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Abstract
Ecology's Environmental Assessment Program has conducted a multi-phase study of Salmon
Bay sediments to facilitate cleanup efforts by Ecology’s Toxics Cleanup Program.  Phase I and
Phase II examined physical characteristics and toxic contaminants of Salmon Bay sediments on a
broad geographical scale.  Objectives of this Phase III study were to assess toxicity of sediments,
delineate boundaries of highly contaminated areas, and confirm sediment contamination found
during the Phase II study.

Bottom sediments were collected from 27 locations throughout Salmon Bay and two reference
locations in Lake Washington.  Samples were analyzed for conventional parameters, metals,
semivolatile organics, and butyltins.  Polychlorinated biphenyls (PCBs) were sampled in areas of
known contamination.  Toxicity was assessed through Hyalella azteca survival, Chironomus
tentans growth and survival, and Microtox.  Potential toxicity of the sediments was assessed by
comparing chemistry to Freshwater Sediment Quality Values (FSQVs) and the Puget Sound
Dredge Disposal Analysis screening level (SL) for tributyltin (TBT).

Results confirmed widespread chemical contamination in Salmon Bay found during the Phase II
study.  TBT, mercury, bis(2-ethylhexyl)phthalate, indeno(1,2,3-cd)pyrene, and carbazole appear
to be the most pervasive problem chemicals based on comparisons to the SL and FSQVs.  Zinc,
copper, arsenic, lead, chromium, and polycyclic aromatic hydrocarbons also exceeded FSQVs.
At least one chemical was detected above FSQVs in 23 of the 27 samples.  TBT concentrations
were above the SL in 26 of the 27 Salmon Bay sediments.

Ninety percent of the Salmon Bay samples were toxic to at least one bioassay organism.  The
Chironomus growth test was the most sensitive bioassay, followed by Microtox, Hyalella
survival, and Chironomus survival.  Results suggest that the number of organic chemicals
exceeding FSQVs was more closely related to toxicity than to the degree of metals
contamination.

The distribution of contaminants in Salmon Bay could be characterized by "hot-spots" generally
occurring near shore, with cleaner sediments toward the channel center.  In most cases,
hot-spots detected during Phase II were verified by this survey.  However, the sample coverage
was too thin to delineate hot-spot boundaries.  Therefore, it is recommended that future sampling
be designed to delineate hot-spots by focusing on the most contaminated Phase III stations
individually.
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Introduction

Background
Salmon Bay and the Lake Washington Ship Canal comprise a narrow body of water in Seattle,
Washington, connecting Lake Union to the east with Puget Sound to the west through the
Hiram Chittenden Locks (Figure 1).  Salmon Bay was originally a saltwater bay, but was
inundated with freshwater in 1914 when the locks were constructed to the west of Salmon Bay
and connected the bay to Lake Union through the Lake Union Ship Canal.  The Ship Canal is a
narrow channel with some shallow embayments on the southern shoreline near the west end of
the canal.

Numerous industries have been located along the shores of Salmon Bay and the Ship Canal,
including shipyards, marinas, bulk fuel plants, fish processing, wood treating, lumber mills and
plywood plants, bulk materials handling facilities, a large steel manufacturing plant, and an
asphalt plant.  In addition, stormwater from urban areas, the Ballard and Fremont bridges, and
combined sewer overflows (CSOs) discharge into the Ship Canal and Salmon Bay.  These
various sources have contributed to sediment contamination in Salmon Bay and the west end of
the Ship Canal, but the nature, extent, and sources of contamination are not well defined.  This
lack of information has hampered attempts at source control and sediment cleanup in this area.

Recently, contamination of Salmon Bay sediments has been addressed in a three-phase study
conducted by Ecology's Environmental Assessment Program (formerly Environmental
Investigations and Laboratory Services Program).

1. Phase I reconnaissance sampling was completed during 1995 and consisted of visual
examination of sediments from 81 stations evenly distributed throughout Salmon Bay and the
Ship Canal (Michelsen, 1995).  Samples were inspected for grain size (e.g., sand, silt, clay),
evidence of contamination (oil, wood debris, paint chips), and biological organisms.  Results
were used to differentiate areas with probable contamination and those unlikely to contain
high levels of contaminants.

2. Phase II, also conducted during 1995, included chemical analyses from 29 stations
distributed throughout Salmon Bay based on Phase I results (Serdar and Cubbage, 1996).
Chemicals analyzed included metals, semivolatile organics, PCBs, and butyltins.  Most of the
29 stations sampled during the Phase II study had at least one chemical above criteria
recommended for the protection of aquatic life, with several stations exceeding criteria for
multiple chemicals.  Problem chemicals included copper, mercury, lead, arsenic, zinc,
chromium, benzyl alcohol, 4-methylphenol, bis(2-ethylhexyl)phthalate, PAHs, and
PCB-1260.  Tributyltin (TBT) was judged to be a significant concern at many stations due to
its exceedence of the Puget Sound Dredge Disposal Analysis screening level.

Although a number of stations showed significant sediment contamination during the
Phase II study, cleanup decisions remain difficult because Ecology has not yet formally
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adopted chemical standards for freshwater sediment.  In the absence of chemical standards,
biological toxicity testing may be used to determine the need for cleanup and/or source
control.

3. Phase III study of Salmon Bay was conducted to assess the toxicity of sediments and
delineate potential contaminated areas using sediment bioassays and chemical analyses in
order to facilitate cleanup and source control efforts.  Results of the Phase III study are the
focus of this report.

Objectives of the Phase III Study
The primary objectives of the present study are as follows:

• Confirm and delineate areas of clean and contaminated sediment in Salmon Bay and
nearshore areas of the Ship Canal found during the Phase II study.

• Evaluate the toxicity of these problem areas with sediment bioassays and assess the potential
for sediments to be toxic, by comparison to chemical criteria recommended to protect aquatic
life.

• To the extent possible, identify the contaminants contributing to sediment toxicity in the
problem areas, including an evaluation of butyltins to determine whether this class of
contaminants should be included in routine (e.g., National Pollutant Discharge Elimination
System, NPDES) sediment analyses for Lake Union and the Ship Canal.

• To the extent possible, identify likely historical and current sources of contaminants to these
problem areas.

The Salmon Bay study benefits cleanup and source control programs by:

• Identifying areas that require remediation, with recommendations and some indication of
their relative priority.  In addition, the data may provide adequate evidence to allow cleanup
of some offshore areas within existing Model Toxics Control Act (MTCA) and Resource
Conservation and Recovery Act (RCRA) actions at related upland facilities.

• Streamlining dredging, construction, and NPDES permit processing for areas that are
identified as “clean”.  The results may also provide justification for discharge and baseline
sediment monitoring as part of the NPDES permitting program for areas that are identified as
contaminated.

• Beginning to identify areas that require additional stormwater or CSO control to prevent
recontamination of areas targeted for dredging or cleanup.

• Contributing synoptic chemistry and bioassay data to help evaluate the toxicity of butyltin
compounds, with the eventual goal of establishing apparent effects thresholds (AETs) for
these compounds.
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Methods

Sampling Strategy
Chemical analyses was performed on bottom sediments from 27 locations throughout
Salmon Bay and two reference locations in Lake Washington; bioassays were performed on a
subset of 20 Salmon Bay sediments and the reference samples.  The study area extends from the
locks (on the west) to the western end of the Ship Canal (on the east).

Results of the reconnaissance (Phase I) study indicated that most sediments in the vicinity of the
eastern Ship Canal are coarse-grained which suggests little deposition of fine material.  Little
visible oil or other evidence of contamination was seen in this area as well.  Based on these
observations, this area was excluded from further investigation during Phases II and III.

Phase II revealed several highly contaminated areas in Salmon Bay.  Because the Sediment
Management Standards (SMS; Ecology, 1991) require at least three stations for any regulatory
decisions, three or more stations were grouped in each major area of concern or natural
geographical feature for Phase III (Figure 2).  These zones were chosen to represent groups of
industries and CSOs or areas that may have similar contaminant levels (e.g., the central channel).
A description of each sampling station is in Appendix A.

Sampling Methods
Sampling methods were consistent with the Puget Sound Estuary Program (PSEP) protocols
(EPA, 1986a) as modified by the SMS and sampling methods used during Phase II and previous
Lake Union and Lake Washington studies conducted by Ecology.  However, to support
evaluation of historical contamination and the cleanup program, the top 10 cm of sediment was
sampled.  This layer includes most of the biologically active zone in freshwater.

Samples were collected from Ecology's 20-foot skiff equipped with a 0.1 m2 stainless steel
Van Veen grab sampler.  Stations were recorded using a Magellan® GPS (Global Positioning
System) receiver with differential correction as well as from sightings on nearby landmarks.
Datasheets were used at grab stations to log samples (number of grabs, observations, samples
collected) and at the helm to log position with reference to landmarks.  A grab was considered
adequate if it was filled with sediment and both the grab and access doors on top of the grab
were closed tightly (see PSEP protocols for full description).  For each grab, the overlying water
was siphoned off and the top 10 cm of sediment not touching the walls of the grab was scooped
out of the top doors and placed in a stainless steel beaker.

To prevent contamination from boat engine exhaust, the boat was maneuvered so the stern was
downwind of sampling gear.  To prevent sample cross-contamination, sites were sampled in a
gradient from lowest suspected concentration of contaminants to highest.
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Prior to sampling, all stainless steel tools (grab, beakers, spoons) were decontaminated with the
following procedure:

• wash in hot water and Liquinox® detergent
• rinse in tap water
• rinse in 10% nitric acid
• rinse with deionized water
• rinse with pesticide analysis grade acetone
• air dry
• wrap in aluminum foil

The beaker contents were homogenized, and subsamples for metals and organics analysis were
dispensed into separate 8-oz priority pollutant-clean jars capped with teflon lid liners.  Samples
for organic carbon analysis were placed in 4-oz jars.  Grain size samples were placed in Whirl-
Pak® bags.  If oil was visible in the sample, the sampler was washed with detergent and the
sample was disposed into a drum onboard.  Between samples, the grab sampler was thoroughly
brushed and rinsed with on-site water.  Samples for bioassays were placed into 1-gal jars.

Quality assurance samples collected in the field included homogenized sediments from two
stations sent to the lab under different labels to represent blind field splits.  Split samples are
primarily used to measure laboratory precision, but results may also be influenced by
homogenization and packaging in the field.  Sampling was also replicated at one station to
measure overall (environmental + sampling + laboratory) precision.

Chemical Analysis and Data Quality
All samples were analyzed for the chemical parameters in Table 1, except PCBs which were
analyzed at six sites only.  Grain size analysis was done by Rosa Environmental & Geotechnical
Laboratory, Seattle, WA.  All other analyses were performed at the Ecology/EPA Manchester
Environmental Laboratory in Manchester, WA.

Data quality was assessed through analysis of field splits, field replicates, laboratory replicates,
matrix spikes, laboratory control samples (metals only), and surrogate spikes (organics only).
Holding times and adherence to EPA CLP quality control limits was assessed.  Procedural blanks
were analyzed to assess laboratory contamination.  Quality assurance results are in Appendix B.

Quality of the conventional sediment data (solids, grain size, TOC) was excellent at all levels.
Results of field splits, field replicates, and laboratory replicate suggest that environmental or
sampling variability accounted for roughly equal loss of precision compared to the laboratory
analyses.  Some of the percent solids analyses were performed one day past holding times and
are flagged (H).
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Table 1.  Methods for Analysis of Sediments.

Analysis Method Reference
Target Detection
Limit

Total organic
carbon (TOC)

PSEP Method EPA, 1986a 0.1%, dw

Grain size PSEP Method EPA, 1986a --
% Solids Gravimetric - EPA Method 160.3 EPA, 1986b 0.1%
Arsenic ICP - EPA Method 200.7 or ICP/MS -

EPA Method 200.8
EPA, 1986b 1 ug/g, dw

Cadmium ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Chromium ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Copper ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Mercury CVAA - EPA Method 245.5 EPA, 1986b 0.1 ug/g, dw
Lead ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Nickel ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Zinc ICP - EPA Method 200.7 EPA, 1986b 1 ug/g, dw
Semivolatile
organics

GC/MS - modified EPA Method 8270 EPA, 1986b 100 ug/Kg, dw

PCBs GC/ECD - EPA Method 8080 EPA, 1986b 50 ug/Kg, dw
Butyltins SIM mode GC/MS - PSEP/NOAA

Methods
EPA, 1986a
Krone et al., 1989

20 ug/Kg, dw

Precision and accuracy of the metals data were good.  Arsenic analysis was hampered by high
iron, >50,000 ug/g in some samples, requiring qualification (J).  Samples with lower arsenic
concentrations (<100 ug/g) were analyzed using ICP/MS EPA Method 200.8 due to the iron
interference.  The only other qualification (J) for the metals data was the cadmium result for the
sample from 6B2 due to a relatively high standard deviation of results.

Quality of the semivolatile organics analysis was mixed.  Practical quantitation limits were
generally much higher than anticipated due in part to the high water content of the samples.  In
many cases, however, analytes were detected at concentrations much lower than the quantitation
limits and are qualified as estimates (J).  Matrix spike and surrogate recoveries were low for
most analytes, possibly indicating the data were systematically biased low.  Poor precision of the
matrix spike duplicates suggests that laboratory analysis accounted for much of the data
variability.  Analysis of a certified reference material (National Research Council of Canada
HS-6 - PAHs in Nova Scotia marine harbor sediments) yielded 75% of results within certified
values, no evident systematic bias, and high precision.  These results support the conclusion that
data quality problems with the semivolatile analyses were due primarily to matrix effects.

Overall quality of the butyltin data was poor, also probably due in large part to matrix effects.
Environmental variability of samples also appeared to result in poor precision, thought to be due
to the presence of hull paint particles which contain highly concentrated tributyltin (see Case
Narrative in Appendix B).  Similar problems were encountered in the Salmon Bay Phase II study
(Serdar and Cubbage, 1996).  Accuracy of the data was difficult to assess due to degradation of
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the PACS-1 reference material (National Research Council of Canada PACS-1 – British
Columbia marine harbor sediments).  Analysis of a newer reference material, PACS-2, produced
better data but results remained outside certified ranges.

The PCB data should be used with caution due to a number of factors making their accuracy
questionable.  Calibration curves for Aroclors 1242 and 1260 were outside control limits.  In
some cases surrogate recoveries were poor, although matrix spike recoveries were generally
good and results from matrix spike duplicates were precise.  Analysis of the reference material
HS-2 (National Research Council of Canada HS-2 – PCBs in Nova Scotia marine harbor
sediments) yielded results slightly below certified values for Aroclor 1254.

Bioassay Procedures
Bioassay tests included 10-day Hyalella azteca survival, 10-day Chironomus tentans growth and
survival, and 15-minute Vibrio fischeri luminescence (i.e., Microtox).  Hyalella and
Chironomus tests were performed by EVS Environment Consultants (North Vancouver, B.C.)
through SAIC (Poulsbo, WA).  Microtox testing was done by CH2M Hill in Corvallis, OR.
A discussion of the highlights and data for each test replicate are in Appendix D.

There were few problems associated with testing the bioassay organisms.  Negative control
survival rates for Hyalella and Chironomus were 96% and 100%, respectively.

Data Analysis
Chemical data were compared to Ecology recommended freshwater sediment quality values
(FSQVs; Table 2) (Cubbage et al., 1997).  FSQVs were derived by analyzing freshwater
bioassay and chemistry data sets collected in Washington, and by reviewing freshwater and
marine sediment criteria developed in Canada and the U.S., including Washington standards for
marine waters.  The authors concluded that, when applied to freshwater, the existing Sediment
Management Standards (SMS; Ch. 173-204 WAC) for marine waters provided the best mix of
sensitivity and efficiency in predicting effects to the bioassay organism Hyalella azteca and
miscellaneous effects related to metals.  Numerical criteria promulgated in the SMS are
essentially minimum chemical concentrations expected to cause adverse effects on biological
resources.  For organics, FSQVs are based on Microtox probable apparent effects thresholds
derived from a variety of bioassay and chemistry data sets from freshwater sediments in
Washington.  Like FSQVs for metals, the FSQVs for organics are not codified standards.
However, creators of the FSQVs conclude they predict biological effects better than other sets of
values, including sediment quality criteria and guidelines developed by other regulatory
agencies.
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Table 2. Freshwater Sediment Quality Values (FSQVs)*
for Metals and Organics in Washington State.
Chemical FSQV

Metals (ug/g, dw)
Arsenic 57
Cadmium         5.1
Chromium 260
Copper 390
Nickel na
Lead 450
Zinc 410
Mercury           0.41

PAHs(ug/kg, dw)
Naphthalene 37,000
Acenaphthylene 1,900
Acenaphthene 3,500
Fluorene 3,600
Phenanthrene 5,700
Anthracene 2,100
LPAHa 27,000
Fluoranthene 11,000
Pyrene 9,600
Benzo(a)anthracene 5,000
Chrysene 7,400
Total Benzofluoranthenes 11,000
Benzo(a)pyrene 7,000
Indeno(1,2,3-cd)pyrene 730
Dibenzo(a,h)anthracene 230
Benzo(ghi)perylene 1,200
HPAHb 36,000
Total PAHc 60,000

Other Semivolatile Organics(ug/kg, dw)
Bis(2-Ethylhexyl)phthalate 640
Carbazole 140

Chlorinated Organics(ug/kg, dw)
PCB-1248 21
PCB-1254         7.3
Total PCB 21
* FSQVs derived by Cubbage et al. (1997).
a Represents the sum of Anthracene, Acenaphylene, Acenaphthene, Phenanthrene, Fluorene, and
Naphthalene.  The LPAH criterion is not the sum of the criterion values for individual LPAH as listed
above.
b Represents the sum of Pyrene, Benzo(g,h,i)perylene, Indeno(1,2,3-c,d)pyrene, Benzofluoranthene(s),
Fluoranthene, Chrysene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, and Benzo(a)anthracene. The HPAH
criterion is not the sum of the criterion values for individual HPAH as listed above.
C Total PAH = LPAH + HPAH
na= not available
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Results

Field Observations
Sediments were observed for characteristics of color, odor, grain composition, oil sheen, and
content.  Complete results of field observations are in Appendix A.

Most of the sediments were brown or dark brown in color and appeared in the field to be
composed mainly of silt or sand, with some "muck" or clay.  Approximately two-thirds of the
sediments had an oil sheen, with the heaviest sheen in sediment from Station 6B2.  Sediments
from some stations had a petroleum odor, although this did not always correspond to an
observable oil sheen (e.g., Stations 3B2 and 8A2).  Only one station (5B2) appeared to have
noticeably anoxic sediments based on its rotten egg odor.

Contents of the sediments varied from station to station.  Samples from Stations 1B3, 2B2, 3B3,
4B3, 6A2, 7A2, and 7A3 contained partially decomposed organic debris.  Paint particles were
observed in sediments from Stations 4F2, 5D2, 6A2, 7A2, 7A3, and 8C3.  Clams from the
Lake Washington reference stations (10A2 and 10B2) were the only recorded observations of
macroinvertebrates in sediments.

Conventional Characteristics of Sediments
Conventional parameters measured in Salmon Bay sediments (solids, grain size, TOC) are
presented in Table 3.  TOC70 is determined at 70°C whereas TOC104 is determined at 104°C.
On average, TOC104 results were 4% higher than TOC70.  TOC, which has been known to
correlate well with non-polar organic compounds, ranged from 0.8% at Station 7C2 to 21.3% at
7B2.  Sediment from Station 7B2 was described by the grain size analyst as fibrous and mostly
peat (see Case Narrative in Appendix B).

Grain size analysis showed that sediments from all stations were made up of mostly sand or silt,
generally followed by clay and gravel.  Sediments from 5D2, 7C2, and 4C2 had sand and gravel
making up 70% or more of the sample dry weight, as did sediment from reference station 10B2.
The characterization of sediment from 7B2 as mostly sand and gravel is not entirely accurate
since, as mentioned previously, this sample was mostly peat.

Samples from Stations 3C3, 3C2, 6C2, 4B2, and 8C3 were composed of 80% or more fine
material (i.e., ≤ 62 um) by weight, mostly silt for all sediments except 7A3 which contained
41% clay.  Contaminant concentrations in sediments are often positively correlated with percent
fines since more surface area is available for binding.
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Table 3.  Organic Carbon, Solids, and Grain Size Composition of Salmon Bay Phase III
Sediments and Lake Washington Reference Sediments.

Grain Size Composition (%)

Station
TOC70

(%)
TOC104

(%)
Solids

(%)
Gravel

(>2,000 um)
Sand

(62-2,000 um)
Silt

(3.9-62 um)
Clay

(<3.9 um)

1B3 6.5 6.8 26.1 0 34 54 12
2B2 11.5 12.2 23.2 4 51 37 8
2C2 7.7 7.9 25.9 6 37 44 13
3B2 5.1 5.1 28.5 0 24 56 20
3B3 4.5 4.6 34.2 0 45 39 16
3C2 5.9 6.1 24.3 0 16 76 8
3C3 6.0 6.3 24.4 0 15 77 8
4B2 6.2 6.4 26.9 0 18 68 14
4B3 10.5 10.6 26.0 1 38 54 7
4C2 4.7 5.0 38.2 H 1 69 22 8
4F2 14.9 15.8 16.3 H 13 48 32 7
4F3 7.4 7.8 26.4 H 0 25 56 19
4F4 11.7 12.1 27.3 3 45 43 9
5A2 4.8 5.2 25.3 0 26 57 17
5B2 5.0 4.9 26.3 0 27 55 18
5D2 3.2 3.0 55.9 H 14 66 13 7
6A2 9.2 9.7 33.4 2 43 44 11
6B2 2.4 2.5 42.7 0 51 44 5
6B3 3.3 3.4 36.3 0 26 64 10
6C2 5.4 5.7 45.8 2 15 51 32
7A2 2.6 2.8 42.8 2 62 28 8
7A3 1.6 1.6 54.1 H 2 26 31 41
7B2 18.7 21.3 15.3 H 14 56 18 12
7C2 0.78 0.82 66.1 H 0 73 21 6
8A2 2.8 3.0 48.9 2 63 29 6
8C2 4.3 4.5 43.4 0 60 32 9
8C3 5.5 5.6 38.8 2 17 56 24

10A2 (ref.) 3.4 3.6 38.2 H 0 26 62 11
10B2 (ref.) 1.2 1.2 58.9 H 1 75 20 4
TOC70= Total organic carbon determination at 70°C
TOC104= Total organic carbon determination at 104°C
H= Exceeds sample holding time
*Results may be biased due to the fibrous nature of this sample.  See Case Narrative in Appendix B for
more detail.
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Chemical Concentrations in Sediments

Metals

Concentrations of metals in sediments are shown in Table 4.  Extremely high levels were found
at some stations.  The range of dry weight concentrations (ug/g, parts per million) for individual
metals were as follows: arsenic 5 - 210, mercury 0.1 - 43, cadmium 0.3 - 5, chromium 24 - 620,
copper 48 - 10,800, lead 12 - 1,300, nickel 30 - 640, and zinc 84 - 4,200.  Station 4F2 had the
highest concentrations of mercury, cadmium, copper, lead, and zinc.  Arsenic was found at the
highest concentration at 1B3.  Chromium and nickel concentrations were highest in sediments
from 6B2.  Metals in reference sediments were at concentrations near the low end of the
Salmon Bay range.

Higher metals concentrations were positively correlated with sites that had higher proportions of
fine sediments (Appendix C).  Conversely, sites with more sand tended to have lower metals
concentrations.  All metals were positively correlated except nickel-arsenic and nickel-lead.  The
strongest links were cadmium-chromium, cadmium-copper, chromium-copper, chromium-nickel,
and mercury-zinc.

Table 5 ranks the stations according to concentrations of each metal.  Stations 1B3, 4F2, and 3B3
had the highest overall rank.  The Lake Washington reference stations (10A2 and 10B2) and
Salmon Bay stations 7C2, 6C2, and 7B2 tended to have the least metals, the latter showing little
or no metals enrichment above reference conditions.

Concentrations of all metals except cadmium exceed freshwater sediment quality values
(FSQVs) at two or more stations.  Fully three-quarters of the stations exceed the FSQV for
mercury, including one of the Lake Washington reference stations (10B2).  Nearly half the
stations exceed FSQVs for copper or zinc, five exceed the arsenic FSQV, and two stations each
exceed chromium and lead FSQVs.  The cadmium FSQV was not exceeded by any samples.  No
FSQV has been derived for nickel.

Stations 1B3 and 4F2 each exceed FSQVs for five metals; 3B3 and 7A2 each exceed FSQVs for
four metals.  Only six stations – 5D2, 6C2, 10A2, 7A3, 7B2, and 7C2 – did not surpass the
FSQVs for any of the metals analyzed.
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Table 4.  Concentrations of Metals in Salmon Bay Phase III Sediments and Lake Washington
Reference Sediments (ug/g, dw).
Station Arsenic Mercury Cadmium Chromium Copper Lead Nickel  Zinc

1B3 209 * 3.7 3.6 102 2,010 525 62 2,010
2B2 16 0.66 2.7 62 651 431 44 754
2C2 17 0.84 1.4 100 508 177 77 407
3B2 25 2.1 1.8 66 314 311 53 497
3B3 175 * 2.7 3.0 81 651 436 48 1,770
3C2 28 1.0 1.3 64 856 199 48 490
3C3 31 0.99 1.4 67 627 194 49 567
4B2 13 1.0 2.0 121 536 187 102 453
4B3 13 0.66 1.3 77 327 150 64 368
4C2 20 0.44 1.1 45 142 99 39 391
4F2 152 J* 43 5.0 96 10,800 1,310 58 4,150
4F3 23 1.6 1.7 77 632 305 61 614
4F4 13 0.62 1.0 56 210 114 54 269
5A2 31 2.0 1.6 80 571 249 62 550
5B2 22 0.80 1.2 57 363 152 45 377
5D2 25 0.36 0.61 44 145 408 34 246
6A2 13 0.75 1.6 81 315 150 71 354
6B2 17 J 0.27 3.5 J 621 2,220 74 644 259
6B3 20 J 0.56 2.9 348 1,460 133 355 406
6C2 6 0.16 (0.3) U 54 48 12 60 86
7A2 123 * 3.0 1.3 63 829 230 49 1,080
7A3 16 0.10 0.65 53 73 321 54 165
7B2 31 0.10 (0.3) U 24 50 27 46 84
7C2 5 0.10 0.31 25 74 27 30 98
8A2 14 1.2 1.0 45 158 258 38 423
8C2 12 1.2 1.3 45 206 194 39 419
8C3 111 * 2.2 2.0 68 371 299 53 675

10A2 (ref.) 7 0.14 0.45 43 28 59 39 90
10B2 (ref.) 4 0.54 0.69 27 24 90 26 131

*Analyzed using EPA 200.7.  All other Arsenic results using EPA 200.8.
J= Estimated concentration
U= Undetected at concentration in parentheses
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Table 5.  Salmon Bay Phase III and Lake Washington Reference Stations Ranked According to
Metals Concentrations (lower rank = higher concentration).

Rank Arsenic Mercury Cadmium Chromium Copper Lead Nickel Zinc
Overall
Rank

1 1B3 4F2 4F2 6B2 4F2 4F2 6B2 4F2 1B3
2 3B3 1B3 1B3 6B3 6B2 1B3 6B3 1B3 4F2
3 4F2 7A2 6B2 4B2 1B3 3B3 4B2 3B3 3B3
4 7A2 3B3 3B3 1B3 6B3 2B2 2C2 7A2 8C3
5 8C3 8C3 6B3 2C2 3C2 5D2 6A2 2B2 4F3
6 7B2 3B2 2B2 4F2 7A2 7A3 4B3 8C3 5A2
7 3C3 5A2 4B2 3B3 2B2 3B2 1B3 4F3 7A2
8 5A2 4F3 8C3 6A2 3B3 4F3 5A2 3C3 6B3
9 3C2 8A2 3B2 5A2 4F3 8C3 4F3 5A2 4B2
10 5D2 8C2 4F3 4F3 3C3 8A2 6C2 3B2 3B2
11 3B2 3C2 5A2 4B3 5A2 5A2 4F2 3C2 3C3
12 4F3 3C3 6A2 8C3 4B2 7A2 7A3 4B2 6B2
13 5B2 4B2 2C2 3C3 2C2 3C2 4F4 8A2 2C2
14 4C2 2C2 3C3 3B2 8C3 3C3 3B2 8C2 2B2
15 6B3 5B2 3C2 3C2 5B2 8C2 8C3 2C2 3C2
16 2C2 6A2 4B3 7A2 4B3 4B2 3C3 6B3 6A2
17 6B2 4B3 7A2 2B2 6A2 2C2 7A2 4C2 4B3
18 2B2 2B2 8C2 5B2 3B2 5B2 3B3 5B2 5B2
19 7A3 4F4 5B2 4F4 4F4 4B3 3C2 4B3 8A2
20 8A2 6B3 4C2 6C2 8C2 6A2 7B2 6A2 8C2
21 4B2 10B2 4F4 7A3 8A2 6B3 5B2 4F4 7A3
22 6A2 4C2 8A2 8A2 5D2 4F4 2B2 6B2 4F4
23 4B3 5D2 10B2 4C2 4C2 4C2 4C2 5D2 5D2
24 4F4 6B2 7A3 8C2 7C2 10B2 10A2 7A3 4C2
25 8C2 6C2 5D2 5D2 7A3 6B2 8C2 10B2 7B2
26 10A2 10A2 10A2 10A2 7B2 10A2 8A2 7C2 6C2
27 6C2 7A3 7C2 10B2 6C2 7C2 5D2 10A2 10B2
28 7C2 7B2 6C2 7C2 10A2 7B2 7C2 6C2 10A2
29 10B2 7C2 7B2 7B2 10B2 6C2 10B2 7B2 7C2

Exceeds Freshwater Sediment Quality Values (Cubbage et al., 1997). No FSQV has been
derived for Nickel.
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Semivolatile Organics

Table 6 summarizes the median and concentration range of each semivolatile organic compound
detected in sediments.  Complete results of semivolatile organic analyses are in Appendix C.

Slightly more than half (39 of 75) of the semivolatiles analyzed were detected, with “priority
pollutant” PAHs the most frequently detected group (Figure 3).  Total PAH concentrations
ranged from 1,100 ug/kg at Station 7B2 to over 300,000 ug/kg at 4F2, which translates to 0.03%
of the dry sample weight.  High levels of total PAHs were also found at 2C2 (96,000 ug/kg),
8A2 (79,000 ug/kg), and 2B2 (64,000 ug/kg).  Concentrations at most stations were between
10,000 and 50,000 ug/kg, with a median of 18,000 ug/kg.  Total PAHs at Stations 10A2 and
10B2 were low: 700 ug/kg and 3,000 ug/kg, respectively.

Eighteen of the 27 Salmon Bay sediment samples had one or more PAH at concentrations above
FSQVs.  Station 4F2 had 13 individual PAHs as well as total PAH concentrations above FSQVs.
Stations 2B2, 2C2, and 8A2 also had total PAHs as well as several individual PAHs above
FSQVs.

Phenol and alkyl-substituted phenols were detected in more than half the samples, with the
highest concentration in sediment from Station 4B3.  Pentachlorophenol was detected at several
sites at concentrations from 300 - 700 ug/kg, but was highest at 7A2 (1,240 ug/kg).  Other
semivolatile organics, when detected, were generally in the 100 - 1,000 ug/kg range, and like
phenols have no associated FSQV.  Bis(2-ethylhexyl)phthalate was an exception with
concentrations both high and in exceedence of the FSQV in about three-quarters of the samples.
Carbazole was above the FSQV in more than half the samples, although concentrations were not
particularly high.

Total PAH showed a moderately strong positive correlation with TOC (Appendix C).  Other
semivolatile compounds such as bis(2-ethylhexyl)phthalate, 4-methylphenol, and carbazole were
even more strongly correlated with TOC.  There appears to be no relationship between stations
with visible oil or petroleum odor in samples and high levels of PAH.  For instance, an oil sheen
was visible in sediment from 4F2 but was not observed at 2C2 where total PAH was 100,000
ug/kg.  Conversely, some sites with oily sediments had relatively low PAH (e.g., 6B2, 6C2, 7A3,
1B3).
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Table 6.  Median, Minimum, and Maximum Detected Concentrations of Semivolatile Organic
Compounds in Salmon Bay Phase III Sediments (ug/kg, dw).
Chemical Median Min. Station Max. Station

Priority Pollutant PAHS
  Naphthalene 640 37 7C2 5,600 4F2
  Acenaphthylene 260 12 7C2 1,300 4B3
  Acenaphthene 350 33 7C2 7,400 4F2
  Fluorene 480 39 7C2 7,000 4F2
  Phenanthrene 2,000 71 7B2 41,000 4F2
  Anthracene 590 67 7C2 16,000 4F2
  Total LPAH 4,400 71 7B2 78,000 4F2
  Fluoranthene 3,400 120 7B2 46,000 4F2
  Pyrene 3,500 120 7B2 56,000 4F2
  Benzo(a)anthracene 1,200 150 6C2 26,000 4F2
  Chrysene 1,500 59 7B2 28,000 4F2
  Benzo(b+k)fluoranthenes 2,300 67 7B2 42,000 4F2
  Benzo(a)pyrene 1,400 180 7B2 24,000 4F2
  Indeno(1,2,3-cd)pyrene 990 91 7A3 14,000 4F2
  Dibenzo(a,h)anthracene 250 34 7C2 3,100 4F2
  Benzo(ghi)perylene 1,000 87 7B2 12,000 4F2
  Total HPAH 15,000 1,000 7B2 250,000 4F2
  Total PAH 18,000 1,100 7B2 329,000 4F2
Phenols and non-Priority Pollutant PAHs
  Phenol 120 36 5D2 770 4B3

2-Methylphenol 90 72 8C2 300 4B3
4-Methylphenol 510 52 5D2 6,300 4B3

  2,4-Dimethylphenol 140 140 4B3 140 4B3
Pentachlorophenol 470 290 4C2 1,200 7A2
Retene 1,100 94 7C2 76,000 4F4
2-Methylnaphthalene 220 28 7C2 3,500 4F2

  1-Methylnaphthalene 110 14 7C2 1,800 4F2
Phthalates
  Dimethylphthalate 150 15 7C2 580 6A2

Diethylphthalate 90 32 4F3 180 3C3
Di-N-Butylphthalate 420 69 4F3 1,700 3C3
Butylbenzylphthalate 190 28 7C2 1,500 2B2
Bis(2-Ethylhexyl)phthalate 2,800 280 6C2 23,000 4F3
Di-N-Octyl Phthalate 300 200 4C2 400 4B3

Miscellaneous Semivolatiles
  1,4-Dichlorobenzene 50 27 4B2 94 8C2

1,2-Dichlorobenzene 110 73 4F2 120 2B2
Benzyl Alcohol 80 14 7C2 330 2B2
Isophorone 51 51 4B3 51 4B3
Benzoic Acid 2,500 1,000 6B2 4,200 4B3
Dibenzofuran 240 24 7C2 3,800 4F2
Caffeine 34 34 6C2 34 6C2
Carbazole 180 24 7C2 2,900 4F2
3β-Coprostanol 2,100 1,400 4C2 32,000 4B2



Figure 3. Frequency of Detection and Exceedence of Freshwater Sediment Quality 
Values (FSQVs) for Semivolatile Organics in Salmon Bay Phase III Sediments.

0% 20% 40% 60% 80% 100%

Isophorone

2,4-Dimethylphenol

Caffeine

Di-N-Octyl Phthalate

Diethylphthalate

1,2-Dichlorobenzene

2-Methylphenol

1,4-Dichlorobenzene

Benzyl Alcohol

Pentachlorophenol

3B-Coprostanol

Di-N-Butylphthalate

Phenol

Butylbenzylphthalate

Benzoic Acid

Dimethylphthalate

Carbazole

Acenaphthylene

4-Methylphenol

Dibenzo(a,h)anthracene

Bis(2-Ethylhexyl) Phthalate

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Acenaphthene

Dibenzofuran

Fluorene

Benzo(a)anthracene

Anthracene

Retene

Phenanthrene

Fluoranthene

Pyrene

Chrysene

Benzofluoranthenes

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Benzo(ghi)perylene

Percent of Stations (n=27)

Pct<FSQV Pct>FSQV FSQV not available

Page 18



  Page 19

Butyltins

Butyltin concentrations are shown in Table 7.  Tributyl-chlorotin (TBTCl) was detected in all
samples, with concentrations ranging from 45 to 72,000 ug/kg.  Ion-equivalent tributyltin (TBT+)
concentrations ranged from 40 ug/kg to 64,000 ug/kg.  Monobutyl-chlorotin (MBTCl), dibutyl
chlorotin (DBTCl), and tetrabutyltin (TeBT) were detected in most samples.

TBT is an organometallic compound with biocidal properties.  Its presence in the aquatic
environment is mainly due to its use in anti-fouling paint for vessel hulls, although in 1988 its
use in the U.S. was severely restricted for most applications.  MBT and DBT are metabolites
formed during the progressive debutylation of TBT.  Substituted-MBTs and -DBTs are also used
as PVC stabilizers, and as catalysts in the manufacture of polyurethane foam and silicone
elastomers (EPA, 1996).  TeBT may be an impurity produced during TBT manufacturing or
possibly formed photolytically or microbially from lesser butylated congeners.

On average, TBTCl made up 70% of the butyltin concentrations in the Phase III samples.
Concentrations of all butyltins were extremely high in the sample from 4F2, with total butyltin
concentrations making up 0.01% of the dry sample weight.  It should be noted that the accuracy
of these data is suspect due to the poor precision encountered during analysis, probably as a
result of matrix effects such as the presence of paint particles.

Red paint chips were observed in the sample from 4F2 which most likely contributed to the high
level of TBT, and probably copper as well as zinc, in this sample.  However, visual observations
are probably a poor indicator of contaminant levels among sites since most samples with high
TBT, copper, and zinc concentrations had no observable paint chips.  Of the four additional
stations where paint chips were observed (5D2, 6A2, 7A2, 8C3), only 7A2 had concentrations of
TBT+, copper, and zinc above median values.  Nevertheless, there is evidence that hull paint is
associated with high copper and zinc concentrations in sediments.  Rank order data for copper
and zinc is highly correlated to TBT (Spearman correlation coefficients of 0.76 and 0.72,
respectively; Appendix C), signifying that sites with high TBT tend to have high copper and
zinc.  Conversely, sites with low TBT concentrations tended toward lower copper and zinc
concentrations.

The presence of paint particles adds to the complexity of determining the bioavailability and
toxicity of TBT in sediment.  Other factors include organic carbon, pH, salinity, clay content,
and the presence of inorganic constituents such as iron oxides (EPA, 1996).  Due to its complex
behavior in the aquatic environment, no sediment quality criteria have been adopted for TBT in
marine sediments.  In 1988, the PSDDA agencies developed an interim screening level (73 ug
TBT+/kg) for use in marine areas, based on best available knowledge of the chemical and its
properties.  There is currently much uncertainty surrounding the use of a bulk sediment screening
level for TBT due to unresolved questions about environmental partitioning, bioavailability, and
methods to determine toxicity (Michelsen et al., 1996).  Although site-specific screening levels
for TBT have been recommended at Superfund Sites in Puget Sound (EPA, 1996), numerical
criteria have not been established to replace the 1988 PSDDA screening level concentrations for
bulk sediments.  There are also no available sediment quality criteria for TBT in freshwater.
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Table 7.  Concentrations of Butyltins in Salmon Bay Phase III Sediments and Lake Washington
Reference Sediments (ug/kg, dw).

Station
Monobutyl-
trichlorotin

Dibutyl-
dichlorotin

Tributyl-
chlorotin Tetrabutyltin

TBT+

(ion equiv.)

1B3 4,110 J 2,515 J 17,600 451 15,664
2B2 736 182 1,920 35 J 1,709
2C2 636 202 2,470 30 J 2,198
3B2 307 262 973 60 866
3B3 267 139 782 70 696
3C2 840 393 4,030 59 J 3,587
3C3 608 663 7,460 68 6,639
4B2 534 J 260 1,214 20 J 1,080
4B3 428 171 1,050 (36) U 935
4C2 340 376 811 7 J 722
4F2 7,785 J 22,150 J 72,450 771 64,481
4F3 537 1,980 3,180 96 J 2,830
4F4 95 91 671 (28) U 597
5A2 737 862 2,840 51 J 2,528
5B2 610 J 642 J 1,580 45 J 1,406
5D2 60 24 142 (18) U 126
6A2 355 J 69 J 909 24 J 809
6B2 186 J 246 1,360 51 1,210
6B3 312 J 419 1,360 (23) U 1,210
6C2 38 J (24) U 70 (24) U 62
7A2 248 J 346 2,490 36 2,216
7A3 32 J 37 150 (15) U 134
7B2 61 J (62) U 127 (61) U 113
7C2 87 100 222 (14) U 198
8A2 500 304 2,800 112 J 2,492
8C2 389 J 288 1,155 16 J 1,028
8C3 65 J (30) U 925 148 823

10A2 (ref.) 41 J 22 J 87 (28) U 77
10B2 (ref.) 36 J 16 J 45 (17) U 40
U= Undetected at associated concentration
J= Estimated concentration

Exceeds PSDDA Screening Level

Concentrations of TBT in Phase III sediment samples generally exceeded the PSDDA screening
level (SL) by an order of magnitude.  Samples from 1B3 and 3C3 had TBT levels two orders of
magnitude above the SL, and TBT was 900 times the SL in sediment from Station 4F2.  Several
stations had TBT near or below the SL, including the reference stations.
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PCBs

PCBs were analyzed at six stations in the vicinities of stations where substantial concentrations
(∼1,000 ug/kg or greater) were detected during Phase II sampling.  Five of the six stations
analyzed had detectable PCB concentrations (Table 8).  Total PCBs were highest at 4F2
(2,100 ug/kg) and 1B3 (1,500 ug/kg).  The lowest concentrations were at 7A2 (140 ug/kg) and at
7A3 which had no detectable PCBs at quantitation limits of 66 ug/kg.

Table 8.  PCB Concentrations in Selected Salmon Bay Phase III Sediments (ug/kg, dw).

Station
PCB -
1016

PCB -
1221

PCB -
1232

PCB -
1242

PCB -
1248

PCB -
1254

PCB -
1260

Total
PCBs

1B3 140 HUJ 140 HUJ 140 HUJ 140 HUJ 140 HUJ 960 H 500 H 1,460 H
4C2 79 UJ 79 UJ 79 UJ 79 UJ 79 UJ 230 J 74 J 304 J
4F2 180 HUJ 180 HUJ 180 HUJ 570 H 180 HUJ 1,060 H 460 H 2,090 H
4F3 130 HUJ 130 HUJ 130 HUJ 130 HUJ 130 HUJ 570 H 210 H 780 H
7A2 82 U 82 U 82 U 82 U 82 U 140 82 U 140
7A3 66 U 66 U 66 U 66 U 66 U 66 U 66 U 66 U
Detected compounds in bold
U= Undetected at associated concentration
UJ= Undetected at associated estimated concentration
J= Estimated concentration
H= Exceeded holding time

In general, it appeared that concentrations were similar to those detected in nearby sites from
Phase II.  The exceptions were at Stations 7A2 and 7A3 whose "root" station (7A from
Phase II) had the highest total PCB concentrations in sediments (7,600 ug/kg).

Sediment Bioassays

Bioassay results for Hyalella survival, Chironomus growth and survival, and Microtox
response are summarized in Table 9.  Complete test results are in Appendix D.

Each station was compared to one reference site using a one-sided upper tail student’s T-test.
Alpha was set at 0.05 except for the Chironomus growth bioassay where alpha was 0.10 as
recommended by SMS/PSDDA, since larval bioassays tend to have large variance
(Michelsen and Shaw, 1996).

Reference station 10A2 was used for all comparisons except Chironomus survival, since grain
size and TOC content of reference station 10A2 were closer to those of test stations than
reference station 10B2.  Average survival in the Chironomus survival bioassay was 50% in
reference sediment 10A2.  This is below the SMS performance standard of greater than 70%
survival for reference sediments (WAC 173-204-315); as a result, station 10B2 was used for
Chironomus survival comparisons.
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Table 9.  Summary of Bioassay Test Results on Selected Salmon Bay Phase III Sediments.

Hyalella Survival
(%)

Chironomus Survival
(%)

Chironomus Growth
(mg, dw)

Microtox
(% light red.
from control)

Station mean p mean p mean p mean p
1B3 90 0.055 66 0.24 1.40 <0.00025 12 <0.00025
2B2 90 0.16 54 0.013 2.08 <0.00025 8.7 0.0005
2C2 82 0.002 80 1.0 1.68 <0.00025 48 <0.00025
3B3 78 0.001 74 0.15 1.50 <0.00025 11 <0.00025
3C3 98 0.19 88 0.005* 2.91 0.014 -1.5 #
4B2 92 0.19 96 0.001* 2.56 0.008 44 <0.00025
4B3 70 0.002 68 0.006 3.08 0.011 57 <0.00025
4C2 98 0.19 76 0.24 2.71 0.0005 59 <0.00025
4F2 86 0.049 60 0.011 1.40 <0.00025 37 <0.00025
4F4 62 0.0005 82 0.40 3.22 0.040 19 <0.00025
5A2 88 0.17 86 0.15 2.32 0.0005 18 <0.00025
5B2 84 0.13 78 0.31 2.93 0.0005 -6.1 #
6A2 80 0.028 82 0.35 3.09 0.021 45 <0.00025
6B3 92 0.19 72 0.05 1.51 <0.00025 7.8 0.099
6C2 94 0.23 82 0.37 3.22 0.21 -13 #
7A2 70 0.093 82 0.40 3.54 0.43 -8.9 #
7B2 64 0.007 72 0.17 2.93 0.010 1.6 0.004**
7C2 80 0.039 64 0.098 3.09 0.014 19 <0.00025
8A2 68 0.008 54 0.083 1.31 0.0005 19 <0.00025
8C3 78 0.004 28 <.00025 0.40 <0.00025 8.4 <0.00025

10A2 (ref.) 98 -- 50 -- 3.60 -- 4.2 --
10B2 (ref.) 96 -- 80 -- 3.46 -- 17 --
P values of a one tailed T-test of sample (n = 4-5 replicates) against one reference site (n=5).  Station
10A2 used as reference site for Hyalella survival, Chironomus growth, and Microtox.  Station 10B2 used
as reference site for Chironomus survival.
All percentile results were arcsin-square root transformed prior to data analysis (Hyalella, Chironomus
survival, and Microtox ).
"Hits" are in bold.  A hit is p<0.05 for all but Chironomus survival (p<0.1, per SMS/PSDDA guidance).
*Survival in sample was significantly higher than in reference
**Light reduction in sample was significantly lower than in reference
# = no difference: there was no reduction in the light emission compared to the laboratory controls.  As a
result, these replicate samples had a negative decreased illumination. The arcsin transformation will not
work on negative values.

All stations except 6C2 and 7A2 had significant bioassay responses for one or more tests.
Stations 4B3, 4F2, 7C2, 8A2, and 8C3 showed hits in all four bioassays; five other stations had
hits in three tests (2B2, 2C2, 3B3, 4F4, and 6A2).  Chironomus growth was the most sensitive
(i.e., significant difference from reference site) of the bioassay tests, followed by the Microtox
test.  In contrast, only seven stations had hits for Chironomus survival due mainly to low survival
rates at the reference station 10A2.  Results of the Chironomus growth bioassays were correlated
with Chironomus survival (r = 0.328, p = 0.020), and Microtox (r = 0.301, p = 0.045).
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Discussion

Confirmation of Phase II Results
The distribution of contaminants in Salmon Bay could be characterized by "hot-spots"
interspersed among a field of sediments with more moderate concentrations.  These areas of high
contamination tend to be closer to shore, with decreasing concentrations toward the channel
center.  This is consistent with findings of the Phase II study, and generally indicates shoreside
point sources of contamination, although these sources may extend outward from shore in the
case of piers and moored vessels.  A more detailed discussion of contaminants related to possible
sources in Salmon Bay is discussed in the Phase II report (Serdar and Cubbage, 1996).
Shoreside businesses or activities located near each station are included in the table of station
descriptions (Appendix A)

One of the objectives of the Phase III study was to confirm and delineate areas of clean and
contaminated sediment found during Phase II.  For the most part, this survey was successful in
confirming areas of highly contaminated sediments.  Table 10 lists instances where chemical
concentrations at Phase III stations agreed well with either high or low degrees of contamination
at their associated Phase II stations.  Figure 4 shows locations of both Phase II and Phase III
stations.

Table 10.  Instances Where Phase III Samples Confirmed Phase II Results*.

Phase II
Station

Associated
Phase III
Station Similarities Between Phase II and Phase III

1B 1B3 High As, Hg, Pb, Cd, Cu, Zn, PCB, and TBT
Low HPAH

3B 3B2, 3B3 High Hg
3C 3C2, 3C3 High TBT
4B 4B2 High TBT
4F 4F2, 4F3 High Pb, Cd, Cu, Zn, HPAH, LPAH, PCB, and TBT
6A 6A2 High Cd
6B 6B2, 6B3 High Ni, Cd, Cr, and Cu

Low Hg
7A 7A2 High Cu and Zn
7C 7C2 Low As, Hg, Pb, Cd, Cu, Zn, HPAH, LPAH, and TBT
8A 8A2 High TBT
8B 8C2 High Hg

Low HPAH
8C 8C3 High Hg, Pb, and Cd

Low HPAH
*Serdar and Cubbage, 1996
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Moderate contaminant levels were generally confirmed during Phase III sampling, although
these comparisons are subject to the extreme range of concentrations for many chemicals.  There
were few confirmations of "clean" areas, due mainly to the lack of Phase III samples designed
for this purpose.  For instance, further sampling of the relatively clean and sandy central channel
region was not considered warranted for Phase III.

Due to the variability of sample results, the sampling coverage used for this project was unable
to delineate hot-spots.  Delineation and resolution of hot-spots will require more intensive
sampling in a small area together with extremely accurate determinations of sampling locations.
However, in some cases Phase III samples failed to confirm high contaminant levels found at
associated Phase II stations, thereby yielding clues about the directional boundaries of these
hot-spots.  For instance, Station 7A2 had concentrations of copper and zinc almost identical to
Phase II Station 7A, yet copper and zinc concentrations decreased by an order of magnitude
150 feet offshore at Station 7A3.  The 7A/7A2 hot-spot southern boundary therefore extends no
farther than Station 7A3.  It is noteworthy that PCB concentrations at these stations did not
follow the same pattern as copper and zinc.  Total PCBs were high at 7A2 (7,600 ug/kg),
one-fiftieth of that concentration at 7A2, and undetectable at Station 7A3.

The southeast portion of the Fisherman's Terminal embayment represents another hot-spot area.
The extreme southeast corner appears to have the most overall contaminated sediments from
both phases of sampling (Stations 4F and 4F2).  Other samples in Fisherman's Terminal
southwest corner (4C2) and to the north (4F3 and 4F4) indicate that: 1) contaminant
concentrations are inversely related to distance from 4F2, and 2) the western and northern
portions of Fisherman's Terminal have low-to-moderate contamination.

Phase III sampling may have revealed a new hot-spot in the case of Station 2B2.  This station
was sampled to confirm clean sediments 170 feet from Phase II Station 2B.  However,
Station 2B2 had much higher contaminant levels than 2B, especially copper and TBT.  Although
differences between Stations 2B and 2B2 are probably related to sediment grain size (90% sand
vs. 51% sand, respectively), this example suggests that other hot-spots may have been missed
with the existing sample coverage.

Toxicity of Sediments
Samples analyzed during Phase III represent some of the most contaminated freshwater
sediments Ecology has found in Washington.  For instance, the highest copper concentration
found during the present survey (11,000 mg/kg) surpassed all 332 detectable results listed in the
SEDQUAL database.  Maximum Phase III concentrations of mercury and nickel also exceeded
all SEDQUAL results for these metals (265 and 234 results, respectively).  Given the number of
highly concentrated chemicals in many samples, a high degree of toxicity seems likely.  Of the
80 bioassay tests performed on 20 samples, 49 showed significant toxicity compared to controls.
However, none of the samples appeared to be extremely toxic to test organisms.  Median
survival for Hyalella and Chironomus were 83% and 75%, respectively (compared to an average
Chironomus survival of 65% in reference sediments).  Only one sample (8C3) had survival less
than 50%.  Chironomus growth was the most sensitive test in terms of response relative to
reference sediments.
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The number of chemicals in sediments, the limited sampling coverage for bioassays, and the
varying degrees of contamination and bioassay response make it difficult to assess the toxic
effects of individual chemicals.  Likewise, the predictive and protective powers of the FSQVs are
impossible to determine without more rigorous analysis of the results and are beyond the scope
of this report.  More general observations about sediment toxicity related to chemical
concentrations suggest that sediments having the most chemicals above FSQVs also
demonstrated the most toxicity to test organisms (Table 11).  Sixty-one percent of the bioassay
hits occurred at the ten most contaminated stations.  About one-half of the bioassay hits and
one-half of the total FSQV exceedences occurred at the seven most contaminated stations.
Therefore, it appears there is a positive correlation between the number of contaminants above
FSQVs and toxicity in a sample.  Exceptions to this are samples from Stations 7A2, with seven
chemicals above FSQVs and no toxic response, and 7C2 where only TBT exceeded (the PSDDA
SL), yet there was significant toxicity in all four bioassays.  Station 6C2 did not have chemicals
above FSQVs or bioassay hits.  Like the "hot-spots" of chemical concentrations in Salmon Bay,
toxicity appeared to be distributed irregularly throughout Salmon Bay.  Figure 5 summarizes
bioassay hits for the four tests performed on the 20 Salmon Bay sediments.

Most chemicals exceeding FSQVs are organic compounds.  When stations were sorted according
to the number of organics above FSQVs, the pattern of bioassay hits remains the same (61% of
hits occurred at the ten most contaminated stations).  The ten sediments most contaminated with
PAH (LPAH, HPAH, or total PAH) had 65% of the bioassay hits, the most of any chemical or
group of chemicals analyzed.  Carbazole appeared to be the second most toxic constituent,
followed by chromium and bis(2-ethylhexyl)phthalate.

Stations sorted according to their overall metals concentrations (as in Table 5) had only 47% of
the bioassay hits in the ten highest ranked samples.  The least toxic metals among the ten most
contaminated stations appeared to be arsenic (47% of hits), followed by nickel and lead
(51% each).  Even fewer hits (45%) were associated with samples having the top ten TBT
concentrations.  Using this approach, TBT appears to have relatively low toxicity.
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Figure 5. Summary of Bioassay Hits in Salmon Bay Phase III Sediments.
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Summary and Conclusions
There is widespread chemical contamination in Salmon Bay, based on results of 27 Phase III
sediment samples analyzed for metals and organics.  Table 12 summarizes concentrations of the
major chemical contaminants in Salmon Bay sediments.  Tributyltin, mercury, bis(2-ethylhexyl)-
phthalate, indeno(1,2,3-cd)pyrene, and carbazole were found at elevated concentrations in most
stations.  These appear to be the most pervasive problem chemicals, based on comparisons to
FSQVs and the PSDDA SL.

Table 12.  Summary of Major Contaminant Concentrations in Salmon Bay Phase III Sediments.

Chemical Maximum Minimum Median
Metals (ug/g, dw)
Arsenic 210 5 20
Mercury 43                0.1             0.8
Cadmium 5              <0.3             1.4
Chromium 620 24 66
Copper 11,000 48 370
Lead 1,300 12 190
Nickel 640 30 53
Zinc 4,200 84 420
Organics (ug/kg, dw)
Low Molecular Weight PAHs (LPAH) 78,000 70 4,400
High Molecular Weight PAHs (HPAH) 250,000 1,200 15,000
Total PAH 330,000 1,300 18,000
Bis(2-ethylhexyl)phthalate 23,000 <140 2,500
Carbazole 2,900 24 170
Tributyltin (ion equivalent) 64,000 62 1,100

In some cases, chemicals were found at extremely high concentrations.  The tributyltin (TBT)
concentration at Station 4F2, located in the furthest southeast corner of Fisherman's Terminal,
was 64,000 ug/kg TBT.  This station also had extremely high concentrations of mercury
(43 ug/g), copper (11,000 ug/g), lead (1,300 ug/g), zinc (4,200 ug/g), PAHs (total =
330,000 ug/kg), bis(2-ethylhexyl)phthalate (23,000 ug/kg ), and carbazole (2,900 ug/kg).
Other chemicals in 4F2 sediment were also found in high concentrations, making it by far the
most contaminated of any station examined.

The distribution of contaminants in Salmon Bay could be characterized by "hot-spots"
interspersed among a field of more moderate concentrations.  These hot-spots generally occur
near shore; cleaner sediments tend to be found toward the channel center.  In most cases,
hot-spots detected during Phase II sampling were verified by the Phase III survey.  Some areas of
cleaner sediments were also verified.  Although Phase III sampling generally succeeded in
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verifying hot-spots, sample coverage was too thin to delineate the hot-spot boundaries.  The thin
coverage, along with the failure to verify all of the “clean” Phase II stations, suggests that
additional hot-spots may have gone undetected by the two rounds of sampling conducted to date.

Most of the sediments analyzed in Phase III probably have an adverse effect on benthic
organisms.  This conclusion is based on: 1) comparisons to Freshwater Sediment Quality Values
(FSQVs) which attempt to strike a balance between protecting aquatic organisms and predicting
minimum adverse biological effects, and 2) four bioassay toxicity tests conducted on 20 of the
27 Salmon Bay sediment samples.

At least one chemical was detected above FSQVs in 23 of the 27 samples.  Tributyltin
concentrations were above the SL in 26 of the 27 Salmon Bay sediments.  One of the reference
samples (10B2) had mercury above the FSQV, and the other reference sample (10A2) had TBT
above the SL.  Most samples had multiple chemicals above FSQVs/SL, with seven as the median
number of exceedences at each station.  Only one station (6C2, located east of Fisherman's
Terminal) had no chemicals above FSQVs or the SL.

Eighteen of the 20 Salmon Bay sediments were toxic to at least one bioassay organism.  One-half
of the samples showed a toxic response in three or more toxicity tests.  The Chironomus growth
test was the most sensitive bioassay, followed by Microtox, Hyalella survival, and Chironomus
survival.  Toxicity of sediments appeared to be positively correlated to the number of chemicals
above FSQVs/SL, although this pattern is somewhat inconsistent.  It appears that the number of
organic chemicals exceeding FSQVs is more closely related to toxicity than to the degree of
metals contamination in samples.  A coarse analysis of the relationship between individual
chemicals or chemical groups suggests that PAHs (LPAH, HPAH, or total PAH) are the most
toxic, followed by carbazole, chromium, and bis(2-ethylhexyl)phthalate.  Arsenic appeared to
have the least toxicity among metals.  TBT appeared to be the least toxic chemical analyzed in
terms of relationships between relative concentration and toxic response.  Like the "hot-spots" of
chemical concentrations, toxicity exhibited an irregular distribution in Salmon Bay.
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Recommendations
Focus sampling around highly contaminated areas (hot-spots) to better resolve and define the
boundaries of contamination.  Sampling should be designed to:

1. Determine concentration gradients with confidence.

2. Delineate a boundary with statistically significant differences in chemical concentration
across the boundary.

The best candidates for focused sampling appear to be the areas around Stations 4F2, 8A2,
and 2C2.
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State of Washington Department of Ecology
Manchester Environmental Laboratory

7411 Beach Dr. East Port Orchard WA. 98366

July 15; 1997

Project: Salmon Bay Sediments

Samples: 21-8281-8312

Laboratory: Rosa Environmental

By: Pam Covey

Case Summary

These samples required thirty-two (32) Grain Size analyses on sediment using Puget Sound
EstuaryProtocol (PSEP) method.

The samples were received at the Manchester Environmental Laboratory on May 22, 1997 and
transported to Rosa Entironmental on May 29, 1997 for Grain Size analyses.

The analyses were reviewed for qualitative and quantitative accuracy, validity and usefulness.

The results are acceptable for use as reported.

1 of 1



ROSA ENVIRONMENTAL & GEOTECHNICAL LABORATORY, LLC.

Washington State Department of Ecology
Manchester Laboratory

Salmon Bay Project
Narrative

The following notes were taken during the analyses.

1. The samples were analyzed for grain size distribution following the Puget Sound
Estuary Protocol. The samples were not treated for organics, and are thus reported as
"apparent" grain size distributions. There were not any significant deviations from the
procedure, nor were there any significant anomalies in the sediment samples, except as
noted below.

2. Sample 21-8291 did not contain enough fines to get the required 5 grams for the
pipette portion of the analysis. This small sample size may have biased the data.

3. Sample 21-8296 had a large rock, which was excluded from the analysis (it was
approximately 1.5" x 1").

4. Samples 21-8298 and 21-8299 had an oily sheen during the washing and pipetteing
portions of the analysis.

5. Sample 21-8303 was mostly peat, with some coarse sand. After washing the minus
#230 material, the sample was oven dried at 90° C. During the oven drying, the peat
formed a thick mass that resisted breaking up for the sieve portion of the analysis.
Every effort was made to separate the fibers without compromising the grain size, but
the chunks of peat would not break up into individual particles. The sieve data reported
indicates a sample that is much more coarse that it actually was, and the data should be
evaluated carefully. Also, because the sample was mostly organic and water (472%
water on a dry weight basis), there was not enough fines (3.68 g.) to meet the required
5 gram minimum.

6. The triplicate run on sample 21-8307 needs to be evaluated carefully. The second
sample in the triplicate had a large piece of rusted iron retained on both the #4 and #10
sieves. There were no pieces of iron visible in the other samples of the set. The
presence of metal fragments may have skewed the entire analysis, if the finer fractions
also contained significant amounts of metal, as the specific gravity of the sediment in
the pipette portion of the analysis would be higher than accounted for by the procedure.

7. Sample 21-8309 had what appeared to be a green sequin retained on the #10 sieve.

8. Sample 21-8312 had an oily sheen on it during washing and pipetteing.

1004-02



Washington State Department of Ecology
Manchester Laboratory

July 11, 1997

TO: Jim Cubbage

FROM: Aileen Richmond, Technician

THROUGH: Becky Bogaczyk, Chemist

SUBJECT: General Chemistry Quality Assurance memo: Salmon Bay, week 21.

SUMMARY

The data generated by the analysis of these samples is acceptable for use. Some samples have a
holding time issue.

SAMPLE INFORMATION

These samples were received by Manchester Laboratory on 5/22/97 in good condition.

HOLDING TIMES

The samples were analyzed within the EPA holding times for total organic carbon and total solids
with the exception of those samples collected on 5/19/97. Total solids (percent solids) samples #
97-218290, 91, 92, 96, and 97-218302, 3, 4, 10, and 11 were analyzed one day past the holding
due to several things. The memorial day weekend, transit time, and the visit of Dan Silver to the
lab were the main interferences with timely analysis.

ANALYSIS PERFORMANCE

Instrument Calibration

Where applicable, instrument calibration was performed before each analytical run and checked
by initial calibration verification standards and blanks. All initial and continuing calibration
verification standards were within the relevant USEPA (CLP) control limit. A correlation
coefficient of 0.995 or greater was met as stated in CLP calibration requirements. The
turbidimeter is standardized quarterly and calibrated with known check standards before each
analytical run. All balances are calibrated yearly with calibration verification occurring monthly.
Oven temperatures are recorded before and after analyses to ensure control.

Laboratory Control Sample

The laboratory controls were within acceptance windows.



Precision Data

Results from duplicate analysis were used to evaluate precision. All were within the acceptance
window of ± 20 % Relative Percent Difference(RPD).

Procedural Blanks

Procedural blanks associated with these samples showed no analytically significant levels of
analytes.

Other Quality Assurance Measures and Issues

The percent solid results for samples # 97-218290, 91, 92, 96, and 97-218302, 3, 4, 10, and 11
are qualified as estimates because they were analyzed one day past the holding time.

Total organic carbon samples # 97-218292, 95, and 97-218308 do not have replicate results for
the 104°C analysis because the analyst running the 104°C determination did not duplicate the
same samples as the analyst running the total organic carbon and 70°C percent solids
determination.

Please call Aileen Richmond at 360-871-8823, or Becky Bogaczyk if you have any questions.

cc: Bill Kammin
Project file
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Sample No. Station QA type TOC70 TOC104 Solids
97218288 4B2 split % 6.5 6.4 26.6
97218308 9A2 split % 6.0 6.2 26.5

mean= 6.2 6.3 26.6
RPD= 8.1% 3.2% 0.4%

97218288/972183084B2/9A2 fld rep % 6.2 6.3 26.6
97218312 9C2 fld rep % 5.9 6.5 27.2

mean= 6.2 6.4 26.9
RPD= 4.8% 3.1% 2.4%

97218306 8C2 split % 4.2 4.4 44.2
97218309 9B2 split % 4.4 4.6 42.7

mean= 4.3 4.5 43.4
RPD= 4.7% 4.4% 3.5%

97218292 4F3 lab rep % 7.6
97218292 4F3 lab rep % 7.4
97218292 4F3 lab rep % 7.1

mean = 7.4
RSD= 3.4%

97218295 5B2 lab rep % 4.9
97218295 5B2 lab rep % 5.2

mean = 5.0
RPD= 6.0%

97218308 9A2 lab rep % 6.0
97218308 9A2 lab rep % 5.9
97218308 9A2 lab rep % 6.1

mean = 6.0
RSD= 1.7%

97218290 4C2 lab rep % 38.1 H
97218290 4C2 lab rep % 38.2 H

mean= 38.2
RPD= 0.3%

97218300 6C2 lab rep % 45.6
97218300 6C2 lab rep % 45.9

mean = 45.8
RPD= 0.7%

97218310 10A2 lab rep % 38.2 H
97218310 10A2 lab rep % 38.3 H

mean = 38.2
RPD= 0.3%

97218312 9C2 lab rep % 27.0
97218312 9C2 lab rep % 27.4

mean = 27.2
RPD= 1.5%

H=Exceeds recommended holding time

Table B-2. Precision of Field Sampling and Laboratory Analysis for Organic Carbon and 
Solids Composition.



July 3, 1997

To: Jim Cubbage

From: Randy Knox, Metals Chemist

Subject: Salmon Bay Project Sediment

QUALITY ASSURANCE SUMMARY

Data quality for this project is generally good. High iron levels in some samples interfered
with arsenic. Samples 97218298 and 97218299 had extremely high iron levels. Cadmium
on 97218298 showed poor replicate precision. No other significant quality assurance issues
are noted with the data.

SAMPLE INFORMATION

The samples from the Salmon Bay Project were received by the Manchester Laboratory on
5/22/97 in good condition.

HOLDING TIMES

All analyses were performed within the USEPA Contract Laboratory Program (CLP)
holding times for metals analysis (28 days for mercury, 180 days for all other metals).

INSTRUMENT CALIBRATION

Instrument calibration was performed before each analytical run and checked by initial
calibration verification standards and blanks. Continuing calibration standards and blanks
were analyzed at a frequency of 10% during the run and again at the end of the analytical
run. All initial and continuing calibration verification standards were within the relevant
USEPA (CLP) control limits. AA calibration gave a correlation coefficient ( r ) of 0.995 or
greater, also meeting CLP calibration requirements. Internal standard used for ICP-MS
analysis of arsenic was outside allowed limits for the high iron sample, 97218298 and
97218299. Arsenic data for these samples is qualified J, as estimated.



PROCEDURAL BLANKS

The procedural blanks associated with these samples show no analytically significant levels
of analyte.

SPIKED SAMPLES ANALYSIS

Spiked and duplicate spiked sample analysis were performed on this data set. All spike
recoveries are within the CLP acceptance limits of +/- 25%.

PRECISION DATA

The results of the spiked and duplicate spiked samples are used to evaluate precision on this
sample set. The relative percent difference (RPD) for all analytes is within the 20% CLP
acceptance window for duplicate analysis. One spiked sample pair in the mercury analysis
showed a relative percent difference of 21. Since we also ran a duplicate of this sample with
the RPD within the allowed 20%, data was not qualified based on this result. ICP data
showed a high relative standard deviation of results for cadmium on sample 97218298.
Cadmium data, for this sample only, is qualified J as estimated.

SERIAL DILUTION

A five times serially diluted portion of several samples was analyzed by ICP and the
analytical results, corrected for dilution were compared to the original sample analyses as a
test for interference. The RPD (relative % difference) for all analytes at levels greater than 50
times the detection level was within the allowed 10%. Arsenic levels less than 200 mg/Kg ,
determined by ICP, on samples with iron greater than 50000 mg/Kg are qualified J.
Interference was noted to be significant for lower level arsenic samples for this iron level.

LABORATORY CONTROL SAMPLE (LCS) ANALYSIS

LCS analyses are within the windows established for each parameter.

Please call Randy Knox at SCAN 360-871-8811 or Jim Ross at SCAN 360-871-8808 to
further discuss this project.

RLK:rlk



August 14, 1997

Please replace your current Mercury Analysis Report for Salmon Bay with this version.
This new report has been corrected to an actual Dry Weight unit value. It was the policy
of the Manchester Laboratory, prior to August 1 of this year, to report Mercury in
sediment on a wet-weight, or as-received, basis. At the request of our clients we will
discontinue this practice. All future sediments analyzed for Mercury will reflect a Dry
Weight value.

Thank you for your patience with this cross-over, and please let us know if you have
other suggestions or questions where we might be of help to you.

SD

Attachment



Table B-3. Precision and Accuracy of Metals Data.

As As

Sample No. QA Type Field ID EPA 200.8 EPA 200.7 Hg Cd Cr Cu Pb Ni Zn

8288 4B2 14.3 na 0.8 2.1 133 619 204 113 527

8308 9A2 13.5 na 0.972 1.8 107 484 177 94.7 418

mean= 13.9 0.9 2.0 120 552 191 104 473

RPD= 6% 19% 15% 22% 24% 14% 18% 23%

8306 8C2 12.1 na 1.1 1.2 44.7 207 196 40.4 416

8309 9B2 11.6 na 1.3 1.4 44.9 204 192 37 422

mean= 11.9 1.2 1.3 44.8 205.5 194 39 419

RPD= 4% 17% 15% 0.4% 1% 2% 9% 1%

8288/8308 4B2/9A2 13.9 na 0.9 2.0 120 552 191 104 473

8312 9C2 13 na 1.03 1.5 U 122 520 184 101 433

mean= 13 1.0 121 536 187 102 453

RPD= 7% 15% 2% 6% 3% 3% 9%

8285 3B3 na na 2.48 na na na na na na

8285 3B3 na na 3 na na na na na na

mean= 2.7

RPD= 19%

8303 7B2 na na 0.075 na na na na na na

8303 7B2 na na 0.119 na na na na na na

mean= 0.097

RPD= 45%

8281 1B3 100 95 na 90 88 NC 82 84 NC

8281 1B3 100 89 na 94 82 NC 82 85 NC

mean= 100 92 92 85 82 85

RPD= 0% 7% 4% 7% 0% 1%

8312 9C2 86 91 na 104 80 NC 112 84 104

8312 9C2 79 89 na 108 103 NC 106 95 103

mean= 83 90 106 92 109 90 104

RPD= 8% 2% 4% 25% 6% 12% 1%

8303 7B2 na na 107 na na na na na na

8303 7B2 na na 107 na na na na na na

mean= 107

RPD= 0%

LCS71269 M7155SL1 94 94 na 98 96 98 107 100 94

LCS71270 M7155SL2 90 88 na 93 90 91 102 93 88

mean= 92 91 96 93 95 105 97 91

RPD= 4% 7% 5% 6% 7% 5% 7% 7%

27071264 M7154SG na na 99 na na na na na na

BLN71267 M7155SB1 3 U 0.3 U na 0.3 U 0.5 U 1 U 2 U 1 U 2 U

BLN71268 M7155SB2 3 U 0.3 U na 0.3 U 0.5 U 1 U 2 U 1 U 2 U

BLN71263 M7154SH na na 0.005 U na na na na na na

U=Undetected at concentration shown

na=not analyzed

NC=Not Calculated

Field Splits 
(ug/g, dry)

Field Splits 
(ug/g, dry)

Field Replicates 
(ug/g, dry)

Lab Duplicates 
(ug/g, dry)

Lab Control 
Samples (% 
recov.)

Lab Control 
Samples (% 
recov.)

Lab Blanks 
(ug/g, dry)

Lab Duplicates 
(ug/g, dry)

Matrix Spikes (% 
recov.)

Matrix Spikes (% 
recov.)

Matrix Spikes (% 
recov.)



MANCHESTER ENVIRONMENTAL LABORATORY
7411 Beach Drive E , Port Orchard Washington 98366

CASE NARRATIVE

September 19, 1997

Subject: Salmon Bay

Samples: 97218281 to 97218312

Case No. 1259-97

Officer: Jim Cubbage

SEMIVOLATILE ORGANICS

ANALYTICAL METHODS:

The semivolatile soil samples were extracted with acetone following the Manchester modification of the
EPA CLP and SW 846 8270 procedure with capillary GC/MS analysis of the sample extracts. Normal
QA/QC procedures were performed with the analyses. Most of the samples had a high water content and
low percent, solids. Consequently a solvent back extraction of the water layer remaining after the Soxhlet
extraction was used in addition to sodium sulfate to dry the extracts.

HOLDING TIMES:

All sample and extraction holding times were within the recommended limits.

BLANKS:

Low levels of some target compounds were detected in the laboratory blanks. The EPA five times rule
was applied to all target compounds which were found in the blank. Compounds that were found in the
sample and in the blank were considered real and not the result of contamination if the levels in the
sample are greater than or equal to five times the amount of compounds in the associated method blank.

SURROGATES:

The normal Manchester Laboratory surrogates were added to the sample prior to extraction. Generally
surrogate recoveries were within acceptable limits except for sample 97218281 which had 4% to 13%
recoveries of all analytes. The data, for 97218281 was "J" qualified. A few other samples 97-218299,
97218298, 972182886, 972182887, 972182895 and 97218309 had one surrogate below the recommended
guidelines but all other surrogates were acceptable and no qualifiers were added to the data.

Sample 97218289 had six of eight surrogates which were higher than the guidelines which was probably
due to the low internal standard areas. Those compound results in sample 97218289 affected by the
internal standard areas were "J" qualified.



MATRIX SPIKE AND MATRIX SPIKE DUPLICATE:'

Matrix spike recoveries were low (<40%) for pyridine, aniline, 2,2'oxybis(1-chloropropane),
hexchloroethane, nitrobenzene, hexachlorocylcopentadiene, 3 and 4-nitroanilines, and 4-chloroaniline.
High native concentrations caused low calculated recoveries for pyrene, chrysene, bis-(2-
ethylhexyl)phthalate and benzo(b)fluoranthene. The "J" qualifier was added to the results for these
compounds in the matrix source sample 97218294. Hexachlorocyclopentadiene was not recovered and the
data in the source sample was flagged as rejected "REJ".

ANALYTICAL COMMENTS:

No special analytical problems were encountered in the semivolatile analyses other one sample with low
surrogates and another with low internal standard area counts. One other analytical problem was the high
water content which in some samples exceeded 70%. This resulted in higher quantitation limits for some
samples.

Quantitation limits were reported not detection limits. Detection limits were generally three or four times
lower than the quantitation limits. An example is sample 97218311 where the quantitation limit for
naphthalene and the methylnaphthalenes is 63U but the analytes were detected at 18J, 16J and 8J
respectively. The data is acceptable for use as qualified.

DATA QUALIFIER CODES:

U - The analyte was not detected at or above the reported value.

J - The analyte was positively identified. The associated numerical value is an
estimate.

UJ - The analyte was not detected at or above the reported estimated result.

REJ - The data are unusable for all purposes.

EXP - The result is equal to the number before EXP times 10 to the power of the
number after EXP. As an example 3EXP6 equals 3 X 106.

NAF - Not analyzed for.

N - For organic analytes there is evidence the analyte is present in this sample.

NJ - There is evidence that the analyte is present. The associated numerical result
is an estimate.

E - This qualifier is used when the concentration of the associated value exceeds
the known calibration range.

bold - The analyte was present in the sample. (Visual Aid to locate detected
compound on report sheet.)

CN_SBBNA.DOC
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Table B-5. Results of PAH Standard Reference Material Analysis (NRCC HS-6; µg/Kg, dry).

HS672141 HS672142 RPD

Anthracene 965 956 1% 1100 ± 400
Pyrene 2470 2610 6% 3000 ± 600
Benzo(ghi)perylene 1570 1630 4% 1780 ± 720
Indeno(1,2,3-cd)pyrene 1910 1970 3% 1950 ± 580
Benzo(b)fluoranthene 3370 3710 10% 2800 ± 600
Fluoranthene 3400 3500 3% 3540 ± 650
Benzo(k)fluoranthene 1450 1440 1% 1430 ± 150
Acenaphthylene 450 470 4% 190 ± 50
Chrysene 2110 2180 3% 2000 ± 300
Benzo(a)pyrene 1640 1600 2% 2200 ± 400
Dibenzo(a,h)anthracene 503 503 0% 490 ± 160
Benzo(a)anthracene 1390 1520 9% 1800 ± 300
Acenaphthene 162 J 148 J 9% 230 ± 70
Phenanthrene 3000 3050 2% 3000 ± 600
Fluorene 402 413 3% 470 ± 120
Naphthalene 3790 3540 7% 4100 ± 1100
J = estimated concentration

 = outside range of certified values

NRCC HS-6
Certified Values



MANCHESTER ENVIRONMENTAL LABORATORY
7411 Beach Drive E , Port Orchard Washington 98366

CASE NARRATIVE

September 19, 1997

Subject: Salmon Bay

Samples: 97218281 to 97218312

Case No. 1259-97

Officer: Jim Cubbage

By: Dickey D. Huntamer
Organics Analysis Unit

TRIBUTYL TINS

ANALYTICAL METHODS:

The samples were extracted following the methods given in Puget Sound Estuary Program (PSEP)
"Recommended Guidelines for Measuring Organic Compounds in Puget Sound Sediment and Tissue
Samples" Recommended Methods for Organotin Compounds. The samples were extracted by tumbling
with sodium sulfate and methylene chloride/10% methanol and 0.1% by weight tropolone. After
extraction the samples were solvent exchanged to hexane. The organotin compounds were hexylated
using the Grignard reaction given in Krone et al (1989) including the silica gel/alumina cleanup. Analysis
was done by capillary Gas Chromatography using Single Ion Monitoring (SIM) mode GC/MS. All
samples are reported on a dry weight basis.

HOLDING TIMES:

The samples were stored frozen following PSEP Guidelines until extraction. After extraction all samples
were analyzed within the recommended 40 day extract time.

BLANKS:

No target analytes were detected in the laboratory blanks.

SURROGATES:

Recovery of the surrogate spike, Tripropyltin, ranged from 6% to 115%. Recoveries of the tripentyl tin
ranged from 18% to 141%. No surrogate recovery QC limits have been established for this method.
Although several samples had one surrogate with less than 20% recovery none of the samples had <20%
recovery for both surrogates. Consequently no data qualifiers were added to the results based on surrogate
recoveries.



MATRIX SPIKE AND MATRIX SPIKE DUPLICATE:

No spike recovery or RPD QC limits have been established for organotins at this time. Two and one-half
pairs of matrix spikes were analyzed with the samples. Source samples were 91218297 and -218302 and
97218310. Sample 97218297 had significant levels of organotin compounds native to the sample. These
may have affected the recoveries which ranged from 2% to 204%. Tetrabutyltin which was not detected
in the sample had 63% and 64% recovery. Matrix spike recoveries for 97218302 which was a high clay
content sample ranged from 50% to 85%. Recoveries for 97218310 ranged from 10% to 73%.

The relative percent differences ranged from 1.4% to 193% for 97218297 and from 0.7% to 63% for
97218310.

ANALYTICAL COMMENTS:

Two additional samples were analyzed with the sediment samples. These were Sequim Bay Reference
Sediments which presumably was spiked with 100 ng/gm (100 ug/Kg) wet weight of tributyltin. No value
for tributyltin has been established for the Sequim Bay Reference Sediment so the accuracy of the
analysis cannot be determined. These samples are identified as -SBR72041 (SRMl) and SBR72042
(SRM2).

SRMl 70.6 ug/Kg (wet weight) Tributyltin
SRM2 75.6 ug/Kg (wet weight) Tributyltin

Note that the data sheets report these values as dry weight. The percent solids is 56% for these samples.

Two reference materials, PACS-1 (PAC72043 and PAC72044) and PACS-2 (PAC72045) was also
analyzed with the samples. PACS-2 is a new material and has not been certified as to it's value for
organotins. PACS-1 provided anomalous results with lower concentrations of the tributyltin and higher
concentrations relative to tributyltin for the dibutyl- and monobutyltins. Results for tributyltin were
roughly one-third the certified value. Since the concentrations of the less substituted tin species increased
it may be that the sample is deteriorating over time. A phone conversation with Eric Crecilius at Battelle
Sequim laboratory confirmed that PACS-1 was not stable and the concentrations had been changing over
time. Consequently data reported for PACS-1 should not be used and previous data reported for PACS-1
may be compromised.



Table B-6. Precision and Accuracy of Butyltin Data.

Sample No. Field ID QA Type
Monobutyltin 
Chloride

Dibutyltin 
Chloride

Tributyltin 
Chloride

Tetrabutyltin 
Chloride

8297 6A2 29 2 144 63
8297 6A2 64 86 205 64

mean= 47 44 175 64
RPD= 75% 191% 35% 2%

8302 7A3 57 30 85 62

8310 10A2 14 73 10 43
8310 10A2 14 38 12 30

mean= 14 56 11 37
RPD= 0% 63% 18% 36%

8288 4B2 816 434 2090 32 J
8308 9A2 906 355 1830 25 J

mean= 861 395 1960 28 J
RPD= 10% 20% 13% 23%

8288/8308 4B2/9A2 861 395 1960 28 J
8312 9C2 206 J 126 468 11 J

mean= 534 J 260 1214 20 J
RPD= 123% 103% 123% 88%

97218306 8C2 386 J 209 1190 17 J
97218309 9B2 391 368 1120 14 J

mean= 389 J 288 1155 16 J
RPD= 1% 55% 6% 19%

BLN72033 OBS7153A3 33 J 21 U 44 20 U
BLN72034 OBS7153A4 24 J 21 U 36 J 20 U
BLN72035 OBS7154A2 12 J 23 U 31 J 22 U
BLN72040 OBS7154A3 22 J 23 U 20 J 22 U

PAC72043 OCS7154A3 1120 J 188 J 380 J 500 U
PAC72044 OCS7154A4 920 J 100 J 292 J 440 U

mean= 1020 J 144 J 336 J
RPD= 20% 61% 26%

280 +/-170 1160 +/-180 1270+/-220

PAC72045 OCS7154A5 640 J 400 J 820 J 620 U

450+/-50 1090 +/-150 980+/ -130

U=Undetected at concentration shown
J=estimated concentration

 = outside certified range of values

Matrix Spikes 
(% recov.)

Matrix Spikes 
(% recov.)

Matrix Spikes 
(% recov.)

Field splits 
(ug/kg, dry)

Certified 
Reference 
Material NRCC 
PACS-1, ug/kg 
as Sn, dry)

PACS-1certified values

PACS-2 certified values

Field reps. 
(ug/kg, dry)

Field splits 
(ug/kg, dry)

Lab Blanks 
(ug/kg, dry)





State of Washington Department of Ecology
Manchester Environmental Laboratory

7411 Beach Dr. East Port Orchard WA. 98366

PCB Data Review
September 19, 1997

Project: Salmon Bay

Samples: 218281 218291 218292 218301 218302

By: Stuart Magoon

Case Summary for Polychlorinated Biphenyl's
(PCB)

Data from these analyses were reviewed for qualitative and quantitative accuracy, validity,
and usefulness. These samples were prepared and analyzed according to EPA method
SW-846 8080.

The results are reported in micrograms per kilogram (ug/Kg); parts per billion dry weight.

PCB Analysis

Holding times:

Sample no. Collect date Extraction date Analysis date

218281 5/21/97 6/2/97 7/1/97
218281 re-extract 5/21/97 7/21/97 7/30/97
218291 5/19/97 5/28/97 7/1/97
218292 5/19/97 5/28/97 7/1/97
218301 5/20/97 6/2/97 7/1/97
218302 5/19/97 5/28/97 7/1/97
* data from this sample has been rejected, and was not included in the final report.

All samples were extracted within fourteen (14) days of collection, with one exception.
The re-extract of sample 218281 occurred sixty one (61) days after the sample was
collected. It is unlikely given the environmentally persistent nature of PCB's that
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exceeding the recommended holding time by 47 days has had a measurable effect on the
results. However, positive results 1254 and 1260 for sample 218281 have been qualified as
estimates ("J"), and all the non-detects have been qualified with "UJ".

All sample extracts were analyzed within forty (40) days of extraction.

Method Blank:

No target analytes were detected in any of the method blanks.

Calibration:

The calibration standards were within 20% relative standard deviations (RSD) for all the
PCB aroclors except 1242 and 1260 on July 1, 1997. As a consequence aroclors 1242 and
1260 detected in samples 218291 and 218292 have been reported as estimated values ("J"
qualified).

Surrogate Recoveries:

Sample 218281 was re-extracted due to poor surrogate recoveries. Surrogate recoveries for
the re-extraction of 218281 and the other samples, blanks, and reference material
demonstrate the extraction and analysis are within control. The surrogate recoveries for one
of the blanks (BLN71686) were extremely poor. This blank was evaporated to dryness during
the final concentration procedure; the results have been rejected (“REJ”) due to the poor
surrogate recoveries. Since the second blank (BLN71687) extracted and analyzed along with
this data set displayed acceptable recoveries, no qualification of the sample data was
warranted.

Certified Reference Material HS2:

The certified sediment reference material (SRM) from NRCC, HS2, was analyzed in
duplicate along with this sample set. HS2 is certified for aroclor 1254 at 111.8 ug/Kg +/-2.5.
There is also some 1260 aroclor present in this SRM sample, but the values are not certified.
Aroclor 1254 was reported at 98 and 106 ug/Kg which corresponds to 87.7% and 94.8% of
the certified value with an RPD of 7.8%.
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Matrix Spikes:

Sample 218290 was used for the matrix spikes. PCB analysis was not requested for
sample 218290, however, due to a mistake during the extraction process (BNA's were
extracted along with the PCB's) this sample was chosen. There were no pesticide
surrogates added to the unspiked aliquot of sample 218290, however the extract was also
analyzed for BNA compounds and the surrogate recoveries for the BNA analysis were
well within control limits. Sample 218290 was re-extracted with PCB surrogates added.
Results from the re-extraction were quite different from the original:

218290 218290 re-ext

Aroclor 1254 230 ug/Kg 2500 ug/kg
Aroclor 1260 74   ug/Kg 460   ug/Kg

Since there were no PCB surrogate recoveries on the original extract, but the BNA
recoveries were within control, it is not clear why there is such are large discrepancy for
the two analyses. Some of the analyte may have been lost during the florisil treatment, or
the sample may not have been homogenous.
Inconsistent native determinations for sample 218290 combined with the poor calibration
curve for aroclors 1242 and 1260 render the matrix spike data unreliable. Matrix spike
recoveries for aroclor 1260 have been rejected (“REJ”) and aroclor 1242 recoveries
should be considered estimates. This matrix spike data should not be used to assess
overall recovery, precision or accuracy for this project.

Summary:

The original analysis of sample 218281 has not been included because surrogate
recoveries for all three surrogates were less than 15%, and the PCB results were rejected.
The results from the re-extraction of this sample have been reportd. I recommend that
samples 218291 and 218292 be re-extracted and re-analyzed in order to quantitate the
PCB aroclors 1242 and 1260 with a valid calibration curve.
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Manchester Environmental Laboratory
7411 Beach Dr E

Port Orchard Washington 98366
December 10, 1997

Project: Salmon Bay

Parameter: PCB re-extracts

Samples: 97218281, 97218291, 97218292

By: Karin Feddersen

These samples were analyzed by EPA Method 8080 for PCB's, employing the dual column
confirmation technique.

Holding Times:

These samples were extracted and analyzed after the method-specified holding times. PCB's are
normally very persistent in the environment. Exceeding the holding time probably has had little
significant effect on the results. However, the results for these samples have been qualified as
estimates; positive results with "J", and non-detects with "UJ".

Method Blanks:

No analytes of interest were detected in the method blanks.

Surrogates:

All recoveries were within the recommended range of between 50% and 150%.

Matrix Spikes

Sample 97218281 was chosen for matrix spike/spike duplicate analysis. These samples can be
used to assess accuracy and precision. Instead of spiking the sample with one of the PCB
aroclors, it was spiked with 18 different PCB congeners. PCB aroclors are a complex mixture of
the 209 PCB congeners. PCB aroclors are identified by pattern recognition and quantitated on
4-8 distinct peaks which represent one or more congeners. The percent recovery of an aroclor is
actually the average percent recovery of the peaks used for quantitation. The average recovery of
the 18 congeners for each of the spikes are 79% and 83%, and the relative percent difference
(RPD) is 4%.

Sample Results:

This data is acceptable for use with the qualifications mentioned.
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Appendix C

Complete Results of Semivolatile Organics Analyses

Spearman Correlation Matrix for Chemistry Data
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Table C-1. Priority Pollutant Low Molecular Weight PAHs (LPAH) Detected in Salmon
Bay Phase III Sediments (µg/kg, dw).

St
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A
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e

Fl
uo

re
ne

Ph
en

an
th

re
ne

A
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e

To
ta

l L
PA

H

1B3 110 J (276) UJ 162 J 167 J 1,130 J 233 J 1,800
2B2 650 265 523 666 5,470 1,230 8,800
2C2 4,890 642 2,460 3.400 14,200 2,920 28,500
3B2 751 294 434 539 2,130 799 4,900
3B3 627 209 177 274 1,070 406 2,800
3C2 427 174 172 230 1,100 465 2,600
3C3 424 171 252 270 1,480 552 3,100
4B2 1,700 342 370 558 2,372 757 6,100
4B3 4,870 J 1,260 J 1,250 J 1,720 J 6,190 J 1,580 J 16,900
4C2 471 136 310 465 1,200 465 3,000
4F2 5,630 1,020 7,420 6.970 41,100 16,200 78,300
4F3 3,060 323 938 1.020 4,020 1,070 10,400
4F4 4,970 697 1,320 1.540 4,440 1,110 14,100
5A2 913 279 332 498 1,990 717 4,700
5B2 501 148 156 185 778 320 2,100
5D2 304 95 1,680 542 2,640 528 5,800
6A2 2,280 594 792 932 3,620 915 9,100
6B2 366 (77) U 196 262 1,040 J 294 J 2,200
6B3 466 110 203 251 1,300 373 2,700
6C2 1,030 265 130 126 569 124 2,200
7A2 291 42 J 360 400 2,660 630 4,400
7A3 73 J (132) UJ 74 J 95 J 384 95 J 720
7B2 (201) U (201) U (201) U (201) U 71 J (201) U 70
7C2 37 J 12 J 33 J 39 J 234 67 420
8A2 1,360 362 2,460 3,240 8,420 2,860 18,700
8C2 446 112 244 325 1,715 359 3,200
8C3 1,310 640 1,060 1,070 3,990 1,130 9,200
10A2 (100) U (100) U (100) U (100) U 39 J 14 J 50
10B2 18 J (63) UJ 18 J 25 J 244 53 J 360
U=Undetected at concentration in parentheses
UJ=Undetected at estimated concentration in parentheses
J=Estimated concentration
Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).



Table C-2. Priority Pollutant High Molecular Weight PAHs (HPAH) Detected in Salmon
Bay Phase III Sediments (µg/kg, dw).
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1B3 1,690 J 1,630 J 600 J 816 J 1,151 J 615 J 363 J 82 J 424 7,400
2B2 11,100 8,790 4,260 5,940 10,990 4,810 4,120 839 4,020 54,900
2C2 29,200 15,900 3,750 5,880 6,590 2,750 1,750 437 1,720 68,000
3B2 5,350 6,880 2,430 2,780 4,560 3,000 1,880 412 2,140 29,400
3B3 2,340 2,530 958 1,300 2,315 1,530 1,180 217 1,330 13,700
3C2 2,690 2,250 1,030 1,340 2,095 1,180 993 287 944 12,800
3C3 3,140 2,710 1,220 1,540 2,451 1,420 1,160 292 1,150 15,100
4B2 3,715 3,665 1,378 1,940 3,221 1,772 1,445 322 1,595 19,100
4B3 7,730 J 7,540 2,380 3,430 4,440 2,220 1,450 327 1,660 31,200
4C2 3,450 2,960 1,060 1,440 2,022 890 643 214 613 13,300
4F2 46,100 55,600 25,600 28,100 41,800 24,300 13,900 3,070 12,100 250,000
4F3 3,480 4,610 1,240 1,780 2,444 1,430 917 212 1,020 17,100
4F4 4,700 4,700 1,100 1,130 2,002 1,070 740 200 J 827 16,500
5A2 3,210 4,410 J 1,580 2,170 J 3,620 1,890 1,340 332 1,410 20,000
5B2 1,640 1,590 523 755 1,376 783 773 216 J 791 8,400
5D2 3,800 5,190 1,430 1,890 3,139 1,850 1,170 205 1,180 19,900
6A2 4,780 5,120 1,720 2,210 3,396 1,840 1,220 342 1,350 22,000
6B2 1,380 J 2,000 J 631 J 893 J 1,234 J 715 J 431 J (77) UJ 438 J 7,700
6B3 1,780 2,340 917 1,260 1,955 1,080 763 116 821 11,000
6C2 646 679 148 193 283 J 206 180 157 U 187 2,500
7A2 3,360 3,460 1,270 1,560 1,778 915 518 132 J 497 13,500
7A3 478 536 192 240 307 J 176 91 J (130) U 110 J 2,100
7B2 123 J 118 J (201) U 59 J 67 J 176 J 198 J 176 J 87 J 1,200
7C2 359 488 181 263 421 226 133 34 J 146 2,300
8A2 21,100 14,500 5,430 5,730 7,110 2,960 1,500 424 1,350 60,100
8C2 2,665 2,185 802 1,076 1,654 756 622 172 568 10,500
8C3 7,710 7,150 2,620 3,700 5,530 3,340 2,340 490 2,510 35,400
10A2 97 J 150 (100) U 91 J 127 J 37 J 59 J (100) U 68 J 630
10B2 428 523 199 320 496 248 199 (63) U 216 2,600
U=Undetected at concentration in parentheses
UJ=Undetected at estimated concentration in parentheses
J=Estimated concentration
Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).



Table C-3. Total Priority Pollutant PAHs Detected in Salmon Bay Phase III Sediments
(µg/kg, dw).
Station Total LPAH Total HPAH Total PAH
1B3 1,800 7,400 9,200
2B2 8,800 54,900 63,700
2C2 28,500 68,000 96,500
3B2 4,900 29,400 34,300
3B3 2,800 13,700 16,500
3C2 2,600 12,800 15,400
3C3 3,100 15,100 18,200
4B2 6,100 19,100 25,200
4B3 16,900 31,200 48,100
4C2 3,000 13,300 16,300
4F2 78,300 250,000 328,300
4F3 10,400 17,100 27,500
4F4 14,100 16,500 30,600
5A2 4,700 20,000 24,700
5B2 2,100 8,400 10,500
5D2 5,800 19,900 25,700
6A2 9,100 22,000 31,100
6B2 2,200 7,700 9,900
6B3 2,700 11,000 13,700
6C2 2,200 2,500 4,700
7A2 4,400 13,500 17,900
7A3 720 2,100 2,820
7B2 70 1,200 1,270
7C2 420 2,300 2,720
8A2 18,700 60,100 78,800
8C2 3,200 10,500 13,700
8C3 9,200 35,400 44,600
10A2 50 630 680
10B2 360 2,600 2,960

Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).



Table C-4. Phenols and Non-Priority Pollutant PAHs Detected in Salmon Bay Phase III
Sediments (µg/kg, dw).
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1B3 276 UJ 276 UJ 276 UJ 276 UJ 2,760 UJ 352 62 J 58 J
2B2 247 238 U 1,210 119 U 524 J 2,170 469 232
2C2 187 257 U 699 129 U 472 J 4,230 2,310 1,220
3B2 112 U 112 U 192 112 U 1,120 U 542 239 124
3B3 58 J 187 U 215 94 U 468 U 202 188 94 J
3C2 66 J 83 J 189 J 134 U 457 J 726 172 81 J
3C3 121 J 93 J 239 J 138 U 692 U 782 170 96 J
4B2 176 93 J 512 123 U 712 3,752 471 244
4B3 767 J 295 J 6,310 J 140 J 1,230 UJ 19,200 1,770 J 1,050 J
4C2 79 U 158 U 159 79 U 288 J 289 214 102
4F2 371 U 371 U 2,360 371 U 3,710 U 54,500 3,470 1,810
4F3 119 U 119 U 581 119 U 1,190 U 35,600 1,060 523
4F4 115 U 230 U 2,030 115 U 576 U 73,600 1,720 922
5A2 135 U 135 U 512 135 U 1,350 U 1,170 353 171
5B2 50 J 88 J 188 J 142 U 626 J 564 180 93 J
5D2 36 J 70 U 52 J 70 U 704 U 291 90 65 J
6A2 193 191 U 1,730 96 U 459 J 11,200 982 629
6B2 77 U 77 U 195 77 U 773 UJ 908 162 101
6B3 86 U 86 U 150 86 U 863 U 1,470 180 93
6C2 52 J 157 U 551 79 U 393 U 6,020 160 109
7A2 212 164 U 77 J 164 U 1,240 J 553 141 J 103 J
7A3 132 U 132 U 132 U 132 U 1,320 U 132 53 J 35 J
7B2 201 U 401 U 401 U 201 U 1,000 U 401 201 U 201 U
7C2 50 U 50 U 50 U 50 U 500 U 94 28 J 14 J
8A2 72 J 150 U 382 75 U 375 U 1,050 877 438
8C2 82 J 72 JFSU 611 72 U 299 J 1,055 220 100
8C3 235 200 U 1,560 100 U 500 U 1,900 443 265
10A2 100 U 100 U 100 U 100 U 1,000 U 201 100 U 100 U
10B2 63 U 63 U 16 J 63 U 484 J 75 16 J 8 J
detected compounds in bold
U=Undetected at associated concentration
UJ=Undetected at associated estimated concentration
J=Estimated concentration
FSU=field split undetected
Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).



Table C-5. Phthalates Detected in Salmon Bay Phase III Sediments (µg/kg, dw).
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1B3 54 J 276 UJ 276 UJ 131 J 3,010 J 2,760 UJ
2B2 436 119 U 690 1,520 2,800 594 U
2C2 362 129 U 257 U 198 J 2,800 644 U
3B2 225 U 112 U 225 U 112 U 2,500 1,120 U
3B3 94 U 94 U 187 U 187 U 727 468 U
3C2 105 J 134 U 269 UJ 193 J 1,970 672 U
3C3 172 179 1,740 222 J 2,520 692 U
4B2 280 123 UJ 481 280 4,245 616 U
4B3 270 J 123 UJ 350 J 366 6,360 399 J
4C2 158 79 U 158 U 158 U 6,380 201 J
4F2 314 J 371 UJ 742 U 371 U 10,500 3,710 U
4F3 82 J 32 J 69 J 119 U 22,600 1,190 U
4F4 115 U 115 UJ 254 230 U 5,120 576 U
5A2 147 J 135 U 270 U 165 4,970 J 1,350 U
5B2 108 J 142 U 306 182 J 1,970 711 U
5D2 141 U 70 U 141 UJ 70 U 141 UJ 704 U
6A2 576 96 U 893 258 3,970 478 U
6B2 131 J 77 U 77 UJ 77 UJ 2,220 J 773 UJ
6B3 156 J 86 U 1,180 53 J 2,140 863 U
6C2 79 U 79 UJ 158 163 275 393 U
7A2 31 J 164 UJ 164 UJ 164 U 1,090 1,640 U
7A3 263 U 132 UJ 263 UJ 130 U 658 UJ 1,320 U
7B2 201 U 201 U 201 UJ 401 U 401 UJ 1,000 U
7C2 15 J 50 UJ 481 28 J 520 500 U
8A2 75 U 75 U 150 U 150 U 3,420 375 U
8C2 48 J 88 JFSU 154 J 191 J 2,935 360 U
8C3 100 U 100 U 200 U 200 U 501 500 U
10A2 200 U 100 UJ 100 UJ 100 U 500 UJ 1,000 U
10B2 126 U 63 UJ 841 48 J 444 629 U
detected compounds in bold
U=Undetected at associated concentration
UJ=Undetected at associated estimated concentration
J=Estimated concentration
FSU=field split undetected
Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).



Table C-6. Miscellaneous Semivolatile Organics Detected in Salmon Bay Phase III
Sediments (µg/kg, dw).
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1B3 552 UJ 552 UJ 552 UJ 276 UJ 5,520 UJ 116 J 276 UJ 276 UJ 2,010 J
2B2 94 J 119 J 329 119 U 3,790 J 384 119 U 923 6,730
2C2 91 J 129 U 129 U 129 U 2,840 J 2,260 129 U 825 1,290 U
3B2 31 J 225 U 225 U 112 U 2,250 U 282 112 U 176 1,120 U
3B3 34 J 106 J 94 U 94 U 2,020 J 166 94 U 85 J 935 U
3C2 269 U 269 U 70 J 134 U 2,790 J 168 134 U 128 J 1,640
3C3 277 U 277 U 86 J 138 U 2,770 UJ 180 138 U 172 2,310
4B2 27 JFRU 246 U 170 JFRU 127 U 2,930 JFRU 386 123 U 179 J 31,922
4B3 53 J 116 J 184 J 51 J 4,200 J 928 J 123 UJ 389 J 3,890
4C2 79 U 158 U 79 U 79 U 1,650 J 244 79 U 117 1,450
4F2 742 U 73 J 742 U 371 U 7,420 U 3,810 371 U 2,920 3,710 U
4F3 239 U 239 U 239 U 119 U 2,390 UJ 743 119 U 196 1,190 U
4F4 36 J 230 U 115 U 115 U 2,640 J 1,010 115 U 238 1,930
5A2 270 U 270 U 270 U 135 U 2,700 UJ 372 135 U 194 2,180
5B2 284 U 284 U 53 J 142 U 2,830 J 138 J 142 U 71 J 1,680
5D2 141 U 141 U 141 U 70 U 1,410 UJ 119 70 U 91 704 U
6A2 57 J 106 J 95 J 96 U 2,170 460 96 U 274 2,100
6B2 155 U 155 U 155 U 77 U 1,020 J 167 77 UJ 116 J 773 UJ
6B3 173 U 173 U 173 U 86 U 1,730 UJ 168 86 U 94 863 U
6C2 157 U 157 U 79 U 79 U 1,570 UJ 90 34 J 79 UJ 786 U
7A2 329 U 329 U 53 J 164 U 2,070 J 234 164 U 229 1,640 U
7A3 263 U 263 U 263 U 132 U 2,630 UJ 51 J 132 U 132 U 1,320 U
7B2 401 U 401 U 201 U 201 U 4,110 J 201 U 201 U 201 U 2,010 U
7C2 100 U 100 U 14 J 50 U 1,000 UJ 24 J 50 U 24 J 500 U
8A2 48 J 75 U 75 U 75 U 1,540 J 1,750 75 U 437 750 U
8C2 94 J 144 U 31 JFSU 72 U 1,740 J 216 72 U 160 4,335
8C3 100 UJ 200 U 100 U 100 U 2,430 J 399 100 U 234 1,000 U
10A2 200 U 200 U 200 U 100 U 2,000 UJ 100 U 100 U 100 U 1,000 U
10B2 126 U 126 U 126 U 63 U 813 J 14 J 63 U 63 U 629 U
detected compounds in bold
U=Undetected at associated concentration
UJ=Undetected at associated estimated concentration
J=Estimated concentration
FSU=field split undetected
FRU=field rep undetected
Exceeds Freshwater Sediment Quality Values (Cubbage et al,1997).
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N-Nitrosodimethylamine

Pyridine
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Bis(2-Chloroethyl)Ether

2-Chlorophenol

1,3-Dichlorobenzene

2,2'-Oxybis[1-chloropropane]

N-Nitroso-Di-N-Propylamine

Hexachloroethane

Nitrobenzene

2-Nitrophenol

Bis(2-Chloroethoxy)Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

4-Chloroaniline

Hexachlorobutadiene
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2,4,6-Trichlorophenol
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2-Chloronaphthalene

2-Nitroaniline
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3-Nitroaniline
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4-Nitroaniline
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Bioassay Results
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ENVIRONMENTENVIRONMENTENVIRONMENTENVIRONMENT
CONSULTANTS

Our File #: 9/771-01
Work Order #: 9700432, 9700433

June 13, 1997

Dave Goodwin
SAIC
18960 State Highway 305 NE
Suite 200
Poulsbo, WA 98370-7400

Dear Mr. Goodwin:

Re: Results of Sediment Toxicity Testing using Hyalella azteca, Chironomus
tentans and Vibrio fischeri

EVS Environment Consultants performed toxicity testing on 22 freshwater sediment
samples using Hyalella azteca, Chironomus tentans and Vibrio fischeri. Testing of H.
azteca and C. tentans involved exposures for 10 days and followed procedures outlined in
ASTM (1994). Testing of V. fischeri involved the Saline Extract Microtox test method as
outlined by Microbics Corporation, EPA (1991). Microtox testing was performed by the
CH2M Hill Laboratory in Corvallis, OR. All tests were performed following procedures
described in PESP (1995) as applicable.

Copies of all raw bench sheets and calculations of means (± SD) are attached. Below are
some points that we have highlighted for your convenience.

General Notes:
- Chain-of-Custody (C-O-C) forms were not received with the samples, they were faxed
later. Please refer to the EVS C-O-C for sample receipt and integrity information.

10-d H. azteca Survival Test:
- Low dissolved oxygen levels were reported in some of the vessels designated for water
quality measurements due to a stoppage in aeration overnight, aeration was reinitiated.
Aeration was checked in additional replicates and confirmed to within appropriate levels.
This appeared not to affected the results.

- Due to a buildup of food on the sediment surface on Day 6, tetramin slurry was not fed
on this day (only algae was fed). The feeding schedule was resumed after this.

•  195 Pemberton Avenue 200 West Mercer Street
North Vancouver, B.C. Suite 403
Canada    V7P 2R4 Seattle, WA 98119
Tel: (604) 986-4331 Tel:  (206) 217-9337
Fax: (604) 662-8548 Fax: (206) 217-9343
evs_consultants@mindlink.bc.ca   evswa@halcyon.com
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- Negative control survival (96%) met the required criterion (80%).

- Sample 7A2 (EVS 4805) had one replicate (D) which may have been missed in seeding,
when compared to the other replicate results. Mean (± SD) survival calculations have been
provided including this replicate (5 replicates total), removing it as an outlier would result in
a mean (± SD) of 87.5 ± 12.6% (4 replicates).

- Reference toxicant value is within the established range.

10-d C tentans Survival and Growth Test:
- Low dissolved oxygen levels were reported in some of the vessels designated for water
quality measurements due to a stoppage in aeration overnight, aeration was reinitiated.
Aeration was checked in additional replicates and confirmed to within appropriate levels.
This appeared not to affected the results.

- Sample 1B3 (EVS 4840) had one replicate (C) which may have been missed in seeding;
when compared to the other replicate results. Mean (± SD) survival calculations have been
provided including this replicate (5 replicates total), removing it as an outlier would result in
a mean (± SD) of 82.5 ± 17.1% (4 replicates).

- Sample 8A2 (EVS 4829) had one replicate (E) which may have been missed in seeding,
when compared to the other replicate results. Mean (± SD) survival calculations have been
provided including this replicate (5 replicates total), removing it as an outlier would result in
a mean (± SD) of 67.5 ±18.9% (4 replicates).

- Negative control survival (100%) met the required criterion (70%).

- Reference toxicant value is within the established range.

Saline Extract Microtox Test:
- Data enclosed is a faxed version, when the official final report has been received we will
forward it to you.

- The highest dilution tested was 54 - 56%, approximately 58%
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If you have any questions or need further information, please do not hesitate to call me at
(604) 986-4331.

Yours truly,

JVS/js



Table D-1. Test Results for Each Bioassay Replicate.

Sample No. Station Rep
8310 10A2 1 10 3 4.40 5.00
8310 10A2 2 9 5 3.16 6.00
8310 10A2 3 10 6 4.17 3.60
8310 10A2 4 10 4 3.05 3.90
8310 10A2 5 10 7 3.20 2.50

8311 10B2 1 10 9 2.48 16.70
8311 10B2 2 10 8 3.14 15.60
8311 10B2 3 9 7 3.16 19.40
8311 10B2 4 10 9 4.92 16.10
8311 10B2 5 9 7 3.59 18.40

8281 1B3 1 8 10 1.32 13.40
8281 1B3 2 10 6 1.33 12.70
8281 1B3 3 9 0 . 11.30
8281 1B3 4 9 8 1.59 10.60
8281 1B3 5 9 9 1.38 11.90

8282 2B2 1 9 5 1.98 9.20
8282 2B2 2 8 7 1.84 8.70
8282 2B2 3 8 7 2.29 7.50
8282 2B2 4 10 5 1.84 7.50
8282 2B2 5 10 3 2.47 10.40

8283 2C2 1 8 4 1.18 46.80
8283 2C2 2 9 9 2.08 48.70
8283 2C2 3 7 9 1.84 48.00
8283 2C2 4 8 9 1.60 48.60
8283 2C2 5 9 9 1.72 47.40

8285 3B3 1 7 8 1.69 9.50
8285 3B3 2 8 6 1.30 11.20
8285 3B3 3 9 7 1.90 9.50
8285 3B3 4 8 7 1.06 11.80
8285 3B3 5 7 9 1.54 10.40

8287 3C3 1 9 8 3.35 -1.90
8287 3C3 2 10 10 2.64 -0.60
8287 3C3 3 10 9 2.31 -0.90
8287 3C3 4 10 8 3.38 -0.90
8287 3C3 5 10 9 2.86 -3.10

8288 4B2 1 9 9 2.57 41.90
8288 4B2 2 8 10 1.98 46.00
8288 4B2 3 10 10 3.50 42.70
8288 4B2 4 10 9 2.22 43.80
8288 4B2 5 9 10 2.54 44.20

Microtox 
Light 

Reduction
Hyalella 
Survival

Chironomus 
Survival

Chironomus 
Growth (mg)



Sample No. Station Rep
8289 4B3 1 8 5 3.48 57.40
8289 4B3 2 6 6 3.08 53.40
8289 4B3 3 6 7 3.27 57.90
8289 4B3 4 9 8 2.65 57.10
8289 4B3 5 6 8 2.93 58.40

8290 4C2 1 10 7 2.41 59.90
8290 4C2 2 9 6 2.65 57.80
8290 4C2 3 10 8 2.59 61.00
8290 4C2 4 10 8 2.88 55.90
8290 4C2 5 10 9 3.04 58.40

8291 4F2 1 9 4 0.93 37.50
8291 4F2 2 8 6 1.48 36.20
8291 4F2 3 10 7 1.61 35.90
8291 4F2 4 9 6 1.65 38.50
8291 4F2 5 7 7 1.33 37.20

8293 4F4 1 7 9 3.07 17.60
8293 4F4 2 5 7 3.37 18.60
8293 4F4 3 5 6 3.75 20.40
8293 4F4 4 6 9 2.79 19.50
8293 4F4 5 8 10 3.14 17.10

8294 5A2 1 10 7 2.40 18.00
8294 5A2 2 9 9 2.00 17.60
8294 5A2 3 6 8 1.91 17.90
8294 5A2 4 9 9 2.74 18.00
8294 5A2 5 10 10 2.54 20.70

8295 5B2 1 6 7 3.06 -5.40
8295 5B2 2 9 8 2.66 -5.30
8295 5B2 3 10 8 2.84 -7.80
8295 5B2 4 7 9 3.06 -6.70
8295 5B2 5 10 7 3.04 -5.40

8297 6A2 1 8 8 2.51 46.60
8297 6A2 2 10 8 3.56 43.10
8297 6A2 3 8 8 3.00 45.20
8297 6A2 4 7 7 3.26 44.50
8297 6A2 5 7 10 3.12 45.10

8299 6B3 1 10 7 1.01 10.30
8299 6B3 2 9 7 1.23 8.50
8299 6B3 3 9 8 1.36 0.98
8299 6B3 4 8 8 2.03 9.10
8299 6B3 5 10 6 1.93 10.20

Microtox 
Light 

Reduction
Hyalella 
Survival

Chironomus 
Survival

Chironomus 
Growth (mg)

Table D-1. Test Results for Each Bioassay Replicate.



Sample No. Station Rep
8300 6C2 1 9 9 4.41 -9.00
8300 6C2 2 9 9 1.80 -12.80
8300 6C2 3 10 9 2.98 -15.10
8300 6C2 4 10 8 3.50 -12.60
8300 6C2 5 9 6 3.42 -13.00

8301 7A2 1 7 10 3.34 -9.00
8301 7A2 2 9 7 3.54 -7.80
8301 7A2 3 10 9 2.68 -9.00
8301 7A2 4 0 9 3.52 -10.40
8301 7A2 5 9 6 4.63 -8.40

8303 7B2 1 7 8 3.13 3.10
8303 7B2 2 2 5 3.50 1.90
8303 7B2 3 8 6 2.47 0.90
8303 7B2 4 8 8 2.86 0.80
8303 7B2 5 7 9 2.71 1.30

8304 7C2 1 8 8 2.36 21.10
8304 7C2 2 10 4 4.40 19.50
8304 7C2 3 7 9 2.22 18.70
8304 7C2 4 9 7 3.57 19.90
8304 7C2 5 6 4 2.88 16.40

8305 8A2 1 8 8 1.68 19.50
8305 8A2 2 3 8 1.24 17.00
8305 8A2 3 9 4 1.38 18.60
8305 8A2 4 7 7 0.97 20.30
8305 8A2 5 7 0 . 18.60

8307 8C3 1 9 3 0.33 7.60
8307 8C3 2 8 4 1.03 9.00
8307 8C3 3 9 3 0.13 8.20
8307 8C3 4 6 1 0.30 8.50
8307 8C3 5 7 3 0.20 8.50

1111 Control 1 10 10 3.48
1111 Control 2 10 10 2.18
1111 Control 3 10 10 2.11
1111 Control 4 10 10 2.47
1111 Control 5 8 10 2.27

Microtox 
Light 

Reduction
Hyalella 
Survival

Chironomus 
Survival

Chironomus 
Growth (mg)

Table D-1. Test Results for Each Bioassay Replicate.
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EXECUTIVE SUMMARY 
 
In early 2002, the Washington State Department of Ecology (Ecology) embarked on a project to 
identify, update, and ultimately select freshwater sediment quality values (SQVs) for use in 
Ecology’s sediment management programs.  The first phase of this effort was completed in 
December 2002 (SAIC and Avocet, 2002), and included compilation of existing freshwater 
SQVs in North America, and an assessment of their reliability in predicting effects in 
Washington State.  The results of this work indicated that additional Phase II work was needed to 
update existing freshwater Apparent Effects Thresholds (AETs) and calculate more reliable 
SQVs for Washington State, as none of the existing guidelines were adequately predictive of 
toxicity in the Washington State data set. 
 
The goals of the Phase II work described in this report are: 
 
• Update Ecology’s freshwater AETs (Ecology 1997), including additional tests and endpoints 

if possible 
• Investigate additional methods of calculating SQVs, including the optimal percentile and 

floating percentile approaches described in Section 2.0 
• Conduct reliability testing to identify which SQVs are most predictive of toxicity in the 

Washington State data set, and make recommendations regarding their use in accordance 
with the Sediment Management Standards. 

 
As part of the process of deriving SQVs, additional development work was completed that will 
be beneficial to Ecology’s programs: 
 
• The freshwater sediment database was substantially updated and both the chemistry and 

bioassay data were subjected to detailed review to ensure accuracy and quality 
• Interpretation guidelines for freshwater biological tests were developed 
• The SEDQUAL freshwater bioassay interpretation tool, including statistical analysis and 

comparison of bioassay data to interpretation guidelines, was completed and thoroughly 
tested  

 
Results of the Phase II SQV development work include the following: 
 
• The freshwater data set is considerably stronger than it was in 1997, and has been improved 

from a quality assurance standpoint.  The current database allows for the calculation of two 
additional AETs, for a total of four acute and subchronic endpoints.  The 2003 AETs are 
more consistent with one another, and encompass a broader range of analytes than the 1997 
AETs. Unfortunately, no benthic or chronic freshwater tests have enough data to allow 
calculation of AETs. 

 
• There is still a lack of data for a variety of pesticides, herbicides and biocides, among other 

chemicals.  These chemicals may be important in areas of the state that have not been widely 
sampled, particularly in central and eastern Washington.  At sites or locations in which these 
chemicals are likely to be present, the AETs and other SQVs derived in this report may not 
provide adequate protectiveness, and bioassay testing should be undertaken on a site-specific 
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basis.  In addition, it is possible that lack of these analytes in the existing data set reduced the 
sensitivity of the AETs as well as the other SQVs calculated, if they contributed to observed 
toxicity in the bioassays. 

 
• The freshwater AETs are not as sensitive as the marine AETs are in Puget Sound, most likely 

due to variations in metals bioavailability from one area to the next.  The two mortality 
bioassays exhibit the lowest sensitivity and reliability.  Because these AETs are less 
protective than the marine AETs, they may not meet the narrative goals of the SQS and the 
CSL in the Sediment Management Standards. 

 
• Use of lower percentiles of the no-hit distribution improves sensitivity, and shows a 

reasonable balance between protectiveness and efficiency - in the 75-80% sensitivity range, 
with a corresponding efficiency of 60-80%.  This approach is similar to the Probable 
Apparent Effects Threshold proposed in Ecology (1997), but has been modified to allow any 
optimal percentile to be chosen, rather than only the 95th percentile. 

 
• Use of the floating percentile method (described in Section 2.0) further improves the 

sensitivity and efficiency, resulting in SQVs with a sensitivity of 85% and efficiency of 75%, 
and an overall reliability of better than 80%.  Other choices of sensitivity and efficiency are 
possible, and a range of potential guideline values was calculated to illustrate the trade-offs 
involved. 

 
• Metals, certain phthalates, PCBs, and PAHs acting in an additive manner are most closely 

associated with toxicity in the data set.  There is a significant degree of covariance among 
many of the metals and among the PAHs, which complicates calculation of the SQVs. 

 
The following recommendations to Ecology are provided, based on the conclusions above and 
supporting analyses: 
 
• AETs, calculated in the standard way, are not recommended for setting freshwater SQS and 

CSL values at this time, because of their relatively low sensitivity.  The freshwater AETs are 
nevertheless useful for other purposes within the sediment management programs, because 
they are highly efficient.  Above these levels, it is nearly certain that adverse effects will be 
observed.  Therefore, they would be appropriate as MLs in the dredging programs, and as 
hotspot and early action levels in the cleanup programs. 

 
• As an alternative to AETs, the Floating Percentile method is recommended over the optimal 

percentile approach, because it is more reliable and provides SQVs that better predict toxicity 
in the Washington State data set.  Using this method, it is possible to develop an optimized 
SQV set for any choice of false negative rate and any definition of adverse effects 
determined to be appropriate to a given program.  The method is also capable of providing 
customized SQVs for a given region of the state, should it be considered appropriate to 
stratify the freshwater data set into ecoregions, watersheds, or political boundaries. 

 
• Within the range of adverse effects levels evaluated in this report, it is recommended that 

Ecology retain use of the biological SQS and CSL levels, as defined in the Phase I report 
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(subject to agency and peer review), rather than using a statistical significance only 
comparison.  The SQS and CSL biological effects levels are more consistent with the 
existing rules and marine programs.   

 
• Based on the evaluations conducted for the Phase I report, it is recommended that Ecology 

use a comparison to control rather than a comparison to reference for calculating SQVs.  
Once freshwater reference areas have been identified and their performance validated over 
time, the decision of whether to use reference or control comparisons can be made on a 
programmatic basis.  However, the Phase I reliability analysis indicated that if a decision is 
made to use reference comparisons, they must be used consistently on all projects and not 
mixed with comparisons to control, or the reliability of the decision process will substantially 
decline. 

 
• It is recommended that PCB criteria be set only for total PCBs, rather than individual 

Aroclors, based on the sensitivity analysis.  The manner in which total PCBs should be 
calculated when congener data are available was outside the scope of this study (since 
congener data were not present in the data set); however, this will be important to address in 
the future. 

 
• It is also recommended that LPAH and HPAH measures not be used, based on the sensitivity 

analysis.  For PAHs, two alternative approaches could be used, which seem to provide 
roughly the same sensitivity and reliability.  A single SQV can be set using a molar sum of 
PAHs, consistent with narcosis theory.  Alternatively, SQVs for individual PAHs can be set 
using the freshwater AETs. 

 
• It is recommended that areas of the state susceptible to contamination by pesticides, 

herbicides, and other chemicals not well-represented in the existing data set be further 
sampled, using synoptic chemistry and bioassay testing.  This will allow additional SQVs to 
be calculated that will provide greater protection in these areas. 
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1.0 INTRODUCTION 
 
In 1997, the Washington State Department of Ecology (Ecology) released its first set of 
freshwater AETs for Washington State (Ecology 1997), based on data that had been collected 
through 1994.  At that time, there were enough data to calculate AETs for two endpoints – the 
10-day Hyalella azteca mortality bioassay, and the Microtox® luminescence bioassay.  A 
relatively small database existed, and some of the data were collected prior to standardization of 
freshwater bioassay protocols.  Because of these factors, these AETs were not intended for 
regulatory use.  Since then, quite a bit of additional data have been collected, new tests have been 
introduced, protocols have been standardized, and interest in having updated regional freshwater 
sediment quality values (SQVs) has grown.  Recent data are now available from the Duwamish 
River, the Spokane River, the Columbia River, the Willamette River, and various large lakes on 
both the east and west side of the Cascades. 
 
Consequently, in early 2002, Ecology embarked on a project to identify, update, and recalculate 
freshwater SQVs for use in Washington State sediment management programs.  Ideally, two 
levels of SQVs would be developed, to correspond to the narrative Sediment Quality Standard 
(SQS) and Cleanup Screening Level/Minimum Cleanup Level (CSL/MCUL).  Phase I of the 
project was completed in December 2002 (SAIC and Avocet 2002), and included: 
 

• A compilation of existing freshwater SQV sets in North America 
• An evaluation of the appropriateness of these guidelines for Ecology’s programs, using 

narrative criteria, resulting in the selection of eight SQV sets for further evaluation 
• An update of the regional freshwater sediment database, including gathering additional 

synoptic data sets, and conducting quality assurance reviews of both new and old data 
sets 

• Adding new freshwater bioassay evaluation tools to the SEDQUAL information system, 
allowing the development of custom bioassay hit/no-hit definitions and comparison of 
bioassay data to these definitions to identify stations with hits 

• A reliability analysis of the eight chosen SQV sets against the newly updated freshwater 
data set, to evaluate their ability to correctly predict biological hits and no-hits 

• An evaluation of the use of marine AETs as freshwater dredged material disposal 
guidelines, and recommended updates to the Columbia River DMEF manual (DMEF 
1998). 

 
The results of these analyses indicated that the existing freshwater SQV sets were not able to 
correctly predict both hits and no-hits with an acceptable degree of reliability, and further work 
was therefore needed in Phase II to update the 1997 freshwater AETs and/or calculate new 
freshwater guidelines. 
 
This report provides the results of Phase II, and includes the following: 
 

• Calculation of updated freshwater AETs for four bioassay endpoints 
• Calculation of alternative freshwater SQVs, including use of a lower no-hit percentile for 

the AETs and entirely new SQVs based on iterative error rate minimization techniques 
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• A reliability analysis of the AETs and alternative SQVs based on the updated regional 
freshwater data set 

• Recommendations for how these values could be used in Ecology’s programs. 
 
Section 2 of this report describes the methods used to finalize the data set, calculate the SQVs, 
and conduct the reliability assessment.  Section 3 presents the updated freshwater AETs and 
alternative SQVs and the associated reliability analyses, and Section 4 provides additional 
discussion of technical and policy issues.  Section 5 summarizes conclusions and 
recommendations, and Section 6 provides the references for the report. 
 
It should be emphasized that this report provides initial recommendations to Ecology, which will 
make the final decision on how any SQVs presented in this report, or any modifications to the 
SQVs presented here, will actually be used in Ecology’s sediment management programs.  
Among the results presented here are a wide variety of options for setting final SQS and CSL-
equivalent values.  Additionally, the SQVs presented in this report were guided and based on 
initial policy and technical decisions made by Ecology, described in Section 2.  Any potential 
future modifications to these underlying choices and conditions could significantly change the 
associated values. 
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2.0 METHODS 
 
2.1 Data Preparation 
 
Data Collection.  Most of the data collection and data entry was conducted under Phase I; the 
Phase I report provides details of the data sets obtained and the process that was used to screen 
them.  One additional data set for Lake Sammamish was added which came in at the very end of 
Phase I.  The final Phase II data file used for the development of SQVs (a subset of the publicly 
available SEDQUAL data set) is available from Ecology by request. 
 
Data Screening.  Two early data sets for McCormick & Baxter Creosoting Company 
(MBCREOS1 and MBCREOS2) were deleted when it was determined that the logistic 
regression models using the Hyalella azteca results for these data sets were significantly 
different from the rest of the H. azteca data sets.  These studies were conducted in the 1990-1991 
timeframe, and unlike more recent studies, the H. azteca organisms were collected locally and 
may have had a different sensitivity to contaminants.  Although for some time there has been a 
general sense that the early McCormick & Baxter results were unusual, this was recently 
confirmed in a more rigorous manner by both NOAA (Field et al. 2003) and the Oregon 
Department of Environmental Quality (Brunelle et al., 2003). 
 
In addition, some surveys and individual stations were screened out because of a low number of 
replicates in bioassays, below what is considered a minimum standard in modern freshwater 
protocols (ASTM 2000).  Surveys or stations with less than five replicates were screened out, 
including: 
 
• LAKROO92 (all 18 stations) – 7-day Hyalella, 3 replicates.   
• LSAMM99 (all 16 stations) – Microtox®, 2 replicates 
• MARCO90 (1 station) – 10-day Hyalella, 3 replicates. 
• QUEBAX2 (all 4 stations) – 14-day Hyalella, 4 replicates. 
• SIMILK00 (all 4 stations) – 10-day Hyalella, 4 replicates.   
• TRISTAR (all 3 stations) – Microtox®, 3 replicates. 
• UNIMAR2 (all 9 stations) – 14-day Hyalella, 3 replicates. 
 
Although conducting a power analysis was discussed, it was decided against at this time.  The 
purpose of a power analysis is to determine the minimum difference between two samples that 
can be detected with a given confidence (alpha level), or conversely whether or not there is 
sufficient power to detect a specified minimum detectable difference.  Conducting a power 
analysis requires identification of a minimum detectable difference and/or a confidence level that 
is considered appropriate, and these variables have not been defined or selected by Ecology.  The 
Phase II analysis uses statistical difference from control only, rather than a specified threshold 
that could serve as a target for a minimum detectable difference.   
 
The freshwater ASTM protocols recommend 8 replicates and require a minimum of 4 replicates 
in order to provide appropriate power under most circumstances.  The minimum of 4 is mainly 
considered appropriate for less rigorous applications, such as trend analysis between years, and is 
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fewer than the PSDDA marine bioassay standard of 5 replicates.  The data sets remaining in the 
database after the above screening meet or exceed both of these minimum guidelines. 
 
Surveys and stations were also screened out if they had an insufficient analyte list.  Although it 
would be ideal for all stations to have the same analyte list when developing SQVs, that is not 
possible when using historical data sets.  A minimum of PAHs and metals was selected as a 
general guideline for including a survey or station, consistent with other national criteria 
development efforts.  Metals and PAHs both contribute significantly to toxicity in most 
contaminated sediment data sets, and if these minimum analytes were not available, toxicity 
would frequently occur in samples without adequate chemistry to explain it.  This would lead to 
an unrealistically high number of false negatives in the reliability analysis, based solely on the 
analyte list and not on the accuracy of the SQVs. 
 
For some surveys, different stations had varying analyte lists.  In these surveys, only those 
stations with adequate analyte lists were retained.  The surveys and stations deleted included: 
 
• COLALU94 (all 6 stations) – Only conventionals. 
• LKROOS92 (2, 8, 10, 11, 15, 17, 19, 61, 71) – 6 metals and TOC. 
• LKROOS01 (all 10 stations) – 6 metals plus conventionals. 
• SIMILK00 (all 4 stations) – metals and conventionals, no organics. 
• STEILLK2 (all 4 stations) – metals and conventionals, no organics. 
• QUEBAX2 (all 4 stations) – PAHs and conventionals, no metals. 
 
Finally, individual chemical data were screened out based on qualifiers assigned during the 
quality assurance process by the original authors.  Data qualified as H, N, Q, X, or R (defined in 
Table 2-1 below) were not included in the analysis.  Undetected data were also not included, as 
these data do not provide useful information for the purposes of developing SQVs. 
 
Table 2-1.  Qualifier Definitions for Screened-Out Data 
Qualifier Definition 

H Holding time exceeded (conventionals) 
N Estimate based on presumptive evidence analyte is present in sample 
Q Questionable value 
X Less than 10% recovery 
R Rejected – failure to meet QA guidelines 

 
For AET recalculations only, outliers were also removed using the 3x rule (if the highest no-hit 
value is more than three times the next-highest value, the highest value is considered an outlier).  
Statistical outlier approaches such as Rosner’s test and Dixon’s test are also available; however, 
there is some evidence that these statistical approaches do not work well with distributions that 
are patchy in their upper ranges, such as the freshwater data set (Gilbert 1987, Sokal and Rohlf 
1981).  They are also not consistent with the approach approved by the EPA Science Advisory 
Board.  Therefore, the standard 3x rule was used for Phase II update of freshwater AETs. 
 
Selection of Bioassay Tests and Endpoints.  In Phase I it was determined that there is currently 
insufficient data to calculate SQVs for the chronic tests.  Four tests have sufficient data to 
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calculate SQVs:  Hyalella azteca 10-day mortality, Chironomus 10-day mortality, Chironomus 
10-day growth, and Microtox® 15-minute luminescence bioassays.  These endpoints were used 
for Phase II update of the AETs and development of alternative SQVs. 
 
The Microtox® protocol has recently undergone revision and finalization.  In particular, the 
handling of “overluminescence,” or values greater than 100% of the initial control luminescence, 
was finalized during this project.  Phase II interpretation guidelines were revised in accordance 
with the final 2003 protocol, as follows: 
 
• A certain amount of luminescence greater than 100% is considered normal variation and 

within the acceptable range.  A 10% threshold was set, to be consistent with the level below 
which mortality and reduction in luminescence is not considered significant.  Therefore, 
mean values of the normalized control, reference, or test sample between 100% and 110% 
are considered normal.  Mean values greater than 110% will be considered a QA failure in 
the case of a control or reference sample, and uninterpretable in the case of a test sample. 

 
• Similarly, values of Test/Reference (T/R) or Test/Control (T/C) between 100% and 110% 

will be treated as a no-hit result.  Values of T/R or T/C greater than 110% will be considered 
uninterpretable.  Enhancement in luminescence greater than 110% could theoretically be 
considered a hit or adverse effect, but no consensus has yet been reached on this issue. 

 
The revisions to the Microtox® interpretation and quality assurance guidelines had not yet been 
programmed into the SEDQUAL bioassay statistical analysis tool at the time Phase II was being 
conducted, so these interpretations were performed by inspecting the results for each sample and 
making necessary corrections to the hit/no-hit interpretations in an Excel spreadsheet. 
 
Comparison to Control vs. Reference.  Based on the results of Phase I, there appears to be no 
reliability advantage to using a comparison to reference rather than a comparison to control, for 
this freshwater data set.  Freshwater reference areas have not yet been standardized, and the 
variability of reference stations in the historical data set appears to overwhelm any theoretical 
advantage they may provide.  In addition, many test stations do not have valid reference stations 
and would have to be excluded from the analysis if comparison to reference were used.  
Consequently, a comparison to control provides a much larger and more consistent data set to 
work with in calculating SQVs.  Finally, all of the other national SQV sets that have been 
developed for freshwater have used a comparison to control.  Therefore, it was decided to use 
comparison to control for Phase II derivation of SQVs. 
 
This decision does not limit how individual regulatory programs may choose to interpret and use 
their bioassay data.  It is expected that freshwater reference areas may be developed over time 
and standardized, and once this process is completed it may be possible to use a comparison to 
reference for future updates of the SQVs.  However, it is likely that the process may be more 
difficult than in the marine environment because of the more heterogeneous nature of freshwater 
environments, and that there may not be valid reference areas for all freshwater sites. 
 
Selection of Hit/No-Hit Criteria.  For development of AETs, a sample was considered to be a 
hit if it was statistically different from the control.  One minor exception to this interpretation 
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guideline was introduced for mortality and luminescence bioassays, because many of these 
bioassays have become relatively well-controlled and show only minor variance in the control 
replicates.  Thus, even very small differences can be statistically significant.  For these bioassays, 
an observed effect was required to be both statistically significant and at least a 10% different 
from the control to be considered a hit. “Statistically significant” means a statistical difference 
from a control sample at an alpha level of 0.05.  Data transformations, selection of null 
hypotheses, and statistical testing procedures are identical to those currently in use by Ecology 
and DMMP programs for marine sediment data (Michelsen and Shaw 1996, Fox et al. 1998).   
 
The alternative approaches for calculating SQVs (optimal percentiles and floating percentiles) 
used the same three levels of effects evaluated in Phase I – statistical significance only (including 
the above modification), a level equivalent to the SQS, and a level equivalent to the CSL.  For a 
detailed discussion of the derivation of these hit/no-hit interpretation guidelines, please see the 
Phase I report (SAIC and Avocet, 2002).  Changes were made to the Microtox QA/QC 
interpretation guidelines, as described above and shown in Table 2-2 below.  As noted above, 
when using the SEDQUAL Bioassay Statistical Analysis tool, the reference for all stations was 
set to the control. 
 
Table 2-2. SQS and CSL Endpoints for Biological Tests 
Test QA Control QA Reference SQS CSL 
Hyalella azteca  
10-day mortality 

 
C ≤ 20% 

 
R ≤ 25% 

 
T – R > 10% 

 
T – R > 25% 

Chironomus tentans  
10-day mortality 

 
C ≤ 30% 

 
R ≤ 30% 

 
T – R > 10% 

 
T – R > 25% 

Chironomus tentans  
10-day growth 

 
CF ≥ 0.48 mg/ind 

 
RF/CF ≥ 0.8 

 
T/R < 0.8 

 
T/R < 0.7 

Microtox® decrease 
in luminescence 

CF/CI ≥ 0.72, 
CF/CI ≤ 1.1 

RF/CF ≥ 0.8, 
RF/CF ≤ 1.1 

 
T/R < 0.85 

 
T/R < 0.75 

C = Control, CI = Control Initial, CF = Control Final 
R = Reference, RF = Reference Final 
T = Test Sample 
 
AETs are developed for individual bioassays, and the lowest and second-lowest AETs can be 
used to set lower and upper regulatory levels.  The alternative approaches work in a somewhat 
different manner, starting directly with the biological definitions of these various regulatory 
levels.  This requires all bioassays at a station to be assessed in a combined, or “pooled,” 
approach at each of the effects levels for which SQVs need to be derived.  The SQS and CSL 
effects levels defined in Phase I were applied to the individual bioassay results for a station, and 
if any one bioassay at a station showed an observed effect, the station as a whole was considered 
to be a hit.   
 
Selection of Final Analyte List.  In Phase I, any detected chemical that was on one of the SQV 
lists was included in the reliability analysis.  However, for development of SQVs, a minimum 
number of data points is required.  To be as inclusive as possible, a minimum of 30 detected 
values was chosen as the lower limit for inclusion on the analyte list.  For AETs, the list of 
chemicals with 30 detected values varies, because some test endpoints have more data than 
others.  For calculation of alternative endpoints, chemicals were included if there was enough 
data for at least three of the four bioassays. 

6 



June 2003   

 
Analytes were also screened out for other reasons.  Some analytes, such as iron, aluminum, and 
magnesium, were screened out because they are crustal elements and are naturally present in 
high concentrations.  Certain conventional analytes, such as grain size parameters and acid-
volatile sulfides, were screened out because they likewise are not considered contaminants.  
Others were derived quantities, such as dioxin TEQs.  Finally, several chemicals and 
conventional parameters were screened out because the hit and no-hit distributions were 
statistically indistinguishable and the highest no-hit value was higher than the highest hit value 
(known as a “greater than” value in AET terminology).  These included TOC, ammonia, sulfides, 
and phosphorus, as well as some chemicals that had not enough data for some bioassays and 
“greater than” values for others, such as beryllium, mono- and dibutyltin, DDE and DDD, di-n-
butyl phthalate, benzoic acid, and carbazole. 
 
Chemicals with not enough detected data to calculate SQVs include DDT and derivatives, along 
with essentially all other pesticides, herbicides, and biocides except TBT, PCB Aroclors other 
than 1254 and 1260, PCB congeners, dioxins/furans, and chlorinated phenols and benzenes.  The 
lack of data for these chemicals is likely a combination of factors, including the possibility that 
many of these chemicals are simply not widespread in the areas surveyed so far, the lack of 
surveys in agricultural areas of the state, and a limited list of analytes in many older surveys.  For 
areas of the state where these chemicals are important, their absence in this data set could result 
in a lack of sensitivity of the derived AETs and alternative SQVs, and site-specific bioassay 
testing is recommended. 
 
The final list of chemicals for which a full set of SQVs were derived includes: 
 
• Metals: Antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, zinc, 

and tributyltin 
 
• PAHs: 2-Methylnaphthalene, acenaphthene, acenaphthylene, anthracene, benz(a)anthracene, 

benzo(a)pyrene, benzo(ghi)perylene, chrysene, dibenz(ah)anthracene, fluoranthene, fluorene, 
indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene, total benzofluoranthenes, 
LPAHs, HPAHs, and the molar sum of PAHs 

 
• Other Organic Chemicals:  Aroclor 1254, Aroclor 1260, total PCBs, bis(2-ethylhexyl) 

phthalate, butylbenzyl phthalate, dimethyl phthalate, di-n-octyl phthalate, and dibenzofuran 
 
AETs were calculated for additional chemicals for some bioassay endpoints with sufficient data, 
including DDT and derivatives, 4-methylphenol, benzoic acid, beryllium, carbazole, 
monobutyltin, dibutyltin, di-n-butyl phthalate, phosphorus, retene, TOC, and sulfides.  These 
chemicals were not retained for other SQVs because there were only enough data for some 
bioassays, and because some of these chemicals had “greater than” AETs and did not appear to 
be associated with toxicity in the data set. 
 
Normalization and Summing.  To date, evaluations of the reliability of dry weight-normalized 
SQVs vs. organic carbon-normalized SQVs has shown that the dry weight values have equal or 
better reliability than the organic carbon-normalized values (PSEP 1988, Ecology 1997).  In 
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addition, organic carbon normalization has created some confusion and difficulty in 
implementation that would be eliminated if dry weight SQVs were used.  Therefore, it was 
decided to calculate Phase II SQVs on a dry weight normalized basis. 
 
In the past, marine AETs have been available both for individual PAHs and for summed dry 
weight values such as LPAHs and HPAHs.  In recent years, there has been a trend toward using 
summed values of PAHs in the development of SQVs, as this may better reflect their mode of 
action and additive toxicity (Swartz et al., 1995; EPA 2000).  However, dry weight sums are not 
necessarily appropriate, as narcosis-based toxicity is additive on a molar basis.  Dividing the dry 
weight concentrations by the molecular weight provides molar concentrations that can be 
summed to predict narcosis-based toxicity (Hermens et al., 1984; Hermens et al., 1985a,b; 
Deneer et al., 1988).  Based on the potential for this approach to better reflect PAH toxicity, it 
was decided to calculated two sets of SQVs for each method, one using the existing approach of 
individual PAHs plus dry weight sums, and one using only the molar sum of PAHs.  In the SQV 
set that used the molar sum of PAHs, the individual Aroclors were also summed into a single 
Total PCBs value. 
 
2.2 Sediment Quality Value Calculations 
 
Apparent Effects Thresholds.  The derivation of AETs is described in detail in PSEP (1988), 
and the same general steps were followed in Phase II for each of the four bioassay endpoints, as 
described below and shown in Figure 2-1. 
 
1. Data Query.  The project database was queried to retrieve all the chemistry and bioassay 

data for stations at which that bioassay was conducted. 
 
2. Bioassay Statistical Analysis.  Using SEDQUAL’s bioassay statistical analysis tool, the 

bioassay results for each station were compared to the quality assurance and hit/no-hit 
criteria listed above, and each station was designated as a hit, no-hit, or failed quality 
assurance.  Those stations that failed quality assurance criteria were removed from the data 
set.  In the case of the Microtox® bioassay, some quality assurance evaluations were 
conducted by hand subsequent to the BSA analysis, as discussed above. 

 
3. Chemical Screening.  Analytes with less than 30 data points were screened out. 
 
4. Creation of Hit and No-Hit Distributions.  The chemistry data for each remaining analyte 

were then divided into hit and no-hit distributions, and ranked in order of increasing 
concentration for each of the distributions. 

 
5. Removal of Outliers.  The highest no-hit concentration was compared with the second 

highest no-hit concentration, and if it was more than three times higher, it was designated as 
an outlier and removed from the no-hit distribution.  This could be done more than once; 
however, only in a few cases were two data points removed through this process, and never 
more than two. 
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6. Identification of AET.  The highest remaining no-hit concentration was designated as the 
AET.  If the highest remaining no-hit concentration for an analyte was higher than the 
highest hit concentration, then a greater than sign (>) was placed before the AET value to 
indicate that the actual AET may be higher than that value, or an AET may not exist for that 
chemical. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-1. Calculation of Apparent Effects Thresholds (AETs) 
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Optimal Percentiles.  In Ecology (1997), an alternative AET called the Probable Apparent 
Effects Threshold (PAET) was proposed, which was the 95th percentile of the no-hit distribution, 
without outliers removed.  This approach was suggested as a possible alternative to removal of 
outliers.  As part of Phase II, this idea was further explored by evaluating all possible percentiles 
of the hit and no-hit distribution, to see which ones provided the best reliability with this data set.   
The procedure used was as follows: 
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• Creation of Hit and No-Hit Distributions.  Hit and no-hit distributions were created for 

each analyte following the same procedures outlined above.  Outliers were not removed 
from the distributions. 

 
• Calculation of Percentiles.  Percentiles of the hit and the no-hit distributions were 

calculated for each analyte in an Excel spreadsheet, ranging from one to one hundred, in 
increments of one.  The results were arranged with analytes in columns and percentiles in 
rows.  This resulted in 200 possible percentiles and associated chemical concentrations 
that could be selected as candidate SQV sets. 

 
• Reliability Analysis.  Each percentile row was then treated as if it were a set of SQVs, 

and all six reliability parameters were calculated for each row, as described in Section 
2.3. 

 
• Identification of Optimal Percentiles.  An Excel macro was used to search the 

reliability results for the best-performing percentiles, corresponding to various false 
negative rates that the agency might choose.  Target false negative rates were chosen 
from 5% to 25%, in increments of 5%.  For each target false negative rate, the macro 
searched the percentile rows for the one that had a false negative rate closest to the target 
and the lowest false positive rate, giving the greatest overall reliability.  Using this 
method, Ecology can select any target false negative rate, and find the percentile choice 
that provides the most efficient set of SQVs that meet that target.  Selecting multiple false 
negative rates and comparing the results allows examination of the trade-offs in 
efficiency and overall reliability that occur as the false negative rate is varied. 

 
This approach allows for the possibility that percentiles of either the hit or the no-hit distribution 
may have the best combination of error rates, and does not distinguish between the two on 
theoretical grounds.  However, for this data set, percentiles of the no-hit distribution were as 
good or better than the hit distribution (within a percentage or two). Use of the no-hit distribution 
is more consistent with how AETs have been developed, as well as previous alternatives to AETs 
suggested by Ecology (1997), such as PAETs.  Therefore, only the no-hit distribution was used 
in the final analysis. 
 
Error Rate Minimization Techniques.  A significant percentage of the error in the methods 
described above and in currently available SQV sets is related to the use of a single percentile of 
the distribution to set the criterion for all chemicals (Michelsen 1999).  Because all chemicals do 
not contribute equally to toxicity in a data set, this oversimplification results in substantial 
mathematical error. 
 
To improve on these approaches, a new method of calculating SQVs was developed that does not 
require the SQVs to be based on the same percentile of the hit or no-hit distribution for all 
chemicals.  This method, known as the Floating Percentile method, substantially improves false 
negative and false positive error rates for the freshwater data set over existing approaches, and 
results in guidelines that are reasonably protective without being over-conservative.   
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The basic concept behind the Floating Percentile method (Figure 2-2) is to select an optimal 
percentile of the data set that provides a low false negative rate (as described above), then adjust 
individual chemical concentrations upward until false positive rates are decreased to their lowest 
possible level while retaining the same false negative rate. The Y axis in Figure 2-2 is the 
percentile of each chemical’s overall distribution and is not linearly related to toxicity.  The 
green bar shows the concentration range within which toxicity does not occur, and the red bar 
shows the range within which toxicity occurs.  These ranges may overlap due to site-specific or 
sample-specific variations in bioavailability or toxicity. 
 
 Figure 2-2.  Floating Percentile Method 
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First, a constant percentile of the distribution that results in a low false negative rate (similar to 
an ERL) is initially selected for all chemicals, represented by the blue dashed line.  The 
difference between this constant percentile and the lower end of the toxicity range for each 
chemical is the area between the blue line and the red bar, and this is the source of most of the 
false positive errors.  
 
The second step is to determine which chemicals are associated with false positive errors in the 
data set and adjust those SQVs upward until the lower end of their toxicity ranges are reached 
(red bar).  Above this point, false negatives will begin to increase.  Above the red bar, both false 
negatives and false positives may occur, as is shown for Chemicals A, B, and C. This region is 
the range of concentrations over which site-specific bioavailability plays an important role in 
toxicity, and therefore hit and no-hit samples are mixed together, causing both types of errors.   
 
In Figure 2-2, Chemical B’s concentration cannot be raised at all, because it is already within its 
toxic concentration range.  In any data set, a few chemicals will already be at a toxic level, 
giving rise to the low percentage of false negatives that the blue line represents.  Some chemicals 
may show a sharper toxicity threshold, such as Chemical E.  Others may not appear to be related 
to toxicity in the data set at all, as shown by Chemicals D and F.  These chemical concentrations 
can be raised to their maximum percentile without any observed increase in toxicity.  However, 
it may be safer in practice to raise them only to the point where false positives no longer occur 
(represented by the green bar) or to a similar endpoint such as AETs. 
 
Once each chemical has been individually adjusted upward to the lower end of its toxicity range, 
the false positives will have been significantly reduced while retaining the same low false 
negative rate.  Most chemicals should be at or near their actual toxicity range, rather than a level 
arbitrarily assigned by a fixed percentile.  In this manner, optimized criteria sets can be 
developed for a number of different target false negative rates, allowing the trade-offs between 
false negatives and false positive to be evaluated and a final set of SQVs to be selected. 
 
In summary, the steps required to calculate SQVs using this approach include: 
 
• 
• 
• 
• 
• 
• 

Select toxicity tests and endpoints 
Compile synoptic chemistry/bioassay data 
Assign hit/no-hit status 
Screen data and develop chemical distributions 
Select a range of target false negative rates and identify associated optimal percentile values 
Adjust percentiles for individual chemicals upward to reduce false positives 

 
Optimization of chemical concentrations occurs in two steps, an iterative automated step using 
Excel macros, and a hand-optimization step to address covariance and other issues that cannot be 
satisfactorily resolved by the macros alone.  The Excel macro uses the following approach to 
conduct the initial optimization: 
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1. An appropriate incremental increase for testing is calculated for each analyte based on that 
analyte’s complete concentration range (e.g., 1/10 of the difference between the highest and 
lowest concentration). 

 
2. The number of false positives contributed by each individual analyte is calculated, and the 

chemical contributing the most false positives is selected to begin the optimization 
procedure. 

 
3. The concentration for that analyte is increased by the chosen increment. 
 
4. After each incremental increase, false negative and false positive rates are recalculated for 

the entire SQV set. 
 
5. If the false negative rate increases, the chemical concentration is adjusted back down to its 

previous level and that chemical is “locked in” at that level. 
 
6. If the false positive rate is reduced to zero, the chemical concentration is locked in at that 

level. 
 
7. If either of the above two conditions is met, that chemical is completed and the macro moves 

on to the chemical with the next highest number of false positives.  If neither criterion is met, 
the macro raises the concentration by another increment and repeats steps 4-7. 

 
8. Incremental increases and recalculations continue until every chemical has reached its 

toxicity threshold or a level at which it has no more false positives.   
 
Through this process, it is possible to identify those analytes having the greatest influence on 
toxicity in the data set (those whose concentrations cannot be increased without increasing false 
negatives), and those chemicals having little or no influence on toxicity in the data set (those that 
can be increased to their highest concentrations with no effect on error rates). 
 
Inspection of the results of the automated process, particularly when various starting percentiles 
are chosen, also indicates analytes (often metals) with a high covariance in the data set.  It may 
also become apparent that other chemicals, such as PAHs, have relatively little effect 
individually, but may act in an additive manner to cause toxicity.  Because the automated process 
treats each chemical as acting independently in the data set, this can cause variation in the results 
depending on the starting values that are chosen, if covariance or additive effects are pronounced 
in the data set, as was true for this freshwater data set.  This effect must be addressed through a 
final optimization step, requiring judgment on the part of the SQV developer to select the most 
appropriate values. 
 
The spreadsheets used to develop the SQVs provide a test area, where candidate SQV sets may 
be adjusted and finalized, and the results of each change tested with respect to all the reliability 
parameters (this area also allows the operator to enter any criteria set of their choice and test its 
reliability against the regional data set).  The following guidelines were followed in finalizing the 
criteria sets: 
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• 

• 

• 

• 

The resulting SQV sets should be internally consistent within the same hit/no-hit definition.  
Specifically, chemical concentrations should increase or stay the same as the false negative 
rate increases and the false positive rate decreases.  Developing candidate SQV sets for 
multiple increasing false negative rates (e.g., 5-25%, in increments of 5%) allows this 
criterion to be used most effectively. 

 
The resulting SQV sets should be consistent across different hit/no-hit definitions.  
Specifically, chemical concentrations should increase as the adverse effects level increases.  
Using more than two hit/no-hit definitions allows this criterion to be used most effectively. 

 
The resulting SQV sets should be consistent with toxicological information.  For example, 
metals concentrations should be within the range shown to be toxic in national literature.  
PAH values should be consistent with narcosis theory.  Relative concentrations within 
chemical classes should be similar to those observed in other data sets and in toxicological 
literature.  Concentrations should not be below regional background concentrations. 

 
The resulting SQV sets should have equal or better reliability than those produced by the 
automated macros and all other available methods. 

 
Following each of these guidelines ensures that any anomalies produced by covariance or other 
interactions between chemicals in the data set are removed and addressed in a scientifically 
defensible manner. 
 
2.3 Reliability Analysis 
 
Reliability analysis was conducted following the derivation of the AETs, to evaluate their 
predictive accuracy when used with the regional data set.  In addition, reliability analysis was 
used to select optimal percentiles that could be used as an alternative to AETs, and is an integral 
part of the iterative process used to calculate the Floating Percentile SQVs.  In all three cases, the 
same measures of reliability were used, listed below.  These same measures were used in Phase I 
to evaluate the reliability of existing SQV sets in North America (SAIC and Avocet, 2002). 
 
• False Negatives:  hits predicted as no-hits/total number of hits 
• False Positives:  no-hits predicted as hits/total number of no-hits 
• Sensitivity:  hits correctly predicted/total number of hits (100% - % false negatives) 
• 2002 Efficiency:  no-hits correctly predicted/total number of no-hits (100% - % false 

positives) 
• 1988 Efficiency:  correctly predicted hits/total predicted hits 
• Reliability:  correct predictions/total stations 
 
False positives and false negatives are the primary measure of predictive errors in the reliability 
assessment.  Each of the other reliability values is related to them in some way.  Most of these 
values can be compared across data sets and SQV types.  However, because the denominator of 
the 1988 efficiency measure varies by SQV set and is not constant with respect to the data set, 
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this measure cannot be compared across SQV sets, or against the results of 1997 freshwater 
AETs.   
 
2.4 Sensitivity Analysis 
 
The processes described above, especially the automated and hand-optimized iterative processes, 
provide a great deal of insight into the sensitivity of the results to variations in approaches, initial 
assumptions and starting conditions, and relationships between analytes in the data set.  
Additional sensitivity analysis was conducted by comparing side-by-side spreadsheets for 
individual PAHs and Aroclors vs. summed PAHs and Aroclors, to evaluate the effect of 
summing certain chemical classes on reliability.  In addition, the relative importance of each 
individual analyte was assessed by dropping out that analyte and noting any changes to reliability 
of the SQV set.  This allows an evaluation of which analytes are critical to include in the SQV 
set, which are of lesser importance, and which may not be needed at all.  
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3.0 RESULTS 
 
3.1 Final Data Set 
 
The number and types of bioassay endpoints in the final data set is shown in Table 3-1, 
comprising 901 distinct sample/test combinations.  Tables 3-1 and 3-2 do not include samples 
that failed quality assurance requirements. 

Table 3-1. Bioassays and Endpoints in Final Data Set 

Test No. of Samples 
Hyalella azteca  
10-day mortality 

 
381 

Chironomus tentans  
10-day mortality 

 
238 

Chironomus tentans  
10-day growth 

 
179 

Microtox® decrease 
in luminescence 

 
103 

 

These samples are associated with 319 stations having various combinations of bioassays at each 
station.  Table 3-2 shows the number and percentage of stations associated with biological hits 
for each effects level. 

Table 3-2. Biological Hits at Each Effects Level 

 
Effects Level 

Biological Hits 
Number (Percent) 

Statistical significance 
Comparison to control 

 
204 (64%) 

SQSa 

Comparison to control 
 

192 (60%) 
CSLa 

Comparison to control 
 

129 (40%) 
  aSee Table 2-2 for SQS and CSL definitions 
 
From Table 3-2, it can be seen that there is not a great deal of difference between the statistical 
significance-only and the SQS comparison.  This may be because the SQS levels were chosen 
based on power analyses reported in ASTM (2000), and are close to the minimum detectable 
differences that would be expected in these bioassays.  Also, there is a good balance between hits 
and no-hits, so that the data set and reliability measures are not skewed or dominated by one or 
the other.  When developing SQVs, it is helpful to have a balanced data set between toxic and 
non-toxic samples, so that the distributions are more likely to contain the actual toxicity 
thresholds and the thresholds are less likely to be located within the tails of the distributions. 
 
3.2 2003 Apparent Effects Thresholds 
 
2003 Apparent Effects Thresholds for four bioassay endpoints are listed in Table 3-3, along with 
a comparison to the 1997 AETs.  Lowest AETs (LAETs) and second-lowest AETs (2LAETs) are 
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also shown, since in the marine program, these have been used as the SQS and CSL standards, 
respectively.  The chemical distributions used in calculating the 2003 AETs are provided in 
Appendix B. 
 
Table 3-3.  2003 Apparent Effects Thresholds 
 

 
Analyte 

Hyalella 
Mortality 

Chironomus 
Growth 

Chironomus 
Mortality 

Microtox® 
Lumin. 

2003 
LAET 

2003 
2LAET 

1997 AET 
Microtox® 

1997 AET 
Hyalella 

Antimony 4.4 0.6 1.9 > 5.1 0.6 1.9 3 64 

Arsenic 200 31.4 50.9 123 31.4 50.9 40 150 

Beryllium > 2 -- 0.46 -- 0.46 -- -- -- 

Cadmium 9.1 > 5.6 2.39 2.9 2.39 2.9 7.6 12 

Chromium > 348 133 133 95 95 133 -- 280 

Copper 2010 829 619 1460 619 829 -- 840 

Lead > 1310 1160 335 431 335 431 260 720 

Mercury 3.74 3.04 0.8 3.04 0.8 3.04 0.56 2.7 

Nickel 113 113 113 53.1 53.1 113 46 -- 

Silver 3.5 > 3.3 > 3.3 0.545 0.545 3.5 -- 4.5 

Zinc > 4150 1080 683 1130 683 1080 520 3200 

Monobutyltin > 4850 -- 98 459 98 459 -- -- 

Dibutyltin > 1930 -- 96 -- 96 -- -- -- 

Tributyltin > 15700 6650 260 -- 260 6650 -- -- 

2-Methylnaphthalene 710 1770 555 469 469 555 -- -- 

Acenaphthene 7420 1320 6290 1060 1060 1320 4100 100000 

Acenaphthylene 1020 1260 470 640 470 640 2200 2600 

Anthracene 16200 1580 1900 1230 1230 1580 2800 41000 

Benz(a)anthracene 44000 11000 5800 4260 4260 5800 7700 33000 

Benzo(a)pyrene 55000 14000 3300 4810 3300 4810 11000 25000 

Benzo(bk)fluoranthenes 79000 19900 13800 11000 11000 13800 16000 34000 

Benzo(ghi)perylene 12100 11000 5200 4020 4020 5200 1400 21000 

Chrysene 46000 11000 6400 5940 5940 6400 11000 39000 

Dibenz(ah)anthracene 3070 2600 800 839 800 839 230 3500 

Fluoranthene 46100 15000 16700 11100 11100 15000 21000 130000 

Fluorene 6970 3850 3890 1070 1070 3850 4200 96000 

Indeno(123-cd)pyrene 18000 18000 5300 4120 4120 5300 760 15000 

Naphthalene 5630 4970 529 1310 529 1310 46000 140000 

Phenanthrene 41100 7570 8950 6100 6100 7570 15000 210000 

Pyrene 68000 16000 18000 8790 8790 16000 23000 85000 

LPAHs 78300 41970 6590 9200 6590 9200 74000 440000 

HPAHs 471000 120500 31640 54800 31640 54800 91000 310000 

4-Methylphenol 2360 -- 760 -- 760 2360 -- -- 

Benzoic Acid 3790 -- 2910 -- 2910 3790 -- -- 

Bis(2-
ethylhexyl)phthalate 

22300 6380 7590 2520 2520 6380 750 -- 
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Analyte 

Hyalella 
Mortality 

Chironomus 
Growth 

Chironomus 
Mortality 

Microtox® 
Lumin. 

2003 
LAET 

2003 
2LAET 

1997 AET 
Microtox® 

1997 AET 
Hyalella 

Butylbenzyl phthalate > 1520 366 980 260 260 366 -- -- 

Dimethyl phthalate 436 > 576 311 436 311 436 -- -- 

Di-n-butyl phthalate > 1740 > 1740 103 > 1740 103 -- -- 43 

Di-n-octyl phthalate 201 399 256 11 11 201 -- -- 

Carbazole 923 -- -- -- 923 -- 140 1800 

Dibenzofuran 660 1010 443 399 399 443 -- 32000 

Retene 6020 -- -- -- 6020 -- -- -- 

4,4-DDD 96 -- > 96 -- 96 -- -- -- 

4,4-DDE 21 -- > 20 -- 21 -- -- -- 

4,4-DDT 19 -- -- -- 19 -- -- -- 

Aroclor 1254 > 1060 294 340 230 230 294 7.3 350 

Aroclor 1260 500 138 184 140 138 140 -- -- 

Total PCBs 2090 394 354 62 62 354 21 820 

Phosphorus > 3290 -- > 3290 -- -- -- -- -- 

Sulfides 941 -- 702 -- 702 941 130 920 

Total Organic Carbon > 25 > 21.3 9.82 > 21.3 9.82 -- 14 25 

Units: Metals and nutrients in mg/kg, organics in µg/kg, butyltins in µg/kg ion, TOC in percent 
Bold: High-confidence AETs 
Non-Bold: Lower-confidence AETs 
 
One thing to note is that not all AETs have the same degree of confidence.  An AET was 
considered a lower-confidence AET if any of the conditions below apply: 
 
• 
• 
• 

The AET is a “greater than” value 
The AET has only one or two hit values above it 
The AET was developed from a no-hit distribution of less than three values 

 
In the table above, PAHs have an average of three high-confidence AETs, the highest percentage 
of any chemical class.  Metals averaged two high-confidence AETs and two lower-confidence 
AETs.  Organic chemicals other than PAHs tended to have fewer AETs overall and closer to 
75% low-confidence AETs.  The number of AETs is an indication of how often that chemical 
was analyzed for and/or detected in the surveys, while the percentage of high-confidence AETs 
tends to be a measure of natural variability in the data with respect to bioavailability, as well as 
the possible lack of toxicity thresholds for some chemicals within their concentration 
distributions. 
 
The 2003 AETs as a whole are a clear improvement over the 1997 AETs in several ways.  First, 
two additional endpoints have been added for Chironomus.  These AETs are generally between 
the Hyalella and Microtox® AETs in sensitivity, providing a more complete distribution of 
bioassay sensitivities.  Also, the Hyalella and Microtox® AETs have been strengthened by 
removal of the anomalous MBCREOS1 and MBCREOS2 surveys, as well as a number of other 
older data sets with very few replicates and out-of-date protocols.  The addition of many newer 
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surveys to these biological data sets has allowed calculation of more robust AET values.  It is 
interesting to note that the result in most cases is to decrease many of the Hyalella AETs and 
increase some of the Microtox® AETs, which together with the Chironomus AETs, creates a 
more consistent set of AETs for each chemical. 
 
The reliability of the 2003 AETs is shown in Table 3-4.  The reliability of each of the bioassay-
specific AETs was assessed only against that bioassay’s data set, while the reliability of the 
LAET was assessed against the pooled data set at the SQS effects level, and the reliability of the 
2LAET was assessed against the pooled data set at the CSL effects level.  In each case, the 
reliability of the AETs was assessed as a complete set of AETs, rather than by individual 
chemical. 
 
Table 3-4.  Reliability of 2003 Apparent Effects Thresholds 
 
Measure of 
Reliability (%) 

Hyalella 
Mortality 

Chironomus 
Growth 

Chironomus 
Mortality 

Microtox® 
Lumin. 

2003 
LAET 

2003 
2LAET 

False Negatives 78 33 60 19 35 57 
False Positives 2 4 2 14 11 6 
Sensitivity 22 67 40 81 65 43 
2003 Efficiency 98 96 98 86 89 94 
1988 Efficiency 88 83 93 94 93 87 
Overall Reliability 67 91 75 83 73 69 
 
The first four columns represent the reliability of each set of AETs in representing the bioassay 
data from which they were derived.  In other words, how well do the chemical criteria actually 
do in predicting hits within their own data set?  Here it can be seen that the AETs for the two 
mortality tests are the least accurate at predicting hits and the least sensitive, while the error rates 
for the subchronic endpoints are lower and more sensitive.  The Microtox® AETs are the best at 
predicting hits in the data set from which they were derived, and have both low false negative 
and low false positive rates.  This could be because variations in bioavailability are relatively 
well controlled in the Microtox® test – the pH, oxygenation, alkalinity, and salinity of the water 
in which the test is conducted is carefully controlled.  This could tend to buffer natural variations 
in bioavailability, especially in metals, much as is the case in marine water and sediments.  As 
can be seen from a close inspection of the Microtox® data, the variability among replicates for 
this test is far lower than for any of the other bioassays. 
 
The relatively poor performance of the AETs for mortality endpoints is difficult to explain, 
unless it is related to the fact that these are older tests, and the existing historical database may 
contain surveys run under varying conditions, with organisms from varying sources.  The 
variation among replicates in these tests is typically not very high, especially compared to a 
growth test, and there are typically no significant quality assurance problems with these tests.  
Therefore, the relative inability of the highest no-hit value to accurately predict hits within the 
mortality data sets must be related either to greater susceptibility of this endpoint to natural 
variations in bioavailability, or to laboratory variations within the historical data set. 
 
The LAET has a reasonably low error rate compared to the individual bioassay AETs or the 
2LAET.  AETs are meant to be used in a pooled manner, with the LAET as a regulatory 
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threshold, so these reliability values are more relevant than those for the individual bioassays.  
However, SQS is narratively defined as a level below which adverse effects are not observed, 
and the false negative error rates associated with the LAET (35%) may not meet that narrative 
goal.  In addition, the errors tend to be weighted toward more false negatives than false positives, 
which may not be appropriate for a lower screening level. 
 
Similarly, the 2LAET may have more false negatives than would be desirable at that level.  The 
CSL is intended as a level below which only minor adverse effects would occur, and above 
which more significant adverse effects are expected.  Keeping in mind that the reliability 
calculations for the 2LAET were conducted against a biological CSL definition, the 2LAET 
failed to identify 57% of the hit stations even at this higher level of adverse effects.  On the other 
hand, the 2LAET has very high efficiency, and above this level, one could be nearly certain that 
adverse effects would occur and there would be little value in conducting biological testing.  
Therefore, it could be useful as an ML in the dredging program, or a hot spot or early action 
level in the cleanup program. 
 
The sensitivities of the LAET and the 2LAET are surprisingly low, considering the proven 
success and protectiveness of these levels when used as the SQS and CSL in marine sediment 
programs.  This is very likely due to the greater heterogeneity of freshwater environments, and 
the variation in bioavailability of metals (in particular) in these environments.  In marine 
systems, water and sediments are fairly well buffered, and one would expect metals toxicity 
thresholds to be roughly the same in most areas.  However, toxicity thresholds for metals may 
vary greatly in freshwater, resulting in some no-hit values that are higher than toxicity thresholds 
for the same metal in other areas.  It is possible that this approach would have more success if the 
freshwater data set were stratified by ecoregion or geochemical environment, and AETs 
calculated for each region. 
 
For state-wide SQVs, the highest no-hit value may not be protective of all areas of the state, 
whereas the same would not be expected in the marine environment.  This conclusion is 
supported by the Floating Percentile calculations (see Section 3.4), which indicate that the AETs 
for PAHs are appropriate, but the AETs for many metals are too high.  Lowering certain metals’ 
SQVs improves the sensitivity without a loss of efficiency. 
 
3.3  Optimal Percentiles 
 
As an alternative to AETs, the hit and no-hit distributions were evaluated to identify percentiles 
with a higher sensitivity, with efficiency also as high as possible.  False negative rates of 5, 10, 
15, 20, and 25% (sensitivity of 75-95%) were chosen as the target levels.  Tables 3-5, 3-6, and 3-
7 show the optimal percentiles and their associated reliability for each of these target levels, and 
for each of the adverse effects definitions being evaluated (statistical significance only, SQS, and 
CSL).  
 
Although percentiles of the hit distribution were evaluated, in each case they were equal to or 
less reliable than percentiles of the no-hit distribution, within ± one percent.  Therefore, in each 
case, the optimal percentile is that percentile of the no-hit distribution that comes closest to 
(without exceeding) the target false negative rate, and has the lowest false positive rate of the 
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percentiles that meet the target false negative rate.  Appendix C provides tables of the chemical 
concentrations associated with the 15 sets of optimal percentiles. 
 
In the tables below, the first number in each pair is from the spreadsheets in which individual 
PAHs and Aroclors were retained, and the second number is from the spreadsheets in which 
individual PAHs and Aroclors were summed. 
 
Table 3-5. Optimal Percentiles for Statistical Significance Only Effects Level 
Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

Optimal Percentile 51st / 51st 66th / 66th 77th / 71st 83rd / 81st 90th / 88th

False Negatives 5 / 5 10 / 10 15 / 14 19 / 19 25 / 25 
False Positives 70 / 68 54 / 50 42 / 43 37 / 34 26 / 22 
Sensitivity 95 / 95 90 / 90 85 / 86 81 / 81 75 / 75 
2003 Efficiency 30 / 32 46 / 50 58 / 57 63 / 66 74 / 78 
1988 Efficiency 78 / 79 82 / 83 84 / 84 85 / 86 89 / 90 
Overall Reliability 77 / 78 78 / 79 78 / 78 76 / 77 75 / 76 
 
Table 3-6. Optimal Percentiles for the SQS Effects Level 
Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

Optimal Percentile 52nd / 52nd 67th / 66th 78th / 71st 83rd / 81st 91st / 88th

False Negatives 5 / 5 10 / 10 15 / 15 20 / 20 24 / 25 
False Positives 69 / 68 51 / 51 42 / 44 35 / 32 24 / 24 
Sensitivity 95 / 95 90 / 90 85 / 85 80 / 80 76 / 75 
2003 Efficiency 31 / 32 49 / 49 58 / 56 65 / 68 76 / 76 
1988 Efficiency 76 / 76 80 / 80 82 / 82 84 / 85 88 / 88 
Overall Reliability 76 / 76 78 / 78 77 / 77 76 / 76 76 / 75 
 
Table 3-7. Optimal Percentiles for the CSL Effects Level 
Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

Optimal Percentile 63rd / 63rd 65th / 65th 72nd /72nd 77th / 76th 82nd / 80th

False Negatives 5 / 5 9 / 10 13 / 15 20 / 19 25 / 25 
False Positives 59 / 57 57 / 54 50 / 48 43 / 43 37 / 38 
Sensitivity 95 / 95 91 / 90 87 / 85 80 / 81 75 / 25 
2003 Efficiency 41 / 43 43 / 46 50 / 52 57 / 57 63 / 62 
1988 Efficiency 62 / 62 62 / 62 63 / 64 65 / 65 67 / 66 
Overall Reliability 68 / 69 67 / 68 68 / 69 68 / 69 69 / 69 
 
It is important to keep in mind when reviewing these numbers that the hit and no-hit distributions 
are not the same for each effects level.  Each hit and no-hit distribution is created by applying a 
different level of biological effects to the overall data set.  Nevertheless, the results for the 
statistical significance only and the SQS adverse effects levels are quite similar, as are the 
distributions created by these two biological effects definitions, for the reasons discussed in 
Section 3.2. 
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From these tables, it can be seen that the optimal percentiles for reasonably sensitive SQVs 
would be somewhere in the range of the 50th to the 90th percentile of the no-hit distribution, or 
for the CSL level, a somewhat smaller range of the 60th to the 80th percentile.  The individual and 
summed versions perform almost identically, suggesting that the summed distributions are 
reasonably representative and could be used in place of the individual distributions for PAHs and 
PCBs. 
 
False positive error rates are still quite high until the 80% and 75% sensitivity levels are reached, 
at which point there begins to be more balance.  Ideally, a set of SQVs could be developed in the 
higher sensitivity ranges with lower false positive rates.  To develop such SQVs, these optimal 
percentiles were used as starting points for the Floating Percentile optimization process, 
discussed in Section 3.4 below. 
 
3.4  Floating Percentile SQVs 
 
Using the process described in Section 2.2, SQV sets were derived with optimized sensitivity and 
efficiency, shown in Tables 3-8 through 3-10 below.  As in the previous section, these tables 
show results for five different choices of false negative rates, at three different effects levels – 
statistical difference from control, an effects level equivalent to the SQS, and an effects level 
equivalent to the CSL (see Table 2-2 for details of these biological effects levels).  
 
In the tables below, the first number of each pair provides results for the SQV sets with 
individual PAHs and Aroclors, and the second number shows results for the SQV sets with 
summed PAHs and Aroclors. 
 
 Table 3-8. Floating Percentile Results for Statistical Significance Only Effects Level 

Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

False Negatives 4 / 5 10 / 10 15 / 15 20 / 20 25 / 25 
False Positives 55 / 57 39 / 42 26 / 33 20 / 28 16 / 24 
Sensitivity 96 / 95 90 / 90 85 / 85 80 / 80 75 / 75 
2003 Efficiency 45 / 43 61 / 58 74 / 67 80 / 72 84 / 76 
1988 Efficiency 82 / 82 86 / 85 89 / 85 92 / 89 93 / 89 
Overall Reliability 82 / 81 82 / 81 82 / 81 81 / 78 78 / 75 

 
 
Table 3-9. Floating Percentile Results for the SQS Effects Level 

Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

False Negatives 5 / 5 10 / 10 15 / 15 20 / 20 25 / 25 
False Positives 57 / 55 44 / 45 26 / 33 20 / 26 15 / 23 
Sensitivity 95 / 95 90 / 90 85 / 85 80 / 80 75 / 75 
2003 Efficiency 43 / 45 56 / 55 74 / 67 80 / 74 85 / 77 
1988 Efficiency 79 / 80 82 / 82 88 / 85 90 / 87 92 / 88 
Overall Reliability 80 / 80 80 / 80 82 / 80 80 / 78 78 / 76 
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Table 3-10. Floating Percentile Results for the CSL Effects Level 
Measure of 
Reliability (%) 

95% 
Sensitivity 

90% 
Sensitivity 

85% 
Sensitivity 

80% 
Sensitivity 

75% 
Sensitivity 

False Negatives 5 / 5 10 / 10 15 / 15 20 / 20 25 / 25 
False Positives 50 / 50 37 / 44 26 / 24 23 / 17 21 / 16 
Sensitivity 95 / 95 90 / 90 85 / 85 80 / 80 75 / 75 
2003 Efficiency 50 / 50 63 / 56 74 / 76 77 / 83 79 / 84 
1988 Efficiency 66 / 65 71 / 67 76 / 78 77 / 82 78 / 83 
Overall Reliability 73 / 72 77 / 73 80 / 81 79 / 82 78 / 80 

 
This process results in an overall lowering of the false positive rates associated with each level of 
sensitivity, which in turn allows selection of SQVs with higher sensitivity, in the 90-80% range 
(for example).  Comparison of the unsummed values with the summed values indicates that 
summing the PAHs and Aroclors gives mixed results.  At lower effects levels, this approach 
tends to result in slightly less reliable SQVs, while at higher effects levels the balance shifts 
toward slightly greater reliability in the 85% to 75% sensitivity range. 
 
This approach provides a range of options for Ecology to choose among in setting SQS and CSL-
equivalent levels for use in Ecology’s sediment management programs, depending on the level of 
protectiveness desired, the level of errors that are considered acceptable, and whether or not a 
summing approach is utilized.  Tables showing chemical concentrations associated with each of 
the 30 options explored above are included in Appendix D.  One example of a set of SQS and 
CSL guidelines that could be selected is shown in Table 3-11 below, using SQS and CSL effects 
levels, the mid-point of the sensitivity options above (85%), and individual PAHs.  This example 
is associated with 15% false negatives, approximately 25% false positives, and better than 80% 
overall accuracy.  This example is provided for discussion purposes only – final SQVs will be 
selected by Ecology and may differ from the values shown. 
 
Table 3-11.  Example SQS and CLS Values Based on Floating Percentile Approach 

Analyte SQS CSL 
Antimony 0.4 0.6 

Arsenic 20 51 

Cadmium 0.6 1.0 

Chromium 95 100 

Copper 80 830 

Lead 335 430 

Mercury 0.50 0.75 

Nickel 60 70 

Silver 2.0 2.5 

Zinc 140 160 

Tributyltin 75 75 

2-Methylnaphthalene 470 560 

Acenaphthene 1060 1320 

Acenaphthylene 470 640 

23 



June 2003   

Analyte SQS CSL 
Anthracene 1200 1580 

Benz(a)anthracene 4260 5800 

Benzo(a)pyrene 3300 4810 

Benzo(bk)fluoranthenes 11000 14000 

Benzo(ghi)perylene 4020 5200 

Chrysene 5940 6400 

Dibenz(ah)anthracene 800 840 

Fluoranthene 11000 15000 

Fluorene 1000 3000 

Indeno(123-cd)pyrene 4120 5300 

Naphthalene 500 1310 

Phenanthrene 6100 7600 

Pyrene 8800 16000 

LPAHs 6600 9200 

HPAHs 31000 54800 

Bis(2-ethylhexyl)phthalate 230 320 

Butylbenzyl phthalate 260 370 

Dimethyl phthalate 46 440 

Di-n-octyl phthalate 26 45 

Dibenzofuran 400 440 

Total PCBs 60 120 
Units: Metals in mg/kg, organics in µg/kg, butyltins in µg/kg ion 
 
One immediately apparent attribute of this set of SQVs is that the metals are relatively low, 
while the PAHs are relatively high.  Some of the metals concentrations fall as low as those of 
other North American SQV sets, such as TELs, while most of the PAH concentrations are much 
higher, similar to AETs in concentration.  For the most part, the metals values shown here could 
not be raised at all without increases (in some cases dramatic) in the false negative rates, 
indicating that metals are toxic at these low levels in freshwater environments, at least in some 
forms and environments where they are more bioavailable.  There may also be sites where metals 
are not toxic at these levels, indicating natural variability in substrate and environment, as well as 
variability in the form of the metal (e.g., grit particles vs. more soluble forms). 
 
The individual PAH values did not affect toxicity in this data set to any great degree, and each 
one could be raised to its highest concentration (or eliminated from the data set altogether) 
without any impact on any of the reliability measures.  This is a result of the PAHs all covarying 
to a strong degree.  In order to address this issue and provide a measure of safety, PAH and other 
organic chemicals’ SQVs were not allowed to rise above the LAET for SQS values or the 
2LAET for CSL values. 
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3.5  Sensitivity Analysis 
 
Once all of the above steps had been completed, individual chemicals (and groups of chemicals) 
were dropped out of the spreadsheets to identify those that had a strong influence on toxicity and 
error rates in the data set, and those that do not appear to affect the predictiveness of the SQVs.  
Chemicals were classified as follows: 
 
• 

• 

• 

Strong Influence:  In every version of the SQVs, these chemicals affected the reliability of 
the SQVs if removed from the data set:  Antimony, zinc, bis(2-ethylhexyl) phthalate, total 
PCBs, individual PAHs (when removed as a group), and the molar sum of PAHs. 

 
Lesser Influence:  In some SQV sets but not others, removal of these chemicals affected the 
reliability of the SQVs:  Arsenic, cadmium, copper, mercury, tributyltin, and di-n-octyl 
phthalate. 

 
Little or No Influence:  In no case did removal of these chemicals or chemical groups affect 
the reliability of the SQVs:  Chromium, lead, nickel, silver, individual PAHs (removed one at 
a time), LPAH, HPAH, dibenzofuran, individual Aroclors (removed singly or as a group), 
butyl benzyl phthalate, and dimethyl phthalate. 

 
These results may reflect one or both of the following phenomena.  First, the list may indicate 
decreasing contributions to toxicity in the data set from the top to the bottom categories.  Second, 
covariance may play a strong role for some chemicals.  Chemicals in the “Strong Influence” list 
are almost certainly associated with adverse effects and act largely independently of other 
chemicals – or act as a good surrogate for other chemicals that are important to toxicity.  
Chemicals in the “Lesser Influence” list also have some toxicity, and most likely have strong 
covariances with other chemicals on the list, so that at times their influence is obscured.  
Chemicals in the “Little or No Influence” list either are not very toxic at the concentrations in the 
data set, or covary so strongly with other chemicals that their individual influence cannot be 
observed.  Some, such as the metals, may be somewhat toxic on their own, but nearly always 
occur with more toxic or higher-concentration metals.  
 
Other chemical groups, such as the PAHs and PCBs, may exert their toxicity primarily in an 
additive manner.  The results of the sensitivity analysis showed that the LPAH and HPAH 
measures are not particularly useful as additive measures of PAH toxicity.  When the individual 
PAHs were removed, these two measures by themselves were not able to produce good 
reliability.  Use of either SQVs for individual PAHs capped at the AETs (without LPAH and 
HPAH) or a summed molar PAH concentration was more reliable.  The sensitivity analysis also 
showed that only the total PCB measure affected the reliability of the SQVs; it is not necessary 
to have additional guidelines for individual Aroclors. 
 
It should be noted that these SQVs are optimized to this data set and were derived from it.  
Future data sets may have different combinations of chemicals that could vary the results above 
somewhat.  While it is not likely that “strong influence” chemicals would become “no influence” 
chemicals or vice versa, it may not be appropriate to immediately drop all chemicals in the “no 
influence” list from the SQVs.  A more protective approach would be to set the SQVs for these 
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chemicals at their AET or the level above which no false positives occur, to ensure that there are 
some minimal criteria for these chemicals in case they are unusually important at certain sites. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
 
In summary, the following observations and conclusions can be drawn: 
 
• The freshwater data set is considerably stronger than it was in 1994, and has been improved 

from a quality assurance standpoint.  The current database allows for the calculation of two 
additional AETs, for a total of four acute and subchronic endpoints.  Unfortunately, no 
benthic or chronic freshwater tests have enough data to allow calculation of AETs. 

 
• There is still a lack of data for a variety of pesticides, herbicides and biocides, among other 

chemicals.  These chemicals may be important in areas of the state that have not been widely 
sampled, particularly in central and eastern Washington.  At sites or locations in which these 
chemicals are likely to be present, the AETs and other SQVs derived in this report may not 
provide adequate protectiveness, and bioassay testing should be undertaken on a site-specific 
basis.  In addition, it is possible that lack of these analytes in the existing data set reduced the 
sensitivity of the AETs as well as the other SQVs calculated, if they contributed to observed 
toxicity in the bioassays. 

 
• The 2003 AETs are more consistent with one another, and encompass a broader range of 

analytes.  Due to the removal of older data not meeting current protocols, the four AETs fall 
within a narrower range for most chemicals than did the two previously calculated 1997 
AETs.  In general, the Hyalella azteca AETs were the least sensitive, the two Chironomus 
AETs were in the middle, and the Microtox® AET was the most sensitive. 

 
• The freshwater AETs are not as sensitive as the marine AETs are in Puget Sound, most likely 

due to variations in metals bioavailability from one area to the next.  Pooled sensitivity 
ranges from 45-65%, while efficiency is much higher, ranging from 87-93%.  Overall 
reliability is about 70%.  The two mortality bioassays exhibit the lowest sensitivity and 
reliability. 

 
• Use of optimal percentiles of the no-hit distribution improves sensitivity, and shows a 

reasonable balance - in the 75-80% sensitivity range, with a corresponding efficiency of 60-
80%. 

 
• Use of the floating percentile method further improves the sensitivity and efficiency, 

resulting in SQVs with a sensitivity of 85% and efficiency of 75%, and an overall reliability 
of better than 80%.  Other choices of sensitivity and efficiency are possible, and a range of 
potential guideline values was calculated to illustrate the trade-offs involved. 

 
• Metals, certain phthalates, PCBs, and PAHs acting in an additive manner are most closely 

associated with toxicity in the data set.  There is a significant degree of covariance among 
many of the metals and among the PAHs, which complicates calculation of the SQVs. 
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The following recommendations are provided, based on the conclusions above and supporting 
analyses: 
 
• Standard AETs are not recommended for setting freshwater SQS and CSL values at this time, 

because of their relatively low sensitivity.  The freshwater AETs are nevertheless useful for 
other purposes within the sediment management programs, because they are highly efficient.  
Above these levels, it is nearly certain that adverse effects will be observed.  Therefore, they 
would be appropriate as MLs in the dredging programs, and as hotspot and early action levels 
in the cleanup programs.  In addition, for those chemicals that covary sufficiently that 
individual toxicity thresholds cannot be identified using iterative methods, the AETs serve as 
an appropriate method for setting SQVs, providing an upper limit and a measure of safety 
against future data sets that may not covary in the same ways. 

 
• As an alternative to AETs, the Floating Percentile method is recommended over the optimal 

percentile approach, because it allows SQVs to be developed that improve both sensitivity 
and efficiency over fixed-percentile methods.  Using this method, it is possible to develop an 
optimized SQV set for any choice of false negative rate and any definition of adverse effects 
determined to be appropriate to a given program.  The method is also capable of providing 
customized SQVs for a given region, should it be considered appropriate to stratify the 
freshwater data set into ecoregions, watersheds, or political boundaries. 

 
• Within the range of adverse effects levels evaluated in this report, it is recommended that 

Ecology retain use of the biological SQS and CSL levels, as defined in the Phase I report 
(subject to agency and peer review), rather than using a statistical significance only 
comparison.  The SQS and CSL biological effects levels are more consistent with the 
existing rules and marine programs.  The results of this analysis indicate that the statistical 
significance only level is not very different from the SQS level in any case, most likely 
because the SQS thresholds were selected based on minimum detectable differences 
observed in recent round robin studies. 

 
• Based on the evaluations conducted for the Phase I report, it is recommended that Ecology 

use a comparison to control rather than a comparison to reference for calculating SQVs.  
Once freshwater reference areas have been identified and their performance validated over 
time, the decision of whether to use reference or control comparisons can be made on a 
programmatic basis.  However, the Phase I reliability analysis indicated that if a decision is 
made to use reference comparisons, they must be used consistently on all projects and not 
mixed with comparisons to control, or the reliability of the decision process will substantially 
decline. 

 
• Within the range of false negative rates for which example SQV sets were developed  

(5-25%), it is recommended that a level be chosen that balances false negative and false 
positive rates, but with more weight given to reducing false negative errors.  For both the 
SQS and CSL effects definitions, this level is around 15% false negatives, corresponding to 
25% false positives and an overall 80+% reliability.  However, other choices may also be 
appropriate depending on programmatic needs.   
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It is important to keep in mind when considering this factor that the error rate is not the same 
as the degree of protectiveness, although there is a relationship.  In other words, a 5% false 
negative rate is not equivalent to protecting 95% of the species, or a 5% effects level.  The 
adverse effects level and hence the protectiveness of the SQVs is set by the hit/no-hit 
definition; the error rate shows how accurately the chemical SQVs predict the chosen 
biological effects level for the existing data set. 

 
• It is recommended that PCB criteria be set only for total PCBs, rather than individual 

Aroclors, based on the sensitivity analysis.  The manner in which total PCBs should be 
calculated when congener data are available was outside the scope of this study (since 
congener data were not present in the data set); however, this will be important to address in 
the future. 

 
• It is also recommended that LPAH and HPAH measures not be used, based on the sensitivity 

analysis.  For PAHs, two alternative approaches could be used, which seem to provide 
roughly the same sensitivity and reliability.  A single SQV can be set using a molar sum of 
PAHs, consistent with narcosis theory.  Alternatively, SQVs for individual PAHs can be set 
using the freshwater AETs. 

 
• It is recommended that areas of the state susceptible to contamination by pesticides, 

herbicides, and other chemicals not well-represented in the existing data set be further 
sampled, using synoptic chemistry and bioassay testing.  This will allow additional SQVs to 
be calculated that will provide greater protection in these areas. 
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APPENDIX A.  LIST OF SURVEYS 
 

Survey Chironomus    

    

   

Hyalella Microtox® Description
BOISECAS 0 4 0 Class II Inspection of the Boise Cascade Pulp and Paper Mill Wallula Washington, WA Dept. of Ecology EILS, 1993 
CARGIL01 3 3 0 Cargill Irving Elevator Terminal, Cargill Irving, 2001 
CBSLOUGH 0 20 0 Columbia Slough Sediment Analyses and Remediation Project, Phase 1 Report, Dames & Moore for City of Portland, 1991 
CEDARIV 0 5 5 Sediment Sampling and Analysis Report Cedar River Delta Sediments, Golder Assts. for City of Renton, 1992 
LCBWRS93 0 15 0 Lower Columbia River Backwater Reconnaissance Survey, TetraTech for Lower Columbia River Bi-State Program, 1994 
LKUNDRDK 0 4 0 Sediment Monitoring Program Results Lake Union Drydock Company, Hart Crowser, 1992 
LKUNION 0 9 0 Survey of Contaminants in Lake Union and Adjoining Waters, WA Dept. of Ecology EILS, 1989 
LKWA00 28 28 27 Lake Washington Baseline Sediment Study, King County, 2000 
LSAMM99 16 16 0 Lake Sammamish Baseline Sediment Study, King County, 1999 
LUUCSO00 6 6 6 Lake Union University Regulator CSO Post Separation Study, King County, 2000 
MBCREOS3 43 43 0 McCormick & Baxter RD Phase I Sediment Survey, Oregon DEQ, 2002 
MBCREOS4 18 18 0 McCormick & Baxter RD Phase II Sediment Survey, Oregon DEQ, 2002 
PPTLDT24 4 4 0 Sediment Characterization Study, Marine Terminal 2 Berths 203-206 and Marine Terminal 4 Berth 416, Hart Crowser for Port of Portland, 1999 
PSYD&M97 0 3 0 Portland Shipyard Environmental Audit, Dames & Moore for Cascade General, 1998 
PSYSEA98 55 55 55 Portland Shipyard Sediment Investigation Data Report, Striplin Env. Assts. for Port of Portland, 1998 

QUEBAX1 0 4 0
Distribution and Significance of Polycyclic Aromatic Hydrocarbons in Lake Washington Sediments Adjacent to Quendall Terminals,  
WA Dept. of Ecology EILS, 1991 

QUEBAX3 0 3 0 Results of Sediment Sampling in the JH Baxter Cove Lake Washington, WA Dept. of Ecology EILS, 1992 
ROSSIS99 11 11 0 Ross Island Facility Site Investigation, Hart Crowser for Port of Portland, 2000 
SALIII97 22 22 22 Salmon Bay Results of Phase III Sampling, WA Dept of Ecology EAP, 2000 
SEACOM94 0 3 3 Sediment Sampling Report Seattle Commons Parcel C Seattle, Washington, 1994 
SPOK2000 0 0 8 Chemical Analysis and Toxicity Testing of Spokane River Sediments Collected in October 2000, WA Dept. of Ecology EAP, 2001 
SPOKNR94 0 3 3 Spokane River PCB Study, WA Dept of Ecology EILS, 1994 
TOSCO99 2 2 0 TOSCO Portland Terminal, 1999 Sediment Sampling Results, Portland District Corps of Engineers, 1999 
TRI-STAR 0 3 0 Tri-Star Marine NPDES Sediment Monitoring, Beak Consultants, 1997 
VALCOA93 0 4 0 Aluminum Company of America; Vancouver Works Baseline Sediment Characterization, ENSR for WA Dept. of Ecology, 1994 
WEYLONG 0 3 0 Class II Inspection of Weyerhaeuser Longview Pulp and Paper Mill, WA Dept. of Ecology EILS, 1991 
WILREF02 3 3 0 Willamette Reference Survey, Hart Crowser for the Portland District Corps of Engineers, 2002 
WLRPT498 18 18 0 Terminal 4 Slip 3 Sediment Investigation, Hart Crowser for Port of Portland, 1998 
WRD&M98 0 2 0 Portland Shipyard Environmental Audit, Dames & Moore for Cascade General, 1998 
TOTAL 229 314 129  

 
Notes: 
1. Chironomus column includes both mortality and growth endpoints 
2. Totals may not match text, as some samples failed quality assurance review during the analysis

 

A-1



Appendix B



June 2003   
 
APPENDIX B.  2003 APPARENT EFFECTS THRESHOLDS CHEMICAL DISTRIBUTIONS 
 
Chemical distributions for the AETs reported in Section 3 are presented in this appendix.  Each 
chemical has a no-hit (no adverse effects observed) distribution and a hit (adverse effects observed) 
distribution.  Prior to identifying AETs, outliers are removed from the no-hit distribution, and any 
such outliers that have been removed are shaded in yellow.  The AET is set at the highest remaining 
no-hit concentration.  AETs are shaded dark blue if they are high confidence and light blue if they are 
lower confidence.  The next highest concentration in the hit distribution above the AET is shaded 
green.  The concentration gap between the blue AET and the green next highest concentration shows 
the magnitude of the uncertainty in the AET.
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HYALELLA MORTALITY
2-Methylnaphthalene 2-Methylnaphthalene 4,4'-DDD 4,4'-DDD 4,4'-DDE 4,4'-DDE 4,4'-DDT 4,4'-DDT 4-Methylphenol 4-Methylphenol

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
0.7 0.95 0.6 0.8 0.5 0.8 0.73 2 7.3 36

0.76 1.5 0.7 5 0.76 2 1.4 3 11 41
1.1 1.9 0.7 7 0.8 4 3 3 16 48
1.2 2.2 0.77 8 0.8 5 3 5 16 50
1.3 11 0.9 8 0.9 5 5 6.1 24 63
1.6 12 0.99 8.9 1.2 6 5.2 7 24 117
1.7 13 1 11 2 6.5 10 7.9 50 198
2.2 13 1.3 14 2 6.7 13 10 77 215
2.7 13 1.6 20 2 6.8 13 10 130 382
3.2 14 2 22 3 8 19 12 150 699
4.2 15 3 27 3 8 100 19 150 710
5.1 15 3 30 3 8 23 159 760
10 16 3.4 49 3.2 8.6 24 180 1560

11.7 18 4.7 59 3.8 11 26 188 1730
12 20 5.6 310 4.6 11 39 239 2030
15 24 6.5 6.9 20 140 476 3590
16 28 7 7.3 22 140 512 6310
18 28 7.5 7.4 44 551
35 30 8.3 7.8 599
62 35 9.2 8.3 1210

141 36 12 8.9 2360
160 52 16 9
170 54 22 9.6
180 56 24 11
180 64 33 14
214 65 45 18
353 87 50 19
469 94 52 20
555 120 70 20
710 143 96 21

3470 188
189
443
877
982

1720
1770
2300
2310
4700

40000
42000

110000
460000

1600000

AET - low confidence
AET - high confidence
next highest hit value
outlier

B-2



HYALELLA MORTALITY
Acenaphthene Acenaphthene Acenaphthylene Acenaphthylene Anthracene Anthracene Antimony Antimony Aroclor 1254 Aroclor 1254

No-Hit Hit Hit (Cont.) No-Hit Hit No-Hit Hit Hit (Cont.) No-Hit Hit No-Hit Hit
0.72 1.3 2940 1 1.7 1.2 1.9 1130 0.05 0.1 7.3 11
1.2 2.2 5700 1.1 2.2 1.2 2.7 1400 0.06 0.1 11 16
1.3 3 6290 1.2 9.93 1.9 3.2 1520 0.1 0.1 12 18
1.6 11 7390 1.3 11 2.1 4.9 1580 0.1 0.2 17 24
1.7 11 20000 2.5 12 2.3 10 1700 0.13 0.2 25 37
1.7 12 20800 2.5 12 2.6 11 1900 0.14 0.2 35 47
1.8 12 25000 3.2 12 3.1 11.7 1900 0.2 0.2 57 51
2.7 14 26000 3.3 13 4.9 12 2860 0.2 0.2 70 52
3.4 14 29600 3.5 14 5 14 2920 0.3 0.2 71 54
4.1 14.2 31000 4.5 14 5.6 18 3640 0.47 0.2 74 54
6.1 15 86200 5.4 15 12 20 5700 0.6 0.2 81 54
10 17 980000 8.5 17 12 21.5 6140 2.7 0.3 90 54
10 17.3 3900000 11 18.8 12 22 6600 2.9 0.3 95 57
11 18 13 20 12 22 6900 3.5 0.3 110 58
12 18 13 25 13 23 7900 4.4 0.4 120 62
14 20 14 34 13 25 13000 64 0.4 120 70
18 23 15.7 34 14 26 16600 0.4 140 70
18 23 16 62 15 27 35000 0.41 140 78
19 25.3 19 72 16 28 36000 0.45 150 78
20 32 20.8 88 16 28 680000 0.5 160 81
23 33 23 96 17 29 890000 0.5 180 97
23 37 23 110 20.5 32 0.5 200 100
24 37 30 120 22 37 0.5 230 140
36 37 35.8 140 23 40.9 0.54 350 156
39 45 36.8 200 25 41 0.6 960 160
43 52 42 209 27 42 0.61 1060 163
51 53 44 233 29 48.1 0.61 > 1060 168
56 59 71 296 38.6 52 0.62 170
73 60 94 362 40 53 0.66 170
82 65 110 460 40.1 57 0.72 170
88 72 136 470 46 63 0.8 189

91.9 75 140 480 46 65 1 202
99 77 148 594 53 67 1.1 209

107 90 171 640 72.5 70 1.6 227
120 92 200 642 75.1 74 1.8 230
130 100 265 697 95 85 1.9 256
148 110 265 730 101 99 4 290
156 112 279 840 124 110 31.3 294
162 130 314 1260 126 115 62.3 297
170 134 990 3500 155 150 311 340
170 177 1020 3600 220 170 520
203 210 6100 233 177 770
209 220 11000 250 177 870
230 260 11000 280 210
240 272 320 220
252 280 320 220
260 310 343 260
310 400 350 355
316 410 353 356
332 470 370 362
360 560 373 370
520 560 465 380
523 630 510 406
920 792 552 410
940 830 600 420
990 1060 630 429

2350 1100 660 510
2700 1250 717 560
2790 1320 1190 580
6100 2460 1230 690
7420 2460 1500 774

1700 814
1700 915
2000 965
5900 980

16200 1110
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HYALELLA MORTALITY
Aroclor 1260 Aroclor 1260 Arsenic Arsenic Benzo(a)anthracene Benzo(a)anthracene

No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.)
18 15 0.48 5 1.7 8 4.8 167 5.6 3190
24 15 0.58 5 2.1 8 5.3 170 10 3200
26 20 1.23 5 2.4 8 8.1 186 12 3300
27 24 1.4 5.02 2.5 8 8.7 190 13 3340
38 29 1.8 5.1 2.6 8.18 9 190 16 3500
40 37 1.9 5.22 2.6 8.7 9.1 199 17 3750
43 37 2 5.3 2.7 9 11 235 18.7 4000
57 38 2 5.43 2.8 9 11 240 19 5430
74 40 2.1 5.57 3 9 11 259 20 5800

130 42 2.1 5.6 3 9.14 13 271 20 7930
130 42 2.3 5.7 3.1 9.32 13 280 22 8600
460 46 2.7 5.7 3.5 9.7 14 280 24 9000
460 46 2.7 5.81 3.5 10.7 14 310 29 13000
500 48 2.9 5.9 3.68 11.1 15 350 30 19000

53 3 6 3.8 11.7 15 354 30 37000
57 3 6 3.9 12.2 16 470 32 43000
57 3 6.1 3.9 12.7 16.9 523 32 49000
62 3 6.16 3.97 12.8 17 598 37 58000
64 3 6.2 4 13 17 600 38 63000
64 3 6.26 4 13 18 700 41 77000
69 3.2 6.58 4 13.1 18 724 41 280000

70.1 3.3 6.75 4 13.7 18 740 41.4 890000
77 3.3 6.92 4 14.7 19 917 43
83 3.3 7 4 15 19 1060 49
85 3.3 7 4 15 20 1180 67
98 3.4 7 4.2 17 20 1200 78
98 3.5 7.08 4.2 17 20 1220 79

116 3.55 7.08 4.3 17.2 20 1270 89
122 3.6 7.11 4.36 18 22 1330 93
138 3.6 7.38 4.4 26.6 23 1470 93
140 3.7 7.7 4.4 31.4 24.4 1500 93
150 3.7 7.8 4.5 32 25 1580 94
180 3.75 8 4.54 38.7 26 1800 102
184 3.8 8.03 4.6 49 27 2300 103
280 3.9 8.1 4.7 61 27 2700 105
310 3.9 8.6 4.7 63 28 4260 105
310 3.94 8.62 4.8 71.1 29 6200 106
330 4 8.64 4.9 103 29 10000 112
340 4 8.88 5 111 29 11000 112

2500 4 8.89 5 147 30 11000 113
4 9 5 175 31 12000 115
4 9 5 639 32 25600 130
4 9.46 5 1150 32 44000 136
4 9.7 5 33 150
4 10.6 5 35 154
4 11 5 35 168
4 11 5 36 170
4 11.7 5 37 179
4 13 5 37 181
4 13.1 5.17 38 188
4 13.6 5.23 39 220
4 14.3 5.36 40 240

4.09 15 5.59 50 268
4.1 16.5 5.6 51 288
4.2 17.8 5.8 52 321

4.24 19 6 52.7 342
4.3 19 6 55 350
4.3 19 6 56 353
4.3 20 6 59 373
4.3 20 6 62 411
4.3 21.7 6 64 441
4.3 23 6 68 470

4.33 23.9 6 70 516
4.4 26.8 6 71 530
4.5 28 6 71 539
4.5 30.6 6 73 561
4.6 31.3 6 73 570
4.6 44.9 6.1 75 590
4.7 49.3 6.24 77.8 740
4.7 50.7 6.43 78 750
4.7 50.9 7 79 760
4.7 122 7 82 870

4.74 123 7 95 958
4.85 149 7 97 1080
4.9 152 7.18 99 1100

5 200 7.69 100 1100
5 109 1100
5 110 1100
5 116 1300

120 1300
130 1480
140 1600
140 1700
148 1720
150 2380
162 2620
163 2640
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HYALELLA MORTALITY
Benzo(a)pyrene Benzo(a)pyrene Benzo(g,h,i)perylene Benzo(g,h,i)perylene

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit
4.2 298 8.8 2960 8.4 490 11
4.8 310 12 3100 9.6 497 14
8.6 310 14 3340 11 510 14
8.8 360 15 4000 11 580 16
8.8 360 16 4600 11 613 17
9.3 430 19 4900 11 680 18
10 454 19 9600 12 791 18
11 490 21 11000 13 821 18
11 570 21 11000 13 965 18.6
12 615 23.1 13000 13.5 1150 19
12 690 26 15000 14 1200 22
13 750 26 39000 14 1410 22
13 783 29 51000 15 1520 22
13 880 32 62000 15 1900 29
14 890 34 63000 16 2500 30
15 910 35 86000 16.8 2500 31
16 915 36 100000 17 4020 32
16 990 38 140000 17 5400 33
16 1080 38 250000 17 8900 35
16 1420 40 17 9400 36
18 1620 43 18 11000 46
18 1650 44.4 18 12000 56

18.6 1800 48 19 12100 56
19 1890 60 19 38000 65
19 2700 68 19 69
19 2800 73 20 70
20 3300 85 20 70
21 4810 87 20.9 77
23 6700 92.8 21 77.2
24 12000 93 21 78
25 13000 114 22 82
25 13000 116 22 87
25 14000 117 22 94
27 24300 120 23 99
27 55000 120 23 99

27.4 120 23.2 103
28 124 29 104
28 131 30 108
29 133 30 110
31 135 30 114
32 160 32 127
32 176 32 133
33 176 36 134
34 176 40 146

35.9 189 41 149
36 195 42 155
37 195 43 164
40 213 44 170
40 216 45 181
43 223 48 186
45 226 50 216
49 240 51 219
51 256 51 220
56 270 57 221
58 280 65 223
61 333 67 231
66 334 68 240
67 343 71 270
76 351 73.3 280
80 358 73.4 308
81 382 77 320
85 387 77 330
88 390 84 400
91 451 85 430
92 660 90 570

100 710 100 670
102 720 102 700
128 740 110 827
128 820 115 840
130 840 121 840
131 1000 140 854
145 1070 150 1100
150 1100 150 1200
153 1100 175 1330
153 1110 187 1350
170 1180 190 1350
171 1400 200 1500
180 1500 200 1500
195 1530 210 1660
206 1630 210 1700
210 1840 216 1720
210 2100 220 2510
230 2100 246 2800
231 2210 280 3300
248 2220 310 5200
256 2500 350 7100
280 2750 424 7600

11000
22000
27000
48000
49000
55000
93000

170000
310000
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HYALELLA MORTALITY
Benzoic acid Benzoic acid Beryllium Beryllium Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Butyl benzyl phthalate

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
35 140 0.071 0.147 18 17 10 11
50 170 0.0883 0.16 18 18 21 18
64 250 0.102 0.162 18 23 24 18
73 270 0.135 0.19 25 23 25 18.8
82 300 0.147 0.42 30 24 25 23.1

110 300 0.151 0.427 32 26 31 24
110 330 0.153 0.477 32 30 32 24
250 800 0.154 0.62 40 78 34 25
250 1300 0.162 0.82 49 140 36 28
360 1500 0.188 0.9 50 220 37 32
650 1540 0.2 0.91 50 230 41 35
660 2020 0.202 2 51 250 42 40
720 2170 0.214 2 55 307 48 43
740 2430 0.249 2 62 310 50 47
813 2640 0.252 62 370 52 47
880 2840 0.256 70 370 53 50
900 4110 0.261 100 370 55 53

1650 4200 0.262 110 418 56 55
2070 0.286 110 420 56 57
2380 0.308 110 440 63 57
2910 0.317 120 452 110 62
3790 0.325 120 460 131 64

0.327 120 460 160 64
0.348 160 470 163 66
0.358 160 490 165 66.4
0.361 170 501 182 69.6
0.385 170 510 222 70
0.387 170 519 274 73
0.417 170 520 470 86
0.444 180 546 870 90
0.463 190 547 1100 105
0.49 200 575 1520 119
0.5 220 713 > 1520 121
0.5 230 727 122

0.64 240 772 138
0.66 260 774 140
0.68 275 779 145
0.7 285 867 170

0.76 290 900 180
0.8 300 913 184
0.8 320 1020 198
0.8 322 1050 230

0.84 330 1110 258
0.87 330 1370 260
0.96 337 1380 280
1.1 350 1390 366
1.2 350 1400 407

2 350 1440 409
> 2 360 1600 430

360 1600 540
390 1680 763
420 1740 980
420 1800
444 1800
450 1810
480 1900
500 1900
540 1900
550 1920
577 1930
580 2000
660 2000
660 2140
720 2200
778 2220
800 2400
940 2400

1000 2400
1090 2800
1100 2800
1200 3000
1400 3100
1700 3400
1970 3420
2000 3510
2140 3970
2520 4100
2900 5120
3010 5700
4330 6360
4970 7590
6380 33300

10000
10500
18000
22300
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HYALELLA MORTALITY
Cadmium Cadmium Carbazole Carbazole Chromium Chromium Chrysene Chrysene

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)
0.052 1.2 0.04 1.6 62.27758007 24 7 44.9 9.4 5.1 161 9.1 3430
0.053 1.23 0.04 1.8 67 85 9.58 45.4 10.5 6.5 170 17 3620
0.07 1.3 0.04 1.9 71 130 10.1 46.2 12 8.1 170 19 3700

0.074 1.3 0.05 1.9 94 230 10.1 46.3 13 9.5 179 22 3800
0.093 1.3 0.07 2 117 234 10.8 46.5 13.6 11 180 24 3800

0.1 1.3 0.07 2.2 124 238 11.1 47 14.8 12 187 24 4800
0.1 1.3 0.1 2.3 130 240 12 48.5 15 13 193 25 5730
0.1 1.39 0.1 2.3 172 274 12.2 49.6 17 13 210 27 5880
0.1 1.4 0.1 2.5 194 389 14.3 50.2 17.4 13 221 28 6400

0.11 1.4 0.1 2.6 229 420 15.1 50.7 18.6 13 230 28.6 7240
0.12 1.44 0.12 2.6 374 437 15.2 50.9 21.5 14 249 29 7800
0.13 1.6 0.2 3.01 923 460 15.7 52.1 22 15 260 30 8900
0.13 1.69 0.2 3.2 2920 825 16.5 52.3 23 15 281 32 11000
0.14 1.7 0.2 3.2 850 16.7 52.8 23.1 15 290 34 18000

0.159 1.7 0.2 39.6 1000 16.8 53.9 23.1 17 314 36 38000
0.16 1.8 0.2 450000 17.6 54.6 23.6 17 320 48 49000

0.161 1.9 0.2 480000 18.3 55.6 23.8 17.9 320 50 60000
0.17 1.9 0.2 18.4 57.3 24 19 340 51 75000
0.17 2 0.2 18.5 58 24 19 390 51 96000

0.173 2 0.2 18.6 58.2 24.1 21 393 51 110000
0.18 2.07 0.2 18.9 60.8 24.6 22 400 55 300000
0.18 2.1 0.22 19.1 61 25 23 430 59 950000

0.186 2.15 0.27 19.3 62 25.4 23 490 60.8
0.187 2.39 0.3 20 63.1 26 24 498 61
0.19 2.5 0.3 20.1 63.4 26 24 570 70
0.2 2.7 0.3 20.1 66.7 26 24.6 601 73
0.2 2.9 0.3 20.2 79 26 25 657 104
0.2 3.67 0.3 20.3 80.1 26.2 25 690 110
0.2 3.91 0.3 20.5 89 26.2 26 730 110
0.2 5 0.31 20.6 95 27 26 755 117
0.2 5.6 0.4 20.8 96.2 27 27 816 126
0.2 9.07 0.4 21.1 102 28.4 28 819 128
0.2 0.4 21.5 133 28.7 28 930 129
0.2 0.4 21.8 348 28.9 28.1 1260 140
0.2 0.4 22 > 348 29 30 1440 144
0.2 0.472 22.1 29.2 31 1500 157
0.2 0.5 23 29.3 32 1500 160
0.2 0.5 23.3 29.4 33 1540 161
0.2 0.5 24 29.8 33 1560 172
0.2 0.5 25 30 34 1670 177

0.21 0.5 25.1 31 35 1710 180
0.24 0.55 25.4 31 35 2170 190
0.26 0.6 25.8 31 35.9 2200 202

0.267 0.6 26 31 36 2320 209
0.29 0.6 26 31.5 36 3000 211

0.292 0.6 26.1 31.8 36.6 3700 220
0.3 0.61 26.2 32 38 5940 263
0.3 0.651 26.4 32 39 7000 266
0.3 0.7 27 32 39 10000 280
0.3 0.7 27 32.1 40 11000 318
0.3 0.7 27.3 33 43 11000 385

0.357 0.7 28 34 43 11000 390
0.361 0.75 28 35 45 28100 412
0.377 0.75 29 36 46 46000 425
0.391 0.78 29 36 47 430

0.4 0.8 29 36.3 50 482
0.45 0.8 29 36.5 50 489
0.49 0.875 29 36.7 52 507

0.506 0.9 29.4 37 55 508
0.52 0.963 29.8 37 57 510
0.6 0.968 31 37.7 57.3 541
0.6 0.98 31 38 58 562

0.607 1 31.1 38.2 59 620
0.63 1 31.2 39 61 670
0.69 1 31.9 39 70 707
0.7 1 31.9 39.7 70.4 850

0.791 1 32 40 71 1000
0.8 1.08 33.4 40 73 1100

0.811 1.1 33.7 40.5 76 1130
0.82 1.1 34 41 78 1140

0.834 1.15 34.2 42 91 1200
0.9 1.16 34.9 42.1 93 1200

0.913 1.17 36.4 43 95 1300
0.973 1.2 36.5 43 95 1300

1 1.26 37.8 43.9 98 1300
1 1.3 38.2 45 100 1400
1 1.3 38.8 45.3 100 1500
1 1.3 39 45.5 105 1600

1.1 1.3 39 46 110 1800
1.1 1.3 40 48 110 1800
1.1 1.36 40.5 53.9 111 2100
1.1 1.4 40.5 55.9 126 2140
1.1 1.5 41 61.3 130 2210

1.13 1.51 42.8 67 130 2460
1.2 1.53 43.3 68.3 140 3000
1.2 1.55 43.5 69.2 147 3200
1.2 1.58 44.3 75.6 152 3370

76
77.1
79.9
80.7
80.7
81.9
84.4
99.5
112
208
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HYALELLA MORTALITY
Copper Copper Dibenz(a,h)anthracene Dibenz(a,h)anthracene Dibenzofuran Dibenzofuran Dibutyltin Dibutyltin
No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit No-Hit Hit

3.8 45.6 7.4 213 1.5 2.5 0.81 1.1 3.5 43
4.69 48.1 11 229 2.8 4.9 0.86 1.5 5.5 53
5.15 49.9 11 267 3.7 10 1.3 1.9 6.9 70
8.5 50.9 14.8 314 3.7 10.9 1.5 10 7.6 77
8.5 50.9 16 315 4.8 12 1.7 10 9.2 79.2
9.5 51.4 16 327 7.9 12 3.7 12 9.2 92
9.7 54.5 16 338 8.5 13 4.3 12 12 96

10.7 57.6 17 371 13 14 4.9 13 12 107
10.7 59.3 17 382 14 14 9.2 13 16 131
10.9 61 17 397 14 14 9.4 14 17 155

11 61.8 18 399 17 16 12 14 19 233
15.2 62 18.3 461 18 16 14 15 20 259
15.4 62.9 18.4 461 19.3 18 16 16 25 277
15.6 64 19 508 21 18 30 18 26

16 65 20.3 622 26 18 31 19 85
16.5 65.2 20.4 635 34.1 22 52 24 130
16.7 66 23.4 651 50 24 90 26 140
16.8 66.9 23.6 655 55.9 28 98 26 265
17.2 70.4 24.7 2090 58 28.5 116 33 288

18 71.2 24.8 82 29 138 38 321
18.1 84.5 25.9 97 30 160 41 333
19.3 94.4 28.6 116 31 168 46 492

20 101 30.1 120 34 170 62 509
20.2 113 31.7 132 36 180 64 661
20.2 136 32 214 37 200 68 1930
20.4 142 32.4 216 37.3 234 75 17000
20.7 146 32.9 251 38 244 83 > 1930
20.9 187 33.8 280 43 372 94
21.1 363 35 292 45 384 110
21.4 420 35.9 294 45.3 443 140
21.7 526 36 320 49 660 160
22.5 571 36.2 332 56 3810 160
22.6 619 38.5 350 66 166
22.9 627 41 540 72 170
23.6 651 41.4 780 91 194
24.2 829 43.1 839 99 204
24.3 1460 43.4 1200 125 310
24.4 2010 44 1700 176 399
24.4 10800 44.1 2200 200 460
25.3 44.6 2600 217 928
25.5 46 3070 230 1010

26 46.9 11000 240 1750
26 47.7 260 2260

26.5 48.6 300 7800
26.6 50 327 7900
26.7 50.4 342 8300
26.8 52.2 390 10000
27.9 53.2 424 19000

28 53.4 437 580000
28.2 54 490 2200000
28.3 57.3 630
28.7 62 720
29.5 62.7 730

30 63.8 800
30 68 800

30.7 69.4 1200
30.9 71.1 1700

31 71.1 3000
31.2 74.5 4700
31.6 76.7 33000
32.2 77 39000
32.5 77.9 710000

33 81.2
33.8 82.3

34 86
34 90.1

34.1 90.9
34.2 94.3

35 96.6
35 96.7

35.4 100
35.5 106
36.5 109
36.5 119
36.8 119

38 122
38.3 125
39.1 130
40.1 140
40.6 146
40.7 154

41 158
41.9 163
42.7 188
42.9 209
43.7 210
43.8 212
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HYALELLA MORTALITY
Dimethyl phthalate Dimethyl phthalate Di-n-butyl phthalate Di-n-butyl phthalate Di-n-octyl phthalate Di-n-octyl phthalate

No-Hit Hit No-Hit Hit No-Hit Hit
5.4 11 6.5 11 12 10
31 11 8.1 11 13 11
46 12 9 14 17 12
54 13 10 15 25 13

108 13 11 15 32 13
147 14 12 16 34 15
156 15 12 17 46 17
158 16 13 17 47 18
172 16 15 19 48 21
311 19 17 20 49 21
314 21 19 22 52 22
436 37 21 24 54 23

42 21 26 55 26
54 23 26 58 26
58 24 26.3 66 27
71 30 27 100 30
93 37 31 201 30

110 158 34 34
112 306 37 34
160 690 40 37
171 805 41 39
190 841 41 40
270 1180 41 44
362 1740 41.7 45
576 > 1740 44 54

47 67
61 74
67 90
68 110
71 115
90 256

99.9 399
101 413
103 1420
108 1520
116 3400
136 4290
254
350
350
481
893
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HYALELLA MORTALITY
Fluoranthene Fluoranthene Fluorene Fluorene High Molecular Weight PAH High Molecular Weight PAH

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit
5.6 160 13 4950 0.85 0.78 47.3 75
8.1 170 18 6100 0.86 1.8 54 100
8.5 190 28 7400 1.5 2.5 55 118
14 192 30 7710 1.5 2.7 56 144
15 200 32 7730 2.2 12 86.9 270
15 210 36 7900 2.2 13 88.1 300
16 210 38.6 15000 3 14 89 337
16 230 39 15000 4.7 15 96.6 510
16 230 41 16100 5.9 15.3 99 799
16 240 43 16700 6 17 107.1 1004
17 240 47 18000 9.2 17 116 1600
18 240 54 19200 11 18 131.2 2080
19 268 58 20100 12 18.3 134 2251
19 270 67.6 24200 13 19 136 3290
21 276 68 26000 13 19 157 3600
22 310 70 35000 18 23 193.7 4850
23 319 80 37000 19 23 223.6 6740
23 320 81.5 43000 22 24 255.8 6800
23 363 96 47700 22.3 28.2 290 10270

23.5 380 97 86000 25 30 309 13690
24 383 116 100000 29 33 412.4 15600

26.9 428 120 120000 30 37 441 16460
27 452 123 120000 33 39 470 18000

27.2 455 124 1600000 36 43 524.5 19800
28 460 130 5200000 36.2 44 612 21970
34 460 130 38.1 47 629 27820
35 500 143 42 50 711 31170
36 520 157 49 60 1376 35390
36 580 158 57 73 2068 38030
38 646 206 62 79 2522 44500
39 690 206 67.4 88 2629 57000
39 710 280 75 104 3370 62900
40 731 280 85 107 3457 95330

40.9 770 288 91 120 4280 111800
41 940 291 100 124 4660 134300
43 1100 291 120 140 6270 161500
44 1220 300 124 160 7370 427700
44 1260 301 126 171 8440 511000

44.7 1400 324 140 174 9000 627000
45 1500 334 160 180 10410 765000
46 1620 342 167 190 11020 852500
53 1640 344 181 200 13290 3556000
54 1690 356 185 201 13480 12858000
55 1780 359 220 230 15080
58 2000 380 251 250 16780
61 2000 390 270 274 17410
63 2300 410 390 285 19960
64 2660 419 400 310 25180
65 3100 437 420 330 28550
65 3140 445 465 465 31640
66 3210 450 498 470 54800
67 3360 453 590 490 72000
69 3370 455 666 570 120500
70 3450 502 730 620 120900

70.2 4040 540 2080 660 121500
70.7 5000 674 2350 670 122700

71 6500 695 2500 932 250500
71 6600 699 6970 1070 471000

71.5 9340 720 1200
72 9800 740 1540
75 11100 766 1720
76 15000 798 1900
76 15000 833 3240
77 21000 939 3400
77 46100 950 3850
79 180000 1100 3890
87 1300 6740
91 1300 14000
91 1400 14000
93 1500 15800
93 1600 17000
97 1900 18300

110 2000 34000
110 2140 56400
110 2340 930000
112 2450 3200000
116 2600
129 2600
130 2800
130 3190
130 3200
138 3300
144 3600
150 4200
153 4500
160 4700
160 4780
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HYALELLA MORTALITY
Indeno(1,2,3-c,d)pyrene Indeno(1,2,3-c,d)pyrene Lead Lead Low Molecular Weight PAH Low Molecular Weight PAH

No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit
8 643 9 0.62 56.2 5.6 154 8.9 9.5

8.1 763 10 0.77 58.7 6.19 177 10 18
8.2 770 13 2.28 58.8 6.3 180 10 18
10 773 14 3.02 64 6.8 185 10.4 24
11 800 16 4.27 65 7 203 10.8 25
11 1150 16 4.7 68.4 7.6 210 17.1 29.4
12 1160 17 5.01 73.5 7.8 223 18 31
12 1340 17.8 5.24 79.7 9.9 232 21.1 59
12 1350 18 5.99 79.9 10.7 234 23.3 71
13 1700 21 6.69 80.7 11 246 24.7 160
14 2300 22 7.1 81 11.8 258 28.6 247
14 3400 23 7.17 82.9 11.9 272 32.2 247
14 4120 24 7.24 89.6 12.2 283 40 422
15 4600 27 7.3 91 12.5 284 51 553
15 10000 28 7.3 95.2 12.7 294 52 651
16 11000 30 9.21 99.4 13.3 295 53 850
16 13900 30 10.2 102 13.4 299 71.1 1000
17 14000 30 10.5 105 13.8 323 95 1310

17.7 17000 33 11.1 115 14 436 103.8 1470
18 18000 35 11.1 122 14.8 470 147 2010
19 60000 36 11.2 133 15.1 495 181 2108
20 36 11.4 152 15.2 542 233 2760
20 44 11.6 171 15.2 678 351 2890
20 44 11.8 172 15.7 719 358 3000
22 59 12 184 15.9 739 363 3110
22 61 12 189 16 1180 420 4672
22 64.2 12.2 194 16.1 750 8130

22.8 73 12.6 204 16.2 1225 8980
24 76 12.7 210 16.9 1763 9130
24 80 12.7 211 17.6 1800 9200
25 81 12.7 230 17.9 1900 10270
27 83 12.7 249 18.1 2088 14070
27 88 12.9 293 19.8 2186 16870
28 88 13.1 322 20.2 2240 18700
29 93.9 13.2 335 20.8 2498 28500
29 97 13.2 357 21 2700 29010
30 100 13.3 371 21.1 3040 49000
31 100 13.4 431 25.6 3140 128580
34 106 13.5 461 25.9 3200 154100
40 120 13.7 510 26 4380 171000
41 124 14.4 525 26.6 4720 175180
43 130 14.4 715 27.3 6259 3453500
43 130 14.6 1160 27.4 6590 19801000
43 133 14.7 1310 27.4 8255
45 134 14.7 > 1310 27.5 8800
45 144 14.9 29 9380
52 155 15 30.2 9520
53 170 15.2 31 12990
53 178 15.3 33.6 41971
59 198 15.5 36 78300
60 207 15.6 36.2

65.6 208 15.7 38
67 210 15.9 38.9
68 222 15.9 39
68 244 16.4 41.5
69 255 16.5 41.9
70 260 16.6 44.8
74 260 17.3 47.6
81 269 17.3 48.8
82 294 17.4 49.9
90 330 17.9 50
95 330 18.6 50.2

97.2 330 18.8 52.2
101 342 18.9 53.5
110 450 21 54.4
110 460 22.4 56
116 580 23.5 60.8
120 720 23.6 62.5
134 730 23.6 64.3
141 740 26.1 68.1
150 810 26.3 78.5
160 889 30.1 79.1
160 920 31 80.8
180 960 32.4 87.6
199 1180 35 89
200 1200 36 93
210 1220 37.8 94.6
220 1450 39 96.6
270 1500 39.2 111
280 1600 42.3 114
283 1600 45.9 118
310 1750 47.7 124
340 1800 48.2 125
363 2000 48.3 125
370 2340 51.1 131
470 5100 51.7 150
518 5300 54 150

6000
6500

10000
13000
19000
29000
41000
43000
43000
46000
84000
88000

110000
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HYALELLA MORTALITY
Mercury Mercury Monobutyltin Monobutyltin Naphthalene Naphthalene Nickel Nickel Phenanthrene Phenanthrene
No-Hit No-Hit (Cont.) Hit No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)

0.006 0.433 0.01 1 3.2 1 1.3 5.3 35.7 9.1 4.3 384 5.6 1100
0.0083 0.435 0.01 1.3 4.19 1.3 2.2 7.79 36 12.7 6.6 388 14 1200

0.01 0.445 0.01 1.7 11.3 1.5 3.6 8 38.9 13 6.7 420 14 1300
0.013 0.461 0.024 3.97 12.4 1.9 3.9 8.4 39 14 6.8 569 14 1340
0.02 0.478 0.033 4.2 21.5 2.2 6.81 8.7 39.4 14.7 8.8 587 16 1500
0.03 0.48 0.033 4.3 26.9 2.5 6.83 10 39.9 15.3 10 617 18 1700

0.038 0.53 0.036 4.4 37 2.8 11 10 40.7 16 10 719 18 1720
0.039 0.54 0.04 4.8 38 3.1 12.1 10.9 41 16 11 730 19 1800
0.04 0.545 0.044 5 40 3.3 13 11.2 41.4 16 11 750 19 1900
0.04 0.552 0.05 5.2 50 4.9 13 11.6 43.5 16.5 12 778 21 2600
0.04 0.558 0.05 5.3 54 6.1 14 12.9 43.7 17 13 1000 22 2900
0.04 0.659 0.05 6.4 56 7.8 14.4 14.5 44.2 17.4 14 1130 22 3620
0.04 0.796 0.053 6.91 59 8.1 15 14.6 45 18 14 1200 24 3990

0.042 0.8 0.056 7.1 64 9.7 15 14.6 45 18.4 14 1200 25 4370
0.05 0.9 0.06 7.13 76 9.8 15 14.7 45.2 20.8 16 1300 26 4440
0.05 0.993 0.06 9.3 97.7 10 16 14.7 45.6 21 17 1400 33 4700
0.05 2.01 0.06 9.5 166 10 19 15 46.8 21 17 1480 33 4700
0.05 2.07 0.06 10 221 10 19 15.4 47 21 17 1500 38 4900
0.05 3.04 0.06 11 267 13 19 15.5 47.3 22 19 1600 41 6100
0.05 3.74 0.07 11 312 18 22 15.8 48.1 22 19 1730 42.9 6190
0.05 43 0.07 11.2 396 18 24 15.8 48.7 22 19 1730 44 6400

0.052 0.07 12.1 20 27 16 48.9 22 19 1900 49 7570
0.057 0.08 13.6 20 27 16 49.4 22.6 19.3 1990 54 8420

0.0583 0.08 15 20 27 17 51 22.7 20 2080 59 8950
0.06 0.08 17 22.2 30 17.4 53.9 23 21 2660 60 14200
0.06 0.08 18.8 23.4 31 17.6 54.9 23 22 4230 71 15000
0.06 0.08 19 24 32 17.9 55.3 23 23 4700 80 21700
0.06 0.0853 20.3 26.6 33 18.2 57.6 23 23 5300 86 36200
0.06 0.0885 21 30 33.6 18.3 58.2 23 25 5470 86 39200
0.06 0.09 22 30 34 18.5 59.6 23 26 5700 96 44000
0.06 0.09 22 31.5 37 18.5 60 23.6 26 5700 102 49000
0.06 0.09 24 33 48 18.8 61.5 23.9 26 6100 109 50000
0.06 0.09 24.9 35.6 55 19.2 62.4 24 28 8240 110 52000
0.06 0.09 26 40 61 19.3 63.9 24 29 26000 128 67000
0.07 0.096 26 42 64 19.4 113 25 31.2 41100 129 100000
0.07 0.1 26 49 65 19.7 355 25 32 133 120000
0.07 0.1 27 54 100 19.9 25 33 136 260000
0.07 0.1 29 58 100 20.1 25 34 142 9500000

0.0776 0.1 30 64 110 20.3 25 35 143
0.08 0.12 38 70 120 20.3 25.7 35 160
0.08 0.13 38 86 126 20.8 26 36 160
0.08 0.13 40 92 148 21 26 36 161
0.08 0.13 41 100 161 21 27 37 180
0.08 0.13 43 100 165 21 27 39 186
0.08 0.13 46 110 225 21.2 27 43 190
0.08 0.13 60 160 235 22 27 45 196

0.0838 0.131 98 250 350 22 27 52 234
0.0844 0.14 154 291 380 22 27.8 53 234
0.0877 0.14 194 424 400 22 28 54 240
0.088 0.15 212 466 440 22 28 55 282

0.0998 0.15 379 471 450 22 28 56.7 290
0.1 0.16 380 501 510 22 28 60 333
0.1 0.16 459 650 529 22 28 60 354

0.104 0.16 459 913 540 23 28 62 384
0.11 0.17 508 1030 627 23 28 63 393
0.11 0.18 2560 1300 1270 23 28.9 65 394
0.11 0.18 4850 1400 1310 23 29 65 440

0.114 0.186 >4850 1600 1360 23.7 29 65 469
0.119 0.2 3220 2200 24 29.5 71 472
0.12 0.2 5630 2280 24 29.6 73 566
0.13 0.21 3630 24 29.7 80 570
0.13 0.21 4870 24.1 29.8 81 620
0.13 0.215 4890 24.8 30 87 629
0.14 0.23 4970 26 30 93 680
0.14 0.25 12000 26 30 93 848

0.141 0.251 21000 26 30.6 93 880
0.149 0.253 40600 26 30.6 93 1000
0.15 0.259 67000 26.8 30.8 93.1 1000

0.157 0.26 92000 27 31 95 1000
0.16 0.27 600000 27 31 95 1040
0.16 0.27 2300000 27 31 97 1070

0.165 0.286 27.2 32 110
0.17 0.343 27.3 33.7 120
0.18 0.36 28 36 130
0.19 0.46 28.2 37 150

0.206 0.52 28.7 37.9 150
0.21 0.546 28.8 38.8 160
0.21 0.56 29 39.1 180

0.232 0.604 29.1 39.2 190
0.28 0.62 29.3 39.3 190

0.284 0.662 30.4 39.6 210
0.284 0.673 31 43.4 231
0.297 0.69 32.9 45.1 240
0.335 0.711 33.6 46 244
0.359 0.749 34.2 48.4 260
0.37 0.8 34.3 52.3 278

0.389 0.844 34.4 53.1 332
1.25 54
1.3 56

1.41 56.8
1.5 58.4

1.72 61.9
2 63

2.22 64
2.7 70.6
2.7 77.4
2.9 88

2.93 105
3.3 133
9.5 594
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HYALELLA MORTALITY
Phosphorus Phosphorus Pyrene Pyrene Retene Retene Silver Silver

No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit
128 459 7 160 14 4400 75 94 0.06 0.094
282 475 8.7 160 20 4700 77.1 202 0.08 0.094
306 563 10 162 24 5120 128 1050 0.094 0.098
349 625 13 200 29 5300 201 1900 0.1 0.1
352 657 14 210 30 7000 289 4230 0.1 0.1
393 1310 14 210 34 7150 352 6020 0.1 0.1
402 2770 17 240 36 7500 553 8700 0.1 0.1
410 17 240 37 7540 564 11200 0.1 0.11
425 17 250 45.5 8100 782 16000 0.1 0.12
428 17 250 46 9130 1170 19200 0.1 0.14
486 18 254 47 11200 1300 27000 0.1 0.16
503 18 261 53 13300 1470 35000 0.1 0.199
507 19 270 54 13600 2170 66400 0.1 0.2
516 19 280 66 15900 5400 360000 0.1 0.2
531 20 280 71 18000 6020 0.11 0.2
538 21 289 71.2 20000 54500 0.11 0.2
590 21.1 319 74 21000 810000 0.12 0.2
615 22 350 82 25000 0.14 0.2
624 24 361 85.7 32200 0.14 0.2
691 25 375 88.1 40000 0.144 0.2
694 27 379 92 65000 0.15 0.217
710 27 380 96 68000 0.16 0.23
725 30 387 97 98000 0.17 0.3
741 31 430 110 100000 0.19 0.3
824 32.2 450 110 110000 0.2 0.3
880 33 523 118 130000 0.2 0.3
908 33 560 120 1100000 0.2 0.3

1040 37 560 124 3900000 0.2 0.3
1150 37 580 130 0.2 0.3
1160 38 581 133 0.2 0.3
1180 39 626 144 0.2 0.322
1540 39 679 175 0.2 0.36
1590 41 830 183 0.2 0.39
2060 42 927 260 0.2 0.4
2660 43 950 300 0.2 0.4
2790 45 970 304 0.2 0.4
3290 46 987 308 0.2 0.4

> 3290 48 1100 320 0.2 0.444
48.5 1250 320 0.2 0.5

50 1320 332 0.2 0.5
51.6 1350 332 0.219 0.5

54 1500 333 0.22 0.5
55 1590 352 0.23 0.5
55 1630 356 0.25 0.53
56 1900 359 0.26 0.545
57 2000 370 0.26 0.58
63 2100 380 0.27 0.6
64 2340 404 0.28 0.6

65.6 2700 410 0.3 0.6
66 2710 429 0.3 0.63
67 2870 431 0.3 0.7
67 2960 452 0.3 0.72
67 3460 455 0.3 0.8
68 3500 465 0.3 0.8
68 3540 477 0.35 0.8
70 4410 488 0.359 0.8

72.4 5000 510 0.38 0.86
73 5700 536 0.4 1
74 6800 626 0.4 1.1
74 8790 634 0.4 1.1
75 10000 685 0.43 1.2
77 16000 700 0.43 1.32
80 21000 715 0.45 2.8
82 22000 730 0.45 2.9
83 26000 750 0.53 3.3
89 55600 770 0.7 4.5
90 68000 829 0.77
91 1200 0.8
92 1320 0.9
92 1400 1.1
93 1500 1.4
99 1600 1.6

100 1710 1.8
107 1820 1.9
108 2190 1.9
110 2200 2
117 2300 2.2
120 2300 3.1
120 2500 3.5
121 2530
130 3000
140 3200
140 3650
140 4100
150 4200
150 4280
158 4300
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HYALELLA MORTALITY
Total benzofluoranthenes (b+k (+j)) Total benzofluoranthenes (b+k (+j))

No-Hit No-Hit (Cont.) Hit Hit (Cont.)
11.7 350 16 5400

12 414 16 5530
13 480 23 5600
15 496 27 6590
15 501 29 7000

15.1 560 29 7110
15.4 600 41 8900

17 630 41 13500
19.2 630 42 13800

20 630 44 14600
20 770 48 22100
21 799 49 25000
21 890 50 47000
22 906 54 85000
25 1040 62 101000
25 1100 67 144000
26 1151 70 163000
26 1280 76 200000
26 1340 77 280000
27 1370 82 560000
32 1380 83
36 1780 91

36.9 1923 91
38 1960 102
39 2020 103
39 2100 117
41 2450 119
41 2800 120
43 2830 143
43 3170 148
44 3400 175
44 3620 178
45 4800 198

46.4 5300 234
50 11000 245
50 12000 290
50 17900 293
52 18400 300
53 19900 311
53 20100 312
54 41800 313
55 79000 316
57 320
59 335
59 348
60 363
63 379

66.9 412
68 421
69 445
72 541
76 552

76.6 579
79 617
83 643
87 657
93 680

102 686
110 774
110 823
116 853
118 855
120 881
124 890
127 1028
140 1200
141 1390
142 1410
149 1410
150 1600
176 1700
180 1850
186 1860
187 2000
188 2100
190 2270
191 2320
220 2620
248 2750
248 3200
255 3200
283 3400
297 3700
310 3810
338 4300
339 4440
339 5180

B-14



HYALELLA MORTALITY
Total organic carbon Total organic carbon Total Polychlorinated Biphenyls Total Polychlorinated Biphenyls

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit
0.05 2.51 0.05 3.8 11 11
0.08 2.52 0.1 3.95 12 16
0.13 2.54 0.22 4.13 17 29
0.14 2.57 0.25 4.19 43 40
0.14 2.6 0.25 4.25 43 53
0.21 2.61 0.4 4.49 48 57
0.22 2.69 0.4 4.56 73 62
0.23 2.71 0.4 4.6 108 69
0.23 2.74 0.56 4.9 130 70.1
0.26 2.8 0.6 5.1 217 82
0.35 2.87 0.67 5.6 304 88
0.38 3.1 0.76 5.7 460 108
0.38 3.12 0.8 5.81 1460 112
0.4 3.3 0.82 5.9 2090 116

0.42 3.31 0.83 6.27 116
0.6 3.4 0.89 7.07 116

0.61 3.42 0.9 7.35 116
0.65 3.48 0.91 7.4 129
0.67 3.6 0.95 7.7 130
0.69 3.6 0.97 7.9 168
0.72 3.61 1.01 8.3 209
0.72 3.71 1.1 8.9 251
0.74 3.89 1.12 9 253
0.78 4.01 1.19 9.7 257
0.81 4.01 1.2 9.82 284
0.88 4.05 1.3 10 300
0.9 4.14 1.45 10.6 310

0.94 4.31 1.46 12 310
0.97 4.65 1.46 12.1 330

0.996 4.74 1.48 13 340
1.03 4.74 1.52 18 354
1.16 4.9 1.56 19 379
1.2 4.92 1.61 21.3 388

1.24 5 1.62 394
1.26 5.02 1.65 1050
1.27 5.13 1.67 1050
1.28 5.2 1.73 2500
1.28 5.7 1.75
1.3 6.3 1.77
1.3 6.4 1.8
1.3 6.4 1.83
1.3 6.8 1.83

1.32 7.35 1.89
1.37 12 1.9
1.39 12 1.96
1.4 12.2 1.97

1.42 15.8 1.97
1.44 25 1.98
1.44 > 25 2.01
1.5 2.03
1.5 2.1
1.5 2.11

1.52 2.11
1.57 2.13
1.59 2.14
1.6 2.15

1.68 2.16
1.72 2.18
1.77 2.21
1.8 2.25
1.8 2.25

1.82 2.26
1.83 2.27
1.85 2.3
1.87 2.34
1.87 2.35
1.91 2.41
1.93 2.44
1.96 2.46
1.98 2.47
2.06 2.5
2.07 2.61
2.09 2.66
2.1 2.7

2.13 2.74
2.15 2.74
2.16 3
2.17 3
2.18 3.03
2.21 3.13
2.27 3.48
2.3 3.52

2.31 3.58
2.35 3.6
2.42 3.68
2.45 3.69
2.48 3.7
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HYALELLA MORTALITY
Total Sulfides Total Sulfides Tributyltin Tributyltin Zinc Zinc

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit
0.17 0.21 0.503 1.28 13.6 152 40
0.9 0.21 0.87 1.95 14.8 158 45
2.3 0.31 1 2 17.2 161 45.4

2.69 1.8 1.16 2.27 17.7 167 49
2.9 2.9 2 52 18.6 173 54
3.3 6 2.4 60 24.4 188 55
3.4 6.6 2.51 110 30.7 193 55
3.8 9.9 2.88 113 34.8 203 58
5.8 17.4 3.6 160 47.5 211 60
6.2 17.5 4.3 198 48 215 60.6
6.2 20 4.3 250 49.7 243 61.5

7 20.8 4.4 260 51.3 249 62.2
7.8 21 4.7 370 55 377 68.3

9 21 5.7 590 55.9 391 73.7
9.2 21.7 6.4 598 58.1 397 75
10 22 7.6 697 58.2 399 77

10.8 23 8.5 810 61.3 406 79.8
11.4 24 9 824 65 435 84.3
12.6 31 9.3 936 65.6 520 85
13.4 42.4 9.5 965.2 65.6 527 86
15.8 44.2 11 1700 66 550 87

16 44.6 12 1700 69.9 567 90
18.4 48 13 1959 70.3 623 93.2
18.4 48.1 13 2200 70.8 684 96
19.3 62 18 2490 70.8 754 97.6
22.6 65.8 19 2750 71.1 849 98.8
24.7 80.1 22 71.6 904 101

34 96.3 25 72.7 1020 101
35.6 130 27 72.7 1080 110
47.4 133.9 30 73 1180 111
60.6 149 32 73.5 2010 115

64 150 35 74 4150 120
65.5 161 37 76 > 4150 120
74.1 181 40 76.4 122
83.8 202 62 76.8 130

87 223 78 76.9 130
92.4 230 100 77.3 133
97.3 249 200 79.3 136
110 341 210 79.3 137
146 450 220 81.5 144
231 590 247 82 145
247 703 300 83 155
321 920 723 83 164
360 2330 1210 84 169
493 7700 1410 84 190
514 1710 84 193
702 1860 84.4 210
900 2220 85 210
941 2530 85.3 212

6650 85.7 220
15700 85.9 225
64600 86 227

> 15700 87 238
87 242

89.3 254
89.4 262
89.6 264

90 269
90.5 270
91.8 271
94.4 279
95.9 281
96.8 284
97.3 286

98 296
101 306
104 314
106 333
106 337
107 354
113 359
114 368
117 369
119 370
119 374
122 375
124 377
124 385
126 397
128 407
131 423
136 435
139 443
142 450
145 457
148 470

494
562
582
593
661
673
675
683
689

1070
1090
1770
2980
4050
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CHIRONOMUS GROWTH 
2-Methylnaphthalene 2-Methylnaphthalene Acenaphthene Acenaphthene Acenaphthylene Acenaphthylene Anthracene Anthracene

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
11 13 10 20 3.2 4.5 5 13
12 13 10 23 3.5 12 10 52
13 52 11 59 11 13 11 53
14 54 11 60 11 17 12 74
15 62 11 88 12 23 12 110
15 64 12 92 12 35.8 12 126
15 180 12 162 13 44 12 155
16 188 12 177 14 94 13 170
16 189 14 203 14 110 14 233
20 443 14 260 14 110 14 370
24 877 15 272 15 200 15 373
28 2310 17 310 15.7 209 16 406
28 3470 18 410 19 362 16 560
30 18 560 20.8 460 17 774
36 18 630 23 480 18 814

141 18 940 25 640 20 1130
160 19 990 30 642 22 1190
170 23 1060 34 1020 22 1400
180 23 1100 36.8 3600 23 1520
214 24 2350 42 25 1700
353 32 2460 71 25 1700
469 33 2460 88 27 1700
555 36 2790 120 27 1900
982 37 2940 136 28 2860

1720 37 5700 140 28 2920
1770 39 7420 148 29 5700

43 20800 171 29 6140
AET - low confidence 45 29600 265 32 6600
AET - high confidence 52 265 37 16200
next highest hit value 72 279 38.6
outlier 73 314 40

75 594 40.1
82 697 41
90 1260 42

91.9 46
99 53

107 65
112 67
120 70
130 72.5
148 85
156 95
209 99
240 101
252 115
260 124
310 177
316 220
332 320
360 343
520 350
523 356
792 429
920 465

1250 510
1320 552
6100 600
6290 630

660
717
915
965

1110
1230
1500
1580
5900
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CHIRONOMUS GROWTH 
Antimony Antimony Aroclor 1254 Aroclor 1254 Aroclor 1260 Aroclor 1260 Arsenic Arsenic Benzo(a)anthracene Benzo(a)anthracene

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit
0.05 0.06 11 52 15 42 1.4 5.17 3.5 4.8 99 8.1

0.1 0.1 11 70 15 53 1.9 5.3 3.9 11 103 28
0.1 0.1 12 156 18 57 2 5.6 4 11 105 162
0.1 0.2 16 170 20 57 2 5.6 4.3 13 105 179

0.13 0.2 17 227 24 77 2.7 5.7 4.3 13 106 220
0.14 0.3 18 960 26 184 2.9 5.7 4.4 14 109 235

0.2 0.3 24 1060 27 460 3 5.81 4.7 14 110 240
0.2 0.4 25 29 500 3 5.9 5 15 112 288
0.2 0.4 37 37 3 6 5 15 112 373
0.2 0.5 47 38 3 6 5 16 113 411
0.2 0.6 51 40 3 6 5 16.9 115 516
0.2 0.8 54 42 3 6 6 17 130 600
0.2 1.1 54 43 3 6 6 17 140 724
0.2 58 46 3.2 6 6 18 148 917
0.3 62 46 3.3 6 6 18 150 958
0.3 70 48 3.3 6 6 18 154 1080

0.47 78 62 3.4 6.1 7 19 163 1330
0.5 81 64 3.5 6.92 7.7 19 167 2620
0.6 140 74 3.5 7 7.8 19 170 2640
4.4 189 85 3.7 7 8 20 181 2700

202 98 3.9 7 9 20 186 3340
209 116 4 7 13.7 20 188 3750
230 138 4 7 15 22 199 4000
256 2500 4 8 17 22 259 5430
294 4 8 17.2 24 271 8600

4 8 20 24.4 321 9000
4 8.1 111 25 342 11000
4 9 152 26 353 12000
4 9 175 29 441 13000
4 9 200 29 523 25600
4 9 29 539 37000
4 11 30 561 77000
4 11 30 598
4 11.7 31 1060
4 12.7 32 1100
4 12.8 32 1180
4 13 32 1220
4 13.1 32 1270
4 14.3 33 1480
4 16.5 35 1500
4 17 35 1580

4.09 20 35 1720
4.1 21.7 36 2300
4.2 30.6 37 2380
4.3 31.3 38 3200
4.3 31.4 41 4260
4.6 123 41 6200
4.6 43 11000
4.7 49 44000
4.7 51
4.7 52
4.8 56
4.9 62

5 64
5 67
5 70
5 71
5 73
5 73
5 77.8
5 79
5 79
5 82
5 89
5 93
5 93
5 94
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CHIRONOMUS GROWTH 
Benzo(a)pyrene Benzo(a)pyrene Benzo(g,h,i)perylene Benzo(g,h,i)perylene Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate

No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit No-Hit Hit
10 102 8.8 11 73.3 9.6 50 120
12 114 11 11 73.4 18 62 300
12 116 20 11 77 84 62 310
13 117 153 11 77 99 110 370
13 120 160 12 78 102 110 420
13 120 176 13 82 104 120 450
14 120 195 13.5 87 121 140 460
14 124 213 14 94 127 160 501
15 128 216 14 99 134 180 540
15 128 223 14 108 164 200 727
16 133 298 15 110 170 240 1930
16 135 334 16 114 231 250 2140
16 145 358 16 115 308 260 2140
18 150 387 16.8 133 424 275 2800
18 170 570 17 146 821 290 3010

18.6 171 615 17 149 1330 307 3420
19 176 1080 17 150 1350 320 3510
19 176 1110 17 175 1720 330 7590
19 180 1530 17 186 2500 330 10500
21 189 2750 18 187 2510 337 33300
21 195 2960 18 216 3300 350
21 206 3300 18 220 7100 350
23 226 3340 19 221 7600 350
24 231 4900 19 223 8900 360
25 248 9600 19 270 9400 360
25 256 11000 19 497 11000 370
26 256 13000 20 613 12100 370
27 270 13000 20 791 27000 390
27 333 15000 20.9 827 55000 418

27.4 351 24300 21 854 420
28 382 39000 22 1150 420
28 451 86000 22 1200 440
29 783 22 1350 444
31 890 22 1410 452
32 915 22 1520 460
32 1070 23 1660 470
32 1420 29 1900 480
33 1620 29 2800 500
34 1630 30 4020 510
34 1800 30 5400 519
36 1840 30 11000 520
36 1890 31 38000 546
37 2220 32 547
38 2700 32 550
40 4000 33 575
40 4810 35 660
43 6700 36 774
43 14000 41 778
43 55000 42 800
45 43 867
48 44 913
49 45 1000
51 46 1020
56 48 1050
58 50 1090
60 51 1110
67 51 1370
68 56 1380
73 56 1390
76 57 1400
85 57 1440
85 65 1740
87 68 1800
88 69 1920
91 70 1970
93 70 2220

100 71 2520
3970
4330
4970
5120
6360
6380

22300
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CHIRONOMUS GROWTH 
Butyl benzyl phthalate Butyl benzyl phthalate Cadmium Cadmium Chromium Chromium Chrysene Chrysene Copper Copper

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont) Hit No-Hit No-Hit (Cont.) Hit
10 24 0.07 1.1 0.18 7 42 21.1 5.1 110 9.5 8.5 106 35.4
11 36 0.1 1.2 0.3 10.1 42.8 23 12 110 11 10.7 119 41.4
18 47 0.1 1.3 0.6 12 44.9 23.1 13 117 13 15.4 130 42.9
18 53 0.1 1.3 0.6 12 46 23.6 14 126 61 15.6 136 44.1
21 55 0.1 1.4 0.7 13 53.9 29.2 15 126 161 17.2 140 44.6
24 86 0.1 1.6 1 14.3 55.9 29.4 15 128 280 18.3 142 46
24 131 0.1 1.6 1 15 57.3 31 17 130 318 20.3 146 50.9
25 145 0.1 2.1 1.1 15.2 62 31.2 17 140 393 20.4 154 52.2
25 198 0.1 2.5 1.2 15.7 63.4 31.9 17.9 144 412 20.9 163 57.3
25 407 0.11 2.7 1.3 16.7 66.7 36 19 147 430 21.7 187 62
28 763 0.13 5.6 1.4 16.8 77.1 39 21 157 507 22.5 209 64
31 0.14 > 5.6 1.5 17 80.1 40.5 22 160 541 22.9 210 70.4
32 0.17 1.9 18.3 80.7 41 23 161 562 23.6 267 71.1
32 0.2 2 19.1 133 43 23 170 816 23.6 314 82.3
34 0.2 2 22 43 24 172 819 24.2 315 119
35 0.2 2.2 22 45.3 24 177 1140 24.3 327 158
37 0.2 2.3 23 68.3 24 179 1260 26 363 188
40 0.2 2.6 23.3 80.7 24.6 180 1300 26.6 397 371
41 0.2 2.9 24 96.2 25 187 2320 26.8 571 508
42 0.2 3.01 24 99.5 25 190 2460 27.9 619 651
43 0.2 3.67 24 102 25 193 3000 28.6 627 655
47 0.2 5 24.1 348 26 202 3370 30 651 1460
48 0.2 24.6 27 211 3700 30.7 829 2010
50 0.2 25 27 221 3800 31.2 10800
52 0.2 25 28 249 5730 31.6
53 0.2 25.4 28 263 5880 32
56 0.2 25.4 28.1 281 7800 32.4
56 0.2 26 30 314 8900 32.9
57 0.2 26 31 320 10000 33
57 0.2 26 32 390 11000 34.1
62 0.2 26 32 425 11000 35
64 0.2 26 33 482 28100 35
64 0.2 26 33 489 38000 35.5
66 0.2 26.4 34 508 75000 35.9
70 0.2 27 34 601 36.2
73 0.2 27 35 657 36.5
90 0.2 27 35 707 36.8

119 0.3 27 35 755 36.8
121 0.3 27.3 36 1130 38
160 0.3 28 38 1400 38.3
163 0.3 28 39 1440 38.5
165 0.3 28.4 43 1500 40.6
170 0.3 29 45 1540 40.7
182 0.3 29 46 1560 41.9
184 0.3 29 47 1710 43.4
222 0.31 29 48 2140 44
258 0.4 29 51 2170 45.6
274 0.4 29 51 2200 46.9
280 0.4 29.4 51 2210 48.1
366 0.4 31 52 3200 50

1520 0.4 31 55 3430 50.4
0.4 31 57 5940 53.2

0.45 31 58 7000 61
0.5 31 59 11000 61.8
0.5 32 61 46000 62.9
0.5 32 70 71.1
0.6 32 70 74.5
0.6 33 70.4 76.7
0.6 34 73 81.2

0.69 34 91 84.5
0.7 35 93 86
0.8 36 95 90.9
0.9 37 95 94.3
0.9 37 98 94.4
0.9 38 100 96.6

1 40 104 96.7
1 41 105 100
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CHIRONOMUS GROWTH 
Dibenz(a,h)anthracene Dibenz(a,h)anthracene Dibenzofuran Dibenzofuran Dimethyl phthalate Dimethyl phthalate

No-Hit Hit No-Hit Hit No-Hit Hit
10 17 10 14 11 11
12 22 10 15 12 16
12 24 12 33 13 37
13 30 12 38 13 42
13 31 13 46 14 54
14 43 13 52 15 58
14 55.9 14 75 16 156
14 58 14 116 19 314
14 72 16 160 21 362
16 82 16 166 31
16 116 18 168 108
18 217 19 170 147
18 424 24 200 158
18 437 26 204 171
18 490 26 399 172

19.3 540 30 1750 270
21 730 31 2260 311
26 800 41 3810 436
28 1200 62 576
29 1200 64 > 576
34 1700 90

34.1 2200 138
36 3070 160
37 4700 170
38 180
49 234
50 244
56 372
66 384

125 443
132 460
176 660
200 928
214 1010
216
280
292
294
327
332
342
350
630
839

1700
2600

11000
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CHIRONOMUS GROWTH 
Di-n-butyl phthalate Di-n-butyl phthalate Di-n-octyl phthalate Di-n-octyl phthalate Fluoranthene Fluoranthene

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit
6.5 9 10 54 5.6 190 14
10 44 11 115 16 192 15
11 61 12 256 16 206 18
11 71 12 413 19 210 44
11 108 13 19 210 276
12 350 13 21 240 453
12 1180 13 22 240 455
13 15 23 268 540
14 17 23 270 674
15 17 23.5 280 695
15 18 26.9 280 939
15 21 27 288 1400
16 21 28 291 1690
17 22 32 301 1780
17 23 34 320 2340
17 25 35 324 2450
19 26 36 334 2660
19 26 39 342 4950
20 27 40 356 6500
21 30 41 359 6600
21 30 41 363 7400
22 32 44 380 7710
23 34 44.7 383 9340
24 34 45 390 15000
24 34 53 428 15000
26 37 54 437 16700
26 39 54 445 18000
27 40 58 450 19200
30 44 58 452 20100
31 45 61 455 24200
34 46 63 500 26000
37 47 63 502 46100
37 48 65 646 100000
40 49 65 699 120000
41 52 67 731
41 54 68 740
67 55 69 798
68 58 70 833
90 66 71 1260

103 67 72 1400
116 74 75 1620
158 90 76 1640
254 100 77 2140
306 110 79 2300
350 201 80 3140
481 399 91 3190
690 91 3210
805 93 3360
841 93 3370
893 96 3450

1740 97 3600
> 1740 97 4700

110 4780
110 5000
112 6100
116 7730
116 9800
123 11100
124 15000
130 180000
138
143
144
153
157
158
160
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CHIRONOMUS GROWTH 
Fluorene Fluorene High Molecular Weight PAH High Molecular Weight PAH Indeno(1,2,3-c,d)pyrene Indeno(1,2,3-c,d)pyrene Lead Lead

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit
11 30 54 56 8 88 8.2 4.7 44.8 12.6
12 33 107.1 96.6 10 88 18 5.24 47.6 13.5
12 42 116 7370 10 95 68 7.1 48.8 16.5
13 88 131.2 11020 11 97 100 7.3 52.2 29
13 160 134 13690 11 97.2 116 9.21 56 41.5
13 160 136 31640 12 100 130 10.2 58.7 50.2
14 167 470 35390 12 106 134 10.5 62.5 54.4
15 201 629 44500 12 110 134 11.1 68.4 68.1
17 230 711 57000 13 110 155 11.2 79.1 80.7
17 251 799 62900 14 120 170 11.6 87.6 94.6
18 274 1004 95330 14 124 207 12 89.6 118
19 285 1376 111800 14 133 208 12.2 96.6 125
19 570 2068 121500 15 141 342 12.5 99.4 133
19 590 2080 122700 16 144 363 12.7 114 177
22 620 2251 134300 16 160 763 12.7 150 210

22.3 670 2522 250500 16 178 1180 12.7 150 258
23 730 2629 427700 16 180 1500 12.7 152 272
23 1070 8440 765000 17 198 1750 12.9 194 294
24 1200 13290 17.7 199 2340 13.1 204 299
25 1900 13480 18 222 4600 13.2 230 322
33 2080 15080 19 255 6000 13.2 249 357
36 2350 16460 20 260 10000 13.3 431 436

36.2 3240 16780 20 269 13000 13.3 1160 525
37 3400 17410 21 340 13900 13.4 1310

38.1 3890 19960 22 518 14000 13.7
39 6970 21970 22 643 17000 13.8
44 15800 28550 22 740 19000 14.4
47 18300 31170 23 773 41000 14.4
49 38030 24 889 110000 14.7
50 54800 24 1160 14.8
57 72000 25 1220 14.9
60 120500 27 1340 15.1
62 471000 27 1350 15.2
73 28 1450 15.2
75 29 2300 15.2
79 30 3400 15.3
85 30 4120 15.7
91 30 5100 15.9

100 30 10000 16.2
107 31 18000 17.3
124 34 60000 17.9
126 36 17.9
171 36 18.1
181 40 18.6
185 43 18.8
200 43 20.8
270 44 21
390 44 21.1
400 45 22.4
420 45 23.5
465 52 23.5
498 53 23.6
666 53 25.6
932 59 25.9

1540 59 26.1
1720 61 26.6
2500 65.6 27.3
3850 67 27.4

68 27.5
69 30.1
73 30.2
74 33.6
76 36
80 36.2
81 38.9
81 39
83 41.9
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CHIRONOMUS GROWTH 
Low Molecular Weight PAH Low Molecular Weight PAH Mercury Mercury Naphthalene Naphthalene Nickel Nickel Phenanthrene Phenanthrene

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit No-Hit (Cont.) Hit
10.8 23.3 0.02 0.05 3.3 7.8 8 27.2 18.5 4.3 133 11
28.6 1800 0.04 0.06 6.1 27 10 28 21 11 136 13

53 2498 0.04 0.08 10 27 12.9 28 22 14 142 231
71 2700 0.05 0.08 10 30 13 28 22 14 150 234
95 2760 0.05 0.09 11 30 14.7 28 22 14 160 282

160 3110 0.05 0.1 13 35.6 15.5 28 23 14 160 566
233 8130 0.05 0.13 13 48 15.8 29.5 24.1 16 160 570
358 8980 0.05 0.13 13 64 16 29.7 25 17 161 617
422 9200 0.05 0.14 14 65 16 30 25 17 180 629

1225 9380 0.05 0.15 15 86 16 31 27 19 186 848
1763 9520 0.05 0.16 15 110 16 31 27 19 190 1070
2088 10270 0.05 0.17 15 126 16 39 27 19 234 1130
2240 18700 0.06 0.21 16 148 17 39.4 28 19 240 1300
2890 28500 0.06 0.25 18 161 17 43.5 28 19 244 1600
3040 29010 0.06 0.558 18 250 17.6 45.2 35.7 19.3 278 1900
3140 49000 0.06 0.844 19 400 18 46 36 20 332 3990
4380 78300 0.06 1.25 19 440 18.5 48.9 37.9 21 333 4230
4720 0.06 2.22 19 450 18.8 49.4 48.4 21 384 4370
6259 0.06 2.7 20 466 19.2 54 53.1 22 384 4700
6590 0.06 3.74 20 529 20.1 59.6 58.2 23 388 4900
8255 0.06 43 22 627 20.3 61.5 62.4 23 393 5700
8800 0.06 22.2 1310 21 64 77.4 24 469 6100
9130 0.07 23.4 1360 21 70.6 355 25 472 6400

14070 0.07 24 2200 21 113 594 25 569 8240
16870 0.07 24 4890 21 26 587 8420
41970 0.07 27 5630 21 26 730 8950

0.07 30 40600 21 26 778 14200
0.08 31 21.2 28 1000 15000
0.08 31.5 22 29 1040 36200
0.08 32 22 31.2 1200 39200
0.09 33 22 32 1480 41100
0.09 33 22 33 1700 49000

0.096 34 22 33 1720
0.1 37 22 35 1730
0.1 40 22 35 1990
0.1 42 22 36 2080
0.1 49 22.7 36 2660

0.11 54 23 37 3620
0.11 55 23 38 4440
0.12 58 23 39 4700
0.12 61 23 41 5300
0.12 92 23 44 5470
0.13 100 23 49 6190
0.13 100 23 54 7570
0.13 225 23 54 26000
0.13 291 23 60
0.14 424 23.7 60

0.141 471 23.9 60
0.15 501 24 62

0.157 650 24 71
0.16 913 24 71
0.16 1030 24 80
0.16 1400 25 80

0.2 2280 25 81
0.23 3220 25 86

0.435 4870 26 86
0.54 4970 26 87

0.545 26 93
0.62 26 93

0.659 26 93
0.662 26 93.1
0.749 27 95
0.796 27 96

0.8 27 102
0.8 27 109

0.993 27 128
2.01
3.04
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CHIRONOMUS GROWTH 
Pyrene Pyrene Silver Silver Total benzofluoranthenes (b+k (+j)) Total benzofluoranthenes (b+k (+j))
No-Hit No-Hit (Cont.) Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit

10 150 14 0.1 0.1 11.7 143 15.4
14 158 17 0.1 0.2 15 148 20
17 160 19 0.1 0.2 15 149 41
17 175 37 0.1 0.22 15.1 175 93
19 210 56 0.1 0.3 17 176 188
21 240 375 0.1 0.3 19.2 178 300

21.1 254 455 0.1 0.3 23 186 339
22 260 510 0.1 0.3 25 191 541
24 261 536 0.1 0.3 25 234 552
27 270 626 0.1 0.5 26 245 579
30 280 700 0.1 0.6 26 248 617
30 289 829 0.1 0.7 27 248 855
31 300 1320 0.14 0.8 36 255 881

32.2 304 1350 0.14 0.8 36.9 283 906
33 308 1630 0.15 0.8 39 290 1028
36 319 1820 0.2 0.8 39 293 1151
37 320 2340 0.2 41 297 1200
37 332 2530 0.2 41 311 1923
38 333 3650 0.2 41 312 1960
39 352 5000 0.2 42 316 2310
41 356 5700 0.2 43 335 2320
42 361 7150 0.2 43 338 2620
45 370 7500 0.2 44 339 4800
48 379 11200 0.2 44 348 5530

48.5 380 13300 0.2 45 363 6590
53 380 13600 0.2 46.4 379 7000
54 387 15900 0.2 48 414 7110
54 404 20000 0.2 50 421 13500
55 429 21000 0.2 50 445 14600
57 431 21000 0.2 50 496 18400
63 452 22000 0.2 53 501 20100
64 477 25000 0.2 54 630 22100
66 488 55600 0.2 54 657 41800
67 523 98000 0.2 55 686 47000
67 581 110000 0.2 57 774 144000
68 626 0.2 59 823
68 634 0.26 59 853
68 679 0.26 59 1380
70 715 0.28 60 1410
71 770 0.3 62 1780
73 927 0.3 63 2000
74 1250 0.3 66.9 2020
74 1320 0.3 67 2270
75 1590 0.3 68 2450
77 1710 0.3 69 2800
82 2190 0.3 70 2830
82 2700 0.38 72 3400
89 2710 0.4 76 3400
91 2960 0.4 76 3620
92 3460 0.4 77 4440
96 3540 0.4 82 5600
97 4280 0.4 83 11000

100 4410 0.4 87 12000
107 4700 0.5 91 19900
108 5120 0.5 102 79000
110 6800 0.5 103
117 7000 0.5 110
118 7540 0.6 117
120 8790 0.6 118
120 10000 0.7 119
121 16000 0.8 120
124 68000 1 124
130 1.1 127
133 1.9 140
140 3.3 141
144 > 3.3 142
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CHIRONOMUS GROWTH 
Total organic carbon Total organic carbon Total Polychlorinated Biphenyls Total Polychlorinated Biphenyls Zinc Zinc

No-Hit No-Hit (Cont.) Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit
0.21 2.35 1.28 11 112 49.7 238 70.3
0.23 2.41 1.3 11 129 51.3 254 89.3
0.38 2.42 1.44 12 209 55 262 96.8
0.42 2.44 1.46 16 284 55.9 264 164
0.56 2.45 1.67 17 354 58.1 269 167
0.61 2.48 1.77 29 1460 62.2 271 225
0.67 2.51 1.89 40 2090 65 281 279
0.69 2.52 2.03 43 65.6 296 306
0.72 2.57 2.16 43 65.6 314 333
0.74 2.61 2.5 53 66 354 337
0.78 2.8 2.61 57 71.1 359 385
0.82 3.03 2.66 62 72.7 368 397
0.88 3.6 2.71 69 73 374 399
0.89 4.9 2.74 82 74 375 406
0.95 5 2.74 88 75 377 407
0.97 5.2 3 108 76 391 423
1.03 5.7 3 108 76.4 435 435
1.19 6.3 3.4 116 76.9 443 450

1.2 6.4 3.52 116 77 527 593
1.24 9.7 3.69 116 82 550 675
1.26 10.6 4.6 116 83 567 683
1.28 12.1 5.6 130 83 754 1770

1.3 12.2 6.8 253 84 1020 2010
1.3 21.3 7.9 257 84.3 1080 4150

1.37 > 21.3 15.8 300 85
1.39 304 85
1.44 379 85.7
1.45 394 85.9
1.46 2500 86
1.56 86
1.59 87
1.61 87
1.65 87
1.68 89.6
1.72 90
1.73 90
1.77 96
1.83 97.6
1.87 98
1.87 101
1.91 101
1.93 104
1.96 106
1.96 111
1.97 113
1.98 122
1.98 122
2.01 124
2.06 130
2.07 130
2.11 131
2.11 133
2.13 137
2.15 142
2.16 142
2.18 144
2.21 145
2.21 145
2.25 158
2.25 161
2.26 173
2.27 190

2.3 203
2.3 212
2.3 220

2.34 227
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CHIRONOMUS MORTALITY
2-Methylnaphthalene 2-Methylnaphthalene 4,4'-DDD 4,4'-DDD 4,4'-DDE 4,4'-DDE 4-Methylphenol 4-Methylphenol

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
11 5.1 0.77 1 0.76 2 7.3 16
12 10 0.99 3 0.8 2 11 24
12 13 3 7 2 3 16 48
13 15 3.4 8 2 3.2 117 50
13 16 4.7 8 3 3.8 476 63
14 16 5 8.3 3 5 760 77
15 28 5.6 11 4 5 130
15 28 7.5 12 4.6 6 150
20 30 8.9 16 6.7 6.8 159
24 52 9.2 20 7.8 8 180
36 54 14 22 8.3 8 188

189 62 22 27 8.9 8 215
555 64 24 45 11 8.6 239

141 30 11 11 382
160 33 18 512
170 49 19 551
180 50 20 699
180 52 20 710
188 59 20 1210
214 70 > 20 1560
353 96 1730
443 > 96 2030
469 2360
877 6310
982

1720
1770
2310
3470

AET - low confidence
AET - high confidence
next highest hit value
outlier
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CHIRONOMUS MORTALITY
Acenaphthene Acenaphthene Acenaphthylene Acenaphthylene Anthracene Anthracene Antimony Antimony

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit No-Hit Hit
6.1 10 3.2 2.5 5 115 12 0.05 0.1
10 11 3.5 8.5 10 126 14 0.06 0.1
11 12 4.5 11 11 150 16 0.1 0.13
11 14 11 12 12 155 20 0.1 0.14
12 14 12 12 12 177 22 0.1 0.2
12 18 13 14 12 210 23 0.2 0.2
14 18 13 17 13 220 28 0.2 0.2
15 19 13 23 13 220 28 0.2 0.2
17 20 14 25 14 343 32 0.2 0.2
18 24 14 30 15 353 37 0.2 0.3
18 33 15 42 16 370 40 0.4 0.3
20 37 15.7 71 17 380 46 0.47 0.3
23 59 19 110 18 429 53 0.5 0.3
23 60 20.8 110 22 510 67 0.6 0.4
23 73 23 120 22 660 110 0.66 0.4
32 90 34 136 23 774 124 1 0.5
36 92 35.8 140 25 965 170 1.6 0.54
37 120 36.8 148 25 1190 220 1.8 0.6
39 130 44 171 27 1520 233 1.9 0.8
43 156 88 200 27 1900 280 1.1
45 162 94 209 29 5700 320 4.4
51 177 314 265 29 350
52 203 470 265 38.6 356
56 252 279 40.1 373
72 260 362 41 406
75 280 460 42 420
77 310 480 46 465
82 310 594 48.1 510
88 332 640 52 552

91.9 360 642 53 560
99 410 697 65 600

100 520 1020 70 630
107 523 1260 72.5 717
110 560 3600 74 814
112 560 75.1 915
130 630 85 980
148 792 95 1110
170 920 99 1130
209 940 101 1230
240 990 1400
260 1060 1500
272 1100 1580
316 1250 1700
830 1320 1700

2350 2460 1700
2790 2460 1900
2940 6100 2860
5700 7420 2920
6290 20800 5900

29600 86200 6140
6600

16200
16600
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CHIRONOMUS MORTALITY
Aroclor 1254 Aroclor 1254 Aroclor 1260 Aroclor 1260 Arsenic Arsenic

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)
12 11 15 15 1.8 5.6 1.4 7
17 11 18 24 2 5.6 1.9 7
24 16 20 26 2.7 5.7 2 7.08
25 18 24 27 2.7 5.7 2.1 7.08
37 35 29 38 2.9 5.9 2.3 7.38
51 47 37 40 3 6 3 8
52 62 38 42 3 6 3 8.64
54 70 40 42 3 6 3 8.7
54 70 46 43 3.1 6 3 8.89
57 81 48 46 3.2 6 4 9
58 140 53 57 3.3 6 4 9
70 160 62 57 3.3 6 4 9
78 170 64 74 3.3 6.1 4 9
97 227 64 85 3.4 6.16 4 9

100 230 69 116 3.5 6.58 4 9.14
120 256 77 138 3.5 7 4 11
120 294 98 460 3.5 7 4 11
140 960 130 500 3.55 7 4 12.7
150 1060 130 2500 3.6 7 4 12.8
156 140 3.7 7.7 4 13.1
170 150 3.75 7.8 4.09 13.1
170 184 3.8 8 4.1 13.7
180 3.9 8 4.5 16.5
189 3.9 8 4.7 17
200 3.94 8.03 5 17.2
202 4 8.1 5 20
209 4 8.18 5 20
230 4 8.62 5 21.7
340 4 9.32 5 23

4 9.46 5 23.9
4 9.7 5 30.6
4 10.6 5 31.3
4 11.7 5 31.4
4 11.7 5 32
4 12.2 5 111

4.2 13 5 123
4.2 14.3 5 152
4.3 14.7 5.17 175
4.3 15 5.81 200
4.3 15 6
4.3 15 6
4.3 17 6

4.36 17.8 6
4.4 19 6
4.6 26.6 6
4.6 26.8 6
4.7 28 6.1
4.7 44.9 6.92
4.7 49.3
4.7 50.7

4.74 50.9
4.8
4.9

5
5
5
5
5

5.1
5.3
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CHIRONOMUS MORTALITY
Benzo(a)anthracene Benzo(a)anthracene Benzo(a)pyrene Benzo(a)pyrene

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.)
4.8 103 11 561 8.8 128 12 358
8.1 105 13 600 10 131 14 430
11 109 14 917 11 133 15 451
13 112 16 958 12 135 16 615
14 112 19 1060 13 145 19 783
15 113 19 1100 13 150 19 890
15 115 22 1220 13 153 21 915

16.9 116 24 1270 14 171 21 1070
17 130 25 1500 15 176 24 1080
17 140 26 1580 16 176 25 1110
18 140 29 1700 16 180 26 1420
18 150 30 1720 18 189 31 1530
18 154 30 2300 18 195 32 1800
19 162 32 2380 18.6 195 34 1840
20 163 33 2620 19 210 36 1890
20 167 35 3200 20 210 36 2210
20 170 35 3340 21 213 37 2220
22 170 36 3500 23 216 38 2500

24.4 179 38 3750 25 223 43 2700
27 186 41 4000 27 231 43 2750
28 188 50 4260 27 240 48 2960
29 190 51 5430 27.4 256 51 3340
29 235 56 6200 28 256 56 4000
29 240 70 7930 28 280 66 4600
31 240 73 8600 29 298 67 4810
32 259 75 9000 32 310 73 4900
32 268 79 11000 32 333 81 6700
32 271 79 11000 33 343 85 9600
35 280 93 12000 34 351 87 11000
37 288 93 13000 40 360 91 13000
37 321 94 25600 40 360 100 13000
38 342 95 37000 40 382 116 14000
39 353 97 44000 43 387 117 15000
41 354 99 77000 45 454 120 24300
43 441 105 49 570 120 39000
49 470 106 58 710 130 55000
52 516 110 60 720 153 86000
55 539 120 68 750 160
59 590 130 76 820 170
62 598 148 80 1000 176
64 724 150 85 1400 206
67 740 181 88 1620 226
68 750 190 92 1630 230
71 760 199 93 1650 248
71 1080 220 102 3300 270
73 1180 310 114 11000 334

77.8 1300 373 120
78 1330 411 124
82 1470 523 128
89 1480
93 2640

100 2700
5800

B-31



CHIRONOMUS MORTALITY
Benzo(g,h,i)perylene Benzo(g,h,i)perylene Benzoic acid Benzoic acid Beryllium Beryllium

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit
9.6 73.3 11 613 35 82 0.071 0.135
11 73.4 11 791 64 110 0.0883 0.147
11 78 14 821 73 110 0.102 0.153
12 84 15 827 250 250 0.147 0.188
13 85 17 840 300 270 0.151 0.249

13.5 90 17 1150 300 813 0.154 0.256
14 94 18 1200 360 880 0.16 0.317
14 99 18 1330 650 900 0.162 0.385
16 102 19 1350 660 1540 0.162 0.444
16 104 19 1350 720 1650 0.19 0.477

16.8 108 22 1410 740 2020 0.202 0.5
17 110 22 1500 800 2070 0.214
17 114 23 1660 1300 2170 0.252
17 115 29 1720 1500 2380 0.261
18 121 30 1900 2910 2430 0.262
18 127 32 2510 2640 0.286
19 133 32 2800 2840 0.308
19 134 36 3300 3790 0.325
20 149 42 4020 4110 0.327
20 164 50 5400 4200 0.348

20.9 175 51 7100 0.358
21 186 56 7600 0.361
22 190 56 8900 0.387
22 200 57 9400 0.417
22 210 57 11000 0.427
29 210 65 11000 0.463
30 216 68 12100
30 220 70 27000
31 220 70 38000
33 221 77 55000
35 240 77
36 246 77
41 280 82
43 280 87
44 310 99
45 400 100
46 430 110
48 490 140
51 570 146
65 854 150
67 965 150
69 1520 170
71 2500 181

5200 187
216
223
231
270
308
350
424
497
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CHIRONOMUS MORTALITY
Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Butyl benzyl phthalate

No-Hit Hit Hit (Cont.) No-Hit Hit
30 55 1090 10 18
32 62 1370 11 24
32 62 1400 18 24
50 110 1920 21 24
62 120 1970 25 25
70 120 2140 31 25

100 140 2140 47 28
110 160 2220 50 32
110 200 2520 50 32
120 220 2800 52 34
160 240 3010 55 35
170 250 3420 56 36
170 260 3970 57 37
170 275 4970 62 40
170 290 5120 63 41
180 310 6360 64 42
190 320 6380 64 43
220 330 10500 66 47
230 350 22300 70 48
285 350 33300 110 53
300 360 119 53
307 370 121 55
322 370 140 56
330 370 145 57
337 390 180 73
350 420 184 86
360 420 230 90
418 444 274 131
420 450 407 160
440 452 409 163
470 460 430 165
480 460 470 170
519 500 540 182
577 501 980 198
713 510 222
772 520 258
774 540 260
778 546 280
913 547 366

1000 550 763
1020 575 1520
1050 580
1110 660
1200 727
1380 800
1390 867
1400
1440
1600
1740
1800
1800
1930
2000
2800
3400
3510
4330
7590
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CHIRONOMUS MORTALITY
Cadmium Cadmium Chromium Chromium Chrysene Chrysene

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.)
0.07 0.7 0.074 0.9 10.8 40 7 32 5.1 147 15 1540

0.093 0.8 0.1 0.9 12 40.5 10.1 33 9.5 152 19 1560
0.1 0.834 0.1 0.968 12.2 40.5 12 33.4 11 160 21 2170
0.1 0.875 0.1 0.973 15 41 13 34 12 161 23 2200
0.1 0.913 0.1 1 15.1 43 14.3 35 13 170 24 2210

0.11 0.963 0.1 1 15.2 43.9 15.7 36 13 172 25 3000
0.12 1.13 0.12 1 16.5 45.4 16.7 38 14 179 27 3200
0.13 1.17 0.13 1 16.8 45.5 18.3 38.8 15 180 28 3370

0.159 1.2 0.14 1.1 17 46.3 18.5 39 17 180 31 3430
0.16 1.39 0.17 1.1 17.4 46.5 19.1 39 17 187 32 3700

0.161 1.44 0.2 1.2 17.6 48.5 20.2 41 17.9 202 34 3800
0.17 1.55 0.2 1.23 18.4 49.6 21.5 42 22 211 34 4800

0.173 1.58 0.2 1.3 20.3 50.2 22 42.1 23 220 35 5730
0.18 1.69 0.2 1.3 20.5 50.9 23 42.8 24 221 35 5880
0.18 2.07 0.2 1.3 20.6 52.1 23.1 43 24 230 35 5940

0.187 2.1 0.2 1.3 21.1 52.3 23.3 43.3 24.6 249 39 7000
0.19 2.15 0.2 1.4 22 52.8 23.6 43.5 25 260 43 7240
0.2 2.3 0.2 1.4 23 53.9 24 44.9 25 281 43 7800
0.2 2.39 0.2 1.5 24 58.2 24 45.3 26 290 48 8900
0.2 0.2 1.6 25 60.8 24.1 46 26 314 51 10000
0.2 0.2 1.6 25 61 24.6 53.9 27 318 52 11000
0.2 0.2 1.9 26 133 25.1 55.9 28 340 58 11000
0.2 0.2 2 26 25.4 57.3 28.1 385 59 11000
0.2 0.2 2 26.2 25.4 58 30 390 61 28100
0.2 0.2 2.2 28.9 26 62 32 390 71 38000
0.2 0.21 2.5 29 26 63.4 33 393 91 46000

0.22 0.26 2.6 29 26 66.7 33 412 95 75000
0.24 0.267 2.7 29 26 68.3 35.9 425 95
0.27 0.292 2.9 29 26.2 77.1 36 430 98
0.3 0.3 3.01 29.4 26.4 80.1 36.6 482 100
0.3 0.3 3.67 31 27 80.7 38 489 100
0.3 0.3 5 31 27 80.7 45 490 104
0.3 0.3 5.6 31 27 96.2 46 498 110

0.357 0.3 31 27 99.5 47 507 111
0.361 0.31 31.8 27.3 102 50 508 130
0.377 0.4 31.9 28 348 50 601 140
0.391 0.4 32 28 51 657 140

0.4 0.45 32 28.4 51 690 157
0.4 0.52 32.1 28.7 55 707 161
0.4 0.6 34 29 57 819 170
0.4 0.6 34.2 29 59 1000 177

0.472 0.607 36 29.2 61 1100 190
0.5 0.69 36.5 29.4 70 1140 193
0.5 0.7 37 29.8 70 1200 210
0.5 0.75 37 31 70.4 1300 263

0.506 0.791 37.7 31 73 1670 280
0.6 0.8 38.2 31.2 76 1710 320
0.6 0.811 38.2 31.9 78 1800 320
0.6 0.9 39 32 93 2140 400

0.651 105 2320 541
110 2460 562
110 3000 755
110 6400 816
117 1130
126 1260
126 1300
128 1400
130 1440
144 1500
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CHIRONOMUS MORTALITY
Copper Copper Dibenz(a,h)anthracene Dibenz(a,h)anthracene Dibenzofuran Dibenzofuran Dibutyltin Dibutyltin
No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit No-Hit Hit

3.8 71.2 8.5 76.7 7.9 12 9.4 9.2 6.9 7.6
4.69 77.9 10.7 81.2 10 14 10 12 16 9.2
5.15 82.3 17.2 84.5 12 14 10 12 20 12

11 90.9 18.1 86 13 14 13 12 26 12
15.2 94.3 20.2 96.7 13 14 14 13 85 17
15.4 94.4 20.2 140 14 18 14 14 96 19
15.6 96.6 20.3 142 16 18 15 16 333 43
16.5 100 21.4 146 16 30 16 24 53
16.7 106 21.7 154 17 34 18 30 70
16.8 119 22.5 158 18 43 19 31 77

18 119 22.9 187 18 66 26 33 92
18.3 125 23.6 210 19.3 72 26 38 107
18.4 130 23.6 267 21 82 41 46 131
20.4 136 24.4 315 22 97 52 62 140
20.9 163 26 327 24 116 204 64 155
22.6 188 26.6 363 26 132 443 75 233
24.2 209 26.7 371 28 176 90 265
24.3 212 27.9 397 29 200 116 288
24.4 229 28.6 508 31 214 138 321
25.9 314 28.7 571 34.1 216 140 492
26.5 619 32.9 627 36 217 160 509
26.8 33 651 37 240 160 661
28.2 34 651 38 280 166 1930
28.3 34.2 655 49 292 168 17000
29.5 35 829 50 327 170

30 35.5 1460 55.9 332 170
30.7 35.9 2010 56 342 180
30.9 36.8 10800 58 350 200
31.2 36.8 125 390 234
31.6 38 251 424 244

32 40.6 294 437 310
32.4 40.7 540 490 372
34.1 41.4 800 630 384

35 41.9 730 399
35.4 42.7 800 460
36.2 43.4 839 660
36.5 44 1200 928
36.5 44.1 1200 1010
38.3 44.6 1700 1750
38.5 45.6 1700 2260
39.1 46 2200 3810
42.9 46.9 2600
43.1 47.7 3070
43.7 48.1 4700
43.8 50 11000
48.6 50.4
50.9 51.4
50.9 52.2

54 53.2
57.6 53.4
59.3 54.5

61 57.3
62 61.8
65 62.7

65.2 62.9
66 64

66.9 70.4
69.4 71.1
71.1 74.5
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CHIRONOMUS MORTALITY
Dimethyl phthalate Dimethyl phthalate Di-n-butyl phthalate Di-n-butyl phthalate Di-n-octyl phthalate Di-n-octyl phthalate Fluoranthene Fluoranthene

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)
12 5.4 6.5 11 10 11 5.6 157 19 3140
13 11 8.1 11 12 12 14 160 23 3210
14 11 9 12 13 13 15 190 27 3360
16 13 10 13 15 13 16 192 28 3450
21 15 11 15 17 17 16 200 32 4500
37 16 12 15 26 18 18 206 46 4700
42 19 14 15 26 21 19 230 54 4780
46 31 17 16 27 21 21 230 58 5000
54 54 17 17 30 22 22 268 58 6100
58 108 19 19 32 23 23 270 63 6600
71 147 22 20 34 25 23.5 276 63 7400

110 156 23 21 34 30 26.9 288 65 7710
160 158 24 21 37 34 34 291 68 7730
171 172 26 24 45 39 35 300 70 7900
190 270 26 27 48 40 36 324 76 9800
311 314 34 30 54 44 36 342 79 11100

362 37 31 54 46 39 356 87 15000
436 37 40 55 47 39 363 91 15000
576 41 67 66 49 40 380 93 15000

41 90 74 52 40.9 383 96 18000
44 108 110 58 41 437 97 19200
61 116 115 67 41 445 97 20100
68 158 256 90 44 452 110 24200
71 254 100 44 453 123 26000

103 306 201 44.7 455 129 46100
805 350 399 45 460 130 47700

350 413 53 500 143 100000
481 54 502 158 120000
690 61 520 160 180000
841 64 674 160
893 65 695 170

1180 67 699 210
1740 67.6 710 210

69 731 240
70 740 240

70.2 766 240
70.7 798 280

71 833 280
71 1220 301
72 1260 310
75 1300 320
77 1300 334
77 1400 359
80 1620 380
91 1900 390
93 2000 428

110 2000 450
110 2450 455
112 2660 540
116 3190 580
116 3200 646
124 3370 939
130 3600 1400
130 4040 1640
130 4950 1690
138 6500 1780
144 9340 2140
150 15000 2300
153 16700 2340
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CHIRONOMUS MORTALITY
Fluorene Fluorene High Molecular Weight PAH High Molecular Weight PAH Indeno(1,2,3-c,d)pyrene Indeno(1,2,3-c,d)pyrene

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)
9.2 12 54 116 8 97.2 10 363
11 12 56 470 8.2 100 10 370
13 17 96.6 612 11 100 16 518
13 18 107.1 629 11 101 18 643
13 19 131.2 1004 12 106 20 740
14 23 134 1376 12 116 22 763
15 23 136 2080 12 124 22 773
17 25 441 2251 13 130 23 960
18 29 711 2522 14 134 24 1160
19 33 799 2629 14 134 25 1180
19 39 2068 3457 14 141 27 1220
22 50 17410 7370 15 144 27 1340

22.3 85 31640 8440 16 155 28 1450
24 88 11020 16 160 30 1500
30 100 13290 16 178 34 1600
33 126 13480 17 200 36 1750
36 160 13690 17.7 210 43 2300

36.2 167 15080 18 210 43 2340
37 171 16460 19 220 45 3400

38.1 185 16780 20 222 52 4120
42 200 19960 21 244 59 5100
44 201 21970 22 255 59 6000
47 230 28550 24 260 60 10000
49 251 31170 29 270 67 10000
57 270 35390 29 280 70 13000
60 274 38030 30 283 73 13900
62 310 44500 30 330 80 14000

67.4 390 54800 30 330 81 17000
73 400 57000 31 340 81 18000
75 420 62900 36 460 88 19000
79 465 72000 40 470 90 41000
91 498 95330 44 720 95 60000

107 570 111800 44 889 110 110000
120 590 120500 45 1150 110
120 620 121500 53 1350 110
124 660 122700 53 4600 120
124 666 134300 61 5300 120
140 670 250500 65.6 133
160 730 427700 68 150
180 932 471000 68 160
181 1070 765000 69 170
190 1200 74 180
285 1540 76 198
470 1720 82 199

1900 2500 83 207
2080 3240 88 208
2350 3400 97 260
3850 6970 269
3890 15800 342

18300 56400
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CHIRONOMUS MORTALITY
Lead Lead Low Molecular Weight PAH Low Molecular Weight PAH Mercury Mercury

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit Hit No-Hit Hit Hit (Cont.)
3.02 41.5 4.7 68.1 10.8 53 0.02 0.03 0.343
4.27 41.9 5.01 68.4 23.3 71 0.038 0.04 0.359
5.24 44.8 5.99 73.5 28.6 95 0.039 0.04 0.435
6.19 45.9 7.3 79.1 147 160 0.04 0.05 0.545
6.69 47.6 11.1 79.7 233 181 0.04 0.05 0.558
7.1 47.7 11.6 79.9 2498 351 0.042 0.05 0.62

7.17 48.2 12 80.8 6590 358 0.05 0.05 0.659
7.24 48.8 12.2 87.6 422 0.05 0.05 0.662
9.21 50 12.5 89.6 1225 0.05 0.05 0.749
10.2 50.2 12.7 94.6 1763 0.052 0.05 0.796
10.5 51.1 12.7 99.4 1800 0.057 0.06 0.8
11.2 52.2 13.2 102 2088 0.0583 0.06 0.844
11.4 54.4 13.2 105 2240 0.06 0.06 0.993
11.8 64 13.3 114 2700 0.06 0.06 1.25
12.6 80.7 13.3 118 2760 0.06 0.06 2.01
12.7 95.2 13.7 125 2890 0.06 0.06 2.22
12.7 96.6 14.4 133 3040 0.06 0.06 2.7
12.9 111 14.7 150 3110 0.07 0.07 3.04
13.1 122 14.8 150 3140 0.0844 0.07 3.74
13.4 125 14.9 152 4380 0.0853 0.07 43
13.5 171 15 154 4720 0.0877 0.07
13.8 172 15.1 177 6259 0.09 0.0776
14.4 184 15.2 194 8130 0.0998 0.08
14.7 185 15.3 210 8255 0.1 0.08
15.2 189 15.7 230 8800 0.1 0.08
15.2 204 15.7 234 8980 0.11 0.08
15.5 210 15.9 249 9130 0.114 0.08
15.9 283 16.6 258 9200 0.119 0.0838

16 284 17.3 272 9380 0.13 0.088
16.2 295 17.9 294 9520 0.13 0.09
16.5 335 18.1 299 10270 0.13 0.09
16.9 20.8 322 14070 0.14 0.096
17.3 21 357 16870 0.149 0.1
17.9 23.5 431 18700 0.15 0.1
18.6 23.5 436 28500 0.15 0.1
18.8 23.6 525 29010 0.16 0.104
18.9 25.9 1160 41971 0.16 0.11

21 26.1 1310 49000 0.165 0.12
21.1 27.3 78300 0.17 0.12
22.4 27.4 0.186 0.12
25.6 29 0.23 0.13
26.6 30.1 0.232 0.13
27.5 30.2 0.284 0.13
33.6 32.4 0.286 0.14

35 36 0.297 0.141
36.2 39 0.389 0.157
37.8 56 0.433 0.16
38.9 58.7 0.445 0.16
39.2 62.5 0.461 0.2

0.478 0.206
0.54 0.21

0.546 0.21
0.552 0.25
0.604 0.253
0.673 0.259
0.711 0.284

0.8 0.335
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CHIRONOMUS MORTALITY
Monobutyltin Monobutyltin Naphthalene Naphthalene Nickel Nickel Phenanthrene Phenanthrene

No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.)
1.7 1 3.3 8.1 7.79 34.4 8 30.4 4.3 180 14 1990

3.97 1.3 6.1 10 8.4 35.7 10 31 11 180 14 2600
4.19 9.5 7.8 13 8.7 37 12.9 31 11 190 14 2660
4.3 11 10 16 11.6 38.8 13 33.6 13 190 17 3620
4.4 11.2 10 18 15.8 38.9 14.7 36 14 231 19 3990
4.8 15 11 19 16 39.1 15.5 37.9 16 234 19 4440
5.2 19 13 22 16 39.3 15.8 39 17 278 22 4700
6.4 21 13 24 16 39.6 16 39.4 19 282 23 4700

6.91 22 14 24 17 40.7 16 39.9 19 332 24 4900
7.1 24 15 30 17.6 44.2 17 41.4 19 333 25 5300

7.13 24.9 15 37 18 45.1 19.9 43.4 19.3 354 25 5470
10 26 15 40 18.5 45.6 20.8 43.5 20 384 26 5700
11 26 18 48 18.5 46.8 21 43.7 21 384 26 6100

11.3 26 19 49 18.8 47.3 21 45 21 388 33 6100
12.1 26.9 19 65 19.2 48.1 21 45.2 23 393 36 6190
12.4 38 20 92 19.3 48.7 21 46 26 469 37 6400
13.6 40 20 100 19.7 53.9 21 48.4 28 472 38 8420

17 54 20 100 20.1 54.9 22 48.9 29 566 39 14200
18.8 59 22.2 110 20.3 55.3 22 49.4 31.2 587 49 15000
20.3 64 23.4 110 20.3 57.6 22 53.1 32 617 54 26000

22 76 27 161 21 58.4 22 54 33 680 63 39200
27 154 27 250 21 60 22 58.2 35 719 65 41100
29 166 27 291 21.2 113 22 59.6 35 880 71 49000
30 194 30 400 22 22 61.5 36 1000 73 120000
38 212 30 424 22 22 62.4 41 1000 93
38 221 31 440 22 22 64 43 1500 93
40 267 31.5 450 23 22.7 70.6 44 1600 93
41 312 32 466 23 23 77.4 45 1720 93
43 379 33 471 23 23 355 53 1730 95
46 380 33 501 23 23 594 54 1730 96
56 396 34 627 23 23 55 1800 97
98 459 35.6 650 23.6 23 60 2080 128

508 459 42 913 23.7 23.9 60 4230 136
2560 54 1030 24 24 60 4370 160
4850 55 1310 24 24 62 4700 160

58 1360 24.1 25 65 7570 160
61 1400 25 25 65 8240 186
64 2200 25 25.7 71 8950 234
86 2280 25 26 80 36200 240

126 3630 26 26 80 240
148 4870 27 26 81 244
225 4890 27 26 86 260
510 4970 27 26 86 569
529 5630 27.2 27 87 570

3220 27.3 27 93.1 629
40600 28 27 95 730

28 27 102 778
28 27 109 848
28 28 110 1000
28 28 110 1040

28.7 28.2 120 1070
29.3 28.8 130 1130
30.6 28.9 133 1200
30.8 29.1 142 1300
32.9 29.5 150 1480
34.2 29.7 150 1700
34.3 30 161 1900
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CHIRONOMUS MORTALITY
Phosphorus Phosphorus Pyrene Pyrene Silver Silver

No-Hit Hit No-Hit No-Hit (Cont.) No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit
128 410 10 130 477 19 2340 0.094 0.8 0.1
282 486 14 140 536 27 2530 0.1 0.8 0.1
306 507 14 140 560 30 2700 0.1 1 0.1
349 538 17 158 580 31 2710 0.1 1.1 0.1
352 590 17 160 581 36 2960 0.1 1.32 0.1
393 625 17 160 626 39 3460 0.1 1.4 0.1
402 710 19 175 626 53 4200 0.1 1.6 0.1
425 725 21 200 634 54 4410 0.11 1.8 0.1
428 824 21.1 240 685 57 4700 0.12 1.9 0.1
459 1160 22 250 700 66 5120 0.12 2 0.11
475 1310 24 250 715 67 6800 0.144 2.2 0.14
503 1590 30 254 770 68 7000 0.15 3.3 0.14
516 2770 32.2 260 927 68 7150 0.17 > 3.3 0.16
531 33 289 987 70 7500 0.19 0.2
563 33 304 1250 71 7540 0.199 0.2
615 37 319 1320 74 8100 0.2 0.2
624 37 320 1350 82 8790 0.2 0.2
657 37 332 1400 83 10000 0.2 0.2
691 38 333 1500 88.1 13300 0.2 0.2
694 39 356 1600 91 13600 0.2 0.2
741 41 361 1820 92 15900 0.2 0.2
880 42 375 2100 96 16000 0.2 0.2
908 45 379 2190 100 20000 0.2 0.2

1040 46 380 2300 118 21000 0.2 0.2
1150 48 380 2500 120 21000 0.217 0.2
1180 48.5 387 2870 130 22000 0.22 0.2
1540 50 430 3540 133 25000 0.23 0.2
2060 51.6 431 3650 140 32200 0.23 0.2
2660 54 452 4280 144 55600 0.25 0.2
2790 55 455 5000 150 68000 0.26 0.219
3290 56 5700 150 98000 0.26 0.3

> 3290 63 11200 162 110000 0.27 0.3
64 18000 210 0.28 0.3

65.6 210 0.3 0.3
66 240 0.3 0.3
67 261 0.3 0.3
68 270 0.3 0.3

71.2 280 0.3 0.3
73 280 0.322 0.3
74 300 0.38 0.35
75 308 0.4 0.359
77 320 0.4 0.36
80 350 0.4 0.39
82 352 0.4 0.4
89 370 0.4 0.43
92 404 0.4 0.45
97 429 0.43 0.5
99 450 0.444 0.5

107 488 0.45 0.5
108 510 0.5 0.53
110 523 0.5 0.7
110 679 0.545 0.7
117 829 0.6 0.8
120 1320 0.6 0.8
120 1590 0.6 0.8
121 1630 0.63 1.1
124 1710 0.77 1.9
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CHIRONOMUS MORTALITY
Total benzofluoranthenes (b+k (+j)) Total benzofluoranthenes (b+k (+j)) Total organic carbon Total organic carbon

No-Hit No-Hit (Cont.) Hit Hit (Cont.) No-Hit No-Hit (Cont.) Hit Hit (Cont.)
11.7 311 15 2450 0.22 3.12 0.21 2.8

15 320 23 2620 0.23 3.42 0.35 2.87
15.1 335 36 2800 0.23 3.48 0.38 3
15.4 338 39 3400 0.26 3.52 0.56 3

17 339 41 3400 0.42 3.58 0.6 3.03
19.2 339 41 3620 0.61 3.61 0.67 3.31

20 348 44 4300 0.69 3.71 0.67 3.4
25 350 48 4440 0.72 3.89 0.74 3.48
25 363 50 5180 0.72 3.95 0.78 3.6
26 379 54 5530 0.88 4.01 0.82 3.69
26 414 55 5600 0.95 4.01 0.89 3.8
27 445 59 6590 0.97 4.56 1.19 4.05

36.9 501 59 7000 1.03 4.65 1.2 4.14
39 541 62 7110 1.26 4.74 1.24 4.6
41 552 67 8900 1.27 4.92 1.28 4.74
41 579 69 11000 1.28 5.02 1.3 4.9
42 600 72 12000 1.3 5.81 1.37 4.9
43 617 76 13500 1.3 6.4 1.39 5
43 630 77 14600 1.32 7.07 1.46 5.13
44 630 83 18400 1.4 7.35 1.46 5.2
45 630 91 19900 1.42 7.35 1.57 5.6

46.4 643 102 20100 1.44 8.9 1.59 5.7
50 657 116 22100 1.44 9.82 1.67 6.3
50 686 117 41800 1.45 1.72 6.8
53 774 120 47000 1.52 1.77 7.9
54 799 120 79000 1.56 1.82 9.7
57 823 127 144000 1.61 1.83 10.6
59 853 140 1.65 1.87 12.1
60 890 141 1.68 1.89 12.2
63 906 142 1.73 1.93 15.8

66.9 1028 175 1.77 1.96 21.3
68 1040 176 1.83 1.97
70 1200 180 1.87 1.98
76 1390 186 1.91 2.06
79 1410 190 1.96 2.07
82 1850 220 1.98 2.11
87 1860 245 2.01 2.16
93 1923 283 2.03 2.16

103 2270 290 2.11 2.18
110 2750 293 2.13 2.21
118 2830 300 2.14 2.21
119 3170 312 2.15 2.25
124 4800 316 2.15 2.27
143 13800 421 2.17 2.3
148 480 2.25 2.3
149 496 2.26 2.3
150 770 2.31 2.35
178 855 2.34 2.42
187 881 2.35 2.44
188 1151 2.41 2.5
191 1380 2.45 2.52
234 1410 2.48 2.57
248 1780 2.51 2.61
248 1960 2.54 2.69
255 2000 2.61 2.71
297 2020 2.66 2.74
310 2320 3.1 2.74
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CHIRONOMUS MORTALITY
Total Polychlorinated Biphenyls Total Polychlorinated Biphenyls Total Sulfides Total Sulfides Tributyltin Tributyltin Zinc Zinc

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit No-Hit (Cont.) Hit Hit (Cont.)
12 11 2.9 0.9 0.503 1.16 13.6 211 47.5 354
17 11 12.6 2.3 0.87 2 17.2 212 48 368
40 16 13.4 2.9 1 2.27 18.6 215 55 374
43 29 35.6 3.3 1.28 4.4 30.7 249 55.9 377
53 43 44.2 3.8 1.95 7.6 34.8 254 58.1 385
57 48 47.4 3.8 2.4 9.5 45.4 262 65 391
69 62 48.1 6.2 2.51 13 49.7 264 70.8 397
82 73 60.6 6.6 2.88 18 51.3 270 71.6 399
88 108 62 7 4.7 40 58.2 271 72.7 406

116 108 74.1 7.8 8.5 60 61.3 281 73 407
116 112 80.1 9 9 62 62.2 296 75 423
116 116 83.8 9.2 9.3 78 65.6 333 77 435
129 284 87 9.9 11 113 65.6 337 81.5 435
130 304 110 10 13 160 66 359 84 443
130 379 146 10.8 19 198 69.9 370 84.3 450
209 394 149 17.5 22 200 70.3 375 85 550
253 1460 150 65.5 25 210 70.8 527 85.7 567
257 2090 161 65.8 27 598 71.1 683 85.9 593
300 2500 202 92.4 32 697 72.7 86 675
354 231 96.3 35 723 73.5 86 754

247 97.3 37 810 73.7 87 1020
321 181 100 824 74 87 1080
341 223 220 936 76 89.6 1770
360 249 260 1210 76.4 90 2010
514 493 1860 1410 76.8 96 4150
702 590 1710 76.9 97.6

941 2200 79.3 101
2330 2220 79.3 101

2490 82 104
2530 83 106
6650 83 106

15700 85 110
64600 85.3 113

87 114
89.3 122

90 122
90.5 124
96.8 124

98 130
107 131
111 137
115 142
120 142
120 144
126 145
130 158
133 161
139 164
145 203
152 220
167 225
173 227
188 238
190 269
193 279
210 306
210 314
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MICROTOX 
2-Methylnaphthalene 2-Methylnaphthalene Acenaphthene Acenaphthene Acenaphthylene Acenaphthylene

No-Hit Hit No-Hit Hit No-Hit Hit
2.2 11 77 10 42 11
8.8 12 156 10 110 11
141 13 203 11 148 12
170 13 252 11 171 12
180 13 280 11 265 12
180 14 360 12 640 13
443 15 523 12 15
469 15 560 14 17

15 1060 15 88
16 18 136
16 18 140
20 18 209
24 19 279
28 20 314
36 23 362
52 23 470
54 32 594
62 33 642

120 45 697
188 52 1020
189 59 1260
214 60
353 72
555 75
877 100
982 110

1720 130
1770 162
2310 170
3470 177

210
272
310
316
332
792
830

1250
1320
2460
2460
7420
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MICROTOX 
Anthracene Anthracene Antimony Antimony Aroclor 1254 Aroclor 1254 Aroclor 1260 Aroclor 1260 Arsenic Arsenic

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
4.8 11 0.54 0.1 7.3 11 15 15 2.1 2
14 12 0.61 0.1 47 16 140 18 2.5 2.8
82 12 0.61 0.1 100 18 20 2.6 3

210 12 0.62 0.1 140 24 24 3.55 3
280 14 0.72 0.2 160 25 27 3.9 3
320 15 1.9 0.2 170 37 29 3.94 3
373 16 2.7 0.2 230 51 37 4 4
420 20 2.9 0.2 52 38 4.2 4
552 22 5.1 0.2 54 40 4.74 4
630 22 > 5.1 0.2 54 42 4.8 4
980 23 0.3 57 43 6.92 4

1130 25 0.3 58 46 7.08 4
1230 27 0.41 62 46 7.08 4

28 0.45 70 48 7.38 4
28 0.5 70 53 8.5 4
29 0.5 78 57 8.7 4
32 0.6 78 62 8.89 4
40 0.66 81 64 9.14 4
41 1 95 64 11.7 4.09
52 1.1 97 69 14.7 4.36
53 1.6 150 74 16.5 5
53 1.8 156 77 19 5
67 3.5 170 98 19 5
70 4 170 138 20 5
74 189 150 21.7 5
85 202 184 31.3 5
99 209 460 31.4 5

115 227 500 111 5
170 230 2500 123 5
220 256 5
220 960 5
233 1060 5
320 5.17
380 5.8
406 6
429 6
465 6
580 6
660 6
717 6
814 6
915 6

1110 7
1580 7
1900 7
2860 7
2920 8

16200 8
8
8

8.18
9
9

11
12.2
12.7
12.8

13
13
13

13.1
13.7
14.3

15
15
17
17

17.2
20

23.9
26.6
30.6
152
175
200
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MICROTOX 
Benzo(a)anthracene Benzo(a)anthracene Benzo(a)pyrene Benzo(a)pyrene Benzo(g,h,i)perylene Benzo(g,h,i)perylene

No-Hit Hit No-Hit Hit No-Hit Hit
8.6 14 11 13 15 11
13 14 14 15 30 11
17 15 16 16 68 11
27 17 25 18 77 11
59 18 37 19 87 14
75 19 81 19 100 15

120 19 153 21 140 16
170 22 176 21 220 17
190 24 230 24 400 17
523 25 240 25 497 18
750 26 783 26 791 18
917 29 915 27 821 19

1220 29 1000 28 840 19
1270 29 1080 31 1150 19
1700 30 1420 32 1500 20
2620 30 2500 34 2510 21
3500 30 3340 34 4020 22
4260 32 4600 36 22

32 4810 36 22
33 38 29
35 40 30
36 43 30
38 48 31
41 51 32
41 58 33
49 67 36
56 76 42
64 85 43
67 87 44
70 91 51
71 93 56
79 114 65
93 116 69
99 117 70

103 120 70
105 120 77
105 124 82
106 133 99
112 135 108
113 176 110
115 189 114
130 195 127
154 213 133
179 223 134
181 226 146
188 248 149
199 333 164
240 334 170
280 351 186
288 358 216
321 360 221
342 382 231
353 615 240
373 720 280
411 820 280
600 890 424
740 910 570
740 1070 613
760 1400 680
958 1530 827

1060 1620 854
1100 1630 1330
1180 1840 1350
1300 1890 1350
1480 2100 1410
1580 2220 1500
1600 2750 1520
1720 2960 1660
2380 11000 1720
3750 24300 5200
5430 12100
5800

25600
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MICROTOX 
Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Butyl benzyl phthalate Cadmium Cadmium

No-Hit Hit No-Hit Hit No-Hit Hit
23 18 25 10 0.04 0.07
23 30 53 11 0.04 0.07
32 160 55 18 0.04 0.1
55 160 140 18 0.05 0.1
78 180 182 21 0.1 0.1

220 200 222 24 0.159 0.1
433 250 260 24 0.161 0.1
501 307 1520 25 0.2 0.1
580 320 25 0.267 0.1

1090 330 25 0.292 0.2
1600 330 28 0.3 0.2
1970 337 31 0.391 0.2
2140 350 32 0.45 0.2
2520 360 32 0.5 0.2

22300 370 34 0.52 0.2
390 35 0.607 0.2
418 40 0.963 0.2
420 42 0.968 0.2
440 43 1.17 0.2
444 47 1.2 0.2
452 48 1.3 0.2
460 50 1.3 0.2
470 52 1.4 0.2
480 53 2 0.2
510 55 2.7 0.2
519 56 2.9 0.2
520 56 11 0.2
546 57 0.2
547 57 0.2
550 62 0.2
575 64 0.3
660 64 0.3
727 66 0.3
774 70 0.3
778 73 0.3
800 86 0.31
867 119 0.4
913 121 0.4

1000 131 0.4
1020 145 0.4
1050 160 0.4
1110 165 0.472
1370 170 0.5
1380 180 0.5
1390 184 0.5
1400 198 0.6
1440 230 0.6
1740 258 0.6
1800 274 0.651
1800 280 0.69
1930 366 0.7
2000 407 0.7
2140 430 0.8
2220 763 0.811
2800 980 0.875
2800 1
3010 1
3400 1
3420 1.1
3510 1.1
3970 1.2
4330 1.3
4970 1.4
5120 1.44
6360 1.55
6380 1.6
7590 1.6

10500 2.1
33300 2.3

3.01
3.67

5
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MICROTOX 
Chromium Chromium Chrysene Chrysene Copper Copper Dibenz(a,h)anthracene Dibenz(a,h)anthracene Dibenzofuran Dibenzofuran

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
4.4 12 17 17 4.69 15.6 116 12 15 10

7 13 24 17 7 17 132 13 138 10
12 15 25 21 7.2 19 176 14 140 12
14 17 36 23 8.5 20.3 216 14 168 12

15.1 17.4 43 24 11 23.6 240 14 180 13
20.3 22 59 27 16 26.6 292 16 234 14

23 22 76 27 16 30 390 18 310 14
24.1 23 91 28 16.7 31.2 490 18 384 14
25.1 24 100 30 17 32 839 18 399 15
26.2 24 210 31 17 32.4 22 16
26.2 24 220 32 18.1 32.9 24 16
28.7 24.6 320 33 21.4 33 28 18
29.8 25 755 34 23 35 29 19
38.8 25 1200 34 24.4 35 31 24

39 26 1260 35 27.9 35.9 34 26
40.5 26 1540 36 28.6 36.2 36 26
42.8 26 1560 36 34 36.5 38 33
45.5 26 3000 38 40.1 38.3 43 38
57.3 26 3700 39 41 38.5 49 41

62 27 4800 43 47.7 40.6 56 110
63.4 27 5940 48 50 41.9 72 116
66.7 27 51 54 43.4 82 166
68.3 27 51 62.7 45.6 120 204

89 28 51 125 46.9 125 244
95 28 58 363 48.6 200 372

348 29 61 371 51.4 214 443
29 70 627 53.2 217 460
29 70 651 61 230 928
29 93 829 61.8 294 1010
29 95 1460 65.2 327 1750
29 98 71.1 332 2260
31 104 71.1 342 3810
31 126 74.5 424
31 128 76.7 437
31 140 77.9 800
31 157 81.2 3070
32 160 82.3
32 161 84.5

32.1 172 86
33 177 90.1
34 180 90.9
34 202 94.3
35 211 94.4
36 263 96.6
36 318 96.7
37 320 100
37 390 101
38 412 106

38.2 425 119
39 430 119
39 482 130
40 489 136
41 490 140
41 541 142
42 562 146
43 816 154
43 930 158

44.9 1000 163
45.3 1100 187

46 1130 188
48.5 1300 209
53.9 1440 210
55.9 1710 212

76 1800 229
77.1 2100 314

79 2140 315
80.1 2170 327
80.7 2210 397
80.7 3430 508
96.2 5730 571
99.5 5880 619
102 6400 651
133 28100 655

2010
10800
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MICROTOX 
Dimethyl phthalate Dimethyl phthalate Di-n-butyl phthalate Di-n-butyl phthalate Di-n-octyl phthalate Di-n-octyl phthalate

No-Hit Hit No-Hit Hit No-Hit Hit
31 11 15 10 11 10
71 11 134 11 12

108 12 306 11 12
156 13 690 11 13
172 13 1180 12 13
436 14 1710 12 13

15 1740 13 15
16 > 1740 14 17
16 15 17
19 15 18
21 16 21
37 17 21
42 17 22
54 17 23
54 19 25
58 19 26

110 20 26
147 21 27
158 21 30
160 22 30
171 23 32
190 24 34
270 24 34
311 26 37
314 26 39
362 27 40
576 30 44

31 45
34 46
37 47
37 48
40 49
41 52
41 54
41 54
44 55
61 58
67 66
68 74
71 90

103 110
108 115
116 201
254 256
350 399
350 413
481
805
841
893
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MICROTOX 
Fluoranthene Fluoranthene Fluorene Fluorene High Molecular Weight PAH High Molecular Weight PAH

No-Hit Hit No-Hit Hit No-Hit Hit
5.9 27 24 12 29 300
15 34 120 12 90 2251
28 36 185 13 118 2629
39 45 251 13 254 7370
41 54 270 14 309 9000
43 54 310 15 629 13290
46 58 400 17 1004 13690
55 58 660 19 8440 16460
97 65 666 19 11020 17410

110 65 1070 23 13480 18000
123 68 23 15080 19960
170 70 24 35390 21970
300 72 25 54800 31170
310 76 30 57000
580 77 33 62900

1300 79 33 250500
1640 91 37
1780 91 39
3140 96 44
3360 97 47
4500 110 73
7710 116 79
7900 120 88

11100 130 124
130 140
143 140
158 167
160 180
190 190
206 201
240 250
270 274
288 285
301 465
320 470
324 498
334 932
342 1540
356 1720
359 3240
380 3400
390 6970
428
437
445
450
453
455
502
674
695
699
710
740
833
939

1400
1690
1900
2000
2000
2340
2800
3200
3210
3370
3450
3600
4700
4780
7730

15000
19200
24200
46100
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MICROTOX 
Indeno(1,2,3-c,d)pyrene Indeno(1,2,3-c,d)pyrene Lead Lead Low Molecular Weight PAH Low Molecular Weight PAH Mercury Mercury

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
10 10 4.7 7.8 17 18 0.014 0.024
28 12 6.3 10.2 18 59 0.03 0.044
59 13 6.8 10.5 24 358 0.033 0.05
70 15 7 11 52 422 0.033 0.05

110 16 7.24 11.1 53 1800 0.036 0.05
120 18 7.6 12.2 71 1900 0.042 0.05
198 19 14.8 12.5 98 2760 0.053 0.05
210 20 15.9 12.7 109 3000 0.0583 0.05
460 21 16.6 12.7 2088 3040 0.06 0.05
518 22 17.3 12.7 2700 4720 0.0776 0.06
763 22 27.3 12.9 3140 6590 0.0838 0.06
773 23 32.4 13.1 4380 9130 0.087 0.06
960 24 48.2 13.2 8800 14070 0.104 0.06

1160 24 58.7 13.3 9200 16870 0.114 0.06
1600 25 79.9 13.3 18700 0.141 0.06
2340 27 84 13.4 28500 0.21 0.07
4120 27 125 13.7 78300 0.253 0.07

28 133 14.4 0.286 0.07
29 152 14.7 0.343 0.08
30 154 14.9 0.558 0.0853
30 185 15.2 0.604 0.09
30 194 15.2 0.659 0.09
34 230 15.3 0.796 0.096
36 234 15.7 0.993 0.1
36 299 16.2 2.22 0.1
44 431 17.9 3.04 0.1
45 18.1 0.1
45 18.6 0.11
52 20.8 0.11
59 21.1 0.12
61 22.4 0.13
68 23.6 0.13
73 25.6 0.13
76 25.9 0.14
80 26.1 0.14
81 26.6 0.15
81 27.4 0.15
97 27.5 0.16

100 30.2 0.16
106 33.6 0.16
120 36.2 0.17
124 38.9 0.186
130 41.5 0.19
133 41.9 0.21
134 44.8 0.23
144 47.6 0.284
155 48.8 0.435
178 50 0.54
199 50.2 0.545
207 52.2 0.552
208 54.4 0.62
222 56 0.662
255 62.5 0.673
260 68.1 0.69
270 79.7 0.711
330 89.6 0.749
363 94.6 0.8
643 96.6 0.844
720 99.4 1.25
740 111 2.01
770 114 2.7
889 150 3.74

1180 150 43
1220 177
1340 184
1350 204
1450 249
1500 258
1750 284
1800 295
5300 436

13900 525
1310
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MICROTOX 
Monobutyltin Monobutyltin Naphthalene Naphthalene Nickel Nickel Phenanthrene Phenanthrene Pyrene Pyrene

No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit No-Hit Hit
4.8 22 3 10 6.5 13 5.3 14 11 29
5.2 26 29 11 7.79 16 14 17 14 31
9.5 50 110 13 8 16 18 18 34 37
10 54 291 14 8.1 18 27 19 36 42
11 59 424 15 14 21 30 19 39 48
15 60 466 15 16 21 33 19 46 53
19 98 501 15 25.7 21 39 20 55 54
26 166 650 16 27.3 22 52 21 78 57
38 212 1310 18 28 22 53 22 92 64
40 221 19 28.2 22 65 23 118 66
64 267 19 28.9 22 71 23 130 67
76 312 19 29 22 93 24 150 70

154 396 24 29 22.7 110 25 280 71
194 459 24 29.1 23 260 25 320 74
379 508 27 29.3 23 680 26 450 74
380 2560 27 30 23 778 26 1400 77
459 4850 27 30.4 23 1300 29 1590 82

31 33.6 23 1480 32 2340 82
32 39 23 2600 33 2710 91
33 39.6 23 2660 36 3460 92
34 43.5 23 3990 37 4200 92
37 45 23 5470 38 7150 96
48 45.1 23.6 6100 41 8100 110
65 45.2 23.7 49 8790 120

110 46 23.9 54 124
148 47 24 54 133
160 48.9 24 59 140
350 49.4 24 60 144
471 53.1 24 60 160
510 355 25 86 175
627 25 87 240
913 25 93 254

1360 26 96 261
2280 26 102 304
3220 26 109 308
4870 26 128 320
4890 26 133 332
4970 26 136 333
5630 27 142 352

27 160 356
27 160 380
27 161 404
28 180 429
28 180 431
28 186 452
28 234 455
28 234 477
28 244 488
28 282 523

29.5 384 536
29.7 393 580

30 469 634
31 472 700
31 566 715
31 629 770
31 848 829
37 1000 1320

37.9 1000 1500
38.8 1070 1600
39.4 1130 1630
40.7 1200 1900
41.4 1200 2500
48.4 1500 2530

51 1720 2960
54 1800 3000
56 1990 3540

58.2 2080 4280
58.4 3620 4410
61.5 4440 4700
62.4 4700 5120

64 6190 7540
70.6 8420 13300
77.4 14200 15900
113 41100 18000
594 55600
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MICROTOX 
Silver Silver Total benzofluoranthenes (b+k (+j)) Total benzofluoranthenes (b+k (+j)) Total organic carbon Total organic carbon
No-Hit Hit No-Hit Hit No-Hit Hit

0.06 0.094 14 25 0.21 0.23
0.08 0.098 16 27 0.22 0.25

0.094 0.1 41 27 0.23 0.67
0.1 0.1 53 36 0.3 0.82

0.11 0.1 67 39 0.56 0.95
0.14 0.1 120 41 0.76 0.97
0.16 0.1 127 41 0.996 1.16
0.16 0.1 135 43 1.32 1.19
0.2 0.1 220 44 1.42 1.2
0.2 0.1 320 48 1.57 1.28
0.3 0.1 480 50 1.82 1.39

0.39 0.199 1380 54 2.3 1.44
0.43 0.2 1780 55 2.7 1.45

0.444 0.2 1860 57 2.8 1.46
0.53 0.2 1960 59 3.4 1.46

0.545 0.2 2450 60 3.6 1.56
2.5 0.2 4300 62 3.8 1.65

0.2 5530 69 3.8 1.72
0.2 8900 72 4.05 1.73
0.2 11000 76 4.9 1.8
0.2 76 4.9 1.83
0.2 77 5.13 1.87
0.2 82 5.6 1.91
0.2 91 6.3 1.96
0.2 102 7.35 1.96
0.2 103 8.9 1.97
0.2 117 12.2 1.98
0.2 124 21.3 1.98

0.217 141 > 21.3 2.01
0.3 148 2.03
0.3 175 2.06
0.3 186 2.07
0.3 191 2.11
0.3 234 2.11
0.3 245 2.13

0.322 293 2.15
0.35 311 2.16
0.4 312 2.18
0.4 316 2.21
0.4 335 2.25
0.4 348 2.25
0.4 363 2.26
0.4 421 2.27
0.5 445 2.3
0.5 496 2.34
0.5 552 2.41
0.5 579 2.42
0.5 617 2.44

0.53 686 2.45
0.6 774 2.48
0.6 823 2.51
0.6 853 2.52
0.7 855 2.57
0.8 881 2.61
0.8 890 2.66

1 1151 2.74
1.1 1280 3
1.1 1390 3.03

1.32 1850 3.52
1.4 2000 3.58
3.3 2020 4.14

2270 4.6
2320 5
2750 5.2
2830 5.81
3200 6.4
3400 6.8
3620 7.07
4440 7.35
6590 7.9
7110 9.7

13800 9.82
41800 10.6

12.1
15.8
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MICROTOX 
Total Polychlorinated Biphenyls Total Polychlorinated Biphenyls Zinc Zinc

No-Hit Hit No-Hit Hit
62 11 30.7 58

16 47 60
29 49 66
40 54 73
43 55 74
43 55 76
53 55 77
57 56 83
69 70.8 83
82 81.5 85
88 84.3 85

108 89.6 86
108 101 86
112 119 87
116 119 87
116 120 87
116 270 90
129 377 90
209 406 96
253 567 97.6
257 675 98
284 754 101
300 1080 106
304 1130 111
354 113
394 114

1460 120
2090 122
2500 130

130
131
133
137
145
145
158
161
173
190
203
210
210
212
227
238
243
254
262
264
269
271
281
296
333
337
354
359
368
369
370
374
375
391
407
423
435
443
527
550
593
683

1770
2010
4150
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Appendix C 



June 2003   
 
APPENDIX C. OPTIMAL PERCENTILE RESULTS 
 
The results of the optimal percentile analysis presented in Section 3 are provided in this appendix.  
For each level of effects (statistical significance only, SQS, and CSL) there are two sets of results 
provided – the one above is for the data set containing individual PAHs and Aroclors, and the one 
below is for the same data set containing only summed PAHs and PCBs.  In this lower data set, blank 
spaces indicate individual PAHs and Aroclors that are not present in that data set. 
 
Five sets of percentiles are shown for each of the two data sets.  These correspond to different levels 
of false negatives that Ecology could select to base their SQVs on, and range from 5-25% false 
negatives, in increments of 5%.  The first page shows the reliability results for each of these sets of 
percentiles for all six reliability parameters.  The remaining pages show the chemical concentrations 
associated with the optimal percentiles of the no-hit distribution corresponding to the selected false 
negative rates.  The false negative and false positive rates are repeated on each page for reference. 
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 70 95 30 78 77
10 54 90 46 82 78
15 42 85 58 84 78
19 37 81 63 85 76
25 26 75 74 89 75

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 68 95 32 79 78
10 50 90 50 83 79
14 43 86 57 84 78
19 34 81 66 86 77
25 22 75 78 90 76
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony
12 60 14 39 1.50
12 95 16 64 2.4
12 120 19 92 2.7
12 154 20 101 2.7
12 186 24 345 2.7

Antimony
1.5
2.4
2.7
2.7
2.7
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

Aroclor Aroclor 
1254 1260 Arsenic Benzo(a)anthracene Benzo(a)pyrene Benzo(g,h,i)perylene
120 130 4.9 62 49 46
131 130 6.1 101 128 73
156 130 9.5 154 183 179
172 130 13.6 175 224 205
186 130 21.4 257 301 225

Arsenic
4.9
6.1
7.5

10.8
19.0
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

Butyl 
Bis(2-ethylhexyl) phthalate benzyl phthalate Cadmium Chromium Chrysene Copper

170 88 0.24 36 72 28
216 108 0.39 47 137 34
327 222 0.83 52 222 42
380 286 1.13 52 270 49
561 362 1.69 61 360 61

Butyl 
Bis(2-ethylhexyl) phthalate benzyl phthalate Cadmium Chromium Copper

170 88 0.24 36 28
216 108 0.39 47 34
280 157 0.80 50 39
351 265 0.91 52 44
462 330 1.39 58 58
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

Dimethyl 
Dibenz(a,h)anthracene Dibenzofuran phthalate Di-n-octyl phthalate

20 9 46 0
25 9 46 26
33 9 46 26
42 9 46 26
70 9 46 26

Dimethyl 
phthalate Di-n-octyl phthalate

46 0
46 26
46 26
46 26
46 26
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

High Molecular 
Fluoranthene Fluorene Weight PAH Indeno(1,2,3-c,d)pyrene

87 45 150 53
146 62 335 84
258 76 484 167
415 94 614 212
689 121 982 282
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

Low Molecular 
Lead Weight PAH Mercury Naphthalene Nickel Phenanthrene Pyrene

19 56 0.10 21 30 65 91
39 109 0.15 29 39 109 140
51 154 0.28 33 47 190 279
97 175 0.30 37 48 315 379
172 199 0.43 48 54 527 577

Lead Mercury Nickel
19 0.10 30
39 0.15 39
48 0.23 45
75 0.30 47
144 0.39 50

C-8



STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 70
10 54
15 42
19 37
25 26

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68
10 50
14 43
19 34
25 22

Total Total 
Silver benzofluoranthenes (b+k (+j)) Polychlorinated Biphenyls Tributyltin Zinc
0.26 87 19 11 77
0.30 248 51 20 86
0.43 339 78 26 120
0.45 444 92 31 142
1.80 630 107 35 191

Total 
Silver PAHs (molar) Polychlorinated Biphenyls Tributyltin Zinc
0.26 1.9 19 11 77
0.30 2.9 51 20 86
0.38 6.4 64 23 109
0.45 10.0 87 29 133
1.60 12.8 101 34 173

C-9



SQS:
UNSUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 69 95 31 76 76

10 51 90 49 80 78
15 42 85 58 82 77
20 35 80 65 84 76
24 24 76 76 88 76

SQS:
SUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 68 95 32 76 76

10 51 90 49 80 78
15 44 85 56 82 77
20 32 80 68 85 76
25 24 75 76 88 75
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SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

Aroclor Aroclor 
2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony 1254 1260

12 65 14 46 1.7 120 130
12 99 18 83 2.7 134 130
12 149 21 269 2.7 158 130
12 165 24 334 3.1 170 130
12 221 40 406 4.0 187 130

Antimony
1.7
2.4
2.7
3.0
3.7
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SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

Arsenic Benzo(a)anthracene Benzo(a)pyrene Benzo(g,h,i)perylene Bis(2-ethylhexyl) phthalate
4.9 74 84 57 180
6.2 132 149 94 324
9.3 177 230 201 403

10.6 190 260 210 527
22.4 343 378 307 1120

Arsenic Bis(2-ethylhexyl) phthalate
4.9 180
6.1 224
7.5 280

10.6 489
19.0 771
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SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

Butyl benzyl phthalate Cadmium Chromium Chrysene Copper Dibenz(a,h)anthracene Dibenzofuran
124 0.30 38 83 30 22 348
232 0.61 46 175 38 32 446
312 0.91 51 268 46 47 517
340 1.13 52 310 51 90 543
405 2.07 61 541 63 1330 602

Butyl benzyl phthalate Cadmium Chromium Copper
124 0.30 38 30
109 0.39 48 35
157 0.80 50 39
333 1.00 52 51
384 1.69 57 61
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SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

High Molecular 
Dimethyl phthalate Di-n-octyl phthalate Fluoranthene Fluorene Weight PAH Indeno(1,2,3-c,d)pyrene

46 0 112 48 178 63
46 0 190 66 452 100
46 0 401 88 1200 202
46 0 498 108 1850 218
46 0 1210 141 4630 306

Dimethyl phthalate Di-n-octyl phthalate
46 0
46 0
46 0
46 0
46 0
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SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

Low Molecular 
Lead Weight PAH Mercury Naphthalene Nickel Phenanthrene Pyrene Silver

18 113 0.10 21 29 75 107 0.25
46 206 0.17 30 37 147 182 0.30
76 517 0.28 33 46 290 379 0.43

107 690 0.30 40 47 359 420 0.45
194 16100 0.44 56 54 665 980 1.80

Lead Mercury Nickel Silver
18 0.10 29 0.25
41 0.15 41 0.30
48 0.23 45 0.38
96 0.30 47 0.43

172 0.43 49 1.60

C-15



SQS:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 69

10 51
15 42
20 35
24 24

SQS:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 68

10 51
15 44
20 32
25 24

Total Total 
 benzofluoranthenes (b+k (+j)) Polychlorinated Biphenyls Tributyltin Zinc

121 22 9 77
290 55 20 96
451 80 27 129
564 89 30 149
693 110 36 200

Total 
PAHs (molar) Polychlorinated Biphenyls Tributyltin Zinc

2.2 22 9 77
2.9 53 21 88
6.4 64 24 109
10.8 87 29 144
17.8 103 34 193
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CSL: 
UNSUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 59 95 41 62 68
9 57 91 43 62 67
13 50 87 50 63 68
20 43 80 57 65 68
25 37 75 63 67 69

CSL: 
SUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 58 95 42 62 69
10 54 90 46 62 68
15 48 85 52 64 69
19 43 81 57 65 69
25 38 75 62 66 69
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Aroclor Aroclor
2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony 1254 1260

147 110 31 155 0.4 134 65
151 115 34 177 0.5 140 68
162 147 50 300 0.5 142 80
170 201 124 353 2.3 168 103
172 225 134 355 2.7 178 110

Antimony
0.4
0.5
0.5
1.6
2.3
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Arsenic Benzo(a)anthracene Benzo(a)pyrene Benzo(g,h,i)perylene Bis(2-ethylhexyl) phthalate
6.1 130 171 177 336
6.6 140 197 186 355
8.6 174 251 216 420
11.7 276 360 280 580
13.3 329 439 295 713

Arsenic Bis(2-ethylhexyl) phthalate
6.0 322
6.6 355
8.6 420
9.5 539
11.7 580
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Butyl benzyl phthalate Cadmium Chromium Chrysene Copper Dibenz(a,h)anthracene Dibenzofuran
164 0.69 39 177 41 142 112
166 0.79 41 185 41 182 126
192 0.90 44 255 44 259 164
227 1.13 50 394 52 300 180
230 1.20 52 493 54 319 196

Butyl benzyl phthalate Cadmium Chromium Copper
164 0.69 39 40
166 0.80 41 41
192 0.90 44 44
223 0.96 48 50
227 1.13 50 52
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Dimethyl phthalate Di-n-octyl phthalate Fluoranthene Fluorene High Molecular Weight PAH
96 66 218 105 2940

103 66 236 112 3370
120 67 364 126 12100
139 67 684 179 16400
144 70 757 183 17800

Dimethyl phthalate Di-n-octyl phthalate
93 66

103 66
120 67
132 67
139 67
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Low Molecular 
Indeno(1,2,3-c,d)pyrene Lead Weight PAH Mercury Naphthalene Nickel Phenanthrene

160 46 1080 0.17 51 34 162
176 48 2140 0.21 54 34 190
218 75 2680 0.28 60 40 310
311 94 3390 0.36 100 45 587
330 103 3860 0.39 111 45 726

Lead Mercury Nickel
41 0.17 34
48 0.21 34
75 0.28 40
83 0.30 43
94 0.36 45
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 59
9 57
13 50
20 43
25 37

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 58
10 54
15 48
19 43
25 38

Total Total
Pyrene Silver  benzofluoranthenes (b+k (+j))  Polychlorinated Biphenyls Tributyltin Zinc

230 0.30 291 67 26 114
250 0.30 313 68 29 117
334 0.36 497 75 37 123
580 0.43 657 107 120 142
646 0.44 790 115 198 147

Total 
Silver PAHs (molar) Polychlorinated Biphenyls Tributyltin Zinc
0.30 5.9 66 25 110
0.30 6.8 68 29 117
0.36 10.0 75 37 123
0.40 13.4 95 63 135
0.43 17.7 107 120 142
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Appendix D 



June 2003   
 
APPENDIX D. FLOATING PERCENTILE RESULTS 
 
The results of the floating percentile analysis presented in Section 3 are provided in this appendix.  
For each level of effects (statistical significance only, SQS, and CSL) there are two sets of results 
provided – the one above is for the data set containing individual PAHs and Aroclors, and the one 
below is for the same data set containing only summed PAHs and PCBs.  In this lower data set, blank 
spaces indicate individual PAHs and Aroclors that are not present in that data set. 
 
Five sets of percentiles are shown for each of the two data sets.  These correspond to different levels 
of false negatives that Ecology could select to base their SQVs on, and range from 5-25% false 
negatives, in increments of 5%.  The first page shows the reliability results for each of these sets of 
percentiles for all six reliability parameters.  The remaining pages show the chemical concentrations 
derived by the floating percentile method corresponding to the selected false negative rates.  The false 
negative and false positive rates are repeated on each page for reference. 
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
4 55 96 45 82 82

10 39 90 61 86 82
15 26 85 74 89 82
20 20 80 80 92 81
25 16 75 84 93 78

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 57 95 43 82 81

10 42 90 58 85 81
15 33 85 67 87 80
20 28 80 72 89 78
25 24 75 76 89 75
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony
470 1060 470 600 0.4
470 1060 470 600 0.4
470 1060 470 600 0.4
470 1060 470 600 0.6
470 1060 470 600 0.6

Antimony
0.4
0.4
0.4
0.4
0.4
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Aroclor Aroclor
1254 1260 Arsenic Benzo(a)anthracene Benzo(a)pyrene
230 140 4.6 4260 3300
230 140 7.5 4260 3300
230 140 20.0 4260 3300
230 140 31.0 4260 3300
230 140 31.0 4260 3300

Arsenic
4.6
7.0
8.5

31.0
55.0
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Benzo(g,h,i)perylene Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium
4020 220 260 0.3
4020 220 260 0.3
4020 230 260 0.6
4020 330 260 0.7
4020 550 260 0.9

Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium
220 480 0.6
220 480 0.6
220 480 1.0
220 480 1.0
230 480 1.0
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Chromium Chrysene Copper Dibenz(a,h)anthracene Dibenzofuran
95 5940 35 300 400
95 5940 35 300 400
95 5940 50 300 400
95 5940 50 300 400
95 5940 80 300 400

Chromium Copper
100 35
100 35
100 42
100 48
100 75
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

High Molecular 
Dimethyl phthalate Di-n-octyl phthalate Fluoranthene Fluorene Weight PAH

46 26 2000 200 3000
46 26 5000 200 3000
46 26 5000 200 3000
46 26 5000 200 3000
46 26 5000 200 3000

Dimethyl phthalate Di-n-octyl phthalate
46 26
46 26
46 26
46 26
46 26
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Low Molecular 
Indeno(1,2,3-c,d)pyrene Lead Weight PAH Mercury Naphthalene Nickel

4120 335 500 0.30 100 53
4120 335 500 0.30 100 53
4120 335 500 0.50 100 55
4120 335 500 0.50 100 53
4120 335 500 0.50 100 53

Lead Mercury Nickel
350 0.20 39
350 0.20 39
350 0.20 60
350 0.20 60
350 0.50 60
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Total
Phenanthrene Pyrene Silver benzofluoranthenes (b+k (+j))

6100 3000 0.55 140
6100 3000 0.55 300
6100 3000 0.55 450
6100 3000 0.55 650
6100 3000 0.55 650

Silver PAHs (molar)
2.20 6
2.20 7
2.20 14
2.20 15
2.20 20
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STATISTICAL SIGNIFICANCE ONLY:
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
4 55

10 39
15 26
20 20
25 16

STATISTICAL SIGNIFICANCE ONLY:
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 42
15 33
20 28
25 24

Total
Polychlorinated Biphenyls Tributyltin Zinc

50 75 120
60 75 120
60 75 140
60 75 250
60 75 250

Total
Polychlorinated Biphenyls Tributyltin Zinc

120 200 100
120 200 100
120 200 100
120 200 250
120 200 250
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SQS: 
UNSUMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 57 95 43 79 80

10 44 90 56 82 80
15 26 85 74 88 82
20 20 80 80 90 80
25 15 75 85 92 78

SQS: 
SUMMMED PAHs and PCBs % False 2003% 1988%

% False Negatives Positives % Sensitivity Efficiency Efficiency % Reliability
5 55 95 45 80 80

10 45 90 55 82 80
15 33 85 67 85 80
20 26 80 74 87 78
25 23 75 77 88 76

D-11



SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Aroclor
2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony 1254

470 1060 470 1200 0.4 230
470 1060 470 1200 0.4 230
470 1060 470 1200 0.4 230
470 1060 470 1200 0.6 230
470 1060 470 1200 0.6 230

Antimony
0.4
0.4
0.4

32.0
32.0
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Aroclor
1260 Arsenic Benzo(a)anthracene Benzo(a)pyrene Benzo(g,h,i)perylene
140 4.6 4260 3300 4020
140 6.0 4260 3300 4020
140 20 4260 3300 4020
140 31 4260 3300 4020
140 31 4260 3300 4020

Arsenic
6.2
6.2
8.5
30
30
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium Chromium Chrysene Copper
220 260 0.27 95 5940 80
220 260 0.29 95 5940 80
230 260 0.60 95 5940 80
330 260 0.78 95 5940 80
550 260 0.97 95 5940 80

Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium Chromium Copper
240 480 1.0 100 80
240 480 1.0 100 80
240 480 1.0 100 80
240 480 1.0 100 80
300 480 6.0 100 80
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Dibenz(a,h)anthracene Dibenzofuran Dimethyl phthalate Di-n-octyl phthalate
800 400 46 26
800 400 46 26
800 400 46 26
800 400 46 26
800 400 46 26

Dimethyl phthalate Di-n-octyl phthalate
46 45
46 45
46 45
46 45
46 45
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

High Molecular 
Fluoranthene Fluorene Weight PAH Indeno(1,2,3-c,d)pyrene Lead

11000 1000 31000 4120 335
11000 1000 31000 4120 335
11000 1000 31000 4120 335
11000 1000 31000 4120 335
11000 1000 31000 4120 335

Lead
350
350
350

1200
1200
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Low Molecular 
Weight PAH Mercury Naphthalene Nickel Phenanthrene Pyrene Silver

6600 0.50 500 60 6100 8800 2.0
6600 0.50 500 60 6100 8800 2.0
6600 0.50 500 60 6100 8800 2.0
6600 0.50 500 60 6100 8800 2.0
6600 0.50 500 60 6100 8800 2.0

Mercury Nickel Silver
0.17 28 2.2
0.20 60 2.2
0.30 60 2.2
0.30 60 2.2
0.30 60 2.2
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SQS: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 57

10 44
15 26
20 20
25 15

SQS: 
SUMMMED PAHs and PCBs % False 

% False Negatives Positives
5 55

10 45
15 33
20 26
25 23

Total Total
benzofluoranthenes (b+k (+j)) Polychlorinated Biphenyls Tributyltin Zinc

140 60 75 120
300 60 75 120

11000 60 75 140
11000 60 75 250
11000 60 75 250

Total
PAHs (molar) Polychlorinated Biphenyls Tributyltin Zinc

2.7 120 200 80
9.5 120 200 80
15 120 200 100
15 150 220 100
21 150 220 140
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CSL: 
UNSUMMED PAHs and PCBs % False 2003%

% False Negatives Positives % Sensitivity Efficiency
5 50 95 50

10 37 90 63
15 26 85 74
20 23 80 77
25 21 75 79

CSL: 
SUMMED PAHs and PCBs % False 2003%

% False Negatives Positives % Sensitivity Efficiency
5 50 95 50

10 44 90 56
15 24 85 76
20 17 80 83
25 16 75 84
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Aroclor
2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Antimony 1254

555 1320 640 1580 0.4 340
555 1320 640 1580 0.6 340
555 1320 640 1580 0.6 340
555 1320 640 1580 0.6 340
555 1320 640 1580 0.6 340

Antimony
0.6
0.6
0.6
0.6
0.6
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Aroclor
1260 Arsenic Benzo(a)anthracene Benzo(a)pyrene Benzo(g,h,i)perylene
140 7.7 5800 4810 5200
140 51 5800 4810 5200
140 51 5800 4810 5200
140 51 5800 4810 5200
140 51 5800 4810 5200

Arsenic
7.6
8

51
51
51
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium Chromium Chrysene
320 370 1 100 6400
320 370 1 100 6400
320 370 1 100 6400
400 370 1.5 100 6400
500 370 1.5 100 6400

Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate Cadmium Chromium
300 600 6 100
300 600 6 100
300 600 6 100
345 600 6 100
410 600 6 100
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Copper Dibenz(a,h)anthracene Dibenzofuran Dimethyl phthalate Di-n-octyl phthalate
830 840 440 440 45
830 840 440 440 45
830 840 440 440 45
830 840 440 440 45
830 840 440 440 45

Copper Dimethyl phthalate Di-n-octyl phthalate
44 180 100
44 180 100

450 180 100
450 180 100
450 180 100
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

High Molecular 
Fluoranthene Fluorene Weight PAH Indeno(1,2,3-c,d)pyrene Lead

230 3000 54800 5300 430
400 3000 54800 5300 430

15000 3000 54800 5300 430
15000 3000 54800 5300 430
15000 3000 54800 5300 430

Lead
430
430
430
430
430
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Low Molecular 
Weight PAH Mercury Naphthalene Nickel Phenanthrene Pyrene Silver

9200 0.5 1310 70 7600 16000 2.5
9200 0.5 1310 70 7600 16000 2.5
9200 0.75 1310 70 7600 16000 2.5
9200 0.75 1310 70 7600 16000 2.5
9200 0.75 1310 70 7600 16000 2.5

Mercury Nickel Silver
0.5 30 3
0.5 38 3
0.5 70 3
3 70 3
3 70 3
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CSL: 
UNSUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 37
15 26
20 23
25 21

CSL: 
SUMMED PAHs and PCBs % False 

% False Negatives Positives
5 50

10 44
15 24
20 17
25 16

Total Total
benzofluoranthenes (b+k (+j)) Polychlorinated Biphenyls Tributyltin Zinc

13800 120 60 125
13800 120 75 125
13800 120 75 160
13800 120 75 160
13800 120 75 250

Total
PAHs (molar) Polychlorinated Biphenyls Tributyltin Zinc

9 120 6600 125
14 120 6600 125
50 120 6600 150
88 120 6600 450
90 120 6600 450
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