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EXECUTIVE SUMMARY

The Puget Sound Reference Areas Survey reported here was conducted by
the Washington Department of Ecology (Ecology) and the U.S Environmental
Protection Agency Region 10, Office of Puget Sound, to document suitable
reference conditions in Puget Sound and define reference area performance
standards. Reference area performance standards are criteria for suitable
reference conditions expressed as habitat characteristics (e.g., chemical concentra-
tions) and biological properties (e.g., toxicity bioassay response). The perfor-
mance standards are needed to provide an objective and consistent basis for
assessing contaminated sediments in various environments of Puget Sound.

ESTABLISHMENT OF PERFORMANCE STANDARDS

Sound-wide performance standards for reference area samples will provide
a consistent basis for comparison and use of sediment data collected under Puget
Sound Estuary Program (PSEP) guidelines as part of the Puget Sound Ambient
Monitoring Program (PSAMP), the Puget Sound Dredged Disposal Analysis
program (PSDDA), the Sediment Management Standards (SMS) program, and
other sediment management programs. Performance standards are to be estab-
lished for the three common measures of sediment toxicity: sediment contaminant
concentrations, benthic infauna abundances, and bioassay responses. Stratification
of reference area performance standards by biogeographic zone, season, water
depth, and sediment type may be appropriate, with different types of stratification
for chemistry, infauna, and bioassay data. Interim reference area performance
standards and data gaps were presented in Pastorok et al. (1989). The present
work increases the size of the chemistry and bioassay data sets for the biogeo-
graphic regions of southern Puget Sound, northeastern Puget Sound, and the Strait
of Georgia.

STUDY DESIGN

Samish Bay, Holmes Harbor, and Carr Inlet were selected as potentially
suitable reference areas based on geographic location and available chemical and
biological data. In the present study, chemical and biological conditions were
evaluated in June 1990 by the analysis of 1) physical/chemical sediment character-
istics, including chemical concentrations, total organic carbon, acid-volatile
sulfides, total solids, and grain size distribution and 2) sediment toxicity as
determined by amphipod mortality, bivalve larvae mortality and abnormality,
echinoderm embryo mortality and abnormality, juvenile polychaete mortality and
biomass, and saline Microtox® bacterial luminescence bioassays. Within each
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reference area, seven sampling sites were selected to represent a gradient of
sediment grain size distribution within a broad range of percent fine-grained
(<63 um) material. All sample analyses were conducted in accordance with
PSEP guidelines.

SEDIMENT CHEMISTRY RESULTS

Median values for data on contaminant concentrations based on the 1990
survey were similar to the median of pooled historical data for four interim
reference areas (i.e., Carr Inlet, Dabob Bay, Samish Bay, and Sequim Bay)
identified by Ecology (Pastorok et al. 1989), with the exception of chromium.
The median concentrations of chromium for the areas sampled in the 1990
survey, when combined with the chromium results for the four interim reference
areas, resulted in a median concentration 25 percent greater than the median
associated with only the four interim reference areas; however, the range of
chromium values of the 1990 survey were well within the range associated with
the interim reference areas. For each of the conventional variables and chemical
concentrations, most of the 1990 survey results exhibited frequency distribution
patterns similar to those for the four interim reference areas.

No pesticides or polychlorinated biphenyls were detected in any of the
samples associated with this survey. In comparison to the four interim reference
areas, the results of this study suggest that the observed concentrations of most
metals and most organic compounds in sediments at the nine stations were
relatively low. Exceptions include benzoic acid, butyl benzyl phthalate, and
4-methylphenol. These chemicals were present at Station SM30 in Samish Bay
at concentrations that may be associated with adverse biological effects based on
exceedances of the state sediment management standards. Therefore, this station
was rejected from future consideration as a potential reference area.

All 1990 survey areas, with the exception of Samish Bay Station SM30, are
in accordance with the criteria for the selection of Puget Sound reference areas
as identified in Pastorok et al. (1989). The selection criteria require that the
lowest apparent effects threshold (LAET) values not be exceeded by more than
one chemical contaminant (other than phthalates, which are common laboratory
contaminants, and sulfides). 4-Methylphenol exceeded the LAET value at more
than one station within an area (Carr Inlet Stations CR0O2 and CR20 and Samish
Bay Stations SM30 and SM34). However, these stations were not eliminated
from consideration as Puget Sound reference areas because 4-methylphenol was
the only contaminant exceeding an LAET. In addition, adverse biological effects
were not apparent from the bioassay results.



SEDIMENT BIOASSAY RESULTS

Bioassay responses in reference area sediments were generally less than the
PSEP quality control limits for negative control samples. Differences between
bioassay responses to reference area sediments and those to West Beach sediments
were relatively small despite their statistical significance (P<0.05) for approxi-
mately half of the stations sampled in this study. Except for two Holmes Harbor
samples, exceedances of quality control limits for control samples were not
regarded as evidence of contamination. Samples from Holmes Harbor Stations
HMO01 and HMO2 greatly exceeded the quality control limit specified in this study
for juvenile polychaete mortality in control samples; mortality at these stations
was 50 and 44 percent, respectively. Nevertheless, the growth of the surviving
worms (as measured by average individual biomass) was comparable to that at
other stations in Holmes Harbor and other reference areas. Confirmation of the
apparent toxicity at Stations HM01 and HMO2 by resampling and reanalysis
would help to confirm the value of Holmes Harbor as a reference area.

Percent mortality for the amphipod test was less than the interim perform-
ance standards for reference areas in all cases. The bivalve larvae quality control
limit for mortality in controls was exceeded by all reference area sediments.
Systematic high bivalve mortalities have been observed in PSDDA studies (PTI
1988; Kendall 1991, pers. comm.) and are not considered indicative of significant
toxicity in these samples. Bivalve mortality showed no relationship to ammonia,
which has been implicated as a cause of high bivalve mortality in PSDDA tests.
Possible explanations for the high bivalve larvae mortality values, which
contradict the results of the other bioassays based on comparisons to quality
control limits for controls, are that 1) the estimate of the number of initial larvae
was not representative of the true number of initial larvae, 2) the bivalve were
unusually sensitive (responses to positive controls were all high, so that an LCs,
could not be calculated), or 3) some unmeasured bioassay condition was respon-
sible.

Significant correlations (P <0.05) between bioassay responses and physical
sediment parameters were observed only for the two larval bioassays. Larval
responses (both abnormality or the combined endpoint) were significantly
correlated with finer grain sizes and higher percentages of organic carbon.

Bivalve larvae abnormality and echinoderm larvae mortality were signifi-
cantly correlated with the concentrations of several chemicals. Juvenile poly-
chaete biomass was aiso significantly correlated with one chemical (fluorene).
Despite the existence of a relationship between chemical concentrations and
bioassay results in this data set, the absolute magnitude of these bioassay
responses are low enough to indicate the absence of toxic effects in these
reference area samples based upon comparison of bioassay responses to quality
control limits for control samples.



PERFORMANCE STANDARDS

Performance standards were computed using all previous data from interim
reference areas (Carr Inlet, Sequim Bay, Dabob Bay, and Samish Inlet) and the
data from this study. Performance standards were established by the 90th
percentile of the range of each chemical or biological variable. Performance
standards have been developed for the amphipod mortality endpoint, bivaive
larvae, echinoderm embryo abnormality and combined endpoints, and Neanthes
biomass endpoint. Performance standards based on the 90th percentile of the
distribution of bioassay responses could not be developed for the Microtox® test
because no significant decreases in bacterial bioluminescence were observed in
this study. Therefore, it is recommended that a nonsignificant (P > 0.05) decrease
in bioluminescence be established as the reference area performance standard for
the Microtox® bioassay.

CONCLUSIONS AND RECOMMENDATIONS

The 1990 survey of reference areas has increased the amount of data available
for establishment of subtidal chemistry and selected bioassay performance
standards. Most of the stations sampled within the Carr Inlet, Samish Bay, and
Holmes Harbor reference areas are uncontaminated, as indicated by chemistry and
bioassay results. One station in Samish Bay appears contaminated and is
unsuitable for collection of reference sediments. Equivocal results were observed
for two stations in Holmes Harbor, and use of these stations should be avoided
unless subsequent studies establish that they are not contaminated.

The LAET for 4-methylphenol was exceeded at several stations. Because
adverse biological effects were not observed at these stations, the stations were
included in the formulation of revised reference area performance standards.

Amphipod bioassay mortality results from the 1990 survey showed a slight,
but nonsignificant, correlation with sediment grain size. The highest value of
mean mortality observed in the amphipod tests was less than the PSEP quality
control limit of 10 percent for control samples. This observation indicates that
stratification of bioassay performance standards by grain size is unnecessary for
this survey. The relationship between bioassay results and grain size should be
examined in subsequent reference area studies. Furthermore, the relationship
between grain size and mortality may be different in contaminated sediments. In
any case, collecting reference area sediment with a grain size similar to that of
the test site would minimize the effect of such a relationship even if it is small.
The bioassay performance standards presented in this report are not stratified by
grain size.

Performance standards have been developed for 14 chemicals and for 5
bicassay endpoints. A performance standard for the bivalve larvae combined
endpoint (mortality plus abnormality) was not developed because of extremely
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high mortalities observed in these tests; a percentile-based numerical performance
standard for the Microtox® bioassay was not developed because of the absence of
sufficient data showing a positive response. It is recommended that a nonsignifi-
cant (P >0.05) decrease in bioluminescence be established as the reference area
performance standard for the Microtox® bioassay.

Several of the data gaps identified in Pastorok et al. (1989) remain unfilled,
including data to support the development of performance standards for benthic
macroinvertebrates and for low-salinity and intertidal habitats. Additional data
from other possible reference areas, especially data collected recently under
PSAMP and PSDDA, would help refine the existing performance standards and
extend them to additional chemical and biological measures of toxicity.
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INTRODUCTION

The Washington Department of Ecology (Ecology) has issued sediment
management standards [SMS; Chapter 173-204 Washington Administrative Code
(WAC)] for identifying and classifying contaminated sediments in Puget Sound.
The SMS and other regulatory programs mandate that reference areas (i.e.,
relatively uncontaminated areas) be sampled to provide data suitable for compari-
son with data on potentially contaminated sediments. Reference area performance
standards are qualitative and quantitative criteria for suitable reference conditions
that are defined in terms of habitat characteristics (e.g., chemical concentrations)
and biological properties (e.g., toxicity bioassay responses). The performance
standards are needed to provide an objective and consistent basis for assessing
contaminated sediments in various environments of Puget Sound. Reference area
performance standards provide a means of assessing the acceptability of reference
sediment, whether it is collected from a previously identified reference area or
from some other location. Development of reference area performance standards
follows the recommendation of the U.S. Environmental Protection Agency (EPA)
Science Advisory Board. The goal of Ecology and EPA is to develop standards
that are applicable to multiple Puget Sound sediment management programs [e.g.,
the Puget Sound Dredged Disposal Analysis (PSDDA), the Puget Sound Estuary
Program (PSEP), SMS).

The Puget Sound Reference Areas Survey reported here was conducted by
Ecology and EPA Region 10, Office of Coastal Waters, to document suitable
reference conditions in Puget Sound. Samish Bay, Holmes Harbor, and Carr
Inlet were selected as potentially suitable reference areas based on geographic
location and available chemical and biological data. These areas are distributed
in northern, central, and southern regions of the sound, respectively, and
available data indicated relatively low concentrations of contaminants in sediments
(Pastorok et al. 1989). In the present study, chemical and biological conditions
were evaluated by the analysis of 1) physical/chemical sediment characteristics,
including chemical concentrations, total organic carbon (TOC), acid-volatile
sulfides (AVS), total solids, and grain size distribution and 2) sediment toxicity
as determined by amphipod mortality, bivalve larvae mortality and abnormality,
echinoderm embryo mortality and abnormality, juvenile polychaete mortality and
biomass, and saline Microtox® bacterial luminescence bioassays. Within each
reference area, sampling sites were selected to represent a gradient of sediment
grain size distribution based on a broad range of percent fine-grained (<63 um)
material.



INTERIM PERFORMANCE STANDARDS

Ultimately, performance standards for reference areas will be developed from
a comprehensive database containing information on sites throughout Puget
Sound. A sound-wide database is needed to characterize the range of conditions
expected in reference areas. For example, sediment chemistry, sediment toxicity
bioassay response, and benthic macroinvertebrate communities may vary in
relation to sediment grain size distribution and TOC content or region-specific
geological properties (e.g., proportion of various minerals and background metals
concentrations). Interim performance standards for reference areas were defined
based on available data (Pastorok et al. 1989). These interim performance
standards are shown in Table 1. The data collected during the present study were
used to refine the interim performance standards expressed as quantitative values
(e.g., maximum sediment chemical concentrations or bioassay responses).

POTENTIAL REFERENCE AREAS

The following criteria were used by Pastorok et al. (1989) to select potential
reference areas for use in Ecology’s sediment management program:

¥ The area is ranked low for current contaminant source concerns
and for predicted impacts of future population growth

® The median concentration of each chemical evaluated in the area
is less than the interim performance standard (i.e., 90th percentile
concentration derived from data at individual stations for all
potential reference areas)

m  Lowest apparent effects threshold (LAET} values are not exceeded
for more than one chemical contaminant (other than phthalates,
which are common laboratory contaminants, and sulfides) and at
more than one station within the area

'm  The mean value of amphipod mortality for the reference area does
not exceed the interim performance standard (e.g., guideline devel-
oped from Barrick et al. 1988 or model of DeWitt et al. 1988).

Potential reference areas meeting these criteria are shown in Table 2. Interim
reference areas proposed for use by the sediment management program were Carr
Inlet, Dabob Bay, Samish Bay, and Sequim Bay (Pastorok et al. 1989). Selection
of these four areas was based upon the large quantity of available data and the
areas’ locations in different biogeographic zones of Puget Sound.



TABLE 1. INTERIM PERFORMANCE STANDARDS FOR REFERENCE AREAS

Performance
Variable Standard?®
Organic Compounds {zg/kg DW)
LPAH 240
HPAH 1,200
PCB 30
Inorganics {mg/kg DW)
Arsenic ' .1 9
Cadmium 1.4
Copper 58
Chromium 150
Mercury 0.19
Lead 30
Nickel 65
Silver 078
Zinc 110
Total Organic Carbon {% DW) 3.0
Sulfides (mg/kg DW) 84
Bioassays
Amphipod mortality {%) 25
Bivalve larvae abnormality (%) b
Microtox - saline (ECg, pi/mL) b
Microtox - organic (ECgq, uL/mL) ®
Benthic Macroinvertebrates {No./m?) e
Polychaete abundance b
Gastropod abundance b
Bivalve abundance b
Amphipod abundance N
Total abundance :

Number of species

a These performance standards apply only to marine subtidal sediments. For each
chemical variable, the interim performance standard is equal to the 20th percentile of
the distribution of sediment concentration values for potential reference areas

b Quantitative interim performance standards cannot be defined on a sound-wide basis
because of limited available data. Qualitative performance standards are described in
the text.



TABLE 2. SUMMARY OF AVAILABLE DATA FOR
POTENTIAL REFERENCE AREAS®

. , _ _ Nufnber of
Chomiswy® __, H0%, Mgmoer of Sttons wih - Satns i
Location High Median >AET  Mortality® Data Data
Admiralty Inlet -8 - - 6 0
Carr Inlet + yes 1 22 13
Case Inlet - yes yes, 3 40 55
Dabob Bay + + + 34 T
Discovery Bay + + + 53
Hood Canal, centralflower - - - 15 0
Padilla Bay -- - + 2
Port Madison + yes - 51 0
Port Orchard - - - 4 0
Poverty Bay - - + 0 1
President Point i PAH -- - 3 1
Quartermaster Harbor LPAH, Ag, yes - 8 0
Pb, Hg
Rich Passage Pb - -- 1
Rosario Strait - -- - 1
Samish Bay (sulfide)’ tyesi'  {yes}, 1 59 32
Saratoga Passage - - - 10 G
Sequim Bay {sulfide)’ {yes)f {yes) 30 §5
West Beach + + NAS 6 2

Wollochet Bay - -

® From Pastorok et al. (1989).

b High median (i.e., median exceeds the interim performance standard) or exceedance of the apparent effects
threshold for one or more chemicals at one or more stations based on detected values (phthalates excluded}.



TABLE 2. (Continued)

¢ Median mortality = 25 percent or more than 33 percent of stations with mean amphipod mortality values =25
percent. Parentheses indicate that high percentage of fine-grained material in sediments may account for high
mortality values at most sites. The number of stations that exceed the optional interim performance standard
derived from the model of Dewitt et al. (1988) is aiso shown

4 Count includes stations which have only sediment conventionals data.

low contamination or low amphipod mortality
inadequate data li.e., poor coverage of U.S. Environmental Protection Agency priority pollutants
polycyclic aromatic hydrocarbons, polychlorinated biphenyls, and metals; no amphipod bioassay data)

® 4

f Single station.
8 NA = not applicable; West Beach is the native sediment control for the amphipod bioassay.



DEVELOPMENT OF PERFORMANCE STANDARDS

The proposed structure of the performance standards is based on considera-
tion of key environmental variables that influence natural sediment conditions.
The performance standards are based on an evaluation of all suitable data
compiled in Pastorok et al. (1989) and data collected during the present study.
The simplified scheme proposed for the structure of the performance standards
reflects the limited amount of data for reference areas. Not all of the areas used
to define the interim performance standards (Pastorok et al. 1989) are recom-
mended for use as reference areas in the future. Interim reference areas were
selected by integrating information on degree of contamination, biological effects,
potential anthropogenic disturbance, habitat characteristics, and geographic
location.

STRUCTURE OF PERFORMANCE STANDARDS

Performance standards are defined as criteria to identify suitable reference
conditions based on sediment variables (i.e., contaminant concentrations, bioassay
responses, benthic macroinvertebrate abundances). For each variable, the perfor-
mance standard recommended below is generally expressed as the 90th percentile
of the observed distribution of values for potential reference areas. As more data
are developed for various potential reference areas, the performance standards
should be revised. At that time, it may be warranted to define the standards as
the 95th or the 99th percentile of the distribution of reference area values based
on sample size or skewness of the distribution.

A hierarchical structure is proposed for reference area performance stan-
dards, consisting of four tiers of environmental variables:

W Biogeographic region, including estuarine (i.e., low-salinity)
subareas defined by interstitial water salinity of sediments

B Season within biogeographic region

W Water depth (or tidal height) within season and within region

R Sediment type within a particular range of water depths, within

season, and within region,

For benthic macroinvertebrate variables, performance standards should be defined
within each tier of this system. For example, an acceptable range of abundance
would be defined for each major taxon of benthic macroinvertebrates for
sediments of a certain range of grain sizes, within a certain range of water
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depths, within a certain season, and within a certain biogeographic zone.
However, not all tiers may be relevant to a particular variable. Chemistry
variables are not stratified by season, water depth, or sediment type.

Different biogeographic regions within Puget Sound are proposed as the first
level of the hierarchical system. Interim biogeographic regions were defined
(Pastorok et al. 1989) by gross physical features, expected influence of fresh
waters, and requirements for locating representative reference areas throughout
Puget Sound. The latter requirements were imposed to satisfy the logistical
constraints of sampling and to ensure that one or more of the selected reference
areas were located relatively close to contaminated areas that might be evaluated.
The first level of the performance standards system includes the following
biogeographic zones:

®  Strait of Juan de Fuca/Strait of Georgia—Areas generally north and
west of Admiralty Inlet, including associated bays (e.g., Sequim
Bay, Discovery Bay, Padilla Bay, Samish Bay, San Juan Islands,
and Boundary Bay) '

® Hood Canal—Hood Canal (in its entirety) and associated bays
(e.g., Dabob Bay, Port Ludlow)

u  Northeastern Puget Sound—Saratoga Passage and associated bays
(e.g., Holmes Harbor, Penn Cove, Oak Harbor, Port Susan, and
Skagit Bay)

®  Puget Sound Main Basin—Areas from the northern boundary of
Admiralty Bay in the north to the Tacoma Narrows in the south,
and associated bays (e.g., Oak Bay, Useless Bay, Port Madison,
and Poverty Bay)

®  Southern Puget Sound—Areas south of the Tacoma Narrows (e.g.,
Carr Inlet, Case Inlet, Nisqually Reach, Skookum Inlet).

Further subdivision of these areas will likely be necessary in the future as more
data become available from the Puget Sound Ambient Monitoring Program
(PSAMP), PSDDA, or the Ecology sediment management progran.

Based on gross oceanographic features, these zones might be expected to
have somewhat different benthic macroinvertebrate communities. However, the
importance of these differences at the major taxon level is unknown. Each of the
large biogeographic zones also defines an area within which at least one reference
area should be located to allow efficient sampling. Within the large-scale zones,
smaller biogeographic zones corresponding to estuarine systems (<25 ppt
salinity) within Puget Sound should be defined. Because salinity measurements
on interstitial water in sediments are generally not available, these estuarine zones
cannot be defined precisely at this time.



Within each biogeographic region or estuarine subarea, reference conditions
should be defined for different seasons. Ranges of water depths for subtidal
stations and tidal heights for intertidal stations should also be incorporated into
the performance standards system. Within each season and range of depths (or
tidal heights), the final tier of environmental variables should be organized into
various sediment types defined as combinations of ranges of percent fine-grained
material.

The proposed structure of the performance standards for each kind of
sediment variable is summarized in Table 3. All variables should be stratified by
major biogeographic zone and sediment interstitial water salinity because of the
potentially important influence of these factors. Chemistry of sediments is
strongly affected by interstitial water salinity and by natural materials (e.g., plant
material, glacial silt) carried by rivers that create low-salinity areas. Because of
potential physicochemical influences on organism responses to toxic chemicals
(DeWitt et al. 1988), stratification of performance standards for the amphipod
bioassay by sediment grain size (or some covariate) may be warranted in some
circumstances. Also, different kinds of bioassays or modifications of present
bicassays will be required to test the toxicity of low-salinity sediments. The
Microtox® test is the only available bicassay currently used for assessing Puget
Sound sediments that can be applied immediately to freshwater sediments.
Stratification of performance standards for bioassays to account for seasonal
effects is not recommended. However, the availability of test organisms may
limit the application of a given bioassay on a seasonal basis. The structure of the
performance standards is most complex for benthic macroinvertebrate variables
because of the well known variation in benthic communities with changes in
environmental variables. Because of the variability of benthic macroinvertebrate
populations in intertidal habitats and low-salinity environments, it is recommended
that this indicator of toxicity not be used as part of a biological testing scheme for
these habitats.

QUALITY ASSURANCE AND QUALITY CONTROL OF PERFORMANCE
STANDARDS DATABASE

Options and recommendations are presented in this section for procedures to
screen anomalous data from the reference area database. In general, data
collection efforts and quality assurance and quality control (QA/QC) procedures
should follow regional protocols (PSEP 1986c; Pastorok et al. 1985). Specific
recommendations for QA/QC of chemical and biological data are provided in the
text below.

Chemical Data

Chemical data that have passed quality assurance review may still be
qualified. Qualified data (e.g., data qualified as estimates) may be less certain

8



TABLE 3. PROPOSED GENERAL STRUCTURE OF REFERENCE AREA
PERFORMANCE STANDARDS

Performance Standards Stratum?

Biogeographic®

Sediment Variable Zone Season Water Depth® Grain Size
Chemistry Yes No No No
Bioassays Yes No No Yes®
Benthic macroinvertebrates Yes Yes Yes Yes

2 Environmental variable by which the performance standards for a sediment variable are stratified.

® Incorporates stratification by estuarine subarea within each large-scale biogeographic region defined
in the text.

© Incorporates stratification into intertidal and subtidal areas.

4 Stratification of bioassay data to derive reference area performance standards requires further
investigation.



than data that have not been qualified but the degree of uncertainty is typically
undefined. Potential options for addressing the use of chemical data with
qualifiers to develop reference area performance standards include:

® Option 1—Exclude undetected data (i.e., data with a "B" or "U"
qualifier).

® Option 2—Exclude the above and any data subjected to large
recovery corrections (i.e., organic data for which greater than an
order-of-magnitude recovery correction was applied based on
surrogate recovery standards in the sample). (For data on organic
compounds and metals that have not been recovery-corrected using
the isotope dilution technique, a control Iimit of 50-75 percent
recovery is recommended by PSEP 1986c.)

m  Option 3—Exclude the above and any data that have been qualified
as "estimates." (This option would have a major impact on use of
many data sets, including use of any tentatively identified com-
pounds that are by definition qualified as estimates.)

Option 1 or 2 is recommended for development of reference area perfor-
mance standards. Option 2, however, addresses concerns about setting reference
criteria too high (i.e., in case large recovery corrections overestimate sediment
concentrations). Option 3 limits the appropriate use of data qualified as "esti-
mates. " Data are qualified as "estimates” for a wide variety of reasons, which
should be considered on a case-by-case basis as part of the quality assurance
screening of data prior to entry into the reference area database. Option 1 was
implemented in Pastorok et al. (1989) and during the present study.

Biological Data

Use of reference data with abnormally high variability (e.g., unusually high
standard deviation) could reduce the ability to discriminate between test samples
and reference conditions when attempting to identify adverse biological effects.
Barrick et al. (1988) propose screening Puget Sound biological data to qualify
mean values with abnormally high variance. For example, a value of 20 percent
was proposed as a QA/QC limit on the standard deviation in the amphipod
mortality test. In this case, the critical value for the standard deviation of mean
mortality was derived by examining the values for the 23 reference stations from
the eight studies in the sediment quality values (SEDQUAL) database. All but
one value (i.e., a value of 31 percent) of the standard deviation ranged from
4.0 to 16 percent (Barrick et al. 1988). It is recommended that in the future the
guideline of 20 percent for the standard deviation of the mean mortality of
amphipods be applied to reference area data.
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DERIVATION OF PERFORMANCE STANDARD VALUES

The current performance standards have been developed only for subtidal
reference conditions throughout Puget Sound. Available data are inadequate to
support full implementation of the recommended system of hierarchical perfor-
mance standards. The performance standards represent upper limits to the
concentrations of chemicals or of bicassay responses in acceptable reference area
samples. Results from some samples collected from potential reference arcas
during the 1990 survey are not used based upon the apparent toxicity of those
samples, as indicated by either exceedance of more than one LAET value or
extreme bioassay responses (i.e., high mortality of bivalve larvae). Performance
standards can be applied to identify suitable reference sediment from any location
(within the constraints of any applicable regulatory program), and are not
intended to define or establish a finite list of reference areas.

The current standards are established by the 90th percentile of all observed
reference area data, as recommended based on a review of existing data and
previously used project-specific reference standards (Pastorok et al. 1989). The
use of a percentile is a conservative approach relative to the use of a confidence
limit. A percentile-based performance standard ensures that reference samples
used for future studies will fall within the range of established reference area
conditions, whereas an approach based on confidence limits might allow use of
samples that show a chemical concentration or toxicity test response that is higher
than the highest established reference area condition. As the size of the reference
area data set increases, use of an alternative percentile (e.g., the 95th or 99th)
may be appropriate (Pastorok et al. 1989).

Chemical concentrations were used to compute the performance standards
only if the chemicals were detected. Undetected chemicais (ordinarily represented
by the detection limit) were not included because use of detection limits would
introduce a bias controlled by the analytical precision of the methods and
instruments used. Performance standards cannot currently be computed for some
of the PSEP and PSDDA chemicals of concern because these chemicals have
rarely been detected in potential reference areas.
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1990 REFERENCE AREAS SURVEY

Three of the potential reference areas identified in Pastorok et al. (1989)
were selected for further investigation, with the purpose of better defining
reference area conditions in Puget Sound and investigating differences between
biogeographic zones and sediment types. The three areas selected were Samish
Bay, Holmes Harbor, and Carr Inlet. Selection of these areas was based on
biogeographic location and accessibility relative to urban areas of the Puget Sound
region (where contaminated sites are generally located).

The 1990 survey was designed to collect data that could be used to address
the stratification of reference area performance standards for both sediment
chemical concentrations and bioassay responses. Performance standards for
infauna abundances and low-salinity and intertidal environments were not
addressed.

METHODS

Sample collection and analysis procedures used for this survey foliowed the
specifications of PSEP (1986a,b,c,d) uniess otherwise noted. Procedures are
briefly described below. For additional details, refer to PTI (1990).

Field Collection

Sample types, station locations, and sample collection procedures are
described in the following sections.

Sample Types and Station Locations —Sediment samples were collected
from three reference areas (Carr Inlet, Samish Bay, and Holmes Harbor) for
analysis of sediment contaminants, conventional variables, and sediment toxicity.
The numbers and kinds of samples collected are summarized below:

®  Sediment chemistry samples—A composite sample of sediment for
analysis of TOC was collected from each of seven stations in each
of the three reference areas (Station HMO7, which is located in
Saratoga Passage in an area with extremely fine-grained sediments,
was designated as one of the stations in the Holmes Harbor series
because comparable sediments were not found within the harbor).
At each station, separate samples for analyses of AVS and volatile
organic compounds were collected from a single grab sample. At

12



one Holmes Harbor station (HMOS), triplicate samples were
collected, resulting in a total of 23 field samples. After sample
collection, Ecology made a decision based on budget limitations to
analyze chemistry samples from only three stations within each
area and not analyze the samples for volatile organic compounds.
For each area, three samples were selected to represent the mini-
mum, approximate mid-range, and maximum values of percent
fine-grained material in sediment.

m Sediment grain size samples—Subsamples from cach of the
23 composite samples of sediment for chemical analyses were ana-
lyzed for grain-size distribution.

m  Bioassay samples—Subsamples from each of the original 21 com-
posite samples of sediment for chemical analysis were analyzed by
the amphipod mortality, bivalve larvae mortality and abnormality,
echinoderm embryo mortality and abnormality, juvenile polychaete
mortality and biomass, and saline Microtox® bacterial luminescence
bioassays.

The locations of the reference areas are shown in Figures 1-4. Exact station
locations were determined in the field based on a preliminary determination of
grain-size distributions prior to sampling (Appendix C). A 100-mL subsample
was removed from the grab sample. The subsample was then wet-sieved through
a 63-um sieve until water passing through the sieve was clean. The retained
material was rinsed into a graduated cylinder and allowed to settle until the
supernatant was clean. The volume of retained material provided an estimate of
the sand and gravel fraction of the sediment. The results of the wet-sieving
method used in the field correlated well with the results of the laboratory analysis
(Pearson r=0.88, P<0.01). The relationship between laboratory and field
measurements is:

Lab = 0.73 x Field + 17

Sample Collection and Handling—Sampling was conducted between
June 18 and 27, 1990. A brief description of field sampling procedures is
provided in this section; a more detailed description is provided in the project
sampling and analysis plan (PTI 19590).

The composite sampling scheme for field sample collection was designed to
collect data that were representative of conditions at each of the sampling stations.
Sediment samples from 9 stations (i.e., three samples from each area) were
analyzed for chemical contaminants and samples from all 21 stations (i.e., seven
samples from each area) were analyzed for conventional analytes (PTT 1990).
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Figure 2. Stations sampled in Holmes Harbor.
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Sediment samples were collected using a dual modified 0. 1-m? stainless steel van
Veen grab sampler. Each sample consisted of sediment composited and homoge-
nized from four to six grab samples at each station to improve the
representativeness of the samples. Exceptions include samples for AVS and
volatile organic compounds, which were collected from a single grab sample
because these samples could not be composited without the loss of the compo-
nents of interest. After collection, acceptability of each grab sample was
evaluated in accordance with PSEP guidelines (PSEP 1986a,b,c,d).

Laboratory Analyses

All laboratory analyses were conducted in accordance with PSEP guidelines
(PSEP 1986a,b,c,d).

Chemical Analyses—For each of the 1990 survey areas, a composited
sample from each of three stations was analyzed for pesticides, polychlorinated
biphenyls (PCBs), semivolatile organic compounds, and metals (a total of 9
samples from all areas). In addition, a composited sample from each of 7 stations
in each survey area was analyzed for TOC, total solids, and grain-size distribu-
tion (a total of 21 samples from all areas). Seven grab samples from each of the
three survey areas were collected for the analysis of AVS.

Concentrations of metals and organic compounds were determined following
modified EPA Contract Laboratory Program (CLP) protocols (U.S. EPA 1987,
1988), as modified by PSEP (1986b,d) and the statement of work submitted to the
laboratory. PSEP guidelines (PSEP 1986c) were followed for the analyses of all
sediment conventional variables, except AVS, as discussed below.

Metals: Three separate digestions were completed for each sediment sample
to accommodate the required metals analyses. These methods differ slightly from
those specified in the sampling and analysis plan (PTI 1990). A strong acid
digestion for silver analyses was used to meet the desired detection limits, and
total dissolution fluoroboric acid digestion was used for all other metals analyses,
as recommended by PSEP (1986d). Mercury analyses were conducted according
to CLP (7/87) cold vapor procedures. Metals concentrations in the sediments
were determined by inductively coupled plasma-atomic emission spectrometry or
graphite furnace atomic absorption spectrometry, as appropriate, to attain the
desired detection limits. Cold vapor atomic absorption spectrometry was used for
the determination of mercury concentrations.

Semivolatile Organic Compounds: The sediment samples were analyzed
for acid/base/neutral semivolatile compounds using gas chromatography/mass
spectrometry by isotope dilution (U.S. EPA 1989). This technique is used to
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correct the analytical results for losses of the target compounds that may occur
during the sample extraction and concentration procedures, differences in the
injection volume, and possible variations in instrument sensitivity. The technique
does not necessarily account for the efficiency of extraction from different sample
matrices, but does for losses that can be approximated by spiked standards added
to the sample prior to extraction. The sample extraction procedures used for this
project were performed in accordance with modifications recommended by
PSEP (1986b) to attain lower detection limits and improve sample analysis.
These modifications include the following changes to EPA protocols (U.S. EPA
1988):

m  Sample extraction using approximately 100 grams (wet weight
basis)

w  Sample extract cleanup using gel permeation chromatography
m  Reduction of the final extract volume to 0.5 mL

®  Analysis of standard concentrations of between 1 and 5 nanograms
(on-column) to demonstrate instrument sensitivity near the required
limit of detection.

Pesticides and PCBs: Concentrations of pesticides and PCB mixtures were
determined by using a modified version of the CLP protocols (U.S. EPA 1988)
for low-level analysis of sediment samples, as recommended by PSEP (1986b).
These modifications include:

m  Sample extraction using approximately 100 grams (wet weight
basis)

®  Use of an additional surrogate compound (4,4’ -dibromo-octafluoro-
biphenyl) to monitor recovery on a sample-by-sample basis

m  Sample extract cleanup using gel permeation chromatography

®  Use of megabore capillary gas chromatography/electron capture
detection analysis to enhance resolution and reduce potential
interferences

®  Use of a multi-point calibration of a common Aroclor mixture
(Aroclor 1254) to supplement the multipoint calibration for pesti-
cides.

The laboratory performed all recommended modifications, except for using the
larger sample size. A 30-gram (wet-weight basis) aliquot was used for sample
extractions; however, the laboratory compensated for this smaller weight by using
a final extract volume of 1.0 mL instead of 10 mL. The change in extraction
weight and final extract volume did not affect the quality of the data.
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Conventionals: The grain-size distribution of sediment samples was
determined on oxidized samples (using hydrogen peroxide) by standard sieve and
pipet techniques (PSEP 1986¢). After initial wet sieving through a 63-um mesh,
the gravel and sand fractions were separated by dry sieving techniques, and the
silt and clay fractions were separated using pipet analysis. The TOC content of
each sediment sample was determined by combustion in an elemental analyzer.

Analysis of AVS proceeded by a three-step procedure similar to a method
commonly employed by commercial laboratories for total sulfide analysis in
sediment. The samples were acidified with hydrochloric acid (pH <5 in the
reaction vessel) to convert sulfides present in the sample to hydrogen sul-
fide (H,S) and purged with nitrogen gas at room temperature for one hour [Di
Toro et al, 1990; EPA Method 376.3 (U.S. EPA 1990)]. The released H,S was
swept into a zinc acetate trap (PSEP 1986¢c; Plumb 1981) by the nitrogen gas
stream. The sulfides collected in the trap were measured titrimetrically [Standard
Method 427D (APHA 1985)].

Biological Analyses—The five sediment toxicity bioassays evaluated in this
study are listed in Table 4. PSEP guidelines (PSEP 1986a) were followed for all
bioassays, except for deviations specified by EPA and Ecology during the perfor-
mance of this work (deviations are noted in the following sections). QA/QC
procedures applicable to sediment bioassays are described in the quality assurance
project plan (PTI 1990).

Amphipod Mortality Bioassay: This acute test measures mortality and
failure to rebury in adult amphipods exposed to test sediment for 10 days. Only
the mortality endpoint was used in the data analysis for this study. The test
species used in the present study was Rhepoxynius abronius. Protocols and
QA/QC performance standards are described in PSEP (1986a).

Adult amphipods were collected in the field and acclimated to the test water
temperature and salinity for 3-4 days prior to testing. For each bioassay
replicate, 20 amphipods were exposed to a 2-cm layer of bedded test sediment in
a ]-liter chamber filled with clean seawater. Five replicate analyses were
conducted for each sample, After the 10-day exposure period, the surviving
amphipods in each test chamber were sieved from the sediment and counted.
Percent mortality was determined relative to the total of 20 individuals added to
each chamber at the beginning of the test. The survivors were then exposed to
clean control sediment, and the number that failed to rebury was determined.
Percent nonreburial was determined relative to the number of survivors in each
test chamber.

QA/QC procedures for the amphipod mortality test included the use of
positive and negative controls and daily measurement of water quality conditions
(i.e., temperature, salinity, pH, dissolved oxygen) in each test chamber, Mean
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TABLE 4. BIOASSAYS CONDUCTED ON REFERENCE AREA SEDIMENTS

Test (Exposure)

Species/Stage

Response Variable

Amphipod (10-day)
Bivalve {48-hour)
Echinoderm (72-hour}

Polychaete {20-day)

Microtox (15-minute)
saline

Rhepoxynius abronius
{adult)

Crassostrea gigas
{larvae)

Dendraster excentricus
{embryo}

Neanthes sp.
{juvenile)

Photobacterium phosphoreum

Percent mortality

Percent developmental abnormality
Percent mortality

Percent developmental abnormality
Percent mortality

Percent decrease in individual
biomass
Percent mortality

Percent decrease in
bioluminescence
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mortality of amphipods in the negative control must not exceed 10 percent for the
test results to be considered valid. In the present study, cadmium chloride was
used as the reference toxicant, and a sediment sample from West Beach on
Whidbey Istand, Washington, was used as the negative control.

Juvenile Polychaete Biomass Bioassay: This tést measures mortality and
biomass in juvenile polychaetes exposed to test sediment for 20 days. Only the
average individual biomass endpoint was used in the present study. Protocols are
described in PSEP (1986a). The test species used in the present study was
Neanthes sp.

Juvenile polychaetes were obtained from laboratory cultures maintained by
Dr. Donald Reish (California State University, Long Beach, California), acclimat-
ed to the test water temperature and salinity, and fed prawn flakes. For each
bioassay replicate, five polychaetes of relatively uniform weight were exposed to
150 grams of test sediment in a 1-liter chamber filled with clean seawater. The
starting average individual biomass was 0.34 mg dry weight in one test series and
1.4 mg dry weight in a second test series. Five replicate chambers were used for
each sample. Every second day, approximately 40 mg of prawn flakes were
added to each test chamber to provide a source of food. Every third day,
33 percent of the water volume in each chamber was exchanged with fresh
seawater to prevent water quality from deteriorating. Before testing, three
random subsamples of polychaetes (five individuals per subsample) were dried at
50°C for 24 hours and weighed to the nearest 0.1 mg to provide an estimate of
initial biomass. After the 20-day exposure period, the survivors in each test
chamber were counted. Percent mortality was determined relative to the total of
five individuals added to each chamber at the start of the test. All survivors were
dried at 50°C for 24 hours and weighed to the nearest 0.1 mg to determine final
total biomass for each replicate. Average individual biomass for each replicate
was determined by dividing the total biomass by the number of survivors.

QA/QC procedures included the use of positive and negative controls and
measurement of water quality conditions (i.e., temperature, salinity, dissolved
oxygen, pH) in each test chamber prior to each scheduled seawater exchange. In
the present study, cadmium chloride was used as the reference toxicant and a
sediment sample from West Beach on Whidbey Island, Washington, was used as
the negative control. Mean mortality of polychaetes in the negative control must
not exceed 10 percent for the test results to be considered valid. QA/QC
performance criteria for control data for the growth endpoint have not been
established for this test.

Echinoderm Embryo Abnormality Bioassay: This acute test measurcs
developmental abnormalities and mortality in echinoderm embryos exposed to test
sediment for 72 hours. The test species used in the present study was the sand
dollar Dendraster excentricus. Protocols and QA/QC performance standards for
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the determination of developmental abnormalities are described in PSEP (1986a),
except that the initial density of organisms was measured in only the seawater
control chambers, not in all of the test chambers. Also, the seawater in the
echinoderm tests was maintained at 31+ 1 ppt [not 28+ 1 ppt as specified in PSEP
(1986a)] to optimize bioassay conditions [a revision of PSEP (1986a), in prepara-
tion, will specify a test salinity of 30-33 ppt +1 ppt].

Adult echinoderms were collected in the field and spawned in the laboratory.
For each bioassay replicate, approximately 20,000-40,000 embryos were added
to a 1-liter test chamber within 2 hours of fertilization. Each test chamber
contained 20 grams of bedded test sediment and was filled with clean seawater.
After the sediment was added to each chamber, the mixture was shaken for
10 seconds and allowed to settle for 4 hours. Five replicate analyses were
conducted for each sample. After the 72-hour exposure period, the seawater in
each chamber was decanted and homogenized. 10-mL subsamples were then
collected by pipette and fixed with a 5 percent formalin solution. All normal and
abnormal embryos in each 10-mL subsample were counted using a microscope.
An abnormal embryo was defined as one that failed to develop into a normal
pluteus larva. Percent mortality was determined separately relative to the number
of larvae that survived a 72-hour exposure to clean seawater. A combined
endpoint based on abnormality and mortality was also estimated relative to the
number of embryos surviving in the seawater control.

QA/QC procedures for the echinoderm abnormality test included the use of
positive and negative controls and measurement of water quality conditions (i.e.,
temperature, salinity, pH, dissolved oxygen) at times of 0, 24, 48, and 72 hours
after test initiation. Ammonia-nitrogen was measured in a subsample of water
from the water quality control beaker for each sediment sample and from the
seawater control at the start and at the end of the exposure period. The protocol
for ammonia sample handling, storage, and analysis followed Standard
Method 427C (APHA 1985). Mean mortality and abnormality of embryos in the
negative seawater control must not be greater than 30 percent and 10 percent,
respectively, for the test results to be considered valid. In the present study,
cadmium chloride was used as the reference toxicant. Clean seawater and a
sediment sample from West Beach were used as negative seawater and sediment
controls, respectively (the sediment sample control supplements requirements of
the PSEP guidelines).

Bivalve Larvae Abnormality Bioassay: This acute test measures develop-
mental abnormalities and mortality in bivalve mollusc larvae exposed to test
sediment for 48 hours. The test species used in the present study was the Pacific
oyster, Crassostrea gigas. Protocols and QA/QC performance standards are
described in PSEP (1986a), except that the initial density of organisms was
measured in only the seawater control chambers, not in all of the test chambers.
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Adult organisms were obtained from Pacific Coast Oyster. The aduits were
spawned in the laboratory after appropriate conditioning. For each bioassay
replicate, 20,000-40,000 developing embryos from a pooled sample were added
to a l-liter test chamber within 2 hours of fertilization. Each test chamber
contained 20 grams of bedded test sediment and was filled with clean seawater.
After the sediment was added to each chamber, the mixture was shaken for
10 seconds and allowed to settle for 4 hours. Five replicate analyses were
conducted for each sample. After the 48-hour exposure period, the seawater in
each chamber was decanted and homogenized. A 10-mL subsample was then
collected by pipette and fixed with a 5 percent solution of formalin. All normal
and abnormal larvae in each 10-mL subsample were counted using a microscope.
An abnormal larva was defined as one that failed to develop into the fully shelled,
hinged, D-shaped prodissoconch I stage. Percent mortality was determined
separately relative to the number of larvae that survived a 48-hour exposure to
clean seawater. A combined endpoint based on abnormality and mortality was
also estimated relative to the number of surviving larvae in the seawater control.

QA/QC procedures for the bivalve larvae abnormality test included the use
of positive and negative controls and measurement of the water quality conditions
(i.e., temperature, salinity, pH, and dissolved oxygen) in each test chamber at the
beginning and end of the 48-hour exposure period. Ammonia-nitrogen was
measured in a subsample of water from the water quality control beaker for each
sediment sample and from the seawater control at the start and at the end of the
exposure period. The protocol for ammonia sample handling, storage, and
analysis followed Standard Method 427C (APHA 1985). Mean mortality and
abnormality of embryos in the negative seawater control must not be greater than
- 30 percent and 10 percent, respectively, for the test results to be considered valid.
In the present study, cadmium chloride was used as the reference toxicant, and
a sediment sample from West Beach was used as the negative sediment control.

Microtox® Bioassay: This acute test measures the reduction in luminescence
for bacteria exposed to a saline extract of test sediment for 15 minutes. The test
species used in the present study was the bioluminescent bacterium Photobac-
terium phosphoreum. Protocols are described in PSEP (1986a).

Bacteria were obtained in a freeze-dried form and were rehydrated in the
laboratory within 2 hours of testing. For each bioassay replicate, an aliquot of
sediment extract and Microtox® diluent was placed in a cuvette and transferred
to the automated toxicity analyzer system. A series of four extract dilutions and
one diluent blank was evaluated for each sample. Duplicate subsamples of each
final extract dilution were analyzed. Bioluminescence was measured initially and
after the 15-minute exposure period, and the decrease in luminescence was
determined by subtraction (with correction for blanks).
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QA/QC procedures included the use of positive and negative controls. In the
present study, phenol was used as the reference toxicant and extracts of West
Beach, Washington, sediment were used as the negative controls.

Data Validation

All chemistry data were acceptable, with the exception of two results for
pentachlorophenol which were rejected during the quality assurance review (PTI
1991a). All sample results and assigned qualifiers are presented in Appendix A.

All bioassay data were acceptable for their intended use, but some qualifiers
were added to aid in interpretation of the data (PTI 1991b). As a result of this
review, all Microtox® results were qualified because of variability in measure-
ments of blanks, and bivalve larvae results from Stations CR20, CR21, SM35,
SM36, and HMO!1 were qualified because of low salinities in the test chambers.
The only deviation from PSEP (1986a) protocols was in the initial size of
Neanthes. In one experimental group, the initial mean individual weight was
approximately 0.36 mg, and in the other group, the initial mean individual weight
was approximately 1.4 mg. Recommended initial weights are 0.5-1.0 mg (PSEP
1986a, which was issued after the bioassays were conducted for the present
study). The lack of availability of worms of the appropriate weight accounted for
this protocol deviation, which was not considered a sufficient reason to qualify
the results. All bioassay results are presented in Appendix B.

Data Analysis

Data were entered into the SEDQUAL database for manipulation and
storage. For most quantitative analyses, portions of the data set were transferred
to SPSS® files. Laboratory results were evaluated as follows:

®  General descriptions of results for conventional sediment variables,
chemical concentrations, and bioassays were generated for the three
reference areas, and areas of elevated or statistically significant
(P <0.05) toxicity were identified using the following techniques:

- Statistical comparison between each sediment sample col-
lected from a reference area and a negative control (West
Beach sediment)

- Comparison of the mean response in each amphipod
bioassay to the guidelines developed by Barrick et al.
(1988) and DeWitt et al. (1938).

Bioassay results were also compared with the reference area data

previously compiled by Pastorok et al. (1989) and other recent data
(i.e., PSAMP, PSDDA, and PSEP).
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m  The relationships between the response of each bioassay and
sediment chemicals and conventional variables were evaluated by
scatterplots, correlation analysis, and regression analysis.

m  Amphipod bioassay data collected as part of this survey were
combined with reference data compiled by Pastorok et al. (1989).
The combined data set was used to refine reference area perfor-
mance standards for the amphipod bioassay.

®  Quantitative performance standards for reference area data were
developed for sediment chemicals and the bivalve, echinoderm, and
polychaete bioassays based on the data from this survey and from
Pastorok et al. (1989).

For each biocassay endpoint, the mean response to a sample was compared
with the mean response to the corresponding control sample (West Beach
sediment) using a r-test and a one-tailed comparisonwise probability level of
«=0.05. A one-tailed test was used because only statistically significant adverse
effects (e.g., increased mortality relative to control) are considered relevant.
Proportion data (e.g., percent mortality or percent abnormality) were analyzed
with and without arcsine transformation. When variances were heterogeneous
(P<0.05 in a Cochran’s C-test), an approximate r-test was used to test for
differences between the reference area sample and the control sample.

1990 SURVEY RESULTS

Sediment Chemistry

In order to assess whether the 1990 survey stations could be used as
reference areas for future use, data on sediment chemistry and conventional
variables for the three reference areas were initially compared with a compilation
of existing data from the four interim reference areas (Carr Inlet, Dabob Bay,
Sequim Bay, and Samish Bay) selected by Pastorok et al. (1989). These
comparisons were based upon median concentrations (detected data only), ranges,
and frequency distribution patterns.

Median and Range Comparison—Median concentrations (on a dry weight
basis) and ranges for each chemical and conventional variable are presented by
area in Table 5. An analogous summary for all detected data pooled across all
four interim reference areas is also presented. Median values for the 1990 survey
areas were less than or similar to the cumulative median of the four interim
reference areas, with the following exceptions: median concentrations of low
molecular weight polycyclic aromatic hydrocarbons (LPAHs), high molecular
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TABLE 5. MEDIAN AND RANGE VALUES FOR NEW SURVEY DATA AND INTERIM REFERENCE AREAS

Detected Data Only Detected and Undetected Data
Compound Range N? Median _ Range N Median
1990 Survey Plus Four Interim
Reference Bays®
Organic Compounds (ug/kg)
LPAHC 2.5-240 22 41 2.5-800L¢ 3 70
HPAH® 22-370 25 120 22-2,400U 35 180
PCBs' 2.7-48 10 14 0.100-48 39 15
Total Phthalates®? 0.50-2,900 18 90 0.50-2,900 18 90
Metals {(mg/kg)
Arsenic 1.90-27.0 40 6.90 1.80-27 0 40 6.90
Cadmium 0.070-4.50 39 0.460 0.070-4.50 39 0.460
Copper 3.90-76.0 39 33.0 3.90-76.0 40 32.0
Chromium 9.60-100 36 53.6 9.6-100 36 538
Mercury 0.006-0.231 98 0.071 0. 006- 102 0.069
Lead 0.40-44.0 98 10.7 0.1000- a9 10.0
Nickel 11.0-64.3 36 320 11.0-64.3 36 32.0
Silver 0014-1.00 92 0.118 0.014-1.00 26 0.116
Zine ' 15.0-133 39 76.0 15.0-133 39 76.0
Conventionals {mg/kg)
Total Organic Carbon 0.19-3.5 49 1.4 0.19-3.5 49 1.4
{percent)
Sulfides 2.2-130 7 40 0.70-130 11 58
Acid-Volatile Sulfides 3.0-93 9 32 2.54-93 23 4.1
Fine-Grained Sediment 2.2-99 147 73 2.2-99 147 73
{percent)
1990 Survey - Carr inlet
Stations Only
Organic Compounds {(zg/kg) _
LPAH 11-22 3 21 11-22 3 21
HPAH 27-140 3 61 27-140 3 61
PCBs -h 0 - 6.0U 3 6.0
Total Phthalates -- 0 - -- 0 --
Metals {mg/kg)
Arsenic 3.40-4.50 3 3.50 3.40-4.50 3 3.50
_;_Qdmium 0.07-0.46 3 0.300 0.07-0.46 3 0.300
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TABLE 5. (Continued)

Detected Data Only Detected and Undetected Data
Compound Range N2 Median Range N Median
Copper 3.90-20.5 3 15.8 3.90-20.5 3 159
Chromium 28.6-66.6 3 63.0 28.6-66.6 3 63.0
Mercury ~ 0.01-0.04 3 0.04 0.010- 3 004
Lead 8.00-13.5 3 9.4 8.00-13.5 3 9.4
Nickel 14.7-35.3 3 338 14.7-35.3 3 338
Silver 0.02-0.16 3 0.100 0.02-0.16 3 0.100
Zinc 23.1-59.9 3 52.8 23.1-58.9 3 52.8
Conventionals {mg/kg)
Total Organic Carbon 0.20-1.20 7 0.60 0.20-1.20 - 7 0.60
{percent)
Acid-Volatile Suifides 5 6-38 -4 33 2.50-38 7 56
Fine-Grained Sediment 4.6-79 7 42 4.6-79 7 42
{percent)
1990 Survey - Holmes
Harbor Stations Only
Organic Compounds {ug/kg}
LPAH 9-47 2 28 9-47 2 28
HPAH £9-360 2 220 89-360 2 220
PCBs - 0 - 6.00-15U 3 6.0
Total Phthalates - o - - 0 -
Metals (mg/kg)
Arsenic 2.40-2.90 3 7.40 2.40-9.80 3 7.40
Cadmium 0.11-1.60 3 0.190 0.11-1.60 3 0.180
Copper 4.90-40.6 3 28.3 4.90-40.6 3 28.3
Chromium 56.1-98.5 3 84.5 56.1-98.5 3 84.5
Mercury 0.01-0.12 3 0.060 0.010-0.12 3 0.060
Lead 7.70-30.0 3 143 7.70-30.0 3 14.3
Nickel 30.0-643 3 431 30.0-64.3 3 431
Silver 0.03-0.33 3 0.210 0.03-0.33 3 0.210
Zinc 325-111 3 79.6 32.5-111 3 79.6
Conventionals {mg/kg)
Total Organic Carbon 0.20-2.60 9 1.60 0.20-2.60 9 1.60
{percent)
Acid-Volatile Sulfides 3.0-93 4 40 2.70-93 9 4.2
Fine-Grained Sediment 3.20-96 g 58 3.2-96 9 58
{percent)
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TABLE 5. {Continued)

Detected Data Only ‘ Detected and Undetected Data
Compound Range N Median Range N Median
1990 -Survey - Samish Bay
Stations Only
Organic Compounds {(ug/kg)
LPAH 22-83 3 78 22-83 3 78
HPAH 110-300 3 240 110-300 3 240
PCBs - 0 - 6.0U-15U 3 60
Total Phthalates 280 1 - 280 1 -
Metals (mg/kg)
Arsenic : 4.80-7.70 3 7.5 4.80-7.70 3 7.50
Cadmium 0.23-0.30 3 0.260 0.23-0.30 3 0.260
Copper 6.30-29.5 3 22.9 6.30-20.5 3 22.9
Chromium 38.2-75.7 3 66.3 38.2-75.7 3 663
Mercury 0.020-0.11 3 0.080 0.020-0.11 3 0.080
Lead 9.50-19.1 3 17.5 9.50-19.1 3 17.5
Nickel 20 4-43.4 3 35.6 20.4-43.4 3 356
Silver 0.050-0.19 3 0.140 0.050-0.19 3 0.140
Zinc 37.5-98.4 3 85.0 37.5-98.4 3 85.0
Conventionals {(mg/kg)
Total Organic Carbon 0.40-2.40 7 0.90 0.40-2.40 7 0.90
{percent)
Acid-Volatile Sulfides 7.1 1 - 270-7.1 7 3.1
Fine-Grained Sediment 11-96 7 29 11-86 7 29
{percent)
Four Interim Reference Bays
Organic Compounds (ug/kg)
LPAH 2.5-240 14 46 2.5-800U 27 170
HPAH 22-370 17 120 22-2,400U 27 180
PCBs 2.7-48 10 14 0.100-48 30 20
Total Phthalates 0.50-2,900 17 73 0.50-2,900 17 73
Metals (mg/kg)
Arsenic 1.90-27.0 3 6.90 1.90-27.0 31 6.90
Cadmium 0.10-4 50 30 0.855 0.10-4.50 30 0.655
Copper 4.90-76.0 29 37.0 4.90-76.0 30 36.0
Chromium 9.60-100 27 43.0 8.60-100 27 43.0
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TABLE 5. (Continued)

Detected Data Only Detected and Undetected Data
Compound Range N? Median Range N Median
Mercury 0.006-0.231 89 0.073 0.006- a3 0.070
Lead 0.40-44.0 89 10.3 C.100U- 90 10.2
Nickel 11.0-46.0 27 30 11.0-46.0 27 30
Silver ) 0.014-1.00 83 0.118 0.014-1.00 87 0.115
Zinc 15.0-133 30 76.5 15.0-133 30 76.5
Conventionals {mg/kg)

Total Organic Carbon 0.18-3.5 26 1.4 0.18-35 26 1.4
{percent)
Sulfides 22-130 7 40 0701130 11 5.8
Acid-Volatile Sulfides - 0 - - 0 -
Fine-Grained Sediment 2.2-89 124 78 2.2-99 124 78
{percent)

a N - number of samples.
b Carr Inlet, Dabob Bay, Holmes Harbor, Samish Bay, and Sequim Bay.

¢ LPAH - sum of detected low molecular weight polycyclic aromatic hydrocarbons. If all compounds were undetected,
no sum was caiculated.

d ¢/ - undetected at the value shown.

e HPAH - sum of detected high molecular weight polycyclic aromatic hydrocarbons. if all compounds were undetected,
no sum was calculated.

f PCBs - sum of detected polychiorinated biphenyls. If all Araclors were undetected, the lowest detection limit was
used.

9 Total phthalates - sum of all detected phthaiates. When all phthalates were undetected, no total was calculated
h - - Not available.
i Carr Iniet, Dabob Bay, Samish Bay, and Sequim Bay.
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weight polycyclic aromatic hydrocarbons (HPAHSs), total phthalates, chromium,
and lead in Samish Bay, median concentrations of chromium in Carr Inlet, and
median concentrations of TOC, HPAH, chromium, lead, nickel, and silver in
Holmes Harbor. These median values were the highest of all the reference areas
(1990 survey plus the four interim reference areas). However, with the exception
of chromium and total phthalates, these slightly higher levels did not significantly
impact the median (less than 10 percent difference) when combined with the
interim reference area data. The median concentrations of chromium for the
areas sampled in the 1990 survey, when combined with the chromium results for
the four interim reference areas, resulted in a median concentration 25 percent
greater than the median associated with only the four interim reference areas.
The one total phthalate value from the 1990 survey, when combined with the total
phthalate results for the four interim reference areas, resulted in a median
concentration 23 percent greater than the median associated with only the four
interim reference areas. However, the range of total phthalates and chromium
values of the new survey are well within the ranges associated with the interim
reference areas.

Median concentration and range comparisons for AVS data were not possible
because AVS data are not available for the four interim reference areas.

Frequency Distribution Comparison —Frequency distributions of conven-
tional variables and chemical concentrations for the four interim reference areas,
including the 1990 survey results (cross-hatched), are presented in Figures 5-8.
The selection of conventional variables and chemical concentrations for these
frequency distribution comparisons was limited to those for which data were
available for the four interim reference areas. For each variable, most of the
1990 survey samples exhibited frequency distribution patterns similar to those for
the four interim reference areas. Frequency distribution comparisons for AVS
data were not possible because AVS data are not available for the four interim
reference areas.

The frequency distributions for percent fine-grained material are presented
for each station for each survey area in Figure 9. The frequency distributions of
percent fine grained material illustrate the gradient in grain size distribution that
was achieved during sampling. Overall, the samples include a good distribution
of values throughout a broad range of percent fine-grained material. Gaps in the
frequency distributions of grain size for individual areas did not affect calculation
of the performance standards, which were based on pooled data from all areas.

Comparison With Available Guidelines—Chemical data were also
evaluated by comparison of the results from the 1990 survey with chemical
indicators of biological toxicity for Puget Sound. These comparisons were based
on LAET values reported in Barrick et al. (1988). The 1990 survey data were
normalized for dry weight or organic carbon as necessary.
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Concentrations of the following chemicals exceeded the LAET values (factors
of exceedance are in parenthesis):

8  Carr Inlet—Station CR02 - 4-methylphenol (1.6)
8 Carrr Inlet—Station CR20 - 4-methylphenol (1.1)
8 Holmes Harbor—Station HMO07 - 4-methylphenol (1.0)

®m  Samish Bay—Station SM30 - benzoic acid (1 7), butyl benzyl
phthalate (2.4), and 4-methylphenol (1.8)

m  Samish Bay—Station SM34 - 4-methylphenol (2.2).

LAET comparisons for conventional data were not performed. Although LAET
values could be calculated for these variables, such LAET values are not
currently in use.

4-Methylphenol exceeded the LAET value at more than one station within
an area (Carr Inlet Stations CR02 and CR20 and Samish Bay Stations SM30 and
SM34). However, these stations were not eliminated from consideration as Puget
Sound reference areas based on the 4-methylphenol exceedances alone because
adverse biological effects were not apparent from the bioassay results and only
4-methylphenol concentrations exceeded the LAET; the reference area criteria
presented in Pastorok et al. (1989) are therefore met.

All 1990 survey areas, with the exception of Samish Bay Station SM30, are
considered to be in accordance with the criteria for the selection of Puget Sound
reference areas for future use in the sediment management program. These
selection criteria state that “lowest apparent effects threshold (LAET) values are
not exceeded for more than one chemical contaminant (other than phthalates,
which are common laboratory contaminants, and sulfides)” (Pastorok et al. 1989).
Samish Bay Station SM30 was rejected based upon these exceedances.

Bioassay Response

Sediment toxicity bioassay results are summarized in Table 6. Separate
mortality and abnormality responses for the larval tests and both mortality and
individual biomass responses for the juvenile polychaete test are included in
Table 6. The different initial weights for the two series of juvenile polychaete
tests had no apparent effect on the final biomass (Appendix B). Negative
responses observed in the Microtox® bioassay correspond to greater light
production in the test sediments relative to the blanks; this phenomenon is
interpreted as no toxic response. Negative values for bivalve and echinoderm
mortality are a consequence of greater numbers of survivors than were estimated
to be in the test chambers at the beginning of the bioassay (initial organism
abundances are estimated to be equal to the number of survivors in the seawater
control).
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Assessment of Significant Toxicity —The typical approach to determining
significant toxicity in a test sediment is by means of a statistical comparison (e.g.,
a r-test) between the bioassay responses in the sample and in a sample from a
reference area. This approach is not feasible in this study because all of the
samples were from reference areas. Instead, the following three approaches were
used:

m  Statistical comparison between bioassay responses to the reference
area sediments and to the corresponding control (West Beach)
sediments

® Comparison of bioassay responses in reference area sediments to
SMS, PSEP, and PSDDA quality contro} limits for control samples

® Comparison of bioassay responses to guidelines established by
Barrick et al. (1988) and DeWitt et al. (1988).

The West Beach control samples are primarily sand, whereas some reference area
samples are more than 90 percent silt and clay (by weight). Comparison of
Rhepoxynius and Neanthes responses to control and reference area sediments
presumes the absence of grain size effects on bioassay response (this presumption
is supported by the absence of significant correlations between sediment grain size
and response for these two bioassays in this study; see Relationship of Bioassay
Response to Physical Parameters section).

Statistical Comparisons—The results of the first analysis indicated that
roughly half of the bioassay results (excluding the Microtox® test results) showed
significantly greater response (e.g., higher amphipod mortality, lower Neanthes
growth; P<0.05, one-tailed ¢-test) than West Beach control samples. These
results are summarized in Table 7. Approximately one quarter of the remaining
bioassay tests (i.e., one-eighth overall) showed significantly less response (e.g.,
lower amphipod mortality, higher Neanthes growth) than West Beach control
samples. Low variability among bioassay replicates for each sample allowed even
relatively small differences between reference area and West Beach bioassay
responses to be identified as significant.

Quality Control Limit Comparisons—The results of the second analysis
illustrate that the differences between reference area and West Beach bioassay
responses are relatively small despite their statistical significance. Table 8 shows
the PSEP, PSDDA, and SMS quality control limits for control samples and
performance standards for reference areas. In most cases, bioassay responses
were less than the quality control criteria for control samples. Reference area
sediment samples collected during this survey were effectively indistinguishable
from clean sediment control samples. These results are summarized in Table 9.
Note that the quality control criterion for the juvenile polychaete bioassay is based
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TABLE 7. SIGNIFICANT BIOASSAY RESPONSES RELATIVE TO
WEST BEACH CONTROL SAMPLES

Amphipod Bivalve Bivalve Echinoderm Echinoderm  Neanthes
Station Sampile Mortality Abnormality Combined Abnormality Combined Av. Ind. Biomass
Carr Iniet
CRO2 SDo002 X X
CR20 $D0003 X X X
cR21 SD0004 X
Ccr22 SD0QO5 X X
CH23 SD0006 X
CR24 8D0007 X X
CR25 SD0008 X X
Holmes Harbor
HHO1 SDO017 X X X X X
HHO2 SD0018 X X X X X
HMO3 SD0o019 X X X
HMO04 SD0020 X X X
HMO0S sDoo2t X X X X X
HMO06 SDo024 X X X X
HMO7 SD0o025 X X X X
Samish Bay
$M30 $D0010 X X X X
SM31 sSD0011 X X
8M32 s8Do012 X X X X X
SM33 SD0013 X X X
SM34 8D0014 X X X
SM35 £D0015 X X
SM36 $D0016 X X

8 Significance determined using a one—tailed, two-sampie t—test with P<0 05,



TABLE 8. QUALITY CONTROL LIMITS AND PERFORMANCE STANDARDS
FOR BIOASSAYS
Control Sample
Quality Control Limits Reference Area Sample Performance Standard

Bioassay Endpoint PSEP? SMS ° PSEP SMS PSDDA
Amphipod Monality 10% 10% 25% - 25% 20% over controf
Bivalve larvae Abnormality 10% -=C 20% over control -

Monality 30% - - -

Combined ® 40% 50% -- -— 80% of control
Echinoderm embryo Abnormality 10% - 20% oaver control -—

Mortality 30% - - -— -

Combined 40% 50% - - 80% of controi
Juvenile polychaete Monrtality -— 10% -— -—

Bicmass

80% of control

20% over contro!

2 pSEP = Puget Sound Estuary Program

b SMS = Sediment management standards.

¢ __ = Quality control limits or performance standards have not been established for these bioassay endpoints.

9 PSEP does not explicitly define a control limit for the combined endpoint; the value of 40 percent shown here is the
maximum possible given the control limits for the individual mortality and abnarmality endpoints.
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TABLE 9. EXCEEDANCES OF BIOASSAY QUALITY CONTROL LIMITS FOR CONTROLS *

Amphipod Bivalve Bivalve Bivalve  Echinoderm Echinoderm Echinoderm Neanthes
Station Sample  Mortality Abnormality Mortality Combined Abnormality Mortality Combined  Mortality

Carr Inlet
CRo2 $D0002 X X X
CR20 SD0003 X X X
CR21 $D0004 X X
CR22 SDO0005 X X
CR23 SDO00E X X X
CR24 S$booo7 X X X
CR25 $D0008 X X

Hoimes Harbor
HHO1 SD0017 X X X X X
HHO2 sDo018 X X X X
HMO03  SD0O019 X X
HM04  SDO0O020 X X
HM05  SDO0021 X X
HMO6 SDo024 X X
HMO7 SDO025 X X

Samish Bay
SM30 soo010 X X X
SM31 SDO0011 X X
SM32 sDOG12 X X X
SM33 SDO013 X X
SM34 SDO014 X X
SMas SD0015 X X
SM36 gDoa16 X X

% Based on comparisons with Puget Sound Estuary Program (PSEP) quality control limits. When PSEP limits were not available,
sediment management standards quality control limits were used. (Table 8 shows the quality control limits used for this
comparison }
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on mortality, although the bioassay endpoint specified by the SMS is growth
(biomass).

The use of quality control limits for controls to judge reference area samples
is not an established technique. However, this technique does allow some
samples to be unequivocally characterized as clean; any sample for which the
bioassay result falls below the quality control limit for controls can only be
characterized as clean. The converse interpretation—that samples for which
bioassay results exceed the quality control limits are contaminated—is not
necessarily justified. Regulatory guidelines for identifying contaminated sedi-
ments are an alternative means of setting an upper limit to the bioassay response
that might be observed in a clean sample. For example, the SMS biological
criterion for identifying contaminated sediments is a 20-percent bioassay response.
Reference area bioassay responses that are above the PSEP quality control limits
for control samples and below a regulatory guideline are possibly subject to
different interpretations. Reference area bioassay responses observed in this study
were generally below or only slightly above the quality control limits for control
samples and, except for two Holmes Harbor samples, the observed exceedances
of quality control limits for control samples are not regarded as evidence of
toxicity.

The only systematic exceedance of the quality control criterion for controls
is shown by the bivalve larvae bioassay relative to the quality control limit for
percent mortality. All of the bivalve larvae mortality results depend upon a single
estimate of the number of initial larvae that is made from the seawater control at
the conclusion of the bioassay. A possible explanation for the results of the
bivalve larvae mortality endpoint, which contradict the results of the other
bioassays based on comparisons to quality control limits for controls, is that the
estimate of the number of initial larvae was not representative of the true number
of initial larvae. However, the negative control sample (West Beach sediment),
showed low mortalities as expected. A second possibility is that high mortality
was caused by some unmeasured aspect of the bioassay test. Ammonia, which
has been implicated as a cause of bivalve larvae mortality in PSDDA tests
(Kendall 1991, pers. comm.), showed no significant relationship to mortality in
these tests. A third possibility is that the bivalve larvae were unusually sensitive
as a consequence of unevaluated factors affecting the organisms used, such as
age, sex, or season. The bivalve larvae did show high sensitivity to the entire
range of reference toxicant (CdCI2) concentrations used in the positive control
samples. Because the systematically high bivalve larvae mortalities were contrary
to the results of the other bioassays, these results are not considered indicative of
significant toxicity in the reference area sediments tested. High mortality has
often been observed in sediment tests using bivalve larvae.

On the basis of comparison to quality control limits for controls (and
excluding bivalve larvae mortality), the amphipod bioassay appears to be the most
sensitive test. Eight stations exceeded this quality control limit. Amphipod
mortality was less than the existing performance standards for reference areas in
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all cases (see Tables 6 and 8). Results of the amphipod bioassay are not consid-
ered indicative of significant toxicity in these reference area samples. Other data
sets (e.g., Pastorok and Becker 1990) show that the amphipod bioassay is
moderately sensitive relative to other bioassays conducted for the present study.

Samples from Holmes Harbor Stations HMO! and HM02 greatly exceeded
the quality control limit on juvenile polychaete mortality in control samples
established for this study; mortality at these stations was 50 and 44 percent,
respectively. Nevertheless, the growth of the surviving worms (as measured by
average individual biomass) was comparable to that at other stations in Holmes
Harbor and other reference areas. Although previous experience with this test
indicates that mortality is typically a less sensitive indicator of contamination than
is growth reduction, this relationship does not appear to be true at the Holmes
Harbor stations. This unusual effect, the complete mortality in one of the control
replicates for this bioassay group, and the absence of any elevated contaminant
concentrations in the sediment at Stations HMO1 and HMO02, indicate that these
bioassay results should be interpreted with caution. Although amphipod mortality
and bivalve larvae abnormality were each above the quality control limit for
controls at Station HMO1, the exceedances were only 1 percent in each case and
are not considered to provide clear support for the apparent toxicity indicated by
juvenile polychaete mortality. Resampling and reanalysis of sediments from
Stations HMO1 and HM02 would help to firmly establish the value of Holmes
Harbor as a reference area.

Because the differences between responses for all bioassays in control and
reference area samples were so small (except for the juvenile polychaete bioassay
at Stations HMO1 and HMO02), and because the reference area sediments generally
did not exceed the quality control limits for control samples, these differences,
although statistically significant, are not considered indicative of significant
toxicity in the reference area samples.

Other Guidelines: Barrick et al. (1988) present recommended guidelines for
acceptability of reference area amphipod bioassay data based on a review of all
Puget Sound data then available. The guidelines stipulate that amphipod mortality
in reference area samples must be less than 25 percent and the standard deviation
of the response be less than 20 percent. Amphipod mortality in all samples from
the current study passes the guidelines, as shown by Table 10.

DeWitt et al. (1988) developed an empirical relationship between amphipod
survivorship and percent fine-grained sediments in 315 samples from nonurban
Puget Sound sediments. Based on this data set, they present a formula for the
lower 95 percent prediction limit of amphipod survival that is expected to be
observed in bioassays of reference area sediment.

The survival of amphipods in biocassays conducted on sediments from Carr
Inlet, Holmes Harbor, and Samish Bay performed during this study were all
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TABLE 10. MEAN AND STANDARD DEVIATION OF PERCENT MORTALITY RESPONSES -

Amphipod Bivalve larvae Echinoderm embryo Neanthes
Station Mean s$p? Mean SD Mean sD Mean sD
Carr Inlet
CRO2 12 9.1 82 20 9.8 16 4.0 89
CR20 12 67 73 23 -27 10 00 0.0
CR21 6.0 65 81 33 -11 8.4 40 88
CR22 9.0 82 58 10 29 97 4.0 89
CR23 13 16 61 6.4 -035 9.3 40 89
CR24 i2 57 78 24 -0.08 69 0.0 oo
CR25 7.0 857 75 28 1.8 16 0.0 00
Holmes Harbor
HRO1 1" 11 20 13 85 7.4 52 50
HHO2 11 65 43 86 55 12 40 55
HMO03 20 27 49 98 53 11 00 00
HMO04 3.0 45 72 62 17 10 40 89
HMO5 10 71 77 1! 12 4.8 00 0.0
HMO6 70 45 86 50 13 11 4.0 89
HMO7 1.0 22 77 63 18 18 0.0 00
Samish Bay
SM3o 12 8.4 80 31 1.6 10 0.0 00
SM31 7.0 45 78 1.5 4.0 9.1 40 89
SM32 19 65 72 3.1 10 15 0.0 0.0
SM33 10 78 79 7.2 9.0 7.0 0.0 0.0
SM34 6.5 42 79 11 6.6 88 00 00
SM3s5 4.0 65 76 33 48 13 0.0 00
SM36 7.0 13 80 50 0.28 74 0.0 00

a 5D = Standard deviation.
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above the lower 95 percent prediction limit for reference areas suggested by
DeWitt et al. (1988), which may be interpreted as a lack of toxicity due to grain
size effects in any of the sediments tested. However, the relationship between
survivorship and particle size observed in this study differed considerably from
the relationship observed by DeWitt et al. (1988). Predicted and observed
survivorship are contrasted in Figure 10. Samples from this study showed no
significant decrease in survivorship with an increasing proporuon of fine particles
in the sediment.

Relationship of Bioassay Response to Sediment Chemistry—Mean
bioassay responses were compared to physical and chemical characteristics of the
sediment from reference areas. Only Microtox® results were excluded from this
analysis, as this bioassay showed no response in any sample.

Bipassay Response to Physical Parameters: Significant correlations
(P <0.05) between bioassay responses and physical parameters of the sediment
were observed only for the two larval bioassays. Bivalve and echinoderm larvae
are planktonic, not benthic, and under natural conditions probably have little
interaction with benthic sediment. Because the experimental vessels contained
sediment and not just seawater extracts (in accordance with PSEP guidelines), the
bivalve and echinoderm larvae may have been affected by suspended sediment,
thereby giving rise to the observed correlations. Neither the amphipod nor the
juvenile polychaete bioassays, which use organisms that are ordinarily in direct
contact with marine sediment, exhibited significant correlations with physical
parameters of the bioassay sediment.

Significant correlations between bioassay responses and physical parameters
are summarized in Figures 11-13. Larval responses (increases in abnormality or
the combined endpoint for the echinoderm embryo test) were significantly
correlated with finer grain sizes and higher percentages of organic carbon.
Despite these significant correlations, echinoderm bioassay responses at the
highest values of percent fine-grained sediments (99 percent) and TOC (3 percent)
were lower than the quality control limit for control samples. The single larval
abnormality response that exceeded the quality control limit (percent abnormality
of bivalve larvae) occurred in a sample with intermediate grain size (70 percent
fines) and TOC (1.8 percent).

The relatively small response (i.e., less than the quality control limit for
control samples) at the highest levels of percent fine-grained sediments and TOC
indicates that stratification of reference area performance standards by grain size
is inappropriate for this data set. However, the existence of significant correla-
tions between some bioassays endpoints and sediment grain size confirms the
importance of selecting reference area sediments that have a grain size similar to
that of test sediments.
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Figure 11. Bivalve larvae abnormality in relation to percent fine-grained
sediments and total organic carbon.
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Figure 12. Bivaive larvae combined endpoint in relation to percent fine-
grained sediments and total organic carbon.
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Bioassay Response to Chemical Concentrations—Bivalve larvae
abnormality and echinoderm larvae mortality were significantly correlated with
several chemicals (one-tailed, P <0.01), as shown in Table 11. The change in
juvenile polychaete biomass was also significantly correlated with one chemical.
These correlations were based on results for the nine samples for which chemistry
as well as bioassay response was measured; only detected values were used for
this analysis, so some of the correlations shown in Table 11 are based on fewer
than nine points.

Significant correlations between chemicals and bioassay results should not be
interpreted as a causal relationship. The chemicals listed in Table 11 are
generally well correlated with one another, as shown in Table 12, as well as with
other chemicals and conventionals (not shown).

Despite the significant correlations with chemical concentrations, the greatest
bioassay responses in the reference areas tested do not, generally, exceed the
upper limit of variation expected in nominally clean sediment (i.e., the quality
control limits for blank samples). The absolute magnitude of the bioassay
responses are low enough to indicate the absence of toxic effects in these
reference area sampies.
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TABLE 11. SIGNIFICANT CORRELATIONS BETWEEN
BIOASSAY RESULTS AND CHEMICAL CONCENTRATIONS *

Neanthes
Bivalve larvae Echinoderm embryo Average Individual
Chemical Abnormality Abnormality Mortaiity Biomass
Arsanic 0714 — - -
Cadmium - - 0.700 —_
Chromium 0.801 - _ 0.713 -
Copper 0.779 - 0.677 -
Lead 0.640 - 0.715 -
Nickel 0.804 —— 0.733 -
Zinc 0747 - 0.584 -
Benzo(a)pyrene 0.989 - - -
Benzyl alcohot - 0.884 0.858 -—
Chrysene 0.943 -— - -
Phenanthrene 0.998 - - -—
0.7823

Fluorene -— - -

a Table displays Pearson correlation coefficients significant at P<0.01.
b — — = Correlation coefficient is not significant.
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REFERENCE AREA PERFORMANCE STANDARDS

Performance standards were computed using all previous data from the
reference areas recommended by Pastorok et al. (1989} (i.e., Carr Inlet, Sequim
Bay, Dabob Bay, and Samish Inlet) and the data from this study. Performance
standards are established by the 90th percentile of the range of each chemical or
biological variable as recommended by Pastorok et al. (1989). The use of a
percentile is a more conservative approach than the use of a confidence limit. A
percentile-based performance standard ensures that reference samples used for
future studies will fall within the range of previously observed reference area
conditions, whereas an approach based on confidence limits might allow the use
of samples that show a contaminant concentration or a toxicity outside the range
of established reference area conditions,

SEDIMENT CHEMISTRY

Performance standards have been developed for all chemical contaminants
and are presented in Table 13. Most of the data used to generate these values are
from the current study, with the exception of Samish Bay Station SM30 which
was rejected. Performance standards were not developed for AVS because of the
limited amount of data. The performance standard for PCBs was not revised
relative to the value in Pastorok et al. (1989) because PCBs were not detected in
any of the 1990 survey samples.

The frequency distributions of the acceptable data are presented in Fig-
ures 14-17 (cross-hatched areas represent acceptable data from the 1990 survey).
For each variable, the 1990 survey data appear to have very few outliers, so that
the 90th percentile frequency distribution will not include unusually high values.

The reference area performance standard for phenol was computed without
consideration of one anomalously high value (1,800 mg/kg dry weight) from a
Carr Inlet station sampled during the Commencement Bay preliminary investiga-
tion. This value is more than 20 times higher than the next highest value and is
considered to be an outlier that is generally unrepresentative of Carr Inlet or other
reference areas.

The reference area performance standard for 4-methylnaphthalene
(1,420 mg/kg dry weight) is higher than the LAET for this chemical (670 mg/kg
dry weight). The highest concentrations of 4-methylphenol in reference areas
were all observed in this study. A thorough review of analytical procedures has
not raised any question about the accuracy of these measurements, and the values
are not so high as to be clearly outliers. The reported values of 4-methylphenol
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TABLE 13. PROPOSED REFERENCE AREA
PERFORMANCE STANDARDS

Proposed Performance

Chemical Standard?®
Metals {(mg/kg)
Antimony --b
Arsenic | 22
Cadmium 1.5
Chromium 85
Copper 53
Lead 20
Mercury - 0156
Ni.ckel . 42
Silver 0.32
Zing 103
Phenols {rg/kg)
Phenol 83
2-Methylphenoi -
4-Methylphenol 1,400

2,4-Dimethylphenol -
Pentachlorophenol -
Nonionic Organic Compounds {¢g/kg)

Low molecular weight PAHs® 200
Naphthalene -
Acenaphthylene -
Acenaphthene -
Fluorene -
Phenanthrene -
Anthracene -

High molecular weight PAHs 330

- Fluaoranthene -

Pyrene -
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TABLE 13. {Continued)

Proposed Performance
Chemical Standard?®

Benz{a)anthracene --
Chrysene -
Benzofluoranthenes -
Benzol{alpyrene -
Indeno(1,2,3-c,dlpyrene --
Dibenz{a,hlanthracene
Benzo{g,h.iiperyiene -
Chlorinated benzenes
1,2-Dichlorobenzene --
1,3-Dichlorobenzene -
1,4-Dichlorobenzene -
1,2,4-Trichlorobenzene -
Hexachlorobenzene --
Total PCBs® a7
Total phthalates 1,300
Dimethy! phthalate -
Diethyl phthalate -
Di-n-butyl phthalate -
Butyl benzyl phthalate -
Bis{2-ethylhexyllphthalate --
Di-n-octyl phthalate -
Miscelianeous extractables
2-Methylnaphthalene -
Dibenzofuran
Hexachlorobutadiene -
N-nitrosodiphenylamine -
Benzoic acid 370
Benzyl alcohol --
Pesticides (ug/kg)
p.p"-DDD -
p.p’-DDE -
p.p-DDT --
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TABLE 13. (Continued}

Proposed Performance
Chemical Standard?®

Conventionals {mg/kg)
Total organic carbon 2.5

Acid-volatile sulfides -8

3 90th percentile values (dry weight measurements basis) of Carr inlet, Daboob
Bay, Holmes Harbor, Samish Bay, and Sequim Bay data from all accepted
stations (rejecting Samish Bay Station SM30}.

b .. - not available.
¢ pAH - polycyclic aromatic hydrocarbon.
4 pCB - polychlorinated biphenyl.

¢ Insufficient data to calculate 90th percentile value.
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are therefore considered to be indicative of reference area conditions at the time
of sampling. As the size of the database of reference area data increases with
subsequent sampling, the true representativeness of these values will be more
easily assessed. Also, if apparent effects threshold (AET) values are recalculated
using the data from this survey, then the LAET will be adjusted to a value higher
than the proposed reference area performance standard for 4-methylphenol.

A percentile-based performance standard for TOC is proposed. Because the
toxicity of polar organic compounds may be affected by the concentration of
organic matter in the sediment, stratification of comparisons of study sites with
reference areas by TOC may be appropriate to account for natural variations in
TOC. However, high TOC concentrations are generally associated with high
sulfide concentrations, which are toxic. TOC concentrations in reference area
sediments should therefore be matched with concentrations in test sediments only
up to the proposed performance standard for TOC.

BIOASSAYS

Reference area performance standards have been developed for the
amphipod, bivalve larvae, echinoderm embryo, and juvenile polychaete bioassays.
The frequency distributions of bioassay responses with the performance standards
are shown in Figure 18, Performance standards for both the abnormality and
combined endpoints of the echinoderm embryo bioassay have been developed.
A performance standard has been developed for only the abnormality endpoint of
the bivalve larvae bioassay; the high bivalve larvae mortalities produce very high
values for the combined endpoint. The reference area performance standards,
including the 95 percent confidence limits on the 90th percentile values, are
shown in Table 14, Most of the data used to generate these values are from the
current study. Amphipod mortality and bivalve abnormality performance
standards are based on the 90th percentile of the log-transformed data. Confi-
dence limits for the 90th percentile values were calculated according to Gilbert
(1987). This technique requires that the distribution be Gaussian (normal), so the
calculation was made with log-transformed data, as appropriate. Table 14 shows
both the 90th percentile of the data and the 90th percentile that is estimated based
on a presumably normal distribution.

A performance standard for the biomass endpoint of the juvenile polychaete
bioassay cannot be based on either final biomass alone or percent change from
initial biomass because the animals may pass through log-phase growth during the
bioassay. As a consequence, the final biomass may be sensitive to initial biomass
in a nonlinear fashion. A performance standard for the juvenile polychaete
bioassay might be based on empirical observations of the final biomass achieved
in reference area samples for all values within a range of initial biomass values.
In effect, a different performance standard, in terms of final biomass, would be
established for each value of initial biomass. This approach requires a large data
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TABLE 14. PERFORMANCE STANDARDS FOR SELECTED BIOASSAYS

Standard Numberof Performance 95% Upper

Bicassay Endpoint Mean {%) Deviation Sampies  Standard (%)* Confidence Limit (%)°
Amphipod Morality © 12 21 52 30 40
Bivalve larvae Abnormaiity © 38 2.4 26 12 19

Combined 75 11 51 NA© NA
Echinoderm embrye  Abnormality _ 46 1.8 21 7.2 79

Combined 98 7.3 21 16 24
Juvenile polychaete Change in biomass ® 35 16 21 16 34
Microtox Decrease in 0 0 21 NSt NA

bioluminescence

" B goth percentile value.
5 ypper 95 percent confidence limit of the 90th percentile value (Gilbert 1987). See text for explanation

¢ These data were naturai—log transformed prior to analysis

9 NA = not applicable.
® Change in biomass is computed as percent decrease relative to the final biomass for the West Beach controi

' NS = a nonsignificant decrease in bioluminescence reiative to control
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set. In the absence of such a data set, another alternative is to base the reference
area performance standard on comparisons to West Beach control samples.

The mean percent change in Neanthes biomass relative to West Beach control
samples is 3.5 percent for the 21 samples in this study. The standard deviation
of this value is 16.3, and the 90th percentile value is 16 percent. The samples
from Stations HH0O1 and HHO2 exceeded this 90th percentile. Use of percent
change relative to control as the basis for a reference area performance standard
may be invalid if control samples are from locations other than West Beach.
West Beach is not native sediment for Neanthes, and the polychaetes may be
expected to commonly grow larger in test sediments than in West Beach sedi-
ments, as was observed in this study and in Johns and Ginn (1990). In the
absence of alternatives, or until a larger database of initial biomass-specific
reference area results is accumulated, percent change of final biomass from
control may be suitable as an interim performance standard (Table 14).

A percentile-based numerical performance standard was not developed for
the Microtox® bioassay because of the limited amount of data showing positive
responses {only four organic and one saline extract samples showed reduced
bioluminescence (Pastorok et al. 1989)] and the fact that the Microtox® results
from this study showed no negative response. It is recommended that a nonsig-
nificant (P >0.05) decrease in bioluminescence be established as the reference
area performance standard for the Microtox® bioassay.
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CONCLUSIONS AND RECOMMENDATIONS

REFERENCE AREA SEDIMENT CHEMISTRY

No pesticides or PCBs were detected in any of the reference area samples
collected during this survey. In comparison to the four interim reference areas,
the results of this study suggest that the observed concentrations of most metals
and most organic compounds in sediments at the nine stations were relatively low.
Exceptions included benzoic acid, butyl benzyl phthalate, and 4-methylphenol

Benzoic acid, butyl benzyl phthalate, and 4-methylphenol were present at
Samish Bay Station SM30 at concentrations that may be associated with adverse
biological effects according to the SMS and LAET; therefore, this station was
rejected from future consideration as a potential reference area.

Although 4-methylphenol exceeded the LAET for more than one station in
a given area, these stations were not eliminated from consideration for Puget
Sound reference areas based on the 4-methylphenol exceedances alone. The
reasons are as follows:

®m  Adverse biological effects were not apparent from the bioassay
results

¥ 4-Methylphenol concentrations exceeded only the oyster and
Microtox® AET values of 670 mg/kg. Concentrations of 4-methyl-
phenol for the 1990 survey were well below the amphipod and
benthic AET values of 3,600 mg/kg and 1,800 mg/kg, respectively
{Barrick et al. 1988).

4-Methylphenol is not expected to persist in sediment (Howard 1990); however,
persistent high concentrations of 4-methylphenol have been observed in some
Puget Sound sediments near industrial sources. These results have been explained
as either large mass loadings of 4-methylphenol from the source or in situ
production of 4-methylphenol in the sediments (PSEP 1991). One untested
possibility is that 4-methylphenol could be produced by bacterial conversion of
proteins (via p-hydroxyphenylacetate) accumulating in the sediments (Balba and
Evans 1980).

AREAS OF ELEVATED OR SIGNIFICANT TOXICITY

Data collected during the current study suggest that the area represented by
Stations HMO1 and HMO2 in Holmes Harbor may be significantly toxic relative
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to other reference areas. This tentative conclusion is based on the high mortality
seen in some replicates of the juvenile polychaete bioassay. Contradictory
evidence is provided by the other replicates of the juvenile polychaete test, which
had 100-percent survival, and by other bicassays, which showed little or no toxic
response. Resampling and analysis of Stations HMO1 and HMO?2 are necessary
to confirm or refute the possibility of elevated toxicity at these locations.

BIVALVE LARVAE MORTALITY

As in previous studies, bivalve larvae exhibited extremely high mortalities
in the absence of corroborating evidence from either chemical measurements or
other bioassay results. This apparent unreliability of the mortality endpoint (and
therefore of the combined endpoint also) requires further investigation to
determine the conditions under which it occurs and to provide guidance in the use
and interpretation of the bivalve larvae bioassay. Until such an analysis is
completed, the abnormality endpoint alone should be used.

NEANTHES BIOASSAY ENDPOINT

Although in the present study, the different initial weights of Neanthes used
in the juvenile polychaete bioassay test had no apparent effect on the results (both
groups achieved comparable final weights), the bioassay’s insensitivity to different
initial weights is not firmly established. Even when the final weights of animals
from test sediment are compared to the final weight of animals from (West
Beach) control sediment, different results may be expected depending on the
initial weights of the worms—that is, the variance of the final weight may depend
upon the initial weight used for both test and control sediments. Further
investigation of the relationship between initial and final weights for this bioassay
may be warranted.

MICROTOX® BIOASSAY PERFORMANCE STANDARD

The rarity of toxicity responses (i.e., decreases in bioluminescence) to
reference area sediment may make the development of a numerical performance
standard for this bioassay very difficult. Other alternatives for assessing the
results of Microtox® bioassays performed on reference sediments should be
considered. It is recommended that a nonsignificant (P>0.05) decrease in
reference area performance standard for the Microtox® saline extract test.

PERFORMANCE STANDARDS FOR RARELY DETECTED CHEMICALS

Numerical performance standards may be difficult to derive for chemicals
that are commonly undetected in reference areas. Depending upon the result of
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further data collection activities, alternative methods for establishing performance
standards for these chemicals should be considered. One alternative would be an
upper criterion for the detection limit; any actual detected measurements would
have to be examined, perhaps on a case-by-case basis, with regard to such a
criterion,

STRATIFICATION OF PERFORMANCE STANDARDS BY SEDIMENT TYPE

Fine-grained sediments were not associated with bioassay responses that were
out of the range of PSEP quality control limits for control samples or the
proposed performance standards for reference areas. In particular, the amphipod
bioassay, which has been previously suggested to be influenced by grain size
(DeWitt et al. 1988) showed no significant correlation with percent fine-grained
sediments in this study. Although some larval bioassay responses were signifi-
cantly correlated with fine-grained sediments, the highest responses observed
were, nevertheless, relatively low. (The bivalve larvae combined endpoint is
excluded from consideration because of the anomalously high mortalities.)

These results indicate that separate performance standards need not be
developed for different ranges of grain sizes. Although the sampling for this
study was conducted at a single time during the year and grain size at a station
may change throughout the year, the samples collected represented a wide range
of grain sizes, a range as wide as is expected to be observed at any single station
throughout the year.

The wet-sieving technique is effective in selecting stations with a target grain
size so that, even if changes occur in the grain size at the stations surveyed in this
study, future investigators have available a procedure for finding another location
within a reference area that matches the gross sediment characteristics of their test
site.

SUITABILITY OF CARR INLET, HOLMES HARBOR, AND SAMISH BAY
AS REFERENCE AREAS

With the exception of a caveat for Stations HM0l and HMO02 in Holmes
Harbor and rejection of Station SM30 in Samish Bay, all stations (Carr Inlet,
Holmes Harbor, and Samish Bay) are suitable as reference areas based upon the
range of sediment conditions available, low bioassay response, and low chemical
concentrations.
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APPENDIX A

1990 Reference Area Survey Chemistry Data






TABLE A1. QUALIFIER CODES

Qualifer Code Description

Estimate

m

Estimate is greater than value shown
Value is less than the maximum shown
Value is a mean

Presumptive evidence

Rejected

Detected below quantification limit shown

Undetected at the detection limit shown

N © N D 2T RGO

Blank corrected




89 bl oy 89 68 oo ¥o an Le 910008 06/22/90 9ENS

19 81 6's 4 c8 0 W S0 3n ee 610008 06/22/90 SEWS
1€ ¥l ic 14 5S¢ 0c'o gl an v's 10008 06/22/90 VENWS

09 62 o 6l ¥ 08’0 60 ante €1000S 06/12/90 CENS

W ge S 9¢ 6% 5S¢ oL'o Ll an iy 21000S 06/12/90 ZEWS
68 £l L't 9L 798 olL'o ¥e 3r 8¢ L1000S 06/12/90 LEWS

41 96 ¥e £9 ge 0 ¥'e FVi 01000S 06/12/90 OENWS
6¢ 96 14'] v T8¢ 70410 . e3¢ Je6 6e00asS 06/92/90 ZOWH

S¢ 88 ee 9% cl 0 9c 3¢S ¥2000S 06/92/90 90WH

es +9 £e 84 9t 0 L' d s¢ £ £2004S 06/92/90 SOWH

9§ 85 6l or 44 0 9t Inee o 22000S 06/92/90 SOWH

W 6v Fas A Ly er o S ante } 120008 06/92/90 SOWH
£9 143 9's S8 98 7010 S0 30¢€ 020008 06/92/90 YOWH

b w L9 W le W Ly N £6 W 00 20 anee 610005 06/62/90 EOWH

69 cE 80 ve 16 010 c0 Jn Le 8100as 06/92/90 2OHH

ge 0L 8¢ ee oe 010 gl 3nes 210008 06/52/90 LOHH

94 w av W ¥e W e W S8 W Lle0 20 nee 800008 06/61/90 S2HO

6§ 2] £9 8% Se o 90 w3 st £0000S 06/61/90 #ZHD

85 6¥ 09 £d 2s 7010 9'0 gnee 90004S 06/61/90 £2HO

89 02 9t 91 o8 ) +¥'0 396 S0000S 06/61/90 g22HO

b 14 e £6 98 0 £0 an te #0000S 06/61/90 1gdD

L4'] 4 i ve 8% 0 90 3 8¢ €0000S 06/61/90 02HO

w v 64 €2 9s i 0 w2 3ee 2000GS 06/61/90 20WO
(m1em jo o se wm Aap) Qs+ Ae|D) seljy AejHy Hs pueg jeaeiy (weased} uogien A%Eu sepying dey e|duwesg eleqg uonelrs

SPI0S [e10] juediey juedled Juedied juedied UBJIGY olueBio telo), QINRIOA PIOY  pIold

{(wbiem A1p) AIAHNS VIHV FONIHIAIIY 0661 IHL HOL VLIVA STYNOUNIANOD eV 318VL




g'Le 1 0S0°0 02 0200 05'6 0e'9 2'8e 0£2'0 08y T oey'0 9100AS 06/22/90 9ENS
0'se i OFL0 9'S¢E 080°0 Sl 6¢ce £'99 00g0 05'L 09%'0 ¥I000S 06/22/90 YENWS
v'86 4 0610 ey 0LL0 L'6L §'62 2’5 0920 oL'd 4 0990 OQLCOOS 06/12/90 OEWS
LEL 0£e0 €9 ogLo 00¢ 9°0F G'86 1 0610 06'6 4 004 S200aS 06/92/90 LOWH
9'6L A 0120 LEb 0900 eyl £'ee S'v8 09t oL n oero L200aS 06/92/90 SOWH
A 1 QE0'0 0'0e 0100 oLl 06y 199 4 oLo 1 ove f1 0E¥'0  BL00AS 06/52/90 <ZO0HH
L'ee 1 0200 L'y 0100 00’8 06'c 9'e2 i 000 1 Ove 1 0ey'0  80000S 06/61/90 SZHO
g8¢es 4 0010 g'ee 000 oF'6 651 0'e9 00€0 U1 0S¢t 13 0650 €£0004S 06/61/90 02ZHD
6'6S 4 0910 £'se 000 Sel 502 9’99 09¥°0 oSy 1 09%°0 20000S 06/64/90 204D
ou|7Z 1BA|IS 199N Ainosew peen Jaddon WNIWoIYD  wmped  Juesly Auocwjuy ejdweg ejeq uoels

[eloL

(Bram Asp ‘By/Bw) AIAHNS YIHY IDONIHI4TYH 0661 FHL HOJ Viva STVIINW "€V I31avi



‘paoeiepun a1em spunodwo? || usym peindiiod Sem WNS ON = —— 4
SUOQIEDNIPAY JfeW0 R J1942A10d kibiem Je|ndejow YBIY peloelep jo wng q
"SU0QIe0IPAY DjlewWwoIE 2)10A0AI0d JyDiam JEINDS|OW MO| PBIDEIEP JO NG

4 52 3 0L o9 N 0F L Ll 3 0%¢ noe9 o9 nz 09 g g 9100aS 06/22/30 9ENS
1 €9 A 0E n oe 4 SE i oF N 08 n oe n o nz oz 3 ee ¥1000S 06/22/90 VENS
4 25 F ore n é AN EE i S€ N Gl n e n 2 nz & F 8l 01000S 06/12/90 OENS
1 29 1 09¢ n st J 0L 4 2e F 09 n s n st nzZ si = A §2000s 06/92/90 LOWH
14 9l 7 68 nos FJ 0 3 09 2 02 n os nos nz os 36 120008 06/92/90 SOWH
nzi -- n el net nel nea n e et nzai o " 81L000S 06/52/90 <2OHH
F 0t g & n oo AN 06 3 0z n o9 n o9 n oo nz o9 At 8000QS 06/61/90 S2HO
1 2t F 9 n oL 4 L I oS n ot n od oL nz ol 3 g2 £000AS 06/61/90 02HD
418 3 orl n os 4L L L O 1 08 1 08 n oe nz os WA ¥4 2000as 06/61/90 20WD

sueyjueIon|y ._x<n_: euselyydey  euedeiyluy Suslylueusyd oueiond eusjAyiydeuady susyydeuedsy eusjeylydeN HVd1 gjdwes eje(} uonels
-lAyleN-2

(biom Lip '63/67) AGAHNS VIHY FONIHIITY 0661 IHL HO4
V.LVA NOSHVOOHOAH JILYWOHY DITOADAIOd "¢V 31dvVLE




INO8 nosy NOY 1086 1Sl 1 0l Lol 162 91000S 06/22/90 9EWS
n oy noz 118 Ft 108 10e 162 129 ¥1000S 06/22/90 VEWS
n v nae AN V2 18l 1 9% 192 132 ilé 0L00GS 06/12/90 OEWS
n oe nsi 11 102 409 1er 162 169 $200Q§ 06/92/90 ZO0WH
nel nosg AN 9L N OGS 191 Jos 309 122 120008 06/92/90  SOWH
nve neak nai nel nve nezl nai nezi 81000S 06/52/90 2OHH
nei noog IN 06 F0¢ 309 302 302 Jo0¢ 80000S 06/61/90  SEHO
v nol 12 NOY 12 30% IN O'E 1€l £0000S 06/61/90  02HD

AN 61 nosg 1¥l 106 3 61 1€l 308 162 200008 06/61/90  20HD

osuejlied eueseiyjue ouelid oualAd (i+g) seusijiueloni) euesfiyy euedeviyue euslAd e|dumes eleg uojels

—('y'Blozueg  ~(y'v)ozueqiq (p‘o-g'2‘'I)ouspul  —(e}ozueg —ozueg jeloL —(e)2ueg

(penupuo)) ¥V 37GYL



(wBiom Aip ‘By/BA) ASAHNS VIHY IONIYIHIH 0661 IHL HOA
V.LVAd IONIHd A31NLLSENS ANY TON3Hd 'SV 318V.L

n oe nzZ 92 d o9 n o9 n o9 n o9 N 0'S 910005 06/22/90 OEWS
n oz Nz oL n n oe n o2 n oz n oe a Ll ¥i00Qs 06/22/90 VYENS
n e nz v n +v fl e2 n n é n 22 1 9¥ 0L000S 06/12/90 OENS
n s nz 09 n oe n s n st n st n s L 99 S2004S 06/92/90 LOWH
n os nzZ o2 n 9i n oeg n oe n oe n oeg FRRY: 120005 06/92/90 SOWH
n el nzZ oy H neéa n et nZa n zai N 0L 8100AS 06/52/90 <SOHH
n o9 nz oe n el n oo n o9 n o9 n o9 AN 0L BOOOCAS 06/61/90 S2HD
n oL nz e n vi n o n oé n ot 1 oL AN €} e0000S 06/64/80 02HO
n og nzZ oe n L nn og oe n og noe 1 68 2000as 06/61/90 20HD
joueyd Jousydifyiew-g  [oueydolos jousyd jousyd ousyd joueyd jousyy ejdwes ejeq uojels
AYeN-2 =QI0|IUD-¥ -ejued IO ~9'Y'Z  -0IOJYOUL-S'y'E -0JOIYDIQ-#'E  -0J0IUD-2




nei n el n e nza nz veé 0oL 9L000S 06/22/90 YEWS
n v n n v n \v nz ot 005'L 10008 06/22/90 VEWS
n n v n v n v nz e 002’ 010008 06/12/90 OENS
n oe n oe n oe n oe nZ os 069 SZ000S 06/92/90 LOWH
n 9 n 9 8t ns ne e 005 120008 06/92/90 SOWH
n ve n ¥ n v n v nZ 9 N 08 810008 06/52/90 20HH
ncl n el nacl n 2t nzZ o 004 80000S 06/61L/90 S2HO
nv n v n v 1 vi nzZ v ovi £000aS 06/61L/9¢ 024D
n L n i n L L nzZ g 3 00L'L 200008 06/61/90 <2C0HD
JousydoIuId-+'Z {ousydoiiN-¥ joueydoniN-2 {ouaydosiuip 1oueyd joueyd ejdwes ejeg uonels
-g'p-1Auren-g Ayleuna-+'2 IAy1e-+

(penuniuo)) "Sv J1avV.L



n o9 nZ ol n o9 n o9 n o9 n o9 9100aS 06/22/90 9EWS
n o nz sz n oz n n o n oz ¥L00GS 06/22/90 VEWS
neze nz 2 082 n e nze n g2 0L00aS 06/12/90 OEWS
n sl nz ¥ n s n st n st n si SZ00GS 06/92/90 LO0WH
n oe nz os n os n oe n os n o 12000S 06/92/90 SOWH
n g nz # n zi n e n ez nz BLOOAS 06/52/90 ZOHH
n o9 nz oL n 09 n os n o9 n oy 8000(1S 06/6L/90 S24D
n ot nz ¢l n ol n ol n ot n ot £0000S 06/61/90 0ZHO
n oe nz si n og n oe n os n o9 20000S 06/61/90 20WD
erejeyiyd eyeeyiyd elefeyiyd elejeyyd eejeyiyd ojereyiyd  ejdwes ejeq uojels
1A120-u-10 -(IAxeyiAyye-z)sig iAzueq 1Aing ing~u-10q Ayeig iAyiewig

(uBiam Aip ‘By/6r)
AJAHNS V3HV IONIHIFTY 0661 JHL HO4 VAVA ILVIVHIHC 9V 318Vl




n oo n os n oy nz is n oo 1 09 n o9 n o9 n o9 n oy 9100aS 06/22/90 9ENS
n og n o n o nz ogl n og n o2 nnoe n oe n o2 n o2 ¥L000S 06/22/90 ¥YENWS
n e n e n é nz o09i n a2 1l ce n e n n a2 n 0Lo0as 06/12/9¢  OENS
n st 1 Sl n st nz oel 1l St n s n s n si n st n st §200QS 06/92/90 LOWH
n os n oe nos Nz ¢l n og n os n og n o8 n oe n o8 12000S 06/92/90 SOWH
12l n é n < nZ os n el nzei n et el n < n el 810008 06/52/90 <Z0HH
n o9 n o9 n o9 nz ¢l n o9 n o9 n o9 nos n o9 n oy 80000S 06/6L/90 S2UO
n ot n oL n oL Nnz e n od n oL n ot n ot n ot n ot £0000S 06/61/90 024D
n oe noeg n oe nz €8 1 08 n.os 1 08 n os n os n oe 200008 06/6L/90 20WHO

euBlpEjUBdOjOAD BUBIPEING auszueq eueyle euejeyydeu euezueq euazueq BUBZUSq euszUBq euezueq ejdwes oileg uopels
-CIOJYOBXOH -OIOUOBXOH -OJO|UJEXeH -OIOIYOBXBH  -OI0|UD-Z -OIOHOLL-¥'2'L -0I0lUdUL-E'2'L -0IOldia-y't -0JOa-E'L -0JoIdKd-2'|

AJAHNS V3HY JIONIHI4TH 0661 FHL WOHA V.LVA NOBHYDOHOAH G3LVNIHOTHO “ZV 318Vl

(wyBram Kip '6y/6n)



n o9 n o9 n et n oo n. 6l n o9 n oe n oe n oy n o9 n o9 n 09 91000S 06/22/90 9ENS
n oz n o2 n w n oz n\9 n oe not. noor noe n o n o 1 02 viooas 06/22/90 VYENS
n ce n zé n s n ce n 9% n e n ok nee n e n e n e 1 22 0L00as 06/12/90 COEWS
n s n st n oe n st n s n s n os n os n s n s n s N S 520005 06/92/90 ZOWH
n os n og n s n og n v noe n oy n ov n os n oe nos N o'e 120005 06/92/90 SOWH
net n et n n ct n st nz n o9 n og n 2 n z n et n 2L g100as 06/52/90 <20HH
n oy n o9 n z n o9 n gt n oo n oe n oe n o9 n o9 n oo 1 09 80004S 06/6L/90 S2HD
n oL n oL n v n ot n e n ot n o0e T 0E n ot n ot n oL n o'l £000Q8 06/61/90 02HO
n os nog n n oeg 1 s n oe n oy n oy nos n og noe N 0'e 20000S 06/61/90 20HD

eueylpwiAxoye  seyle (Ay®  eupue 18y JAueyd suue  seyle iAueyd  eujjjue  euljjue euen|ojoy] BUBN|OI0I] ouizeiply eupziueq ajdleg eleg uojiels
-0I0jY0-2)Si@ -0i0jyd-2)sig -OJN-¥ JAUBYdOIOIYD-+ -0i0lyD-¥ jAusydowoig-y -OJN-2 -ONIN-Z -iMQ-9'2 -WIg-#'Z -lAueydig-2'L  -OJIN

(penuguo)) v 31AV.L




n o9 n os n oo n os n o9 3 el 3 oL 910008 06/22/P90 9ENWS
n oz n oz n oe n oe n o n oot I 002 PLO000S 06/22/90 PENWS
n e n 2 n e n 2z n e 3 g2 3F o0l'L  0LOOUS 06/12/90 OENS
n si n si n s n st n st n og F oz S200GS 06/92/90 LOWH
noe n os n os nos n os n ov g oun L2000S 06/9¢/90 SOWH
n e n ek n et n e n e 3 e 084 8i004Qs 06/52/90 <cOHH
n o9 n o9 nos n og n o9 g i 3 08l 80000S 06/61/90 S2HO
n oL n ot n oL n oL n ot 3 06 3 08t £000AS 06/61/90 02HOD
n oe n oe n oe n osg n oe n ov I 042 2000QS 06/64/90 <20WHD
eulwelAueydip suiweAdeosd-u-ip  eujwejiueydiy ueinjozueqiq  ejozeqied [OYOIIY py  edwes ejeq uonels
0SONU-N OSOJYN-N 1Azueg o0zueg

(yBrom Aip ‘By/B7) ATAHNS V3LV IDONIHIAIY 0661
JHL HO4 SANNOJWO?D Q3LYNIDAXO0 SNOANVTIZDSIN "8V 318Vl




050 n oso 1 080 n o0eo n oo n 0eo n 0eo0 910005 06/22/90 9EWS
n o0so n oso 1 02’1 n oeo n oLo n 6o n o0go ¥1000S 06/22/190 PEWS
n o0so n 0so n oeo n oeo n 0go n o0eo n oeo 0L00QS 06/12/90 OSWS
n 0so n o0so f1 080 n oeo n oLo n oeo n oLo G200as 06/92/90 L0WH
n 050 n o0so n oeo n ogo n 8o n oeo n oeo 1200QS 06/92/90 SOWH
n 050 n 050 n oeo n oeo nm oLo n oeo n oeo 8L000S 06/52/90 2Z0HH
n 0so n 0so n oeo n 0eo n oLo oo 1 0E0 80004S 06/6L/90 S2HO
n o0so n 050 n o0go f Qeo n se n oeo n ovo €000aS 06/6L/90 02HD
o 050 o1 050 an 00 on o0eo on 02 o1 00 on oeo 200005 06/61/90 204D
euBpIoIYD SUBPIOIYD uLply Bullseb-auexel) Bl|op-ouexey Bl9g-oueXel eydje-euexey ajdweg eleq uonwIis
Blwiweey eydjy ~0[0A20J0|YoEXOH  -O[DADOIOYOEXOH ~O|DADDIOYIEXSH  -0j9A0040|ydexeH

(wbiom Ap ‘Gy/06r) AIAHNS YIHY IONIHISTY 0661
JHL HOd VLVA €2d ANV 3aIDi1S3d 6V 31avL




n oeo n 060 n 090 n ol n 090 n oeo n 090 9100aS 06/22/90 9ENS
n oo n 060 n 090 n ol n 090 n 060 N 090  vI00AQS 06/22/90 PEWS
n oLo n 060 n 090 n ol n 090 n oeo N 090  0L00aS 06/12/90 OENS
n oeo n 060 n 0%0 n oz n 090 n oeo N 090 S2004S 06/92/90 LOWH
n ogo 7 060 n 090 n ot n 090 n ogo N1 090 120005 06/92/9¢ SOWH
n oeo n 060 n 090 n ot n 090 n oeo 090  8L000S 06/52/00 2Z0HH
n 0o n 060 n 090 n ot n 090 n 0eo N 090 §000AS 06/61/90 STHO
n 0eo n 060 n 090 n ol n 090 n oeo N 090 £000QS 06/6L/90 (QTHD
on o0eo on 06'0 on 090 on ol on 099 on 080 9N 090  20000S 06/61/90 2Z0HO

._o__._oﬂaoI audNey uppuy ajejins uejInsopugy uejInsopug UupIeig u_nEum ejeqg uonels

uppu3 uepnsopu3 ejed eydiy

(ponunuod) "6V 31GVL



“POSN Sf WI| UOHIOBIEP 1SOMO) B} 'PEIJBIBPUN BIE SIOJO0JE e UBUM "SiAusydiq PeleuLOIYoAIod Peldelep Jo NG,

n oe 1 090 n 090 n oo n os nei n o9 n oo 91004s 06/22/90 9ENS
n o n 090 n o9o n 0so 1 09 nel n oz n oeo ¥1000S 06/22/%0 PEWS
n oe 1 090 n ogo f1 090 n si nei n n 0o’d 0100as 06/12/90 OENS
n oe 1 090 n ot n o090 n si net n s n 080 520008 06/92/90 LOWH
n oe n 090 n 090 n ol n o9 nel n os 1 080 12000 06/92/90 SOWH
n oe 1 090 1 090 n o090 noe9 n el net n oeo 81000S 06/52/90 <OHH
n ot f1 090 n oo n 090 noe9 net n o9 n 0o 80000S 06/6L/190 S2HO
n oe n oso n 090 n 0o . n oo neil n o n 0so £0000S 06/6L/90 02HO
on oe 5n 09°0 N 090 on 090 an 09 on et os on oo 20000S 06/61/90 204HD

aueydexo), 1aq-d'd 30Q-d'd aaa-.d'd ¢>80d fBloL JojyaAxoyiey  euosoydos) epixode ejdweg ejeq uoyels

sojyoeldeH

(penuguo)) ‘v 31AV.L




APPENDIX B

1990 Reference Area Survey Bioassay Data






TABLE B1. RESULTS OF AMPHIPOD MORTALITY BIOASSAY

Field Analytical Lab 1Initial Numberof Percent

Station Date Sample Rep Group Rep Count Survivors Mortality
CRO2 06/19/90  SDO002 1 1 20 15 25
CRO2 06/19/90  SDQO02 1 2 20 20 0
CRG2 06/19/90  SD0002 1 3 20 17 15
CRQz 06/19/90  SD0O002 1 4 20 18 10
CRO2 06/18/30  SDOO02 1 -5 20 18 10
CRO2 0B/19/90  SD0O002 1 AVG 20 17.6 12
CR20 06/19/90  SDOOO3 1 1 20 19 5
CR20 06/15/90  SDO0CO3 1 2 20 17 15
CR20 06/19/90 - - SDO003 1 3 20 17 15
CR20 06/19/90  SDO0O03 1 4 20 16 20
CR20 06/19/90  SD0003 1 5 20 19 5
CR20 06/19/90  SDO003 1 AVG 20 17.6 12
CR21 06/197/90  SD0O004 1 1 20 17 15
CR21 06/19/30  SDO0004 1 2 20 20 ¢
CR21 06/19/90  SDO004 1 3 20 20 0
CR21 06/19/90  SDOOD4 1 4 20 19 5
CR21 06/19/90  SDO00D4 1 L1 20 18 10
CR21 06/19/90  SDO0D4 1 AVG 20 18.8 6
CR22 06/19/90  SDOOOS 1 1 20 17 15
CR22 06/19/90  SDO005 1 2 20 17 15
CR22 06/19/90  SDOOOS 1 3 20 20 0
CR22 06/19/90  SDQOOS 1 4 20 20 4]
CR22 06/19/90  SDO005 1 5 20 17 15
CR22 06/19/90  SDO005 1 AVG 20 18.2 9
CR23 06/19/90  SDOC06 1 1 20 17 15
CR23 06/19/90  SD0O006 1 2 20 20 ¢]
CR23 06/19/90  SDO0006 1 3 20 18 10
CR23 06/18/80  SDO006 1 4 20 12 40
CR23 06/19/90  SDO006 1 5 20 20 0
CR23 06/19/90  SDO006 1 AVG 20 17.4 13
CR24 06/19/30  SDOOCT 1 1 20 18 10
CR24 06/18/90  SDOOO7 L] 2 20 18 10
CR24 06/19/30  SDOOO7 1 3 20 16 20
CR24 06/19/90  SDOOO7 1 4 20 17 15
CR24 06/19/90  SDQOO7 1 5 20 19 5
CR24 06/19/30  SDO007 1 AVG 20 17.6 12
CR25 06/19/30  SDOCOOB 1 1 20 18 10
CR25 06/19/90  SDO008 1 2 20 20 0
CR25 06/18/90  SDOO08 1 3 20 19 5
CR25 06/19/90  SDO008 1 4 20 17 15
CR25 06/19/90  SDOOO8 1 5 20 19 5
CR25 06/19/90  SD0008 1 AVG 20 18.6 7
HHO1 06/25/30  SDOO17 3 1 20 20 0
HHO1 06/25/90  SDOO17 3 2 20 15 25
HHO1 06/25/30  SDOO17 3 3 20 16 20
HHO1 06/25/90  SDOO17 3 4 20 20 t]
HHO1 06/25/50  SDO017 3 5 20 18 10
HHO1 06/25/90 SDO017 3 AVG 20 17.8 11
HHQ2 06/25/30  SDO018 3 1 20 16 20
HHO2 06/25/90  SDO018 3 2 20 18 10
HHO2 06/25/90  SDOOG1B 3 3 20 19 5
HHO2 06/25/30 SDO018 3 4 20 17 15




TABLE B1. (Continued)

Field Anzlytical Lab Initial Numberof Percent

Station Date Sample Rep Group Rep Count Survivors Mortality
HHO2 06/25/90  SDOO18 3 5 20 19 5
HHO2 06/25/90 SD018 3 AVG 20 17.8 11
HMO03 06/25/90  SDOOM9 3 1 20 19 5
HMO3 06/25/90  SDO019 3 2 20 20 0
HMO3 06/25/30  SDO019 3 3 20 19 5
HMO3 06/25/90  SD0019 3 4 20 20 0
HMO3 06/25/90  SDO0019 3 5 20 20 0
HMO3 06/25/90  SDO019 3 AVG 20 19.6 2
HMO4 06/26/90  SD0020 3 1 20 20 0
HMO4 06/26/90  SD0020 3 2 20 19 5
HMO04 06/26/90  SD0O020 3 3 20 18 10
HMO4 06/26/9C  SD0020 3 4 20 20 ¢
HMO4 06/26/90  SD0020 3 5 20 20 0
HMO04 06/26/90  SD0020 3 AVG 20 19.4 3
HMO5 06/26/90  SD0021 1 3 1 20 18 10
HMO0S 06/26/90  SDOO21 1 3 2 20 18 10
HMO5 06/26/90  SDO021 t 3 3 20 20 0
HMO5 06/26/90  SD0021 1 3 4 20 16 20
HMOS 06/26/50  SD0O21 1 3 5 20 18 10
HMO5 06/26/90  SDOO21 1 3 AVG 20 18 10
HMO8 06/26/90  SDO024 3 1 20 18 10
HMOB 06/26/90  SD0024 3 2 2¢ 18 10
HMO6 06/26/30  SDOD24 3 3 20 18 10
HMOS 06/26/90  SD0O024 3 4 20 19 5
HMO6 06/26/90  SD0024 3 5 20 20 o
HMO06 06/26/90  SDD024 3 AVG 20 18.6 7
HMO7 06/26/50  SDO025 3 1 20 20 0
HMG7 06/26/80  8D0025 3 2 20 20 0
HMO?7 06/26/90  SDO025 3 3 20 19 5
HMO7 06/26/90  SDO025 3 4 20 20 0
HMO7 06/26/90  Sb0025 3 5 20 20 0
HMQ7 06/26/90  SDO025 3 AVG 20 19.8 1
SM30 06/21/90  SBOO1O 2 1 20 19 5
SM30 06/21/90  SDO010 2 2 20 18 10
SM30 06/21/90  SDOO10 2 3 20 17 15
SM30 06/21/90  SDOO10 2 4 20 15 25
SM30 06/21/90  SDOO10 2 5 20 19 5
SM30 08/21/80  SD0010 2 AVG 20 17.6 12
SM31 06/21/50  SD0O011 2 1 20 18 5
SM31 06/21/80  SD0011 2 2 20 17 15
SM31 06/21/50  SDOO11 2 3 20 19 5
SM31 06/21/90  SDOO11 2 4 20 19 5
SM3t 08/21/90  SDOO11 2 5 20 19 5
SM31 06/21/30  SDOOM 2 AVG 20 18.6 7
SM32 06/21/90  SDOO12 2 1 20 17 i5
SM32 06/21/50  SDOO12 2 2 20 15 25
SM32 06/21/50  SDO012 2 3 20 15 25
8Maz 06/21/90  SD0012 2 4 20 i6 20
SM32 06/21/90  SDOOt2 2 5 20 18 10
SM32 06/21/90  SDO012 2 AVG 20 16.2 19
SM33 068/21/90  SD0013 2 1 20 20 0
SM33 068/21/90  SD0O013 2 2 20 18 10




TABLE B1. (Continued)

Field Analytical Lab initial Number of Percent

Station Date Sample Rep Group Rep Count Survivors Mortality
SM33 06/21/30 SD0013 2 3 20 16 20
SM33 06/21/90 SDO013 2 4 20 19 5
SM33 06121730  SDOD13 2 5 20 17 15
SM33 06/21/30  SDOO13 2 AVG 20 18 10
SM34 06/22/90 SDo014 2 1 20 18 10
SM34 06/22/90  SDO014 2 2 20 19 5
SM34 06/22/9%0  SDOO14 2 3 20 18 10
SM34 06/22/130 s5D0014 2 4 20 185 8
SM34 06/22/90 SDOO4 2 5 20 20 0
SM34 06/22/50 SDO014 2 AVG 20 18.7 7
SM35 06/22/90  SDOO15 2 1 20 20 0
SM35 06/22/90 SDOo15 2 2 20 20 0
SM35 06/22/90  SDOO1S 2 3 20 17 15
SM35 06/22/190 SDO015 2 4 20 20 )
SM35 06/22/90 SD0015 2 5 20 19 5
SM35 06/22/90  SDOO15 2 AVG 20 18.2 4
SM36 06/22/30  SDO016 2 1 20 20 Q
SM36 06/22/90 SDOO16 2 2 20 20 0
SM36 06722190  SDOO16 2 3 20 20 0
SM36 06/22/180  SDOD16 2 4 20 14 30
SM36 06/22/90 SDO016 2 5 20 19 5
SM36 06/22/00  SDOO16 2 AVG 20 18.6 7
WBEACH 06/26/30 WBEACH 1 1 20 19 5
WBEACH 06/26/9%0 WBEACH 1 2 20 20 0
WBEACH 06/26/30 WBEACH 1 3 20 20 0
WBEACH 06/26/90 WBEACH 1 4 20 20 0
WBEACH 06/26/9%0 WBEACH 1 5 20 20 0
WBEACH 06/26/90 WBEACH 1 AVG 20 19.8 1
WBEACH 06/26/%0 WBEACH 2 1 20 18 10
WBEACH 06/26/90 WBEACH 2 2 20 20 0
WBEACH 06/26/90 WBEACH 2 3 20 19 5
WBEACH 06/26/90 WBEACH 2 4 20 17 15
WBEACH 06/26/90 WBEACH 2 5 20 17 15
WBEACH 06/26/30 WBEACH 2 AVG 20 18.2 9
WBEACH 06/26/90 WBEACH 3 1 20 20 0
WBEACH 06/26/90 WBEACH 3 2 20 18 10
WBEACH 06/26/90 WBEACH 3 3 20 20 0
WBEACH 06/26/90 WBEACH 3 4 20 20 0
WBEACH 06/28/90 WBEACH 3 5 20 20 0
WBEACH 06/26/90 WBEACH 3 AVG 20 19.6 2




TABLE B2. RESULTS OF MICROTOX SALINE LUMINESCENCE BICASSAY

Field Analytical (%) Lab initial Final Percent  Blank-Corrected
Station Date Sample Rep Group Dilution Rep Luminescence Luminescence Decrease Percent Decrease®

CR02 06/19/90 $D0O002 1 0 1 96 90 & -~
CRO2 06/19/30 SDO002 1 0 2 103 98 5 -~
CRQ2 06/19/90 SDOQ02 1 7.3 1 106 110 -4 -9
CRO2 06/19/30 SD0002 1 7.3 2 100 104 -4 -10
CRO2 £6/19/30 SDO002 1 145 1 83 101 -9 -14
CRG2 06/19/30 SD0002 1 14.5 2 102 110 -8 -13
CRo2 06/19/90 SDO0002 1 281 1 102 116 -14 -19
CRo2 06/19/90 SDO002 1 29.1 2 104 115 -11 -16
CRO2 06/19/30 SDC002 1 58.1 1 93 110 ~-18 -24
CRo2 06/18/90 SDO002 1 58.1 2 87 - 115 -19 -24
CRo2 06/19/90 SD0002 2 100 1 101 9N 10 -7
CRo2 06/19/90 SD0002 2 100 2 114 10 11 -6
CR20 06/19/90 SD0O0C3 1 o 1 92 87 5 --
CR20 06/18/90 SDO003 1 c 2 106 101 5 --
CR20 06/19/90 SDO003 1 7.3 1 102 104 -2 -2
CR20 06/18/80 SDO003 1 7.3 2 97 98 -1 =1
CR20 06/19/90  SDO00CO3 1 4.5 1 100 106 -6 -6
CR20 06/19/90 SDO0O3 1 14.5 2 98 108 -7 -7
CR20 06/19/90 SDO003 1 29.1 1 86 107 -11 -11
CR20 06/19/30 SDO003 1 28.1 2 108 122 -13 -13
CR20 06/19/90 SDO003 1 58.1 1 82 112 -22 -22
CR20 06/18/90 SDO003 1 58.1 2 95 116 -22 -22
CR20 06/19/90 SD0003 2 100 1 92 83 i0 -7
CR20 06/19/90 SD0003 2 100 2 106 101 5 -12
CR21 06/19/90 SDO0004 ] 0 1 94 89 5 -
CR21 06/19/90 SDO004 1 0 2 104 103 1 --
CR21 06/19/90 SDO004 1 7.3 1 109 119 -8 -12
CR21 06/19/90 SDOC04 1 7.3 2 104 114 -10 -13
CR21 06/19/90 SD0004 1 14.5 1 104 121 -16 -19
CR21 06/19/90 SDOQ04 1 14.5 2 105 118 -12 -16
CR21 06/19/30 SD0O004 1 29.1 1 106 125 ~-18 -21
CR21 06/19/90 - SDOO04 1 29.1 2 80 110 -22 -25
CR21 06/19/90 SDO004 1 58.1 )] 85 118 -25 -28
CR21 06/19/90 SDO004 1 58.1 2 95 121 -27 -31
CR21 06/19/30 SDO004 2 100 1 110 101 8 -9
CR21 06/19/90 SDO0O4 2 100 2 101 95 6 -11
CR22 06/19/30  SDOQOS 1 0 1 100 101 -1 -—
CR22 06/19/90 SDOO0S 1 0 2 108 109 -1 -
CRz22 06/19/90 SDOQOS 1 7.3 1 85 104 -9 -9
CR22 06/18/90 SDO0CS 1 7.3 2 103 113 -10 -10
CR22 06/19/90 SD0O0CS i 14.5 1 115 124 -8 ~8
CR22 06/19/90 SDO0CS 1 14.5 2 121 125 -3 -3
CR22 06/19/90 SDO00S 1 29.1 1 102 118 -16 -16
CRa2 06/19/90 SDO0CS 1 29.1 2 107 120 -12 =12
CR22 06/19/90 SDOOOS 1 58.1 1 98 121 -23 ~23
CR22 06/19/80 SDO00S 1 58.1 2 m 130 =17 =17
CR22 06719790 SDO00S 2 100 1 98 93 5 -12
CR22 06/19/90 SDO00S 2 100 2 108 105 3 =14
CR23 06/19/50 SDOC0S 1 0 1 g5 96 -1 -
CR23 06/19/90 SDO00E 1 e 2 87 95 -9 --
CR23 06/19/90 SDOOO6 1 7.3 1 101 109 -8 -8
CR23 06/19/30 SDO006 1 73 2 93 111 -19 -19




TABLE B2, {Continued)

Field Analyticat (%) Lab Initial Final Parcont  Blank-Corrected
Station Date Sample Rep Group Dilution Rep Luminescence Luminescence Decrease Percent Decrease.

CR23  06/19/90 SDO006 1 14.5 1 95 115 -21 -21
CR23  06/18/80 SDO0U6 1 145 2 89 106 -19 -19
CR23  08/19/90 SD0006 1 29.1 1 92 111 =21 -21
CR23  06/19/90 SD000S 1 291 2 101 118 -17 -17
CR23  06/19/80 SDO006 1 58.1 1 98 125 -28 -28
CR23  06/19/90 $SDO006 1 58,1 2 92 118 -28 -28
CR23  06/19/90 SDO006 2 100 1 126 113 10 -7
CR23  06/19/30 SDOO0E 2 100 2 112 104 7 -10
CR24  06/19/90 SDOOO7 1 0 1 98 108 -10 -
CR24  06/19/90 SDO0O7 1 0 2 96 98 -2 -
CR24  06/19/90 SDO0DO7 1 7.3 1 114 115 -1 -1
CR24  06/19/90 SD00O7 1 7.3 2 112 116 -4 -4
CR24  06/19/90 SDO007 1 14.5 1 93 109 -17 -17
CR24  0B6/15/90 SDO0007 1 14.5 2 30 106 -18 -18
CR24  06/19/90 SDO007 1 29.1 1 105 119 -13 -13
CR24  06/19/90 SDO007 1 29.1 2 104 117 -13 -13
CR24  0B/19/90 SDOQ0O7 1 58.1 1 85 106 -25 =25
CR24  06/19/90 SDO007 1 58.1 2 90 111 -23 -23
CR24  06/19/90 SDO007 2 100 1 105 91 13 -3
CR24  08/19/30 SDO00O7 2 100 2 110 96 13 -4
CR25  06/19/90 SDOO0O0S 2 0 1 94 80 15 -
CR25  06/19/90 SDO008 2 0 2 a6 70 19 --
CR25  06/19/90 SD0O00S 2 7.3 1 92 85 8 -9
CR25  06/19/90 SDO008 2 7.3 2 78 _ 69 12 -5
CR25  06/19/80 SDO008 2 14.5 1 78 75 4 -13
CR25  06/19/90 SD0O08 2 14.5 2 64 64 1] -17
CR25  06/19/90 SDO0O008 2 29.1 1 72 74 -3 -20
CR25  06/19/90 SDQO0S 2 291 2 76 78 -3 -19
CR25  06/19/90 SD0O008 2 58.1 1 77 85 -10 -27
CR25  06/19/80 SDO008 2 58.1 2 91 101 -11 -28
CR25  06/19/80 SDO0D08 2 100 1 100 99 g -8
CR25  06/19/0 SD0008 2 100 2 112 100 1 -6
SM30  06/21/90 $D0010 3 0 1 94 85 10 -
SM30  06/21/90 SDOO10 3 0 2 87 81 7 -
SM30  06/21/90 SDOG1D 3 7.3 1 87 as 1 -7
SM30  06/21/90 SDOO10 3 7.3 2 90 88 2 -6
SM30  06/21/90 SD0010 3 14.5 1 9 96 0 -8
SM30  0&/21/90 SDO010 3 14.5 2 88 88 0 -8
SM30  06/21/90 SDO010 3 29.1 1 63 63 -10 -18
SM30  06/21/90 SDCO10 3 29.1 2 86 90 -5 -13
SM30  08/21/90 SDOG10 3 58.1 1 94 104 -1 -19
SM30  08/21/90 SDOOG10 3 58.1 2 76 102 -34 -42
SM30  06/21/90 SDO010 4 100 1 91 124 -36 -39
SM30  06/21/90 SDO010 4 100 2 92 130 -41 -44
SM31  06/21/90 SDOO11 3 0 1 98 88 10 --
SM31  06/21/90 SDOO11 3 0 2 g7 88 9 -
SM3t  06/21/90 SDOO11 3 7.3 1 94 89 5 -4
SM31  0&/21/90 SDOO1 3 7.3 2 97 93 4 -6
SM31  08/21/80 SDOO11 3 14.5 1 107 106 1 -9
SM31  06/21/90 SDOOT1 3 14.5 2 95 94 1 -9
SM31  06/21/30 SDOO11 3 28.1 1 98 101 -3 -13
SM31  06/21/90 SDOO11 3 29.1 2 85 89 -5 -14




TABLE B2. (Continued)

Field Analytical (%) Lab initial Finai Percent  Blank-Corrected

Station Date Sample Rep Group Dilution Rep Luminescence Luminescence Decrease Percent Decrease

SM31 06/21/90 SDOO11 3 58.1 1 91 102 -12 -22
SM31 06/21/90 SD0O11 3 58.1 2 80 97 -8 -18
SM31 06/21/30 SDQO11 4 100 1 83 122 -47 -49
SM3t 06/21/90 SDOO11 4 100 2 88 118 -34 -37
SM3z2  06/21/30 SDOO12 3 0 1 98 97 1 --
SM32  06/21/30 3SDO012 3 0 2 108 1M -2 -
SM32  06/21/50 SDO0C12 3 7.3 1 8s- 95 -7 -7
SM32  06/21/90 SDO012 3 73 2 g7 10 -4 -4
SM32  0e/21/30 8DOD12 3 145 1 95 105 -1 =11
SM3z  0e/21/80 SDO012 3 14.5 2 77 84 -3 -9
SM3z  06/21/90 SDO012 3 29.1 1 N 104 -14 -14
SM3z  06/21/30 SDOO12 3 291 2 106 117 =10 -10
SM32  06/21/80 SDO012 3 58.1 1 g5 113 -19 -19
SM3z2  06/21/80 SDO0012 3 58.1 2 98 118 : -20 -20
SM3z  06/21/90 SDoO12 4 100 1 84 128 -37 -40
SM32  06/21/80 SDO012 4 100 2 92 124 -35 =37
SM33  06/21/80 SD0013 3 ¢ 1 85 95 o -
SM33  06/21/90 SDOO13 3 0 2 N 93 -2 -
SM33 08/21/90 SD0013 3 7.3 1 70 74 -6 -6
SM33  0&/21/80 SDO013 3 7.3 2 65 71 -9 -9
SM33  06/21/30 SDO013 3 14.5 1 95 106 -12 =12
SM33  06/21/90 SD0013 3 14.5 2 95 111 -17 -17
SM33  06/21/90 SDO013 3 231 1 86 98 -15 -15
SM33  06/21/90 SDO013 3 29.1 2 90 104 -16 -16
SM33  06/21/90 SDO013 3 58.1 1 85 115 -21 -21
SM33  06/21/30 SDO013 3 58.1 2 88 110 -24 -24
SM33  06/21/90 SDO013 4 100 1 103 129 -25 -25
SM33 06721790 SDOO13 4 100 2 97 120 =24 -24
SM34 0622790 SDOO14 3 0 1 106 105 1 -
SM34  06/22/90 SDOO14 3 0 2 93 96 -3 -
SM34  06/22/90 SDDO14 3 73 1 75 86 -15 -15
SM34  06/22/90 SDOO14 3 7.3 2 98 113 -15 -15
SM34  06/22/90 SDODY4 3 14.5 1 99 114 -15 -15
SM34  06/22/90 SDO014 3 14.5 2 100 112 -12 -12
SM34  oer22/90  SDOO14 3 29.1 1 107 123 -15 -15
SM34  06/22/30 SD0O014 3 29.1 2 104 120 -15 =15
SM34 06722190 SDO014 3 58.1 1 101 126 -25 -25
SM34  06/22/30 SDD014 3 58.1 2 94 115 -22 -22
SM34  06/22/90 SDD014 4 100 1 109 131 ~20 -20
SM34  06/22/80 SDO014 4 100 2 110 129 -17 -17
SM35 06/22/80 SDOO15 4 0 1 g2 88 4 -
3M35 06/22/90 SDO015 4 0 2 103 108 -5 -
SM3s 06/22/30 SDOO1S 4 73 1 87 92 -6 ~6
SM35 06/22/90 SD0015 4 7.3 2 105 112 -7 ~7
8M35 06/22/90 SDOO1S 4 145 1 91 100 -10 -10
SM35 06/22/90 SDO015 4 14.5 2 95 105 -11 -1
SM35 06/22/90 SDOO15 4 291 1 85 109 -15 -15
SM35 06/22/30 SDO015 4 29.1 2 96 107 -11 -1
SM35 08/22/90 SDOO1S 4 581 1 88 109 -22 -22
SM35 06/22/90 SDO01S 4 581 2 98 117 T -18 -18
SM35 06/22/90 SDOO15 4 100 1 100 122 -22 -22
SM3s 06r22/90 SDOD15 4 100 2 95 136 -43 =43




TABLE B2 (Continued)

Field Analytical (%) Lab Initial Final Percent  Blank-Correctad
Station Date Sample Rep Group Dilution Rep Luminescence Luminescence Decrease Percent Decraase

8SM36  06/22/90 SDO016 5 6 1 94 96 -2 --
SM36  06/22/90 SDOO16 5 0 2 105 107 -2 -
SM36  06/22/30 SDOG16 5 7.3 1 87 110 -13 -13
SM36  06/22/30 SDO016 5 7.3 2 98 109 -1 -11
SM36  06/22/90 SDO016 5 14.5 1 103 111 -8 -8
SM36  06/22/30 SDO016 5 145 2 95 108 -14 -14
SM36  06/22/30 SDO016 5 29.1 1 103 120 -17 -17
SM36  06/22/30 SDOO16 5 29.1 2 96 110 -15 -15
SM36  06/22/30 SDO0O16 5 58.1 1 101 117 -16 -16
SM36  06/22/30 SDO016 5 58.1 2 89 118 -19 -19
SM36  06/22/s0 SDO016 6 100 1 108 185 -79 -79
SM36  06/22/90 SDOO16 6 100 2 92 192 -109 -108
HHO1 06/25/90 SDOO17 5 0 1 94 96 -2 -
HHO 06/25/90 SDOO17 5 0 2 94 96 -2 -
HHO 06/25/90 SDOO017 S 7.3 1 92 100 -9 -9
HHO1 06/25/90 SDOO17 5 7.3 2 96 102 -6 -6
HHO1 06/25/90 SDO017 5 145 1 85 105 -1 ~-11
HHO1 06/25/9¢ SDOO17 5 14.5 2 93 103 -1 -1
HHO1 06/25/80 SDOO17 5 29.1 1 91 103 -13 -13
HHO1 06/25/90 SD0017 5 28.1 2 96 108 -13 -13
HHO1 06/25/80 SDO017 5 58.1 1 87 1 -16 -16
HHO 0625180 SDO017 5 58.1 2 93 108 -16 -16
HHO1 06/25/90 SDOG17 6 100 1 86 164 -91 -9
HHO1 06/25/90 SDOO17 & 100 2 83 17 -106 -106
HHO2  06/25/90 SD0O018 5 0 1 96 94 2 -
HHO02  06/25/30 SDO0018B 5 0 2 100 99 1 -
HHOZ  06/25/30 SDO018 S 73 1 95 102 -7 -9
HHOZ  06/25/80 SD0018 5 7.3 2 85 100 -5 -7
HHC2  06/25/90 SDO018 5 145 1 86 96 =12 -13
HHOZ2  06/25/90 SD0018 5 14.5 2 86 98 -14 -15
HHOZ  06/25/30 SD0018 5 20.1 1 85 102 -20 -22
HH0Z  06/25/90 SDOD18 5 29.1 2 74 87 -18 =19
HH02  06/25/90 SD0O018 5 58.1 1 89 106 -19 -21
HHO2  06/25/90 SDO018 5 58.1 2 90 106 -18 -19
HHO2  06/25/30 SDO0i8 & 100 1 118 190 -61 -61
HHO2  06/25/90 SDO018 6 100 2 115 200 =74 -74
HMO3  06/25/90 SBO0019 5 0 1 90 90 0 -
HM03  06/25/30 SDOO19 5 0 2 95 96 -1 -
HM03  06/25/90 SDO019 5 7.3 1 90 99 -10 -10
HMOZ  06/25/50 SDO01S 5 7.3 2 89 96 -8 -8
HMO3  06/25/90 SDC018 5 14.5 1 89 100 -12 -12
HMO3  06/25/80 SDOO19 5 145 2 87 98 -13 -13
HMO03  08/25/90 SDO019 5 29.1 1 85 99 -16 -16
HMO03  06/25/50 SDO01S 5 29.1 2 92 105 -14 -14
HMO03  06/25/80 SDOG19 5 58.1 1 4 5 -25 -25
HMO03  06/25/90 SDOO1S 5 58.1 2 80 108 =20 -20
HMO03  08/25/90 SDO018 6 100 1 111 200 -80 -80
HMG3  06/25/80 SDOO1S 6 100 2 109 193 =77 =77
HMO04  06/26/80 SDO020 7 0 1 96 94 2 -—
HMO04  06/26/80 SD0020 7 0 2 92 90 2 -
HMO04  06/26/90 SD0020 7 7.3 1 93 94 -1 -3
HMO4  06/26/30 SD0020 7 7.3 2 g8 100 -2 -4




TABLE B2. (Continued)

Field Analyticai (%) Lab Initial Final Percent  Blank-Corrected
Station Date Sample Rep Group Dilution Rep Luminescence Luminescence Decrease Percent Decrease

HMO4  06/26/90 SD0020 7 14.5 1 96 100 -4 -6
HMO4  06/26/90 SD0020 7 14.5 2 94 100 -8 -9
HMO4  06/26/90 $SD0020 7 29.1 1 90 100 -1 -13
HMO4  06/26/90 SD0020 7 29.1 2 80 99 -10 -12
HMO4  06/26/90 SD0020 7 58.1 1 91 102 -12 -14
HMO4  06/26/90 SDO020 7 58.1 2 94 105 -12 -14
HMO4  06/26/90 SD0020 7 100 1 69 200 -180 -192
HMD4  06/26/30 SDO020 7 100 2 78 200 -156 -158
HMO5  06/26/30 SDOO21 1 4 0 1 86 95 1 --
HMO5  06/26/90 SDO021 1 4 0 2 131 126 4 -
HMO5  06/26/9%0 SDOO21 1 4 7.3 1 122 130 -7 -9
HMO5  06/26/80 SDO021 1 4 7.3 2 123 132 -7 -10
HMO5  06/26/90 SDO021 1 4 14.5 1 116 135 -18 -19
HMOS  06/26/90 SDO021 1 4 14.5 2 118 130 -10 -13
HMOS  06/26/30 SD0021 1 4 29.1 1 88 103 -17 -18
HMOS  06/26/90 SD0021 1 4 29.1 2 127 142 -12 -14
HMOS  06/26/90 SD0021 1 4 58.1 1 85 118 -24 -27
HMOS  06/26/90 SDOD21 1 4 58.1 2 121 142 -17 -20
HMOS  06/26/30 SDO021 1 4 100 1 101 133 -32 -34
HMO5  06/26/90 SDOO21 1 4 100 2 92 136 -48 -50
HMOE  06/26/90 SDOO24 6 0 1 91 o8 -8 -
HMOS  06/26/90 SDO024 6 0 2 92 97 -5 -
HMOS  06/26/90 SD0024 6 7.3 1 91 105 -15 -15
HMO6  06/26/90 SDO0024 6 7.3 2 88 104 -18 -18
HMO8  06/26/30 SD0024 6 14.5 1 g5 104 -22 -22
HMOs  06/26/30 SDO024 6 145 2 85 105 -24 -24
HMO06  06/26/90 SDO024 6 29.1 1 85 109 -28 -28
HMO6  06/26/30 SD0024 6 29.1 2 87 111 -28 -28
HMOS  06/26/90 $SD0024 6 58.1 1 87 113 -30 -30
HMO6  06/26/90 SD0024 6 58.1 2 81 105 -30 ~30
HMO6  06/26/30 SD0024 6 100 1 116 192 -66 ~66
HMO06  06/26/90 SDO0024 6 100 2 116 200 -72 -72
HMO7  06/26/30 SD0025 6 0 1 94 94 0 -
HMO7  06/26/90 SDO0025 6 0 2 93 85 -2 -
HMO7  06/26/90 SD0025 6 73 1 97 105 -8 -8
HMO7  06/26/50 $SD0025 6 73 2 89 98 -10 -10
HMO7  06/26/80 SD0025 6 14.5 1 95 104 -9 -9
HMO07  06/26/80 SDO0025 6 14,5 2 93 104 -12 -12
HMO7  06/26/30 SD0O025 6 29.1 1 88 110 -12 -12
HMO07  06/26/90 SDO025 6 29.1 2 104 115 -1 -11
HMO7  06/26/90 SD0025 € 58.1 1 97 115 -19 -18
HMO7  06/26/90 SD0025 6 58.1 2 103 117 -14 -i4
HMO7  06/26/30 SD0025 6 100 1 112 200 -79 -79
HMO7  06/26/90 SD0025 6 100 2 119 200 -68 -68

aBlank corrected valuas are calculated as the observed percent decrease minus the average percent dacrease of the
associated blank (0 parcent dilution). When the blank had an increase in luminescence, a 0 paercent decrease was used
for the biank correction.
Note, the 100 percent dilutions ware somatimes run in a separate analytical group from the rest ot the dilution series for a
givan sample. Therstora, the blank correction value usad for the 100 percent dilution may be different from the biank
correction value used for the rest of the dilution series.



TABLE B3, RESULTS OF BIVALVE LARVAE ABNORMALITY BIOASSAY

Anaiytical Lab Initiat Number of Normal Percent Percent Percent
Station Date Samnmpie Group Rep Count® Survivors Survivors Abnormality? Mortality Combined®

CRO2 06/19/80 SD0O002 1 1 493.2 95 95 0 81 81
CRo2 06/19/90 SDO002 1 2 493.2 85 &1 5 83 84
CRo2 06/19/90 SDO002 1 3 4832 89 &8 1 82 82
CRoe2 06/19/90 SDOO02 1 4 493.2 75 71 5 85 86
CRo2 06/19/90 SDO002 1 5 493.2 101 100 1 80 80
CRoO2 06/19/90 SDO002 1 AVG 4932 89 a7 2 82 82
CR20 06/19/50 SDO003 1 1 493.2 144 138 & 71 72
CR20 06/19/90 SDOO03 1 2 4932 129 118 9 74 76
CR20 06/19/30 SDO003 1 3 493.2 136 129 5 72 74
CR20 06/19/30 SDO003 1 4 4932 146 143 2 70 71
CR20 06/19/30 SDO003 1 5 493.2 118 114 3 76 77
CR20 06/19/90 SDO003 1 AVG 4932 134.6 128 5 73 74
CR21 06/19/90 SDO004 1 1 493.2 94 9N 3 a1 82
CR21 06/19/30 SDOQ04 1 2 4932 106 105 1 79 79
CR21 06/15/90 SDO004 1 3 4932 76 73 4 85 g5
CR21 ' 06/19/90 SDOON4 1 4 493.2 75 &7 1 85 -1}
CR21 06/19/90 SDO004 1 5 483.2 110 106 4 78 79
CR21 06/19/90 SDOO04 1 AVG 483.2 922 88.4 4 81 82
CR22 06/19/30 SDO00S 1 1 4832 125 123 2 75 75
CR22 06/19/30 SDOV0S 1 2 493.2 254 241 5 48 51
CR22 06/19/80 SDOO05 1 3 4932 243 239 2 51 52
CR22 06/19/90 SDO005 1 4 493.2 205 205 0 58 58
CR22 06/19/90 SDOODS 1 5 493.2 203 197 3 59 €0
CR22 06/19/80 SDOOOS 1 AVG 483.2 206 201 2 58 59
CR23 06/19/80 SDO006 1 1 493.2 198 179 10 60 64
CR23 06/19/80 SDO006 1 2 483.2 187 186 1 62 62
CR23 06/19/90 SDO00E 1 3 493.2 208 208 0 58 58
CR23 06/19/90 SDO006 1 4 493.2 23 230 0 53 53
CR23 - 06/19/80 SDO000G 1 5 493.2 146 141 3 70 I
CR23 06/19/80 SDO006 1 AVG 493.2 184.2 188.8 3 61 €2
CR24 06/19/30 SDO00? 1 1 493.2 101 101 0 80 80
CR24 06/19/90 SDO00O7 1 2 493.2 122 120 2 75 76
CR24 08/19/80 SDO0O7 1 3 4832 94 94 0 81 81
CR24 06/19/90 SDO0G7 1 4 493.2 118 115 1 76 77
CR24 06/19/90 SDO0OO7 1 5 493.2 117 117 0 76 76
CR24 06/19/90 SDOOO7 1 AVG 483.2 11¢ 109.4 1 78 78
CR25 06/19/80 SDO00B 1 1 483.2 136 135 1 72 73
CR25 06/19/30 SDO008 1 2 493.2 102 102 0 78 79
CR25 06/19/30 SDO008 1 3 4832 115 113 2 77 77
CRas 06/19/30 SDO0OS 1 4 493.2 133 131 2 73 73
CR25 06/19/20 SDO0OB 1 5 493.2 125- 123 2 75 75
CR25 06/19/30 SDO008 1 AVG 4832 1222 120.8 1 75 76
HHO1 06/25/30 SDOO17 1 1 493.2 44 38 14 a1 a2
HHO1 06/25/30 SDO017 1 2 493.2 53 53 0 as 89
HHO1 06/25/80 SDOO17 1 3 4832 46 38 17 ] 82
HHO1 06/25/130 SD0017 1 4 493.2 55 50 9 88 S0
HHO1 06/25/20 SD0017 1 5 493.2 59 51 14 g8 80
HHO1 06/25/30 SDO017 1 AVG 483.2 514 46 1 80 81
HHG2 06/25/80 SDO018 1 1 483.2 265 260 2 46 47
HHG2 06/25/90 SDO0O18 1 2 493.2 260 247 5 47 50
HHO2 06/25/30 SDO018 1 3 493.2 356 343 4 28 30
HHQ2 06/25/90 SDO0I8 1 -4 493.2 256 252 2 48 49




TABLE B3 (Continued)

Analytical Lab initial Number of Normai Percent Percent Percent
Station Date Sample Group - Rep Count Survivors Survivors Abnormaiity Mortality Combined

HHO2 06/25/90 SD0018 1 5 4932 268 265 1 46 46
HHO2 06/25/90 SD0018 1 AVG 4932 281 2734 3 43 45
HMO3  06/25/90 SD0019 1 1 4932 325 320 2 U 35
HMO3 06/25/90 SD0019 1 2 493.2 271 270 0 45 45
HMO3 06/25/80 SD0019 1 3 493.2 244 240 2 51 51
HMO03  06/25/90 SD001$ 1 4 4932 204 196 4 59 80
HMO3  06/25/90 SDO01S 1 5 4932 214 208 3 57 58
HMO3  06/25/90 SDOO19 1 AVG 4932 251.6 246.8 2 49 50
HMO4  06/26/90 SD0020 1 1 493.2 168 163 3 66 67
HMO4  06/26/90 SD0020 1 2 4932 125 119 5 75 76
HMO4  06/26/90 SD0020 1 3 493.2 169 149 12 66 70
HMO4  06/26/90 SD0020 1 4 493.2 125 122 2 75 75
HMO4  06/26/90 SD0020 1 5 493.2 99 96 3 80 81
HMO4  06/26/90 SD0020 1 AVG 4932 137.2 129.8 5 72 74
HMOS 06/26/90 SDO021 1 1 493.2 100 93 7 80 81
HMOS 06/26/90 SDO0021 1 2 493.2 38 36 5 g2 93
HMOS5 06/26/30 SD0021 1 3 493.2 97 92 5 80 81
HMOS 06/26/30 SDO021 1 4 493.2 135 130 4 73 74
HMO5 06/26/90 SDO021 1 5 493.2 186 171 8 62 65
HMO5 06/26/90 SDOO21 i AVG 4932 111.2 104.4 6 77 79
HMOS  06/26/90 SD0024 i 1 4932 84 76 10 83 85
HMOS  06/26/90 SD0024 1 2 4932 91 79 13 82 84
HMO6  06/26/90 SD0024 1 3 493.2 44 41 7 91 92
HMOE  06/26/90 SD0024 1 4 493.2 a7 a7 0 92 92
HMO6  06/26/90 SD0024 1 5 4932 77 70 9 84 86
HMO06 06/26/90 SDO024 1 AVG 4932 66.6 60.6 9 86 88
HMO7  06/26/30 SD0025 1 1 493.2 146 132 10 70 73
HMO7  06/26/90 SD0025 1 2 493.2 94 86 9 81 83
HMO7  06/26/90 SDO0025 1 3 493.2 116 114 2 76 77
HMO7  06/26/90 SD0025 1 4 4932 139 133 4 72 73
HMO07  06/26/90 SD0025 1 5 493.2 72 65 10 85 87
HMO7 06/26/30 SDO025 1 AVG 4932 1134 106 7 77 79
SM30 06/21/90 SDOO1D 1 1 493.2 113 111 2 77 77
SM30 06/21/90 SDOO10 1 2 493.2 86 77 10 83 B84
SM30 06/21/90 SDOO10 1 3 493.2 84 73 13 83 85
SM30 06/21/90 SDO010 1 4 4932 117 108 8 76 78
SM30 06/21/90 SDOO10 1 5 4932 101 100 1 80 80
SM30 06/21/90 SD0O10 1 AVG 4932 100.2 93.8 6 80 81
SM31 06/21/90 SDOO11 1 1 4932 115 113 2 77 77
SM31 06/21/90 SDOO11 1 2 493.2 107 105 2 78 79
SM31 06/21780 SD0OO11 1 3 493.2 118 114 1 77 77
SM31 06/21/90 SDOO11 1 4 4932 97 g7 0 80 80
SM31 06/21/90 SDOO11 1 5 4932 109 108 1 78 78
SM31 06/21/90 SDOO11 1 AVG 4932 108.6 107.4 1 78 78
SM32 06/21/90 SD0012 1 1 4932 17 108 8 76 78
SM32 06/21/90 SD0012 1 2 493.2 143 139 3 71 72
SM32 06/21/90 SD0012 1 3 4932 134 130 3 73 74
SM32 06/21/90 SD0O012 1 4 493.2 143 128 10 71 74
SM32 06/21/30 SDO012 1 5 493.2 159 150 6 68 70
SM32 06/21/90 SDO012 1 AVG 4932 139.2 131 6 72 73
SM33 06/21/90 SDO013 1 1 4932 85 83 2 83 83
SM33 06/21/30 SD0013 1 2 4932 143 138 3 71 72




TABLE B3 (Continued)

Analytical Lab Initial Number of Normal Percant Percent  Parcent
Station Date Sample Group Rep Count Survivors Survivors Abnormality Mortality Combined

SM33 06/21/9¢ SD0OO13 1 3 493.2 54 52 4 a8 89
SM33 06/21/90 SDO013 1 4 493.2 130 130 0 74 74
SM33 06/21/90 SDO13 1 5 493.2 103 103 0 79 79
SM33 06/21/90 SDO013 1 AVG 4932 103 101.2 2 78 79
SM34 06/22/90 SD0014 1 1 493.2 50 50 0 90 80
SM34 06/22/30 SDO014 1 2 493.2 98 98 0 80 80
SM34 06/22/90 SD0014 1 3 493.2 71 69 3 86 86
SM34 06/22/90 SDO014 1 4 483.2 186 183 2 €2 63
SM34 06/22/90 SDO014 1 5 483.2 101 96 5 80 81
SM34 06/22/90 SDO014 1 AVG 483.2 101.2 99.2 2 79 80
8M35 08/22/90 SD0015 1 1 483.2 112 111 1 77 77
SM35 06/22/90 SDOG15 1 2 493.2 145 142 2 71 n
SM35 06/22/90 SD0O15 1 3 493.2 104 103 1 79 79
SM35 06/22/90 SD0015 1 4 4932 128 123 4 74 75
SM35 06/22/90 SDO015 1 5 493.2 m 109 2 7 78
SM35 06/22/90 SD0015 1 AVG 4932 120 117.6 2 76 76
SMae 06/22/90 SD0O016 1 1 493.2 107 106 1 78 79
SM36 06/22/30 SDOO16 1 2 483.2 102 98 4 79 80
SM36 06/22/90 SD0016 1 3 483.2 73 71 3 85 86
SM36 06/22/90 SDOD16 1 4 493.2 132 130 2 73 74
SM36 06/22/90 SDO016 1 5 483.2 78 72 4 85 85
SM36 06/22/30 SDOO16 1 AVG 493.2 97.8 95.4 2 80 81
WBEACH 06/26/90 WBEACH 1 1 493.2 616 €01 2 -25 -22
WBEACH 06/26/90 WBEACH 1 2 493.2 474 466 2 4 6
WBEACH 06/26/90 WBEACH 1 3 493.2 486 480 1 1 3
WBEACH 06/26/90 WBEACH 1 4 4932 488 475 3 1 4
WBEACH 06/26/90 WBEACH 1 5 493.2 535 532 1 - -8
WBEACH 06/26/90 WBEACH 1 AVG 493.2 519.8 510.8 2 -5 -4

alnitial value is estimated as the number of survivors in the seawater control.
b Abnormality measures the number of abnormal individuals relative to the total number of survivors.
© Combined endpeint measures the number of dead and abnormal individuals relative to the initial vaiue.



TABLE B4 RESULTS OF ECHINODERM EMBRYO ABNORMALITY BIQASSAY

Analytical Lab Numberof Normal Initial Percent Percent  Percent
Station Date  Sample  Group Rep Survivors Survivors Count® Abnormality® Mortality Combined®

CRO2 06/19/90 SD0002 2 1 227 223 2547 2 1 12
CRO2 06/19/90 SD0002 2 2 247 244 2547 1 4
CRO2 06/19/90 SD0002 2 3 253 246 2547 3 1 3
CRO2 06/19/90 SD0002 2 4 253 246 2547 3 1 3
CRO2 06/19/90 SD0O02 2 5 146 140 2547 4 43 45
CRO2 06/19/90 SDODO2 2 6 162 160 2547 1 36 a7
CRO2 06/19/90 SD0002 2 7 266 258 2547 3 -4 -1
CR02 06/19/90 SD0002 2 8 239 228 2547 5 6 10
CRO2 06/18/90 SD0002 2 9 264 254  254.7 4 -4 0
CRO2 06/19/90 SD00D02 2 10 241 233 2547 3 5 9
CRo2 06/18/90 SD0O02 2 AVG 230 223 254.7 3 10 12
CR20 06/18/90 SD0003 2 1 278 271 2547 3 -9 -6
CR20 06/18/90 SD0003 2 2 319 314 2547 2 -25 -23
CR20 06/19/80 SD0003 2 3 245 240 2547 2 4 6
CR20 06/19/90 SDO003 2 4 230 224 2547 3 10 12
CR20 06/19/90 $SD0O003 2 5 274 266  254.7 3 -8 -4
CR20 06/19/90 SD0003 2 6 265 256 2547 3 -4 -1
CR20 06/19/90 SD00O3 2 7 235 219 2547 7 8 14
CR20 06/19/90 SD0003 2 8 246 235 2547 4 3 8
CR20 06/19/90 SDO00O3 2 8 259 255 2547 2 -2 0
CR20 06/19/90 SD0003 2 10 264 261  254.7 1 -4 -2
CR20 06/19/90 SDO0003 2 AVG 262 254 2547 3 -3 o
CR21 06/19/90 SDO004 2 1 257 245 2547 5 -1 4
CR21 06/19/90 SDO004 2 2 262 257 2547 2 -3 -1
CR21 06/19/90 SDO004 2 3 304 206 2547 3 -18 -16
CR21 06/19/90 SDO004 2 4 300 300 2547 0 -18 -18
CR21 06/19/90 SD0004 2 5 285 279 2547 2 -12 -10
CR21 06/19/50 SD0004 2 6 256 251 2547 2 -1 1
CR21 06/19/90 SDO004 2 7 278 268  254.7 4 -9 -5
CR21 06/19/90 SD0004 2 8 285 278 254.7 2 -12 -9
CR21 06/19/90 SD0004 2 9 321 315 2547 2 -26 -24
CR21 06/19/90 SDO004 2 10 276 270 2547 2 -8 -6
CR21 06/19/90 SD0004 2 AVG 282 276 2547 2 -11 -8
CR22 06/19/90 SD000S 2 1 205 203 2547 1 20 20
CR22 06/19/90 SDO00S 2 2 229 227 2547 1 10 11
CR22 06/19/90 SDO00S 2 3 236 233 2547 1 7 9
CR22 06/19/30 SDO00S 2 4 267 262 2547 2 -5 -3
CR22 06/19/90 SDO00S 2 5 278 274 2547 1 -9 -8
CR22 06/19/90 SDO00S 2 6 215 208 2547 3 16 18
CR22 06/19/90 SDO00S 2 7 266 261 2547 2 -4 -2
CR22 06/19/30 SDO00S 2 8 259 252 2547 3 -2 1
CR22 06/19/90 SDO0CS 2 9 265 262 2547 1 -4 -3
CR22 06/19/90 SDO00S 2 10 253 250 254.7 1 1 2
CR22 06/19/90 SDO0OS 2 AVG 247 243  254.7 2 3 5
CR23 06/19/90 SDO006 2 1 262 255  254.7 3 -3 0
CR23 06/19/90 SDO006 2 2 200 191 2547 5 21 25
CR23 06/19/90 SD0006 2 3 276 270 2547 2 -8 -6
CR23 06/18/90 SD000S 2 4 261 259 2547 1 -2 -2
CR23 06/19/90 SDO006 2 5 283 276 2547 2 -11 -8
CR23 06/18/30 SD000S 2 6 244 243 2547 0 4 5
CR23 06/19/90 SDOOCS 2 7 260 240 2547 8 -2 6
CR23 06/18/30 SD000E 2 8 252 243 2547 4 1 5




TABLE B4. (Continued)

Analytical Lab Number of Normal Initial Percent Parcent  Parcent

Station Date Sampls  Group Rep Survivers Survivers Count  Abnormality  Mortaiity Combined
CR23 06/19/90 SDO00E 2 9 243 236 2547 3 5 7
CR23 06/19/90 SDO00G 2 10 275 272 254.7 1 -8 -7
CR23 06/19/30 SD000G 2 AVG 256 249 254.7 3 0 2
CR24 06/19/80 SDO007 2 1 264 257 2547 3 -4 ~1
CR24 06/19/80 SDOO0O7 2 2 284 276 254.7 3 -12 -8
CR24 06/19/80 SDO0Q7 2 3 263 259 254.7 2 -3 -2
CR24 06/19/90 SDO0O7 2 4 253 247 254.7 2 1 3
CR24 06/19/90 SD0O007 2 5 265 258 2547 3 -4 -1
CR24 06/19/90 SDO0O7 2 6 269 266 254.7 1 -6 -4
CR24 06/19/90 SD0007 2 7 224 220 254.7 2 12 14
CR24 06/19/90 SDOOO7 2 8 235 228 254.7 3 8 10
CR24 06/19/90 SDOO07 2 9 246 245 2547 ) 3 4
CR24 06/19/90 SDO0O7 2 10 246 238 2547 - 3 3 7
CR24 06/19/90 SDOOO7 2 AVG 255 249 254.7 2 0 2
CR2s 06/19/30 SDOCO8 2 1 261 253 254.7 3 -2 1
CR25 06/19/90 SDO0OB 2 2 an 255 254.7 8 -6 0
CR25 06/19/90 SDOCO8 2 3 277 275 2547 1 -9 -8
CR25 06/18/90 SDO0O0S 2 4 305 292 254.7 4 -20 -15
CR25 06/19/90 SDO008 2 5 181 176 254.7 3 29 3
CR25 06/19/90 SDO008 2 6 177 171 254.7 ‘3 K} 33
CR25 06/19/90 SDO008 2 7 251 243 2547 3 1 5
CR25 06/19/90 SDO008 2 8 270 263 254.7 3 -6 -3
CR25 06/19/90 SDO00OB 2 9 256 248 254.7 3 -1 3
CR25 06/19/30 SDO008 2 10 252 243 254.7 4 1 5
CR25 06/19/90 SDOO0B 2 AVG 250 242 254.7 3 2 5
SM30 06/21/90 SDO010 1 1 164 159 177 3 7 10
SM30 06/21/90 SD0OO10 1 2 201 189 177 6 -14 -7
SM30 06/21/90 SDOO10 1 3 198 187 177 6 -12 -6
SM30 06/21/90 SDOO10 1 4 177 168 177 5 0 5
SM30 06/21/90 SDOO10 1 5 145 135 177 7 18 24
SM30 06/21/90 SDO010 1 6 193 185 177 4 -9 -5
SM3g 06/21/90 SDOO10 1 7 156 150 177 4 12 15
SM30 06/21/90 SDOO10 1 8 169 162 177 4 5 8
SM30 06/21/90 SDOO10 1 8 164 157 177 4 7 11
SM30 06/21/90 SDOO10 1 10 175 170 177 3 1 4
SM30 06/21/90 SD0010 1 AVG 174 166 177 5 2 6
SM31 06/21/90 SDOO11 1 1 166 157 177 5 6 11
SM31 06/21/90 SDOO11 1 2 146 144 177 1 18 19
SM3t 06/21/90 SD0011 1 3 193 178 177 8 -9 -1
SM31 06/21/90 SDOO11 1 4 193 188 177 3 -9 -6
SM3t 06/21/90 SDOO11 1 5 167 160 177 4 6 10
SM3t1 06/21/90¢ SDOO11 1 6 - 150 141 177 8 15 20
SM3t 06/21/90 SDOO11 1 7 169 156 177 8 5 12
SM3t 06/21/9¢ SDO011 1 8 1684 178 177 3 -4 -1
SM31 06/21/9¢ SDO011 1 g 171 166 177 3 3 6
SM3 06/21/90 SDOO11 1 10 161 155 177 4 9 12
SM3 06/21/90 SDOO11 1 AVG 170 162 177 5 4 8
SMaz 06/21/90 SDO012 1 1 92 84 177 9 48 53
SM32 08/21/90 SDO012 1 2 161 130 177 19 9 27
SM32 06/21/90 SDOO12 1 3 152 137 177 10 14 23
sMmaz2 06/21/30 SDO012 1 4 168 154 177 8 5 13
SMa2 06/21/90 SDOO12 1 5 161 148 177 8 9 16




TABLE B4. (Continued)

Initial

Analytical Lab Numberof Normal Percent Percent  Percent

Station Date Sample Group Rep Survivors Survivors Count  Abnormality . Mortality Combined
SM32 06/21/90 SDOO12 1 1] 170 152 177 -1 4 14
SM32 068/21/90 SDO012 1 7 191 184 177 4 -8 -4
SM32 06/21/90 SDO0O12 1 8 177 172 177 3 0 3
SM32 06/21/30 SDOD12 1 9 167 158 177 5 6 11
SM32 06/21/90 SD0OO12 1 10 146 138 177 5 18 22
SMa2 06/21/90 SDOO12 1 AVG 159 148 177 8 10 18
SM33 06/21/90 SDOO13 1 1 144 135 177 6 18 24
SM33 06/21/90 SDO0O13 1 2 156 147 177 6 12 17
SM33 06/21/90 SDOO13 1 3 163 158 177 3 8 11
SM33 06/21/90 SDO013 1 4 154 148 177 2 15 16
SM33 08/21/90 SD0O013 1 5 174 162 177 7 2 8
SM33 06/21/90 SDO013 1 ] 161 145 177 10 9 18
SM33 06/21/90 SD0OC13 1 7 144 136 177 6 19 23
SM33 06/21/90 SD0013 1 8 164 159 177 3 7 10
SM33 06/21/90 SD0013 1 9 173 170 177 2 2 4
SM33 06/21/30 SD0013 1 10 180 174 177 3 -2 2
SM33 06/21/30 SD0013 1 AVG 161 153 177 5 g 13
SM34 06/22/90 SD0OO14 1 1 157 151 177 4 11 15
SM34 06/22/90 SDOO14 1 2 164 158 177 4 7 11
SM34 06/22/90 SDO014 1 3 170 158 177 7 4 1
SM34 06/22/90 SDO014 1 4 170 168 177 1 4 5
SM34 0&/22/90 SDO014 1 5 193 188 177 3 -9 -6
SM34 06/22/90 SD0014 1 6 150 142 177 5 15 20
SM34 06/22/30 SD0014 1 7 184 178 177 3 -4 -1
SM34 06/22/30 SDO014 1 8 168 162 177 4 5 8
SM34 08/22/90 SD0014 1 9 140 21 177 14 21 32
SM34 06/22/90 SD0014 1 10 158 134 177 15 " 24
SM34 06/22/90 SDOO14 1 AVG 165 156 177 6 7 12
SM35 06/22/90 SDOO1S 1 t 220 212 177 4 =24 -20
SM35 06722190 SDOO15 1 2 155 150 177 3 12 15
SM35 06722190 SDOONS 1 3 155 148 177 5 12 16
SM3s5 0e/2219¢ SDOO15 1 4 176 167 177 5 1 6
SM3s 06/22/90 SDOO15 1 5 171 167 177 2 3 6
SM35 06/22/90 SDOQ1S 1 6 164 157 177 4 7 11
SM3s 06/22/30 SDOO1S 1 7 173 157 177 9 2 11
SM35 06/22/90 SDOD1S 1 8 128 111 177 13 28 37
SM35 06/22/90 SDO015 1 9 174 161 177 7 2 ]
SM35 06/22/90 SDOO1S 1 10 169 163 177 4 5 8
SM35 06/22/90 SDOO015 1 AVG 169 159 177 5 5 10
SM36 06/22/90 SD0O016 1 1 204 195 177 4 -15 -10
SM36 06/22/90 SDOO16 1 2 174 168 177 3 2 5
SM3e 06/22/90 SD0O016 1 3 175 163 177 7 1 8
SM36 06/22/190 SDO016 1 4 161 152 177 6 9 14
SM36 06/22/90 SDOO16 1 5 1684 173 177 6 -4 2
SMa6 06/22/90 SDO0186 1 6 157 153 177 3 11 14
SM36 06/22/90 SDO016 1 7 183 174 177 5 -3 2
SM36 06/22/90 SD0O016 1 8 171 165 177 4 3 7
SM36 06/22/90 SD0O016 1 9 176 163 177 7 1 &
SM36 0&/22/90 SDOO18 1 10 180 167 177 7 -2 6
SM36 06/22/80 SDO016 1 AVG 177 167 177 5 0 5
HHO1 06/25/90 SD0017 1 1 160 154 177 4 10 13
HHO1 06/25/90 SDO017 1 2 165 152 177 8 7 14




TABLE B4. (Continusd)

Analytical Lab Numberof Normal Initial Percent Parcent Percent
Station Date Sample Group Rep Survivors Survivors Count Abnormality Mortality Combined
HHO1 06/25/90 SDO017 1 _3 181 184 177 4 -8 -4
HHO1 06/25/90 SDO017 1 4 159 149 177 6 10 16
HHN 06/25/90 SDO017 1 ] 154 148 177 4 13 16
HHO1 06/25/90 SDO017 1 6 159 151 177 5 10 15
HHO1 p6/25/20 SDO017 1 7 145 135 177 7 18 24
HHO1 06/25/80 SDO017 1 8 150 143 177 5 15 19
HHO 08/25/90 SDOO17 1 g 175 171 177 2 1 3
HHO1 06/25/90 SDO017 1 10 161 158 177 2 9 11
HHO1 06/25/90 SD0O017 1 AVG 162 155 177 5 g 13
HHO02 06/25/30 SDO018 1 1 172 164 177 5 3 7
HHO2 06125190 SDOD18 1 2 178 165 177 7 -1 7
HHO2 06/25/90 SDO018 1 3 170 157 177 8 4 11
HHO2 06/25/30 SDOO18 1 4 208 199 177 4 -18 -12
HHO2 06/25/90 SDOO18 1 5 137 116 177 15 23 34
HHO2 06/25/30 SD0018 1 6 136 119 177 13 23 33
HHO2 06/25/90 SDOO18 1 7 177 168 177 5 0 5
HHO2 06/25/90 SDO018 1 8 162 155 177 4 8 12
HHO2 06/25/90 SDO018 1 9 174 162 177 7 2 ]
HHO2 06/25/30 SDQO18 1 10 158 148 177 6 th | 16
HHO2 06/25/30 SDOO18 1 AVG 167 155 177 7 6 12
HMO03 06/25/90 SDDO1S 1 1 195 187 177 4 -10 -8
HMO03 06/25/90 SDO01S 1 2 176 163 177 7 1 8
HMO3 06/25/90 SDOO19 1 3 168 159 177 5 5 10
HMO3 06/25/90 SDOO19 1 4 165 156 177 5 7 12
HMO03 06/25/90 SD0O019 1 5 135 127 177 6 24 28
HMO03 0e/25/90 SDO019 1 6 151 141 177 7 15 20
HMO3 06/25/90 SDO019 1 7 142 128 177 10 20 28
HMO3 06/25/90 SDO019 1 8 180 168 177 7 -2 5
HMO03 06/25/90 SDO019 1 9 180 166 177 8 -2 6
HMQ3 06/25/20 SDOO19 1 10 184 175 17 5 -4 1
HMO3 06/25/90 SDO019 1 AVG 168 157 177 6 5 11
HMO4 06/26/90 SD0O020 1 1 156 150 177 4 12 15
HMO4 06/26/90 SDOO20 1 2 145 135 177 7 18 24
HMO4  08/26/90 SD0020 1 3 132 129 177 2 25 27
HMO4 08/26/90 SDO020 1 4 131 129 177 2 26 27
HM04 06/26/90 SD0D20 1 5 166 157 177 5 <] 11
HMO04 06/26/90 SDO020 1 6 171 162 177 5 3 8
HMO4 06/26/90 SDO020 1 7 17 162 177 5 3 8
HMO04 06/26/90 SDO020 1 8 148 141 177 5 16 20
HMO4 06/26/30 SDO020 1 9 129 124 177 4 27 30
HMO4 06/26/90 SD0020 1 10 124 116 177 6 30 34
HMO4 06/26/90 SDO020 1 AVG 147 141 177 5 17 21
HMO05 06/26/90 SDO021 1 1 147 140 177 5 17 2%
HMO5 06/26/90 SDO0O21 1 2 161 150 177 7 9 15
HMO5 06/26/90 SDO021 1 3 153 142 177 7 14 20
HMO5 06/26/90 SDO021 1 4 154 146 177 5 13 18
HMQ5 06/26/90 SDO021 1 5 156 150 177 4 12 15
HMO05 06&/26/90 SDOO21 1 6 148 140 177 5 16 21
HMOS 06/26/90 SD0021 1 7 177 169 177 5 0 .5
HMOS 06/26/90 SDO021 1 8 154 139 177 10 13 21
HMOS  06/26/90 SDO0O21 1 9 158 146 177 8 10 18
HMO5 06/26/90 SDO021 1 10 153 144 177 6 14 19




TABLE B4 (Continued)

Anaiytical Lab Number of Normai Initiat Percent  Percent

Station Date Sample Group Rep Survivors Survivors Count  Abnormalily Mortality Combined
HMO05 06/26/90 SD0O021 1 AVG 156 147 177 6 12 17
HMO06 06/26/90 SD0024 1 1 146 131 177 0 18 25
HMO06 06/26/30 SD0024 1 2 169 165 177 2 5 7
HMO6 06/26/90 SD0024 1 3 152 140 177 8 14 21
HMOG 06/26/90 SD0024 1 4 159 148 177 7 10 16
HMO6 06/26/90 SD0024 1 5 182 174 177 4 -3 2
HMO6 06/26/90 SDD0O24 1 6 136 13 177 4 23 26
HMOG 06/26/90 SD0024 1 7 121 13 177 7 32 36
HMO6 06/26/90 SDO024 1 8 138 132 177 4 22 25
HM06 06/26/90 SDO024 1 g 176 168 177 5 1 5
HMO06 06/26/90 SDO024 1 10 155 148 177 5 12 16
HMOQ6 06/26/90 SDO024 1 AVG 153 145 177 5 13 18
HMO7 06/26/90 SD0025 1 1 160 155 177 3 10 12
HMO7 06/26/90 SDO025 1 2 183 175 177 4 -3 1
HMO7 06/26/90 SD0025 1 3 148 144 177 3 16 19
HMO7 06/26/90 SDO025 1 4 171 1€8 177 2 3 5
HMQ7 06/26/90 SDO025 1 5 159 150 177 6 10 15
HMO7 06/26/90 SD0025 1 6 158 154 177 . 3 " 13
HMO7 06/26/90 SDO025 1 7 131 122 177 7 26 31
HMQ7 06/26/90 SD002S 1 8 160 146 177 9 10 18
HMO7  06/26/90 SD0025 1 9 85 78 177 8 52 56
HMO7 06/26/90 SD00O25 1 10 95 80 177 5 456 49
HMO7 06/26/90 SDO025 1 AVG 145 138 177 5 18 22
WBEACH 06/26/90 WBEACH 1 1 168 164 177 2 5 7
WBEACH 06/26/90 WBEACH 1 2 172 169 177 2 3 5
WBEACH 06/26/90 WBEACH 1 3 185 179 177 3 -5 -1
WBEACH 06/26/90 WBEACH 1 4 157 154 177 2 11 13
WBEACH 06/26/90 WBEACH 1 5 176 172 177 2 1 3
WEBEACH 06/26/90 WBEACH 1 6 194 191 177 2 -10 -8
WBEACH 06/26/90 WBEACH 1 7 174 167 177 .4 2 6
WBEACH 06/26/90 WBEACH 1 8 178 LFal 177 4 -1 3
WBEACH 06/26/90 WBEACH 1 9 175 173 177 1 1 2
WBEACH 06/26/90 WBEACH 1 i0 190 177 177 7 -7 0
WBEACH 06/26/90 WBEACH 1 AVG 177 172 177 3 0 3
WBEACH 06/26/90 WBEACH 2 1 213 206 2547 3 16 19
WBEACH 06/26/90 WBEACH 2 2 215 210 2547 2 16 18
WBEACH 06/26/90 WBEACH 2 3 267 254 254.7 5 -5 0
WBEACH 06/26/90 WBEACH 2 4 249 245 2547 2 2 4
WBEACH 06/26/90 WBEACH 2 5 264 252 254.7 5 -4 1
WBEACH 06/26/90 WBEACH 2 6 244 240 2547 2 4 6
WBEACH 06/26/90 WBEACH 2 7 286 266 254.7 7 -12 -4
WBEACH 06/26/90 WBEACH 2 8 281 266 2547 5 -10 -4
WBEACH 06/26/90 WBEACH 2 9 169 161 254.7 5 K2 37
WBEACH 06/26/30 WBEACH 2 10 176 174 2547 ] 3 32
WBEACH 06/26/90 WBEACH 2 AVG 236 227 254.7 4 7 11

a Initial value is estimated as the number of survivors in the seawater control,

b Abnormality measures the number of abnormal individuals relative to the total number of survivors.
¢ Combined endpoint measures the number of dead and abnormal individuals relative to the initial value.



TABLE B5. RESULTS OF NEANTHES BIOMASS BIOASSAY

Field  Analytical Lab Initial  Number of initial Finai Percent Changein
Station Date Sample Rep Group Rep Count Survivors Biomass® Biomass Mortality BiomassP
CRO2 06/19/90 SDOG02 1 1 5 5 7.4 92.5 0 -28
CRO2 06/19/30 SDO002 1 2 5 4 7.4 78.4 20 -9
CRo2 06/19/90 SDOG02 1 3 5 5 7.4 96.7 0 -34
CRoO2 06/19/90 SDO002 1 4 5 5 7.4 91.9 0 -28
CRoO2 06/19/90 SDO0C02 1 5 5 5 7.4 66.9 0 7
CRo2 06/19/90 SDO002 1 AVG 5 48 7.4 85.3 4 -18
CR20 06/19/90 SDO003 1 1 5 5 74 80.9 0 -12
CR20 06/19/90 SDO0O03 1 2 5 5 74 68.8 0 4
CR20 06/19/90 SDO003 1 3 5 5 7.4 101 0 -40
CR20 06/19/90 SDO00O3 1 4 5 5 7.4 727 0 |
CR20 06/19/30 SDOO03 1 5 5 5 74 57.5 0 20
CR20 06/19/90 SDO0O03 1 AVG 5 5 7.4 76.1 0 -6
CR21 06/19/90 SDO0D4 1 1 5 5 74 65.5 0 g
CR21 06/19/90 SDO004 1 2 5 5 7.4 84.7 0 -18
CR21 06/19/90 SDO004 1 3 5 4 7.4 71.5 20 1
CR21 06/19/90 SD0004 1 4 5 5 7.4 833 0 -16
CR21 06/19/90 SDO004 1 5 5 5 74 83.9 0 -16
CR21 06/19/90 SDO004 1 AVG 5 4.8 7.4 77.8 4 -8
CR22 06/19/9¢ SDO0O0S 1 1 5 5 7.4 57.2 0 21
CR22 06/19/90 SDOQOOS 1 2 5 4 74 65.8 20 9
CR22 06/19/90 SD000S 1 3 5 5 7.4 87.0 ¢ -21
CR22 06/19/90 SDO00OS 1 4 5 5 74 871 0 -21
CR22 06/19/90 SDO0V0OS 1 5 5 5 7.4 91.5 0 -27
CR22 06/19/90 SDO00S ] AVG 5 4.8 74 777 4 -8
CR23 06/19/90 SDOO0E 1 1 5 5 74 88.3 0 ~-23
CR23 06/19/90 SDO006 1 2 5 5 7.4 71.8 0 0
CR23 06/19/90 SDO0OOE 1 3 5 4 7.4 80.3 20 -1
CR23 06/19/9G  SDO006 1 4 5 5 7.4 68.7 0 5
CR23 06/19/90 SD0006 1 5 5 5 7.4 105 0 -48
CR23 06/19/90  SDO006 1 AVG 5 48 74 828 4 -15
CR24 06M19/90 SDO007 1 1 5 5 7.4 77.8 0 -8
CR24 06/19/90¢  SDO0O7 1 2 5 5 7.4 94.6 it} -31
CR24 06/19/90 SDO0O7 1 3 5 5 74 77.9 ] -8
CR24 06/19/80 SDOOO7 1 4 5 5 74 68.5 0 5
CR24 06/19/90 SDO0O7 1 5 5 5 7.4 67.8 0 6
CR24 06/19/90 SDOOO7 1 AVG 5 5 7.4 77.3 0 -7
CR25 06/19/90 SDOC0S 1 1 5 5 7.4 791 0 -10
CR25 06/19/90 SDO0O0CS 1 2 5 5 7.4 74.4 0 -3
CR25 06/19/90  SDOOOS 1 3 5 5 7.4 735 0 -2
CR25 08/19/90 SDO00S 1 4 5 5 74 60.2 0 16
CR25 06/18/90 SDO00S 1 5 5 5 7.4 719 0 0
CR25 06/19/90 SDO008 1 AVG 5 5 7.4 71.8 0 0
HHO 06/25/90 SDO017 2 1 5 2 1.8 293 60 61
HHO1 06/25/90 SDOO17 2 2 5 0 1.8 0.0 100 100
HHO1 06/25/90 SDO017 2 3 5 0 1.8 0.0 100 100
HHO 06/25/90 SDO017 2 4 5 5 1.8 89.1 0 -18
HHO 06/25/90 SDO017 2 5 5 5 1.8 74.5 0 2
HHO 06/25/90 SDO017 2 AVG 5 24 1.8 38.6 52 49
HHOZ2 06/25/90 SDO018 2 1 5 5 1.8 925 0 =22
HHO2 06/25/90 SDO0018 2 2 5 0 1.8 0.0 100 100
HHO2 06/25/90 SDO018 2 3 5 0 1.8 0.0 100 100
HHO2 06/25/90 SD0018 2 4 5 5 1.8 62.9 0 17




TABLE BS (Continued)

Field  Analytical Lab Initial Number of Initial Final Percent Changein
Station Date Sample Rep Group Rep Count Survivors Biomass® Biomass Mortality Biomassb
HHO2 06/25/90 SDOO18 2 5 5 5 1.8 60.1 0 21
HHO2 06/25/90 SDO0018 2 AVG 5 3 1.8 431 40 43
HMO3 08/25/80 SDOO19 2 1 5 5 1.8 112 o] -47
HMO3 06/25/90 SDO019 2 2 5 5 1.8 432 0 43
HMO3 06/25/90 SDO013 2 3 5 5 1.8 56.2 0 26
HMO3 06/25/80 SDOO19 2 4 5 5 1.8 546 0 28
HMO03 06/25/90 SDOO19 2 5 5 5 18 692 0 9
HMO3 06/25/30 SDO019 2 AVG 5 5 1.8 67.0 0 12
HMO4 06/26/90 SDOQ20 2 1 5 5 18 937 0 -24
HMO4 06/26/90 SDOQ20 2 2 5 4 1.8 674 20 11
HMO4 06/26/90 SD0Q20 2 3 5 5 18 76.6 o -1
HMO04 06/26/90 SD0O020 2 4 5 5 1.8 91.5 0 -21
HMO4 06/26/90 SDO020 2 5 5 5 1.8 58.1 0 23
HMO4 06/26/90 SDO020 2 AVG 5 4.8 18 775 4 -2
HMO5 06/26/90 SDO021 1 2 1 5 5 1.8 103 0 -36
HMO05 06/26/90 SDO021 1 2 2 5 5 1.8 78.0 0 -3
HMO5 06/26/90 SDOO21 1 2 3 5 5 1.8 929 0 -23
HMO05 06/26/90 SDO021 1 2 4 5 5 1.8 81.6 0 -8
HMO05 06/26/90 SDOO21 1 2 5 5 5 18 64.7 0 15
HMO5 06/26/30 SDOD21 1 2 AVG 5 5 1.8 84.1 0 -11
HMO06 06/26/30 SD0024 2 1 5 5 1.8 729 0 4
HMOS 06/26/30 SD0024 2 2 5 5 1.8 79.6 0 -5
HMO06 06/26/90 SDO024 2 3 5 4 18 68.0 20 10
HMO06 06/26/90 SDO024 2 4 5 5 1.8 91.1 4] -20
HMO& 06/26/90 SD0024 2 5 5 5 1.8 588 0 22
HMO06 06/26/30 SDOD24 2 AVG 5 48 1.8 74.1 4 2
HMOQ7 06/26/80 SDO0O25 2 1] 5 5 1.8 58.7 0 23
HMO7 06/26/90 SDO025 2 2 5 5 1.8 87.2 0 -15
HMO7 06/26/90 SDO025 2 3 5 5 1.8 63.3 0 17
HMO7 06/26/30 SDO025 2 4 5 5 1.8 89.1 0 -18
HMO7 06/26/30 SDOO25 2 5 5 5 1.8 60.5 0 20
HMO7 06/26/90 SDO025 2 AVG 5 5 1.8 71.8 0 5
SM30 06/21/30 SDOD10 2 1 5 5 1.8 629 0 17
SM30 06/21/90 SDOC1D 2 2 5 5 1.8 627 0 17
SM30 06/21/90 SD0010 2 3 5 5 1.8 70.0 0 8
SM30 06/21/90 SDOO10 2 4 5 5 1.8 781 0 -3
SM30 06/21/90 SDOD1D 2 5 5 5 1.8 496 0 35
SM30 06/21/30 SDOO10 2 AVG 5 5 1.8 64.7 4] 15
SM31 06/21/90 SDOO11 2 1] 5 5 1.8 6810 0 20
SM31 06/21/90 SDOO11 2 2 5 5 1.8 52.3 0 31
SM31 06/21/30 SDOO11 2 3 5 5 1.8 81.0 0 -7
SM31 06/21/90 SDOON1 2 4 5 4 1.8 50.9 20 33
SM31 06/21/90 SDOD11 2 5 5 5 1.8 74.6 0 2
SM31 08/21/90 SCO011 2 AVG 5 4.8 1.8 64.0 4 16
SM32 06/21/30 SDOO12 2 t 5 5 1.8 66.7 0 12
8M32 06/21/90 SDO012 2 2 5 5 1.8 7.2 0 6
SM3az 06/21/90 SDOD12 2 3 5 5 1.8 90.7 0 -20
5M32 06/21/90 SDOO12 2 4 5 - 5 1.8 812 0 -7
sSM32 06/21/90 SDOO12 2 5 5 5 1.8 59.2 0 22
SM32 06/21/90 SDO012 2 AVG 5 5 i8 738 0 3
SM33 06/21/90 SD0013 2 1 5 5 1.8 104 0 -37
§M33 06/21/90 SD0OO13 2 2 5 5 1.8 77.6 0 -2




TABLE B5. (Continued)

Field Analytical Lab Initiagt  Number of Initiai Final Percent Changein
Station Data Sampie Rep Group Rep Count Survivors Biomass® Biomass Mortality Biomass?
SM33 06/21/90 SDO013 2 3 5 5 1.8 52.1 0 N
SM33 06/21/90 SD0013 2 4 5 5 1.8 75.4 0 1
SM33 06/21/90 SDO013 2 5 5 5 1.8 72.1 0 5
SM33 06/21/90 SDO0013 2 AVG 5 5 1.8 76.3 0 -1
SM34 06/22/90 SD0014 2 1 s 5 1.8 74.2 0 2
SM34 06/22/90 SDO014 2 2 5 5 1.8 70.7 4] 7
SM34 06/22/90 SDO014 2 3 5 5 1.8 89.6 0 -18
SM34 06/22/90 SDO014 2 4 5 5 1.8 73.0 0 4
SM34 06/22/90 SD0OO14 2 5 5 5 1.8 69.0 0 9
SM34 06/22/90 SDO014 2 AVG 5 5 1.8 75.3 0 1
SM35 06/22/90 SDOO15 2 1 5 5 1.8 49.9 0 34
SM35 0&/22/90 SDOQ1S 2 2 5 5 1.8 91.4 0 -21
SM35 06/22/90 SDO015 2 3 5 5 1.8 88.2 Q -16
SM35 06/22/90 SDOO15 2 4 5 5 1.8 85.0 0 -12
SMas 06/22/90 SDO01S 2 5 5 5 1.8 58.9 0 22
SM35 06/22/30 SDO015 2 AVG 5 5 1.8 747 0 2
SM36 06/22/90 SDOOQ16 2 1 5 5 1.8 85.9 0] -13
SM36 06/22/180 SDOO16 2 2 5 5 1.8 829 0 -9
SM36 06/22/190 SDO016 2 3 5 5 18 722 Y 5
SM36 06/22/30 SDO016 2 4 5 5 1.8 47.3 0 38
SM3s5 06/22/90 SDO016 2 5 s 5 1.8 84.7 0 -12
SM36 06/22/190 SDO016 2 AVG 5 5 1.8 74.6 0 2
WBEACH 068/26/30 WBEACH 1 1 5 5 7.4 55.3 0 23
WBEACH 06/26/90 WBEACH 1 2 5 5 7.4 74.8 0 -4
WBEACH 06/26/90 WBEACH 1 3 5 5 7.4 76.4 0 -6
WBEACH 06/26/90 WBEACH 1 4 5 5 7.4 84.2 0 -17
WBEACH 06/26/80 WBEACH 1 5 5 5 74 69.5 0 4
WBEACH 06/26/50 WBEACH 1 AVG 5 5 7.4 720 ] 0
WBEACH 06/26/50 WBEACH 2 1 5 0 1.8 0.0 100 100
WBEACH 08/26/50 WBEACH 2 2 5 5 1.8 107 0 -41
WBEACH 06/26/90 WBEACH 2 3 5 5 1.8 12% 0 -65
WBEACH 06/26/90 WBEACH 2 4 5 5 1.8 735 0 3
WBEACH 06/26/30 WBEACH 2 5 5 5 1.8 74.0 0 2
WBEACH 06/26/90 WBEACH 2 AVG 5 4 1.8 75.8 20 0

& Biomass is reported as the average individual biomass per worm in milligrams, dry weight.

bChange in biomass is calculated as the percent decrease relative to the final biomass in the
appropriate Wast Beach control.
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TABLE Ct PUGET SOUND REFERENCE AREA SURVEY

SURVEY LOCATIONS
Latitude Longitude

Station Deg. Min. Sec.  Deg. Min. Sec.
CRo02 47 20 5 122 39 51
CR20 47 19 55 122 40 14
CR21 47 19 52 122 40 44
CR22 47 19 54 122 40 37
CR23 47 19 55 122 40 34
CR24 47 19 55 122 40 25
CR25 47 19 13 122 41 38
HHO1 48 6 7 122 33 4
HHO2 48 6 24 122 33 49
HMO03 48 6 20 122 33 31
HMO04 48 1 59 122 30 53
HMO5 48 1 59 122 30 &8
HMO06 48 1 53 122 31 13
HMO7 48 7 17 122 31 15
SM30 48 34 59 122 31 43
SM3t1 48 34 58 122 32 21
SM32 48 34 56 122 32 6
SM33 48 34 55 122 32 4
SM34 48 34 56 122 32 10
SM35 48 34 55 122 32 5
SM36 48 34 54 122 32
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TABLE D11. BIOASSAY RESPONSES FOR HISTORICAL PUGET SOUND REFERENCE AREA SEDIMENTS

Lab
Survey Station Date Replicate Response

Amphipod (Rhepoxynius abronius) Percent Mortality

CBMSQS CR-11 01/01/84 1 80
CBMSGS CR-11 01/01/84 2 15
CBMSQS CR-11 01/01/84 3 5
CBMSQS CR-11 01/01/84 4 15
CBMSQS CR-11 01/01/84 5 10
CBMSQS CR-11 01/01/84 Mean 25
CBMSQS CR-12 01/01/84 1 10
CBMSQS CR-12 01/01/84 2 5
CcBMSQS CR-12 01/01/84 3 15
CBMSQS CR-12 01/01/84 4 10
CBMSQS CR-12 01/01/84 5 15
CBMSQS CR-12 01/01/84 Mean 11
cBMSQs CR-13 01/01/84 1 10
CBMSQS CR-13 01/01/84 2 15
CBMSQS CR-13 01/01/84 3 5
CBMSQS CR-13 01/01/84 4 5
CBMSQS CR-13 01/01/84 5 0
cBMSQs CR-13 01/01/84 Mean 7
CBMSQS CR-14 01/01/84 1 5
CBMSQS CR-14 01/01/84 2 15
CBMSQS CR-14 01/01/84 3 15
CBMSQS CR-14 01/01/84 4 0
CBMSQS CR-14 01/01/84 5 15
CBMSQS CR-14 01/01/84 Mean 10
DUWRIVZ SEQUIM 09/13/86 1 17
DUWRIV2 SEQUIM 09/16/86 2 4
DUWRIV2 SEQUIM 10/04/86 3 14
DUWRIV2 SEQUIM 10/07/86 4 11
DUWRIV2 SEQUIM 10/07/86 Mean 11.5
EIGHTBAY DB-01 05/22/84 1 5
EIGHTBAY DB -01 05/22/84 2 15
EIGHTBAY DB-01 05/22/84 3 15
EIGHTBAY DB-01 05/22/84 4 5
EIGHTBAY DB-01 05/22/84 5 10
EIGHTBAY DB-01 05/22/84 Mean 10
EIGHTBAY DB-05 05/22/84 1 10
EIGHTBAY DB—-05 05/22/84 2 10
EIGHTBAY DB-05 05/22/84 3 10
EIGHTBAY DB-05 05/22/84 4 5
EIGHTBAY DB-05 05/22/84 5 0
EIGHTBAY DB-05 05/22/84 Msan 7
EIGHTBAY DB-07 05/22/84 1 20
EIGHTBAY 0DB-07 05/22/84 2 30
EIGHTBAY De-07 05/22/84 3 25
EIGHTBAY DB-07 05/22/84 4 10
EIGHTBAY DB-07 05/22/84 5 45
EIGHTBAY DB-07 05/22/84 Mean 26
EIGHTBAY DB-15 05/22/84 1 60
EIGHTBAY DB-15 05/22/84 2 35
EIGHTBAY DB-15 05/22/84 3 35
EIGHTBAY DB-15 05/22/84 4 30




TABLE D11. (Continusd)

Lab
Survey Station Date Replicate Response
EIGHTBAY DB-15 05/22/84 5 20
EIGHTBAY DB—15 05/22/84 Mean 36
EIGHTBAY SM~-01 04/24/84 1 15
EIGHTBAY SM-01 04/24/84 2 59
EIGHTBAY SM~01 04/24/84 3 25
EIGHTBAY SM-01 04/24/84 4 30
EIGHTBAY SM-01 04/24/84 5 35
EIGHTBAY SM-01 04/24/84 Mean 31
EIGHTBAY SM-03 04/24/84 1 50
EIGHTBAY SM-03 04/24/84 2 40
EIGHTBAY SM-03 04/24/84 3 50
EIGHTBAY SM-03 04/24/84 4 50
EIGHTRAY SM—-03 04/24/84 5 45
EIGHTBAY SM-03 04/24(84 Mean 47
EIGHTBAY SM-07 04/24/84 1 10
EIGHTBAY SM-07 04/24/84 2 35
EIGHTBAY SM-07 04/24/84 3 30
EIGHTBAY SM-07 04/24/84 4 15
EIGHTBAY SM-07 04/24/84 5 35
EIGHTBAY SM-07 04/24/84 Mean 25
EIGHTBAY SM1 08/06/83 1 20
EIGHTBAY SM10 08/08/83 1 45
EIGHTBAY SM11 08/08/83 1 30
EIGHTBAY SM12 08/08/83 1 10
EIGHTBAY SM13 08/09/83 1 0
EIGHTBAY SM14 08/09/83 1 5
EIGHTBAY SM15 08/09/83 1 0
EIGHTBAY sM16 08/09/83 1 20
EIGHTBAY SM17 08/09/83 1 0
EIGHTBAY sM18 08/09/83 1 50
EIGHTBAY SM18 08/09/83 1 25
EIGHTBAY SM2 08/06/83 1 25
EIGHTBAY SM-20 04/24/84 1 15
EIGHTBAY SM-20 04/24/84 2 40
EIGHTBAY SM-20 04/24/84 3 35
EIGHTBAY SM-20 04/24/84 4 35
EIGHTBAY SM—20 04/24/84 5 30
EIGHTBAY SM—20 04/24/84 Mean 31
EIGHTBAY sM20 08/09/83 1 15
EIGHTBAY SM3 08/06/83 1 10
EIGHTBAY SM4 08/06/83 1 30
EIGHTBAY SM5 08/08/83 1 20
EIGHTBAY SM6 08/08/83 1 10
EIGHTBAY SM7 08/08/83 1 35
EIGHTBAY SM7 08/08/83 2 10
EIGHTBAY SM7 08/08/83 3 15
EIGHTBAY SM7 08/08/83 Mean 20
EIGHTBAY SM8 08/08/83 1 15
EIGHTBAY SM9 08/08/83 1 60
EIGHTBAY sQ1 08/15/83 1 10
EIGHTBAY 301 08/15/83 2 35
EIGHTBAY sSQ1 08/15/83 3 25




TABLE D11. (Continued)

Lab
Survey Station Date Replicate Response
EIGHTBAY sQ1 08/15/83 Mean 23.3
EIGHTBAY $Q10 09/17/83 1 15
EIGHTBAY SQ11 09/17/83 1 40
EIGHTBAY sQ12 09/17/83 1 45
EIGHTBAY 5Q13 09/17/83 1 5
EIGHTBAY sQ-14 05/29/84 1 5
EIGHTBAY sSQ-14 05/29/84 2 20
EIGHTBAY SQ-14 05/29/84 3 5
EIGHTBAY SQ-14 05/29/84 4 20
EIGHTBAY sQ-14 05/29/84 5 10
EIGHTBAY sSQ-14 05/29/84 Mean 12
EIGHTBAY 5Q14 09/18/83 1 5
EIGHTBAY sQ15 09/18/83 1 5
EIGHTBAY sQ16 09/18/83 1 25
EIGHTBAY $Q-17 05/29/84 1 20
EIGHTBAY sSQ-17 05/29/84 2 0
EIGHTBAY $Q-17 05/29/84 3 15
EIGHTBAY sQ-17 05/29/84 4 5
EIGHTBAY $Q-17 05/29/84 5 10
EIGHTBAY SQ-17 05/29/84 Mean 10
EIGHTBAY SQi7 09/18/83 1 25
EIGHTBAY $Q-18 05/29/84 1 25
EIGHTBAY sQ-18 05/29/84 2 25
EIGHTBAY $Q-18 05/29/84 3 0
EIGHTBAY 5Q-18 05/29/84 4 0
EIGHTBAY sQ-18 05/29/84 5 5
EIGHTBAY 5Q-18 05/29/84 Mean i1
EiIGHTBAY sQ18 09/18/83 1 5
EiGHTBAY SQ19 09/18/83 1 0
EIGHTBAY sQ2 08/15/83 1 10
EIGHTBAY 8Q-20 05/29/84 1 35
EIGHTBAY sSQ~20 05/29/84 2 20
EIGHTBAY $Q-20 05/29/84 3 45
EIGHTBAY SQ-20 05/29/84 4 20
EIGHTBAY $Q-20 05/29/84 5 15
EIGHTBAY 8Q-20 05/29/84 Mean 27
EIGHTBAY £Q20 09/18/83 1 40
EIGHTBAY sSQ3 08/15/83 1 5
EIGHTBAY SQ4 08/15/83 1 10
EIGHTBAY sQs 08/16/83 1 5
EIGHTBAY SQ6 08/16/83 1 5
EIGHTBAY sQ7 09/17/83 1 5
EIGHTBAY sQs8 09/17/83 1 15
EIGHTBAY SQ9 09/17/83 1 20
EVERETT1 sQ-1 06/06/85 1 5
EVERETT1 sQ-1 06/06/85 2 10
EVERETT1 SQ-1 06/06/85 3 5
EVERETT1 SQ-1 06/06/85 4 5
EVERETT1 $Q-1 06/06/85 5 5
EVERETT1 SQ-1 06/06/85 Mean 6
KENM86E SEQUIM 1 25
KENMBS6E SEQUIM 2 35




TABLE D11. (Continued)

Lab
Survey Station Date Replicate Response
KENMBS86 SEQUIM 3 15
KENMB86 SEQUIM 4 35
‘KENMS86 SEQUIM 5 20
KENMS86 SEQUIM Mean 26
NOADWSE CARRINL 06/01/86 Mean 12
NOADWS6 DABOB . 06/01/86 Mean 12
NOADWS6 SAMISH 06/01/86 Mean 20
NOADWS6 SEQUIM17 06/01/86 Mean 117
NOADWS6E SEQUIMt7 05/01/86 Mean 25
OAKHRBR SEQUIM 02/26/85 ] 35
OAKHRBR SEQUIM 02/26/85 2 49
OAKHRBR SEQUIM 02/26/85 3 30
OAKHRBR SEQUIM 02/26/85 4 35
OAKHRBR SEQUIM 02/26/85 5 45
OAKHRBR SEQUIM 02/26/85 Mean 37
PEDDA1 CRRO1 05/17/88 1 25
PSDDA1 CRRO1 05/17/88 2 25
PSDDA1 CRRO1 05/17/88 3 0
PSDDA1 CRRO1 05/17/88 4 10
PSDDAT1 CRRO1 05/17/88 5 20
PSDDAT1 CRRO1 05/17/88 Mean 16
REFGRAIN DB-02 03/25/86 1 60
REFGRAIN DB-02 03/25/86 2 40
REFGRAIN DB-02 03/25/86 3 35
REFGRAIN DB-02 03/25/86 4 10
REFGRAIN DB-02 03/25/86 5 30
REF GRAIN bB-02 03/25/86 Mean 35
REF GRAIN DB-06 03/25/86 1 25
REFGRAIN DB-14 03/25/86 1 60
REFGRAIN DB-14 03/25/86 2 0
REFGRAIN PB~14 03/25/86 3 5
REFGRAIN DB-14 03/25/86 4 5
REFGRAIN pB-14 03/25/86 5 10
REFGRAIN DB-14 03/25/86 Mean 16
REFGRAIN DB-15 03/25/86 1 20
REFGRAIN DB-15 03/25/86 2 35
REFGRAIN DB-15 03/25/86 3 10
REFGRAIN DB-15 03/25/86 4 25
REFGRAIN DB-15 03/25/86 5 20
REFGRAIN DB-15 03/25/86 Mean 22
REFGRAIN DB-18 03/25/86 1 15
REFGRAIN DB-18 03/25/86 2 25
REFGRAIN DB-18 03/25/86 3 0
REFGRAIN pB-18 03/25/86 4 5
REFGRAIN DB-18 03/25/86 5 5
REFGRAIN DB-18 03/25/86 Mean 10
Bivalve (Crassostrea gigas) Percent Abnormality
CBMSQS CR-11 01/01/84 1 207
cBMSQS CR-11 01/01/84 2 128

CBMSQS CE-11 01/01/84 Mean 16.8




TABLE D11 (Confinued)

Lab
Survey Station ) Date Replicate Response
CBMSQS CR-12 01/01/84 1 94
CBMSQS CR-12 01/01/84 2 13 1
CBMSQS CR-12 01/01/84 Mesan 11.3
CBMSQS CR-13 01/01/84 1 108
CBMSQS CR-13 01/01/84 2 89
CBMSQS CR-13 01/01/84 Mean 9.9
CBMSQS CR-14 01/01/84 1 14.8
CBMSQS CR-14 01/01/84 2 13.7
CBMSQS CR-14 01/01/84 Mean 14.3
Bivaive (Mytilus edilus) Percent Abnormality
PSDDA1 CRRO1 05/17/88 1 0
PSDDA1 CRRO1 05/17/88 2 0
PSDDA1 CRRO1 05/17/88 3 16.7
PSDDA1 CRRO1 05/17/88 4 167
PSDDA1 CRRO1 05/17/88 5 7.4

PSDDA1 CRRO1 05/17/88 Mean 816




