written descriptions of each 
slide including the code number, critical diagnostic features, and final diagnosis. 
 
DATA ANALYSIS 
 
 Some of the general considerations for analyzing data generated during fish liver 
histopathology surveys are described in this section.  The details of data analysis may vary widely 
among studies, depending upon the kind of data collected and the study objectives.  Although all of 
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those details are not specified in this section, the general directions that detailed analyses should 
follow are recommended. 
 
 For most studies, two major kinds of analysis generally are made.  The first kind of analysis 
involves comparisons among stations during single time periods.  The objective of this kind of 
analysis is to evaluate gradients in lesion prevalence away from a contaminated area or to compare 
prevalences at stations close to a contaminated area with prevalences in a reference area.  The 
second kind of analysis involves comparisons among different time periods at single stations.  The 
objective at this second kind of analysis is to evaluate temporal changes in lesion prevalences. 
 
Age and Sex Effects 
 
 As recommended earlier, the sex and age of each fish selected for histopathological analysis 
should be determined.  When data on lesion prevalences are ready to be analyzed, they should first 
be tested for statistically significant relationships with sex or age. 
 
 If the prevalence of a particular lesion is related to either sex or age, the sex ratio or age 
distribution at all stations that will be compared should be tested for significant differences among 
stations.  If such differences are found, individuals should be removed from stations until the 
adjusted sex ratios or age distributions do not differ significantly among stations.  Once these 
adjustments have been made, lesion prevalences of the remaining fish can be compared without 
interference from the effects of sex or age. 
 
 An alternative to adjusting samples when relationships between lesion prevalence and sex 
or age are found is to stratify comparisons among stations by sex or age class.  In doing so, 
however, sample sizes may be reduced substantially and the statistical power to detect significant 
differences among stations also would decline. 
 
 If no relationships are found between lesion prevalence and sex or age, it is not necessary to 
evaluate sex and age differences among stations.  Instead, comparisons of lesion prevalences among 
stations can be made directly. 
 
Growth and Condition 
 
 In many fish liver histopathology studies, the question arises as to how contamination or the 
presence of hepatic lesions is affecting the overall health of each fish.  Two general indices of fish 
health that are measured frequently in studies of fishes are growth and condition.  To evaluate these 
indices, the weight (nearest gram), length (nearest millimeter), and age of each individual for 
histopathological analysis should be measured. 
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 Growth can be estimated as the length of an individual fish at a given age.  Use of growth as 
an index of fish health assumes that unhealthy fish grow less rapidly than their healthy 
counterparts.  Growth might be considered a relatively long-term indicator of fish health, as it may 
require many months for differences in length between healthy and unhealthy fish to be large 
enough for statistical discrimination.  Potential effects of pollution or hepatic lesions on the growth 
of fish can be evaluated by comparing the lengths of each age class between fish from contaminated 
and reference areas or between fish with and without hepatic lesions. 
 
 Condition is a measure of the "fatness" of a fish and can be estimated as the weight of an 
individual relative to that individual's length.  Use of condition as an index of fish health assumes 
that the condition of unhealthy fish will be reduced relative to their healthy counterparts.  Condition 
might be considered a relatively short-term index of fish health, as it may only require several 
weeks for differences between healthy and unhealthy fish to be large enough for statistical 
discrimination. 
 
 Condition can be expressed as a weight-length regression relationship (Ricker 1975), and 
then compared among stations or between fish with and without hepatic lesions by using analysis of 
covariance.  Condition of each fish may also be expressed in the form of an index that incorporates 
the weight and length of each individual.  Index values can then be compared statistically among 
stations or between fishes with and without lesions.  Three indices of fish condition used frequently 
are Fulton's condition factor (the most common), the relative condition factor, and Relative Weight 
(Anderson and Gutreuter 1983). 
 
Comparisons Among Stations 
 
 In many fish liver histopathology studies, the prevalences of hepatic lesions are compared 
statistically among stations having various degrees of contamination.  The simplest case is a 
pairwise comparison between a contaminated site and a reference site.  As noted earlier, the 
statistical test recommended for this kind of comparison is the G-test of independence, using a 2x2 
contingency formulation.  This test also can be used with multiway contingency tables to compare 
lesion prevalences among more than two stations. 
 
As noted earlier, values of G should be adjusted when sample sizes are small (N≤200).  At least two 
correction factors have been recommended in the literature:  Yates' correction for continuity and 
Williams' correction (Sokal and Rohlf 1981).  Yates' correction requires that observed values in the 
2x2 table be adjusted by adding or subtracting a value of 0.5.  Williams' correction for a 2x2 table 
requires that the calculated value of G be divided by q, where: 
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 Based on the results of simulation experiments, Grizzle (1967) showed that the application 
of Yates' correction to the chi-square test statistic ( 2) produces a test that is unduly conservative.  
Grizzle (1967) also reported that the likelihood ratio test statistic (i.e., G-test statistic) behaved 
almost exactly like  2.   Similar sampling experiments to evaluate the performance of the Williams' 
correction have not been published.  However, Sokal and Rohlf (1981) indicate a preference for the 
application of the Williams' correction factor to the G-test statistic for small sample sizes. 
 
 To evaluate the effect of Yates' and Williams' corrections on the performance of the G-test, 
a series of simulations was conducted as part of the present study.  These simulations were 
conducted in the following sequential manner: 


 � Equal sample sizes (i.e., N = 20-100) were specified for each site, and a true null 
hypothesis was assumed for a lesion prevalence (p) of 10 percent at the reference 
and test sites. 


 � For individual sampling conditions, random samples were generated from 
binomial distributions, with parameters n and p corresponding to the selected 
sample sizes and prevalences, respectively.  The method used to generate the 
binomial variables employed the fact that a binomial random variable is the sum 
of n independent Bernoulli random variables. 


 � The procedure of sample generation and analysis was repeated 10,000 times for 
each set of sampling conditions.  All calculated values of the G-test statistic were 
saved and subsequently analyzed to determine the proportion of values greater 
than or equal to the critical value corresponding to a significance (i.e., Type I 
error) level of 0.05.  The observed level of Type I errors in each simulation 
experiment was used to evaluate the effect of the correction factors on test 
performance.  


 Each of the simulation experiments representing the selected sampling conditions was 
repeated three times:  once with the Yates' correction applied in the calculation of the G-test 
statistic, once using the Williams' correction, and once with no correction applied to the value of 2 
ln(G).  Three sets of experiments and a total of 24 individual simulation experiments were 
performed. 


   (4)  
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 Results of the simulation experiments are summarized in Figure 10.  This figure also shows 
the performance of the G-test with and without the application of the selected correction factors.  
The test results based on the use of the Yates' correction factor, for example, indicate that the 
proportion of tests in which the null hypothesis was falsely rejected (i.e., probability of Type I error) 
is substantially less than the nominal level (i.e., 0.05) over the range of sample sizes evaluated.  The 
test statistic resulting from the application of Yates' correction is classified as conservative, because 
the frequency of rejecting a true null hypothesis (i.e., incorrectly concluding that differences in the 
prevalence of lesions exist) is decreased over the nominal level of the test. 
 
 The use of uncorrected values of the G-test statistic will lead to errors in the direction 
opposite to that described for use of Yates' correction (Figure 10).  That is, the frequency of 
rejecting a true null hypothesis will be increased over the nominal level of the test when sample 
sizes are small.  For example, when simulated sample sizes at each sampling location were less 
than 30, the actual probabilities of the Type I error obtained at the nominal 0.05 significance level 
were greater than 0.076.  The actual probabilities of the Type I error obtained at the 0.05 signifi-
cance level in the simulation experiments were greater than the nominal level for all sample sizes 
less than 80. 
 
When the Williams' correction factor was applied to the value of the test statistic, the G-test 
performed very close to its expected chi-square distribution (Figure 10).  Over the range of sample 
sizes evaluated (i.e., 20-100), the actual probability of a Type I error corresponding to the nominal 
0.05 significance level ranged between 0.041 and 0.061.  The efficacy of the Williams' correction 
factor was especially evident at the smaller sample sizes.  For example, at sample sizes of 20, the 
actual probability of a Type I error obtained at the nominal 0.05 significance level was 0.081 for 
uncorrected values of the test statistic, 0.041 for values corrected with the Williams' factor, and 
0.013 using the Yates' correction. 
 
 Based on the simulation experiments conducted as part of this study, it is recommended that 
the Williams' correction be applied to the G-test for independence when lesion prevalences are 
compared among study sites and sample sizes at each site are small (i.e., N ≤80).  The Williams' 
correction should also be applied when multiway contingency tables are used and sample sizes are 
small.  The formula for Williams' correction for multiway tables is more complex than that used for 
2x2 tables and is presented in Sokal and Rohlf (1981). 
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Figure 10.  Results of simulation experiments showing the proportion of Type I errors in tests of the null 
hypothesis that lesion prevalence at both the reference and test sites equals 10 percent. 
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Relationships with Ancillary Variables 
 
 Relationships between prevalences of hepatic lesions and a variety of ancillary variables can 
and have been evaluated in an attempt to determine potential causes of the observed lesions.  A 
pairwise approach to evaluating potential causes is useful.  For example, if lesion prevalences and 
the values of a variable are both high in a contaminated area and low in a reference area, a case can 
be made that the variable may be causally related to the hepatic lesions.  However, a correlational 
approach is much more convincing than a pairwise approach.  In such an instance, a gradient in 
lesion prevalence is related directly to a similar gradient (positive or negative) in the values of a 
variable. 
 
 The most common ancillary variable that has been related to prevalence of hepatic lesions 
in fishes has been chemical concentrations in bottom sediments.  In most cases, a pairwise approach 
has been used.  However, Malins et al. (1984) used a correlational approach. 
 
 Because a wide variety of chemicals generally is found in contaminated sediments, and 
because many of these chemicals covary across stations, it rarely is possible to test the effects of 
single chemicals, while holding others constant.  The most common manner in which to analyze 
such data is to conduct a multivariate analysis that generates factors composed of covarying 
chemicals (e.g., Malins et al. 1984).  The chemicals that load most strongly on each factor can then 
be considered the major characteristics of the factor.  Factors can then be correlated with lesion 
prevalence.  When a statistically significant positive correlation is found, the major characteristics 
of the factor are considered the putative causes of the lesions. 
 
 A second variable that commonly is measured in conjunction with lesion prevalence is 
chemical contamination of fish tissue.  The tissues examined most frequently are muscle and liver 
tissue.  The goal of these analyses is to relate tissue concentrations to lesion prevalences.  The 
inference usually made is that the chemicals found in tissue may have been causally related to the 
observed hepatic lesions.  However, this inference must be made with considerable caution, as 
many organic compounds (including potent carcinogens) are rapidly metabolized in the liver of 
fishes, and thus rarely are found in muscle or liver tissue (e.g., Malins et al. 1985a,b).  Krahn et 
al. (1986) demonstrated that measuring metabolites in bile, rather than parent compounds in tissue, 
may be a more meaningful way of relating lesion prevalence to those compounds that are 
metabolized rapidly. 
 
 Several studies have measured chemical concentrations in the stomach contents of fish from 
contaminated and uncontaminated areas (e.g., Malins et al. 1985a,b).  In general, stomach contents 
from polluted areas contain substantially higher concentrations of chemical contaminants than do 
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stomach contents from uncontaminated areas.   The inference is that diet is a major route by which 
contaminants may enter the fish.  Although this inference is correct, no quantitative measure of 
importance can be made because other potential routes (i.e., gills, skin) are not measured, and the 
fraction of chemicals that actually is absorbed from the stomach contents is unknown. 
 
 The stomach contents (i.e., prey composition) of fish from contaminated areas might be 
compared to the stomach contents of fish from reference areas to determine whether the diet in 
contaminated areas is reduced in quantity or quality relative to that in the reference area.  The 
inference is that dietary deficiencies may facilitate or even cause lesion induction in fish livers.  For 
example, a variety of studies have found that nutritional imbalances can induce hepatic 
abnormalities in fishes (e.g., Snieszko 1972) or enhance the toxicity of chemicals to fishes (e.g., 
Mehrle et al. 1977).  In addition, outright starvation can induce such abnormalities (e.g., Segner and 
Moller 1984). 
 
 In addition to variables that may relate directly to induction of hepatic lesions in fishes, a 
variety of relatively independent biological indicators measured in conjunction with fish liver 
histopathology may assist the interpretation of observed patterns of lesion prevalence.  Several 
kinds of parallel indicators measured in past studies of fish liver histopathology include sediment 
toxicity (i.e., using bioassays), alterations of benthic invertebrate assemblages, and diversity and 
abundance of nontarget fish species (e.g., Tetra Tech 1985). 
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 PREFACE 
 
 
 The Puget Sound Estuary Program (PSEP) is a multiagency group formed to promote the protection and 
beneficial use of Puget Sound and its resources.  The members of PSEP seek an integrated and consistent approach 
to managing the actions and events that influence the Sound.  This PSEP document is an example of how PSEP has 
employed a multiagency approach to improve the quality and consistency of environmental information collected in 
Puget Sound. 
 
 In the past, collection and analysis of Puget Sound environmental samples in different studies typically were 
performed in various unstandardized ways.  Some of these differences reflected improvements in sample collection 
and analysis techniques over the years, while others resulted from differences in preferences, knowledge, or 
objectives of the investigators.  Quite often, these differences among protocols have severely limited the overall 
usefulness of the information collected. 
 
 The protocols recommended in this document have been developed to encourage scientific investigators to use, 
whenever possible, well-defined and consistent methods for sampling and analyzing environmental data from Puget 
Sound.  All of the protocols have been reviewed and evaluated by regional scientists from government agencies, 
consulting firms, and academic institutions.  The protocols are provided in a loose-leaf notebook format so that they 
may be updated easily, and new protocols may be added in the future.  The protocols may serve as brief, detailed 
refreshers to those who have performed these kinds of sampling and analyses before.  They can also serve as 
guidelines to those who are writing proposals or issuing contracts for collection and analysis of the kinds on 
information included in this manual.  The information gathered as part of most Puget Sound environmental surveys, 
general monitoring programs, and intensive investigations will be of higher quality, and more useful to others, if 
these recommended protocols are followed whenever possible.   
 
 The recommendation to use these protocols should not be viewed as an attempt to force all scientific 
investigators to use the same protocols for every kind of study.  The selection of appropriate protocols for a given 
study depends on the specific objectives of each individual investigation.  However, the protocols described in this 
manual should be viewed as fully acceptable to achieve information of high quality (i.e., investigators should 
conduct sampling analyses, and quality assurance/quality control programs at this level or better). 
 
 The protocols recommended in this document will be updated periodically.  Questions or comments regarding 
this document should be addressed to: 
 
     Puget Sound Water Quality Action Team 
     PO Box 40900 
     Olympia WA  98504-0900 
     Phone:  (360) 407-7300 or State of WA Toll Free (800) 54-SOUND 
     Fax: (360) 407-7333  
 
 Finally, the contributions made by the many scientists who donated their time and expertise to making these 
protocols as accurate and useful as possible are gratefully acknowledged. 
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PURPOSE 
 
 
 
 Environmental variables in Puget Sound are measured by a wide variety of organizations, including government 
agencies, universities, and private institutions.  However, comparisons of results of different studies frequently are 
limited because different methods are used to measure the same variables.  The ability to compare data among different 
studies is highly desirable for developing a comprehensive management strategy for the Sound. 
 
 This document (i.e., notebook) presents recommended protocols for measuring selected environmental variables 
in Puget Sound.  The objective is to encourage most investigators conducting studies such as monitoring programs, 
baseline surveys, and intensive investigations to use equivalent methods whenever possible.  If this objective is achieved, 
most data from future sampling programs should be comparable among studies.  It is recognized that alternative methods 
exist for many of the variables considered in this document and that those methods may produce data of equal or better 
quality than do the recommended methods.  However, the criterion that data should be comparable limited the range of 
methods recommended in this document.  It is also recognized that future research or other circumstances may require 
modification or replacement of one or more of the recommended methods.  The loose-leaf format of this document was 
selected specifically to allow such changes to be made. 
 
 The recommendations in this document pertain primarily to the methodological specifications required to measure 
the selected environmental variables.  Recommendations for study design and data analysis generally were not included 
because those considerations vary widely depending upon the objectives of individual studies.  As mentioned previously, 
the goal of this document is to ensure that comparable data are generated by different studies.  This does not necessarily 
require that all studies have the same initial design, nor that all data are analyzed in the same manner after being 
generated.  It is recommended, however, that sample collection and analysis specifications of study designs be similar 
enough to ensure that comparable data are produced whenever possible. 
 
 As an action separate from the preparation of this document, several of the recommended protocols will be 
required for use in governmental regulatory permit programs.  For example, the Puget Sound Dredged Disposal Analysis 
(PSDDA) intends to specify several of the recommended protocols as requirements when conducting dredged material 
regulatory testing and disposal site assessments.  Use of such standardized procedures is essential for making 
comparisons to regulatory standards and reference conditions. 
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 SCOPE 
 
 A meeting was convened by the U.S. Environmental Protection Agency on 31 May 1985 to determine the priority 
of variables for protocol development or documentation.  Variables were ranked on the basis of three major criteria: 
 


 1. The frequency with which each variable has been measured in a variety of studies (e.g., monitoring 
programs, baseline surveys, intensive investigations) throughout Puget Sound 


 


 2. The importance of each variable for making decisions related to environmental problems in the Sound 
 


 3. The degree to which a variety of methods has been used to measure each variable. 
 
 Using the criteria listed above, 12 groups of variables were identified as having the highest priority for protocol 
development or documentation.  They include: 
 


 � Station positioning considerations 


 � Conventional sediment variables 


 � Concentrations of organic compounds in sediment and tissue 


 � Concentrations of metals in sediment and tissue 


 � Benthic infaunal variables 


 � Sediment bioassays 


 � Pathological conditions in fish livers 


 � Microbiological indicators 


 � Characteristics of soft-bottom demersal fish assemblages 


 � Concentrations of chemicals in marine mammal tissue 


 � Conventional marine water variables 


 � Conventional fresh water variables. 


 
 Recommended protocols for all of these variables are presented in later sections of this document.  In addition to 
these 12 groups of variables, a number of others were considered appropriate for protocol development.  The loose-leaf 
format of this document will allow additional protocols to be included in the future. 
 
 In addition to the recommended protocols for each group of variables, a section on general quality 
assurance/quality control (QA/QC) procedures is included in this document.  That section identifies the major QA/QC 
concerns that should be addressed when collecting and analyzing environmental samples from Puget Sound. 
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APPROACH 
 
 
 
 The recommended protocols for each group of variables were developed by convening a workshop comprised of 
representatives from most organizations that routinely measure or use the variables of concern in Puget Sound.  The 
objective of each workshop was to evaluate various methods and, if possible, agree upon which methods should be used 
in the future.  Consideration was given to providing data that will be comparable with the historical database.  Prior to 
each workshop, the methods used historically in Puget Sound were evaluated and specific items requiring 
standardization were identified.  Additional considerations for developing the various recommended protocols included 
data quality needs, cost, availability of equipment, and expertise. 
 
 Each workshop focused on defining acceptable methods and determining which of those methods would provide 
comparable data.  If several acceptable methods did not provide comparable data, the workshop participants were asked 
to select only one for future use.  As expected, a full consensus rarely was achieved.  However, in many cases the 
majority of participants clearly favored a single method.  In other instances, the participants were relatively evenly 
divided between recommending two or more methods. 
 
 After each workshop, draft protocols were developed.  As much as possible, recommendations of each protocol 
were based on the majority viewpoint of the workshop participants.  In some cases, a single recommendation could not 
be given for a particular specification because no agreement was reached at the workshop.  In such instances, various 
specifications used by different Puget Sound investigators were simply described. 
 
 Draft protocols were mailed to all workshop participants and other interested parties for written review.  Following 
this review, comments made by several reviewers were incorporated into the protocols.  Most major comments made by 
single reviewers were resolved with each respective reviewer.  After all written reviews were addressed, protocols were 
finalized and included as a chapter of this document. 
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FORMAT 
 
 
 
 Each protocol in this document is designed to stand alone.  However in many studies related variables are 
measured simultaneously.  In such cases, the protocol for one variable may require some modification to be consistent 
with that of a second variable.  For example, collection of sediment subsamples for analysis of conventional variables 
(e.g., particle size, total volatile solids, total organic carbon) normally does not require collection equipment to be 
washed with special solvents.  However, if sediment subsamples also will be collected from the same sample for analysis 
of organic compounds, collection equipment for the conventional subsample must be washed with the same solvent 
specified for collection of the organics subsample to avoid contaminating the latter sediment.  For studies considering 
multiple variables, it is therefore recommended that the protocols for all relevant variables be reviewed carefully before 
sampling begins to ensure that all appropriate modifications are made.   
 
 The formats for most protocols are similar to facilitate use of the entire document.  The following major sections 
are presented for most protocols: 
 


 � Use and Limitations—Describes what a variable measures and major limitations to the use of the 
variable 


 


 � Field Procedures—Describes container type, special cleaning procedures, collection techniques, 
sample quantity, preservation technique, storage conditions, and maximum holding time 


 


 � Laboratory Procedures—Describes analytical procedures (or provides citations), laboratory 
equipment, sources of error, and QA/QC specifications 


 


 � Data Reporting Requirements—Describes the kinds of data that the analytical laboratory should 
report and the units in which the data should be reported. 
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CAVEATS 
 
 
 
 Several notes of caution require emphasis before the protocols in this document are presented.  First, these 
protocols were developed solely to promote the collection of comparable data in Puget Sound.  A variety of other 
methods may exist that produce data of equal or better quality than the recommended protocols.  However, the criterion 
that data should be comparable limited the range of methods recommended in this document. 
 
 A second caveat is that rarely was a full consensus reached with respect to any aspect of any protocol.  Therefore, 
it should not be construed that all individuals, agencies, and institutions that participated in this effort agreed with all of 
the final products.  The recommended protocols are simply a best effort to represent the majority viewpoints of the many 
individuals from diverse backgrounds that attended the workshops or commented on the draft protocols. 
 
 A third caveat is that this document is intended to be dynamic.  The loose-leaf format was selected specifically for 
this reason.  Modifications or additions to the protocols can therefore be made in the future if needs or viewpoints 
change, or if methodological refinements or improvements are made. 
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1.  INTRODUCTION 
The purpose of developing these guidelines is to encourage all Puget Sound investigators conducting 
monitoring programs, baseline surveys and intensive environmental investigations to use standard 
methods wherever possible.  If this goal is achieved, most data collected for Puget Sound should be 
directly comparable and thereby capable of being integrated into a Sound-wide database.  Such a 
database is necessary for developing and maintaining a comprehensive water quality management 
program for Puget Sound. This document presents guidelines for measuring metals in marine water, 
sediment, and tissue samples from Puget Sound. 
 
From surveys, workshops, and personal interviews conducted over the past 2 years, the original Metals 
Chapter of the Puget Sound Protocols and Guidelines [PSP&G; (PSEP, 1989)] has been revised to reflect 
current practices and recommendations of the primary investigators who provide data for the regional 
databases.  These guidelines were revised with the assistance of representatives from organizations that 
fund or conduct environmental studies in the Puget Sound region (Table 1). 
 
Thorough project planning is also essential, due to the inherent complexity of sampling and analysis 
activities. The presence of multiple programs and activities in the Puget Sound region further enhances 
the need for project planning.  This chapter should be used in conjunction with the Recommended 
Guidelines for Sampling Marine Sediment, Water Column, and Tissue in Puget Sound and the 
Recommended Quality Assurance and Quality Control Guidelines for the Collection of Environmental 
Data in Puget Sound.  These two chapters are referred to throughout this document as the Field Chapter 
(PSEP, 1997a) and Quality Assurance (QA) Chapter (PSEP, 1997b), respectively. 
 
Although the following methods are recommended for most studies conducted in Puget Sound, 
departures from these recommendations may be necessary to meet the special requirements of individual 
projects.  If such departures are made, however, the funding agency or investigator should be aware that 
the resulting data may not be compatible with other data.  In some instances, data collected using 
different methods have been inappropriately combined in the past.  In other instances, when the methods 
were adequately intercalibrated, data have been combined appropriately.  The use of standardized 
methodologies should aid in producing data of definable quality, enhancing our ability to combine and 
compare data sets. 
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Table 1 
Contributors to the Metals Guidelines 


 
Name Organization 
Maricia Alforquec U.S. Environmental Protection Agency - Manchester Environmental Laboratory 
John Armstrongc U.S. Environmental Protection Agency 
Ann Baileyc EcoChem, Inc. 
Nicolas Bloomc Frontier Geosciences, Inc. 
Katherine Bourbonaisa King County Environmental Laboratory 
Jamie Brutona EcoChem, Inc. 
Ann Bryanta King County Environmental Laboratory 
Scott Carpenterc King County Environmental Laboratory 
Eric Creceliusc Battelle Marine Sciences Laboratory 
Isabel Chamberlaina,c U.S. Environmental Protection Agency - Manchester Environmental Laboratory 
Jeff Christiana,c Columbia Analytical Services, Inc. 
Malcolm Clarkc British Columbia Ministry of Environment 
Lyn Faasa,b,c King County Environmental Laboratory 
Raleigh Farlowa D.M.D., Inc. 
Lee Fearonc Washington State Department of Ecology - Quality Assurance Section 
Sherri Fletchera King County Environmental Laboratory 
Kathy Fugielc Amtest, Inc. 
Tom Griesc Washington State Department of Ecology - Sediment Management Unit 
Alan B. Jonesc Brooks Rand, Ltd. 
Cheryl Kameraa,d King County Environmental Laboratory 
Bill Kammina,c Washington State Department of Ecology - Manchester Environmental Laboratory 
Gordon Kanc Environment Canada - Pacific Environmental Science Centre 
Cliff Kirchmerc Washington State Department of Ecology - Quality Assurance Section 
Jay Kuhna,c Analytical Resources, Inc. 
Lisa Lefkovitzc Battelle Marine Sciences Laboratory 
Stew Lombarda.c Washington State Department of Ecology - Quality Assurance Section 
Greg Mac King County Environmental Laboratory 
Brian Mazikowskic King County Environmental Laboratory 
Ray McClaina King County Environmental Laboratory 
Teresa Michelsenc Washington State Department of Ecology - Sediment Management Unit 
Katherine Parkerc U.S. Environmental Protection Agency - Manchester Environmental Laboratory 
Marshall Patteea North Creek Analytical 
George Perrya,c King County Environmental Laboratory 
Larry Pommenc British Columbia Ministry of Environment 
Tim Ransoma Puget Sound Water Quality Action Team 
Paul Robischa,c National Oceanic and Atmospheric Administration - Montlake Laboratory 
Jim Rossa Washington State Department of Ecology - Manchester Environmental Laboratory 
John Rowana,d King County Environmental Laboratory 
Glen Shenc University of Washington, School of Oceanography 
Randy Shumanc King County Water Pollution Control Division 
Brenda Steelea Foster Wheeler Environmental Corporation 
Carl Stiversa Parametrix, Inc. 
Despina Stronga,c King County Environmental Laboratory 
Dana Walkera,c King County Environmental Laboratory 
Lisa Wanttajaa,c King County Environmental Laboratory 
Buddy Wilsona,c North Creek Analytical 
Bruce Woodsa,c U.S. Environmental Protection Agency - Quality & Data Management Office 
Notes: 
a.  Attended workshop held on March 14, 1996. 
b.  Workshop facilitator. 


c.  Provided written comments. 
d.  Author/editor of protocol.
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2.  GENERAL CONSIDERATIONS 


2.1  Data Quality Objectives 


A formal planning process, as described in Section 2 of the QA Chapter (PSEP, 1997b), is used to ensure 
that project data support project objectives.  During this planning process, analytical methods and other 
related activities are specified.  These decisions are based on the data quality objectives, which are 
developed after the project objectives and expected use of the data are clarified.  Section 2.4 of the QA 
Chapter (PSEP, 1997b) offers guidance regarding how to develop data quality objectives for a specific 
project.  To best ensure that data quality objectives for a project are met, the laboratory performing the 
analyses must be involved in the development of the project planning document and must understand the 
project requirements in advance of receiving samples. 


2.2  Contamination and Low Level Work 
Sample contamination directly affects the laboratory's ability to analyze a sample accurately at low 
concentrations.  Every precaution should be taken to avoid contamination at each stage of sample 
collection, handling, storage, preparation and analysis.  Much of the historical data for ambient waters 
reflect contamination from sampling and analysis rather than ambient levels (EPA, 1994a).  The majority 
of trace metals analyses performed in support of Puget Sound Programs require low detection limits, 
making contamination control an essential factor in trace metals work.  The following guidance is 
intended to provide assistance in minimizing metals contamination and should be followed, as needed, to 
meet project required detection limits. 
 
It is advisable that laboratories generating trace level data conduct trace level work on an ongoing basis 
so that procedures and facilities are proven.  The laboratory�s quality control (QC) program should 
contain QC samples such as method blanks, glassware blanks and equipment blanks that allow for 
continually updated knowledge regarding background levels in the sample processing environment. The 
laboratory�s QC program should address the matter of assessing contamination, identifying sources of 
contamination and eliminating or minimizing those sources of contamination.  In addition, sample 
collection methods and the field QC program must be equally rigorous to ensure that the samples are not 
contaminated during the sampling or transport processes. 
 
The best way to control contamination in the laboratory is to completely avoid exposure to contamination 
by performing operations in an area known to be free from contamination (EPA, 1995a); a clean 
environment should be used for processing low level samples.  Performing low level work in a clean 
room or a clean, nonmetal, laminar flow fumehood will help to minimize problems resulting from metals 
contamination.  Admittance to clean areas should be restricted and personnel should be trained in clean 
sample handling techniques.  It is recommended to dedicate the clean areas to trace level work and isolate 
samples with high concentrations of metals to other areas.  EPA document 821-B-95-0 Guidance on 
Establishing Trace Metal Clean Rooms in Existing Facilities April 1995, Draft (EPA, 1995a) provides 
more in-depth information on clean room design.  EPA Method 1669:  Sampling Ambient Water for 
Trace Metals at EPA Water Quality Criteria Levels (EPA, 1995b) discusses "clean" and "ultraclean" 
techniques and detailed methods for preventing contamination during sampling. 
 
Procedures should be performed by well-trained, experienced personnel who pay strict attention to the 
work being done.  Physical sample handling should be kept to a minimum. Exposure of samples and 
labware to airborne dust should be minimized during sampling and analysis. 
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Field equipment and labware must be carefully cleaned and cleaning methods must be monitored and 
verified using field and laboratory blanks.  The time between cleaning and use of labware should be kept 
to a minimum.  Labware should be enclosed in polyethylene zip-locked bags for storage or stored in a 
dilute nitric acid bath until time of use.  Labware with tops, such as bottles and volumetric flasks can be 
filled with dilute nitric acid, closed and stored upright with the nitric acid until time of use.  Apparatus 
can be covered with clean plastic wrap and stored in a clean area.   
 
Laboratory glassware (Pyrex , Kimax ) has been found to contain trace metals.  Fluoropolymer 
(PTFE, Teflon ) and plastic (linear polyethylene) labware are preferred as alternatives with the 
exception of colored plastics, which are known to contain metals.  Plastic pipet tips may be a source of 
metals contamination and acid cleaned pipet tips are commercially available.  Other materials that are 
known to contain trace levels of metals are rubber, paper cap liners, pigments in marking pens, polyvinyl 
chloride, nylon, methacrylate, Vycor  and talc.  It is necessary to use only clean, powder-free gloves for 
all sample handling steps. 
 
Always test new products or similar products from a new manufacturer and do not make assumptions 
about the appropriateness of a product until it has been well tested.  For low-level work, reagents should 
be ultrapure grade, or equivalent, and should never be returned to their stock containers once removed.  
Sample carry-over at the instrument must be carefully monitored and rinse times adjusted to eliminate 
any potential carry-over. 


2.3  Cleaning Methods for Labware 
All labware used during sample analysis must be free from metals contamination.  Ideally, labware would 
be dedicated according to sample type and anticipated concentration of analytes.  For example, sediments 
contain higher levels of metals than do tissues and the possibility of contamination will be minimized if 
labware for the different sample types are kept separate. 
 
All labware should be thoroughly cleaned with a detergent solution (such as Detergent 8 ), rinsed with 
metal-free water, and soaked overnight, or longer, in a covered acid bath containing a dilute nitric acid 
solution prepared from reagent grade nitric acid.  A commonly used nitric acid bath concentration is 20 
percent but other concentrations may be used if verified as adequate by the results of routine blanks.  For 
example, some laboratories prepare labware for ultraclean work by soaking it overnight in hot 
concentrated nitric acid and find the use of hot acid particularly important for cleaning PTFE (Teflon ) 
labware.  Other laboratories find that 5 percent nitric acid is sufficient for their work.  Cleaning of 
labware for some analytes benefits from the additional step of a dilute hydrochloric acid soak. 
 
Regardless of the strength or type of acid used, it is helpful if labware is stored containing dilute acid or 
in an acid bath until it is used, to prevent contamination during drying and storage.  When labware is 
removed from the acid bath, it must be rinsed with copious quantities of metal-free water.  The rinsing 
step is critical to minimize contamination.  Acid baths should be changed periodically, as the acid 
becomes contaminated.  To avoid contamination with chromium, do not use chromic acid for cleaning 
any materials. 
 
The laboratory should have written procedures for labware cleaning methods.  Verify the effectiveness of 
the labware cleaning methods and timing of acid bath changes by routinely analyzing blanks and 
maintaining documentation of blank results. 
 
Acid precleaned plastic bottles and pipet tips are available commercially.  Cleanliness of commercially 
cleaned labware should be monitored by the analysis of blanks. 
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2.4  Interferences 
Marine samples provide a significant challenge to laboratories analyzing for trace metals.  Sea water 
contains approximately 3 percent dissolved salts, which cause problems such as uneven sample transport 
rates and chemical and spectral interferences.  Marine sediment digestates contain high concentrations of 
dissolved solids, from both interstitial sea water salts and salts resulting from sample digestion.  Marine 
tissue digestates are also high in dissolved solids and dissolved organic material.  The choice of 
analytical method must be made carefully and must account for potential interferences.  The analyst 
should be experienced with analysis of marine samples and resolution of concomitant interference 
problems.  Specific information on minimizing interferences from marine samples is found in sections of 
this chapter that cover the methods of analysis. 


3.  SAFETY CONSIDERATIONS 
Each organization participating in a project should ensure that their activities do not increase the risk to 
humans or the environment.  Laboratories must operate under an active safety program.  Laboratory 
facilities need to have adequate ventilation for labware cleaning, sample preparation and instrumental 
analysis. Appropriate engineering controls and personal protective equipment must be available and used. 
Laboratory workers must be trained in safe laboratory techniques.     
 
Health and safety issues need to be considered when choosing methods of analysis. When more than one 
method option exists, the method with fewer hazardous reagents, dangerous procedural steps or toxic by-
products should be chosen.  For cleaning of labware, care must be taken while using acid baths; acid 
fumes and potential for acid burns to skin and eyes can pose a risk.  Temperatures and concentrations of 
acids should be kept as low as feasible for decontaminating labware and sampling equipment. 
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4.  SAMPLE ACCEPTANCE AND STORAGE CRITERIA 
All samples must be collected and handled following a sampling plan that addresses considerations 
discussed in Section 6, Sample Handling, of the Field Chapter (PSEP, 1997a).  All sample containers 
should be prewashed according to the methods described in Section 2.5.2 of the Field Chapter.  
Alternatively, precleaned containers may be purchased. 
 
When samples are received by the laboratory, adherence to the sample acceptance requirements specified 
in the project planning document should be verified to ensure sample integrity.  The following should be 
considered: 
 
 •  Technical validity - sample preservation and storage are appropriate for the stability of the analyte. 
 •  Chain of custody - the personnel handling the sample are properly trained and authorized to do so; 


tampering with the sample is precluded and all sample handling is documented. 
 
In addition, the following items should be verified: sample identification (between the sample container 
and the field sheet), sample bottles and sample receipt within holding time.  When applicable, any safety 
hazards associated with the samples should be noted, documented and the appropriate personnel should 
be notified. 
 
All samples should be preserved and stored according to applicable EPA approved procedures, as 
described in the Field Chapter (PSEP, 1997a), and analysis must start prior to expiration of holding time. 
 Water samples for total metals analysis should be preserved with ultrapure nitric acid to pH < 2 at time 
of sampling.  Marine and estuarine water samples have high ionic strength, resulting in a buffering 
capacity that impacts the amount of acid required for preservation.  The pH of these samples should be 
confirmed and documented to be < 2 at time of preservation by pouring off a small amount of sample and 
checking it with short range pH paper.  The pH should be checked again at the time an aliquot is removed 
for analysis.  Excess acid should be avoided, however, as preconcentration techniques are strongly 
dependent upon pH.  Suggested final concentration of nitric acid in the sample is 0.15 percent (EPA, 
1992a) but pH must be checked carefully to ensure proper preservation of samples. 
 
Often, samples are brought to the laboratory for preservation.  If this is the case, samples should be kept 
cool (4oC) during transportation and be preserved within 24 hours of sampling.  When this is not 
practical, samples should be preserved as soon as possible and preserved samples must sit at least 16 
hours prior to analysis to allow metals that may have plated onto the walls of the sample container to 
resolubilize. 
 
Water samples for particulate or dissolved metals are filtered though 0.4 to 0.45 µm membrane filters 
prior to preservation.  Filtering must occur as soon as possible after sampling and always within 24 
hours.  For this reason, field filtering is preferred but may not always be practical.  When it is not feasible 
to filter samples for dissolved or particulate metals within 24 hours of collection, sample results may be 
qualified to reflect this.  The filtrate, which contains the dissolved fraction, is preserved to pH < 2 with 
ultrapure nitric acid.  The particulate fraction, which is retained on the filter, is preserved by freezing the 
filter.  A convenient way to store filters frozen in a flat position is to transfer them to a clean, 
appropriately sized polystyrene Petri dish (PSEP, 1990).  Metals samples are particularly prone to 
contamination during filtering and great care must be taken to minimize it.  See Section 5.3.1 for further 
discussion of sample filtering. 
 
Sediment and tissue samples should be kept cool during transport (4oC) and tissue samples should be 
frozen at -18oC as soon as they arrive at the laboratory unless they are analyzed immediately.  Sediment 
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samples for metals analysis may be stored at 4oC for 6 months and 28 days for total mercury.  However, 
Puget Sound Dredged Disposal Analysis (PSDDA) guidelines (U. S Army Corps of Engineers, 1991) 
specify that sediment samples requiring methyl mercury analysis should be stored frozen (-18oC) and 
held for no more than 28 days.  In the absence of supporting data, the storage of samples for total 
mercury at 4oC for 28 days is acceptable.  Recommended holding times for frozen sediment and tissue 
samples are 28 days for mercury and 2 years for other metals.  Holding time for water samples is 28 days 
for mercury and 6 months for other metals. 
 
If samples are to be frozen, sediment core samples should be divided into subsamples prior to freezing.  
Care must be taken to prevent container breakage during freezing.  Head space should be left for 
interstitial water to expand, and containers should be stored at an angle rather than in an upright position.  
 
Mercury is stable for at least one year in freeze dried sediment and tissue samples and this method has 
been adopted by the National Oceanic and Atmospheric Administration (NOAA) Status and Trends 
Program.  In an unpublished study performed for Washington Department of Fish and Wildlife by the 
King County Metro Environmental Laboratory, fish muscle samples were analyzed for mercury before 
and after the 28 day holding time.  Samples stored in glass and frozen at -18oC were analyzed at 6 
different times, ranging from 4 to 86 days after collection.  No significant differences in the mercury 
concentrations were observed. 
 
Tables 2, 3, and 4 of the Field Chapter (PSEP, 1997a) summarize appropriate sample containers, sample 
sizes, preservation techniques, storage conditions and holding times for trace metals analyses.  Samples 
that are incorrectly preserved or not analyzed within holding times should be discussed in the narrative 
portion of the laboratory report and data may need to be qualified. 







April 1997 -- Metals Chapter 


8 


5.  METHODS OF ANALYSIS 


5.1  Method Selection 
The selection of analytical methods for a project is influenced by a variety of factors.  Some of these 
factors are client or program specifications, availability of accepted or standard methods, required 
detection limits, turn around time, sample type, available technology, operator expertise and economy.  
Additional analytical issues to consider include analytes to be measured, expected concentrations and 
potential interferences.  The project manager and the analytical laboratory need to discuss project 
requirements during the planning stage so that the most appropriate analytical method is selected and 
documented in the project planning document.  Appendix C to the QA Chapter (PSEP, 1997b) contains 
some program specific requirements for detection or regulatory limits. 
 
This guidance document encourages the use of methods that produce comparable data so that data 
generated for a specific project can be used to support longer term environmental studies.  In addition, 
project specific trend analyses require new data sets to compare with historical data sets.  The use of EPA 
methods is recommended, when possible, for Puget Sound samples.  Many laboratories routinely perform 
these methods and method performance is well documented. 
 
When an appropriate EPA method is not available, a validated standard method from another recognized 
source, such as Standard Methods for the Examination of Water and Wastewater (APHA, 1992a), is 
recommended.  When no standard method is available, the method chosen must be a written method and 
the laboratory must document method performance and ability to meet data quality objectives.  The 
quality control section (9.0) of EPA analytical methods written in the Environmental Methods 
Management Council (EMMC) format (EPA, 1993 and EPA, 1994a) describes a detailed approach to 
assessing laboratory performance and data quality.  In addition, it is recommended that highly complex 
methods only be used when essential for meeting project requirements.  The preferred approach is to 
use the most straight forward and standardized method available that meets data quality 
objectives. 
 
Methods for the determination of metals typically fall within the scope of a small number of instrumental 
methods and variations on those procedures.  These include, but are not limited to, Flame Atomic 
Absorption (FLAA), Inductively Coupled Argon Plasma-Optical Emission Spectrometry (ICP-OES), 
Graphite Furnace Atomic Absorption (GFAA), Inductively Coupled Argon Plasma-Mass Spectrometry 
(ICP-MS), and Cold Vapor Atomic Absorption (CVAA) or Atomic Fluorescence (CVAF) for mercury.   
 
Data provided by these different instrumental techniques are generally comparable where overlap of 
applicable concentration range occurs.  Often, the choice of one over the other is based on expected 
concentration of the samples.  In general, CVAA or CVAF techniques are usually the only options for 
mercury analyses, and ICP-OES is the most efficient method for many analytes when the detection limits 
are adequate to meet the needs of the client or program.  Marine samples provide a significant challenge 
to laboratories analyzing for trace metals.  Methods of analysis must be chosen that address specific 
interference problems and laboratories must develop experience with these methods and sample types. 
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5.2  Method Performance 


5.2.1  Precision and Bias 
Precision  is an indication of the agreement among  the results of replicate measurements. To estimate 
precision, the results for the replicate samples must be at or above the detection limit.  If they are not, 
precision can be checked by analyzing replicates of check standards or matrix spikes. The best measure 
of precision is the relative standard deviation (RSD) or coefficient of variation (CV): 
 


 
       _ 
where x is the arithmetic mean of the xi measurements and sx is the standard deviation. 
The relative percent difference (RPD) is used when only two samples are available. 
 


 
 
The standard deviation can be calculated as follows: 
 


 
 
where n is the number of measurements. 
 
Bias is described as the deviation due to a systematic error (i.e., a consistent tendency for results to be 
either greater or smaller than the true value), such as calibration error, matrix interference, inability to 
measure all forms of the analyte, analyte contamination, etc.  Deviation due to matrix effects is assessed 
by comparing a measured value to an accepted reference value in a sample of known concentration (such 
as a standard reference material) or by determining recovery of a known amount of analyte spiked into a 
sample (matrix spike).  Bias due to matrix effects based on a matrix spike is indicated by: 
 
Bias = (Xs - Xu) - K, 
 
where Xs is the measured value for the spiked sample, Xu is the measured value for the unspiked sample 
and K is the known (calculated) spike amount. 
 
The percent recovery (%R) for check standard or matrix spikes is given by: 
 


 
 
where Rs is the result for the check standard or the difference between the results for the spiked and the 
unspiked samples and Rt is the known value for the check standard or the amount of the analyte added to 
the matrix spike. 
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Blanks can also be useful indicators of  bias due to contamination.  More information can be found in 
Section 6.6, Analytical QC. 
 
Accuracy is described as the closeness of agreement between an observed value and a  true or accepted 
reference value.  When applied to a set of observed values, accuracy will be a combination of a random 
(precision) component and of a systematic (bias) error component.  Precision and bias are performance 
characteristics of the method used by a particular laboratory and analyst. 


5.2.2  Determining, Defining and Verifying Detection Limits 
Environmental analytical chemists have not universally agreed upon terminology for defining or 
conventions for determining and reporting lower detection limits for analytical procedure.  The following 
guidance does not attempt to resolve the debate over terms or procedures for analytical detection limits.  
Rather, it is intended to provide practical information that can be used as a basis for discussion between 
program managers and laboratories. 
 
EPA defines method detection limit (MDL) in Appendix B to 40 CFR Part 136 as �the minimum 
concentration of a substance that can be measured and reported with 99 percent confidence that the 
analyte concentration is greater than zero and is determined from analysis of a sample in a given matrix 
containing the element.� A copy of the complete procedure is contained in Appendix E of the QA 
Chapter (PSEP, 1997b). 
 
Actual detection limits may be affected by instrument sensitivity, bias due to contamination and/or 
matrix interferences.  Common laboratory practice is to calculate MDLs to according the EPA procedure 
and subsequently adjust detection limits upward in cases where high instrument precision (i.e., low 
variability) results in calculated detection limits that are lower than the absolute sensitivity of the 
analytical instrument.  In these cases, best professional judgment is used to adjust detection limits 
upward to a level where a signal can be routinely observed, recognizing that instrument optimization and 
performance does not remain constant under routine laboratory conditions.  In addition, detection limits 
may be adjusted upward for some analytes when random contamination or interference is a significant 
issue for an analytical method. 
 
The quantification limit represents a practical and routinely achievable level at which there is relatively 
good certainty that any reported value is reliable (APHA, 1992a).  The quantification limit for a test is 
usually about five to ten times the detection limit and always higher than the detection limit.  A 
quantification limit check standard should be analyzed to verify quantification limit at the instrument.  A 
spiked method blank fortified with analytes at or near the quantification limit is also recommended as a 
periodic method check sample to demonstrate method performance near the quantification limit. 
 
It is recommended that laboratories develop performance based control limits for low-level check 
standards.  Further guidance on developing control limits can be found in the EPA Handbook for 
Analytical Quality Control (EPA, 1979) or Section 9.0 in the QC section of EPA methods written in the 
EMMC format (EPA, 1993).  These control limits may be requested by project managers for inclusion 
into project planning documents.  Certain projects may require verification of a laboratory�s ability to 
meet regulatory action limits and this should be addressed in the project planning document. 
 
Analyte values below the detection limit are not reported.  Rather, the result is reported as less than the 
detection limit, including the numerical value for the detection limit.  When an analyte value is between 
the detection limit and the quantification limit, the value is reported and is qualified as less than the 
quantification limit.   
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Some practical guidance for determining detection and quantification limits for inorganic analysis can be 
found in Appendix E. 


5.3  Marine Water 
Studies of metals in the water column may require analysis of the whole sample for total metals or 
separation of dissolved and particulate fractions, depending upon project objectives.  Total metals are 
defined as the concentration of metals determined on an unfiltered sample after digestion.  The dissolved 
fraction of a water sample is defined as the fraction that passes through a 0.4 or 0.45 µm membrane filter 
when an unpreserved water sample is filtered.  The particulate fraction is defined as the material that is 
retained on a 0.4 or 0.45µm filter. 
 
Pore size is important in this definition as particulate matter exists in the water column that is smaller 
than 0.45 µm.  Several types of filters often used in the Puget Sound region have a nominal pore size of 
0.4 µm.  In practice, there is probably little difference in the material retained by filters with 0.45 and 0.4 
µm pores sizes (PSEP, 1989). and subsequent discussion will refer to a 0.45 µm filter, but a 0.4 µm filter 
may be used as well. 


5.3.1  Sample Preparation for Dissolved Metals 
There is no detailed standard method available that addresses all the practical issues involved with the 
preparation of water samples for dissolved metals.  The most critical concern when preparing samples for 
analysis of dissolved metals is contamination control.  Utmost care and vigilance are required to filter 
samples without introducing metals contamination.  Contamination during the sample collection, splitting 
and filtering steps is often a major source of bias.  This results in false positive values for samples with 
low concentrations and limits the laboratory's ability to accurately measure metals at the low detection 
limits required for projects driven by water quality or human health criteria.  Monitoring each step in the 
process with QC samples (blanks) is important to verify that analytical data represent sample 
concentrations and not sample contamination. 
 
When filtering water samples for dissolved metals, two issues become important; finding a method and 
apparatus that minimizes contamination of the sample during the filtering process and has the ability to 
filter adequate volumes of sample in a reasonable amount of time.  EPA Method 1669 (EPA, 1995b) 
describes a method for filtering samples for dissolved metals.  The filter specified in the method is a 
tortuous-path capsule filter, such as the Gelman Supor  12175 or equivalent,  used with either vacuum 
or pressure devices.  While capsule filters are capable of filtering all types of water samples quickly 
without clogging, they are known to contribute contamination for some important elements, making them 
unsuitable for low-level trace metals work (Taylor and Shiller, 1995).  In addition, tortuous-path capsule 
filters lack rigidly defined pore size which may result in additional filtering artifacts (Taylor and Shiller, 
1995).  For reasons of pore size consistency and contamination minimization, membrane filters are 
strongly recommended over capsule filters for marine water samples. 
 
Membrane filters are available in several sizes, including 47 mm, 90 mm and 142 mm diameter sizes.  
The 47 mm diameter size is most commonly found in laboratories but larger filters may be necessary 
when filtering larger volumes of samples.  EPA Method 1669 (EPA, 1995b), Section 6.17.2 describes the 
following method for acid cleaning 0.4 µm, 47 mm polycarbonate Nucleopore  (or equivalent) 
membrane filters.  Fill a 1 liter (L) fluoropolymer jar approximately two-thirds full with 1N nitric acid.  
Using fluoropolymer forceps, place individual filters in the fluoropolymer jar.  Allow the filters to soak 
for 48 hours.  Discard the acid, and rinse five times with metal-free water.  Fill the jar with metal-free 
water, and soak the filters for 24 hours.  Remove the filters when ready for use, using fluoropolymer 
forceps, and place them on the filter apparatus.  Polycarbonate membrane filters often clog quickly.  
However, these filters have a lower potential for trace element contamination than alternatives such as 
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cellulose nitrate and cellulose acetate membrane filters. 
 
Cellulose acetate or cellulose nitrate membrane filters do not clog as quickly as polycarbonate filters and 


can be mildly acid-cleaned using 10 percent HNO3 (PSEP, 1990), although some laboratories have found 
difficulty in reducing contamination to acceptable levels with cellulose filters.  Others recommend a 
second acid soak step using 20 percent HCl but cellulose acetate filters may disintegrate when subjected 
to HCl.  It is important to test filters and filter cleaning processes thoroughly prior to use with real 
samples to verify control of metals contamination. 
 
When using membrane filters, the filter-holding and sample capture equipment are also very important to 
the process.  These must be made of an appropriate material, be acid-cleaned before use and rinsed well 
between samples.  A Teflon  in-line filter holder such as Millipore  #XX434700 (or equivalent) works 
well and can be opened for filter change without disturbing the attached plumbing.  Tubing that contacts 
the sample should be Teflon .  Fritted glass filter holders (use silicon stoppers) are easy to use during 
filtering but are difficult to clean well and do not filter samples as quickly as the in-line filter holders. 
 
Other options in filtering equipment are available for dissolved metals.  Any can be used so long as the 
final filter is 0.4 to 0.45 µm membrane and the samples are not contaminated by the filtering process.  
Filtering may need to occur in a clean room if necessary to meet required detection limits.  If using a 
pressure filter device, filter at a pressure of 70 to 130 kPa.  Pressure filter units clog less readily than 
vacuum filters (APHA, 1992b). 
 
A method follows for filtering samples in the laboratory for dissolved and particulate metals analysis.  
This method is offered as an example and may be modified depending upon filter apparatus.  Only 
unacidified samples should be filtered.  The volume to filter depends upon the tests being run on each 
sample (it is important to remember that mercury is a separate test and that additional sample is required 
for duplicates and matrix spikes).  If collecting the particulate fraction, the sample must be shaken 
thoroughly immediately before subsampling to achieve a representative sample.  If collecting only the 
dissolved fraction, allow particulates to settle or centrifuge the sample to minimize filter clogging.  If 
total and dissolved metals samples are to be taken from the same container, take a subsample for total 
metals before allowing particulates to settle. 
 
1. Conduct filtering in a clean room or on a clean bench when needed to meet required detection 


limits.  Set up acid-cleaned filtering apparatus, with filter in place.  Use Teflon -coated forceps for 
handling filters. 


  
2. Rinse the system by filtering at least 1L of metal-free water and discarding the rinse water. 
  
3. Collect a �before� filtrate blank by filtering 500 milliliters (mL) of metal-free water through the 


system. Collect the filtrate, transfer it to a 500 mL acid-cleaned sample bottle and label the bottle 
with date and associated sample batch. 


  
4. Rinse the filtering apparatus with sample by filtering a portion of the sample and discarding this 


portion.  Filter required volume of sample and retain the filtrate for dissolved metals analysis.  If the 
filter clogs, change filters.  Centrifuging the sample or prefiltering with a 3 µm or 1 µm filter may 
also minimize filter clogging.  Be aware that additional steps or filters used in the filtering process 
increase potential for sample contamination.  Centrifuging, prefiltering and changing filters when 
clogging occurs are not options when collecting particulate metals samples.  See 5.3.2, below for 
more information about particulate metals. 
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5. Thoroughly rinse filtering apparatus with at least 1L of metal-free water between samples.  Repeat 
steps 4 and 5 for additional samples.  Decontaminating the apparatus between samples by rinsing 
with dilute (1 percent) nitric acid may be necessary, depending upon sample concentrations and 
required detection limits. 


  
6. At the end of the sample batch and after decontaminating filtration apparatus, collect an �after� 


filtrate blank as in step 3. 
  
7. Preserve the filtered samples and blanks with ultrapure nitric acid to pH < 2.  Dissolved metals 


samples are now ready for analysis.  Place filters for particulate metals analysis in pre-cleaned 
polystyrene Petri dish for freezing or to a digestion vessel for analysis. 


 
Generally, filtered, fresh water samples for dissolved metals do not require any additional sample 
preparation prior to instrumental analysis, unless a precipitate forms on acidification.  If this occurs, 
digestion of the acidified filtrate is required.  For marine water samples, however, additional sample 
preparation may be required to minimize the effects of the sea water matrix.  Refer to Section 5.3.4.1 
below for more information on matrix removal techniques. 


5.3.2  Sample Preparation for Particulate Metals 
Particulate metals are defined as metals retained by a 0.45 µm membrane filter when an unpreserved 
water sample is filtered.  Theoretically, the arithmetic difference between total and dissolved metals 
results would yield data for the particulate metals fraction.  This approach may be appropriate for the 
objectives of some projects while others may require direct analysis of the particulate fraction.  This 
decision can be influenced by the expected levels of analytes in the dissolved fraction, as it is difficult to 
take the difference between total metals and dissolved metals when either or both contain analytes at 
concentrations below the detection limit.  For the direct determination of particulate metals, the material 
retained on the filter is digested and analyzed.  When preparing a sample for particulate metals analysis, 
it is important to collect enough sample on the filter to achieve the detection limits required by the 
project.  The weight of particulate and the volume of water filtered must be recorded if metals 
concentrations are to be reported on a weight basis.  If metals concentrations are to be reported on a 
volume basis, only the volume of sample filtered needs to be recorded.  The expression of particulate 
metals results on a weight or volume basis must be specified in the project planning document. 
 
When particulate metals results are to be expressed on a weight basis, there are several considerations for 
obtaining all the relevant data.  Filters may clog quickly, making it difficult to filter enough sample so 
that particulate is collected in sufficient quantities to both be weighed accurately and to result in 
detectable levels of metals in the digested sample.  In addition, metals contamination can occur during 
the filter drying and weighing process, biasing the results. 
 
One approach is to perform a 0.45 µm suspended solids test concurrently with collection of the 
particulate metals sample.  The volume of water filtered for both the metals test and the suspended solids 
test is recorded so the metals results can be converted to a weight basis using the suspended solids 
results.  With this approach, the filter holding the particulate metals sample would not undergo the 
additional drying and weighing steps that may contribute contamination.  Even so, it is difficult to collect 
enough particulate material to weigh accurately before the filter clogs. 
 
Depending on the amount of particulate matter in the sample, the approximate volume of sample 
recommended for filtering for particulate metals is 4L.  If it is impractical to collect enough volume of 
water for both a particulate metals sample and a 0.45 µm suspended solids test, a drying temperature of 
60oC is recommended to minimize the loss of more volatile elements.  The 142 mm diameter filters may 
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be required to filter the recommended 4 L sample volume.  See Section 4.2.2 of the Field Chapter for 
additional guidance on field filtering for dissolved and particulate metals. 
 
Particulate metals samples require digestion prior to analysis.  Since a standard method is not available 
for digesting particulate metals samples, it is recommended that the sediment digestion method (EPA 
Method 3050 (EPA, 1992b) discussed in Section 5.4.1.2 be used and that the acid amounts be modified 
according to particulate weight and final digestate volume.  Final digestate volume can be minimized to 
reduce the detection limit. 
 
A sensitive determinative method, such as GFAA or ICP-MS may be required to quantitate analytes in 
the digestates.  It is important to matrix match the final concentration of the acids in the digestate with 
the instrument calibration standards.  Include a clean filter in the method blanks to determine the 
presence or absence of metals contamination from the filters.  Analyzing several blanks, is recommended. 
 Results are reported on a weight basis, using 0.45 µm suspended solids results to make the conversion. 
Additional guidance on particulate metals can be found in the PSP&G Freshwater Metals Chapter (PSEP, 
1990). 


5.3.3  Sample Preparation for Total Metals 
Total metals are defined as the concentration of metals determined on an unfiltered sample after 
digestion.  Unfortunately, there are only a limited number of EPA methods available at this time for trace 
metals analyses of marine waters.  In addition, there is no standard approach to sea water testing 
currently among the Puget Sound region trace metals laboratories. While some sea water samples may 
contain analytes at or above nominal instrument detection limits, the complexity of marine matrices will 
often limit the capability of the instrument to achieve routine detection limits.  Ambient concentrations of 
many metals in sea water are so low and the sample matrix so challenging, that routine analytical 
methods are often not adequate to satisfy program needs. 
 
Sea water contains approximately 3 percent dissolved salts and pretreatment of samples is often required. 
The appropriate pretreatment method must separate the matrix from the analytes while maintaining or 
lowering detection limits.  Some of the more sensitive instruments, such as newer ICP-MS models, may 
be capable of analyzing samples of marine water directly, after dilution at a ratio of approximately 1/100. 
 When such instruments are available, a simple technique such as dilution is preferred to complex sample 
preparation techniques. 
 
When high sensitivity instruments are not available, or when detection limit requirements for marine 
water samples are very low, other pretreatment techniques may be necessary.  Pretreatment techniques 
such as on-line and off-line chelation preconcentration, chelation/solvent extraction, coprecipitation and 
reductive precipitation all perform some preconcentration of trace elements while modifying the sample 
matrix sufficiently for effective instrumental analysis. 
 
A good deal of attention is currently being devoted to the field of pretreatment techniques that combine 
matrix modification with preconcentration.  These procedures are intensive in terms of time, labor, 
analyst expertise and cleanliness and typically combine the matrix modification/preconcentration step 
with the standard determinative methods available in most analytical laboratories.  While matrix removal 
methods usually cite a specific determinative method, this may be flexible, and matrix removal methods 
may be compatible with other determinative methods.  Furthermore, on- and off-line techniques may be 
interchangeable with appropriate modifications. 
 
While some sample matrix removal/preconcentration methods have been published by the EPA, the 
scope of these procedures is currently less than comprehensive.  Other research level methodologies are 
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available through industrial and academic sources.  In the absence of standard methods, the use of non-
standardized methods and/or performance based methodology may be necessary to meet project 
requirements.  The currently available validated EPA methods for matrix removal and preconcentration 
are described in Section 5.3.4.1 below.  Validated EPA methods for direct analysis of sea water are 
described in Section 5.3.4.2, mercury methods are described in Section 5.3.4.3 and a draft EPA method 
for the hydride generation technique for arsenic analysis is described in Section 5.3.4.4.  Research level 
methodologies for matrix removal/preconcentration are described and referenced in Appendix D. 
 
Table 2 (EPA, 1994b) provides a summary of the EPA Marine Ambient Water Quality Criteria for 
metals.  Table 3 shows examples of ambient levels of metals in sea water.  These tables are intended to 
provide comparative information about sea water trace metals concentrations and potential project goals 
in support of Puget Sound programs. 
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Table 2 
 EPA Ambient Water Quality Criteria for Total Recoverable and Total Dissolved Priority Pollutant Metals (EPA, 1994b) 
 
 Ambient Water Quality Criteria(1) (µg/L) 


   
Marine Criteria 


 


 
Human Health Criteria 


 
  Acute(2) Acute(3) Chronic(2) Chronic(3) H2O/Organism(2) Organism(3) 
 Element Total 


Recoverable 
Total 


Dissolved 
Total 


Recoverable 
Total 


Dissolved 
Total Recoverable Total Recoverable 


        
 Antimony -- -- -- -- 14(4) 4300(4) 
 Arsenic 69 65.6 36 34.2 0.018(4)  0.14(4)  
 Cadmium 43 36.6 9.3 7.9 -- -- 
 Chromium (VI) 1100 1050 50 47.5 -- -- 
 Copper 2.9 2.5 2.9 2.5 -- -- 
 Lead 220 110 8.5 2.1 -- -- 
 Mercury 2.1 1.8 0.025 --(5) 0.14 0.15 
 Nickel 75 64 8.3 7.1 610(4) 4600(4) 
 Selenium 300 --(5) 71 --(5) -- -- 
 Silver 2.3 2.0 -- -- -- -- 
 Thallium -- -- -- -- 1.7(4) 6.3(4) 
 Zinc 95 81 86 73 -- -- 
(1) WQC promulgated in the National Toxics Rule (NTR) for 14 states at 40 CFR Part 131 (57 FR 60848).  Criteria for metals listed at 40 CFR Part 131 are expressed as total 


Recoverable at a hardness of 100 mg/L CaCO3 and a water effect ratio (WER) 1.0. 
(2) As listed in the NTR at 40 CFR Part 131 for total recoverable metals. 


(3) For cadmium, copper, nickel, and zinc, acute and chronic criteria for dissolved metals and metal species were calculated by taking 85 percent of the corresponding total 
recoverable criteria level.  For arsenic and chromium(VI), acute and chronic criteria for dissolved metals and metal species were calculated by taking 95 percent of the 
corresponding total recoverable criteria levels.  For lead, acute dissolved criteria were calculated by taking 50 percent of the corresponding total recoverable level; for lead 
chronic criteria, dissolved criteria were calculated by taking 25 percent of the total recoverable levels.  Dissolved values for mercury chronic criteria and selenium acute and 
chronic criteria were not calculated because these metals bioaccumulate, and dissolved criteria would not be appropriate.  (Guidance Document on Dissolved Criteria: 
Expression of Aquatic Life Criteria, October 1993.  Attachment 2 to memorandum from Martha Prothro to Water Mgmt. Division Directors, October 1, 1993.) 


(4) Criterion reflects recalculated value using IRIS. 
(5) Metal is bioaccumulative and, therefore, it is not appropriate to calculate WQC for dissolved levels.  (Guidance Document on Dissolved Criteria: Expression of Aquatic Life 


Criteria, October 1993.  Attachment 2 to memorandum from Martha Prothro to Water Management Division Directors, October 1, 1993.) 
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Table 3 
 


Ambient Concentrations for Trace Metals in Puget Sound 
 


 Trace Metal Concentrations (µg/L) 
          
  Arsenic Cadmium Copper Mercury Nickel Lead Silver Zinc 
          
 Inner Elliott Bay1 -- 0.097 0.94 -- 0.50 0.55 -- 2.2 
 Outer Elliott Bay1 -- 0.073 0.63 -- 0.47 0.37 -- 0.83 
 Puget Sound, Main Basin1 -- 0.104 0.47 -- 0.41 0.08 -- 0.60 
 Admiralty Inlet1 -- 0.085 0.19 -- 0.31 0.025 -- 0.29 
 Puget Sound, unspecified location2 1.5 0.05 0.25 0.001 0.25 0.05 0.002 0.5 
 Open Ocean Seawater3 1.26 0.016 0.228 -- 0.228 0.013 -- 0.115 
          
 
Notes: 
1 Paulson et al. (1985). 
2 PSEP, 1989. 
3 National Research Council of Canada (NRCC) NASS-4 certificate values - see Appendix A for source. 
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5.3.4  Methods of Analysis for Marine Water Samples 


5.3.4.1  Methods with chelation matrix removal and preconcentration steps 
 


EPA Method 200.10  Determination of Trace Elements in Marine Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma - Mass Spectrometry (EPA, 1992a). 
EPA Method 200.13  Determination of Trace Elements in Marine Waters by Off-Line Chelation 
Preconcentration with Graphite Furnace Atomic Absorption (EPA, 1992c). 


 
These methods are used to preconcentrate trace elements using an iminodiacetate functionalized 
chelating resin.  Acid solubilization (digestion) is required prior to chelation to break down complexes of 
colloids that might influence trace element recoveries.  Chelation procedures offer the ability to 
concentrate analytes of interest while at the same time removing undesirable sample constituents from 
the sample matrix.  Pre-assembled iminodiacetate units are commercially available.  One drawback of 
this approach is that no single chelation chemistry has been found to be applicable to all of the analytes 
commonly of interest.  EPA 200.10 is applicable to cadmium, cobalt, copper, lead, nickel, uranium, and 
vanadium.  The detection limits given in EPA Method 200.10 (EPA, 1992a) were determined with 
reagent water.  The detection limits reported in the method are lower than EPA Marine Water Quality 
Criteria.  EPA 200.13 is applicable to cadmium, cobalt, copper, lead, and nickel.  Detection limits for 
EPA Method 200.13 (EPA, 1992c) were determined for cadmium, copper, and lead using the NRCC 
reference material NASS-3.  These detection limits are lower than the EPA Marine Water Quality 
Criteria.  No detection limits are listed in the method for cobalt and nickel. 


5.3.4.2  Methods without matrix removal and preconcentration steps 


5.3.4.2.1  ICP-OES 
 


EPA Method 200.7  Determination of Metals and Trace Elements in Water and Wastes by 
Inductively Coupled Plasma-Atomic Emission Spectrometry (EPA, 1994c). 


 
EPA Method 200.7 (EPA, 1994c) could be used for analysis of some elements in sea water by ICP-OES 
after appropriate digestion for total metals and filtration for dissolved metals.  However, ICP-OES is not 
an adequately sensitive technique for measuring trace elements in sea water.  ICP-OES could be used to 
analyze for major elements such as calcium, magnesium, potassium, and sodium in sea water and 
samples may require considerable dilution to bring some analytes within linear range of the instrument.  
Samples and standards should be matrix matched, and a serial dilution analysis should be performed to 
verify that physical and chemical interferences are not present.  Analyzing samples that are high in 
dissolved solids causes salt to build up on the plasma torch, and frequent instrument maintenance is 
required to prevent problems such as carry-over. 
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5.3.4.2.2  GFAA 
 


EPA Method 200.12  Determination of Trace Elements in Marine Waters by Stabilized Temperature 
Graphite Furnace Atomic Absorption (EPA, 1992d) 


 
EPA Method 200.12 (EPA, 1992d) describes a method for analyzing sea water directly by GFAA after 
digestion for total recoverable analytes or filtration for dissolved analytes.  The method applies to some 
but not all of the elements that are listed in the EPA Marine Water Quality Standards.  The elements 
addressed by the method include arsenic, cadmium, chromium, copper, lead, nickel, and selenium.  
Detection limits listed in the method were determined in a sea water matrix and are lower than the EPA 
Marine Water Quality Standards for most elements, but higher than ambient levels of trace elements in 
marine waters.  Instruments equipped with Zeeman background correction, delayed atomization furnace 
and capability to alternate gas supply are specified in this method. 


5.3.4.2.3  ICP-MS 
 


EPA Method 200.8  Determination of Trace Elements in Water and Wastes by Inductively Coupled 
Plasma- Mass Spectrometry (EPA, 1994d). 


 
EPA Method 200.8 (EPA, 1994d) describes a method for analyzing total and dissolved metals by ICP-
MS.  ICP-MS is relatively new technology for routine environmental analyses and is more complex than 
previously existing metals analytical techniques.  This technique is well suited to clean samples with low 
dissolved solids.  EPA Method 200.8 (EPA, 1994d) recommends that dissolved solids not exceed 0.2 
percent (weight/volume).  However, low detection limit capabilities, large linear dynamic range and 
ability to analyze for several elements simultaneously also make it an attractive technique for more 
challenging matrices, including marine samples. 
 
Sea water samples can be analyzed directly for some elements by ICP-MS if samples are diluted 
significantly.  However, sample dilution increases detection limits by the same amount.  In addition, ICP-
MS is subject to both physical and chemical interferences.  High dissolved solids present in sea water 
affect sample nebulization, transport and ion transmission efficiency.  Analyzing samples with high 
dissolved solids content can lead to deposition of solids on the nebulizer and on the sampling and 
skimmer cones of the ICP-MS, requiring short runs and frequent cleaning.  High levels of chloride are 
present in marine waters, causing isobaric interferences on arsenic (ArCl), chromium (ClOH), nickel 
(NaCl) and selenium (ArCl, ScCl). 
 
Because of the complex nature of this technique and the potential for high productivity, the following 
guidance on potential interferences is offered for the application of ICP-MS to marine samples.  The use 
of matrix removal techniques minimizes these potential interferences. 


5.3.4.2.3.1  Interferences on ICP-MS 
Certain circumstances, such as interferences (ArNa+ on 63Cu+) or instrument drift caused by analyzing 
samples with high dissolved solids, may necessitate the use of alternate isotopes for analytical 
determinations.  Initial demonstration of performance (EPA, 1994h) for all potential isotopes that fall 
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into this category should be verified.  Detection limits and linear ranges should be clearly documented for 
all isotopes that may be used.  Corrections for chloride isobaric interferences must be applied regardless 
of the digestion techniques used, due to the high levels of chloride that are certain to be present in marine 
samples.  This pertains especially to vanadium (ClO) and arsenic (ArCl) for which interelement 
corrections are already prescribed in the method. 
 
It is important to note that the correction equations listed in the method are limited to chloride 
concentrations up to 0.4 percent.  In addition, the presence of bromine in sea water results in a false 
positive error caused by the correction equation for selenium (BrH) on arsenic.  Both 82Se and 77Se 
should be monitored and compared.  Increased values for 82Se may indicate an interference on arsenic 
due to bromine and alternate method of analysis such as hydride generation or GFAA may be required.  
Other analytes that may be affected are chromium (ClOH), nickel (NaCl), and selenium (ArCl, ScCl). 
63Cu should be monitored because of potential interference on 63Cu from sodium (ArNa). 60Ni is subject 
to interferences from calcium, magnesium, sodium, and chloride. The analyst should be conscious of 
these possibilities when experiencing difficulties and when assessing data quality. 
 
Most interelement correction factors in use today are based on isotope ratios (relative abundances) of the 
elements involved in the measurement.  Isotope ratios are fixed for most elements, but instrumental bias 
will affect the apparent, or measured, isotope ratio. The accuracy of the correction depends on the 
accuracy of the measured isotope ratios and instrumental factors such as drift and optical tuning. 
 
A serial dilution of one sample per matrix in each batch would serve as an indication of matrix effects.  
Difference in recoveries outside the range of  ± 10 percent indicate a matrix interference.  Serial dilution 
of a matrix spike could be more comprehensive because all analytes of interest are certain to be present at 
adequate concentrations for a meaningful test. 


5.3.4.3  Mercury Methods 
 


EPA Method 245.1  Determination of Mercury in Water by Cold Vapor Atomic Spectrometry (EPA, 
1994e). 
 
EPA Method 245.7  Determination of Mercury by Automated Cold Vapor Atomic Fluorescence 
Spectrometry (EPA, 1994f). 


 
Mercury can be analyzed for according to EPA Method 245.1 or 245.7, (EPA, 1994e and EPA, 1994f) 
depending upon the detection limit requirements of the project and the concentration of mercury in the 
samples.  The range of application for EPA 245.1 (EPA, 1994e) is 0.2 µg/L to 20 µg/L and the range of 
application for EPA 245.7 (EPA, 1994f) is 0.002 µg/L to 25 µg/L.  Both methods are applicable to sea 
water.  The detection limit of the atomic fluorescence method can be reduced to 0.2 ng/L if a 
preconcentration (gold amalgamation) step is added to the method.  EPA Method 1631 (EPA, 1995c, 
Draft) describes the gold amalgamation apparatus and procedure and provides information for sample 
collection, shipping and analysis to prevent contamination at these very low concentrations of mercury. 
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5.3.4.4  Hydride Generation 
 


EPA Method  1632:  Determination of Inorganic Arsenic in Water by Hydride Generation Flame 
Atomic Absorption, (EPA, 1995d, Draft). 


 
EPA Method 1632 (EPA, 1995d, Draft) for analysis of arsenic in water hydride generation is, at this 
point in time, a draft method.  This method does not apply specifically to sea water and no performance 
criteria are mentioned in the method for sea water matrices. 
 
Inorganic and organic arsenic is converted to volatile arsines using 6 molar hydrochloric acid and 4 
percent sodium borohydride.  Arsines are purged from the sample onto a cooled glass trap packed with 
15 percent OV-3 on Chromasorb® WAW-DMCS.  The arsines are then thermally desorbed, in order of 
increasing boiling points, into an inert gas stream that carries them into the flame of an atomic absorption 
spectrophotometer for detection.  The first to be desorbed is AsH3, which represents total inorganic 
arsenic in the sample and the detection limit is 0.01000 µg/L. 


5.4  Marine Sediment 


5.4.1  Sample Preparation 
It is extremely important that a precise definition of what constitutes the sample to be analyzed is 
contained in the project planning document.  References for organics analyses recommend that excess 
overlaying water in a sample be decanted prior to subsampling (PSEP, 1997c).  This is not recommended 
for metals analysis, however and overlaying water must be stirred into the sample.  Samples may then be 
analyzed wet, may be dried at room temperature, may be oven dried at 60oC or freeze-dried.  Analysis of 
wet or freeze-dried samples is preferred when it is important to retain the particle size distribution of the 
original sample (ASTM, 1995a).  Care should be taken in the drying process to minimize volatilization of 
analytes and contamination of the samples. 
 
Metals results are usually reported on a dry weight basis and a separate aliquot is taken for solids 
determination and dried at 105oC.  It is important to use the correct conversion of metals results to dry 
weight basis if samples are dried before metals analysis at a temperature other than 105oC (ASTM, 
1995b).  In addition, it is important that sediment samples are handled consistently by all laboratory 
departments to avoid inconsistencies in converting metals results to a dry weight basis.  A separate 
aliquot for percent solids may be taken for each sample pretreatment procedure and dry weight values 
calculated using the appropriate percent solids value.  A large error in dry weight values will be realized 
if aliquots with varying amounts of water are obtained for each chemistry test and the percent solids 
(moisture) determination. 
 
When taking an aliquot for metals or solids analysis, mix the sample well in sample container with a 
spatula to homogenize.  It can be difficult to obtain a representative aliquot with samples that contain a 
large proportion of interstitial water and it is important that the analyst make every attempt to obtain a 
representative aliquot.  In some cases, withdrawing the sample with a 5 mL plastic pipet with the tip cut 
off is an effective method of obtaining an aliquot of samples of this nature.  
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Preparation of elutriates should follow the procedures in Evaluation of Dredged Material for Discharge 
in Waters of the U.S. - Testing Manual-Draft (EPA, 1994g). 


5.4.1.1  Sample digestion and analysis for total mercury 
EPA Methods 7471 and 245.5 (EPA, 1994h; EPA, 1991a) are applicable to sediments.  These methods 
use aqua regia as part of the digestion process and result in good recoveries for total mercury in marine 
sediments.  The use of aqua regia rather than the nitric/sulfuric acid mix specified in EPA Method 245.1 
(EPA, 1994e) is particularly important for samples that are highly organic in nature.  In an unpublished 
study performed at the King County Environmental Laboratory, low mercury recoveries were observed 
for such samples when aqua regia was not used. 


5.4.1.2  Sample digestion for all elements except mercury 
Most marine sediment metals analyses conducted in support of the major Puget Sound programs to date 
have been prepared by one of two digestion methods: 
 
 •  Total dissolution using hydrofluoric and other strong acids. 
 •  Strong acid digestion using nitric and hydrochloric acids and hydrogen peroxide. 


Total dissolution, also known as Total Acid Digestion (TAD) completely dissolves the silicate minerals, 
so that recoveries are complete.  Strong Acid Digestion (SAD) dissolves nearly all the heavy metals in 
fine-grained sediments, including cadmium, copper, lead, mercury, silver, and zinc, but does not dissolve 
all the minerals.  Elements that are not recovered completely by the strong acid digestion include iron, 
aluminum, manganese, chromium, and nickel.  Chromium is listed under the Sediment Management 
Standards (SMS) (Appendix C, PSEP, 1997b) and nickel is monitored by the PSDDA Program 
(Appendix C, PSEP, 1997b). 
 
The recommended digestion method for sediments is the strong acid digestion, EPA Method 3050 (EPA, 
1992b), rather than the total acid digestion.  The majority of the analytical laboratories that routinely 
support Puget Sound programs use the strong acid digestion preferentially over the total acid digestion 
method for technical, safety, waste stream and cost reasons.  Several of these laboratories reported 
difficulties in routinely analyzing samples using the total acid digestion.  Total acid digestates contain 
high dissolved solids that cause physical and spectral interferences for all the determinative methods.  
The interferences can be severe enough to require dilution of the digestate, resulting in higher detection 
limits.  The strong acid digestate does not contain such high dissolved solids and can be analyzed directly 
by FLAA, GFAA, ICP-OES, or ICP-MS.  In addition, laboratory managers have expressed concerns over 
the serious safety and laboratory waste stream issues associated with the use of hydrofluoric and 
perchloric acids and questioned whether the trade-offs for data use outweighed the worker health and 
safety concerns and increased analytical costs. 
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5.4.2  Instrumental Analysis 
Detection limit requirements for sediments collected for the major Puget Sound programs are listed in 
Appendix C of the QA Chapter (PSEP, 1997b).  A general recommendation is to use an analytical 
method that is capable of achieving a detection limit that is 3 times lower than the project specific 
detection limit requirements.  Although this is not always possible, and is not required by the programs, 
the usefulness of data near the regulatory limits is enhanced if the data are not subject to the analytical 
variability inherent near the detection limit.  All of the instruments described below are approved by EPA 
for analysis of sediment digestates and will produce comparable data if care is taken by the analyst to 
reduce the effects of matrix interferences.  The choice of instrumental method is determined by sample 
concentrations and the required detection limit.  Cold Vapor Atomic Absorption or Cold Vapor Atomic 
Fluorescence are the recommended techniques for analysis of mercury in marine sediments.  A separate 
sample aliquot is prepared for mercury analysis by EPA method 7471 (EPA, 1994h). 
 
Simultaneous ICP-OES is often used for marine sediment work because several elements can be analyzed 
for at the same time and detection limit capabilities are sufficient for most Puget Sound programs.  ICP-
OES analyses can be subject to interelement interferences.  The analyst must be aware of the potential for 
interferences and set up interelement correction (IEC) factors for these.  The EPA reference methods 
include tables of potential interfering elements and their effects on specific analytes.  In addition, the 
reference methods include recommendations for interference check solutions that are analyzed during 
each sample run to verify interelement and background correction factors.  It is the responsibility of the 
analyst to become familiar with the potential interferences for marine sediment samples and to correct for 
them.  The use of wavelength scans can be helpful in determining the effect of spectral interferences on 
ICP-OES results and to identify potential interferences for which there are no analytical channels on the 
particular instrument in use. 


5.5  Marine Tissue 


5.5.1  Sample Preparation 
Tissue sample resection and subsampling is conducted by a knowledgeable biologist prior to delivery of 
samples to the analytical laboratory.  Information on resection can be found in the Field Chapter (PSEP, 
1997a). 


5.5.1.1  Homogenization 
Tissue samples must be homogenized prior to digestion to ensure that aliquots for analysis are 
representative of the organism and to improve digestion efficiency.  Minimize sample handling during 
this step to reduce the risk of contamination.  If samples are to be analyzed for other parameters in 
addition to metals, consider the contamination issues for sample handling of all parameters during the 
homogenization step. 
 
Thaw frozen samples immediately before homogenizing.  Larger samples may be cut into 2.5 cm cubes 
with titanium, quartz or high quality stainless steel knives before grinding or homogenizing.  Tissue 
grinders or homogenizers are commercially available. For metals analysis, choose a grinder with blades 
made of titanium, tantalum or high quality stainless steel.  Stainless steel should not be used, however, if 
chromium and nickel are analytes of interest. If chromium and nickel contamination are not of concern, a 
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Waring type blender with stainless steel blades and an acid-washed glass jar can be used.  A rinsate blank 
should be collected from the homogenization apparatus to verify that decontamination procedures are 
sufficient. 
 
When homogenizing the samples, include any liquid that is present with the sample.  When possible, 
homogenize the sample in the sampling container. The sample should be homogenized to a paste-like 
consistency.  No chunks should remain in the sample because these may not be extracted or digested 
efficiently.  Homogenized samples must be stored frozen, thawing only for analysis. 
 
There are times when the amount of sample available may be severely limited, such as with organ tissue. 
 If this is the case, it is particularly important to conserve sample during the homogenization step.  
Choose a grinder that is designed for small sample sizes and homogenize the sample in the original 
sample container to avoid loss in the process of transferring sample from one container to another.  In 
addition, it may be necessary for the project manager to assign priority of analyses when sample size is 
limited. 
 
Samples may also be freeze-dried and homogenized by pulverizing prior to analysis.  Freeze-drying may 
result in a more representative sample for large whole body fish and mollusks when homogenizing wet is 
not practical.  In addition, freeze-drying prior to digestion may facilitate a more complete digestion of 
fatty tissues.  A disadvantage of freeze-drying is the additional step, which increases the potential for 
sample contamination.  Certified reference tissues are generally freeze-dried to facilitate long term 
storage of the materials as most biological processes are suspended by freeze-drying. 


5.5.1.2  Digestion 
Most marine tissues analyzed in support of the major Puget Sound programs have been digested by one 
of the following methods: 
 
 •  nitric acid/perchloric acid or 
 •  nitric acid/hydrogen peroxide. 


For each of these, there are several options for the methods of sample heating, including open vessel/hot 
plate, digestion bomb/oven and closed vessel/microwave digester.  The above digestion methods produce 
similar results, with the nitric acid/perchloric acid digestion producing potentially better recoveries on 
tissues high in fat content.  However, there are several disadvantages to the nitric acid/perchloric acid 
digestion, including safety concerns associated with the explosive nature of perchloric acid and the need 
for a specialized perchloric acid fume hood.  In addition, perchloric acid digestates are more difficult to 
analyze than peroxide digestates for low levels of metals, because of interference problems for both 
GFAA and ICP-MS.  For these reasons, hydrogen peroxide is the recommended approach. 


EPA Method 200.3 (EPA, 1991b), describes a method for the nitric acid/hydrogen peroxide hot plate 
digestion.  This particular method includes a hydrochloric acid step at the end of the digestion.  This step 
is recommended for improving recovery of antimony and silver but could result in chloride interferences 
for some elements on GFAA and ICP-MS and is not recommended for analysis of elements other than 
antimony and silver. 
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5.5.2  Instrumental Analysis 
Detection limit requirements for the Puget Sound Ambient Monitoring Program (PSAMP) Fish Task are 
found in Appendix C of the QA Chapter (PSEP, 1997b).  In general, programs such as this are focused on 
monitoring elevated levels of metals in fish tissue to support public health studies.  In addition, these 
programs monitor long term trends at both clean and contaminated sites.  Therefore, more sensitive 
instrumental methods are often required to meet program needs.  The following instrumental methods are 
suitable for analysis of tissue samples, depending upon sample concentrations and required detection 
limits. 
 
ICP-OES and FLAA can be used for elements such as copper and zinc that are present in the samples at 
quantifiable levels for these instruments.  ICP-MS or GFAA are required for elements such as lead that 
are found in very low concentrations.  CVAA is the recommended technique for analysis of mercury in 
marine tissues unless detection limit requirements are very low and samples are not contaminated.  When 
lower detection limits are required, CVAF is recommended.  A separate sample aliquot is prepared for 
mercury analysis using EPA Method 245.6 (EPA, 1991c), which includes both sample preparation and 
instrumental analysis methods. 
 
Tissue samples are challenging to analyze due to the presence of fat, high dissolved solids and other 
interferences.  Instrumental analysis of tissue digestates requires experimentation with instrument 
conditions to minimize the effects of interferences.  The analysis of sufficient QC checks is required to 
verify that interferences have been overcome (e.g. GFAA analytical spikes).  Increased frequency of 
routine instrument cleaning and maintenance is also necessary to prevent analytical problems resulting 
from dirty instrument components. 


5.6  Analytical Quality Control 
All EPA methods include specific recommendations for QC samples, control limits and corrective 
actions.  The approach to analytical QC varies somewhat among the different EPA methods depending 
upon the data usage that the method was intended to support.  In choosing an approach to analytical QC, 
a laboratory should keep in mind that QC sample results help define both method performance and data 
quality.  The appropriate level of QC for a given set of samples is impacted by the complexity of the 
analytical method, the sample matrix and the project required detection limits.  In addition, the level of 
QC, control limits and corrective actions are impacted by the end use of the data. 
 
Analytical QC for each project must be specified in the project planning document and reflect an 
agreement between the project manager and the laboratory before the analysis begins.  This is 
particularly important when project specific QC is more stringent than the method QC.  In addition, the 
QC required for a project must take into account any subsequent program driven data qualification.  
Appendix C to the QA Chapter (PSEP, 1997b) summarizes many of the program specific requirements 
for QC. 
 
EPA methods that follow the EPA Environmental Methods Management Council's (EMMC) Format for 
Method Documentation (EPA, 1993) are performance based and include comprehensive QC procedures 
and acceptance criteria in Section 9.0.  These QC procedures provide useful guidance for implementation 
of new methods.  In addition, Section 9.0 describes a method for determining control limits for QC 
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samples from internal laboratory performance data. 
 
All quality control documentation should be maintained and available for easy reference or inspection.  
Following is a summary of minimum required QC samples and control limits for trace metals analysis.  
This section is not intended to provide criteria that are more lenient than the reference methods.  Rather it 
provides guidance when reference methods do not include specific QC procedures, as in the case of the 
experimental methods found in Appendix D of this chapter. In addition, this section provides guidance 
for preparing project planning documents. 


5.6.1  Instrument Quality Control 


5.6.1.1  Calibration 
Although calibration is not considered a QC procedure, it is included in this section for continuity.  The 
procedure used for calibration of analytical instruments directly affects the accuracy of analytical results. 
For trace metals work, it is important to compare daily instrument readings for calibration standards with 
typical readings for an optimized instrument.  If readings for the standards are inconsistent with expected 
readings, the instrument may need to be optimized and recalibrated. For example, calibration blanks 
contaminated with analytes could cause a negative bias in the data  This would impact the accuracy of 
the data, particularly near the detection limit. 
 
Analytical instruments must be calibrated daily or each time the instrument is run, with a calibration 
blank and at least three calibration standards for most instruments.  A blank and one calibration standard 
is acceptable for ICP-OES.  Standards should be matrix matched to the samples, matching acid 
composition and strength of standards and samples (EPA, 1992e) and, in the case of sea water samples, 
standards may need to be prepared with synthetic sea water.  A recipe for synthetic sea water can be 
found in ASTM, Section 11.02, D1141-90 (ASTM, 1995c). 


5.6.1.2  Initial calibration verification (ICV) 
Run immediately after calibration, the ICV is an instrument check sample containing all analytes of 
interest at a concentration above the quantification limit.  The ICV must be prepared from a different 
source (different bottle of stock solution) than calibration standards.  Calculated concentration values 
should not deviate from the actual values by more than 10 percent for ICP-OES, GFAA and ICP-MS and 
20 percent for mercury (or performance based intralaboratory control limits, whichever is lower).  If 
values for the ICV are outside the control limits, the instrument run is stopped, the problem is corrected,  
the instrument is recalibrated and calibration is verified with another ICV. 


5.6.1.3  Initial calibration blank (ICB) 
Immediately after calibration verification, analyze a calibration blank.  If the absolute value of the blank 
exceeds the detection limit, the analysis should be terminated, the problem corrected, the instrument 
recalibrated as necessary and the calibration reverified. 
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5.6.1.4  Continuing calibration verification (CCV) 
Every 10 samples, analyze a CCV check sample containing all analytes of interest at a concentration 
above the quantification limit. Calculated concentration values obtained should not deviate from the 
actual values by more than 10 percent for ICP-OES and GFAA, 15 percent for ICP-MS and 20 percent 
for mercury.  If values for the CCV are outside the control limits, the instrument run should be stopped, 
the problem corrected, the instrument recalibrated as necessary and the calibration reverified with an 
ICV.  All samples after the last acceptable CCV must be reanalyzed. 


5.6.1.5  Continuing calibration blank (CCB) 
Analyze one calibration blank for every 10 samples.  If the absolute value of the blank exceeds the 
detection limit, the analysis should be terminated, the problem corrected, the instrument recalibrated as 
necessary, the calibration reverified and all analytical samples after the last acceptable calibration blank 
reanalyzed. 


5.6.1.6  ICP-OES interference check sample (ICS) 
The interference check solution is prepared to contain known concentrations of interfering elements that 
will provide an adequate test of the interference correction factors.  The ICS solutions consist of two 
parts; solution A contains the interferents at concentrations sufficiently high to be significant (ICSA), and 
solution AB contains both the interferents and the analytes at approximate concentrations of 10 times the 
detection limit (ICSAB).  Analyze the ICSA and ICSAB in consecutive order after the ICV and before 
the samples.  If results for the ICSAB solution fall outside the control limits of + 20 percent of the true 
value, the analysis should be terminated and the problem corrected.  See instrument specific reference 
methods for more information on how to prepare interference check samples. 


5.6.1.7  GFAA Analytical Spike 
The GFAA analytical spike is a second aliquot of prepared sample, spiked with the analyte of interest 
and analyzed exactly the same, and immediately after, the sample.  The analytical spike provides 
information for overcoming matrix problems during analysis by graphite furnace.  Most automated 
GFAA instruments can be programmed to perform this analysis and calculate recoveries.  Control limits 
are 85 to 115 percent recovery, if the value of the spiked sample is 2 to 5 times the original sample 
concentration.  Furnace programs, matrix modifiers or dilutions are adjusted to bring recoveries within 
these control limits.  When recoveries of the instrument spike do not fall within the control limits, 
method of standard additions may be necessary to meet the project required detection limits. 
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Table 4. 
 


Summary of Quality Control Samples for Instrument Quality Control 
 


Analysis Type Recommended Minimum Frequency of Analysis Control Limits 
Initial Calibration Verification (ICV) Each instrument run, after calibration 


Different source from calibration standards 
Contains all analytes of interest 


+ 10% of true value for ICP-
OES, ICP-MS & GFAA; 
 + 20% for mercury 
 


Initial Calibration Blank (ICB) 
 


Immediately follows ICV absolute value < detection limit 


Continuing Calibration Verification (CCV) After every 10 samples 
Contains all analytes of interest 


+ 10% of true value for ICP-
OES & GFAA, + 15% ICP-MS; 
+ 20% mercury 


Continuing Calibration Blank (CCB) 
 


After every 10 samples, usually follows CCV absolute. value < detection limit


ICP-OES Interference Check Sample (ICS) 
 


Analyze once each instrument run, following ICV and before 
samples 
Comprised of two solutions, one containing interferents only, 
the other containing analytes + interferents. 


+ 20% of true value 


GFAA Analytical Spike Spiked second aliquot of each prepared sample 
Analyzed immediately after each analytical sample 
 


85 to 115% recovery 


Serial Dilution for ICP-OES/ICP-MS Optional 
Indicator of possible matrix effects on analyte recovery 


1:4 dilution should agree within 
+ 10% of original 
determination 


Post-digestion Spike for ICP-OES/ICP-MS Optional 
Typically run when matrix spike recovery is outside of control 
limits 
 


75 to 125% recovery 


Detection Limit Check Sample   Optional 
Useful in verifying analytical performance at or near detection 
limit 


Labs should develop 
performance based control 
limits 
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5.6.1.8  Additional recommended instrument QC samples 


The following instrument QC samples are not required but are useful to the analyst when working with 
complex samples and low detection limit requirements. 


5.6.1.8.1  Serial dilution for ICP-OES or ICP-MS  
A serial dilution is a dilution of a prepared sample (usually by a factor of 4 or 5) analyzed in the same 
way as the original sample.  The result for the diluted sample is multiplied by the dilution factor and the 
product compared with the undiluted sample result.  Serial dilution results are used as an indicator of 
possible matrix effects on analyte recovery.  If the analyte concentration is sufficiently high (minimally a 
factor of 10 above the instrument detection limit after dilution), analysis of a 1:4 dilution should agree 
within + 10 percent of the original determination.  If not, a chemical or physical interference should be 
suspected and corrective action taken to resolve the problem. 


5.6.1.8.2  Post digestion spike  for ICP-OES or ICP-MS 
An analyte spike added to a portion of a prepared sample, or its dilution, should be recovered within 75 
percent to 125 percent of the known value.  A post digestion spike is commonly run when the matrix 
spike recovery is outside of control limits.  Results of a post digestion spike help to differentiate between 
quantification problems due to sample matrix and recovery problems due to sample digestion procedure.  
If the post digestion spike is not recovered within the specified limits, matrix effects may be present.  If 
spectral interference is suspected, adjust correction factors, use an alternate wavelength or mass, or 
compare results with an alternate method. 


5.6.1.8.3  Quantification limit check sample 
A quantification limit check sample contains analytes at concentrations at or near the quantification limit 
and is useful in verifying method performance at or near the quantification limit.  It can be taken through 
all the steps of the method or run only at the instrument, depending upon the goals of the laboratory.  
There are no recommended control limits for this check sample but laboratories should develop 
performance based intralaboratory control limits.  Guidance on developing control limits can be found in 
the EPA Handbook for Analytical Quality Control (EPA, 1979) or Section 9.0 in the QC section of EPA 
methods written in the EMMC format (EPA, 1993). 


5.6.2  Method Quality Control 


5.6.2.1  Method Blank (MB)  
A method blank is an aliquot of reagent water which is prepared and analyzed exactly like, and along 
with, the samples.  Method blanks provide an indication of the response of the measurement system to a 
sample with zero concentration of analyte.  In addition, method blanks provide an indication of analyte 
contamination that may occur during sample preparation and analysis.  Method blank responses can also 
be used to estimate the detection limit of the measurement system, and when plotted over time, can be 
used to monitor the random contamination resulting from the method. 
 
A minimum of one method blank is prepared with each batch of 20 or fewer samples.  If the analyte 
concentration of the method blank is less than the detection limit, no corrective action is necessary.  If the 
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analyte concentration of the method blank is greater than or equal to the detection limit and the lowest 
concentration of the analytes in associated samples is at least ten times the blank concentration, the 
results of the both the blanks and the samples are reported.  If the analyte concentration of the method 
blank is greater than or equal to the detection limit and the lowest concentration of the analyte in the 
associated samples is less than 10 times the blank concentration, the source of the contamination is 
determined and eliminated.  Affected samples should be redigested and reanalyzed.  If insufficient 
sample is available for redigestion, the results of the blank must be reported with the sample results and 
the data should be qualified. 


5.6.2.2  Laboratory Duplicate (LD) 
A laboratory duplicate is a second aliquot of a sample, processed concurrently and identically with the 
original sample.  Analysis of laboratory duplicate samples provides information for the determination of 
analytical precision for a given sample matrix.  In addition, replicate analyses are useful in assessing 
sample homogeneity.  If analytes are present in concentrations that are lower than the quantification 
limit, results for matrix spike duplicates and replicate check standards may be used to estimate analytical 
precision.  One set of laboratory duplicates should be analyzed for each batch of 20 or fewer samples of 
the similar matrix.  Relative percent difference (RPD), a commonly used means of estimating precision 
between duplicate analyses, is calculated using the formula: 
 


 
 
The recommended control limit for duplicates is < 20 percent RPD if sample concentrations are greater 
than or equal to the quantification limit.  If one sample is above the quantification limit and the other is 
below, the results are reported and no corrective action is taken.  If both samples are less that the 
quantification limit, the RPD is not calculated from the laboratory duplicate results.  If duplicate RPDs 
do not fall within control limits, the analyst should take into consideration the following: project data 
quality objectives, regulatory limit for the analyte, the RPD for other analytes, matrix spike and spiked 
blank recoveries and visual appearance of the sample (sample homogeneity).  Appropriate corrective 
action may be redigesting and reanalyzing the sample if analytical problems are suspected.  If sample 
homogeneity problems are suspected, the project manager should be consulted and the data may be 
qualified, depending upon specific project requirements as documented in the project planning document. 


5.6.2.3  Matrix Spike (MS) 
A matrix spike is an aliquot of sample spiked with a known concentration of analyte(s).  Spiking occurs 
prior to sample preparation and analysis.  The mean of a significant number of matrix spike results can be 
used to estimate bias due to matrix interference.  One matrix spike should be analyzed for each batch of 
20 or fewer samples of similar matrix.  The spike solution is added to samples prior to digestion.  The 
sample that is chosen for spiking should be the same sample used for laboratory duplicate analysis.  A 
spike blank may be prepared concurrently to check spiking procedure and to provide reference for the 
matrix spike.  The amount of spike added to the sample should be 2 to 5 times the expected sample 
concentration.  Matrix spike recovery is calculated using the formula 
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% Recovery  =  (Matrix spike sample results - unspiked sample results) * 100 
      calculated spike amount 
 
Control limits for spike recovery are usually 75 to 125 percent.  If the matrix spike recovery falls outside 
the control limits, the ratio of  background concentration to calculated spike amount should be evaluated. 
 If the sample concentration exceeds the spike concentration by a factor of 4, no corrective action is taken 
and the result is reported.  If the factor is less than 4, corrective action is taken.  The analyst should take 
into consideration the following: project data quality objectives, regulatory limit for the analyte, matrix 
or physical interferences, the duplicate RPD, matrix spike recoveries for the other analytes, spiked blank 
recoveries, matrix spike duplicate recoveries, known method limitations (e.g., antimony; silver) and 
visual appearance of the sample (sample homogeneity).  A post digestion spike should be performed to 
provide additional information for troubleshooting analytical problems.  Appropriate corrective action 
may be redigesting and reanalyzing the associated samples if analytical problems are suspected.  
Otherwise, the project manager should be consulted and the data may be qualified, depending upon 
specific project requirements as documented in the project planning document. 


5.6.2.4  Matrix Spike Duplicate (MSD) 
A matrix spike duplicate is an aliquot of sample (same sample as matrix spike) spiked with identical 
concentrations of analytes as the matrix spike.  Results for matrix spike duplicates may be used to 
estimate analytical precision and may be requested by a project manager when the anticipated analyte 
concentrations in the samples are too low to be useful for estimating analytical precision.  Calculations, 
control limits and corrective actions for matrix spike duplicates are consistent with those described under 
the sections Laboratory Duplicate and Matrix Spike, above. 


5.6.2.5  Spike Dual Analysis (SDA) 
A spike dual analysis is performed by analyzing a second aliquot of the matrix spike at the determinative 
step of the method.  It may be used as an indicator of method precision when other precision indicators 
are not available.  A spike dual analysis may be performed when low concentrations of analytes in the 
laboratory duplicates preclude the use of laboratory duplicate data for purposes of estimating precision 
and insufficient sample is available to prepare a matrix spike duplicate. 


5.6.2.6  Spiked Method Blank (SB) 
A spiked method blank is an aliquot of reagent water spiked at the same time and at the same 
concentrations as the matrix spike.  It is used to check the spiking procedure.  It is also useful in 
evaluating matrix spike results and overall method performance independent of matrix effects.  Control 
limits are 85 to 115 percent recovery.  Since the spiked method blank does not contain matrix 
interferences, recoveries should always be within control limits for a proven method.  Corrective action 
for spiked method blanks that are out of control should be to investigate the cause of the problem, correct 
it and, if necessary, redigest and reanalyze associated samples. 
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5.6.2.7  Laboratory Control Sample (LCS) 
A laboratory control sample is a known matrix, usually reagent water, that is spiked with analytes and 
processed through the entire analytical procedure.  It is used to document method performance.  
Replicate LCS results may be used to estimate precision and the difference between the mean of those 
results and the true value provides an indication of the magnitude of bias due to method error.  Analysis 
of a laboratory control sample is optional but is usually run once per analytical batch.  Laboratories that 
routinely analyze LCSs may develop intralaboratory control limits for each analyte.  Control limits 
should not exceed 80 percent to 120 percent of true value for a proven method.  Laboratory control 
samples are often commercially prepared and control limits may vary, depending upon the supplier. 







33 


Table 5. 
 


Summary of Quality Control Samples for Method Quality Control 
 


Analysis Type Recommended Minimum Frequency of Analysis Control Limits 
Method Blank (MB) Minimum of one per each batch of 20 or fewer samples < detection limit 


If > detection limit, lowest analyte conc. 
must be at least 10x the MB value. 
 


Laboratory Duplicate (LD) 
 


One set of duplicates for each batch of 20 or fewer samples of 
similar matrix 


< 20% RPD (If outside control limits and 
ratio of unspiked sample to spike amount is 
>4, no corrective action) 
 


Matrix Spike (MS) One matrix spike for each batch of 20 or fewer samples of 
similar matrix   
 


75 to 125% 


Matrix Spike Duplicate (MSD)   
 


Optional or project specific as an estimate of analytical 
precision 
 


Same as LD and MS above 


Spike Dual Analysis (SDA) 
 


Optional 
Analysis performed on a second aliquot of the Matrix Spike 
 


80 to 120% 


Spike Blank (SB) Optional 
Reagent waster spiked at the same time and same 
concentrations as Matrix Spike 
 


85 to 115% 


Laboratory Control Sample (LCS) Optional 
One per batch of 20 or fewer samples 
 


80 to 120% 


Reference Material (SRM/CRM) One reference material sample for each batch of 20 or fewer 
samples of similar matrix   


Control limits are often project specific.  
Recoveries may vary depending on 
preparation method  
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5.6.2.8  Reference Material 


A reference material is a material containing known quantities of analytes in a homogenous 
matrix.  An aliquot of the material is processed through the entire analytical procedure and used 
to document bias of the analytical method.  When analyzed in duplicate, a reference material can 
also provide both precision and bias information for a particular matrix type. 
 
A certified reference material (CRM) is a material that has one or more property values certified 
by a technically valid procedure, documented by a certifying body (e.g., National Research 
Council of Canada (NRCC); National Institute for Standards and Technology (NIST)).  A 
standard reference material (SRM) is a CRM issued by the NIST. 
 
In general, one certified or standard reference material sample is analyzed for every batch of 20 
or fewer samples of a similar matrix.  For mercury, one reference material sample per water bath 
is sufficient, even if the water bath holds more than 20 samples.  Use a reference material that is 
as close as possible to the samples in matrix type and concentration.  When evaluating analytical 
results of the reference material, it is helpful to know the analytical method used to determine the 
reference values for the analytes.  For example, sediment reference material values for metals are 
often determined using a total digestion technique rather than a strong acid (total recoverable) 
digestion technique, resulting in low recoveries for some metals when using EPA Method 3050 
(EPA, 1992b).  A list of vendors and suppliers for reference materials can be found in Appendix 
A of this chapter.  A laboratory can determine intralaboratory control limits for such elements 
based upon a minimum of seven replicate digestions and analyses.  Further guidance on 
developing control limits can be found in the EPA Handbook for Analytical Quality Control 
(EPA, 1979) or Section 9.0 in the QC section of EPA methods written in the EMMC format 
(EPA, 1993).  Sediment and soil reference materials are available for use with EPA Method 3050 
(EPA, 1992b). 
 
Control limits for reference materials are often project specific.  It is recommended that 
laboratories develop intralaboratory control limits for each reference material routinely analyzed 
and that corrective action be based upon these performance based control limits.  In addition, the 
analyst should take into consideration the following: project data quality objectives, regulatory 
limit for the analyte, matrix or physical interferences, duplicate RPDs, matrix spike recoveries, 
spiked blank recoveries, matrix spike duplicate recoveries and known method limitations when 
developing corrective actions.  When the results for reference materials fall outside the project 
specific control limits, the project manager should be consulted and data may be qualified, 
depending upon specific project requirements as documented in the project planning document. 


5.6.3  Control Limits 


Recommended control limits for analytical QC samples are described above.  Control limits that 
are different from these may be specified in project planning documents when appropriate.  
Project specific control limits must be developed in consultation with the laboratory.  For 
example, a program may require laboratory results for an analyte that is not routinely measured 
and best available technology for that analyte may not be well demonstrated or documented.  
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5.6.4  Corrective Actions 
The analyst is responsible for monitoring the analysis and troubleshooting problems as they 
occur.  It is important to identify potential analytical problems as soon as possible so that 
corrective actions can be taken prior to the expiration of holding times.  It is the responsibility of 
the laboratory to communicate analytical problems to the project manager during the analysis so 
that the project manager may have input into the course of corrective action.  This 
communication is important when the laboratory is experiencing difficulty in meeting any project 
specific requirements, including detection limits.  When reasonable corrective actions do not 
bring QC sample results into control, resulting data may need to be qualified, depending upon 
specific project requirements as documented in the project planning document.  It is important 
for the laboratory and the project manager to agree on what constitutes reasonable corrective 
actions, acceptable data and the appropriate circumstances for data qualification. 
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6.  REPORTING AND DELIVERABLES 
Specific deliverable requirements must be outlined in the project planning document.  Care must be taken to 
ensure that deliverable requirements meet project data use goals. At a minimum, the laboratory should provide 
a data report that includes analytical results, a tabular summary of associated QC results and control ranges, 
and a cover letter that references or describes the analytical procedure(s) and discusses any analytical 
problems.  The following sections describe recommended deliverables to be included in laboratory reports. 


6.1  Recommended Deliverables for Metals Analyses 
 •  Date of analysis; 
 •  Tabulated sample results with units, including reporting basis (e.g. wet, dry); 
 •  Summary of digestion procedure; 
 •  Detection limits and quantification limits; 
 •  Method blank results for each batch of samples; 
 •  Summary of results and control limits for all QC analyses performed by the laboratory, such as spikes, 


duplicates and CRMs; 
 •  Explanations for all data qualifications; 
 •  Reference analytical method; and 
 •  Explanations for all departures from the analytical protocols and discussion of possible effects on the 


data. 


6.2  Backup Documentation 
All laboratories are required to submit results that are supported by sufficient quality control results and 
backup documentation (maintained at the laboratory) to enable independent QA reviewers to evaluate 
data quality and reconstruct final results from the raw data.  Legible photocopies of original data sheets 
should be available from the laboratory with sufficient information to unequivocally identify the 
following items: 
 
 •  calibration results; 
 •  method blanks; 
 •  samples, sample sizes and dilution factors; 
 •  replicates and spikes, including amount spiked; 
 •  control or reference samples; 
 •  chain of custody and sampling records; and 
 •  any anomalies in instrument performance or unusual instrument adjustments. 
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7.  GLOSSARY 
 
Accuracy - The agreement between an analytical result and the true value. 
 
Ambient Water- Waters in the natural environment (e.g., rivers, lakes, streams, oceans and other 
receiving waters), as opposed to effluent discharges. 
 
Analyte - That which is identified and quantified in the process of analyzing samples. 
 
Analytical Spike - A duplicate aliquot of a prepared sample, fortified with the analyte of interest and 
analyzed exactly the same as, and immediately after the unspiked sample.  Used with GFAA analyses to 
provide information for overcoming matrix related interferences. 
 
Aqua Regia -  One part of nitric acid and three parts of hydrochloric acid; used chiefly to dissolve 
metals. 
 
Batch - The number of samples that are prepared or analyzed with associated laboratory QC samples at 
one time.  A typical batch size is 20 samples. 
 
Bias - The systematic or persistent distortion of a measurement process which causes errors in one 
direction. 
 
Calibration - The determination of the relationship between analytical response and concentration (or 
mass) of the analyte. 
 
Capsule Filter - A flow-through filter assembly that is self-contained, permanently assembled and 
disposable.  The filter assembly contains filter media of a defined porosity in a configuration resulting in 
a large surface area. 
 
Certified Reference Material -  A reference material accompanied by, or traceable to, a certificate 
stating the concentration of chemicals contained in the material.  The certificate is issued by an 
organization, public or private, that routinely certifies such material [e.g., National Research Council of 
Canada, American Society for Testing and Materials (ASTM)]). 
 
Check Standard - A QC sample prepared independently of calibration standards, analyzed exactly like 
the samples and used to estimate analytical precision and indicate bias due to calibration. 
 
Chelation - Formation of a heterocyclic compound having a central metallic ion attached by covalent 
bonds to two or more nonmetallic atoms in the same molecule. 
 
Cold Vapor Atomic Absorption Spectroscopy - A technique for the analysis of mercury, whereby 
mercury is selectively chemically reduced to an elemental state and aerated from solution in a closed 
system.  Absorption of the vapor at a given wavelength is a measure of the concentration of mercury in 
the sample. 
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Coefficient of Variation - The standard deviation expressed as a percentage of the mean.  Also termed 
relative standard deviation or RSD.   
 
Comparability - An indication of the confidence with which one sample result or one data set can be 
compared to another sample result or data set. 
 
Continuing Calibration Blank - A volume of reagent water acidified with the same amounts of acids as 
were the standards and samples for a particular analysis.  Used to assure absence of contamination during 
an analytical run. 
 
Continuing Calibration Verification - A sample used to assure calibration accuracy during each 
analysis run.  It must be run for each analyte as described in the particular analytical method.  At a 
minimum, it should be analyzed at the beginning of the run and after the last analytical sample. 
 
Control Limit(s) - A value or range of values against which results of QC sample analyses are compared 
in order to determine whether the performance of a system or method is acceptable.  Control limits are 
typically statistically derived.  When QC results exceed established control limits, appropriate corrective 
action should be taken to adjust the performance of the system or method. 
 
Coprecipitation - The precipitation of an otherwise soluble substance along with an insoluble 
precipitate. 
 
Corrective Action - Measures taken to remove, adjust, remedy or counteract a malfunction or error so 
that a standard or required condition is subsequently met. 
 
Data Quality Objectives - Data quality objectives are qualitative and quantitative statements that define 
the appropriate type and quality of data needed to support the objective of a given project. 
 
Dissolved Fraction -  The concentration of metals contained in a sample after the sample is filtered 
through a 0.45 µm filter. 
 
Duplicate Analysis - Analysis performed on a second subsample in the same manner as the initial 
analysis, used to provide an indication of measurement precision. 
 
Flame Atomic Absorption Spectroscopy - A technique for metals analysis in which a sample is 
aspirated and atomized in a flame through which light of a prescribed wavelength is directed.  The 
amount of light from the light beam that is absorbed by the flame is a measure of the concentration of 
metal in the sample.  
 
Graphite Furnace Atomic Absorption Spectroscopy - A technique for metals analysis in which a 
sample is atomized in a graphite tube in a furnace, and the resulting vapor placed in a beam of radiation 
containing excited molecules of the element to be measured.  Attenuation of the transmitted radiation is a 
measure of the concentration of that element in the sample. 
 







April 1997 -- Metals Chapter 


39 


Guideline - A suggested practice that is non-mandatory. 
 
Holding Time - The storage time allowed between sample collection and sample analysis when the 
designated preservation and storage techniques are used. 
 
Inductively Coupled Argon Plasma Mass Spectrometry - A technique for multi-element analysis at 
relatively low concentrations.  When nebulized samples are introduced into a radio frequency inductively 
coupled argon plasma, ions are produced.  The positively charged ions are transmitted by a quadrapole 
mass filter, based upon selected mass to charge ratios, and isotope-specific mass spectra are produced. 
 
Inductively Coupled Argon Plasma Optical Emission Spectroscopy - A technique for simultaneous or 
rapid sequential analysis for many elements in a short time.  Element-specific atomic-emission line 
spectra of nebulized samples are produced by a radio-frequency inductively coupled plasma. 
 
Initial Calibration Blank - A blank run immediately after the ICV standard to verify the absence of 
carry-over contamination. 
 
Initial Calibration Verification  Standard - A certified or independently prepared solution used to 
verify the accuracy of the initial calibration of an instrument. 
 
Interelement Correction - Correcting an analytical result for the contribution to the measured 
concentration by interelement interferences. 
 
Interelement Interferences -  Interference caused by overlapping spectral lines of 2 or more elements, at 
the analytical or background measurement wavelengths (ICP-OES analyses). 
 
Interference Check Sample - A sample run by ICP-OES methodology to verify the accuracy of 
interelement and background correction factors.  
 
Integration - Calculation of the definite integral of a mathematical function.  In instrumental analysis, 
integration is typically the means to interpret geometrically the area of a region under a curve and 
bounded by a set of limits on the x-axis, or a means to transform raw instrument output to calculated 
values.  
 
Internal Standard - A standard added in a known amount to a sample at some stage of analysis in order 
to determine the concentration of analyte from the analyte response relative to the internal standard.   
 
Interstitial Water - Water contained between the particles of soil or sediment. 
 
Laboratory Control Sample - A known sample, usually prepared and certified by an outside agency, 
which is carried through the preparation and analysis procedures as if it were a sample.  Replicate LCS 
results may be used to estimate precision and the difference between the mean of those results and the 
true value provides an indication of the magnitude of bias due to method error. 
 
Linear Range - The concentration range over which the instrument calibration curve remains linear. 
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Major Elements - Elements which are commonly present in easily measured concentrations in a given 
matrix.  Major metals in sea water include calcium, magnesium, potassium and sodium.  
 
Matrix - The sample material in which the analytes of interest are found (e.g., water, sediment, tissue). 
 
Matrix Spike - A QC sample created by adding known amounts of analytes of interest to an actual 
sample, usually prior to extraction or digestion.  The matrix spike is analyzed using normal analytical 
procedures.  The percent recovery is calculated as the difference between spiked and unspiked sample 
analysis results divided by the amount spiked and multiplied by 100.  This provides an indication of 
sample matrix effect on recovery of target analytes. 
 
Membrane Filter -  A thin, pliable filter, typically designed to contain uniform pores of a specified 
dimension.  Examples of membrane filter materials include polycarbonate, cellulose acetate and cellulose 
nitrate. 
 
Method - A set of written instructions specifying an analytical procedure to be followed by an analyst in 
order to obtain a numerical estimate of the concentration of an analyte in each of one or more samples. 
 
Method Blank - A QC sample intended to determine the response at zero concentration of analyte.  A 
clean matrix (generally water) known to be free of  target analytes that is processed through the analytical 
procedure in the same manner as associated samples.   
 
Method Detection Limit - The minimum concentration of a substance that can be measured and 
reported with 99 percent confidence that the analyte concentration is greater than zero; determined from 
analysis of a sample in a given matrix containing the element. 
 
Method of Standard Additions - A method of calibration and analysis that is used when interferences 
due to matrix effects during instrumental analysis are severe and cannot be overcome and when the 
interferences are proportional to the concentration of analyte.  The addition of three increments of a 
standard solution (spikes) to three sample aliquots of the same size are made.  Measurements are made on 
the original and after each addition.  A calibration curve is constructed and, the analyte concentration is 
determined by the absolute value of the x-intercept of the curve. 
 
Metro - King County Water Pollution Control Division Environmental Laboratory. 
 
Nebulization - Transformation of a liquid sample to an aerosol. 
 
Particulate Fraction - The concentration of metals in the portion of a sample that is retained by a 0.45 
µm filter. 
 
Post Digestion Spike - A portion of a prepared sample or its dilution is spiked with the analyte of 
interest and analyzed exactly the same as the unspiked sample.  It provides an indication of problems 
which are matrix related rather than related to the efficiency of the digestion procedure. 
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Precision - The statistical agreement among independent measurements determined from repeated 
applications of a method under specified conditions.  Usually expressed as RPD, RSD or coefficient of 
variation. 
 
Preconcentration - The technique for enhancing the concentration of analytes in a matrix prior to 
sample treatment steps prescribed by the determinative method. 
 
Project - An organized set of activities within a program. 
 
Quality Assurance - An integrated system of management activities involving planning, implementation, 
assessment, reporting and quality improvement to ensure that a process, item or service is of the type and 
quality needed and expected by the customer. 
 
Quality Control - The routine application of procedures for obtaining prescribed standards of 
performance in the monitoring and measurement process.  Quality Control is an element of quality 
assurance.  QC samples and auditing/assessment are common quality control activities. 
 
Qualified Data - Data to which data qualifiers have been assigned.  Data qualifiers provide an indication 
that a performance specification in the qualified sample or an associated QC sample was not met. 
 
Quantitation - The process of calculating the value of an analyte in a particular sample. 
 
Quantification Limit Check Sample - A check sample containing target analytes at concentrations at or 
near the quantification limit; used to verify routine method performance at the quantification limit. 
 
Reagent Grade - Analytical Reagent (AR) grade, ACS (American Chemical Society) reagent grade, and 
reagent grade are synonyms for reagents which conform to the current specifications of the Committee on 
Analytical Reagents of the American Chemical Society. 
 
Reagent Water - Water that has been generated by any method which would achieve the performance 
specifications for ASTM Type II water. 
 
Reductive Precipitation -  A method of separating certain elements by precipitation, using a reducing 
agent in the chemical reaction. 
 
Reference Material -  A material of known analyte composition which can be used for comparison of 
analytical results.  The reported analyte concentrations have not been certified (see Certified Reference 
Material). 
 


Relative Percent Difference - Difference of two measurements x1 and x2, divided by the mean of the 
measurements, multiplied by 100. 
 
Relative Standard Deviation - see coefficient of Variation. 
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Replicate - One of several identical experiments, procedures, or samples. 
 
Serial Dilution - A dilution series in which a given sample is sequentially and incrementally diluted. 
 
Spike - The addition of a known amount of a substance to a sample or a blank. 
 
Spiked Blank - See Check Standard. 
 
Spiked Dual Analysis - A second aliquot of the matrix spike is analyzed at the determinative step of the 
method.  Used as an indicator of method precision and bias due to sample matrix. 
 
Standard - A substance or material, the properties of which are believed to be known with sufficient 
accuracy to permit its use to evaluate the same property of a sample.  In chemical measurements, 
standard often describes a solution of analytes used either for calibration (calibration standard) or to 
check the precision of analysis (check standard). 
 
Standard Reference Material -  A material with known properties produced and distributed by the U. S. 
National Institute of Standards and Technology (NIST).   
 
Trace Metals - Elements which are present in a matrix at trace concentrations; e.g. trace metals in sea 
water include arsenic, cadmium, chromium, copper, lead, nickel, and silver. 
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9.  APPENDIX A:  SUPPLIERS OF REFERENCE MATERIALS 
 


Table A-1 
 


Metal Analysis SRM and CRM Materials 
 


Reference 
Material  


Source Name and Matrix 


1646a NIST Estuarine Sediment 
2704 NIST Buffalo River Sediment 
2709 NIST San Joaquin Soil, Baseline 
2710 NIST Montana Soil High, Traces 
2711 NIST Montana Soil Moderate, Traces 
1643d NIST Trace Metals in Water (spiked dilute nitric acid) 
BCSS-1 NRCC Coastal Marine Sediment 
MESS-2 NRCC Estuarine Sediment 
PACS-1 NRCC Harbour Sediment 
DORM-2a NRCC Dogfish Liver 
DOLT-2a NRCC Dogfish Muscle 
TORT-2a NRCC Lobster Hepatopancreas 
LUTS-1a NRCC Nondefatted Lobster Hepatopancreas 
CASS-3 NRCC Nearshore Seawater 
NASS-4 NRCC Open Ocean Seawater 
SLEW-2 NRCC Estuarine Water 


 Notes: 
   a   Certified for methyl mercury. 
 
Please note that most of the certified values for the SRM and CRM material listed in the tables were 
generated using either Total (complete) digestion techniques or nonstandard extraction techniques.  As a 
result, certified values may not be directly comparable with extraction techniques used in most 
laboratories.  This must be kept in mind when using this information to qualify or validate the generation 
of sediment, tissue and water data.  NIST soil SRMs have data available that have been determined by 
EPA Method 3050 (EPA, 1992).  The values are not certified but are  usable for information only. 
 
SRM and CRM Vendors 
National Institute of Standards and Technology (NIST) 
Standard Reference Materials Program 
Room 204, Building 202 
Gaithersburg, MD   20899-0001 
Phone: (301) 975-6776 FAX: (301) 948-3730 
e-mail: SRMINFO@enh.nist.gov 
NIST provides soil, sediment and water (no seawater) SRMs.  
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National Research Council of Canada (NRCC) 
Institute for Environmental Research and Technology 
Ottawa, Ontario, Canada K1A 0R6 
Phone: (613) 993-2359 FAX: (613) 993-2451 
e-mail: crm.iert@nrc.ca 
NRCC provides marine materials, including seawater, marine sediments and marine tissues. 
 
Resource Technology Corporation (RTC) 
P. O. Box 1346 
2931 Soldier Springs Road 
Laramie, WY  82070 
Phone: (307) 742-5452 FAX: (307) 745-7936 
RTC is both a producer and distributor of CRM and SRM materials.  They handle materials from the 
EPA, NRCC, Europe and Asia. 
 
Environmental Resource Associates (ERA) 
5540 Marshall Street 
Arvada, CO  80002 
Phone: 1-800-372-0122 FAX: (303) 421-0159 
ERA distributes a variety of quality control standards, including a Metals in Soil standard with values 
determined by EPA Method 3050 (EPA, 1992). 


9.1  References for Appendix A 
EPA, 1992.  Method 3050.  Test Methods  for Evaluating Solid Waste.  Laboratory manual 
physical/chemical methods.  SW-846, 3rd ed., Vol. IA, Chapter 3, Sec 3.2, Rev 1.  Office of Solid Waste 
and Emergency Response, Washington, DC. 
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10. APPENDIX B:  METHOD REFERENCES FOR METHYL MERCURY 
 
At this time there are no EPA methods for the analysis of methyl mercury.  Following are references for 
analysis of methyl mercury in marine samples. 
 
Bloom, N.S., 1989.  Determination of picogram levels of methyl mercury by aqueous phase ethylation, 
followed by cryogenic gas chromatography with cold vapor atomic fluorescence detection.  Can. J. Fish. 
Aquat. Sci., 46:1131-1140. 
 
Bloom, N.S., 1992.  On the chemical form of mercury in edible fish and marine invertebrate tissue.  Can. 
J. Fish. Aquat. Sci., 1992, 49:1010-1017. 
 
Horvat, M., Bloom, N.,S. and Liang, L., 1993.  Comparison of distillation methods for the determination 
of methyl mercury compounds in low level environmental samples. Part I. Sediments .  Analytica 
Chimica Acta 1993, 281:135-152. 
 
Horvat, M., Liang, L. and Bloom, N.S., 1993.  Comparison of distillation methods with other current 
isolation methods  for the determination of methyl mercury compounds in low level environmental 
samples. Part II. Water.  Analytica Chimica Acta 1993, 282:152-168. 
 
Liang, L., Horvat, M. and Bloom, N.S., 1994.  Simultaneous determination of mercury speciation in 
biological materials by GC/CVAF after ethylation and room-temperature precollection.  Clin. Chem., 
40/4, 602-607. 
 
Bloom, N.S. and Von Der Geest, E.J. 1992.  Matrix modification to improve the recovery of MMHg from 
clear water using distillation.  Water, Air, and Soil Pollution, 80:1319-1323. 
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11.  APPENDIX C:  ACID VOLATILE SULFIDE AND 
SIMULTANEOUSLY EXTRACTED METALS 


11.1  Introduction 
The toxicity of chemicals in sediments is influenced by the extent that chemicals bind to the sediment.  It 
has been shown that the bioavailability of some metals in sediment is influenced by the presence of 
sulfide, as some metals can form insoluble sulfides.  Acid volatile sulfide (the solid phase sediment 
sulfides that are soluble in cold acid) is a reactive pool of solid phase sulfide that is available to bind with 
metals.  In the development of sediment criteria, EPA has proposed accounting for the mitigating impact 
of sulfides present in sediment by using the ratio of metals concentrations, as simultaneously extracted 
metals (SEM), to acid volatile sulfide concentrations (AVS).  Metals that are thought to be influenced by 
AVS are cadmium, copper, lead, mercury, nickel, and zinc.  Ecology's Sediment Quality Standards (SQS) 
are based upon observed effect to aquatic life, and therefore, the AVS/SEM measurement is not used in 
the sediment cleanup or source control programs. 


11.2  Method of Analysis 
EPA has published the method Analytical Method for Determination of Acid Volatile Sulfide and 
Selected Simultaneously Extractable Metals in Sediment (EPA, 1991).  The method describes procedures 
for the determination of acid volatile sulfide (AVS) and for selected metals that are solubilized during the 
acidification step (simultaneously extracted metal, SEM).  The method uses the same conditions for 
release of both sulfide and metal from the sediment and thus provides a useful means of assessing the 
amount of metal associated with sulfide. 
 
There are some important practical considerations with using the AVS/SEM Method.  First, the 
hydrochloric acid reagent used to acidify the samples may have an impact on the subsequent 
determinative methods for the SEM.  The hydrochloric acid reagent causes formation of chlorides in the 
SEM fraction.  Chlorides are known to interfere with analysis of some elements by GFAA and ICP-MS 
(EPA, 1992 and EPA, 1994).  The AVS/SEM method specifies analysis of the SEM fraction by ICP-OES 
or atomic absorption (AA) but does not provide a distinction between FLAA and GFAA.  It is important 
to recognize this limitation and that detection limits below those achievable by ICP-OES may not be 
feasible. Additional information about AVS/SEM methods can be found in the following references. 


11.3  References for Appendix C 
 
Allen, H.E, Fu, G, Boothman, W, DiToro, D.M. and Mahony, J.D., 1992.  Analytical method for 
determination of acid volatile sulfide and selected  simultaneously extracted metals in sediment.  
December 2, 1991.  Prepared for U. S. Environmental Protection Agency, Office of Water, Washington, 
DC. 


DiToro, D.M., Mahony, J.D., Hansen, D.J., Scott, K.J., Hicks, M.B., Mayr, S.M. and Redmond, M.S., 
1990.  Toxicity of cadmium in sediments: the role of acid volatile sulfide.  Environmental Toxicology and 
Chemistry, Vol. 9, pp 1487-1502. 
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EPA, 1991.  Analytical Method for Determination of Acid Volatile Sulfide and Selected Simultaneously 
Extractable Metals in Sediment.  December, 1991.  Office of Water, Office of Science and Technology 
Health and Ecological Division, Washington, DC. 


EPA, 1992.  Method 200.12.  Determination of Trace Elements in Marine Waters by Stabilized 
Temperature Graphite Furnace Atomic Absorption.  EPA/600/R-92/121.  Office of Research and 
Development, Cincinnati, OH. 


EPA, 1994.  Method 200.8.  Determination of Trace Elements in Water and Wastes by Inductively 
Coupled Plasma-Mass Spectrometry.  EPA/600/R-94/111.  Office of Research and Development, 
Washington, DC. 


Lasorsa, B. and Casas, A., 1994.  A comparison of sample handling and analytical methods for 
determination of acid volatile sulfides in sediment.  June, 1994.  Battelle Marine Sciences Laboratory, 
Sequim, WA., University of Washington School of Fisheries, Seattle, WA. 
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12.  APPENDIX D:  ALTERNATE METHODS FOR THE ANALYSIS OF 
MARINE WATER SAMPLES, AS COMPARED WITH THE VALIDATED 
METHODS. 
Section 5.3.4 of this chapter includes validated methods for the analysis of marine water samples.  When 
projects require lower detection limits or analytes that are not included in these methods, the use of non-
validated analytical methods may be necessary to meet project requirements.  This appendix summarizes 
some methods described in the literature for analysis of trace elements in sea water at low levels. 


12.1  Chelation 
Chelation procedures offer the ability to concentrate analytes of interest while at the same time removing 
undesirable sample constituents from the sample matrix.  One drawback of this approach is that no one 
chelation chemistry has been found to be applicable to all of the analytes commonly of interest.  The 
EPA published preconcentration methods are based on iminodiacetate (IDA) resins and are applicable to 
cadmium, copper, lead, and nickel.  The 8-hydroxyquinoline (8HOQ)-based resins provide similar 
performance for the same list of analytes.  Zinc is also amenable to both of these chemistries, but 
contamination impacts detection limits.  Another chemistry, based on ammonium pyrolidine 
dithiocarbamate (APDC), has been proposed for antimony and selenium.  No chelation procedures are 
offered here for chromium or thallium.  Chelation procedures often have applicability to analytes other 
than those specified in the EPA Marine Water Quality Criteria (Table 1, Section 5.3.3), and specific 
information about these analytes can be found in the referenced methods.  A discussion of specific 
chelation procedures follows. 


12.1.1  Iminodiacetate / On- or Off-Line / Spectrometric Determination 
The preconcentration techniques that are based on iminodiacetate resins are limited in scope but may be 
automated or semi-automated.  Both on- and off-line variations have been published by the EPA and pre-
assembled iminodiaceatate chelation units are commercially available.  The off-line technique currently 
published for use with GFAA (EPA 200.13 (EPA, 1992a)) could, in principle, also be applied to ICP-OES 
and ICP-MS.  However, a limited sample volume is produced by the chelation units and sample volume 
requirements for ICP-OES and ICP-MS would need to be addressed.  The iminodiacetate methods are 
applicable to analysis of cadmium, copper, lead, and nickel.  The chelation chemistry is appropriate for zinc, 
but zinc detection limits have been severely limited by contamination.  The method is also applicable to a 
number of other elements than those listed in the EPA Marine Water Quality Criteria. 
 
 ••••  Iminodiacetate / Off-Line / GFAA 
  
 EPA Method 200.13  Determination of Trace Elements in Marine Waters by Off-Line Chelation 


Preconcentration with Graphite Furnace Atomic Absorption (EPA, 1992a). 
  
 EPA Method 1637  Determination of Trace Elements in Ambient Waters by Chelation 


Preconcentration with Graphite Furnace Atomic Absorption (EPA, 1995a, Draft). 
 
The two off-line GFAA methods are procedurally very similar.  EPA 200.13 (EPA, 1992a) is applicable 
to cadmium, cobalt, copper, lead, and nickel while EPA Method 1637 (EPA, 1995a, Draft) is applicable 
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to only cadmium and lead.  EPA Method 1637 (EPA, 1995a, Draft) is a performance based method that 
is based on Method 200.13 ( EPA, 1992a) but includes extensive use of clean room technology and 
QA/QC to verify cleanliness and method performance.  Both methods are automated or semi-automated, 
off-line procedures.  Detection limits for EPA Method 200.13 ( EPA, 1992a) were determined using the 
NRCC reference material NASS-3.  These detection limits are lower than the EPA Marine Water Quality 
Criteria.  EPA Method 1637 (EPA, 1995a, Draft) does not clearly state if the detection limits reported 
were determined with deionized water blanks or synthetic sea water blanks but, since the two procedures 
are so similar, they could be expected to perform similarly. 
 
 ••••  Iminodiacetate / On-Line / ICP-MS 
  


EPA Method 200.10  Determination of Trace Elements in Marine Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma - Mass Spectrometry (EPA, 1992b). 
EPA Method 1640  Determination of Trace Elements in Ambient Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma - Mass Spectrometry (EPA, 1995b, Draft). 


 
The two on-line ICP-MS preconcentration methods are procedurally very similar.  EPA Method 200.10 
(EPA, 1992b) is applicable to cadmium, cobalt, copper, lead, nickel, uranium, and vanadium while EPA 
Method 1640 ( EPA, 1995b, Draft) is applicable to only cadmium, copper, lead, and nickel.  EPA Method 
1640 ( EPA, 1995b, Draft) is a performance based method that is based on EPA Method 200.10 (EPA, 
1992b) but includes extensive use of clean technology and QA/QC to verify cleanliness and method 
performance.  Both methods are automated or semi-automated, on-line, procedures.  The detection limits 
given in methods 200.10 (EPA, 1992b) and 1640 (EPA, 1995b, Draft) were determined with reagent 
blanks.  While the detection limits reported in the method are lower than EPA Marine Water Quality 
Criteria, method performance with actual sea water samples may yield higher detection limits. 
 
 ••••  Iminodiacetate / On-Line / ICP-OES 
  
 Rowan, J.T., Prell, L.J., Dobb, D.E. and Heithmar, E.M., 1990.  Trace Element Preconcentration 


Applied to Inductively Coupled Plasma Atomic Emission Spectrometry.  EPA Project Report 600/X-
91/086.  Prepared for U. S. Environmental Protection Agency, Office of Research and Development, 
Environmental Monitoring Systems Laboratory, Las Vegas, NV. 


 
This on-line ICP-OES preconcentration procedure is very similar to the above ICP-MS procedure and the 
analyte list is the same.  A commercial version of the apparatus for doing on-line ICP-OES has been 
available for some time.  Variations between the ICP-OES and ICP-MS procedures result primarily from 
differences in data acquisition methods.  The technique demonstrates a number of limitations that still 
need to be addressed.  Principal among these is the transient nature of the signal which makes 
conventional background corrections difficult.  Carry-over is also a problem for some analytes. 
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Table D-1 
Summary of Pretreatment Methods and Reported Detection Limits (µg/L) for Analysis of Metals 


in Sea Water 
 Chelation Precipitation 
  


IDA/On-
Linea,b,� 


(200.10/1640) 


 
IDA/Off-Linec,i 
(200.13/1637) 


 
8-HOQa 
On-Line 


 
APDC/C18d,i 


Off-Line 


 
Reductive PPT 


w/ NaBH4 


Co-PPT 
w/ 


Cobalt 
APDCg 


Co-PPT w/ 
Galliumh 


 ICPMS GFAA ICPMS GFAA ICPMS
e,§


 GFAA
f,§


 GFAA ICPMS 


Sample 
(mL) 


5 10 5 300-400 1000 900 200 200 


Conc. 
Factor 


~5 ~10 ~5 75-100 10 36 40 10 


Antimony N/A N/A N/A 0.06 0.009 0.004 N/A N/A 
Arsenic N/A N/A N/A Potential 0.1 0.019 N/A 0.0015 
Cadmium 0.0025 0.016 0.0003 Potential 0.009 0.001 0.012 0.0022 
Chromium N/A N/A N/A N/A 0.1 0.0013 N/A 0.002 
Copper 0.0024 0.36 0.0020 Potential 0.04 0.007 0.02 0.0025 
Lead 0.0016 0.28 0.0011 Potential 0.02 0.0003 0.019 0.0021 
Mercury N/A N/A N/A N/A 0.009 N/A N/A N/A 
Nickel 0.0545  - 0.0028 Potential 0.05 0.006 0.051 0.0009 
Selenium N/A N/A N/A 0.009 0.05 0.002 N/A N/A 
Silver N/A N/A N/A N/A 0.005 0.0007 0.0511 N/A 
Thallium N/A N/A N/A N/A 0.009 0.011 N/A N/A 
Zinc 0.0360 N/A 0.0083 Potential 0.3 0.003 N/A 0.0061 
Notes on 
shading: 


<90% 
Recovery 


<80% 
Recovery 


Notes: 
a. Detection limit based on 3σ0.1M HNO3 blank (5 mL sample) (McLaren et al., 1993). 
b. EPA Method 200.10  Determination of Trace Elements in Marine Waters by On-Line Chelation Preconcentration and 


Inductively Coupled-Mass Spectrometry (EPA, 1992b). 
c. EPA Method 200.13 Determination of Trace Elements in Marine Waters by Off-Line Chelation Preconcentration with 


Graphite Furnace Atomic Absorption (EPA, 1992a). 
d. Detection limits are based upon standard deviation of determinations on actual samples (300 mL) with concentrations near 


the detection limit (Sturgeon et al., 1985). 
e. Analyzing Sea Water by ICP - MS (Christian, 1993). 
f. Determination of Trace Elements in Sea Water by Graphite-Furnace Atomic Absorption Spectrometry After 


Preconcentration by Tetrahydroborate Reductive Precipitation (Nakashima, 1988). 
g. Copper and lead detection limits determined in sea water matrix.  Silver, cadmium, and nickel detection limits determined in 


reagent water with no spike recovery data available (Falke and Bloom, 1996). 
h. The detection limits were determined for preconcentrated aqueous standards, but not with sea water standards (Sawatari et 


al., 1995). 
i. Detection limit determined by spiking NASS-3 with metals. 
� Detection limit from source other than the method. 
§ Method of determining detection limits is not clear. 
N/A The method is either not applicable or has not been demonstrated to be applicable to this analyte. 
PPT Precipitation 
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12.1.2  Silica Immobilized 8 - Hydroxyquinoline (8-HOQ)/On-line ICP-MS 
 


McLaren, J.W.; Lam, J.W.H., Berman, S S.; Akatsuka, K.; Azeredo, M.A., 1993.  On-line Method 
for the Analysis of Sea Water for Trace Elements by Inductively Coupled Plasma-Mass Spectrometry 
 Journal of  Analytical Atomic Spectroscopy, 8:279-286 (McLaren et al., 1993). 
 
Seubert, A.; Petzold, G.; McLaren, J.W., 1995.  Synthesis and Application of an Inert Type of 8-
Hydroxyquinoline-Based Chelating Ion Exchanger for Sea Water Analysis Using On-line Inductively 
Coupled Plasma-Mass Spectrometry Detection . Journal of Analytical Atomic Spectroscopy, 10:371-
379 (Seubert et al., 1995). 


 
This on-line ICP-MS preconcentration method is procedurally very similar to the iminodiacetate 
methods.  The column, reagents and pH of the chelation chemistry are different, but the same apparatus 
can be used and the analyte list is the same as for the iminodiacetate method.  The chelating resin is not 
commercially available, however, and must be synthesized in the laboratory.  Consistent performance of 
the chelating resin depends upon successful and consistent synthesis of this material, which may be a 
limiting factor in the success of the method.  It is an automated or semi-automated, on-line procedure.  
The detection limits given in Table D-1 are lower than the EPA Marine Water Quality Criteria (EPA, 
1994) but were determined with deionized water blanks rather than sea water blanks and therefore may 
not be a realistic estimate of what individual laboratories would achieve for marine samples.  It is 
important to note, however, that nonmatrix matched standards were used for the quantitation of marine 
water CRMs with good results.  Seubert, et al. discuss some further developments in the 8-HOQ resin 
material and in the methodology that may provide further improvements in the method performance. 
 


12.1.3  APDC / C-18 Silica Gel Adsorption / Off-Line GFAA 
 


Sturgeon, R.E.; Willie, S.N.; Berman, S.S., 1985.  Preconcentration of Selenium and Antimony from 
Sea water for Determination by Graphite Furnace Atomic Absorption Spectrometry.  Anal. Chem., 
57:6-9 (Sturgeon et al., 1985). 


 
This is an off-line preconcentration method specifically for selenium and antimony.  APDC is added to 
the acidified sample prior to column injection.  The sample is loaded onto a C-18 bonded silica gel 
column in which the chelated metals are adsorbed.  Adsorbed metal chelates are then eluted with 
methanol.  The eluate is evaporated to near dryness and diluted with 1 percent HNO3.  Concentration 
factors of 200-fold are obtainable.  The technique is directly applicable (includes performance data) for 
Sb and Se, but Se(VI) must be reduced to Se(IV) in order to determine total Se.  The detection limits 
were based on the standard deviations of determinations on sea water CRM samples with concentrations 
near the detection limit.  The detection limits are lower than the EPA Marine Water Quality Criteria for 
these two analytes.  The authors report that the technique may also have application to Cd, Co, Cu, Ni, 
Bi, Pb, Zn, As(III), Sn(II) and V(V), but no performance data are offered. 
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12.2  Precipitation 
Precipitation techniques are attractive as alternatives to chelation because of their broader scope, 
comparable detection limits and their relative freedom from complex mechanical or chromatographic 
apparatus.  Clean room technologies are required to successfully perform these procedures and obtain the 
detection limits needed to meet water quality criteria.  No EPA precipitation methods are available at this 
time.  None of the precipitation methods specify a digestion step for total recoverable metals.  The 
reference methods below are described in the literature and the reported detection limits are low enough 
to meet EPA Marine Water Quality Criteria (EPA, 1994). 


12.2.1  Tetrahydroborate Reductive Precipitation / GFAA or ICP-MS 
 


Nakashima, S.; Sturgeon, R.E.; Willie, S.N.; Berman, S.S., 1988  Determination of Trace Elements in 
Sea Water by Graphite-Furnace Atomic Absorption Spectrometry After Preconcentration by 
Tetrahydroborate Reductive Precipitation.  Analytica Chimica Acta, 207:291-299 (Nakashima et al., 
1988). 
 
Christian, J.D. Analyzing Seawater by ICP-MS.  Environmental Laboratory 1993, 
October/November, 10-13 (Christian, 1993). 


 
A 900 to 1000 mL sample is initially acidified with nitric acid for sample preservation.  The pH is then 
adjusted to pH 8 to 9 with ammonium hydroxide.  Iron, palladium and filtered sodium tetrahydroborate 
(NaBH4) are added and the sample and the reaction mixture is allowed to sit for 15 hours.  The liquid is 
then filtered through a 0.45 µm filter (filters were found to be the most troublesome source of 
contamination).  Nitric and hydrochloric acids are used to dissolve the precipitate and the solution is 
analyzed by GFAA or ICP-MS.  A 10- to 36-fold concentration factor is realized by this method. 
 
The reductive precipitation method is suitable for determination of more elements of interest to Puget 
Sound programs than any of the chelation techniques.  Of interest is the technique�s possible application 
to mercury, though the reported sea water recovery is somewhat low at 72 percent.  Elements listed in the 
Water Quality Criteria that seem to perform well are arsenic, cadmium, chromium, lead, silver, thallium 
and zinc.  Copper and nickel have shown low recoveries from spiked sea water but have shown good 
recoveries for sea water CRMs.  Nakashima, et al. reported that selenium recoveries are dependent on 
oxidation state.  Se(VI) shows good recovery in deionized water but poor recovery (approximately 15 
percent) in sea water while Se(IV), seems to perform adequately in both.  Selenium data, therefore, can 
only be expected to represent the Se(IV) in sea water. 
 
The choice of determinative method has some influence on how the technique is performed.  The use of 
hydrochloric acid causes isobaric interferences on arsenic and chromium by ICP-MS and concentrations 
of HCl must be minimized when analyzing for these elements.  If arsenic and chromium are not required, 
greater preconcentration factors can be realized.  The high levels of palladium can cause suppression in 
GFAA analyses which necessitates matrix matching and the method of standard additions.  ICP-OES 
could be used for the determinative step if project required detection limits are met. 
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12.2.2  Gallium Coprecipitation / ICP-MS and ICP-OES 
 


Sawatari, H., Fujimori, E. and Haraguchi, H., 1995.  Multi-Elemental Determination of Trace 
Elements in Sea water by Gallium Coprecipitation and Inductively Coupled Plasma Mass 
Spectrometry.  Anal. Sci., 11:369-374 (Sawatari et al., 1995). 


 
Gallium in solution, is added to 200 mL of an acid-preserved sample, and the pH is adjusted with sodium 
hydroxide. The optimal pH is between 9 and 10, and it may depend on the magnesium concentration in 
the sample.  The precipitate is filtered on a 0.45 µm membrane filter and is then dissolved in nitric acid 
(tin requires hydrochloric acid).  The sample is diluted to 20 mL to give a concentration factor of 10. 
 
The method offers a high degree of matrix elimination and is amenable to ICP-MS and ICP-OES.  Larger 
concentration factors are possible but may result in high levels of dissolved solids that are prohibitive for 
ICP-MS.  Of the elements listed in the Water Quality Criteria, very good performance is reported for 
arsenic, chromium, lead and zinc.  Recoveries from sea water samples are reported to be between 80 
percent and 90 percent for copper and cadmium.  The method shows poor recovery (1 percent) for 
antimony, and no data are offered for silver. 


12.2.2.1  Cobalt Pyrrolidinedithiocarbamate Coprecipitation / GFAA 
 


Falke, A. and Bloom, N.S., 1996.  Determination of Ag, Cd, Cu, Pb, and Ni in Water by Co-APDC 
Coprecipitation and ZGF-AAS Determination (FGS-032).  Frontier Geosciences 1996 QA Manual, 
pp 307-322 ( Falke and Bloom, 1996). 
 
Bloom, N.S. and Crecelius, E.A., 1984.  Determination of Silver in Sea Water by Coprecipitation 
with Cobalt Pyrrolidinedithiocarbamate and Zeeman Graphite-Furnace Atomic Absorption 
Spectrometry.  Analytica Chimica Acta, 156:139-145 (Bloom and Crecelius, 1984). 


 
200 mL samples are acid-digested in dilute nitric acid and then diluted back to the original sample size.  
Cobalt(II) and APDC solutions are added and the sample is left to stand for one hour.  The sample is 
filtered and the APDC complex is destroyed with a small aliquot of concentrated nitric acid.  The metals 
are redissolved in acidic ammonium dihydrogen phosphate to a volume of five mL (40-fold 
concentration).  The ammonium dihydrogen phosphate serves as a GFAA matrix modifier. Since GFAA 
requires smaller sample volumes, it can tolerate larger concentration factors (smaller final volumes) than 
ICP and ICP-MS. 
 
Of the elements listed in the Water Quality Criteria (EPA, 1994), the method is applicable to silver, 
cadmium, copper, lead, and nickel.  Copper and lead detection limit and spike recovery data were 
determined in a sea water matrix.  Silver, cadmium, and nickel detection limits were determined in 
deionized water and no spike recovery data are provided.  Bloom and Crecelius (Bloom and Crecelius, 
1984) report that silver recoveries are better than 90 percent. 
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12.3  References for Appendix D 
 
Bloom, N.S. and Crecelius, E.A., 1984.  Determination of Silver in Sea Water by Coprecipitation with 
Cobalt Pyrrolidine Dithiocarbamate and Zeeman Graphite-Furnace Atomic Absorption Spectrometry.  
Analytica Chimica Acta, 156:139-145. 


Christian, J.D., 1993.  Analyzing Sea Water by ICP-MS.  Environmental Laboratory, Vol. 5, No. 6, pp 10-
13. 


EPA, 1992a.  Method 200.13 [Cd, Cu, Pb].  Determination of Trace Elements in Marine Waters by Off-
Line Chelation Preconcentration with Graphite Furnace Atomic Absorption. EPA/600/R-92/121.  Office 
of Research and Development, Cincinnati, OH. 


EPA, 1992b.  Method 200.10.  Determination of Trace Elements in Marine Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma - Mass Spectrometry. EPA/600/R-92/121.  Office of 
Research and Development, Cincinnati, OH. 


EPA, 1994.  Monitoring Trace Metals at Ambient Water Quality Criteria Levels: Issues, Plans and 
Schedule.  Office of Water, Office of Science and Technology Engineering and Analysis Division, 
Washington, DC. 


EPA, 1995a.  Method 1637 [Cd, Pb].  Determination of Trace Elements in Ambient Waters by Chelation 
Preconcentration with Graphite Furnace Atomic Absorption.  EPA-821-R-95-030, Draft.  Office of 
Water Engineering and Analysis Division, Washington, DC. 


EPA, 1995b.  Method 1640.  Determination of Trace Elements in Ambient Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma Mass Spectrometry. EPA 821-R-95-033, Draft.  
Office of Water Engineering and analysis Division, Washington, DC. 


Falke, A. and Bloom, N.S., 1996.  Determination of Ag, Cd, Cu, Pb, and Ni in Water by Co-APDC 
Coprecipitation and ZGF-AAS Determination (FGS-032).  Frontier Geosciences 1996 QA Manual pp 
307-322. 


McLaren, J.W., Lam, J.W.H., Berman, S.S., Akatsuka K. and Azeredo, M.A., 1993.  On-line Method for the 
Analysis of Sea Water for Trace Elements by Inductively Coupled Plasma-Mass Spectrometry. Journal of  
Analytical Atomic Spectroscopy, 8:279-286. 


Nakashima, S., Sturgeon, R.E., Willie, S.N. and Berman, S.S., 1988.  Determination of Trace Elements in 
Sea Water by Graphite-Furnace Atomic Absorption Spectrometry After Preconcentration by 
Tetrahydroborate Reductive Precipitation.   Analytica Chimica Acta , 207:291-299. 


Rowan, J.T., Prell, L.J., Dobb, D.E. and Heithmar, E.M., 1990.  Trace Element Preconcentration Applied 
to Inductively Coupled Plasma Atomic Emission Spectrometry.  EPA Project Report 600/X-91/086.  
Prepared for U. S. Environmental Protection Agency, Office of Research and Development, 
Environmental Monitoring Systems Laboratory, Las Vegas, NV. 


Sawatari, H., Fujimori, E., Haraguchi, H., 1995.  Multi-Elemental Determination of Trace Elements in 
Sea water by Gallium Coprecipitation and Inductively Coupled Plasma Mass Spectrometry.  Anal. Sci., 
11:369-374. 
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Seubert, A., Petzold, G., McLaren, J.W., 1995.  Synthesis and Application of an Inert Type of 8-
Hydroxyquinoline-Based Chelating Ion Exchanger for Sea Water Analysis Using On-line Inductively Coupled 
Plasma-Mass Spectrometry Detection.  Journal of Analytical Atomic Spectroscopy, 10:371-379. 


Sturgeon, R.E., Willie, S.N., Berman, S.S., 1985.  Preconcentration of Selenium and Antimony from Sea water 
for Determination by Graphite Furnace Atomic Absorption Spectrometry.  Anal. Chem., 57:6-9. 
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13.  APPENDIX E - EPA REGION 10 LABORATORY PROCEDURE FOR 
DETERMINATION OF DETECTION AND QUANTITATION LEVELS 
FOR INORGANIC ANALYSES 
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DETERMINATION OF DETECTION AND QUANTITATION LEVELS 
FOR INORGANIC ANALYSES 
 
 
Prepared by:  ICF Technology Inc, ESAT, Region 10 
For:     USEPA, Region 10 
      Under the technical direction of the Manchester Environmental    
      Laboratory's Metals Section. 
Edited by:  Metals Section, USEPA 
Revision No.:  1.2 
Revision Date:  03/20/96  
 
1.0  Scope and Application 
 
This procedure outlines the steps necessary to determine the instrument detection limit (IDL), the method 
detection limit (MDL), the reliable detection level (RDL) and the practical quantitation level (PQL) for 
analytical instrumentation used in analysis of inorganic samples.  This method follows EPA and CLP 
SOW guidelines, however, the exact method is unique to the metals section of the Manchester 
Laboratory.  This procedure does not address the considerable debate and disagreement over proper 
terms and methodology, rather, it is meant to provide specific directions for determining and reporting 
detection levels for metals analyses at this laboratory facility. 
 
2.0  Summary of Method 
 
After initial setup and calibration of the instrument, ten reagent blank samples are analyzed 
consecutively.  The mean and standard deviation of the ten blank sample results are calculated using 9(n-
1) degrees of freedom.  The IDL is determined by multiplying the standard deviation by three (3σ).  A 
low level standard (LLS) solution is made to contain concentrations of analytes at three to five times the 
calculated concentration of the IDL.  Seven LLS samples are analyzed consecutively  and according 
to standard analytical and quality control procedures.  The standard deviation (σ with n-1) is calculated 
for the seven analytical results.  The estimated MDL is determined by multiplying the standard deviation 
times three.  The LLS is analyzed in the same manner on three non-consecutive days.  The final MDL is 
the average of the three estimated MDLs.  The RDL is established above the MDL to provide a practical 
level of detection for routine analyses.  The PQL is experimentally determined by measuring analyte 
concentrations progressively larger than the RDL until a series of ten measurements demonstrates percent 
relative standard deviation of less than or equal to 10% and accuracy of the mean should be within 90 - 
110% of the true value.  


3.0  Procedure 


3.1     Initial instrument set up. 
 
3.1.1   Set up the instrument according to the manufacturer's guidelines.  Establish interference and 


background correction factors. 
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 3.2     Determine the instrument detection limit (IDL). 
 
 3.2.1    Definition:  The IDL is the constituent concentration that produces a signal greater than 


three standard deviations of the mean noise level.  
 
 3.2.2    Calibrate the instrument according to CLP and Laboratory guidelines. 
 
 3.2.3  After calibration, run initial quality control standards at CLP or Laboratory established 


limits as verification.  Analyte concentrations should be within 90% - 110% of the 
known value for ICP-AES, ICP-MS; GFAAS, and FAAS analyses, 80% - 120% for 
CVAAS (mercury). 


 
 3.2.4  Analyze a blank solution to determine that no carryover is present in the system. 
 
 3.2.5  Prepare a high purity reagent blank solution which matches the routine sample to be 


analyzed by the analytical instrument. 
 
 3.2.6  Transfer the reagent blank solution to ten clean analytical containers.  Treat each 


container as a unique, separate sample. 
 
 3.2.7  For instruments that aspirate or sparge a sample continuously: 
 
 3.2.7.1   Introduce the sample to the system and allow the aspiration or sparge to equilibrate. 
 
 3.2.7.2  Analyze a reagent blank using the same length and number of integrations and 


replications as is used in the routine analysis of samples. 
 
 3.2.7.3 Flush the system after each analysis according to normal operating procedures. 
 
 3.2.7.4 Repeat this procedure for the remaining reagent blanks. 
 
 3.2.8  For instruments that inject a specified volume of sample: 
 
 3.2.8.1 Inject the volume used in a routine analytical sequence. 
 
 3.2.8.2 Analyze the first reagent blank using the same length and number of integrations and 


replications as is used in the routine analysis of samples. 
 
 3.2.8.3 Flush the system after each analysis according to normal operating procedures. 
 
 3.2.8.4 Repeat this procedure for the remaining reagent blanks. 
 
 3.2.9  After analyzing the blank sample, run quality control standards at CLP or laboratory-


established limits.  The criterion for acceptance is that analyte concentrations should be within 
90% - 110% of the known value for ICP-AES, ICP-MS, GFAAS, and FAAS analyses, 80% - 
120% for CVAAS (mercury). 
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 3.2.10  Calculate the standard deviation (σ) by the following formula: 
 


    
 
 
   n  =  number of analyses performed (10) 
  vi = the ith analytical value 
   _ 
   x = average of all analytical values 
 
 
 3.2.11  The IDL is calculated by multiplying the standard feviation (σ) of the observed analyte 


concentrations by three. 
 


IDL = 3 x σ 
 


3.3  Determine the method detection limit (MDL). 
 
 3.3.1  Definition:  The MDL is the amount of constituent that produces a signal sufficiently 


large that 99% (3σ) of the trials with that amount will produce a detectable signal. 
 
 3.3.2  Prepare a low level standard (LLS) for the MDL determination. 
 
 3.3.2.1   The concentration of each analyte in the LLS is determined as follows. 
 
 3.3.2.1.1 Define a range for the analyte which is no less than three times the IDL but not greater 


than five times the IDL. 
 
 3.3.2.1.2 Define the concentration for each analyte in the LLS as a whole number within this range 


which can be easily manufactured by dilution of stock standards. 
 
 3.3.2.2 Prepare a stock solution which contains the analytes interest at 100-200 times the low 


level standard concentrations determined in the previous section. 
 
 3.3.2.3 Prepare the LLS with ultra-pure reagents matching the acid matrix of the blank solution. 
 
 3.3.2.4  Transfer the LLS solution to seven, clean, analytical containers. 
 
 3.3.3  Analyze the low level standard. 
 
 3.3.3.1 Calibrate and run initial quality control standards according to CLP and Laboratory 


guidelines. 
 
 3.3.3.2 Analyze a reagent blank solution just prior to analysis of the LLS to insure that no 


carryover contamination exists. 
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  3.3.3.3 Analyze the LLS.  Normal injection, flush time, equilibration, number of repetitions and 


wash-out procedures should be adhered to for the analysis. 
 
  3.3.3.4 Repeat this procedure for each of the seven LLS replicate samples. 
 
  3.3.3.5 Final quality control standards should follow the last analysis of the LLS. 
 
  3.3.3.6 Report the concentration values in the appropriate units. 
 
  3.3.3.7 Calculate an estimated MDL as follows: 
 
    Estimated MDL single day = t x σ 
 
   where,    t = One-sided t distribution value for a 99% confidence level and a standard 


deviation estimate with n-1 degrees of freedom (t ≈ 3 for seven replicates). 
 
   and,        σ  = standard deviation of the seven replicate analyses using n-1 degrees of freedom. 
 
  3.3.3.8 Analyze the LLS according to 13.3.3.3 on three non-consecutive days and within a one 


month period. 
 
  3.3.3.9  RDLs will be determined biannually - during the months of January and June. 
 
  3.3.3.10  Calculate the final MDL by averaging the three estimated MDL determinations. 
 
 
     Final MDL = MDLday1+MDLday2+MDLday3 
          3 
 
3.4  Establish the reliable detection level (RDL). 
 
 3.4.1 Definition:  The RDL is a practical amount of constituent above the MDL which provides a 


reasonable level of detection to avoid false identifications of analytes at the method detection 
limit. 


 
 3.4.2 The RDL is established as the reportable level of detection and, as a policy decision, will be 


determined by the EPA Metals Team Leader. 
 
 3.4.3 The RDL is reported with two significant figures. 
 
3.5  Determine the practical quantitation level (PQL). 
 
 3.5.1 Definition:  The PQL is the experimentally determined lowest level that can be reliably 


achieved within specified limits of precision and accuracy during routine laboratory operation 
conditions. 


 
 3.5.2  Begin by estimating the PQL at twice the RDL. 







April 1997 -- Metals Chapter 


64 


 
  3.5.2.1 Prepare a PQL stock solution with the constituent concentrations at 100 to 200 times the 


estimated PQL. 
 
  3.5.2.2 Prepare the PQL working solution (analytes at the estimated PQL) with ultra-pure 


reagents matching the acid matrix of the blank solution. 
 
  3.5.2.3  Transfer the PQL solution to ten, clean, analytical sample containers. 
 
  3.5.3   Analyze the PQL solution. 
 
  3.5.3.1 Calibrate and run initial quality control standards according to CLP and Laboratory 


guidelines. 
 
  3.5.3.2 Analyze a reagent blank sample just prior to analysis of the PQL sample to insure that no 


carryover contamination exists. 
 
  3.5.3.3 Analyze the PQL sample.  Normal injection, flush time, equilibration, number of 


repetitions and wash-out procedures should be adhered to for the analysis. 
 
  3.5.3.4 Repeat this procedure for each of the ten PQL replicate samples. 
 
  3.5.3.5 Final quality control standards should follow the last analysis of the PQL sample. 
 
  3.5.3.6 Report the concentration values in the appropriate units. 
 
  3.5.3.7 Calculate the mean (X), standard deviation (σ) and percent relative standard deviation 


(%RSD) of the ten ananytical results for each analyte. 
 


      
 
 


      
 
 


      
 


 
(See 3.2.10 for definitions of variables) 
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  3.5.3.8 A valid PQL is established if the % RSD is less than or equal to 10% and the mean 


recovery of the analyte is within 90 - 110% of the true value. 
 
   3.5.3.8.1 If the limits of precision and accuracy are achieved in the first trial, the level of 


the PQL may have been overestimated and levels lower than twice the RDL 
should be evaluated.  This also suggests that the RDL was overestimated and 
requires additional inspection. 


 
  3.5.3.9 Repeat sections 3.5.2 - 3.5.3 at three, four, five, etc. times the RDL until all analytes of 


interest demonstrate �10 %RSD and the mean recovery of the analyte is within 90 - 
110% of the true value. 


 
4.0  References 
 
Proceedings of the Fifteenth Annual EPA Conference on Analysis of Pollutants in the Environment, 
Office of Science and Technology, May 6-7, 1992. 
 
Contract Laboratory Program Statement of Work for Inorganic Analysis, Multi-Media, Multi-
Concentration, OLMO3.1.0, 1993, U.S. Environmental Protection Agency. 
 
Quality Control, Revision 0, September 1986, SW-846, U.S. Environmental Protection Agency. 
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 INTRODUCTION 
 
 
 This document presents guidance on the sampling and analysis of freshwater environments in the 
Puget Sound region. The freshwater environments considered include lakes, rivers, and streams. Sampling 
and analysis of municipal wastes, industrial effluents, and brackish waters are not included in this document. 
Methods for sampling selected conventional variables [e.g., flow, dissolved oxygen (DO) concentration] and 
metals (e.g., silver) are summarized. 
 
 The recommended methods are based on the results of written reviews by representatives from 
organizations that fund or conduct environmental studies in the Puget Sound region, and a workshop 
sponsored by the Puget Sound Estuary Program (PSEP) which was held on 18 August 1988. Workshop 
participants are listed in Table 1. 
 
 The purpose for developing these guidelines is to encourage all investigators in the Puget Sound 
region conducting monitoring programs, baseline surveys, and intensive investigations to use standardized 
methods and reporting techniques whenever possible. If this goal is achieved, then most data collected in the 
region should be directly comparable, and thereby capable of being integrated into a sound-wide database. 
Such a database is necessary for developing and maintaining a comprehensive water quality management 
program for the Puget Sound region. 
 
 The sections on conventional variables and metals are presented separately. Each recommended 
method describes the use and limitations of the respective variable; the field collection and processing 
methods; and the analytical, quality assurance/quality control (QA/QC), and data reporting procedures for 
the laboratories. Specific data quality objectives are not included in the protocols, because generally they are 
specific to various programs. 
 
 In developing the recommended protocols, it was recognized that the methods used in the study of the 
freshwater environments continuously change. The loose-leaf format of this document will allow 
modification of the recommended methods in the future, and if necessary, the inclusion of additional 
methods. 
 
 Although the following methods are recommended for most studies conducted in Puget Sound, 
departures from these methods may be necessary to meet the special requirements of individual projects. 
However, if such departures are made, then the funding agency or investigator should be aware that the 
resulting data may not be comparable with similar data. In some instances, data collected using different 
methods may be compared if the methods have been adequately intercalibrated. 
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 TABLE 1. ATTENDEES OF FRESHWATER PROTOCOLS WORKSHOP 
 
  
 Name  Affiliation 


 John Bernhardt Washington Department of Ecology (Ecology), 
Technical Services 
 
Perry Brake Ecology, Quality Assurance Section 
 
Steve Browna Tetra Tech, Inc. 
 
Isabel Chamberlain EPA Manchester Laboratory 
 
Eric Crecelius Battelle Pacific Northwest Laboratories 
 
John Dailey Am Test, Inc. 
 
Mark Fugiel Am Test, Inc. 
 
Rich Horner University of Washington 
 
Dick Huntamer Ecology, Manchester Laboratory 
 
Jean Jacoby Tetra Tech, Inc. 
 
Cheryl Kamera Municipality of Metropolitan Seattle (Metro) 
 
Wayne Kraft Ecology, Manchester Laboratory 
 
Lawrence McCrone Ecology/EPA Office of Puget Sound 
 
Joy Michaud Ecology, Surface Water Investigations 
 
Ann Peacock Metro 
 
Earl Skinner U.S. Geological Survey 
 
Dimitri Spyridakis University of Washington 
 
Bruce Woods EPA Manchester Laboratory 
 
a Moderator. 
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Recommended methods for measuring the following conventional water quality variables in fresh waters in 
the Puget Sound region are presented in this document: 
 
 � Flow 
 
 � Temperature 
 
 � Conductivity 
 
 � Dissolved oxygen 
 
 � pH 
 
 � Alkalinity 
 
 � Total hardness 
 
 � Total suspended solids 
 
 � Turbidity 
 
 � Ammonia-nitrogen 
 
 � Nitrate+nitrite-nitrogen 
 
 � Total phosphorus 
 
 � Orthophosphate-phosphorus 
 
 � Fecal coliform bacteria. 
 
Metals are discussed later (see Recommended Methods for Measuring Metals). 
 
 Each method is based on a review of the practices of federal, state, and local agencies, and university 
and private laboratories active in monitoring the fresh waters of the Puget Sound region. The high degree of 
consensus in the methods used among these organizations is reflected in the methods presented here. An 
exception to this consensus is the degree of laboratory automation for nutrient analyses. Some organizations 
have converted from manual to automated methods, while others are in the process of conversion. 
 
 Many of the methods used in the Puget Sound region are contained in several general documents listed 
in Table 2 that are commonly used among these organizations. The procedures described herein were 
adopted from one or more of these sources. The original documents remain valuable references to provide 
detail. 
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 TABLE 2. GUIDANCE DOCUMENTS USED BY ORGANIZATIONS  
 PERFORMING WATER QUALITY MONITORING IN FRESH WATER  
 IN THE PUGET SOUND REGION 
  
  
APHA. 1989. Standard methods for the examination of water and wastewater. 17th Ed. American Public 
Health Association, Washington, DC. 
 
Huntamer, D. 1986. Department of Ecology laboratory user's manual. Washington Department of Ecology, 
Olympia, WA. 
 
METRO. Several dates. Laboratory methods. Municipality of Metropolitan Seattle, Seattle, WA. 
 
U.S. EPA. 1978. Microbiological methods for monitoring the environment, water, and wastes. EPA-600/8-
78-017. U.S. Environmental Protection Agency, Cincinnati, OH. 
 
U.S. EPA. 1979a. Handbook for analytical quality control in water and wastewater laboratories. EPA-600/4-
79-019. U.S. Environmental Protection Agency, Cincinnati, OH. 
 
U.S. EPA. 1979b. Test methods for evaluating solid waste, physical/chemical methods, SW-846. Third 
Edition. U.S. Environmental Protection Agency, Office of Solid Waste, Washington, DC. 
 
U.S. EPA. 1982. Handbook for sampling and sample preservation of water and wastewater. EPA-600-82-
029. U.S. Environmental Protection Agency, National Environmental Research Center, Cincinnati, OH. 
 
U.S. EPA. 1983. Methods for chemical analysis of water and wastes. EPA-600/4-79-020. U.S. 
Environmental Protection Agency, Cincinnati, OH. 
 
U.S. EPA. 1987a. Contract Laboratory Program. Statement of work for organic analyses. U.S. 
Environmental Protection Agency, Sample Management Office, Alexandria, VA.  
 
U.S. EPA. 1987b. Contract Laboratory Program. Statement of work for inorganic analyses. U.S. 
Environmental Protection Agency, Sample Management Office, Alexandria, VA.  
 
USGS. 1977. National handbook of recommended methods for water-data acquisition. U.S. Department of 
the Interior, U.S. Geological Survey, Office of Water Data Coordination, Reston, VA. 
 
USGS. 1985. Methods for the determination of inorganic substances in water and fluvial sediments. Open 
File Report 85-495. Fishman, M.J., and L.C. Friedman (eds). U.S. Geological Survey, Denver, CO. 
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 GENERAL CONSIDERATIONS FOR SAMPLING AND ANALYZING 
 CONVENTIONAL VARIABLES 
 
 
 The essential tasks in sampling freshwater environments are to obtain a sample that meets the 
requirements of the program and to prevent deterioration and contamination of the sample before and during 
analysis. Several general recommendations are presented in this section to aid in accomplishing these tasks. 
Specific guidelines are provided in the sections for the individual variables. These recommendations do not 
address all possible sampling situations. 
 
 
TYPES OF SAMPLING 
 
 Grab samples are collected at a discrete point in time and space. Composite samples are made by 
combining a number of samples taken at different locations and/or different times. For flowing water 
sampling, flow-proportional composited samples are more representative of average water conditions than 
grab samples or samples taken at certain time intervals that are composited without regard to flow. 
Integrated samples refer to spatial composites. While composites can be taken over any dimension, 
compositing over depth is most common. In variable-depth composites, a series of grab samples should be 
combined in proportion to flow velocities over the depth profile. 
 
 Sampling can be performed manually or with automatic collectors. Automatic collectors are available 
that can collect a series of discrete samples, time-proportional, or flow-proportional composites. Flow 
measurements, which are required to produce flow-proportional composites, can be performed manually or 
with a continuously recording meter. 
 
 Manual grab sampling with flow estimation is the most common approach used in monitoring ambient 
water and will be emphasized in this document. Manual compositing is generally inconvenient, but can be 
performed occasionally for special purposes. Automatic samplers and flow recorders are relatively 
expensive, need considerable maintenance, are vulnerable to damage in the field, and require experienced 
personnel for operation. Use of these devices requires a commitment by the investigator to address these 
issues. 
 
 
RECOMMENDATIONS FOR MANUAL GRAB SAMPLING 
 
 The principal problem in manual grab sampling is to obtain a sample that is representative of the 
conditions being investigated. 
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Sampling Locations 
 
 The guidelines for obtaining representative samples differ somewhat for flowing and standing water. 
 
 
 Streams and Rivers—In the case of streams and rivers, it usually must be assumed that relatively 
homogeneous conditions prevail over the width and depth dimensions of the water. Small systems are 
generally more homogeneous than large systems. As a result of this assumption, samples for water quality 
variables in streams and rivers are usually collected at midstream and at one depth. In the absence of any 
special considerations, collection at half of full depth is recommended. (Refer to specific guidelines for the 
particular variables of interest for exceptions to this recommendation.) Environmental conditions in streams 
and rivers differ longitudinally and with changing flows. Therefore, sampling programs often require 
multiple stations and sample collection in a range of flow conditions in dry and wet weather. Additional 
guidance on selection of sampling stations and sampling frequencies in Washington is available in Horner et 
al. (1986). 
 
 
 Lakes and Reservoirs—Lakes and reservoirs are often assumed to be relatively homogeneous 
horizontally, unless they are large or heavily indented with bays. However, thermal stratification in all but 
the most shallow systems can cause substantial variation in environmental conditions with depth. Moreover, 
thermal stratification varies seasonally. In the Puget Sound region, lakes are monomictic (i.e., they stratify 
thermally from late spring to late fall and mix from top to bottom through the winter and most of the spring), 
except at high elevations. Lakes at high elevations are dimictic (i.e., they are thermally stratified during two 
periods per year, winter and summer). During the warm season, stratified lakes typically have three distinct 
layers: a relatively uniform warm upper layer (epilimnion), a cold lower (hypolimnion) layer, and a 
transition layer between (metalimnion). The metalimnion exhibits a temperature gradient. At high elevations 
during the cold season, the epilimnion is the coldest layer. 
 
 Sampling depths must be selected based on program objectives. A typical program in a small, stratified 
lake would encompass development of temperature, DO, and specific conductivity profiles over depth, and 
grab sampling for other variables at one mid-lake station at 0.5 to 1-m depth (to avoid surface scums). A 
second depth in the epilimnion may be selected if this layer is relatively thick. If there is interest in release 
of chemicals (e.g., nutrients, metals) from the sediments, a hypolimnetic sample should also be taken. 
 
 Representative sampling of a large lake may require collection of several samples along a transect or in 
different basins. Sampling during the growing season (i.e., April to October in the Puget Sound region) is 
often emphasized because of the biological activity and potential hypolimnetic oxygen depletion that occur 
during this period. Fewer samples are taken in the winter. Further information concerning lake sampling is 
available in Cooke et al. (1986) and Vollenweider (1974). 
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Sample Collection 
 
 Samples can be collected from a bridge or a boat using one of several designs of specialized samplers 
or by wading and dipping a sample bottle beneath the surface at the selected point of sampling. The 
specialized samplers are typically cylinders lowered into the water with both end closures held open. When 
the sampler reaches the desired depth (determined from a marked line attached to the sampler), a messenger 
is dropped down the line to trip the closure mechanism. The sampler is drained through a spigot into sample 
bottles for onsite analyses and transport to the laboratory. A commonly used sampler of this type is the Van 
Dorn bottle. Samples may be obtained in sites with rapid currents by lowering a weighted, stainless steel 
bucket to a depth of 30 cm below the surface. 
 
 When wading, the individual collecting samples should face upstream. This orientation minimizes 
contamination of the sampled water that would be caused by the sampler's presence. The container should 
enter the water with the opening down to minimize collection of material from the surface layer. 
 
 Unless a preservative has been added to the sample bottle before collection, it should be rinsed with 
two or three volumes of water before capping. Rinsing can be accomplished by overflowing from a Van 
Dorn or similar sampler. When the investigator is wading, bottle rinsing can be accomplished by filling and 
totally emptying the sample bottle several times. 
 
 In a continuing program, the same containers could be reused for the same stations. This practice 
minimizes potential contamination of relatively clean samples when highly polluted samples might have 
been collected previously in the same containers. Nevertheless, sample containers should always be cleaned 
thoroughly as recommended below in the Cleaning Methods section. A single container can typically be 
used to hold samples that will be analyzed for several variables with compatible preservatives. For example, 
conductivity, pH, alkalinity, total hardness, total suspended solids, and turbidity analyses can usually be 
performed on samples from one container, and nutrient analyses can usually be performed on samples from 
a second container (Table 3). 
 
 When visiting a sampling station, the sample collector should record the following information in a 
field book: 
 
 � Date 
 
 � Time 
 
 � Name of individual collecting sample 
 
 � Number of samples collected 
 
 � Weather and flow conditions 
 
 � Onsite field measurements (e.g., temperature) 
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 TABLE 3. RECOMMENDED SAMPLE SIZES, CONTAINERS, PRESERVATION 
 TECHNIQUES, AND HOLDING TIMES FOR MEASUREMENT OF 
 CONVENTIONAL WATER QUALITY VARIABLES 
═══════════════════════════════════════════════════════ 
  Minimum 
  Sample    Holding Timec


 
Variable Size (mL)a Containerb Preservation Recommended  Maximum 
 
Temperature 1,000d P,G None Zeroe Zeroe 
 
Conductivity 100 P,G Cool, 4° Cf 28 days 28 days 
 
Dissolved oxygen 300 G (BOD Fix with 8 hours 8 hours 
   bottle) reagents, 
    store in dark 
 
pH 25g P,G None Zeroe Zeroe 
 
Alkalinity 100 P,G Cool, 4° Cf 24 hoursh 14 days 
 
Total hardness 100 P,G HNO3 to pH<2 6 months 6 months 
 
Total suspended 1,000i P,G Cool, 4° Cf 7 days 7 days 
 solids 
 
Turbidity 100 P,G Cool, 4° Cf 24 hours 48 hours 
 
Ammonia-nitrogen 125 P,G H2SO4 to pH<2 7 days 28 days 
    Cool, 4°Cf 
 
Nitrate + nitrogen- 125 P,G H2SO4 to pH<2 24 hours 28 days 
 nitrogen   Cool, 4°Cf,j 
 
Total phosphorus 50 P,G H2SO4 to pH<2 48 hours 28 days 
    Cool, 4°Cf 
 
Orthophosphate- 50 P,G Filter on site 24 hours 48 hours 
 phosphorus   Cool, 4° Cf 
 
Fecal coliform 125 P,Gk Cool, 1-4° Cf 6 hours 30 hours 
 bacteria 
═══════════════════════════════════════════════════════ 
a Recommended field sample size for one laboratory analysis of the given variable. 
 
 b P - Polyethylene, polypropylene, or fluoropolymer; G - glass. 
 
c Analyze within the recommended time if possible, but in all cases within the maximum. The holding times 
given are for routine monitoring work. Research objectives may require shorter holding times. 
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TABLE 3 continued 
 
d Measuring directly in water body is preferred. 
 
e Analyze immediately. 
 
f Holding at 4° C implies holding in the dark. 
 
g Increase the volume to rinse the pH electrodes several times, especially in low-alkalinity waters. 
 
h It is preferred by some agencies to analyze low-alkalinity waters in the field, while greater analytical control available 
in the laboratory is preferred by other agencies. 
 
i Volume given is the maximum needed to filter for analysis of low concentrations. A smaller quantity (100-250 mL) is 
adequate for most samples. 
 
j If nitrate-nitrogen data are needed, a separate, nonacidified sample is required. The nonacidified sample must be 
analyzed for nitrite-nitrogen within 48 hours. Nitrate-nitrogen is determined by subtracting nitrite-nitrogen from 
nitrate+nitrite-nitrogen. 
 
k Container must be able to withstand autoclaving at 121° C for 20 minutes. 
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 � Unusual conditions (e.g., oil on the water; water coloration or turbidity; fish kill; changes in nearby 
land use, aquatic and riparian vegetation) 


 
 � Calibration results for field instruments. 
 
 
Sample Heading 
 
 To avoid mistakes, it is imperative to label a sample bottle with an indelible marker at or before the time of 
collection. It is most efficient to prepare and attach labels before going into the field. Sample labels must include 
station designation, date, time, collector's name, and any preservative added. The analyses to be performed and any 
pertinent remarks may also be recorded on the label. 
 
 It is recommended that a sample tracking record be kept for each sample. This record registers possession of a 
sample as it travels from collection through analysis, which may allow misplaced samples to be found more readily. A 
typical sample tracking record form is illustrated in Figure 1. Samples that may be involved in litigation may require 
formal sample tracking records, termed chain-of-custody records. 
 
 Samples must be preserved and analyzed within a certain period to avoid deterioration. Recommended 
preservation methods and holding times are given in Table 3. These recommendations were derived from American 
Public Health Association (APHA) (1985), U.S. EPA (1983), and discussions at the workshop. 
 
Sample Size 
 
 A minimum sample size of at least 2.5 times the recommended sample volumes given in Table 3 should be 
collected whenever possible. The volumes given in Table 3 are sample volumes required for a single analysis of each 
variable. Additional sample may be needed for rinsing instrument sensors and for possible repeated analyses. 
Repeated analyses may be needed for analyzing replicates and for reanalyzing samples when (QA/QC) criteria are not 
met (see below). 
 
 
ANALYTICAL METHODS AND DETECTION LIMITS 
 
 Recommended analytical methods and detection limits for conventional variables are given in Table 4. Detection 
limits typically achieved using the recommended methods are also given in Table 4. 
 
 
QUALITY ASSURANCE/QUALITY CONTROL GUIDELINES 
 
 The effectiveness of any monitoring effort depends on its QA/QC program. The QA/QC program provides 
quantitative measurements of the "goodness" of the data. For some variables, QA/QC may involve calibration  
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SAMPLE TRACKING FORM 
 


 SAMPLERS (Signature) 


 


STATION 
NUMBER 


 
 
 
STATION LOCATION 


 
 
 
DAY 


 
 
 
TIME 


SAMPLE TYPE 


Water             | Air 


Comp.  Grab  |  


 
 
SEQ. 
NO. 


 
NUMBER 


OF 
CONTAINERS 


 
 
 
ANALYSIS REQUIRED 


          


          


          


          


          


          


          


          


          


          


          


          


Relinquished by: (Signature) Received by: (Signature) 
Date/Time 


| 


Relinquished by: (Signature) Relinquished by: (Signature) 
Date/Time 


| 


Relinquished by: (Signature) Received by: (Signature) 
Date/Time 


| 


Received by: (Signature) 


Received by Mobil Laboratory for 


Field Analysis: (Signature) 
Date/Time 


| 
Date/Time 


Dispatched by: (Signature) Received  for Laboratory by: (Signature) 
Date/Time 


| 


Method of Shipment:  


Distribution   Orig: Accompany Shipment 


                                         1 Copy — Survey Coordinator Field Files 


 
 
Figure 1. Typical sample tracking record form 
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 TABLE 4. RECOMMENDED ANALYTICAL METHODS FOR CONVENTIONAL VARIABLES 
════════════════════════════════════════════════════════════ 
   Recommended Recommended 
Variable Unit Detection Limit Analytical Methods 
 
Flow m3/sec -- Current meter survey 
    Staff gauge 
 
Temperature ° C -- Mercury-filled thermometer 
    Digital probe 
 
Conductivity µmhos/cma 1 Conductivity meter 
 
Dissolved oxygen mg/L -- Azide-modified Winkler  
    Membrane electrode 
 
pH pH units -- Electrometric 
 
Alkalinity mg/L as CaCO3 1 Titrimetric 
 
Total hardness mg/L as CaCO3 1 EDTA titrimetric 
 
Total suspended  mg/L -- Gravimetric 
 solids 


Turbidity NTUb 1 Nephelometric 


Ammonia-nitrogen µg/L 10 Automated phenatec 
    Phenatec 


Nitrate + nitrite- µg/L 10 Automated cadmium reduction 
 nitrogen   Cadmium reductionc 


Total phosphorus µg/L 5 Automated ascorbic acid reductionc 
    Heteropoly blue ascorbic acid  
     (following persulfate digestion)c 


Orthophosphate- µg/L 2 Automated ascorbic acid reductionc 
 phosphorus   Heteropoly blue ascorbic acidc 


Fecal coliform colonies/ 1 Membrane filter 
 bacteria 100 mL 
════════════════════════════════════════════════════════════ 
a Millisiemens/meter (mS/m) are used in the SI system. 1 mS/m = 10 µmhos/cm. 
 
b NTU - Nephelometric turbidity units. 
 
c Both automated and nonautomated procedures are recommended for nutrient analyses because some laboratories have not been 
converted to automated techniques. 
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of instruments with known standards. To obtain measures of accuracy and precision, QA/QC may further 
involve analysis of blanks, replicate samples, control samples, and spiked samples. Definitions of terms that 
apply to the measurement of the conventional water quality variables covered in this document are given 
below. 
 
 QA/QC guidelines for sampling and analysis of conventional variables are given in Table 5. The 
sections on each variable contain additional information, including accuracy and precision data. Specific 
QA/QC requirements should be stated explicitly in any contract. Discussions among project managers and 
field and laboratory personnel concerning the QA/QC requirements of a project should be conducted before 
a contract is signed. Requirements may differ among projects. For example, a project involving enforcement 
actions or litigation may have more stringent QA/QC requirements than a project involving routine ambient 
monitoring. More information is available in U.S. EPA (1979a) and APHA (1985). 
 
 
Definitions 
 
 
 Field Replicates—Field replicates are separate samples collected simultaneously at the identical 
source location and analyzed separately. Field replicates are used to assess total sample variability (i.e., field 
plus analytical variability). 
 
 
 Laboratory Replicates—Laboratory replicates are repeated analyses of a variable performed on the 
contents of a single sample bottle. Laboratory replicates are used to assess analytical precision. Usually 
duplicate analyses are sufficient for procedures that are well proven in the laboratory. 
 
 
 Calibration Standards—A sample prepared from distilled-deionized water that contains a known 
concentration of a specific substance or will produce a known instrument response is a calibration standard. 
The distilled-deionized water used in calibration samples should meet Type 1 water quality criteria specified 
by APHA (1985) Method 107.4. 
 
 
 Blanks—A blank is a sample prepared from Type 1 water (resistivity > 10 megohm-cm), perhaps with 
reagents added, to represent zero concentration of a specific substance, or to produce an instrument response 
that indicates zero concentration. 
 
 A transport blank may be useful in studies of nutrients, fecal coliform bacteria, and metals. A transport 
blank is a blank that is transported to the sampling location and treated like a sample thereafter. 
 
 
 Spiked Samples—A sample prepared by adding a known concentration of a specific substance to an 
environmental sample is called a spiked sample. 
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 TABLE 5. CALIBRATION AND QUALITY ASSURANCE/QUALITY CONTROL 
 GUIDELINES FOR MEASUREMENT OF CONVENTIONAL WATER QUALITY VARIABLES 
  
  Variable  Guidelinesa 
  
Temperature Check thermometer against a thermometer certified by American Society 


for Testing and Materials or National Bureau of Standards. 
 
Conductivityb Calibrate in the laboratory with two standard KC1 solutions repre-senting 


the expected conductivity range of the samples. Check calibration using 
one standard KC1 solution (with conductivity in the sample range) per 
batch in the laboratory or whenever the meter is set up in the field. 


 
Dissolved oxygenb For the azide-modified Winkler method, run one 100 percent satur-ated 


calibration sample/batch. For studies where low DO concentra-tions are 
expected, a calibration sample containing zero DO may be used. 


 
  For the membrane-electrode method, calibrate with a sample of known 


DO concentration (determined using the azide-modified Winkler method) 
and with a sample containing zero DO. Calibration is required prior to the 
start of every series of measurements and whenever the meter is moved or 
turned off. 


 
pHb  Calibrate with two buffers. Check calibration with a third buffer every 3 


hours. Use neutral, acid, and basic buffers (e.g., pH 4.0, 7.0, and 10.0) 
prepared according to National Bureau of Standards Special Publication 
260-53 (Durst 1975). 


 
Alkalinityb Calibrate pH meter as above. Check titrant normality with self-prepared 


and EPA standard solutions (1 check/batch). 
 
Total hardnessb Check titrant molarity with self-prepared and EPA standard solutions (1 


check/batch) and run one blank/batch. Run one spiked sample/batch if 
interference is suspected. 


 
Total suspended solidsb Check balance calibration monthly and oven temperature daily. Balances 


should have annual preventative maintenance checks. Run at least one 
EPA or commercial control suspension of known concentration per set of 
20 samples. 


 
TurbiditybCalibrate with commercial standard in same range as samples. Recalibrate with every range 


change. 
 
Manual nutrientsb Run calibration curve with a blank and standards at 0.2, 0.35, 0.5, 0.75, 


and 1.0 cuc. Entire range of sample concentrations must be included in the 
calibration curve. Run control samples at 0.2 and 0.9 cu with each batch. 
Run two blanks/batch and one spiked sample/batch. 


 
Automated nutrientsb Run calibration curve with a blank and standards at 0.2, 0.5, and 1.0 cu. Entire 


range of sample concentrations must be included in the calibration curve. Run 
control samples at 0.2 and 0.9 cu with each batch. Run two blanks/batch and one 
spike sample/batch. 
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TABLE 5. (Continued) 
  
  
 Variable  Guidelinesa 
 
Fecal coliform bacteria Laboratory replicates should be analyzed at a frequency of 10 percent. 
 
  
a A batch is defined as a group of no more than 20 samples. 
 
b Field replicate samples should be collected and analyzed at a frequency of 5-10 percent. Laboratory replicates should 
be analyzed at a frequency of 5-10 percent. 
 
c cu - upper limit of expected concentration range. 
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 Accuracy—Accuracy is the measure of agreement between the measurement of a variable in a sample 
and the true value of the variable in that sample. The term "error" is used when the discrepancy between the 
measured and true values is expressed in the units of the measured variable. The term "relative error" is used 
when the error is expressed in terms of the percentage deviation from the true value. 
 
 
 Precision—The measure of agreement among replicate laboratory measurements is called precision. 
Precision is measured by the standard deviation when the units of the measured variable are used. The term 
"relative standard deviation" is used when the standard deviation is expressed as a percentage of the mean of 
the replicate values. 
 
 
Criteria for Acceptance of QA/QC Results and Corrective Actions 
 
 This section contains general guidelines for acceptance of QA/QC results and corrective actions. More 
detailed information concerning QA/QC results and corrective actions is available in the references cited in 
the following sections on each variable and in U.S. EPA (1979a). 
 
 Control limits for accuracy and precision are established in every laboratory, and these limits may vary 
among laboratories. Accuracy and precision data are presented in the following sections for each variable. 
This information was obtained from the cited references and is presented only to provide general guidance 
for accuracy and precision. More detailed information concerning the accuracy and precision data is 
available in the cited references. 
 
 
 Check Standards—If the results of the analysis of a control sample fall beyond the control limits that 
are established by the laboratory or specified in the contract, the analysis should be terminated, the problem 
causing the analysis to be beyond the control limits identified and corrected, and the analyses repeated. The 
control limits suggested by U.S. EPA (1979a) and APHA (1985) are ±3 times the standard deviation for 
analysis of a control sample. This standard deviation should be calculated from at least 20 separate analyses 
of control samples. 
 
 
 Blanks—Rerun analysis of the affected samples if the blank measurement exceeds the method 
detection limit (see Table 4). 
 
 
 Spiked Samples—The results of the analysis of a spiked sample should be compared with control 
charts established by the laboratory for spiked sample analysis. Control charts are discussed in U.S. EPA 
(1979a). If the results are beyond the established control limits, the analysis should be terminated, the 
problem identified and corrected, and the analyses affected by the problem repeated. 
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 Replicates—The results of the analysis of laboratory replicate samples should be compared with 
control charts established by the laboratory for replicate sample analysis. Control charts are discussed in 
U.S. EPA (1979a). If the results are beyond the established control limits, the analysis should be terminated, 
the problem identified and corrected, and the analyses affected by the problem repeated. There are no 
control limits for field replicates. 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report data in the units specified for the particular method. For results in which the analyte was not 
detected, report the results as less than the detection limit. The results of QA/QC analyses should also be 
provided. 
 
 
CLEANING METHODS 
 
 Avoiding sample contamination requires careful cleaning of sampling equipment, sample bottles, and 
laboratory equipment. Some general guidelines for cleaning are presented below. Additional requirements 
for certain individual variables are covered in the methods sections for those variables. The procedures 
recommended here should be applied to sample containers and all laboratory glassware and implements that 
will come into direct contact with samples during collection, storage, or analysis. 
 
 Laboratory equipment should always be washed with detergent, rinsed with tap water, and rinsed 3 
more times with Type 1 water (resistivity > 10 megohm-cm). Detergents must be selected with consideration 
of the analyses to be performed (e.g., use phosphorus-free detergent when phosphorus analysis will be 
performed). An ultrasonic cleaner can minimize the need for hand scrubbing. Following the water rinses, 
acid washing with sulfuric acid should be performed on equipment involved with nutrient analyses. After 
acid washing, rinse equipment completely at least 6 times with ultrapure deionized water. 
 
 If QA/QC criteria are not met, the cleaning operation should be thoroughly reviewed to determine if 
inadequate cleaning procedures could be causing contamination. 
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 RECOMMENDED METHODS 
 FOR MEASURING FLOW 
 
 
USE AND LIMITATIONS 
 
 Stream flow, or discharge, is a basic hydrologic characteristic that affects morphological development 
of the channel, flooding behavior, bed and bank erosion, and sediment deposition. A measurement of flow 
must be known to estimate pollutant mass flux. Mass flux is the product of pollutant concentration and flow. 
Flow can either be measured manually or by continuously recording automatic instruments. The procedure 
discussed here will concentrate on manual methods. Automatic instruments are relatively expensive, need 
regular attention, and require experienced personnel to install and operate them. An organization consider-
ing using a flow recorder must be prepared to make the necessary commitment, or make an arrangement 
with an agency experienced in the use of flow recorders to install, and perhaps, operate them. 
 
 The common manual methods of flow measurement are as follows: 
 
 � Current meter survey 
 
 � Staff gauge 
 
 � Float survey 
 
 � Tracer survey. 
 
The current meter survey and staff gauge techniques are emphasized here. The current meter technique 
involves determining flow for a cross section of the stream. Current velocity and depth data from several 
points along the cross section are summed to obtain total flow. A staff gauge provides an instantaneous 
reading of water stage (i.e., level of stream surface with respect to a known point or datum). A stage-
discharge curve must be developed to estimate flow from the staff gauge reading. The curve is developed by 
correlating flows determined from current meter surveys with stages over a range of flow conditions. 
Estimating flow from timed float travel measurements can be inaccurate. Use of this method should 
normally be limited to low or high flow conditions when the current meter cannot be employed. Tracers 
include biodegradable dyes and salts that can be detected by photometric and conductometric 
measurements, respectively. Tracer surveys are generally less convenient and more time consuming in 
natural waters than current meter methods. For a discussion of additional methods, refer to U.S. Geological 
Survey (USGS) publications by Carter and Davidian (1968) and Buchanan and Somers (1969). The 
following procedures are derived from Ecology (no date) and USGS publications cited above. 
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FIELD PROCEDURES 
 
 
Site Selection Criteria 
 
 It is important to select a representative location to establish a station for monitoring flow. Proper site 
selection will improve the accuracy of flow measurements at all stream discharge levels. The following 
criteria should be considered when establishing a discharge measurement station. However, it is rarely 
possible to meet all the criteria listed. Be aware of the limitations of the site selected and possible effects on 
measurement. 
 
 
 Stream Reach Criteria—The station should be located in a stream reach (i.e., longitudinal section of 
the stream) with the following characteristics: 
 
 � The stream should be straight for 100 m (300 ft) upstream and downstream of the staff 


gauge station. Otherwise, an angular flow correction must be made as specified by 
Buchanan and Somers (1969). 


 
 � Flow should be confined to one channel at all stages of discharge (i.e., there should be no 


surface or subsurface bypasses). 
 
 � Streambed should be subject to minimal scour and relatively free of plant growth. 
 
 � Streambanks should be stable, high enough to contain maximum flows, and free of brush. 
 
 � The station should be located a sufficient distance upstream so that flow from tributaries 


and tides does not affect stage/discharge measurements. 
 
 � All discharge stages should be measurable somewhere within the reach. It is not necessary 


to measure low and high flows at the identical cross section. 
 
 � The site should be readily and safely accessible. 
 
 
 Cross Section Criteria—The cross section in which a station is located within a stream reach should 
have the following characteristics: 
 
 � Streambanks should be relatively high and stable. 
 
 � The stream should be straight with parallel banks. 
 
 � Depth and velocity must meet minimum requirements of the method and instruments being 


used. 
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 � The streambed should be relatively uniform with a minimal number of boulders and 
without heavy aquatic growth. 


 
 � Flow should be uniform and free of eddies, slack water, and excessive turbulence. 
 
 � Sites should not be located downstream of areas with rapid changes in stage or velocity. 
 
 
Streamflow Measurement Using a Current Meter 
 
 
 Equipment— 
 
 - Measuring tape 
 
 - Depth rod 
 
 - Current meter, calibrated. 
 
 
 Procedure— 
 
 1. Check that the current meter is functioning properly (see QA/QC section below). 
 
 2. Extend a measuring tape at right angles to the direction of flow and measure the width of 


the cross section. Record measurements on a data sheet. Leave the tape strung across the 
stream. 


 
 3. Divide the width into segments using at least 20 points of measurement. If previous flow 


measurements have shown uniform depth and velocity, fewer points may be used. Smaller 
streams may also require fewer points. Measuring points should be closer together where 
depths or velocities are more variable. Cross sections with uniform depth and velocity can 
have equal spacing. 


 
 4. Record the distance from the initial starting bank and the depth. 
 
 5. Record the current velocity at each measuring point. Horizontal (from left to right bank) 


and vertical (top to bottom) variation of stream velocity may influence streamflow 
measurements. To correct for vertical differences, hydrologists have determined depths that 
can yield acceptable estimates of the mean velocity over a vertical profile. If the depth 
exceeds 0.8 m (2.5 ft), it is recommended that velocities be measured at 20 percent and 80 
percent of full depth and averaged to estimate mean velocity. In the depth range 0.1-0.8 m 
(0.3-2.5 ft), take the velocity at 60 percent of the full depth (measured from the surface) as 
an estimate of the mean over the profile. Measuring velocity in water shallower than 0.1 m 
(0.3 ft) is difficult with conventional current meters. If much of the reach of interest is very 
shallow, or flow is too slow for current meter measurement, consider installing a control 







 Fresh Water 
  Temperature 
 February 1990 
 


 


 
 


21


section and V-notch weir. 
 
 6. Calculate flow as a summation of flows in partial areas (Figure 2) using the following 


equation: 
  
    qn =   va da (b n+1  -bn-1) 


 
 2            
where: 
 
 bn-1 = distance from initial point to the preceding point [m (ft)] 
 bn+1 = distance from initial point to the following point [m (ft)] 
   d = mean depth of partial area n [m (ft)] 
   v = average current velocity in partial area n [m/sec (ft/sec)] 
   q = discharge in partial area n [m3/sec (ft3/sec)]. 
 
 
 
Streamflow Measurement Using a Staff Gauging Station 
 
 A staff gauging station is used to determine the relationship between stream stage and flow. Once this 
relationship is established, it is not necessary to measure flow with a rod and meter on each sampling trip. 
However, it is necessary to recheck the stream stage/flow relationship once each quarter and after major 
runoff events. The data on stream stage and flow can also be used in conjunction with precipitation data to 
estimate changes in stream flows that could occur when watersheds are developed. The USGS has 
established a network of gauging stations throughout the country. Contact the USGS for information on 
gauging station locations near the prospective study site. 
 
 
 Equipment— 
 
 � Staff gauge 
 
 � Staff gauge mounting 
 
 � Surveyor's level and rod 
 
 � Equipment for streamflow measurement using a current meter (see above). 
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Figure 2. Diagram showing variables used in calculation of stream discharge using the current meter method 
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 Setting Up a Staff Gauge— 
 
 1. Attach staff gauge vertically on a permanent structure (e.g., concrete piling, revetment). 
 
 2. Set the zero point of the staff gauge below the lowest level of stream flow (to prevent the 


occurrence of negative gauge height values). 
 
 3. Establish a datum point on the gauge, and make two or three reference marks at the same 


level on nearby permanent features. Use a point on the gauge that is above the highest 
expected gauge height to prevent flow-related erosion of the marks. The datum may also be 
referenced to an official surveyor's benchmark. By establishing reference elevations, the 
datum can be recovered if the staff gauge is destroyed. 


 
 4. Set the gauge datum to an accuracy criterion of 0.003 m (0.01 ft) and recheck it at least 2-3 


times/yr. 
 
 5. Establish a stage/discharge curve (see below). 
 
 Stream stage can also be measured as the distance from the surface of the water to a permanent point 
above the stream. Use this measurement as the gauge height in establishing the rating curve. A bridge 
provides a convenient place for these measurements. The following procedures are used. 
 
 1. Make a permanent mark on the bridge to ensure that stream height is always measured from 


the same location. 
 
 2. Obtain stream stage by lowering a marked, weighted, measuring tape until the weight just 


touches the water surface. Measurement accuracy should be within 0.003 m (0.01 ft). 
 
 3. Establish a stage/discharge curve (see below). 
 
 
 Establishing a Stage/Discharge Curve— 
 
 1. Take streamflow measurements as described previously over a wide range of gauge heights. 


It will be easy to establish data points for average stream flows, but the relationship will 
differ for high and low stream flows. Consequently, it is important to measure during high 
and low stream flows so that a wide range of conditions is represented on the 
stage/discharge curve. 


 
 2. Note the gauge height before and after measuring flow. If wave action occurs, read height 


as the average of the elevations of peaks and troughs. 
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 3. Plot calculated streamflow (i.e., discharge) on the x-axis and gauge height (i.e., stage) on 


the y-axis. Provide a sufficient number of points to allow a smooth curve to be drawn 
through the points. Curves are typically fitted by eye. As noted above, be sure the high and 
low ends of the curve are represented in the relationship. Examples of stage/discharge 
curves are depicted in Figure 3. 


 
 
QA/QC PROCEDURES 
 
 There are no formal QA/QC procedures for current meter measurements. However, the meter 
manufacturer's guidelines for calibration should be followed. 
 
 Use of the staff gauge to measure stream flow requires that the bottom profile does not change. The 
bottom profile should be checked quarterly and after major runoff events. Substantial changes in the bottom 
profile may require redetermination of the stage/discharge relationship. 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results in units of m3/sec (ft3/sec is also used frequently). For flows less than or equal to 10 
m3/sec, report results to the nearest 0.1 m3/sec. For flows greater than 10 m3/sec, report results to the nearest 
whole m3/sec. 
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Figure 3. Examples of stream stage/discharge curves for low, intermediate, and high flow ratings 
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 RECOMMENDED METHODS FOR 
 MEASURING TEMPERATURE 
 
 
USE AND LIMITATIONS 
 
 Temperature strongly influences the chemical and biological processes in fresh water. Organisms are 
adapted to live within certain temperature ranges. Hence, temperature is a key factor in determining the 
composition and abundance of the algal, zooplankton, macroinvertebrate, and fish communities that inhabit 
aquatic environments. Temperature also affects the solubility of oxygen and influences pH and conductivity. 
Because temperature affects density, temperature differences are the primary cause of lake stratification. 
 
 Temperature can be measured with a mercury-filled thermometer or a thermistor. Because 
thermometers break frequently, the thermistor is used by some organizations, even though it is more 
expensive. Sensitivity to the nearest 1° C is adequate for most measurements in natural waters. The 
requirements for laboratory measurements may be more stringent. 
 
 For more discussion of the recommended temperature measurement procedures, refer to APHA (1985) 
Method 212, which is equivalent to U.S. EPA (1983) Method 170.1. The following guidelines elaborate 
slightly on these procedures. 
 
 
FIELD PROCEDURES 
 
 
Collection and Measurement 
 
 Attempt to measure the temperature at a station at the same time of day on each sampling trip. 
Measure temperature directly in the water if possible. Otherwise, equilibrate a bottle to the water 
temperature, collect a sample at least 1 L in volume, and measure the temperature immediately. Allow the 
thermometer to come to equilibrium before recording the reading. 
 
 
LABORATORY PROCEDURES 
 
 None. 
 
QA/QC PROCEDURES 
 
 Refer to Table 5 for the recommended calibration technique. 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 0.1 or 1.0° C, depending on need and accuracy of the measurement. Also 
report the time of day. 
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 RECOMMENDED METHODS FOR MEASURING CONDUCTIVITY 
 
 
USE AND LIMITATIONS 
 
 Conductivity is a measure of the ability of water to conduct an electric current. Because temperature 
affects the velocity of ion movements, conductivity is based on a specific reference temperature. 
 
 The movement of positive and negative ions in a solution creates an electrical current. The relationship 
between conductivity and ion concentration varies with the type and relative amount of ions present. For 
example, at relatively low ion concentrations the ions move independently, and the relationship between 
conductivity and ion concentration is nearly linear. 
 
 Conductivity is a general indicator of the combined concentration of ions, and not a measure of any 
particular substance. Conductivity is related to water quality for many soluble pollutants (e.g., nutrients). 
Therefore, conductivity can be used to detect the existence of a contamination problem, but cannot be used 
to identify the specific problem. 
 
 Conductivity is measured using a conductivity cell and meter. When the cell's two electrodes are 
inserted into a water sample, the meter emits an electrical signal and measures the ease with which the 
electrical current is conducted through the sample. Conductivity is the inverse of resistance, and its unit 
(mho) is a transposition of the unit (ohm) for resistance. Recently, this unit was termed the siemen (S) in the 
SI system of units. Because the measurement is usually performed with electrodes that are 1 cm apart, 
conductivity is usually reported as µmho/cm [or microsiemens/cm (µS/cm) in the SI system]. 
 
 The most common reference temperature for conductivity is 25° C. During analysis, the temperature of 
the sample must be taken. Some meters automatically correct the temperature. If the meter does not 
automatically correct the temperature, then the temperature correction must be calculated (see Calculations 
section below). The use of a common reference temperature allows comparison of data from samples that 
may have been analyzed at different temperatures. 
 
 For a full discussion of the recommended conductivity measurement procedure refer to either APHA 
(1985) Method 205, or U.S. EPA (1983) Method 120. The following guidelines elaborate on these 
procedures, and include a specific recommendation for a two-point rather than a single-point initial cali-
bration. 
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FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer [e.g., polytetrafluoroethylene 
(Teflon )], or glass containers. A minimum sample volume of 100 mL is recommended. 
 
 
Sample Processing and Storage 
 
 If analysis is not completed within 24 h of sample collection, the sample should be filtered through 
0.45-µm filter, and the filtrate should be stored at 4° C in the dark. A sample can be stored up to 28 days 
after it has been filtered. 
 
 
LABORATORY PROCEDURES 
 
 
Equipment Selection and Standard Preparation 
 
 � Conductivity meter. A temperature-compensating meter is preferred. 
 
 � Conductivity cell. 
 
 � Thermometer or digital probe, capable of being read to 0.1° C and covering the range in 


which the conductivity measurements will be made. 
 
 � Standard potassium chloride (KCl) solutions representing the same conductivity range as 


found in the samples. Prepare a standard 0.0100 N KCl reference solution, which has a 
conductivity of 1,413 µmhos/cm at 25° C, by dissolving 0.7456 grams predried (2 hours at 
105° C) KCl in 1-liter low-conductivity (<1 µmho/cm) distilled water. Dilute with low-
conductivity distilled water to make up standard solutions in the desired range. 


 
Equipment Preparation 
 
1. Determine the conductivity cell constant frequently (i.e., according to the manufacturer's 
recommendations) before analyzing samples. Rinse conductivity cell at least 3 times with standard 
KCl reference solution. Adjust temperature of a sample of the standard KCl reference solution to 
25.0 ± 0.1° C and measure its conductivity. Determine the cell constant by dividing the conductivity of 
the standard KCl reference solution by this measurement. The constant should either be 1.0, or very 
close to it. 
 
2. Calibrate the conductivity cell in the laboratory with a standard KCl reference solution at 25.0 ± 
0.1° C in the expected conductivity range of the samples. Rinse the cell with the standard KCl 
reference solution prior to taking the measurement. 
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 3. Check calibration once for each batch of samples, and whenever the meter is setup in the 


field. Rinse at least 3 times with the standard KCl reference solution prior to taking a 
measurement. The conductivity of the standard should be within the expected conductivity 
range of the samples. 


 
 
Sample Preparation 
 
 1. If a nontemperature-compensating meter is used, adjust sample temperature to 25° C. 
 
 2. Determine sample temperature within 0.5° C. 
 
 
Sample Analysis 
 
 1. Rinse cell at least 3 times with sample. 
 
 2. Measure the conductivity according to the instructions provided with the meter. If the 


sample temperature is not 25° C, then either compensate with the meter adjustment (if the 
meter has that feature), or correct to 25° C as shown in the Calculations section below. 


 
 3. Rinse the cell with distilled water after use. Keep electrodes immersed in Type 1 water 


(resistivity > 10 megohm-cm) afte use. 
 
 
Calculations 
 
 Correct for cell constant and temperature, if necessary, as follows: 
 
 Conductivity = measured conductivity x cell constant x temperature correction factor 
 
Temperature correction factors are given in Table 6. 
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 TABLE 6. TEMPERATURE CORRECTION FACTORS 
 FOR CONDUCTIVITY DETERMINATION 


  
  Temperature Correction 
 (° C) Factora 
  2 1.70 
 3 1.65 
 4 1.61 
 5 1.57 
 6 1.53 
 7 1.49 
 8 1.45 
 9 1.41 
 10 1.37 
 11 1.34 
 12 1.31 
 13 1.28 
 14 1.25 
 15 1.22 
 16 1.19 
 17 1.16 
 18 1.14 
 19 1.12 
 20 1.10 
 21 1.08 
 22 1.06 
 23 1.04 
 24 1.02 
 25 1.00 
 
 
a Correction factors are used only when the conductivity meter does not 
compensate for temperature. 
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QA/QC PROCEDURES 
 
 Conductivity QA/QC depends upon regularly checking the cell constant as described in the previous 
section entitled Equipment Preparation. In addition, 5 to 10 percent of the samples should be randomly 
selected for duplicate field collection, and 5 to 10 percent of the samples should be randomly selected for 
duplicate laboratory analysis. Based on data reported by U.S. EPA (1983) and APHA (1985), the relative 
precision of this QA/QC method is 7.8-8.6 percent, and the relative accuracy is 1.9-9.4 percent (APHA 
1985). 
 
 
DATA REPORTING REQUIREMENTS 
 
 Results should be reported to the nearest 1 µmho/cm (or 1 µS/cm) at 25° C. The actual temperature at 
which the measurement was made should be reported, as well as the results of all QA/QC analyses. 
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 RECOMMENDED METHODS FOR MEASURING DISSOLVED OXYGEN 
 
 
USE AND LIMITATIONS 
 
 Most metabolic processes require oxygen. Oxygen is depleted from aquatic media by respiration of 
aquatic organisms, decomposers (i.e., bacteria and fungi) during biodegradation of organic matter, and 
chemical processes in which oxygen reacts with organic and inorganic substances. Photosynthesis and 
interactions between water and the atmosphere can increase the oxygen concentration in the water. 
 
 Solubility of gases is generally higher in colder water. Therefore, DO concentrations should be 
interpreted in terms of water temperature. This relationship is expressed as percent saturation. This value is 
obtained by expressing, as a percentage, the ratio of the observed DO concentration in a sample to the 
theoretical DO saturation concentration of water at the same temperature. Supersaturation (i.e., >100 
percent saturation) tends to occur after several daylight hours (i.e., plants have been producing oxygen as a 
byproduct of photosynthesis). DO concentrations recorded during the early morning hours are often below 
100 percent saturation because the production of oxygen by photosynthesis ceases in the dark, while the 
consumption of oxygen by respiration continues. Therefore, organisms would be most stressed by low DO 
concentrations during the early morning. Studies of low DO should include sampling during the period from 
predawn to early morning, and sampling should be avoided during the late afternoon, when photosynthetic 
activity is generally highest. 
 
 Salmonid fish and their preferred invertebrate foods inhabit water with consistently high DO 
concentrations (i.e., above 5 mg/L). Other fishes (e.g., bass, perch) have less restrictive oxygen 
requirements, but DO concentrations of at least 4 mg/L are generally necessary for most species in this 
group. As DO declines to very low levels, less desirable organisms (e.g., dipteran larvae) tend to 
predominate in the community. 
 
 DO can be measured by either chemical titration (azide-modified Winkler method) or membrane 
electrode method. The former is recommended for general field monitoring work because of its ease and 
low cost, and because of the difficulty in maintaining meter calibration. A well-calibrated oxygen meter 
membrane electrode system is preferred for obtaining a depth-profile of DO in a lake or deep river. 
Sampling for DO measurements requires particular care, since any contact between the sample and the air 
will modify the results. If percent saturation is to be determined, then the water temperature must be 
measured at the same time and location. 
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 The recommended procedures for the azide-modified Winkler method are APHA (1985) Method 
421B, and U.S. EPA (1983) Method 360.2. While these methods are equivalent, they differ in some 
instructions for preparing and adding reagents. Therefore, the technician must choose a method and follow it 
consistently. The APHA (1985) Method 421F, and U.S. EPA (1983) Method 360.1 are recommended 
methods for the membrane electrode technique. These methods are also equivalent. See these references for 
information concerning problems with interfering substances (e.g., iron). The following guidelines elaborate 
on both sets of recommended methods. 
 
 
FIELD PROCEDURES 
 
 
Azide-Modified Winkler Method 
 
 
 Sample Collection—Samples must be collected in 300 mL glass BOD bottles. In deeper waters, a Van 
Dorn or other appropriate sampler (e.g., see APHA 1985) should be used to obtain the sample. In shallow 
waters (i.e., where a water-bottle sampler cannot be used), use a hand pump or a bucket with a clamped 
drain tube installed at the bottom. Insert the outlet tube of the sampling apparatus to the bottom of the BOD 
bottle. Overflow the bottle by two or three volumes. Take care to prevent turbulence and bubble formation. 
Fill the bottle to the rim and insert stopper, being sure that no air becomes trapped in the bottle. The 
temperature of the water source should be read during sampling. 
 
 
 Sample Processing and Storage—Samples with no iodine demand (generally the case in fresh water) 
may be stored up to 8 h without change after adding manganous sulfate solution, alkali-iodide-azide 
solution, and concentrated sulfuric acid, followed by shaking. Pour some distilled water around the glass 
stopper and cover with aluminum foil held in place with a rubber band. Store in the dark at the temperature 
of the water source, or at 10-20° C. Complete the analysis as soon as possible (i.e., within 8 h). 
 
 
Membrane Electrode Method 
 
 
 Equipment Selection—Select equipment as discussed by APHA (1985) Method 421F.2, or U.S. EPA 
(1983) Method 360.1.5.1. 
 
 
 Equipment Preparation—Calibrate the meter prior to each series of measurements, or whenever the 
meter is moved or turned off. Calibrate with a sample of known DO concentration (determined by analysis 
of distilled water according to the azide-modified Winkler method), as well as with a sample with zero DO. 
To bring DO to zero, add excess sodium sulfite (Na2SO3) and a trace of cobalt chloride (CoCl2). Follow the 
meter manufacturer's calibration procedure exactly. 
 
 When membrane function deteriorates it should be changed to avoid contamination of the sensing 
element. Air bubbles should not be trapped under the membrane. 
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 Sample Analysis—Follow all instructions of the meter manufacturer exactly. If erratic responses 
occur, then stir the sample or provide sufficient sample flow across the membrane surface. 
 
 
LABORATORY PROCEDURES 
 
 
Azide-Modified Winkler Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents according 
to APHA (1985) Method 421B.2, or U.S. EPA (1983) Methods 360.2.5 and 360.2.6. 
 
 
 Equipment Preparation—Run one calibration sample per batch of samples. In most DO studies of 
well oxygenated waters, the calibration sample is prepared by bubbling air into distilled water to obtain a 
sample with 100 percent DO saturation. If the samples are expected to contain low DO concentrations, then 
a zero DO calibration sample (prepared as discussed above) can be used. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 421B.3, or U.S. EPA (1983) Method 
360.2.7. 
 
 
 Calculations—Results can be expressed as mg/L (along with the corresponding values of temperature, 
pressure, and salinity), or as percent saturation. Results can be expressed as percent saturation as follows: 
 


Obtain DO solubility for the temperature, pressure, and salinity conditions at which the sample was taken 
[see Table 421.I APHA (1985), or U.S. EPA (1983) Method 360.2.8.4]. 
 
 
Membrane Electrode Method 
 
 Except for the calibration and QA/QC procedures, which use the azide-modified Winkler procedures 
outlined above, no laboratory procedures are required. 
 


Install Equation Editor and double-
click here to view equation.   
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QA/QC PROCEDURES 
 
 For the azide-modified Winkler method, run one calibration sample per batch of samples. Prepare the 
calibration sample by bubbling air into distilled water. Standardize the sodium thiosulfate titrant both before 
and after a set of samples is analyzed, and adjust the dissolved oxygen measurements accordingly. 
Phenylarsine oxide (PAO) may be used instead of sodium thiosulfate and can be purchased, already 
standardized, from commercial sources. Randomly select 5-10 percent of the samples for duplicate field 
collection, and 5-10 percent of the samples for duplicate laboratory analysis. For the membrane-electrode 
method, calibrate the meter prior to each series of measurements, and whenever the meter is moved or 
turned off. The reported precision of the azide-modified Winkler method is 0.02-0.06 mg/L. The membrane 
electrode method has a reported precision of 0.05 mg/L, and a reported accuracy of 0.1 mg/L (APHA 1985). 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 0.1 mg/L. Include the results of all QA/QC analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING pH 
 
 
USE AND LIMITATIONS 
 
 The pH of a solution is a measure of the hydrogen ion activity. By definition, pH is the negative 
base-10 logarithm of the hydrogen ion concentration in moles/L. A pH of 7 represents equality of hydrogen 
and hydroxyl ion concentrations, and therefore neutrality, while pH <7 represents an acidic condition 
(predominance of hydrogen ions) and pH >7 (maximum 14) represents a basic condition (predominance of 
hydroxyl ions). Because of the logarithmic scale, a change of one pH unit represents a tenfold change in the 
hydrogen ion concentration. 
 
 Most aquatic animals have pH preferences from 6 to 9. This range is usually maintained by carbonate 
and bicarbonate buffering of naturally acidic precipitation. Due to carbon dioxide solubility, rain that has 
been affected by no other dissolved gases or ions has a theoretical pH of 5.65. The presence of acidic or 
alkaline compounds can lower or raise the pH of a water body, respectively. 
 
 The pH of water profoundly affects the chemical processes that may occur within it. The chemical 
speciation of important water quality constituents such as nutrients and metals is chiefly determined by pH. 
Metals tend to be more soluble, and therefore more available to organisms at acidic pH values than at basic 
pH values. Hence, toxicity can be increased by acidification. 
 
 An electronic meter is used to measure pH. This measurement is accurate only in a fresh sample. 
Rapid pH changes occur because of gas diffusion, biological activity, and chemical reaction. Therefore, pH 
measurements must be performed in the field, immediately after sampling. 
 
 The recommended procedures for measurement of pH are APHA (1985) Method 423 and U.S. EPA 
(1983) Method 150.1. These procedures cannot be used for seawater or brackish water. These procedures 
are elaborated slightly in the following guidelines. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. The 
same container can be used for samples intended for pH measurement, and for samples intended for other 
variables that will be chilled for transport to the laboratory. A minimum sample size of 25 mL is needed for a 
pH measurement. Additional water should be collected to rinse the electrodes several times, especially in 
low-alkalinity waters. 
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Sample Processing and Storage 
 
 Samples must be analyzed for pH in the field, immediately after collection. 
 
 
Equipment and Buffer Selection 
 
 Select equipment and buffer solutions as described for APHA (1985) Methods 423.2 and 423.3 or U.S. 
EPA (1983) Methods 150.1.5 and 150.1.6. It is recommended that three buffer solutions be available for 
calibration (one at or near neutral pH, one at acidic pH ≤4.0, and one at alkaline pH ≥10.0). 
 
 
Equipment Preparation 
 
 1. Follow the pH meter manufacturer's instructions for storage and preparation of the 


electrodes. 
 
 2. Remove electrodes from storage solution, rinse with distilled water, and blot dry with a soft 


tissue. 
 
 3. In the field, standardize the meter every 3 h using the aforementioned buffer solutions and 


following the manufacturer's instructions. Standardize with the neutral buffer, and either the 
acidic or the alkaline buffer, depending on the pH range expected for the samples. For each 
buffer solution, bring the temperature as close as possible to the sample temperature. Place 
electrodes in solution for at least 1 min. Wait until the reading becomes drift-free (<0.1 pH 
unit). Between samples, rinse electrodes with distilled water and blot dry. 


 
 
Sample Analysis 
 
 Analyze according to APHA (1985) Method 423.4, or U.S. EPA (1983) Method 150.1.8. Handle the 
electrodes and read the pH of samples in the same manner as described for equipment preparation above. 
The electrodes should be rinsed with the sample several times, especially when analyzing low-alkalinity 
waters. 
 
 
QA/QC PROCEDURES 
 
 QA/QC for pH depends on regularly standardizing the meter, as described above. In addition, 
randomly select 5-10 percent of the samples for duplicate field collection, and 5-10 percent of the samples 
for duplicate analysis. This method has a reported precision of 0.13 pH unit, and a reported accuracy of 0.1 
pH unit (APHA 1985). 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 0.1 pH unit. The pH and temperature of the buffers used for calibration 
should also be reported. Include the results of all QA/QC analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING ALKALINITY 
 
 
USE AND LIMITATIONS 
 
 The alkalinity of water is a measure of its acid-neutralizing capacity. Alkalinity represents the amount 
of acid required per unit volume to lower the pH to a designated point in the acid region (the titration 
endpoint). The primary importance of alkalinity for natural waters is to quantify the ability of water to 
buffer acids that may enter (e.g., from spills or acid precipitation). In the Puget Sound region, fresh waters 
are typically relatively low in alkalinity because of the low solubility of parent geological materials. 
 
 Alkalinity is an aggregate water quality variable, and cannot be interpreted in terms of specific 
substances without knowledge of the specific chemical composition of the sample. Although alkalinity is the 
sum of all titratable bases, it is primarily a function of carbonate (CO3


-), bicarbonate (HCO3
-), and hydroxide 


(OH-) content. It is defined mathematically by the following charge balance equation: 
 
    Alkalinity = [HCO3


-] + 2[CO3
--] + [OH-] - [H+] 


 
For natural waters in the pH ranges from 6 to 8.5, [CO3


--], [OH-] and [H+] are negligible, and alkalinity is 
essentially equal to [HCO3


-]. 
 
 Alkalinity is determined by titrating the sample with strong acid to pH 4.2 to 4.5, depending on the 
amount of alkalinity. Recently published methods [e.g., APHA (1985)] recommend an endpoint at, or near, 
pH 4.2 for low-alkalinity samples. 
 
 In practice, alkalinity is frequently reported in units of mg/L as Ca/CO3 that would produce an 
alkalinity value equivalent to that measured in the sample (e.g., 50 mg/L as CaCO3). The recommended 
calculations performed after the analysis produce results in these units. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. The 
same container can be used for samples intended for analysis of alkalinity and samples intended for analysis 
of other variables with compatible preservation. A minimum sample size of 100 mL is recommended. 
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Sample Processing and Storage 
 
 Samples should be stored at 4° C in the dark. It is preferable to perform the analysis within 24 h, but 
samples can be stored up to 14 days in the above condition. 
 
 
LABORATORY PROCEDURES 
 
 The recommended procedures for alkalinity measurement are APHA (1985) Method 403, and U.S. 
EPA (1983) Method 310.1. The following guidelines add some detail to these procedures, particularly with 
regard to analysis of low-alkalinity waters. 
 
 
Equipment Selection and Reagent Preparation 
 
 Select equipment and prepare reagents according to APHA (1985) Methods 403.2 and 403.3, or U.S. 
EPA (1983) Methods 310.1.4 and 310.1.5. 
 
 
Sample Analysis 
 
 Analyze samples as specified by APHA (1985) Method 403.4, or by U.S. EPA (1983) Method 310.1.6. 
If alkalinity is <20 mg/L as CaCO3, which is common in fresh waters of the Puget Sound region, then follow 
the procedures designed for low-alkalinity waters [APHA (1985) 403.4d, or U.S. EPA (1983) 310.1.6.3]. 
 
 
Calculations 
 
 Calculate alkalinity in units of mg/L as CaCO3 according to APHA (1985) Method 403.6 or U.S. EPA 
(1983) 310.1.7. 
 
 
QA/QC PROCEDURES 
 
 Regularly standardize the pH meter, as specified in the pH section. With each batch of samples, 
standardize the acid titrant, or run U.S. EPA control solutions of known concentrations. In addition, 
randomly select 5-10 percent of the samples for duplicate field collection, and 5-10 percent of the samples 
for duplicate laboratory analysis. According to data reported by U.S. EPA (1983), the method precision 
ranges from 1.14 to 5.36 mg/L as CaCO3, and the accuracy ranges from -9.3 to +2.0 mg/L as CaCO3 over a 
concentration range of 8-119 mg/L as CaCO3. 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 mg/L as CaCO3. Include results of all QA/QC analyses in the data 
report. 
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 RECOMMENDED METHODS FOR MEASURING TOTAL HARDNESS 
 
 
USE AND LIMITATIONS 
 
 Originally, the term total hardness referred to the soap-neutralizing power of water. Because soap is 
alkaline, higher concentrations of other alkaline substances retard the neutralization of soap and cause it to 
form an insoluble precipitate. Divalent metallic cations (+2 charge) are capable of reacting with soap to 
form precipitates. The principal hardness-causing divalent cations are calcium and magnesium, with 
strontium, ferrous iron and manganese of minor importance. 
 
 The hardness of water is derived largely from its contact with soil and rock. Carbon dioxide in 
chemical equilibrium with carbonic acid gives water the ability to dissolve minerals. In general, hard waters 
exist in areas where the topsoil is thick and limestone (CaCO3) formations are present. Soft waters (i.e., 
waters with low hardness) exist where there is little topsoil or limestone. 
 
 Hardness creates difficulties in laundering and promotes accumulation of scale in hot water pipes and 
other heated equipment. Calcium in water may also promote kidney stone formation. However, substances 
creating hardness are antagonistic to some potentially toxic heavy metals. 
 
 Current practice is to define total hardness as the sum of calcium and magnesium concentrations. Total 
hardness is normally expressed in terms of the mg/L of CaCO3 that would have the effect that is equivalent 
to the measured total hardness. 
 
 The recommended technique for total hardness measurement is the disodium ethylene-
diaminetetraacetate dihydrate titrimetric (EDTA) method. The full procedures for this method are provided 
by APHA (1985) Method 314B and U.S. EPA (1983) Method 130.2. While these methods are equivalent, 
they differ in some instructions for preparing and adding reagents. Therefore, the analyst must follow one or 
the other consistently. The following guidelines elaborate on these methods. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. The 
same container can be used for samples intended for analysis of total hardness and for samples intended for 
analysis of other variables with compatible preservation. A minimum sample size of 100 mL is recom-
mended. 
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Sample Processing and Storage 
 
 Samples should be acidified with nitric acid to pH <2. Acidified samples can be held up to 6 months. 
 
 
LABORATORY PROCEDURES 
 
 
Equipment Selection and Reagent Preparation 
 
 Select equipment and prepare reagents according to APHA (1985) Method 314B.2 or U.S. EPA (1983) 
Methods 130.2.5 and 130.2.6. 
 
 
Sample Analysis 
 
 Analyze according to APHA (1985) Method 314B.3 or U.S. EPA (1983) Method 130.2.7. 
 
 When ions in the water sample interfere with endpoint determination, it may occasionally be necessary 
to use sodium cyanide as an inhibitor when analyzing hardness. This problem occurs rarely for the natural 
fresh waters of the Puget Sound region. Because cyanides are poisonous, they should be used with caution 
and disposed of properly. The sodium cyanide should be used only in a ventilation hood. Acidification of 
cyanide solutions can liberate lethal hydrogen cyanide gas. Although APHA (1985) and U.S. EPA (1983) 
suggest that used cyanide can be flushed down the drain with large volumes of water (provided that acids 
are not present in the drain), this method of disposal is not environmentally sound and is not recommended 
in the PSEP protocols. The current practice for cyanide disposal at the U.S. EPA Manchester laboratory is to 
retain the used cyanide in a bottle that is stored in a designed hazardous waste area. When the bottle is full, 
the cyanide concentration is determined, and the bottle is disposed of by an approved hazardous waste 
contractor (Davis, P., 11 October 1988, personal communication). 
 
 
Calculations 
 
 Calculate total hardness as mg CaCO3/L according to APHA (1985) Method 314B.4 or U.S. EPA 
(1983) Method 130.2.8. 
 
QA/QC PROCEDURES 
 
 With each batch of samples, standardize the EDTA titrant, or run U.S. EPA control solutions of known 
concentrations. Also, run one blank with each batch. If interference caused by high heavy metal 
concentrations is suspected, run one spiked sample with each batch. In addition, randomly select 5-10 
percent of the samples for duplicate field collection and 5-10 percent of the samples for duplicate laboratory 
analysis. According to data reported by APHA (1985), the relative precision of the method is 2.9 percent, 
and its relative accuracy is 0.8 percent. 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 mg/L as CaCO3 and report the use of any inhibitor. Include the results of 
all QA/QC analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING TOTAL SUSPENDED SOLIDS 
 
 
USE AND LIMITATIONS 
 
 Total suspended solids (TSS) is a direct measure of the concentration of particulate matter in flowing 
or standing water. Particles may be organic (e.g., detritus, algae) or inorganic (e.g., eroded mineral soil 
components). The significance of suspended solids on water quality is manifested in several ways. 
Suspended solids can reduce light penetration and damage the tissues and clog the respiratory apparatus of 
aquatic organisms. Upon settling, excessive solids degrade bottom habitat, especially by filling the gravels 
that are favorable for invertebrate habitat and the spawning and rearing of fish. Solids also transport other 
pollutants, including oxygen demanding substances, nutrients, metals, xenobiotic organic compounds, and 
pathogenic microorganisms. 
 
 The concentration of TSS is measured gravimetrically as the mass of particles retained on a filter per 
unit volume of water filtered. Another commonly used term for TSS is nonfilterable residue. 
 
 The recommended analytical procedures for TSS are APHA (1985) Method 209C and U.S. EPA 
(1983) Method 160.2. The following guidelines elaborate on these procedures, particularly with regard to 
sample collection. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. Because 
there typically is a gradient of particle concentrations over depth in streams, sampling over a depth profile is 
preferred over sampling at a single depth. However, because such sampling is burdensome, a single sample 
is usually collected. Collection at a point representing the average velocity in the depth profile (for streams 
that are deep enough for this to be a concern) is superior to sampling at mid-depth. The average current 
velocity generally occurs at 60 percent of full depth from the surface. Another practice often followed 
during wet weather sampling is to collect at 30 percent (from the surface) of the winter baseflow depth. The 
same container can be used for samples to be analyzed for TSS and for samples to be analyzed for other 
variables with compatible sampling requirements and preservation. A minimum sample size of 1 L is 
recommended for the least concentrated samples, although 100-250 mL is sufficient for most samples. 
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Sample Processing and Storage 
 
 Samples should be stored in the dark at 4° C. In this condition, samples can be held as long as 7 days. 
 
 
LABORATORY PROCEDURES 
 
 
Equipment Selection 
 
 Select equipment as designated by APHA (1985) Method 209C.2 or U.S. EPA (1983) Method 160.2.6. 
 
 
Equipment Preparation 
 
 Prepare equipment as specified by APHA (1985) Method 209C.3a or U.S. EPA (1983) Method 
160.2.7.1. 
 
 
Sample Preparation 
 
 Select filter and sample sizes as specified by APHA (1985) Method 209C.3b or U.S. EPA (1983) 
Method 160.2.7.2. 
 
 
Sample Analysis 
 
 Analyze according to APHA (1985) Method 209C.3c or U.S. EPA (1983) Method 160.2.7.3-6. 
 
 
Calculations 
 
 Calculate TSS in mg/L according to APHA (1985) Method 209C.4 or U.S. EPA (1983) Method 
160.2.8. 
 
 
QA/QC PROCEDURES 
 
 Check balance calibration monthly and oven temperature daily. Balances should have annual 
preventative maintenance checks. Run at least one EPA or commercial control suspension of known 
concentration per set of 20 samples. In addition, randomly select 5-10 percent of the samples for duplicate 
field collection and 5-10 percent of the samples for duplicate laboratory analysis. The method has a reported 
precision of 2.8 mg/L (APHA 1985). 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 mg/L. Include the results of all QA/QC analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING TURBIDITY 
 
 
USE AND LIMITATIONS 
 
 Turbidity is the optical property of water that causes light to be scattered and absorbed, rather than to 
be transmitted. Turbidity is caused by suspended particles such as clay, silt, colloidal organic and inorganic 
matter, plankton, and other microorganisms. These particles affect light penetration in water. 
 
 Turbidity is determined relative to a standard reference suspension using an instrument, called a 
nephelometer, that measures light scattering. Therefore, the measurement does not absolutely represent 
particulate concentration. Correlation of turbidity with the concentration of suspended material is possible 
but difficult. Particles of different sizes, shapes, and refractive indices have different light-scattering 
properties. Useful correlations usually can be made only in specific cases, when the nature of the particles 
remains constant while their concentration varies. 
 
 The reference suspension for turbidity measurement is formazin, a polymer with particles of particular 
size and light-scattering characteristics. Readings are reported in a scale relative to the standard suspension. 
The units are termed nephelometric turbidity units (NTU). The turbidity of the reference formazin 
suspension is defined as 40 NTU. 
 
 The recommended procedures for turbidity analysis are APHA (1985) Method 214A and U.S. EPA 
(1983) Method 180.1. The following guidelines elaborate on these procedures, particularly with regard to 
sample collection. 
 
 
FIELD PROCEDURES 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. A 
minimum sample volume of 100 mL is recommended. In a stream, the same considerations apply to 
selecting the turbidity sampling depth as apply to selecting the TSS sampling depth. Samples should be 
collected at 60 percent of full depth from the surface. During wet weather, samples can be collected at 30 
percent of the winter baseflow depth from the surface. 
 
Sample Processing and Storage 
 
 Samples should be stored in the dark at 4° C and analyzed within 24 h of collection, if possible. 
Samples may be held for up to 48 h in this condition. 
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LABORATORY PROCEDURES 
 
 
Equipment Selection and Standard Preparation 
 
 Select equipment and prepare standard suspensions as designated by APHA (1985) Methods 214A.2 
and 214A.3 or U.S. EPA (1983) Methods 180.1.5 and 180.1.6. 
 
 
Equipment Preparation 
 
 If precalibrated scales are supplied with the instrument, check their accuracy using appropriate 
standards. If precalibrated scales are not supplied, prepare calibration curves for each turbidity range. Run at 
least one standard every time the range is changed. 
 
 
Sample Analysis 
 
 Analyze according to APHA (1985) Method 214A.4 or U.S. EPA (1983) Method 180.1.7. Samples 
with turbidities >40 NTU should be diluted to a turbidity between 30 and 40 NTU for analysis. Turbidity-
free water should be used for sample dilution. 
 
 
Calculations 
 
 Calculate as specified by APHA (1985) Method 214A.5. For turbidities <40 NTU the data can be read 
directly from the turbidometer or from an appropriate calibration curve. 
 
 
QA/QC PROCEDURES 
 
 QA/QC procedures for turbidity depend on recalibrating the turbidimeter with every range change. In 
addition, randomly select 5-10 percent of the samples for duplicate field collection and 5-10 percent of the 
samples for duplicate analysis. According to data reported by U.S. EPA (1983), the method precision ranges 
from 0.60 to 4.7 NTU over a turbidity range of 26 to 180 NTU. 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results as designated for various turbidity ranges by APHA (1985) Method 214A.2 or U.S. EPA 
(1983) Method 180.1.8. Include the results of calibration analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING AMMONIA-NITROGEN 
 
 
USE AND LIMITATIONS 
 
 Ammonia is a component of fertilizers, sewage effluents, and manure. It is an inorganic form of 
nitrogen that is highly soluble in water. Ammonia can be released by deamination of organic nitrogen-
containing compounds and hydrolysis of urea. Depending upon pH, ammonia may be present as the aqueous 
gas (NH3) or the ammonium ion (NH4


+). At usual natural water pH, the ammonium ion predominates. Under 
aerobic conditions, ammonia can be converted to nitrite (NO2


-) and then nitrate (NO3
-) through the bacterial 


process of nitrification. 
 
 Ammonia is a key nitrogen-containing nutrient for algae and aquatic plants and is readily absorbed 
from water by these organisms. Therefore, increasing the ammonia concentration can stimulate 
eutrophication in waters in which algal growth is nitrogen-limited. Ammonia also influences oxygen 
demand because nitrification consumes dissolved oxygen. Excessive concentrations of the non-ionized 
(NH3) form are toxic to aquatic organisms. 
 
 Ammonia (ammonia plus ammonium ion) is measured as nitrogen and is generally reported as 
ammonia-nitrogen. The most common analysis is performed by the automated phenate method using an 
autoanalyzer, although the manual phenate method is also recommended. APHA (1985) Methods 417C and 
417G contain procedures for the manual and automated methods, respectively. The U.S. EPA (1983) 
supplies only an automated procedure (Method 350.1), which is equivalent to APHA (1985) Method 417G. 
These methods offer the low detection limits often necessary to measure ammonia-nitrogen in natural fresh 
waters of the Puget Sound region. 
 
 
FIELD PROCEDURES 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. A 
minimum sample volume of 125 mL is recommended. Samples for analysis of ammonia-nitrogen can be 
collected in the same containers as samples intended for analysis of other variables that are compatibly 
handled and preserved (generally including nitrate+nitrite-nitrogen and total phosphorus). 
 
 
Sample Processing and Storage 
 
 Samples should be acidified with sulfuric acid to pH <2 and stored in the dark at 4° C. They should be 
analyzed within 7 days, if possible, but may be held up to 28 days in this condition. 
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LABORATORY PROCEDURES 
 
 To avoid contaminating water samples being stored and analyzed for ammonia-nitrogen, do not use or 
produce ammonia in the storage and laboratory areas. 
 
 
Automated Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Methods 417G.2 and 417G.3 or U.S. EPA (1983) Methods 350.1.5 and 350.1.6. 
Although these procedures are based on Technicon AutoAnalyzer  technology, other acceptable 
autoanalyzers (e.g., Alpkem ) exist. Either segmented (i.e., autoanalyzer) or non-segmented (i.e., flow 
injection analysis) continuous flow analyzers can be used. 
 
 
 Equipment Preparation—Prepare the autoanalyzer as specified by APHA (1985) Methods 417G.2 
and 417G.4, U.S. EPA (1983) Methods 350.1.5 and 350.1.7, or equivalent manufacturers instructions. Run a 
calibration curve with a blank and standards at 0.2, 0.5, and 1.0 times the expected highest concentration in 
a sample. The entire range of sample concentrations must be included in the calibration curve. 
 
 
 Sample Preparation—Prepare samples and standards as specified by APHA (1985) Method 417G.4a 
or U.S. EPA (1983) Method 350.1.7.1. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 417G.4 or U.S. EPA (1983) Method 
350.1.7. 
 
 
 Calculations—Prepare a standard curve by plotting peak height of standards against ammonia-
nitrogen concentrations in the standards (or compute a linear regression equation for ammonia-nitrogen 
concentration as a function of peak height). Calculate sample ammonia-nitrogen concentrations from the 
standard curve or regression equation. 
 
 
Manual Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Methods 417C.2 and 417C.3. 
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 Equipment Preparation—Run calibration curve with a blank and standards at 0.2, 0.35, 0.50, 0.75, 
and 1.0 times the expected highest concentration in a sample. The entire range of sample concentrations 
must be included in this calibration curve. A reagent blank (i.e., a sample consisting of distilled water to 
which all reagents have been added) should be used to obtain the zero rating on the spectrophotometer prior 
to the analysis of standards and samples. 
 
 
 Sample Preparation—Prepare standards as specified by APHA (1985) Method 417C.4b. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 417C.4. 
 
 
 Calculations—Prepare a standard curve by plotting absorbances of standards against ammonia-
nitrogen concentrations in the standards (or calculate a linear regression equation for ammonia-nitrogen 
concentration as a function of absorbance). Calculate sample ammonia-nitrogen concentrations from the 
standard curve or regression equation. 
 
 
QA/QC PROCEDURES 
 
 Run control samples at 20 percent and 90 percent of the upper limit of the expected concentration 
range with each batch of 10 to 20 samples. Also, run a blank at the beginning and end of each batch and one 
spiked sample with each batch. In addition, randomly select 5-10 percent of the samples for duplicate field 
collection and 5-10 percent of the samples for duplicate analysis. The automated method has a reported 
precision of 5 µg/L. Relative standard deviation reported for the manual method ranges from 15.8 to 
39.2 percent over a concentration range of 200-1,500 µg/L (APHA 1985). 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 µg/L. Include the results of all QA/QC analyses with the data report. 
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 RECOMMENDED METHODS FOR MEASURING NITRATE+NITRITE-NITROGEN 
 
 
USE AND LIMITATIONS 
 
 Under aerobic conditions, ammonia can be converted to nitrite (i.e., NO2


-) and then nitrate (i.e., NO3
-) 


in the bacterial process of nitrification. Both of these inorganic nitrogen forms are highly soluble in water. In 
the absence of oxygen, nitrate can be converted to nitrogen gas through the bacterial process of 
denitrification. Because the oxidation of nitrite to nitrate is rapid, natural waters usually have very low 
concentrations of nitrite. 
 
 Nitrite and nitrate can be discharged directly to water from fertilizer, sewage, and manure sources. 
Like ammonia, nitrate is a potential source of nitrogen for plants. Therefore, increasing nitrate 
concentrations can stimulate eutrophication in waters in which algal growth is nitrogenlimited. This 
situation is more common in marine waters than in fresh waters. 
 
 In the analytical method, nitrate is first reduced chemically to nitrite and then the total nitrite is 
measured colorimetrically as nitrogen. Results are generally reported as nitrate+nitrite-nitrogen. The 
analysis is now most commonly performed by the automated cadmium reduction method, using an 
autoanalyzer, although the manual cadmium reduction method is also recommended. APHA (1985) Methods 
418C and 418F specify procedures for the manual and automated methods, respectively. The equivalent 
U.S. EPA (1983) methods are 353.3 and 353.2, respectively. These methods offer the low detection limits 
often necessary to measure nitrate+nitrite-nitrogen in natural fresh waters of the Puget Sound region. 
 
 Nitrate-nitrogen and nitrite-nitrogen can also be determined separately. This is accomplished by 
splitting a sample. Nitrite-nitrogen is measured in one aliquot, and nitrate+nitrite-nitrogen is measured in the 
other aliquot. The nitrate-nitrogen concentration is determined by subtracting the nitrite-nitrogen 
concentration from the nitrate+nitrite-nitrogen concentration. A limitation of this approach is that nitrite-
nitrogen concentrations may be below the analytical detection limit. If separate analysis of nitrite-nitrogen is 
anticipated, the sample cannot be acidified for preservation. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. A 
minimum sample volume of 125 mL is recommended. Samples for analysis of nitrate+nitritenitrogen can be 
collected in the same containers as samples intended for analysis of other variables with compatible 
handling and preservation (generally including ammonia-nitrogen and total phosphorus). 
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Sample Processing and Storage 
 
 Samples should be acidified with sulfuric acid to pH <2 and stored at 4° C in the dark. It is 
recommended that analysis occur within 24 h, but samples can be held up to 28 days in this condition. If 
samples will be analyzed separately for nitrite-nitrogen, do not acidify. Analyze as soon as possible or freeze 
at -20° C. 
 
 
LABORATORY PROCEDURES 
 
 
Automated Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Method 418F.2 and 418F.3 or U.S. EPA (1983) Method 353.2.5 and 353.2.6. 
Although these procedures are based on Technicon AutoAnalyzer  technology, other acceptable 
autoanalyzers (e.g., Alpkem ) exist. 
 
 
 Equipment Preparation—Prepare for autoanalyzer as specified by APHA (1985) Method 418F.2 and 
418F.4 or U.S. EPA (1983) Method 353.2.5 and 353.2.7, or equivalent manufacturers instructions. Run a 
calibration curve with a blank and standards at 0.2, 0.5, and 1.0 times the expected highest concentration in 
a sample. The entire range of expected sample concentrations must be included in the calibration curve. 
 
 
 Sample Preparation—Prepare samples and standards as specified by APHA (1985) Method 418F.4 
or U.S. EPA (1983) Method 353.2.7.1. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 418F.4 or U.S. EPA (1983) Method 
353.2.7. 
 
 
 Calculations— Prepare a standard curve by plotting peak heights of standards against nitrate+nitrite-
nitrogen concentrations in the standards (or calculate a linear regression equation for nitrate+nitrite-nitrogen 
concentration as a function of peak height). Calculate sample nitrate+nitrite-nitrogen concentrations from 
the standard curve or regression equation. 
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Manual Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Method 418C.2 and 418C.3 or U.S. EPA Method 353.3.5 and 353.3.6. 
 
 
 Equipment Preparation—Run calibration curve with a blank and standards at 0.2, 0.35, 0.5, 0.75, 
and 1.0 times the expected highest concentration in a sample. The entire range of sample concentrations 
must be included in the calibration curve. A reagent blank (i.e., a sample consisting of distilled water to 
which all reagents have been added) should be used to obtain the zero reading on the spectrophotometer 
prior to the analysis of standards and samples. 
 
 
 Sample Preparation—Prepare samples and standards as specified by APHA (1985) Method 418C.4c 
or U.S. EPA (1983) Method 353.3.7.8. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 418C.4 or U.S. EPA (1983) Method 
353.3.7. 
 
 
 Calculations—Prepare a standard curve by plotting absorbances of standards against 
nitrate+nitrite-nitrogen concentrations in the standards (or calculate a linear regression equation for 
nitrate+nitrite-nitrogen concentration as a function of absorbance). Calculate sample nitrate+nitrite-nitrogen 
concentrations from the standard curve or regression equation. 
 
 
QA/QC PROCEDURES 
 
 Run control samples at 20 percent and 90 percent of the upper limit of the expected concentration 
range with each batch of 10 to 20 samples. Also, run a blank at the beginning and end of each batch and one 
spiked sample with each batch. Randomly select 5-10 percent of the samples for duplicate field collection 
and 5-10 percent of the samples for duplicate analysis. According to data reported by APHA (1985) for the 
concentration range of 0-2,100 µg N/L, the automated method has a precision of 0 to 50 µg/L and an 
accuracy ranging from -67 to +103 µg N/L. Precision data are only available on sewage samples for the 
manual method. The reported precision ranges from 4 to 10 µg N/L in the concentration range of 40 to 1,040 
µg N/L (U.S. EPA 1983). 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 µg/L. Include results of all QA/QC analyses with the data report. 
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 RECOMMENDED METHODS FOR MEASURING TOTAL PHOSPHORUS 
 
 
USE AND LIMITATIONS 
 
 Phosphorus can enter natural waters from sewage, detergents, fertilizers, manure, gasoline, and eroded 
soil. It can also be released from bottom sediments under anaerobic conditions, when iron is reduced to the 
ferrous form and solubilized. Phosphorus in water occurs almost solely as phosphates, including 
orthophosphates, condensed (poly-) phosphates, and organically bound phosphates. Phosphates occur in 
solution, in particles, or in the bodies of aquatic organisms. 
 
 Phosphorus is the nutrient that is most likely to limit algal growth in the fresh waters of the Puget 
Sound region. Therefore, phosphorus enrichment can stimulate eutrophication and result in nuisance 
growths of algae. 
 
 The various forms of phosphate are frequently digested to orthophosphate and expressed as total 
phosphorus (TP). The current trend in the Puget Sound area is to measure TP by the automated ascorbic acid 
reduction method using an autoanalyzer. However, the manual ascorbic acid procedure is also used. Both 
methods are included in the PSEP protocols. APHA (1985) Methods 424 F and G specify procedures for the 
manual and automated methods, respectively. APHA (1985) Method 424C (III) covers the preliminary 
persulfate digestion that is recommended for most analyses of natural, fresh waters. U.S. EPA (1983) 
Methods 365.1 and 365.2 for TP cover the automated and manual methods, respectively. These methods 
offer the low detection limits often necessary to measure TP in natural, fresh waters of the Puget Sound 
Region. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. A 
minimum sample volume of 50 mL is recommended. Samples for analysis of total phosphorus can be 
collected in the same container as samples intended for analysis of other variables with compatible handling 
and preservation (generally including ammonia-nitrogen and nitrate+nitritenitrogen). 
 
 
Sample Processing and Storage 
 
 Samples should be acidified with sulfuric acid to pH <2 and stored at 4° C in the dark. Samples should 
be analyzed within 48 h, if possible, but may be held up to 28 days in this condition. 
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LABORATORY PROCEDURES 
 
 
Automated Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Methods 424C(III).1, 424C(III).2, 424G.2, and 424G.2.3, or U.S. EPA (1983) 
Methods 365.1.6 and 365.1.7. Although these procedures are based on Technicon AutoAnalyzer  
technology, other acceptable autoanalyzers (e.g., Alpkem ) exist. 
 
 
 Equipment Preparation—Prepare the autoanalyzer as specified by APHA (1985) Methods 424G.2 
and 424G.4, or U.S. EPA (1983) Method 365.1.8.3.2, or equivalent manufacturers instructions. Run a 
calibration curve with a blank and standards at 0.2, 0.5, and 1.0 times the expected highest concentration in 
a sample. The entire range of sample concentrations must be included in the calibration curve. 
 
 
 Sample Preparation—Prepare samples and standards as specified by APHA (1985) Methods 424C.3 
and 424G.4a or U.S. EPA (1983) Method 365.1.8.1. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 424G.4 or U.S. EPA (1983) Method 
365.1.8.1. 
 
 
 Calculations—Prepare a standard curve by plotting peak heights of standards against P concentrations 
in the standards (or calculate a linear regression equation for TP concentration as a function of peak height). 
Calculate sample TP concentrations from the standard curve or regression equation. 
 
 
Manual Method 
 
 
 Equipment Selection and Reagent Preparation—Select equipment and prepare reagents as 
designated by APHA (1985) Methods 424F.2 and 424F.3 or U.S. EPA (1983) Methods 365.2.6 and 365.2.7. 
 
 
 Equipment Preparation—Run calibration curve with a blank and standards at 0.2, 0.35, 0.5, 0.75, 
and 1.0 times the expected highest concentration in a sample. The entire range of sample concentrations 
must be included in the calibration curve. A reagent blank (i.e., a sample consisting of distilled water to 
which all reagents have been added) should be used to obtain the zero reading on the spectrophotometer 
prior to the analysis of standards and samples. 
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 Sample Preparation—Prepare samples and standards as specified by APHA (1985) Method 424F.4a 
or U.S. EPA (1983) Method 365.2.8.1. 
 
 
 Sample Analysis—Analyze according to APHA (1985) Method 424F.4 or U.S. EPA (1983) Method 
365.2.8.1. 
 
 
 Calculations—Prepare a standard curve by plotting absorbances of standards against TP 
concentrations in the standards (or calculate a linear regression equation for TP concentration as a function 
of absorbance). Calculate sample TP concentrations from the standard curve or regression equation. 
 
 
QA/QC PROCEDURES 
 
 Run control samples at 20 percent and 90 percent of the upper limit of the expected concentration 
range with each batch of 10 to 20 samples. Run blanks at the beginning and end of each batch and one 
spiked sample with each batch. In addition, randomly select 5-10 percent of the samples for duplicate field 
collection and 5-10 percent of the samples for duplicate analysis. The manual method has a reported relative 
precision of 4.0-9.1 percent and a relative accuracy of 4.4-10.0 percent over a concentration range of 100-
7,000 µg/L (APHA 1985). The automatic method has a reported precision of 14-87 µg/L and an accuracy of 
-50 to 7 µg/L over a concentration range of 40-300 µg/L (U.S. EPA 1983). 
 
 
DATE REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 µg/L. Include the results of all QA/QC analyses with the data report. 
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 RECOMMENDED METHODS FOR MEASURING ORTHOPHOSPHATE-PHOSPHORUS 
 
 
USE AND LIMITATIONS 
 
 Orthophosphates include PO4


3-, HPO4
2-, H2PO4


-, and H3PO4. The specific orthophosphates present 
depend on pH. Orthophosphates are the forms of phosphorus most readily taken up by algae and aquatic 
plants. Therefore, it is often desirable to measure this form in addition to TP. 
 
 Samples for orthophosphate analysis should be filtered in the field to ensure that transformations to or 
from other phosphorus forms do not affect sample concentrations. Except for the omission of the digestion 
step, the same analytical methods outlined for TP can be used for orthophosphates. Orthophosphates are 
measured as phosphorus and are generally reported as orthophosphate-phosphorus (i.e., PO4-P). Under test 
conditions, certain organic and inorganic phosphorus-containing compounds that are not orthophosphates 
hydrolyze and contribute to the measured orthophosphate-phosphorus concentrations. Therefore, 
phosphorus in filtered samples analyzed without digestion is sometimes termed soluble reactive phosphorus 
(SRP). As with TP, the automated method is now frequently applied, but the manual procedure is still 
performed. The recommended methods are APHA (1985) Methods 424F and 424G for the manual and 
automatic methods, respectively. Equivalent U.S. EPA (1983) procedures are Methods 365.2 and 365.1, 
respectively. 
 
 
FIELD PROCEDURES 
 
 
Sample Collection 
 
 Samples can be collected in polyethylene, polypropylene, fluoropolymer, or glass containers. A 
minimum sample volume of 50 mL is recommended. Samples for the analysis of orthophosphate-
phosphorus can be collected in the same containers as samples intended for analysis of other variables. 
However, samples for orthophosphate-phosphorus analysis should be filtered in the field and then stored 
separately on ice in the dark. 
 
 
Sample Processing and Storage 
 
 Filtered samples should be held at 4° C in the dark and analyzed within 24 h, if possible. They can be 
held up to 48 h in this condition. If filtration in the field is not possible, unfiltered samples can be stored on 
ice in the dark for a maximum of 8 h. 
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LABORATORY PROCEDURES 
 
 All laboratory procedures outlined in the TP protocol apply, except that digestion must be omitted. If 
U.S. EPA (1983) procedures are used, consult Methods 365.1.8.3 or 365.2.8.3 for the analytical procedures 
for orthophosphate-phosphorus. 
 
 
QA/QC PROCEDURES 
 
 See recommended methods for TP. 
 
 
DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 µg/L. Include results of all QA/QC analyses in the data report. 
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 RECOMMENDED METHODS FOR MEASURING FECAL COLIFORM BACTERIA 
 
 
USE AND LIMITATIONS 
 
 It has become the practice in water quality monitoring to measure indicator organisms rather than 
specific pathogens. The coliform group of bacteria is the most widely used indicator. Among that group are 
fecal coliform bacteria, which are found in the normal intestinal flora of warm-blooded animals, including 
humans. 
 
 Monitoring fecal coliform bacteria has several drawbacks. Data on fecal coliform bacteria do not 
provide the means to distinguish sources (PSEP 1986). Densities of fecal coliform bacteria may not 
accurately reflect public health risks. The recovery of these organisms from water samples may be variable 
and incomplete. Furthermore, their survival times in water can be shorter than those of pathogens. Neverthe-
less, available alternatives to monitoring fecal coliform bacteria also have drawbacks, and enumeration of 
fecal coliform bacteria will continue to be used to characterize water quality. 
 
 Two methods are available to measure fecal coliform densities: 
 
 � Most probable number (also called multiple tube fermentation) 
 
 � Membrane filtration. 
 
The most probable number (MPN) method yields a statistically based estimate of bacterial density through 
frequency of gas production in a dilution series of fermentation culture tubes. The membrane filtration (MF) 
method permits direct counts of bacteria colonies that are cultured on membrane filters. The statistical 
reliability of the MF method has been found to be superior to that of the MPN method (APHA 1985). 
However, turbidity can reduce MF counts (Berger and Argaman 1983). 
 
 Recent modifications of the MF procedure have made its results compatible with MPN results (APHA 
1985). Historically, the use of both methods in water quality studies in the Puget Sound region has limited 
comparisons of data from different sources. 
 
 Both the MF and the MPN methods are widely used, but the MF technique has more adherents among 
organizations active in natural freshwater monitoring in the Puget Sound region. Typically, MPN is 
preferred for marine waters and solid samples. MPN is also frequently used in potable water testing. 
 
 The MF procedure is recommended herein for monitoring fresh waters in the Puget Sound. This 
selection was made because of the widespread use of MF in freshwater monitoring and its better statistical 
reliability. However, it may be advisable to analyze highly turbid samples using the MPN technique. 
Organizations that switch from MPN to MF should conduct parallel tests to demonstrate the applicability of 
the method and the comparability of the data. 
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 Full procedures for the MF technique are provided by APHA (1985) Method 909C and by U.S. EPA 
(1978). In U.S. EPA (1978), the delayed-incubation MF method (Part III, Section C3) is most appropriate for 
monitoring of natural, fresh waters. 
 
 
FIELD PROCEDURES 
 
 
Equipment Preparation 
 
 To prevent contamination of samples, sterile techniques must be used for all steps that involve physical 
contact with samples. A detailed discussion of sterile techniques is available in U.S. EPA (1978). Sterili-
zation is typically conducted using an autoclave at 121° C for 10-30 min. 
 
 
Sample Collection 
 
 Because bacteria concentrate in the surface microlayer, samples must be collected below the surface to 
represent the water column as a whole. Plunge the bottle 15 to 30 cm into the water upside down (if 
possible) to avoid the surface layer, and then turn it slightly into the current. After filling, pour out water to 
provide 2.5-5 cm of air space above the sample before tightly stoppering. 
 
 
Sample Processing and Storage 
 
 Samples should be stored at 1-4° C in the dark. Analysis should be initiated within 6 h of collection if 
possible, and always within 30 h. 
 
 
LABORATORY PROCEDURES 
 
Equipment Selection and Media Preparation 
 
 Select equipment and prepare medium and buffer solutions as designated by APHA (1985) Method 
909C.1 or U.S. EPA (1978) Part III, Section C3.3-5. 
 
 
Equipment Preparation 
 
 Prepare for filtering as specified by APHA (1985) Method 909C.2b or U.S. EPA (1978) Part III, 
Section C.3.6.1-3. Sterile techniques are required for all steps that involve physical contact with samples. 
 
 







 Fresh Water 
 Fecal Coliform Bacteria 
 February 1990 
 


 


 
 


64


Sample Preparation 
 
 Consult APHA (1985) Method 909C.2a or U.S. EPA (1978) Part III, Section C3.6.4 for guidance in 
selecting sample volumes for filtration. Suggested sample volumes to be filtered are as follows (U.S. EPA 
1978; APHA 1985): 
 
  Lakes, reservoirs, groundwater--100 and 50 mL 
  Water supply intake and natural bathing waters--50, 10, and 1 mL 
  Farm ponds, rivers, and stormwater runoff--1, 0.1, and 0.01 mL. 
 
 Prepare the samples as specified by APHA (1985) Method 909C.2b or U.S. EPA (1978) Part III, 
Section C.3.6.4. 
 
 
Sample Analysis 
 
 Analyze samples according to APHA (1985) Method 909C.2 or U.S. EPA (1978) Part III, Section 
C.3.6. 
 
 
Calculations 
 
 The density of fecal coliform bacteria in a sample is calculated using the following formula: 
 
No. fecal coliform bacteria/100 mL = No. of  Fecal Coliform colonies Counted           x 100 
        Volume in mL of Sample Filtered 
 
For best accuracy, the filter from which the data are taken should have from 20 to 60 colonies on it. If counts 
are not available in this range, density is determined as specified in APHA (1985) Method 909C.3. 
 
 
QA/QC PROCEDURES 
 
 Randomly split 10 percent of the samples for analysis at another laboratory. In addition, randomly 
select 10 percent of the field samples for duplicate collection and 10 percent of the samples for duplicate 
analysis. Corrective actions are discussed in U.S. EPA (1978) and APHA (1985). 
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DATA REPORTING REQUIREMENTS 
 
 Report results to the nearest 1 colony/100 mL. Include results of all QA/QC analyses in the data 
report. 
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 RECOMMENDED METHODS FOR MEASURING METALS 
 
 
INTRODUCTION 
 
 This section presents recommended methods for the determination of metals at trace concentrations in 
the natural fresh waters of the Puget Sound region. The metals for which recommended methods are 
provided are listed in Table 7. These metals can be derived from both anthropogenic and natural sources. 
Table 7 contains typical detection limits for the most commonly applicable analytical methods, the range of 
concentrations for these metals in the nonindustrial rivers and lakes of the Puget Sound region, and the U.S. 
EPA chronic freshwater toxicity criteria. Table 7 also contains recommended detection limits for both 
ambient monitoring of fresh water and for assessing toxicity. To ensure data accuracy, the recommended 
detection limits are set at concentrations substantially lower than the expected lowest ambient 
concentrations and the chronic toxicity criteria. 
 
 Scientifically meaningful data for most of the metals in natural waters can only be generated using 
sophisticated preconcentration techniques conducted under state-of-the-art, ultra-clean handling conditions. 
However, U.S. EPA detection limit guidelines and chronic toxicity criteria can be met with several direct 
analysis techniques if sample handling is sufficiently clean. Further information on sampling devices and the 
minimization of contamination is available in Patterson and Settle (1975) and Bewers and Windom (1983). 
 
 Several commercial, university, and government laboratories were surveyed for currently acceptable 
methods prior to the development of the PSEP's recommendations for metals in fresh water. The result of 
this survey was that governmental and private routine testing laboratories rely almost exclusively on U.S. 
EPA (1983), Methods for Chemical Analysis of Water and Wastes. Most investigators questioned the 
adequacy of the methods in U.S. EPA (1983) for generating meaningful data for most metals in the non-
polluted fresh waters of Puget Sound region. 
 
 The guidelines presented in the PSEP protocols document consist of simple and cost-effective methods 
for measuring natural levels of the metals of concern in the fresh waters of the Puget Sound region (Table 
7). In general, these methods are either graphite-furnace atomic absorption (GFAA), with preconcentration 
(depending upon the metal), or some form of purge-and-trap preconcentration of volatile metal-derivatives 
followed by flame atomic absorption (flame AA) or cold vapor atomic absorption (CVAA). Inductively 
coupled plasma (ICP) spectroscopy is rarely capable of detecting metals at either natural or the U.S. EPA 
chronic toxicity concentrations. A relatively new technology, ICP-mass spectroscopy, shows promise in 
overcoming the problem of high ICP detection limits, but the equipment used in ICP-mass spectroscopy is 
expensive and not yet in general use. 
 
 If reliable background data are to be routinely generated, then greater attention will be necessary 
 to ensure clean sampling and handling techniques. Sample contamination can occur during collection, 
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TABLE 7. LIMITS OF DETECTION, RECOMMENDED DETECTION LIMITS, 
 AMBIENT DISSOLVED CONCENTRATIONS, AND U.S. EPA TOXICITY 
 CRITERIA FOR TRACE METALS IN THE FRESH WATERS 
  OF THE PUGET SOUND REGION (µg/L) 
  
     
 
    Ambient U.S. EPA  Recommneded 
    Dissolved Freshwater  Detection Limits 
  Limit of Detection  Freshwater Chronic Toxicity Ambient  Toxicity 
Metal ICPa GFAAb Other Concentrationsc Criteriond,e Monitoringf  Monitoring 
 


Aluminum -- 3 -- 0.5 estim. -- 0.1-3  -- 


Arsenic 53 1 0.003g 0.3-1.2 190(As5+), 48(As3+) 0.05-1  10 


Cadmium 4 0.1 0.005h 0.01-0.1 1.1 0.005-0.1  0.2 


Copper 6 1 0.01h 0.5-4.5 12 0.05-1  2 


Chromium 7 1 -- 0.05-0.12 210(Cr3+), 11(Cr6+) 0.01-1  2 


Iron 7 1 0.5i 5-120 1,000 1  200 


Lead 42 1 0.01h 0.05-0.25 3.2 0.01-1  0.5 


Manganese 2 0.5 -- 0.5-100 -- 0.1-0.5  -- 


Mercury -- -- 0.00005-0.0002j 0.0005-0.002 0.012 0.0002  0.002 


Nickel 15 1 0.01h 0.05-1 160 0.01-1  30 


Silver 20 0.2 0.0001h 0.002-0.01 0.12 0.0005-0.2  0.02 


Zinc 7 0.05 -- 0.5-20 110 0.1  20 


 


 
a Reference: U.S. EPA (1984). 
 
b Reference: U.S. EPA (1983). 
 
c Reference: Romberg et al. (1984); Paulsen et al. (1988). 
 
d Reference: U.S. EPA (1986, 1987c); the method of metal extraction is not identified in these references, and may combine data on different kinds of 
techniques. 
 
e Criteria are hardness dependent. Values correspond to a hardness value of 100 mg/L as CaCO3. 
 
f Lower range is recommended based on available data; upper range is maximum recommendation based on routinely available GFAA analyses. 
 
g Nonroutine method involves hydride generation, cryogenic trapping, and flame atomic absorption (Crecelius et al. 1986). 
 
h Nonroutine method involves cobalt-ammonium pyrrolidine dithiocarbamate coprecipitation and GFAA (Bloom and Crecelius 1984). 
 
i Method involves Fe2+ only, using colorometry with ferrozine (Gibbs 1976). 
 
j Upper range is by routine cold vapor atomic absorption; lower range is for nonroutine method involving gold-trapping and cold vapor atomic 
absorption (Fitzgerald and Grill 1979; Bloom and Crecelius 1983). 
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handling, storage, preservation, and analysis. A particular means of sample collection or storage may be 
adequate for one metal but may lead to gross contamination for others. Thus, separate samples must be 
collected for each distinct group of metals. Alternatively, the most rigorous generally applicable sampling 
and storage procedures can be applied to a single sample to ensure integrity for all the metals. 
 
 
USE AND LIMITATIONS 
 
 The sampling and analytical methods described in this document are appropriate for routine 
monitoring of metals in natural fresh waters by agencies and companies in the Puget Sound region. The 
methods are also appropriate for investigating and modeling biogeochemical processes. The detection limits 
are adequate for analysis of trace metals in drinking water, and the methods can also be used in studies of 
polluted, freshwater bodies. However, the methods are not intended for analysis of municipal wastes, 
industrial effluents, brackish waters, or other waters containing high levels of total dissolved solids that may 
cause unique matrix problems. Methods for dissolved and particulate phases are presented. With the 
exception of arsenic, chromium, and iron, speciation of trace metals cannot be determined using the 
recommended methods. 
 
 The methods presented herein are similar to those contained in the PSEP protocols for metals in 
marine water samples. Because sampling and analytical procedures and ambient concentrations of trace 
metals may differ between marine and freshwater environments, separate recommendations were developed 
for analysis of metals in fresh water. 
 
 
SAMPLE CONTAINERS 
 
 The best containers for the collection and storage of water samples intended for trace metal analysis 
are made from fluoropolymers. Fluoropolymer containers are resistant to all known acids (even boiling 
HNO3/HClO4), are unbreakable, lightweight, reusable, inert, and extremely low in trace metal contamination 
when properly acid-cleaned (see Cleaning Methods section below). Freshwater samples stored in 
fluoropolymer containers are not contaminated by atmospheric mercury (Gill and Fitzgerald 1987; Bloom, 
N., 12 September 1988, personal communication). Moreover, fluoropolymer containers are also suitable for 
the storage of samples that will be analyzed for major constituents, nutrients, and trace organic species. 
Thus, although fluoropolymer containers are initially much more expensive than conventional plastic or 
glass bottles, their reusability, suitability for multiparameter sampling, and high degree of cleanness make 
them cost competitive with cheaper containers. 
 
 If fluoropolymer containers are judged too expensive, other materials may be used if special 
considerations are observed for each variable measured. Polyethylene and borosilicate glass are suitable for 
most analyses. Glass is least preferred because it is heavy, breakable, and may cause sample contamination. 
Polyethylene bottles cannot be used for the collection or storage of samples intended for analysis of ambient 
aqueous mercury concentrations. Gaseous mercury in the air readily diffuses through polyethylene and 
rapidly contaminates samples stored in polyethylene bottles. If fluoropolymer containers are not used for 
samples intended for mercury analysis, the only acceptable alternative is borosilicate glass with 
fluoropolymer or fluoropolymer-lined caps (Gill and Fitzgerald 1987). 
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 Flint glass, soft glass, and lead glass should never be used for trace metal samples. These materials 
may be high in acid-leachable lead, iron, zinc, and manganese from the minerals in the glass. Under no 
circumstances should aluminum, cardboard, cork, or rubber caps or liners be used with trace metal samples. 
Polyvinyl chloride (PVC) containers should be avoided because this material is often high in entrained 
contaminants. Nylon containers should be avoided because nylon is readily degraded by acid. 
 
 
SAMPLING EQUIPMENT 
 
 Sampling equipment should be made from the same materials listed above for containers. The 
equipment should not contain metal or rubber components. However, silicone rubber is acceptable. O-rings, 
springs, and other parts should be fabricated from silicone rubber, fluoropolymers, or titanium. As a last 
resort, exterior components of a sampling device may be constructed from stainless steel and coated with 
plastic material. If sampling is to be conducted by hand-dipping, the hands of the person collecting the 
samples should be covered with shoulder-length, plastic, clean-room gloves. If a dipping-ladle is used, then 
the same restrictions that apply to the materials for containers also apply to the materials for dipping-ladles. 
Remote sample collection bottles and pumping systems must be cleaned to the same specifications as the 
storage containers. The hydro-line and weight used to lower a sample collection device into the water must 
be made from or coated with plastic. Kevlar  is the ideal material for hydro-line due to its great strength 
and ability to stay clean. See Bewers and Windom (1983) for an intercomparison of sampling devices for 
trace metals. 
 
 Sampling bottles commonly employ closing mechanisms and seals that are incompatible with trace-
metal sampling, although they are adequate for major element and nutrient monitoring. Any sampler 
containing metal or rubber components on the interior should never be used. Exterior parts may be made of 
silicone rubber, 316 stainless steel, or titanium. The best sampling bottle for trace-metal analysis is the 
fluoropolymer-coated Go-Flo  bottle (General Oceanics, Miami, FL). 
 
CLEANING METHODS 
 
 Sampling devices, containers, pipette tips, and GFAA sample cups should be cleaned as rigorously as 
their material will allow, and then appropriate measures should be taken to maintain cleanness. 
Fluoropolymer containers should be cleaned by soaking in hot (60-95° C) concentrated HNO3 for 24-48 h, 
followed by 24 h in hot, dilute, high purity HNO3 (i.e., ultrapure or equivalent) that is low in trace metals. 
Polyethylene and glass containers should be soaked in 6N HNO3 for 1 wk, and then rinsed thoroughly with 
high-purity deionized water (i.e., water that has been shown to be low in trace metals). After rinsing, the 
containers may be stored filled with dilute high-purity acid, shaken out and stored wet, or dried in a clean air 
station prior to closure. All clean containers should be stored in a dust-free environment or clean, dry, plastic 
bag. For more information on cleaning, see Bloom and Crecelius (1983). An alternative to cleaning 
containers used previously, is to purchase pre-cleaned containers for each sampling excursion. 
 
 Sampling devices containing silicone, PVC, or less robust plastic parts should be soaked for 24 h in 10 
percent HNO3 or HCl, and then should be thoroughly rinsed with deionized water. No hidden nylon, metal, 
or rubber components can be present on a device that is soaked in acid. Stainless steel can be rinsed briefly 
in 10 percent HNO3, and then it should be rinsed thoroughly with deionized water prior to drying in a Class 
100 clean air station. 
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FIELD PROCEDURES 
 
 
Sample Size 
  
 The sample volume needed for trace metals analysis depends upon the analytical techniques to be 
used. If only direct injection atomic absorption or ICP are to be used, then 100-mL samples will be 
sufficient. A 2-L sample is adequate for the accurate determination of all U.S. EPA priority pollutant metals 
in a freshwater sample. Several liters of water may be needed to obtain enough particulate matter for 
analysis. Larger volumes are needed when preconcentration techniques are used prior to analysis, especially 
since a different aliquot of water may be needed for each of several methods. 
 
 
Sample Collection 
 
 Freshwater samples may be collected by a variety of means, depending upon the scientific and 
analytical rigor required. The sampling device must be constructed of a material compatible with the metals 
being analyzed, and it must be rigorously cleaned as discussed above. Acid-cleaned and rinsed sampling 
devices should be stored in a clean polyethylene bag for field use. To estimate contamination from the 
sampling device, high-purity water can be stored in the sampling device for an appropriate period of time 
and then be analyzed. 
 
 Surface samples are collected by dipping with a sampling ladle or directly with a sample bottle. To 
minimize contamination, the person collecting the sample should wear clean-room grade, polyethylene 
gloves. Dipping is performed while facing into the direction of water flow (i.e., while standing in the stream, 
off the bow of a moving boat, or on the upstream side of a bridge). The sampler should be thoroughly rinsed 
with the water being sampled. The rinse water should be discharged downstream prior to sampling. Avoid 
sampling in obvious patches of surface scum. The sampler must be completely immersed to prevent 
inadvertent collection of material from the surface microlayer. 
 
 If samples are to be collected at depth in a water body, then a specialized sampler or a pumping system 
must be used. Samplers generally consist of a cylindrical tube with a stopper at each end and a remotely 
activated closing device. Closure is activated by dropping a weighted messenger down the line or by 
sending an electrical signal from shipboard. The Kemmerer, Van Dorn, Niskin, Go-Flo , and Nansen 
samplers are commonly used to obtain water samples for metals analysis. Each device samples a discrete 
volume of water (from 2 to 30 L). Sampling depth is controlled by the length and angle of hydro-line 
released from a winch. Multiple water samplers may be fixed to the hydro-line or on a rosette frame, so that 
several depths or replicates can be sampled on a single hydrocast. 
 
 Prior to deployment, the stoppers of the sampler are cocked open. It is critical at this point to avoid 
contamination of the sampler interior and stoppers. The sampling team should wear clean-room gloves, and 
avoid touching the interior of the bottle and setting it on unclean surfaces. Because ship decks and highway 
bridges are often very dirty, continuous vigilance is necessary to avoid contaminating the sampler. 
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 After the sampler is cocked, it is lowered to the desired depth. The sampler is lowered with both ends 
open, so that ambient water flows through the device as it passes through the water column. When the 
sampler is at the desired depth, it should be allowed to equilibrate with ambient conditions for 2-3 min 
before the closing mechanism is activated. The sampler then is raised to the surface. Once the sampler is 
brought out of the water, the stoppers or valves should be checked immediately for complete closure. If the 
sampler has not properly sealed, the sample cannot be used. 
 
 Care should be exercised to avoid contamination of the sampler as it passes through the surface 
microlayer. The sampler should not be deployed through surface slicks. Some samplers are designed to 
avoid contamination from the microlayer because they can be deployed with the stoppers closed (e.g., Go-
Flo  Bottle). On such samplers, a pressure sensor triggers the opening of the stoppers at a depth of about 
10 m. 
 
 It is recommended that at least two samplers be used simultaneously at each depth, both to provide a 
backup if one device does not close properly, and to provide a larger sample volume from precisely the same 
location in the water body. Multiple casts made using one water bottle to the same depth will not be true 
replicates because of between-sample drift and currents. 
 
 For sampling shallow water bodies (<30-m depth), contamination problems are generally less severe 
when samples are collected by pumping rather than by the samplers described above. Typically, a 1/4-in 
outside diameter, flexible, acid-cleaned, fluoropolymer tube is lowered to the desired depth using a 
fluoropolymer weight. Water is pumped through the tube and into the sampling container by vacuum. An 
acid-cleaned, silicone tubing, peristaltic pump may also be used. Pumping methods have the advantage that 
the sample can be filtered as it is collected, using an in-line fluoropolymer filter holder with an acid-cleaned, 
polycarbonate, membrane filter or acid-cleaned, fluoropolymer filter. 
 
 
Sample Processing and Storage 
 
 Sample processing may involve filtration, preservation, and transportation. Samples to be analyzed for 
total metals (dissolved plus particulate) are preserved in the field. Samples to be analyzed for dissolved or 
particulate metals must undergo separation of the phases (typically by filtration) prior to preservation. 
 
 
 Filtration—Several methods are available for separating the dissolved and particulate phases of water 
samples. These methods include filtration, settling, batch centrifugation, and continuous flow centrifugation. 
However, continuous flow centrifugation is inappropriate for metals analysis because of the metallic 
components used in the construction of the equipment. All devices used to separate particulate from 
dissolved materials may contaminate the sample, especially the dissolved phase. Careful attention must be 
given to minimize contamination. Quantification of blanks is necessary if accurate results are to be obtained. 
 
 Filtration is the preferred method of particle separation for aqueous samples. Compared with other 
methods, filtration gives a more precisely defined fractionation, can handle larger samples, and requires 
relatively inexpensive equipment. The particulate fraction is also much more easily removed from filters 
than from centrifuge bottles. Centrifugation may be preferable for samples containing large amounts of 
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suspended material due to the relatively small quantity of suspended matter that may be collected on a filter 
before clogging. 
 
 Currently, the most common definition of the dissolved phase is the material that passes through a 
0.45-µm filter. However, the water column contains a substantial amount of smaller particulate matter, 
which ranges in size down to colloidal materials (i.e., size range of 0.001-1 µm). Thus, if a filter with a 
smaller pore size is employed, the proportion of metals designated as dissolved will decrease, while the 
proportion designated as particulate will increase. The concentrations of metals that are present in relatively 
high concentrations in colloidal materials, such as iron, aluminum, and manganese are most likely to vary 
with filter pore size. Other metals, such as arsenic, cadmium, zinc are primarily in the dissolved phase. 
 
 Although the most common definition of the dissolved phase is the material that passes through a 0.45-
µm pore size filter, several types of filters often used in the Puget Sound region have a nominal pore size of 
0.4 µm. In practice, there is probably little difference in the material retained by filters with 0.45- and 0.4-
µm pore sizes. 
 
 Samples may be filtered using vacuum or positive pressure. Acid-cleaned polycarbonate membrane 
filters are used. The filters are cleaned in 6N HNO3 for at least one week, and then are stored dry in a clean 
container, dry in a preassembled filter holder, or in a jar containing deionized water. The advantages of 
polycarbonate filters are their uniform pore size, durability in handling, and highly reproducible dry weight. 
The major disadvantage of these filters is that they clog rapidly when filtering organic-rich, fresh water. As 
little as 100 mL of eutrophic lake water may clog a 47-mm diameter filter. Larger samples may be processed 
using larger filters (e.g., 142-mm diameter). 
 
 More porous filter media are used to filter larger water volumes. For a given pore size, the most porous 
filters are made from glass or quartz fibers. Workshop attendees noted that these filters suffer from poor 
pore-size definition, sample contamination for some metals, and fragility. Glass fiber and cellulose filters 
cannot be weighed accurately enough after use to quantify the small mass of suspended matter typically 
collected. A good compromise filter is made from cellulose nitrate or acetate. These filters may be mildly 
acid-cleaned using 10 percent HNO3, and they can be used to filter up to 10 times the sample volume that 
can be filtered using an equivalent polycarbonate filter. If both large sample volumes and a measure of 
suspended load are needed on the same sample, then one aliquot should be filtered through a polycarbonate 
membrane for weighing, and the rest of the sample should be filtered through a more porous filter. 
 
 When a sample is filtered, the first 100-1,000 mL of filtrate should be discarded to allow a final rinsing 
of the filter before collection of the dissolved sample. If the filtration is conducted in a laboratory, the filter 
may be pre-rinsed with dilute HNO3 followed by copious amounts of deionized water prior to actual sample 
filtration. The sample should be periodically agitated to ensure a homogenous distribution of the suspended 
matter as filtration proceeds. 
 
 Metals may be measured as total metals, dissolved metals, and particulate metals. Data for any two of 
these fractions will allow calculation of the other fraction. However, analysis of all three fractions provides 
a mass-balance check of the overall filtration integrity and a check that the appropriate blanks were taken 
into account. Several filter and filtrate blanks should always be analyzed because the variability introduced 
by filtration contamination can be substantial. Filtration blanks should be taken in the field. Filtration blanks 
are high purity deionized water that is filtered exactly as are samples. For accurate blank determination, 
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water that was poured into the filter and water that passed through the filter should both be preserved for 
later analysis. 
 
 After filtration is completed, filters may be stored either within the pre-assembled filter holder for 
laboratory disassembly, or removed in the field using fluoropolymer-coated tongs and placed into storage 
containers. Filters may be placed into small, acid-cleaned vials for direct acid digestion, or they may be 
stored in a flat position in appropriately sized, polystyrene petri dishes for later drying at 80° C and accurate 
weighing before analysis. If the weight of the particulates is to be determined, the clean filters must be 
initially dried in individually numbered petri dishes, and accurately weighed before sample collection. 
Because polycarbonate filters are prone to static charge buildup after drying, a positive-ion generator must 
be used to neutralize the charge on the filter surfaces prior to weighing. 
 
 With proper cleaning and assessment of blanks, disposable filter units are often most convenient when 
a small number of samples is to be filtered. The particulate phase on these units is not recoverable, however, 
and the cost-per-sample is high. 
 
 
 Preservation—Filtered and unfiltered water samples are typically preserved in the field by the 
addition of acid. Acid stops biological activity and minimizes adsorption of ionic substances to the bottle 
walls. Because acid dissolves metals in the particulate phase, samples that will be filtered should not be 
acidified before filtration. The dissolved fraction is acidified after filtration. For most freshwater samples to 
be analyzed for trace metals, acidification to a pH <2 by adding 1-mL ultrapure or equivalent HCl or HNO3 
per liter of sample is sufficient to preserve the sample for an extended period without affecting blanks. It is 
preferred in many laboratories to acidify to 1 percent or even 5 percent on a volume:volume basis. This level 
of acidification is unwarranted for preservation purposes. Also, such acidification makes virtually 
impossible most preconcentration techniques because they are strongly dependent upon pH. 
 
 If samples cannot be filtered in the field, they should be stored (without acidification) on ice in the 
dark. Filtration and preservation should be completed within 24 h of collection. 
 
 Samples to be analyzed for mercury are best preserved by the addition of 5 mL of bromine 
monochloride/HCl solution per liter of sample (Bloom and Crecelius 1983). If this reagent is unavailable, 
then 10 mL HCl (not HNO3) per liter of sample should be used as a preservative, because chloride 
complexation helps prevent Hg++ from reducing to Hg in solution. 
 
 Acids used for preservation should be ultrapure or equivalent, suitable for trace metal analysis, and 
sufficiently low in trace metal concentrations for the needs of the study being conducted. Care must be taken 
to avoid cross-contamination of the preserving acid in the field. Do not insert dirty pipette tips into the 
preserving acid and, when possible, measure the acid aliquot by pouring into a scrupulously clean, 
graduated fluoropolymer vial. Pipette tips must be acid cleaned, and colored tips should not be used because 
some of the coloring agents contain metals. 
 
 Samples may also be preserved for later analysis by rapid freezing in liquid nitrogen (Crecelius et al. 
1986). This method should be used if the oxidative state of metals is to be determined or if organic forms of 
metals (e.g., methyl mercury) are to be analyzed. Acids generally alter the metal speciation of a sample. If 
water samples are to be returned to the laboratory on the collection date, they may be preserved in the 
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laboratory. Otherwise, samples should be preserved in the field. 
 
 Once the sample is collected and preserved, the sample bottle should be capped and stored in a dust-
free environment, including at least a double polyethylene bag to prevent meltwater from contaminating the 
sample, for shipment back to the laboratory. Samples should not be packed in vermiculite or other 
potentially contaminating particulate matter. Filters may be taken to the laboratory for drying and weighing. 
Filters can be preserved in the field by freezing or the addition of HNO3 to the filter, which is held in an 
acid-cleaned fluoropolymer or glass vial. 
 
 
 Holding Times—Samples should be analyzed as soon as possible. Maximum holding times for 
preserved samples intended for metals analysis are 24 h for Cr+6, 28 days for mercury, and 6 months for 
other metals. 
 
 
LABORATORY PROCEDURES 
 
 This section presents information on sample preparation, analytical methods, and specific element 
quantification for metals in the fresh waters of the Puget Sound region. 
 
 
Sample Preparation 
 
 U.S. EPA protocols recommend a hot oxidizing digestion for both unfiltered water samples and filtered 
samples that form a precipitate upon acidification. This step causes release of all particle-bound metals prior 
to analysis. However, the recommended procedures are prone to gross contamination of ambient freshwater 
samples. Contamination may come from evaporation of the sample in an open beaker, filtration of the 
acidic/oxidizing solution, and the additions of large amounts of reagents. 
 
 The procedures for hot oxidizing digestions (see Exhibit D of U.S. EPA 1987a) can yield much better 
results if the following precautions are observed: 
 
 � Conduct all operations, especially the open-beaker digestion, in a Class 100 clean-air 


station. Class 100 criteria are concerned with maintaining low particle density in the air. 
 
 � Pre-analyze all reagents to confirm purity. 
 
 � Do not filter acid-digested samples. Let acid-digested samples settle and analyze the 


supernatant liquid. 
 
 � Run at least three complete procedural blanks for every 20 samples prepared together or for 


batches of fewer than 20 samples. These blanks provide a statistically meaningful measure 
of the variability introduced by contamination that may have occurred during sample 
handling. Alternatively, pooling duplicate blank data from a series of sample batches can be 
used to assess the variability of blank contamination at a laboratory. 
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 Because of the great risk of contamination, many investigators recommend that no sample 
pretreatment (other than acidification) be utilized for water samples that will be analyzed by high-
temperature spectrographic techniques (e.g., AA, ICP, flame emission spectroscopy). The rationale for this 
recommendation is that virtually all trace metals of biogeochemical importance are leached from particles at 
pH 2. The small fraction of nonacid-leachable metals that remains unaccounted for after acidification is 
much less important than the amount of contaminants that may be introduced into samples during use of the 
currently accepted digestion procedures. 
 
 
 Preconcentration of Metals from Water Samples—A preconcentration step is used to obtain 
accurate values for metals that are found at concentrations less than the detection limits of direct analysis 
techniques. Several preconcentration techniques are recommended below. An advantage of preconcentration 
is that it also generally eliminates matrix effects in later analysis because the metals are in a simple solution. 
Unfortunately, no preconcentration technique is adequate for all metals, so a variety of individual methods 
must often be employed. If GFAA analysis is used for the analysis of fresh water, no preconcentration step is 
needed for iron, manganese, or zinc. 
 
 When water samples are to be preconcentrated, some form of sample digestion is often warranted. 
This step may be necessary to break down organometallic complexes from which metals might otherwise be 
incompletely extracted. This step is particularly important for mercury analysis using SnCl2 reduction and 
CVAA. In fresh waters, a large fraction of mercury is strongly bound to complex dissolved organic materials 
and is not completely converted to gaseous mercury by the SnCl2 reaction. Thus, water samples intended for 
mercury analysis must be pre-oxidized, usually with a free halogen or hydrogen peroxide. Simple and 
efficient oxidation techniques for breaking mercury-carbon bonds include bromine monochloride/hydro-
chloric acid (Bloom and Crecelius 1983) and potassium persulfate (U.S. EPA 1983). 
 
 Chelate-coprecipitation (Appendix A), solvent extraction techniques (Danielsson et al. 1978), and 
volatilization by hydride generation (Appendix B) can provide good recoveries when used for 
preconcentrating metals from undigested water samples. When ion-exchange preconcentration is used, 
natural chelating agents can prevent trace metals from adsorbing to the chelating resin unless the sample is 
first digested. Samples that are digested by wet oxidation techniques must be pre-reduced (e.g., by the 
addition of hydroxylamine hydrochloride) before organic chelation reactions are attempted. Otherwise, the 
chelating agents can be destroyed by residual oxidizing species in the digested sample. 
 
 Several chelation techniques are available that allow the simultaneous preconcentration of silver, 
cadmium, copper, lead, and nickel by complexation with ammonium pyrrolidine dithiocarbamate (APDC). 
These methods may rely upon complexation followed by solvent extraction or coprecipitation with a 
nonanalyte carrier metal (e.g., cobalt). These steps are followed by filtration and dissolution in acid (Boyle 
and Edmond 1975; Bloom and Crecelius 1984). The coprecipitation method is advantageous because it is 
suitable for "mass-production" techniques, and it renders the highly concentrated (approximately 20-100X) 
extract in a simple HNO3 matrix. 
 
 Most of the transition metals can be simultaneously preconcentrated using cationic chelating resins 
such as Chelex-100 (Kingston et al. 1978; Bruland et al. 1979; Paulson 1986) followed by back-elution into 
dilute acid. Ion exchange methods are time consuming and provide low concentration factors because of the 
relatively large elution volume of acid needed. 
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 All chelation/ion exchange methods of preconcentration are extremely pH dependent. Samples should 
be reproducibly acidified with the minimum acid necessary to keep the metals in solution, so that a 
minimum quantity of buffer is required to bring the sample to the appropriate pH for extraction. The cobalt-
APDC coprecipitation, SnCl2 mercury reduction, and hydride generation techniques all work very well at a 
pH of 1.8. This pH can be achieved when samples are acidified with 1.0 mL HCl (12.2 N) per liter of water. 
 
 Other techniques may require the addition of buffers to bring the pH to more favorable levels (i.e., 4-6) 
prior to extraction. To avoid contamination, a pH probe should never be inserted into a sample that will be 
analyzed. A separate aliquot of the sample must be used for pH determination. The calculated amount of 
buffer needed is then added to the clean subsample to be extracted. Buffers are potential sources of 
contaminants and must be certified low in metals concentrations prior to use. Trace metals can be removed 
from buffers by APDC/solvent extraction or ion-exchange purification. 
 
 Arsenic, antimony, chromium, beryllium, and selenium may be preconcentrated by co-precipitation 
with Fe(OH)3 at pH 8.6.  High purity Fe+3 solution is added to bring the sample to approximately 10-3 M 
Fe+3. Ammonium acetate/ammonium hydroxide buffer is then added to bring the final pH to approximately 
9.0. After occasional swirling for several hours, the sample is filtered to remove the Fe(OH)3 with the 
adsorbed metals. The precipitate is then redissolved in 1.0 mL concentrated HNO3, and diluted to 
approximately 5.0 mL with deionized water for analysis. 
 
 Another class of preconcentration methods involves volatilization of the metal and sweeping from 
solution by bubbling. Mercury may be directly volatilized by the addition of acidic SnCl2 or aqueous sodium 
borohydride (NaBH4), while arsenic, selenium, and antimony may be volatilized as the hydrides by reaction 
with NaBH4. All these reactions occur best at low pH (approximately 1-2). The volatile gases may then be 
swept directly into a detector such as CVAA for mercury analysis or an air/hydrogen flame AA system for 
analysis of the other metals. 
 
 Much greater analytical sensitivity can be obtained by preconcentrating the volatilized species on a 
trap prior to analysis. This technique can provide concentration factors as high as 1,000X. Volatilized 
mercury is precollected by amalgamation onto gold or gold-coated sand (Fitzgerald and Gill 1979; Bloom 
and Crecelius 1983). The mercury is then released into the detector by thermal desorption. The metalloid 
hydrides may be collected into a balloon or syringe, or onto a cryogenic trapping column held in liquid 
nitrogen (Andraea et al. 1981; Crecelius et al. 1986). In the balloon or syringe methods, the balloon or 
syringe is squeezed to rapidly release the entire sample into the flame, while in the cryogenic trapping 
column method, thermal desorption is used. For arsenic, antimony, and selenium, the cryogenic trapping 
technique also allows determination of the oxidative state and analysis of organometallic forms. 
 
 
 Particulate Samples—Filters for particulate matter may be dried to constant weight at 80° C in a 
clean-air oven to determine the total suspended mass collected. This procedure requires that the samples be 
collected on polycarbonate filters that had been preweighed in the same manner. After weighing, these 
samples can be analyzed for all metals except mercury. The hot HF/aqua regia digestion used for sediments 
is recommended [see section on sediments in the PSEP protocols document on metals (PSEP 1989)]. 
Samples collected on cellulose acetate or glass fiber filters, or those that will be analyzed for mercury, 
should not be dried. These samples should be wet-digested in small fluoropolymer or glass vials by one of 
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the approved methods for sediments and then diluted to approximately 5 mL prior to analysis. 
 
 In several laboratories in the Puget Sound region, dry intact filters are analyzed directly for many 
metals by x-ray fluorescence (XRF) spectroscopy (Feely et al. 1986). However, the detection limits for 
several metals using XRF (e.g., silver, mercury, and cadmium) are too high to be useful. Thus, when XRF is 
used, analysis of these metals requires that an additional filter be collected and digested for GFAA analysis. 
 
 
Analytical Methods 
 
 In general, the only commonly available technique capable of accurately quantifying the U.S. EPA 
priority pollutant metals in ambient fresh waters is GFAA. The methods most commonly adhered to by 
routine analytical laboratories for GFAA analysis are those published by U.S. EPA (1983). Unfortunately, 
these methods are out of date compared with current instrumentation and techniques. In general, the 
following additional guidelines for GFAA analysis should be considered until updated standard protocols 
are published. 
 
 � GFAA sample injection should be performed in all cases using an auto-sampler. This single 


step can reduce intersample variability by at least 1 order of magnitude compared with hand 
injection techniques. 


 
 � Matrix modification (i.e., a pre-analysis step that changes the chemical nature of the sample 


matrix) of some type is almost always warranted to reduce intersample variability, reduce 
matrix interference, and increase sensitivity (Manning and Slavin 1983). For the following 
matrix modifiers, 5 µL of the matrix modifier can be added to a 20-µL aliquot of sample 
(other matrix modifiers also have been helpful in some cases): 


 
  - 2 percent NH4H2PO4 is used for the low-boiling metals (cadmium, copper, lead, zinc, 


and silver) 
 
  - 0.5 percent Mg(NO3)2 is used for the refractory, oxide-forming metals (aluminum, 


beryllium, chromium, and manganese) 
 
  - 0.5 percent Ni(NO3)2 is used for the metalloids (arsenic, antimony, and selenium). 
 
 � Electrodeless discharge lamps should be used in place of hollow cathode lamps where 


possible. Advantages of electrodeless discharge lamps include their greater brightness and 
baseline stability. 


 
 � Background correction should be routinely used, if possible. Advanced background 


correction (e.g., Zeeman effect, Smith-Heifje) is possible at all wavelengths and for very 
high background levels. The Zeeman effect and Smith-Heifje background correctors are 
more effective than the D2 arc background corrector. 


 
 � Preconcentration of the metals of interest should be conducted by extraction, 


coprecipitation, or volatization when warranted. Preconcentration not only increases 
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sensitivity, but also vastly reduces the variability introduced by matrix interference. 
 
 � Pyrolytic L'vov platform atomization with "maximum-power" temperature control (Slavin 


et al. 1984) should be used to obtain more accurate and reproducible results. The instrument 
parameters given in U.S. EPA (1983) are primitive and inflexible compared with the fine-
tuning available using this technique. 


 
 After GFAA, the next best category of analytical techniques involves preconcentration by 
volatilization of the element followed by flame AA or CVAA. Such techniques are applicable to arsenic, 
antimony, selenium, and mercury and provide increases in sensitivity of up to 1,000X. These methods 
typically require considerably more time and operator skill than direct injection techniques, however. 
 
 Other analytical techniques may also produce acceptable data if proper QA/QC procedures are 
followed. ICP and XRF are two other commonly used methods in analytical laboratories. These techniques, 
while excellent for metal-rich samples such as tissues and sediments, are not generally useful for ambient 
water monitoring. ICP and XRF are often used in the analysis of particulate-phase metals. ICP can be used 
directly for iron and manganese analyses in many water samples, and can be used for several other metals 
following 50-100X preconcentration. If ICP analysis is used, potential spectral interferences from other 
matrix constituents should be assessed before interpreting the data for low-level multi-element analysis 
(U.S. EPA 1987a). Colorimetric techniques [i.e., ferrozine determination of Fe+2] or gas chromatography 
methods may also occasionally be used for specific metal/matrix combinations. 
 
 Using an analytical technique for samples with metals concentrations near the detection limit should 
generally be avoided because values obtained near the detection limit may be erroneous. This phenomenon 
may lead to agency or community acceptance of data on background metals concentrations that indicate 
higher or lower concentrations than are actually present in the environment. It is recommended that analyses 
be conducted at a minimum of at least 3 times the detection limit (based on procedural blanks for an 
analyte). This recommendation should be followed even if it is necessary to switch to a different technique 
or preconcentration procedure for a particular group of samples. 
 
 
Specific Element Quantification 
 
 Information is presented below concerning analytical methods for determination of specific metals in 
freshwater samples. The metals discussed are aluminum, arsenic, cadmium, chromium, copper, iron, lead, 
manganese, mercury, nickel, silver, and zinc. 
 
 
 Aluminum—Aluminum cannot be determined in filtered freshwater samples by direct aspiration ICP 
analysis because the detection limit of 45 µg/L is about 100 times higher than ambient concentrations. ICP 
analysis at a wavelength of 308.215 mn is suitable for the analysis of HF/aqua regia-digested, suspended 
matter samples. Aluminum can be determined at ambient levels using direct injection GFAA if care is taken 
to avoid contamination. Using U.S. EPA Method 202.2 (Table 8), a detection limit of about 3 µg/L is 
attainable. This detection limit may be lowered to about 0.1 µg/L if a newer instrument employing 
maximum power atomization is used in conjunction with pyrolytic graphite tubes. A matrix modifier of 0.5 
percent Mg(NO3)2 is also useful in reducing intersample variability. Under the above conditions, the char 
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temperature may be raised to 1,500° C and the maximum-power atomization temperature reduced to 2,500° 
C (Table 8). 
 
 The concentration of aluminum is very high in suspended matter (approximately 2-8 percent), so that 
detection is not difficult. The HF/aqua regia digestate of suspended matter usually must be diluted for on-
scale reading by GFAA. Care must be taken to avoid contamination when large dilutions of a sample are 
made. The contaminant concentration is multiplied by the dilution factor when the sample concentration is 
calculated 
 
 
 Arsenic—Arsenic cannot be determined in natural fresh waters by ICP direct aspiration analysis. The 
detection limit of this method is greater than ambient concentrations and the U.S. EPA chronic toxicity 
criterion for As+3. Available atomic absorption methods include U.S. EPA Method 206.2, which is a GFAA 
method with a detection limit of 1 µg/L, and U.S. EPA Method 206.3, which is a hydride generation/flame 
AA technique with a detection limit of about 2 µg/L. These methods both use the 193.7 nm arsenic line. 
Much better baseline stability and detection limits are available when an electrodeless discharge lamp is 
used instead of a hollow cathode lamp. 
 
 For the GFAA method, use of 0.5 percent Ni(NO3)2 as a matrix modifier allows a char temperature of 
1,100-1,200° C. Atomization temperature may be reduced to 2,500° C if a maximum power atomization step 
is available. The method of standard additions and advanced background correction (e.g., Zeeman effect) 
should be used if possible. Aluminum can strongly interfere with arsenic measurements when analyses are 
conducted by GFAA. In particulate digestates, the following parameters have been used successfully. The 
197.2 nm resonance line is used, and 100 mg/L aqueous palladium solution is used as a matrix modifier 
(Xiao-quan et al. 1984). The L'vov platform is used with a char temperature of 1,400° C and an atomization 
temperature of 2,600° C. The detection limit for this method is about 0.2 µg/L. 
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 TABLE 8. GUIDELINES FOR THE MAJOR PARAMETERS USED FOR GFAA 
 DETERMINATION OF TRACE METALS IN FRESHWATER SAMPLESa,b 
  
       Suggested 
 U.S. EPA Char Atomization  Wavelength Matrix 
Metal Method Tempc (°C) Tempd (°C) Lampe (nm) Modifiersf 
 Aluminum 202.2 1300 2700 HCL 309.3 0.5% MgNO3 


Arsenic 206.2 1100 2700 EDL 193.7 0.5% NiNO3 
Cadmium 213.2 500 1900 EDL 228.8 2% NH4H2PO4 
Chromium 218.2 1000 2700 HCL 357.9 0.5% MgNO3 
Copper 220.2 900 2700 HCL 324.7 2% NH4H2PO4 
Iron 236.2 1000 2700 HCL 248.3    -- 
Lead 239.2 500 2700 EDL 283.3 2% NH4H2PO4 
Manganese 243.2 1000 2700 HCL 279.5 0.5% MgNO3 
Mercury 245.1 --------Cold Vapor AA-------- 254.1    -- 
Nickel 249.2 900 2700 HCL 232.0    -- 
Silver 272.2 400 2700 HCL 328.1 2% NH4H2PO4 
Zinc 289.2 400 2500 EDL 213.9 2% NH4H2PO4 
 
 
 
a Reference: U.S. EPA (1983). 
 
b Argon purge gas and advanced background correction are assumed. 
 
c Assumes use of Perkin-Elmer HGA-2100 with a simple HNO3 matrix. Char temperature may differ if other 
matrix modifiers are used. 
 
d Assumes use of Perkin-Elmer HGA-2100 with a simple HNO3 matrix. Atomization temperature may differ 
if other instruments are used. 
 
e HCL - hollow cathode lamp; EDL - electrodeless discharge lamp. 
 
f Reference: Manning and Slavin (1983). 
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 Hydride generation is an excellent technique for measuring total inorganic arsenic (see Appendix B). 
This method provides clean peaks with high sensitivity. The detection limit using U.S. EPA Method 206.3, 
which sweeps the AsH3 directly into the flame as it is generated, is about 2 µg/L. If a cryogenic trap is 
employed to collect all of the generated AsH3 prior to atomization, a detection limit of about 0.003 µg/L can 
be obtained (Crecelius et al. 1986; Andraea et al. 1981). In this latter technique, the sample (approximately 
20 mL) is adjusted to pH 1-2. In a bubbler vessel, 3 mL of 1 percent NaBH4 solution is slowly injected 
through a septum under the water surface. As the AsH3 is generated, it is purged from the system with 
helium and collected by condensation in a U-tube trap. The U-tube trap is packed with 15 percent OV-3 on 
chromosorb WAW-DMSC and held in liquid nitrogen. Upon electrical warming, the arsenic hydrides 
(including organoarsenic species, if present) are eluted from the trap according to boiling point, and are 
detected by air/H2 flame AA. 
 
 As+3 and As+5 can be individually determined using hydride generation by varying the parameters of 
reaction. In U.S. EPA Method 206.3, total arsenic is determined using the addition of SnCl2, and As+3 is 
determined on a separate aliquot without SnCl2 addition. Using the cryogenic trapping technique, total 
arsenic is determined at pH 1-2, while As+3 is determined on a separate aliquot at pH 4. Arsenic species can 
also be quantified by ion chromatography, although the detection limit is about 10 µg/L. 
 
 Arsenic ion acid-digested filter samples can be measured by GFAA at about 0.1 µg/g [assuming a 10 
mg (dry weight) sample of particulate matter is digested and the digestate diluted to a final volume of 
5.0 mL]. Using hydride generation/cryogenic trapping, a detection limit of at least 0.03 µg/g is possible. 
However, this sensitivity may not be necessary because typical concentrations of arsenic in suspended 
material are several µg/g. XRF spectroscopy of intact dry filter media has also been successfully applied to 
the determination of total arsenic in suspended matter. 
 
 
 Cadmium—Direct aspiration ICP analysis of cadmium, which has a detection limit of about 4 µg/L, is 
inadequate for the quantification of cadmium at natural concentrations or at the U.S. EPA freshwater chronic 
toxicity criterion. GFAA using the guidelines of U.S. EPA Method 213.2 (Table 8) has a detection limit of 
about 0.1 µg/L, which is sufficient to detect concentrations at the chronic toxicity criterion for this element 
in fresh water. Many researchers report improved reproducibility and fewer matrix interferences when using 
L'vov platform atomization instead of the commonly used technique. The L'vov platform is used with a 
maximum power atomization temperature of about 2,000° C and a char temperature of about 800° C. The 
2 percent NH4H2PO4 matrix modifier must also be used. 
 
 For accurate quantification of ambient cadmium concentrations in fresh water, the sample should first 
be preconcentrated by a factor of 20-50X. The cobalt-APDC coprecipitation method (Boyle and Edmond 
1975; Bloom and Crecelius 1984) is recommended for this purpose (Appendix A). It is rapid, efficient, and 
provides accurate results. The solution produced from use of this method already contains NH4H2PO4, 
which further saves analytical time. 
 
 Cadmium in acid-digested filter samples can be determined at a concentration of about 0.05 µg/g 
[assuming a typical 10 mg (dry weight) particulate sample is digested and the digestate is diluted to a final 
volume of 5.0 mL]. Phosphate matrix modification, the L'vov platform, and advanced background 
correction (i.e., Zeeman effect or Smith-Heifje) are necessary for good analytical reproducibility in this 
matrix. 
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 Chromium—Direct aspiration ICP analysis is not sensitive enough to quantify chromium in natural 
freshwater samples, although it is sensitive enough to meet the U.S. EPA freshwater chronic toxicity 
criterion of 11 µg/L for Cr+6. (Caution, Cr+6 samples have a holding time of only 24 hours.) Using GFAA as 
outlined in U.S. EPA Method 218.2 (Table 8), chromium may be measured at a concentration of about 
1 µg/L. Accurate quantification of ambient concentrations requires detection limits that are approximately 
one order of magnitude lower. The direct injection detection limit can be improved to approximately 0.2 
µg/L through the use of a 0.5 percent Mg(NO3)2 matrix modifier and maximum power atomization. If 
Mg(NO3)2 with a sufficiently low blank concentration is unavailable, clean filtered seawater serves as an 
excellent alternative modifier. Using these modifications to the U.S. EPA Method 218.2, a char temperature 
of 1,300° C and maximum-power atomization temperature of 2,500° C are recommended. 
 
 Cr+6 may be determined on separate sample aliquots by selective extraction of the Cr+6. Cr+3 is then 
determined by subtraction from the total chromium value. U.S. EPA Method 218.4 contains an extraction 
technique for Cr+6 using solvent extraction of the APDC complex at pH 2.4. The solvent phase should be 
back-extracted into acid prior to analysis by GFAA. According to the procedure outlined in U.S. EPA 
Method 7195, Cr+6 may also be selectively extracted as PbCrO4 using coprecipitation with PbSO4. The 
coprecipitate is redissolved in HNO3 prior to analysis by GFAA. The determination of Cr+6 in water by 
colorimetry of the red chromium-diphenylcarbazide complex has poor detection limits and is subject to 
interferences from other metals. Analysis of chromium speciation may also be possible by ion chromato-
graphy. 
 
 Chromium in HF/aqua regia-digested, particulate matter may be quantified by GFAA or ICP. The 
respective detection limits are about 0.05 µg/g and 0.5 µg/g [assuming a 10 mg (dry weight) suspended 
matter sample is digested and the digestate is diluted to a final volume of 5.0 mL]. Chromium on intact filter 
media can also be determined by XRF spectroscopy. The detection limit of this technique is only about 50 
µg/g, and the reproducibility is poor for natural chromium concentrations on suspended matter 
(approximately 50-150 µg/g). Note that chromium contamination of polycarbonate membrane filters can be 
very high. Strong-acid leaching with 12 N HCl for several days may be necessary to clean these filters suffi-
ciently for chromium analysis. 
 
 
 Copper—Copper concentrations can be determined in freshwater samples by direct aspiration ICP 
analysis using a wavelength of 324.754 nm. The detection limit of this method is 6 µg/L, which meets the 
U.S. EPA freshwater chronic toxicity criterion. However, this method is not sensitive enough, by an order of 
magnitude, to detect copper in ambient fresh waters. With a 10-50X preconcentration, copper can be 
determined in most fresh waters by ICP analysis. 
 
 When copper is determined by GFAA using U.S. EPA Method 220.2 (Table 8), a detection limit of 
about 1 µg/L can be achieved. This sensitivity is often insufficient to quantify copper in ambient freshwater 
samples. Thus, a preconcentration method usually should be used. Many common preconcentration 
techniques (i.e., Chelex-100 , APDC/solvent extraction, Cobalt-APDC coprecipitation) will result in 
sufficient concentration factors to allow the accurate determination of copper in uncontaminated water 
samples (Appendix A). 
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 Copper in suspended matter can be determined at a concentration of 0.2 µg/g when using GFAA or 
about 3 µg/g when using ICP. These detection limits assume that a 10 mg (dry weight) sample of suspended 
matter is acid-digested and the digestate is diluted to a volume of 5.0 mL prior to analysis. Typical 
suspended matter concentrations of copper are in the range of 10-100 µg/g. Copper in suspended matter may 
also be determined by XRF spectrometric analysis of the intact dry filter. However, the precision of XRF 
analysis may unacceptable for samples with small amounts of suspended material. 
 
 
 Iron—Iron concentrations can be determined by direct aspiration ICP analysis using an emission 
wavelength of 259.940 nm. The detection limit of 7 µg/L is often sufficient to accurately quantify iron in 
unfiltered and anoxic waters. Iron in virtually all natural fresh waters can be quantified using direct injection 
GFAA. This approach, using U.S. EPA Method 236.2 (Table 8), yields a detection limit of about 1 µg/L. 
 
 Although iron is present in natural water at relatively high concentrations, extreme care must be taken 
to avoid contamination. High concentrations of particulate iron occur on laboratory and terrestrial dust 
particles. It is necessary to rigorously implement clean-room techniques (e.g., filtered air, plastic-gloved 
hands, purified/analyzed reagents, and ultra-purity wash and dilution waters). It is good practice with iron 
analysis to run all samples in duplicate to help identify artificially high concentrations caused by sample 
contamination. 
 
 Fe+2 may be separately quantified by colorimetric determination of the ferrozine complex at neutral 
pH. Absorbance is measured at 562 nm using a 10-cm cell. The detection limit is about 0.5 µg/L. Fe+3 can be 
determined by difference from a total iron measurement by GFAA, or by colorimetric determination of a 
sample aliquot pre-reduced with hydroxylamine hydrochloride (Gibbs 1976). 
 
 A majority of the iron present in oxic fresh water is contained on the suspended matter, which can 
range from 0.5-10 percent iron on a dry weight basis. This fraction can easily be quantified on acid-digested 
filters by GFAA, ICP, or colorimetric analysis. In addition, iron on filter media is routinely analyzed by XRF 
spectrometry of the dry, intact filters. The filter pore size has a dramatic effect on the measurement of 
dissolved iron concentration because of the high concentrations of iron on colloids. 
 
 
 Lead—Lead concentrations in fresh waters cannot be quantified at either natural or U.S. EPA chronic 
toxicity criterion concentrations by any commonly used method except GFAA. Using the standard 
parameters from U.S. EPA Method 239.2 (Table 8), lead may be measured by direct injection at a 
concentration of about 1 µg/L. It is difficult to attain this detection limit unless the utmost care is taken to 
avoid sampling, laboratory, and reagent contamination. Very high concentrations of lead are associated with 
atmospheric particulate matter because of the combustion of leaded gasoline. It is necessary to rigorously 
implement clean-room techniques (e.g., filtered air, plastic-gloved hands, purified/analyzed reagents, and 
ultrapurity wash and dilution waters). 
 
 The reproducibility of lead analysis between samples is dramatically improved through the use of 2 
percent NH4H2PO4 as a matrix modifier. When matrix modification is used in conjunction with maximum-
power atomization and the L'vov platform, a char temperature of 900° C and an atomization temperature of 
2,200° C are optimal. The use of these refinements can result in a direct injection detection limit for lead as 
low as 0.2 µg/L. 
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 To quantify lead in natural fresh waters, it is necessary to preconcentrate the sample prior to GFAA 
analysis. Several acceptable techniques are available for the 10-100X preconcentration of lead, which 
occurs in conjunction with other heavy metals. Acceptable preconcentration methods include ion-exchange, 
solvent extraction with a chelating agent, and chelate-metal coprecipitation (Appendix A). With the use of 
adequate clean-room techniques (e.g., Class 100), these methods can result in an ultimate detection limit of 
0.01 µg/L or better. However, this sensitivity has been unattainable in most laboratories due to 
contamination. 
 
 Lead may be determined in particulate matter either by acid-digestion of the filter media followed by 
GFAA or ICP analysis, or by nondestructive XRF analysis of the intact filter. Assuming that a 10 mg (dry 
weight) suspended matter sample is digested and the digestate is diluted to a volume of 5.0 mL, the 
detection limit for GFAA is about 0.5 µg/g. With the same sample, a detection limit of 20 µg/g can be 
reached using ICP. This sensitivity is barely adequate for the determination of lead in particulate matter at 
the 50-200 µg/g levels commonly found in rural freshwater bodies. The detection limit using XRF is at least 
5 µg/g for a similar quantity of particulate matter. 
 
 
 Manganese—Manganese concentrations in ambient freshwater samples can be determined by direct 
aspiration ICP analysis at 257.610 nm. This method has a detection limit of about 2 µg/L. This sensitivity is 
adequate for the quantification of manganese in most unpolluted fresh waters and in suspended matter 
digestates. For low-manganese waters, GFAA using the parameters of U.S. EPA Method 243.2 (Table 8) 
allows manganese detection to a concentration of about 0.5 µg/L. This detection limit, as well as intersample 
variability, may be improved upon by as much as a factor of 10 by using 0.5 percent Mg(NO3)2 as a matrix 
modifier. When using the matrix modification in conjunction with an instrument capable of maximum 
power atomization, a char temperature of 1,200° C and atomization temperature of 2,400° C are optimal. 
 
 Concentrations of manganese bound to suspended matter may be readily determined by either ICP or 
GFAA analysis of acid-digested filters. Typical freshwater particulate manganese concentrations are 100-
1,000 µg/g, which is well above the detection limit of either technique. Manganese may also be quantified 
by XRF spectroscopy of the intact filter media. 
 
 
 Mercury—The only commonly available method suitable for the determination of mercury concen-
trations in ambient freshwater samples is by reduction to elemental mercury, followed by purging with 
carrier gas into one of several types of atomic absorption spectrometers. Mercury is commonly reduced to 
its gaseous form using SnCl2 (e.g., U.S. EPA Methods 245.1 and 245.2) or NaBH4. The mercury vapor may 
be directly analyzed as it is purged. It may also be pretrapped by amalgamation on a gold substrate prior to 
analysis. The most common method for detection is CVAA operating at the 254-nm resonance line. Using a 
100 mL sample and purging directly into the CVAA detector (U.S. EPA Method 245.1), a detection limit as 
low as 0.2 µg/L can be reached. This detection limit is too high to measure mercury at the U.S. EPA 
freshwater chronic toxicity criterion concentration, and it is orders of magnitude too high to measure 
ambient concentrations. 
 
 Mercury that is purged from the sample must be preconcentrated prior to analysis. Preconcentration is 
done by passing the gas stream over gold foil (Bloom and Crecelius 1983) or gold-coated sand (Fitzgerald 
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and Gill 1979). The gold amalgamates with the mercury, while allowing the gas stream and entrained water 
vapor to pass through. The mercury on the gold trap is then thermally desorbed at 300° C into the CVAA 
detector for analysis. This procedure dramatically increases the sensitivity of the method, reducing the 
detection limit for 100 mL samples to approximately 0.0005 µg/L when using CVAA or 0.00005 µg/L when 
using cold vapor atomic fluorescence (Bloom and Fitzgerald in press). 
 
 The majority of mercury in freshwater samples is bound with organic materials. Thus, it is not subject 
to volatilization with SnCl2 addition without prior oxidation to break down the organomercury bonds. This 
oxidation may be achieved using reagents such as bromine monochloride, potassium persulfate, 
KMnO4/HCl, and H2SO4/K2CrO4. Ultraviolet photo-oxidation may also be used. The potential for 
contamination increases substantially with these additional steps. 
 
 Although the gold trapping/atomic spectroscopy methods are simple, accurate, and sensitive, far 
greater handling care must be taken with mercury than with any other element. This care is necessary 
because of mercury's low natural concentrations, ubiquity in the laboratory, and presence as a gaseous 
component of the air. Thus, clean-room techniques involving laboratory air, plastic-gloved hands, and purity 
of reagents and water must be rigorously implemented. Polyethylene, polypropylene, vinyl, and silicone 
containers and tubing are all incompatible with mercury sampling and analysis because they are porous to 
gaseous atmospheric mercury. The only truly suitable materials for mercury analysis are rigorously acid-
cleaned fluoropolymer, glass, and quartz. In short contact-time situations, acid-cleaned polystyrene, acrylic, 
and polycarbonate plastics can be used. 
 
 All air and gases used in purging and analysis must be passed through gold columns just prior to use. 
The purpose of this step is to eliminate the often large concentrations of entrained mercury. Laboratory 
water is often contaminated with mercury at concentrations far higher than those of the natural environment. 
Typical deionized or distilled laboratory water contains mercury at concentrations from 0.01-10 µg/L. This 
range is 1-4 orders of magnitude greater than the highest expected concentration in ambient fresh water. 
Ordinary deionized water is commonly contaminated with mercury because the industrial-grade sodium 
hydroxide used to recharge the anion exchange beds is often made using a mercury electrode process. 
 
 The only waters acceptable for equipment clean-up and dilutions during mercury analysis are super-
high-purity laboratory grade deionized water, sub-boiling double distilled water from a clean quartz or 
fluoropolymer still, and continuously running tap water. The latter, especially if its source is a deep well, is 
generally the water with the lowest mercury concentration, typically containing as little as 0.0001 µg/L. 
However, tap water can generally not be used for clean-up or dilution with any metal except mercury. 
 
 Acids used to preserve samples intended for mercury analysis should be selected from previously 
analyzed case-lots of reagent-grade material stored in borosilicate glass bottles. The acid selected should be 
found sufficiently low in mercury (i.e., <0.10 µg/L) to meet the desired limits of detection when 1,000X 
dilution in the sample is taken into account. Low mercury acids can also be prepared by repeated 
distillations in an all-fluoropolymer sub-boiling still. The commercial ultrapure acids should be avoided 
because they often contain orders of magnitude higher mercury concentrations than do ordinary reagent-
grade acids. Stannous chloride, the most commonly used reagent for the conversion of ionic mercury to 
volatile mercury, may be purified by bubbling the reagent solution overnight with a mercury-free inert gas. 
 
 Special care should be taken to tighten sample containers completely in the field, and then to analyze 
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the samples for mercury immediately after the sample containers are opened. Laboratory air often contains 
very high concentrations of gaseous mercury, which can diffuse into the acidified sample through loose or 
open caps. The best approach to minimize potential mercury contamination in the laboratory is to increase 
the flushing rate of the room air with air from outside. Ambient air generally has a very low mercury 
concentration. Also, mercury-containing equipment (e.g., polarographic equipment, barometers, 
thermometers) must not be allowed in the room in which mercury analysis takes place. 
 
 Mercury may be analyzed in suspended matter by digestion of the wet filter in BrCl or aqua regia, 
followed by SnCl2 reduction, purging onto gold, and CVAA detection. Because the digestion blanks are 
typically high, detection limits using this method are often in the range of 0.1 µg/g. The established methods 
that currently exist for filtering unpolluted water for mercury analysis all have the potential for gross 
contamination of the filtrate. Thus, analysis of filtered waters for mercury is not recommended. 
 
 
 Nickel—Nickel concentrations in freshwater samples can be determined by direct aspiration ICP 
analysis at 231.604 nm. This method has a detection limit of about 15 µg/L. This sensitivity is adequate for 
determining compliance with the U.S. EPA freshwater chronic toxicity criterion of 160 µg/L, but it is not 
adequate for nickel determination in natural samples (Table 7). The detection limit for nickel in fresh waters 
by GFAA, using U.S. EPA Method 249.2, is about 1 µg/L. This sensitivity is also generally inadequate for 
the quantification of ambient nickel concentrations. 
 
 A preconcentration technique such as chelate/solvent extraction, ion exchange, or cobalt-APDC 
coprecipitation must be used for determination of ambient nickel concentrations (Appendix A). If the latter 
method is employed, it is critical that only ultra-high purity (electronics grade) cobalt be used in preparing 
the reagent. Laboratory-grade cobalt salts contain unacceptably high concentrations of nickel. If high-purity 
cobalt is unavailable, an alternative approach is to use another metal, (e.g., mercury) in the place of the 
cobalt for the preconcentration of nickel by the coprecipitation (Boyle and Edmond 1975; Bloom and 
Crecelius 1984). 
 
 When nickel-free reagents are used, high concentration factors with low blank concentrations are 
easily attainable, giving final detection limits for nickel in the range of 0.01 µg/L. Matrix modification is 
generally not required for the analysis of nickel by GFAA, although the standard NH4H2PO4 and Mg(NO3)2 
modifiers used for other metals are not detrimental to nickel analyses. The use of pyrolytic graphite in the 
atomization tube is strongly recommended because of the formation of refractory carbides when ordinary 
graphite is used. 
 
 Nickel can be easily determined in particulate matter either by HF/aqua regia digestion of the filters 
followed by GFAA analysis, or by non-destructive XRF analysis of the intact filters. Assuming a 10 mg (dry 
weight) suspended matter sample is digested and the digestate is diluted to a final volume of 5.0 mL, the 
detection limit for GFAA is about 0.5 µg/g, and the detection limit for XRF is about 20 µg/g. Typical 
concentrations of nickel in suspended matter are about 50-100 µg/g. 
 
 
 Silver—ICP analysis is inadequate for the determination of silver, even in the most polluted waters. 
The detection limit of 20 µg/L is 2 orders of magnitude too high to meet the U.S. EPA chronic toxicity 
criterion (0.12 µg/L) (see Table 7), and is approximately 4 orders of magnitude above natural 
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concentrations. Direct injection GFAA, using U.S. EPA Method 272.2 (Table 8) can just meet the chronic 
toxicity criterion, but is still not sensitive enough for environmental measurements. The detection limit for 
direct injection GFAA can be improved to about 0.05 µg/L through the use of 2 percent NH4H2PO4 as a 
matrix modifier and the L'vov atomization with maximum power. If these techniques are used, the char 
temperature may be increased to 800° C and the atomization temperature reduced to 2,000° C (Table 8). 
Pyrolytic graphite tubes and platforms should be used, and advanced background correction is recom-
mended. Using the above modifications, silver concentrations in reagent and handling blanks are very low, 
making the lowest detection limits readily attainable. 
 
 To quantify the exceedingly low ambient silver concentrations found in natural waters, 
preconcentration of 20-100X is necessary. The most simple and economical technique for this purpose is the 
cobalt-APDC coprecipitation method (Bloom and Crecelius 1984). This method has been optimized for 
silver to yield a detection limit of approximately 0.0002 µg/L using a 100X preconcentration and GFAA 
detection (see Appendix A). 
 
 The only readily available method for the determination of silver in suspended matter is GFAA 
analysis of the digested filter media. Assuming 10 mg (dry weight) of suspended matter is dissolved into 
5.0-mL final solution volume, the detection limit of this technique is about 0.05 µg/g. This sensitivity is 
adequate to determine ambient suspended matter concentrations, which are typically 0.1-2.0 µg/g. The use 
of a mixed matrix-modifier containing 2 percent NH4H2PO4 plus 0.5 percent Mg(NO3)2 and advanced 
background correction is essential to obtaining good results for silver in particulate matter. The analytical 
system should be calibrated by the method of standard additions. 
 
 
 Zinc—Direct aspiration ICP analysis at 213.856 nm can be used for the crude determination of zinc in 
uncontaminated, freshwater samples. The detection limit of 7 µg/L is approximately at the concentration 
observed in such waters. GFAA will easily yield accurate results for zinc in ambient freshwater samples, if 
sufficient care is taken to avoid field and laboratory contamination of the samples. Contamination by zinc, 
like that of lead, iron, and mercury, is almost impossible to control without the rigorous implementation of 
clean-room techniques (e.g., filtered air, plastic-gloved hands, purified/analyzed reagents, and ultra-high 
purity wash and dilution waters). When these conditions are met, zinc concentrations can be reliably deter-
mined at about 0.05 µg/L using U.S. EPA Method 289.2 (Table 8). The common practice of pulling and 
cutting the pipette tip on Perkin-Elmer's autosampler AS-40 is discouraged since this action breaks the seal 
and causes zinc to leak into the matrix modifier and sample. 
 
 Intersample reproducibility is greatly enhanced through the use of 2 percent NH4H2PO4 as a matrix 
modifier. The phosphate solution must be passed through an ion-exchange column or solvent extracted with 
an appropriate chelating agent (i.e., APDC, dithiazone) to remove all traces of zinc. Zinc contamination is so 
ubiquitous that even disposable auto-sampler cups used with the GFAA system should be individually acid 
cleaned, rinsed with ultrapure water, and then rinsed several times with the sample to be analyzed, prior to 
use. It is good practice with zinc analysis to run all samples in duplicate to help identify artificially high 
concentrations caused by sample contamination. 
 
 Zinc concentrations in particulate matter may be determined either by acid digestion of the filter media 
followed by GFAA or ICP analysis, or by nondestructive XRF analysis of the whole filter. In either case, 
great care must be exercised in sample handling and reagent purity. Total handling blanks should be run 
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often. The detection limit for zinc analyzed by acid digestion followed by spectroscopic analysis is about 1-
10 µg/g, depending upon concentrations found in the blanks. All of these methods will generally result in 
accurate results for zinc concentrations in suspended matter, which usually are in the range of 100-200 µg/g. 
 
 
QA/QC PROCEDURES 
 
 QA/QC measures must be applied over the entire data collection process, from instrument calibration 
and method evaluation to field sampling and data archiving. In all cases, at least the minimum level of 
QA/QC should be applied, as required by the U.S. EPA in its Contract Laboratories Program Statement of 
Work (U.S. EPA 1987a). Refer to the PSEP protocols document on metals (PSEP 1989) for a detailed 
description of appropriate QA/QC measures. 
 
 At a minimum, laboratories should perform the quality control checks listed below: 
 
 � Method (or procedural) blank analysis 
 
 � Spiked sample analysis 
 
 � Replicate sample analysis 
 
 � GFAA method of standard addition (if necessary) 
 
 � Certified reference materials analysis, (e.g., SLRS-1 riverine water for trace metals, 


available from National Research Council of Canada Standards Program, Ottawa, Canada). 
 
 
DATA REPORTING REQUIREMENTS 
 
 Sample results should be reported after the method blank has been subtracted. The method blank must 
also be reported for each batch of samples. Dissolved metals are reported in units of µg/L. Particulate metals 
are reported in units of µg/g dry weight. Refer to the PSEP protocols document on metals (PSEP 1989) for a 
detailed description of data reporting requirements. 
 
 The method detection limit for an element must be less than or equal to the required detection limit for 
that element. Required detection limits are determined by the needs of the individual project and must be 
specified contractually. 
 
 The method detection limit for an element is calculated as 3 times the standard deviation of the 
concentrations of that element found in the method blanks. At least three method blanks should be analyzed 
in order to calculate the detection limit; pooling duplicate blank results from a series of sample batches will 
provide a superior means of estimating the detection limit. When the concentrations of metals in samples are 
equal to or less than the detection limit after the method blank is subtracted, the "less than" symbol (<) 
should be entered together with the detection limit in the data report. 
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DETERMINATION OF SILVER IN SEA WATER BY COPRECIPITATION WITH COBALT 
PYRROLIDINEDITHIOCARBAMATE AND ZEEMAN GRAPHITE-FURNACE ATOMIC ABSORPTION 
SPECTROMETRY 
 
 
N. S. BLOOM* and E. A. CRECELIUS 
 
Battelle, Marine Research Laboratory, 1529 West Sequim Bay Road.  Sequim, WA 98382 (U.S.A.) 
 
SUMMARY 
 
     A preconcentration technique is described for silver, which allows the precise and accurate determination of silver 
in sea water at nanogram per liter levels.  Sliver is coprecipitated with cobalt(II) pyrrolidinedithiocarbamate from 
200-ml samples.  The precipitate is dissolved in concentrated nitric acid and silver is quantified by Zeeman graphite-
furnace atomic absorption spectrometry, with acid phosphate matrix modification.  The detection limit is 0.1ng 1-1.  
The method is simple and rapid, and also allows the simultaneous extraction of Iead, copper, cadmium and nickel. 
 
     In view of the possible toxicity [1-3] and enrichment [4-6] of silver in the marine environment, it is surprising that 
so little work has been done on establishing the concentration of silver in sea water.  Earlier attempts to quantify 
silver in sea water have typically led to high values [7], inadequate detection limits [8], or noisy data.  In response to 
the need for a simple and reliable method for accurately quantifying silver in sea water, the following technique was 
developed.  The method represents a refinement of the coprecipitation procedure based on cobalt ions and 
ammonium pyrrolidinedithiocarbamate (APDC), which was used by Boyle and Edmond [9,10] to determine copper, 
cadmium and nickel.  The extraction parameters were optimized for silver using a radiotracer.  Silver was quantified 
by graphite-furnace Zeeman atomic absorption spectrometry (a.a.s.). Several other metals, including lead, copper, 
cadmium, and nickel are co-extracted with silver, making the procedure economical for multielement quantitation. 
 
EXPERIMENTAL 
 
Reagents and solutions 
     Water used for the rinsing of glassware was deionized to a minimum of one megohm resistance.  For reagent 
preparation and sample dilution, double-deionized water from a Millipore Super-Q reagent-water system (18 
megohms resistance) was used.  Acid used in the washing of glass and plasticware was 6 M nitric acid (reagent 
grade).  Ultra-high purity nitric acid was used in the preparation of reagents and samples. 
     Cobalt(II) nitrate solution.  A solution containing 200 mg 1-1 cobalt(II) was prepared by dissolving 200 mg of 
ultrapure cobalt wire (Ventron) in 5 ml of nitric acid, and diluting to 1 l with water. 
     Ammonium pyrrolidinedithiocarbamate (APDC) solution.  A 2% (w/v) solution of APDC in water was purified 
by repeated extraction with carbon tetrachloride [10] . This solution was stored in a refrigerator when not in use. 
     Ammonium acetate buffer.  A 4.5 M solution of ammonium acetate was prepared by the reaction of 500 ml of 
ultra-high purity acetic acid with 590 ml of ultra-high purity aqueous ammonia (28%), and dilution to 2.0 l with 
water. 
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     Extract diluting solution.  The digested precipitates were diluted to volume with a solution containing 0.2% (w/v) 
high-purity ammonium dihydrogenphosphate and 5% (v/v) nitric acid. 
     110mAg tracer.  A stock solution containing 40 µCi ml-1 110mAg and 9.4 mg l-1  total silver was prepared by diluting 
2 mCi of 110mAg into 50 ml of 5% nitric acid.  A working solution was prepared from this by diluting 2 ml of the 
stock to 100 ml with 5% nitric acid. 
     Acid-cleaned filters.  The precipitate of cobalt with APDC was filtered through acid-cleaned, 47-mm, 0.4-µm 
polycarbonate membrane filters.  The filters were always handled with acid-cleaned fluorinated polyethylene tongs. 
     Vials.  The filters were digested and the solutions were diluted to volume in acid-cleaned 17-ml fluorinated 
polyethylene wide-mouth vials (Savillex, Minetonka, MN). 
 
Instrumentation 
     Atomic absorption measurements were done with a Perkin-Elmer model Z-5000 graphite-furnace atomic 
absorption spectrometer, with Zeeman background correction.  This system includes the HGA-500 furnace 
controller, Model 10 data station with HGA graphics and the AS-40 autosampler.  The operating parameters are 
listed in Table 1.  A hollow-cathode silver lamp was used, and the monochromator was set at 328.1 nm (0.7-nm slit 
width). 
     Radioactive decay of the 110mAg was counted on a Princeton Gamma-tech Ge(Li) detector, using the 658-keV 
photon peak.  Peak separation and quantitation were achieved with a Canberra series 40 multichannel analyzer. 
 
Preliminary work 
     Sea-water storage.  Experiments to evaluate losses of silver to container walls during storage were done at pH 
values of 8.1, 1.9, and 1.6. Fresh, filtered sea water was placed in 2-l polyethylene bottles.  The water in each bottle 
was brought to the desired pH with nitric acid, and then spiked with 110mAg equal to 1.0 µg l-1 total Ag.  The bottles 
were stored at room temperature, with lights on for approximately 12 h per day. 
 
TABLE 1 
 
Furnace controller parameters for the graphite-furnace a.a.s. measurement of silver in seawater extractsa 
 
Step Ramp Hold Temperature Gas Recorder Zeeman 
number time (s) time (s) (�C) flow 
 
1 10 0 80 300 off off 
2 50 5 130 300 off off 
3 25 5 250 300 off off 
4 20 15 -150 300 off off 
5 0 3 1800b 0 on on 
6 1 4 2600 300 off off  
 


a Pyrolytic graphite cylindrical tube, argon purge gas, 25-µl sample.     
b Maximum-power mode of the Perkin-Elmer HGA-500. 
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Optimization of extraction parameters.  The parameters were optimized using 100-ml aliquots of sea water (about 
30% salinity) that had been spiked with 110mAg to contain 1.0 µg I-1 total silver.  The stock of this solution was kept 
acidified to pH 1.70, with pH adjustments being made on individual aliquots using the ammonium acetate buffer. 
     The coprecipitation reactions were carried out in 150-ml beakers, by the addition first of the cobalt solution, 
thorough mixing, and then addition of a 100-fold excess (mass basis) of APDC.  Precipitates were vacuum-filtered 
through 0.4-µm membrane filters.  The filters were placed in 60-ml polyethylene bottles with 5.0 ml of nitric acid to 
digest the precipitate, and then filled with water. The radioactive decay of these samples was counted to determine 
total silver recovered. 
 
Recommended procedures 
     Sea-water samples were collected on the beach or offshore in 2-l polyethylene bottles.  The samples are 
immediately acidified with 2.10 ± 0.05 ml of concentrated nitric acid; this brings the pH to 1.90 ± 0.05. In the 
laboratory, an aliquot of the sample is transferred to a 250-ml volumetric flask. 
     From each 250-ml sample, 50 ml is poured off and discarded, leaving 200 ml in the flask which serves as the 
reaction vessel.  To each 200-ml sample is added 1.0 ml of cobalt(II) solution and 1.0 ml of APDC solution, with 
swirling after each addition to insure thorough mixing. 
     The samples are then filtered by suction through 47-mm acid-cleaned polycarbonate membrane filters (0.4 µm).  
The filters are rinsed with about 10 ml of water to remove salts, then folded into quarters, and placed in clean, dry 
17-ml vials.  To each filter is added 210 µl of concentrated nitric acid and the samples are evaporated to dryness 
under heat lamps.  This digestion destroys the APDC complex, but leaves the polycarbonate filters intact, thus 
minimizing organic matrix interference in the atomic absorption measurements. 
 
 
     Reagent blanks are prepared by adding one filter, 1.0 ml of cobalt(II) solution, and 1.0 ml of APDC to a vial, and 
bringing to dryness, as for the samples.  The blanks are digested with 420 µl of nitric acid, which represents the amount 
used to acidify the sea-water samples plus the amount used to digest the sample precipitates. 
     To the dried filters in the vials, 2.00 ml of the phosphate diluting solution are added.  The lids are replaced and 
the samples are gently heated (70-80°C) to dissolve the metals on the filter.  The samples are then stored in the vials 
until quantitation by graphite-furnace a.a.s. as outlined above. 
 
RESULTS AND DISCUSSION 
 
Sea-water storage conditions 
     As can be seen in Fig. 1, silver was not lost to container walls from sea water at pH < 2.0 whereas losses from 
unacidified sea water were significant.   This confirms the work of Massee et al. [11] , Struempler's observation [12] 
that in distilled water, even acidified samples need shielding from light, does not appear to be true for sea water.  It 
should be noted that, because of the low specific activity of the 110mAg tracer, it was necessary to work at total silver 
concentrations 1000-fold those of clean sea water.  Thus, these results must be applied tentatively, until a carrier-free 
radiotracer can be obtained. 
 
Optimization of extraction parameters 
     Because Boyle and Edmond [10] indicated that pH was the most important parameter for the extraction of several 
metals (Cd, Fe, Mn), this was the first condition to be optimized for silver.  Recovery of 110mAg was monitored over 
a range of pH values from 1.70 to 5.50. These data, expressed as percent silver recovered, are illustrated in Fig. 2. At 
very low pH, the yield drops off, with a maximum Yield at pH 1.8-2.0, followed by a rapid decrease with increasing 
pH. 
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Figure 1 Figure 2 


 
 
Figure 1.  Loss of 110mAg from sea water to the walls of acid-cleaned polyethylene sampling bottles as a 
function of time at different pH values: (a) pH 1.60; (b) pH 1.90; pH 8.10. Total silver concentration in each 
case was 1.0 µg 1-1. 
 
Figure 2. Extraction efficiency for 110mAg by the Co-APDC method, as a function of sample pH. Total silver 
concentration was 1.0 µg 1-1. 
 
 
 The minimization of the amount of extraction reagents was also examined because of their potential contribution to 
the blank.  Samples of filtered sea water, at pH 1.90, were spiked with silver (1.0 µg 1-1).  Varying amounts of 
cobalt(II) ranging from 0.05 to 1.0 mg l-1 were added, along with a proportional 100-fold excess of APDC.  The 
recoveries of silver increased sharply to about 88% as the amount of cobalt(II) was increased to 0.25 mg l-1 and then 
increased gradually to 92% at a cobalt(II) concentration of 1.0 mg l-1.  This concentration gave reproducible results 
(± 10%) without admitting excessive amounts of reagents. 
     The other factors investigated in the optimization of this procedure were: (a) the time of precipitate ageing, from 
5 min to 8 h; and (b) the rinse volume for the filters, from 0 to 100 ml of purified water.  Neither of these factors 
influenced the yield of silver recovery to an observable extent. 
     Radiotracer experiments were also undertaken to ascertain whether the extraction technique was suitable for use 
over a wide range of silver concentrations.  Samples were prepared in filtered Sequim Bay water containing 1.00, 
0.1, and 0.010 µg 1-1 total silver.  These were then extracted using the optimized parameters described above.  The 
results showed consistent yields of 92-95% for all concentrations of silver in sea water. 
 
Atomic absorption parameters 
     With the use of the 0.2% (w/v) ammonium phosphate matrix sample diluting solution, problems of variable peak 
shape and multiple peaks are eliminated.  The conditions given in Table 1 represent the optimum in terms of 
precision, accuracy, and graphite tube lifetime for the Perkin-Elmer Z-5000 system.  The length of the drying stage is 
dependent upon the sample volume, and is given for a 25-µI aliquot.  Care must be taken that the drying ramp time is 
not too short as the phosphate matrix is quite prone to spattering at 120-140°C.  The 1800°C atomization 
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temperature is made possible by the maximum-power mode of the furnace controller.  For an ordinary atomization 
step, a temperature of 2400°C would be appropriate for this matrix. 
     In this work all measurements were done using long-lasting pyrolytic graphite tubes, prepurified argon purge gas, 
and Zeeman background correction.  Under the conditions recommended and with this matrix, repetitive firings of 
the same sample varied by less than 5%.  The linear range was well over 1.0 absorbance.  All standards were run by 
the method of standard additions on the blanks.  Under such conditions, a 25-µl sample containing 10 µg l-1 silver 
gave an absorbance of approximately 0.700. 
 
Application, precision and detection limits 
     Table 2 summarizes typical results of the complete procedure.  The samples were made from clean, unfiltered 
water from Sequim Bay, Washington.  A sample of the water was acidified to pH 1.90 ± 0.05, and divided into three 
aliquots.  One aliquot was spiked with 0.01 µg l-1 silver and another with 0.1  µg l-1 silver.  All three aliquots were 
then allowed to equilibrate overnight before extraction. 
 
TABLE 2 
 
Quantitation of silver in spiked sea water by the proposed method 
 


Sample      N  Ag (ng I-1)a 


x                               s 
   


Yield(%) 


Blanks 5 0.11 0.04 -- 


Sequim Bay Water 3b 0.63 0.12 -- 


SBW+10 ng l-1 5 10.74 0.29 99.8 


SBW+100 ng l-1 4 94.0 7.9 93.2 


 
 


aMean of N measurements with standard deviation.  Two obviously contaminated values of 5.94 and 1.57 were 
omitted. 
 
     The detection limit is 0.2 ng l-1 based on twice the standard deviation of samples near the detection limit.  If twice 
the standard deviation of the blank is taken as the criterion, the detection limit is 0.1 ng l-1.  At all levels measured, 
more than 90% of the silver was recovered with a precision of better than 10%. 
     Environmental samples.  Samples from a variety of Pacific Northwest locations were processed as described 
above.  The data for some of these are summarized in Table 3. Three types of coastal water, as well as the open 
ocean, are represented in these data.  Sequim Bay is a rural area on the well flushed Strait of Juan de Fuca, Elliott 
Bay is the major harbor for the city of Seattle, and the marina in Tacoma represents a unique local environment, as it 
is built with slag from a copper smelter.  The three depth "profiles" taken in the northeast Pacific shows an increase 
in silver with depth from about 0.3 ng 1-1 to 5.8 ng 1-1.  This trend is essentially identical to two other profiles taken 
in the same area in the last two years by Battelle. 
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TABLE 3 
 
 
Silver concentrations in selected marine samples 
 
Date Location Depth N       Silver (ng 1-1) 
 
    x s 
 


11-23-82 Sequim Bay 10     cm 3 0.63 0.12 
9-13-82 Elliott Bay 10     cm 2 10.0 -- 
1-6-82 Tacoma (Marina) 10     cm 2 108.0 -- 
1-20-82 Tacoma (Marina) 10     cm 1 19.0 -- 
3-3-82 Tacoma (Marina) 10     cm 2 13.5 -- 
2-12-82 N.E. Pacific Ocean 50       m 3 0.30 0.10 
2-12-82 N.E. Pacific Ocean 300     m 2 0.60 -- 
2-13-82 N.E. Pacific Ocean 3237   m 2 5.82 -- 


 
The recent work of Martin and Knauer (personal communication) in the northeast Pacific ocean shows a similar trend for a 
more detailed profile over the same range. 
 
     This work was supported by the U.S. Department of Energy under Contract No. DE-AC06-76RLO 1830.  We thank R. A. 
Feely and G. J. Massoth of NOAA-PMEL for collection of the ocean water samples. 
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Section 2 
 


DETERMINATION OF ARSENIC SPECIES IN LIMNOLOGICAL SAMPLES 
BY HYDRIDE GENERATION ATOMIC ABSORPTION SPECTROSCOPY 


 
 
INTRODUCTION 
 
This section describes the analytical methods used to determine the arsenic species in waters and sediments. Also, 
sample storage tests were conducted to select methods of storing and shipping environmental samples that would 
minimize changes in speciation. Based on results of previous studies we selected hydride generation coupled with 
atomic absorption spectroscopy as the method of quantification of arsenic. In this technique arsenate, arsenite, 
methylarsonic acid, and dimethylarsinic acid are volatilized from solution at a specific pH after reduction to the 
corresponding arsines with sodium borohydride (1). The volatilized arsines are then swept onto a liquid nitrogen 
cooled chromatographic trap, which upon warming, allows for a separation of species based on boiling points. The 
released arsines are swept by helium carrier gas into a quartz cuvette burner cell (2), where they are decomposed to 
atomic arsenic. Arsenic concentrations are determined by atomic absorption spectroscopy. Strictly speaking, this 
technique does not determine the species of inorganic arsenic but rather the valence states of arsenate (V) and 
arsenite (III). The actual species of inorganic arsenic are assumed to those predicted by the geochemical equilibrium 
model described in Section 1 of this report. 
 
EXPERIMENTAL SECTION 
 
Apparatus. 
 
The apparatus needed for the volatilization, separation and quantitation of arsenic species is shown schematically in 
Figure 2-1-a. Briefly, it consists of a reaction vessel, in which arsenic compounds are reduced to volatile arsines, a 
liquid nitrogen cooled gas chromatographic trap, and a H2 flame atomic absorption detector. 
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Figure 2-1. Arsenic Speciation Apparatus: (a) Schematic Diagram; (b) Reaction Vessel; (c) Quartz Cuvette Burner Tube.
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Reaction Vessel.  The reaction vessel is made by grafting a side-arm inlet onto a 30-ml "Midget Impinger" (Ace 
Glass #7532-20), as illustrated in Figure 2-1-b. The 8-mm diameter side arm may then be sealed with a silicone 
rubber-stopper type septum (Ace Glass 09096-32) to allow the air-free injection of sodium borohydride.  The 
standard impinger assembly is replaced with a 4-way Teflon stopcock impinger (Laboratory Data control #700542) 
to allow rapid and convenient switching of the helium from the purge to the analysis mode of operation. 
 
GC Trap.  The low temperature GC trap is constructed from a 6 mm o.d. borosilicate glass U-tube about 30-cm long 
with a 2-cm radius of band (or similar dimensions to fit into a tall widemouth Dewar flask. Before packing the trap, it 
is silanized to reduce the number of active adsorption sites on the glass. This is accomplished using a standard glass 
silanizing compound such as Sylon-Ct®(Supelco Inc.). The column is half-packed with 15% OV-3 on Chromasorb® 
WAW-DMCS (45-60 mesh). A finer mesh size should not be used, as the restriction of the gas flow is sufficient to 
overpressurize the system. After packing, the ends of the trap are plugged with silanized glass wool.The entire trap 
assembly is then preconditioned as follows: The input side of the trap (non-packed side) is connected via silicone 
rubber tubing to helium at a flow rate of 40 ml�min_¹ and the whole assembly is placed into an oven at 175°C for 2 
hours. After this time, two 25-µl aliquots of GC column conditioner (Silyl-8®, Supelco Inc.) are injected by syringe 
through the silicone tubing into the glass tubing. The column is then left in the oven with helium flowing through it 
for 24 hours. This process, which further neutralizes active adsorption sites and purges the system of foreign 
volatiles, may be repeated whenever analate peaks are observed to show broadening. 
 
Once the column is conditioned, it is evenly wrapped with about 1.8 m of nichrome wire (22 gauge) the ends of 
which are affixed to crimp on electrical contacts. The wire-wrapped column is then coated about 2-mm thick all over 
with silicone rubber caulking compound and allowed to dry overnight. The silicone rubber provides an insulating 
layer which enhances peak separation by providing a longer temperature ramp time. 
 
The unpacked side of the column is connected via silicone rubber tubing to the output from the reaction vessel. The 
output side of the trap is connected by a nichrome-wire wrapped piece of 6-mm diameter borosilicate tubing to the 
input of the flame atomizer. It is very important that the system be heated everywhere (~80°C) from the trap to the 
atomizer to avoid the condensation of water. Such condensation can interfere with the determination of 
dimethylarsine. All glass-to-glass connections in the system are made with silicone rubber sleeves. 
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Atomizer.  The eluted arsines are detected by flame atomic absorption, using a special atomizer designed by Andreae 
(2). This consists of a quartz cross tube as shown in Figure 2-1-c. Air is admitted into one of the 6-mm o.d. side 
tubes (optimal flows are given in Table 2-1), while a mixture of hydrogen and the carrier gas from the trap is 
admitted into the other. This configuration is superior to that in which the carrier gas is mixed with the air (Andreae, 
personal communication 1983) due to the reduction of flame noise and possible extinguishing of the flame by 
microexplosions when H2 is generated in the reaction vessel. To light the flame, all of the gases are turned on, and a 
flame brought to the ends of the quartz cuvette. At this point a flame will be burning out of the ends of the tube. After 
allowing the quartz tube to heat up (~5 minutes) a flat metal spatula is put smoothly first over one end of the tube, 
and then the other. An invisible air/hydrogen flame should now be burning in the center of the cuvette. This may be 
checked by placing a mirror near the tube ends and checking for water condensation. Note that the flame must be 
burning only inside the cuvette for precise, noise-free operation of the detector. 
 


Table 2-1 
 


OPTIMAL FLOWS AND PRESSURES FOR GASES 
IN THE HYDRIDE GENERATION SYSTEM 


 


Gas Flow rate 
ml�min-1 


Pressure 
Ib�in-2 


He 150 10 


H2 350 20 


Air 180 20 


 
Precision and sensitivity are affected by the gas flow rates and these must be individually optimized for each system, 
using the figures in Table 2-1 as an initial guide. We have observed that as the 02/H2 ratio goes up, the sensitivity 
increases and the precision decreases. As this system is inherently very sensitive, adjustments are made to maximize 
precision. 
 
Detector.  Any atomic absorption unit may serve as a detector, once a bracket has been built to hold the quartz 
cuvette burner in the wave path. This work has been done using a Perkin-Elmer Model 5000® spectrophotometer 
with electrodeless discharge arsenic lamp. An analytical wavelength of 197.3 nm and slit width of 0.7 nm (low) are 
used throughout. This wavelength has been shown to have a longer linear range, though about half the sensitivity of 
the 193.7 nm line (2).  Background correction is not used as it increases the system noise and has never been found 
necessary on the types of sample discussed in this paper. 
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Standards and Reagents 
 
Arsenite (As(III)) Standards.  A 1000 mg�l-1 stock solution is made up by the dissolution of 1.73 grams of reagent 
grade NaAs02 in 1.0-liter deionized water containing 0.1% ascorbic acid. This solution is kept refrigerated in an 
amber bottle. A 1.0 mg�l-1 working stock solution is made by dilution with 0.1% ascorbic acid solution and stored as 
above. Under these conditions this solution has been found stable for at least one year. 
 
Further dilutions of As(III) for analysis, or of samples to be analyzed for As(III), are made in filtered Dungeness 
River water.  It has been observed both here and elsewhere (Andreae 1983) that deionized water can have an 
oxidizing potential that causes a diminished AS(III) response at low levels (1 mg�l-1 and less). Dilute As(III) 
standards are prepared daily. 
 
Arsenate (As(V)) Standards.  To prepare a 1,000 mg�l-1 stock solution, 4.16 g of reagent grade Na2HASO4�7H20 are 
dissolved in 1.0 liter of deionized water.  Working standards are prepared by serial dilution with deionized water and 
prepared monthly. 
 
Monomethylarsonate (MMA) Standards. To prepare a stock solution of 1000 mg�l-1, 3.90 g of CH3AsO(ONa)2.6H20 
is dissolved in 1.O liter of deionized water. Working standards are prepared by serial dilution with deionized water. 
Dilute standards are prepared weekly. 
 
Dimethylarsinate (DMA) Standards.  To prepare a stock solution of 1,000 mg�l-1, 2.86 g of reagent grade 
(CH3)2As02Na�3H20 (cacodylic acid, sodium salt) is dissolved in 1.0 liter deionized water. Dilute standards are 
handled as for MMA. 
 
6M Hydrochloric Acid.  Equal volumes of reagent grade concentrated HCI and deionized water are combined to give 
a solution approximately 6M in HCI. 
 
Tris Buffer.  394 g of Tris-HCl (tris (hydroxymethyl) aminomethane hydrochloride) and 2.5 g of reagent grade 
NaOH are dissolved in deionized water to make 1.0 liter. This solution is 2.5 M in tris and 2.475 M in HCI, giving a 
pH of about 6.2 when diluted 50-fold with deionized water. 
 
Sodium Borohydride Solution.  Four grams of >98% NaBH4 (previously analyzed and found to be low in arsenic) 
are dissolved in 100 ml of 0.02 M NaOH solution. This solution is stable 8-10 hours when kept covered at room 
temperature. It is prepared daily. 
 
Phosphoric Acid Leaching Solution.  To prepare 1.0 liter of 0.10 M phosphoric acid solution, 6.8 ml of reagent 
grade 85% H3PO4 are dissolved in deionized water. 
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Trisodium Phosphate Leaching Solution.  To prepare 1.0 liter of 0.10 M trisodium phosphate solution, 6.8 ml of 
85% H3PO4 and 12 g of reagent grade NaOH are dissolved in deionized water. 
 
Acid Digestion Mixture.  With constant stirring, 200 ml of concentrated reagent grade H2SO4 are slowly added to 
800 ml concentrated HN03. 
 
METHODS 
 
Total Arsenic Determination 
 
An aqueous sample (5-30 ml) is placed into the reaction vessel and 1.0 ml of 6M HCI is added. The 4-way valve is 
put in place and turned to begin purging the vessel. The G.C. trap is lowered into a Dewar flask containing liquid 
nitrogen (LN2) and the flask topped off with LN2 to a constant level. A 2.0-ml aliquot of NaBH4 solution is then 
introduced through the silicone rubber septum with a disposable 3-ml hypodermic syringe and the timer turned on. 
The NaBH4 is slowly added over a period of about 1 minute, being careful that the H2 liberated by the reduction of 
water does not overpressurize the system or foam the contents out of the reaction vessel. 
 
After purging the vessel for 8 minutes, the stopcock is turned to pass helium directly to the G.C. trap. In rapid order, 
the LN2 flask is removed, the trap heating coil is turned on, and the chart recorder is turned on. The arsines are eluted 
in the order:  AsH3, CH3AsH2, (CH3)2AsH according to their increasing boiling points given in Table 2.2 (1). 


 
Table 2-2 


 
REDUCTION PRODUCTS AND THEIR BOILING POINTS OF VARIOUS 


AQUEOUS ARSENIC SPECIES 
 


Aqueous form Reduction Product B.P., °°°°C 


As(III), arsenous acid, HAsO2 AsH3 -55 


As(V), arsenic acid, H3As04 AsH3 -55 


MMA, CH3AsO(OH)2 CH3AsH2 2 


DMA, (CH3)2AsO(OH) (CH3)2AsH 35.6 


 







 Freshwater 
 Appendix B 
 February 1990  
 


 


 
 


B-7


Arsenic (Ill) Determination 
 
The same procedure as above is used to determine arsenite, except that the initial pH is buffered at about 5 to 7 rather 
than <1, so as to isolate the arsenous acid by its pKa (1). This is accomplished by the addition of 1.0 ml of Tris buffer to 
a 5- to 30-ml aliquot of unacidified sample. (If the sample is acidic or basic, it must be neutralized first, or the buffer will 
be exhausted.) For the AS(III) procedure, 1.0 ml of NaBH4 is added in a single short (~10 seconds) injection, as the 
rapid evolution of H2 does not occur at this pH. 
 
Small, irreproducible quantities of organic arsines may be released at this pH and should be ignored. The separation 
of arsenite, however, is quite reproducible and essentially 100% complete. As(V) is calculated by subtracting the 
AS(III) determined in this step from the total inorganic arsenic determined on an aliquot of the same sample 
previously. 
 
SEDIMENTS 
  
Total Inorganic Arsenic 
 
A 1.00-g aliquot of freeze-dried and homogenized sediment is placed into a 100-ml snap-cap volumetric flask. Five 
milliliters of deionized water is added to form a slurry and then 7 ml of the acid digestion mixture is added. After 5 
minutes, the caps are replaced and the flasks heated at 80 to 90°C for 2 hours. Upon cooling the samples are diluted 
to the mark with deionized water, shaken, and allowed to settle overnight. An appropriate-sized aliquot of the 
supernatant liquid (25-100 µl) is added to 20 ml of deionized water and run as for total arsenic. 
 
Leachable Arsenite 
 
An aliquot (~I-2 g) of fresh or freshly thawed wet homogeneous sediment is weighed to the nearest 10 mg directly 
into a 40-ml acid-cleaned Oak Ridge type centrifuge tube. To this is added 25 ml of 0.10 M H3PO4 solution and the 
tubes are agitated with the lids on. Periodic agitation is maintained for 18 to 24 hours, at which time the tubes are 
centrifuged for 30 minutes at 2500 RPM. Twenty milliliter aliquots of the supernatant liquid are removed by 
pipetting into cleaned polyethylene vials and saved in the refrigerator until analysis. Analysis should be 
accomplished within the next couple days. 
 
For analysis, an appropriate-sized aliquot (10-100 µl) is added to 20 ml of well-characterized filtered river water (or 
other nonoxidizing/nonreducing water). Enough 1.0 M NaOH solution is added to approximately neutralize the 
H3PO4 (1/3 the volume of the sample aliquot), and then 1.0 ml of Tris buffer is added. The sample is then analyzed 
as for As(III). 
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Leachable Arsenate, MMA and DMA 
 
An aliquot (~1-2 g) of wet sediment is weighed into a centrifuge tube, as above.  To this are added 25 ml of 0-1 N 
Na3P04 solution, and the tubes agitated periodically for 18 to 24 hours. After centrifugation the supernatant liquid 
(dark brown due to released humic materials) is analyzed as for total arsenic using an appropriate-sized aliquot in 20 
ml of deionized water. The total inorganic arsenic in this case should be only As(V), as AS(III) is observed to not be 
released at this pH. No pre-neutralization of the sample is necessary as the HCl added is well in excess of the sample 
alkalinity. 
 
Interstitial Water Analysis 
 
Interstitial water samples may be treated just as ordinary water, except that as they are quite high in arsenic, usually 
an aliquot of 100 to 1000 µl diluted in deionized water or river water is appropriate in most cases. 
 
Storage Experiments 
 
Storage experiments designed to preserve the original arsenic speciation of samples were carried out for a wide 
variety of conditions. For water samples, 30-ml and 60-ml polyethylene bottles precleaned in 1 M HCI were used. 
 
 
Conditions of temperature ranging from 20ºC to -196ºC were assessed, as well as preservation with HCl and ascorbic 
acid. Storage tests were carried out over a period of one month for water samples. 
 
The stability of the As(III)/As(V) ratio in interstitial water at room temperature, in the presence of air was carried out 
over a 24-hour period to determine the feasibility of the field collection of interstitial water. Because of the 
time-consuming nature of sediment analysis, a two-point storage test was carried out with triplicate samples analyzed 
for two sediments at two temperatures (OºC and -18ºC). Mud samples were stored in polyethylene vials and analyzed 
at time zero and one month. 
 
RESULTS AND DISCUSSION 
 
Data Output 
 
Using the procedures outlined above, and a mixed standard containing As(V), MMA, and DMA, standard curves 
were prepared for each of the arsines generated. A typical chromatogram from this procedure is illustrated in Figure 
2.2. Under the conditions described in this paper, the elution times for the various arsines are as follows:  AsH3, 24 ± 
2 s; CH3AsH2, 53 ± 2 s and (CH3)2AsH, 66 +/- 2 s. Notice that the peaks are broadened and that the sensitivity 
decreases as the boiling point of the compound increases. The small amount of signal after the DMA peak is 
probably a higher boiling impurity in the DMA, or some DNA that is lagging in the system during elution. We had 
previously noted much larger, multiple peaks in this region when water was allowed to condense between the trap 
and the detector. Such peaks were effectively eliminated and the DMA peak sharpened with the addition of the 
heating coil between the trap and the detector. 
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Note: Figure 2.2. Typical chromatogram of arsenic hydride species. Vertical axis absorbance, horizontal axis 
time. 
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The typical standard curves in Figure 2.3 are prepared from the mean of two determinations at each concentration. 
Arsenic peak-height response appears to be linear to at least 600 mau (milliabsorbance units), which is the full scale 
setting used on our chart recorder. Andreae (3) shows that arsenic response is extremely non-linear above this for the 
peak height mode, and recommends the use of peak area integration to increase the linear range. We have chosen to 
simply use a small enough sample aliquot to remain within 600 mau. 
 
 


 
 
Figure 2.3. Standard curves, absorbance versus concentration for arsenic hydride species, atomic absorption 
detector. 
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As arsenic response is quite sensitive to the H2/02 ratio in the flame, it is necessary to restandardize the instrument 
whenever it is set up. Usually, however, the response is quite constant and stable over the entire day. 
 
Precision,  Accuracy  and  Detection  Limits 
 
Precision and accuracy are the greatest and the detection limits the lowest for inorganic arsenic. The precision and 
accuracy of the inorganic arsenic determination is illustrated at two concentrations in Table 2-3. The standard 
seawater, NASS-1 (National Research Council of Canada) was run in 5.0-ml aliquots and the "standard river water" 
(National Bureau of Standards) was run in 100-µl aliquots. In either case, both the precision (RSD) and accuracy 
were about 5%. Precision begins to decrease, as the boiling point of the compound increases, as is illustrated in 
Table 2-4, for spiked river water. No standard reference material has been found for the organic species. 
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Table 2-3 
 


REPLICATE DETERMINATIONS OF TOTAL INORGANIC 
ARSENIC IN SOME STANDARD WATERS 


 


Total (inorganic) arsenic, µg•1-1 


Replicate NASS-1 
Seawater 


NBS 
River water 


1 1.579 81.5 


2 1.556 74.5 


3 1.591 71.8 


4 1.493 79.0 


5 1.529 79.3 


N 5 5 


X 1.550 77.2 


S 0.040 4.0 


RSD 2.6% 5.2% 


Certified 1.65 76.0 


± 0.19 7.0 


 
 


N - number of replicates 
X - mean 
S - +/- one standard deviation 
RSD - relative standard deviation 
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Table 2-4 
 


PRECISION DATA FOR THREE ARSENIC SPECIES, ILLUSTRATING 
THE DECREASE IN PRECISION WITH INCREASING BOILING 
POINT OF SPECIES.  THESE SAMPLES WERE SPIKED  RIVER 


WATER USED IN WATER STORAGE TESTS 
 


Arsenic concentrations, ng•1-1 


 


Replicate Inorganic 
arsenic 


MMA DMA 


N (8-24-83) 3 3 3 


X 937 2483 2173 


S 44 79 181 


RSD 4.7% 3.2% 8.3% 


 


N (9-11-83) 3 4 4 


X 800 2342 2393 


S 24 165 260 


RSD 3.0% 7.0% 10.9% 


 
The detection limit of this technique has not been explored to the extreme as the usual environmental sample benefits 
from less, not more sensitivity. For a chart recorder expansion of 600 mau full scale, and the parameters given in the 
text, and for a 30-ml sample aliquot, the following approximate detection limits are found:  As(V), 0.006 µg�I-1 
(twice the standard deviation of the blank); AS(III)0.003 µg�I-1(0.5 chart units); MMA, 0.010 µg�-1 as As (0-5 chart 
units); DMA, 0.012µg�I-1 as As (0.5 chart units). For As(III), MMA and DMA, no contribution to the blank has been 
found due to reagents, except for the AS(III) present in the river water used as a dilutant. As for As(V) a small 
contribution is found, mostly from the NABH4, and to a smaller extent from H3PO4.  These may be minimized by 
selecting reagent lots of reagents found to be low in arsenic. 
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INTRODUCTION 
 
 
 This chapter presents recommendations for measuring microorganisms in Puget Sound.  
The recommendations are based on the results of a workshop and on written reviews by 
representatives from most organizations that fund or conduct microbiological studies in the Sound 
(Table 1).  The purpose of developing these recommendations is to encourage all Puget Sound 
investigators conducting monitoring programs, baseline surveys, and intensive investigations to use 
standardized methods whenever possible.  If this goal is achieved, most data collected in Puget 
Sound should be directly comparable and thereby capable of being integrated into a sound-wide 
database.  Such a database is necessary for developing and maintaining a comprehensive water 
quality management program for Puget Sound. 
 
 
 The initial section of this chapter describes those microorganisms currently being measured 
in Puget Sound.  In subsequent sections recommended microorganisms for future studies are 
identified, and special considerations for sampling water, sediment, and tissue are discussed.  
Finally, the uses and limitations of the recommended microorganisms are discussed, and laboratory 
and quality assurance/quality control (QA/QC) procedures are recommended. 
 
 It is recognized that departures from the general recommendations made herein may be 
necessary to meet the special requirements of individual projects.  If such departures are made, 
however, the funding agency or investigator should be aware that the resulting data may not be 
comparable with most other data of that kind.  In some instances, data collected using different 
methods may be compared if the methods are intercalibrated adequately. 
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 TABLE 1.  CONTRIBUTORS TO THE MICROBIOLOGY 
 


Name Organization 


Carles Abeyta U.S. Food and Drug Administration 


John Armstrong U.S. Enviornmental Protection Agency 


Scott Becker Tetra Tech, Inc. 


Norma Christoferson Washington Dept. of Social and Health Services 


Alfred Dufour U.S. Enviornmental Protection Agency 


Gary Fraser Washington Dept. of Social and Health Services 


Mike Glass Washington Dept. of Social and Health Services 


Peggy Hammer U.S. Enviornmental Protection Agency 


Rip Heyward Rip Heyward 


Nancy Jenson Washington Dept. of Ecology 


Laurence Kamahele Seattle-King County Health Dept. 


Larry Kirchner Seattle-King County Health Dept. 


Jack Lilja Washington Dept. of Social and Health Services 


Steve Martin U.S. Army Corps of Engineers 


Jack Matches University of Washington 


June Nakata Seattle-King County Health Dept. 


Peter Nix E.V.S. Consultants 


Mike Schiewe National Oceanic and Atmospheric Administration 


Jay Vasconselos U.S. Enviornmental Protection Agency 


Marlene Wekell U.S. Food and Drug Administration 
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 MICROBIOLOGICAL MEASUREMENTS CURRENTLY MADE IN PUGET SOUND 
 
 
 A variety of agencies sample for bacteria in the water, sediment, or biota of Puget Sound.  
These agencies and the various bacterial indicators (i.e., of pathogens) and/or primary pathogens 
they evaluate are listed in Table 2.  Measurements of bacterial indicators that are currently used 
include: 
 
 • Total counts of coliform bacteria (i.e., total coliform bacteria) 
 
 • Counts of fecal coliform bacteria (i.e., fecal coliform bacteria) 
 
 • Counts of Escherichia coli as a fraction of fecal coliform bacteria (i.e., fecal coliform 


bacteria/E. coli) 
 
 • Counts of enterococci, a subset of fecal streptococci (i.e., enterococci) 
 
 • Counts of Clostridium perfringens (i.e., C. perfringens) 
 
 • Counts of heterotrophic bacteria by standard plate count methods (i.e., standard plate 


counts). 
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TABLE 2.  CURRENT BACTERIOLOGICAL MEASUREMENTS IN PUGET SOUNDa 


 


                                               Routine Monitoringb                              Special Projects 
Agency Water Tissue  


U.S. FDA (Seattle)   Total coliform bacteria (I)  Total coliform bacteria (I) Vibrio dpp. (P) 


   Fecal coliform bacteria (I)   Fecal coliform bacteria (I) C. perfringens (P) 


   Fecal streptococci (I,NR)  Aeromonas hydrophilia (I,P) 


   Versinis spp. (P) 


    


U.S. EPA 
(Region 10) 


– – Occasional (most work is in 


fresh water)
c
 


    


Seattle-King Co. 
Health Dept. 


–  Fecal coliform bacteria (I)(NR)  


    


Wash. Dept. of 
Ecology 


  Total coliform bacteria (I) 
  Fecal coliform bacteria (I) 


–  


    


METRO   Fecal coliform bacteria (I)   Fecal coliform bacteria (I) C. perfringens (I,P) 
E. coli (I) 
Vibrio parahaemolyticus (P) 
Enterococci (I) 


    


Wash. Dept. of 
Social and Health 
Services 


  Fecal coliform bacteria (I)   Fecal coliform bacteria (I) 
Standard plate counts (I) 


 


a I = indicator of primary pathogens or specific pollution sources, P = primary pathogen,  
 NR = not routine. 
b No agency in Puget Sound conducts routine monitoring of bacteria in sediments. 
c Marine studies have included the fate and survival of fecal coliform bacteria and heterotrophic 


bacteria in relation  to dredging operations. 
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 RECOMMENDATIONS FOR FUTURE STUDIES 
 
 
BACTERIAL INDICATORS 
 
 Reliance on a single bacterial indicator or a suite of indicators may not be desirable as a 
general rule because the objectives of different studies may vary substantially.  For example, 
requirements for water pollution monitoring differ from those for evaluating the acceptability of 
shellfish for human consumption.  In general, however, the following bacterial indicators should be 
considered for use in most surveys of bacterial indicators in Puget Sound: 
 
 • Fecal coliform bacteria 
 
 • Fecal coliform bacteria/E. coli 
 
 • Enterococci 
 
 • C. perfringens. 
 
These indicators might be used individually or in various combinations depending upon the specific 
objectives of each study.  The best uses and the limitations of each indicator are discussed later in 
this chapter. 
 
PRIMARY PATHOGENS 
 
 In some cases, disease outbreaks may require the direct investigation and identification of 
primary pathogens because use of an indicator is inappropriate.  For example, outbreaks of acute 
gastroenteritis may show no correspondence between the presence of a specific indicator, such as 
fecal coliform bacteria and the primary pathogen, such as Yersinia enterocolitica (Munger et 
al. 1980).  Direct identification of primary pathogens may also be appropriate during 
reconnaissance surveys in areas lacking historical data.  The choice of pathogen should be 
determined by the nature of the disease and by seasonal considerations.  For example, Vibrio 
bacteria generally are found in the warmer months, whereas Yersinia bacteria are more prevalent 
during colder periods of the year. 
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 SPECIAL SAMPLING CONSIDERATIONS 
 
 
 Choice of an optimum matrix for sampling (e.g., water column, sediment, interstitial water, 
or tissue) will depend upon the objectives of each study.  For example, public health impacts are 
most likely through ingestion of contaminated shellfish or contact with contaminated water.  
Shellfish tissues or recreational waters may therefore be the materials most appropriate for analysis 
in studies focusing on health risks.  The identification of present point sources of pollution can best 
be determined by analysis of water samples, whereas long-term pollution trends may best be 
described by sediment analysis. 
 
WATER COLUMN 
 
 Water sampling can result in highly variable data because bacteria are not uniformly 
distributed throughout the water column (Gameson 1983) and sample volumes generally are limited 
to 50-100 mL.  One major cause of spatial heterogeneity is the tendency for bacterial cells to 
concentrate in a thin microlayer on the surface of the water.  Because bacterial abundances in the 
microlayer may exceed abundances in underlying surface water by several orders of magnitude 
(Hardy 1982), it is recommended that the microlayer and underlying water be sampled separately.  
However, sampling of the microlayer requires specialized techniques that have yet to be 
standardized.  Also, collection and analysis of samples from both the microlayer and underlying 
water at each station may be too expensive for many routine monitoring programs.  Thus, if 
separate samples cannot be collected within the constraints of a particular program, it is 
recommended that the microlayer be included in the sample by using the traditional "scoop" method 
of surface water sampling (U.S. EPA 1978).  This method involves plunging an open bottle straight 
down to a depth of 15-30 cm below the water surface, moving it horizontal to the surface while 
tipping it slightly to let trapped air escape, and removing the bottle in a vertical position.  It is 
recommended that samples be collected using a wide-mouth (12-15 cm) bottle to facilitate 
inclusion of the microlayer. 
 
SEDIMENTS 


 Sediments are known to be heterogeneous with respect to types and numbers of bacteria.  In 
addition, the bacteriological composition of sediments may have little relationship to public health 
impacts.  For these reasons, routine monitoring of sediments in Puget Sound presently is not 
undertaken by any organization (Table 1), and is not recommended except under special 
circumstances. 
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 One special application of sediment monitoring is analysis for C. perfringens to trace the 
distribution of sewage.  Because spores of this bacterium are associated with fecal pollution and 
survive over long periods, they offer the advantage of providing a cumulative record of sewage 
influence suitable for long-term monitoring surveys.  However, the fact that the spores are 
persistent in the environment, and thus accumulate, renders analysis for C. perfringens in sediments 
inappropriate as a basis for providing regulatory guidelines. 
 
TISSUE 
 
 Sampling and analysis of shellfish tissue present fewer problems than sampling and analysis 
of water and sediment (see APHA 1985a).  Shellfish sampling is very important because the 
consumption of shellfish as food, sometimes in the raw state, may present a serious public health 
hazard.   
 Shellfish offer several advantages for sampling:  they concentrate bacteria, can be sampled 
relatively easily, and reflect pollution levels over relatively long periods in both sediment and 
water.  In Puget Sound it is recommended that one or several shellfish species of recreational or 
commercial importance be sampled routinely at each major harvesting area.  The use of a small 
number (preferably one) of species as standards will reduce the variation among stations and 
sampling periods that results from interspecific differences in the propensity to concentrate 
bacteria.  Because the whole organism is eaten, the whole body should be prepared for analysis.  
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 USES AND LIMITATIONS OF RECOMMENDED BACTERIAL INDICATORS 
 
 
 Recommended bacterial indicators for monitoring in Puget Sound are presented in Table 3 
for each kind of sample matrix. 
 
FECAL COLIFORM BACTERIA AND FECAL COLIFORM BACTERIA/E. COLI 
 
 The density of fecal coliform bacteria has commonly been used as an indicator of fecal 
pollution and as an indicator of the presence of pathogens.  The widespread use of fecal coliform 
bacteria as an indicator has the advantage of providing a basis for comparisons with historical data.  
However, there are several distinct, and often substantial, limitations to using fecal coliform 
bacteria for these purposes.  In addtion, the densities of coliform bacteria may not accurately reflect 
public health risks (Hanes and Fragala 1967).  Recent research has indicated that, although many 
species of non-pathogenic enteric bacteria (e.g., coliform bacteria) are viable in aquatic systems, 
they are not totally recoverable using conventional techniques (Roszak et al. 1984; Xu et al. 1982).  
Normal culturing techniques may seriously underestimate the concentrations of these organisms in 
the environment.  Because the degree of recoverability may also depend on variable environmental 
factors (e.g., nutrient concentrations), it may be difficult to develop general bacteriological 
standards that could apply to all areas. 
 
 Cabelli et al. (1983) concluded that fecal coliform bacteria were inferior to enterococci as 
indicators of the presence of pathogens in marine recreational waters with respect to evaluating 
public health risks.  Survival times for coliform bacteria are substantially less than for many 
pathogens (Borrego et al. 1983), complicating efforts to correlate counts of fecal coliform bacteria 
with the densities of pathogens at any specific time.  Another problem associated with the use of 
fecal coliform bacteria as indicators is the fact that they are not specific to mammalian fecal 
pollution.  For example, the fecal coliform bacterium Klebsiella is common in pulp mill effluents. 
 
 For all of the above reasons, data on fecal coliform bacteria cannot in themselves be 
considered adequate for a thorough assessment of public health risks. Fecal coliform bacteria 
continue to be used as an indicator because other indicators also have deficiencies, and because 
measurements of fecal coliform bacteria provide a basis for comparisons with historical data.  The 
lack of specificity of fecal coliform bacteria to mammalian fecal pollution prompted the 
development of a membrane filtration method for enumerating E. coli (Dufour et al. 1981).  Unlike 
fecal coliform bacteria as a group, E. coli are specific to mammalian fecal pollution.  The  
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TABLE 3.  RECOMMENDED BACTERIAL INDICATORS  
FOR MONITORING IN PUGET SOUND 


 
 
 


 MATRIX 
 
Objective     Watera    Sediment     Tissue 
 
Recreational use Fecal coliform        —       — 
evaluation (e.g.,   bacteria 
swimming) Enterococci 
 
Pollution monitoring Fecal coliform Fecal coliform Fecal coliform 
and/or water quality   bacteria   bacteria   bacteria 
surveys E. coli C. perfringens E. coli 
                        C. perfringens  C. perfringens 
                        Enterococci       
 
Shellfish consump- Fecal coliform        — Fecal coliform 


tion evaluation   bacteriab    bacteria 
 
 
a Fecal coliform bacteria are recommended here because current water quality standards are based 
on them.  If these standards change to include only enterococci, it may still be useful to measure 
fecal coliform bacteria to maintain continuity with historical databases.   
 
b U.S. EPA and National Oceanic and Atmospheric Administration (NOAA) currently are 
co-sponsoring research into the application of the enterococci and E. coli indicators for shellfish 
harvesting waters. 
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enumeration method incorporates a technique for distinguishing E. coli from other fecal coliform 
bacteria.  The result is notated as fecal coliform bacteria/ E. coli.  However, with respect 
specifically to recreational water quality criteria, U.S. EPA has not recommended the use of E. coli 
for marine and estuarine waters. 
 
 Laboratory analyses of fecal coliform bacteria are conducted using one of two most 
probable number (MPN) techniques (i.e., EC and A-1) or using a membrane filtration (MF) 
technique.  The statistical reliability of the MF technique is greater than the MPN procedures 
(APHA 1985b).  However, factors such as turbidity may reduce counts for the MF technique 
(Berger and Argaman 1983).  Thus, the results generated by the MF and MPN techniques may not 
be directly comparable, and their inconsistent use by Puget Sound organizations limits comparisons 
of data gathered by different agencies. 
 
ENTEROCOCCI 
 
 Enterococci are streptococcus bacteria indigenous to the intestines of warm-blooded 
animals.  U.S. EPA recommends their use as indicators of fecal pollution in recreational waters 
because of the previously mentioned limitations of fecal coliform bacteria analysis, and because of 
the following characteristics: 
 
 • Because the concentration of enterococci has a greater correspondence to the incidence 


of gastroenteritis than do concentrations of E. coli or fecal coliform bacteria, it is a 
better indicator of public health risk in recreational marine waters (Cabelli et al. 1983). 


 
 • Enterococci may die off more slowly in sediments than fecal coliform bacteria (Van 


Donsel and Geldreich 1971), and therefore be better indicators of sediment 
contamination. 


 
 • Because they are tolerant to high salinity, enterococci are of particular value in analysis 


of marine waters (Coler and Litsky 1976). 
 
 • Taxonomic identification of streptococcus bacteria can be undertaken easily (e.g., API 


biochemical strips) and, unlike the situation with fecal coliform bacteria, can reveal the 
kinds of mammalian pollution (e.g., humans, livestock).  This advantage arises from the 
fact that particular kinds of mammals harbor characteristic species of streptococcus 
bacteria (e.g., S. bovis in cattle). 
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 • Techniques of gene fingerprinting (DNA analyses) have been undertaken using 
streptococcus bacteria and can more positively link bacteria in the environment to 
identical bacteria found in source effluents, thereby confirming the source(s) of 
contamination.  Although not suitable for routine monitoring surveys, genetic analysis 
may be useful in certain research applications. 


 
CLOSTRIDIUM PERFRINGENS 
 
 C. perfringens is consistently associated with fecal wastes and provides a usable, 
state-of-the-art marker for delineating the deposition and/or movement of sewage particulates that is 
more reliable than the traditional coliform bacteria indicators (Emerson and Cabelli 1982).  
C. perfringens is recommended for water, sediment, and tissue because it is present in wastewater at 
concentrations of 103-104 per 100 mL (Fujioka and Shizumura 1985), and because its resistance to 
chlorination and environmental factors closely resembles that of enteric viruses (Bisson and Cabelli 
1980). 
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 LABORATORY PROCEDURES FOR RECOMMENDED BACTERIAL INDICATORS 
 
 
 Recommended laboratory procedures for the bacterial indicators listed in Table 3 are 
summarized in Table 4. 
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TABLE 4.  RECOMMENDED LABORATORY PROCEDURES FOR BACTERIAL 
INDICATORS 


 
 


 Laboratory Procedures 
 
Test Organisms       Water      Sediment       Tissue 
 
Fecal coliform MPN tubes using A-I MPN tubes using A-I MPN tubes using EC 
  bacteria broth (APHA 1985b) broth (APHA 1985b) broth (APHA 1985a) 
 (fecal coliform (fecal coliform (fecal coliform 
 bacteria/100 mL) bacteria/100 mL) bacteria/100 mL) 
 
Fecal coliform mTEC (DuFour et al.          —                — 
  bacteria/E. coli 1981)  
 (E. coli/100 mL) 
 
Enterococci mE (Levin et al. 1975)          —          — 
 (enterococci/100 mL) 
 


C. perfringensa MPN tubes using iron MPN tubes using iron MPN tubes using iron   
 milk (St. John et al. milk (St. John et al. milk (St. John et al.       
 1982) (C. perfrin- 1982) (C. perfrin- 1982) (C. perfrin- 
 gens/100 mL) gens/100 g)             gens/100 mL) 
 


 
 
a Two laboratory techniques are available for C. perfringens: mCP by membrane filtration for water (Bisson 
and Cabelli 1979) and sediment (Emerson and Cabelli 1982), and iron milk tubes using MPN techniques 
(St. John et al. 1982).  The latter method is recommended (pending any comparative data) because the 
procedure is simpler and less costly. 
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 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 
 
 
 Laboratory and analytical QA/QC procedures are discussed in detail in U.S. EPA (1978) 
and APHA (1985b).  Special problems exist in microbiological analyses because analytical 
standards, known additions, and reference samples generally are not available.  However, a 
minimum QA/QC program should include: 
 
 • Ten percent of the total number of samples analyzed in duplicate 
 
 • Ten percent of the total number of samples split and analyzed by two or more 


laboratories 
 
 • Sterile distilled water transported to the field, transferred to a sample bottle, and 


processed routinely to ensure samples were not contaminated during collection and 
transport 


 
 • Repeated sampling at one site during varying conditions (e.g., tides, weather) to 


evaluate variability in the field. 
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1.  INTRODUCTION 
As in previous revisions, the overall intent of the following recommendations is to advocate for a 
consistent approach to analyzing Puget Sound samples for organic constituents.  The goal of this 
revision, which is intended to replace the December 1989 version, is to recommend procedures so that 
consistency in data collection, analysis and reporting may be attained by various researchers and resource 
agencies working in Puget Sound.  It is hoped that this will lead to data that are comparable, of a known 
quality and are achievable at a reasonable cost.  If this goal is achieved, most data collected in Puget 
Sound should be directly comparable and thereby capable of being integrated into a Sound-wide 
database.  Such a database is necessary for developing and maintaining a comprehensive water quality 
management program for Puget Sound. 
 
From surveys, workshops and phone and in person interviews conducted over the past 2 years, the 
original organics Puget Sound Protocols and Guidelines (PSP&Gs) have been revised to reflect the 
current opinions and recommendations of primary investigators who provide data for the regional 
databases.  These guidelines were revised with the assistance of representatives from organizations that 
fund or conduct environmental studies in the Puget Sound region (see Table 1). 
 
Thorough project planning is essential, due to the inherent complexity of sampling and analysis 
activities. The presence of multiple programs and activities in the Puget Sound region further enhances 
the need for project planning.  This chapter should be used in conjunction with the Recommended 
Guidelines for Sampling Marine Sediment, Water Column and Tissue in Puget Sound (PSEP, 1997a) and 
the Recommended Quality Assurance and Quality Control Guidelines for the Collection of 
Environmental Data in Puget Sound (PSEP, 1997b). 
 
Whenever feasible, it is recommended that the guidelines in this document be used for all Puget Sound 
studies.  It remains the responsibility of each project manager to become familiar with program 
requirements and to conduct sampling and analysis accordingly. 
 
Although the following methods are recommended for most studies conducted in Puget Sound, 
departures from these recommendations may be necessary to meet the special requirements of individual 
projects.  If such departures are made, however, the funding agency or investigator should be aware that 
the resulting data may not be compatible with other data.  In some instances, data collected using 
different methods have been inappropriately combined in the past.  In other instances, when the methods 
were adequately intercalibrated, data may have been combined appropriately.  The use of standardized 
methodologies should aid in producing data of definable quality, enhancing our ability to compare data 
sets. 
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Bruce Woods c U.S. Environmental Protection 


Agency 
Notes: 
a.  Attended Workshop held on March 20, 1996. 
b. Workshop Facilitator. 
c. Provided written comments. 
d. Author/editor of protocol. 
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2.  GENERAL CONSIDERATIONS 


2.1  Data Quality Objectives 
A formal planning process, as described in Section 2 of the QA Chapter (PSEP, 1997b), is used to ensure 
that project data support project objectives.  During this planning process, analytical methods and other 
related activities are specified.  These decisions are based on the project data quality objectives.  The 
selection of a specific analytical method must be driven by the intended end use of the data.  After 
specifying the expected uses of the data, data quality objectives should be developed.  Section 2.4 of the 
QA Chapter (PSEP, 1997b) offers guidance regarding how to develop data quality objectives for a 
specific project. 
 
To best ensure that the data quality objectives for a project are met, the laboratory that will be performing 
the analyses must be involved in project planning well in advance of receipt of samples. 


2.2  Contamination and Low Level Work 
It is advisable for laboratories that perform organic analyses to conduct trace-level work on an ongoing 
basis.  The laboratory's quality control program should contain QC samples such as method blanks, 
glassware blanks and equipment blanks that allow for continually updated knowledge regarding 
background levels in the sample processing environment. The laboratory's QC program should address 
the matter of assessing contamination, identifying sources and eliminating or minimizing those sources of 
contamination. 
 
Every precaution should be taken to avoid contamination at each stage of sample collection, handling, 
storage, preparation and analysis to prevent potential positive bias.  The majority of trace organic 
analyses performed in support of Puget Sound programs require low detection limits making 
contamination control an essential factor in trace organics work.  These low detection limits are 
challenging to current instrumentation and methods. 
 
The best way to control contamination is to completely avoid exposure by performing operations in an 
area known to be free from contamination.  Precautions must be taken to manage equipment used during 
testing.  Procedures should be performed by well-trained, experienced personnel who pay strict attention 
to the work being done.  A number of relevant points regarding contamination and how to manage it 
follow. 
 
Use a clean environment for processing samples.  Restrict admittance to these areas, and train personnel 
in clean sample handling techniques.  Dedicate areas to trace level work and isolate samples with high 
concentrations of organics to other areas.  Physical sample handling should be kept to a minimum.  Field 
equipment and labware must be carefully cleaned, and cleaning methods must be monitored and verified 
using QC samples.  Exposure of samples to airborne dust should be minimized during sampling and 
analysis.  Labware should be similarly isolated.  Minimize the time between cleaning and use of labware. 
 Cover glassware with aluminum foil and store in a clean dry place if it cannot be used immediately.  Just 
prior to its use, glassware should be rinsed with the solvent to be used.  Other sources for potential 
contamination are rubber, paper cap liners, pigment in marking pens, polyvinyl chloride, nylon,  
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methacrylate, Vycor® and talc.  It is necessary to use only clean, powder-free gloves for all sample 
handling steps.  The laboratory should be aware of potential contaminants in gloves used for sample 
processing.  All procedures should be detailed in SOPs and followed rigorously.  For low-level work, 
reagents must be ultrapure grade or equivalent and should never be returned to their stock containers 
once removed.  Sample carry over at the instrument must be carefully monitored, and GC bake times, 
autosampler solvent rinses and sample injection order should be adjusted to eliminate any potential carry 
over. 


2.3  Cleaning Methods for Glassware and Lab Equipment 
All labware used during sample analysis must be free from possible contamination.  Labware should be 
dedicated according to sample type and anticipated concentration of analytes.  Poorly cleaned glassware 
can cause either positive or negative bias.  For example, sediments generally contain higher levels of 
analytes than tissues.  So contamination during analysis will be minimized if labware for these different 
sample types are kept separate.  Phthalates from plastic sources such as gloves can contaminate 
glassware.  Do not touch the insides of glassware with gloves.  Use Teflon® squirt bottles to hold 
solvents or acids used to rinse glassware.  Never clean glassware used for volatile analysis with 
methylene chloride or acetone, because these solvents will interfere with the analysis.  Soap residue (e.g., 
sodium dodecyl sulfate), which results in a basic pH on the glassware surface, may cause degradation of 
certain analytes (e.g., Aldrin, Heptachlor and most organophosphate pesticides).  Cracks in glassware 
could lead to the contamination or loss of an extract.  It is critical for the glassware to be carefully 
scrutinized before setting up an analysis.  Often there is only one chance to extract a sample due to 
sample amount or short holding times.  A recommended approach to cleaning labware follows.  Some 
equivalent method should be employed to clean and prepare labware, which should be documented by 
SOP. 


2.3.1  Labware Wash 
Collect dirty glassware, rinse thoroughly with cold tap water and place in hot water tub with detergent to 
soak for 5 minutes.  Remove glassware from the tub and scrub all accessible parts.  If a dishwasher is 
available, it can be used now for a final wash/rinse.  If a dishwasher is not available for a final 
wash/rinse, rinse 3 times with tap water and 3 times with organic-free water and hang to dry.  For 
glassware that can not be scrubbed, place in 5% nitric acid tub for 8 hours or overnight then rinse 3 times 
with tap water and 3 times with organic-free water and hang to dry.  It may be necessary to use additional 
measures for severely dirty glassware.  Carefully inspect for cracks, soap residue (hazy or cloudy 
surface) or dirt.  It is critical that the glassware be very clean to prevent interferences during extraction.  
Etched glassware or glassware that will not come visually clean should be removed from trace work.   
Additionally, glassware may be fired in a muffle furnace or kiln (examples of temperature and times that 
are in use are 430oC for at least 30 minutes or 350oC for 4 hours) after the final wash to further clean the 
glassware; however, if volumetric glassware are fired, they should no longer be considered to be class A. 
 Highly contaminated glassware may need to be fired for a longer time.  Also, some chlorinated 
pesticides and PCBs only partially break down at these temperatures and so the glassware should be 
thoroughly washed if these classes of compounds have been in contact with the glassware. 


2.3.2  Preparing Labware for Use 
If the labware is still wet, air dry or rinse three times with high purity acetone.  Just before use, rinse 
three times with methylene chloride; make sure the solvent touches all inside areas of glassware.  Pay 
special attention to thin glass tubing and ground glass joints.  The methylene chloride should be collected 
in an appropriate container for recycling or proper disposal.  Labware should then be assembled and used 
as soon as possible. 
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2.4  Interferences 
Interferences are generally minimized through the use of either sample cleanup steps or more selective 
detection systems.  Changes in extraction technique may also reduce interference.  Marine samples may 
provide a significant challenge to laboratories analyzing for trace organics because of analytical 
interferences.  Marine sediment and tissue samples may contain high concentrations of organic materials 
that coextract with the analytes of interest.  Even after exhaustive cleanup, many interferences may still 
be present.  For example, sulfur will interfere with the analysis of pesticides and PCBs.  Some 
instrumental methods are more affected by interferences than others; for example, the electron-capture 
detector is subject to electrophilic interferences.  Certain target analytes may become interferences; for 
example, PCBs at high concentration can interfere with the determination of pesticides in the same 
sample.  Also, several analytes are commonly found or used in the laboratory that may result in 
interferences. The extraction solvents methylene chloride and acetone interfere with volatiles analysis 
and bis(2-ethyl hexyl) phthalate interferes with semivolatile analysis.  Another type of interference that is 
frequently encountered for organic analysis of marine sediments is specific to the matrix.  Certain types 
of organic materials (such as sawdust) can result in a significant loss of spiked chemicals (such as 
surrogates) due to the adsorption onto the surface of the material.  A similar effect occurs for very fine 
particulate matrices like clay.  These interferences cannot be controlled through the use of clean 
environments or additional cleanups.  The end result is usually a significant elevation of achieved 
detection limits, unless alternative analytical techniques or extraction procedures are used.  The choice of 
analytical method must consider known and potential interferences.  Specific information on how to 
minimize interferences from marine samples is found in sections of this chapter that cover the 
determinative techniques. 


3.  SAFETY CONSIDERATIONS 
The laboratory must operate an active safety program.  Implementation of new methods must consider 
the hazards of those methods.  Extracts should be handled carefully due to the possible concentration of 
pollutants that may result from sample preparation.  Even ambient monitoring samples may contain 
notable concentrations of pollutants.  Health and safety issues need to be considered when choosing 
methods of analysis.  Each organization participating in a project should ensure that their activities do not 
increase the risk to humans or the environment.  When more than one method option exists, the method 
with fewer hazardous reagents, dangerous procedural steps or toxic by-products should be chosen.  Lab 
workers must be trained in safe lab techniques.  Appropriate engineering controls and personal protective 
equipment must be available and used during sample extraction, because many of the solvents used are 
flammable, toxic or carcinogenic. Glasswash cleaning areas should  have sufficient air handling systems 
to allow for safe operation during all phases of glassware cleaning.  During cleaning of labware, care 
must be taken while using acid baths.  Acid or acid fumes can cause burns to skin and eyes, thus 
concentrations of acids  and should be kept as low as feasible for decontaminating labware and sampling 
equipment. 
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4.  SAMPLE ACCEPTANCE AND STORAGE CRITERIA 
All samples must be collected and handled following a sampling plan that addresses the considerations 
discussed in Section 7, Sample Handling, of the Field Chapter (PSEP, 1996a).  All sample containers 
should be prewashed according to the methods described in Section 2.5.2 of the Field Chapter.  
Alternatively, containers may be purchased precleaned.  All samples must be preserved and stored 
according to applicable EPA approved procedures as described in the Field Chapter (PSEP, 1996a), and 
analysis must start prior to expiration of holding time. 
 
When samples are received by the laboratory, adherence to the sample acceptance requirements specified 
in the project planning document should be verified to ensure sample integrity.  The following should be 
considered: 
 
 •  Technical validity -- sample preservation and storage are appropriate for the stability of the analyte. 
 •  Chain of custody -- the personnel handling the sample are properly trained and authorized to do so; 


tampering with the sample is precluded and all sample handling is documented. 
 
In addition, the following items should be verified: sample identification (between the sample container 
and the field sheet); sample bottles; and sample receipt within holding time.  When applicable, any safety 
hazards associated with the samples should be noted, documented, and the appropriate personnel should 
be notified. 
 
Tables 2, 3 and 4 of the Field Chapter (PSEP, 1996a) summarize the appropriate sample containers, 
sample sizes, preservation techniques, storage conditions and holding times for organic analyses.  Any 
samples that are incorrectly preserved or not analyzed within holding times should be discussed in the 
narrative portion of the laboratory report, and data may need to be qualified. 
 
Water samples should be stored in the dark at 4oC until ready for extraction.  In general, samples should 
be extracted within seven days.  VOA samples should be analyzed within seven (7) days, unpreserved.  
For preserved VOA samples, follow holding time requirements listed in SW-846, Chapter 4.  Extracts 
should be analyzed within 40 days from the date of extraction.   
 
Sediment samples should be stored in the dark at 4oC, on ice, or frozen at -18oC (except for samples 
intended for volatiles analysis) until extraction.  Extracts should be analyzed within 40 days.  Analyses 
for volatile compounds should be performed within 14 days of collection, as recommended in SW-846.  
Samples to be analyzed for semivolatile organic compounds should be frozen if the analysis will not be 
performed within the recommended 14-day holding time for fresh samples.  Care must be taken with 
frozen samples to prevent container breakage by leaving headspace for the interstitial water to expand 
and by freezing containers at an angle rather than in an upright position.  Currently observed holding 
times for Puget Sound programs were established at the third annual review meeting (ARM).  It is 
recommended that holding time be as short as possible since the stabilities of some compounds are 
unknown. 
 
Information available from stability investigations provides some guidance.  For sediment samples held 
at -18oC, workshop participants discussed a general guideline of 1 year.  In an unpublished study at the 
University of Washington School of Oceanography, replicate samples of sediment homogenates were 
frozen for up to 5 years and were analyzed for hydrocarbons.  No significant differences in hydrocarbon 
concentrations were found over time.  Reproducible results have been reported by the Northwest 
National Marine Fisheries Service (Northwest NMFS) laboratory for hydrocarbons and PCB mixtures in 
frozen sediment homogenates of Duwamish River reference sediments analyzed over a period of 
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approximately 2-3 years.  Storage results over a several year period are not available for other compound 
classes, such as acid- or base-extractable organic compounds; hence, long-term storage of samples (i.e., 
>1 year) for broad-scan analyses should be undertaken with caution. 
 
Recommended holding times for frozen tissue samples have not been established by EPA, but a 1-year 
maximum holding time (similar to the sediment holding time) is recommended for Puget Sound studies.  
Extracts should be analyzed within 40 days.  Extended sample storage in a glass jar can minimize 
desiccation.  NIST is testing the effects of long-term storage of tissues at temperatures of liquid nitrogen 
(-120 to -190oC).  At a minimum, the samples should be kept frozen at -18oC until extraction.  This 
temperature will slow biological decomposition of the sample and decrease loss of moisture.  Because of 
the potential rupture of tissue cells upon freezing, liquid associated with the sample when thawed must 
be maintained as part of the sample or extracted separately and combined with the tissue extract. 


5.  METHODS OF ANALYSIS 


5.1  Method Selection 
The appendices to the QA Chapter (PSEP, 1997b) contain the relevant information necessary for a 
project manager to select an analytical method in conjunction with the laboratory.  These appendices 
contain program specific limits.  Additional program information is also included.  It is a general 
recommendation that methods based on the most recent update of SW-846 (EPA 1995), Test Methods for 
Evaluating Solid Waste, Third Edition be followed whenever possible.  SW-846 is a methods manual that 
is a “living” document.  As new data and advances in analytical techniques occur, they are incorporated 
into the manual as new or revised methods.  Although some of the broad-scan methods, such as Method 
8270 for semivolatile organics, have cited method quantification limits that are too high for use in low-
level analyses, the methods are flexible enough to allow for modifications that will make them 
appropriate for use for low-level analyses.  The Washington State Department of Ecology, Quality 
Assurance Section also accredits laboratories for these methods.  Note that throughout these guidelines, 
an SW-846 method reference refers to the latest promulgated revision of the method, even though the 
method number does not include the appropriate letter suffix. 


5.2  Method Performance 


5.2.1  Precision and Bias 
Precision is an indication of the agreement among the results of replicate measurements.  The replicate 
samples should contain concentrations of analyte above the detection limit and they may involve the use 
of matrix spikes when levels of native analytes are below the detection limit.  The most commonly used 
estimates of precision are the relative standard deviation (RSD) or the coefficient of variation (CV): 
 


 
           _ 
where x is the arithmetic mean of the xi measurements and sx is the standard deviation. 
 
For estimating precision between duplicate analyses the Relative Percent Difference (RPD) is used: 
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The standard deviation can be calculated as follows: 
 


 
 
where n is the number of measurements. 
 
Bias is described as the deviation due to a systematic error (i.e., a consistent tendency for results to be 
either greater or smaller than the true value), such as calibration error, matrix interference, inability to 
measure all forms of the analyte, analyte contamination, etc.  The deviation due to matrix effects is 
assessed by comparing a measured value to an accepted reference value in a sample of known 
concentration (such as a standard reference material) or by determining the recovery of a known amount 
of analyte spiked into a sample (matrix spike).  The bias due to matrix effects based on a matrix spike is 
indicated as: 
 
Bias = (Xs - Xu) - K, 
 
where Xs is the measured value for the spiked sample, Xu is the measured value for the unspiked sample 
and K is the known (calculated) spike amount.  Blanks can also be useful indicators for estimating bias 
due to contamination.  More information can be found in Section 5.7, Analytical QC. 
 
The percent recovery (%R) for check standard or matrix spikes is given by: 
 
%R=100(Rs/Rt) 
 
where Rs is the result for the check standard or the difference between the results for the spiked and the 
unspiked samples and Rt is the known value for the check standard or the amount of the analyte added to 
the matrix spike. 
 
Accuracy is described as the closeness of agreement between an observed value and a true or accepted 
reference value.  When applied to a set of observed values, accuracy will be a combination of a random 
(precision) component and of a systematic error (bias) component.  In general, precision and bias are 
performance characteristics of the method as used by a particular laboratory and analyst. 


5.2.2  Determining, Defining and Verifying Detection Limits 
The use of detection and quantification limits is discussed in the following sections on analytical 
methods, QA/QC procedures and reporting requirements.  To provide an appropriate context for these 
discussions, the definition of these terms is provided in this introductory section.  Discussion of detection 
limits was wide ranging at the work groups on organic compound analyses.  At a minimum, two types of 
"limits" were found to be necessary.  First, a need was expressed to provide qualitative estimates of low-
level responses that are detected at the maximum sensitivity of a method and instrument.  This need was 
addressed by defining a detection limit.  Second, a need was expressed to identify a level above which 
there is high technical confidence in the quantified result (i.e., low probability of either a false positive or 
false negative result at the limit).  This need was satisfied by defining a quantification limit.  Because of 
the varying definitions being used within EPA to define detection limits, we will keep our discussion at a 
more generic level. 
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The following definitions of limits are recommended for low-level analyses: 
 
Determinations of the detection limit should be made for a minimum of four replicate analyses to provide 
statistical data to estimate the uncertainty of the measurement.  The detection limit is estimated by 
multiplying the standard deviation of the standard solution or spiked sample responses by the appropriate 
value of the t-statistic for the number of replicate measurements and the desired level of confidence.  For 
example, at the 99% confidence level, the values of Student’s t-statistic are 4.54 for four measurements 
and 3.14 for seven measurements.  This is analogous to the method detection limit (MDL) described in 
40 CFR 136.  Note that MDL actually establishes a value that will not provide falsely positive data.  
There is no guarantee regarding the chance of reporting a false negative at the MDL. 
 
The following practical guidelines should be followed when determining detection limits: 
 
The detection limit can be estimated based on the standard deviation of low-level matrix spike responses. 
 Best professional judgment is used to adjust the detection limit upward in cases where high instrument 
precision (i.e., low variability) results in a calculated detection limit and equivalent instrument response 
less than the absolute sensitivity of the analytical instrument.  As a guideline, the detection limit may be 
adjusted upward to reduce false negatives, but results cannot be reported for values less than the 
detection limit.  When conducting full-scan GC/MS analyses, the determination of the detection limit 
requires that full spectral confirmation be met as defined by Method 8270 for semivolatiles and Method 
8260 for volatiles (EPA, 1995). 
 
The quantification limit is the minimum concentration of an analyte required to be measured and allowed 
to be reported without qualification as an estimated quantity for samples without substantial 
interferences.  The quantification limit is generally based on a value that is between 5-10 times that of the 
detection limit, considering the amount of sample typically analyzed and the final extract volume of that 
method.  The quantification limit must be greater than the detection limit.  It is suggested that the 
laboratory analyze an instrument standard at or near the quantification limit to verify the quantification 
limit of the instrument for each compound on a periodic basis.  A spiked method blank, fortified with 
analytes at or near the quantification limit, is also suggested to be analyzed on a periodic basis to verify 
the quantification limit of the method.  The laboratory may use these data to generate performance based 
control criteria.  Further guidance on generating control criteria may be found in EPA (1979) or Section 
9.3.3 in the QC section of EPA methods written in the EMMC format (EPA, 1993).  These control limits 
may be requested by project managers for inclusion in project planning documents.  Certain projects may 
require verification of regulatory action limits, and this should be addressed in the project planning 
document. 
 
At a minimum, laboratory statements of work that reference PSP&Gs for low-level analyses must specify 
the quantification limit as the maximum acceptable detection limit to be reported for samples without 
significant interferences.  Reporting requirements for detection limit and quantification limit are 
summarized in the Data Reporting Requirements section.  The detection limit and quantification limit are 
recommended for use as follows: 
 • . No concentrations should be reported below the detection limit documented for a project. 
 • . Concentrations reported between the detection limit and the quantification limit are usable after 


qualification (see Appendix A in the QA Chapter (PSEP, 1996b) for data qualifier definitions) as 
estimates below the quantification limit. 


 • . Concentrations reported above the quantification limit are usable without qualification unless 
qualification is deemed appropriate during QA review. 
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5.3  Sample Preparation 
Sample preparation for organic analyses generally involves extraction from the sample matrix followed 
by isolation and concentration of target analytes prior to instrumental analysis.  SOPs should be followed 
and all deviations noted.  Problems and unusual observations during preparation must be documented.  
The laboratory is required to record detailed notes during sample preparation and analysis to help trace 
problems or analytical anomalies.  Information regarding sample collection, preservation, amounts and 
holding times can be found in Tables 2, 3 and 4 in the Field Chapter (PSEP, 1997a).  Recommendations 
for sample preparation are presented by matrix in the following sections. 


5.3.1  Marine Water 
At present, there are no EPA approved methods intended specifically for saline water, although widely 
accepted methods have existed for some time (e.g., Strickland and Parsons, 1972; Grasshoff et al., 1983; 
and Parsons et al., 1984).  In general, it is recommended that methods from EPA (1995) be followed, 
using the most recent approved edition.  Marine water matrix is not listed specifically in the SW-846 
methods; however, this matrix is amenable to these methods. 
 
In general, the entire sample should be used for the analysis followed by at least two (2) solvent rinses of 
the sample container, which should then be combined with the extracting solvent.  The sample container 
must be solvent rinsed because many target analytes adhere strongly to glass. 
 
In general, the organic content of matter in marine water can be divided into two categories:  dissolved 
and particulate.  Particulate matter includes material having a diameter greater than 0.45 µm, whereas the 
dissolved category includes true dissolved matter and colloidal material that passes through a 0.45-µm 
membrane filter.  The determination of total concentrations (i.e., particulate plus dissolved) of individual 
compounds is relatively straight forward with regard to matrix interferences.  However, because the 
concentration of any individual compound, total or dissolved, will rarely exceed 10 µg/L (Riley and 
Chester, 1971), detection can be quite difficult.  It is normally necessary to concentrate many liters of 
sample to obtain sufficient concentrations for analysis.  The problem is exacerbated if concentrations of 
particulate analytes are to be determined. 
 
It is important to work with the laboratory and sampling team to determine the best approach for the 
analysis of marine waters.  Most analyses conducted in support of the major Puget Sound programs to 
date for analysis of saline waters have followed SW-846 Method 3520, Continuous Liquid-Liquid 
Extraction.  Method 3510, Separatory Funnel Extraction, is an acceptable alternative, although analyte 
recoveries may not be as complete compared to Method 3520.  Modifications to these methods may be 
necessary to achieve low-level detection limits, such as reducing the suggested final volumes cited by the 
method or possibly increasing the sample size. 
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5.3.2  Sediment 
It is extremely important that the sample be clearly defined prior to starting the analysis.  In general, 
current references recommend that excess or overlaying water in a sample be decanted prior to 
subsampling (EPA, 1987; EPA, 1994; EPA, 1995).  For some projects, the concentration of analytes in 
the interstitial water associated with the solid phase may be of interest (e.g., oiled sediments).  Decanting, 
centrifugation and discarding this water may bias the results.  If concentrations in the whole sample (i.e., 
including interstitial water) are of interest, the decanted water should be extracted as a liquid sample and 
the resulting extract combined with the sediment extract (EPA, 1987).  Alternatively, the overlaying 
water in the sample can be mixed into the sediment prior to subsampling.  The desired procedure should 
be specified in the project planning document to ensure the generation of data appropriate to project 
goals.  If samples are decanted, this should be reported with the final data and the percent solids should 
be determined on a decanted sample. 
 
Most analyses of marine sediments conducted to date in support of the major Puget Sound programs (see 
the QA Chapter, PSEP 1997b, Section 1) have followed SW-846.  Method 3540, Soxhlet Extraction, is 
the recommended extraction procedure for marine sediments.  Method 3550, Sonication Extraction, is an 
acceptable alternative; however, the laboratory must confirm that recoveries are equivalent to Method 
3540.  Modifications to these methods may be necessary to achieve low-level detection limits, such as 
reducing the suggested final volumes cited by the method and/or starting with larger sample sizes.  All 
sediment samples being analyzed for semivolatile organics must be subjected to Method 3640, Gel-
Permeation Chromatography (GPC).  Alumina or Florisil cleanups (Methods 3610 and 3620, 
respectively) should be performed for analyses of pesticides and PCBs.  For PCBs alone, a strong 
acid/oxidizer cleanup of the final extract can be employed using Method 3565.  Pesticide analysis may 
also require that sulfur be removed from the sample extract prior to GC/ECD analysis.  This can be done 
using Method 3660, Sulfur Cleanup. 
 
Preparation of elutriates should follow the U.S. Army Corps of Engineers’ Dredge Material Test Manual 
(EPA, 1994). 


5.3.3  Tissue 
Low-level analyses should have quantification limits of 20-100 µg/kg (wet weight) for acid/base/neutral 
compounds, 0.1-2 µg/kg (wet weight) for most pesticides, and 1-5 µg/kg (wet weight) for PCBs.  Tissue 
extracts contain high concentrations of lipids and require a reduction in the levels of biological 
macromolecules by GPC or HPLC prior to analysis. 
 
Tissue samples must be homogenized prior to extraction to ensure that aliquots for analysis are 
representative of the organism and to improve extraction efficiency.  If samples are to be analyzed for 
other parameters, in addition to organics, consider the contamination issues for sample handling of all 
parameters during the homogenization step.  Thaw frozen samples immediately before homogenizing.  
When homogenizing the samples, include any liquid that is present with the sample.  Minimize the 
sample handling during this step to reduce the risk of contamination.  When possible, homogenize the 
sample in the sampling container.  Tissue grinders or homogenizers (see below) are commercially 
available.  For organic analysis, choose a grinder with blades made of titanium, tantalum or high quality 
stainless steel.  A Waring type blender with stainless steel blades and an glass jar can be used.  A rinsate 
blank should be collected from the homogenization apparatus to verify that decontamination procedures 
are sufficient.  The sample should be homogenized to a paste-like consistency.  Larger samples may be 
cut into 2.5 cm cubes with titanium or high quality stainless steel knives before grinding.  No chunks 
should remain in the sample because these may not be extracted or digested efficiently.  Homogenized 
samples must be stored frozen, thawing only for analysis. 
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There are times when the amount of sample available may be severely limited, such as with organ tissue. 
 If this is the case, it is particularly important to conserve sample during the homogenization step.  
Choose a grinder that is designed for small sample sizes and homogenize the sample in the original 
sample container to avoid losing sample in the process of transferring sample from one container to 
another.  In addition, it may be necessary for the project manager to assign priority of analyses when 
sample size is limited. 
 
Generally, a laboratory sample of approximately 30 grams (wet weight) is adequate to attain the 
recommended detection limit and quantification limit for full-scan GC/MS analyses using standard 
instrumentation.  Sensitivity can be improved by decreasing the final extract volume from 1.0 to 0.5 mL 
and increasing the GC/MS injection volume from 1 to 2 µL.  A smaller sample size (e.g., 3 grams) may 
be adequate if the instrument sensitivity (including alternatives to GC/MS, such as analysis of 
chlorinated benzenes by GC/ECD) or extract volume can be adjusted appropriately.  Small sample sizes 
may adversely affect the detection limits that can be attained; conversely, large sample sizes may result in 
interferences from lipid materials that must be removed.  The analyst should be cautioned that by 
increasing sample size and/or injection volumes and concentrating sample extracts will enhance 
analytical interferences in approximately the same proportion.  Collection of at least 100 grams (wet 
weight) is recommended for samples that must be analyzed in duplicate.  Note that tissue detection limits 
in this document (referenced above) are listed on a wet-weight rather than dry-weight basis. 
 
Some laboratories preprepare the samples prior to extraction by grinding and homogenization (e.g., with 
a Tekmar Tissumizer® or a Waring type blender) with sodium sulfate to dry the tissue samples.  It also 
helps macerate the tissue and helps produce a paste that is readily extracted.  Cleaned sand can also be 
used for maceration.  If tissues are dried with sodium sulfate without solvent present, extreme care must 
be exercised to avoid loss of analytes from volatilization (e.g., analytes as volatile or more volatile than 
phenanthrene).  Other laboratories (e.g., EPA Manchester) combine the grinding and homogenization 
with the extraction and do not dry the tissue. 
 
Once a sample has been homogenized and dried with sodium sulfate, Method 3540, Sohxlet Extraction, 
or Method 3550, Sonication Extraction, can be used for extraction.  For Method 3550, it is recommended 
that an icebath be used to prevent sample heating and a possible subsequent loss of the more volatile 
analytes.  As previously mentioned, Method 3660, Gel-Permeation Chromatography, must be used to 
cleanup tissue extracts.  It can be helpful to take the extract immediately prior to GPC and cap and freeze 
it at 4oC overnight, then filter.  This allows excess lipids to drop out of solution, reducing the risk of GPC 
clogging.  Note that it is not recommended to use any of the strong acid cleanups for tissue extracts due 
to emulsion formation.  It is highly recommended to use Florosil or Alumina to clean up adipose tissue 
extracts, in addition to GPC, when analyzing for pesticides. 


5.4  Instrumental Analysis 
Each of the methods listed in Table 2 has specific QA/QC requirements.  In some cases the method also 
includes a required cleanup or sample preparation (e.g., Method 8290).  At a June 1995 workshop of 
laboratories, it was agreed that regardless of the matrix for a particular sample, once it has been 
extracted, cleaned up and concentrated, the determinative method would remain the same.  A specific 
method should be outlined in the project planning document.  There should be adequate dialogue with the 
laboratory to ensure method selection to best meet the detection limit and QC requirements for the 
project.  This should include a discussion of the tradeoffs between lower detection limits and selectivity 
among the various methods, especially for those compounds addressed by more than one method.   
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TABLE 2 
RECOMMENDED DETERMINATIVE METHODS 


 
SW-846 Determinative Methods1 Analytes 
8021 Volatile Organics by GC ELCD/PID 
8040a Chlorinated phenols by GC/ECD 
8061 Phthalate esters by GC/ECD 
8081 Organochlorine pesticides and PCBs 
8121 Chlorinated hydrocarbons by GC/ECD 
8151 Chlorinated acid herbicides by GC/ECD 
8260 Volatile organics by capillary GC/MS 
8270 Semivolatile organics by capillary GC/MS 
8290 Dioxins by high resolution GC/MS 
9060b Total Organic Carbon 
Additional non-SW-846 Methods  
EPA 1613 Dioxins by high resolution GC/MS 
EPA 1625c Semivolatile organics by isotope dilution 
EPA 1653 Chlorinated phenols, Guaiacols and Catechols 
EPA 1668 Draft Coplanar PCBs by high resolution GC/MS 
Organics Chapter PSEP 1996 Organotins 
Standard Method 5310Bb Total Organic Carbon 
  Notes: 
  1.  Note that throughout these guidelines, an SW-846 method reference refers to the latest promulgated revision of the 


method, even though the method number does not include the appropriate letter suffix. 
  a.  Note that only the section of 8041 addressing the derivatization of the chlorophenols and the subsequent analysis by 


GC/ECD is appropriate for use on low-level marine samples. 
  b.  See Appendix D for specific modifications that are required to use these methods. 
  c.  Method 1625 is not currently being requested for most of the major programs in Puget Sound on a routine basis.  Few 


laboratories are currently capable of performing the test due to the high cost of materials associated with this analysis.  It is 
recommended that Method 1625 only be used for projects where previous samples have been analyzed by that method. 


 
Because certain programs (e.g., SMS) require final results that are normalized to sample TOC 
concentrations, meeting the program detection limits can be a challenge.  WDOE has issued several 
guidance papers or Technical Information Memorandums (e.g., Michelsen, 1992) regarding organic 
carbon normalization of sediment data.  The memorandum is presented as Appendix D of this chapter to 
provide additional clarification and guidance. 
 
Laboratories have been forced to either employ the more sensitive, but less specific, GC analyses (e.g., 
Method 8121 for the dichlorobenzenes) or use a GC/MS technique known as selective ion monitoring 
(SIM).  Currently there is very little EPA guidance on using GC/MS SIM as a determinative technique. 
Appendix B presents a recommended approach for SIM, and Appendix A shows the currently 
recommended method for organotins. 
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5.5  Additional Techniques 
There are several new techniques that should be mentioned.  These have only been employed on a 
relatively small number of projects in the Puget Sound; however, Method 4000, Immunoassay Analysis, 
and Method 3535, Solid Phase Extraction (SPE), offer options to help reduce solvent usage and costs  for 
the analysis of aqueous samples.  These alternate approaches may also help to reduce detection limits. 
When using these methods consider and account for data needs, noting whether dissolved or particulate 
data are needed.  For sediments, Method 3545, Accelerated Solvent Extraction has shown promise to 
maintain or improve on extraction efficiencies, while greatly reducing solvent volumes and extraction 
times. 


5.6  Calibration 
The procedure used for calibration of analytical instruments affects the accuracy of analytical results.  
Calibration, in this section, refers to determination of the response of the instrument across a range of 
concentrations for each analyte of interest (initial calibration).  Additionally, continuing calibration 
verification, action limits and corrective action are discussed.  A distinction should be made between an 
internal standard versus an external standard with regards to definitions of factors.  In an internal 
standard technique the use of the term RF or response factor is used--the CLP will use the term RRF for 
relative response factor.  For an external standard technique the term CF or calibration factor is used. 
 
For GC/MS, the instrument must pass mass spectrometer tuning criteria prior to analysis of any 
standards.  The tuning criteria can be found in the specific GC/MS methods in SW-846. 
 
For GC analyses of pesticides a column degradation check using endrin and DDT should be performed 
prior to analysis of standards.  The specific performance criteria can be found in Method 8081. 
 
In general, follow the calibration requirements set forth in the specific SW-846 method that will be used. 
 Special calibration requirements of projects requiring low-level analyses should be addressed in the 
project planning document after consultation with the laboratory. 


5.6.1  Initial Calibration 
Both external standard calibration and internal standard calibration procedures are used for organic 
analyses.  External standard calibration involves the analysis of standard solutions, independent of the 
samples, to determine the relationship between instrument response and concentration for the substance 
being measured.  Internal standard calibration is a procedure in which the instrument response from each 
analyte is determined relative to the responses from one or more internal standards added to every 
standard.  An ideal internal standard is a compound with chemical and physical properties similar to 
those of the analyte, but is not likely to be found in the sample.  The internal standard method of 
calibration is recommended, when available. Internal standards are specified in the analytical methods. 


5.6.1.1  Frequency 
Equipment should undergo initial calibration at the beginning of the project before any samples are 
analyzed, after each major equipment disruption, and any time continuing calibration does not meet 
criteria.  RF or CF values must be determined for at least five concentration levels.  The standard 
concentrations tested should encompass the range of expected sample concentrations.  The lowest 
standard in this curve should be analyzed at an on-column concentration equivalent to the quantification 
limit for the sample set.  Note that SW-846 allows for the construction of calibration curves other than an 
average response type.  Refer to the specific SW-846 method or Method 8000 for guidance. 
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5.6.1.2  Action Limit 
Refer to the specific SW-846 method for a detailed discussion of requirements.  For most compounds, 
action limits are based on the variation among the RFs or CFs calculated during the initial calibration.  
The percent relative standard deviation (RSD) obtained from the RF in the initial calibration will have 
specific limits as stated in the method being followed.  In general, internal standard methods have a 30% 
RSD requirement and external methods have a 20% RSD requirement.  However, for the GC/MS 
methods the general RSD criteria is 15% to show sufficient linearity to employ an average response 
factor, if the RSD of any compound is greater than 15%, see Section 7 in Method 8000 for options on 
dealing with other calibration approaches.  Note that certain compounds (i.e., the Calibration Check 
Compounds or CCCs and the System Performance Check Compounds or SPCCs) have specific 
performance requirements that must be met, otherwise the curve will be rejected.  If other than an 
average response is used for calibration, refer to the specific SW-846 method or Method 8000 for 
guidance. 


5.6.1.3  Corrective Action 
Failure to meet calibration requirements before analysis of samples may be cause for data qualification or 
even omitting the data from regional databases.  Note that in a multianalyte method, failure to meet the 
calibration requirement for a small percentage of analytes should not be cause to omit the entire analysis 
for a sample from the database.  Omission should be determined on an analyte by analyte basis. 
 
Initial calibration results within acceptable limits must be verified prior to the analysis of samples.  
Summary data documenting initial calibration and any episodes requiring recalibration and the 
corresponding recalibration data should be maintained with the analytical results (see Section 6). 


5.6.2  Continuing Calibration Verification 
Ongoing single-point calibration verification is used to check that the original calibration curve continues 
to be valid.  It is acceptable to use the continuing calibration verification standard to quantify subsequent 
analyses when a response factor is used; however, consideration should be made as to possible 
quantatation bias created by this approach.  On the other hand, calibrating with the ongoing single-point 
calibration verification allows for daily instrument variation to be taken into consideration. 


5.6.2.1 Frequency 
For GC/MS analyses, calibration should be checked at the beginning of each analytical instrument 
sequence , and at least once every 12 hours of analysis. 
 
For GC/ECD analyses, calibration should be checked at the beginning of each analytical instrument 
sequence, every 12 hours (or every 10 samples, whichever is less frequent) and after the last sample of 
each analytical instrument sequence. 
 
For internal standard analyses, all area counts for the internal standard in each sample analysis should be 
compared to the internal standard area counts in the ongoing calibration verification check standard. 
 
For additional guidance regarding continuing calibration verification, refer to the specific SW-846 
method or Method 8000. 
 
On a periodic basis, a standard should be analyzed at or near the quantification limit to verify the 
instrument’s performance.  Specific criteria may be developed by the laboratory to indicate if the 
instrument is in control.  Additional requirements may be outlined in the project planning document, but 
should be done after substantial discussion with the laboratory. 
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5.6.2.2  Action Limit 
The continuing calibration RF or CF determined for specific compounds should meet the following 
action limits:  1) the CF determined for PCB and pesticides analyzed with GC/ECD should be within 
15% of the initial calibration CF; 2) those semivolatile and volatile compounds (CCCs) that must meet 
the ongoing calibration 20% control limits can be found in Methods 8270 and 8260; and 3) the 
endrin/DDT column degradation check should be less than 20% for either endrin or DDT and the total 
must be less than 30%.  For more guidance regarding continuing calibration verification action limits, 
refer to the specific SW-846 method or Method 8000. 


5.6.2.3  Corrective Action 
If the action limit is not met, the initial calibration will have to be repeated.  Samples analyzed after a 
continuing calibration verification that has not met action limits should be reanalyzed under acceptable 
conditions.  For more guidance regarding continuing calibration verification corrective actions, refer to 
the specific SW-846 method or Method 8000.  Note that in a multianalyte method, failure to meet the 
calibration verification requirement for a small percentage of analytes should not be cause to omit the 
entire analysis for a sample from regional databases.  Omission should be determined on an analyte by 
analyte basis. 


5.7  Analytical Quality Control 
Chapter one of SW-846 includes specific recommendations for QC samples, control limits and corrective 
actions.  In choosing an approach to analytical QC, a laboratory should keep in mind that QC sample 
results help define both method performance and data quality.  The appropriate level of QC for a given 
set of samples is dependent upon the challenges posed by the complexity of the analytical method, the 
sample matrix and the detection limit requirements of the project.  In addition, the end use of the data can 
determine QC sample type and frequency, calibration requirements, control limits and the corrective 
actions.  The QC required for a project must also account for eventual program driven data qualification. 
 Appendix C to the QA Chapter (PSEP, 1997b) summarizes many of the program specific requirements 
for QC. 
 
EPA methods (1600 series) that follow the EPA Environmental Methods Management Council’s Format 
for Method Documentation (distributed by EPA Environmental Monitoring Management Council, 
Washington, DC, Nov. 18, 1993) are performance-based and include comprehensive QC procedures and 
acceptance criteria.  These QC procedures provide useful guidance for implementation of new methods. 
 
All quality control data should be maintained and available for easy reference or inspection.  Following 
is a summary of minimum required QC sample types and control limits for organic analysis.  A tabular 
summary of QA/QC frequencies can be found in Table 3 at the end of this section.   
 
Note that this section on analytical QC is not intended to provide criteria that are more lenient or rigorous 
than the published methods.  It should be used to provide guidance when the corresponding level of detail 
is not available.  This section can also be used to guide project planning.  It is recommended to use the 
guidance in the following order: 
 
 • . use any changes as described in the project planning document, 
 • . use program requirements when available, 
 • . use the method as prescribed. 
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5.7.1  Method Blanks 
Method blanks are analyzed to assess possible laboratory contamination of samples associated with all 
stages of preparation and analysis of sample extracts.  Contamination is of concern because it can result 
in false positive results (i.e., erroneous reports of the compound as present in the sample) or 
overestimates of sample concentrations.  Alternatively, it is possible that method blanks could incorrectly 
indicate contamination to be present in a sample.  If analyte data are incorrectly rejected on the basis of 
positive method blank results, then a false negative result would occur.  Protection against false positive 
results is given greatest weight in programs that generate data for possible use in litigation. 


5.7.1.1  Frequency 
At a minimum, one method blank should be run for every extraction batch (or for volatile compound 
analyses, every 12 hours or for every analytical instrument sequence, whichever is more frequent). 


5.7.1.2  Action Limits 
The action limit for a contaminant is reached when its concentration in a blank exceeds the quantification 
limit. 


5.7.1.3  Corrective Action 
If action limits are exceeded, analyses should be halted until the contaminant source is eliminated or 
greatly reduced, or the data recipient has been notified and an acceptable plan of action has been 
determined. 
 
Laboratories should report original sample data without blank correction and should report data for all 
method blanks such that the contribution to associated samples can be determined. 
 
The following compounds are some of the common laboratory contaminants that often appear in method 
blanks:  methylene chloride, acetone, toluene, 2-butanone and selected phthalate esters, including bis(2-
ethylhexyl) phthalate, butyl benzyl phthalate and di-n-octyl phthalate. 


5.7.2  Surrogate Spike Compounds 
A surrogate is a type of check standard that is added to each sample in a known amount prior to 
extraction or purging.  The surrogate is not one of the target compounds for the analyses, but should have 
analytical properties similar to those compounds.  Because surrogate spikes are the only means of 
checking method performance on a sample-by-sample basis, they are required for all methods except 
isotope dilution methods. 


5.7.2.1  Compound Type 
A minimum of six surrogate standards should be added to each sample (three neutral and three acid 
compounds) when analyzing for semivolatile organic compounds.  These surrogate standards should 
cover a wide elution range and include one of the more volatile compounds (e.g., d5-phenol) as well as a 
degradable PAH [e.g., d12-perylene or d12-benzo(a)pyrene].  Three surrogate spikes are required for the 
analysis of volatile compounds. 
 
Surrogates need not be isotopically labeled.  They need only be compounds that are physically and 
chemically similar to the analytes.  Surrogates should be compounds not expected to be present in the 
samples and should not interfere with target compounds during analysis. 
 
At least one surrogate compound is required as a check on recovery of pesticides and PCB mixtures.  
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This compound must be well-resolved from other peaks, must not co-elute with any PCB or pesticide 
analyte and should behave similarly to the analytes.  This surrogate will likely not be a perfect 
PCB/pesticide analog.  Possible standards are dibutylchlorendate, hexabromobenzene, 
decachlorobiphenyl (used by EPA/WDOE Manchester Laboratory and Metro ), 
dibromooctafluorobiphenyl (used by Northwest NMFS and by EPA/WDOE Manchester laboratory) and 
isodrin (the endo-endo isomer of aldrin), in addition to the compounds cited in SW-846. 


5.7.2.2  Frequency 
Surrogate spikes should be added to each sample, blank and QC sample, unless the isotope dilution 
technique is used. 


5.7.2.3  Action Limits 
The action limits in SW-846 are recommended for use in evaluating surrogate recoveries.  Laboratories 
are encouraged by SW-846 to evaluate the performance of their own method and establish empirical 
limits.  The SW-846 limits are only valid if surrogates are added at the concentrations specified in the 
methods. 


5.7.2.4  Corrective Action 
Corrective actions should be outlined in the project plan and should involve consultation with the 
laboratory.  The corrective actions specified in SW-846 should be followed when action limits for 
surrogate recoveries are exceeded. 
 
Percent recovery values for all surrogate compounds analyzed in sample and method blanks should 
accompany all data.  Data are not to be recovery corrected. 


5.7.3  Analytical Replicates 
Analytical replicates provide precision information on the actual samples.  Replicate analyses are useful 
in assessing potential sample heterogeneity and matrix effects.  In most cases, duplicates are sufficient 
when using a protocol that is well proven in the laboratory.  Replicates may be taken in the field (i.e., 
multiple samples collected at the same sampling site) or may be a sample that is subsampled by the 
laboratory to create a repeated analysis.  These guidelines are intended to be used for laboratory 
replicates.  Because precision can only be estimated from positive results, the project manager should 
inform the laboratory which samples to analyze in replicate if there is preliminary information as to 
which samples are likely to contain measurable levels of the analytes. 


5.7.3.1  Frequency 
If 1-20 samples are submitted for analysis, at least one laboratory replicate should be analyzed. If more 
than 20 samples are submitted one replicate should be run for each 20 samples.   Note that some 
programs require analysis of a triplicate measurement.  Some programs also allow the matrix spike 
duplicate to serve as the analytical replicate. 
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5.7.3.2  Action Limits 
Based on data of Horwitz et al. (1980), who charted interlaboratory precision as a function of 
concentration, a 30 percent coefficient of variation (a statistical measure of precision) is expected for 
concentrations ranging between 1 and 50 µg/kg dry weight.  Extensive discussion of precision 
requirements occurred at a Puget Sound organics workshop in 1985 and in subsequent work sessions.  
Based on professional judgment of analysts and regional program managers in attendance, it was decided 
that a difference of no more than a factor of 2 among replicates would be the basis for the laboratory 
action limit (i.e., approximately 50 percent coefficient of variation).  Exceedance of the action limit 
would require automatic reanalysis to confirm the results.  In the case where results are below the 
quantification limit, qualification of data may be appropriate for action level exceedances, however, 
rejection of data may not be appropriate due to the inherent variability of results below the quantification 
limit.  There was discussion about easing the action limit if the results were well beyond some regulatory 
guideline for acceptable contamination, and tightening the action limit if the results were close to some 
regulatory guideline.  However, most data will have multiple uses and adjustable limits will be difficult 
to apply as a laboratory control. 


5.7.3.3  Corrective Action 
If results fall outside the action limit for more than two compounds, a repeat analysis is required to 
determine the origin of the problem before any data can be reported.  If results continue to exceed action 
limits, subsequent corrective action is at the discretion of the program manager or project coordinator. 
 
A discussion of the results of duplicate sample analysis should include probable sources of laboratory 
error and an assessment of natural sample variability.  When data are qualified on the basis of duplicate 
results, rationale for assigning the data qualifier should be provided. 


5.7.4  Matrix Spikes 
Percent recoveries of matrix spikes are commonly reported by laboratories, and matrix spikes are 
required by SW-846.  Matrix spikes should include a wide range of representative analyte types 
(preferably all analytes).  Compounds should be spiked at about five times the concentration of 
compounds in the sample or five times the quantification limit. 
 
Note that for several of the major programs in the Puget Sound region, all target analytes must be spiked. 
 The results are subsequently used to qualify associated samples.  See Appendix C Table C-2 (frequency 
of QC) and Table C-3 (data qualification) of the QA Chapter (PSEP, 1997b) for additional guidance. 
 
Spiking concentrations that are low relative to sample concentrations increase random error in the 
determination of the percent recovery.  Anomalous matrix spike recoveries may result from random error 
in measurement rather than interference or matrix effects, and therefore poor results alone should not be 
cause for data qualification.  Spiking the matrix samples at excessively high concentrations  may reduce 
their value for elucidating the effects of the matrix on the pollutants that may be present in the sample. 
 
For comparison, Method 8270 spiking levels for sediments result in approximately 100 ng on-column for 
organic base/neutral compounds and 200 ng on-column for organic acids, assuming a one-mL final 
dilution volume, 100 percent recovery and undetected concentrations in the unspiked sample.  These 
levels represent approximately 6,700-13,000 µg/kg dry weight assuming a 30-gram sediment sample with 
50 percent moisture. 
 
The same spiked amount in a 100-gram sample with 50 percent moisture would result in approximately 
2,000-4,000 µg/kg dry weight concentrations under the same assumptions for other variables.  This 
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spiking level would be approximately 40-80 times a detection limit of 50 µg/kg dry weight for SW-846 
procedures (i.e., assuming lowest calibration at 10 ng on-column and 0.5-mL final dilution volume). 


5.7.4.1  Frequency 
If fewer than 20 samples are submitted, at least one matrix spike (MS) and one matrix spike duplicate 
(MSD) should be run.  If 20 or more samples are submitted, one matrix spike and one matrix spike 
duplicate should be run for each 20 samples.  Note that some programs allow an MS/MSD pair to be used 
as a sample replicate. 


5.7.4.2  Action Limits 
Recovery of greater than 50 percent and less than 150 percent of matrix spike compounds accompanied 
by good precision (RSD less than 50 percent) is considered to be acceptable.  Low matrix spike 
recoveries may result from matrix interferences in the sample.  The high component of random error in 
the recovery value makes it a poor indicator of bias.  Therefore, poor results alone should not be cause 
for data qualification.  Rigorous control limits for qualifying data are not recommended because of the 
potential difficulty in determining when matrix spike results indicate bias due to sample interferences 
rather than the expected random error of the difference between sample results before and after spiking 


5.7.4.3  Corrective Action 
In the event of poor matrix spike performance, alternative QA measures should be considered before any 
associated sample data are qualified as estimates or underestimates, or in very extreme cases, rejected.  
These measures include results of reference material analyses, surrogate recoveries and the physical 
percent recoveries of internal standards.  Professional judgment must be used to determine which 
samples should be associated with each matrix spike analysis.  An explanation of low percent recovery 
values for matrix spike results should be discussed in the case narrative accompanying the data package. 
 
Concentrations of compounds in contaminated urban bay samples often exceed reference area 
concentrations by 10-100 times, and they may even exceed the upper calibration range of the method.  
Ideally, matrix spike results would be obtained for a range of sample types, from reference sediment to 
highly contaminated samples.  Given limited resources, it is probably of greater value to assess possible 
interferences in moderately contaminated samples than in reference area samples. 


5.7.5  Spiked Method Blanks 
Spiked method blanks (SMBs), sometimes called check standards or laboratory control samples (LCS), 
are method blanks spiked with surrogate compounds and analytes.  Such samples are useful in verifying 
acceptable method performance prior to and during routine analysis of samples.  Spiked method blanks 
do not take into account sample matrix effects, but can be used to identify basic problems in procedural 
steps.  Spiked method blanks can also provide minimum recovery data when no suitable RM is available 
or when insufficient sample size exists for matrix spikes.  Target analyte compounds and surrogate 
compounds should be added to a method blank prior to extraction.  SMBs should be spiked at the same 
level as the matrix spike. 


5.7.5.1  Frequency 
If fewer than 20 samples are submitted, at least one spiked method blank should be run.  If 20 or more 
samples are submitted, one spiked method blank should be run for each 20 samples. 
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5.7.5.2  Action Limits 
The action limits used for matrix spikes in the same set of data are recommended for use in evaluating 
spiked method blank recoveries.  If possible, action limits can be developed from historical data by the 
laboratory. 


5.7.5.3  Corrective Action 
Spiked Method Blanks are not currently used to qualify data for Puget Sound programs.  However, they 
provide valuable method performance information.  In instances where an SMB exceeds control limits 
for multiple compounds, and other QC sample information indicates that the method has also not 
performed for samples, corrective action (including reextraction of associated samples) is recommended. 
 
Data should be reported for blank spike analyses in the same manner as matrix spike results. 


5.7.6  Reference Materials 
The following definitions of reference materials will be adhered to throughout these guidelines: 
 
 • . Reference Material (RM)—A material or substance, one or more properties of which are sufficiently 


well established to be used for the calibration of an apparatus, the assessment of a measurement 
method, or for assigning values to materials. 


 • . Certified Reference Material (CRM)—A reference material, one or more of whose property values are 
certified by a technically valid procedure, accompanied by or traceable to a certificate or other 
documentation that is issued by a certifying body (e.g., National Research Council of Canada, 
National Institute of Standards and Technology).  A standard reference material (SRM) is a CRM 
issued by the National Institute for Standards and Technology. 


 
A list of vendors and suppliers of reference materials can be found in Appendix C in this chapter. 
 
RM and CRM provide information on the accuracy (i.e., how near the measurement is to its true value) 
as opposed to precision (i.e., how near replicate measurements are to each other).  When analyzed in 
replicate, RM and CRM provide information on both accuracy and precision for a particular matrix type. 
 Routine analysis of the regional reference material (RRM) for Puget Sound sediment is recommended to 
provide data for interlaboratory comparisons. 


5.7.6.1  Frequency 
If five or fewer samples are submitted for analysis, one RM (or CRM, if available) is recommended, at 
the discretion of the project coordinator.  If analysis of an available reference material is not included, the 
data may be qualified before entry in regional databases.  If 6-50 samples are submitted, at least one RM 
should be analyzed.  For submittals of more than 50 samples, one RM should be analyzed for each 50 
samples. 


5.7.6.2  Action Limits 
Action limits are only appropriate for analysis of CRM (i.e., action limits are not recommended for RM 
analyses).  Follow the limits specified from the supplier of the CRM, where possible.  If CRM are 
unavailable, control limits may not be appropriate, but analyses of RM can still be used to assess overall 
accuracy or method bias (in conjunction with matrix spikes and surrogate compounds). 
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5.7.6.3  Corrective Action 
It is recommended that the CRM, if available, be analyzed prior to analysis of any samples.  If values are 
outside the action limits, the CRM should be reanalyzed to confirm the results.  If the values are still 
outside action limits in the repeat analysis, the samples may be analyzed and reported with statements 
that describe the possible bias of the results in the cover letter accompanying the data.  Alternatively, the 
laboratory may be required to repeat the analyses until action limits are met before continuing with 
sample analyses.  Determination of the appropriate corrective action is the responsibility of the program 
manager or project coordinator and should be specified in the project planning document. 
 
The laboratory should keep a running record of results obtained for each analysis of a CRM.  Observed 
results should be compared to the mean provided by the originator of the CRM, the observed mean 
obtained from repeated analyses by the laboratory and acceptable range limits.  Minimum reporting of 
RM results with laboratory data should include observed and expected values and the acceptable range 
limits.  The steps for corrective action and observed bias relative to existing CRM values should be 
reported and discussed in the cover letter. 


5.7.7  Control Limits 
Control limits for analytical QC samples are described above.  Project planning documents may specify 
control limits that are different from these, when appropriate, and project managers must develop project 
specific control limits in consultation with the laboratory.  For example, a program may require 
laboratory results for an analyte that is not routinely measured and best available technology for that 
analyte may not be well demonstrated or documented. 


5.7.8  Corrective Actions 
The analyst is responsible for monitoring the analysis and troubleshooting problems as they occur.  It is 
important to identify potential analytical problems as soon as possible so that corrective actions can be 
taken prior to the expiration of holding times.  It is the responsibility of the laboratory to communicate 
analytical problems to the project manager during the analysis so that the project manager may have 
input into the course of corrective action.  This communication is important when the laboratory is 
experiencing difficulty in meeting any project specific requirements, including detection limits.  When 
reasonable corrective actions do not bring QC sample results into control, resulting data may need to be 
qualified, depending upon specific project requirements as documented in the project planning document. 
 It is important for the laboratory and the project manager to agree on what constitutes reasonable 
corrective actions, acceptable data and the appropriate circumstances for data qualification. 
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TABLE 3 
SUMMARY OF QUALITY CONTROL SAMPLES 


 
Analysis Type1 Recommended Minimum Frequency of Analysis2 
Surrogate spikes Required in every sample and QC: 


Semivolatiles:  3 for neutral fraction + 3 for acid fraction 
Volatiles:  3 
Pesticide/PCB:  1 preferably 2 


Method blank Semivolatiles:  one per extraction batch 
Volatiles:  one per extraction batch or one per 12-hour shift, 
                  whichever is more frequent 


Reference materialsa �50 Samples:  one per set of samples submitted to laboratory 
>50 Samples:  one per 50 samples analyzed 


Replicate analysesb �20 Samples:  one duplicate per set of samples submitted to the laboratory 
>20 Samples:  5 percent of total number of samples 


Matrix spikes �20 Samples:  two per set of samples submitted to laboratory 
>20 Samples:  additional MS/MSD pair for a minimum of 10% spikes 


Spiked method blanks �20 Samples:  one per set of samples submitted to laboratory 
>20 Samples:  additional spike for a minimum of 5% spikes 


Field replicates At the discretion of the project coordinator 
Field Blanks At the discretion of the project coordinator 


Notes: 
1.  The definition of each type of quality control sample is given in the Section 5.7 of this chapter. 
2.  Some programs may require higher levels of effort.  See Section 5.7 of this chapter for full descriptions of recommended 
frequencies. 
a.  As available, see Appendix C of this chapter.  If available, certified reference materials should be used. 
b.  Some programs allow the matrix spike duplicate to serve as the analytical replicate. 
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6.  REPORTING AND DELIVERABLES 
Specific deliverable requirements must be outlined in the project planning document.  Care must be taken to ensure 
that deliverable requirements meet project data use goals. At a minimum, the laboratory should provide a data report 
that includes analytical results, a tabular summary of associated QC results and control ranges, and a cover letter that 
references or describes the analytical procedure(s) and discusses any analytical problems.  The following sections 
describe recommended deliverables to be included in laboratory reports. 


6.1  Recommended Deliverables for Organic Analyses 
 • . Date of extraction and analysis; 
 • . Tabulated sample results with units, including reporting basis (e.g. wet, dry, TOC normalized); 
 • . Summary of extraction procedure; 
 • . Detection limits, including both quantification limits and statistically derived detection limits; 
 • . Quantification of all analytes in method blanks and association of method blanks with each sample; 
 • . Tentatively identified compounds (if requested) and methods of quantification; 
 • . Summary of results and control limits for all QC analyses performed by the laboratory, such as spikes, 


surrogates, duplicates and CRMs; 
 • . Explanations for all data qualifications; 
 • . Reference method and 
 • . Explanations for all departures from the analytical protocols and discussion of possible effects on the 


data. 


6.2  Backup Documentation 
All laboratories are required to submit results that are supported by sufficient backup documentation, 
maintained at the laboratory, and quality control results to enable independent QA reviewers to evaluate 
data quality and reconstruct final results from the raw data.  Legible photocopies of original data sheets 
should be available from the laboratory with sufficient information to unequivocally identify the 
following items: 
 • . calibration results; 
 • . method blanks; 
 • . samples, sample sizes and dilution factors; 
 • . replicates and spikes, including amount spiked; 
 • . control or reference samples; 
 • . chromatograms; 
 • . GC/MS tuning documentation; 
 • . GC/MS supporting spectra; 
 • . chain of custody and sampling records and 
 • . any anomalies in instrument performance or unusual instrument adjustments. 
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7.  GLOSSARY 
Accuracy - The agreement between an analytical result and the true value.   
 
Action Limit - In Puget Sound programs, a value for results of a QC analysis for which data returned by 
a laboratory are subjected to qualification before inclusion in a regional database.  Also, data obtained 
when a system or method is not in control may be omitted from a regional database. Note that in a 
multianalyte method, failure to meet the calibration requirement for a small percentage of analytes should 
not be cause to omit the entire analysis for a sample from the database.  Omission should be determined 
on an analyte by analyte basis.  Action limits and appropriate corrective actions are specified 
contractually. 
 
Analyte - That which is analyzed. 
 
Assessment - The evaluation process used to measure the performance or compliance of sampling and 
analysis activities. 
 
Audit - A systematic and independent examination to determine whether sampling and analysis activities 
and related results comply with planned practices, whether these practices are implemented effectively, 
and whether the nature and extent of these practices are suitable for the sampling and analysis activities 
they support. 
 
Batch - The number of samples that are prepared or analyzed with associated laboratory QC samples at 
one time.  A typical batch size is 20 samples and may be dependent on the method.   
 
Bias - The systematic or persistent distortion of a measurement process which causes errors in one 
direction. 
 
Blank-corrected Result - Refers to an analytical result that has been corrected (mathematically or 
through analytical procedures) for the contribution of the method blank.  The method blank should be 
processed concurrently.  Any correction should account mathematically for all relevant weights, volumes, 
dilutions and other similar sample processing elements. 
 
Calibration - The determination of the relationship between analytical response and concentration (or 
mass) of the analyte. 
 
Certified Reference Material -  A reference material accompanied by, or traceable to, a certificate 
stating the concentration of chemicals contained in the material.  The certificate is issued by an 
organization, public or private, that routinely certifies such material (e.g., National Institute of Standards 
and Technology, American Society for Testing and Materials). 
 
Chain of Custody - An unbroken trail of accountability that ensures the physical security of samples, 
data and records. 


Check Standard - A QC sample prepared independently of calibration standards, analyzed exactly like 
the samples, and used to estimate analytical precision and indicate bias due to calibration. 


Coefficient of Variation - The standard deviation expressed as a percentage of the mean.  Also termed 
relative standard deviation or RSD.   
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Comparability - An indication of the confidence with which one data set can be compared to another. 
 
Completeness - A measure of the amount of valid data obtained from sampling and analysis activities 
compared to the amount that was expected to be obtained. 
 
Control Limit(s) - A value or range of values against which results of QC sample analyses are compared 
in order to determine whether the performance of a system or method is acceptable.  Control limits are 
typically statistically derived.  When QC results exceed established control limits, appropriate corrective 
action should be taken to adjust the performance of the system or method. 
 
Corrective Action - Measures taken to remove, adjust, remedy or counteract a malfunction or error so 
that a standard or required condition is subsequently met. 
 
Data Quality Objectives - Data quality objectives are qualitative and quantitative statements that define 
the appropriate type and quality of data needed to support the objective of a given project. 
 
Duplicate Analysis - Analysis performed on a second subsample in the same manner as the initial 
analysis, used to provide an indication of measurement precision. 
 
Elutriate - A standard test used to predict the release of contaminants in sediment to a water column 
resulting from open water disposal of the sediment. 
 
Field Blank - A simulated sample (usually consisting of laboratory pure water) that is taken through all 
phases of sample collection and analysis.  Results of field blank analyses are used to assess the positive 
contribution from sample collection and analysis procedures to the final result. 
 
Guideline - A suggested practice that is non-mandatory. 
 
Isotope Dilution Technique - An internal standard technique for quantification of organic compounds 
that uses a large number of stable isotopically labeled compounds spiked into the sample before 
extraction to provide recovery correction (i.e., to correct for compound loss during sample workup on a 
sample-specific basis).  The labeled compounds are analogs of the target compounds and are assumed to 
behave similarly.  The isotopic labels typically involve replacement of hydrogen atoms with deuterium or 
replacement of carbon-12 atoms with carbon-13 atoms. 
 
Matrix - The sample material in which the analytes of interest are found (e.g., water, sediment, tissue). 
 
Matrix Spike - A QC sample created by adding known amounts of analytes of interest to an actual 
sample, usually prior to extraction or digestion.  The matrix spike is analyzed using the normal analytical 
procedures.  The result is then corrected for the analyte concentration determined in the unspiked sample 
and expressed as a percent recovery.  This provides an indication of the sample matrix effect on the 
recovery of target analytes. 
 
Method - A body of procedures and techniques for performing an activity that is systematically 
presented in the order in which they are to be executed.   
 
Method Blank - A QC sample intended to determine the response at zero concentration of analyte.  A 
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clean matrix (generally water) known to be free of  target analytes that is processed through the analytical 
procedure in the same manner as associated samples.   
 
Method Detection Limit - The minimum concentration of a substance that can be measured and 
reported with 99 percent confidence that the analyte concentration is greater than zero; determined from 
analysis of a sample in a given matrix containing the analyte. 
 
Metro - King County Water Pollution Control Division Environmental Laboratory. 
 
Must - A requirement that has to be met. 
 
Normalize - Perform a data calculation in order to express results in terms of a reference parameter or 
characteristic. 
 
Precision - The statistical agreement among independent measurements determined from repeated 
applications of a method under specified conditions.  Usually expressed as RPD, RSD or coefficient of 
variation. 
 
Project - An organized set of activities within a program. 
 
Quality Assurance - An integrated system of management activities involving planning, implementation, 
assessment, reporting, and quality improvement to ensure that a process, item or service is of the type and 
quality needed and expected by the customer. 
 
Quality Control - The routine application of procedures for obtaining prescribed standards of 
performance in the monitoring and measurement process.  Quality Control is an element of quality 
assurance.  Analyses of QC samples and auditing/assessment are common quality control activities. 
 
Qualified Data - Data to which data qualifiers have been assigned.  Data qualifiers provide an indication 
that a performance specification in the qualified sample or an associated QC sample was not met. 
 
Quality Assurance Project Plan - A formal planning document describing in comprehensive detail the 
necessary QA, QC and other technical activities that must be implemented to ensure that the results of 
the work performed will satisfy the stated performance criteria.   
 
Quantification - The process of calculating the value of an analyte in a particular sample. 
 
Recovery - The percentage difference between two measurements, before and after spiking, relative to 
the concentration spiked. 
 
Replicate - One of several identical experiments, procedures or samples. 
 
Reproducibility - The ability to produce the same results for a measurement.  Often measured by 
determining the RPD, RSD or coefficient of variation for an analysis. 
 
Representativeness - A measure of the degree to which data accurately and precisely represent an 
environmental characteristic or condition. 
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Reference Material -  A material of known analyte composition which can be used for comparison of 
analytical results.  The reported analyte concentrations have not been certified (see Certified Reference 
Material). 


Relative Percent Difference - Difference of two measurements x1 and x2, divided by the mean of the 
measurements, multiplied by 100. 
 
Percent RSD - Calculated by dividing the standard deviation by the mean and multiplying by 100. 
 
Relative Standard Deviation - see coefficient of Variation. 
 
Semivolatile Organic Compounds - Gas chromatographable organic compounds with moderate or low 
vapor pressures that can be extracted from samples using organic solvents. 
 
Should - Refers to a highly recommended practice.  The practice may be mandatory, depending on the 
exact conditions of data generation. 
 
Spike - The addition of a known amount of a substance to a sample or a blank. 
 
Spiked Method Blank - See Check Standard. 
 
Standard - A substance or material, the properties of which are believed to be known with sufficient 
accuracy to permit its use to evaluate the same property of a sample.  In chemical measurements, 
standard often describes a solution of analytes used to calibrate an instrument. 
 
Standard Reference Material -  A material with known properties produced and distributed by the U. S. 
National Institute of Standards and Technology (NIST).   
 
Surrogate Spike Compound - A compound that has characteristics similar to that of a compound of 
interest, is not expected to be found in environmental samples, and is added to a sample prior to 
extraction.  The surrogate compound can be used to estimate the recovery of chemicals in the sample. 
 
Target Analytes  (or Target Compounds) -  One or more elements or compounds which are intended to 
be determined by an analytical procedure (in contrast to tentatively identified compounds). 
 
Tentatively Identified Compounds - Chemicals identified in a sample on the basis of mass spectral 
characteristics held in common with a reference mass spectra of a known chemical.  These compounds 
cannot be more confidently identified unless a reliable standard of the compound is obtained and is 
confirmed to co-elute with the tentatively identified compound and generate similar mass spectra using 
the same GC/MS. 
 
Validation - Confirmation by examination and provision of objective evidence that the particular 
requirements for a specific intended use are fulfilled.  Can refer to a process whereby environmental data 
are determined by an independent entity to be complete and final (i.e., subject to no further change), and 
to have their value for the intended use described by both qualitative and quantitative statements.   
 
Volatile Organic Compounds - Organic compounds with high vapor pressures that tend to evaporate 
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readily from a sample. 
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9.  APPENDIX A -- RECOMMENDED METHODS  
FOR ORGANOTIN COMPOUNDS 
At a workshop conducted in June, 1995 laboratory representatives indicated that the organotin methods 
cited in the previous releases of PSEP had been used successfully on many projects.  The overall 
agreement was to leave the recommended method as written, however, some changes have been made to 
reflect on going method improvements. 
 
The following summary is from the workshop of the Subcommittee on Organotin Analysis Methods held 
on 25 September 1987 at EPA Region 10, Seattle, WA.  The purpose of the workshop was to provide 
input on appropriate analytical methods and to reach some consensus on appropriate methods of analysis 
for organotin species (i.e., tetrabutyltin, tributyltin, or TBT, dibutyltin and monobutyltin) present in 
water, sediment and tissue samples.  The discussions were based on information published by Matthias et 
al. (1986a,b), National Bureau of Standards (NBS) (1986), Muller (1987) and Rice et al. (1987) and 
based on work completed by participants in the workshop.  Recommendations are summarized below.  A 
similar method is described in Krone et al. (1989), revised March 1995. 


9.1  Sample Containers and Handling 
For water samples, the use of either polycarbonate or borosilicate glass containers with 
polytetrafluoroethylene (PTFE) (e.g., Teflon®) lined lids was recommended.  Losses of organotin species 
were reported when other container materials were used (NBS 1986).  For sediment or tissue samples, 
soft, flint glass jars with PTFE-lined lids appear to be adequate.  It was recommended that all samples 
(i.e., tissue and sediment) be frozen within 24 hours of collection to prevent any possible degradation of 
tin compounds.  It is recommended that unfrozen samples be extracted and derivitized within 14 days to 
minimize the possibility of hydrolysis or degradation of butyltin compounds.  Sample holding times prior 
to extraction or analysis were not discussed, but analysis should be completed as soon as possible to 
prevent potential degradation of the sample. 


9.2  Surrogate and Internal Standards 
The use of a surrogate standard to check analyte recovery was an important issue.  A surrogate standard 
is defined as a compound that is added to the sample at the beginning of the extraction procedure to 
estimate potential loss of analyte during sample preparation and analysis.  The primary surrogate 
standard recommended was tripropyltin chloride, which is available from Alfa Products, Danvers, MA or 
from Aldrich.   
 
Other researchers are using tripentyltin chloride as a surrogate standard.  Tripentyltin was adopted as a 
secondary surrogate standard. 
 
In all cases, the primary surrogate should be used as a minimum to check on analyte recovery.  If the 
secondary surrogate is available, it may also be used. 
 
The use of an internal standard was also discussed.  An internal standard is defined as an analyte that is 
added to the sample extract just prior to injection of the sample into an instrument (e.g., gas 
chromatograph).  The internal standard should be fully substituted and not require derivatization prior to 
analysis.  Tetrapentyltin was recommended as a possible candidate for use as an internal standard and is 
available from Aldrich.  Tripentylmonobutyltin can be successfully used as a GC internal standard 
(Krone et al., in press). 
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9.3  Detection Limits and Data Reporting 
Because regulatory action levels have not been established for butyltin compounds, the following 
detection limits (as TBT) were agreed upon as guideline levels: 
 
    Water   1 ng/L 
    Sediment 10 µg/kg dry weight 
    Tissue   50 µg/kg wet weight 
 
These concentrations were chosen because of the potential for toxic effects at low concentrations of 
butyltin compounds.   
 
It is recommended that results be reported as µg TBT/kg sample rather than in units of tin.  This is 
recommended because TBT is reported in units of TBT in both EPA's Ambient Aquatic Life Water 
Quality Criteria for TBT (March 1991) and the Superfund Program's sediment and water screening 
criteria for TBT (under preparation).   
Analytical interference by sulfur species should be reported. 
To convert TBT data reported on a different basis, the following conversions can be made: 
 
TBT reported as Convert to Conversion factor 
µg Tin/kg  µg TBT/kg  2.44 
µg TBTCl/kg  µg TBT/kg  0.89 
µg TBTO/kg  µg TBT/kg  0.95 
Similar conversions should be made for all reported species. 


9.4  Quality Assurance 
For any laboratory conducting butyltin analysis, an initial method performance evaluation should be 
performed for each matrix analyzed.  This procedure would be similar to that required by EPA 600 series 
methods for analysis of organic compounds.  For an example of the method performance evaluation 
procedures, see Section 8 of EPA Method 625 (EPA, 1982). 
   
Method blanks and spike recoveries should be reported with each sample set.  Five to ten percent of all 
samples should be spiked, in duplicate, to determine analytical recoveries and assess precision.  Data 
should be reported without any blank correction or other adjustments.   
 
The NBS research material, "Tributyltin in Water," could be run as an external check on laboratory 
capabilities. 
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9.5  Extraction Procedures 


9.5.1  Water 
The most efficient and tested method of analysis for water appears to be a method developed by Matthias 
et al. (1986a,b).  This method involves in situ reaction of organotin compounds with sodium borohydride 
and simultaneous extraction of the water sample with methylene chloride.  Detection limits of 7 ng/L 
have been reported for a 100-mL sample volume.  Lower detection limits can be achieved using larger 
sample volumes.  The Matthias et al. (1986a,b) procedure has been adopted in Great Britain as an official 
method. 


9.5.2  Sediment 
The committee agreed there are still problems with methods involving the formation of hydride 
derivatives of organotin compounds in sediment and tissue.  The group debated whether Soxhlet 
extraction procedures could effectively remove all organotin compounds present in a sample and 
concluded that tropolone was needed as a complexing agent to efficiently extract the organotin 
compounds from complex matrices.  However, because tropolone will not cycle in a Soxhlet extraction 
apparatus, use of this apparatus is not recommended.  It has also been found that the addition of activated 
copper, as described in Sloan et al. (1993), can decrease the interferences from sulfur that are discussed 
in Section 9.6. 
 
Drying of the sample matrix is not recommended prior to extraction.  The committee agreed that the best 
way to dry samples is with anhydrous sodium sulfate after acidifying the samples to pH 2 using HCl.  
Drying with sodium sulfate is simultaneous with extraction with a mixture of tropolone and methylene 
chloride.  Overnight extraction is conducted by shaking or tumbling. 
 
After extraction, the solvent is concentrated and exchanged to an appropriate solvent for a Grignard 
reaction.  The hexyl Grignard derivatives of the organotin compounds are then formed.  This step is 
followed by a column cleanup procedure using either silica gel or Florisil®. 
 
The publications of Muller (1987) and Krone et al. (1989) may be consulted for detailed procedures that 
meet the criteria outlined above for the analysis of organotin compounds in sediment. 


9.5.3  Tissue 
Tissue samples can be extracted using a procedure similar to the one for sediments.  However, the tissue 
sample should be ground using a homogenizer with the tropolone/methylene chloride extraction solvent.  
Anhydrous sodium sulfate should be added to dry the sample during the extraction.  After concentration 
and exchange of the solvent, the hexyl Grignard derivatives are formed.  This step is followed by column 
cleanup using either silica gel or Florisil®.  Additional details are included in Krone et al. (1989). 
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9.6  Instrumentation 
Use of gas chromatography/flame photometric detection (GC/FPD), gas chromatography/mass 
spectrometry (GC/MS) and gas chromatography/atomic absorption spectroscopy (GC/AA) were agreed 
upon for the final determination of butyltin compounds.  Details on the use of each method are 
summarized below.  Laboratories have also successfully employed the use of GC/MS SIM and GC/AED 
for the analysis of organotins. 
 
Because of possible interference by sulfur species, the use of dual channel GC/FPD is recommended.  A 
600-2,000 nm band pass filter is needed in the channel used for determination of butyltin species.  Sulfur 
determination is conducted at 393 nm in the second channel (Matthias et al., 1986a,b).  If peaks occur at 
the same retention time in both channels, dual column confirmation of butyltin compounds using polar 
and semipolar columns is required.  Otherwise no further actions are necessary.  Because of the potential 
complexity of samples and unknown interferences, GC/MS should be used for confirmation of the 
butyltin species until additional data can be acquired on potential interferences.  As more data are 
generated in the future, the use of dual channel GC/FPD may prove to be sufficiently reliable such that 
GC/MS confirmation of organotin compounds might only be needed for analyses conducted on complex 
matrices. 
 
The use of GC/AA also requires dual column confirmation as stated above for GC/FPD.  The tin 
absorption signal is monitored by the AA.  Committee members noted that some groups took 6 months to 
overcome problems associated with the hybrid GC/AA system.  Discussions with researchers who have 
developed GC/AA systems may shorten start-up times.  As above, GC/MS should be used for 
confirmation of butyltin compounds determined by this instrument combination until additional data can 
be acquired on potential interferences. 
 
GC/MS was recommended as an analytical instrument for use, as long as the detection limits specified 
above can be obtained.  The data obtained by GC/MS do not require confirmation by another 
instrumental method. 
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10.  APPENDIX B-GUIDANCE FOR SELECTED ION MONITORING 


10.1  General Comments 
Selected Ion Monitoring (SIM) analysis is accepted as a method for detection and quantification of low 
concentrations of organic compounds.  It has been applied to waters, soil, sediments and tissue samples.  
There are no “official” methods for this technique available for reference.  The technique can be done on 
most commercially available GC/MS systems.  Laboratories using this technique have adapted existing 
written methods to accommodate the use of SIM. 
 
The lack of an official method means that there are method and procedural differences between 
individual laboratories.  If SIM is to be used to produce data for the Sediment, Water and Tissue efforts 
in the Puget Sound region, then a set of consistent conditions must exist between the various generators 
of SIM data.  The sections below are several areas in which the methods must have some consistency.  
The comments within each section are derived from review of several working Standard Operating 
Procedures (SOPs) provided for review by participating laboratories and the notes from a recent 
workshop on the SIM technique.  The SOPs, in general, were patterned after SW-846, method 8270 
(most recent edition).  The SIM procedures are primarily used to analyze and quantitate polynuclear 
aromatic hydrocarbons (PAH), phenols and phthalates.  SIM may be used for PCB analysis; however, the 
vast majority of PCB analysis is done on GC/ECD. 


10.2  Tuning 
Two major tuning techniques are used in SIM methods.  One technique uses the existing compound 
DFTPP and its associated EPA criteria for setting and maintaining tune.  The other technique use the 
standard MS tuning compound, PFTBA (also know as FC-43) adjusted to the normal default mass 
abundance criteria.  One SOP used modified mass abundance criteria for PFTBA to maximize sensitivity 
for masses below 350 amu.  Whichever technique is used, it must be consistently applied throughout the 
analysis of samples for a project. 
 
The use of the DFTPP tuning criteria is recommended for consistency. 


10.3  Calibration 
Calibration curves of three, five, six and seven points have been used.  Recommended on-column 
amounts should be in the range of 0.02 to 2 ng.  A wide calibration range (use of five or more points) is 
recommended due to the high sensitivity of the method.  A wider range should allow for analysis of 
fewer diluted samples as well.  If possible, all compounds of interest should be analyzed in one run.  This 
will minimize the effects of tuning changes caused by analyzing the sample several times. 
 
Acceptance criteria for calibration curves and continuing calibration should be consistent with currently 
accepted practice, preferable SW-846.  Initial calibration curves should meet either percent RSD (internal 
standard technique) or percent difference (external standard technique) criteria.  Continuing calibration 
should meet percent difference criteria. 
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10.4  Ions and Acquisition Parameters 
The ions used for SIM analysis should be selected from full scan spectrums of each compound on the 
intended analysis instrument.  The recommended number of ions is three to five for targets and two for 
internal standards.  Ions should be chosen based on their uniqueness to the compound and the lack of 
overlapping or interfering compounds.  In the case of PCBs, the most abundant ion from each PCB 
chloro-cluster should be selected.  The base ion for each target compound should be used for quantitation 
and the remaining ions used for confirmation.  The reason for selecting more than two ions per target 
compound is to strike a balance between sensitivity and confirmation. 
 
Acquisition conditions should allow for at least two scans per second.  This will allow the collection of 
enough information to produce good chromatographic peak shape for quantitation.  The dwell times 
should be set to collect an adequate amount of ion information without overwhelming the data system 
under the recommended scan conditions.  Peak width settings appear to have minimal effect on the 
sensitivity and confirmation ability of the technique. 


10.5  Identification 
Identification of the target compounds should be similar to the procedures used for full scan analysis.  
The peak should be within plus or minus 0.06 relative retention time units of the compound from the 
standard mix.  The relative abundance and relative ratios of the ions should be within an acceptable range 
(20 percent) of the spectrum generated by the standard.  Special attention should be given to the 
evaluation of possible interferences from the matrix.  The lack of additional confirmation ions places 
more emphasis on identification by retention time.  Because retention time begins to play a more 
important role in identification, then other confirmational techniques should be considered if the SIM 
analysis employs less than two monitored ions, such as chromatography on a column of different 
polarity.   


10.6  Detection/Reporting Limits 
The minimum reportable amount is very dependent on how the tuning and calibration is set up for a SIM 
method.  Therefore, the minimum detection or reporting limits will vary from SOP to SOP.  Suggested 
levels for the lowest reporting limit for analysis of all semivolatile compounds in one analytical run are 
 
 Water   0.2 - 0.5 µg/L (PAH, Phenol and Phthalates) 
 
 Sediment/Tissue 20-50 µg/kg (PAH, Phenols and Phthalates) 
 
Lower reporting limits may be possible if only one class of compounds in being analyzed. 
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10.7  Preparation 
Preparation of the sample should proceed using accepted methods.  Nominal volumes and weight for the 
fractions should be 
 
  Water   1000 ml 
  Sediment   25-30 g 
  Tissue   10-30 g (depending on lipid content) 
 
Additional cleanups should still be performed on the sample extracts.  SIM cannot be used as a substitute 
for proper and complete preparation of the sample. 


10.8  Quality Assurance 
All normally applicable QC should be incorporated into SIM SOPs.  Initially default SW-846 or other 
control limits for surrogates, matrix and blank spike and Laboratory Control Samples (LCS) materials 
should be used as QC for SIM SOPs.  Once sufficient data has been accumulated using SIM SOPs, then 
new control ranges should be established to more properly reflect SIM method performance.  An initial 
assessment of SIM SOP performance should be performed.  These initial precision and recovery values 
should be used, along with other QC samples, to monitor and control SIM method performance. 


10.9  References for Appendix B 
Sampling and Analytical Methods of the National Status and Trends Program National Benthic 
Surveillance and Mussel Watch Projects, 1984-1992, NOAA Technical Memorandum NOS ORCA 71, 
NOAA, Silver Springs, MD, July 1993 
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11.  APPENDIX C-SUPPLIERS OF REFERENCE MATERIALS 
In Puget Sound, a regional reference material (RRM) has been developed for marine sediments by 
NOAA/NMFS for EPA, NOAA and other agencies and laboratories. The RRM is a fresh-frozen sediment 
homogenate from Sequim Bay, spiked with selected organic acid and neutral compounds at low 
concentrations.  Available samples of the RRM can be requested from the EPA Region 10 Office of 
Puget Sound.  This RRM has been analyzed in interlaboratory studies using NOAA methods, the results 
of which have been compared with analyses by various investigators using different methods.  Although 
not certified, this RRM is useful for intercomparing Puget Sound studies and is strongly recommended in 
every project. 
 
There is no marine sediment CRM available for organic compounds of concern in Puget Sound from the 
Puget Sound region, except for a marine sediment certified by the National Research Council (Canada) 
for organotin compounds (i.e., PACS-1).  Tissue homogenates are sometimes available as reference 
materials (e.g., mega mussel sample, EPA, Environmental Research Laboratory, Narragansett, Rhode 
Island).   An oyster CRM may be available by special request for selected organic contaminants.  NRCC 
supplies CARP-1, which is a ground whole fish slurry CRM for Dioxins, Furans and selected PCB 
congeners and Cambridge Isotope Laboratories supplies three different ground whole fish slurry RM (as 
“clean,” “contaminated” and “fortified”) that have round-robin consensus values. 
 
ORGANIC ANALYSIS AND CRM 
 


CRM Number Source Name Matrix Preparation 
1939 NIST PCBs in River Sediment. River Sediment Total 
1941a NIST Organics in Marine Sediment. Marine Sediment Total 
CS-1 NRCC PCBs Coastal Sediment Total 
HS-1a NRCC PCBs Harbour Sediment. Total 
HS-2a NRCC PCBs Harbour Sediment Total 
HS-3 NRCC PAHs Harbour Sediment Total 
HS-4 NRCC PAHs Harbour Sediment Total 
HS-5 NRCC PAHs Harbour Sediment Total 
HS-6 NRCC PAHs Harbour Sediment Total 
SES-1 NRCC PAHs Estuarine Sediment Total/Leach 
1588 NIST Organics in Cod Liver Oil Cod Liver Oil Total 
1974a NIST Organics in Mussel Tissue Tissue Total 


a  Both SRMs contain Aroclor 1260 in addition to the certified Aroclor 1254 value.  These materials also contain substantial 
amounts of elemental sulfur. 
 
Please note that many of the certified values for the CRM listed in the table was generated using 
nonstandard extraction techniques.  This means that the certified values may not be directly comparable 
with extraction techniques used in most laboratories.  This must be kept in mind when using this 
information to qualify or validate the generation of sediment, tissue and water data. 
 
SRM and CRM Vendors 
 
National Institute of Standards and Technology (NIST) 
Standard Reference Materials Program 
Room 204, Building 202 
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Gaithersburg, MD   20899-0001 
Phone: 301-975-6776 
Fax: 301-948-3730 
e-mail: SRMINFO@enh.nist.gov 
 
This vendor can provide all types of SRMs, including marine tissue, sediment and water (no seawater). 
 
National Research Council of Canada (NRCC) 
Institute for Marine Biosciences 
Halifax, Nova Scotia, Canada B3H 3Z1 
Phone: 902-426-8280 
Fax: 902-426-9413 
e-mail: crm@imb.lan.nrc.ca 
 
This vendor provides mostly marine materials.  These would include sediments and tissue materials. 
 
Resource Technology Corporation 
P. O. Box 1346 
2931 Soldier springs Road 
Laramie, WY  82070 
Phone: 307-742-5452 
Fax: 307-745-7936 
 
This vendor is both a producer and distributor of CRM and SRM materials.  They handle materials from 
the USA and from European countries as well.  They can also prepare a special list of materials on 
request. 
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12.  APPENDIX D-ORGANIC CARBON NORMALIZATION 
 OF SEDIMENT DATA1 


12.1  Introduction 
All sediment data collected in Washington State are evaluated using the Sediment Management Standards 
(SMS), Chapter 173-204 WAC.  Under the SMS rule, the numerical sediment standards for most organic 
chemicals are organic carbon normalized.  Consequently, all sediment samples that are analyzed for 
organic chemicals must also be analyzed for organic carbon to facilitate comparisons with the numerical 
standards. 
 
This technical information memorandum describes why some sediment data are organic carbon 
normalized, how organic carbon data are collected and analyzed, provides an equation for organic carbon 
normalization data and explains how to evaluate historical data for which organic carbon data are not 
available.  Finally, guidelines are presented for determining when it may not be appropriate to organic 
carbon normalize data. 
 
For questions on the enclosed information or for further information, please contact the Sediment 
Management Unit at 360-459-6824, or contact the NWRO or SWRO Sediment Technical Specialist. 


12.2  Why Sediment Data are Organic-Carbon Normalized 
Concentrations of organic contaminants (particularly nonpolar, nonionizable chemicals) and the toxicity 
of these contaminants in sediments have been observed to correlate well with the organic carbon content 
of sediments (DiToro et al., 1991; Lynman, 1982; Roy and Griffin, 1985).  Nonpolar contaminants in 
sediments or water preferentially partition into the organic material in sediments because of the similar 
chemical nature of the organic material to the nonpolar organic contaminants.  Contaminants that form 
ions, such as acids, bases, phenols and metals, do not partition as strongly into the organic fraction in 
sediments. 
 
DiToro et al. (1991) and others have reported that the toxicity of nonionic organic chemicals in sediments 
appears to be correlated to the concentration of those chemicals in the organic carbon fraction of 
sediments, but is not well-correlated with the overall (dry weight) concentration of the chemicals in 
sediments.  Therefore, the concentrations of contaminants in the organic fraction of sediments may be 
more relevant than dry weight concentrations for setting standards that are intended to prevent adverse 
biological effects. 
 
In addition, because nonpolar organic contaminants are primarily associated with the organic matter in 
sediments, these contaminants move in the environment along with the organic fraction in sediments and 
may also move along with suspended organic matter in water.  Therefore, gradients of chemical 
concentration associated with a source may be more easily observed when the data are OC-normalized 


1 THIS APPENDIX IS A REPRINT OF A TECHNICAL INFORMATION MEMORANDUM WRITTEN BY TERESA 
C. MICHELSEN, PH.D. IN DECEMBER 1992, WASHINGTON DEPARTMENT OF ECOLOGY, SEDIMENT 
MANAGEMENT UNIT. 
MODIFICATIONS ARE FROM A CLARIFICATION PAPER, WRITTEN BY KATHRYN BRAGDON-COOK, 
WASHINGTON DEPARTMENT OF ECOLOGY, SEDIMENT MANAGEMENT UNIT. 
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than when they are presented in dry weight. 
 
The Sediment Management Standards criteria for nonionizable organic chemicals have been set on an 
OC-normalized basis.  Because the bioavailability of acids, bases, other ionizable organic chemicals and 
metals are generally not controlled by organic matter in sediments, standards for these contaminants are 
set on a dry weight basis. 


12.3  Collecting and Analyzing Organic Carbon Data 
The organic carbon content of sediments is measured and referred to as total organic carbon (TOC).  
TOC refers to the total amount of organic carbon in the sediment and does not include mineralized 
carbon present as carbonates or bicarbonates.  These inorganic forms of carbon do not substantially affect 
the partitioning of organic chemicals and are removed from the sample by the laboratory. 
 
TOC samples may be collected in glass or plastic containers.  A minimum sample size of 25 grams (wet 
weight) is recommended.  Because a special bottle is not required, sediments for TOC analysis may be 
combined with sediments for other analyses that will be performed at the same laboratory.  Samples 
should be stored frozen and can be held for up to six months if frozen. 
 
The Department of Ecology Manchester Environmental Laboratory recommends Method 5310B for 
measuring TOC in wastewater or, with some modification, in sediments.  Test Methods for Evaluating 
Solid Waste (EPA 1995) SW-846 Method 9060 also references Standard Methods for the Examination of 
Water and Wastewater for measuring TOC levels of solid and hazardous waste. 
 
These methods require some modification for measuring TOC in sediment.  Standard method 5310B calls 
for the sample to be treated with HCl to convert inorganic carbon to CO2 which is then purged using 
purified gas.  The sample is homogenized and diluted as necessary.  A portion is injected with a blunt-
tipped syringe into a heated reaction chamber (packed with a catalyst) of a carbon analyzer using infrared 
detection.  Needle size is selected to be consistent with particle size.  Some accredited laboratories have 
adapted this technique to sediment by drying the sample at 70 degrees C and using an instrument 
attachment to the carbon analyzer designed specifically for sediment samples (Dohrman sludge/sediment 
boat sampler attachment, Model 183, for use with the Dohrman DC-80 TOX analyzer).  The sample is 
then combusted and organic carbon in the sediment converted to CO2 and transported in carrier gas 
streams to be measure by an infrared detector. 
 
The carbon analyzer/infrared detection used in these methods identifies characteristic spectral 
fingerprints as light in the infrared spectrum passes through various molecules.  This instrument offers 
greater sensitivity than the ascarite-filled tube collector (previously referenced in PSEP, 1989) for 
measuring low levels of CO2. 
 
Standard Method 5310B and SW-846 Method 9060 provide for sensitive measurement of TOC 
concentrations in sediment.  SW-846 Method 9060 can detect TOC in sediments below 0.1%.  For these 
reasons, utilization of Method 5310B or SW-846 Method 9060 using infrared detection is strongly 
recommended. 
 
To correct for true dry weight with either method, the corresponding total solids analysis should be run 
twice, once at 70 degrees C and once at 104 degrees C. and the TOC calculation based on dry weight at 
104 degrees C. 
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12.4  Organic Carbon Normalization of Dry Weight Data 
As discussed in Section 12.5, organic carbon (OC) normalization is performed on a sample-by-sample 
basis, because TOC values vary from station to station.  Because some site-specific evaluation is required 
(see Section 12.7), OC normalization should be performed by the project manager or consultant who 
receives data from the laboratory.  Laboratories are generally not expected to perform the normalization. 
 
To convert chemical concentration data expressed as mg/kg dry weight to mg/kg OC, divide the dry 
weight concentration by the percent TOC (expressed as a decimal), as shown in the following equation: 
 
  mg/kg OC  = mg/kg dry weight 
      kg TOC/kg dry weight 
 
where: mg/kg OC = milligrams of the chemical per kilogram of organic carbon 
   
   mg/kg dry weight = milligrams of the chemical per kilogram of dry weight sample 
   
   kg TOC/kg dry weight = percent total organic carbon in dry weight sample (expressed as a  
    decimal; for example, 1% TOC = 0.01) 
 
Although data are typically reported in mg/kg, data reported in µg/kg, ppb, or ppm can also be used in the 
above equation.  For example: 
 
     2 ug phenanthrene/kg dry sediment 
     0.01 kg TOC/kg dry sediment 
 
  = 200 ug phenanthrene/kg TOC 
  = 200 ppb phenanthrene, OC-normalized 
 
Because this conversion is tedious to do by hand for large data sets, the data may either be entered into a 
spreadsheet or database that can be used to perform the conversion.  Contractors providing sediment data 
for permit applicants, cleanup proponents or for Ecology should perform the normalization (for nonionic 
organic chemicals) and report the data for these chemicals both as dry weight and as OC-normalized data. 


12.5  Typical TOC Values for Sediments 
TOC values vary widely in the natural environment.  A range of 0.5-3 percent is typical for Puget Sound 
marine sediments, particularly those in the main basin and in the central portions of urban bays.  For 
example, the Puget Sound Ambient Monitoring Program reports a mean TOC value of 1 percent 
(PSAMP, 1990).  TOC values less than 0.5 percent are commonly found in sandy or gravelly areas, 
erosional areas or areas with fast-flowing currents (including rivers).  In addition, the percent organic 
carbon in subsurface sediments usually decreases with depth, to as little as 0.01 percent. 
 
Natural TOC values greater than 3 percent are common in nearshore environments.  On occasion, natural 
TOC values of up to 12-15 percent have been observed in Puget Sound and other areas, particularly in 
depositional and/or quiescent areas where organic matter may collect.  Natural TOC values may be much 
higher in marshy areas or other wetland environments. 
 
TOC values may also be artificially elevated in sediments that are heavily contaminated with organic 







April 1997  -- Organics Chapter 


45
 


substances (sewage, petroleum hydrocarbons, wood chips).  Sewage and organic chemicals will typically 
raise TOC values by at most a few percent; in a majority of the cases, the effect will be negligible.  
However, organic debris such as wood chips can raise the TOC value by anywhere from several percent 
to 50 percent or more. 
 
Because TOC values may vary widely within a single site, organic carbon normalization is performed on 
a station-by-station basis.  Therefore, each sample that is analyzed for nonionizable organic contaminants 
must also be analyzed for TOC. 


12.6  Evaluation of Historical Data Sets 
Collection of TOC data is currently required for all sediment sampling to allow comparison to numerical 
sediment standards.  However, many historical data sets are not OC-normalized and may not contain 
station-by-station TOC data.  If any TOC data are available for the data set, it is recommended that a 
conservative value be chosen from the data available that represents the lowest percent TOC observed at 
the site.  If different areas of the site appear to have widely varying levels of TOC, a different value may 
be chosen for each area that represents the lower end of the range of TOC values for that area.  The 
professional judgment of the site/permit manager should be used to select an appropriate value in each 
case. 
 
If TOC data were not included in the data set, data may be available from other studies in the same area.  
The SEDQUAL database may be consulted to determine whether TOC values are available for the area 
of interest.  Again, a value should be chosen that represents the lower end of TOC values for the area, to 
insure that the OC-normalized concentrations calculated using the general TOC value are protective.  If 
no TOC data are available for the area of interest, the Sediment Management Unit or a regional sediment 
technical specialist should be consulted to determine an appropriate TOC value to use for the 
comparison. 


12.7  When Organic-Carbon Normalization May not be Appropriate 
There are several situations, including those described below, in which it may not be appropriate to OC 
normalize sediment data.  For additional information or guidance on data evaluation and presentation for 
these situations, contact the Sediment Management Unit or a regional technical specialist.  Because of 
the variety of uses to which sediment data are put, sediment data for nonionic organic chemicals should 
be reported both as dry weight and as OC-normalized data. 
 
In areas where the TOC is very low or very high, biological testing or use of dry weight concentrations 
should be considered along with OC-normalized concentrations in evaluating the extent of contamination 
and potential biological effects. 
 
For example, if TOC values are very low (e.g., 0.5%), it is even possible for background concentrations 
of organic chemicals to exceed the Sediment Quality Standards when OC-normalized.  In this situation, it 
may be appropriate, on a site-specific basis, to use Apparent Effects Thresholds (AETs) expressed as dry 
weight (see PSEP, 1988) to evaluate sediment toxicity.  Please contact the Sediment Management Unit 
for assistance in evaluating such data. 
 
Conversely, if TOC concentrations in sediments have been increased above natural concentrations by 
organic contamination (such as wood chips, sewage or petroleum), the OC-normalized values may be 
inappropriately low.  In these cases, although the OC-normalized chemical criteria would not be 
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exceeded, the sediments may still cause adverse biological effects and may therefore exceed the narrative 
standards or biological criteria.  To address this concern, if the organic chemical or substances that are 
the primary contributors to the elevated TOC levels are know, the contribution of the organic 
contaminants to the percent TOC may be determined through analytical methods and subtracted from the 
TOC value before OC normalizing.  Alternatively, as described above, biological testing or dry weight 
AETs may be used to evaluate sediment toxicity. 
 
Bulk sediment concentrations expressed as dry weight are used to make decisions regarding treatment 
and disposal of sediments.  Currently, the Puget Sound Dredged Disposal Analysis (PSDDA) program 
uses dry weight data to determine whether sediments can be disposed of in open-water disposal areas.  In 
addition, upland disposal options require evaluation of whether the sediment exceeds land disposal 
restrictions and dangerous/hazardous waste thresholds, based on dry weight concentrations.  For 
treatment alternatives, the average dry weight concentrations of chemicals in sediment may be used to 
predict the effectiveness of processes such as bioremediation or chemical stabilization/solidification. 
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1.  INTRODUCTION 
The purpose of developing these guidelines is to encourage all Puget Sound environmental 
programs and investigations to use standard methods wherever possible.  If this goal is achieved, 
most data collected in Puget Sound should be directly comparable and thereby capable of being 
shared across programs and integrated into a Sound-wide database.  Data sharing is beneficial to the 
development and maintenance of a comprehensive water quality management program for Puget 
Sound. 
 
The original Quality Assurance and Quality Control (QA/QC) guidelines have been revised to 
reflect current opinions and recommendations of primary investigators who provide data for the 
regional databases.  The revision incorporates information gathered through surveys, workshops, 
and personal interviews conducted over the past two years.  These guidelines were revised with the 
assistance of representatives from organizations that fund or conduct environmental studies in the 
Puget Sound region (Table 1). 
 
QA/QC procedures are necessary to ensure that environmental data achieve an acceptable level of 
quality and that the level of quality attained is documented adequately.  The goal of generating 
comparable data is furthered by a consistent approach to QA/QC.  This chapter establishes QA/QC 
guidelines and requirements for sampling and analysis activities conducted in support of Puget 
Sound environmental programs.  While the scope of this chapter focuses on QA aspects of chemical 
testing, many of the principles and practices described may be applied to other types of testing, 
including microbiological and bioassay testing. 
 
Thorough planning is also essential, due to the inherent complexity of sampling and analysis 
activities.  The presence of multiple programs and activities in the Puget Sound region further 
enhances the need for project planning.  This chapter is intended to guide project planning so that 
resulting data are of high quality, comparable and support their intended use. 
 
It is recognized that there is a diversity of environmental programs in Puget Sound, and alternatives 
exist for many of the variables being studied by these programs.  This chapter uses, as examples, the 
sampling and analysis conducted in support of the following major environmental programs: 
 
 • . National Pollutant Discharge Elimination System, Marine Monitoring Program (NPDES) 
 • . Puget Sound Ambient Monitoring Program (PSAMP) 
 • . Puget Sound Dredged Disposal Analysis (PSDDA) 
 • . Washington State Department of Ecology Sediment Management Standards (SMS) 
 
Whenever feasible, it is recommended that the guidelines in this document be used for other 
Puget Sound studies as well.  It remains the responsibility of each project manager to become 
familiar with the program requirements and conduct sampling and analysis accordingly. 
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Table 1 
Contributors to the Quality Assurance and Quality Control Guidelines 


 
Name Organization 
John Armstrongc U. S. Environmental Protection Agency 
Ann Baileyc EcoChem, Inc. 
Ann Bryanta King County Environmental Laboratory 
Katherine Bourbonaisa, d King County Environmental Laboratory 
Lee Carfiolia,  c North Creek Analytical 
Kathryn Bragdon-Cookc, d Washington State Department of Ecology - Sediment Management Unit 
Yip Chuna Hart Crowser, Inc. 
Rob Cielloa Battelle Marine Sciences Laboratories 
John Dohrmanna Puget Sound Water Quality Action Team 
Lyn Faasa,b,c King County Environmental Laboratory 
Raleigh Farlowa D.M.D., Inc. 
Anne Fitzpatricka Hart Crowser, Inc. 
Sherri Fletchera King County Environmental Laboratory 
David Hericksa Beak Consultants Inc. 
Craig Homana King County Water Pollution Control Division 
Richard Jornitzc CanTest, Ltd. 
Roger Kadegc Foster Wheeler Environmental Corporation 
Cheryl Kameraa,d King County Environmental Laboratory 
Bill Kammina Washington State Department of Ecology - Manchester Environmental Laboratory 
Gordon Kanc Environment Canada - Pacific Environmental Science Centre 
David Kendalla, c U. S. Army Corps of Engineers - Seattle District Dredged Material Management Office 
Cliff Kirchmera, c Washington State Department of Ecology - Quality Assurance Section 
Jay Kuhna Analytical Resources, Inc. 
Mingta Lina, c AGI Technologies 
Roberto Llansóc Washington State Department of Ecology - Ambient Monitoring Section 
Stew Lombarda, c Washington State Department of Ecology - Quality Assurance Section 
Kim Magrudera EVS Environmental Consultants 
Carol-Ann Manenc National Oceanic and Atmospheric Administration - Damage Assessment Center 
Ricardo Marroquinc North Creek Analytical 
Ray McClaina King County Environmental Laboratory 
Brendan McFarlandc Washington State Department of Ecology - Sediment Management Unit 
Russ McMillanc Washington State Department of Ecology - Sediment Management Unit 
Teresa Michelsena, c Washington State Department of Ecology - Sediment Management Unit 
Scott Mickelsona,  d King County Environmental Laboratory 
Sandra O'Neillc Washington State Department of Fish and Wildlife - Marine Resources Division 
Jan Newtonc Washington State Department of Ecology - Environmental Investigations and Laboratory Services Program 
George Perrya, d King County Environmental Laboratory 
Tim Ransoma, c Puget Sound Water Quality Action Team 
Paul Robischa, c National Oceanic and Atmospheric Administration - Montlake Laboratory 
Randy Shumanc King County Water Pollution Control Division 
Catherine Sloana, c National Oceanic and Atmospheric Administration - Montlake Laboratory 
Despina Stronga King County Environmental Laboratory 
Eric Strouta EcoChem, Inc. 
Dana Walkera, d King County Environmental Laboratory 
Mike Webba Garry Struthers & Associates, Inc. 
Bruce Woodsc U. S. Environmental Protection Agency - Quality & Data Management Office 
Tracy Yeriana, c Sound Analytical Services, Inc. 


Notes: 
a.  Attended the workshop held on January 8, 1996. 
b.  Workshop facilitator. 


c.  Provided written comments. 
d.  Author/editor of protocol. 
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2.  PROJECT PLANNING  
This section discusses the following topics relating to project planning: 
 
 • . the purpose of preparing project planning documents, 
 • . the requirement to plan, 
 • . the recommended process for preparation of project planning documents, and 
 • . establishment of data quality objectives (DQOs), an initial step in project planning. 
 


2.1  Purpose of Project Planning 
Project planning and preparation of planning documents is a vitally important part of any sampling 
and analysis activity that will produce environmental data.  The process and documentation of 
project planning should be completed before samples are collected, with the purpose of ensuring 
that all data generated will be suitable for their intended use.  This can be accomplished by focusing 
project participants on a systematic planning process that addresses all significant elements of 
sampling and analysis and by documenting the process. 
 
Project plans will document how sampling and analysis is designed, implemented and assessed 
during the life cycle of the project.  An appropriate level of detail should be included in the plan to 
define how specific QA and QC activities will be implemented. 
   


2.2  Requirement to Plan 
The requirement to plan is proposed in an EPA internal document, EPA Order 5360.1 (EPA, 1985), 
which establishes that all projects generating environmental data will be planned through the use of 
a planning document, referred to as a QAPP.  Historically, contents of project plans have been 
established by the EPA Interim Guidelines and Specifications for Preparing Quality Assurance 
Project Plans - QAMS-005/80 (EPA, 1980).    
 
Current EPA guidance is largely based on two documents: 1) the American National Standards 
Institute/American Society of Quality Control (ANSI/ASQC) E4-1994 document (ANSI/ASQC, 
1994), referred to as E4; and 2) EPA Requirements for Quality Assurance Project Plans for 
Environmental Data Operations - EPA QA/R-5 (EPA, 1994a), referred to as R-5.  Both documents 
discuss recommended approaches to use and project planning document contents.  Generalized 
elements of planning include the need to use a systematic planning process, to involve key 
personnel (including data users and data generators) in the process, and to specify and document the 
type and quality of environmental data. 
 
Several of the major Puget Sound regulatory programs require that planning documents be prepared 
and approved by the agency in advance of sample collection, including sampling for NPDES 
permits, sampling at CERCLA, MTCA and SMS cleanup sites, and testing for dredging projects 
under PSDDA.  Guidance documents for preparing plans under some of these programs are listed in 
Appendix A.  
 







April 1997 -- QA/QC Chapter 


4
 


2.3  Recommended Process 
The preparation of project planning documents will serve to focus the planning process and should 
involve all project participants.  The approach to project planning and specific information that 
must be contained in project planning documents may be specified by the program or regulation 
that the data will support.  In this case, the planning document must comply with program 
requirements.  The recommended approach to project planning is to: 
 
 • . identify all participants as early as possible in the project planning document preparation 


process, 
 • . collaborate with key participants,  
 • . utilize all available expertise, 
 • . achieve consensus and approval among key participants, and 
 • . distribute approved project planning documents prior to initiation of all work.  
 
Collaboration in the planning stages of a project and in development of project data quality 
objectives, especially between the laboratory and the project manager, is strongly recommended.  
Benefits to the project include ensuring the laboratory is capable of meeting project analytical 
requirements, development of sampling and analysis procedures that are sound from a scientific and 
regulatory standpoint, minimization of deviations from the planning documents once they have been 
approved, and enhanced likelihood that project data quality objectives will be met.       
Consensus and approval of key participants is documented with dated signatures from responsible 
parties representing each key participant. The following participants should be included in the 
approval process:  
  
 • . project sponsor or funding agency, 
 • . project manager and QA manager, 
 • . agency(ies) with regulatory oversight, 
 • . sample collection agency or firm, and 
 • . the laboratory. 
 
An alternative to the preparation of a formal project planning document may be considered for 
projects that have a time constraint, are limited in size, or do not fall under a program which 
requires a formal planning process.  An example of a standardized planning form is presented in 
Appendix B.  Use of the form will ensure that critical sampling and analysis elements are 
considered and specified before samples are collected.  However, use of the form in preference to a 
more rigorous planning document must be approved by all participants, including regulatory 
agencies and data users. 


2.4  Data Quality Objectives 
Data quality objectives (DQOs) are qualitative and quantitative statements of the precision, bias, 
representativeness, completeness and comparability necessary for the data to serve project 
objectives (Ecology, 1991a).  Additional program requirements, such as recommended detection 
limits, analyte lists and reporting format, may also exist and must be addressed .   
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2.4.1  Purpose of Establishing Data Quality Objectives 
One of the critical elements of project planning is developing a complete understanding of the 
expected use of the data.  The projected data use will place a number of expectations on the manner 
in which data are generated. This process is known as establishing DQOs.   
 
To establish how data will be used, the following needs to occur: 
 
 • . Determine which regulations and programs are applicable.  For example, data used to support a 


particular program must result from the analysis of substances regulated by that program, and 
analytical detection limits must meet the regulatory limits of that program. 


 • . Specify the exact decision to be made on the basis of the data.  For example, comparison of 
concentrations in the upper 4 feet of dredged material to PSDDA Screening Level criteria to 
determine if the material is suitable for open-water disposal.  


 • . Determine whether new data will be compared with historic data.  When compared with historic 
data, a decision may be made as to whether new data indicate a change from previous 
conditions.  Refer to A Project Manager's Guide to Requesting and Evaluating Chemical 
Analyses [Puget Sound Estuary Program (PSEP), 1991] for further discussion.   


 • . Evaluate whether data may potentially come under legal scrutiny. 


2.4.2  Program Requirements 
The development of various Puget Sound programs has placed a variety of additional expectations 
on sampling and analysis.  These may include program-specific requirements to ensure the data 
have an acceptable degree of statistical power, established lists of chemical criteria the data will be 
evaluated against, and detection limit recommendations or requirements.  Several programs have 
well-developed requirements for a variety of data generation elements.  Program requirements may 
also include methods for sample collection, preservation and analysis, QC, data validation and 
deliverables.  Appendix A contains lists of project planning reference documents for some of these 
programs; Appendix C contains additional program specific information, organized by program. 


2.4.2.1  Analyte Lists 
While differing in scope and application, many Puget Sound programs have established lists of 
chemical criteria that are routinely used by the agencies to regulate dredging, source control and 
cleanup of contaminated sediments.  In addition, other chemicals without promulgated criteria may 
be target analytes for specific projects. 


2.4.2.2  Detection Limits 
Some programs may require or recommend detection limits for selected analytes, or require that 
detection limits be lower than concentrations of human health and environmental concern.  It is 
imperative that planning documents be designed to generate data that will meet levels of concern in 
these regulatory programs.  Deviations from program requirements generally require advance 
approval from the regulatory agency, and if not approved in advance, may result in rejection of the 
data.  Laboratories should strive to meet detection limit requirements for all undetected analytes.  In 
those cases where high concentrations of some analytes require analysis of a diluted sample and the 
dilution results in non-detects for other analytes, analysis of the sample at several different dilutions 
may be required to meet program detection limits as fully as practical. 
 
The selected analytical methods must produce data that represent the correct form or species of 
chemical as well as being capable of detecting the substance at a level at least as low as the 
regulatory limit. In addition, a program may have regulatory limits expressed in a unique format or 
unit. For example, program requirements may include data reported either on a dry-weight basis or 
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in units normalized to total organic carbon (TOC).  These requirements should be considered during 
the planning process. 
 
After establishing expected data uses and program requirements, DQOs should be developed.  An 
overview of DQO elements follows. 


2.4.3  Precision and Bias 
Precision (Ecology, 1991a; EPA, 1992) is an indication of the agreement among results of replicate 
measurements without the assumption of knowledge of the true value, or, a measure of the scatter of 
data due to random error. Precision is estimated by means of replicate analyses.  Results for the 
replicate samples must be at or above the detection limit.  If they are not, precision can be evaluated 
by analyzing replicates of check standards or matrix spikes which are above the detection limit. The 
best measure of precision is the relative standard deviation (RSD) or coefficient of variation (CV): 
     _ 
RSD=CV=100sx/x 
   _ 
where x is the arithmetic mean of the xi measurements and sx is the standard deviation.  The 
standard deviation can be calculated as follows: 
 


 
 
where n is the number of measurements. 
 
The relative percent difference (RPD) is typically used when only two samples are available, and is 
calculated as follows: 
 


 
Bias is described as the deviation due to a common systematic error, i.e., a consistent tendency for 
results to be either greater or smaller than the true value. Bias is a measure of the difference 
between an analytical result and the true value of an analyte.  Sources of bias (Ecology, 1991a) 
include calibration error, matrix interference, inability to measure all forms of the analyte, analyte 
contamination and physical or chemical instability of samples. 
 
Analytical bias is evaluated on the basis of quality control samples such as check standards, method 
blanks and matrix spikes. Blanks can be useful indicators of  bias due to contamination.  Deviation 
due to matrix effects is assessed by comparing a measured value to an accepted reference value in a 
sample of known concentration (such as a standard reference material) or by determining the 
percent recovery of a known amount of analyte spiked into a sample (matrix spike).  Bias due to 
matrix effects based on a matrix spike is calculated as: 
 
Bias = (Xs - Xu) - K, 
 
where Xs is the measured value for the spiked sample, Xu is the measured value for the unspiked 
sample and K is the known (calculated) spike amount. 
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The percent recovery (%R) for check standard or matrix spikes is given by: 
 
%R=100/(Rs/Rt) 
 
where Rs is the result for the check standard or the difference between the results for the spiked and 
the unspiked samples and Rt is the known value for the check standard or the amount of the analyte 
added to the matrix spike.   
 
Accuracy is described as the closeness of agreement between an observed value and a  true or 
accepted reference value.  When applied to a set of observed values, accuracy will be a combination 
of a random (precision) component and a systematic error (bias) component. 
 
Precision and bias are performance characteristics of the method used by a particular laboratory and 
analyst.  However, both precision and bias are also dependent on procedures followed in the field 
during sample collection and handling.  Thus, field procedures for sample collection and handling, 
and equipment decontamination must be developed and followed, and analytical methods that most 
closely meet project objectives for precision and bias (as well as other project requirements such as 
attainable detection limit) must be chosen. 
 
Collection of appropriate field QC samples is a means by which to evaluate the effect of field 
procedures on data quality.  For example, field duplicate results will provide a means of assessing 
consistency of sample collection technique and resultant effects on data precision; field blank 
results (e.g., rinsate blanks, trip blanks, preservation blanks) provide a means of assessing 
contamination (bias) introduced during sample collection and/or transport.  Bias introduced by field 
procedures is difficult to assess.  Project planning that adequately addresses the need to obtain 
representative samples will minimize this source of bias.  
 
Expectations of achievable precision and bias should be determined, including acceptable ranges of 
results of quality control samples that characterize this DQO element.  Data considered imprecise, 
biased or of compromised usability may be qualified by the laboratory or during subsequent data 
assessment (see Appendix D).  


2.4.4  Representativeness 
The term representativeness refers to selection of sampling and analytical procedures that will 
produce useful data that describe the environmental conditions.  Collecting representative data 
begins with a logical sampling design.  Sampling and analysis conducted to make decisions, 
particularly regarding regulatory compliance, should thoroughly address representativeness.  For 
these projects it is recommended that a statistical sampling design be considered during the 
planning process.   
 
Representativeness may also be affected by sample treatment that occurs after sample collection.  
Sample treatment includes sample splitting and removal of aliquots for analysis, and it should be 
conducted in a manner that is conducive to maintaining physical and chemical integrity.  For 
example, treatment of sediment samples such as decanting overlying water or drying and grinding 
prior to analysis may impact data quality.  Sample treatment procedures should be specified in the 
project planning document.  Field activities also present numerous opportunities for introducing 
sample contamination, and other sources of random or systematic error. 
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2.4.5  Completeness 
Completeness is a measure of the number of useable data points with respect to the  number of 
data points specified in project planning documents.  A common requirement is 95 percent 
completeness . 


2.4.6  Data Comparability 
Comparability is, in general, a qualitative concept that describes the confidence with which data 
may be compared to other data.  Data can only be compared to other data which reflect the same 
measure and have been derived by methods with similar biases.  Sampling and analysis should be 
planned in a manner that at a minimum produces data that are sufficiently comparable to other data 
produced for the same Puget Sound program.  Ideally, data should be comparable to data collected 
for other Puget Sound environmental programs as well.  There may be instances when it is critical 
that data be comparable to a particular data set.  In these instances, sampling and analysis activities 
must be planned to accommodate this critical data comparison  The goal of data comparability 
between programs is also important because there may be instances where data are originally 
collected for a specific purpose and later used for another purpose.   
 
Elements of sampling and analysis that significantly affect data comparability include sample 
collection technique, analytical method and associated quality control requirements, and subsequent 
data handling techniques. If project data will be compared to historic and/or subsequent data, 
historic data should be closely examined to determine whether the target analyte list and detection 
limits are the same as currently required.  If detection limits are not comparable, determine to what 
extent data can be compared.  Determine how historic data were generated and whether these 
activities could be repeated to the extent necessary for comparability with data collected under 
current program requirements.  If differing or modified methodologies are to be used, note this in 
the planning documents and discuss implications. 


2.5  Contents of Project Plans 
This section provides an overview of elements to consider and include in project planning 
documents. Several of the major Puget Sound programs have specific requirements for project 
planning documents (e.g., PSDDA, SMS; see Appendix A for list of reference documents to 
consult).  Before beginning to prepare a project planning document, program-specific and/or 
regulatory requirements should be clarified with key participants from the appropriate regulatory 
agency.  The following sections discuss recommended project planning elements to consider when 
a project does not have program-specific or regulatory planning requirements.  


2.5.1  Title and Approval Sheet 
The title and approval sheet should contain: the project title; the organization conducting the 
project; any grant or contract numbers; and dated approval signatures of the Project Manager, QA 
Manager, regulatory agency contact person, laboratory and others as needed.  


2.5.2  Table of Contents and Distribution List 
List the sections, figures, tables, references and appendices in the Table of Contents.  The 
distribution list should include individuals (with their organizations) who will receive copies of the 
approved planning document and subsequent revisions.  This  includes managers responsible for 
implementing the plan, QA managers, the regulatory agency contact person and representatives of 
other key participant groups. 
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2.5.3  Background Information 
Include sufficient background information to provide historical perspective for the particular 
project.  Note historical sources of contamination and assessment of completeness of available 
records.  Note historical data may no longer be representative of site conditions or may not meet 
current data quality requirements (Ecology, 1991b).  Cite previous studies and available data. 


2.5.4  Problem Statement 
State the specific problem to be solved or decision to be made.  Include a discussion of the 
regulatory framework. 


2.5.5  Site Description 
The site description should include maps or drawings showing key features of the site and proposed 
sampling locations, as well as descriptions of any unique difficulties presented by the site.  The site 
description should be sufficiently detailed to verify that the sampling approach and techniques 
detailed in the planning document will generate representative data. 


2.5.6  Project Description 
Provide a description of the work to be performed and a schedule for implementation.  This 
discussion should give an overall picture of how the project will resolve the problem defined by the 
problem statement.  Describe in general terms, as needed, the types of measurements that will be 
made; applicable technical, regulatory or program-specific quality standards, criteria or objectives; 
special personnel and equipment requirements; assessment tools needed (program technical 
reviews, peer reviews, surveillances, technical audits); a schedule for the work to be performed; and 
required project and quality records, including the types of reports needed.  


2.5.7  Project Objectives 
Specify the overall objectives of the project in the context of program-specific regulatory 
requirements.  Describe how the data will be used to support project objectives. 


2.5.8  Data Quality Objectives 
Include a statement of project quality objectives and measurement performance criteria.  Use of the 
DQO process will provide quality objectives based on the expected use of the data described in the 
project description and the user's determination of tolerable error in the results.  Consider and 
discuss the DQO elements of precision and bias, representativeness, completeness, and data 
comparability, described in Section 2.4, and their relevance to applicable program requirements. 


2.5.9  Project Organization 
Discuss key individuals and specify their responsibilities.  At least one individual from each key 
participant  group must be identified.  Include phone numbers. 


2.5.10  Experimental Design 
Describe the experimental or data collection design for the project.  Discuss the types and numbers 
of samples to be collected, the design of the sampling network, sampling locations and frequencies, 
sample matrices, measurement parameters of interest, relevant or required detection limits and the 
rationale for the design.  If field screening techniques will be used to select samples for laboratory 
analysis, describe the criteria for sample selection. Describe how the intended sampling design will 
address representativeness.  Discuss how the temporal and spatial distribution of sampling points 
will generate data that answer critical project questions. 
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2.5.11  Sample Collection 
Specify in detail the procedures for collecting samples.  Identify sampling methods, 
decontamination procedures, equipment and materials.  Describe documentation procedures for 
sample collection activities.  A more detailed discussion of sample collection issues to consider is 
presented in Section 3.   


2.5.12  Analytical Methods 
List parameters of interest, required detection limits and regulatory limits or other evaluation 
criteria for each parameter.  In consultation with the laboratory, select analytical methods to meet 
project requirements.  Discuss any expected difficulties based on the selected methods and project 
DQOs,  such as ability to attain required detection limits for all sample matrices.  Note instances 
where selected methods may not perform sufficiently and discuss alternatives and implications.  
 
If modifications to reference methods are needed to meet specific performance requirements such as 
very low detection limits, describe the modifications and the process to be used for validating the 
modified method.  The development of a customized analytical approach may affect data 
comparability; note potential effects and discuss in the data comparability section of the planning 
document.  A more detailed discussion of issues to be considered when selecting analytical methods 
is presented in Section 4. 


2.5.13  Quality Control Procedures 
Identify QC procedures needed for both sampling and analysis.  List required field QC samples, 
associated acceptance criteria and corrective action to be taken when field QC criteria are not met 
(e.g., if a sample is improperly preserved or collected in the wrong container).  Identify required 
laboratory QC checks, such as matrix spikes, duplicates, blanks, laboratory control samples, 
surrogates or second column confirmation.  State the frequency of analysis of each type of QC 
check, required control limits and corrective action required when control limits (or action limits) 
are exceeded or other QC criteria are not met (e.g., analyte holding times are exceeded).  Describe 
procedures to be used to calculate precision and bias.  If data are to be qualified, list the QC samples 
necessary for data qualification and the qualifiers that will be used.  A more detailed discussion of 
analytical quality control is presented in Section 5. 


2.5.14  Data Review, Validation and Assessment 
Describe the process to be used for reviewing, validating and assessing data.  Discuss the data 
review criteria, describe how criteria will be applied objectively and consistently, and discuss how 
issues will be resolved.  If data are to be independently validated, specify the data qualification 
system to be used.  Reference applicable guidelines and guidance documents, and specify how 
qualifiers will be assigned.  Discuss how results and limitations on the use of the data will be 
reported to participants with decision-making authority.  A more detailed discussion of data 
validation procedures is presented in Section 7. 
 
Specify records which should be retained and who will maintain them. For example, records 
associated with projects performed in conformance with the Sediment Management Standards are 
to be maintained for a minimum  of 10 years, in accordance with Washington Administrative Code 
(WAC) Chapter 173-204-610.  Should a file purge be a part of the project, specify the contents, 
generator and recipient of the file purge. 
 
Activities for assessing effectiveness of project implementation and associated QA/QC should be 
addressed, with the purpose of ensuring the project plan was implemented as prescribed.  Identify 
the number, frequency and type of assessment activities needed for the project.  Assessments may 
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include peer reviews, surveillance of field activities and internal or external audits of data quality.  
Discuss the information expected to be gained and success criteria.  List the approximate schedule 
of activities.  Identify who will perform the assessments and how results will be reported. 
 
Describe the format (electronic and hard copy) that will be used to report results.  Program-specific 
reporting guidance is available for SMS, PSDDA, and NPDES projects; Appendix A lists some of 
the available guidance documents.  Identify the frequency and distribution of reports, who will 
prepare reports and who will receive copies. 
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3.  SAMPLE COLLECTION 
The primary goal of any sampling effort is to deliver samples to the analytical laboratory that are as 
representative as possible of the material from which they were collected.  Field procedures impact 
data quality, and therefore should be planned to encourage consistency in approach and attention to 
factors which can affect the data.  The various Puget Sound programs specify criteria that will 
enhance sample representativeness and aid in evaluating the quality of the resulting analytical data.  
These criteria include sample containers, sample size, sample preservation, equipment 
decontamination procedures, sample storage conditions and sample holding times.  These criteria 
should be addressed in project planning documents, and they should be selected so that project 
DQOs will be met and the requirements for the Puget Sound program under which the project is 
carried out will be satisfied. 


3.1  Itemized Sample List 
An itemized sample list comprised of a summary of all locations, samples, parameters and 
identification of  field QC samples should be prepared prior to sample collection. Determine in 
advance what types of field QC samples will be collected, which samples will be composited and 
approximate dates of collection.  Each sample should be assigned a unique sample identification 
number which will not reveal information about the sample.  This will help keep sample analyses 
�blind� when required.  A description of the system to be used for sample identification should 
appear in the project planning document. 


3.2   Sample Handling  
Sample handling and treatment, from sample collection to delivery to the laboratory and subsequent 
analysis, can have a major impact on data quality.  Sample containers, preservation and storage 
practices must be appropriate for the parameter and the program. 
 
Sample integrity may be affected by the decontamination procedures used to prepare sampling 
equipment prior to collection of samples, and in between sampling sites.  The type and level of 
decontamination should be appropriate to the sample matrix and analytes of interest.  For example, 
if samples are being collected from a highly contaminated location for analysis of organic 
constituents, it may be appropriate to use a final solvent rinse to clean sampling utensils.  Field 
procedures should incorporate prior knowledge of site conditions; e.g., samples from highly 
contaminated locations should be collected last. 
 
Sample treatment after sample collection and prior to analysis can affect sample integrity.  If 
composite samples are to be collected, procedures for composite preparation which will yield 
homogeneous samples and which will not effect changes in sample composition should be 
developed.  Solid matrix samples should be homogenized with decontaminated utensils in a 
stainless steel bowl until the sample is of uniform color and texture.  Sample material which has 
contacted the sides of the sampling equipment may be excluded.  Large inclusions, such as twigs, 
leaves, shells, or rocks, should be removed prior to filling sample containers.  If material is removed 
from the composite, this fact should be noted on the field sheet or sampling notes.  If multiple 
subsamples are to be collected, the homogenized sample should be stirred between each one.  If 
samples are to be collected for analysis of volatile constituents, these containers should be filled 
(leaving no headspace) prior to any homogenization.    
 
Additional sample treatment that may occur prior to analysis includes filtering water samples; 
sediment core sectioning; sieving, drying and grinding of solid matrix samples; and decanting 
overlying water from sediment samples.  Procedures should be developed and specified in project 
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planning documents for sample treatment steps to be employed.              
 
Sample containers should be of an appropriate volume and material.  If loss of target analytes into 
sample container headspace is possible, containers should be completely filled during collection.  If 
sample container cleaning is critical, procedures that confirm container cleanliness should be 
developed.  
 
Sample integrity may also be affected by how and when sample preservation will be performed.  
Samples should be preserved as soon as practicable after collection unless additional handling (e.g., 
sample compositing or filtration) must be done prior to preservation.  Preservation may be limited 
to specified storage conditions or may entail addition of chemical preservatives.  If chemical 
preservatives are added in the field, procedures should be developed to ensure the proper type and 
amount of chemical agent is added, the sample is well mixed with the preservative, and labels on 
preserved containers clearly indicate the chemical used for preservation.  Chemical preservatives 
should be verified to be free of contamination prior to use. 
 
Samples should be stored in a way that minimizes degradation, either by loss of constituents or by 
contamination in the field or laboratory.  Typically, samples are kept chilled from the time of 
sample collection until analysis.  Sample temperature should be maintained during transport and 
delivery to the laboratory.  Longer term storage may require other techniques.  It may be necessary 
to archive samples for future analysis, especially those collected for parameters with long holding 
times. 
 
Tables 2, 3 and 4 in the Recommended Guidelines for Sampling Marine Sediment, Water Column 
and Tissue in Puget Sound (PSEP, 1997) contains minimum sample size, container, preservation 
technique and holding time recommendations for sediment, water and tissue samples, respectively. 
This chapter also contains further discussion of decontamination and sampling procedures, and 
guidelines for documentation of sample storage. 


3.3  Chain of Custody 
Chain of custody procedures should be observed when required by applicable regulations.  Areas 
and containers which are considered controlled should be established as needed.  Forms may be 
required to document an unbroken chain of custody process.  These forms account for sample 
transfer between participants, delivery of samples to the laboratory, and sample splitting to generate 
new samples, such as the splitting of a sediment core sample.  This form may also be used by the 
laboratory to receive and check samples.  Other items which should be checked at this time include 
clarity and accuracy of sample identification and labeling, sample preservation and sufficiency of 
sample volume to conduct the requested analyses. 
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4.  ANALYTICAL METHODS 


4.1  Selection of Analytical Methods 
This section provides guidance for both the selection and modification of available analytical 
methods.  In addition, guidelines are included for the use of new methods.  Reference methods are 
specified in the analytical chapters.  Reference methods were selected for their ability to meet 
DQOs for at least one of the major Puget Sound Programs.  The use of  reference methods will 
enhance the comparability of data collected in the Puget Sound region. 
 
Selection of analytical methods for a given project should begin with available reference methods, 
and  should be guided by project DQOs or specific requirements of applicable regulations.  When 
an analytical method is evaluated, the following critical elements must be considered:    
 
 • . analyte list, 
 • . detection limit requirements, 
 • . method accuracy (precision and bias), 
 • . data comparability requirements, and  
 • . ability of the method to function under anticipated project conditions. 


4.2  Method Modifications 
Methods should be used as referenced or described in the analytical chapters.  Analytical methods 
may be modified when available reference methods will not meet project DQOs or when sample 
analysis reveals analytical difficulty that jeopardizes the DQOs.  The impact on data comparability 
must be addressed when modifying a method.  Consider whether the modification is being made for 
a limited number of sampling and analysis events or  whether it represents a change in analytical 
conditions at some point in the course of an ongoing project. 
 
Modified methods must undergo an initial demonstration of method performance (Dux, 1990 and 
Garfield, 1991).  The demonstration should verify that the modified method will function properly 
for all anticipated matrix types from the sampling site. The method should be shown to perform 
over the expected range of analyte concentrations at the site.  This demonstration of method 
performance may be conducted by either comparing performance of the modified method to 
performance of the published method, or by conducting a study verifying performance of the 
modified method. 
 
Performance of the modified method should be compared with the performance of the reference 
method by analyzing at least seven samples of each sample type by the method as written and at 
least seven samples by the method as modified.  Appropriate QC samples should be included in 
each batch.  The selected sample types should cover the range of expected matrices and target 
analyte concentrations.  QC results from the modified method should meet performance criteria of 
the published method.  Comparison of analytical results from the published and modified methods 
should include collaboration with key project participants.    
 
In lieu of a method comparison, performance of the modified method may be verified for each 
matrix.  Verification should be conducted by analyzing a certified reference material (CRM) or 
similar material if available, a method blank, a sample of each matrix type and a series of matrix 
spikes covering the range of expected sample matrices and analyte concentrations for the site.  QC 
results from the modified method should meet the performance criteria of the published method. 
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All data should be traceable to the procedure used, and the laboratory should document the 
verification and use of modified methods.  The data report must note the method has been modified, 
and the nature of the modification and potential impact on data must be indicated. 


4.3  Evaluation of New Methods 
New methods may be used when reference or modified reference methodology will not meet 
project DQOs, or when new methods or technologies become available and accepted as industry 
standard.  Before using a new method, method performance must be verified and documented.  This 
should be done by analyzing at least one CRM (if available) in triplicate, a method blank in 
duplicate, a sample of each matrix type and a series of matrix spikes covering the expected range of 
concentrations for the site.  The laboratory should prepare a report documenting study results.  A 
more rigorous approach to assessing method performance and data quality is discussed in the 
quality control section (Section 9.0) of the Environmental Monitoring Management Council�s 
method documentation format guidance (EPA, 1993).  The project manager should collaborate with 
key project participants prior to requesting the laboratory use a new method. 


4.4  Detection and Quantification Limit 
Environmental analytical chemists have not universally agreed upon terminology for defining or 
conventions for determining and reporting detection limits for analytical procedures.  The following 
guidance does not attempt to resolve the debate over terms or procedures.  Rather, it is intended to 
provide practical information that can be used as a basis for discussion between program managers 
and laboratories. 
 
EPA (CFR, 1994) defines method detection limit (MDL) in Appendix B to 40 CFR Part 136 as �the 
minimum concentration of a substance that can be measured and reported with 99 percent 
confidence that the analyte concentration is greater than zero and is determined from analysis of a 
sample in a given matrix containing the element.� A copy of the complete procedure is contained in 
Appendix E of this document. 
 
The intended scope and application of the EPA procedure for calculating MDL is for water and 
wastewater, but the approach can be adapted to solid samples with low concentrations of analytes.  
Step 7 of this procedure describes an operational iterative procedure involving spiking the matrix of 
interest with analytes of interest.  Laboratories should perform this step to verify the reasonableness 
of the calculated MDL for a specific matrix. Program managers may require this step to 
demonstrate routine ability to meet program-specific sensitivity requirements, particularly for 
challenging sample types. Project planning documents should specify whether matrix-specific 
detection limits need to be calculated. 
 
If required, matrix-specific detection limits should be demonstrated once during the life of the 
project for each matrix and target analyte that is not detectable at the nominal detection limit.  
Ongoing demonstration of ability to meet detection limits should be demonstrated by analyzing a 
low-level standard containing all target analytes at detection limit concentrations as a periodic 
check sample. The matrix-specific MDL should be adjusted for each sample to account for sample 
size and any dilution or concentration factors. 
 
Detection limits may be affected by instrument sensitivity or by bias due to contamination or matrix 
interferences.  Common laboratory practice is to adjust detection limits upward in cases where high 
instrument precision (i.e., low variability) results in calculated detection limits that are lower than 
the absolute sensitivity of the analytical instrument.  In these cases, best professional judgment is 
used to adjust detection limits upward to reduce false positives and values below the detection limit 
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are not reported.  In all cases, results cannot be reported for values less than the calculated MDL. 
 
The quantification limit represents a practical and routinely achievable detection limit with 
relatively good certainty that any reported value is reliable (APHA, 1992).  The quantification limit 
is always higher than the corresponding detection limit, usually by about five to ten times. 
 
Recommended applications of detection and quantification limits follow: 
 
 • . Values below the detection limit documented for a project should not be reported. 
 • . Values between the detection and quantification limit should be reported and qualified as less 


than the quantification limit. 
 • . Values above the quantification limit are useable without qualification unless QC criteria are not 


met or qualification is deemed appropriate during subsequent QA review. 
 
Practical guidance for determining detection and quantitation (quantification) limits for 
inorganic analyses can be found in Appendix F. 
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5.  QUALITY CONTROL SAMPLES 
Quality control sample results provide information needed to evaluate method performance during 
analysis and to determine whether subsequent analytical results meet project DQOs.  In order for 
QC data to fulfill both functions, there must be discussion between project managers and laboratory 
staff during project planning.  Tables C-2, C-3, C-5, C-6, C-10 and C-11 in Appendix C list QC 
requirements for some of the Puget Sound programs.   


5.1  Field Quality Control 
Field sampling and laboratory analyses are separate but interdependent events, and QA/QC 
guidelines should be established and followed for both of these types of activities.  Laboratory 
oriented quality assurance programs can only assure the quality of data generated in the laboratory, 
and cannot be applied to field operations, which include actual sample collection, field 
decontamination procedures, sample preservation and storage, sample labeling and identification, 
sample transport, chain of custody procedures and data management.  Therefore, field activities 
must be governed by an appropriate set of QA guidelines in order to characterize and minimize 
possible sources of systematic and random errors.  QA/QC procedures for field and laboratory 
activities should be specified in project documents. 
 
Results of field QC samples also provide the data user with important information about data 
quality.  Because field conditions are more difficult to control, sample collection may have a greater 
impact on data quality than laboratory analysis.  Results of field QC samples must be evaluated in 
conjunction with the results of analytical QC samples in assessing data quality. 
 
Field QC samples that may be required include: 
 • . field blanks, container blanks, preservation blanks, rinsate blanks, trip blanks and  
 • . field split samples and field replicates. 
 
Any additional program-specific requirements should be listed in the planning document. 
 
5.2  Analytical Quality Control 
Whenever possible, analytical QC specified in planning documents should be consistent with 
analytical QC specified for the selected methods.  Details of method-specific QC sample frequency, 
control limits and corrective actions are specified in the PSP&G analytical chapters.  These chapters 
are useful resources for preparing planning documents.  Additional program-specific QC 
requirements should be listed in project planning documents. 
 
 • . calibration verification, 
 • . ICP Interference check sample,  
 • . method blank, 
 • . detection or quantification limit check sample,   
 • . matrix spike,  
 • . analytical replicate or matrix spike duplicate,  
 • . spiked method blank or check standard, 
 • . surrogate spike compounds, and  
 • . certified reference materials (when available). 
 
Project or program-specific requirements for reporting QC sample results, corrective actions and 
data qualification should be detailed in the project planning document.  During data validation, data 
qualifiers may be applied based on QC sample results.  Tables D-1 through D-6 in Appendix D list 
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some program-specific data qualifiers. 
 
6.  DELIVERABLES 
 
6.1  Laboratory Deliverables 
Specific deliverable requirements must be outlined in the project planning document.  Care must be taken 
to ensure that deliverable requirements meet project data use goals. At a minimum, the laboratory should 
provide a data report that includes analytical results, a tabular summary of associated QC results and 
control ranges, and a cover letter that references or describes the analytical procedure(s) and discusses 
any analytical problems. Data should be delivered from the laboratory in electronic format as well as 
hardcopy format. 
 
The laboratory is responsible for providing an analytical data package which has been internally 
reviewed and approved for release.  Data package preparation should be in accord with the laboratory's 
internal quality assurance procedures.  All data sets should receive consistent internal review, including 
verification of the data summaries.  Any anomalies or problems with the data set should be discussed by 
the laboratory.    
 
6.2  Recommended Deliverables for Chemical Analyses 
The following list contains recommended deliverables to be included in laboratory reports.  Laboratory 
QC associated with each batch of samples should be reported. 
 
 • . dates of extraction and analysis; 
 • . tabulated sample results with units, including reporting basis (e.g., wet, dry, TOC normalized); 
 • . summary of extraction or digestion procedure; 
 • . detection limits, including both quantification limits and statistically derived detection limits; 
 • . quantification of all analytes in method blanks and association of method blanks with each sample; 
 • . tentatively identified compounds (if requested, GC-MS analyses only) and methods of quantification; 
 • . summary of results and control limits for all associated QC analyses performed by the laboratory, 


such as spikes, surrogates, duplicates and CRMs; 
 • . explanations for all data qualifications; 
 • . explanations for all departures from the analytical protocols and discussion of possible effects on the 


data; and  
 • . reference method. 
 


6.3  Additional Reporting Requirements 
Validation, an independent review of the data after the laboratory has produced this final data report, may 
be required.  Depending on the level of data validation required (see Section 7) or if data are to be 
incorporated into one of the sediment quality databases, there may be additional reporting requirements 
placed on the laboratory.  Program-specific guidelines exist describing required levels of validation.  For 
example, the PSDDA management plan describes a QA1 data review process designed for determining 
suitability of sediments for unconfined, open-water disposal (Ecology, 1989).  On the other hand, QA2 is 
defined as the process of reviewing chemical and biological data to determine if they are suitable for 
incorporation into regional sediment quality (e.g., SEDQUAL) databases maintained by Ecology.  A 
complete description of QA1 and QA2 can be found in Data Validation Guidance Manual for Selected 
Sediment Variables (Ecology, 1989). 
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6.4  Backup Documentation       
All laboratories are required to submit results that are supported by sufficient backup documentation and 
quality control results to enable independent QA reviewers to evaluate data quality and reconstruct final 
results from the raw data.  Legible photocopies of original data sheets should be available from the 
laboratory with sufficient information to unequivocally identify the following items: 
 • . calibration results, 
 • . method blanks, 
 • . samples, sample sizes and dilution factors, 
 • . replicates and spikes, including amount spiked, 
 • . control or reference samples, 
 • . chromatograms, 
 • . GC-MS tuning documentation, 
 • . GC-MS supporting spectra, 
 • . chain of custody and sampling records, and 
 • . any anomalies in instrument performance or unusual instrument adjustments. 
 
6.5  Final Deliverable to Project Manager 
The project planning document should have sufficient detail to outline data delivery requirements to the 
final end user of the data.  For example, if samples are being collected for a PSDDA project, the U.S. 
Army Corps of Engineers has specific requirements for data format and content. All data should be 
available in an electronic format.  Sediment Management Standards programs require data be reported in 
both dry-weight and TOC-normalized units in hardcopy as well as in dry-weight electronic format (such 
as SEDQUAL-compatible format).  Copies of Excel® spreadsheets in the required format may be 
obtained through the Ecology Sediment Management Unit.  Other programs may have different 
requirements, and it is important for the laboratory to be aware of those requirements prior to analyzing 
samples. 
 
If only hardcopy data are received from the laboratory, data are usually manually entered into a database 
or spreadsheet.  Quality control measures to establish the accuracy of the final form of the electronic data 
are critical; i.e., the electronic version must match reviewed or validated hardcopy results.  This is 
especially important if electronic data are produced and/or reviewed by separate procedural lines than 
hardcopy data.  If data are manually entered, verification by a separate individual is recommended to 
ensure no transcription errors are made.  If data are electronically transferred, a process for updating 
electronic data should be established to accommodate revisions made during review or validation.  
 
7.  DATA VALIDATION 


7.1  Definition and Requirement for Data Validation 
Data validation is defined as a process to determine if the data meet project DQOs.  If the DQOs are not 
met, data usability is further evaluated (Ecology, 1989 and EPA, 1994b).  Validation of a set of data 
involves several aspects: 1) reviewing the laboratory data package for transcription errors, 
misidentifications, or miscalculations; 2) assessing the reliability of data based on quality control sample 
results; and 3) verification that requirements contained in the project planning documents have been met.  
 
Data validation can be performed with various levels of rigor.  Several conventions have been established 
that outline data validation levels (Ecology, 1989 and EPA, 1994b).  In general, validation levels define 
the degree to which laboratory data are scrutinized or reviewed, typically by an independent party, and 
are different for different programs.  The data user should determine the appropriate level of validation 
based on the expected data use, whether the data result from routine or non-routine procedures, past 
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experience with validation of similar data sets from the same laboratory and program requirements.  
However, all data should receive a minimum level of validation, as quality control results should be 
evaluated prior to incorporating data into an environmental investigation.  An appropriate level of data 
validation must be identified and detailed in the project planning document prior to sample collection. 
 
The previous section recommended documentation that should be provided or maintained by the 
analytical laboratory.  This documentation is necessary for independent review of the data set, and its 
delivery (or availability for inspection at the laboratory) should be required in the project planning 
document if an independent data review is to be conducted or if the data will eventually be entered into 
one of the regional sediment quality databases (e.g., necessitating QA2 review) . 
 
Data validation should be performed by a qualified chemist.  A reviewer performing data validation 
would verify the following general areas (Ecology, 1989): 
 
 • . compliance with the planning document, 
 • . proper sample collection and handling procedures, 
 • . holding times, 
 • . field QC results, 
 • . instrument calibration verification, 
 • . laboratory blank analysis, 
 • . detection limits, 
 • . specific instrument QC requirements, 
 • . certified reference material results, 
 • . laboratory replicates, 
 • . matrix spike percent recovery results, 
 • . surrogate percent recovery, 
 • . calculations, 
 • . data completeness and format, and 
 • . data qualification. 
 
Further data assessment is performed incorporating information generated during data validation.  The 
reviewer performing data assessment determines if project DQOs are met by reviewing laboratory and 
field QC results (Ecology, 1989) and comparing them to the planning document. 


7.2  Qualifiers 
Data qualifiers or flags are notations based on quality control test results that are used by laboratories and 
data reviewers to impart qualitative information about the associated data or the systems producing data 
(EPA, 1994b).  Data qualifiers may vary among different organizations.  For this reason, a list of qualifier 
code definitions must be provided with the analytical data.  A list of data qualifiers currently in use for 
one or more of the major Puget Sound programs and their definitions are presented in Appendix D.  An 
appropriate qualification scheme must be identified and defined in the planning document.  Project 
managers must ultimately determine whether qualified data meet their objectives for data quality and are 
satisfactory for their intended use. 
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7.3  Roles and Responsibilities 
The planning document must clearly define the roles and responsibilities of all parties associated with  
data validation.  Clear expectations must be defined for data qualifiers that the laboratory will apply and 
qualifiers an independent reviewer will be applying after data have been released by the laboratory.  It is 
also important to stipulate the type and format of deliverables the laboratory must provide to ensure the 
appropriate level of validation can be accomplished. 
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8.  DATA ARCHIVING AND STORAGE 
Record retention and maintenance should be considered and specified during the project planning 
process.  As discussed in Section 2, responsibilities and requirements for record keeping should be 
specified in the project planning documents.  When archiving data, consideration should be given to any 
permit or regulatory requirements.  In addition to any archiving procedures specified in project 
documents, written procedures should be established describing the following: 
 
 • . printed and electronic material considered applicable records, 
 • . record assembly and storage procedure, 
 • . records access control, 
 • . archive documentation, 
 • . records retrieval process, 
 • . duration of archived records maintenance, 
 • . record disposal requirements, and 
 • . procedures to protect stored records from damage, loss, or deterioration. 
 
Records should be stored in a manner that is complete and facilitates retrieval.  It is recommended that 
records be organized and maintained by specific project.  Record keeping shall be of sufficient scope and 
detail to establish that project requirements were implemented and sampling and analysis specifications 
were achieved. 
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9.  SUBCONTRACTING LABORATORY SERVICES 
Due to the wide scope of analytical activities conducted in support of the Puget Sound programs, 
subcontracting samples to one or more analytical laboratories for a given project will frequently occur.  
The following are recommended activities for subcontracting samples. 
 
 • . Procurement of a subcontractor laboratory should be carried out by qualified personnel.  All 


documents and correspondence between the subcontractor and the hiring entity should be reviewed by 
qualified personnel. 


 • . Prior to the start of work by a subcontractor, it is required that a copy of all documents specifying 
requirements for a given project, such as the project planning documents, be forwarded to the 
subcontractor.  Sample analyses must be coordinated to meet program DQOs and requirements, such 
as running TOC analyses prior to semivolatile analyses to meet SMS program detection limit 
requirements. 


 • . Upon receipt, the primary contractor of the subcontracted services should review data and other 
supporting documentation to ensure compliance with project requirements.  For extended projects, it 
is recommended that review occur on an ongoing basis during the project. 


 
Price quotations will frequently be requested from potential subcontractor laboratories prior to the 
completion of planning documents.  These price quotations should be obtained by qualified personnel 
and available project information must be forwarded to potential subcontractors.  This will ensure that 
they understand the scope of  the work and can provide an appropriate price quotation. The primary 
contractor should have established and documented procedures to determine the capabilities and 
qualifications of any subcontractor.  If the project requires specific lab accreditation, address the 
accreditation requirements of the subcontracting lab during the procurement phase. 
 
The Washington State Department of Ecology Quality Assurance Section administers the environmental 
laboratory accreditation program for the analysis of (non-marine) water samples.  Ecology policy requires 
that all results of (non-marine) water analyses reported to the agency come from an accredited laboratory. 
 The program also includes accreditation criteria (Gries, 1991) and accredits laboratories for methods of 
analysis of marine sediment in support of the PSDDA program.  Accreditation involves review of 
laboratory quality assurance procedures, periodic systems audits of the facility, and successful analysis of 
performance evaluation samples every six months. This requirement for PSDDA has become an 
expectation for many other programs. 
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10.  GLOSSARY 
Note this glossary contains terms found throughout the main body of the text and the appendices. 
 
Accuracy - The agreement between an analytical result and the true value.   
 
Action Limit - In Puget Sound programs, a value for results of a QC analysis that requires appropriate 
action be taken to correct the performance of a system or a method that is not in control.  Action limits 
and appropriate corrective actions are specified contractually.  Data obtained when a system or method is 
not in control may be omitted from a regional database.  Note in a multianalyte method, failure to meet 
the calibration requirement for a small percentage of analytes should not be cause to omit the entire 
analysis for a sample from the database.  Omission should be determined on an analyte by analyte basis.  
Action limits and appropriate corrective actions are specified contractually. 
 
Analyte - That which is identified and quantified in the process of analyzing the sample. 
 
Assessment - The evaluation process used to measure the performance or compliance of sampling and 
analysis activities. 
 
Audit - A systematic and independent examination to determine whether sampling and analysis activities 
and related results comply with planned practices, whether these practices are implemented effectively, 
and whether the nature and extent of these practices are suitable for the sampling and analysis activities 
they support. 
 
Batch - The number of samples that are prepared or analyzed with associated laboratory QC samples at 
one time.  A typical batch size is 20 samples. 
 
Bias - The systematic or persistent distortion of a measurement process which causes errors in one 
direction. 
 
Blank-corrected Result - Refers to an analytical result that has been corrected (mathematically or 
through analytical procedures) for the contribution of the method blank.  The method blank should be 
processed concurrently.  Any correction should account mathematically for all relevant weights, volumes, 
dilutions and other similar sample processing elements. 
 
Calibration - The determination of the relationship between analytical response and concentration (or 
mass) of the analyte. 
 
Certified Reference Material -  A reference material accompanied by, or traceable to, a certificate 
stating the concentration of chemicals contained in the material.  The certificate is issued by an 
organization, public or private, that routinely certifies such material (e.g., National Research Council of 
Canada (NRCC), Ottawa). 
 
Chain of Custody - An unbroken trail of accountability that ensures the physical security of samples, 
data and records. 
 
Check Standard - A QC sample prepared independently of calibration standards, analyzed exactly like 
the samples, and used to estimate analytical precision and indicate bias due to calibration. 
 
Coefficient of Variation - The standard deviation expressed as a percentage of the mean.  Also termed 
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relative standard deviation or RSD.   
 
Comparability - An indication of the confidence with which one data set can be compared to another. 
 
Completeness - A measure of the amount of valid data obtained from sampling and analysis activities 
compared to the amount that was expected to be obtained. 
 
Control Limit(s) - A value or range of values against which results of QC sample analyses are compared 
in order to determine whether the performance of a system or method is acceptable.  Control limits are 
typically statistically derived.  When QC results exceed established control limits, appropriate corrective 
action should be taken to adjust the performance of the system or method. 
 
Corrective Action - Measures taken to remove, adjust, remedy, or counteract a malfunction or error so 
that a standard or required condition is subsequently met. 
 
Data Quality Objectives - Data quality objectives are qualitative and quantitative statements that define 
the appropriate type and quality of data needed to support the objective of a given project. 
 
Duplicate Analysis - Analysis performed on a second subsample in the same manner as the initial 
analysis, used to provide an indication of measurement precision. 
 
Field Blank - A simulated sample (usually consisting of laboratory pure water) that is taken through all 
phases of sample collection and analysis.  Results of field blank analyses are used to assess the positive 
contribution from sample collection and analysis procedures to the final result. 
 
Guideline - A recommended practice that is non-mandatory. 
 
Interference Check Sample - A sample run by ICP methodology to verify interelement and background 
correction factors.  
 
Isotope Dilution Technique - An internal standard technique for quantification of organic compounds 
that uses a large number of stable isotopically labeled compounds spiked into the sample before 
extraction in order to provide recovery correction factors (i.e., to correct for compound loss during 
sample workup on a sample specific basis).  The labeled compounds are analogs of the target compounds 
and are assumed to behave similarly.  The isotopic labels typically involve replacement of hydrogen 
atoms with deuterium or replacement of carbon-12 atoms with carbon-13 atoms. 
 
Matrix - The sample material in which the analytes of interest are found (e.g., water, sediment, tissue). 
 
Matrix Spike - A QC sample created by adding known amounts of analytes of interest to an actual 
sample, usually prior to extraction or digestion.  The matrix spike is analyzed using the normal analytical 
procedures.  The result is then corrected for the analyte concentration determined in the unspiked sample, 
and expressed as a percent recovery.  This provides an indication of the sample matrix effect on the 
recovery of target analytes. 
 
Method - A body of procedures and techniques for performing an activity that is systematically 
presented in the order in which they are to be executed.   
 
Method Blank - A QC sample intended to determine the response at zero concentration of analyte and 
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assess the positive contribution from sample analysis procedures to the final result.  A clean matrix 
(generally water) known to be free of  target analytes that is processed through the analytical procedure in 
the same manner as associated samples.   
 
Method Detection Limit - The minimum concentration of a substance that can be measured and 
reported with 99 percent confidence that the analyte concentration is greater than zero; determined from 
analysis of a sample in a given matrix containing the element. 
 
Metro - King County Water Pollution Control Division Environmental Laboratory. 
 
Must - A requirement that is mandatory. 
 
Normalize - Perform a data calculation in order to express results in terms of a reference parameter or 
characteristic. 
 
Percent RSD - Calculated by dividing the standard deviation by the mean and multiplying by 100. 
 
Precision - The statistical agreement among independent measurements determined from repeated 
applications of a method under specified conditions.  Usually expressed as RPD, RSD or coefficient of 
variation. 
 
Project - An organized set of activities within a program. 
 
Qualified Data - Data to which data qualifiers have been assigned.  Data qualifiers provide an indication 
that a performance specification in the qualified sample or an associated QC sample was not met. 
 
Quality Assurance - An integrated system of management activities involving planning, implementation, 
assessment, reporting and quality improvement to ensure that a process, item or service is of the type and 
quality needed and expected by the customer. 
 
Quality Assurance Project Plan - A formal planning document describing in comprehensive detail the 
necessary QA, QC and other technical activities that must be implemented to ensure that the results of the 
work performed will satisfy the stated performance criteria.   
 
Quality Control - The routine application of procedures for obtaining prescribed standards of 
performance in the monitoring and measurement process.  Quality control is an element of quality 
assurance.  QC samples and auditing/assessment are common quality control activities. 
 
Quantification - The process of calculating the value of an analyte in a particular sample. 
 
Quantification Limit Check Sample - A check sample containing target analytes at concentrations at or 
near the quantification limit; used to verify routine method performance at the quantification limit. 
 
Recovery - The percentage difference between two measurements, before and after spiking, relative to 
the concentration spiked, or the percentage difference between a measured value and a true value, as in 
the case of a reference material or check standard. 
 
Reference Material -  A material of known analyte composition which can be used for comparison of 
analytical results.  The reported analyte concentrations have not been certified (see Certified Reference 
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Material). 
 


Relative Percent Difference - Difference of two measurements x1 and x2, divided by the mean of the 
measurements, multiplied by 100. 
 
Relative Standard Deviation - See Coefficient of Variation. 
 
Replicate - One of several identical experiments, procedures, or samples. 
 
Representativeness - A measure of the degree to which data accurately and precisely represent an 
environmental characteristic or condition. 
 
Reproducibility - The ability to produce the same results for a measurement.  Often measured by 
determining the RPD, RSD or coefficient of variation for an analysis. 
 
Semivolatile Organic Compounds - Organic compounds with moderate or low vapor pressures that can 
be extracted from samples using organic solvents. 
 
Should - Refers to a highly recommended practice.  The practice may be mandatory, depending on the 
exact conditions of sampling and analysis. 
 
Spike - The addition of a known amount of a substance to a sample or a blank. 
 
Spiked Method Blank - See Check Standard. 
 
Standard - A substance or material, the properties of which are believed to be known with sufficient 
accuracy to permit its use to evaluate the same property of a sample.  In chemical measurements, standard 
often describes a solution of analytes used to calibrate an instrument. 
 
Standard Reference Material -  A material with known properties produced and distributed by the U. S. 
National Institute of Standards and Technology (NIST).   
 
Surrogate Spike Compound - A compound that has characteristics similar to that of a compound of 
interest, is not expected to be found in environmental samples and is added to a sample prior to 
extraction.  The surrogate compound can be used to estimate the recovery of chemicals in the sample. 
 
Target Analytes  (or Target Compounds) -  One or more elements or compounds which are intended to 
be determined by an analytical procedure (in contrast to tentatively identified compounds). 
 
Tentatively Identified Compounds - Chemicals identified in a sample on the basis of mass spectral 
characteristics held in common with a reference mass spectra of a known chemical.  These compounds 
cannot be more confidently identified unless a reliable standard of the compound is obtained and is 
confirmed to co-elute with the tentatively identified compound and generate similar mass spectra using 
the same GC-MS. 
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Validation - Confirmation by examination and provision of objective evidence that the particular 
requirements for a specific intended use are fulfilled.  Can refer to a process whereby environmental data 
are determined by an independent entity to be complete and final (i.e., subject to no further change), and 
to have their value for the intended use described by both qualitative and quantitative statements.   
 
Volatile Organic Compounds - Organic compounds with high vapor pressures that tend to evaporate 
readily from a sample. 
 
Warning Limit - In Puget Sound programs, a value for results of a QC analysis for which data returned 
by a laboratory are subjected to qualification before inclusion in a regional database.  The principle is 
identical to that of an action limit, but is less stringent and serves as a warning that the system or method 
may not be performing normally.  If necessary to meet project goals, project managers may specify 
warning limits as more stringent contractual limits in laboratory statements of work. 
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Dredged Disposal Analysis (PSDDA) Management Plan Report, Unconfined Open Water Disposal of 
Dredged Material, Phase I (Central Puget Sound)  (MPR, 1988).  Department of the Army, Corps of 
Engineers, Seattle, WA. 


U.S. Army Corps of Engineers, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and Washington State Department of Natural Resources, 1989.  Puget Sound 
Dredged Disposal Analysis (PSDDA) Management Plan Report, Unconfined Open Water Disposal of 
Dredged Material, Phase II (North and South Puget Sound)  (MPR, 1989).  Department of the Army, 
Corps of Engineers, Seattle, WA. 


U.S. Army Corps of Engineers, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and Washington State Department of Natural Resources, 1991. - Appendix D - 
Revised Modifications to Holding Times for PSDDA Chemical Analyses. PSDDA Third Annual 
Review Meeting (ARM) Minutes, Tacoma WA. 


U.S. Army Corps of Engineers, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and Washington State Department of Natural Resources, 1993.  DAIS  Dredged 
Analysis Information System Version 4.0 User’s Guide.  Department of the Army, Corps of Engineers, 
Seattle, WA. 


U.S. Army Corps of Engineers, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and Washington State Department of Natural Resources, 1994.  Sampling and 
Analysis Plan for Sediment Characterization at Pier D.  ProTech Consulting for the Department of the 
Army, Corps of Engineers, Seattle, WA. 
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13.  APPENDIX A: REFERENCE DOCUMENTS 


13.1  Reference Documents Addressing Project Planning Requirements 
Programs listed in Table A-1 conduct sampling and analysis in accordance with a guidance or planning 
document.  Programs which require a project-specific planning document are identified, and applicable 
guidance is noted for preparing these documents.  In some cases, a single planning document may be 
used for many sampling and analysis efforts.  Note actual sampling and analysis practices agreed to and 
specified in the planning documents may vary on a site-specific basis from requirements listed in the 
reference documents.  Relevant information in addition to the project planning reference document has 
been listed when available. Contact program managers or program contacts identified in Appendix C for 
information regarding the source and availability of the various documents. 


13.2  Reference Documents Addressing Puget Sound Program 
Requirements 
Table A-2 lists supporting documents cited by program managers for the major Puget Sound programs.  
These documents provide a starting point for understanding program requirements.  Note actual sampling 
and analysis practices may vary from requirements listed in the referenced documents.  In some cases, 
information in addition to the documents has been included in the table.  Contact program managers or 
program contacts identified in Appendix C for information regarding the source and availability of these 
documents. 
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Table A-1 
 


Project Planning Reference Documents for Some Puget Sound Programs 
 


PROGRAM DOCUMENT1 
  
NPDES Sedimentsa The Sediment Sampling and Analysis Plan Appendix to the Sediment Source Control Standards User Manual 


(SCUM1), published in 6/93, and the Sediment Cleanup Standards User Manual (SCUM2), published in 12/91, 
will provide guidance for project plan preparation.  This appendix is currently in preparation. 
 


NPDES Watera Program requires a planning document.  Program specific guidance is not identified for preparing the 
document. 
   


PSAMP Fish Task Puget Sound Ambient Monitoring Program - Fisheries Monitoring Task Implementation Plan, published in 
6/89, is used as a planning document. 
 


PSAMP Marine Water Task Marine Water Column Ambient Monitoring Wateryear 1995 Long-Term Monitoring Implementation Plan, 
published in 5/95, is used as a project planning document. 
 


PSAMP Sediment Task Puget Sound Ambient Monitoring Program - Marine Sediment Quality Implementation Plan, published in 
11/88 is used as a project planning document.  Currently undergoing revision. 
 


PSAMP Shellfish Task Puget Sound Ambient Monitoring Program - Shellfish Programs Implementation Plan, published in 2/90, is 
used as a planning document. 
 


PSDDAa Refer to prototype planning document, Sampling and Analysis Plan for Sediment Characterization at Pier D, 
for guidance on how to prepare project specific planning documents. 
 


Sediment Management 
Standardsa 


Sediment Management Standards WAC Chapter 173-204 and SCUM2 provide project planning guidance or 
requirements. 
 


 
Notes: 
1.  Request information on obtaining reference documents from Program Contacts identified in Appendix C.  


a.  This program requires a project specific planning document. 
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Table A-2 


 
Reference Documents for Some Major Puget  Sound Programs 


 
PROGRAM TOPIC DOCUMENT1 


   
NPDES Sediments analytical methods Sediment Source Control Standards User Manual (SCUM1), Table 8-1.  Some bioassays conducted by 


methods outside of SMS rule, but still within PSEP. 
   
 data use Data are compared to Sediment Management Standards WAC Chapter 173-204 Table II. 
   
 procedures Sediment Source Control Standards User Manual (SCUM1), published in 6/93, describes study and 


investigation procedures. 
   
 program description Sediment Management Standards WAC Chapter 173-204 Sections 400-420 describe all source control 


functions. 
   
 regulations RCW 90.48 and Sediment Management Standards WAC Chapter 173-204 are the basis for this program. 


  
   
 target lists and 


detection limits 
Sediment Management Standards WAC Chapter 173-204 Table II.   
Sediment Source Control Standards User Manual Table 8-1. 


   
NPDES Water analytical 


methodology 
Listed in Water Quality Program Permit Writer's Manual, published in 7/94, based on 40 CFR Part 
136. 


   
 data qualification Data are not required to be qualified. 
   
 data use Effluent, water, and sediment data are compared to WAC Chapter 173-201 A.   


WAC Chapter 173-201 A-040 contains narrative and numeric criteria. 
   
 field sampling The current version of Recommended Protocols for Measuring Selected Environmental Variables In 


Puget Sound.   
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


NPDES Water 
(continued) 


program description Water Quality Program Permit Writer's Manual, Ecology Publication 92-109, published in 7/94.   
 


 regulations  • . Federal Water Pollution Control Act and Amendments, Public Law 92-500 (The Clean Water Act).   
 • . Water Pollution Control Act. Chapter 90.48 RCW; part 260 contains state authority, function, 


powers, duties. 
 • . WAC Chapter 173-220 (state NPDES regulations). 
 • . WAC Chapter 173-201A (state water quality standards and aquatic life criteria). 
 • . Water Quality Program Permit Writer's Manual, published in 7/94,  describes how to conduct 


NPDES activities.  Table 7-1 contains human health criteria 
. 


 target analytes/ 
detection limits 


See Water Quality Standards, WAC Chapter 173-201A, Toxic Substances Table, for target analytes and 
criteria levels.  Detection limits are required to be below the chemical criteria and are listed in the Water 
Quality Program Permit Writer's Manual, published in 7/94. 


   
PSAMP Fish Task data deliverables A data package which can be validated is prepared. 
   
 data qualifiers PSAMP data qualifiers are used. 
   
 data use Data are used to document trends.  Areas of concern may be referred to the WA Department of Health. 


   
 field sampling The current version of Recommended Protocols for Measuring Selected Environmental Variables in 


Puget Sound.   
   
 procedures Puget Sound Ambient Monitoring Program-Fisheries Monitoring Task Implementation Plan, published 


in 6/89. 
   
 Procedures outside of 


PSP&G   
Cytochrome P450 and FAC Fish Bile  as per NOAA National Marine Fisheries methodologies.  Metro 
procedures for percent lipids and percent solids are used. 
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


   
PSAMP Fish Task 
(continued)  


regulations This program is not conducted to fulfill a regulatory requirement.  However, data may be compared to 
regulatory guidance or used to initiate action based on regulations. 


   
 target lists/detection 


limits 
A listing of target chemicals and detection limits is maintained by the program manager. 
 
 


PSAMP Sediment 
Task 


analytical 
methodology 


Puget Sound Ambient Monitoring Program - Marine Sediment Quality Implementation Plan, published 
in 11/88, refers to CLP procedures.  Actual current practice uses the current version of Recommended 
Protocols for Measuring Selected Environmental Variables In Puget Sound


 data deliverables Puget Sound Ambient Monitoring Program - Marine Sediment Quality Implementation Plan, published 
in 11/88, page 21, refers to CLP procedures.   


 data qualifiers Puget Sound Ambient Monitoring Program-Marine Sediment Quality Implementation Plan, published 
in 11/88, page 32, refers to CLP procedures.  PSAMP data qualifiers are also used. 


 data use Data are compared for reference only to the following standards: 
Sediment Management Standards Sediment Quality Standards Table I of WAC Chapter 173-204.  When 
state standards are not available Pollutants of Concern in Puget Sound EPA 910/9-91-003


 field sampling The current version of Recommended Protocols for Measuring Selected Environmental Variables In 
Puget Sound.   


 procedures Puget Sound Ambient Monitoring Program - Marine Sediment Quality Implementation Plan, published 
in 11/88.  Currently undergoing revision. 
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


   
PSAMP Sediment 
Task 
(continued)


program description Puget Sound Ambient Monitoring Program, Monitoring Management Committee, Final Report, 
published in 4/88.  Currently undergoing revision. 


 regulations This program is not conducted to fulfill a regulatory requirement.  However, data may be compared to 
regulatory guidance or used to initiate action based on regulations. 


 target lists and 
detection limits 


Puget Sound Ambient Monitoring Program - Marine Sediment Quality Implementation Plan, Table 7, 
page 29 published in 11/88 contains detection limit ranges.  The target list is not currently published and 
is maintained by the program manager


PSAMP Shellfish 
Task 


data qualifiers Data are validated and program specific qualifiers assigned.  A list of these qualifiers is maintained by 
the program manager. 


 data use To establish baseline conditions. 


 procedures Puget Sound Ambient Monitoring Program - Shellfish Programs Implementation Plan, published in 
2/90. 


 program description Puget Sound Ambient Monitoring Program - Shellfish Programs Implementation Plan, published in 
2/90. 


 regulations This program is not conducted to fulfill a regulatory requirement.  However, data may be compared to 
regulatory guidance or used to initiate action based on regulations. 
 


 target lists/ 
detection limits 


Puget Sound Ambient Monitoring Program - Shellfish Programs Implementation Plan, Chapter 4, 
Tables 2 and 3. 
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


   
PSAMP  Marine 
Water Task 


data qualification Marine Water Column Ambient Monitoring Program: Wateryear 1993 Data Report  contains 
microbiology qualifiers.  Published in 12/94. 
 


 data use Data are compared to historical/background data.  Data may be compared to Quality Criteria for Water 
1986 (US EPA Gold Book), published in 1986 and updated periodically. 
 


 field sampling The current version of Recommended Protocols for Measuring Selected Environmental Variables In 
Puget Sound. 
   


 procedures Marine Water Column Ambient Monitoring Wateryear 1995 Long-Term Monitoring Implementation 
Plan, published in 5/95. 
 


 program description Puget Sound Ambient Monitoring Program, Monitoring Management Committee, Final Report, 
published in 4/88.  Currently undergoing revision. 
 


 regulations This program is not conducted to fulfill a regulatory requirement.  However, data may be compared to 
regulatory guidance or used to initiate action based on regulations. 
 


   
PSDDA target lists, detection 


limits 
Marine Water Column Ambient Monitoring Program: Wateryear 1993 Data Report, Table 2, page 10, 
lists analytical parameters and reporting limits.  Published in 12/94. 
 


 data qualifiers Use PSDDA DAIS data qualifiers. 
 


 data use Used to make regulatory decisions regarding Section 404/401 of the Clean Water Act. 
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


   
PSDDA 
(continued) 


procedures For sampling and testing, refer to PSDDA Evaluation Procedures Technical Appendix, and the 
Management Plan Report - Unconfined Open Water Disposal of Dredged Material, Phase II, Appendix 
A. 
 


 program description  • . Puget Sound Dredged Disposal Analysis (PSDDA) Management Plan Report, Unconfined Open-
Water Disposal of Dredged Material, Phase I (Central Puget Sound), also referred to as MPR, 1988; 
 published in 1988. 


 • . Puget Sound Dredged Disposal Analysis (PSDDA) Management Plan Report, Unconfined Open-
Water Disposal of Dredged material, Phase II (North and South Puget Sound), also referred to as 
MPR, 1989; published in 1989. 


 • . Puget Sound Dredged Disposal Analysis (PSDDA) Management Plan Technical Appendix, also 
referred to as MPTA, 1988; published in 1988.  


 regulations and 
procedures 


 • . MPR, 1989. Page ES-3 provides key regulatory authorities. 
 • . Green Book Ocean Testing Manual provides guidance for ocean testing and disposal; published in 


1991. 
 • . Marine Protection Research and Sanctuaries Act (MPRSA), Section 103 (Ocean Dumping 


Regulations), 1972.  Implementation through the Green Book Ocean Testing Manual. 
 • .  Inland Testing Manual (Draft) guidance document on Clean Water Act Section 404 regarding 


dredging and disposal. 
 • . Environmental monitoring is discussed in MPTA Exhibit I.  
 


 target lists and 
detection limits 


Refer to prototype SAP, Sampling and Analysis Plan for Sediment Characterization at Pier D, 
published in 9/94. 
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Table A-2 (continued) 
 


PROGRAM TOPIC DOCUMENT1 


   
Sediment 
Management 
Standards 


data reporting QA1 review per Puget Sound Dredged Disposal Analysis Guidance Manual - Data Quality Evaluation 
For Proposed Dredged Material Disposal Projects, published in 6/89. 


 data use Data are compared to Table II (Sediment Quality Standards Chemical Criteria) and Table III (Puget 
Sound Marine Sediment Cleanup Screening Levels and Minimum Cleanup Levels Chemical Criteria) of 
the Sediment Management Standards WAC Chapter 173-204. 
 


 field sampling The current version of Recommended Protocols for Measuring Selected Environmental Variables in 
Puget Sound.  
  


 procedures Sediment Management Standards WAC Chapter 173-204 Sections 500-590 describe sediment cleanup 
functions.  Sediment Cleanup Standards Users Manual (SCUM2), published in 12/91, describes data 
use. 
 


 program description Sediment Management Standards WAC Chapter 173-204 Sections 500-590. 
 


 regulations Sediment Management Standards WAC Chapter 173-204. 
 


 target lists, detection 
limits 


Tables I and III in the Sediment Management Standards, WAC Chapter 173-204. 


 
Notes: 
1.  Request information on obtaining reference documents from Program Contacts identified in Appendix C. 
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14.  APPENDIX B:  STANDARDIZED PROJECT PLANNING FORM 
This appendix contains a template for a standardized project planning form.  This form may not meet 
planning requirements for projects performed under the guidance of regulatory programs, as many of these 
programs require a formal planning document.  However, the template may be useful to facilitate project 
planning for projects and studies which are being performed outside of a regulatory framework.  Note that it 
should only be used after obtaining the approval of key participants.   
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
NOTE:  If data are to be used to support regulatory programs, a formal planning 
document may be required.  This form should not be used to plan for regulatory based 
sampling and analysis. 
 
name of project: 
lead organization: 
 
filled out by: organization: phone number:
filled out by: organization: phone number:
 
KEY INDIVIDUALS   AT LEAST ONE INDIVIDUAL FROM EACH ORGANIZATION 
name organization and address (area code)  phone 


number 
project responsibility 


    


    


    


    


    


    


    


    


 
approved by: organization: date: 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
project objectives and expected use of the data: 
 
 
 
 
 
 
description of sampling (and approximate time intervals, if applicable) and analysis 
 
 
 
 
 
 
 
 
approximate sampling dates: 
 
 
 
laboratory data  validation  required:      yes      no if yes, validation  
 
SAMPLE LOCATIONS 
station 
identification 


coordinates station 
identification 


coordinates 


    


    


    


    


    


    


    


    


 
Coordinate System Used: 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
PARAMETER AND STATION LIST 
 
Note: Parameters may be grouped together in LISTS, see next page.  Should parameters be grouped together, also provide a detailed 
summary of number of analyses for each parameter.  Include field QC samples. 
 PARAMETERS 
 


station depth 
and units 


matrix           


             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
total number of 
samples for each 
parameter


(not 
applicable) 


(not 
applicable) 


          







April 1997 -- QA/QC Chapter 


46
 


Puget Sound Protocols and Guidelines 
Project Planning Form 
 
If a standard parameter list(s) will be used, describe here. 
 
list # parameters 
list 1  


list 2  


list 3  


list 4  


list 5  


list 6  


 
Attach additional parameter information in the above format if needed. 
 
 
SAMPLE COLLECTION TECHNIQUE 
matrix parameter or list # collection technique stations 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
SAMPLING EQUIPMENT CLEANING PROCEDURE 
description of field equipment cleaning procedures: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE TREATMENT 
describe any sample treatment to be conducted between collection and analysis: 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
LABORATORY REQUIREMENTS 
THIS SECTION SHOULD BE DERIVED IN COLLABORATION WITH THE PROJECT LABORATORY 
 
DETECTION LIMITS AND ANALYTICAL METHODS 
parametera  matrix analytical method required detection limit and unitsb 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
a.  Include field determinations. 
b.  Attach additional detection limit information if needed. 
 
LAB QC SAMPLES 
parameter matrix QC sample control limits required frequency 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
DATA REPORTING 
report lab data to: 
 
 
hard copy     yes  electronic    yes  no narrative required     yes  QC information     yes  no data package     yes  no 
 
DATA PACKAGE CONTENTS 
describe data package contents: 
 
 
 
 
 
 
 
 
 
 
 
 
OTHER REPORTING REQUIREMENTS 
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Puget Sound Protocols and Guidelines 
Project Planning Form 
 
data will be validated by:   
 
 
validated data to be reported to:   
 


due date: 


 
 
DATA QUALIFICATION 
identify who will qualify the data: 
 
 
 
 
 
 
 
identify the data qualification system to be used: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
end of form 
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 15.  APPENDIX C:  PROGRAM SPECIFIC REQUIREMENTS 


15.1  Overview 
Washington state agencies administer regulatory programs, as mandated by law, that require regular 
collection and analysis of environmental samples.  Environmental data collection for each program varies 
depending upon program specific objectives.  The objectives for each program determine sample types 
(water, sediment and/or tissue), parameters to measure, analytical methods and final data evaluation 
approach.  Chemistry data collected in support of program objectives are often compared with applicable 
chemical criteria to determine regulatory compliance. 
 
Following are descriptions of some major Puget Sound programs and tables that list chemical criteria for 
each program.  In general, program objectives require that analytical detection limits for these chemicals not 
exceed criteria levels.  Criteria levels are referred to in the corresponding tables as "maximum detection 
limits."   
 
In some cases, programs may recommend analytical detection limits when criteria levels have not been set, 
or that are much lower than criteria levels.  These are referred to in the tables as �recommended detection 
limits.�  In other cases, chemical criteria may be so low that they cannot be achieved by routine analytical 
methods.  Analytical detection levels should be reduced, when possible, to these criteria levels, which are 
referred to in the tables as "target detection limits."  When these target detection limits are unattainable, 
program managers may accept detection limits which are reasonably above criteria levels.  In such cases, 
advance approval by the regulatory agency is required, either on a program wide or project specific basis. 
 
Environmental samples are also collected and analyzed for nonregulatory programs which conduct research 
to determine background chemical levels or identify changes in ambient conditions.  For these programs, 
analytical results are evaluated relative to historical data.  Known and expected chemical levels drive 
detection limit recommendations for these programs. 


15.2  Sediment Management Standards (SMS) 
Adopted by the Department of Ecology in April, 1991, the Sediment Management Standards, WAC Chapter 
173-204, were promulgated to establish marine, low salinity and freshwater surface sediment management 
standards for the State of Washington.  Under the SMS, the Department of Ecology administers a program 
to manage source control and cleanup activities to reduce and ultimately eliminate adverse effects on 
biological resources and significant threats to human health from surface sediment contamination (Ecology, 
1993 and Ecology, 1991). 
 
Sediment sampling and analysis is conducted for the SMS program to determine: 1) whether and to what 
extent surface sediments are contaminated; 2) whether point or nonpoint source discharges have contributed 
or may still be contributing to such contamination; and 3) whether contaminated sediments should be 
remediated.  Biological testing may be used along with or in place of chemical data for these purposes. 
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Chemical criteria have been developed for 47 chemicals or classes of chemicals in Puget Sound sediments.  
These numerical criteria are based on Puget Sound apparent effects threshold (AET) values (Barrick et al., 
1988).  The chemical concentration criteria in Table I of WAC Chapter 173-204 establish the marine 
sediment quality standards (SQS).  The SQS are chemical criteria used for the purpose of designating 
sediments, as explained in WAC Chapter 173-204 Section 320.  The SQS represent concentrations below 
which adverse biological effects are considered to be unlikely. 
 
Criteria in Table II of the WAC establish the maximum chemical concentrations levels that may be allowed 


within an authorized sediment impact zone (SIZmax) due to a permitted or otherwise authorized discharge, 
except as provided for by the marine sediment biological effects restrictions described in WAC 173-204 
Section 420 (3).  Criteria on Table III of the WAC are identical to that in Table II and establish the Puget 
Sound marine sediment cleanup screening levels (CSL) and minimum cleanup levels (MCUL) chemical 
criteria.  Station clusters of potential concern are determined as sites having chemical concentrations at or 
above cleanup screening levels.  These same criteria are used as minimum cleanup level concentrations, in 
conjunction with biological effects criteria of WAC 173-204 Section 520 (3), to evaluate cleanup 


alternatives.  The SIZmax, CSL and MCUL represent concentrations above which adverse biological 
effects are likely to be significant.  See Table C-1 for the sediment quality standards criteria and the 
sediment impact zone/cleanup criteria. 
 
Analytical detection limits for the analysis of sediment samples are recommended for this program in the 
document, Sediment Sampling and Analysis Plan (SAP) Appendix (Ecology, 1995), an appendix to the 
Sediment Source Control Standards User Manual, SCUM1 (Ecology, 1993) and the Sediment Cleanup 
Standards User Manual SCUM2 (Ecology, 1991).  Note these are recommended detection limits, not 
program requirements.  In addition, the Sediment Management Standards stipulate that "where laboratory 
analysis indicates a chemical is not detected in a sediment sample, the detection limit shall be reported and 
shall be at or below the criteria value shown in the SMS criteria Tables I-III."  SMS criteria levels are, 
therefore, considered to be the "maximum detection limits" allowable under this program. 
 
All sediment data collected in Washington State are evaluated using the SMS.  Under the SMS rule, the 
numerical sediment standards for most organic chemicals are organic carbon normalized.  A Technical 
Information Memorandum has been prepared discussing organic carbon normalization (Michelsen, 1992).  
Because SMS criteria for nonionizable organic compounds are normalized to TOC, direct comparison to dry 
weight values cannot be made.  Analytical detection limits and resultant chemical concentration data for this 
chemical group must be TOC normalized using the percent TOC (expressed as a decimal)  measured for 
each sediment sample.  Dry weight detection limits must be adequate to meet SMS criteria levels once TOC 
normalized.  Exceptions are addressed in the SMS triennial review paper, subject: "Sediment Management 
Standards Detection Limits" (Bragdon-Cook, 1995). 
 
Sediment data which are to be entered into the SEDQUAL database must meet program QC requirements 
and be reviewed and validated.  Data qualifier flags will be assigned based on validation results.  Tables C-2 
and C-3 list QC requirements and data qualification control limits.  
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15.2.1  Sediment Management Standards Program Contacts 
Washington State Department of Ecology 
Central Programs, Environmental Review and Sediment Section 
  
 Sediment Management Standards, Source Control 
 Sediment Policy/Source Control Unit Supervisor 
 Brett Betts       (360) 407-6914 
 
 Source Control Investigations, sediment impact zones 
 Sediment Policy/Source Control staff 
 Brenden McFarland     (360) 407-6913 
 
 Contaminated sediments and cleanup, PSDDA coordination 
 Sediment Management Unit Supervisor 
 Rachel Friedman-Thomas     (360) 407-6909 
 
 Northwest Regional Office 
 Regional Sediment Expert 
 Teresa Michelsen      (206) 649-7257 
 
 Southwest Regional Office 
 Regional Sediment Expert 
 Russ McMillan      (360) 407-6254 


15.2.2  Additional Chemicals of Concern 
Sediment investigations in virtually all cases involve measurement of chemical concentrations in sediment.  
Analyte lists are presented in Tables C-1 and C-2.  There may also be potentially toxic contaminants known 
or suspected to be associated with a given site for which there are no numerical criteria [i.e., �...other toxic, 
radioactive, biological, or deleterious substances...�  WAC Chapter 173-204-320(5)].  Association of these 
contaminants with a site may be due to their presence in a wastewater discharge from the site or a nearby 
location, or because of other historical activities at the site.  Examples of these chemicals are listed below.  
When there is reason to believe that any such potentially toxic chemicals of concern may be present at a site, 
they should also be measured. 
 
 
Chemical of Concern   Reason for Suspected Presence in Sediments1 
 
Ammonia     Associated with fish processing plants and   
       aquaculture operations 
 
Other potentially toxic metals (e.g., Associated with mining wastes and metal plating antimony, 
beryllium, nickel)  operations 
 
Organotin complexes (especially  Used historically in antifouling paint and, therefore, 
tributyltin)     potentially associated with shipyards and marinas 
 
Pesticides, herbicides   Associated with agriculture or with agricultural   
       chemical companies 
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Petroleum compounds (e.g., benzene, Associated with refineries, fuel storage facilities, 
toluene, ethylbenzene, xylene)  marinas, gas stations 
 
Polychlorinated dibenzo-p-dioxins and Associated with the presence of polychlorinated 
polychlorinated dibenzofurans (PCDDs/ biphenyls and pentachlorophenol and with pulp and 
PCDFs)     paper mills using chlorination 
Guaiacols and resin acids   Associated with pulp and paper mills and other 
        wood products operations 
 
Volatile organic compounds (e.g.,  Used as solvents and in chemical manufacturing 
trichloroethene, tetrachloroethene)  operations 
 
Radioactive substances   Associated with nuclear power plants, nuclear  
        processing plants, medical wastes, and military  
        installations 
 
 
 
 
 
 
 
 
 
 
1.  Ecology, 1995.  
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Table C-1 


 
Chemical Parameters and Detection Limits 
Marine Sediment Management Standards 


 
CHEMICAL 
PARAMETER 


 


 RECOMMENDED 
DETECTION 


LIMIT1, 2 


Sediment 
Quality 


Standards 
Criteria3 


Sediment  Impact Zone and 
Cleanup Criteria3 


METALS      
   (mg/Kg dry weight) (mg/Kg (mg/Kg dry weight) 
Arsenic   19 57 93 
Cadmium   1.70 5.1 6.7 
Chromium   87 260      270 
Copper   130 390 390 
Lead   150 450 530 
Mercury   0.14 0.41 0.59 
Silver   2 6.1 6.1 
Zinc   137 410 960 
SEMIVOLATILE ORGANICS     


(µg/Kg dry weight) (mg/Kg (mg/Kg carbon)a 
Low Molecular Weight PAH    
LPAH    370 780 
Naphthalene  700 99 170 
Acenaphthylene  433 66 66 
Acenaphthene  167 16 57 
Fluorene  180 23 79 
Phenanthrene  500 100 480 
Anthracene  320 220 1200 
2-Methylnaphthalene  223 38 64 
High Molecular Weight PAH    
HPAH   960 5300 
Fluoranthene  567 160 1200 
Pyrene  867 1000 1400 
Benz(a)anthracene  433 110 270 
Chrysene  467 110 460 
Total 1067 230 450 
Benzo(a)pyrene  533 99 210 
Indeno(1,2,3,-c,d)pyrene 200 34 88 
Dibenzo(a,h)anthracene 77 12 33 
Benzo(g,h,i)perylene  223 31 78 
Chlorinated Hydrocarbons    
1,2-Dichlorobenzene  35 2.3  2.3 
1,4-Dichlorobenzene  37 3.1  9 
1,2,4-Trichlorobenzene 31 0.81  1.8 
Hexachlorobenzene  22 0.38  2.3 
Hexachlorobutadiene  11 3.9 6.2







April 1997 -- QA/QC Chapter 


56
 


Table C-1 (continued) 
 
CHEMICAL 
PARAMETER 


 


 RECOMMENDED 
DETECTION 


LIMIT1, 2 


Sediment Quality 
Standards Criteria3


(Maximum Detection 
Limit)


Sediment  Impact Zone 
and Cleanup Criteria3 


SEMIVOLATILE ORGANICS (continued)     
   (µg/Kg dry weight) (mg/Kg carbon) (mg/Kg carbon) 
Phthalates     
Dimethylphthalate  24 53 53 
Diethylphthalate  67 61 110 
di-n-Butylphthalate  467 220 1700 
Butylbenzylphthalate  21 4.9 64 
bis(2-Ethylhexyl)phthalate 433 47 78 
di-n-Octylphthalate  2067 58 4500 
Other Semivolatile Organic Compounds    
Dibenzofuran  180 15 58 
N-nitrosodiphenylamine 28 11 11 
Polychlorinated Biphenyls     
Total PCBs   12 65 
   (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 
Ionizable Organic Compounds     
Phenol   140 420 1200 
2-Methylphenol  63 63 63 
4-Methylphenol  223 670 670 
2,4-Dimethylphenol  29 29 29 
Pentachlorophenol  120 360 690 
Benzyl alcohol  57 57 73 
Benzoic acid  217 650 650 
 
Notes: 
1.  The Sediment Sampling and Analysis Plan Appendix to the Sediment Source Control Standards User Manual 
(SCUM1) and the Sediment Cleanup Standards User Manual (SCUM2). 
2.  Numerical Recommended Detection Limit values currently under review. 
3.  Marine Sediment Quality Standards Chemical Criteria, WAC Chapter 173-204, Table I. 
a.  Units in mg/kg carbon represent concentrations in parts per million, normalized to organic carbon.  To normalize 
to TOC, the dry weight concentration for each parameter is divided by the decimal fraction representing the percent 
TOC content of the sediment. 
 
In some cases, recommended dry weight detection limits may exceed criteria levels once normalized to TOC.  In 
these cases, lower dry weight detection limits are needed to meet criteria levels.  Ecology has determined that, 
provided there is justification when detection limits cannot be attained to meet chlorinated hydrocarbon criteria 
levels, dry weight detection limits recommended in SCUM1 are acceptable.  See Triennial Review paper, Sediment 
Management Standards (SMS) Rule, WAC Chapter 173-204, �Sediment Management Standards Detection Limits� 
(Bragdon-Cook, 1995). 
 
To determine a target �µg/Kg dry weight� detection limit for each �mg/Kg carbon� value, multiply the mg/Kg carbon 
value by the decimal percent TOC content of the sediment and again by 1,000. For example: 
 If the sediment sample TOC content is determined to be 2 percent, dry weight detection limit for 1,2-


dichlorobenzene would be: 
 2.3 mg/Kg carbon x 0.02 x 1,000 = 46 µg/Kg maximum �µg/Kg dry weight� detection limit. 
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Table C-2 


 
QC Samples Used for 


SEDQUAL Data Qualification1 
 


PARAMETER BLANKS REPLICATES TRIPLICATES MATRIX SPIKE2 CRM 2 SURROGATES 
Semivolatile 
Organics


1 per batch 5 % minimum required if batch size > 20, 
5% minimum


5 % minimum 1 per 50 samples all samples 


Pesticides/PCBs 1 per batch 5 % minimum required if batch size > 20, 
5% minimum  


5 % minimum 1 per 50 samples all samples 


Volatile Organics 1 per batch or 12 hour shift, use 
more frequent 


5 % minimum required if batch size > 20, 
5% minimum  


5 % minimum NA all samples 


Metals 5 % minimum 5 % minimum NA 5 % minimum 5 % minimum NA 


Conventional 
Parameters 


5 % minimum NA 5 % minimum NA 1 per survey NA 


Percent Solids NA NA 5 % minimum NA NA NA 


Particle Size 
Distribution 


NA NA 5 % minimum NA NA NA 


 
Notes: 
1.  This table is based on QC samples used  to apply SEDQUAL data qualifiers.  QC sample frequencies are based on guidance established in the following document:  Puget 
Sound  Dredged Disposal Analysis Guidance Manual  (Ecology, 1989).  Table C-3 lists data qualifiers and control limit requirements. 
2.  Matrix spike required for all parameters except organics parameters if isotope dilution is used. 
CRM   Certified reference material. 
NA   Not applicable. 
PCB  Polychlorinated biphenyl. 
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Table C-3 


 
Data Qualification Control Limits1 


SEDQUAL Data Qualifiers 
 


CONDITION TO QUALIFY DATA ORGANICS QC LIMITS METALS QC LIMITS CONVENTIONALS QC 
contamination reported in blank B detected in method blank detected in method blank detected in method blank 
high duplicate RPD E > 100% RPD > 20 % RPD > 20 % RPD 
high triplicate RSD E > 100% RSD > 20 % RSD > 20 % RSD 
low matrix spike recovery  G < 50 % < 75 % NA 
low SRM recovery  G < 95 % confidence < 80 % < 95 % confidence intervala 
biased data, based on low surrogate G < 50 % NA NA 
high matrix spike recovery L > 150 % > 125 % NA 
high SRM recovery  L > 95 % confidence > 120 % > 95 % confidence intervala 
biased data, based on high surrogate L > 150 % NA NA 
post digestion spike outside control W NA see belowb NA 
very low matrix spike recovery X < 10 % < 10 % NA 
very biased data, based on  low X < 10 % NA NA 


 
Notes: 
1.  QC control limits are based on guidance established in the following document:  Puget Sound  Dredged Disposal Analysis Guidance Manual  (Ecology, 1989). 
2.  A complete listing of SEDQUAL data qualifier codes is presented in Table D-1.   
a.  Confidence interval refers to a supplier-provided range within which there is 95 percent certainty that the true value lies.  
b.  Post-digestion spike recovery for GFAA analysis not within 85 to 115 percent control limits and  sample absorbance less than 50 percent of spike absorbance. 
CRM   Certified reference material. 
NA   Not applicable. 
RPD  Relative percent difference. 
RSD  Relative standard deviation. 
SRM  Standard reference material. 
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15.3  PUGET SOUND DREDGED DISPOSAL ANALYSIS (PSDDA) 
PROGRAM 
Since 1989 the management of clean dredged material and open-water disposal in Puget Sound has been 
accomplished through a cooperative interagency/intergovernmental activity called the Puget Sound Dredged 
Disposal Analysis (PSDDA) program.  The four cooperating agencies are the Corps of Engineers (Seattle 
District), the U.S. Environmental Protection Agency (Region 10), Washington State Department of Ecology 
and the Washington Department of Natural Resources.  The PSDDA program was initiated through a 
comprehensive interagency study which identified acceptable open-water disposal sites, developed state of 
the art evaluation procedures to characterize the suitability of sediments for disposal at those sites, and 
provided objective standards for management of the sites (Kendall, et al., 1994). 
 
Sediment sampling and analysis is conducted under the PSDDA program to determine whether the overall 
sediment matrix (volume) proposed for dredging, when dredged and discharged at unconfined, open water 
disposal sites within Puget Sound, could cause or contribute to unacceptable adverse effects on the aquatic 
environment.  Under PSDDA, chemical analyses are always required, and may in some cases be followed 
by biological testing if chemical screening levels are exceeded (Ecology, 1995). 
 
The PSDDA program has established screening levels and maximum levels for 58 chemicals or classes of 
chemicals in Puget Sound sediments, including additional selected chemicals of concern [butyltins 
(tributyltin; TBT), dioxins, guaiacols, chlorinated guaiacols, chromium, and tri-, tetra-, and 
pentachlorobutadienes].  The PSDDA program has no established regulatory limits for chromium, dioxin, 
guaiacols, chlorinated guaiacols, or tri-, tetra-, and pentachlorobutadiene and therefore uses best 
professional judgment on a case-by-case basis when these chemicals are required in a dredging project 
sediment characterization.  The screening levels, as SMS criteria, are based on Puget Sound apparent effects 
threshold (AET) values (Table C-4), and represent concentrations below which adverse biological effects 
are considered to be unlikely.  Maximum levels represent concentrations above which adverse biological 
effects are likely to be significant (Ecology, 1995). 
 
In June 1995, the four PSDDA agencies implemented the Grays Harbor and Willapa Bay Dredged Material 
Management Plan.  This management plan is patterned after the PSDDA management plan and generally 
uses the same regulatory limits established for the PSDDA program for chemicals of concern.   
 
To meet PSDDA program objectives, analytical detection limits cannot exceed screening levels and are 
recommended to be much lower.  Sediment data must meet program QC requirements and be reviewed and 
validated.  Data qualifier flags will be assigned based on validation results.  Tables C-5 and C-6 list QC 
requirements and data qualification control limits.  
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15.3.1  Puget Sound Dredged Disposal Analysis Program Contacts 
U.S. Army Corps of Engineers, Seattle District 
Dredged Material Management Office 
 
 PSDDA lead 
 Dave Kendall      (206) 764-3768 
          david.r.kendall@nps.usace.army.mil 
 
 PSDDA data manager 
 David Fox       (206) 764-6550 
          david.f.fox@nps.usace.army.mil 
 
 PSDDA projects 
 Stephanie Stirling      (206) 764-6945 
          stephanie.k.stirling@nps.usace.army.mil 
 


15.3.2  Additional Chemicals of Concern 
The 58 chemicals listed in Table C-4 are routinely considered in the evaluation of dredged material, and are 
required for all surveys.  Other selected chemicals may be analyzed for individual projects located near 
specific sources of chemicals of concern that do not exhibit a widespread distribution.  Examples of 
additional chemicals of concern which have been identified as important in localized areas and their historic 
uses are listed below. 
 
Chemical of Concern   Reason for Suspected Presence in Sediments1 
 
Polychlorinated dibenzo-p-dioxins and Associated with the presence of polychlorinated 
polychlorinated dibenzofurans (PCDDs/ biphenyls and pentachlorophenol and with pulp and 
PCDFs)     paper mills using chlorination 
 
Coplanar polychlorinated biphenyls (PCBs) Constituents of Aroclor® mixtures formerly used as 


coolants and lubricants in transformers, capacitors 
and other electrical equipment 


 
 
 
 
 
 
 
 
 
1. Ecology, 1995.    
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Table C-4 


 
Chemical Parameters And Detection Limits 


Puget Sound Dredged Disposal Analysis Program 
 


CHEMICAL PARAMETER 
 


 RECOMMENDED DETECTION 
LIMITS1 


 SCREENING LEVELS2 


CONVENTIONALS     
  (percent)  (percent) 


Total solids  0.1  ---- 
Total volatile solids  0.1  ---- 
Total organic carbon  0.1  ---- 
Total sulfides  1  ---- 
Ammonia   1  ---- 


METALS      
   (mg/Kg dry weight)  (mg/Kg dry weight) 
Antimony   2.5  20 
Arsenic   2.5  57 
Cadmium   0.3  0.96 
Copper   15.0  81 
Lead   0.5  66 
Mercury   0.02  0.21 
Nickel   2.5  140 
Silver   0.2  1.2 
Tributyltin   ----  0.03 
Zinc   15.0  160 
VOLATILE ORGANICS    


  (µg/Kg dry weight)  (µg/Kg dry weight) 
Trichloroethene  3.2  160 
Tetrachloroethene  3.2  14 
Ethylbenzene  3.2  10 
Total Xylene  3.2  12 
SEMIVOLATILE ORGANICS    


  (µg/Kg dry weight)  (µg/Kg dry weight) 
Low Molecular Weight PAH    
LPAH   ----  610 
Naphthalene  20  210 
Acenaphthylene  20  64 
Acenaphthene  20  63 
Fluorene   20  64 
Phenanthrene  20  320 
Anthracene   20  130
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Table C-4 (continued) 
 
CHEMICAL 
PARAMETER 


  RECOMMENDED DETECTION 
LIMITS1 


SCREENING LEVELS2 


SEMIVOLATILE ORGANICS   


  (µg/Kg dry weight) (µg/Kg dry weight) 
High Molecular Weight PAH   
HPAH    20 1800 
Fluoranthene   20 630 
Pyrene    20 430 
Benz(a)anthracene   20 450 
Chrysene    20 670 
Total Benzofluoranthenes  20 800 
Benzo(a)pyrene   20 680 
Indeno(1,2,3,-c,d)pyrene  20 69 
Dibenzo(a,h)anthracene  20 120 
Benzo(g,h,i)perylene   20 540 
Chlorinated Hydrocarbons   
1,2-Dichlorobenzene   3.2 19 
1,3-Dichlorobenzene   3.2 170 
1,4-Dichlorobenzene   3.2 26 
1,2,4-Trichlorobenzene  6 13 
Hexachlorobenzene   12 23 
Phthalate Esters     
Dimethyl phthalate   20 160 
Diethyl phthalate   20 97 
di-n-Butyl phthalate   20 1400 
Butyl benzyl phthalate   20 470 
bis(2-Ethylhexyl)phthalate  20 3100 
di-n-Octyl phthalate   20 6200 
Phenols      
Phenol    20 120 
2-Methylphenol   6 20 
4-Methylphenol   20 120 
2,4-Dimethylphenol   6 29 
Pentachlorophenol   61 100 
Miscellaneous Extractable Compounds    
Benzyl alcohol   6 25 
Benzoic acid   100 400 
Dibenzofuran   20 54 
Dioxin   0.001a  
Hexachloroethane   20 1400 
Hexachlorobutadiene   20 29 
N-nitrosodiphenylamine  12 28 
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Table C-4 (continued) 
 
CHEMICAL PARAMETER 


 
 RECOMMENDED DETECTION 


LIMITS1 
 SCREENING LEVELS2 


SEMIVOLATILE ORGANICS 
  (µg/Kg dry weight)  (µg/Kg dry weight) 


Pesticides/PCBs     
Total DDT   ----  6.9 
p,p'-DDE   2.3  ---- 
p,p'-DDD   3.3  ---- 
p,p'-DDT   6.7  ---- 
Aldrin   1.7  10 
Chlordane   1.7  10 
Dieldrin   2.3  10 
Heptachlor   1.7  10 
Lindane   1.7  10 
Total PCBs  67  130
 
Notes: 
1.  PSDDA Sediment Method Detection Limit established in SAP prototype (Sampling and Analysis Plan for Sediment 
Characterization at Pier D). 
2.  PSDDA Screening Level criteria are based on the 1988 Puget Sound Apparent Effect Thresholds.  Detection limits 
should not exceed PSDDA screening levels. 
a.  Analysis of dioxin using EPA 1613 should strive to achieve a 2,3,7,8-tetrachloro dibenzo-p-dioxin detection limit less 
than 0.001 µg/Kg. 
HPAH  High molecular weight polycyclic aromatic hydrocarbons. 
LPAH  Low molecular weight polycyclic aromatic hydrocarbons. 
PAH  Polycyclic aromatic hydrocarbons. 
PCB  Polychlorinated biphenyl. 
SAP  Sampling and Analysis Plan. 
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Table C-5 
 


QC Requirements for PSDDA1 
 


ANALYSIS METHOD BLANK REPLICATES CRM MATRIX 
SPIKE 


SURROGATES 


Volatile Organics 1 per batcha 1 per batch NA 1 per batch all samples and QC samples 


Semivolatile Organics 1 per batch 1 per batch 1 per batch 1 per batch all samples and QC samples 


Pesticides/PCBs 1 per batch 1 per batch 1 per batch 1 per batch all samples and QC samples 


Metals 1 per batch 1 per batch 1 per batch 1 per batch NA 


Ammonia 1 per batch 1 per batch NA NA NA 


Total Sulfides 1 per batch 1 per batch NA NA NA 


Total Organic Carbon 1 per batch 1 per batch 1 per batch NA NA 


Total Solids NA 1 per batch NA NA NA 


Total Volatile Solids NA 1 per batch NA NA NA 


Particle Size NA 1 per batch NA NA NA 


 
  Notes: 
  1.  QC sample types and frequencies are established in the PSDDA prototype SAP, Sampling and Analysis Plan for Sediment Characterization at Pier D. 
  a.  Maximum batch size is 20 samples. 
  CRM  Certified reference material. 
  NA     Not applicable. 
  PCB  Polychlorinated biphenyl. 
  SAP  Sampling and Analysis Plan. 
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Table C-6 


 
PSDDA Data Qualification Control Limits1 


 
ANALYSIS METHOD BLANK REPLICATES CRM MATRIX SPIKE SURROGATES 
Volatile Organics analyte detected compound specifica NA compound specifica compound specifica 


Semivolatile Organics analyte detected compound specifica not used to 
qualify 


compound specifica compound specifica 


Pesticides/PCBs analyte detected compound specifica not used to 
qualify 


compound specifica compound specifica 


Metals analyte detected 20% RPD 
 


80% to 120% 75% to 125% NA 


Ammonia analyte detected 20% RPD NA NA NA 


Total Sulfides analyte detected 20% RPD 
 


NA NA NA 


Total Organic Carbon analyte detected 20% RPD 
 


not used to 
qualify 


NA NA 


Total Solids NA 20% RPD 
 


NA NA NA 


Total Volatile Solids NA 20% RPD 
 


NA NA NA 


Particle Size NA NA NA NA NA 
 
    Notes:   
    1.  Updated control limits maintained on the PSDDA DAIS database.  Refer questions or correspondence to Program Contacts identified in Appendix C. 
    a.  Compound specific control limits are used.  These  are based on either CLP, PSDDA or previously established PSEP limits. 
    CRM  Certified reference material. 
    NA   Not applicable; this type of QC sample is not analyzed. 
    PCB  Polychlorinated biphenyl. 
    RPD   Relative percent difference. 
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15.4  PUGET SOUND AMBIENT MONITORING (PSAMP) PROGRAM 
The Puget Sound Ambient Monitoring Program (PSAMP) was established in 1988 to provide scientifically 
credible information about Puget Sound, its resources and the effects of human activities over time.  
Together, the Puget Sound Water Quality Authority, the Department of Ecology, the Department of Fish 
and Wildlife, the Department of Health and the Department of Natural Resources work to monitor the 
sediments, water quality, biological resources (fish, shellfish, marine mammals and birds) and nearshore 
habitats of Puget Sound. 
 
Objectives of PSAMP are to: 1) characterize the condition of Puget Sound in relation to its natural resources 
and human health, recognizing contamination problems; 2) take measurements to support specific program 
elements identified in the Puget Sound Water Quality Management Plan (including municipal and industrial 
discharge, nonpoint, shellfish, wetlands, and contaminated sediments and dredging programs); 3) provide a 
permanent record of significant natural and human-caused changes in key environmental indicators in Puget 
Sound over time; and 4) support research activities through the availability of consistent, scientifically valid 
data. 
 
PSAMP has been designed to complement existing monitoring programs in the Puget Sound basin.  
Standardized data formats and sampling and analysis protocols enable PSAMP data to be used with data 
from other programs (such as SMS, PSDDA, ongoing urban bay studies and National Pollutant Discharge 
Elimination System compliance monitoring).  The findings of PSAMP may trigger surveys to identify and 
investigate emerging problems (PSWQA, 1988). 
 
Under this program, sample analysis results are evaluated against historical data and may be compared to 
applicable, established criteria for reference purposes.  A range of analytical detection limits is 
recommended for chemical groups based on sample matrix, analytical instrument and method.  Listings of 
chemical parameters and recommended detection limits for the Marine Sediment Monitoring Task (see 
Table C-7), Marine Water Column Task (see Table C-8), and Fish Monitoring Task (see Table C-9) follow. 
 Table C-9 lists the maximum number of analytes that might be required;  different subsets of the list may be 
required for different fish species.  Program specific QC requirements may also be established.  Tables C-10 
and C-11 list example QC, calibration procedure requirements and control limit requirements for the Fish 
Monitoring Task.  


15.4.1  Puget Sound Ambient Monitoring Program Contacts 
Puget Sound Water Quality Action Team 
 
 Scott Redman  (360) 407-7315 
 
 Duane Fagergren  (360) 407-7303 
 
Washington State Department of Ecology 
Environmental Investigations and Laboratory Services, Ambient Monitoring Section 
 
Ambient Monitoring Section Manager 
 Ken Dzinbal   (360) 407-6672 
 
 
PSAMP marine sediment monitoring 
 Ken Dzinbal   (360) 407-6672 
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PSAMP marine water column monitoring 
     Jan Newton     (360) 407-6675 
 
PSAMP freshwater monitoring 
 Bill Ehinger     (360) 407-6682 
 
Washington State Department of Fish and Wildlife 
Marine Resources Division, PSAMP Fish Monitoring Task 
 
 Sandra O'Neill    (360) 902-2843 
 
Washington State Department of Health 
Environmental Health Programs, PSAMP Shellfish Monitoring Task 
 
 Timothy Determan    (360) 586-8128 
 


15.4.2  Additional Chemicals of Concern 
The chemicals of concern have generally been found to accumulate in much higher concentrations in marine 
and estuarine sediments than in the water column.  Variables to be monitored include selected EPA priority 
pollutant metals and organic compounds, as well as additional chemicals of concern.  These chemicals may 
be recommended as determined by specific project goals, or where major sources are suspected.  A list of 
additional chemicals of concern for the Fish Monitoring Task is presented below.  Note these chemicals are 
not currently monitored, but may be in the future. 
 
 
Chemical Contaminant   Reason for Suspected Presence in Sediments1 
 
Tributyltin     Used historically in antifouling paint and, therefore, 
        potentially associated with shipyards and marinas 
 
Polychlorinated dibenzo-p-dioxins  Associated with the presence of polychlorinated 


(PCDDs) biphenyls and pentachlorophenol and with 
pulp and paper mills using chlorination 


 
Coplanar polychlorinated biphenyls (PCBs) Constituents of Aroclor® mixtures formerly used as 


coolants and lubricants in transformers, capacitors 
and other electrical equipment 


 
 
 
 
 
 
 
1.  Ecology, 1995. 
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Table C-7 


 
Chemical Parameters and Detection Limits 


Puget Sound Ambient Monitoring Program Marine Sediment Monitoring Task 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
METALS    


(mg/Kg dry weight) 
Priority Pollutant Metals  
Antimony   0.1 - 0.3 
Arsenic   0.1 
Beryllium   ---- 
Cadmium   0.05 - 0.1 
Chromium   1.0 
Copper   0.1 - 0.5 
Lead   0.1 - 0.5 
Mercury   0.005 - 0.01 
Nickel   0.1 - 0.5 
Selenium   ---- 
Silver   0.06 - 0.1 
Thallium   ---- 
Zinc   0.2 
Ancillary Metals    
Aluminum   10 
Barium   ---- 
Calcium   ---- 
Cobalt   ---- 
Iron   0.7 - 1.0 
Magnesium   ---- 
Manganese   1.0 - 2.0 
Potassium   ---- 
Sodium   ---- 
Vanadium   ---- 
VOLATILE ORGANICS  


 (µg/Kg dry weight) 
Halogenated Alkanes (Alkyl Halides)  
Bromodichloromethane   10-20 
Bromoform   10-20 
Bromomethane  10-20 
Carbon tetrachloride  10-20 
Chlorodibromomethane  10-20 
Chloroethane (ethyl chloride)  10-20 
Chloroform  10-20 
Chloromethane  10-20 
Dichloromethane (methylene chloride)  10-20 
1,1-Dichloroethane  10-20
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Table C-7 (continued) 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
VOLATILE ORGANICS (continued)    


(µg/Kg dry weight)
Halogenated Alkanes (Alkyl Halides) (cont.)    
1,2-Dichloroethane  10-20 
1,2-Dichloropropane  10-20 
1,1,2,2-Tetrachloroethane  10-20 
1,1,1-Trichloroethane (methyl chloroform)  10-20 
1,1,2-Trichloroethane  10-20 
Trichlorofluoromethane (fluorotrichloromethane)  10-20 
1,1,2-Trichloro-1,2,2-trifluoroethane  10-20 
Halogenated Alkenes (Alkenyl Halides)  
1,1-Dichloroethene (1,1-dichloroethylene)  10-20 
cis-1,2-Dichloroethene  10-20 
trans-1,2-Dichloroethene  10-20 
cis-1,3-Dichloropropene  10-20 
trans-1,3-Dichloropropene  10-20 
Monochloroethylene (vinyl chloride)  10-20 
Tetrachloroethene  10-20 
Trichloroethene  10-20 
Aromatic and Chlorinated Aromatic Compounds  
Benzene   10-20 
Chlorobenzene  10-20 
Ethylbenzene  10-20 
Styrene (vinylbenzene)  10-20 
Toluene   10-20 
Total xylenes  10-20 
Ketones    
Acetone   10-20 
2-Butanone   10-20 
2-Hexanone   10-20 
4-Methyl-2-pentanone   10-20 
Ethers    
2-Chloro-ethyl vinyl ether   10-20 
Esters    
Vinyl acetate   10-20 
Organosulfur Compounds 
Carbon disulfide   10-20 
SEMIVOLATILE ORGANICS    
   (µg/Kg dry weight) 
Phenols    
2,4-Dimethylphenol   20-100 
2-Methylphenol   20-100 
4-Methylphenol   20-100 
Phenol   20-100
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Table C-7 (continued) 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
 


SEMIVOLATILE ORGANICS (continued) 
(µg/Kg dry weight)


Chlorinated and Nitro-substituted Phenols 
4-Chloro-3-methylphenol  20-100 
2-Chlorophenol  20-100 
2,4-Dichlorophenol  20-100 
4,6-Dinitro-o-cresol  20-100 
2,4-Dinitrophenol  20-100 
2-Nitrophenol  20-100 
4-Nitrophenol  20-100 
Pentachlorophenol  20-100 
2,4,5-Trichlorophenol  20-100 
2,4,6-Trichlorophenol  20-100 
Resin Acids and Guaiacols  
Abietic acid  20-100 
Chlorodehydroabietic acid  20-100 
Dehydroabietic acid  20-100 
Dichlorodehydroabietic acid  20-100 
4,5-Dichloroguaiacol (4,5-dichloro-2-methoxyphenol)  20-100 
Isopimaric acid  20-100 
2-Methoxyphenol (guaiacol)  20-100 
Neoabietic acid  20-100 
Palustric acid  20-100 
Pimaric acid  20-100 
Sandacopimaric acid  20-100 
Tetrachloroguaiacol  20-100 
3,4,5-Trichloroguaiacol  20-100 
4,5,6-Trichloroguaiacol  20-100 
Low Molecular Weight PAH   
Acenaphthene  20-100 
Acenaphthylene  20-100 
Anthracene   20-100 
Cymene   20-100 
Fluorene   20-100 
2-Methylnaphthalene  20-100 
Naphthalene  20-100 
Phenanthrene  20-100 
High Molecular Weight PAH   
Benzo(a)anthracene  20-100 
Benzo(a)pyrene  20-100 
Benzo(b)fluoranthene  20-100 
Benzo(b+k)fluoranthene  20-100 
Benzo(g,h,i)perylene  20-100
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Table C-7 (continued) 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
 


SEMIVOLATILE ORGANICS (continued)  
(µg/Kg dry weight) 


High Molecular Weight PAH (continued)  
Benzo(k)fluoranthene   20-100 
Chrysene  20-100 
Dibenzo(a,h)anthracene  20-100 
Fluoranthene  20-100 
Indeno(1,2,3-c,d)pyrene  20-100 
Perylene   20-100 
Pyrene   20-100 
Chlorinated Aromatic Compounds  
1,2-Dichlorobenzene  20-100 
1,3-Dichlorobenzene  20-100 
1,4-Dichlorobenzene  20-100 
1,2,4-Trichlorobenzene  20-100 
2-Chloronaphthalene  20-100 
Hexachlorobenzene  20-100 
Chlorinated Alkanes/Alkenes   
Hexachloroethane  20-100 
Hexachlorobutadiene  20-100 
Hexachlorocyclopentadiene  20-100 
Pentachlorobutadiene isomers  20-100 
Trichlorobutadiene isomers  20-100 
Tetrachlorobutadiene isomers  20-100 
Phthalate Esters    
bis(2-Ethylhexyl)phthalate  20-100 
Butyl benzyl phthalate  20-100 
di-n-Butyl phthalate  20-100 
di-n-Octyl phthalate  20-100 
Diethyl phthalate  20-100 
Dimethyl phthalate  20-100 
Miscellaneous Extractable Compounds  
Benzoic acid  20-100 
Benzyl alcohol  20-100 
beta-Coprostanol  20-100 
beta-Sitosterol  20-100 
Cholesterol   20-100 
Dibenzofuran  20-100 
Isophorone   20-100 
Polychlorinated dibenzodioxins  20-100 
Polychlorinated dibenzofurans  20-100







April 1997 -- QA/QC Chapter 


72
 


Table C-7 (continued) 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
 


SEMIVOLATILE ORGANICS (continued)  
(µg/Kg dry weight)


Organonitrogen Compounds  
Caffeine  20-100 
9(H)-carbazole  20-100 
4-Chloroaniline  20-100 
3,3'-Dichlorobenzidine  20-100 
2,4-Dinitrotoluene  20-100 
2,6-Dinitrotoluene  20-100 
Diphenylnitrosamine (N-nitrosodiphenylamine)  20-100 
2-Nitroaniline  20-100 
3-Nitroaniline  20-100 
4-Nitroaniline  20-100 
Nitrobenzene  20-100 
N-nitrosodi-n-propylamine  20-100 
Ethers    
4-Bromophenyl-phenyl ether  20-100 
4-Chlorophenyl-phenyl ether  20-100 
bis(2-Chloroisopropyl) ether  20-100 
Dichloroethyl ether [bis(2-chloroethyl) ether]  20-100 
Chlorinated Pesticides    
Aldrin  50-100 
alpha-Chlordane  50-100 
alpha-Endosulfan (Endosulfan I)  50-100 
alpha-HCH (alpha-hexachlorocyclohexane,  50-100 
        alpha-BHC, alpha benzene hexachloride)  50-100 
beta-Endosulfan (Endosulfan II)  50-100 
beta-HCH (beta-BCH)  50-100 
delta-HCH (delta-BHC)  50-100 
Dieldrin   50-100 
Endosulfan sulfate  50-100 
Endrin  50-100 
Endrin aldehyde  50-100 
Endrin ketone  50-100 
gamma-Chlordane  50-100 
gamma-HCH (Lindane)  50-100 
Heptachlor   50-100 
Heptachlor epoxide  50-100 
Methoxychlor  50-100 
p,p'-DDD   50-100 
p,p'-DDE   50-100 
p,p'-DDT   50-100 
Toxaphene   50-100
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Table C-7 (continued) 
 
CHEMICAL PARAMETER RECOMMENDED1


DETECTION LIMITS
 


SEMIVOLATILE ORGANICS (continued)  
(µg/Kg dry weight)


Polychlorinated Biphenyls  
Aroclor 1016  50-100 
Aroclor 1221  50-100 
Aroclor 1232  50-100 
Aroclor 1242  50-100 
Aroclor 1248  50-100 
Aroclor 1254  50-100 
Aroclor 1260  50-100 
 
Notes: 
1.  PSAMP Marine Sediment Quality Implementation Plan (Striplin, 1988), currently under revision. 
PAH  Polycyclic aromatic hydrocarbons. 
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Table C-8 


 
Environmental Parameters and Detection Limits 


Puget Sound Ambient Monitoring Program  
Marine Water Column Task 


 
ENVIRONMENTAL PARAMETER REPORTING UNIT RECOMMENDED DETECTION 


LIMIT1 
LABORATORY PARAMETERS  
Ammonium-Nitrogen mg/L 0.01
Nitrite-Nitrogen mg/L 0.01
Nitrate+Nitrite-Nitrogen mg/L 0.01
Orthophosphate-Phosphorus mg/L 0.01
Chlorophyll a and phaeopigment µg/L 0.05
Fecal coliform bacteria #/100 mL 1 
Conductivity µmhos/cm @ 25°C 1 
CTD PARAMETERS 
Salinity PSUa 0.01
Temperature °C 0.1 
pH pH units 0.1 
Dissolved oxygen mg/L 0.1 
Light transmission % light 0.1 
 
Notes: 
1.  Marine Water Column Ambient Monitoring Program:  Wateryear 1993 Data Report (Newton et al., 1994). 
a.  Practical Salinity Unit; equivalent to part per thousand, or gram per liter.  
 







April 1997 -- QA/QC Chapter 


75
 


 
Table C-9 


 
Chemical Parameters and Detection Limits 


Puget Sound Ambient Monitoring Program Fish Monitoring Task 
 
CHEMICAL 
PARAMETER1 


       RECOMMENDED DETECTION  
                                        LIMIT2 


CONVENTIONALS
Percent lipids    ---- 
Percent solids    ---- 
METALS     
     (mg/Kg wet weight) 
Arsenic     0.02 
Lead     0.03 
Mercury     0.01 
Copper     0.01 
SEMIVOLATILE ORGANICS   


    (µg/Kg wet weight) 
Chlorinated     
1,2,4-Trichlorobenzene   10 - 20 
1,2-Dichlorobenzene    10 - 20 
1,3-Dichlorobenzene    10 - 20 
1,4-Dichlorobenzene    10 - 20 
Hexachlorobenzene    10 - 20 
Ethers     
4-Bromophenyl phenyl ether   10 - 20 
4-Chlorophenyl phenyl ether   10 - 20 
bis(2-Chloroethyl)ether   10 - 20 
bis(2-Chloroisopropyl)ether   10 - 20 
Low Molecular Weight PAH    
Acenaphthene    10 - 20 
Acenaphthylene    10 - 20 
Anthracene     10 - 20 
Fluorene     10 - 20 
Naphthalene    10 - 20 
Phenanthrene    10 - 20 
High Molecular Weight PAH   
Benzo(a)anthracene    10 - 20 
Benzo(a)pyrene    10 - 20 
Benzo(b)fluoranthene    10 - 20 
Benzo(g,h,i)perylene    10 - 20 
Benzo(k)fluoranthene    10 - 20 
Chrysene     10 - 20 
Dibenzo(a,h)anthracene   10 -
Fluoranthene    10 -
Indeno(1,2,3-c,d)pyrene   10 - 20 
Pyrene     10 -
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Table C-9 (continued) 
 
CHEMICAL 
PARAMETER1 


RECOMMENDED DETECTION 
LIMIT2 


 


SEMIVOLATILE ORGANICS (continued) (µg/Kg wet weight)
Phenols   
2,4,6-Trichlorophenol  10 - 20 
2,4-Dichlorophenol  10 - 20 
2,4-Dimethylphenol  10 - 20 
2,4-Dinitrophenol  10 - 20 
2-Chlorophenol  10 - 20 
2-Nitrophenol  10 - 20 
4,6-Dinitro-2-methyl phenol  10 - 20 
4-Nitrophenol  10 - 20 
4-Chloro-3-methylphenol  10 - 20 
Pentachlorophenol  10 - 20 
Phenol  10 - 20 
Phthalate Esters  
bis(2-Ethylhexyl)phthalate  10 - 20 
Butyl benzyl phthalate  10 - 20 
di-n-Butyl phthalate  10 - 20 
di-n-Octyl phthalate  10 - 20 
Diethyl phthalate  10 - 20 
Dimethyl phthalate  10 - 20 
Organonitrogen Compounds   
2,4-Dinitrotoluene  10 - 20 
2,6-Dinitrotoluene  10 - 20 
9(H)-Carbazole  10 - 20 
N-nitroso-di-n-propylamine  10 - 20 
N-nitrosodiphenylamine  10 - 20 
N-nitrosodimethylamine  10 - 20 
Nitrobenzene  10 - 20 
Other Semivolatile Organic Compounds  
bis(2-Chloroethoxy)methane  10 - 20 
1,2-Diphenylhydrazine  10 - 20 
2-Chloronaphthalene  10 - 20 
Coprostanol  10 - 20 
Hexachlorobutadiene  10 - 20 
Hexachlorocyclopentadiene  10 - 20 
Hexachloroethane  10 - 20 
Isophorone  10 - 20 
Pesticides   
4,4-DDD  0.1 - 5 
4,4-DDE  0.1 - 5 
4,4-DDT  0.1 - 5 
Aldrin  0.1 - 5 
alpha-BHC  0.1 - 5 
alpha-Chlordane  0.1 - 5 
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Table C-9 (continued) 
 
CHEMICAL 
PARAMETER1 


RECOMMENDED DETECTION 
LIMIT2 


 


SEMIVOLATILE ORGANICS (continued)
Pesticides (cont.) (µg/Kg wet weight)
beta-BHC  0.1 - 5 
delta-BHC  0.1 - 5 
Dieldrin  0.1 - 5 
Endosulfan I  0.1 - 5 
Endosulfan II  0.1 - 5 
Endosulfan sulfate  0.1 - 5 
Endrin  0.1 - 5 
Endrin aldehyde  0.1 - 5 
gamma-BHC (Lindane)  0.1 - 5 
gamma-Chlordane  0.1 - 5 
Heptachlor  0.1 - 5 
Heptachlor epoxide  0.1 - 5 
Methoxychlor  0.1 - 5 
Toxaphene  0.1 - 5 
PCBs   
Aroclor 1016  10 - 20 
Aroclor 1221  10 - 20 
Aroclor 1232  10 - 20 
Aroclor 1242  10 - 20 
Aroclor 1248  10 - 20 
Aroclor 1254  10 - 20 
Aroclor 1260  10 - 20 
Hazardous Substances    
2,4,5-Trichlorophenol  10 - 20 
2-Methylnaphthalene  10 - 20 
2-Methylphenol  10 - 20 
2-Nitroaniline  10 - 20 
3-Nitroaniline  10 - 20 
4-Chloroaniline  10 - 20 
4-Methylphenol  10 - 20 
4-Nitroaniline  10 - 20 
Aniline  10 - 20 
Benzoic acid  10 - 20 
Benzyl alcohol  10 - 20 
Dibenzofuran  10 - 20 
 
Notes: 
1.  The entire list of chemical parameters may not be monitored for all fish species.  
2.  PSAMP Fisheries Monitoring Task Implementation Plan (Stern, 1989), currently under revision.  Actual detection limits vary 
for each fish species monitored, and are often lower than the ranges shown on this table.  Some detection limits may be higher. 
BHC  beta-Hexachlorocyclohexane. 
PAH  Polycyclic aromatic hydrocarbon. 
PCB  Polychlorinated biphenyl. 
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Table C-10 


 
QC Requirements 


Puget Sound Ambient Monitoring Program 
Fish Monitoring Task 


 
REQUIREMENT ASSAY REQUIRED 


FREQUENCY 
PERFORMANCE CRITERIA        


(control limit unless otherwise stated) 
Blanks GC-MS 5% or 1 per batch < 5 µg phthalates 


< 2.5 µg other compounds 
 


 GC-ECD pesticides, 
PCBs 
 


5% no analyte > RDL 


 metals 5% no analyte > RDL 
 


Replicate Lab 
Samples 


GC-MS 5% RSD 50% or PLOD 


 GC-ECD pesticides, 
PCBs 
 


5% RSD < 100% 


 metals 
 


5% < 20% RPD 


Spiked blanks Each assay type at least 1  
(@ <10x LLD) 


> 50% control limit 
> 75% warning limit 


 
Matrix Spikes and 
Duplicates 


GC-MS 5% > 50% recovery 


 GC-ECD pesticides, 
PCBs 
 


5% > 50% recovery 


 metals 10% +25 % of nominal 
 


Standard Reference 
Material 


GC-MS 1 per 50 samples within 95 percentile  range 


 GC-ECD pesticides, 
PCBs 
 


1 per 50 samples within 95 percentile  range 


 metals 
 


1 per 50 samples 80 to 120% recoverya 


Surrogate 
Recoveries 


GC-MS all samples > 50% recoveryb 
 


 GC-ECD pesticides, 
PCBs 
 


all samples > 50% recoveryc 
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Table C-10 (continued) 
 
REQUIREMENT ASSAY REQUIRED 


FREQUENCY 
PERFORMANCE CRITERIA        


(control limit unless otherwise stated) 
Duplicate Injections Metals by GFAA all samples + 20% RPD if > DL 


 
Analytical Spikes Metals by GFAA all samples 100% + 15% of nominal 


 
MSA. Metals by GFAA as needed r > 0.995 


 
Interference Checks Metals by ICP 2 per batch < 20% of mean response 


 
 
Notes: 
a. Or within acceptance limits, whichever is greater.  
b.  50 percent recovery for majority of surrogates. 
c.  For at least 1 of the 2 surrogates. 
DL  Detection limit. 
GC-ECD  Gas chromatography - electron capture detection. 
GC-MS  Gas chromatography - mass spectrometry. 
GFAA  Graphite furnace atomic absorption detection. 
ICP  Inductively coupled argon plasma spectrophotometry 
LLD  Lower limit of detection. 
MSA  Method of standard addition. 
PCB  Polychlorinated biphenyl. 
PLOD  Project limit of detection. 
RDL  Reporting detection limit. 
RPD  Relative percent difference. 
RSD  Relative standard deviation. 
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Table C-11 


 
Calibration Procedures and Control Limits 
Puget Sound Ambient Monitoring Program 


Fish Monitoring Task 
 


METHOD GC-MS GC-ECD GFAA; ICP-AES; ICP-
MS


CVAA 


Analytes semivolatile organics pesticides and PCBs metals mercury 


Calibrant 
Requirements 


EPA traceable analytes, 
DFTPP, 


EPA traceable analytes 
and surrogates; >5 


NIST - traceable NIST - traceable 


INITIAL CALIBRATION / FULL RESPONSE 


Frequency 1/ submission plus as 
required 


1/ submission plus as 
required 


Daily and each time instrument 
is set up 


Daily and each time 
instrument is set up 


Control Limits < 25% RSD of RRFs 
for 5  levelsa 


< 25% RSD of RRFs for 5 
 levels 


NOTE:  For GFAA and CVAA 
run 1 blank and 3 standards.  
For ICP-AES 1 blank and 1 
standard.  For ICP-MS run 1 
blank and 3 standards.   
PLUS - run a standard at the 
PLOD for all analytes 


CALIBRATION CHECKS 


Frequency 
(use most 


beginning and end of 
shift: or 1 per 12 hours 


beginning and end of 
shift: or 1 per 6 hours 


1 per 2 hours; or 1 per 10 
samples 


1 per 2 hours; or 1 per 
10 samples 


Control Limits RPD of RRFs < 40% RPD < 25% + 10% 
(MSA samples + 20%)


+ 20% 


 
Notes: 
a. The following compounds are excluded from this requirement: bis(2-ethylhexyl)phthalate;  butylbenzylphthalate; carbazole; 4-
chloroaniline; 3,3�-dichlorobenzidine; diethylphthalate; dimethylphthalate; di-n-butylphthalate; di-n-octylphthalate; 2,4-
dinitrophenol; 4,6-dinitro-2-methyl phenol;  hexachlorobutadiene; hexachlorocyclopentadiene; 2-nitroaniline; 3-nitroaniline; 4 
nitroaniline; 4-nitrophenol; N-nitrosodiphenylamine; 2,4,6-tribromophenol. 
 
CVAA  Cold vapor atomic absorption spectroscopy. 
DFTPP  Decafluorotriphenylphosphine. 
EPA  United States Environmental Protection Agency. 
GC-ECD  Gas chromatography/electron capture detection. 
GC-MS  Gas chromatography/mass spectrometry. 
GFAA  Graphite furnace/atomic absorption spectroscopy. 
ICP-AES  Inductively-coupled plasma/atomic emission spectroscopy. 
ICP-MS  Inductively-coupled plasma/ mass spectrometry. 
MSA  Method of standard addition. 
NIST  United States National Institute of Standards and Technology. 
PLOD  Project limit of detection. 
RPD  Relative percent difference. 
RRF  Relative response factor. 
RSD  Relative standard deviation. 
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15.5  NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 
(NPDES) PROGRAM 
The Federal Water Pollution Control Act Amendments of 1972 (Public Law 92-500) and its revisions, 
collectively called "The Clean Water Act," created a system for permitting municipal and industrial 
wastewater discharges under Section 402.  To implement the goals and policies of the Act, WAC Chapter 
173-220, National Pollutant Discharge Elimination System Permit Program, establishes a state individual 
permit program applicable to the discharge of pollutants and other wastes and materials to surface waters of 
the state.  The Department of Ecology administers this program for the State of Washington. 
 
NPDES permits contain effluent limits which restrict the amount of pollutants that may be discharged.  The 
limits may be based on the technology available to treat the pollutants (technology-based) or they may be 
based on the effect of the pollutants in the receiving water (water quality-based) (Ecology, 1994).  Permits 
specify average and maximum concentration and mass limitations for discharged pollutants and may 
authorize dilution zones (WAC Chapter 173-220).  Effluent samples are analyzed at frequent intervals for 
compliance with specified limits.  Ultimately, a discharge authorized by NPDES permit cannot violate 
applicable water quality standards developed to protect human health and aquatic life. 
 
Permitted facilities may also be required to monitor receiving water and sediments.   Receiving water 
samples are evaluated using freshwater or marine water criteria for aquatic life per WAC Chapter 173-
201A, Water Quality Standards for Surface Waters of the State of Washington (see Table C-12) and human 
health criteria per 40 CFR 131 (CFR, 1992), the "National Toxics Rule" (see Table C-13).  Current 
analytical methods may be unable to achieve detection limits at water quality criteria levels.  These criteria 
levels are, therefore, considered "target detection limits" and are addressed on a case-by-case basis by the 
NPDES program. 
 
Marine sediment samples are evaluated using criteria established in the Sediment Management Standards, 
WAC Chapter 173-204.  Freshwater sediment criteria are currently under development.  See the Sediment 
Management Standards Program section in this appendix for discussion of sediment sample detection limits. 
 A comparison of chemical parameters and detection limits between the SMS, PSDDA and PSAMP 
programs is presented in Table C-14. 


15.5.1  NPDES Program Contacts 
Washington State Department of Ecology 
Water Quality Program, Permit Management Section 
 
 Permit Management Section Supervisor 
 Jim Krull       (360) 407-6460 
 
 NPDES Permits 
 Gary Bailey      (360) 407-6433 
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Table C-12 


 
Chemical Parameters and Detection Limits 


Water Quality Standards for Aquatic Life - Marine Water 
 


CHEMICAL PARAMETER MARINE WATER QUALITY 
STANDARDS 


(Maximum Detection Limit)1


 (mg/L) 
Ammonia (non-ionized NH3) 0.035 


 (µg/L) 
Aldrin/Dieldrina 0.0019 
Arsenic 36.0 
Cadmium 8.0 
Chlordane 0.004 
Chlorine (total residual) 7.5 
Chlorpyrifos 0.0056 
Chromium (hexavalent) 50.0 
Copper 2.5 
Cyanide 1.0 
DDT (and metabolites) 0.001 
Dieldrin/Aldrina 0.0019 
Endosulfan 0.0087 
Endrin 0.0023 
Heptachlor 0.0036 
Hexachlorocyclohexane (Lindane) 0.16 
Lead 5.8 
Mercury 0.025 
Nickel 7.9 
Pentachlorophenol (PCP) 7.9 
PCBs 0.030 
Selenium 71.0 
Silver 1.2 
Toxaphene 0.0002 
Zinc 76.6 
 
Notes: 
1.  Water Quality Standards for Surface Waters of the State of Washington, WAC Chapter 173-201A-40 (Toxic 
Substances, Marine Waters). 
a.  Aldrin is metabolically converted to dieldrin.  Therefore, the sum of the aldrin and dieldrin concentrations are 
compared with the dieldrin criterion. 
PCB  Polychlorinated biphenyl. 
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Table C-13 


 
Chemical Parameters and Detection Limits 


NPDES Program  
Human Health Criteria 


 
CHEMICAL 
PARAMETERS 


(Target Detection Limits)1 
HUMAN HEALTH CRITERIA² FOR CONSUMPTION OF: 
FRESH WATER & ORGANISMS              MARINE ORGANISMS 


METALS
 (µg/L)  (µg/L) 
Antimony 14a  4,300a 
Arsenic 0.018a,b,c  0.14a,b,c 
Mercury 0.14  0.15 
Nickel 610a  4,600a 
Thallium 1.7a  6.3a 


 (fibers/L)  (fibers/L) 
Asbestos 7,000,000d   ---- 
ORGANICS  
Base/Neutral/Acid Extractables (µg/L)  (µg/L) 
2,3,7,8-TCDD (Dioxin) 0.000000013c  0.000000014c 
Acrolein 320  780 
Acrylonitrile 0.059a,c  0.66a,c 
Benzene 1.2a,c  71a,c 
Bromoform 4.3a,c  360a,c 
Carbon Tetrachloride 0.25a,c  4.4a,c 
Chlorobenzene 680a  21,000a,e 
Chlorodibromomethane 0.41a,c  34a,c 
Chloroform 5.7a,c  470a,c 
Cyanide 700a  220,000a,e 
Dichlorobromomethane 0.27a,c  22a,c 
1,2-Dichloroethane 0.38a,c  99a,c 
1,1-Dichloroethylene 0.057a,c  3.2a,c 
1,3-Dichloropropylene 10a  1,700a 
Ethylbenzene 3,100a  29,000a 
Methyl Bromide 48a  4,000a 
Methylene Chloride 4.7a,c  1,600a,c 
1,1,2,2-Tetrachloroethane 0.17a,c  11a,c 
Tetrachloroethylene 0.8c  8.85c 
Toluene 6,800a  200,000a 
1,1,2-Trichloroethane 0.60a,c  42a,c 
Trichloroethylene 2.7c  81c 
Vinyl Chloride 2c  525c 
2,4-Dichlorophenol 93a  790a,e 
2-Methyl-4,6-dinitrophenol 13.4  765







April 1997 -- QA/QC Chapter 


84
 


Table C-13 (continued) 
 
CHEMICAL 
PARAMETERS 


(Target Detection Limits)1 
HUMAN HEALTH CRITERIA² FOR CONSUMPTION OF: 
FRESH WATER & ORGANISMS              MARINE ORGANISMS 


 


ORGANICS (continued)    
Base/Neutral/Acid Extractables (continued)   
 (µg/L)  (µg/L) 
2,4-Dinitrophenol 70 a  14,000 a 
Pentachlorophenol 0.28a,c  8.2a,c,e 
Phenol 2,100a  4,600,000a,e 
2,4,6-Trichlorophenol 2.1a,c  6.5a,c 
Anthracene 9,600a  110,000a 
Benzidine 0.00012a,c  0.00054a,c 
Benzo(a)anthracene 0.0028c  0.031c 
Benzo(a)pyrene 0.0028c  0.031c 
Benzo(b)fluoranthene 0.0028c  0.031c 
Benzo(k)fluoranthene 0.0028c  0.031c 
bis(2-Chloroethyl)ether 0.031a,c  1.4a,c 
bis(2-Chloroisopropyl)ether 1,400a  170,000a 
bis(2-Ethylhexyl) phthalate 1.8a,c  5.9a,c 
Chrysene 0.0028c  0.031c 
Dibenzo(a,h)anthracene 0.0028c  0.031c 
1,2-Dichlorobenzene 2,700a  17,000a 
1,3-Dichlorobenzene 400  2,600 
1,4-Dichlorobenzene 400  2,600 
3,3'-Dichlorobenzidine 0.04a,c  0.077a,c 
Diethyl phthalate 23,000a  120,000a 
Dimethyl phthalate 313,000  2,900,000 
di-n-Butyl phthalate 2,700a  12,000a 
2,4-Dinitrotoluene 0.11c  9.1c 
1,2-Diphenylhydrazine 0.04a,c  0.54a,c 
Fluoranthene 300a  370a 
Fluorene 1,300a  14,000a 
Hexachlorobenzene 0.00075a,c  0.00077a,c 
Hexachlorobutadiene 0.44a,c  50a,c 
Hexachlorocyclopentadiene 240a  17,000a,e 
Hexachloroethane 1.9a,c  8.9a,c 
Indeno(1,2,3-c,d)pyrene 0.0028c  0.031c 
Isophorone 8.4a,c  600a,c 
Nitrobenzene 17a  1,900a,e 
N-nitrosodimethylamine 0.00069a,c  8.1a,c 
N-nitrosodiphenylamine 5a,c  16a,c 
Pyrene 960a  11,000a 
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Table C-13 (continued) 
CHEMICAL 
PARAMETERS 


(Target Detection Limits)1 
HUMAN HEALTH CRITERIA² FOR CONSUMPTION OF: 
FRESH WATER & ORGANISMS              MARINE ORGANISMS 


 


(µg/L) (µg/L)
Pesticides  
Aldrin 0.00013a,c  0.00014a,c 
alpha-BHC 0.0039a,c  0.013a,c 
beta-BHC 0.014a,c  0.046a,c 
gamma-BHC 0.019c  0.063c 
Chlordane 0.00057a,c  0.00059a,c 
4-4'-DDT 0.00059a,c  0.00059a,c 
4,4'-DDE 0.00059a,c  0.00059a,c 
4,4'-DDD 0.00083a,c  0.00084a,c 
Dieldrin 0.00014a,c  0.00014a,c 
alpha-Endosulfan 0.93a  2.0a 
beta-Endosulfan 0.93a  2.0a 
Endosulfan sulfate 0.93a  2.0a 
Endrin 0.76a  0.81a,e 
Endrin aldehyde 0.76a  0.81a,e 
Heptachlor 0.00021a,c  0.00021a,c 
Heptachlor epoxide 0.0001a,c  0.00011a,c 
Toxaphene 0.00073a,c  0.00075a,c 
PCBs  
Aroclor 1016 0.000044a,c  0.000045a,c 
Aroclor 1221 0.000044a,c  0.000045a,c 
Aroclor 1232 0.000044a,c  0.000045a,c 
Aroclor 1242 0.000044a,c  0.000045a,c 
Aroclor 1248 0.000044a,c  0.000045a,c 
Aroclor 1254 0.000044a,c  0.000045a,c 
Aroclor 1260 0.000044a,c  0.000045a,c 
Notes: 
1.  Current analytical methods may be unable to achieve detection limits at water quality criteria levels.  These criteria levels should be 
considered target detection limits and are addressed on a case-by-case basis by the NPDES permitter. 
2.  40 CFR Part 131 - Water Quality Standards; Establishment of Numeric Criteria for Priority Toxic Pollutants; State�s Compliance, Final Rule, 
December 22, 1992. 
a.  Criteria revised to reflect current agency q1


* (carcinogenic potency factor or slope factor) or RfD (Reference Dose), as contained in the 
Integrated Risk Information System (IRIS).  The fish tissue bioconcentration factor (BCF) from the 1980 criteria documents was retained in all 
cases. 
b.  The criterion refers to the inorganic form only. 
c.  Criteria in the matrix is based on carcinogenicity (0.000001) risk.  For a risk level of 0.000001, move the decimal point in the matrix value 
one place to the right. 
d. The criterion for asbestos is the MCL (56 FR 3526, January 30, 1991). 
e. No criterion for protection of human health from consumption of aquatic organisms (excluding water) was presented in the 1980 criteria 
document or in the 1986 Quality Criteria for Water.  Nevertheless, sufficient information was presented in the 1980 document to allow 
calculation of a criterion, even though the results of such a calculation were not shown in the document. 
BHC  beta-Hexachlorocyclohexane. 
PCB  Polychlorinated biphenyl. 
TCDD  Tetrachloro dibenzo-p-dioxin. 
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Table C-14 


 
Chemical Parameters and Detection Limits 


Comparison of Sediment Programs1 
 
CHEMICAL 
PARAMETERS 


 SMS PROGRAMS 
Recommended2 Detection 
Limit for SQS/SIZ/CSL 


SMS PROGRAMS 
SQS Criteria3 


(Maximum Detection 


SMS PROGRAMS 
SIZ/CSL Criteria 


PSDDA 
Recommended Detection 


Limit2 


PSDDA 
Maximum Detection Limit 


for Screening Levels 


PSAMP 
Recommended Detection 


Limit2 


CONVENTIONALS   (percent)   
Total solids    0.1 
Total volatile solids   0.1 
Total organic carbon   0.1 
Total sulfides    1 
Ammonia    1 
METALS  (mg/Kg dry weight) (mg/Kg dry weight) (mg/Kg dry weight) (mg/Kg dry weight) (mg/Kg dry weight) (mg/Kg dry weight) 
Antimony  -  - - 2.5 20 0.1 - 0.3 
Arsenic  19  57 93 2.5 57 0.1 
Cadmium  1.70  5.1 6.7 0.3 0.96 0.05 - 0.1 
Chromium  87  260 270 - - 1.0 
Copper  130  390 390 15.0 81 0.1 - 0.5 
Lead  150  450 530 0.5 66 0.1 - 0.5 
Mercury  0.14  0.41 0.59 0.02 0.21 0.005 - 0.01 
Nickel  -  - - 2.5 140 0.1 - 0.5 
Silver  2  6.1 6.1 0.2 1.2 0.06 - 0.1 
Zinc  137  410 960 15.0 160 0.2 
VOLATILE ORGANICS  (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 
Trichloroethene    3.2 160 10-20 
Tetrachloroethene    3.2 14 10-20 
Ethylbenzene    3.2 10 10-20 
Total Xylenes    3.2 12 10-20 
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Table C-14 (continued) 
 


CHEMICAL 
PARAMETERS 


 SMS PROGRAMS 
Recommended2 Detection 
Limit for SQS/SIZ/CSL 


SMS PROGRAMS 
SQS Criteria3 


(Maximum Detection 


SMS PROGRAMS 
SIZ/CSL Criteria 


PSDDA 
Recommended Detection 


Limit2 


PSDDA 
Maximum Detection Limit 


for Screening Levels 


PSAMP 
Recommended Detection 


Limit2 


SEMIVOLATILE ORGANICS   
  (µg/Kg dry weight)  (mg/Kg carbon)4 (mg/Kg carbon)4 (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 
LPAHs  -  370  780 - 610 - 
Naphthalene  700  99  170 20 210 20-100 
Acenaphthylene  433  66  66 20 64 20-100 
Acenaphthene  167  16  57 20 63 20-100 
Fluorene  180  23  79 20 64 20-100 
Phenanthrene  500  100  480 20 320 20-100 
Anthracene  320  220  1200 20 130 20-100 


 
2-Methylnaphthalene 233  38  64 20 67 20-100 
HPAHs  -  960  5300  - 1800 - 
Fluoranthene  567  160  1200  20 630 20-100 
Pyrene  867  1000  1400  20 430 20-100 
Benz(a)anthracene  433  110  270  20 450 20-100 
Chrysene  467  110  460  20 670 20-100 
Total Benzofluoranthenes 1067  230  450  20 800 20-100 
Benzo(a)pyrene  533  99  210  20 680 20-100 
Indeno(1,2,3,-c,d)pyrene 200  34  88  20 69 20-100 
Dibenzo(a,h)anthracene 77  12  33  20 120 20-100 
Benzo(g,h,i)perylene 223  31  78  20 540 20-100 
Chlorinated Hydrocarbons   
1,2-Dichlorobenzene 35  2.3  2.3  3.2 19 20-100 
1,3-Dichlorobenzene -  -  -  3.2 170 20-100 
1,4-Dichlorobenzene 37  3.1  9  3.2 26 20-100 
1,2,4-Trichlorobenzene 31  0.81  1.8  6 13 20-100 
Hexachlorobenzene  22  0.38  2.3  12 23 20-100 
Hexachlorobutadiene 11  3.9  6.2  20 29 20-100 
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Table C-14 (continued) 
 


CHEMICAL 
PARAMETERS 


SMS PROGRAMS 
Recommended2 Detection Limit 


for SQS/SIZ/CSL 


SMS PROGRAMS 
SQS Criteria3 


(Maximum Detection Limit) 


SMS PROGRAMS 
SIZ/CSL Criteria 


 


PSDDA 
Recommended 


Detection 
2


PSDDA 
Maximum Detection Limit for 


Screening Levels 


PSAMP 
Recommended Detection 


Limit2 


SEMIVOLATILE ORGANICS (continued)  
  (µg/Kg dry weight) (µg/Kg dry weight)  (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 


  
Phthalates     


Dimethylphthalate  24 53  53  20  160 20-100 
Diethylphthalate  67 61  110  20  97 20-100 
di-n-Butylphthalate  467 220  1700  20  1400 20-100 


Butylbenzylphthalate 21 4.9 64 20 470 20-100
bis(2-Ethylhexyl)phthalate 433 47 78 20 3100 20-100


di-n-Octylphthalate 2067 58 4500 20 6200 20-100
Ionizable Organic Compounds         


Phenol  140 420  1200  20  120 20-100 
2-Methylphenol  63 63  63  6  20 20-100 
4-Methylphenol  223 670  670  20  120 20-100 


2,4-Dimethylphenol 29 29 29 6 29 20-100 
Pentachlorophenol  120 360  690   61  100 20-100 


Benzyl alcohol  57 57 73 6 25 20-100 
Benzoic acid  217 650 65 100 400 20-100 


  (µg/Kg dry weight) (mg/Kg carbon)4 (mg/Kg carbon)4 (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 
Miscellaneous Extractable  Compounds       
Dibenzofuran  180 15 58 20 54 20-100 


N-nitrosodiphenylamine 28 11  11  12                 28        20-100 
Hexachloroethane  -  - - 20 1400 20-100 
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Table C-14 (continued)  
 


CHEMICAL 
PARAMETERS 


 SMS PROGRAMS 
Recommended2 Detection 
Limit for SQS/SIZ/CSL 


SMS PROGRAMS 
SQS Criteria3 


(Maximum Detection 


SMS PROGRAMS 
SIZ/CSL Criteria 


PSDDA 
Recommended 


Detection Limit2 


PSDDA 
Maximum Detection Limit for 


Screening Levels 


PSAMP 
Recommended Detection 


Limit2 


SEMIVOLATILE ORGANICS (continued)          
  (µg/Kg dry weight)  (mg/Kg carbon)4  (mg/Kg carbon)4  (µg/Kg dry weight) (µg/Kg dry weight) (µg/Kg dry weight) 
PCBs           
Total PCBs    12  65  67 130 - 
Aroclor 1016  6  -  -  - - 50-100 
Aroclor 1221  6  -  -  - - 50-100 
Aroclor 1232  6  -  -  - - 50-100 
Aroclor 1242  6  -  -  - - 50-100 
Aroclor 1248  6  -  -  - - 50-100 
Aroclor 1254  6  -  -  - - 50-100 
Aroclor 1260  6  -  -  - - 50-100 
Pesticides              
Total DDT  -  -  -  - 6.9  
    p,p'-DDE  -  -  -  2.3 - 50-100 
    p,p'-DDD  -  -  -  3.3 - 50-100 
    p,p'-DDT  -  -  -  6.7 - 50-100 
Aldrin  -  -  -  1.7 10 50-100 
Chlordane  -  -  -  1.7 10 50-100 
Dieldrin  -  -  -  2.3 10 50-100 
Heptachlor  -  -  -  1.7 10 50-100 
Lindane  -  -  -  1.7 10 50-100 
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Table C-14 (continued) 
 
Notes: 
1.  The following programs are compared : 
 Sediment Management Standards Program 
 Puget Sound Dredged Disposal Analysis Program 
 Puget Sound Ambient Monitoring Program Sediment Monitoring Task 
 
2.  Recommended Detection Limits: 
 SMS - The Sediment Sampling and Analysis Plan Appendix to Sediment Source Control Standards User Manual (SCUM1) and Sediment Cleanup Standards User Manual (SCUM2).     
   Fields left blank denote Recommended Detection Limit numerical values currently under review. 
 PSDDA - Puget Sound Dredged Disposal Analysis sediment detection limit established for SAP prototype (Sampling and Analysis Plan for Sediment Characterization at Pier D). 
 PSAMP - Puget Sound Ambient Monitoring Program Marine Sediment Quality Implementation Plan (Striplin, 1988).  Currently under revision. 
 
3.  Maximum Detection Limits: 
 SMS - Marine Sediment Quality Standards Chemical Criteria (WAC Chapter 173-204 Table I), Puget Sound Marine Sediment Impact Zones Maximum Chemical Criteria (WAC 
Chapter  173-204 Table II), and Puget Sound Marine Sediment Cleanup Screening Levels and Maximum Cleanup levels Chemical Criteria (WAC Chapter 173-204 Table III). 
 PSDDA - Screening Level (SL) criteria are based on the 1988 Puget Sound Apparent Effects Thresholds.  Detection limits should not exceed PSDDA SLs.  
 
4.  Units in mg/kg carbon represent concentrations in parts per million, normalized to organic carbon.  To normalize to TOC, the dry weight concentration for each parameter is divided by 
the decimal fraction representing the percent TOC content of the sediment. 
In some cases, recommended dry weight detection limits may exceed criteria levels once normalized to TOC.  In these cases, lower dry weight detection limits are needed to meet criteria 
levels.  Ecology has determined that, provided there is justification when detection limits cannot be attained to meet chlorinated hydrocarbon criteria levels, dry weight detection limits 
recommended in SCUM1 are acceptable.  See Triennial Review paper, Sediment Management Standards (SMS) Rule, WAC Chapter 173-204, �Sediment management Standards Detection 
Limits� (Bragdon-Cook, 1995). 
To determine a target �µg/Kg dry weight� detection limit for each �mg/Kg carbon� value, multiply the mg/Kg carbon value by the decimal percent TOC content of the sediment and again by 
1,000. For example: 
 If the sediment sample TOC content is determined to be 2%, dry weight detection limit for 1,2-dichlorobenzene would be: 
 2.3 mg/Kg carbon x 0.02 x 1,000 = 46 µg/Kg maximum �µg/Kg dry weight� detection limit. 
 
SL  Cleanup screening level. 
HPAH  High molecular weight polycyclic aromatic hydrocarbons. 
LPAH  Low molecular weight polycyclic aromatic hydrocarbons. 
PCB  Polychlorinated biphenyl. 
SIZ  Sediment impact zone. 
SMS  Sediment Management Standards. 
SQS  Sediment Quality Standards. 
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16.  APPENDIX D:  DATA QUALIFIER CODES CURRENTLY USED BY 
THE MAJOR PUGET SOUND ESTUARY PROGRAMS 
 
 


Table D-1 
 


Puget Sound Estuary Program Data Qualifiers 
 


Qualifier1 Definition2 
B Analyte detected in samples and in method blanka 
C Combined with unresolved substances 
E Estimate 
G Value greater than minimum shown 
K Detected at less than minimum shown 
L Value less than the maximum shown 
M Value is a mean 
Q Questionable value 
R Rejected value 
T Detected below quantification limit shown 
U Undetected at the detection limit shown 
X Recovery less than 10 percent (for isotope dilution 


technique) 
Z Blank-correctedb 


 
Notes: 
1.  The qualifiers in this table are not all-inclusive.  Different programs may use different codes or variations of the same qualifier 
codes, even within the same region or program (e.g., Puget Sound Ambient Monitoring Program). 
2.  Data qualifiers are defined in the 1991 Puget Sound Estuary Program document Puget Sound Estuary Program, A Project 
Manager’s Guide to Requesting and Evaluating Chemical Analyses, EPA 910/9-90-024. 
a.  The definition for the qualifier B is consistent with current usage.  This data qualifier is not defined in the referenced 
document. 
b. A qualifier is defined and listed for blank corrected data; correction of data for blank concentration is not allowed when data are 
used to compare to Sediment Management Standards. 
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Table D-2 


 
Puget Sound Ambient Monitoring Program Fish Task Data Qualifiers 


 
Qualifier Definition1 


C Compound is reported as part of a combination of 
compounds 


E Quantity listed is an estimated value 
G Estimated value is greater than the minimum shown 
L Estimated value is less than the maximum shown 
R Data value rejected and not reported 
U Substance undetected at the detection limit shown 
Z Blank-corrected 


 
Note: 
1.  Data qualifiers are defined in the 1991 Puget Sound Water Quality Authority document Puget Sound Ambient Monitoring 
Program Data Transfer Formats Version 2. 
 
 
 
 
 


Table D-3 
 


Washington State Department  of Ecology SEDQUAL Data Qualifiers 
 


Qualifier Definition1 
B Analyte detected in samples and in method blanka 
C Combined with unresolved substances 
E Estimate 
G Estimate is greater than value shown 
K Detected at less than detection limit shown 
L Value is less than the maximum shown 
M Value is a mean 
N Estimate based on presumptive evidence 
Q Questionable value 
T Detected below quantification limit shown 
U Undetected at the detection limit shown 
W Post digestion spike outside control limits 
X Recovery less than 10 percent 
Z Blank-corrected, still above detection limitb 


 
Notes: 
1.  Data qualifiers are defined in the 1991 Washington State Department of Ecology document,  Sediment Cleanup Standards 
User Manual. 
a.  The definition for the qualifier B is consistent with current usage.  B is defined in the referenced document as �blank-
corrected down to detection limit�. 
b. A qualifier is defined and listed for blank corrected data; correction of data for blank concentration is not allowed when data are 
used to compare to Sediment Management Standards. 
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Table D-4 


 
PSDDA DAIS Data Qualifiers 


 
Qualifier Definition1 


B Analyte detected in samples and in method blank 
D Diluted sample 
E Estimate 
G Estimate is greater than value shown 
J Estimate greater than SDL but less than CRDL 
L Value is less than the maximum shown 
M Doesn�t meet EPA spectral criteria, but judged to be present 
S Determined through selected ion monitoring analysis 
T Chromatographic coelution 
U Undetected 


 
Notes: 
1.  Data qualifiers are defined on the US Army Corps of Engineers DAIS data system.  Note these qualifiers are assigned and 
attached by the DAIS system. 
CRDL  Contract required detection limit. 
DAIS  Dredged analysis information system. 
EPA  United States Environmental Protection Agency. 
PSDDA  Puget Sound Dredged Disposal Analysis. 
SDL  Sample detection limit. 
 


Table D-5 
 


EPA CLP Organic Data Qualifiers   
 
Qualifier Definition1 


J The analyte was positively identified, and the associated numerical value is the 
approximate concentration of the analyte in  the sample. 


N The analysis indicates the presence of an analyte for which there is presumptive evidence 
to make a tentative identification. 


NJ The analysis indicates the presence of an analyte that has been tentatively identified and 
the associated numerical value represents its approximate concentration. 


R The sample results are rejected due to serious deficiencies in the ability to analyze the 
sample and meet quality control criteria.  The presence or absence of the analyte cannot be 
analyzed.   


U The analyte was analyzed for, but was not detected above the reported sample quantitation 
limit. 


UJ The analyte was not detected above the reported sample quantitation limit.  However, the 
reported quantitation limit is approximate and may or may not represent the actual limit of 
quantitation necessary to accurately and precisely measure the analyte in the sample. 


Notes: 
1.  Data qualifiers are defined in the 1994 EPA Publication PB94-963501, USEPA Contract Laboratory Program National 
Functional Guidelines for Organic Data Review.  Other data qualifiers may be added by the analytical laboratory per the 
appropriate Statement of Work. 
CLP  Contract Laboratory Program. 
EPA  United States Environmental Protection Agency. 
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Table D-6 


 
EPA CLP Inorganic Data Qualifiers 


 
Qualifier Definition1 


J The associated value is an estimated quantity. 
R The data are unusable (note: analyte may or may not be present). 
U The material was analyzed for, but was not detected above the level of the associated value. 


 The associated value is either the sample quantitation limit or the sample detection limit. 
UJ The material was analyzed for, but was not detected.  The associated value is an estimate 


and may be inaccurate or imprecise. 
 
Notes: 
1.  These data qualifiers are defined in the 1991 EPA Publication PB94-963502, US EPA Contract Laboratory Program 
National Functional Guidelines for Inorganic Data Review (EPA, 1994c).  Other data qualifiers may be added by the analytical 
laboratory per the appropriate Statement of Work. 
CLP  Contract Laboratory Program. 
EPA  United States Environmental Protection Agency. 
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 17.  APPENDIX E:  MDL PROCEDURE PER 40 CFR PART 136 
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Environmental Protection Agency 
 
APPENDIX B TO PART 136 - DEFINITION AND 
 PROCEDURE FOR THE DETERMINATION OF  THE 
METHOD DETECTION LIMIT - REVISION  1.11 
 


Definition 
 The method detection limit (MDL) is defined as the minimum 
concentration of a substance that can be measured and reported with 
99% confidence that the analyte concentration is greater than zero 
and is determined from analysis of a sample in a given matrix 
containing the analyte. 
 


Scope and Application 
 This procedure is designed for applicability to a wide variety of 
sample types ranging from reagent (blank) water containing analyte 
to wastewater containing  analyte.  The MDL for an analytical 
procedure may vary as a function of sample type.  The procedure 
requires a complete, specific, and well defined analytical method.  It 
is essential that all sample processing steps of the analytical method 
be included in the determination of the method detection limit. 
 The MDL obtained by this procedure is used to judge the 
significance of a single measurement of a future sample. 
 The MDL procedure was designed for applicability to a broad 
variety of physical and chemical methods.  To accomplish this, the 
procedure was made device- or instrument- independent. 
 


Procedure 
 1.  Make an estimate of the detection limit using one of the 
following: 
 (a) The concentration value that corresponds to an instrument 
signal/noise in the range of 2.5 to 5. 
 (b) The concentration equivalent of three times the standard 
deviation of replicate instrumental measurements of the analyte in 
reagent water. 
 (c) That region of the standard curve where there is a 
significant change in sensitivity, i.e., a break in the slope of the 
standard curve. 
 (d) Instrumental limitations. 
 It is recognized that the experience of the analyst is important to 
this process.  However, the analyst must include the above 
considerations in the initial estimate of the detection limit. 
 2. Prepare reagent (blank) water that is as free of analyte as 
possible.  Reagent or interference free water is defined as a water 
sample in which analyte and interferent concentrations are not 
detected at the method detection limit of each analyte of interest.   
 
Pt. 136, App. B  
Interferences are defined as systematic errors 
in the measured analytical signal of an 
established procedure caused by the presence 
of interfering species (interferent).  The 
interferent concentration is presupposed to be 


normally distributed in representative samples 
of a given matrix. 
 3. (a) If the MDL is to be determined in 
reagent (blank) water, prepare a laboratory 
standard (analyte in reagent water) at a 
concentration which is at least equal to or in 
the same concentration range as the estimated 
method detection limit. (Recommend 
between 1 and 5 times the estimated method 
detection limit).  Proceed to Step 4. 
 (b)  If the MDL is to be determined in 
another sample matrix, analyze the sample.  If 
the measured level of the analyte is in the 
recommended range of one to five times the 
estimated detection limit, proceed to Step 4. 
 If the measured level of analyte is less than 
the estimated detection limit, add a known 
amount of analyte to bring the level of analyte 
between one and five times the estimated 
detection limit. 
 If the measured level of analyte is greater 
than five times the estimated detection limit, 
there are two options. 
 (1) Obtain another sample with a lower 
level of analyte in the same matrix if possible. 
 (2) The sample may be used as is for 
determining the method detection limit if the 
analyte level does not exceed 10 times the 
MDL of the analyte in reagent water.  The 
variance of the analytical method changes as 
the analyte concentration increased from the 
MDL, hence the MDL determined under 
these circumstances may not truly reflect 
method variance at lower analyte 
concentrations. 
 4. (a) Take a minimum of seven aliquots 
of the sample to be used to calculate the 
method detection limit and process each 
through the entire analytical method.  Make 
all computations according to the defined 
method with final results in the method 
reporting units.  If a blank measurement is 
required to calculate the measured level of 
analyte, obtain a separate blank measurement 
for each sample aliquot analyzed.  The 
average blank measurement is subtracted 
from the respective sample measurements. 
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   (b) It may be economically and 
technically desirable to evaluate the estimated 
method detection limit before proceeding 
with 4a.  This will:  (1) Prevent repeating this 
entire procedure when the costs of analyses 
are high and (2) insure that the procedure is 
being conducted at the correct concentration.  
It is quite possible that an inflated MDL will 
be calculated from data obtained at many 
times the real MDL even though the level of 
analyte is less than five times the calculated 
method detection limit.  To insure that the 
estimate of the method detection limit is a 
good estimate, it is necessary to determine 
that a lower concentration of analyte will not 
result in a significantly lower method 
detection limit.  Take two aliquots of the 
sample to be used to calculate the method 
detection limit and process each through the 
entire method, including blank measurements 
as described above in 4a.  Evaluate these 
data: 
 (1) If these measurements indicate the 
sample is in desirable range for determination 
of the MDL, take five additional aliquots and 
proceed.  Use all seven measurements for 
calculation of the MDL. 
 (2) If these measurements indicate the 
sample is not in correct range, reestimate the 
MDL, obtain new sample as in 3 and repeat 
either 4a or 4b. 
 5. Calculate the variance (S2) and standard 
deviation (S) of the replicate measurements, 
as follows: 
 


 
 
where: 
Xi;i=1 to n, are the analytical results in the 
final method reporting units obtained from 


the n sample aliquots and Σ refers to the sum 
of the X values from i=1 to n. 
 6. (a) Compute the MDL as follows: 
 
MDL = t (n-1, 1-α=0.99)      (S) 
 
where: 
 MDL = the method detection limit 
 t (n-1, 1-α=0.99)  = the students� t value 
appropriate for a 99%  confidence level and a 
standard deviation estimate with n-1  degrees 
of freedom.  See Table. 
 
 S = standard deviation of the replicate 
analyses. 
 (b) The 95% confidence interval estimates 
for the MDL derived in 6a are computed 
according to the following equations derived 
from percentiles of the chi square over 
degrees of freedom distribution (x


2/df). 
 LCL = 0.64 MDL 
 UCL = 2.20 MDL 
 where: LCL and UCL are the lower and 
upper 95%  confidence limits respectively 
based on seven aliquots. 
 7.  Optional iterative procedure to verify 
the reasonableness of the estimate of the 
MDL and subsequent MDL determinations. 
 (a) If this is the initial attempt to compute 
MDL based on the estimate of MDL 
formulated in Step 1, take the MDL as 
calculated in Step 6, spike the matrix at this 
calculated MDL and proceed through the 
procedure starting with Step 4. 
 (b) If this is the second or later iteration of 
the MDL calculation, use S2 from the current 
MDL calculation and S2  from the previous 
MDL calculation to compute the F-ratio.  The 
F-ratio is calculated by substituting the larger 
S2


 into the numerator S2
A and the other into 


the denominator S2
Β .  The computed F-ratio 


is then compared with the F-ratio found in the 
table which is 3.05 as follows:  if 
S2
Α/S2


Β<3.05, then compute the pooled 
standard deviation by the following equation: 
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if S2


Α/S2
Β<3.05, respike at the most recent 


calculated MDL and  process the samples 
through the procedure starting with Step 4.  If 
the most recent calculated MDL does not 
permit  qualitative identification when 
samples are spiked at that level,  report 
the MDL as a concentration between the 
current and  previous MDL which permits 
qualitative identification. 
 (c) Use the Spooled as calculated in 7b to 
compute the final MDL according to the 
following equation: 
 
MDL = 2.681 (Spooled ) 
 
where 2.681 is equal to t12, 1-σ = .99). 
 (d) The 95% confidence limits for MDL 
derived in 7c are computed according to the 
following equations derived from percentiles 
of the chi squared over degrees of freedom 
distribution. 
 LCL = 0.72 MDL 
 UCL = 1.65 MDL 
where LCL and UCL are the lower and upper 
95% confidence limits respectively based on 
14 aliquots. 
 
TABLES OF STUDENTS� t VALUES AT 
THE 99 PERCENT CONFIDENCE LEVEL 
 


 
 
 
 
 
 


Reporting 
 The analytical method used must be specifically identified by 
number or title and the MDL for each analyte expressed in the 
appropriate method reporting units.  If the analytical method permits 
options which affect the method detection limit, these conditions 
must be specified with the MDL value.  The sample matrix used to 
determine the MDL must also be identified with MDL value. Report 
the mean analyte level with the MDL and indicate if the MDL 
procedure was iterated.  If a laboratory standard or a sample that 
contained a known amount analyte was used for this determination, 
also report the mean recovery. 
 If the level of analyte in the sample was below the determined 
MDL or exceeds 10 times the MDL of the analyte in reagent water, 
do not report a value for the MDL. 
{49 FR 43430, Oct. 26, 1984; 50 FR 694, 696, Jan. 4, 1985, as 
amended at 51 FR 23703, June 30, 1986} 
    


 


 
 
 


Number of replicates Degrees of 
freedom  


(n-1) 


t(n-1, .99) 


7 6 3.143 
8 7 2.998 
9 8 2.896 


10 9 2.821 
11 10 2.764 
16 15 2.602 
21 20 2.528 
26 25 2.485 
31 30 2.457 
61 60 2.390 
00 00 2.326
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18.  APPENDIX F:  EPA REGION 10 PROCEDURE FOR  
DETERMINATION OF DETECTION AND QUANTITATION 
(QUANTIFICATION) LEVELS FOR INORGANIC ANALYSES 
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DETERMINATION OF DETECTION AND QUANTITATION LEVELS  
FOR INORGANIC ANALYSES 


 
 


Prepared by: ICF Technology Inc, ESAT, Region 10 
For:     USEPA, Region 10 
      Under the technical direction of the Manchester Environmental   
     Laboratory�s Metals Section. 
Edited by:  Metals Section, USEPA 
Revision No.: 1.2 
Revision Date: 03/20/96 
 
 
1.0  SCOPE AND APPLICATION 
 
 This procedure outlines the steps necessary to determine the instrument detection limit (IDL), 
the method detection limit (MDL), the reliable detection level (RDL) and the practical 
quantitation level (PQL) for analytical instrumentation used in analysis of inorganic samples.  
This method follows EPA and CLP SOW guidelines, however, the exact method is unique to the 
metals section of the Manchester Laboratory.  This procedure does not address the considerable 
debate and  disagreement over proper terms and methodology, rather, it is meant to provide 
specific directions for determining and reporting detection levels for metals analyses at this 
laboratory facility. 
 
2.0  SUMMARY OF METHOD 
 
 After initial setup and calibration of the instrument, ten reagent blank samples are 
 analyzed consecutively.  The mean and standard deviation of the ten blank sample results are 
calculated using 9(n-1) degrees of freedom.  The IDL is determined by multiplying the standard 
deviation by three (3σ).  A low level standard (LLS) solution is made to contain concentrations of 
analytes at three to five times the calculated concentration of the IDL.  Seven LLS samples are 
analyzed consecutively and according to standard analytical and quality control procedures.  The 
standard deviation (σ with n-1) is calculated for the seven analytical results.  The estimated MDL 
is determined by multiplying the standard deviation times three.  The LLS is analyzed in the 
same manner on three non-consecutive days.  The final MDL is the average of the three 
estimated MDLs.  The RDL is established above the MDL to provide a practical level of 
detection for routine analyses.  The PQL is experimentally determined by measuring analyte 
concentrations progressively larger than the RDL until a series of ten measurements demonstrates 
percent relative standard deviation of � 10% and accuracy of the mean should be within 90 - 
110% of the true value. 
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3.0  PROCEDURE 
 
 3.1  Initial instrument set up. 
 
  3.1.1 Set up the instrument according to the manufacturer�s guidelines.   Establish 


interference and background correction factors. 
 
 3.2  Determine the instrument detection limit (IDL). 
 
  3.2.1 Definition:  The IDL is the constituent concentration that produces a signal greater 


than three standard deviations of the mean noise level. 
 
  3.2.2 Calibrate the instrument according to CLP and Laboratory guidelines. 
 
  3.2.3 After calibration, run initial quality control standards at CLP or Laboratory 


established limits as verification.  Analyte concentrations should be within 90% - 
110% of the known value for ICP-AES, ICP-MS; GFAAS, and FAAS analyses, 
80% - 120% for CVAAS (mercury). 


 
  3.2.4 Analyze a blank solution to determine that no carryover is present in the system. 
   
  3.2.5 Prepare a high purity reagent blank solution which matches the routine sample to 


be analyzed by the analytical instrument. 
 
  3.2.6 Transfer the reagent blank solution to ten clean analytical containers.  Treat each 


container as a unique, separate sample. 
 
  3.2.7 For instruments that aspirate or sparge a sample continuously: 
 


   3.2.7.1 Introduce the sample to the system and allow the aspiration  or sparge to 
equilibrate. 


 
   3.2.7.2 Analyze a reagent blank using the same length and number  of integrations and 


replications as is used in the routine analysis of samples. 
 
   3.2.7.3 Flush the system after each analysis according to normal     
     operating procedures. 
   
   3.2.7.4 Repeat this procedure for the remaining reagent blanks. 
 
  3.2.8 For instruments that inject a specified volume of sample: 
 
   3.2.8.1 Inject the volume used in a routine analytical sequence. 
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 3.2.8.2 Analyze the first reagent blank using the same length and number of integrations 
and replications as is used in the routine analysis of samples. 


 
3.2.8.3 Flush the system after each analysis according to normal      
    operating procedures. 
 
3.2.8.4 Repeat this procedure for the remaining reagent blanks. 
 
3.2.9  After analyzing the blank sample, run quality control standards at CLP or laboratory 


established limits.  The criterion for acceptance is that analyte concentrations should be 
within 90% - 110% of the known value for ICP-AES, ICP-MS, GFAAS, and FAAS 
analyses, 80% - 120% for CVAAS (mercury). 


 
3.2.10 Calculate the standard deviation (σ) by the following formula: 
 


  
     n =  number of analyses performed (10) 
     vi =  the ith analytical value 
     _ 
     x =  average of all analytical values 
 
 
  3.2.11 The IDL is calculated by multiplying the standard deviation (σ) of the   
     observed analyte concentrations by three. 
 
      IDL = 3 x σ 


 
 3.3    Determine the method detection limit (MDL). 
 
 3.3.1  Definition:  The MDL is the amount of constituent that produces a signal 


sufficiently large that 99% (3σ) of the trials with that amount will produce a 
detectable signal. 


 
 3.3.2  Prepare a low level standard (LLS) for the MDL determination. 
  
 3.3.2.1 The concentration of each analyte in the LLS is determined as follows. 
   
 3.3.2.1.1 Define a range for the analyte which is no less than three times the IDL but not 


greater than five times the IDL. 
 
 3.3.2.1.2 Define the concentration for each analyte in the LLS as a whole number within 


this range which can be easily manufactured by dilution of stock standards. 
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  3.3.2.2 Prepare a stock solution which contains the analytes interest at 100-200 times the 
low level standard concentrations determined in the previous section. 


 
  3.3.2.3 Prepare the LLS with ultra-pure reagents matching the acid matrix of the blank 


solution. 
 
  3.3.2.4 Transfer the LLS solution to seven, clean, analytical containers. 
 
  3.3.3 Analyze the low level standard. 
 
  3.3.3.1 Calibrate and run initial quality control standards according to CLP and 


Laboratory guidelines. 
 
  3.3.3.2 Analyze a reagent blank solution just prior to analysis of the LLS to insure that no 


carryover contamination exists. 
 
  3.3.3.3 Analyze the LLS.  Normal injection, flush time, equilibration, number of 


repetitions and wash-out procedures should be adhered to for the analysis. 
 
  3.3.3.4 Repeat this procedure for each of the seven LLS replicate samples. 
 
  3.3.3.5 Final quality control standards should follow the last analysis of the LLS. 
 
  3.3.3.6 Report the concentration values in the appropriate units. 
 
  3.3.3.7 Calculate an estimated MDL as follows: 
 
    Estimated MDL single day = t x σ 
 
   where,  t =One-sided t distribution value for a 99% confidence level and a standard 


deviation estimate with n-1 degrees of freedom  (t ≈ 3 for seven replicates). 
 
   σ =standard deviation of the seven replicate analyses using n-1   


 degrees of freedom. 
 
  3.3.3.8 Analyze the LLS according to 3.3.3 on three non-consecutive days and within a 


one month period. 
 
  3.3.3.9 RDLs will be determined biannually - during the months of January and June. 
 
  3.3.3.10  Calculate the final MDL by averaging the three estimated MDL determinations. 
 


     Final MDL =  
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 3.4 Establish the reliable detection level (RDL). 
 
  3.4.1 Definition:  The RDL is a practical amount of constituent above the MDL which 


provides a reasonable level of detection to avoid false  identifications of 
analytes at the method detection limit. 


 
3.4.2 The RDL is established as the reportable level of detection and, as a  policy decision, will 


be determined by the EPA Metals Team Leader. 
 
3.4.3 The RDL is reported with two significant figures. 
 
3.5   Determine the practical quantitation level (PQL). 
 
3.5.1 Definition:  The PQL is the experimentally determined lowest level that can be reliably 


achieved within specified limits of precision and accuracy during routine 
laboratory operation conditions. 


 
3.5.2 Begin by estimating the PQL at twice the RDL. 
 
3.5.2.1 Prepare a PQL stock solution with the constituent concentrations at 100 to 200 times the 


estimated PQL. 
 
3.5.2.2 Prepare the PQL working solution (analytes at the estimated PQL) with ultra-pure 


reagents matching the acid matrix of the blank solution. 
 
3.5.2.3 Transfer the PQL solution to ten, clean, analytical sample containers. 
 
3.5.3 Analyze the PQL solution. 
 
3.5.3.1 Calibrate and run initial quality control standards according to CLP and Laboratory 


guidelines. 
    
3.5.3.2 Analyze a reagent blank sample just prior to analysis of the PQL sample to insure that 


no carryover contamination exists. 
 
3.5.3.3 Analyze the PQL sample.  Normal injection, flush time, equilibration, number of 


repetitions and wash-out procedures should be adhered to for the analysis. 
 
3.5.3.4 Repeat this procedure for each of the ten PQL replicate samples. 
 
3.5.3.5 Final quality control standards should follow the last analysis of the PQL sample. 
 
3.5.3.6 Report the concentration values in the appropriate units. 
 
3.5.3.7 Calculate the mean (x), standard deviation (σ) and percent relative standard deviation 


(%RSD) of the ten analytical results for each analyte. 
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    (See 3.2.10 for definitions of variables) 
 
3.5.3.8 A valid PQL is established if the % RSD is ��10% and the mean recovery of the analyte 


is within 90 - 110% of the true value. 
 
3.5.3.8.1   If the limits of precision and accuracy are achieved in the first trial, the level of the 


PQL may have been overestimated and levels lower than twice the RDL should be 
evaluated.  This also suggests that the RDL was overestimated and requires additional 
inspection. 


 
3.5.3.9  Repeat sections 3.5.2 - 3.5.3 at three, four, five, etc. times the RDL until all analytes of 


interest demonstrate  �� 10 %RSD and the mean recovery of the analyte is within 90 - 
110% of the true value. 
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    INTRODUCTION 
 
 
 This document recommends methods for sampling subtidal, soft-bottom demersal fish 
assemblages in Puget Sound, Washington using beach seines and trawls.  The methods described in 
this report are based on the results of a workshop (16 August 1988) and written reviews by 
representatives from most of the organizations that fund or conduct studies of demersal fishes in the 
Puget Sound region (Table 1). 
 
 The purpose for developing recommended protocols is to encourage all Puget Sound 
investigators conducting monitoring programs, baseline surveys, and intensive investigations to use 
standardized methods whenever possible.  If this goal is achieved, then most data collected in Puget 
Sound should be directly comparable and usable in an integrated, sound-wide database.  Such a 
database is necessary for developing and maintaining a comprehensive water quality management 
program for Puget Sound. 
 
 This document provides recommendations for equipment and procedures used for beach 
seining and trawling.  Examples of pertinent studies are provided to illustrate a range of study 
designs and the kinds of conclusions that can be made from the resulting data sets.  Each piece of 
recommended equipment is described in detail.  Information is provided on use and 
 limitations of the recommended equipment as well as on deployment and retrieval.  Information is 
also provided on catch processing and data collection in the field and laboratory, quality assur-
ance/quality control (QA/QC), and data reporting requirements.  In developing the protocols, it was 
recognized that the methods used in studies of demersal fishes are continuously changing.  The 
loose-leaf format of this document will allow modification of the recommended protocols in the 
future, if necessary, and the inclusion of additional protocols. 
 
 Although the following protocols are recommended for most studies conducted in Puget 
Sound, departures from these methods may be necessary to meet the special needs of individual 
projects.  If departures are made, however, the funding agency or investigator should be aware that 
the resulting data may not be comparable with most other data of that kind.  







 Demersal Fish Sampling 
 Use and Limitations 
 July 1990 


 


 
 
 2


 
 
 
 
    TABLE 1.  CONTRIBUTORS TO THE BEACH SEINE 
 AND TRAWL PROTOCOLS 
 
  
 
 
 Name Affiliation 
 
David Armstronga,b University of Washington 
John Armstrongc U.S. Environmental Protection Agency 
Scott Beckera,c PTI Environmental Services 
Betsy Brownc Battelle Northwest 
Steve Browna,b,c Tetra Tech, Inc. 
Tom Darka,c National Marine Fisheries Service/National Oceanic and Atmospheric 


Administration 
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Administration 
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a Attended the workshop held on 16 August 1988. 
 
b Coauthor of final report. 
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    USE AND LIMITATIONS 
 
 The equipment discussed in this document is commonly used in research and monitoring 
studies related to soft-bottom demersal fishes in Puget Sound.  The assemblages considered in this 
document consist of demersal fish species that inhabit soft-bottom substrates (e.g., mud, sand, 
gravel, small cobble).  These assemblages are classified by habitat in Figure 1. 
 
 The recommended equipment and methods are frequently used to identify spatial and temporal 
changes in the demersal fish assemblages of Puget Sound and to evaluate possible causes of any 
observed changes.  Possible causes of observed changes in these assemblages include natural 
phenomena (e.g., variable recruitment due to changes in climate) pollution, and habitat degradation. 
 Assemblage characteristics that can be determined using data generated according to these 
protocols include species diversity, relative abundance, reproductive condition, fish health, and the 
occurrence of various life history stages in different soft-bottom habitats. 
 
 These protocols are not intended for use in estimating the population characteristics needed to 
manage a commercial fishery, although the data generated using these protocols may be of 
supplementary value for this purpose.  The protocols are also not intended for use in evaluating 
pelagic and tidepool species, or species that inhabit rocky substrates. 
 
 Most studies of demersal fishes in Puget Sound are concerned with the following issues: 
 
 � Effects of historical and ongoing point and nonpoint pollution (e.g., sewage and 


industrial discharges) 
 
 � Spatial and temporal patterns of abundance and habitat use of different life history 


stages, particularly in sites under consideration for development or alteration (e.g., 
by dredging, dredged material disposal, or effluent discharge). 


 
 
EXAMPLES OF RECENT STUDIES OF DEMERSAL FISHES 
 
 Three recent studies of demersal fishes in Puget Sound are discussed below.  Workshop parti-
cipants suggested that examples be provided to illustrate the kinds of studies that are commonly 
conducted, the kinds of sampling equipment that are frequently used, and the kinds of conclusions 
that can be drawn from such studies. 
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Figure 1.  Puget Sound marine habitats and fish assemblages. 
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Epizootiology of Skin Tumors of Juvenile English Sole 
 
 The prevalence of skin tumors in juvenile English sole was studied in the vicinity of Seattle, 
Washington by Angell et al. (1975).  Collections were obtained during 1969 and 1970, and 
additional data from 1966 and 1967 were also available.  Small (i.e., young) specimens were 
collected in shallow water using a beach seine.  Monthly collections were made at low tide over a 
1-year period.  Three to six replicate hauls were made on a given sampling date.  A small otter 
trawl was used at subtidal sites to collect larger juvenile and subadult specimens.  Monthly 
samples were collected from November through June.  Three to eight hauls were made at depth 
contours ranging from 3 to 30-m depth.  Haul duration was 15 min, and haul speed was 75 
m/min.  Results of this study indicated that 1) tumor occurrence increased from August to 
October and declined thereafter, 2) both sexes were equally prone to having tumors, and 3) fish 
with tumors suffered higher mortality rates than individuals without tumors. 
 
 
Puget Sound Baseline Study Program:  Nearshore Fish Survey 
 
 Miller et al. (1977) conducted a study of nearshore fish assemblages in northern Puget 
Sound, to evaluate the potential for assemblage alterations that could result from the introduction 
of oil and other pollutants.  Study areas were located in a region subject to oil pollution from 
refineries (i.e., near Anacortes, Washington) and in a reference region essentially free from oil 
pollution (i.e., western San Juan Islands).  Several sampling devices were used because a range 
of habitats and life history stages were of interest. 
 
 Beach seines (37 m in length) were used to collect monthly samples of nearshore demersal 
fishes over two years.  The beach seines were used in nearshore areas in cobble, gravel, 
sand/eelgrass, and mud/eelgrass habitats.  Buoyant nets were used to sample the surface waters, 
and sinking nets were used to sample bottom waters.  The results were used to characterize the 
distribution and dynamics of nearshore demersal fish assemblages at the study sites. 
 
 According to Miller et al. (1977), differences between the assemblages near the refinery and 
in the reference area were interpreted as being due to differences in habitat characteristics rather 
than pollutants.  The nearshore demersal fish data, along with numerous data on other biological 
resources, were subsequently used for environmental assessments and evaluations of future 
projects. 
 
 
Puget Sound Dredged Disposal Analysis 
 
 Demersal fish assemblages were surveyed in four sites in Puget Sound during 1986 and 
1987 by Donnelly et al. (1986, 1988).  The purpose of these studies was to evaluate the suitability 
of these sites for unconfined, open-water disposal of dredged material.  During 1986, three sites 
were sampled one or two times during the summer and one site was sampled during February, 
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April, June/July, and September.  During 1987, three sites were sampled quarterly and an 
additional four sites were sampled twice (spring and fall).  Samples were primarily collected 
using a 7.6-m otter trawl.  One to three replicates were collected on each cruise.  The sites were 
ranked on the basis of relative species abundance, species diversity, and species biomass.  
Information was also obtained on spatial distributions at the sites and seasonal changes in species 
abundance. 
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 STUDY DESIGN CONSIDERATIONS 
 
 
 The designs of studies of demersal fish assemblages can vary substantially, depending upon 
study-specific objectives.  Therefore, it is not possible to standardize all the elements that 
constitute a study design.  Information is presented in this chapter concerning the technical issues 
that must be addressed when the study design is being developed.  Additional information can be 
found in Wathne (1977), Mearns and Allen (1978), Byrne et al. (1981), and Pitt et al. (1981). 
 
 Development of an effective study design can be enhanced if decisions are based on actual 
information concerning the study area and the target species.  Prior to determination of the final 
study design, a preliminary survey or reconnaissance cruise should be conducted in study areas 
for which the historical database is judged inadequate.  Because of the differences that exist in 
the patterns of distribution, abundance, and life histories of fishes in Puget Sound, advice from 
individuals familiar with the fishes of Puget Sound should be sought when study designs are 
being developed.  Advice may be obtained from scientists at the University of Washington, the 
Washington Department of Fisheries, and the National Marine Fisheries Service. 
 
 The following study design issues are discussed below: 
 
 � Project objectives 
 
 � Sampling schedule 
 
 � Habitat coverage 
 
 � Replication. 
 
PROJECT OBJECTIVES 
 
 Project objectives must be defined before target species or assemblages, life history stages, 
and appropriate sampling equipment can be determined.  A thorough assessment of ecological 
processes or potential environmental impacts would typically require a detailed analysis of entire 
assemblages of demersal fishes.  A study in which all captured fish are analyzed can provide the 
most complete understanding of local diversity and habitat use, as well as provide the most 
comprehensive basis for assessing long-term trends.  However, such studies will be more costly 
and time-consuming per station than a study in which only a limited number of species are con-
sidered.  Thus, studies with limited objectives (e.g., monitoring the prevalence of liver lesions in 
English sole) can be conducted more efficiently if nontarget species are not analyzed in detail. 
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 More than one sampling device may be needed in studies of multiple species, assemblages, 
or life history stages.  For example, juvenile English sole are typically sampled using a 37-m 
beach seine, whereas subadult English sole are typically sampled using a 7.6-m otter trawl.  
However, because the samples of the different life history stages are not obtained using the same 
equipment, the samples are not directly comparable. 
 
 
SAMPLING SCHEDULE 
 
 The frequency of sampling is determined by study-specific objectives.  Information about 
the natural history of the target species is needed to estimate the time scales of interest.  The 
monitoring of environmental impacts that occur over short time scales requires frequent 
sampling.  For example, weekly sampling could be required to monitor impacts of dredging in 
nearshore sites when juvenile English sole are settling out of the water column.  Monthly, or at 
least seasonal, sampling is usually required to follow the major life history events of a single 
target species.  Moreover, a particular life history event may occur at different times for different 
species.  For example, spawning occurs during the winter for Pacific cod and during the spring 
for herring.  Also, juvenile English sole occur as two distinct cohorts during the winter and 
summer (Hart 1973). 
 
 Fish behavior can also influence sampling schedules.  The depth and spatial distribu 
tions of many species change seasonally and over the 24-h light/dark cycle.  Many demersal 
fishes occupy bottom habitats during the day and mid-water habitats during the night (Parsons 
and Parsons 1976; Pitt et al. 1981).  Because the sampling equipment recommended in these 
protocols is designed to catch demersal fishes in bottom habitats, all routine monitoring of these 
fishes should be conducted during daylight hours.  Daylight sampling has also been adopted by 
the National Marine Fisheries Service Resource Assessment and Conservation Engineering 
Division for programs monitoring demersal fishes along the outer Pacific coast. 
 
 
HABITAT COVERAGE 
 
 A study area may contain more than one kind of habitat.  In this situation, a stratified 
sampling design should be developed that includes sampling within each habitat type.  Environ-
mental characteristics that determine habitat types include sediment composition, vegetation, 
depth, salinity, and temperature.  Different equipment may be required to sample in different 
habitat types.  For example, a beach seine should be used to sample nearshore, shallow, eelgrass 
beds where juvenile stages frequently occur, whereas a 7.6-m otter trawl or a 400-mesh eastern 
otter trawl should be used to sample deeper areas where subadults and adults usually occur. 
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REPLICATION 
 
 The number of replicate tows that should be collected per station is influenced by both 
project objectives and practical considerations.  Some projects may require collection of a given 
number of specimens, so that the actual numbers caught at a station will determine the number of 
tows required.  For example, this situation may occur in studies of liver lesion prevalence in 
English sole.  To obtain a particular level of statistical confidence, the required number of 
specimens is determined by lesion prevalence and population size (PSEP 1987).  It is possible 
that the required sample could be collected in a single haul. 
 
 Because of variability in the abundances of demersal fishes and in the efficiencies of seines 
and trawls, studies involving detailed analyses of demersal fish assemblages (e.g., species 
composition, age structure) may require a substantial number of replicate tows per station.  It is 
recommended that early in the process of developing a study design, investigators discuss study 
objectives with a statistician who is familiar with environmental studies.  The determination of 
the required number of replicates may involve statistical power analysis using existing data.  If 
no data are available, a preliminary survey can be conducted to obtain data for use in power 
analysis prior to completion of the final study design. 
 
 It may be prohibitively expensive to collect enough replicate tows to obtain a desired level 
of statistical power.  In this situation, it may be necessary to accept a lower level of statistical 
power or revise the study objectives.  In general, workshop participants recommended that a 
minimum of two or three replicate tows be collected per station on each sampling trip.  More 
replicates will provide greater statistical power to detect patterns, but will also require a greater 
level of effort and cost.  Most statistical tests commonly used to analyze environmental data (e.g., 
analysis of variance) require replication. 
 
 The locations of replicate tows should be allocated randomly within each habitat type.  
However, every effort should be made to ensure that replicate tows do not overlap spatially on a 
given sampling trip.  Disturbance or removal of fishes caused by an initial tow can influence the 
catch of subsequent tows over the same area (Mearns and Allen 1978). 
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 RECOMMENDED EQUIPMENT 
 
STANDARD EQUIPMENT 
 
 The following equipment is recommended for use as the standard sampling gear for studies 
of soft-bottom demersal fish assemblages in Puget Sound: 
 
 � 37-m beach seine 
 � 7.6-m otter trawl 
 � 400-mesh eastern otter trawl. 
 
All near-bottom life history stages of demersal fishes can be collected using these sampling 
devices.  Moreover, these devices have been used extensively in historical studies of demersal 
fish assemblages in Puget Sound (Appendix A). 
 
 Descriptions of the 37-m beach seine, 7.6-m otter trawl, and 400-mesh eastern otter trawl 
are provided below.  Net plans are provided in Appendix B. 
 
37-m Beach Seine 
 
 The 37-m sinking beach seine (Figure 2) is 36.6 m in total length, with 18-m wing lengths.  
The net is constructed of 29-mm stretch mesh.  The dimensions of the bag are 0.6 x 2.4 x 2.3 m, 
and the bag is lined with 6-mm stretch mesh (sometimes termed knotless netting).  The center of 
the net is 2.4-m high, and the ends of the net are 0.9-m high.  The ends of the net are attached to 
poles that are slightly longer than the 0.9-m net height.  A pull or haul line is attached to each 
pole by means of a small bridle.  The haul lines are typically made of nylon or soft polypropylene 
and are marked at 10-m intervals.  A float line with small styrofoam floats runs along the top of 
the net.  A solid-core lead line runs along the bottom of the net.  Together, the buoyant float line 
and the sinking lead line cause the net to open vertically when it is in the water.  By changing the 
buoyancy of the float line, the 37-m beach seine can be used to sample surface or bottom waters. 
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Figure 2.  Diagram of 37-m beach seine. 
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7.6-m Otter Trawl 
 
 The 7.6-m otter trawl (also called the 25-ft otter trawl and the Marinovich trawl) is a two-
panel, semi-balloon designed net.  The basic layout of the net is shown in Figure 3, and the net 
plan is shown in Appendix B.  The body of the net is constructed of 38-mm stretch mesh.  The 
cod end is constructed of 32-mm stretch mesh lined with 6-mm stretch mesh, knotless netting.  
The headrope and footrope are 7.6 m and 8.1 m in length, respectively.  Otter doors are attached 
to each side of the mouth of the net by short, leg extension lines (also termed dandylines).  The 
otter doors are constructed of 19-mm plywood, with a steel shoe added for protection and weight. 
 Lead weights are also attached to the otter doors.  Total weight of an otter door is 23 kg.  A 23-m 
long bridle, consisting of 19-mm braided nylon, attaches the otter doors to the trawl warp.  The 
trawl warp consists of 8-mm diameter cable.  Swivels on both ends of the bridle prevent the 
twisting of the trawl warp from affecting the net.  The net is referred to as a single-wire trawl 
because it is towed by a single trawl warp deployed from a single winch. 
 
 


 
 
Figure 3.  Diagram of 7.6-m otter trawl. 
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400-mesh Eastern Otter Trawl 
 
 The 400-mesh eastern otter trawl is the most commonly used double-wire research otter 
trawl (i.e., a trawl towed from two trawl warps and two winches) used in Puget Sound, although 
a wide variety of double-wire otter trawls has been developed for commercial applications.  
Different trawls have been developed for specific target assemblages and bottom topographies.  
Thus, the 400-mesh eastern otter trawl is not as standardized as is the 7.6-m otter trawl.  The 
trawls may differ in foot rope length, dandyline/sweepline rigging, and door design.  In addition, 
the equipment associated with deployment of the net (e.g., winches, otter doors, cables) is usually 
specific to each towing vessel.  For example, an 18.3-m vessel, which is relatively small for 
towing this net, might have otter doors weighing 340 kg, while a larger vessel might have otter 
doors weighing 1,045 kg.  These variations can influence the effective fishing width of the trawl. 
 However, the 400-mesh eastern otter trawl can be deployed with mensuration gear that measures 
the width of the net, thereby enabling accurate determination of the area swept during a tow. 
 
 The 400-mesh eastern otter trawl is a two-panel, semi-balloon design.  A diagram of this 
trawl is provided in Figure 4, and the net plan is provided in Appendix B.  The following 
description was derived from a net intended for use by the Washington Department of Fisheries 
and National Marine Fisheries Service to monitor commercial fishes in Puget Sound.  The body 
of the net is constructed of 10.2-cm polyethylene mesh.  The cod end of the net is lined with 3.2-
cm No. 18 nylon mesh.  The headrope and footrope are 21.7 m and 28.7 m in length, respec-
tively.  Otter doors (typically vee-style doors for the 400-mesh eastern otter trawl) are attached to 
each side of the net by dandylines, a sweepline, and a tail chain.  The vee doors are 1.5 × 2.1 m in 
size and weigh 363.6 kg.  A separate trawl warp attaches each vee door to the towing vessel. 
 


 
Figure 4.  Diagram of 400-mesh eastern otter trawl. 
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ALTERNATE EQUIPMENT 
 
 It is recognized that other sampling equipment may function as effectively (or more 
effectively) than the recommended equipment for some target species or life history stages.  
However, the standard equipment recommended above has proved to be particularly effective for 
sampling a wide variety of demersal fish species and life history stages in Puget Sound.  In 
addition, a large amount of historical information is based on that equipment.  Alternate sampling 
equipment sometimes used in Puget Sound includes of the following: 
 
 � 9-m beach seine 
 
 � 3-m beam trawl. 
 
 Descriptions of the 9-m beach seine and 3-m beam trawl are provided below.  Net plans are 
provided in Appendix B. 
 
9-m Beach Seine 
 
 The 9-m beach seine is 8.8 m in total length, with 3.6-m wing lengths.  Its design is similar 
to that of the 37-m beach seine (see Figure 2).  The wings are constructed of 3.9-mm square, 
knotless mesh.  The bag is constructed of 2.35-mm square, knotless mesh.  Rigid poles are 
attached to the ends of the net to ensure that the net opening is the proper height.  A 6.5-m check 
line is installed between the poles to ensure that the mouth of the net has a constant opening.  The 
top line of the net has floatation, and the footrope has 55 lead weights (each weighing 113 g) 
attached to it. 
 
 
3-m Beam Trawl 
 
 The 3-m beam trawl is a two-panel beam trawl.  The trawl has a rigid beam in front of the 
net to maintain a fixed opening.  A diagram of the net is provided in Figure 5, and the net plan is 
shown in Appendix B.  The net is also described in detail in Gunderson and Ellis (1986).  The 
body of the net is constructed of 14-mm square knotless nylon.  The cod end is lined with 
5.5-mm mesh.  The headrope and footrope are 4.1 m and 5.1 m in length, respectively.  The 3-m 
beam, which is constructed of 3.8-cm aluminum conduit or steel stock, is attached to the top and 
bottom of both sides of the mouth of the net, thereby providing the fixed opening.  A beam bridle 
is connected to the trawl warp for towing.  Mr. Ian Ellis, of Ellis Highline Systems, can be 
contacted for detailed information concerning the 3-m beam trawl. 
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Figure 5.  Diagram of 3-m beam trawl.   
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 FIELD PROCEDURES 
 
 
 General guidelines concerning use of the recommended equipment are provided in this 
section.  Deployment and retrieval are discussed in detail.  Guidance concerning catch processing 
and field records is also provided. 
 
 
GENERAL GUIDELINES FOR USE OF THE RECOMMENDED EQUIPMENT 
 
 Each of the sampling devices recommended for use in Puget Sound is best suited for a 
particular range of study objectives.  Recommended equipment that are appropriate for various 
habitats, fish assemblages, and life history stages are summarized in Table 2.  Juveniles and 
subadults that occupy intertidal and nearshore subtidal habitats are generally sampled using the 
37-m beach seine.  Large adults of commercial species that occupy deep water are most 
effectively sampled using the 400-mesh eastern otter trawl.  The habitats and assemblages that 
can be sampled using the 7.6-m otter trawl are intermediate between, and overlap with, those of 
the 37-m beach seine and the 400-mesh eastern otter trawl. 
 
 The recommended equipment can be used effectively over a limited range of substrate types 
and within a limited range of environmental conditions.  Use of the recommended equipment is 
generally successful in areas with fairly smooth bottoms.  Use of these devices is generally not 
successful in rocky areas or areas with obstacles on the bottom.  Heavy vegetation (i.e., greater 
than 50 percent cover) and steeply sloping bottoms (i.e., bottoms with slopes greater than 25 
percent) may also interfere with the proper functioning of the recommended equipment.  In areas 
with moderate currents, the nets should be hauled or towed against the current to maintain proper 
shape.  However, none of the recommended nets should be used in areas where the current speed 
exceeds 2 km/h (1.1 kn). 
 
DEPLOYMENT AND RETRIEVAL 
 
 This section provides guidance on deployment and retrieval of the recommended beach 
seines and trawls.  Recommended hauling and towing speeds, distances, and durations are 
provided in Table 3.  These parameters have been frequently used in studies of demersal fish 
assemblages in Puget Sound.  Hauling and towing speeds influence net function in the water 
(e.g., width of the net opening, contact with the bottom) and the ability of fish to avoid capture.  
To ensure data comparability, it is important to use consistent hauling and towing speeds and 
distances among different studies.  Additional recommendations for conducting quantitative 
sampling of demersal fishes in Puget Sound are presented in Appendix C. 
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 TABLE 2.  HABITATS, SPECIES ASSEMBLAGES, AND LIFE HISTORY STAGES 
 OF DEMERSAL FISHES SAMPLED BY THE EQUIPMENT RECOMMENDED FOR USE IN PUGET SOUND 
 
════════════════════════════════════════════════════════════════════════════ 
  


  Habitat 


    Examples of Primary Life Recommended 
 Codea  Depth Species Assemblages Stages Sampled Sampling Equipment 
 
Nearshore Soft Bottom 
 
 3a Intertidal English sole, starry flounder Juveniles & subadults 37-m beach seine 
  to 5 m Striped seaperch, shiner perch Juveniles to adults 
 
 3b 5-10 m English sole, sand sole, rock sole Juveniles & subadults 37-m beach seine and 
   Pacific staghorn sculpin Juveniles to adults 7.6-m otter trawl 
 
Offshore Soft Bottom 
 
 4a 10-30 m English sole, rock sole  Juveniles & subadults 7.6-m otter trawl 
   Speckled sanddab, C-O sole  Juveniles to adults 
   Roughback sculpin Juveniles to adults 
 
 4b 30-70 m English sole, rock sole, slender sole Juveniles & subadults 7.6-m otter trawl 
   Pacific tomcod, blackbelly eelpout Juveniles to adults 
 
 4c >70 m English sole, Dover sole, rex sole Juveniles to adults 7.6-m otter trawl 
   Pacific hake, slender sole Juveniles to adults 
   Ratfish, Pacific tomcod, bluespotted poacher Juveniles to adults 
 
 4c >70 m English sole, Dover sole, rex sole Adults (Commercial size) 400-mesh eastern 
   Slender sole, spiny dogfish, ratfish Adults (Commercial size) otter trawl 
   Pacific cod, Pacific hake, sablefish Adults (Commercial size) 
════════════════════════════════════════════════════════════════════════════ 
 
a Habitat codes are shown in Figure 1. 
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TABLE 3.  RECOMMENDED SPEEDS, DISTANCES, AND DURATIONS 
 FOR HAULS AND TOWS OF SAMPLING EQUIPMENT 
 FOR DEMERSAL FISHES IN PUGET SOUND 
 
  
 
                  Haul/Tow 
 Sampling Haul/Tow Haul/Tow Duration 
 Equipment Speed Distance (minutes) 
 
37-m beach seinea 10 m/min 30,60,90 mb 3,6,9 
 
9-m beach seinec 15 m/min 30 md 2 
 
7.6-m otter trawla 4.6 km/hour 385 m 5 
  (2.5 kn) 
 
400-mesh easterna 5.6 km/hour 1.9 km 20 
 otter trawl (3.0 kn) 
 
3-m beam trawlc 2.6 km/hour 215 m 5 
  (1.4 kn) 
 
 
 
a Recommended equipment 
 
b Haul distances are perpendicular to shore. 
 
c Alternate equipment 
 
d Haul distance is parallel to shore. 
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Beach Seines 
 
 Standard Equipment:  37-m Beach Seine—As indicated in Table 2, the 37-m beach seine 
is used to collect small fish that inhabit the nearshore zone from the intertidal zone to a depth of 
approximately 10 m.  Target species and life history stages frequently include juveniles and 
subadults of flatfishes, perches, and sculpins. 
 
 The net is set parallel to the shore using a small, rowed boat.  Using a motor-powered vessel 
may disturb the fish and decrease the catch.  One haul line and the net are carefully arranged in 
the boat to avoid tangling.  A person standing on the beach holds the second haul line.  This 
person should stand at one end of a 40-m distance that is marked along the beach.  Two people 
are needed in the boat.  One person rows, while the other person deploys the net.  The boat is 
rowed directly away from shore.  Distance from shore is measured using 10-m interval markings 
on the haul line.  Nets are typically deployed at a 30-m distance from shore, although 60-m and 
90-m distances are also used.  When the boat reaches the appropriate distance from shore, it is 
turned at a right angle and the net is released while the boat is rowed parallel to the shore.  If a 
current is present, the net should be released while the boat is rowed into the current.  All of the 
net should be out of the boat and set in the water when the boat reaches the end of the 40-m 
distance that is marked on the beach.  The second haul line is released while the boat is rowed 
back to shore.  The second haul line is transferred to a person standing at the 40-m mark on the 
beach, and the boat is secured out of the path of the net. 
 
 Retrieval of the net involves pulling the net to shore.  The net is pulled from both ends of the 
40-m marked distance at a rate of approximately 10 m/min.  Retrieval rates should be the same at 
both ends to ensure that the net is not pulled in at an oblique angle.  When the net is 10 m from 
the beach, the individuals retrieving the net at each end approach one another so that the net 
opening is closed to approximately 12 m.  Retrieval of the net is then completed.  When the poles 
on the ends of the net breach the surface, one person on each end of the net should keep the end 
poles in contact with the bottom to ensure that the lead line remains in contact with the bottom, 
thereby preventing escapement under the net.  When the net is nearly onshore, individuals should 
kneel at the edge of the water to hold the lead line on the bottom until the net is brought 
completely up on the beach. 
 
 Several factors should be considered when using the 37-m beach seine.  This net is generally 
most effective when it is set at slack water on a minus tide (Moulton and Miller 1974).  Replicate 
hauls should not be performed at the same position.  If vegetation (e.g., eelgrass) is interfering 
with the net, and the water depth does not exceed the height of the net bag (i.e., 2.4 m), 
additional snap-on floats can be added to the float line to prevent the net from rolling onto the 
lead line. 
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 Alternate Equipment:  9-m Beach Seine—The 9-m beach seine is used to collect small 
fishes that are concentrated at the water's edge.  Angell et al. (1975) used this net to collect 
recently metamorphosed English sole.  It has also been used extensively as a qualitative sampling 
device and to collect small fish for laboratory studies. 
 
 The net is set perpendicular to the beach and pulled manually along the beach.  The person 
pulling the seaward end of the net typically wears chest waders or a wetsuit.  The net is pulled at 
a speed of approximately 15 m/min through a previously measured distance of 30 m along the 
shore.  After the net has been pulled over the 30-m distance, the seaward end of the net is brought 
to the shore by pivoting it around the onshore end, and the entire net is pulled onto the beach, 
where the catch is collected. 
 
 
Trawls 
 
 Information on the deployment and retrieval of the 7.6-m otter trawl, 400-mesh eastern otter 
trawl, and 3-m beam trawl is provided below.  Generally, all three pieces of equipment should be 
towed along depth contours at a relatively constant speed.  If a current is present, then each net 
should be towed into the current. 
 
 
 Navigation—Accurate data on position and tow direction are needed to determine where 
the samples are collected and to calculate the area of bottom that is sampled.  Determination of 
position and tow direction may be accomplished using various manual and electronic devices.  
Standard navigational equipment (e.g., Loran C, depth sounder, radar, optical range finder, 
sextant) is less accurate than specialized positioning equipment (e.g., microwave navigation 
systems, range-azimuth systems).  The accuracy needed in a study should be determined by the 
study objectives.  Generally, studies that involve repeated occupation and sampling of specific 
sites on the bottom require more accurate positioning than surveys used to characterize general 
conditions in an area.  Because trawling studies generally involve characterizing relatively large 
areas, the degree of accuracy required for determining position and direction is usually less than 
that required for studies focused on much smaller areas (e.g., studies of sediment contamination 
or benthic macroinvertebrate assemblages).   Additional information on navigation is available in 
the Puget Sound Estuary Program (PSEP) protocols document on positioning (PSEP 1986). 
 
 At a minimum, positional data should be obtained at the beginning and end of each tow, as 
well as at any point where haul direction changes.  When using sampling vessels that lack 
sophisticated electronic devices for determining position, it may be convenient to mark the 
positions of the beginning and end of a transect with buoys, and then measure the distance 
between the buoys with an optical range finder. 
 
 Data on speed through the water and speed over the ground are needed for proper trawl  
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deployment and determination of the area sampled during a tow.  Speed through the water can be 
measured using a calibrated knotmeter, or it can be estimated from the engine speed, which is 
measured using a tachometer.  Using a tachometer to estimate speed through the water may be 
inaccurate, and requires calibration between engine speed and boat speed when a trawl is being 
towed.  Speed over the bottom is determined by dividing the distance covered between the 
beginning and the end of a tow by the tow duration. 
 
 Standard Equipment:  7.6-m Otter Trawl—As indicated in Table 2, the 7.6-m otter trawl 
is used to collect juvenile, subadult, and adult bottom fish at depths ranging from 5 to >70 m.  
The species that are commonly collected using this device include several flatfishes, sculpins, 
hake, and tomcod. 
 
 Deployment and retrieval of the 7.6-m otter trawl are affected by the size, equipment, and 
instrumentation of the sampling vessel.  It is recommended that smaller sampling vessels be 
operated only in relatively sheltered and shallow waters (i.e., <30-m depth) because of both 
safety and technical considerations.  A large vessel typically has a boom for handling the net and 
a winch that can carry 8-mm cable for the trawl warp.  A smaller vessel may lack a boom and 
may have a mechanical winch that can only carry 6-mm cable for the trawl warp.  Also, the 
length of cable that can be carried by a small vessel is typically less than that carried by a larger 
vessel.  The minimum size for a towing vessel is determined by the ability of the vessel to 
maintain the recommended towing speed of 4.6 km/h (2.5 kn).  The 7.6-m otter trawl has been 
deployed using a vessel as small as a 5.2 m in length and powered by a 70 horsepower outboard 
motor. 
 
 The basic procedure for deploying the 7.6-m otter trawl is to carefully pay out the net (cod 
end first), and allow it to sink while the towing vessel moves slowly forward.  Initially, the trawl 
is towed for a short distance on the surface to confirm that it is deployed properly.  The trawl 
warp is then released at a speed slightly slower than the forward speed of the towing vessel (i.e., 
to ensure that the trawl remains properly oriented), and the trawl gradually sinks.  When the 
proper scope has been reached [i.e., the proper amount of towing cable (warp) has been released], 
the trawl is assumed to have reached the bottom.  The recommended length of wire out is 
depicted for depths ranging from 0 to 200 m in Figure 6.  It generally is possible to confirm that 
the trawl is being towed along the bottom because vibrations from contact with the bottom are 
transmitted up through the trawl warp.  The recommended standard tow distance is 385 m at a 
ground speed of 4.6 km/h (2.5 kn) (Table 3). 
 
 The procedures for net retrieval are influenced by the size of the sampling vessel.  In 
relatively large boats, trawl retrieval is initiated by increasing the speed of the towing vessel.  
This causes the trawl to rise off the bottom, which stops the collection of demersal fishes.  The 
tow cable and bridle are spooled onto the winch until the otter doors reach a trawl block mounted 
at the end of the boom.  The net is then quickly brought on board by hand to minimize catch 
escapement.  Once the net is on board the vessel, the cod end is opened and the catch is removed. 
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Figure 6.  Wire out as a function of two depth (i.e. s, scope) for the 7.6-m trawl, 3-m beam trawel, and 400-
mesh eastern otter trawl. 
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In a smaller vessel, trawl retrieval involves pulling the trawl up as quickly as possible while using 
the engine to maintain minimal headway.  Because small vessels typically do not have a boom, the 
otter doors and net are brought on board by hand after the tow cable and bridle have been spooled 
onto the winch.  Quick retrieval is essential for minimizing potential loss of the catch.  Once the net 
is on board the vessel, the cod end is opened and the catch is removed.  If the trawl has been 
deployed at a depth >30 m, pulling on the trawl with the winch may actually pull the boat 
backwards toward the trawl, while the trawl remains stationary on the bottom.  In this situation, 
some of the catch may escape. 
 
 Standard Equipment:  400-mesh Eastern Otter Trawl—The doors, cable, and net of the 
400-mesh eastern otter trawl are heavy, and can be dangerous if handled improperly.  Thus, this 
trawl should always be operated by experienced personnel. 
 
 As indicated in Table 2, the 400-mesh eastern otter trawl is used at depths >70 m, and adult 
specimens are typically collected.  Target species often include flatfishes, dogfish, ratfish, cod, hake, 
and sablefish.  This trawl does not function effectively at sites with steeply sloping (i.e., >23°) 
bottoms. 
 
 Although the 400-mesh eastern otter trawl is primarily used on smooth bottoms, it is possible 
to add roller gear to this trawl for use on relatively rough bottoms.   However, the roller gear 
substantially alters fishing characteristics of the trawl, so that data obtained using roller gear cannot 
be compared with data obtained without using roller gear. 
 
 Because the 400-mesh eastern otter trawl is substantially larger than the 7.6-m otter trawl, 
deployment and retrieval of this net require a relatively large and powerful vessel.  At a minimum, 
the sampling vessel must be able to maintain the recommended standard towing speed when the net 
is deployed.  Sampling vessels for this trawl typically have an engine with a minimum of 400-500 
horsepower. 
 
 The vessel used to deploy the 400-mesh eastern otter trawl should have a separate winch for 
each trawl warp.  To begin deployment, the net is spooled off the net reel and lowered into the water 
(cod end first), until the sweeplines can be attached to the doors.  The rest of the net is then lowered 
overboard, the vee doors are unhooked from their stanchions and lowered into the water, and the net 
is set by slowly moving the sampling vessel forward.  Trawl warp is winched out at approximately 
the same speed as the vessel is moving, so that the trawl can sink straight down as the vessel moves 
forward.  Trawl warp is released until the proper scope is achieved (Figure 6).  The amount of trawl 
warp to be released should be determined before deployment begins.  A settling period is allowed, 
during which the trawl sinks to the bottom and spreads.  An acoustic depth sounder can be attached 
to the trawl to determine when the net reaches the bottom.  After the net reaches the bottom, the 
towing vessel starts to tow the net over a predetermined course.  It is generally possible to confirm 
that the trawl is being towed along the bottom because vibrations from contact with the bottom are 
transmitted along the trawl warp.  The trawl is assumed to start fishing when the towing vessel 
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begins to tow it.  The recommended standard tow speed is 5.6 km/h (3.0 kn). 
 
 Because the 400-mesh eastern otter trawl is more difficult to deploy than the 7.6-m otter trawl, 
longer tows are generally conducted to obtain a larger catch per tow (see Table 3).  Along an open 
coast, a standard tow may last 20 min and cover a distance of 1.9 km.  Although replication of tows 
is generally recommended, it is more difficult to achieve using the 400-mesh eastern otter trawl 
than the 7.6-m otter trawl. 
 
 The position for the end of the tow is defined as the position where the net was lifted from the 
bottom and ceased effective fishing (i.e., when retrieval begins).  This position can be detected 
using the depth sounder that is a component of the mensuration equipment of the net (i.e., if this 
equipment is used).  At the end of the tow, the 400-mesh eastern otter trawl is retrieved by spooling 
the trawl warp onto the winches until the doors can be rehooked to their stanchions.  After the doors 
are hooked to their stanchions, the sweeplines are moved back to the net reel, and the net is wound 
onto the net reel.  Once the net is on board the vessel, the cod end is opened and the catch is 
removed. 
 
 The Puget Sound Ambient Monitoring Program (PSAMP) Fish Task uses the 400-mesh 
eastern otter trawl at depths <70 m, where Table 2 would recommend use of the 7.6-m otter trawl.  
Although the data collected by the two trawls are not comparable, there are several reasons for this 
alternate use of the 400-mesh eastern otter trawl by the PSAMP Fish Task.  One reason is the 
practicality of being able to sample in both deep and shallow waters without having to change gear. 
 Another reason is efficiency.  One of the PSAMP Fish Task objectives is to study fish health and its 
relationship to contaminant bioaccumulation.  Meeting this objective requires collection of a large 
number of relatively large fish, for which the 400-mesh eastern otter trawl is a more efficient gear to 
use than the 7.6-m otter trawl. 
 
 
 Alternate Equipment:  3-m Beam Trawl—The 3-m beam trawl was designed to sample 
juvenile crabs and flatfishes (Gunderson and Ellis 1986).  The 3-m beam trawl is not effective as a 
general sampler of fish as the 7.6-m otter trawl.  The advantage of using the 3-m beam trawl is that 
it has a fixed width for the mouth of the net, thereby enabling better repeatability of net functioning. 
 However, the 3-m beam trawl does not yield data that are directly comparable with data obtained 
using the 7.6-m otter trawl.  Therefore, the 3-m beam trawl should not be used in studies that could 
involve direct comparisons with data obtained using the 7.6-m otter trawl. 
 
 As with the 7.6-m otter trawl, deployment and retrieval of the 3-m beam trawl are affected by 
the size, equipment, and instrumentation of the sampling vessel.  Smaller vessels should only be 
used in relatively sheltered and shallow waters (i.e., <30-m depth) because of both safety and 
technical considerations (e.g., length and size of cable).  The vessel must be capable of maintaining 
the recommended towing speed of 2.6 km/h (1.4 kn).  The 3-m beam trawl has been deployed using 
a vessel as small as 5.2 m in length, and powered by a 70 horsepower outboard motor. 
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 Deployment is initiated by carefully paying out the net (cod end first).  The net may be 
detached from the beam between tows for handling purposes.  The trawl is towed on the surface for 
a short distance to confirm proper configuration.  The trawl warp is then released at the same speed 
as the forward movement of the sampling vessel, and the trawl sinks.  When the proper scope has 
been reached, the trawl is assumed to have reached the bottom.  The recommended length of wire 
out is depicted for depths ranging from 0 to 200 m in Figure 6.  It generally is possible to confirm 
that the trawl is being towed along the bottom because vibrations from contact with the bottom are 
transmitted along the trawl warp.  After the trawl reaches the bottom, it is towed at a predetermined 
ground speed.  As indicated in Table 3, the recommended standard tow distance is 215 m at a 
ground speed of 2.6 km/h (1.4 kn). 
 
 The procedures used for deployment differ between small and large sampling vessels.  The 
primary problem affecting deployment from small vessels, especially those powered with outboard 
or inboard/outboard engines, is to avoid tangling the net in the propeller.  Hence in small vessels, 
the net is deployed over the side.  The vessel should be positioned downwind from the net, so that 
any wind will push the vessel away from, rather than over, the net.  While the trawl warp is held 
away from the vessel, the vessel is maneuvered so that the net is laid out behind it before the trawl 
warp is deployed. Deployment of the 3-m beam trawl from large (e.g., inboard-powered) vessels 
may be more convenient than from small vessels because the net is simply set off the stern (cod end 
first), with the boat maintaining forward speed. 
 
 Trawl retrieval is initiated by engaging the winch when the proper distance has been covered.  
Because of possible escapement of the catch, the net should not be allowed to pull the towing vessel 
backwards during retrieval.  This problem is most likely to occur with a small vessel that is 
relatively light.  For small vessels, it is recommended that vessel speed be maintained at the same 
speed as, or slightly faster than, the net recovery speed.  For large vessels, the vessel position should 
at least be maintained, or the vessel can be moved at a slight forward speed.  The procedure for net 
retrieval is the reverse of that for net deployment.  The net is retrieved by hand over the side in 
small vessels and over the stern in large vessels.  Some catches may require washing to remove 
sediments from the net.  Washing can be achieved by towing the net at a moderate speed behind the 
boat or by careful agitation of the net at the side of the boat.  Once the net is on board the vessel, the 
cod end is opened and the catch is removed. 
 
 
CATCH PROCESSING 
 
 After the catch is brought on shore (when using a beach seine) or on board the sampling vessel 
(when using a trawl), it is usually returned to the laboratory for processing and analysis.  Catches 
may also be sorted and processed in the field.  However, unless these operations are required to be 
conducted in the field by the study design, it is recommended that they should not be allowed to 
occupy time that is needed for additional collection efforts.  Generally, time may be available for 
catch processing in the field if only one or two target species are required for a particular project. 
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 The recommendations for catch processing provided below are appropriate for projects 
intended to provide descriptive ecological data.  These methods are not appropriate for use in 
studies of chemical contaminants in fish.  In bioaccumulation studies, it is critical to avoid spurious 
contamination of specimens during collection, transportation, and processing.  Consult the PSEP 
protocol documents on metals (PSEP 1988a), organic compounds (PSEP 1988b), and fish 
pathology (PSEP 1987) for additional information. 
 
 For studies involving ecological analyses (and not involving chemical analyses) and laboratory 
processing, the catch should be double-bagged in heavy-duty plastic bags and double-labeled (i.e., 
one label inside the bags and one label on the outside of the bags) for return to the laboratory.  The 
catch may be held on ice for a maximum of 1 day (except for studies requiring analysis of stomach 
contents).  Longer periods of storage or transportation require freezing of the catch. 
 
 Although it is recommended that entire catches be processed, so that all available information 
can be obtained quantitatively from the catch, very large catches may require subsampling in the 
field.  Large catches often are dominated by one species that happens to be unusually abundant at 
the study site.  The objective in subsampling is to obtain a subsample that accurately represents the 
complete catch.  The details of the subsampling procedure used for a particular study should always 
be recorded.  Investigators may be forced to adapt to unforeseen situations in the field (e.g., bad 
weather; unexpected species composition of catch; lack of time, equipment, space, or manpower). 
 
 A subsampling method (for a single species) described by Westrheim (1967) involves dividing 
the entire catch into buckets or baskets that have been placed into multiple rows.  The buckets are 
filled by row, starting with the front row.  For surveys intended to quantify demersal fish 
assemblages, specimens of each species are allocated randomly to the buckets.  The subsample is 
then collected after the catch has been completely divided.  For surveys intended to collect only one 
or two target species, these species are selectively allocated to the buckets, while the remainder of 
the catch is discarded.  The following guidelines are used for selecting the specimens that will make 
up the subsample: 
 
 � Take an equal portion of the subsample from each completely filled row of buckets 
 
 � Take a total of approximately 200 fish 
 
 � Try to keep the bucket as a sampling unit; for catches that consist of small fish, it 


may be necessary to take only one bucket, or even just the top portion of one bucket, 
from each row. 
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The method used by the Washington Department of Fisheries for subsampling catches (that weigh 
more than 900 kg) from the 400-mesh eastern otter trawl is as follows: 
 


 � Bring the entire catch aboard in the trawl net 


 � With a load cell, weigh the entire catch and net, making sure the net is clear of the deck 


 � Empty a portion of the net contents into a confined area on deck that has been lined with 
a cargo net (which has been made to hold about 1,100 kg).  A minimum of 900 kg or a 20 
percent subsample, whichever is greater, is desirable. 


 � Weigh the empty trawl net 


 � Lift the cargo net containing the subsample from the deck and empty it onto the sorting 
table 


 � Discard the remaining catch overboard 
 � Sort the subsample on the table in the usual manner except that the weight of any debris 


in the subsample must be recorded. 
 
FIELD RECORDS 
 
 Thorough documentation of the work done in the field is necessary to interpret the results of a 
field survey.  For fish trawling studies, it is advisable to have preprinted, waterproof data forms and 
writing implements that can function while wet and produce indelible markings. 
 
 The following information is recommended for inclusion on the field record for every tow.  
Additional information may be required for specific projects.  Consult Puget Sound Water Quality 
Authority (PSWQA 1988) for data reporting requirements and data transfer formats for studies that 
will be submitted to the Puget Sound Ambient Monitoring Program database.   
 


 � Project name 


 � Date 


 � Name of towing vessel (if applicable) 


 � Station identifier (e.g., name, code) 


 � Names of chief scientist and data recorder 


 � Gear type 


 � Tow or haul number 
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 � Time of day for start and end of tow or haul 


 � Tow duration (if applicable) 


 � Distance covered by tow or haul 


 � Station depth (or depth range) 


 � Location of start and end of tow or haul (latitude, longitude, distances from fixed points) 


 � Speed over the ground for the tow (if applicable) 


 � Current speed (if available) 


 � Tidal stage (if available) 


 � Compass heading during tow (if applicable) 


 � Environmental conditions (e.g., water temperature at tow depth, weather, sea state) 
 � Remarks (e.g., presence of invertebrates, algae, and miscellaneous items caught; 


subsampling methods; anything that may influence data quality and tow acceptability). 
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 LABORATORY PROCEDURES 
 
 
 Laboratory work consists of obtaining the data needed for the particular project by processing 
the specimens.  To generate data that will be useful for analysis of long-term trends, it is 
recommended that as complete a data set as possible be obtained from every collection.  However, 
based on project objectives, the project manager should determine the procedures to be followed 
and the data to be obtained.  Some projects may require basic descriptive information on the 
sampled assemblage (e.g., presence/absence of species, numbers of individuals), whereas other 
projects may require detailed information concerning the assemblage, a particular species, or the 
health of individuals. 
 
 
LABORATORY METHODS 
 
 The following guidelines are provided for conducting laboratory analysis of beach seine and 
trawl collections.  Primary considerations are attention to detail and involvement of experienced 
personnel who are knowledgeable about the taxonomy and ecology of demersal fish assemblages in 
Puget Sound.  The laboratory methods are not complex and do not generally require expensive, 
specialized equipment. 
 
 The best reference for species identifications of Puget Sound fishes is Hart (1973).  Lamb and 
Edgell (1986), Eschmeyer et al. (1983), and DeLacy et al. (1972) are also useful for preliminary 
species identifications.  It may be useful to have pictures of individuals of known life history stages 
or with known health anomalies for identifying life history stages or pathological conditions.  
Voucher specimens over a representative size range may be retained for verification of species 
identifications.  Voucher specimens can be preserved in 10 percent buffered formalin.  After 
laboratory analysis and selection of voucher specimens, the catch is usually discarded. 
 
 Weight (wet) and length measurements should be obtained with accuracies that are appropriate 
to project objectives.  For example, a study of juvenile English sole might require weight and length 
data be measured to the nearest 0.1 g and 1 mm, respectively.  However, a study intended to provide 
data on a gross scale for preliminary assessment of populations of adult English sole might require 
that weight and length data be measured to the nearest 1.0 g and 10 mm, respectively. 
 
 It is recommended that total length be used as the primary measure of fish length.  Total length 
is the length from the anterior-most part of the fish to the tip of the longest caudal fin ray.  Two 
kinds of total length can be measured (Anderson and Gutreuter 1983).  Maximum total length is 
determined when the lobes of the caudal fin are compressed dorsoventrally, whereas natural total 
length is measured when the caudal fin is in its natural state.  To be consistent with the convention  
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used by most fishery investigations in the United States, maximum total length should be measured 
(Anderson and Gutreuter 1983). 
 
 For fishes that occur in relatively large numbers, individuals may be classified into size classes 
rather than measured exactly.  This procedure can reduce processing time considerably.  If size 
classes are used, it is recommended that they differ by no more than 1 cm each.  Furthermore, it is 
recommended that each size class be measured from 0.5-cm value to the next.  For example, a 10-
cm size would include fish from 9.50 to 10.49 cm. 
 
 In some cases, erosion of the caudal fin in a substantial segment of a population may require 
that a measurement other than total length be used for affected individuals.  If this occurs, it is 
recommended that maximum standard length be used as a substitute.  Standard length is the length 
from the anterior-most part of the fish to the posterior end of the hypural bone.  Anderson and 
Gutreuter (1983) state that in practice, standard length may be measured to some external feature 
such as the last lateral line scale, the end of the fleshy caudal peduncle, or the midline of a crease 
that forms when the tail is bent sharply.  Standard length can be related to total length by developing 
a regression relationship between these two measures for a sample that covers the complete length 
range observed in the population. 
 
 Data on fish sex can often be obtained simply by inspection by an experienced fisheries 
biologist.  Data on sexual maturity may require microscopic examination of the gonads. 
 
 Some kinds of information on fish health (e.g., fin erosion) can be obtained by visual 
inspection.  Other kinds of health data may require extensive analysis.  Consult the PSEP protocol 
document on fish pathology (PSEP 1987) for additional information on this subject. 
 
LABORATORY RECORDS 
 
 It is essential that the data generated in the laboratory are recorded accurately and permanently, 
and that the laboratory data can be related directly to the field data.  The laboratory data should be 
recorded on preprinted data forms.  These forms need not be waterproof. 
 
 Depending on the amount of detail needed for a project, the following data forms may be 
needed.  A "catch form" is used to record the data on a sample of fish and a "specimen form" is used 
to record data on individual specimens.  Every page of the data forms should include space for key 
identifiers to link different forms and pages together.  The key identifiers include project name, 
date, station code, depth, and tow number. 
 
 Much of the information on a catch form is simply transferred from the appropriate field 
record.  Consult Puget Sound Water Quality Authority (PSWQA 1988) for data reporting 
requirements and data transfer formats for studies that will be submitted to the Puget Sound 
Ambient Monitoring Program database.  Although specific projects may require additional 
information, a typical catch form should include the items listed below: 







 Demersal Fish Sampling 
 Laboratory Procedures 
 July 1990 


 


 
 
 31


 
 � Project name 
 
 � Dates of collection and analysis 
 
 � Name of towing vessel (if applicable) 
 
 � Names of chief scientist and data recorder 
 
 � Station identifier (name, code) 
 
 � Equipment used (e.g., 7.6-m otter trawl) 
 
 � Tow or haul number 
 
 � Depth of tow or haul 
 
 � Tow or haul attributes (distance, ground speed, duration) 
 
 � Species names and numbers caught 
 
 � Life history stages and numbers caught 
 
 � Subsampling method (if any) 
 
 � Total weight for the life history stage of the species 
 
 � Remarks (e.g., physical abnormalities, disease, QA/QC problems). 
 
 Depending on project objectives, a typical specimen form should include at least the following 
items: 
 
 � Species name 
 
 � Life history stage 
 
 � Total length 
 
 � Weight (wet) 
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 � Sex (male, female, indeterminate) 
 
 � Stage of sexual development 
 
 � Age (if determined) 
 
 � Visible abnormalities (e.g., health problems such as fin erosion, skin ulcers, skeletal 


anomalies, neoplasms, and parasites). 
 
In addition, the specimen form should include the information needed to identify the origin of the 
specimen (i.e., project name, dates of collection and analysis, station identifier, haul number, names 
of chief scientist and data recorder). 
 
 The above guidelines are not meant to be comprehensive.  Some projects may have additional 
data requirements (e.g., liver histopathology, stomach contents) that are not covered in this 
document. 
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 QUALITY ASSURANCE/QUALITY CONTROL 
 
 
 The most important aspect of QA/QC in studies of demersal fish assemblages is professional 
competence.  In the field, QA/QC issues primarily involve determining that the sampling 
equipment is functioning properly.  In the laboratory, the primary concern is with accuracy of the 
data.  Investigators, vessel captains, and crew must be familiar with the sampling equipment.  In 
both the field and the laboratory, careful recordkeeping is essential for adequate QA/QC. 
 
 
QUALITY ASSURANCE/QUALITY CONTROL IN THE FIELD 
 
 In the field, it is necessary to confirm that locations are accurately determined, that sampling 
equipment is towed as intended, and that sampling equipment is functioning correctly. 
 
 There are no specific QA/QC guidelines for determining beach seine station locations.  
Investigators should be able to read maps and charts.  For long-term studies, experienced personnel 
that have sampled a particular station previously should be responsible for accurately relocating that 
station. 
 
 QA/QC guidelines for determining trawling station locations involve the use of navigational 
instruments.  Manufacturer's instructions should be carefully followed.  The proper functioning and 
calibration of navigational instruments should be confirmed at the beginning of every cruise.  One 
way to assess these factors is to check the readings of navigational instruments at a known location 
(e.g., a dock that is plotted on navigational charts).  More information concerning QA/QC of 
shipboard navigation is available in the PSEP protocol document on station positioning (PSEP 
1986). 
 
 All seine and trawl equipment should be checked before each sampling trip to ensure all 
dimensions are close to design specifications and that the equipment is in sound operating 
condition.  During a sampling trip, nets should be continually checked for holes, and the associated 
equipment should be watched to detect alterations that could affect function.  Damaged equipment 
that cannot be restored to design specifications should be replaced.  For trawling surveys, it is 
recommended that two backup trawl assemblies (i.e., nets, doors, bridles) be on board the sampling 
vessel to replace lost or damaged equipment. 
 
 It is necessary to confirm that sampling equipment is functioning properly when deployed.  If 
currents are observed in the study area, it should be confirmed that the current speed does not 
exceed 2 km/h (1.1 kn) before sampling is conducted.  Actual tow speed should be within 
25 percent of the recommended tow speed.  Tow speed is determined after a tow is completed, and 
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is calculated as distance divided by time (i.e., speed over the bottom).  Tows that are not conducted 
within 25 percent of the recommended tow speed should be repeated. 
 
 To the extent possible, it should be confirmed that trawls and seines are in contact with the 
bottom during each tow.  At the start of each tow, it should be confirmed that the correct amount of 
trawl warp has been released.  Mensuration equipment can be monitored to determine whether the 
400-mesh eastern otter trawl is on the bottom.  Checks to confirm that the 7.6-m otter trawl and the 
3-m beam trawl are on the bottom involve feeling vibrations in the trawl warp.  The vibrations are 
generated by the movements of the net over the substrate.  A net that is being towed off the bottom 
moves through the water more smoothly. 
 
 After a tow is completed, tow acceptability should be determined.  Specific, quantitative 
QA/QC criteria for tow acceptability are not available.  Instead, QA/QC for tow acceptability 
depend on the judgment of an experienced person that the equipment functioned properly.  Tows 
influenced by questionable net functioning should be repeated.  Factors to consider when judging 
net functioning include the following: 


 � Clogging�Fishing efficiency could be compromised if the net is filled with macrophytes, 
invertebrates, or debris. 


 � Hang ups�Part or all of the catch could escape when the net is hung up on an 
obstruction. 


 � Deployment�If the net is tangled, twisted, or flipped over when it is brought up to the 
surface, the net is unlikely to have functioned properly. 


 � Tearing�Badly torn nets, particularly those torn near the cod end, cannot retain 
specimens with normal efficiency. 


 � Contents�Nets that are empty or contain an unexpectedly low number of fish at the end 
of a tow probably were not in contact with the bottom. 


 
 In some situations, samples are processed when the net may not have functioned properly.  
This is generally not recommended, but may be acceptable for some project objectives.  For 
example, a tow could be accepted even when the net did not function properly when the objective 
was only to obtain specimens for laboratory studies.  However, in no cases should a sample be 
considered ecologically quantitative when net function is questionable. 
 
QUALITY ASSURANCE/QUALITY CONTROL IN THE LABORATORY 
 
 QA/QC in the laboratory is primarily concerned with confirming that mistakes are not made 
during sample processing.  An experienced scientist should be responsible for the laboratory work.  
Personnel should confirm the identity of each sample before it is analyzed.  Questionable 
identifications of species and life history stages should be confirmed by a competent specialist.  In 
addition, laboratory instruments (e.g., scales, microscopes) should be calibrated according to the 
manufacturer's specifications. 
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 DATA REPORTING REQUIREMENTS 
 
 
 Data reporting requirements should be defined by the project manager before the study design 
can be considered complete.  It may be useful to report both raw and summarized data for particular 
project objectives.  Project objectives may require summarizing the data by reporting the number of 
species caught, relative species abundance, size-frequency or age-frequency distributions, stomach 
contents, or frequency of disease. 
 
 Reports of raw data should include the following information for each sample: 
 
 � Project name 
 
 � Collection date 
 
 � Station identifier (name, code) 
 
 � Sampling gear (e.g., 7.6-m otter trawl) 
 
 � Tow or haul number 
 
 � Station depth 
 
 � Tow or haul attributes (distance covered, ground speed, duration) 
 
 � Species names and numbers caught (by life history stage if possible) 
 
 � Subsampling method (if any) 
 
 � Total weight for the life history stage of the species 
 
 � Remarks (e.g., physical abnormalities, disease, any QA/QC problems). 
 
 Data reported for individual specimens should include the items needed to identify the sample 
from which the individual came and the following information: 
 
 � Species name 
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 � Life history stage (if possible) 
 
 � Length 
 
 � Weight 
 
 � Sex 
 
 � Stage of sexual maturity 
 
 � Age (if determined) 
 
 � Visible abnormalities (e.g., health problems such as fin erosion, skin ulcers, skeletal 


anomalies, neoplasms, and parasites) 
 
 � Remarks (e.g., subsampling, equipment malfunction, any QA/QC problems). 
 
 The raw data can be summarized in any of the following units: 
 
 � Catch per area swept by the net (e.g., kg per hectare) 
 
 � Catch per unit effort (e.g., number per standard tow) 
 
 � Catch per time fished (e.g., number per hour). 
 
Although all of the above units have been used in the past, catch per area swept by the net is 
recommended in this document because it is probably the most useful unit.  The units used for a 
particular study should be clearly indicated with the data.  Summarized data should also include 
information on ground speed of the tow, tow distance, sampling equipment (e.g., 7.6-m otter trawl), 
and a methods reference (e.g., PSEP protocols). 
 
 If data are to be reported in computerized form, standard computerized codes and formats may 
facilitate data management and exchange.  The National Oceanographic Data Center (NODC) has 
published recommended codes and formats.  The Puget Sound Ambient Monitoring Program has 
published a modified NODC format for use in Puget Sound (PSWQA 1988).  Its use is 
recommended to facilitate the comparability of data from various studies in Puget Sound.   
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TABLE A-1.  SUMMARY OF MULTIYEAR (≥≥≥≥ 2 YEARS) TRAWL  
AND BEACH SEINE STUDIES CONDUCTED IN PUGET SOUND 
  


 Investigator and 
Affiliation 


Years  Gear Type Locations 


DeLacy        
University of  
Washington 


 1949-1976 400-mesh eastern and 
other otter trawls 


~ 15 areas of southern 
and northern Puget 
Sound 


Miller          
University of 
Washington 


1969-1988 
 


4.9 and 7.6-m otter 
trawls 


~ 13 areas of southern 
and northern Puget 
Sound 


English        
University of 
Washington 


 1964-1978 3-m rigid-frame beam 
trawl 


Multiple areas in south-
ern and northern Puget 
Sound 


DeLacy and Miller  
University of  
Washington 


 1949-1976 9-m and 37-m beach 
seines and 7.6-m and 
400-mesh eastern otter 
trawls 


Multiple areas in  
central Puget Sound 


Friday Harbor  
Laboratories 


 1950-1987 9-m and 37-m beach 
seines and 7.6-m and 
400-mesh eastern otter 
trawls 


San Juan Islands 


WA  Department of 
Fisheries 


 1950-1988 Commercial otter 
trawls, 400-mesh 
eastern and others 


Puget Sound 


U.S. Navy  1973-1974 7.6-m otter trawl Hood Canal at Bangor 


Ames et al         
Northwest and Alaska 
Fisheries Center, 
NOAA 


 1973-1974 7.6-m otter trawl Port Gardner 


Dinnel et al.    
University of 
Washington 


 1986-1987 7.6-m otter trawl and 3-
m beam trawl 


Port Gardner 


Gunderson   
University of 
Washington 


 1980-1988 400-mesh eastern otter 
trawl 


Case Inlet 


 
 Reference:  Moulton and Miller (1987). 







 
 


 


 


  
 
 
 
 
 
 
 
 
 
 APPENDIX B 
 
 Net Plans for Standard and Alternate 
 Beach Seines and Trawls 
 
 
 
 
(Net plans are provided for the 37-m beach seine, 9-m beach seine, 7.6-m otter trawl, 400-
mesh eastern otter trawl, and the 3-m beam trawl.  Net plans contain the measurements and 
specifications for net construction.) 







 


 


 
 
B-1


 Figure B-1. Net plan for the 37-m beach seine. 
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Figure B-2. Net plan for the 9-m beach seine. 
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Figure B-3.  Net plan for the 7.6-m otter trawl. 
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Note: All unitless numbers are numbers of meshes. 
 


 
Figure B-4. Net plan for the 400-mesh eastern otter trawl. 
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Figure B-5. Net plan for the 3-m beam trawl.
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Additional Recommendations for Conducting Quantitative Sampling of Demersal Fishes 
in Puget Sound (Provided by Charles Eaton) 
 
 
 Accurate data on position, tow direction, and length of tow are needed to determine where 
samples are collected, to allow accurate repetitive sampling of stations, and to calculate the area of 
bottom sampled.  Recent improvements of the quality of onboard electronics [including day-screen 
radar with built-in variable range markers (VRM), sophisticated loran systems with multiple 
navigation capabilities (e.g., Northstar 800), and video depth sounders and plotters] have 
dramatically increased the level of trawl quantification and repeatability.  This appendix describes a 
set of methods that are currently in use in Puget Sound for conducting quantitative sampling of 
demersal fishes. 
 
 
USE OF RADAR VARIABLE RANGE MARKERS 
 
 In areas where trawling is conducted towards or away from a reliable radar range (e.g., shore, 
dock, navigation marker), the VRM on the radar may be used to determine transect length.  The 
distance to the object is noted as the winch is stopped and the vessel begins the tow by adjusting the 
VRM and reading off the distance.  The designated length of the tow is then subtracted from this 
number.  For example, with a tow distance of 0.20 nm, this amount is subtracted from the distance 
to the object at the beginning of the tow and the VRM ring is adjusted to this smaller size.  As this 
smaller VRM ring touches the range, the winch is engaged to retrieve the trawl, ensuring the 
designated transect length is achieved. 
 
 
USE OF LORAN POSITIONS, TIMES, AND WAYPOINTS 
 
 The loran-waypoint method of trawl quantification allows for transect measurement even in 
areas where convenient radar ranges are either absent or are so distant that they do not provide the 
needed accuracy.  The ability to store and retrieve numerous data at the convenience of the operator 
also contributes to the accuracy of the tow during the often hectic environment of research trawl 
deployment and retrieval.  A quality loran system (e.g., Northstar 800 or equivalent) is needed 
because of its ability to bring in signals in noisy radio environments, and because of its 
sophisticated navigation functions. 
 
 As the trawl is initiated, the time and ship's position can be stored in the loran by pressing the 
"save" button. This information can then be recalled at the convenience of the operator, and stored 
in the first of three data columns quantifying the station.  Bottom depth and magnetic course are 
also entered in this first column labeled "Start Set."  As the boat moves forward, the trawl is left 
behind in the water column, descending to the bottom while making very little forward progress.  
The data on position of the vessel in this first column therefore corresponds closely to the beginning 
of the area sampled.  When the trawl warp has reached its designated towing length, the winch is 
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stopped and the actual tow begins.  Time and position are once again entered into the loran by 
pressing the "save" button.  The time delays (TDs), latitude/longitude, and time (hour/min/sec) are 
then recorded in the second column of data labeled "Start Tow."  Once again, the depth and 
magnetic course are also recorded. 
 
 The loran-waypoint navigation function is then used to determine the length of the tow.  The 
operator enters the second saved position as a loran waypoint.  The loran then reads out a bearing 
(magnetic or true course) and a constantly increasing range (distance) to the waypoint, which 
corresponds to the ship's position at the beginning of the tow.  When the loran reads out the 
designated transect length, this third position is saved, after noting the distance and bearing (the 
reverse of the course of the vessel from the starting point).  The winch is then engaged to terminate 
the tow and the information on vessel position is recorded in the third column of data labeled "End 
Tow." 
 
 The recorded data appears in the following three columns: 
  
 
 I. II. III. 
 Start Set Start Tow End Tow 
 
1. Depth  Depth Depth 
2. Loran TDs Loran TDs Loran TDs 
3. Loran Latitude/Longitude Loran Latitude/Longitude Loran Latitude/Longitude 
4. Loran Time Loran Time Loran Time 
5. Radar Ranges and Radar Ranges Radar Ranges 
   Bearings (optional) 
6. Magnetic Course or Course Loran Bearing to II 
   Compass Course 
7.      --    -- Tow Distance (Loran to II) 
8.      --    -- Tow Speed = 
                                          Tow Distance         × 60 
                                loran time III - loran time II 
 
 
 
 In the event of repetitive trawling at a given station, the loran TDs under column I can be 
entered into the loran as a waypoint to guide the vessel to the beginning of the transect.  The 
magnetic course and the bottom contour on the video depth recorder or chart recorder can also 
guide the vessel for accurate transect repetition. 
 
 In order to plot the trawl station on a chart, the investigator can first plot the three positions as 
points along a line.  The recorder would then draw a line originating at the first point, and averaging 
the positions of the remaining two points while maintaining a straight line.  The trawl can be 
highlighted along this line at the designated distance starting at position I.  As a check, the distance 
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between points II and III should equal the distance of the tow as listed under column III. 
 
 To increase the accuracy of the plot, the loran's latitude and longitude can be corrected by 
entering a "bias" if the loran has been ground-truthed to known geodetic points for the area under 
investigation.  This can be done by transporting the loran to known points, or by using microwave 
transponders to obtain known positions of the vessel within the study area which can be compared 
to the loran readouts for latitude and longitude.  The bias can then be entered to give true 
latitude/longitude readings. 
 
 Transect lines can also be set up on the loran when towing video sleds, hydroacoustic gear, or 
physical oceanographic equipment.  Waypoints at the beginning and end of the transect line are 
entered into the loran, which then gives constant information on range and bearing to the end of the 
transect plus vessel distance either right or left of the line.  
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 INTRODUCTION 
 
 Recommended guidelines for sampling and analyzing marine mammal tissue for chemical 
contaminants in Puget Sound are presented in this chapter.  The guidelines are based on the results 
of a workshop sponsored by the Puget Sound Estuary Program (PSEP) and written reviews by 
representatives from most of the organizations that fund or conduct studies of marine mammals in 
the sound (Table 1).  The purpose of developing these recommended guidelines is to encourage all 
Puget Sound investigators conducting monitoring programs, baseline surveys, and intensive 
investigations to use standardized methods whenever possible.  If this goal is achieved, most data 
collected in the sound should be directly comparable, thereby allowing the data to be integrated into 
a soundwide database.  Such a database is necessary for developing and maintaining a 
comprehensive water quality management program for Puget Sound. 
 
 Before the recommended guidelines are described, the background information that led to 
many of the recommendations in this document is presented.  The Background Information section 
addresses the following topics: 
 
 � The rationale for studying tissue contamination in marine mammals 


 
 � The legal issues involved in marine mammal studies 


 
 � An overview of the marine mammals in Puget Sound and considerations for 


sampling these animals  
 


 � A prioritization scheme for sampling and analysis activities. 
 


Following this background section, specifications are provided for the field, laboratory, quality 
assurance and quality control (QA/QC), and data reporting procedures that are recommended for 
studies of tissue contamination in marine mammals from Puget Sound. 
 
Although the following guidelines are recommended for most studies conducted in Puget Sound, 
departures from these methods may be necessary to meet the special requirements of individual 
projects.  If such departures are made, however, the funding agency or investigator should be aware 
that the resulting data may not be comparable with most other data of that kind.  In some instances, 
data collected using different methods may be compared if the methods are intercalibrated 
adequately. 
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 TABLE 1.  CONTRIBUTORS TO THE MARINE MAMMAL 
 TISSUE SAMPLING GUIDELINES 
 


          Name Affiliation 


John Armstronga 
 
Robin W. Bairdc 


U.S. Environmental Protection Agency 
 
Marine Mammal Research Group 


Scott Beckerc PTI Environmental Services 


Don Browna National Oceanic and Atmospheric Administration 


John Calambokidisa,b Cascadia Research Collective 


Jacques Faigenbluma Washington Department of Ecology 


Richard Ferreroa 
 
T. A. Gornallc 


National Oceanic and Atmospheric Administration 
 
Marine Animal Resource Center 


Steve Jeffriesc Washington Department of Wildlife 


Murray Johnsonc Burke Museum 


Brent Norberga National Oceanic and Atmospheric Administration 


Richard Osborna 
 
Darin Perrollazc 
 
Jeffrey A. Rashc 


The Whale Museum 
 
Marine Animal Resource Center 
 
Marine Animal Resource Center 


Alfred Standowiaka Marine Animal Resource Center 


Gretchen Steigera 
 
Karen Tilburyc 
 
Usha Varanasic 


Cascadia Research Collective 
 
National Oceanic and Atmospheric Administration 
 
National Oceanic and Atmospheric Administration 


 
a Attended workshop held on 25 June 1990. 
 
b Workshop moderator. 
 
c Contributed written comments only. 
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BACKGROUND INFORMATION 


 
 This section presents background information and sources of this information that were used to 
formulate the recommendations provided in this report. 
 
RATIONALE FOR MARINE MAMMAL TISSUE STUDIES 
 
     The potential impacts of chemical contaminants on marine mammals are a major concern for 
several reasons.  Because the toothed cetaceans and pinnipeds feed high on the food chain, have 
relatively high lipid levels in some tissues (e.g. blubber), and spend all or parts of their lifes in 
contaminated areas, they have a high potential for bioaccumulating chemical contaminants such as 
lipophilic organic compounds in lipid reservoirs (e.g., blubber).  In Puget Sound and elsewhere, 
relatively high levels of chemical contaminants have been found in marine mammal tissue 
(discussed in detail later).  In addition, studies have documented relationships between chemical 
contaminants and adverse effects (e.g., reproductive problems and population declines in 
pinnipeds). 
 
 In general, the potential effects of chemical contaminants on marine mammals have been 
relatively difficult to evaluate.  Major limitations include the logistical, legal, and ethical constraints 
that make experimental studies on captive animals or collection of animals difficult.  An alternative 
to these direct assessment techniques is a comprehensive study of the biology of a marine mammal 
population coupled with analyses of contaminants in marine mammal tissues.  To date, relatively 
few of these comprehensive studies have been conducted. 
 
 Analysis of tissues for contaminants can be costly; scans for a broad range of pollutants cost 
over $2,000 per sample.  Analysis of all tissues available from  marine mammals is not financially 
feasible.  Before expensive analyses are performed, it is important to determine priorities to ensure 
that analysis is performed only for those chemicals that are most informative and to ensure that 
tissue samples have been collected in a manner that allows meaningful interpretation of the results. 
 
SOURCES OF INFORMATION 
 
 The guidelines presented in this document were derived primarily from the information and 
procedures presented in several earlier documents.  The most valuable sources of information 
include: 
 
 � National Status and Trends Program for Marine Environmental Quality Specimen 


Bank Project:  Field Manual (Lauenstein et al. 1987) 
 
 � Recommended guidelines for analysis of organic compounds and metals in tissue 


samples from Puget Sound (PSEP 1989a,b) 
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 � Field Manual for Research on Seals (DeLong and Risebrough in press) 
 
 � Alaskan Marine Mammal Tissue Archival Project: A Project Description Including 


Collection Protocols (Becker et al. 1988)    
 
 � National Marine Mammal Tissue Bank Sampling and Archival Protocols (NMFS, in 


preparation) 
 
 � A Field Manual of Procedures for Postmortem Examination of Alaskan Marine 


Mammals (Fay et al. 1979). 
 
 
 � Marine Mammals Ashore.  A Field Guide for Strandings (Geraci and Lounsbury 


1993).   
 
The procedures that were described in these sources often varied substantially.  Some procedures, 
such as those for long-term tissue banking, are necessarily more restrictive than typical collection 
procedures. 
 
 
LEGAL ISSUES RELATED TO COLLECTION OF MARINE  
MAMMAL TISSUES  
 
 The Marine Mammal Protection Act (MMPA) of 1972 broadly prohibits the "taking" of marine 
mammals.  "Taking" includes killing, injuring, or harassing live animals, as well as possessing or 
collecting marine mammals or parts of marine mammals.  Specific exceptions are made for 
subsistence use by native Americans, public display [under a National Marine Fisheries Service 
(NMFS) permit], and scientific research (under an NMFS permit).  Although collection of marine 
mammal tissues can be granted under an NMFS scientific research permit, NMFS more frequently 
grants members of regional stranding networks general authority to handle  stranded marine 
mammals and collect samples.  A scientific research permit is required for the direct killing of 
animals for research or biopsy sampling of live, healthy animals. 
 
 NMFS oversees regional stranding networks that investigate marine mammals that become 
stranded (either alive or dead).  Along the U.S. coast, including Puget Sound, these networks 
consist largely of scientists from government agencies, universities, and private groups.  Because 
limited funding is available for examination of marine mammal strandings, participants in these 
networks often are volunteers.   
 
     The Northwest Marine Mammal Stranding Network responds to strandings in Washington and 
Oregon.  Calls from the public or federal, state, and local authorities generally are channeled  
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through the Washington State Patrol to the stranding response centers (Figure 1).  Designated 
Primary Response Centers coordinate the investigations of marine mammal strandings within a 
designated area throughout the region.  The team that responds to the stranding is required to follow 
the procedures developed by the NMFS network (Figure 2).  All stranding reports or responses are 
reported to NMFS.  In addition, any parts sampled from stranded marine mammals must be 
returned to or registered with NMFS.  Examples of an NMFS stranding report and a registration 
form are shown in Figure 3. 
 
 
 


 
 
Figure 1.   Northwest Marine Mammal Stranding Network notification procedures 
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OBJECTIVES FOR MARINE MAMMAL CONTAMINATION STUDIES 
 
 The objectives of research on chemical contaminants in marine mammals can encompass a 
number of areas.  The number and kinds of samples collected and the analyses to be performed 
depend on the primary objective of each study.  Previously, most studies have addressed the 
following general objectives (not prioritized): 
 
 � Evaluate potential effects of contaminants on marine mammals 
 
 � Evaluate temporal trends in contaminant concentrations 
 
 � Use marine mammals as indicators of contaminant levels in the marine environment 
 
 � Evaluate regional and worldwide patterns of marine contamination 
 
 � Provide information and insights into the biology of marine mammals (e.g., stock 


identification). 
 
NEED FOR NATURAL HISTORY INFORMATION 
 
 The interpretation of contaminant levels in tissues of marine mammals requires knowledge of 
the natural history, anatomy, and physiology of marine mammal species.  Some of this information 
can be gathered as ancillary data when the tissues of animals are examined and collected (see 
Ancillary Data).  Other biological information (e.g., related to population trends, movements, and 
reproductive success) usually can be obtained from studies that address basic research.  To achieve 
most of the objectives described in the previous section, it is essential that data on contaminant 
levels be interpreted with respect to available natural history information.  
 
MARINE MAMMALS IN PUGET SOUND AND ADJACENT WATERS 
 
 Table 2 lists marine mammal species that have stranded on Oregon and Washington coasts 
in recent years.  The number of strandings provides an indication of which species are likely to be 
available for sampling.  A smaller number of marine mammal species are common to Puget 
Sound (i.e., south of Admiralty Inlet) (Table 3).  Background information on these species is 
given in Osborne et al. (1988) and Angell and Balcomb (1982).  This information is summarized 
below and in Table 3. 
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 Figure 2.  Northwest Marine Mammal Stranding Network response team procedure (from NMFS 1988)
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Figure 3. Northwest Marine Mammal Stranding Network stranding report and tissue registration 
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TABLE 2.  NUMBER OF STRANDINGS OF DIFFERENT SPECIES IN WASHINGTON AND OREGON 


 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 Total 


Harbor seal Phoca vitulina 92 99 48 88 95 68 114 310 230 207 113 1464


California sea lion Zalophus californianus 19 10 6 27 34 7 33 170 48 28 20 402


Northern sea lion Eumetopias jubatus 10 7 5 15 16 5 16 16 11 5 4 110


Northern elephant seal Mirounga angustirostris 2 4 4 7 1 5 11 8 12 12 4 70


Northern fur seal Callorhinus ursinus 4 6 0 53 4 2 7 4 4 1 0 85


Harbor porpoise Phocoena phocoena 3 1 7 9 13 14 8 16 22 15 31 139


Dall's porpoise Phocoenoides dalli 0 2 2 3 5 4 4 4 3 5 1 32


Pacific white-sided dolphin Lagenorhynchus obliquidens 1 2 0 2 1 5 5 4 0 2 0 22


Common dolphin Delphinus delphis 0 0 0 0 0 0 1 0 1 0 0 2


Striped dolphin Stenella coeruleoalba 0 0 0 1 0 1 0 0 0 0 1 3


Northern right whale dolphin Lissodelphis borealis 0 0 0 2 1 0 0 0 0 0 0 3


Pygmy sperm whale Kogia breviceps 1 0 0 1 0 0 0 1 1 0 0 4


Risso's dolphin Grampus griseus 0 0 0 0 0 0 0 0 1 0 1 2


Pilot whale Globicephala macrorhynchus 1 0 0 1 0 0 0 0 0 0 0 2


False killer whale Pseudorca crassidens 0 0 0 0 0 0 0 1 0 0 1 2


Killer whale Orcinus orca 1 0 0 0 0 0 1 0 0 0 1 3


Cuvier's beaked whale Ziphius cavirostris 0 0 2 1 0 1 2 1 0 2 2 11


Stejneger's beaked whale Mesoplodon stejnegeri 0 0 1 1 1 0 0 1 0 3 0 7


Hubbs' beaked whale Mesoplodon carlhubbsi 0 0 0 0 1 0 0 0 0 0 0 1


Gray whale Eschrichtius robustus 6 3 3 8 11 2 14 16 2 4 10 79


Humpback whale Megaptera novaeangliae 0 1 0 1 0 0 0 0 0 0 0 2


Sperm whale Physeter catodon 1 0 43 0 0 2 0 0 1 1 0 48


Minke whale Balaenoptera acutorostrata 0 0 0 5 1 1 0 1 2 1 1 12


Fin whale Balaenoptera physalus 0 0 0 0 0 0 0 0 0 1 0 1


Blue whale Balaenoptera musculus 0 0 0 1 0 0 0 0 0 0 0 1


Unidentified sea lion 57 42 17 4 0 6 11 311 67 38 28 581


Unidentified pinniped 22 0 0 3 7 4 0 29 75 48 26 214


Unidentified small cetacean 4 2 2 0 1 0 0 0 2 1 1 13


Unidentified large cetacean 2 0 0 0 0 1 0 0 0 2 1 6


Total 226 179 140 233 192 128 227 893 481 376 246 3321 


a Includes strandings that were investigated and strandings that were reported but not investigated.  Based on reports from the Northwest Marine Mammal Stranding Network as compiled and reported by Scordino 
(in press). 







 


 


 
 


10


TABLE 3.  SELECTED CRITERIA FOR DETERMINING THE SUITABILITY OF MARINE 
MAMMALS FOR CONTAMINANT-RELATED RESEARCH IN PUGET SOUND AND 
ADJACENT WATERS 
______________________________________________________________________________ 
    Speciesa,b   


 Pv Ma Zc Ej Cu Ooc Pp Pd Lo Erc Ba 


Feed high on food chain Y Y Y Y Y Y Y Y Y N N 


Year-round residents            


     Puget Sound Y N N N N N N Y N N N 


     Adjacent Waters Y N N N N Y Y Y Y N N 


Feed in Puget Sound Y N Y Y N Y N Y N Y N 


High accumulation of contami-
nants documented 


Y Y N Y N Y Y N N N N 


Impacts of contaminants Y N N N N Y Y N N Y N 


Biological information available 
for Puget Sound (population 
size, reproduction, and 
mortality) 


Y N Y N Y Y Y N N N Y 


Large population in Puget 
Sound 


Y N Y N N N N N N N N 


Fresh samples frequently 
available as incidental fishery 
entanglements 


Y N Y N N N Y Y N N N 


Suitable for biopsy sampling Y N Y Y N Y N N N Y Y 
_____________________________________________________________________________________________ 
  
a     Pv          Phoca vitulina, Harbor  sea 
 Ma Mirounga angustirostris, Northern elephant seal 
 Zc Zalophus californianus, California sea lion 
 Ej Eumetopias jubatus,  Northern  sea  lion 
 Cu Callorhinus ursinus, Northern  fur  seal 
 Oo Orcinus orca, Killer  whale 
 Pp Phocoena   phocoena,   Harbor   porpoise 
 Pd Phocoenoides dalli, Dall's porpoise 
 Lo Lagenorhynchus obliquidens, Pacific white-sided dolphin 
Er Eschrichtius robustus, Gray whale 
Ba Balaenoptera acutorostrata, Minke whale. 
 
bCriteria scored as yes (Y) or no (N). 
 
c This species has been regarded with special concern by the public in the Puget Sound region. 
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Harbor Seal (Phoca vitulina richardsi) 
 
 This species is the most numerous marine mammal in Puget Sound.  Populations have been 
increasing in recent years at a rate of about 10-15 percent per year (Calambokidis et al. 1985, 
1988).  Over 5,000 harbor seals inhabit the inland waters of Washington state with about 1,000 of 
these in southern Puget Sound (Osborne et al. 1988).  Harbor seal numbers are fairly low in the 
central Puget Sound areas near the most contaminated urban embayments, although the reason 
for this pattern is unknown (Calambokidis et al. 1985).  Harbor seals are year-round residents of 
Puget Sound.  Although tagged harbor seals along the outer coast of Washington have been 
shown to make long-distance moves (Jeffries 1985), animals in Puget Sound appear to be 
primarily full-time residents of the sound.  Large seasonal shifts in seal numbers have not been 
noted and the pupping season of Puget Sound harbor seals is different from that in neighboring 
areas outside the sound (Calambokidis et al. 1978, 1979).   
 
 
California Sea Lion (Zalophus californianus) 
 
 These animals are primarily seasonal visitors to Puget Sound, although a few individuals may 
remain throughout the year (Steiger and Calambokidis 1986).  There are no California sea lion 
breeding areas north of California and only the males migrate to Washington state to feed on a 
seasonal basis.  The Washington Department of Wildlife and NMFS have been conducting 
research on California sea lions, particularly related to their predation on steelhead near the 
Ballard locks in Seattle (Gearin et al. 1986, 1988, 1989).  As many as 1,000 California sea lions 
are found in Puget Sound in winter and spring (Gearin et al. 1986, 1988).  California sea lions 
numbers were low prior to 1979, when an increasing number began aggregating near Everett, 
Washington (Everitt et al. 1980).  This pattern appears to be the result of a general increase in the 
population of these animals throughout their range. 
 
 
Northern Sea Lion (Eumetopias jubatus) 
 
 Relatively few northern sea lions occur in Puget Sound compared with the more common 
California sea lions (Osborne et al. 1988; Steiger and Calambokidis 1986).  Although northern 
sea lions breed in areas both north and south of Washington state, there are no breeding areas 
within the state.  In Puget Sound, northern sea lions are often seen among aggregations of 
California sea lions.  The largest numbers of these animals were seen in south Puget Sound in the 
vicinity of Fox Island in the mid-1980s (Steiger and Calambokidis 1986). 
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Harbor Porpoise (Phocoena phocoena) 
 
 Harbor porpoises were formerly considered one of the most abundant cetaceans in Puget Sound 
(Scheffer and Slipp 1948).  With the exception of a few rare sightings or strandings of single 
animals, they currently are absent from the sound (Osborne et al. 1988; Calambokidis et al. 1985; 
Everitt et al. 1980).  Harbor porpoises remain relatively common along the outer coast of 
Washington, in the Strait of Juan de Fuca, and among the San Juan Islands (Osborne et al. 1988; 
Calambokidis et al. 1985, 1987). 
 
 
Dall's Porpoise (Phocoenoides dalli) 
 
 Dall's porpoises are observed throughout the year in Puget Sound north of Seattle (Osborne et 
al. 1988).  They also are seen occasionally in south Puget Sound.  Although the exact population 
size is unknown, the numbers of these porpoises are considered relatively low in Puget Sound.  
Dall's porpoises are more common in the Strait of Juan de Fuca and the San Juan Islands.  
 
 
Gray Whale (Eschrichtius robustus) 
 
 Most of the gray whale population, which numbers just under 20,000, travels past the coast of 
Washington during migration between Mexican breeding areas and principal feeding grounds in 
Alaska.  However, a small number of individuals spend prolonged periods feeding in  waters 
south of Alaska, including the inland waters of Washington state.  Residence times of up to 
4 months have been documented for gray whales in the Strait of Juan de Fuca (Calambokidis et 
al. 1987).  Gray whales sometimes move into Puget Sound and feed there, with the number of 
animals and the residence times varying among years.  Gray whales are predominately bottom 
feeders.  Although they generally feed on benthic invertebrates which are low on the food chain, 
they are exposed to contaminants through the sediments they engulf with their food. 
 
 
Killer Whale (Orcinus orca) 
 
 Killer whales travel and feed in discrete, stable groups called pods.  Two separate types of killer 
whales occur in the Puget Sound area (Bigg et al. 1987; Osborne et al. 1988).  "Resident" pods 
are primarily piscivorous (Bigg et al. 1990).  The three resident pods in the Puget Sound area 
include more than 95 animals and appear to occupy a fairly limited range along the outer coast of 
Washington, in the San Juan Islands, and in areas to the north as far as central Vancouver Island.  
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These whales also enter Puget Sound to feed, primarily in the summer and fall.  "Transient" pods 
travel in smaller groups and occupy a wider range than the resident pods.  The transient pods 
observed in the Puget Sound area range as far north as southeast Alaska.  Killer whales that travel 
in transient pods have a diet consisting largely of other marine mammals, including harbor seals, 
California sea lions, harbor porpoises, Dall's porpoises, and Stellar sea lions  (Bigg et al. 1990; 
Jefferson et al. 1991). 
 
 
Minke Whale (Balaenoptera acutorostrata) 
 
 Minke whales are seasonal visitors to the Puget Sound area (Osborne et al. 1988).  They occur 
most commonly in the summer months in the Strait of Juan de Fuca and around the San Juan 
Islands (Dorsey 1983).  Their principal prey are small schooling fish.  Although minke whales 
visit Puget Sound proper, their residence time appears to be relatively short. 
 
 
STUDIES OF CHEMICAL CONTAMINATION  
IN PUGET SOUND MARINE MAMMALS 
 
 Several studies have examined contaminant concentrations in Puget Sound marine mammals.  
Most research has been conducted on concentrations of chlorinated hydrocarbons [primarily 
polychlorinated biphenyls (PCBs) and DDT)] in harbor seals from different regions of 
Washington.  Arndt (1973) measured concentrations of PCBs and DDT in blubber and liver 
tissue of 32 harbor seals collected in 1972 from Gertrude Island in south Puget Sound, Smith 
Island in north Puget Sound, and Grays Harbor on the outer coast of Washington.  Anas (1974a) 
reported extremely high concentrations of PCBs plus DDE (levels combined) in the blubber of 
two harbor seals from Puget Sound. 
 
 The number of analyses of marine mammals other than harbor seals has been relatively limited 
in Puget Sound.  Calambokidis et al. (1984) found that concentrations of PCBs and DDT in other 
species of marine mammals were generally lower than the levels observed in harbor seals, with 
the exception of killer whales and harbor porpoises.  Concentrations of chlorinated hydrocarbons 
in killer whales were generally higher than the levels observed in harbor seals from the same area 
(Calambokidis et al. 1985, 1990).  Concentrations of those contaminants in harbor porpoises 
were similar to the levels observed in harbor seals (Calambokidis et al. 1984; Calambokidis and 
Barlow, in press). 
 
 Malins et al. (1984) reported concentrations of contaminants in tissues of a single gray whale 
that was stranded in the Strait of Juan de Fuca in 1984.  With the exception of aluminum, 
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concentrations of contaminants were relatively low.  The aluminum concentration in the brain 
was high relative to concentrations found in humans and laboratory animals, but there was no 
adequate baseline information on marine mammals to determine whether this level was unusually 
high for a gray whale. 
 
 
EFFECTS OF CHEMICAL CONTAMINANTS ON MARINE MAMMALS 
 
 A relatively large number of studies have evaluated the potential effects of contaminants on 
marine mammals.  Summaries of the observed effects are available in various reports 
(Risebrough 1978; Calambokidis et al. 1984, 1985; Wagemann and Muir 1984; Reijnders 1988; 
Addison 1989).  Most of the suspected effects of contaminants on marine mammals have 
involved reproductive problems related to PCBs or DDT. 
 
 Evaluation of the impact of contaminants such as PCBs and DDT on marine mammals has 
been difficult because most studies have been conducted in the field, where the effects of 
contaminants cannot be isolated from other potential causative factors.  Reijnders (1986) 
conducted the only controlled study with captive animals.  In that study, harbor seals were fed 
fish from contaminated regions to examine potential effects on reproduction. 
 
 A number of possible contaminant-related effects have been suspected, but not confirmed, for 
marine mammals in Puget Sound.  Chemical contaminants were suspected as the cause of high 
rates of premature births and birth defects in harbor seals at Gertrude Island in south Puget Sound 
in the early 1970s (Newby 1971, 1973; Arndt 1973).  High rates of neonatal mortality were 
observed at several other sites in south Puget Sound in the late 1970s (Calambokidis et al. 1978). 
 In 1984, however, increases were observed in the sizes of harbor seal populations in south Puget 
Sound.  In addition, pup production  in this  area was  similar to or higher than the rates observed 
in other, less contaminated portions of Washington state, and neonatal mortality rates were lower 
in south Puget Sound than in the other areas (Calambokidis et al. 1985; Steiger et al. 1989). 
 
 The death of several gray whales in the Puget Sound area in 1984 raised concerns that these 
animals were being exposed to toxic levels of some sediment-associated contaminants (Fouty 
1984; Malins et al. 1984).  Although there were media reports that these whales had been 
poisoned by contaminants, sufficient data were not available to justify that conclusion.  
Additional studies are needed to address this concern.   
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FACTORS AFFECTING CONTAMINANT CONCENTRATIONS  
IN MARINE MAMMALS  
 
 A number of factors have been shown to affect the contaminant concentrations found in marine 
mammal tissues.  These factors should be considered when designing studies to examine 
contaminant concentrations in marine mammals. 
 
 Aguilar (1987) listed the following factors as sources of variation in pollutant loads in marine 
mammals: 
 
 � Fatness state (i.e., condition)   
 
 � Sex and age 
 
 � Differential metabolism and excretion 
 
 � Food chain level   
 
 � Variations in tissue sampling techniques   
 
 � Variations in tissue preservation and analytical procedures. 
 
These factors can be grouped into two categories: 1) animal-specific characteristics (e.g., species, 
distribution, sex, age, and condition) and 2) sampling and analysis methods.  
 
Animal-Specific Characteristics 
 
 Studies conducted on Puget Sound marine mammals have revealed some of these differences.  
Species feeding high on the food chain in coastal waters (particularly harbor seals, killer whales, 
and harbor porpoises) have exhibited some of the highest contaminant concentrations in marine 
food chains (Calambokidis et al. 1984, 1990; Calambokidis and Barlow, in press).  Significant 
differences in concentrations of PCBs and DDT were found in harbor seals from different regions 
of Washington, with highest levels observed in south Puget Sound (Calambokidis et al. 1984).  
Contaminant concentrations also varied significantly by age and sex, with highest levels usually 
observed in adult males.  This pattern is consistent with previous findings in marine mammals:  
in males, contaminant concentrations increase with increasing age throughout their lifetime, 
while in females, contaminant concentrations increase with increasing age only until reproductive 
maturity is reached (Addison and Smith 1974; Addison et al. 1973; Donkin et al. 1981).  This 
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sex-related difference is the result of female marine mammals being able to eliminate 
contaminants through transplacental transfer and lactation. 
 
 Differences in contaminant concentrations relative to body condition of marine mammals have 
been reported, especially in relation to the degree of fatness or blubber thickness in the animals.  
The processes related to the mobilization of contaminants from the blubber of marine mammals 
are not well understood (Aguilar 1985, 1987).  Some researchers have found an inverse 
correlation between blubber thickness and chlorinated hydrocarbon concentrations (Addison and 
Smith 1974; Donkin et al. 1981).   
 
Sampling and Analysis Methods 
 
 Although sampling and analysis methods can influence the contaminant concentrations 
measured in marine mammals, relatively little research has been done on this subject.  Major 
concerns include variations caused by 1) whether animals were collected live (and therefore 
presumed healthy) or found dead (stranded), 2) how and from what locations the samples were 
collected, 3) how the samples were stored, 4) the analytical methods, and 5) the methods used to 
quantify and report the data. 
 
 
 Tissue Sources—The tissue source was not found to be a significant factor influencing 
concentrations of chlorinated hydrocarbons in California sea lions or harbor seals, regardless of 
whether the source was animals killed during collection or stranded (i.e., sick or dead) animals 
(Le Boeuf and Bonnel 1971; Drescher et al. 1977).  In Washington state, no significant 
differences were found between collected and stranded harbor seals from the outer coast of 
Washington (Calambokidis et al. 1984).  However, Olsson (1978) found that ringed and grey 
seals found dead had significantly higher contaminant concentrations than animals that had been 
killed during collection in a previous year.  The higher prevalence of emaciation in stranded 
animals compared to healthy animals would be the most likely reason for the differences between 
the two groups of animals. 
 
 Body Locations Sampled—The body locations from which blubber is sampled from marine 
mammals may affect the resulting measurements of contaminant concentrations.  Calambokidis 
et al. (1978) found relatively low variation in PCB and DDT concentrations among samples 
taken from nine different locations on a harbor seal.  A similar evaluation of seven body locations 
sampled from two harbor porpoises also revealed low variation, although the lowest values in 
both animals came from the same sampling location (Calambokidis 1986).  Anas and Worlund 
(1975) found differences in concentrations of PCBs plus DDT in the blubber of northern fur 
seals, depending on how the animals had been subsampled. 
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 Analyses of contaminants in cetacean blubber can also be affected by the layer of blubber from 
which samples are collected because of differences in the lipid composition between the inner 
and outer layers of the blubber of some cetaceans (Ackman et al. 1975a,b).  For this reason, 
Aguilar (1985) recommended that the full thickness of blubber be sampled and analyzed. 
 
 Differences in the distribution of contaminants in other organs may also be a problem.  
Reijnders (personal communication) found differences in contaminant concentrations in different 
lobes of pinniped livers. 
 
 
 Storage and Preservation of Samples—For sampling of stranded marine mammals, 
preservation of tissues has three critical time periods:  1) the time from death to the time when 
the animal is examined and sampled, 2) the time from collection to storage, and 3) the time from 
storage to laboratory analysis.  Clearly, it is most advantageous to minimize the temperature and 
length of time for each of these stages. 
 
 Postmortem alterations in chemical composition of some contaminants in liver can occur very 
rapidly.  Two DDT isomers (p,p′-DDT and o,p′-DDT) are broken down rapidly after death in 
avian liver tissues (French and Jefferies 1969; Jefferies and Walker 1966).  Freezing liver 
samples at �10°C and �20°C slowed, but did not eliminate, the breakdown of DDT in avian liver 
tissues (Walker and Jefferies 1978).  Similar DDT breakdowns also occurred in frozen avian 
blood (Ecobichon and Saschenbrecker 1967) and frozen avian brain (Walker and Jefferies 1978). 
 Wiemeyer et al. (1984) found losses of 35 percent of DDE in avian blood after freezing samples 
at �20°C for 2 months and 8 months.  γ-Hexachlorocyclohexane also disappears from avian liver; 
the rate of disappearance was slowed, but not eliminated, by freezing samples at �20°C (French 
and Jefferies 1968). 
 
 The breakdown of contaminants has not been shown to be a problem in fat tissues.  The 
breakdown of p,p′-DDT did not occur in frozen avian fat tissues (Walker and Jefferies 1978).  
Olsson et al. (1975) found no significant changes in levels of PCB and DDT compounds in 
extractable fat from ringed seal blubber before and after 5 months of outdoor exposure during the 
summer (in Sweden).  Concentrations of PCBs and DDE in duplicate harbor seal blubber 
samples analyzed by two laboratories 6 years apart showed good agreement (Table 24b in 
Calambokidis et al. 1984; time difference from Calambokidis, unpublished data). 
 
 Metals do not appear to be as easily affected by storage time.  No changes were noted in the 
concentrations of three metals in avian blood frozen at �20°C for 8 months (Wiemeyer et al. 
1984). 
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 Significant postmortem changes in weights of rat livers occurred after they were left at room 
temperature for up to 3 days and after they had been frozen and thawed (Iyengar 1980).  
Significant changes were also noted in the concentrations of various trace elements under the 
same conditions. 
 
 
 Chemical Analysis Considerations—Chemical analysis procedures are beyond the scope of 
this report and are addressed in other PSEP documents (PSEP 1989a,b).  Procedures for analyses 
of bile for hydrocarbon metabolites are given in Krahn et al. (1986).  The preferable methods for 
measuring PCB concentrations in marine mammal tissue are those based on congener-specific 
evaluations.  These methods account for the selective uptake and metabolism of some PCB 
congeners by marine mammals.  Congener-specific analyses also provide information on 
concentrations of the more toxic coplanar PCBs (e.g., 3,3′4,4′-tetrachlorobiphenyl). 
 
 Marine mammal tissues require special considerations compared to tissues of other aquatic 
species (e.g., clams, crabs, fishes).  Blubber tissue has a higher percentage of lipids than is 
typically encountered in other aquatic species.  The proportion of lipids in blubber tissue, 
however, can vary with the nutritional state of each marine mammal.  The percent lipids in 
marine mammal tissue should be routinely determined as a part of all analyses for organic 
contaminants using a method comparable to the one described by Hansen and Olley (1963). 
 
 The quality control program incorporated with the analyses of marine mammal samples needs 
to be especially rigorous because of the special considerations required to analyze tissue samples 
with high lipid content (e.g. blubber).  A control material should be analyzed with each set of 
samples to monitor the accuracy and precision of the analytical method.  Two control materials 
suitable for use with marine mammal samples are presently available (National Institute of 
Standards and Technology's Whale Blubber QA Material, and a certified reference material SRM 
1588 Cod Liver Oil).  A certified reference material of whale blubber is being developed and 
when it is available should be analyzed with each set of marine mammal samples. 
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PRIORITIES FOR SAMPLE COLLECTION AND ANALYSIS 
 
 Typically, only a small proportion of marine mammal tissues is analyzed for contaminants, 
because of the relatively high costs of these analyses.  Priorities for sample analysis depend on 
the specific objectives of the research.  Given this limitation, guidance for prioritizing samples 
for collection and analysis is presented below. 
 
 
Species   
 
 Selection of a target species involves consideration of a number of factors including species 
availability, the objectives of the particular study, the biological information available for that 
species, and the factors influencing the exposure of each species to contaminants (Table 3).  In 
Puget Sound, the most suitable species for monitoring studies are harbor seals and killer whales 
because they are residents of the region, feed high on the food chain, can potentially accumulate 
high concentrations of contaminants, and are available for sampling (Calambokidis et al. 1984, 
1990) (Table 3).  The same criteria also make these species well suited for studies evaluating 
contaminant impacts.  However, other species such as harbor porpoises and gray whales may be 
reasonable choices because pollutants have been suggested as playing a role in their mortality in 
Puget Sound. 
 
 
Tissues 
 
 While health of an animal cannot be determined by tissue samples alone, liver and blubber are 
the highest priority tissues for collection and analysis for most contaminant research  (Table 4).  
The broadest base of historical data is also available for these tissues.  Although blubber has been 
the tissue most frequently used for analysis of long-term accumulation of organic contaminants, 
it is not suitable for metals and trace element analyses.  Liver tissue is suitable for analysis of 
most contaminants, including chlorinated hydrocarbons and metals.  Kidney tissue is suitable as a 
secondary tissue for evaluating metals and trace elements.  The evaluation of contaminant 
concentrations in stomach contents is valuable for examining recent exposure to contaminants.  
Brain tissue is a difficult tissue to sample but is the best tissue for evaluating the acute toxic 
effects of contaminants.  Exposure to petroleum hydrocarbons may be best determined by 
analyzing bile and urine for metabolites.  Blubber and blood are the tissues of choice if live 
animals are sampled (see Sampling Recommendations for Live Animals). 
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TABLE 4.  SUITABILITY OF DIFFERENT TISSUES  
FOR CONTAMINANT SAMPLING 
 
 


                                                                                                  Tissue 


  
Blubber 


 
Liver 


 
Kidney 


 
Muscle 


 
Brain 


 
Bile 


Stomach 
Contents 


Colon 
Contents 


 
Comparative data for chlorinated 
hydrocarbons 


 
1a 


 
1 


 
3 


 
3 


 
3 


 
2 


 
3 


 
3 


Comparataive data for petroleum hydrocar-
bons 


3 2 2 3 3 1 1 3 


Comparative data for metals 3 1 2 3 2 3 3 3 


Chronic exposure Yb N N N N N N N 


Acute exposure N Y Y Y Y Y Y Y 


Ease to sample 1 2 2 2 3 2 2 2 


Indicative of acute toxicity 
 


N N N N Y N N N 


 
a Criteria scored on scale from 1 (good) to 3 (poor). 
 
b Criteria scored as yes (Y) or no (N). 
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Age and Sex 
 
 Because concentrations of contaminants vary according to the age and sex of the animal, 
variations due to these factors need to be considered when designing studies.  Studies to determine 
long-term trends in contaminants are best conducted using only a specified age class.  Older adult 
males represent the "worst case" examples to examine the highest accumulation of contaminants 
because males tend to accumulate contaminants with age.  Because many of the chronic effects of 
chlorinated hydrocarbons have been related to female reproduction, adult females provide a 
sensitive age and sex class for examining sublethal effects. 
 
 
Location 
 
 Multiple locations for sampling marine mammals  are recommended because of geographical 
differences in contaminant distributions.  The highest concentrations of contaminants have 
generally been found near centers of industrial and human activities, making these areas the ones 
best suited for examination of potential impacts of contaminants.  In Washington state, for example, 
concentrations of chlorinated hydrocarbons were significantly higher in harbor seals from Puget 
Sound than from other areas (Calambokidis et al. 1978, 1984).  Analysis of animals from at least 
one uncontaminated site is useful for providing reference conditions and for evaluating the levels of 
tissue contamination found in contaminated areas.  However, caution should be exercised in 
selection of an uncontaminated site.  Such a site should be away from agricultural drainage areas, 
and currents and the animal's potential  movements  should be taken into consideration.   Also, 
collection locations for marine mammals are restricted by the availability of the animals.  This 
factor may be a primary consideration when selecting a sampling location for long-term monitoring 
studies. 
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PRIORITY CONTAMINANTS IN MARINE MAMMALS 
 
 Studies of contaminant concentrations in marine mammals have involved a wide range of 
contaminants.  Some contaminants, such as PCBs, have been extensively studied in marine 
mammals, while limited research has been conducted on identifying concentrations and possible 
impacts of other contaminants. 
 
 The specific contaminant analyses recommended for marine mammals depend on the objectives 
of the study.  Contaminants considered of highest priority because of past concerns over impacts to 
marine mammals are PCBs, chlorinated pesticides  (e.g., DDT and its derivatives), mercury, and 
selenium.  However, historical evaluations of PCB concentrations have not quantified 
concentrations of specific congeners, such as the highly toxic coplanar PCBs.  It is important to 
examine other stable chlorinated hydrocarbons, mostly pesticides, because these lipophilic 
compounds have a high potential for bioaccumulation in marine mammals.  The highly toxic 
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) have only been analyzed 
in a limited number of marine mammals and therefore may be  a priority for additional study. 
 
 The following sections provide some background information relevant to sampling Puget Sound 
marine mammals for different contaminants. 
 
Chlorinated Pesticides and PCBs   
 
 For marine mammals, the contaminants considered of greatest concern include PCBs and 
chlorinated  pesticides .  As described earlier, studies of suspected impacts of contaminants on 
marine mammals in the Wadden Sea and the Baltic Sea have implicated PCBs as a causative agent. 
 DDT and its derivatives were associated with high rates of premature births in California sea lions 
in the Channel Islands (DeLong et al. 1973; Gilmartin et al. 1976).  All of the above contaminants 
can accumulate in extremely high concentrations in the tissues of marine mammals, especially 
coastal pinnipeds and small cetaceans (Reijnders 1980; Risebrough 1978; Wagemann and Muir 
1984).  PCBs include numerous related chemical compounds (i.e., congeners) and were 
commercially produced in a variety of mixtures based on total chlorine content.  Because many 
marine mammals feed high on the food chain, the proportion of different PCB congeners is not 
necessarily similar to those in the original commercial mixtures.  Additionally, some of the PCB 
compounds (i.e., the coplanar congeners) are much more toxic than other forms (Tanabe et al. 
1989).  For these reasons, analyses of PCBs in marine mammals are best conducted by quantifying 
the different congeners present (Duinker et al. 1988). 
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 Historical data on PCBs and DDT in tissues of Puget Sound marine mammals are more extensive 
than for any other contaminants (Calambokidis et al. 1978, 1984, 1988), with data available as far 
back as 1972 (Arndt 1973).  A smaller number of harbor seal samples have been examined for other 
chlorinated hydrocarbons.  Detectable levels of hexachlorobenzene, dieldrin, endrin, 
mirex, heptachlor epoxide, α-hexachlorocyclohexane, ß-hexachlorocyclohexane, 
γ-hexachlorocyclohexane, and a number of chlordane compounds were found (Calambokidis et al. 
1984).  A variety of chlorinated hydrocarbon pesticides were also identified in tissues of a gray 
whale sampled immediately outside Puget Sound (Malins et al. 1984) and in killer whales from 
Washington and British Columbia (Calambokidis et al. 1984). 
 
Dioxins and Furans 
 
 PCDFs and PCDDs are considered to be among the most highly toxic pollutants.  These 
chemicals occur as trace contaminants of PCBs, polychlorinated phenols, etc.  Because PCDFs and 
PCDDs are present in commercial mixtures of PCBs, toxic effects of PCBs determined in 
experiments using commercial mixtures may, in part, be the result of PCDFs and PCDDs.  
Association between PCB concentrations and reproductive problems discussed in previous sections 
could reflect the effects of PCDFs, PCDDs, and PCBs.  Toxic effects attributed to the ingestion of 
PCB-contaminated rice oil in Japan may instead have been caused by PCDFs occurring with the 
PCBs (Kuroki and Masuda 1978). 
 
 PCDFs and PCDDs were identified as contaminants of concern in Puget Sound by 
Konasewich et al. (1982) because of their high toxicity and potential for wide-spread distribution 
throughout Puget Sound.  PCDFs have been detected in Puget Sound sediments (Malins et al. 
1982). 
 
 Research on PCDFs and PCDDs in marine mammals has been limited.  Analysis of samples 
collected through the Stranded Whale and Dolphin Program of British Columbia, and samples from 
the east and Arctic coasts of Canada have shown that harbor porpoise and killer whales from 
southwestern British Columbia have the highest levels of PCDFs and HxCDD (hexachlorodibenzo-
p-dioxin) of 8 species of marine mammals in Canada (Muir and Norstrom 1990).  Rappe et al. 
(1981) found 12 PCDF isomers totaling 0.04 µg/kg in the fat of a grey seal from the Baltic Sea and 
suspected that these contaminants were related to PCB contamination.  Both PCDFs and PCDDs 
were identified in the blubber of seals from Scandinavian waters (Olsson et al. 1988; Oehme et al. 
1988).  PCDFs, which were apparently related to PCB contamination, were detected in the blubber 
of killer whales off the coast of Japan (Ono et al. 1987).  The high cost of analyses for PCDFs and 
PCDDs may prohibit routine analysis for these compounds.  For the reasons described above, 
however, analysis of either a subset or a composite of samples would provide valuable information. 
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Metals and Trace Elements 
 
 Unlike chlorinated hydrocarbons, metals and trace elements occur naturally in the ecosystem 
with varying amounts that can be attributed to human activities.  Konasewich et al. (1982) 
identified seven metals and trace elements of greatest concern to Puget Sound, including mercury, 
arsenic, cadmium, copper, lead, selenium, and silver. 
 
 Mercury concentrations found in tissues of marine mammals from Puget Sound have been 
high compared with concentrations found in other organisms, prompting concerns about the impact 
of this metal.  High concentrations have been found in tissues of harbor seals and killer whales from 
Puget Sound and neighboring areas (Anas 1974b; Northrup 1981; Calambokidis et al. 1984, 1990). 
 Mercury levels in a false killer whale and a killer whale from southern British Columbia have been 
the highest levels recorded in a cetacean world-wide (Langelier et al.  1990).  Marine mammal 
tissues generally contain a low proportion of mercury in the toxic methylated form (Koeman et al. 
1975; Roberts et al. 1976; Smith and Armstrong 1978).  Selenium appears to play a part in the 
detoxification of mercury because of the 1:1 molar ratio of concentrations found in tissues (Koeman 
et al. 1973, 1975; Kari and Kauranen 1978).  Martin et al. (1976) suggested that reproductive 
problems in California sea lions off the coast of southern California may have been more related to 
ratios of mercury, selenium, and bromine than to the absolute concentrations.  These findings 
indicate the importance of testing for methylmercury, selenium, and bromine to allow accurate 
interpretation of total mercury concentrations. 
 
 Other elements previously examined in Puget Sound harbor seals include aluminum, arsenic, 
cadmium, copper, lead, selenium, silver, chromium, manganese, zinc, bromine, iron, rubidium, 
nickel, gallium, and strontium (Calambokidis et al. 1984).  Malins et al. (1984) reported high 
concentrations of aluminum in tissues of a single gray whale from the Strait of Juan de Fuca.  
Baseline concentrations of aluminum are not available for gray whales to evaluate whether these 
levels were elevated compared with the whole population. 
 
Petroleum Hydrocarbons and Metabolites 
 
 The primary concerns over marine mammal exposures to petroleum hydrocarbons have been 
the impacts of direct contact of contaminants with fur, skin, baleen, and eyes (Geraci and St. Aubin 
1980, 1982).  Most of these compounds are metabolized by marine mammals and do not 
accumulate in tissues (Risebrough 1978; Engelhardt et al. 1977).  Geraci and St. Aubin (1982), 
however, report recovering naphthalene from tissues of marine mammals that they examined.  
Metabolites of petroleum hydrocarbons were recovered from urine and bile of seals that were 
exposed to oil (Engelhardt et al. 1977; Engelhardt 1982).  Metabolites of petroleum hydrocarbons 
have also been found in the bile of fish (Krahn et al. 1986). 
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Radionuclides 
 
 Risebrough (1978) reviewed levels of radioactive isotopes found in marine mammals 
throughout the world and reported low, although above background,  levels of radioisotopes.  He 
concluded that radioisotopes may slightly increase levels of mutation in marine mammals, but they 
probably have few other adverse effects.  Tomilin and Smychlyoyov (1970) suspected that 
abnormalities that were noted in the baleen apparatus in some whales were the result of 
radionuclide exposure, although there was no conclusive evidence to support their suspicion.  
Thompson (1988) concluded that existing information is not adequate for evaluating the potential 
impacts of radionuclides on marine mammals. 
 
Other Contaminants 
 
 A variety of other contaminants have been identified in marine mammals but their importance 
is either unknown or is considered minor.  Walker et al. (in preparation) identified tris(chloro-
phenyl)methanol in blubber tissues from Puget Sound harbor seals.  Zitko (1972) found 
bis(2-ethylhexyl) phthalate esters in harbor seals, but concluded that phthalate esters probably have 
little effect on the environment.  Polychlorinated terphenyls have been identified in a variety of 
wildlife, including seals (Jensen and Jorgensen 1983).  Other contaminants may also be  important, 
even if their role in the animal is not known at the present time. 
 
 A variety of metabolites and derivatives of PCBs and DDT have also been identified from 
marine mammals (Jensen et al. 1979; Sundstrom et al. 1975; Bergman and Wachtmeister 1977; 
Jensen and Jansson 1976; Jansson et al. 1975). 
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 RECOMMENDED TISSUE COLLECTION PROCEDURES 
 
 
 A number of constraints exist for the collection of marine mammal tissue that are not typical of 
most other sampling situations.  These constraints are as follows: 
 
 � A concerted short-term collection effort by killing marine mammals  would be 


difficult because of permit restrictions, public opposition, and limited population 
sizes for some species 


 
 � Most procedures for collecting tissue from stranded marine mammals are currently 


conducted without funding; therefore, high material costs for sample collection 
supplies would not be practical  


 
 � Logistical problems related to access to and disposal of whales often restricts the 


type of sampling activities 
 
 � The inability to move large animals sometimes requires sampling to be performed 


under variable and often adverse conditions 
 
 � The need for  background training in the anatomy of marine mammals. 
 
     For these reasons, the guidelines in this protocol attempt to allow some flexibility in the recom-
mended collection materials and procedures outlined in this protocol, while still ensuring proper 
collection and storage.  For each sampling aspect discussed below, recommended and alternate 
acceptable procedures are given. 
 
 
CARCASS CONDITION 
 
 For many stranded marine mammals, accurate information is not available on the length of 
time between death and necropsy.  The best sources of fresh samples for which this information is 
usually known include: 1) animals killed for scientific sampling or incidental to commercial 
fishing, 2) biopsy samples of live animals, 3) live stranded animals that later die, and 4) animals 
recovered from active beach searches at locations where deaths occur naturally (e.g., pinniped 
rookeries during the pupping season).  Occasionally, information on time of death is also available 
from sightings of identified individual animals (e.g., gray whales) prior to their death. 
 
     The effect of postmortem changes on contaminant concentrations varies by tissue and contami-
nant.  Chlorinated hydrocarbon concentrations in blubber, for example, have been found to be fairly 
stable even after a prolonged postmortem delay in sampling.  Liver tissue, however, deteriorates 
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more rapidly (particularly in an ongoing disease state) and is the site of postmortem alterations of 
some contaminants. 
 
     A number of criteria can be used in evaluating the condition of an animal with an unknown time 
of death.  However, these criteria do not identify the exact time of death and vary depending on 
factors such as species, condition, and temperature.  Criteria generally indicating recent death 
include: 
 
 � No evidence of postmortem tissue degeneration, discoloration, or autolysis (tissue 


breakdown due to postmortem action of enzymes) on gross examination 
 
 � Good tissue condition revealed by histological examination (if histological analysis 


is subsequently performed in the lab) 
 
 � No signs of scavenging, especially of the eyes 
 
 � No bloating 
 
 � Presence of rigor mortis (usually occurs 6-24 hours after death) 
 
 � Skin/hair not sloughing 
 
 � Baleen intact and firmly attached (mysticete whales). 
 
 The condition of an animal is critical information that should be recorded for all animals 
sampled.  Categories for defining the acceptability of animals for sampling are provided below: 
 
 � Preferred:  Animal is alive or known to have died within 24 hours prior to necropsy. 
 
 � Acceptable:  Time of death is not known or is greater than 24 hours prior to necropsy 


and animal meets all the factors that indicate recent death (listed above). 
 
 � Conditional:  Animal does not meet all criteria that indicate recent death (listed 


above), however, organ sampled is intact and clearly identifiable.  Analytical results 
from these animals should not be interpreted unless the interpretation considers any 
postmortem changes that may affect the contaminant concentrations.  Concentrations 
of stable chlorinated hydrocarbons in blubber, for example, may be reliable even in 
these animals. 


 
 � Unacceptable:  The sampled tissue does not meet any of the criteria listed above. 
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SAMPLE CONTAINERS 
 
  PSEP guidelines recommend containers made of borosilicate glass or polytetrafluroethene 
(Teflon®) for organic analysis (PSEP 1989a) and containers made of borosilicate glass or linear 
polyethylene for metals analysis (PSEP 1989b).  Glass containers are recommended for marine 
mammal tissue samples because they are acceptable for both organic and metals analysis.  Although 
glass containers should have a teflon-lined cap, foil-lined caps are acceptable for organic analysis.  
Sample jars should be cleaned with detergent, rinsed with tap water, soaked in acid (1:1 
hydrochloric or nitric acid), rinsed with metal-free water, and rinsed again with high purity 
methylene chloride or methanol (PSEP 1989a,b).  Sampling implements and containers for other 
tissue collections, such as biopsies of blood or blubber, should be cleaned in the same manner. 
 
 Containers should be kept capped and sealed after cleaning and prior to sample collection.  
Handling of containers should be kept to a minimum and the inside of the container should not be 
touched by anything other than the sample. 
 
 Sample container blanks should be kept for each series of samples collected in a given set of 
similar containers (see QA/QC Activities).  Details on how sample containers were cleaned and 
handled prior to sampling should be recorded on the sample data sheet (see Appendix A). 
 
 
SAMPLING EQUIPMENT 
 
 The following sample collection equipment is recommended for collection of most marine 
mammal tissue samples: 
 
 � Sample collection containers (see above) 
 
 � Large stainless steel knife or flensing knife for opening body cavity of large animals 
 
 � Stainless steel knife 
 
 � Stainless steel scalpel blades and handles 
 
 � Stainless steel forceps 
 
 � Stainless steel surgical scissors 
 
 � Gloves (non-powdered, vinyl). 
 
  Teflon-handled titanium knives are ideally suited for collection of tissues (Becker et al. 1988; 
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Lauenstein et al. 1987) but are not easily available. 
 
 Clean non-powdered vinyl gloves should be worn by all sampling personnel.  Sampling gloves 
should be changed in between external examination and cutting (i.e., a new pair of gloves should be 
worn after opening the body cavity and before sampling internal tissues). 
 
 Extreme care should be taken to keep sampling implements clean prior to sample collection.  
Implements should be washed free of any adhering tissues and blood with water, rinsed with 
distilled/demineralized water, and then rinsed with methanol, isopropanol, or methylene chloride 
(this chemical should be handled with caution and recovered if used).  New scalpel blades should 
be used and rinsed with methylene chloride prior to the collection of each tissue sample.  After 
cleaning, gloves and sampling equipment should not come in contact with any surface (e.g., the 
ground, necropsy kit, etc.). 
 
 Cross-contamination between tissues should be avoided.  This is particularly important after 
blubber tissue has been handled for chlorinated hydrocarbon sampling.  The scalpel and forceps 
should be cleaned after taking each sample.  All tissue surfaces that come into contact with 
implements that were not cleaned (e.g., blubber when the body was opened) should be cut away 
with clean implements.  The sample should not come into contact with the outside of the sampling 
container or the ground. 
 
 
SAMPLE COLLECTION 
 
 
General Specifications 
 
 All sampling information should be written on field data sheets.  This should include 
information on what samples were collected, the sampling conditions, and how samples were 
collected, along with all ancillary data.  Examples of field data sheets are presented in Appendix A. 
 
 Animals should not be frozen prior to dissection.  Freezing and thawing could cause damage to 
organs, fluid loss, and cross-contamination between tissues.  Blubber samples should be taken from 
the mid-ventral region, preferably above the sternum.  Blubber samples should be a cross section of 
the blubber layer (inside to outside).  Orientation of the blubber sample may be needed for some 
analyses.  A small piece of muscle or skin could be left on to accomplish this. 
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 For all samples, it is important to sample the same portion of the liver because of possible 
variation in contaminant concentrations within this tissue.  The posterior portion of the left anterior 
lobe of the liver is recommended for all pinniped samples, and the posterior portion of the left lobe 
is recommended for cetaceans.  Sampling personnel should be careful not to rupture the gall 
bladder when taking the liver tissue from pinnipeds, and samples exposed to bile should be 
rejected.  In some cases it may be desireable to take large enough samples so that subsampling can 
later performed in the laboratoary under controlled conditions. 
 
 Other organs selected for study should also be sampled at a constant location.  Procedures and 
locations for sampling tissues should be described on the field data sheets. 
 
 Approximately 100 grams of each tissue should be collected for analysis.  If different types of 
analyses are to be conducted by separate laboratories, then separate 100-grams samples should be 
taken from the same body location.  For blood samples, a sample size of 40-60 cm3 should be 
collected. 
 
 
Procedural Steps in Sample Collection From Dead Specimens 
 
 Because of the range of species, specimen conditions, field conditions, and levels of ancillary 
data collected for marine mammal sampling, the following steps focus primarily on procedures for 
collecting samples for contaminant analyses. 
 
 1. Record species and location information. 
 
 2. Conduct external examination of carcass, determine sex, take external measurements 


(including standard length), and record all other ancillary data related to external 
condition. 


 
 3. Make an incision over the sternum, midway between the axillae, through the skin 


and blubber.  Measure the thickness of the blubber.  Note appearance of the blubber 
and whether oil is leaching from it.  Cut open the abdominal cavity to determine 
carcass condition.  Examination of cetacean samples may require incision and 
sampling through the left lateral body wall, as recommended by Becker et al. (1988). 


 
 4. Wearing clean gloves, sampling personnel should clean sampling implements.  After 


cleaning, gloves and sampling equipment should not come into contact with any 
surface (e.g., the ground, necropsy kit, etc.)  Remove blubber sample from the 
sternum region with a knife or with a scalpel and forceps.  Place 100 grams of 
sample into a sampling container.  The sample should not come into contact with the 
outside of the sampling container or the ground. 
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 5. Label the sampling container, place the sample in a cooler on ice, note sampling 
location and time, and clean implements (wash with distilled water, change scalpel 
blade, rinse with distilled water, and rinse with methylene chloride). 


 
 6. Using a knife or clean scalpel, open the abdominal cavity to expose the liver.  If 


using sampling implements to perform this task, then reclean them after use.  Note 
the general appearance of the liver and examine it for abnormalities.  If a necropsy is 
performed for determining the cause of death, it should be conducted by qualified 
personel. 


 
 7. Sample the posterior portion of the left anterior lobe of the liver in all pinnipeds and 


the posterior portion of the left lobe of the liver for cetaceans.  Collect 100 grams of 
sample into the sampling container.  The sampler should be careful not to rupture the 
gall bladder during sampling the liver; samples exposed to bile should not be 
collected.  The sample should not come in contact with the outside of the sampling 
container or the ground. 


 
 8. Label the sampling container, place the sample in a cooler on ice, note sampling 


location and time, and clean implements (wash with distilled water, change scalpel 
blade, rinse with distilled water, rinse with methylene chloride). 


 
 9. To sample other tissues, follow the cleaning and sampling procedures described 


above.  It is important to avoid cross-contamination among different tissues; 
sampling implements must be cleaned thoroughly after cutting and after each 
sampling.  Note the condition and general appearance of the tissue, sampling 
locations, and the procedures specific to each tissue (e.g., if brain tissue is sampled, 
note what part of the brain and how the skull was opened). 


 
 10. During internal examination, evaluate carcass condition and confirm sex. 
 
 11. Collect other samples (e.g., histopathology and microbiology) and all other ancillary 


data specific to the project (see Collection of Supporting Data).  For example, both 
stomach contents and fecal material might be sampled to determine contaminant 
loading in the digestive tract. 


 
 
Sampling Recommendations for Live Animals 
 
 Several techniques are available for nonlethal sampling of live animals for contaminants.  
These methods have major limitations in the kind and amount of tissue that can be collected.  
However, several major advantages of sampling live animals as opposed to stranded carcasses exist, 
such as 1) apparently healthy animals can be sampled, 2) specific animals can be selected for 
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sampling, 3) a larger number of animals can be sampled, and 4) identified individuals can be 
sampled at a later date. 
 
 Tissues that have been sampled for contaminants from live marine mammals include blubber, 
blood, and hair.  Other tissues may also be sampled from live animals, but these have not been 
sampled extensively in the past. 
 
 
 Blubber Biopsy—Two methods are available for biopsy sampling of blubber.  For animals 
that can be handled, such as pinnipeds, a biopsy needle can be used to take a small sample of 
blubber (Slatter 1985).  For larger animals, such as whales, a biopsy dart can be used to take a plug 
of skin and blubber (Lambertson 1987). 
 
 Recently, researchers have used whale biopsy samples for several different purposes.  Baker et 
al. (1990) examined differences among stocks of marine mammals using mitochondrial DNA, 
while Lambertson et al. (1988) and Baker et al. (in preparation) determined the sex of individual 
whales.  Hoelzel and Amos (1988) used newly developed DNA fingerprinting techniques for these 
purposes.  These techniques have used the skin from the biopsy plug; blubber tissue is usually 
available from the same plug. 
 
 Blubber biopsy samples are most valuable for examining organic contaminants that 
accumulate in this tissue.  Blubber samples can also be used for lipid analyses.  Sampling consider-
ations, containers, and precautions described above for sampling organics must be followed.  
Several additional concerns with this technique exist.  For example, biopsy dart samples typically 
are exposed to salt water after they have hit the whale.  This could present a contamination problem 
if the surface water microlayer is highly contaminated.  Removing the outermost portion of the plug 
that comes into contact with the water would decrease this problem, but it would also reduce the 
already limited size of the available sample.  Additionally, biopsy samples usually do not sample all 
layers of the blubber.  This is a problem for sampling whales because variations in the lipid and 
contaminant contents in different layers of blubber have been found (see Factors Affecting 
Contaminant Concentrations in Marine Mammals). 
 
 
 Blood Samples—Whole blood from marine mammals has been used for examining both 
chlorinated hydrocarbons (Tanabe et al. 1981; Risebrough 1978; Kurtz and Kim 1976; Kawai et al. 
1988) and metals (Kim et al. 1974; Honda et al. 1982).  Concentrations of contaminants in blood 
were far lower than the concentrations found in most soft tissues.  For some contaminants, values in 
blood were below detection limits even though concentrations of contaminants were detectable in 
other tissues.  This problem is further complicated when sampling live animals due to the limited 
volume of blood that can be collected practically. 
 
 The low concentrations in blood require that special caution be taken to avoid contamination 
of these samples.  One potential source of contamination is anticoagulants that are sometimes added 
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to blood and sampling syringes. 
 
 
 Other Tissue—Some limited examinations of other tissues have also been used that might be 
suitable for live animals.  Hair has been used to examine concentrations of some metals in 
pinnipeds (Freeman and Horne 1973; Kim et al. 1974; Braham 1973; Sergeant and Armstrong 
1973). 
 
 
SAMPLE STORAGE 
 
 Sample storage and holding times should be in accordance with PSEP guidelines for organics 
(PSEP 1989a) and metals (PSEP 1989b).  All samples should be stored in a freezer at �20°C or 
below until analysis.  Storage time and temperature records, along with any variations or periods of 
storage at higher temperatures, should be maintained.  Acceptability of periods of storage above �
20°C depends on the tissue and contaminants being evaluated (see Recommended Tissue Collection 
Procedures). 
 
 The maximum holding times for tissues recommended by PSEP guidelines are 1 year for 
organics (with the exception of volatile organic compounds, which have a maximum holding time 
of 14 days), 28 days for mercury, and 2 years for all other metals.  Samples held for longer periods 
may be suitable for analysis of some contaminants, but suitability should be evaluated based on the 
contaminants being tested and then described in a report presenting results for these samples. 
 
LABELING 
 
 Each sample container should, at a minimum, be labeled with the following information: 
 
 � Animal ID number - including collector identification and number 
 
 � Species 
 
 � Tissue - duplicate samples should be numbered sequentially 
 
 � Date collected 
 
 � Collection site. 
 
 Animal ID numbers should provide an unambiguous reference to the data sheet that contains 
other pertinent information on the sample.  Labels should be written with waterproof ink and 
securely attached to the outside of each sample container. 
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SHIPPING PROCEDURES 
 
 The goal of the shipping procedure is to prevent samples from thawing and sample containers 
from breaking during shipment.  Preferably, samples enroute to the analytical laboratory would be 
packed in dry ice.  However, if delivery time is short (less than 6 hours, depending on ambient 
temperatures), then samples could be delivered in coolers filled with ice.  If sample delivery will 
take longer or if samples are sent by overnight courier, they must be packed with dry ice.  If thawing 
occurs, it should be noted by the receiving laboratory, and procedures should be altered so that 
thawing will not occur in the future. 
 
 NMFS should be notified of any transfer of marine mammal tissues.  Shipment into or out of 
the U.S. of any endangered or threatened species, as listed in appendix I of the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES), requires a CITES 
permit from the U.S. Fish and Wildlife Service in addition to the permits required under the MMPA 
and the Endangered Species Act. 
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 COLLECTION OF SUPPORTING DATA 
 
 
 The interpretation of contaminant concentrations observed in marine mammals is facilitated by 
the collection of supporting data from the sampled organisms.  The types of required supporting 
data depend on the objectives of each study.  However, it is recommended that as much supporting 
data as possible should be gathered to aid in later interpretation of the observed contaminant 
concentrations. 
 
 
ESSENTIAL INFORMATION 
 
 The minimum amount of data considered essential for sampled animals includes the 
following:  date, species, location of stranding, condition of carcass (state of decomposition), 
standard length, sex, and blubber thickness.  As discussed earlier, age class (derived through length 
and other aging techniques), sex, reproductive condition of females, and condition of stranded 
animals (pre- and postmortem) are relevant for interpretation of contaminant levels.  Measurement 
locations are shown in Figure 4.  Detailed explanations of this necessary information are provided 
below. 
 
 
Date and Time 
 
 The date and time of death (if known) and tissue collection should always be recorded. 
 
 
Species 
 
 If the species identification of the marine mammal sampled is uncertain, standard taxonomic 
guides should be used to correctly identify the animal.  These guides should be particularly good in 
describing characteristics of dead marine mammals.  For cetaceans, suggested guidebooks include 
Whales, Dolphins, and Porpoises of the Eastern North Pacific and Adjacent Arctic Waters 
by Leatherwood et al. (1982) and The Sierra Club Handbook of Whales and Dolphins by 
Leatherwood and Reeves (1983).  For the more common marine mammal species in this region, the 
recommended guidebook is A Guide to Marine Mammals of Greater Puget Sound by Osborne et al. 
1988.  If species identification is still tentative after using guides, it is important to photograph the 
carcass and provide a detailed narrative description. 
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Figure 4    Page 35   Measurement locations for marine mammals 
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Sampling Location  
 
 The description of the location where the specimen was collected should be specific to allow 
accurate relocation, but it should also be general enough so that it is informative for investigators 
who are unfamiliar with the area.  Latitude and longitude information are best, preferably to the 
nearest tenth of a minute.  If that is not possible, it is acceptable to describe the name or physical 
description of the area, the distance and direction to the nearest town or well-known landmark, and 
the county. 
 
 
Condition of Carcass 
 
 The condition of the carcass should be evaluated using the factors listed previously (see 
Recommended Tissue Collection Procedures). 
 
 
Standard Length 
 
 For pinnipeds, sampling personnel should measure (in cm) the carcass on its back (ventrum 
up), then straighten the carcass as much as possible and measure the straight-line distance from the 
snout to the tip of the tail flesh (Figure 4; Scheffer 1967).  For cetaceans, sampling personnel should 
measure the carcass on its stomach (dorsal side up), then measure the straight-line distance from the 
tip of the upper jaw to the deepest part of the fluke notch (Figure 4).  For any species, if the carcass 
is too large to roll or straighten, this length should be measured the best possible way and the 
method used noted (Fay et al. 1979). 
 
 
Sex 
 
 The sex of pinnipeds should be determined by examining the ventrum posterior to the 
umbilicus for the presence of two mammary nipples for females or a penile aperture for males.  For 
cetaceans, the genital slit is closer to the anus in females than in males.  Some male cetaceans have 
accessory mammary grooves, which can make using this trait for identification of gender 
inaccurate. However, the best diagnostic technique is to insert a probe into the genital slit; the probe 
will pass anteriorly into the slit for females and posteriorly only for males (Fay et al. 1979).  
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Blubber Thickness 
 
 The thickness (in cm) of the blubber (skin not included) over the posterior end of the sternum 
(xiphoid cartilage) should be measured using a ruler (Scheffer 1967; Fay et al. 1979).  Again, it 
should be noted whether the blubber appears decomposed and if oil is leaching out.  Geraci and 
Lounsbury (1993) present a method for measuring blubber thickness wich minimizes biases. 
 
 
OTHER USEFUL INFORMATION  
 
  The collection of other information is strongly recommended when possible.  Appendix A 
provides field data sheets that prompt the collector for this information and identify other samples 
for collection.  These data are described in the following sections. 
 
 
Photographs 
 
 Photographs are valuable to document species identification (particularly with unusual 
species), general condition, and gross abnormalities or lesions.  Additionally, with species where 
photo-identification studies have been conducted, photographs of natural markings (if available) 
could reveal valuable information on the individual whale's history and feeding habits.  For killer 
whales, photographs should be taken of the dorsal fin and saddle patch just posterior to the dorsal 
fin; for gray whales, photograph the sides near the dorsal hump; for humpback whales, photograph 
the ventral side of the tail-fluke and the dorsal fin; and for minke whales, photograph the dorsal fin 
region.  Photo-identification studies of these species are currently being conducted by a number of 
investigators in Puget Sound. 
 
 
Axillary Girth 
 
 The circumference of the body should be measured (in cm) just posterior to the fore flippers or 
fins (Figure 4).  The girth measurement provides more information on the condition of the animal.  
When it is not possible to measure the girth of large cetaceans, an estimate or half girth should be 
recorded and measurement techniques should be noted. 
 
 
Weight 
 
 Determine the weight (in kg) of marine mammals when possible.  It should be noted whether 
the recorded weight is an estimate or an accurate value. 
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Fluke Width and Other Measurements for Cetaceans 
 
 Fluke width measurements can be used to double-check the length measurement in some 
cetaceans.  Measure the straight-line distance between the flukes (Figure 4).  Several other measure-
ments should be taken on all cetaceans if time permits.  A list of the measurements used by the Los 
Angeles County Museum of Natural History is presented in Appendix A. 
 
 
Gross Abnormalities, Injuries, Lesions, and Parasites 
 
 This information may provide more information about the condition and cause of death of the 
animal sampled.  Gross abnormalities, injuries, lesions, and parasites should be described and 
quantified when possible.  In addition, abnormalities should be sampled for histological 
examination, if possible (see below).  Carcasses should be examined for signs of entanglement (net 
markings) and bullet wounds.  Any observed parasites should be collected, fixed in formalin, and 
preserved in ethanol for examination and identification by specialists.  Parasites can also be 
preserved in alcohol for genetic analyses. 
 
 
Histology 
 
 Samples collected for histopathological examination can provide information on the condition 
of the animal before death and the cause of death.  Small sections of tissues, approximately 10×5×4 
mm [tissues should be no thicker than 4 mm (Luna 1968)], should be sampled from carcasses that 
have not been frozen previously. Some investigators feel that in dealing with larger cetacea, a larger 
sample could be taken in the field and pared down in a laboratory setting providing the material is 
handled properly and expeditiously. Also, some samples collected for histology from frozen animals 
may be valuable for determining cause of death if gross lesions are present.  Tissues should include 
skin, heart, liver, kidney, spleen, lung, stomach, intestine, lymph nodes, thymus, thyroid, adrenal 
gland, and brain.  Multiple (3-4) samples should be collected from different areas of each organ and 
should include one or more cross sections of abnormalities (including both normal and abnormal 
tissue).  Gross observations of all abnormalities should be described.  All samples should be 
collected in a jar or whirl-pac and fixed with 10 percent buffered formalin, with a minimum of a 
1:10 ratio of tissue to liquid volume (Fay et al. 1979; Luna 1968).  Samples should not be allowed 
to dry.  For prolonged storage, samples should be transferred to a 70-percent solution of ethyl 
alcohol after 48-72 hours of fixation.  Most fluid can be drained after fixation is complete, usually 
48-72 hours (Fay et al. 1979; Luna 1968).  Histological samples should be stored at room tempera-
ture and should not be frozen.  It is advisable that histological analysis be performed to validate 
tissues that are taken for chemical analysis. 
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Reproductive Condition 
 
 For adult females, notes should be taken on signs of pregnancy, lactation, and size and 
condition of the ovaries and reproductive tract.  Ovaries can be examined and collected for more 
specific information on reproductive history (Miller et al. 1978; Bishop 1967; Bigg 1969; Melin 
et al. in press).  For males, the testes and epididymis should be weighed and measured, and the 
epididymis should be examined for the presence of sperm (Bigg 1969; Green 1972; Melin et al. in 
press). 
 
 
Stomach Contents 
 
 Information on any contents in the digestive tract can be useful; the degree of fullness should 
be noted.  Additionally, contents can be examined, collected, and screened to determine prey items. 
 For piscivorous marine mammals, all identifiable remains (e.g., whole fish or seaweed) should be 
identified.  Other remains should be frozen until screening and then preserved either dry or in 
alcohol [formalin can destroy otoliths from fish and statoliths from squid (Heyning, in press)].  It 
may be worth considering collecting whole fish or stomach fluids for biotoxin analyses. 
 
 
Sample Collection For Aging 
 
 For pinnipeds, an upper canine tooth should be collected for age determination.  This can best 
be done by removing the entire skull for later tooth extraction or by using a hack saw to remove the 
snout, cutting just anterior to the eye orbit.  Details of canine extraction from the upper maxilla are 
described in Becker et al. (1988).  For odontocetes, the skulls should be collected and the teeth can 
be removed later for aging.  For mysticetes, the length of the longest baleen plate should be 
measured and several plates should be collected by cutting at the gum line. 
 
 
Information on Age of Neonates 
 
 For newborn animals, the following information is helpful in assessing age and condition and 
whether the animals were stillborn or born prematurely:  length, blubber thickness, condition of the 
umbilical cord, a description of tooth development, description of pelage and the presence of any 
lanugo coat for harbor seals, signs of lung aeration, and stomach contents. 
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Cause of Death 
 
 Information from macroscopic and microscopic examinations should be used by a trained 
pathologist to try to determine the cause of death.  This should include the primary and contributing 
causes; if none are apparent, the cause of death should be noted as undetermined.  Studies on the 
cause of death of marine mammals in the wild have been reported by Stroud and Roffe (1979); 
Calambokidis and Gentry (1985); Steiger et al. (1989); and Dieter (in press).  For harbor seals pups, 
Steiger et al. (1989) characterized premature pups using the early timing of birth, standard length, 
and presence of lanugo coat; emaciated pups were characterized by a blubber thickness of ≤5 mm. 
 
 
ANCILLARY DATA 
 
Microbiology 
 
 Samples for microbiological analyses (i.e., bacteriology, virology, and mycology) should 
generally only be collected from animals that are freshly dead, because postmortem spread of these 
pathogens occurs quickly.  Acutely dead animals break down more slowly.  If samples are collected 
from animals that are not freshly dead, these should be restricted to walled-off areas (i.e. from 
within abscesses).  Aseptic techniques are necessary and are described by Fay et al. (1979).  Special 
culture techniques may be required for particular microorganisms. 
 
 
Examination for Natural Toxins 
 
 Recent marine mammal mortalities have been linked to exposures to naturally occurring 
dinoflagellate toxins.  Humpback whales died in Cape Cod Bay after eating Atlantic mackerel that 
contained saxitoxin (Geraci et al. 1989), and the mass mortality of bottlenose dolphins along the 
U.S. Atlantic Coast in 1987-1988 was suspected to be caused by exposure to brevetoxin (Geraci 
1989).  In Puget Sound, paralytic shellfish poison (PSP) is present, but research has not been 
conducted to identify its potential effects on marine mammals.  The primary method for identifying 
exposure to these toxins is through testing of stomach contents using mouse bioassay (AOAC 
1984) and high performance liquid chromatography (Sullivan and Wekell 1988).  Liver samples 
might also be used for biotoxin analysis. 
 
Genetic Studies 
 
 Information from examination of skin, blood, eyes, and other tissues can be used in genetic 
studies of marine mammals (see, for example, Duffield et al. 1983 and Baker et al. 1990).  The 
primary relevance of these studies with respect to tissue contaminants is in identifying the 
discreteness of marine mammal populations for interpretation of any geographic differences in 
contamination. 
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 QA/QC ACTIVITIES 
 
 
 The following procedures should be performed to ensure sample quality: 
 
 � Maintain a record of all procedures used during sample collection as a part of the 


data sheet for the sample 
 
 � Record descriptions of sample containers and implements that came into contact 


with the sample, including how they were cleaned. 
 
 � Keep a container blank sample for each set of tissues collected, using the same 


procedures 
 
 � Subsample any interior (unexposed) portions of samples collected 
 
 � Maintain a record of the chain of custody of the tissue samples and the conditions 


under which they were transferred and stored (see Appendix A for an example of a 
chain-of-custody form). 


 
 � Follow PSEP (1989a,b) guidelines for chemical analyses. 
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 DATA REPORTING 
 
 
 The following information should be reported when collecting marine mammal tissue samples: 
 
 � A record of all marine mammals examined, the tissues collected, and the disposition 


of animals and tissue, submitted to NMFS as part of the requirements of marine 
mammal research permits or for participants  in the Northwest Marine Mammal 
Stranding Network. 


 
 � A log of all field activities to sample marine mammals. 
 
 � A marine mammal field data sheet (see Appendix A), completed for each animal 


examined. At a minimum, the field data sheets should include the ID number, date, 
location, sampling personnel, species, sex, standard length and other measurements, 
condition, results of external examination, tissues examined and condition, tissues 
sampled and sampling procedures used, sample storage conditions, and other 
ancillary data collected. 


 
 � The information on chemical analyses identified in PSEP (1989a,b) guidelines. 
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       NECROPSY/SAMPLING SHEET 
A. General Information 
Species:   _________________________________  Common name:___________________ 
Location:  ____________________________________________________________________ 
Lat/Long:  _____________________________________  County:    ___________________ 
Date/time collected:  ____________________________  Sampled:  __________________  
Contact  name/# :  ______________________________  Referred by  ________________ 
Chief scientist:  _________________________________  Team:  _____________________ 
Photographs:   no   yes: roll:  _________________          Frames:  _________________ 
Comments:  _________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
B. External Examination 
Condition of carcass: 
live_____/preferred_____/acceptable_____/conditional_____ /unacceptable_____ 
Evidence of scavenging?_____  rigor mortis?_____  bloating?_____ 
     skin sloughing?_____  baleen intact? (for mysticetes)_____ 
Describe:  ___________________________________________________________________ 
Weight:  Weighed  __________ kg   Estimated  __________ kg 
Std length  __________ cm 
Axillary girth  __________  cm 
Sternal blubber thickness  __________  cm 
Notes on measurements:  _____________________________________________________ 
Sex: Male _____  Female _____  Undetermined _____ 
Estimated age class:  ___________________________ 
External lesions/injuries/scars: post-mortem?____________________________________ 
______________________________________________________________________________ 
Parasites: examined __________  Description and location:  _______________________ 
______________________________________________________________________________ 
For pups or calves: 
 umbilical cord (length and condition):  ____________________________________ 
 tooth development:  ____________________________________________________ 
 presence of lanugo hair (harbor seals):% and loc  _________________________ 
Other comments on external condition:  ________________________________________ 
______________________________________________________________________________ 
 
C. Other Reporting Information 
Samples collected:  no      yes:      list  _________________________________________ 
Carcass disposition:  __________________________________________________________ 
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D. Gross Internal Examination 
 [This section should only be filled out by personnel trained to recognize conditions and 


abnormalities.]   
General appearance of organs: (note signs of post-mortem degeneration) 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
Type of examination:  Detailed_____  Cursory_____  None_____ 
Organs/tissues examined:        Notes on conditions/abnormalities: 
_____    umbilicus ____________________________________________________________ 
_____    liver  ____________________________________________________________ 
_____    spleen ____________________________________________________________ 
_____    stomach: contents ________________________________________________________  
_____    intestines ____________________________________________________________ 
_____    pancreas ____________________________________________________________ 
_____    kidney ____________________________________________________________ 
_____    adrenals ___________________________________________________________  
_____    gonads ____________________________________________________________ 
_____    trachea: contents ______________________________________________________ 
_____    esophagus: contents ______________________________________________________ 
_____    thyroid ____________________________________________________________ 
_____    lungs: for neonate: aerated  ________________________________________________  
_____    heart    ____________________________________________________________ 
_____    lymph nodes: ____________________________________________________________ 
             list:  ____________________________________________________________ 
   ____________________________________________________________ 
   ____________________________________________________________ 
   ____________________________________________________________ 
   ____________________________________________________________ 
_____   skull  ____________________________________________________________ 
_____   brain  ____________________________________________________________ 
_____   other  ____________________________________________________________ 
Notes on reproductive condition:  __________________________________________________  
  for females: lactating_____  pregnant_____ 
 
CAUSE OF DEATH: 
Primary:  __________________________ Contributing:  ____________________________ 
How determined:  ____________________________________________________________ 
______________________________________________________________________________ 
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E. Samples for Toxicology 
 
Sampling conditions (incl. temperature):  _______________________________________ 
______________________________________________________________________________ 
 
 
Sample history: (list date,time,other information) 
Estimated time dead:  _________________________________________________________ 
Carcass found:   Date:  ____________________  Time:  __________ 
Carcass on ice:  Date:  ____________________  Time:  __________ 
Sampled:           Date:  ____________________  Time:  __________ 
Samples frozen: Date:  ____________________   Time:  __________  Temp:  ________ 
Samples moved to storage freezer: 
            Date:  ____________________   Time:  __________  Temp:  ________ 
                   
Type of containers/lids used: 
 
Tissue    Container type     Body location        Lab        Remarks 
______________________________________________________________________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
F. Other Samples Collected:   Storage Location: 
 
Stomach with contents collected:  _____________________________________________ 
Stomach contents only collected:  _____________________________________________ 
Parasites:  ____________________________________ 
Canines:    ____________________________________ 
Skull:         ____________________________________ 
Gonads:    _____________________________________ 
Other notes on collection:_____________________________________________________ 
______________________________________________________________________________ 
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G. Histology (in 10% buffered formalin) 
 
Pathology laboratory:  ________________________________________________________ 
 
Tissue                  Describe (abnormalities, condition) 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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1.CETACEA DATA RECORD 
 


Catalog No______________________ 
Field No________________________ 


 
Species ________________________  Sex_____  Length__________ Condition_________ 
Observer ___________________Date of occurrence ______________  of data _________ 
Locality ______________________________________________________________________ 
Latitude  and Longitude _________________________ Reported by _________________ 
Photographs/Drawings ________________________________________________________ 
Circumstances, cause of death ________________________________________________ 
______________________________________________________________________________ 
External description ___________________________________________________________ 
______________________________________________________________________________ 
Tooth/baleen count: erupt _____ total _____ up L _____ up R _____ low L _____  
   low R _____ 
Diameter largest tooth/length longest baleen plate __________ baleen color __ ______ 
 
 
 
MEASUREMENTS    (specify units ____________________) 
  1 total length....................... __________   26  flipper length, anterior*  _________ 
  2 snout to anus.................. __________   27  flipper length, posterior* _________ 
  3 snout to genital slit......... __________   28  flipper width, maximum* _________ 
  4 snout to umbilicus........... __________   29  length mammary slits-right _________    
  5 snout to throat grooves...... __________              length mammary slits-left _________ 
  6 snout to dorsal fin tip....... __________   30  number of mammary slits _________ 
  7 snout to ant. dorsal fin....... __________    31  length genital slit   _________ 
  8 snout to flipper................ __________               length anal slit   _________ 
  9 snout to ear................... __________   32  perineal length (males)  _________ 
10 snout to eye................. __________   33  fluke width*    _________ 
11 snout to gape............... __________   34  fluke depth*, lobe*   _________   
12 snout to blowhole(s).....  __________                          notch*       _________  
13 snout to melon apex.....  __________   35  fluke notch depth*   _________ 
14 eye to ear*...........   __________   36  dorsal fin height   _________ 
15 eye to gape*.................. __________   37  dorsal fin base length  _________ 
16 eye to blowhole edge, L*... __________   38  girth at eye*    _________   
17 eye to blowhole edge, R*... __________   39  girth at axilla*    _________ 
18 blowhole length_____width* __________   40  girth, maximum*   _________ 
19 diameter ear opening..... __________   41  girth at anus*    _________ 
20 head diameter at eyes*.... __________   42  girth midway anus to notch _________   
21 length of eye opening..  __________   43  height same place*   _________ 
22 rostral width, melon apex* __________   44  thickness same place  _________ 
23 projection up/lower jaw.. __________   45  blubber thickness, dorsal _________ 
24  number of throat grooves __________   46  blubber thickness, lateral _________     
25  length of throat grooves __________   47  blubber thickness, ventra _________  
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 REPRODUCTIVE SYSTEM 
 
Female 
ovaries:  weight R           L            dimensions (LxWxD)       R            L              
uterus:  immature              mature             uterine horn width R            L               
number corpora albicantia              , corpora lutea                  diameter CL             
mammary gland:  color          ,  length          , width         , depth          , 
 milk?       pregnant?                    
fetus:  length             , sex                  , weight                  
vagina length                                                 , number of vagina folds      
            
Male 
testes:  weight with epididymis R             L           , without R            L                 
dimensions ( LxWxD)              R             L                      ,   
penis length              
sperm in epididymis?                             
 
STOMACH CONTENTS 
 
fore:  volume         fish         bones         otoliths          squid           beaks           


main:  volume        fish         bones         otoliths          squid           beaks       


pyloric: volume       fish         bones         otoliths          squid           beaks            general remarks  
                                                                                                                                                            
                                                          


            
 







A-7


PROJECT SAMPLERS:


SAMPLE NO. SITE DATE TIME SAMPLE MATRIX REMARKS


TAG NO.


RELINQUISHED BY: RECEIVED BY: DATE   /   TIME


RELINQUISHED BY: RECEIVED BY: DATE   /   TIME


RELINQUISHED BY: REC'D BY MOBILE LAB FOR FIELD ANALYSIS: DATE   /   TIME


DISPACTCHED BY: DATE / TIME REC'D. FOR LAB BY: DATE   /   TIME


METHOD OF SHIPMENT:


DISTRIBUTION: ORIGINAL & ONE COPY - ACCOMPANY SHIPMENT


ONE COPY - SURVEY COORDINATOR FIELD FILES


CHAIN OF CUSTODY RECORD
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COP Circle-Of-Position 
CTD Conductivity, Temperature, Depth (Instrument) 
DGPS Differential Global Positioning System 
DMMO Dredged Material Management Office 
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DEFINITIONS 
 
The following terms are defined only to the extent of how they are used in this document.  It is 
understood that fuller definitions may exist elsewhere in some cases. 
 
absolute (predictable) accuracy  - the positional accuracy with respect to geographic or geodetic 


coordinates. 
backsight  - a visual target of known position that is used to zero in the azimuth scale of a theodolite or 


Total Station. 
baseline  - a line of known length or position connecting two range and/or azimuth measuring devices. 
binnacle  - the primary ship’s compass, typically mounted in the wheelhouse. 
circle-of-position (COP)  - a curved line-of-position (or arc) with the radius being equal to a known 


distance; a hyperbolic line-of-position (Harmon, 1994). 
datum  - a mathematical model of the Earth relative to a planetary reference point where the Earth’s surface 


is viewed according to the actual terrain, or as a representation (geoid) over which gravity is constant 
(Trimble, 1996a). 


ellipsoid  - “the 3D mathematical figure formed by rotating an ellipse around its minor axis” (Trimble, 
1996a). 


fix  - the best estimate of the position of a vessel (Harmon, 1994). 
geoid  - “a representation of the surface of the Earth over which the Earth’s gravity is constant.”  (Trimble, 


1996a) 
inertial navigation  - an autonomous system for tracking positions in three dimensions by monitoring 


vehicle movement through the use of gyroscope-stabilized accelerometers. 
hyperbolic mode  - a mode of operation whereby an instrument calculates distances based on the phase 


difference between signals arriving from two or more shore-based transmitters. 
line-of-position (LOP)  - a straight line (or track) representing possible positions of a vessel (Harmon, 


1994). 
omnidirectional  - a non-directional antenna that transmits 360o. 
radial error  - the area of probable vessel position that can be resolved by a specific navigational method. 
range-range mode  - a mode of operation whereby an instrument calculates distances based on measured 


time intervals between outgoing and incoming signals. 
relative accuracy  - the accuracy to which one navigator can locate himself relative to a second navigator 


using the same positioning methodology (ODIN, 1997). 
repeatable accuracy  - the accuracy by which a navigator can re-acquire a position whose initial 


coordinates were established using the same positioning methodology.  [Repeatable and relative 
accuracies are often used interchangeably in many documents.] 


reference point  - a point of reference, the geodetic coordinates of which are known, that can be used to 
help establish a positional fix. 


scope  - the ratio of the anchor line length to the vertical distance between the anchoring point and the 
bottom. 


transceiver  - a device capable of both transmitting and receiving acoustical signals. 
transducer  - a device that converts an electrical signal into an acoustical pulse which is then transmitted 


into the surrounding water. 
transponder  - a device that, upon receiving a designated signal, replies by transmitting its own signal. 
triangulate  - to determine a vessel’s position at the point of intersection of two or more LOPs, each having 


been created from either (1) an angle swung between a known baseline and a bearing to the vessel, or (2) 
the vessel’s bearing to a known fixed point. 


trilaterate  - to determine a vessel’s position at the point of intersection of two or more COPs with the 
radius of each arc representing a measured distance to a known fixed point. 


vessel  - broadly defined as any floating platform from which marine activities take place.  Where 
positioning methods are concerned, this term can also be interpreted to include reference to aircraft in 
most cases. 
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1. INTRODUCTION 
This document presents recommended guidelines for vessel navigation and station positioning 
when participating in marine environmental studies in support of various Puget Sound 
monitoring and regulatory programs.  The environs where these positioning methodologies have 
been used successfully are the intertidal, estuarine, nearshore, and offshore areas within the Puget 
Sound region. 
 
The purpose of developing these station positioning guidelines is to encourage the use of 
standardized methods for determining vessel and sampling station positions, and for recording 
the subsequent coordinate data in a consistent and uniform way.  The use of standardized 
navigational methodologies should aid in producing more comparable data resulting from 
ongoing and future studies performed in the Puget Sound region. 
 
This document attempts to provide a cohesive, performance-related, and practical reference that 
describes proven techniques for establishing sampling points and vessel positions through the use 
of standard navigational and surveying instrumentation.  It is not all-inclusive, nor is it intended 
to be an authoritative discourse on professional marine and land surveying techniques and 
practices. 
 
The guidelines described herein have been generalized to the extent where they could be used for 
all types of marine environmental activities rather than just ‘sampling operations’.  Likewise, the 
term ‘vessel’ also has broader meaning.  Where this term is used, the implication is that the 
associated positioning methodology will for the most part apply to all forms of mobile sea, air, 
and landside platforms that are typically used to support environmental field activities. 
 
Although the scope of this document is designed primarily around saltwater activities in and 
around Puget Sound, these guidelines could also be used successfully when conducting 
environmental field activities on open bodies of fresh water. 
 
As a final note, it must be pointed out that no single positioning methodology is capable of 
meeting the positioning needs of all sampling programs under all possible circumstances.  This is 
because (1) the instruments described herein can be used any number of different ways 
depending on specific project criteria, sampling location particulars, and predominant 
environmental factors, and (2) no methodology is without its inherent strengths and weaknesses. 
 
The Global Positioning System (GPS) described in Chapter 4 is probably the most ideal overall 
methodology in use today, as attested to by the fact that it is used the most extensively by the 
various public agencies on their scientific excursions in Puget Sound.  However, in the end, a 
successful station positioning effort depends totally upon the personal expertise of the individual 
navigator and the depth of his practical knowledge of a broad spectrum of positioning 
technologies. 
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Under agreement with the Puget Sound Water Quality Action Team (PSWQAT), these 
guidelines were developed with assistance from representatives of organizations that presently 
fund or conduct environmental studies in the Puget Sound region (see the preceding table, 
‘CONTRIBUTORS TO THE GUIDELINES’). 
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2. PROJECT PLANNING 
Proper station positioning is a critical component of sampling and data collection.  Each sample 
matrix that is collected and analyzed is intended to be representative of a specific environmental 
locale and existing condition.  Successful station positioning must therefore allow samples or 
data to be collected from new or historic sampling points within the expected accuracy limits as 
dictated by specific project requirements. 
 
There are many basic factors that need to be addressed during the planning process including 
such elements as study objectives, expected accuracy, environmental considerations, and 
equipment costs and availability, to name a few. 
 
All of these factors need to be considered prior to the sampling event to ensure that positioning 
methods do not compromise quality or interpretation of the data results.  The initial estimate of 
positioning requirements should be re-evaluated later on in the planning phase to determine 
whether positioning limitations will require changes in the sampling program. 


2.1 Program Objectives 
The purpose of the study should be the first major factor that needs to be considered when 
evaluating possible positioning methods for an upcoming environmental sampling program.  The 
program objectives will ultimately dictate the level of positioning accuracy that will be required 
for successful completion of the sampling effort. 
 
It is important that all participants have a thorough understanding of program objectives.  Field 
personnel should then be better equipped to evaluate their level of effort throughout the course of 
the sampling event with regard to meeting these objectives. 


2.1.1 Program-Imposed Constraints 
Various program-specific constraints may affect the decision when selecting suitable positioning 
methods.  For instance, sampling time limitations may preclude more logistically demanding 
positioning methods, or lack of field crew experience with the proposed positioning system may 
compromise performance.  Contractual obligations and budgetary limits could reduce flexibility, 
limit options for changes to the study design, or restrict station positioning choices.  Care should 
be taken to recognize all program-imposed constraints and identify those processes that may be 
impacted during the course of the study. 


2.1.2 Regulatory Guidelines 
Some project criteria are derived from regulatory agency guidelines.  One example is the EPA’s 
Locational Data Policy (LDP) which they developed in 19911.  This “is an official EPA directive 
which applies to all facilities, sites, and monitoring and obervation points regulated or tracked by 
EPA under Federal environmental laws.”  (Hess, 1998)  As a result, King County’s wastewater 
treatment facilities support various environmental monitoring efforts as required under their 


                                                      
1 More details pertaining to this directive may be found in the first section under ‘7.  REPORTING 
REQUIREMENTS’. 
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NPDES permit conditions.  In doing so, King County incorporates the appropriate regulatory 
guidelines into its own project criteria wherever applicable. 
 
When planning projects where regulatory guidelines must be followed, it is important to be 
aware of and abide by any appropriate positional accuracy standards that have been formally 
identified by the local regulatory agency. 


2.2 Positional Accuracy Concerns 
Achievable accuracy can be compromised in a variety of ways.  For instance, map accuracy and 
the ability to locate a reference point on a map or chart are two of the largest potential sources of 
positioning error.  Regardless of the positioning method used, positional accuracy can never 
exceed the accuracy of the reference point locations that were used to plot or calculate the fix. 
 
High-resolution, scaleable aerial photographs, if recent, can be one way of verifying map 
accuracy.  These photographs can either be converted to digital imagery and displayed in real 
time with GPS or LORAN location information, or they can be digitized and set to a grid-type 
coordinate system for producing electronic shape files for use by a Geographic Information 
System (GIS) or other geographically-oriented computer system (Daniels, 1998).  The line map 
files that the King County Environmental Laboratory presently use in conjunction with its 
navigational software originated from just such a set of digitized aerial photographs produced by 
the City of Seattle.  The Washington State Department of Natural Resources may also have sets 
of digital orthophotos that could be made available for use by other research groups. 
 
Historically, National Ocean Service nautical charts are commonly used when navigating on the 
inland waters of Puget Sound.  However, with the advent of other types of grid-type coordinate 
systems such as State Plane, it should be understood that standard navigational charts have their 
limitations.  For instance, if a coordinate system other than latitude/longitude is preferred, 
coordinate conversion will always be an issue.  This is because the lat/long coordinate system is 
non-linear in nature; surface distance varies in length depending on the degree of latitude or 
longitude due to the ellipsoidal shape of the planet. 
 
Also, while these charts accurately show the location of important navigational reference points, 
caution is needed when plotting new reference points near the water as shoreline features are 
often inaccurately represented.  This is because the shape of the shoreline area is constantly being 
altered due to erosion and accretion, which is often related to longshore transport activities or 
manmade structural alterations.2 
 
Achievable accuracy can also be compromised by such adverse physical factors as strong 
currents, heavy boat traffic, and physical line-of-sight obstructions as these conditions can affect 
a vessel’s ability to maneuver and hold on station.  Acceptable limits for a particular study may 
be exceeded if the effects of site location on positioning accuracy are not considered during 
design of the sampling program. 


                                                      
2 Shoreline areas, as represented on navigational charts, may be 20 years or more out of date beyond the publication 
date.  (Daniels, 1998) 
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When sampling stations occur in a grid, along a gradient, or in highly heterogeneous areas, it is 
important that station separation be maintained.  Minimum separation should be defined by the 
diameter of the probable sampling area, at a 95 percent probability level, at each station.  Spatial 
resolution of station locations is limited by positioning method accuracy, depth, and wire angle. 


2.2.1 Absolute and Repeatable Accuracy 
The type of positioning accuracy that is needed to meet specific sampling objectives should be 
identified during the initial planning phase.  For instance, the difference between absolute and 
repeatable accuracy can be significant, as the first determines that level of accuracy by which a 
geodetic point can be acquired, while the second defines the level of accuracy pertaining to 
station reoccupation.  Some of the study design or location factors may affect one type of 
accuracy but not the other.  It is important to identify which type of positional accuracy is of 
concern at the outset of the study design phase.  Positional accuracy is addressed in greater detail 
in the following sections pertaining to specific positioning methodologies. 


2.3 Environmental Considerations 
Since the nature of the study area will be a determining factor when selecting the most feasible 
positioning method, this element should be addressed at the outset of the planning phase.  It is 
important to note that the ability of a specific positioning method to achieve its highest projected 
accuracy depends, in part, on site-specific conditions. 


2.3.1 Reference Point Criteria 
All positioning methodologies depend on the ability to refer back to external points of known 
position.  Even self-contained inertial navigation systems must be periodically re-calibrated with 
another type of positioning system that utilizes external reference points.  Therefore, the 
availability of known, fixed reference points for establishing acceptable lines-of-position (LOPs) 
within the study area need to be determined for each station.  These candidate locations should 
ideally be able to provide coverage of the entire sampling area.  Estimates of position errors 
should be based on anticipated LOP or angle errors expected at each sampling station.  Limiting 
factors within the survey area and at individual sites should be identified, based on an inspection 
of each reference site.  Line-of-sight obstructions, boat traffic, competition from other 
transmitters, air-water boundary irregularities, accessibility, and security should also be 
evaluated. 
 
The spatial relationship between each proposed sampling station to its respective reference sites 
is critical as it effects positional accuracy.  In essence, the level of accuracy of a positional fix 
using any two reference points increases as the angle between the LOPs approaches 90o.  
Consequently, the level of accuracy will vary from one sampling station to the next as the 
juxtaposition of the moving vessel relative to the two reference points changes.  Ideally, the 
navigator should have access to three permanently-fixed reference points (two are necessary; the 
third provides confirmation) strategically spaced around the study area and within the operational 
range of his positioning equipment for each sampling station. 
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Depending on the area of study, a preferred positioning method may not be usable or sufficiently 
accurate at all locations.  As examples, LORAN-C is not reliable in some parts of Puget Sound as 
reception can be poor at times and accuracy can vary significantly from one area to the next.  
Since the accuracy of optical systems decreases at greater distances from shore, these methods 
may not be satisfactory for use in open water away from land.  For these reasons, the geographic 
location and adjacent terrestrial characteristics of the study area are a principal determinant when 
evaluating different positioning methods. 
 
Finally, the level of accuracy is dependent upon the category of environmental activity that is to 
take place.  These activities can be categorized as follows: 
 
• single point 
• lineal 
• areal 
• point source 


2.3.2 Single Point Activities 
Many types of environmental activities on Puget Sound take place at specific geographic points 
identified by a single set of coordinates.  Some of the more common marine science activities are 
discussed below. 


2.3.2.1 Water Column Sampling 
The collection of samples and the taking of in situ measurements within the water column are 
common elements of many environmental studies in Puget Sound.  Unlike the underlying 
sediments, the water column is a dynamic medium that is constantly in motion.  Defining the 
physical and/or chemical characteristics within these moving water parcels is a common 
sampling objective for many projects. 
 
For this kind of sampling operation, absolute accuracy is usually not as critical as how the 
stations are distributed spatially, especially in the main basin areas away from direct source 
inputs.  This is because at any given geographic point, physical and chemical characteristics 
within the water column are continuously changing hour-by-hour.  The technique of simply 
drifting with the tide while on station is one way of helping to insure that the collected samples 
and measurable data are representative of the same water parcel throughout the sampling 
sequence. 
 
Absolute accuracy is usually more critical in nearshore waters when the study objective is to 
determine potential environmental impacts from a specific source input such as an outfall or a 
river.  This is because the geographic positions and spatial distribution of the sampling stations 
are directly related to the spatial distribution of contaminants from that source point. 
 
In summary, the geographic location of the study area and its relationship to neighboring land 
masses and local source inputs should be taken into account when establishing accuracy limits 
for water column sampling projects. 
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2.3.2.2 Subtidal Sediment and Benthos Sampling 
Absolute and repeatable accuracies are typically of greater concern when sediment or benthos 
sampling because, 
 
• accurate geographic positioning is necessary when evaluating possible environmental impacts 


from source point inputs at a specific site, and 
 
• except in areas of high scouring activity, marine sediments are relatively stationary, which 


means that a high degree of positional accuracy is required to precisely sample discrete 
sampling points that are within close proximity to each other, or to repetitively sample at the 
same sampling point. 


 
It is important to note that for bottom-sampling operations, positional accuracy, station boundary 
sizes, and sediment variability are inextricably linked together.  For instance, the broad central 
bottom areas of Puget Sound are composed primarily of homogenous depositional sediments.  At 
these greater distances from terrestrial inputs, concentration gradients are more gradual so a 
reasonable strategy may be to extend station boundaries.  This means that fewer stations would 
be necessary to represent a specific study area and a less accurate positioning system could 
probably be used for station acquisition. 
 
Conversely, stations in nearshore waters must have tighter perimeters; the bottom sediments here 
are more heterogeneous as they are directly impacted by terrestrial source inputs.  Once again, the 
geography of the study area is an important consideration. 
 
The chemical and statistical analyses to which the collected samples are subjected should also be 
considered when determining the required navigational accuracy.  For instance, if a gradient of 
environmental effects is suspected but the analytical technique cannot measure small differences 
in the value of a specified variable, sampling stations may need to be located farther apart.  On 
the other hand, variability within a station’s boundaries may be more difficult to discern if the 
positioning method lacks sufficient accuracy.  This means that for variables having a ‘patchy’ 
distribution, the patch size could be smaller than the area defined by the repeatable accuracy of 
the positioning method, resulting in replicates sampled across community or physical boundaries.  
These conditions may not be noticed in the field and could result in misinterpretation of the data 
results. 
 
Statistically, there is no theoretical or practical way of proving beyond doubt the level of 
heterogeneity for a specific area of marine sediments as the degree of spatial variation for a given 
variable cannot readily be established (Georgianna, 1997).  As a consequence, more replicate 
samples may be needed to better characterize a sample area, especially if less accurate 
positioning methods are used.  In any case, statistical comparisons using replicate samples from 
heterogeneous stations deserve special attention.  The effects of positional accuracy and how it 
relates to probable sampling area should be considered in the study design. 
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2.3.2.3 Instrumentation Emplacement and Retrieval 
Some autonomous instrumentation, such as current meters and sediment traps, are designed to be 
deployed on the bottom to operate independently for extended periods.  With these operations, it 
is essential that careful thought be put into how these devices are to be relocated for retrieval 
purposes.  In a protected, shallow-water area, the simple expedient of marking the underwater 
location with a surface buoy might be acceptable.  In deeper water away from shore or where 
there is heavy boat traffic, a navigational system having a high degree of repeatable accuracy will 
be required. 
 
Plans should also include a secondary means of instrument relocation and retrieval.  For 
example, an underwater pinger (locating transmitter) or a backup release system could be 
mounted on the instrument.  A snag line or ground cable could also be laid out across the bottom 
on a known bearing between the instrument and a small secondary anchor in case grappling is 
necessary. 


2.3.3 Lineal Activities 
Some projects require that certain activities (e.g., plankton tows, trawling and dredging 
operations, etc.) take place along one or more transect lines.  This means that a navigational 
system must be able to measure both the start and finish of each transect leg.  The selected 
reference stations must also be accessible from both ends of each projected transect line.  If the 
position of the towed device relative to the vessel is important, it can be calculated if the wire 
angle, length of wire out, and depth of the device are known constants.  In shallow water, a tag 
line and surface float can also be attached directly to the underwater device to provide a visual 
reference and to recover the device should the tow line part. 
 
Other kinds of activities might entail that the vessel’s position be tracked continuously over the 
course of a transect line (which may not be straight if the vessel is following a bottom contour 
line).  During bathymetric operations for instance, the navigational system must be able to 
rapidly supply updated fixes for recording onto a data logger which will also be simultaneously 
recording synchronized fathometric data. 
 
The same kinds of requirements also hold true if the vessel is operating a Remote Operated 
Vehicle (ROV).  Since an ROV is self-propelled, it is standard practice to include a separate 
underwater navigational system to continuously monitor the ROV’s position relative to that of 
the support vessel.  Once again, the recording of positional data will need to be synchronized 
with the video records and other sensor data. 


2.3.4 Areal Activities 
Activities that take place over a specified area will for the most part have the same positioning 
requirements as the single point and lineal activities described above.  It is common practice 
when areal sampling to use sampling strategies that incorporate groups of sampling points or 
parallel rows of transect lines. 
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In some instances, not all areal sampling strategies will be centered around a symmetrical 
distribution of sampling points.  For example, a study design for a saltwater marsh might require 
that sampling sites have a distribution pattern that is species- or habitat-specific. 
 
When intertidal sampling for certain species of shellfish, sampling sites will often be at irregular 
intervals and may change year-by-year as some shellfish beds die out while others start up in new 
locations.  If the location of beach sediment sampling activities is based upon grain size criteria, 
these sites can be expected to shift with the seasonally-changing beach substrate.  Study 
objectives and the nature of the environment where the study will take place are important 
considerations. 


2.3.5 Site-specific Activities 
Some marine sampling programs are designed to evaluate the level of potential environmental 
impact at specific sites in and around Puget Sound.  These kinds of studies include such activities 
as contaminated site investigations, restoration site studies, and the evaluation of effects from 
localized point sources such as storm drains and Combined Sewer Overflows (CSOs).  Ideally, 
the ideal positioning system should have a high absolute accuracy as the locations of the source 
points and adjacent sampling sites often need to be plotted on pre-existing city and topographical 
maps.  Also, the spatial distribution of sediment pollutant concentrations will ultimately need to 
be accurately defined. 
 
The sampling strategies for these types of studies can be developed in a number of different 
ways.  For instance, station distribution could be in the form of a uniform radial or grid-type 
pattern.  The sampling strategy could also be centered around bottom contour or water current 
characteristics.  If time was not a limiting factor, an initial round of samplings could be collected 
and analyzed on a small scale as a way of determining where the main body of samplings should 
take place, based upon the initial findings. 


2.4 Equipment Availability 
Equipment availability is an important consideration with regard to study design.  For instance, a 
vessel’s cruising speed, its ability to maneuver, and the type of positioning and sampler-
deployment equipment that it carries could be a determining factor in how successfully and 
timely a particular sampling program would be carried out.  If a positioning system already exists 
on the vessel, it should be evaluated to determine whether its accuracy is adequate for the 
sampling program. 
 
If purchase of a system is warranted, additional factors should include compatibility with existing 
equipment, ability to accommodate future system expansion, and availability of ancillary items 
(e.g., data logger, plotter, tracking monitor, or computer).  Potential use of the system for other 
types of projects may also be relevant. 
 
If budget constraints are an issue or if the upcoming study is a one-time-only event, the renting or 
leasing option may be preferable.  If so, equipment calibration, service, and training should be 
provided locally, and reservations should be made in advance. 
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2.5 Training Considerations 
Once a suitable positioning method has been selected, the proper setup, calibration, and operation 
procedures should be reviewed by all equipment operators.  If the appropriate equipment is 
already located on board the vessel, at least one member of the field crew in addition to the ship’s 
navigator should be familiar with the positioning method. 
 
If the scientific team is supplying the positioning equipment, appropriate training should be 
provided, if needed, to ensure proper equipment operation and accurate recording of the 
positioning data.  A backup method should also be available on short notice to avoid loss of ship 
time if the primary method fails. 


2.6 Positioning Methods Summary 
In the Introduction section, the point was made that no single positioning system will universally 
meet the needs of all who perform work on Puget Sound; each positioning method has its own 
unique set of characteristics, making it more suitable for some marine activities and not others. 
 
To better aid the user when selecting the most appropriate positioning method, the following 
table attempts to summarize some of the more outstanding comparisons that can be made 
between the various methods categories that are discussed in this document. 
 







 


 


SUMMARY OF STATION POSITIONING METHODS 
 


Methods 
Category 


Text 
Sect. 


Areas 
Used 


Accuracy/ 
Precision3 


Approx. 
Costs4 


 
Advantages 


 
Disadvantages 


Line-of-Sight 3.1.1 
3.1.2 


nearshore 5 ft - > 50 ft $0 Requires no additional equipment or staff. Must create new stations on-site. 
Visual references must be located on chart before 


plotting. 
Good visibility and target quality necessary. 


Optical-
Mechanical 


Range Finders 


3.2.1 nearshore 1% - 10% of 
range 


$200 Minimal equipment costs. 
One person can operate with minimal training. 
User can calibrate instrument. 


Accuracy limitations, especially at greater distances. 


Laser Range 
Finders 


3.2.1 short 
distances 


< 1 ft $2000 High accuracy and resolution. 
Targets do not require prism array. 


Can produce erroneous readings from secondary 
returns. 


Azimuth-Azimuth: 
Dual Theodolite 


3.2.2 nearshore + 5” - + 20” $5000 - 
$8000 


Instrument accuracy is survey quality. 
Good portability. 
Service and rental are local. 


Measures angles only. 
Susceptible to pathway interferences, low-light 


conditions. 
Difficult if target movement is rapid or erratic. 
Two onshore reference stations must be occupied at 


same time. 
Range-Azimuth: 
Total Stations & 


EDMIs 


3.2.3 nearshore + 2” - + 5” 
+ 3 - +5mm 


$10,000 - 
$15,000 


Measures both angles and distances. 
Instrument accuracy is survey quality. 
Good portability. 
Requires only one occupied onshore ref. station. 
Service and rental are local. 


Susceptible to pathway interferences, low-light 
conditions. 


Difficult if target movement is rapid or erratic. 
Auto-trackers could have difficulty holding on target 


at times. 
Independent 
Microwave: 


Radar 


3.3 open +1o - +2o 
50 ft - 150 ft 


$8000 - 
$15,000 


Commonly found on all sizable vessels. 
Can use in all weather conditions and at night. 


Accuracy limitations: cannot use for precision 
positioning. 


Requires two or more fixed, high-definition targets. 
Dependent 
Microwave: 
Transponder 


Systems 


3.4.1 open +3 ft - +10 ft > $40,000 Good accuracy if onshore transponders well placed. 
No visibility or range constraints. 
Positioning data in real-time, automatically updated. 


Susceptible to pathway interferences. 
Requires transponder setup and power maintained. 
Very expensive to buy but can be rented locally. 


LORAN-C 3.4.2 open +50 ft - 300 ft 
or more 


$3000 - 
$5000 


Low cost, all-weather, easy to use. 
Destinations can be loaded beforehand. 
Shows speed and bearing info. 


May not be in existence much longer. 
Often poor absolute accuracies. 
Inconsistent repeatable accuracies. 


GPS5 
(below survey 


quality) 


4. open +2 ft - +30 ft $5000 - 
$10,000 


Moderate cost, good accuracy, very adaptable. 
Data can be corrected in real-time or post-processed. 
Technology is expanding rapidly; great potential. 


May see interferences near large steel structures and 
AM towers or under cover (e.g., under piers, trees, 
etc.) 


 


                                                      
3 When using shore-based electro-optical systems (e.g., theodolites, total stations, etc.), the ability of the vessel to maneuver will be the limiting factor rather than instrument precision. 
 Except for LORAN-C and GPS, positioning method accuracy will be determined from the level of accuracy by which the occupied reference points were surveyed in. 
4 Equipment costs may vary significantly depending on make and model, accessory options, and whether it is new or used. 
5 Survey results of the latest GPS receivers on the market are reported each January in the publication, GPS World, Advanstar Communications Inc., 859 Willamette St., Eugene, OR 
97401-6806.  They can also be found on the Internet:  http://www.gpsworld.com/about/contact0.htm 
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3. TRADITIONAL STATION POSITIONING METHODOLOGIES 
A number of different navigational techniques have been used successfully on a variety of 
diverse marine activities to establish geographic positions in Puget Sound waters.  These 
methodologies may be categorized based on the use of one of the following applications: 
 
• visual lines-of-sight and other identifying features 
 
• optical and electro-optical range and/or azimuth devices 
 
• independent and shore-based dependent microwave systems 
 
• long-range, radio navigation system (LORAN-C) 
 
• underwater (acoustical) systems 
 
Many traditional navigational methodologies require that vessel positions be plotted on nautical 
charts to establish geodetic placement.  These plots graphically display known angles and ranges 
through the use of lines-of-position (LOPs) and circles-of-position (COPs).  These plotting 
techniques will be discussed further in the following sub-sections. 


3.1 Line-of-Sight and Other Visual References 
A variety of visual reference methodologies may be used in nearshore waters, especially where a 
suitable selection of unique shoreline characteristics and/or manmade structural features are 
present (e.g., in and around urban and industrialized embayments and rivers). 


3.1.1 Line-of-sight Intersects 
One common method for establishing a positional fix in nearshore waters is to create an LOP 
based on a line-of-sight.  In essence, a line-of-sight is created when two fixed visual targets are 
brought into alignment on a common axis with the vessel’s own position. 
 
When two or more lines-of-sight have been established from the stationary vessel, the point of 
intersect will then become the vessel’s new position (refer to Figure 1.).  An effective and 
economical way of documenting a specific line-of-sight (for station re-occupation purposes) is to 
simply take a shipboard photograph while the target pair is in alignment.  A position may also be 
plotted if the respective background and foreground targets are accurately depicted on a scaled 
chart. 
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Church Factory


 
 


Figure 1.  Multiple Line-of-Sight Intersect 
 


3.1.2 Line-of-sight/Compass Bearing Intersects 
It is not uncommon to find just enough visual onshore targets to create only a single line-of-sight.  
In this case, an LOP is first established from the line-of-sight.  A close-to-perpendicular compass 
bearing is then shot off of a separate fixed target while the vessel is occupying the LOP (refer to 
Figure 2.).  If it is convenient to do so, swinging the ship’s prow onto the target is an effective 
way of bringing the binnacle into alignment to obtain a direct bearing readout. 
 
This method also adds flexibility in that viable compass bearings may be taken at multiple 
positions along the vessel’s LOP.  The method should only be used if compass accuracy is a 
known factor, including the allowance made for the magnetic deviation currently in use at that 
time.  All bearing information must be properly recorded. 
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Figure 2.  Line-of-Sight/Compass Bearing Intersect 
 


3.1.3 Other Visual References 
Visual referencing techniques are particularly useful during intertidal sampling events.  Almost 
any prominent landmark can be of potential value for locating a beach station, especially when 
used in association with distance and/or bearing measurements.  When selecting a suitable 
landmark, permanence and uniqueness must always be considered. 


3.1.4 Strengths and Weaknesses 
The strengths and weaknesses of line-of-sight positioning methodology include: 
 
• New station positions can only be created beforehand if the respective visual targets can be 


pre-selected from a chart, or if another positioning method that does not rely on visual 
references is used. 


 
• Positions cannot be plotted if the visual references cannot be accurately located on a scaleable 


chart. 
 
• Good visibility and quality of target (i.e., good target definition) are necessary. 
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• Requires no additional equipment or staff. 


3.1.5 Accuracy and Precision 
The degree of relative or repeatable accuracy when positioning by line-of-sight relates directly to 
the distance ratios between the vessel, the foreground target, and the background target:  
Accuracy is increased when the ship-to-foreground-target distance is reduced and/or when the 
foreground-target-to-background-target distance is increased6.  For this reason, the expected 
range of precision for line-of-sight positioning could be anywhere between approximately + 5 
feet to well over + 50 feet. 
 
Absolute accuracy cannot be established without the use of another positioning method that is 
capable of establishing the vessel’s position relative to one or more geographic reference points. 


3.2 Optical and Electro-Optical Range-Azimuth Systems 
A number of different optical instruments are readily available that can be used for vessel 
positioning purposes.  They range from fairly simple mechanical devices to the more elaborate 
electronic instruments that precisely measure not only the range (distance) to a target but also the 
vertical and horizontal angle (i.e., bearing or azimuth).  These systems may include automatic 
data recording, conversions, and computations. 
 
As with all optical distance- and angle-measuring instruments, the accuracy decreases as the 
operational distance increases between the survey point and the target vessel.  For this reason, 
these instruments probably give the best positioning results for operations taking place in 
nearshore waters within a 3-mile range. 


3.2.1 Range-Range: Range Finders 
The traditional range finder is a simple and relatively inexpensive (less than $200) optical-
mechanical device which is designed to measure ranges to distant objects.  In essence, the slant 
distance is read off of the instrument scale once the split-image has been focused on a specific 
target.  To minimize measurement subjectivity, a second operator should verify the initial 
readings of the first at the start of each surveying day. 
 
A vessel can plot a positional fix by trilaterating from two known ranges to separate fixed shore 
targets.  This is accomplished by swinging an arc, or circle-of-position (COP), off of each of two 
or more shore targets with the radius of each arc being equal to a measured range.  The point of 
arc intersection would then establish station position.  A fix can also be plotted from a single 
range if the vessel can accurately measure both distance and bearing to a single fixed shore 
target. 
 
A recent addition to this equipment category is the hand-held, short-range (less than 1000 feet), 
laser range finder.  These electronic instruments are more expensive ($2000) than the simpler 


                                                      
6 It is important to note that for all visual positioning methods, accuracy decreases as distance increases between the 
vessel and the onshore reference points. 
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optical devices mentioned above but they are easy to operate and their greater accuracy will 
measure to within a tenth of a foot. 


3.2.1.1 Strengths and Weaknesses 
The strengths and weaknesses when using optical-mechanical range finders include: 
 
• Equipment costs are minimal. 
 
• One person can operate the instrument with minimum training. 
 
• Accuracy limitations, especially at the longer ranges, may prohibit its use on many projects. 
 
• Instrument can be calibrated by the user. 
 
 
The strengths and weaknesses when using laser range finders include: 
 
• Equipment costs are significantly higher but accuracy and resolution are much better than that 


of the mechanical range finder. 
 
• Targets do not require a prism array; the exposed surface of almost any target will provide a 


sufficient return. 
 
• For those targets in close proximity to objects having good reflective surfaces, more than one 


reading may need to be taken at different orientations to the target to minimize errors induced 
from secondary returns. 


3.2.1.2 Accuracy and Calibration 
Two factors that govern instrument accuracy when using the optical-mechanical range finders are 
operational distance and instrument quality.  As an example, an instrument with a 1000-yard 
maximum range could be expected to deliver accuracies of +1 yard at 100 yards (1% error) and 
+100 yards at 1000 yards (10% error) (Lietz, 1991).  This type of instrument is, therefore, better 
suited for work in nearshore waters within close proximity to fixed, onshore targets. 
 
The mechanical range finder should be checked and adjusted for accuracy prior to start of a 
survey.  Usually, this is easy to do by focusing in on a target of known distance, then adjusting 
the calibration screw, if necessary.  The laser range finder may require servicing if its readings 
are questionable or if it cannot be calibrated by the user. 


3.2.2 Azimuth-Azimuth: Theodolites and Transits 
Theodolites and transits are tripod-mounted, optical devices that precisely measure horizontal 
and vertical angles.  Technically, theodolites are used primarily by surveyors for triangulation 
and traverse work, while the building industry uses transits for double centering, extending lines, 
and checking angles during the construction phase (Lietz, 1991).  Since station positioning 
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activities more closely parallel surveying techniques, the theodolite may be better suited for this 
kind of work. 
 
Since a theodolite by itself has no ranging capabilities, at least two angles must be shot either 
simultaneously or while the vessel is stationary at separate survey points along a baseline on 
shore to establish a vessel’s position (see Figure 3.).  Each theodolite uses the baseline for its 
zero-angle adjustment.  Unless the vessel is able to maintain a stationary position for an extended 
period to allow the onshore party to move to the next survey point, this method will require that 
two survey points be staffed and equipped at the same time.  Visual or radio communications 
between the shore parties and the vessel are an additional requirement. 
 
 


benchmark
theodolite #1


theodolite #2


A B


C


b


c


a


d


 
 


Figure 3.  Azimuth-azimuth: the Dual-Theodolite Method 
 
The vessel’s position can triangulated by plotting the onshore survey points, the respective 
baseline between them, and the measured angles to the vessel on a navigational chart.  The 
position, or fix, will then be established at the point of LOP intersect. 
 
An alternative to plotting would be to mathematically calculate the coordinate fix.  For this 
purpose, the standard trigonometric sine/cosine/tangent relationships may be used to calculate 
the angle-of-intersect, the distances of each leg, and/or the distance of the vessel from shore (i.e., 
from the baseline). 
 
With reference to Figure 3., the angle-of-intersect is found by, 
 
                     ∠ C = 180o − ∠ A − ∠ B 
 
the distance of the LOP from Theodolite #1 to the vessel is then, 
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                     b__ =     c__         (solve for side ‘b’) 
                 sin B      sin C 
 
and finally, the distance from the vessel to the baseline (perpendicular) is, 
 
                         d = b ∗  sin A 
 


3.2.2.1 Strengths and Weaknesses 
The strengths and weaknesses of the dual theodolite method include: 
 
• The theodolite measures only horizontal and vertical angles and, though it is very accurate, 


this method requires that more than one onshore site be used to establish vessel position. 
 
• Pathway interferences (e.g., fog, rain, heat waves, etc.) or low-light conditions can prohibit 


target sighting from a prescribed survey point. 
 
• Rapid or erratic target movement may make it difficult to obtain accurate angles. 


3.2.2.2 Accuracy and Calibration 
When positioning with theodolites, the positioning error should be within + 3 feet if the accuracy 
of the horizontal angle is + 15 seconds, the intercept angles are near 45o (resulting in intersecting 
LOP angles of close to 90o), and the operational range is within 3 miles. 
 
Instrument calibration can be verified by re-shooting known target angles.  Questionable 
measurements may require professional servicing of the instrument. 


3.2.3 Range-Azimuth: Total Stations and Theodolite/EDMI Combinations 
A Total Station is an all-in-one survey instrument which can accurately measure not only 
horizontal and vertical angles (i.e., bearings and elevations), but distances as well.  This added 
feature allows a surveyor to determine the position of a target from a single site on shore (refer to 
Figure 4.).  A theodolite can also be used to measure both angles and ranges with the inclusion of 
a modular Electronic Distance-Measuring Instrument (EDMI).  The theodolite upgrade is a good 
option if the theodolite is already owned; purchase of an add-on EDMI would be far less than 
buying a $10 - 15,000 Total Station. 
 
The distance-measuring component of the above instruments typically uses an infrared rather 
than a laser beam.  Infrared systems are very compact and energy-efficient and can measure 
distances up to several miles, but the target requires a prism array.  Prisms are unnecessary when 
using the small, hand-held laser devices, but these short-range units are only useful up to several 
hundred feet. 







Pre-Approved      September 1998 - - Station Positioning Chapter 


 18


 
 


benchmark


Barn


Range


range-azimuth
instrument


back-sight


Azimuth


 
 


Figure 4.  Range-azimuth: Positioning from a Single Survey Point 
 
Total Stations (especially the newer models) are adaptable instruments that can be used in a 
variety of ways.  For vessel positioning applications, one reliable method is for the surveyor to 
call in coordinate data or direct vessel movement via two-way radio communication with the 
vessel.  When interfaced with a compatible transmitter module, positional information can be 
transmitted directly to the vessel.  The more advanced models can interface with a laptop 
computer and modem combination to provide real-time functionality such as requesting and 
transmitting data, and selecting and activating measurement modes and functions (Sokkisha, 
1990). 
 
These instruments can also accept different data logging and electronic field book devices 
capable of performing trigonometric calculations such as automatic slope reduction of distances, 
and they can quickly convert between different coordinate formats (Sokkisha, 1990).  After the 
raw range-azimuth (polar coordinate) data have been collected, it can also be converted later to 
the appropriate grid coordinate system (refer to the last part of Section 3.2.2  Azimuth-azimuth: 
Theodolites and Transits). 
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3.2.3.1 Auto-tracking 
For those projects where staffing an onshore survey site is not suitable, there are range-azimuth 
systems available with auto-tracking capabilities.  Once manually aligned to the target’s prisms, 
the instrument will automatically track unaided.  If for some reason the target is lost, the 
instrument will automatically go into a seek mode where it follows a programmed search pattern 
until contact is re-established. 
 
Although labor costs may be reduced since an auto-tracking device is more automated, the higher 
degree of equipment complexity would mean higher equipment costs ($40 - 75,000) along with 
the increased potential for higher maintenance costs. 


3.2.3.2 Reflecting Prism Arrays 
Before a Total Station or EDMI can determine distance, the transmitted infrared beam7 must be 
reflected back to the instrument from the target in sufficient strength that time-over-distance 
calculations can be performed.  To accomplish this, the target must have one or more reflecting 
prisms mounted in such a way that they will be in direct line-of-sight with the survey crew on 
shore.  More prisms mounted on the same plane will give a higher return of the transmitted 
infrared beam.  Stepping up from one, to three, to nine prisms increases the return, and 
consequently the ability to measure at greater distances, from 75 to 80% with each step up in 
number of prism sets (Sokkisha, 1990). 
 
If a maneuvering vessel is going to be changing orientation frequently with respect to the onshore 
survey party, multiple prisms can be mounted in a 360o configuration.  Such an omnidirectional 
array presents overlapping prism angles to the ranging instrument in such a way that there will be 
an infrared return, regardless of vessel orientation.  However, as only a portion of the prisms is 
available at any one time, the operational ranges would not be as great for this particular prism 
configuration. 
 
The King County Environmental Laboratory has successfully used a 360o array in conjunction 
with a Lietz SET 5 Total Station on a number of projects in the Duwamish River and Elliott Bay.  
The prism array was typically bracket-mounted directly above the vessel’s descent-line which 
avoided having to compensate for horizontal offsets between the sampling point and the prism 
array.  Distance did not turn out to be a limiting factor. 


3.2.3.3 Beam Angles and Measuring Times 
Selection of the most appropriate range-measuring device should be governed by which model is 
designed to operate best within the minimum/maximum ranges that will be encountered during 
the course of a survey.  For instance, infrared beam width is an important consideration.  To 
conserve power, some of the more far-ranging models will often use a relatively narrow beam 
width.  This means that for close-in measurements, a narrow beam may be difficult for the 
operator to train on the prism array for the time it takes to acquire the distance measurement, 
especially if the vessel is pitching and rolling due to adverse weather conditions. 


                                                      
7 Infrared has the advantage over the laser-emitting equipment in that it is significantly more energy-efficient, even at 
distances of several miles, although it does require that the target mount a prism array. 
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Micro-processing speed is also critical.  The longer it takes for the instrument to calculate 
distances, the longer the operator must track the target without breaking contact.  Therefore, the 
most ideal models should have (1) a beam width which allows for easy close-in tracking, yet will 
meet the project’s distance requirements, and (2) is fast enough to quickly acquire the target and 
provide frequent range updates  Ideally, target acquisition should take place within 1.5 seconds 
with range updates every few tenths-of-a-second while in tracking mode. 


3.2.3.4 Strengths and Weaknesses 
The strengths and weaknesses when using range-azimuth instruments for positioning purposes 
includes: 
 
• As only one onshore survey site is required to provide circular coverage of the area of 


operations, labor and equipment costs are significantly reduced; one experienced operator is 
usually adequate. 


 
• Instruments are quite portable and can be used in inclement weather with minimum 


protection.  They can also be used on a variety of different projects in and around nearshore 
waters but may be limited in range for those applications at greater distances from shore. 


 
• Equipment costs are relatively high ($10 - 15,000), but maintenance and leasing facilities are 


available locally. 
 
• Rapid or erratic target movement may make it difficult for the surveyor to obtain accurate 


distances and angles; auto-tracking systems may have difficulty maintaining and re-acquiring 
contact with the target. 


 
• The potential for theft and vandalism may limit the selection of safe and secure survey sites 


when using auto-tracking equipment. 
 
• Pathway interferences (e.g., fog, rain, heat waves, boat traffic, etc.) and low-light conditions 


can interfere with line-of-sight targeting from established sites on shore. 


3.2.3.5 Accuracy and Calibration 
Realistic accuracies are approximately three to six feet when positioning a maneuvering vessel.  
The maneuvering limitations of the vessel and the difficulty incurred when attempting to track on 
a moving target are the limiting factors rather than the instrument itself. 
 
Since the timing circuit for measuring the response time between transmission and return of the 
infrared light beam is based on a precision quartz crystal oscillator, range accuracy is usually 
quite stable.  Instrument accuracy can be readily verified by periodically re-shooting known 
target angles and distances.  Questionable measurements may require professional servicing of 
the instrument. 
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3.2.4 Sextants 
Sextant resection is an historic positioning method that has fallen by the wayside with the advent 
of modern-day electronic positioning equipment.  For this reason, sextant usage warrants only 
brief mention. 
 
The sextant is an optical-mechanical instrument that is capable of measuring both vertical and 
horizontal angles, depending on which way it is held.  It utilizes split-image optics to measure the 
angle of separation between two distant objects. 
 
For station positioning purposes, a sextant is commonly used to establish two horizontal angles 
between three fixed onshore reference points.  A three-arm protractor, adjusted and locked on to 
these angles, can then be used to perform a ‘best fit’ to establish station location on a 
navigational chart, assuming that the selected reference points are also accurately represented. 
 
Instrument quality, if its been recently calibrated, and the level of operator experience are all 
factors that can effect positioning accuracy.  Since a sextant is an optical, hand-held device, 
platform stability is an important consideration; adverse weather conditions affecting this 
stability may well reduce the effectiveness of this method on board ship. 


3.2.5 Vertical Measurements: Using Levels to Establish Beach Elevations 
When positioning a vessel in Puget Sound waters, the vertical angle, or elevation, is usually not a 
major issue.  This is because the relatively small gain in elevation from the waterline to that point 
on shore where a reference site would typically be located is normally not enough to introduce a 
significant degree of error for most marine applications.  In any case, many of the newer 
electronic surveying instruments are capable of automatically compensating for differences in 
elevation by adjusting for slope reduction over distance. 
 
One application where elevations may be critical would be for those projects centered around the 
intertidal zone.  The King County Environmental Laboratory’s intertidal sediment sampling 
program is one such example.  The purpose of this effort is to evaluate the annual changes in 
contaminant concentrations within the intertidal sediments adjacent to King County’s treatment 
plants. 
 
Prior to sediment collection at each station, field personnel first use an optical level and leveling 
rod to locate the mean 6.5-foot beach elevation.  These measurements are repeated for each 
subsequent sampling event to compensate for the varying sampling times and tidal heights 
incurred at each station.  Repeated sampling at a consistent beach elevation helps to insure 
comparability between data sets. 
 
With reference to Figure 5., the 6.5-foot beach elevation is established as follows: 
 
1. Upon arrival at the beach station, the predicted tide height at that time is subtracted from the 


‘target’ beach elevation of 6.5 feet.  (For a minus tide, this operation becomes an addition: 
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subtraction of a negative number).  The height of the level’s tripod is then added to establish 
the overall rod height to be measured from the 6.5 foot elevation on the beach8. 


 
Example:  6.5 - 2 (for a predicted tide ht. of +2 ft.) +5.0 (ht. of level) = 9.5 ft. 


then,   9.5 ft. - 5.0 (ht. of level) = the 6.5-foot mark at a +2 foot tide ht. 
 
2. A ribbon or something similar is used to mark the leveling rod at the calculated height to 


provide a visual target for the level, which is mounted on a 5-foot tripod.  (A 5-foot pole with 
a level mounted at one end could be a cheaper option.) 


 
3. While the first field person holds the leveling rod vertical at the water’s edge, the second 


person walks the supported level further from the rod and perpendicular to the waterline to 
increase the elevation, or closer to decrease it.  At the point where the level can be sighted on 
the ribbon, the base of the level’s tripod will be at the 6.5-foot tide height. 


 
 


Example:
Rod ht. = 6.5ft. - +2ft. tide ht. + 5ft. level ht. = 9.5ft.
Beach elev. = 9.5ft. rod ht. - 5ft. level ht.


Rod
Height
 (9.5ft.)


Height
of


Level
(5ft.)


Station
(located at 6.5 foot


beach elevation)


Predicted tide ht. at time of sampling (+2ft.)


 
 


Figure 5.  Beach Elevation Relative to Tide Height 
 
If the elevation is not known, it can be calculated by setting the supported level on the point of 
interest, then shooting the rod at the waterline.  The vertical rod height, after subtracting 5 feet 
then compensating for the present tide height, would be the beach elevation relative to a zero tide 
height. 


                                                      
8 The height of the level is incorporated into the calculation for convenience only, as it would be quite awkward to 
peer through the level at ground level. 
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3.3 Independent Microwave System: Radar 
The radar is a self-contained instrument capable of calculating line-of-sight distances to 
reflecting targets based on time difference measurements between the self-generated transmission 
and reception of microwave pulses.  Relative angles can also be measured between two or more 
targets.  Circular coverage is provided through the use of a single rotating antenna which 
continuously updates a visual display with each sweep. 
 
Because radar gives a boat the ability to safely navigate during periods of low visibility (e.g., in 
darkness, rain, fog, etc.), this device has become standard equipment for all vessels operating in 
Puget Sound.  From a positioning standpoint, this common navigational tool is often quite 
suitable for establishing and re-acquiring station locations.  In addition, its operating range is 
many times greater than what is needed for most types of positioning activities within the 
enclosed waters of Puget Sound. 
 
As with other instruments that measure distances from set locations, radar accuracy decreases as 
the operational distance increases.  This equates to approximately 50 - 150 feet, with a bearing 
accuracy of about +1o, depending on quality of reflecting targets. 


3.3.1 Range and Angle Errors 
When using radar for positioning, one of the greatest sources of range error is attributed to the 
difference in quality of target resolution (definition) within a specific operating area.  A radar’s 
microwave transmission will reflect off of the first surface that it encounters at the water 
interface.  Consequently, a permanently-fixed, sharply-defined reference point which is 
accurately represented on a nautical chart should make the best type of radar target.  An example 
of a good landside reference is the vertical cliff face of a pronounced headland having good 
definition at the water’s edge. 
 
Unfortunately, most shorelines in Puget Sound present themselves more as a sloping, rather than 
vertical, target at the waterline.  This means that radar ranges will vary with changing tide heights 
between a shoreline’s leading edge and a fixed offshore sampling point.  For this reason, tidal 
flats and delta areas do not make good radar targets.  Another complication is that navigational 
charts may not give accurate representations of specific shoreline characteristics since shorelines 
are continually undergoing alterations due to longshore transport activities. 
 
Range and angle errors can also be introduced through the effects of target distortion and 
shadowing.  For instance, changes in the angle of approach and/or distance from a specific 
landside radar target can alter its visual perspective on the display.  A sharply-defined headland 
as viewed from directly offshore may appear less defined when viewed at an angle in nearshore 
waters.  The shoreline appears to take on more of a distorted and elongated appearance as the 
angle of approach of the transmitted microwave pulses becomes more acute.  This is due to the 
shadowing effect of the adjoining landmass beyond the reflecting leading edge at the waterline.  
Radar may not be a reliable positioning method when operating close in to shore where only 
landside targets are available. 
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Permanently-fixed manmade and natural structures that stand out from shore and are free of its 
distorting influences make excellent radar reference points (e.g., Duwamish Head Marker, 
Restoration Point, etc.).  Anchored navigational buoys, although they provide an excellent radar 
return, may not be suitable as they are free-floating.  (Buoy scope and direction will fluctuate 
with changes in current velocity, direction, and tide height.)  This type of target may be 
acceptable for short-distance positioning in shallow water, especially during high tide and static 
water conditions, or if other reference targets are available for position verification. 


3.3.2 Variable Range Markers 
A variable range marker is a radar accessory which is used to conveniently and accurately 
determine ranges to targets.  It is typically represented as an adjustable, rotating, visual cursor on 
the radar’s screen display.  Placing the cursor on the leading edge of the target provides an 
immediate range readout to the target. 
 
Ideally, it is advantageous for a radar to have a second variable range marker.  Prescribed ranges 
to two separate targets can then be preset at the same time.  The vessel would then be 
maneuvered in such a way that a ‘best fit’ was established to bring the vessel on station.  
Determinations for direction and rate of drift are also made easier. 


3.3.3 Strengths and Weaknesses 
The strengths and weaknesses when using radar for positioning include: 
 
• Accuracy limitations may not be adequate for some projects requiring precision positioning 


such as when investigating potential sources of contaminant input to nearshore waters. 
 
• The number and quality of radar reference targets may be inadequate in some operating areas. 


3.3.4 Accuracy and Calibration 
Range accuracies can be as little as + 50 feet at ranges up to 5 miles, with a bearing accuracy of 
approximately +1o or 2o when using good-quality reflecting targets. 
 
Accuracy can be verified by periodically checking bearings and distances to two or more clearly-
defined, fixed reference targets.  If the equipment is functioning properly, range accuracy is 
usually not an issue as the timing circuit is quartz crystal-controlled.  When station positioning, 
overall positional accuracy can be enhanced by shooting ranges and/or bearings to three targets 
rather than just two. 


3.4 Shore-based Transponder-dependent Systems 


3.4.1 Line-of-sight Microwave Systems 
Transponder-dependent, microwave systems utilize an onboard transmitter and two or more 
transponders (repeaters), located at known reference points on shore.  Depending on the model, 
position is determined by measuring either the time interval between transmitted and received 
signals or the phase differences between arriving signals.  Some models are capable of working 
in both modes. 







Pre-Approved      September 1998 - - Station Positioning Chapter 


 25


3.4.1.1 Strengths and Weaknesses 
The strengths and weaknesses of transponder-dependent, microwave systems include: 
 
• Unlike optical systems, there are no visibility constraints although, since the signal pathway 


is radio line-of-sight, it can be interrupted or blocked by shipping activities, landside 
structures, etc. 


 
• Range capabilities are more than adequate for Puget Sound waters. 
 
• Onshore transponder stations operate automatically and do not need to be attended but, unless 


they are tied in to a shore power source, their batteries will need to be changed periodically to 
meet ongoing power requirements. 


 
• Although the onboard transmitter utilizes an omnidirectional antenna, the transponder units 


are directional (30o - 180o beam angle, depending on model) which means that they must be 
carefully oriented when installed to adequately cover the area of operation. 


 
• Positioning information is displayed and continuously updated in real-time on board the 


vessel. 
 
• Some models have a time-sharing feature which allows for multiple use by more than one 


transmitter/user group. 
 
• The equipment is quite expensive ($40,000 or more) but rental options are available locally. 
 
• Equipment security may be an issue at some onshore transponder sites. 


3.4.1.2 Accuracy and Calibration 
For most models, expected accuracy is approximately + 3 - 10 feet.  Accuracy will be impacted if 
the geometry of the onshore reference stations has been compromised (the angles between 
stations should approach 90o). 
 
As a check for accuracy, the operator should re-calibrate the instrument over a known distance 
prior to the start of each survey event, or as the operation manual dictates. 


3.4.2 Long-range, Low Frequency System: LORAN-C 
LORAN-C, the successor to LORAN-A, is a long-range, low-frequency, radio navigation system 
that is used world-wide by land, air, and marine navigators.  It was originally developed in the 
1950s for the Department of Defense (DOD).  In 1974, it was made available for civilian use.  
The DOD eventually replaced this system with the satellite-based GPS, the result being that all 
U.S.-owned LORAN-C overseas assets were transferred over to the host nations.  The Coast 
Guard is responsible for the system’s maintenance and operation within the continental U.S. 
(ODIN, 1997). 
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Every two years, the DOD and the Department of Transportation (DOT) publish the ‘Federal 
Navigation Plan’ which provides updates regarding the future plans for LORAN-C.  The 1994 
publication states that this system will continue to operate until the year 2000, at which time its 
continued existence will be re-evaluated (Schuster, 1997).  Because this navigational system may 
soon become obsolete, it is suggested that all important sampling stations that have been 
previously acquired with LORAN-C only should be re-established via a second independent 
positioning method. 
 
System operation is based on the ability of a shipboard LORAN-C receiver to measure the time 
difference (TD) between arriving signals from a specific chain of land-based master and 
secondary (slave) transmitters.  Transmitted pulses from the master and two secondary 
transmitters create hyperbolic lines-of-position (LOPs), the intersection of which represents the 
vessel’s position (USGS, 1995).  Coordinate information is typically displayed either as a TD 
pair (with a resolution of 0.1 µsec), or as a lat/long calculation. 
 
It is suggested that LORAN-C-generated latitude/longitude coordinates not be used when there is 
a need to establish a charted position.  This is because the hyperbolic nature of the LOPs formed 
by the arriving signals is not compatible with a geodetic grid-reference system.  LOP distortion 
may be aggravated by the existence of propagation anomalies commonly found in close 
proximity to nearby headlands or from electronic interferences encountered in and around urban 
areas.  This means that a LORAN-C-derived fix may not always be consistently reproduced with 
the same degree of precision.  For this reason, and because this system may soon be 
decommissioned, LORAN-C should never be used to locate a new position but only to re-acquire 
a position that has been previously fixed by a different navigational system.  LORAN-C is 
generally considered to be a more consistent navigational aid when used out at sea away from 
continental landmasses. 
 
For general water column sampling where sample collection within the same water parcel is a 
higher priority than establishing a precise fix, the King County Environmental Laboratory uses a 
Northstar receiver that has been upgraded to receive both GPS and LORAN-C transmissions.  
The receiver automatically switches between the two navigational systems, the strength and 
quality of signal reception being the determining factor.  This is made possible because both 
LORAN-C and GPS are related to a common time standard, Universal Time Coordinated, or 
UTC (ODIN, 1997). 


3.4.2.1 Strengths and Weaknesses 
The strengths and weaknesses of LORAN-C include: 
 
• A number of waypoints (destinations) can be loaded into the shipboard receiver beforehand, 


allowing it to calculate current speed and bearing along with distance and time-to-go to the 
next waypoint. 


 
• Although the absolute accuracy of this system is probably not suitable for most scientific 


activities in Puget Sound, repeatable and relative accuracies may be sufficient for some 
projects. 
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• Although it is a low-cost, all-weather, navigational system with continuous signal 


availability, it should not be used as the sole positioning method due to possible 
discontinuance of LORAN-C after the year 2000. 


 
• Intermittent signal interferences and 0.1 µsec phase shifts may be encountered at times, 


significantly impacting positioning accuracy. 


3.4.2.2 Accuracy and Calibration 
Overall accuracy is hard to establish as it can vary significantly between sites within the Puget 
Sound region.  (An average estimate is usually stated as + 50 - 300 feet or more.)  Both signal-to-
noise conditions and the geometric juxtaposition of the vessel in relationship to the transmitter 
baseline can effect the system’s accuracy. 
 
Absolute and repeatable accuracy can be verified by periodically comparing a current TD fix 
with a previous fix at a known position. 


3.5 Underwater (Acoustical) Navigation 
Some marine projects in Puget Sound may require that both a vessel’s position and that of a 
submerged instrument be tracked.  For these applications, the location of the underwater device 
is typically referenced back to the vessel’s own position.  Due to the significant density 
differences between the air and water environs, there is no single form of pulsed transmission 
capable of carrying positioning information that will readily pass through both mediums. 
 
As a consequence, the standard approach for obtaining underwater geodetic coordinate data is to 
use some type of underwater navigation system below the surface that is capable of interfacing 
with the vessel’s own atmospheric navigation system above the surface. 


3.5.1 Relative Distance-bearing Systems 
For those survey/sampling operations where both the floating platform and its associated activity 
occupy the same location (e.g., bathymetry, vertically-deployed sampling and water column 
measurements, etc.), knowledge of the surface position is usually sufficient for geographical 
identification.  However, some activities often result in spatial separation between the surface 
position and that of the submerged instrument. 
 
As an example, Remote Operated Vehicle (ROV) operations often use underwater navigational 
systems to continuously track the relative magnetic bearings along with both vertical and 
horizontal distances (slope distances) between the support vessel and the ROV.  These devices 
are self-propelled and often work beyond the immediate vicinity of the vessel.  The Trackpoint II, 
by ORE, is a popular short-baseline model that is reliable and easy to use.  The visual display is 
typically used in the polar (“bulls-eye”) mode to show bearing and slope distance to the 
underwater target from the surface vessel centered on the screen.  The acoustical link is made 
between a transducer head, mounted on the outside of the vessel’s hull, and a transponder 
(pinger) on the underwater device. 
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Some diving activities may require the same type of tracking capability as that described above.  
As an option, low-cost systems are available that use compact, hand-held, homing devices that 
can directionally track acoustical transmissions between divers, the support vessel, and/or other 
underwater targets. 
 
Another type of more sophisticated underwater positioning system operates in conjunction with 
an array of transponders (also called pingers or beacons) located at known points on the bottom.  
The surface vessel keeps track of the juxtaposition of the submerged target as it operates within 
the boundaries fixed by these area-wide transponders.  These systems can be quite expensive. 
 
An optimum system configuration should incorporate a user-friendly visual display, oriented to 
magnetic north, which graphically shows directional changes in the underwater positional fix in 
relationship to changes in the surface fix.  Provisions could also be made for simultaneously 
recording both the underwater and the surface positional fixes under the same universal time 
format. 
 
Some marine activities do not require an underwater navigational system to keep track of a 
submerged instrument.  Side-scan sonars and sub-bottom profilers are two examples of 
instruments that use towed packages to collect geophysical data.  If the wire angle, length of the 
tow line, and depth of the package are known, an offset can be calculated between the package 
and the vessel’s position to provide accurate, updated fixes at those points where the actual 
measurements were collected. 


3.5.2 Relocation Applications 
Some instrumentation, designed to measure and record various physical parameters, can operate 
in an autonomous manner independent of surface support.  These instruments are typically either 
positioned directly on the bottom or they are buoyantly suspended over a fixed anchor clump.  
Since boat traffic is a major consideration in many areas of Puget Sound, the simple expedient of 
attaching an identifiable surface float above an instrument package may not be a viable option. 
 
For these applications, it is necessary to have the ability to accurately relocate the underwater 
package for data and/or equipment retrieval.  Recording the surface position at the time of 
equipment deployment and release makes it possible for a vessel to return later to the 
approximate vicinity of the target’s position.  A relocation system can then be used to interrogate 
the target’s transponder to supply the necessary range and bearing to the package.  Some models 
can command the underwater package to either acoustically transmit recorded data or physically 
release a buoyed retrieval line. 


3.5.3 Accuracy and Calibration 
The associated equipment manuals should be referenced when conducting calibration checks.  
When in the field, an easy way of establishing positioning accuracy is to take reciprocal compass 
bearings on the same target.  Approaching from different bearings on opposite sides of the 
compass should direct the recovery vessel to the same geographic point.  Range accuracy can 
also be verified:  When directly above the target package, the indicated range to the target’s 
transponder should equal the bottom depth as shown on the ship’s fathometer. 
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Since density variations within the water column have a direct relationship to acoustical signal 
velocities, it is important to know and adjust for the expected salinity concentration within the 
area of operation to minimize potential range error.  Be aware that salinity concentrations can 
vary significantly in nearshore waters near sources of freshwater input (e.g., near the Duwamish 
River mouth, in Shilshole Bay, etc.). 
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4. MODERN GLOBAL POSITIONING SYSTEMS 
Developed by the Department of Defense (DOD), the Global Positioning System (GPS) is a 
worldwide, satellite-based, radionavigation system consisting of a network of 24 operational 
Navstar satellites.  The U.S. Air Force Space Command formally declared that the system was at 
“Full Operational Capability” in April, 1995 (USNO, 1996). 
 
The DOD eventually requested that the Department of Transportation (DOT) oversee the process 
for making GPS available for civilian applications.  In February, 1989, the U.S. Coast Guard 
(USCG) was assigned to develop a system for providing this access (Schlechte, not dated). 
 
The present system is such that it can supply users with accurate three-dimensional position and 
time on a continuous basis anywhere on earth.  Many GPS receivers are capable of providing the 
user with additional navigational parameters such as bearing-, distance-, and time-to-go 
estimates.  The GPS’s usefulness for all manner of terrestrial, aeronautical, and marine 
applications is growing rapidly.  It is thought by many that GPS is well on its way to becoming 
the most universally-recognized positioning system-of-choice for fulfilling both navigational and 
surveying needs. 


4.1 Standard Positioning Service (SPS) 
The GPS provides two levels of service: (1) the Standard Positioning Service9 (SPS) for use by 
the general public and (2) the Precise Positioning Service (PPS) which is restricted for use by the 
military under the DOD.  The satellites transmit on two L-band frequencies: the SPS operates on 
the L1 frequency of 1575.42 MHz and the PPS operates on L2 at 1227.60 MHz (Dana, 1997). 


4.2 Major Operational Elements of GPS 
The GPS network consists of three major elements, commonly referred to as the Space, Control, 
and User segments (USNO, 1997). 


4.2.1 Space Segment 
The GPS utilizes 24 operational Navstar Block I, II, and IIA satellites, distributed in six orbital 
planes at a height of 20,200 km above the earth.  This constellation provides users with between 
five and eight visible satellites anywhere on earth.  Besides ranging information, the coded 
transmissions from each satellite contain its orbital and clock characteristics, system time, and 
status messages. 


4.2.2 Control Segment 
The Control Segment consists of one Master Control Station (MCS) in Colorado, five Monitor 
Stations, and three ground antennas distributed throughout the world.  The Monitor Stations 
passively track all satellites, accumulating ranging data from each.  These data are passed on to 


                                                      
9 For the purposes of this document, only the SPS will be discussed herein as it is typically the only service available 
for non-military use. 
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the MCS where they are used to precisely compute10 each satellite’s orbit (ephemeris).  This 
information, including clock corrections, is then transmitted up to the respective satellites as a 
way of updating their navigational messages to GPS users. 


4.2.3 User Segment 
The User Segment consists of all users and their associated GPS receiver-processors.  These units 
receive the transmissions from all individual satellites that are currently in orbit above the 
horizon at that time.  Each satellite continuously transmits the following kinds of data: 
 
• Pseudo-random noise (PRN) ranging codes.  These are used primarily for user positioning.  


They are the (1) course/acquisition (C/A) code, (2) precision (P) code, and (3) Y-code.  
(USNO, 1996) 


 
• Navigation message updates.  They contain precise orbital (ephemeris) and clock data.  


“Normally, a receiver gathers new ephemeris data each hour, but can use old data for up to 
four hours without much error.”  (Dana, 1997) 


 
• Almanac updates.  They contain the approximate, projected, orbital data parameters of all 


operational satellites.  “Signal acquisition time on receiver start-up can be significantly aided 
by the availability of current almanacs.”  (Dana, 1997) 


4.3 GPS System Time 
Since user positions are trilaterated from satellite ranging signals, the time dimension is a critical 
component.  Fortunately, GPS users do not require a precisely-timed clock as each satellite 
transmits time-of-arrival measurements along with its respective ranging data. 
 
GPS system time is provided by its Composite Clock which also maintains the Monitor Station 
and satellite frequency standards.  The Composite Clock is likewise referenced to the Master 
Clock at the U.S. Naval Observatory.  The Master Clock also directs the Composite Clock to 
within one microsecond of Universal Time Coordinated (UTC).  (USNO, 1997) 


4.4 Sources of GPS Error 
Positional accuracy can be compromised by the occurrence of any of a variety of potential 
sources of GPS error.  These types of errors, and their subsequent loss in accuracy, are shown in 
the following table.  (Dana, 1997) 
 


                                                      
10 The reference coordinates of the MCS have been precisely surveyed with respect to the World Geodetic System 
1984 (WGS-72).  NOAA is responsible for maintaining satellite orbital accuracy (Haw, 1997b). 







Pre-Approved      September 1998 - - Station Positioning Chapter 


 32


Sources of GPS Error 
 


Type of Error Description Loss in Accuracy 
(in meters) 


Receiver and PRN code noise Internal electronic noise. 1 
Selective Availability (SA) Intentional SPS signal degradation. When active, 30 


increases to 100 
Satellite clock errors When uncorrected by the Control Segment. 1 
Ephemeris data errors  1 
Tropospheric delays Changes in temperature, pressure, and humidity in 


lower atmosphere due to weather changes. 
1 


Unmodeled ionosphere delays Transmitted model can only compensate for half of the 
time delay caused by ionization influences. 


10 


Multipath Interference from reflected signals off surfaces near 
the receiver.  (Hard to detect or avoid.) 


0.5 


Control Segment mistakes Computer or human error. 1 m to 100s of km 
User mistakes Improper setups (e.g., incorrect geodetic datum). 1 m to 100s of m 
Receiver errors Software or hardware failures. any size 
Combined noise and bias errors Satellite ranging errors. 15 per satellite 
 


4.5 GPS Accuracy and Repeatability 


4.5.1 Positional Accuracy 
GPS accuracy, by itself, is generally better than 20 meters 95% of the time.  However, for 
national security reasons, the DOD intentionally degrades SPS accuracy through the use of 
Selective Availability (SA) by manipulating the navigation message orbit data (epsilon) and/or 
satellite clock frequency (dither) (USNO, 1997).  Eventually, this activity may no longer be a 
problem as, according to the Office of Science and Technology Policy National Security Council, 
“It is our intention to discontinue the use of GPS Selective Availability within a decade in a 
manner that allows adequate time and resources for our military forces to prepare fully for 
operations without SA.” 
 
When SA is in effect, the SPS has the following uncorrected11 predictable 95% accuracies (Dana, 
1997): 
 
• 100 meters for horizontal 
• 156 meters for vertical 
• 340 nanoseconds for time 
 
The level of positioning accuracy, or ranging error, can be evaluated at any given time by 
querying the GPS receiver status which should display the values of the four Geometric Dilution 
of Precision (GDOP) components.  The GDOP reflects the overall quality of the geometric 
relationships of the satellites to the receiver in the form of range vector differences.  (Dana, 1997) 


                                                      
11 To increase absolute accuracy, initial GPS positioning data can be either post-processed at the end of an operation 
or differentially corrected while in the field to compensate for system errors. 
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The four GDOP components are: 
 
• HDOP (Horizontal Dilution of Precision) 
• VDOP (Vertical Dilution of Precision) 
• TDOP (Time Dilution of Precision) 
• PDOP (Position Dilution of Precision in 3D)12 
 
The PDOP value is an indication of satellite geometry as it relates to the quality of a positional 
fix at that moment.  In essence, the smaller the number, the better the satellite/receiver 
configuration.  Values of 1 to 4 are generally considered to have excellent geometry, 4 to 6 are 
good, and 6 to 8 are fair (any values higher than eight will probably not meet acceptable accuracy 
criteria).  Hypothetically, the geometric configuration of an upside-down pyramid, with a satellite 
occupying each of the four corners and the user’s GPS receiver positioned at the apex, would 
yield a ‘perfect’ PDOP of 1 (McDuffie, 1996).  A minimum of four satellites is required for a 
positional fix in ‘true space’.  Only three are required if the Z dimension (altitude) is already 
known at a comparable level of accuracy by the user.  However, from a practical standpoint, no 
less than four should be used for positioning purposes on Puget Sound. 
 
In a general sense, the above concept holds true for all triangulation and trilateration 
methodologies: as the LOP intersect angle becomes more acute between a target and its 
respective reference points, positional accuracy decreases.  In other words, accuracy decreases as 
the baseline between any two reference points becomes shorter and/or the distance to the target 
increases. 
 
Satellite elevation above the horizon is an important consideration as transmissions from low-
elevation satellites must travel longer distances through the atmosphere, making them more 
susceptible to the introduction of noise from atmospheric disturbances.  Transmissions from 
those satellites that are visible at elevations of 15o or more above the horizon will typically be 
exposed to the least amount of atmospheric noise.  However, there are many instances where 
satellites having elevations as low as 10o above the horizon have provided suitable PDOP values.  
This is made possible because other receiver criteria had been met at the time, resulting in an 
acceptable geometric solution. 
 
These criteria would include: 
 
• the presence of additional numbers of useful satellites beyond the minimum four necessary, 
• good spatial distribution of satellites, and 
• atmospheric disturbances are minimal at the time. 
 
Although visible satellite coverage is essentially continuous on the open waters of Puget Sound, 
there are times, especially in the more inland areas, when satellite transmissions may be blocked 
part of the time by geological features, tree canopies, manmade structures, etc.  Under these 


                                                      
12 The term ‘PDOP’ is also known as the Spherical DOP. 
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circumstances, it may be advantageous to first review the almanac or ephemeris file that covers 
the time frame for when a specific sampling event is to take place.  The ephemeris file, which is 
automatically recorded by the users’ receivers, contains the predicted orbital information three 
months in advance for all currently-active GPS satellites.  Once downloaded to a PC, it can then 
be reviewed to determine which field days will be the most opportunistic with regard to 
maximum satellite exposure.  This ‘orbital preview’ is a standard “pre-mission planning” task 
that is performed by EPA field personnel prior to the start of each field event. 
 
The availability of from four to six high-altitude (15o or above) satellites in a good geometric 
configuration (i.e., having a good spatial distribution as represented by diversified bearings 
between the target and the visible satellites) should provide sufficient accuracy for most water 
column and sediment sampling activities in Puget Sound, assuming that the GPS data are 
corrected for system error.  The SPS level of service is designed to provide continuous, 
worldwide coverage at a PDOP value of six or less (USCG, 1998a). 
 
As with LORAN-C, the Signal-to-Noise Ratio (SNR) is a good indicator of signal quality as it 
measures the strength of the incoming signal relative to background noise.  Since accuracy is 
degraded as signal strength decreases, it is recommended that the SNR should not be less than 6. 
 
Many makes and models of modern-day GPS receivers13 have the option whereby the user can 
adjust various position filters, or masks.  This is accomplished by setting minimum and 
maximum limits of acceptability for elevation, SNR, and PDOP.  The result is that when these 
criteria are not met, the receiver stops computing GPS positions.  Thus, a consistent level of 
precision can be maintained for all fixes logged during the course of a particular sampling event. 
 
It is important to note that when the PDOP mask is raised, the receiver is then allowed to 
potentially log more positions during a specific time frame, but at the cost of reducing 
positioning accuracy.  This is because as the masking criteria are set to less stringent limits, more 
of the lower-quality transmissions from other satellites are accepted into the positioning solution.  
The opposite is true when the PDOP mask is lowered.  In the end, project-specific positioning 
criteria should be the final determining factor governing allowable positional accuracy. 


4.5.2 Repeatability 
Since GPS system accuracy is controlled at the federal level, the user has two available options 
for meeting project performance criteria: 
 
1. Monitor receiver status (i.e., GDOP components) and operate only within the DOP limits that 


will meet project positional accuracy criteria. 
 
2. Take redundant positional fixes at the same geographic point over a period of time for 


comparison purposes. 
 
                                                      
13 Survey results of the latest GPS receivers on the market are reported each January in the publication, GPS World, 
Advanstar Communications Inc., 859 Willamette St., Eugene, OR 97401-6806.  They can also be found on the 
Internet:  http://www.gpsworld.com/about/contact0.htm 
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Redundancy can provide proof of the precision to which a measurement is made.  In order 
for this proof to be meaningful, the inclusion of possible error sources must not be 
systematically duplicated in the redundant measurements.  A well-understood example 
from terrestrial surveying is that, in an optically-read theodolite angle measurement, if all 
repeat angles were turned with the same horizontal circle reference set on the backsight, 
inaccuracy in that particular portion of the theodolite’s circle would not be made apparent.  
Redundancy in a GPS survey is achieved primarily by way of a change in the relative 
geometry of the satellite constellation. . . . For GPS surveys, the geometry of the satellite 
constellation must be different for repeat station observations in order to eliminate 
potential sources for systematic errors due to multipath, orbit bias, and unmodeled, 
ionospheric, and tropospheric delay.  Even if the repeat station observation is made on 
another day, data must be collected at a different sidereal time in order to obtain a different 
satellite configuration. . . . Redundant observations also provide the additional verification 
of centering errors and a second set of antenna height measurements.  (Anderson, 1995) 


 
With the first option, checking the GPS receiver status is relatively easy, especially on the more 
sophisticated models, and it has been pointed out in the previous section that the PDOP is a good 
overall indicator of system accuracy.  In fact, it is good policy to record the PDOP value at each 
occupied sampling station as a way of documenting how well the project positioning criteria are 
being met.  If the vessel’s GPS system uses a monitor to graphically display its course, another 
method for estimating precision is to visually note the degree of ‘chatter’ within the vessel’s 
track as its position is updated on the monitor. 
 
The second option of occupying a known geographic point to determine absolute positional 
accuracy is a more complex issue.  This is due primarily to the fact that with an ever-changing 
satellite constellation, absolute accuracy can only be established at that moment in time when the 
new geometric solution is calculated.  Theoretically, this means that if positional fixes are 
updated at one-second intervals, the offset between the user’s receiver and the fixed geographic 
point is also capable of changing second-by-second. 
 
The best that can be hoped for then, is to conduct a horizontal control check by occupying a 
known reference point at periodic intervals throughout the course of a sampling event.  As an 
example, the crew on Bio-Marine Enterprises’s research vessel record their GPS position at a 
known point on their pier prior to their morning departure, then they take a second fix at the same 
point upon their return at the end of the day.  An adaptation of this same strategy would be to 
conduct horizontal control checks at known points within the sampling area itself. 
 
The EPA has written several excellent Standard Operating Procedures (SOPs) on the topics of 
GPS equipment preparation, field techniques, and data handling.  Some of these documents may 
be referred to below for additional information: 
 
• EPA, December 1996.  Draft: Data Collection Using Global Positioning Systems (GPS) 


Technology.  U.S. Environmental Protection Agency, Region 1, Boston, MA. 
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• EPA, January 1997.  Draft: Standard Operating Procedures for Using Region 5 Global 
Positioning System (GPS) Equipment.  U.S. Environmental Protection Agency, Region 5, 
Boston, MA. 


 
• EPA, April 1998.  Standard Operating Procedures for Using the Global Positioning System 


(GPS) to Obtain Accurate Locational Data.  U.S. Environmental Protection Agency, Region 
2, New York, NY. 


4.6 Differential Data Correction 
As shown in the preceding sections, there are many sources that can contribute to GPS data 
errors.  The standard method for compensating for these errors is to differentially correct the raw 
GPS field data.  The principle behind this differential correction process is to use the measured 
bias errors at a known reference point to correct or offset the bias errors at a specific user’s 
location.  These differential corrections may be applied in real-time while in the field, or at a later 
date through the use of post-processing techniques.  Fixed geodetic points, known as reference or 
base stations, are established for the purpose of supplying differential correction data.  The U.S. 
Coast Guard14 currently maintains a comprehensive network of reference stations along both 
coasts of the United States.  (Dana, 1997) 


4.6.1 Real-time Differential 
For waterborne sampling activities on Puget Sound where GPS is the primary navigational tool, 
the differential correction of the raw GPS field data in real-time is by far the most popular 
method for compensating for GPS error.  Such a system is referred to as a Differential Global 
Positioning System, or DGPS. 


4.6.1.1 Operational Description 
During a sampling event, both the local USCG reference station and the user’s GPS ‘rover’ 
receiver are acquiring the same satellite signals at any given moment (refer to Figure 6.).  Unlike 
the roving receiver however, the reference receiver resides at a known geodetic point.  The Coast 
Guard’s reference receiver is thus able to calculate the errors of up to nine visible satellites in a 
specific area. 
 


Since the reference station knows where the satellites are supposed to be in space, and it knows 
exactly where it is, it can compute a theoretical distance between itself and each satellite.  It 
divides that distance by the speed of light and gets a time.  That’s how long the signals should 
have taken to reach it.  It compares that theoretical time with the time they actually took.  Any 
difference is the error (or delay) in the satellite’s signal.  (Hurn, 1995) 


 
 


                                                      
14 Frequent updates regarding GPS system status can be found in the ‘U.S. Coast Guard Local Notice to Mariners’ 
and in the ‘CORS Electronic Newsletter’; both are put out by the National Geodetic Survey. 
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Figure 6.  Differential (Real-Time) GPS Positioning 
 
The resulting correction message, formatted to the RTCM SC-104 standard15, is then transmitted 
to local users via an omnidirectional radiobeacon broadcast.  Coast Guard radiobeacons are 
traditionally used to direct vessels that use Radio Direction Finding (RDF) equipment for 
navigation.  This dual functionality is made possible by minutely shifting the frequency of a pre-
existing radiobeacon signal up and down to produce binary strings of data.  This type of 
frequency modulation is called Minimum Shift Keying (MSK).  It has been shown that the MSK 
modulation technique has no adverse effect on RDF users. 
 
The radiobeacon signals are usually transmitted every 20 seconds or less; the user’s GPS receiver 
continuously applies these differential corrections to its own ‘raw’ satellite signals, thereby 
enhancing absolute accuracy as the bias errors are reduced. 


                                                      
15 The RTCM SC-104 standard was established by the Special Committee 104 under the Radio Technical 
Commission for Maritime Services. 
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The USCG is mandated to meet the under-10 meter accuracy requirement for Harbor/Harbor 
Approach navigation, as defined in the Federal Radionavigation Plan.  (It is quite common to 
experience a precision of + 1 - 2 meters in Puget Sound.)  DGPS performance is monitored at the 
West Coast Control Station in California. 
 
The user can roughly calculate achievable accuracy by adding (Hall, not dated): 
 


  0.5 meters = reference station baseline error 
  1.5 meters = user receiver error 


+ ##  meters    (add 1 m for every 150 km of separation between ref. station and user) 
  ##  meters = total meters of expected error 


 
Four USCG reference stations are presently located at various sites throughout the Northwest 
region.  As shown in Figure 7., all four stations provide overlapping coverage within the Puget 
Sound area.  When purchasing a differential receiver, it is recommended that it feature an 
‘automatic mode’ setting which allows the receiver to automatically switch to whichever 
radiobeacon transmission is the strongest as the vessel travels from one area to the next. 
 
 


.  Whidbey Is., WA


90 nm


.  Robinson Pt., WA


60 nm


.  Appleton, WA


250 nm


.  Fort Stevens, OR


180 nm


 
 


Figure 7.  USCG Reference Stations with Nautical Mile Ranges 
(USCG, 1997b) 
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The four regional USCG reference stations described above are listed in the following table 
(USCG, 1998b): 
 


USCG Reference Stations, Northwest Region 
 


Station Site Description Frequency 
(KHz) 


Field Strength 
(µµµµV) 


Whidbey Is., WA northwest end 302 75 at 90 nm 
Robinson Pt., WA east side of Maury Is. 323 100 at 60 nm 
Fort Stevens, OR Columbia River mouth, 


south side 
287 75 at 180 nm 


Appleton, WA Washington/Oregon 
boundary 


300 75 at 250 nm 


 
Although the Coast Guard typically provides excellent differential coverage for users on Puget 
Sound, there may be some instances where a higher level of surveying precision is required, or 
where radiobeacon reception is poor due to interferences from geological formations or manmade 
structures adjacent to the operational area. 
 
Under these circumstances, real-time differential correction can be supplied by setting up an 
individual base station at an unobstructed known reference point near the sampling area.  This 
tactic should provide for interference-free reception while increasing positional accuracy.  
“Differential correction accuracy degrades as the distance between the base station and rover 
(user’s receiver) increases.  An estimate of this degradation is two ppm . . . for every kilometer 
between base and rover.”  Ideally, distance between the base station and the operational area 
should be within 300 miles (Trimble, 1996b).  Base station receivers are quite expensive to 
purchase, but the rental option may be a cost-effective alternative for special project applications. 


4.6.1.2 Strengths and Weaknesses 
The strengths and weaknesses of DGPS for waterborne positioning applications include: 
 
• data correction is automatic and immediately available 
• a drifting vessel can readily re-acquire the active station with consistent accuracy 
• the additional step of correcting data at a later date is eliminated 
• the Coast Guard provides differential corrections at no cost to the user 
• a high-end DGPS is relatively cost-effective to own ($5000 - $10,000 depending on options) 
• at present, the Coast Guard differential network is not capable of supporting centimeter-level 


accuracy in real-time 
 
For GPS users, real-time DGPS is used almost exclusively for scientific operations on Puget 
Sound.  This is because the 2 to 25 meter accuracy range that is typically required on most 
marine projects is well within the capability of modern-day DGPS, and the advantages, as stated 
above, are numerous.  In addition, the availability of the Coast Guard’s overlapping differential 
coverage has significantly minimized the number and size of those open-water sectors where 
DGPS may not always be effective. 
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4.6.2 Post-processing 
Differential post-processing is the means by which raw GPS data are corrected after the field 
event.  This method is normally used when: 
 
• the need to have access to corrected data while in the field does not warrant the additional 


expense of procuring a differential receiver and associated software, 
• the differential transmissions from local-area reference stations are poor or intermittent, or 
• when the collection of survey-quality (i.e., centimeter-level accuracy) data is a key 


requirement. 


4.6.2.1 Operational Description 
Before the raw GPS field data can be post-processed, certain requirements need to be met 
(Trimble, 1996b): 
 
• accessibility to software for processing corrections16 
• accessibility to base station files covering same time period and satellites as that used by 


rover receiver 
• rover-to-base station distance of no more than 300 miles 
• knowledge of base station position and antenna height 
• base file continuously-logged intervals of no more than 30 seconds 
• a compatible file format between both base and rover data files17 
 
Several regional government agencies maintain base station files that are available at no cost to 
the public via a Bulletin Board Service (BBS) or the Internet (Hess, 1998).  These sources would 
include: 
 
• EPA, Region 10, Seattle 
• U.S. Army Corps of Engineers, Seattle District 
• Forest Service, Portland 
• Portland State University 
• King, Cowlitz, Thurston, Snohomish, and Skagit Counties 
 
Base files can also be downloaded off the Internet at the Pacific Northwest Geodetic Array 
(PANGA) site.  PANGA is a network of stationary GPS receivers, maintained by an international 
group of institutions including the University of Washington, that was created for the purpose of 
making seismic and volcanic risk assessments.  Although only a half-dozen receivers are 
currently in place, there should be twelve instruments operating in Canada and seventeen in the 
northwest U.S. within two years.  The base data is made available on-line for up to 10 days after 
generation.  (PANGA, 1997) 
 


                                                      
16 As an example, one data processing software package is marketed by Corvallis MicroTechnology, Inc., located on 
the Internet.  Several GPS receiver brands (e.g., Trimble, Ashtech, Motorola, etc.) have processing software built in. 
17 The RINEX format can be used for those instances where data files are not compatable (Hess, 1998). 
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As another alternative, GPS base station files can be downloaded for a fee from one of the 
commercial providers of this service.  A simple search on the Internet yields several sites that 
provide instruction and information regarding hardware and software options. 


4.6.2.2 Strengths and Weaknesses 
The strengths and weaknesses of the post-processing data correction method include: 
 
• somewhat less cost and more compact than a DGPS18, 
• centimeter-level accuracy is achievable if a survey-quality GPS receiver is used, 
• unlike DGPS, the post-processing step is an additional task that must be conducted before 


data are usable, and 
• re-occupation of a pre-existing sampling point by the sampling vessel cannot be verified 


without the advantage of on-site differential correction. 


4.7 The Future of GPS 
It appears that the success of GPS in fulfilling its role as a primary positioning and surveying tool 
will insure its continued support to meet the needs of the various commercial, international, civil 
government, and national security interests.  As the Senate Armed Services Committee points 
out, “It is clear that GPS offers the potential to revolutionize the movement of goods and people 
the world over.  Civil and commercial exploitation of GPS could soon dwarf that of the 
Department of Defense and lead to large productivity gains and increased safety in all 
transportation sectors.”  (USCG, 1997a) 


4.7.1 Proposed Improvements 
As DGPS technology continues to improve, it is hoped that advocates of this system will find an 
even broader range of application. 
 


Differential GPS has not often been associated with precise geodetic control work.  Research 
and development are being conducted however, which could result in the viability of this 
technique, or some hybrid, for many applications, including perhaps geodetic control 
surveying.  Differential GPS positioning does not attempt to solve the relative position 
between stations so much as it attempts to resolve the inherent errors in a single autonomous 
position.  (Anderson, 1995) 


 
As a DGPS system enhancement, one proposal that is being considered is to gradually convert 
the inland LORAN transmitter sites over to GPS base stations when LORAN-C is finally phased 
out.  By doing so, this cost-effective measure could significantly improve real-time differential 
capabilities within the interior regions of the continental U.S. (McDuffie, 1998). 
 
On another front, the Interagency Global Positioning System Executive Board (IGEB), with 
assistance from the U.S. Air Force,  has plans to expand the civil navigational capabilities on 
future GPS satellites by adding a second, and possibly a third, civil frequency to the current GPS 


                                                      
18 This is a moderate advantage as DGPS costs and equipment bulkiness are dropping rapidly every year. 
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L-band.  This addition should significantly enhance system performance for both civil and 
military users.  (Li, 1998) 


4.7.2 GPS and GLONASS in Combination 
While the U.S. has GPS, Russia has its own navigational satellite system which is known as the 
Russian Global Navigation Satellite System (GLONASS).  The GLONASS Information Center 
in Moscow, which is operated by the Russian Space Forces, appears to have its share of ongoing, 
but intermittent, technical problems as it attempts to maintain a full satellite constellation. 
 
As of the end of 1997, the GLONASS constellation consists of 16 active satellites out of a total 
of 24 individual orbits; the 8 remaining orbits are empty.  January of 1996 was apparently the 
only period where all 24 satellites were on-line at the same time.  Occasional signal anomalies, 
producing faulty measurements, continue to be observed from one or more of the satellites that 
remain operational.  These anomalies can last from a half-hour to several hours, and the range 
errors can be anywhere from 100 meters to thousands of kilometers.  Nevertheless, when 
GLONASS is working normally, its accuracy is about 7 to 10 meters 95% of the time.  This is 
because, unlike GPS, the Russian military does not intentionally degrade system accuracy; 
GLONASS users do not have to contend with the Selective Availability issue.  (MIT, 1997b) 
 
Over recent years, a few receiver models have entered the market that are designed to 
simultaneously receive satellite transmissions from both the GPS and the GLONASS systems.  
The newest models have 24 channels, with 12 channels devoted to each system.  The main 
advantage is that since these dual-system GPS/GLONASS receivers are able to access a greater 
number of satellites at one time, there is a potential for improvement in overall accuracy since a 
larger number of satellites are figured into the geometric solution. 
 


The principal benefit would be in the form of robustness of the combined system . . . (due to) 
the increased number of satellites in view.  Even with a conservative assumption that GPS 
and GLONASS each would maintain a 21-satellite constellation, all users are assured of a 
minimum of 8 satellites in view above 7.5o elevation angle; 99% of the users globally are 
assured of 10 satellites in view; and half the users would see 14 or more satellites.  In single-
receiver mode (i.e., without real-time differential applied), the position estimates obtained 
with GPS+GLONASS (combined) are significantly better than those from GPS (only), due 
entirely to the feature of Selective Availability (SA) in GPS.  (MIT, 1997a) 


 
However, when a dual-system receiver is using real-time differential corrections, accuracy is 
significantly less from that of a GPS-only receiver that is operating in the real-time mode. 
 


In (real-time) differential mode, the effect of SA in GPS is substantially neutralized and the 
measurements from the two systems can be treated as equals.  The frequency diversity of the 
GLONASS signals, however, introduces calibration problems in receiver design in the form 
of signal path delays or inter-channel biases.  These biases, if not calibrated out or accounted 
for, can be a source of significant error in differential mode, and may result in a net loss of 
accuracy.  (MIT, 1997a) 
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In summary then, a dual-system receiver is capable of a higher degree of positional accuracy 
when real-time differential correction is not applied, but accuracy is noticeably less when real-
time differential is applied.  With the present-day GPS providing essentially 100% coverage in 
Puget Sound area waters, it is therefore suggested that a single-system GPS receiver with real-
time differential capabilities be used for marine applications.  Although a dual-system receiver 
would appear to be of questionable benefit, if any, under these circumstances, it has proven itself 
on more inland applications where there is a greater potential for signal interferences from tree 
canopies, canyon walls, etc. 
 
It should also be noted that “the development of GLONASS appears to have slowed down 
considerably.  After the steady progress of 1994 - 1995 that resulted in a full constellation of 24 
satellites by January 1996, by September 1, 1997 the constellation had dwindled to 16 satellites.  
The last launch was in December 1995.  All satellites from pre-1994 launches have been 
withdrawn, perhaps in preparation of new launches.” (MIT, 1997a).  It may be that because of 
these circumstances, there does not appear to be any obvious interest from the U.S. Government 
to make use of or help maintain this system.  “Present needs and plans do not call for utilization 
of signals from GLONASS . . .”  (Hall, not dated) 
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5. DATA COLLECTION AND RECORD-KEEPING 
A proper set of field records should provide complete documentation with regard to both the 
intended and the actual scientific and positioning activities that take place during a sampling 
event. 


5.1 Initial Project Description 
Prior to the sampling event, all participating personnel should become familiar with the overall 
project scope and purpose, project sampling particulars, and station siting details.  Ultimately, it 
is the project criteria that will govern the level of expected accuracy and precision of the selected 
positioning method.  Planned station locating criteria and considerations should include, 
 
• station coordinates, 
• level of expected accuracy, 
• siting particulars (i.e., spatial resolution, expected depths and currents, vessel traffic 


congestion, waterway constrictions, etc.), 
• final coordinate data format (i.e., preference for datum, coordinate system, units, etc.), and 
• contingency plans if navigational activities are compromised. 
 
Awareness of project criteria may not be as big of an issue for the more routine sampling 
programs where samples are frequently collected the same way at the same stations by a small 
body of qualified personnel.  However, a central reference source should always be available, 
should questions arise at any time (e.g., ability to contact project manager, project reference 
materials on board, etc.). 
 
On the other hand, there are cases where a more formalized approach is required for documenting 
project directives.  For instance, sediment sampling projects that fall under the Sediment 
Management Standards criteria are required to produce an initial Sampling and Analysis Plan.  
Among other things, this document must include full details with regard to station distribution 
and acquisition.  As another example, the U.S. Army Corps of Engineers has stringent station 
positioning criteria which governs their actions during dredging and dumping activities. 


5.2 Field Records 
Station positioning documentation should be able to provide sufficient detail for determining: 
 
• any significant horizontal differences between the vessel’s surface position and the in situ 


measurement or sampling point, 
• spatial offset between each prescribed and actual sampling point, 
• relative spatial relationships between individual sampling points in a station array (i.e., 


station distribution), 
• juxtaposition of a specific station array relative to prominent landmarks or other hard-point 


features, 
• specific sampling points in such a way that another party would be able to readily re-occupy 


these same stations at a later date if necessary, 
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• type of activity that took place at each station, 
• all sample and bottom depths at each station, and 
• the time that a specific activity took place at each station. 
 
In order to provide the kind of information listed above, the shipboard navigational record should 
include the following details: 
 
• horizontal datum and coordinate system used, 
• positioning method used, 
• navigational equipment type, including how it was setup and used, 
• significant changes in expected accuracy/precision (if using DGPS, note the PDOP value 


when logging a fix), 
• calibration technique and associated data, 
• any adverse weather or physical conditions that could affect expected accuracy, 
• navigation personnel involved, 
• identification of all reference points, 
• raw and/or finalized navigational/coordinate data, including units of measurement, 
• depth, local time, and type of activity (if sampling along a transect line, beginning and ending 


time, ship’s heading, and any course changes should be included), and 
• all changes/modifications to standard operating methods. 


5.3 Coordinate Data Loggers and Shipboard Displays 
At the most basic level, a set of coordinates are either plotted off of a nautical chart, read from a 
shipboard navigational device, or received from a shore-based survey party.  The coordinates are 
then manually recorded in some type of navigational logbook.  This method carries with it 
several distinct disadvantages, including: 
 
• the potential for transcription errors, either during logbook entry or during transferal to 


another recording medium upon completion of the survey, and 
 
• during a tracking exercise, the manual recording of coordinate data could prove to be very 


difficult due to the sheer volume involved. 
 
Manual data entry and calculation errors would be minimized with a navigation system which 
has the ability to both calculate and electronically record final positional data in an acceptable 
format for easy uploading to a landside computer system at the end of the cruise.  Many types of 
modern-day optical and microwave systems have electronic processing and recording capabilities 
in the form of electronic notebooks.  Some Total Stations, when used in conjunction with a 
laptop PC and modem combination, can be remotely commanded to receive and transmit real-
time data, initialize the taking of measurements, and select different measurement modes and 
functions. 
 







Pre-Approved      September 1998 - - Station Positioning Chapter 


 46


As GPS is becoming an ever-more popular navigational tool, manufacturers are developing GPS 
receiver models that contain some very useful features.  Some of the more sophisticated GPS 
receiver models have the ability to: 
 
• graphically display an electronic scaleable navigational chart or GIS shape file of the area of 


interest, including the relative positions of pre-selected sampling stations (waypoints), 
• log individual sampling points when actually occupied, or record all positions along a track 


line, 
• import and export coordinate data in any of a number of acceptable formats, and 
• provide real-time level of accuracy measurements. 
 
The King County Environmental Laboratory uses Trimble Pro XL and Probeacon receivers 
interfaced with a laptop PC for Differential GPS positioning on its 45-foot research vessel.  The 
PC graphically displays real-time vessel movement, all points and/or tracks where an activity 
took place, and all prescribed stations (waypoints).  Included within the display are shoreline 
maps composed from GIS shape files created from digitized aerial survey photos and the 
associated NOAA bathymetry.  Actual vessel-occupied positions are recorded as point, line, or 
area features.  Both feature and waypoint files can be exported under a variety of GIS-compatible 
formats, including ASCII.  When tied up at the Laboratory pier, positional accuracy typically 
averages about + two feet. 


5.4 Instrument Interfacing 


5.4.1 Navigation and Sensor Data 
Some marine activities such as hydrographic surveys require that a vessel collect data and/or 
samples while underway on a set course.  For such tracking activities, the ability to electronically 
store other kinds of measurable data together with the navigational data under a common time 
element is a desirable feature.  Under these circumstances, it is necessary that an electronic 
logging device be able to simultaneously record additional data from any of a variety of 
compatible acoustical sensors or in situ physical measurement probes along with the associated 
coordinate data. 
 
Other projects might require that samples be collected in areas where GPS reception is either 
poor or non-existent, such as near large steel structures, within the vicinity of strong AM 
transmitters, or beneath piers.  In these cases, a secondary distance-measuring device such as a 
laser range finder may be necessary to establish the horizontal offset between the exact sampling 
point and the closest viable GPS position.  The primary positioning system would then need to be 
able to incorporate the offset data (both range and bearing) as a correction to the GPS data set. 


5.4.2 Shipboard Instrumentation 
Different shipboard instruments are sometimes interfaced together so that different types of 
navigational data can be viewed on a single readout display or so that one instrument can provide 
directional commands to another.  For instance, depth data might be displayed along with ranging 
data on a radar screen or GPS data may be used to supply course-change commands to an 
autopilot. 
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In the past, combining data outputs from different makes and models of instrumentation has been 
difficult because of complications resulting from mismatched cabling and data formats.  In an 
effort to enhance instrument compatibility, the National Marine Electronics Association 
developed Protocol 0183 (NMEA 0183).  NMEA 0183 essentially sets the standard for 
compatible connector types and serial data formats between different manufacturers (McDuffie, 
1998).  It is recommended that all potentially interactive positioning and sensor instrumentation 
should be NMEA certified, if possible. 
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6. STATION KEEPING 
Much of the professional-quality surveying and navigational instrumentation available today is 
potentially capable of accurately establishing geographic positions at distances significantly 
greater than that required for station positioning in most areas of Puget Sound.  In practice 
however, vessel positioning accuracies may range from one-to-two meters to ten meters or more.  
This variation in accuracy is governed primarily by such factors as, 
 
• degree of vessel maneuverability, as determined by hull size and design, including type and 


configuration of propulsion system, 
• type of on-site activity involved, 
• crew’s level of knowledge and experience, 
• equipment preparedness, and 
• vessel response to external natural forces (e.g., wind, waves, and currents). 
 
The added complication of having to accurately hold a vessel on station for the period it takes to 
perform the on-site work is perhaps one of the more significant differences between landside and 
waterborne surveying applications.  The dynamic nature of the marine environment is such that a 
free-floating object is always subject to the influences of various natural forces unless corrective 
action is taken. 


6.1 Drift Rate 
Unless a vessel has some means of maintaining station position, its exposure to wind and tidal 
currents, both of which are almost always active in the Puget Sound area, will cause the vessel to 
eventually drift off site. 
 
In Puget Sound, the prevailing wind and current activity is generally considered to be in a 
north/south orientation.  Prevailing winds are typically out of the north during the summer 
months, and out of the south during the winter months.  Due to the geological configuration of 
the Puget Sound basin, currents are primarily tide-driven rather than wind-driven. 
 
When operating on the more open stretches of water, direction and rate of drift will usually be 
governed more by wind velocity, especially for shallow-draft vessels that have large sail areas 
(i.e., large superstructures for the wind to act upon).  Near protruding headlands and in narrow 
channels, the higher tidal current velocities induced by these geological restrictions, especially 
during large tidal cycles, will have the greatest influence on vessel drift rate. 
 
If instrumentation is deployed below the surface layer, a drifting vessel under control of surface 
forces may develop a wire angle with its submerged instrumentation.  Wire angle is of concern 
because it can significantly effect sampling accuracy (refer to Figure 8).  As shown in the 
illustration, as depth increases, the offset error between the vessel and the sampler will also 
increase under a set wire angle.  This relationship is not linear, however, as resistance of the wire 
passing through the water column will give it the tendency to ‘bow’ outwards between the vessel 
and the weighted sampling device. 
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Figure 8.  Effect of Drift Rate on Wire Angle 
 
With any positioning method, overall positional error will include: 
 
• the precision of the positioning method, 
• the lateral offset between the hydrowire and that point on the vessel from which the position 


was determined, and 
• the lateral offset between the hydrowire’s attachment point to the vessel and the actual 


position of the sampling device. 
 
Precision of the positioning method can be thought of as a radial error since there is a statistical 
possibility at any moment in time that positional error can be in the form of a spatial offset in any 
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direction from that of the true positional point.  This statement, however, does not hold true for 
the potential error offsets between the vessel’s positional reference point and the hydrowire, and 
between the hydrowire and the sampler.  These offsets are linear in nature since, for any given 
length of time, the vessel will hold onto a set bearing while wire angle orientation remains fixed. 
 
It is recommended that wire angles should be kept under 5o for all stationary sampling activities 
if at all possible.  (Anything under 5o will usually not be noticeable without the aid of a wire 
angle indicator.) 


6.1.1 Corrective Measures 
When not under power, all vessels will typically tend to swing perpendicular to the forces of 
wind (or current).  As the vessel loses steerageway and falls off before the wind, pressure 
increases against the more exposed side of the bow relative to the opposite side.  A state of 
equilibrium is eventually reached with the vessel abeam to the wind when the force vectors along 
the exposed side of the vessel become evenly distributed front to back on either side of the ship’s 
pivotal axis. 
 
From a positioning standpoint, a vessel might find it advantageous to utilize drift rate as a means 
of approaching a station from the upstream side.  Care should be taken, however, when drifting 
on station while sediment sampling; core tubes could be pulled over or bent and descending 
grabs have a tendency to ‘tumble’ upon contact with the bottom under these circumstances. 
 
The negative effects of drift rate diminish as water depth increases, since the vessel must travel a 
longer distance on the surface to pull the sampler out of alignment on the bottom.  When 
sediment sampling on a sloping bottom in shallow water, the vessel should try to approach from 
the deep-water side; this reduces the likelihood of the grab tumbling against the up-slope side of 
the station.  All positions should be marked at that moment when the vessel is directly over the 
station and the sampler first contacts the bottom. 


6.2 Station Keeping Options 


6.2.1 Hull and Propulsion Variations 
There are many types of vessels that are used for environmental field activities in Puget Sound.  
Each design is different with regard to stability and station-holding capabilities.  For the purposes 
of this discussion, there are two basic hull types: displacement hulls and planing hulls.  A 
displacement hull, because of its mass, retains its stability in inclement weather and is slower to 
respond to wind and current influences.  However, it has a relatively slow hull speed and its 
deeper draft prohibits it from sampling in shallow waters.  A shallower-draft planning hull, on 
the other hand, may have a much higher cruising speed and is capable of operating in both deep 
and shallow waters, but platform stability and station-holding potential are readily impacted by 
increases in sea state and wind velocity. 
 
The design of a vessel’s propulsion system is another factor which can determine how efficiently 
a vessel can acquire and hold on a sampling station.  Generally speaking, more propellers and/or 
thrusters mean more maneuverability options.  It is a misconception, however, that all single-
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shaft vessels are less maneuverable than those having two; they usually just take longer to 
perform the same operation.  As an example, a hull and propulsion configuration like that of a 
single-shaft harbor tug has good station-keeping potential due to the small hull length-to-beam 
ratio, high shaft torque, and large rudder size.  On the other hand, a longer, narrow-beamed, twin-
shafted vessel may find it difficult to turn within its own length, especially when exposed to high 
winds off the beam. 
 
Those boats propelled by outboards and inboard-outdrives are usually quite maneuverable, as the 
directional thrust design is more efficient for this task than a fixed shaft/independent rudder 
combination.  The addition of a bow thruster should increase maneuvering capacity to a certain 
degree, although its effectiveness is governed by hull length and horsepower rating. 


6.2.2 Anchoring 
Anchoring may be an option for some projects as it avoids having to continually maneuver to 
maintain station position.  For example, when divers or equipment are on the bottom for an 
extended period while tethered to the surface support vessel, it is critical that the vessel remain 
stationary and have its propulsion system secured.  However, the additional time it takes to weigh 
anchor to avoid a collision in a busy waterway could prohibit the use of this tactic. 
 
The King County Environmental Laboratory often anchors their 45-foot research vessel by 
simply lowering a 700 pound anchor clump off the stern with minimum scope on the down line.  
In a busy waterway, the engines are often kept idling and out of gear.  In an emergency, a diver 
could be quickly hauled up or sampling gear cut away.  The anchor clump would then be 
immediately lifted clear of the bottom so that the vessel could maneuver out of the way of 
oncoming vessel traffic. 


6.2.3 Marker Buoys 
In nearshore waters where repeated sampling is necessary at the same location, anchoring a 
surface marker buoy above the sampling point may be a viable option.  Doing so would then give 
the vessel the freedom to drift until the scientific party is ready to resample.  The station can be 
conveniently re-acquired by visual means.  It is important to remember that buoy scope can be 
influenced by current velocity, but buoy position can be verified by either the vessel’s 
navigational system or an onshore survey crew at any time. 
 
A modified halibut buoy is an excellent design for a marker buoy (refer to Figure 9.).  The buoy 
anchor line can be made up from small diameter 600-pound test, braided nylon, halibut fishing 
leader.  The bamboo pole is durable and fairly wind-resistant.  It is also tall enough that the 
skipper can have an unobstructed view from the wheelhouse, especially if a brightly-colored flag 
is attached.  The addition of a numbered plaque can help with identification if multiple buoys are 
deployed.  Also, the ability to take radar ranges is made possible by mounting a radar reflector to 
the pole. 
 
Ideally, the surface buoy should be positioned directly above its anchor to accurately mark a 
sampling point.  This is usually not possible, however, as the ever-present currents will tend to 
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force the buoy downstream.  Unfortunately, this offset (buoy scope) does not remain constant; it 
will change over time as water depth changes during the course of a tidal cycle. 
 
The solution is to pass the anchor line through a plastic ring that has been fixed tightly to the 
bottom of the pole below the lead ballast weight, as shown in the following figure.  This free-
hanging end of the anchor line is then tied to a one or two pound lead counter-weight.  This 
counter-weight minimizes the scope and keeps it constant as water depth changes.  (The anchor 
line must not be longer than twice the water depth expected.) 







Pre-Approved      September 1998 - - Station Positioning Chapter 


 53


 
 


Current


3


 
 


Figure 9.  Halibut-Type Marker Buoy 
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7. REPORTING REQUIREMENTS 
For several years, the Washington State Department of Ecology (DOE) and the former Puget 
Sound Water Quality Authority (PSWQA)19 have been developing specific guidelines concerning 
the collection and analysis of marine samples.  Environmental samples must be collected and 
analyzed in a standardized fashion so that: 
 
• data from different public and private agencies can be equitably compiled or compared for 


consistent and objective evaluation, 
• current analytical results can be related directly to historical results for trending purposes, and 
• unbiased analytical results can be compared to current regulatory standards for a specific 


sample matrix. 
 
Positional data resulting from these sampling activities must also be recorded and reported in a 
standardized manner.  An agreed-upon universal format for such elements as datum, coordinate 
system, and units needs to be followed by the marine scientific community as a way of 
consistently identifying sampling points and areas within the Puget Sound region. 
 
The EPA addressed the issue of standardized data reporting when it developed its information 
coding standards as part of its Locational Data Policy in 1991.  Known as the Method, Accuracy, 
Description (MAD) codes, this coding system was designed to be used “for all environmental 
measurements collected by EPA employees, contractors, and grantees.  A key premise of this 
policy is that secondary use of these data in Geographic Information Systems (GIS) and statistical 
mapping programs are significant to the overall mission of the Agency.  To facilitate the 
integration of data into these systems it is important that coding of geographic coordinates and 
associated attributes be standardized.”  (EPA, 1995) 


7.1 Navigational Data Standards 


7.1.1 Datum and Coordinate Systems 
Cartographers define a datum as a mathematical model of the Earth that relates to a specific 
planetary reference point such as the center of the Earth or the Earth’s center of mass.  Such a 
model is needed because it is not possible to represent the spheroidal Earth as a two-dimensional 
flat surface without distortion.  The shape of the Earth is really that of an ellipsoid, as centrifugal 
force has deformed the spherical shape outwards along the equatorial axis. 
 
“. . . the ellipsoid which provides the best fit for the Earth’s geoid20 for North American Datum 
1983 (NAD 83) is the GRS-80 ellipsoid.” (Petrillo, 1998)  The datum which incorporates this 
particular ellipsoid is referred to as the World Geodetic System 1984 (WGS-84).  For the 
hydrographic surveyor, NAD-83 is essentially equivalent to WGS-84.  Over the next few years, 
maps published by the U.S. Geological Survey will use NAD-83.  (Trimble, 1996a) 


                                                      
19 The PSWQA has since been replaced by the Puget Sound Water Quality Action Team (PSWQAT). 
20 “A geoid is a representation of the surface of the Earth over which the Earth’s gravity is constant.”  (Trimble, 
1996) 
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Although a datum must always be based on a specific planetary reference point, it cannot by 
itself identify geographical points on the Earth.  Some type of coordinate system such as lat/long 
is therefore required.  A coordinate system is essentially an organized and systematic series of 
intersecting identifiable lines whose intersections are typically used to describe a point in either 
two- or three-dimensional space.  Unlike a datum, a coordinate system does not require a 
planetary reference point.  Instead, it usually relates back to some artificial reference point (e.g., 
longitude can be referenced back to the prime meridian in Greenwich, England, while a given 
State Plane system is always referenced back to its respective, artificial point of origin).  
Algorithms, known as map projections, are used to convert between lat/long coordinates and 
various linear northing/easting grid systems. 
 
Several regional government agencies have now standardized their coordinate system/datum 
formats.  For instance, the King County Environmental Laboratory has standardized all of its 
coordinate data to Washington State Plane under the NAD 83 datum.  In 1995, the U.S. Army 
Corps of Engineers, as part of its Dredged Material Management Program (DMMP), also 
standardized its coordinate data format: 


 
Sampling location data will be entered into the Dredged Analysis Information System 
(DAIS) in the form of latitudes and longitudes referenced to North American Datum of 1983 
(NAD 83) which is considered equivalent to the World Geodetic System 1984 (WGS 84).  If 
sampling locations are referenced to a local coordinate grid, the local grid should be tied to 
NAD to allow conversion to latitudes and longitudes.  Latitudes and longitudes referenced to 
the North American Datum of 1927 (NAD 27) can easily be transformed to NAD 83 
(DMMO, 1995). 


 
As a result, it is therefore recommended that all horizontal coordinate data generated by the 
marine scientific community within the Puget Sound region should be presented in either the 
latitude/longitude or the Washington State Plane coordinate system under the North American 
Datum of 1983 (NAD 83).  If another local coordinate system is used, it should be identified and 
its relationship to the NAD 83 National coordinate system should be clearly defined (FGDC, 
1996). 


7.1.2 Horizontal Accuracy 
Unlike landside surveying and mapping activities where precise position identification is a 
primary end product, sampling activities in Puget Sound typically place positioning data in more 
of a supportive role to that of the actual sample collection and analysis activities.  Ideally, 
positioning data accuracies, as with laboratory analytical accuracies, would have standardized 
definable limits for all marine sampling activities.  Unfortunately, such is not the case because: 
 
• it is quite difficult to guarantee consistently ‘tight’ surface positioning accuracies for all 


occasions when operating within a dynamic fluid medium under all weather conditions, 
• most field groups do not have the means to determine precisely the geographic locations of 


underwater sampling points, and 
• currently, there is no single standardized equipment type or navigational method that is used 


universally by all research vessels operating in Puget Sound. 
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A number of committees, such as the Federal Geographic Data Committee (FGDC), have been 
created with the intent of addressing the various issues surrounding geospatial accuracy standards 
for specific water-based activities.  The following is an excerpt from a 1996 FGDC draft 
document: 
 


Part 5, NAVIGATION CHARTS AND HYDROGRAPHIC SURVEYS.  This part will 
specify minimum standards for hydrographic surveys so that hydrographic data are 
sufficiently accurate and spatial uncertainty is adequately quantified for safe use by mariners.  
It will provide a common framework to evaluate and assess hydrographic data for a range of 
applications through a standard statistical approach.  This part will be based on the recently 
revised International Hydrographic Organization (IHO) Standard for Hydrographic Surveys, 
which is in the final stages of review by the international community.  Potential users . . . are 
agencies that conduct surveys of the marine waters, including the high seas, coastal and 
estuarine waters, and inland lakes and rivers.  The lead agency is the Department of 
Commerce, National Oceanic and Atmospheric Administration, National Ocean Service.  
The responsible FGDC subcommittee is the Bathymetric and Nautical Chart Subcommittee 
(FGDC, 1996). 


 
Rather than recommending a set level of horizontal accuracy, the National Standard for Spatial 
Data Accuracy (NSSDA) has suggested that “ultimately, data users must identify acceptable 
accuracies for their applications.  Data and map producers must determine what accuracy exists 
or is achievable for their data.”  (FGDC, 1996).  In concurrence with this thinking, it is suggested 
that project-specific criteria should ultimately define the level of expected positional accuracy of 
the various environmental activities taking place within the Puget Sound region. 
 
In addition, “the producer of the spatial data will determine the geographic extent of data to be 
tested and the amount of testing.”  The FGDC’s suggested method for testing is to “test 
horizontal accuracy by comparing the planimetric coordinates of well-defined ground points with 
coordinates of the same points from an independent source of higher accuracy.” 
 
The FGDC also recommended that the horizontal reporting standard should be “the radius of a 
circle of uncertainty, such that the true or theoretical location of the point falls within that circle 
95 percent of the time.”  The vertical reporting standard should be “a linear uncertainty value, 
such that the true or theoretical location of the point falls within +/- of that linear uncertainty 
value 95 percent of the time.” 


7.1.2.1 Regulatory Guidelines 
Some government agencies have elected to develop their own accuracy standards.  As an 
example, the Dredged Material Management Program (DMMP), developed by the Army Corps 
of Engineers, contains specific positional accuracy guidance as follows: 
 


A precision navigation system should be used to record all sediment sampling locations to a 
geodetic accuracy of + 2 meters.  In addition, all samples should be obtained as close as 
possible to the target locations provided in the project sampling plan.  Such accuracy can be 
obtained with a range of positional hardware such as microwave trisponders, differential 
GPS, electronic measuring devices, etc.  The exact positioning system to be used and 
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associated QA/QC procedures should be documented in the project sampling plan (DMMO, 
1995). 


 
Before implementing a new sampling program for regulatory purposes, it is important to be 
aware if project-specific accuracy standards have been formally identified by the local regulatory 
agency.  This is true even if the proposed project does not fall into the regulatory category; the 
ensuing data results may eventually be integrated along with other sampling entities within a 
regulatory agency’s database, in which case overall consistent positional accuracy would be 
critical. 
 
The following table lists a few of the more prevalent positional accuracy standards as recognized 
by some of the local government agencies. 
 


Government Agency Positional Accuracy Standards 
 


Agency Sampling 
Area/Type 


Expected 
Accuracy21 


Document 
Reference 


EPA (Locational Data Policy) overall + 25 meters (EPA, 1992) 
EPA: Region 2 overall + 5 meters (EPA, 1998) 


Washington State DOE marine sediments + 3 meters (DOE, 1995) 
Army Corps of Engineers marine sediments + 2 meters (DMMO, 1995) 


King County marine sediments + 1 - 2 meters (KCEL, 1997) 
 


7.1.3 Vertical Accuracy 
For landside surveying operations the accepted standard is to report the vertical measurements as 
height above the ellipsoid (HAE).  However, for waterborne positioning applications on Puget 
Sound, it is a preferred practice for many groups to report height as water depth adjusted to mean 
lower-low water (MLLW).  Barring that, sampling and bottom depth data could be reported in 
any format as long as it is always accompanied by unit of measurement, date, local time, and 
vertical reference point (e.g., keel depth, surface depth, relative to a specific altitude, etc.). 
 
With most marine positioning activities, the vertical dimension is of secondary importance when 
establishing spatial placement.  That, coupled with the fact that the typical GPS navigational 
system calculates the vertical dimension with significantly less accuracy than it does the 
horizontal, lends itself to the suggestion that another type of instrument such as a good-quality 
fathometer should be used as the norm for providing this vertical component. 


7.1.4 Time of Occurrence 
Date and time should always be recorded for each specific sampling and data collection activity 
during an operational event.  It is suggested that for the Puget Sound region, local time should be 
used rather than UTC.  It should be in the 24-hour format (to allow for computerized sorting) and 
should be recorded in either Pacific Standard or Daylight Savings Time, whichever is in effect at 


                                                      
21 Project-specific applications may require different accuracy criteria. 
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the time of the sampling event.  This practice should hopefully reduce the likelihood of date and 
time errors when consolidating or comparing data between different operational groups. 


7.1.5 Coordinate Conversion Programs 
It is not necessary to record initial positioning data in the final reporting format as different 
coordinate transformation programs are now available for readily converting between different 
datum/coordinate systems. 
 
CORPSCON is a popular MS DOS-based conversion program that can be downloaded for free 
from its respective Internet site.  CORPSCON was created by the U.S. Army Topographic 
Engineering Center for the purposes of doing coordinate convertions between geographic (i.e., 
lat/long), State Plane, and Universal Transverse (UTM) in NAD 27 or NAD 83 (CORPSCON, 
1998).  If desired, range/azimuth polar coordinates can also be converted to one of the above 
grid-coordinate systems (Droker, 1997). 
 
As a second option, ‘Geographic Calculator’ is a comparable conversion software package that 
can be purchased from Blue Marble Geographics22 for about $400.  According to the vendor, 
“The Geographic Calculator enables interactive and batch transformations of coordinates from 
virtually any coordinate system to any other.  You can transform between coordinate systems, 
calculate the distance and azimuth between two coordinates, and calculate the coordinate 
position at a known distance and azimuth from a known coordinate.  The Geographic Calculator 
also computes grid convergence, point scale factor, datum shifts, and grid shifts.”  (Geographic 
Calculator, 1998). 


                                                      
22 Blue Marble Geographics, 261 Water Street, Gardiner, Maine 04345 U.S.A.  Sales: 1-800-616-2725. 
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