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SUMMARY

The Battelle/Marine Sciences Laboratory (MSL) was requested by the U.S.
Army Corps of Engineers (USACE), Seattle District, to assist in planning and
‘conducting sampling, toxicological tests, and chemistry evaluations on sedi-
ment samples collected from the Chehalis River in Grays Harbor, Washington.

The objectives of the study were to investigate the toxicity and bio-
logical effects of sediments that might potentially contain dioxins, furans,
and organic acids, as a result of industrial practices in the Grays Harbor
area, on sensitive marine species. In addition to the toxicological tests
conducted using standard bioassays, sediment chemistry tests were performed to
determine Tevels of selected chemicals, and elutriates of sediments were
tested chemically and binlogically to determine contaminant mobility in water. |
Also, bioaccumulation measurements were made to determine chemical mobility in
animal tissue. A joint task group, including repfesentatives from the USACE,
Washington Department of Ecology (WDOE), Washington Department of Natural
Resources (WDNR), Washington Department of Fisheries (WDOF), and Region 9 of
the U.S. Environmental Protection Agency (USEPA) participated in designing the
testing program and reviewing data produced by MSL. The results of this
analysis will be included in a supplemental Environmental Assessment (EA)
prepared by the USACE for the Grays Harbor Dredging Program, beginning in
early 1990.

Toxicological test results indicate that sediment samples collected from
the Grays Harbor area demonstrated no appreciable toxicily to test organisms,
and although dioxin/furan and guaiacol/organic acid compounds were detected 1in
most sediment samples, the concentrations were relatively Tow. Sediment
elutriate preparations resulted in lTittle-to-no-toxicity and were considered
insignificant according to guidelines presented in the Implementation Manual
(USEPA/COE 1977). Elutriate chemistry results showed that the guaiacol/
organic acid compounds were not extracted by water, while 30- and 60-day
bioaccumulation studies showed that no potential existed for bioaccumulation
of dioxin compounds by the filter-feeding clam Macoma nasuta. Indigenous
crabs from the in-bay 'disposal sites of the Grays Harbor area showed no




dioxin/furan contamination in‘crab muscle tissue, but detected levels of
dioxin/furans were found in the hepatopancreas of crabs collected at North

Bay, South Bay, and Half Moon Bay.
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1.0 INTRODUCTION

The Water Resources Development Act of 1986 (Public Law 99-662) author-
ized the Seattle District of the U.S. Army Corps of Engineers (USACE) to
dredge Grays Harbor as part of the Grays Harbor Widening and Deepening Proj-
ect. Subsequent to this authorization, concerns about potential dioxin/furan
and guaiacol/organic acid contamination within the Chehalis River area arose.
These concerns resulted in a requirement to evaluate the potential sediment
concentrations, toxicity, and bioaccumulation of sediment-bound guaiacols/
organic acids, dioxins, and furans before dredging and disposal could begin.

The Battelle/Marine Sciences Laboratory (MSL) was requested by the USACE,
Seattle District, to assist in planning the sediment toxicity evaluation and
performing toxicity and bioaccumulation tests on sediment and sediment
elutriates. Solid phase toxicity tests were conducted using the amphipod
Rhepoxynius abronius and the clam Macoma nasuta. Sediment elutriate toxicity
was evaluated in a 96-h D-cell test using larvae of the oyster Crassostrea
gigas and a Microtox illumination test. Dioxin/furan bioaccumulation
potential was evaluated by exposing the clam M. nasuta to sediments for 30 and
60 days. In addition, MSL coordinated the analysis of dioxin/furan levels in
the tissues of the Dungeness crab Cancer magister. The MSL was also requested
to perform or arrange for analysis of tissue samples for any biocaccumulated
dioxin/furan contaminants, sediment concentrations of dioxin/ furans, and
chemical analyses of sediments, and sediment elutriates for the concentrations
of guaiacols/organic acids. In addition, the USACE requested that an optional
leachate experiment be perfornied on selected sediments to determine which
resin acids, guaiacols, and fatty acids were available for dissolution from
selected sediment treatments.

This report discusses the results of biological and chemical testing con-
ducted by MSL on sediment samples collected from the Grays Harbor area.
Section 2.0 describes the materials and methods used in the tests. Sec-
tion 3.0 presents toxicological testing results, and analytical chemistry
results are presented in Section 4.0. A discussion of the results is pro-
vided in Section 5.0.
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2.0 MATERIALS AND METHODS

2.1 STUDY AREA DESCRIPTION

The dredging project area includes areas in Grays Harbor and the
Chehalis River, located in Grays Harbor County, Washington. The study area for
this project extends from the outer portion of Crossover Reach to the city of
Cosmopolis on the Chehalis River (Figure 2.1), and sampling locations included
within 17 transect 1ines, approximately 1 nautical mile apart along the river.
The 17 sampling locations were determined by the USACE. Transécts extending
across the Chehalis River were numbered from 1 to 16. Transect 1 was located
in Crossover Channel, and transect 16 was located upstream of Cosmopolis.
Station 17 was located near the WEYCO Outfall in the Hoquiam Reach (Figure
2.1). Most transects consisted of a sampling station on the south side of the
river near the bank (A), a center channel sampling location (B), and a station
on the northside of the river near the bank (C). Uncontaminated sediments were
also collected from Sequim Bay and West Beach, Whidbey Island, Washington
(Figure 2.2).

2.2 STUDY OBJECTIVES AND EXPERIMENTAL DESIGN

The experimental design for the analysis of sediments for this project
is presented in Tabie 2.1. The objectives of this study were to evaluate the
potential toxicity and biological effects of selected sediments from the Grays

Harbor area before dredging and disposal could be considered. This was

| accomplished by performing toxicological tests using the phoxocephalid amphi-
pod R. abronius, the larvae of the Pacific oyster C. gigas, and the clam M.
nasuta, and the bacterium Photobacterium phosphoreum in a saline-extraction
Microtox® test. Bioaccumulation potential was evaluated by exposing clams to
sediment for 30- and 60-day periods and measuring tissues for dioxin/furan
levels.

Analytical chemistry measurements were made on samples from individual
sediment stations or sediment station composites, and on elutriate water and
tissues. Dioxin/furans were measured in individual or sediment composites and
in the tissues of clams exposed to sediments. Guaiacois/organic acids were
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Sampling Locations at Sequim Bay and West Beach
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measured in sediment composites and elutriate preparations from those sedi-
ment composites. Lipids were measured in clam tissues exposed to sediments,
and organic carbon was measured in sediment. An additional study was con-
ducted to evaluate the baseline dioxin/furan levels in the Dungeness crab
Tiving in and around the Grays Harbor study area.

2.3 FIELD COLLECTIONS
2.3.1 Sediment

Sediment samples were collected from 17 transects in the Grays Harbor
area from July 31 to August 5, 1989, using either a 0.1-m2 van Veen grab
sampler, a 2.5-in. diameter vibracore device, or a 3.5-in. dart core. A total
of 59 grab and 77 core samples were collected from 50 stations during this
time, including 11 dart cores and 66 vibracores.

Once a sampling station was located, its position was marked with a buoy
deployed from a survey vessel operated by the USACE. Water depth was
determined with a calibrated fathometer, and this information was radioed to
the barge where it was entered into the field log. Tidal corrections were
applied aboard the barge to verify that the buoy was positioned correctly, and
the barge then moved into position near the buoy to begin sampling. The crane
positioned the sampler within 5 ft of the marker buoy. Grab samples were
collected at all stations, and core samples were collected at all stations
except Stations 15 and 16 and some center channel locations where water depth
exceeded the vibracore barrel length, and dart core sampling failed. These

included Stations 1B, 2B, 11B, and 13B. At these Tocations, a grab sample was
collected. ‘

Grab samples were collected with a 0.1-m2 van Veen .grab that was cleaned
between uses with river water. Grab samples were obtained, and the sampler
opened to view the sediment. If the sediment surface was disturbed, the
sampler was leaking sediment, or a minimum of 4 cm of sediment was not col-
lected, the sample was rejected, and another one was collected. Sediment from
acceptable grab samples was characterized for texture, color, odor, and col-
lection depth, then removed with a clean stainless steel spoon and placed in a
labeled, solvent-rinsed 4-L glass jar equipped with a Teflon-Tined cap. Each

2.6



jar was filled completely to minimize head space, sealed, and placed in a
cooler containing ice. A storage temperature of 4°C was maintained in the
field and laboratory until the sample was processed. Preparation of grab sam-
ples for testing and evaluation is discussed in Section 2.6.

Core samples were collected with either a 3.5-in.-diameter x 8-ft dart
core or a 2.5~in.-diameter vibracore composed of 5-ft-long threaded pipe sec-
tions, which were coupled to produce a 50-ft pipe. Steam-cleaned cellulose
acetate butyrate (CAB) liners were used in both devices. During the first
2 days of the field collections, dart cores were attempted first, because the
dart core can collect a larger volume of sediment in less time than the vib-
racore and has been used successfully in other sampling studies. However, the
nature of the Chehalis River bottom prevented obtaining many acceptable
samples using the dart core. Modifications to the device were made, but did
not improve the device's sampling efficiency. At stations where it was not
possible to collert dart cores, the vibracore was used. Eventually, the dart

core was completely abandoned, and only the van Veen grab and vibracore were
used for sediment collections.

After core samples were brought aboard, the liner containing the sedi-
ment sample was removed from the core barrel, and one end was capped. The
core was placed in a vertical position, the sediment length was measured, and
excess liner was cut off the uncapped end just above the sediment level. This
end was then capped, and a label was affixed to the side of the core that
specified the station, collection date, and vertical orientation of the
sample. Cores longer than 5 ft were cut into two sections, labeled, and
described. A1l cores were stored in a chest freezer that maintained a stor-
age temperature of 4°C. At the end of the cruise, the freezer was loaded onto
a truck, and the cores were transported directly to MSL. Preparation of core
samples for testing and evaluation is discussed in Section 2.7.

Sediments collected with the van Veen grab were analyzed for guaiacols/
organic acids and total organic carbon, and provided test sediment for the
Microtox, amphipod, and oyster larvae tests. Sediments collected with the
dart and vibracores were analyzed for dioxin/furans and provided test sediment
for the clam toxicity and bioaccumulation tests. At most transects, the "A"

2.7
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“and "C" samples, representing the edges of the river basin were composited

into a single sample for biological testing. Sediment dioxin/ furan analysis
was conducted on "A," "B," and "C" stations, while guaiacols/ organic acids
analysis was conducted on only the composites. On transects 2, 7, 16, and 17,
chemical and biological samples were analyzed at only one Tocation at each
station (2A, 7C, 16C, and 17A). Core collection information is presented in
Appendix A, Table A.1l; grab sample collection information is summarized in
Appendix A, Table A.2.

Sampling operations were conducted aboard a barge and tug supplied and
crewed by personnel of Quigg Brothers, Inc., Aberdeen, Washington. This barge
was equipped with a 60-ft crane, which was used to raise and lTower sampling
equipment. The scientific crew was composed of personnel from MSL; USACE,
Seattle District; Beak Consu]tants{ and one person from the USACE, Portland
District, who operated the vibracore. Navigational support was provided by a
laser positioning system operated by personnel from the USACE, Seattle
District. During the sampling program, detailed field collection notes and
chain-of-custody information was compiled by the MSL chief scientist. This
information included the date and time for each collected sample; uncorrected
water depths; grab sample descriptive characteristics (penetration depth,

sediment type, odor, and color); core sample length; and other pertinent
information.

2.3.2 Crab

Adult Dungeness crab, C. magister, were collected from five locations
near the Grays Harbor sampling area, including three sites in the Chehalis
River and two ocean sites. The crabs were collected at each site in crab pots
set by either the USACE or the WDOF. Each crab was wrapped in aluminum foil,
placed in a large ziplock bag, then placed on ice and delivered to MSL by
USACE personnel within 24 h of collection. Even after the 24-h period, all
crab arrived at the MSL alive, and the tissue was in good condition. Crab
tissue sample processing is discussed in Section 2.7.3.

2.8



2.4 CONTROL AND REFERENCE SEDIMENT COLLECTION AND HANDLING

West Beach control sediment was collected from West Beach, Whidbey
Island, by MSL staff on August 12, 1989. To collect the sediment, an MSL-
designed amphipod dredge was towed parallel to the shore in approximately 3 m
of water, near the western edge of the island. The sediment was placed in
clean coolers and immediately transported to MSL.

Reference sediment was collected in Sequim Bay on August 13, 1989, using
a ponar petite grab., Collected sediment was placed in a clean 5-gal bucket,
transported to MSL, and stored at 4°C until use.

2.5 LABWARE PREPARATION

2.5.1 Glass, Plastic, Nytex, PVC, and Teflon

A1l labware, including toxicity testing containers, was handwashed in
warm, soapy (Liquinox) water. Washing was followed by five rinses with deio-
nized water and dried in open air. Dry labware was then soaked in 5% nitric
acid (HNO3, Baker Instra-analyzed grade) for at least 4 h. This labware was
then rinsed five times with deionized water, air dried, and stored in clean
containers until use.

2.5.2 Stainless Steel and Titanium

Stainless steel and titanium implements were washed with warm, soapy
(Liquinox) water, rinsed five times with deionized water, air dried, rinsed
twice with methylene chloride, and dried under a vented laboratory hood.

2.6 LABORATORY EQUIPMENT AND INSTRUMENTATION

Temperature control was established using MSL's seawater boiler coupled
to a YSI temperature controller. This controller moderated mixing of the
warmed (28°C) seawater with colder (12°C) incoming seawater. Temperatures
during the biological tests were recorded with Fisher Model 15-077-8 or Fluke
Model 52 digital thermometers, which were calibrated monthly against an ErTco
L-68397 laboratory standard thermometer at 20°C. Salinity was measured with
Reichert Model 10419 refractometers, which were calibrated monthly to Inter-
national Association of Physical Oceanographers (IAP0O) standard seawater with

2.9



a certified salinity of 35.000 o/oo and chlorinity of 19.377 o/oo. The pH was
measured with Orion Model SA-250 pH meters and calibrated daily to standard pH
buffers of 7 and 10. Dissolved oxygen was measured with YSI Model 57 dis-
solved oxygen meters, which were calibrated daily to 100% air saturation.

Test containers used during this study included 1-L glass jars for the
oyster larvae ‘and amphipod tests and 39-L glass aquaria for the bio-
accumulation tests. Aeration to the test containers was supplied by 1-mL
borosilicate glass pipettes. Microtox supplies included 250-mL Pyrex beakers,
Microtox cuvettes, and various Eppendorf digital pipettors.

2.7 SEDIMENT, ELUTRIATE, AND TISSUE SAMPLE PREPARATION

2.7.1. Sediment Preparation

At most transects, grab and core samples collected from stations near
the river bank (A and C) were composited into one sample for toxicological and
analytical chemistry testing. These composites were produced by placing equal
volumes of sediment from each station into a lTarge stainless steel bowl, and
stirring it with stainless steel utensils until texture and color was con-
sistent (approximately 5 to 10 min). For grab samples, this was accomplished
by removing the sediment from the glass storage jars; for core samples, this
was done by carefully scoring the core liner on opposite sides longitudinally
with a circular saw, then cutting completely through the core liner and sedi-
ment with a stainless steel knife, which produced two equal half-cores. Sedi-
ment was then removed from the center of each half-core, avoiding the edges of
the liner. After compositing, aliquots were removed for analytical chemistry
samples, the rest of the sediment was transferred to solvent-rinsed 4-L glass
jars with Teflon-1lined 1ids, and the samples were stored at 4°C. Where compo-
siting was not required, the material was removed from the storage container
as described and placed in a clean stainless bowl, where the sediment was
mixed as described above to create a homogenous mixture. Sediment chemistry
samples were removed, and these samples were also stored as described above.
Sediment chemistry samples were stored in clean solvent-rinsed 1-L Qorpac jars
with Teflon-lined 1ids and either frozen or stored at 4°C, depending on the



chemical analysis required. Uioxin/furan analysis was also conducted "n each
individual "A," "B," and "C" station, in addition to the A-C composites.

2.7.2 Elutriate Preparation

Elutriate samples were prepared for selected sediments or composites by
adding one part sediment to 4 parts 0.45-um-filtered Sequim Bay seawater vol-
umetrically in a clean container, suspending all sediment by stirring vigor-
ously, then placing the jar on a shaker table at 120-150 cycles per min for
30 min., After shaking, the mixture was allowed to settle for approximately
10 min; then, the supernatant was poured into 500-mL Teflon containers, placed
in a centrifuge, and centrifuged for 10 min at 1750 RPM (740 g). The liquid
portion was poured into a clean container, and the process was repeated until
enough elutriate was collected for both the oyster larvae toxicological tests
and resin acid chemistry tests. This procedure {s consistent with protocols
described in the Implementation Manual (USEPA/COE 1977).

2.7.3 Tissue Preparation

Three types of tissue samples were analyzed for dioxin/furan concentra-
tions: tissue of the bioaccumulated clam and the hepatopancreas and muscle
tissue of collected Dungeness crab. Clams were removed from an aquarium,
immediately washed under clean seawater to remove external mud, and the tis-
sue excised with clean titanium scalpels. The adductor muscles were cut, and
tissue was scraped out of the shell into a prepared and labeled Qorpac jar.
The jars were labeled by station. The jars were frozen and remained frozen
until analysis was performed. Crab hepatopancreas tissue was obtained after
pulling the legs off each crab and removing the carapace. The hepatopancreas
was gently cut away from each crab and placed in a clean, labeled Qorpac jar.
Stainless steel scalpels and scissors were used during this dissection.
Muscle tissue was obtained by slitting the legs open with a scalpel or scis-
sors, gently removing the tissue, and placing it in a clean Qorpac jar. Crab
tissue was frozen immediately and remained frozen until analysis was per-
formed. A1l tissue compositing was performed in the analytical testing labo-
ratory (Twin City Testing, St. Paul, Minnesota) using approved procedures.
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2.8 TOXICOLOGICAL TESTING PROCEDURES
2.8.1 Microtox

The Microtox bioassay was conducted following the saline extraction
technique developed by Williams et al. (1986) and set forth in the Puget Sound
Estuary Program Recommended Protocnls (PSEP 1986). This technique calls for
the preparation of a saline extract from 30 g of sample, followed by analysis
of five concentrations of the extract (100%, 50%, 25%, 12.5%, and 0%). A
Beckman Microtox Toxicity Analyzer Model 2055 was used to measure the change
in bacterial luminescence over time, following the procedures in the Microtox
System Operating Manual (Beckman Instruments 1982) developed by Bulich et 21.
(ASTM 1980). The viability of each batch of lTuminescent bacteria was assessed
once or twice per day by exposing them to sodium arsenate, an established
reference toxicant for Microtox (Williams et al. 1986).

The PSEP protocol was followed with the exception of three modifica-
tions. First, in preparing the saline extract, a 100-mL beaker was used for
shaking the 30-g sediment sample with 10 mL of Microtox dilutent, instead of
the 30-mL container called for by PSEP. Using the 100-mL beaker results in
more thorough extraction of the water-soluble contaminants, as the large sur-
face area of the beaker allows greater contact and agitation of the sediment
and diluent than 1s possible in the 30-mL container. Second, during the
Microtox analysis step, PSEP protocol calls for a measurement oi initial
luminescence (1ight output) before organisms are exposed to the extract and
another measurement 15 min after organisms are exposed to the extract. The
initial measurement was made before exposure, but Tight output was recorded at
5, 15, and 30 mir after exposure. These additional measurements provide more
temporal data on bacterial response to the extract over time than does the
single 15-min reading. The third variation from PSEP was that a salinity
calibration curve was not constructed for this test because Williams et al.
(1986) reported that salinity-induced changes in luminescence were relatively
small. The salinity of each extract was measured before analysis, and ail
measurements were within the 20 to 40 °/o0 optimum salinity range for 1light
output of P. phosphoreum reported in the Microtox System Operating Manual
(Beckman Instruments 1982). Data from the test were reported as the change in
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Tuminescence during each observation period. The EC50 calculations were made
for the 15-min observation period to be consistent with Puget Sound Dredged
Disposal Analysis (PSDDA) reporting requirements (PSDDA 1989).

2,8.2 Amphipod
2.8.2.1 Test Organism Colleciion and Care.

Amphipods were collected by MSL personnel from West Beach, Whidbey
Island, using an infaunal dredge, on August 12, 1989. The West Beach sedi-
ments were sieved through a 1.0-mm screen to remove predators, and within 4 h
of collection, the amphipods were transported to MSL in large tubs containing
sieved native sediment and seawater. At MSL, the amphipods and sediment were
transferred to holding tanks integrated into MSL's flow-through seawater sys-
tem. The seawater temperature was increased gradually, over 24 h, from the
West Beach ambient temperature of 9°C to a test temperature of 15°C. Daily

water quality measurements of the hoiding tanks were taken. Animals were not
fed before or during testing.

2.8.2.2 Testing Procedures

The amphipod static test was conducted in 1-L glass jars following pro-
tocols described in Swartz et al. (1985) and Puget Sound protocols (PSEP
1986). Nineteen stations were tested: 17 from the Grays Harbor area, a
reference sediment from Sequim Bay, and a control sediment from West Beach.
Each container was layered with 2 cm (100 mL) of sediment, and five replicate
containers per station were tested. After adding the sediments, test con-
tainers were slowly filled to the 900-mL mark with filtered (0.45 um) Sequim
Bay seawater. These 95 test containers were then arranged randomly on a water
table containing a 15°C water bath. At test initiation, amphipods were sieved

from the holding sediment, and 20 organisms were randomly placed in each test
container,

Daily observations of the test containers included the number of amphi-
pods on the sediment and water surfaces and the temperature, dissolved oxygen,
pH, and salinity of the water in each container. Acceptable environmental
conditions included a temperature of 15.0 = 1.0°C, dissolved oxygen of
> 4.0 mg/L, pH of ambient « 0.4, and salinity of ambient # 1.0 /o0 during
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daily observations. Any amphipods on the water surface were gently pushed
into the water column using clean glass pipettes. No organisms were removed
during testing. Amphipods were not Pupp11ed food other than that available
from the test environment. |

At the end of the 10-day expoere, test organisms were gently sieved
from the test sediments through O. Sjmm Nytex screens and transfarred to small
finger bowls for determination of mbrta11ty Death was defined as the absence
of pleopod movement after st1mu1at1pn with a glass probe.

2.8.3 Oystgr Larvae

|
2.8.3.1 Test Organism Col1ecﬁion and Care
Oysters were obtained from Coast Oyster Company, Quilcene, Washington,

on August 22, 1989. The organisms‘had been conditioned for a period of 4 to

6 weeks in 20°C seawater with a sa11nity of 26 °/oo and fed a mixture of algae
to provide nutrition and hasten sexua] maturity. Oysters were transported on
moist paper towels in a cooler to MSL within 45 min of collection. At MSL,

the organisms were placed in 26 °/,0 seawater at 20°C in preparation for
spawning.

2.8.3.2 Testing Procedures

The oyster larvae suspended pirticu1ate phase bioassay was conducted in
1-L glass jars generally following the procedures detailed in ASTM Method
E724-80 (ASTM 1980). Sediment from the 17 Grays Harbor area stations, a West
Beach reference, and a Sequim Bay control sediment were used to prepare the

elutriate test media. In addition, a cadmium chloride (CdCLp) reference tox-
icant was prepared.

Three replicates of four concéntrations (0%, 10%, 50%, and 100%) of each
station's elutriate were tested. Three replicates of each of the six cadmium
chloride reference toxicant concentrations were tested, Test containers were
placed randomly on two water tables maintaining 20°C water baths.

Oyster larvae used for the biological testing were obtained by
laboratory-induced spawning. Twenty oysters were removed from the dry trans-
port containers and p1aced in clean polypropylene tubs holding 26 °/00, 30°C
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filtered offshore seawater. Water temperature was constantly monitored and
maintained at «2°C by periodically adding warm seawater to the tubs. Water
was changed hourly by siphoning off the old seawater and gently pouring in new
warm, salinity-adjusted seawater. This procedure prevented disturbing the
oysters and minimized the disruption of the spawning process.

Spawning individuals were isolated in clean baking dishes containing
warm seawater and allowed to continue to spawn in those dishes. Two males and
two females spawned in this manner. When the organisms had finished spawn-
ing, gametes were examined under a compound microscope to determine quality.
The eggs of both females were normal and pear shaped, so they were combined 1in
a clean 1-L glass jar and diluted with seawater. One of the two males had
viable sperm. To fertilize the eggs, 15 mL of sperm suspension was added to
1-L of the egg suspension to yield 105 to 107 sperm/mL in the final mixture.
This solution was then stirred with a perforated plunger every 15 min to
assist mixing and thus increase fertilization success.

One hour after fertilization, the concentration of embryos in the embryo
suspension was determined after mixing the solution gently with a perforated
plunger, withdrawing a 0.5-mL sample, and creating a 1:100 dilution with sea-
water by counting on a Sedgwick-Rafter cell the number of embryos that had
developed to the two-cell stage or beyond. An estimate of fertilization suc-
cess was then recorded. This procedure was repeated, and a mean was deter-
mined. Based on this mean, the volume of embryo suspension to provide 15 to
30 embryos per milliliter in the test solutions was calculated at 740 ul, and
the appropriate volume of stock added to each container with an automatic pip-
ette. The pipette had been calibrated before the test by weighing at least
etght individual water delivery volumes to determine the coefficient of varija-
tion. If the coefficient of variation at the desired volume was less than 5%,
the calibrated pipettor was used.

The test was initiated when test containers were stocked with the embryo
suspension. After the embryos were added, the suspension in a randomly
selected seawater control container was mixed, and a 10-mL sample was taken to-
estimate stocking density. This process was repeated for nine other con-
tainers, and a mean stocking density was estimated based on the 10 samples.
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These samples were praserved with 5% buffered formalin in 1abeled polypro-
pylene vials equipped with screw cap lids for later referral.

The temperature, dissolved uxygen, pH, and salinity were measured at
{nitiation, and daily thereafter, including before termination. Acceptable
anvironmental conditions included a test temperature of 20.0 =« 2.0°C, dis-

solved oxygen of 6.0 mg/L, pH of ambient « 0.5, and salinity of 27.0 «
1.0 °/o0.

Ninety-six hours after the beginning of the test, the solution in each
test chamber was carefully mixed, and a 10-mL sample was immediately removed
and preserved in 5% formalin. To concentrate the larvae for counting, the K
samples were centrifuged for 10 min at 1700 rpm (740 X g). The embryos and
larvae in the samples were transferred by pipette to a Sedgwick-Rafter cell
for counting. Because the volume of the cell is 1 mL, it was necessary to
prepare and count several slides to enumerate all embryos and larvae in each
sample. A1l embryos exhibiting cell division were counted. A1l larvae with
completely developed shells containing soft tissues were counted as normal.
Larvae with incomplete shells were scored abnormal. To eliminate potential
investigator bias, all counting/scoring was done blind, i.e., without the )
investigator knowing which sample was being evaluated. As an additional qual-
ity assurance measure, 10% of all samples were rescored by a second investi-
gator, and any differences of 10% or greater were reconciled.

2.8.4 Clam

ey
1AL
L2

PO

2.8.4.1 Test Organism Collection and Care

Clams were obtained from Discovery Bay, Washington, on three different
dates: 420 clams were received on August 1, 1989; 2150 on August 15, 1989;
and 300 on August 16, 1989. Organisms were transported to MSL in clean
coolers containing native seawater. At MSL, the organisms were placed in a
clean holding tank integrated into MSL's flow-through seawater system at 15°C.
Daily water quality measurements of the holding tanks were taken. Animals
were not fed before or during the testing periods.
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2.8.4.2 Testing Procedures

The clam bioaccumulation test was conducted in 38-L glass aquaria ran-.
domly positioned on four water tables that are integrated to the Taboratory's
flow-through seawater system. Aquaria were cured with the flow-through
seawater for a minimum of 24 h before test initiation. Cured aquaria were
drained so that approximately 3 cm of seawater remained standing in each
aquaria. Test sediments were removed from 4°C storage, and approximately 2 L
of each test sediment was spooned into each of five replicate aquaria and
smoothed out over the bottom of the aguaria. Stand-pipes then were replaced
to allow the aquaria to refill slowly. Sediment from 15 Grays Harbor-area
stations, Sequim Bay, and West Beach were tested.

Salinity, dissolved oxygen, temperature, and pH were measured. Thirty
clams were then added to each aquarium. Initial observations were taken on
those aquaria in which the sediment had settled sufficiently; most aquaria
were too turbid to observe initially. Water quality measurements and biolog-
ical observations were conducted daily on one replicate of each treatment for
the duration of the test. Observations recorded the number of siphons exposed
and the number of organisms situated fully above the sediment. Dead indivi-
duals were defined as those whose shells were open and did not respond to

gentle probing with a clean pipette. These individuals were removed from the
aquaria.

After 30 days, replicates 1, 2, and 3 of each test sediment were termi-
nated. After 60 days, replicates 4 and 5 were terminated. Termination
involved removing organisms from the test sediment, washing them under flow-
ing seawater to remove sediment from the shell, recording the number alive and
dead, and excising the tissue of all live clams in an aquarium from the

shells. Tissue dissection and related sample preparation is discussed in
Section 2.7.3.
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2.9 ANALYTICAL CHEMISTRY PROCEDURES

2.9.1 Sediment and Tissue Dioxin/Furans

Sediment and tissue dioxin/furan samples were analyzed by Twin City
Testing Corporation, St. Paul, Minnesota, under the direction of Dr. Fred
DeRoos and Ms. Barb Larka. Sediment samples were run using a modification of
EPA Method 8290 (Tondeur 1987). The analysis steps and equipment used are

summarized as provided to MSL by Twin City Testing.

2.9.1.2 Extraction Technigues

Each sediment and tissue zampie was homogenized, and a portion of each
sample was removed and spiked with 13Cyp-labeled PCDD/PCDF internal standards
at a concentration of 2 ng/Kg. Sample weights were approximately 5 g for sed-
iment and 10 to 15 g wet weight for tissues. The samples were extracted with
benzene for 18 h in a Soxhlet/Dean Stark extraction apparatus; then, the
extracts were transferred to Kuderna Danish concentrators, concentrated, and
the solvent exchanged to hexane. The hexane exiracts were then spiked with
the 2,3,7,8 -TCDD-37C14 extraction efficiency standard, and processed through
the analyte enrichment procedures described in the following subsection.

Relative efficiencies of the extraction step, the analyte enrichment
step, and the gas chromatography/mass spectrometry (GC/MS) sensitivity are
evaluated by comparing the three standards added at various points during the
analysis. Quantitation, however, is based solely on the recoveries of the
13¢c-7abeled internal standards added before extraction.

2.9.1.3 Analyte Enrichment for PCDD/PCDF Analysis

The extraction procédure often removes a varijety of compounds‘in addi-
tion to PCDDs and PCDFs. Some of these compounds can directly interfere with
the analysis while others can overload the capillary column, causing a degra-
dation in chromatographic resolution or sensitivity. The analyte enrichment
steps described were used to reduce interference from the extracts.

The hexane extracts were concentrated to 1 mL and transferred to liquid
chromatography columns containing alternate layers of silica gel, 44% concen-
trated sulfuric acid on silica gel, and 33% 1 m sodium hydroxide on silica
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gel. The columns were eluted with 60 mL of hexane, and each eluate was col-
lected and concentrated undgr a gentle stream of dry nitrogen to a volume of
1 mL. The extracts were then fractionated on liquid chromatography columns

-containing 4 g of activated alumina. Then the columns were eluted with 10 mL

of hexane followed by 7 mL of 2.0% methylene chloride/hexane and 25 mL of 60%
methylene chloride in hexane. The 60% methylene chloride/hexane fractions
were concentrated to 1 mL under a stream of dry nitrogen and applied to the
tops of chromatography columns containing 1 g of 5% AX-2l-activated carbon on
silica gel. Each column was eluted with cyclohexane/methylene chloride
(50:50 V/V) and cyclohexane/methanol/benzene (75:20:5 V/V) in the forward
direction and then with benzene in the reverse direction. Each benzene frac-
tion was collected, spiked with recovery standards (1,2,3,4-TCDD-13C12 and
1,2,3,7,8,9-HxCDD-13C12), and concentrated to a final volume of 20 ul.

2.9.1.4 PCDD/PCDF Analysis

The extracts were analyzed for the presence of PCDDs and PCDFs using
combined capillary column gas chromatography/high resolution mass spectrom-
etry (HRGC/HRMS). (Throughout further discussion of dioxin/furans, the terms
"PCDD" and "PCDF" denote "poly" substituted congeners. Specific references to
penta-substitutions will be denoted by "Pe.") The instruments used included.a
Hewlett Packard Model 5890 gas chromatograph and a VG model 70SE high-
resolution mass spectrometer. The capillary column was interfaced directly
into the ion source of the mass spectrometer, providing the highest possible
sensitivity, while minimizing degradation of the chromatographic resolution.
The mass spectrometer was operated in the electron impact ionization mode as a
mass resolution of 10,000-11,000 (M/ M, 10% valley definition). This reso-
Tution is sufficient to resolve most interferences, such as PCBs, thus
providing the highest level of confidence that the detected levels of
PCDD/PCDF are not false positives resulting from interferences.

The data were acquired by selected-ion recording (SIR) monitoring of the
groups of ion masses described in EPA Method 8290. The five groups corres-
ponded to the tetra- through octa-chlorinated congener classes. Each group
contained three ion masses for the PCDDs (with the exception of TCDD, which
contained two ion masses), two ion masses for the PCDFs, the corresponding ion
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masses from the two isotopically labeled internal standards, and the ion
masses characteristic of the false responses in the dibenzofuran channels.

The third PCDD ion mass monitored in the pentachloro- through | .
octachlorodibenzo-p-dioxin groups prevented the possibility of misinterpreta-
tion of a PCB isomer as PCDD. Thus, when a third ion mass existed for a
congener, it was used for confirmation only. The two ijon masses monitored for
TCOD also fulfilled this purpose.

Each group of ion masses also contained a lock mass that was monitored
during the analysis to detect suppressive interferences. It is important to
detect this type of interference, because it can cause the quantification of
congener class levels to be artificially high if it occurs during the elution

of an internal standard, or low if it occurs during the elution of the native
analytes.

2.9.1.5 Quantificatioh and Calculation

The PCDD/PCDF isomers were quantified by comparison of their responses
to the responses of the labeled internal standards as described in EPA Method
8290 (Tondeur 1987). Relative response factors were calculated from analyses
of standard mixtures containing representatives of each of the PCDD congener
classes at five concentration levels and each of the internal standards at one
concentration level. The PCDD/PCDF response factors were calculated by com-
paring the sum of the responses from the two ion masses monitored for each
chlorine congener class and the sum of the responses from the two ion masses
of the corresponding isotopically labeled internal standard. The third ion
mass was used for confirmation only. Detection 1imits were based on produc-
ing a signal that is 2.5 times the noise level, and was calculated for each
undetected 2,3,7,8 -substituted isomer of any tetra- through octa- chlorinated
congener class. The noise heights used to calculate the detection Timits were
‘measured at the retention time of the specific isomer.

Concentrations for sediment samples were reported in dry weight, which
was determined by subtracting the weight of water removed by the Soxhlet/Dean
Stark extractor from the wet weight of the sample. Method hlank values for
sediment were based on 5-g sample weights, and matrix spike results Were‘
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calculated on a per sample basis, with the values reported as total nanograms
spiked and measured in each spike sample. Clean sand was used as the matrix
for the spikes and bluanks.

Concentrations for tissue samples were reported in wet weight. Method
blank values for tissues were calculated based on sample weights of 10-15 g,
approximating the quantities of actual samples extracted in each batch. The
matrix spike results were calculated on a per sample basis, and the values
were reported as total nanograms spiked and measured in each spike sample.

2.9.2 ‘Sediment and Elutriate Guajacols/Organic Acids

Sediment and elutriate water samples were analyzed for guaiacols/organic
acids, fatty acids, guaiacols, and catechols by Analytical Resources Incor-
porated (ARI), Seattle, Washington. The MSL provided sediment samples and the
prepared elutriate samples to ARI. Sample preparation methods are discussed
in Section 2.7. Samples were analyzed using a procedure similar to the
National Council of the Paper Industry for Air and Stream Improvement, Inc.
(NCASI) Method (NCASI 1986). A summary of that method follows.

2.9.2.1 Extraction Techniques

Sediment samples were extracted with methylene chloride using a soni-
cator method without altering the sample pH. Dry weight sediment samples
ranged from approximately 15-30 g. Water samples were extracted by allowing
the elutriate water sample to équi]ibrate to room temperature; then, the
sample was shaken to thoroughly resuspend any solids that may have settled
during storage. A 250-mL aliquot was removed, and the sample was spiked with
methanolic solution of the surrogate standard O-methyl podocarpic acid at a
concentration of 50 ug/L. The sample was transferred to a 500-mL separatory
funnel and extracted with methylene chloride at a pH of 5 and again at a pH of
less than 3. Extraction was accomplished by adding the sample and methylene
to separatory funnel, vigorously shaking the sample for 1 min, then allowing
the sample to settle for 15 to 20 min. The emulsions that formed were broken
by centrifugation in screw-capped centrifuge tubes to minimize evaporation of
the diethyl ether. The sediment and combined water extracts were concentrated
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-to about 3 mL,‘exchanged into acetone, concentrated to about 1 mL and deriva-
tized as described below. Sediment matrix spikes were produced by adding
3200 wug/Kg of seven different guaiacols/organic acids to a sample; water

matrix blanks were produced by adding 71 ug/L of the same guaiacols/organic
acids to water. ' |

2.9.2.2 Derivatization
Derivatization was accomplished by adding 100 uL of methanol, 5 mg KCO3,
and 50 uL of d5 ethyl iodine to each extract, then heating the extracts at

80°C for 45 min. The derivatized acids were then analyzed by GC/MS as
described below.

2.9.2.3 GC/MS Analysis

The GC/MS analysis was performed on an Incos 50 GC/MS/DS manufactured by
the Finnigan Corporation. The component separation was accomplished with a
30-m x 0.25-mm i.d.-fused silica DB-5 column with a 0.25 um film thickness and
helium as the carrier gas. The injection port temperature was 280°C, and the
oven was programmed from 140°C after a l-min hold at 4°C/min to a final
temperature of 280°C. A splitless injection technique with a 30-sec purge
activization delay was used for all injections. The MS operated in the repet-
itive scan mode, scanning from m/z 50 to 400 at a rate of 162.5 AMU/sec and
using 70 eV electron impact ionization. The GC/MS was calibrated daily by
first tuning the MS on perfluorotri-n-butylamine and then running a calibra-
tion standard using the conditions described above. |

2.9.3 Tissue Lipids

The percent lipids in each sample was determined by the procedure
described in EPA Method 8290 (Tondeur 1987). A portion (approximately 3 g) of
each sample was accurately weighed, blended with sodium sulfate, and placed in
a glass column. The column was rinsed with methylene chloride, and the
extract was dried on a steam bath until a constant weight was obtained. The
1ipid content was calculated as:

the weight of the extraction residue x 100
the weight of the extracted tissue
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2.9.4 Total Organic Carbon

Sediment total organic carbon was analyzed by Global Geochemistry Cor-
poration, Canoga Park, California. Samples were analyzed using a nondisper-
sive infrared measurement of carbon dioxide released from the organic carbon
during combustion of the sediment. Inorganic carbonates were released from
the sediment sample before combustion using hydrochloric acid. A Dohrmann
DC-180 carbon analyzer was used to measure the released carbon dioxide. The
method used is consistent with PSEP (PSEP 1986) and Standard Method 505 (Stan-
dard Methods 1975).

2.10 QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES

2.10.1 General Procedures

Quality assurance/quality control (QA/QC) procedures common to each
toxicological test include:

e wusing Battelle Laboratory Record Books (LRBs) to record all infor-

mation, calculations, daily monitoring, and results related to each
test

* using standard forms to record observations and water quality mea-
surements during a test

° using MSL Standard Operating Procedures MSL-1 through MSL-4 when
calibrating water quality instruments

o verifying data entry quality by having a person not involved in the
data entry check the accuracy of data against original data.

2.10.2 Toxicological Tests

©2.10.2.1 Microtox

Quality assurance procedures related to Microtox include monitoring the
response of blank and reference toxicant samples during the conduct of each
test to ensure that the response is appropriate. Appropriate blank response
is defined as an initial (time 0) luminescence of 80 to 100% (corrected), with
less than 2% difference between duplicates during a run. Appropriate refer-
ence toxicant response includes a rapid decline of light output over time and
with increasing concentration and a decrease in light output of at least 50%
rz"ative to blank. During Microtox testing, the operator monitors these
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conditions relative to quality assurance and reruns any sample that fails to
meet the above criteria. Microtox hacteria have a testing 11fe of about 6 h
and exhibit the described behavior near the end of their viable testing
period. When the bacteria fail to respond acceptably, a new batch is
reconstituted.

2.10.2.2 Amphipod ‘

Quality assurance/quality control of the amphipod test includes inspec-
tion of the following data:

e survival in native West Beach control sediment of at least 90%
e test water temperat@re of 15% & 1°C

o test water dissolved oxygen of > 4.0 mg/L

o test water pH of ambient % 0.4

e test water salinity of ambient = 1.0 °/co.

Water quality data were examined and qualified for the test, and any
parameters out of range for a jar or station were identified. Data were then
compared to determine whether the water quality parameter might have influ-
enced the amphipod survival in that sediment.

2.10.2.3 Oyster Larvae

A definitive test started with embryos of bivalve molluscs is usually
considered unacceptable if one or more of the following occurred (ASTM 1980):

e A1l test chambers were not identical.

* Treatments were not randomly assigned to individual test chamber
locations.

* A required dilution water or solvent control was not included in
- the test.

e All animals in the brood stock were not obtained from the same
Tocation.

 The test was begun with embryos more than 4 h after they were
fertilized.
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o Less than 70% of oyster embryos introduced into a required control
treatment resulted in 1ive larvae with completely developed shells
at the end of the test.

o Dissolved oxygen and temperature were not measured as specified.

e Any measured dissolved oxygen concentration was not between 60 and
100% of saturation.

o The difference between the time-weighted average measured temper-
atures for any two test chambers from the beginning to the end of
the test was greater than 1°C.

e Any single measured temperature in any test chamber was more than
3°C different from the mean of the time-weighted average measured
temperatures for the individual test chambers.

e At any one time, the difference between the measured temperatures
in any two test chambers was more than 2°C.

These criteria were examined at the end of the test, and data were
qualified. If any of the above criteria were not met, data were compared to
determine 1f survival was influenced by the factor.

2.10.2.4 Clam

Quality assurance related to the 30-day clam test involved inspection of
the following data:

survival in native Sequim Bay control sediment of at least 90%
« test water temperature of ambient & 2°C

+ test water dissolved oxygen of > 4.0 mg/L

+ test water pH of ambient # 0.5

» test water salinity of ambient = 1.0 °/oo

o test water flow rate of 125 = 10 mL/min.

For the 60-day exposure, the same water quality parameters pertained,
although no control survival limits were set. These criteria were examined at
the end of the test, and data were qualified. If any of the above criteria
were not met, data were compared to determine if survival was influenced by
the factor.
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2.10.3 Analytical Chemistry

General quality assurance requirements for analytical chemistry data
included the inspection and review of the following results:

o method blank analysis

* surrogate standard recovery
» matrix spike recoveries

o duplicate sample analysis

« relative percent difference in machine
calibration variation (where appropriate)

o standard reference material (SRM) analysis (if available).

A summary follows of acceptable ranges for each of the above data for
sediment and tissue dioxin/furans, sediment and elutriate guatacols/organic
acids, tissue 1ipids, and total organic carbon.

2.10.3.1 Sediment and Tissue Dioxin/Furans

The quality assurance requirements for this program were established for
the sediment and tissue dioxin/furan data based on requirements of EPA Method
8290 (Tondeur 1987). Some of the quality assurance requirements include:

» daily GC performance checks - RPD of calibration runs should not
exceed 25%.

e analysis of one method blank per ngch of samples - Method blank
must contain the sample amount of ‘°Cio-labeled internal standards
that is added to samples before extrac%1on.

o method blank results that exhibit no positive response - Method
blanks that contain any of the 2,3,7,8-substituted congeners except
0CDD and OCDF that exceed 110% of the desired detection 1imit must

be reported and may invalidate results and require automatic sample
reruns.

¢ mass resolution check to demonstrate a static resolving power of
10,000 minimum - 10% valley definition

e method calibration Timits definition

e a field blank (uncontaminated sample) contained in each batch of
samples
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o calculation of the concentration of 2,3,7,8-substituted PCDDs/PCDFs
and the percent recovery of the internal standards - Percent

recovery of 2,3,7,8-substituted PCDD/PCDF congeners should be
40 to 120%.

« duplicate analysis of one sample per each batch, with relative dif-
ference between duplicate results §25% - Note: for this study,
replicate samples or matrix spike duplicates were substituted
because duplicate analysis, for they are a better indicator of pre-
cision and accuracy than duplicates,

o analysis of a matrix spike and matrix spike duﬁlicates for each
batch of samples - Matrix spike and matrix spike duplicate results
must agree within 20% relative difference,

« for each sample, calculation of the Bercent recovery of internal
standards -~ Percent recovery should be between 40 an. 120%,

although high or low recovery does not necessarily invalidate the
results.

2.10,3.2 Sediment and Elutriate Guajacols/Organic Acids

Quality assurance requirements for analysis of sediment and elutriate
gualacols/organic acids are not directly discussed in the NCASI Method (NCASI
1986), although method validation studies are discussed. For the purposes of
quality assurance, MSL's requirements for sediment and water resin acid
analysis included:

o daily GC performance checks - RPD of calibration runs should not
exceed 25%.

e analysis of one method blank per batch of samples - Method blank
must contain the surrogate O-Methyl Podocapic acid (d5-Ethyl-
ester), added before extraction.

» method blank results that exhibit no positive response - Detected

compounds 1n method blanks may invalidate results and require
automatic sample reruns.

e a field blank (uncontaminated sample) contained in each batch of
samples

o duplicate analysis of one sample per each batch, with relative dif-
ference between duplicate results <25% - Note: for this study,

replicate samples or matrix spike duplicates were substituted for
duplicate analysis.
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o analysis of a matrix spike anf matrix spike du&?icates for each
hatch of samples - Matrix spike and matrix spike duplicate results
must agree within 20% relative difference. :

¢ for each sample, calculation of the Bercent recovery of internal
standards - Percent recovery should be between 40 and 120%,
although high or low recovery does not necessarily invalidate the
results. | ﬁ
\
2.10.3.3 Tissue Lipids |

Tissue 1ipid concentrations wére determined during the analysis of tis~
sues for dioxin/furans. General q$a11ty assurance guidelines pertaining to
the sediment and tissue dioxin/furan analysis apply to the tissue 1ipids. For
this analysis, duplicate sample analysis was performed on 10% of the samples

and was expected to agree within 20% relative difference.

2.10.3.4 Total Organic Carbod

Total organic carbon quality dssurance procedures were adapted from
Standard Method 505 (Standard Methods 1975) and include:

|
o construction of a standard curve of inorganic and organic carbon
based on known concentrations and serial dilutions

« use of low carbon content reagent water and reagents

o duplicate analysis of 10% of the samples.

2.11 STATISTICAL DESIGN, DATA ANALYSIS, AND INTERPRETATION

2.11.1 Randomization

A1l toxicological tests were conducted using completely random designs
and blind coding. Organisms were tandomly allocated to exposure containers,
and exposure containers were random1y assigned positions on water tables.
Separate random number tables were generated for each of the biological tests,
using the discrete uniform random number generator available in Lotus 123.®

2.11.2 Methods

The purpose of the statistical analyses was to determine whether the
results of each toxicological test produced stations that were statistically
different from each other. If differences existed, statistical groupings were
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constructed to determine which stations were similar and which were different
from each other. For elutriate-type tests, it was necessary to determine what
percent of the elutriate produced a 50% rh.nge in the measured parameter
(1.e., an effective concentration or EC50). A discussion follows of the sta-
tistical methods used for the solid phase tests (amphipod, clams) and elu-
triate tests (Microtox, oyster larvae).

2.11.2.1 Amphipod and Clam Tests

Amphipod and clam toxicological tests were analyzed statistically for
the proportion of test organisms surviving the exposure for each station. The
data were first transformed by arcsine square root to stabilize the within-
class variances to meet the assumptions of analysis of variance (ANOVA). If
ANOVA produced significant differences between stations (p = 0.05), a multiple
comparison analysis was run using Tukey's Honestly Significantly Different
(HSD) test for all possible comparisons (Steel and Torrie 1980). Tukey's HSD
is a conservative multiple comparisons test that uses an experiment-wide error
rate, Tukey's HSD thus provides more information about how each sediment
treatment compares with every other one, as opposed to the more limited com-
parisons to a single control in Dunnet's t-test (Chew 1977). The analysis
results in a grouping of stations (alphabetic) that are not significantly
different from each other. Inspection of these groupings provides insight
into which stations group with (or away from) control or reference stations.

2.11.2.2 Microtox and Oyster Larvae Tests

Microtox and oyster Tarvae tests are based on dilutions of elutriate
that is produced from test sediment. Microtox results were analyzed on the
Microtox data analysis program to determine if an effective concentration
existed that reduced 1ight output by 50% (EC50) at the 15-min observation per-
iod, as required by PSDDA. If enhanced illumination occurred in more than

three of the four elutriate concentrations, EC50 calculation was calculated,
as recommended in PSDDA,

In the oyster larvae test, the data were first transformed via arcsine
square root to reduce within-class variance, then ANOVA was run on the pro-
portion of the larvae that survived to normal D-stage in each station and at
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each elutriate concentration to determine if stations were statistically dif-
ferent from each other. If a statistical difference existed, Tukey's HSD was
used to determine station rankings and ultimately determine which stations
belonged to a group that included control or reference stations. In addi-
tion, the EC50 concentration that produced a 50% decrease in normal D«stage
larvae relative to seawater control was calculated for each applicable
station.
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3.0 TOXICOLOGICAL TESTING RESULTS

3.1 MICROTOX

Microtox toxicity testing was conducted on sediment from 17 stations or
station composites from the Grays Harbor area and on uncortaminated sediment
collected at West Beach and Sequim Bay. The summary results of this test are
presented in Table 3.1, and data on individual Microtox samples are presented

in Appendix B, Table B.1.

A1l qu-1ity assurance parameters associated with this test described in
Section 2.10.2 were met. The results of reference toxicant performance pre-
sented in Appendix B, Table B.6, show that the bacterium's response to sodium
arsenate at the 15-min observation period produced EC50s ranging from 7.7 to
18.9 mg/L (as arsenic). This is similar to past Microtox tests conducted at
the MSL, although it is below the EC50 of 26 mg/L reported in the Beckman Man-
ual (Beckman Instruments 1982). This suggests that this batch of bacteria is
more sensitive than the batch referred to in the Beckman Manual.

The results of the Microtox analysis show enhancementd rather than
decrease, in illumination after exposure to sediment elutriates in nearly all
the test stations during the 15-min observation period (Appendix B,

Table B.1). A definite trend toward decreasing illumination was observed in
only one sample (2A) during the 15-min observation. However, none of the
decreases were significant enough to calculate an EC50, as noted in Table 3.1.
Results indicate that none of the stations from the Grays Harbor area, Sequim

Bay, or West Beach resulted in a 50% decrease in light output at the 15-min
observation period.

3.2 AMPHIPOD

Toxicological tests were conducted with the amphipod on sediment from 17
stations or station composites from the Grays Harbor area and on uncontam-
inated sediment collected from Sequim Bay and West Beach. The results of
these tests are presented in Table 3.1 and Figure 3.1. Data on individual
replicates may be found in Appendix B, Table B.Z2.
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TABLE 3.1. Biological Survival Data Summary

Clam ,
Sediment Microtox Amph1ipod % Survival Qyster Larvae
Sample (15 min) (% Survival) (30 d) (60 d) % Normall?/ _EC50
' |

1-A-C -=(b) 86 -85 67 92 “-
2-A -- 89 88 79 53 (c) 28%(d)
3-A-C - 85 98 85 62 57%(d)
4-A-C -- 95 98 88 86 -
5-A-C -- 86 97 95 90 --
6-A-C -- 78 97 90 85 --
7-C -- 89 99 89 87 --
8-A-C -- 93 93 93 90 -
9-A-C -- 92 96 88 81 --
10-A-C -- 88 98 91 85 --
11-A-C -- 84 94 98 82 -
12-A-C -- 91 96 87 63 6z (d)
13-A-C - 88 97 82 75 --
14-A-C - 85 94 8 80
15-A-C - 88 Ee) (e a9(c)  195(d)
16-C -- 87 e) (e) 92 --
17-A -- 79 100 82 99 --
West Beach -- 96 98 78 - 92 --
Sequim Bay -- . 87 98 70 88 --
Conclusions(€)  ns(f) NS NS NS 2,15 S 2,3,12,15
(a) Mean survival to normal-D over all dilutions.
(b) EC50 for decreased light illumination not appropriate - light did not

increase in all cases.

Statistically different from West Beach control, but not from Sequim Bay
reference.

(c)
) Suspended particulate phase concentration calculated to provide 50%
)
)

(

(e

[N

decrease in survival to normal.

Toxicity/bioaccumulation was not performed on sed1ment from Stations
15 and 16.

(f) NS is not significant; S is significant at p = 0.05.
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Quality assurance parameters described in Section 2.10.2 were met during
this test for control survival (96% in West Beach) and dissolved oxygen.
Quality assurance parameters were exceeded for temperature, pH, and salinity.
Temperature exceeded the upper limit of 16°C by approximately 2°C in some test
containers. However, this was a short-term occurrence and did not appear to
affect survival in either control or test containers. Further, Swartz et al.
(1985) have reported high survivals at temperatures of 19°C and indicate that
15°C is not close to the upper thermal 1imit for this species. The variation
in pH was probably a result of individual sediment characteristics, and the
range reported in, Appendix B, Table B.6, is the experiment-wide range. The
range within replicate test containers was very consistent. Salinity ranges
reported in Appendix B, Table B.6, are also experiment wide, encompassing the
effect of less saline river sediments compared with estuarine sediments such
as those from Sequim Bay and West Beach. Again, variation between replicate
test containers was within acceptable limits during the test. Acceptable
survival in salinities of 25 °/,, are reported by Swartz et al. (1985). The
results of these quality assurance checks indicate our test was not compro-
mised by water quality and is therefore valid.

~ The results of the amphipod test presented in Table 3.1 show that sur-
vival ranged from 78 to 96% in the West Beach control sediment. The ANOVA of
the arcsine square root of the proportion surviving indicated no significant
differences between stations (p = 0.05). These data indicate that no signi-
ficant differences existed among sediments from the Grays Harbor area, Sequim
Bay, and West Beach stations, or station composites, relative to amphipod
survival, and thus, no significant toxicological effects were apparent.

3.3. OYSTER LARVAE

A 96-h oyster larvae test was conducted on sediment from 17 stations, or
station composites, from the Grays Harbor area and on uncontaminated sediment
collected from Sequim Bay and West Beach. The results of the test are summa-
rized for all dilutions in Table 3.1 and Figure 3.1. Data on individual
replicates of each dilution are presented in Appendix B, Table B.3.
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The quality assurance paraméters summarized in Section 2.10.2 were met
during the oyster test for percent survival in control, temperature, dis-
solved oxygen, and pH, but the salinity in some containers reached 25.0 °/ ooy
which is below the minimum acceptable level of 26.0 °/,,. This was Tikely a
result of Tow interstitial water salinity in some of the river sediments col-
lected in the Grays Harbor area (Appendix B, Table B.6). The salinity range
was consistent within replicate containers, however, and larval survival was
not affected by these conditions. Reported EC50 to the reference toxicant
cadmium chloride was 1.9 mg/L. This compared well with past oyster larvae
studies conducted at MSL. These data are therefore considered valid.

Summary results presented in Table 3.1 and Figure 3.1 show that the mean
percent of larvae surviving to normal D-shape in all dilutions of each sedi-
ment treatment ranged from 49% in the sediment elutriate from Station compos-
ite 15A-C to 99% in Station 17A. West Beach and Sequim Bay elutriates
produted 92 and 88% survival, respectively. Data in Appendix B, Table B.3,
show that normal D-shape survival in seawater-only controls (run for each
station) ranged between 84 and 100%, with the exception of the seawater con-
trol for Station 17A, where only 50% survival to normal was recorded. The
results of this seawater control were considered to be anomalous and were not
used in data analysis.

Analysis of variance (ANOVA) on the proportion of normal larvae indi-
cated that Stations ZA and 15AC were statistically different from the West
Beach control, but not significantly different from Sequim Bay. An EC50 was
calculated at Stations 2A, 3AC, 12AC, and 15AC for the percent elutriate
needed to produce a 50% decrease in survival to normal-D. These data are
reported in Table 3.1 and show that the EC50 ranged from 19% at Station 15AC
to 68% at Station 12AC. These data indicate that elutriates of four Grays
Harbor station composites were capable of producing a 50% decrease in oyster
larvae survival to the normal-D stage of development, but the concentration of
elutriate necessary to produce this effect would not likely occur during
dredged material disposal situations, based on USACE calculations of mixing
and dilution (Wakeman 1989).
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3.4. 30-DAY C

A 30-day toxicity/bioaccumulation test was conducted using clams. Sedi-
ment from 15 stations, or station composites, from the Grays Harbor area were
evaludted, along with uncontaminated sediment from West Beach and Sequim Bay.
The original experimental design included 5 replicate containers per station
for the 30-day test. However, pursuant to instructions from the USACE, three
replicates were analyzed at 30 days, while the remaining two replicates were
analyzed at 60 days as described in Section 3.5. Concern was expressed that
maximum contaminant uptake would not be manifest over the 30-day test period.
Thus, the data presented in Table 3.1 and Appendix B, Table B.4, reflect three
replicate exposures per station rather than 5.

Quality assurance‘parameters outTined in Section 2.10.2 were met for
control survival (98% in Sequim Bay), water temperature, and dissolved oxy-
gen. Water quality Timits were exceeded for pH and salinity. The pH and
salinity deviations occurred over a relatively long period of time and are
probably the result of the Tong-term nature of the exposure. High survival
for all stations, however, suggests that these deviations had little effect on
the test results, and that these data are therefore considered valid.

The summary results for the 30-day clam exposures are presented in
Table 3.1 and Figure 3.1. They show that survival at all stations was =85%
and usually above 90%. The ANOVA of the transformed survival data indicated
no significant differences existed between stations (p = 0.05),

3.5. 60-DAY CLAM

The 60-day clam experiment was an extension of the 30-day exposure
described above. Two of the five replicates for each station were used in this
test. Summary results are presented in Table 3.1 and Figure 3.1, and indivi-
dual data for each replicate is presented in Appendix B, Table B.5.

The quality assurance parameters discussed in Section 2.10.2 were met
for water temperature, dissolved oxygen, and salinity, but were not met for pH
(Appendix B, Table B.6). The reported range for pH was experiment wide, and
the variation between replicate containers was within acceptable ranges. No
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quality assurance parameters are available for survival in the 60-day test.
However, given the rélatively high survival of clams in sediment from most
stations relative to the control, the results of this test are considered
valid.

The 60-day summary data for clams presented in Table 3.1 and Figure 3.1
show a range of survival from 67% (Station 1AC) to 98% in Station 11AC. Five
of the 17 stations exhibited survival of =90%, and 13 of the 17 stations exhi-
bited survival of 280%. The ANOVA of the transformed data indicated no signi-
ficant differences between stations (p = 0.05). In 15 of the 17 stations,
mortality increased from 2 to 28% compared with the 30-day results. At one
station (8A-C), no change in mortality occurred from 30 to 60 days, and at
another station (11A-C), a 4% improvement in survival occurred for the two
containers over the 60-day period compared with the three containers over the
30-day period. These data indicate that after 60 days of exposure to sed-
iment from stations, or station composites, from the Grays Harbor area, a
decrease in survival is apparent compared with 30-day data. No significant
difference between the Grays Harbor sediments and the uncontaminated sediment
collected from Sequim Bay and West Beach during the 60-day exposure is
apparent.
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4.0 ANALYTICAL CHEMISTRY RESULTS

4.1 SEDIMENT DIOXIN/FURANS AND TOTAL ORGANIC CARBON

The concentration of dioxin/furans was measured in 48 sediment samples
from the Grays Harbor area and in uncontaminated reference sediment samples
from West Beach and Sequim Bay. Total organic carbon was measured in sedi-
ment from 17 samples, including 15 Grays Harbor samples and samples from West
Beach and Sequim Bay. Summary information for the sediment samples from the
station or station composites that were tested are presented in Table 4.1.
Data from all analyses are presented in Appendix C, Tables C.1 and C.4.

Quality assurance summary information has been compiled for these anal-
yses and is presented in Appendix C, Table C.5 (dioxins/furans) and Table C.8
(total organic carbon). Quality assurance requirements summarized in Section
2.9.3 were generally met for these analyses. Our target detection limit for
2,3,7,8 TCDD was 1.0 ng/Kg. Actual detection 1imits for 2,3,7,8 TCDD were
generally between 1 and 3 ng/Kg, although in some sediment samples, 1t reached
6 ng/Kg. The higher detection 1imits were probably a result of suppression or
interference of the ion beam by some compound present in the sediment. This
occurrence was noted in a few individual samples, but should not raise concern
about the extraction methodology or machine performance. The acceptable Timit
for instrument calibration variation is 25%. The measured calibration ranged
between 1 to 10%, with an average of about 5%, and 1s within acceptable
Timits. Acceptable method blanks exhibit 2,3,7,8 substituted congeners of
<110% of the desirable detection limit. The method blank data presented in
Appendix C, Table C.5 shows that only one of the nine blanks indicated the
presence of 2,3,7,8 TCDD (at 0.39 ng/kg dry). This is essentially the
detection Timit. The PCDF or PCDD congeners were present in two blanks at
levels of less than 1.0 ng/kg; non-total HCDF or HCDD congeners were present
in 5 of 9 blanks at levels of less than 1.0 ng/kg; and non-total HCDF or HCDD
congeners were present in most blanks at concentrations ranging from 0.45 to
3.9 ng/kg. The presence of OCDF or OCDD was detected in all method blanks at
concentrations no greater than 31 ng/kg. These detected isomers do not
represent 110% of the desirable detection 1imit, but their presence in method
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blanks should be noted when evaluating the data, as the sediment
concentrations have not been blank corrected. The presence of OCDF and OCDD
in method blanks 1s not considered a problem according to EPA 8290 Method
(USEPA 1988) because of their ubiquitous nature. Acceptable matrix spikes
must show a percent recovery of 40-120%. Evaluation of four matrix spikes
presented in Appendix C, Table C.5 shows that percent recovery was generally
about 90% for all isomers, with only one isomer in one spike less than 80%,
and only four isomers in one spike greater than 120%. Surrogate recoveries
were calculated for all sediment samples and ranged from 41 to 134%, which is
s1ightly above the acceptable range of 40 to 120%. On the basis of the
quality assurance data presented, these data were viewed as acceptable for use
and interpretation when interpreting suspected dioxin/furan contamination in
Grays Harbor area sediments. Quality assurance summary information for
sediment total organic carbon data indicates acceptable analytical precision
based on comparison of duplicate analysis results on two samples.

Table 4.1 summarizes the dioxin/furan concentrations for 2,3,7,8 TCDD,
total TCDD, 12378 PeCDD, and 2,3,4,7,8 PeCDF observed in samples that were
also used for toxicological tests. These isomers were chosen for closer exam-
ination because of their relatively high toxicity, based on EPA’s toxicity
equivalence factors (TEFs) (USEPA 1988). The dioxin/furan concentrations for
all isomers from the reraining samples are presented in Appendix C, Table C.I.
In the 17 samples tested for toxicological response, 2,3,7,8 TCDD
concentrations were nondetectable in 12 of the 15 samples and ranged from
0.7 to 2.9 ng/kg in the remaining four samples. Total TCDD was nondetectable
in 9 of 15 samples and ranged from 1.9 to 9.5 in the remaining 6 samples.
1,2,3,7,8 PeCDD was present in 13 of 15 samples at concentrations of 0.43 to
4.0 ng/kg, and 2,3,4,7,8 PeCDF was present in only 4 of 15 samples at concen-
trations of 0.48 to 3.1 ng/kg. The highest concentrations of these isomers
were found in sediment samples from Stations 11A-C and 13A-C, which are
located in the Aberdeen Reach-El1iott Slough region of Grays Harbor. Fig-
ure 4.1 presents the values of TCDD and PeCDD compared with observed total
organic carbon concentrations. This figure shows that the highest concentra-
tion of the isomers is in sediment with organic carbon Tevels exceeding
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1,6%. The results of the other sed1m4nt samples tested for dioxin/furan, but
not evaluated toxicologically, are presented in Appendix C, Tahle C.1. These
data show levels of 2,3,7,8 TCDD be1ow 2.0 ng/kg at Stations 2A, 8C, 11A, and
17A, and at Tevels of between 2 and 3 | ng/kg at Stations 8A, 8B, 11C, and 13C.
2,3,7,8 TCDD was nondetectable at the}rema1n1ng stations. PeCDF and PeCDD
followed a similar pattern with detec@ab]e concentrations above 1.0 ng/kg

occurring at Stations 2A, 5C, 8, 9C, 10, 11, 13, 14, and 17.

4.2 SEDIMENT AND ELUTRIATE GUAIACOLS/ORGANIC ACIDS

Sediment and elutriate gua1aco]s/organ c acids were measured in 19 sam-
ples, including 17 Grays Harbor samp1$s and samples from West Beach and Sequim
Bay. Table 4.1 summarizes data for the total detected guaiacols/organic acids
found 1n each sediment and elutriate sample. The concentrations for each mea-
sured compound 1n sediment and elutriate samples are presented in Appendix C,
Tables C.2 and C.3, respectively.

Quality assurance parameters for sediment guaiacol/organic acids are
summarized in Appendix C, Table C.6. Acceptable instrument calibration is
<25%, and the actual calibration produced a relative standard difference of
<25%. Our target detection 1imit of 50 wg/kg was generally met, although in
some samples, the detection 1imit was 400 ug/kg. No compounds were detected
in the method blanks with the exception of almitoleic, 1inolenic, oleic, and
stearic acid in the West Beach method blanks for matrix and matrix spike dup-
Ticates. Acceptable matrix spike and duplicate matrix spike recoveries of
40-120% were met, as recoveries were above 80% for most spiked compounds.
Recoveries were low for neoabietic acid at 1.6% for the matrix spike, and
22.7% for the matrix spike duplicate. This is not surprising, because a rapid
loss of neoabietic acid in preserved samples (pH 2) has been documented, along
with a concurrent increase in abietic acid (NCASI 1986). This is caused by
acid-catalyzed isomerization and is present in samples preserved for as few as
7 days. Abietic acid was not measured in the spikes for this project, but
method validation data provided to MSL by ARI, Inc. showed a 44% recovery for
neoabeitic acid and an accompanying 179% recovery for abietic acid spiked into
water, confirming the documented loss and gain of these acids. The relative
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percent difference in matrix spike duplicates was 13% or less in all matrix
spike compounds, except for the neoabietic acid spike. Appendix C, Table C.2
shows that in all samples, the recovery of the surrogate 0-methy1 podocaprate
acid was within the 40 to 120% stipulated in the quality assurance guidelines
in Section 2.9.3, These results allow us to qualify the sediment
guafacol/organic acid data as acceptable for use in analysis.

Quality assurance data related to the elutriate guaiacols/organic acid
data is presented in Appendix C, Table C.7. Instrument calibration produced
an acceptable relative standard difference of <25%, and no compounds were
detected in the method blanks with the exception of almitoleic, Tinolenic,
oleic, and stearic acid in the West Beach method blanks for matrix and matrix
spike duplicates. These compounds were detected at levels of less than
10 wg/L. Our target detection 1imit of 10 ug/lL was met, with actual detection
limits of 1 to 5 wg/L. Matrix spike and matrix spike duplicate recoveries
ranged from 38 to 106%, excluding neoabietic acid. Neoabietic acid recov-
aries were zero in both the matrix spike and matrix spike duplicate because of
the reasons discussed above. The relative percent difference between the
matrix spike and matrix spike duplicate was less than 20%, except for
4-chloroguaiacol, where a 30% RPD was noted. Acceptable RPD is 20% or less.
Appendix C, Table C.3, shows that the recovery of the surrogate 0-methy]
podocaprate acid in all samples was within the acceptable range of 40 to 120%
indicated in the quality assurance guidelines discussed in Section 2.9.3.
These results alfow qua11f1cat1on of the sediment guaiacols/organic acids data
as acceptable for use in analysis.

The summary results of total detected guaiacols/organic acids found in
each sediment and elutriate sample are presented in Table 4.1. They show a
range of concentrations from nondetectable to 6900 ug/kg in sediment and non-
detectable concentrations in all of the elutriate water preparations. The
Grays Harbor-area sediment samples generally contained less than 1000 ug/kg,
except in samples from Stations 8A-C, 11A-C, and 14A-C. The highest concen-
tration of guaiacols/organic acids was found in Sequim Bay sediment. These
data indicate that guaiacols/organic acids concentrations in Grays Harbor sed-
iment samples are similar to the uncontaminated West Beach sample and are much
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lower than the Sequim Bay sample. Little transport of acids to water is pos-
sible, given the nondetectable results in the elutriate samples. It was also
observed that the color of the elutriate water was not extractable with the
present technique.

4.3 30-DAY AND 60-DAY TISSUE DIOXINS/FURANS AND LIPIDS

The 30- and 60-day bioaccumulation studies were conducted by exposing
the clams to 15 sediment samples from the Grays Harbor area and uncontami-
nated reference sediment from Sequim Bay and West Beach., After exposures, the
tissue of all 1iving clams in a test aquaria were dissected and composited
into a single sample for dioxin/furan analysis. Background dioxin/furan
Tevels in clam tissue were determined by randomly removing 30 clams from the
shipment, dissecting the tissue, and analyzing a composite of that tissue.
The results of that analysis are presented in Appendix D, Table D.l and show
that the only dioxin/furans present in the background tissue sample were very
low levels of TCDF, HpCDF, HpCDD, OCDF, and OCDD. A1l tissue data (or calcu-
Tation based on tissue concentrations) presented reflect a background correc-
tion of 0.0744 ng/kg TEC (for detected values). This represents approximately
19% of the mean TEC for all tissues of clams that were exposed for 30 days to
sediment from those stations (mean of detected values), and approximately 8%
of the highest TEC recorded in the 30-day tissues as the mean of the detected
values. The background sample contained only 2,3,7,8 TCDF (0.35 ng/kg);
1,2,3,4,6,7,8 HpCDF (0.53 ng/kg); 1,2,3,4,6,7,8 HpCDD (1.6 ng/kg); OCDF
(1.10 ng/kg); and 0CDD (17.00 ng/kg), all as wet weights.

The quality assurance summary for the 30-day tissue data is presented in
Appendix D, Table D.2. Associated tissue 1ipid data are presented in Appen-
dix D, Table D.3. Instrument calibration variation was within the accepted
Timit of 25% and ranged between 1 and 10%, with a mean of about 5%. Our tar-
get detection 1imit of 1.0 ng/kg was met, because the detection Timit for each
isomer was below 1.0 ng/kg (wet wt). The five method blanks for the 30-day
tissue analysis indicated the presence of PeCDF in one blank, HXCDF in most
blanks, HxCDD in one blank, HpCDF in one blank, and OCDF and OCDD in all
blanks. The levels of these congeners were generally below 0.5 ng/kg, except
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for the OCDF and OCDD congeners, where levels of 1 to 2 ng/kg were noted.
These levels are extremely Tow and are not indicative of method blank con-
tamination (EPA Method 8290). Acceptable matrix spike recovery levels of
40-120% were generally met, as the 5 matrix spikes run for the 30-day tissue
data produced recoveries ranging from 80-125%. Surrogate recovery data pre-
sented in Appendix D, Table D.3 show that most surrogate recoveries were
within the acceptable range of 40-120%, except for a 20% recovery of 1,2,3,7,8
PeCDD-C13 in tissue from clams exposed to Station 4 sediment, and recoveries
of some isomers in excess of 120% in one replicate of sediment from Stations
8, 12, 14, and West Beach. These data are considered valid based on the low
frequency of isomers where recovery ranges were not met. Quality assurance
associated with tissue 1ipid data was evaluated through the RPD between dupli-
cate samples in six samples. The RPD level for lipids ranged from 3.1 to
66.7% in the six samples duplicated (Appendix D, Table D.2). These data,
therefore, are conditionally qualified as acceptable for use, but an attempt
will be made to determine the reason for the high RPDs in some of the samples.

The quality assurance summary for 60-day tissue dioxins/furans and lipid
data are approximately 80% complete. These data will be presented, and a com-
plete quality assurance review will be conducted when all data are available.

The results of the 30- and 60-day bioaccumulation tests are presented in
Table 4.2 for 2,3,7,8 TCDD; 2,3,4,7,8 PeCDF; and 1,2,3,7,8 PeCDD congeners.
These congeners were chosen for further consideration because they are con-
sidered the most toxic forms of dioxin, based on toxicity equivalance factors
(USEPA 1988). Dioxin/furan concentrations for all congeners are presented in
Appendix D, Table D.1. These summary results show that the three most toxic
isomers were nondetectable in the majority of tissue samples. 2,3,7,8 TCDD
was detected in only one replicate 30-day tissue sample (Rep. 1 of 5A-C). The
levels of 2,3,7,8 TCDD were less than 0.50 ng/kg and are essentially at
detection limit. 2,3,4,7,8 PeCDF occurred in a number of 30-day tissue sam-
ples, but all except one (11A-C) were below 0.50 ng/kg. 1,2,3,7,8 PeCDD was
detected in only three tissue samples, and all except replicate 1 at Station
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11A-C were at levels below 0.5 ng/kg. The 60-day tissue data show no
detectable 2,3,7,8 TCDD or PeCDD and only two occurrences of PeCDF, both at
Tess than 0.5 ng/kg.

In summary, Table 4.2 shows that in only 19 of 255 determinations was
dioxin present. In the 19 positive determinations, 4 were associated with
reference or control sites. The most noteworthy observation was that the most
toxic congener of dioxin, 2,3,7,8 TCDD was accumulated only in tissues from
one sediment station. This congener was near the detection 1imit and was not
reported again in the 60-day exposure to the same sediment.

These data indicate that dioxin/furan bioaccumulation at levels exceed-
ing 0.5 ng/kg (wet wt) for 2,3,7,8 TCDD; 2,3,4,7,8 PeCDF; and 1,2,3,7,8 PeCDD
did not occur in the clams expoéed to Grays Harbor-area sediments over per-
jods of 30 and 60 days. When these isomers were detected, the Tevels were
Just above detection Timits.

Toxicity equivalance concentrations were calculated for the 30- and
60-day tissue data by multiplying the mean of the detected value of each
isomer by a toxicity equivalance factor (TEF). These factors are available in
USEPA (1988). Summation of the isomer TEC values generates a TEC number that
reflects the total toxic load of each tissue sample. Table 4.3 summarizes the
TECs for the 30- and 60-day tissue sample results as the mean of detected
values and mean of detected plus one-half of the detection Timit.

This table shows that steady-state was probably reached at 30 days,
because in the majority of the tissue samples, the 60-day TEC decreased
compared with 30-day values, based on the mean of detected values. Fig-
ure 4.2 illustrates the changes in TEC between 30- and 60-day tests and
relates the TEC values to the reported mean 1ipid concentrations for each
station. This figure shows that TEC values were highest in samples from
Stations 1, 5, 8, and 11, but did not exceed 1.0 in any sample.

The 30-day tissue 1ipid data summarized in Appendix D, Table D.2 and
Figure 4.2 show that concentrations did not vary greatly between samples.
Mean percent tissue 1ipids ranged from 0.13 to 0.28%, with a mean value of
0.19 (sd = 0.04; cv = 21.05; n = 17). The ANOVA of all replicate data show no



TABLE 4.3. Toxicity Equivalence Concentrations for 30- and 60-Day
Clam Tissue Tests (background corrected)

Mean of Detected

Sediment Mean of Detected Change +1/2 D.L. Change
Sample _ - 30-day _60-day 60-30  30-day _60-day 60-30
1-AC 0.9767 0.0225 .0.9542 1.1221 1.5471 0.4250
2A 0.3588 0.5277 0.1689 1.0360 1.4054 0.3694
3A-C 0.2096 0.0163 .0.1933  0.9407 1.1020 0.1793
4A-C 0.3882 0.2271 .0.1611 0.8566 1.6289 0.7723
5A-C 0.7006 0.0369 -0.6637 0.8251 2.2002 1.3751
6A-C 0.2961 0.4714 0.1753 0.9346 1.2072 0.272F
7C 0.1109 0.1515 0.0406 ' 0.6438 1.1817 0.5379
8A-C 0.7288 0.1320  -0.5968 1.1710 1.3278 0.1568
9A-C 0.2204 0.1210 -0.0994 0.7256 1.8474 . 1.1218
10A-C 0.2101 0.1167(8)  -0.0934 0.6968 1.6454(a)  0.9486
11A-C 0.5888 0.1175 -0.4713  1.1412 1.1588 0.0176
12A-C 0.1995 0.1812 -0.0183 1.0711 1.1719 0.1008
13A-C 0.4361 0.1136 -0.3225 0.9925 0.8035 -0.1890
14A-C 0.0929 0.0486 -0.0443  0.9424 0.6323 -0.3101
177 0.1907 0.0484 -0.1423  0.9661 0.8075 -0.1586
West Beach 0.2572 0.0050 -0.2522 0.9406 1.6070 0.6664
Sequim Bay 0.4405 0.0114 -0.4291 1.1694 1.0803 -0.0891

Mean(P) 0.3806 0 0.9377 T1.3111

.1555

(a) One replicate was used for the TEC calculation.
(b) Mean does not include Sequim Bay or West Beach.

significant differences between stations based on transformed 1ipid con-
centrations (p < 0.05), and Figure 4.2 shows no correlation between calcu-
lated TEC values and lipid concentrations for the 30-day values. The 60-day
tissue lipid data are summarized in Appendix E, Table E.2. These data ranged
from 0.15 to 0.89%, were slightly higher overall in comparison to the 30-day
values, and were not significanly different from each other (p < 0.05).

4.4 CRAB TISSUE DIOXINS/FURANS

Dungeness crab were collected at five locations in the Grays Harbor
study area, including in the Pacific Ocean off Grayland, at Buoy #3, and in
Half Moon Bay, North Bay, and South Bay. At each site, a hepatopancreas and a
muscle tissue sample were produced by compositing the tissue of five crab.
The results of this analysis are summarized in Appendix F, Tables F.1 and F.2.
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Quality assurance information is presented in Appendix F, Table F.3. Quality
assurance data for the crab tissue analysis is incomplete and currently in
review. Preliminary results show that our target detection Timit of 1.0 ng/kg
for 2,3,7,8 TCDD was generally met for muscle tissue, but detection limits for
the hepatopancreas tissue ranged from 2.10 to 3.40 ng/kg. This may be because
of the smaller hepatopancreas mass relative to the muscle tissue samples.
Method blank data are presented in Appendix F, Table F.3, and show that the
method blank was clean except for the presence of OCDD. Acceptable spike and
matrix spike recoveries are 40-120%, and this was generally met, with the
exception of recoveries greater than 125% for TCDF, TCDD, and some hexa-
chloronated isomers. Surrogate recoveries generally met quality assurance
requirements of 40-120% recovery, except recoveries of greater than 125% were
noted for soine isomers associated with the South Bay hepatopancreas sample,
and the recovery of 123789-HxCDD-13, which was low in nearly all samples.
Surrogate recoveries associated with the matrix spike sample were less than
40%. These data are conditionally accepted until the reasons for the elevated
detection 1imits and Tow or high recoveries can be explained.

The results of the crab tissue analysis are summarized in Table 4.4 for
2,3,7,8 TcDD; 2,3,4,7,8 PeCDF; and 1,2,3,7,8 PeCDD. Toxicity equivalence
concentrations are also calculated for both the detected isomer value and one-
half of the detection 1imit when an isomer was undetected. The table shows
that the three dioxin/furan isomers were undetected in all muscle tissue, and
detection limits were generally at or less than 1.0 ng/kg (wet wt). The
dioxin/furan isomer 2,3,4,7,8 PeCDF was detected in three of five hepato-
pancreas samples, and the isomer 1,2,3,7,8 PeCDD was detected in two of five
samples.

In crab collected from South Bay, all three dioxin/furan isomers were
detected in the hepatopancreas tissue at levels z2.10 ng/kg (wet wt), although
2,3,7,8 TCDD was detected at a level below the detection Timit of the other
four hepatopancreas samples. This suggests that a level of 2,3,7,8 TCDD of
approximately 2.00 ng/kg (wet wt) is possible in the other four hepato-
pancreas samples, and the detection 1imit is influencing the result.
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Toxicity equivalence concentrations for crab muscle tissue (based on
detected concentrations) ranged from 0.1418 at Buoy #3 to 0.2780 at Half Moon
Bay. The TEC estimates for crab hepatopancreas based on the detected isomers
were 6 to 50 times higher than the corresponding muscle TEC. The TEC esti-
mates based on the detected or one-half of the detection for undetected
isomers showed that the hepatopancreas calculation was 6 to 10 times that
recorded in the corresponding muscle tissue. These data show that dioxin/
furan isomers are bioaccumulating in the 1ipid-rich hepatopancreas tissues of
crab collected from South Bay, North Bay, and Half Moon Bay, but there is no
indication of bioaccumulation in the muscle tissue from crab collected at any
of the five stations, based on a detection 1imit of approximately 1.0 ng/kg
(wet wt).



5.0 DISCUSSION AND CONCLUSIONS

The potential toxicity and biological effects of sediment samples col-
lected from the Grays Harbor area were evaluated in a number of ways: toxico-
logical evaluations were performed using standard biological tests employing
sensitive invertebrates; sediment chemistry analysis was performed to deter-
mine the levels of selected chemicals; elutriates of sediments were tested
both chemically and biologically to determine contaminant mobility in water;
and bioaccumulation tests were conducted to determine chemical mobility into
animal tissues. Additionally, tissue chemistry analysis was conducted on
hepatopancreas and muscle tissue of Dungeness crab that were collected within
and outside of the study area to determine levels of dioxin/furans in native
" organisms. The results of these studies are presented in Table 5.1 and are
discussed below.

Toxicological evaluations showed that sediment samples collected from the
Grays Harbor area did not produce significant mortality in any of the test
organisms except oyster larvae. In the oyster larvae test, the percent normal
larvae from oysters exposed to sediment from Stations 2A and 15A-C was signi-
ficantly different from larvae exposed to West Beach control sediment. An
effective concentration that produced a 50% decrease in larval survival to
normal-D was calculable in four samples, including those from Stations 2A,
3A-C, 12A-C, and 15A-C. When these EC50 elutriate percentages were evaluated
with the initial mixing model provided in the Implementation Manual (USEPA/COE
1977), it was determined that levels of elutriate necessary to reduce larvae
survival would not be reached during disposal according to John Wakeman
(USACE, Memorandum of Record 1989). The results of the toxicological data,
therefore, suggest that the sediment samples from the Grays Harbor area are
not toxic.

The sediment chemistry evaluations presented in Table 5.1 show that the
most toxic dioxin (2,3,7,8 TCDD) was present in detectable quantities in § of
the 15 sediment samples evaluated. The levels of 2,3,7,8 TCDD ranged from
0.7 ng/kg in sediment collected from Station 2A to 2.9 ng/kg from

5.1
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Station 11A-C. Where 2,3,7,8 TCDD was detected, organic carbon levels were
above 1.5%, leading to the conclusion that dioxin/furans concentrations are
related to the available organic carbon. Sediment guaiacol/organic acid
analysis showed that these compounds were detectable in all Grays Harbor
samples and in samples from West Beach and Sequim Bay. The concentrations of
guatacol/organic acid in most Grays Harbor samples were similar to those found
in the West Beach sample. The guaiacol/organic acids in Sequim Bay were the
highest observed. The only consistent pattern between guaiacol/organic acid
concentrations in sediment composites was that elevated concentrations of
2,3,7,8 TCOD and total gualacol/organic acids occurred in the same two Grays
Harbor sediment composites: 8A-C and 11A-C. This potential suggests a common
source for both types of materials., Elutriate chemistry evaluation of
guaiacols/organic acids shows that although these compounds were observed 1n
all sediment samples, no detectable concentrations were present in the elutri-
ates. This indicates that the guaiacol/organic acid compounds were not
soluble in water, and thus, are not mobile. This 1s supported by the fact
that the extraction method did not remove the color of the elutriate water.

The 30- and 60-day tissue evaluations of clams were conducted to
determine whether dioxin/furan compounds observed in the sediment samples
could be bioaccumulated by a filter-feeding marine organism. The results of
the 30-day study showed 2,3,7,8 TCDD in only two of 50 samples (one from
Station 5A-C, one from Station 6A-C). The levels of 2,3,7,8 TCDD were less
than 0.5 ng/kg (wet wt), which is very close to the operational detection
Timit of 0.30 ng/kg. The preliminary results of the 60-day tissue analyses
confirms this assumption because no detectable 2,3,7,8 TCDD was observed 1n
any of the samples.

The summary results of the crab tissue dioxin/furan analysis are pre-
sented 1n Table 5.2. These data show no evidence of bioaccumulation of
dioxins/furans in the muscle tissue of Dungeness crab collected within and
outside the Grays Harbor study area. The levels of dioxins and furans in
hepatopancreas tissue suggest bioaccumulation may occur, but when the presence
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TABLE 6.2, Summary Results for Crab Tissue Dioxin/Furan Concentrations

Tissue Concentrations

(Maximum Observed in ng/Kg wet wt&
30-day 60-Day Crab Cra
Measurement JLlam,  Clam Muscle Hepatopancreas
2,3,7,8, TCDD 0.44 nd(a) nd 2.1
2,3,4,7,8 PeCDF 0.60 0.50 nd 2.5
1,2,3,7,8 PeCDD 0.48 nd nd 3.8
TEC (Mean of Det.) 0.97 0.53 0.28 9.75
TEC (Mean of Det + 1.17 2,20 1,62 10.3
1/2 D.L.)

(a) Nd 1s nondetectable.

CONCLUSIONS

Maximums:

e Crab tissue =30-day clam = 60-day clam

e Crab hepatopancreas is 5- to 10-fold higher than crab muscle,

30-day clam, and 60-day clam tissue

o The locations of hits in the crab hepatopancreas are:

Location TCoD | PeCDF PeCDD X of Det. XI%gt. + 1/2 0.1,
South Bay 2.1 2.1 3.7 9.8 10.4

North Bay nd (2.3) 1.8 3.8 8.1 9.9 A
Half Moon Bay nd (2.6) 2.5 nd (5.4) 6.4 11.2

Buoy #3 nd (2.4) nd (1.0) nd (1.8) 1.0 4.0

Ocean nd (3.4) nd (2.6) nd (2.3) 1.0 4.9 ’

A Group: No real differences within
B Group: No real differences within
A has a factor of 2 to 10 higher than B
Real differences is probably 2-fold
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of 2,3,7,8 TCOD, PeCDF, and PeCDD is compared among stations, the levels of
these chemicals are indistinguishable, given the detection 1imits where those
materials were undetected are compared to the{r concentrations when they were
detected in the Chehalis River collection sites. Table 5.2 separates the five
crab collection sites into one group that contains South Bay, North Bay, and
Half Moon Bay, and another group that contains samples from ocean sites at
Buoy #3 and off Grayland. The groupings suggest that bioaccumulation may
occur within the confines of Chehalis River, and toxicity equivalence calcu-
lations seem to substantiate these conclusions. The relative similarity of
TEC values of detected concentrations when compared with the TEC values of
detected or one-half of the detection 1imits within the Chehalis River area
suggests the higher TEC values found 1n this area may be a product of chance
rather than a result of actual differences between river and ocean samples.
Also, the TEC of dioxin/furans observed within the hepatopancreas of adult
male crabs in the Chehalis River area did not bioaccumilate in the muscle
tissue. Lipid data for muscle tissue and hepatopancreas are presented in
Appendix F, Table F.2. This table shows that 1ipids in muscle tissue ranged
from 0.05 to 0.13%. Hepatopancreas 1ipid values ranged from 2.50 to 5.41%.
The relatively high 11pid concentrations in the hepatopancreas may explain the
presence of the 1ipophyllic dioxin compounds found.

In summary, the toxicological and chemical evaluations of sediment
samples from the Grays Harbor area indicate that sediment dioxin/furan and
guaiaco]s/organic aclds concentrations were generally low and were non-toxic
to all species tested. Elutriate/bloaccumulation studies verify that the
detected compounds exhibit 11ttle or no mobility from sediment. Tissue
studies of Dungeness crab indigenous to the Chehalis River and nearby ocean
sites demonstrated no bioaccumulation potential to muscle tissue, but the
potential for some bioaccumulation to the hepatopancreas of crab exists in
samples collected from South Bay, North Bay, and Half Moon Bay, which are
located within the Chehalis River. A true evaluation of the significance of
this potential bloaccumulation into hepatopancreas of crabs may require addi-
tional studies. Test data indicate, however, that no reason exists to suspect

o
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that sediments from those sites would be toxic to marine organisms, or would
produce measurable bioaccumulation in the clam M. nasuta or the crab C.

magister.
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APPENDIX A

SUMMARY INFORMATION FOR FIELD COLLECTIONS



BLE A.1. Summary of Core Collections

Sample Location - WA Water Core

sampling Sampling State Plan Coordinates Depth Length'

station  Type(® Date Time Northing Easting  (ft. MLLW) (feet)
1A VC 8-4-89 1136 605365.36  1125760.26  29.7 5.0
1-A Ve 8-4-89 1140 605365.36  1125760.26.  29.7 4.0
1-C Ve 8-4-89 1213 605895.01  1124743.78  29.7 4.5
1-C Ve 8-4-89 1220 605895.01  1124743.78  29.7 5.0
2-A Ve 8-4-89 1000 612576.08  1132960.30  30.2 5.0
2-A Ve 8-4-89 1007 612576.08  1132960.30 30.2 5.0
2-A Ve 8-4-89 1015 612576.08  1132960.30  30.2 5.0
3-A Ve 8-3-89 1045 614000.50  1142600.16 . 19.0 3.5
3-A Ve 8-3-89 1100 614000.50  1142600.16 19.0 4.0
3-A ve(L)  8-3-89 1120 614000.50  1142600.16 19.0 6.7
3-8 ve 8-3-89 1145 614519.92  1142532.21 3.2 4.3
3-C Ve 8-3-89 1200 614963.93  '1142446.88 19.0 3.3
3-¢ Ve . 8-3-89 1215 614963.93  1142446.88 19.0 4.1
4-A Ve 8-2-89 1700 614928.53  1146005.72 3.3 3.6
b= Ve 8-2-89 1710 614928.53  1146005.72 23.3 5.0
4-B ve 8-3-89 1005 615255.67  1145980.62  33.8 5.0
4-C ve 8-2-89 1734 615268.91  1146306.73 23.3 4.2
4-C ve 8-2-89 1740 615268.91  1146306.73 23.3 5.0
5-A . VC 8-2-89 1505 N/A N/A 2.4 5.0
5-A ve 8-2-89 1511 N/A N/A 21.4 5.0
5-B Ve 8-2-89 1630 N/A N/A 35.4 4.8
5-C ve 8-2-89 1529 N/A N/A 214 5.0
5-C Ve 8-2-89 1539 N/A N/A 21.4 5.0
6-A ve(L)  8-1-89 1730 613996.39  1157054.23 20.2 8.7
6-A Ve 8-1-89 1754 613996.39  1157054.23 20,2 7.3
6-A Ve 8-1-89 1811 613996.39 = 1157054.23 20.2 5.0
6-8 ve 8-3-89 0922 614294.57  1157026.99  35.8 4.0
6-C oC 8-2-89 1335 616721.57  1157145.50 22.2 2.3
6-C bC 8-2-89 1335 614721.57  1157145.50 22.2 2.3
7-A ve 8-2-89 1219 613347.85  1160511.99 19.0 2.0
7-C ve 8-1-89 1540 N/A N/A 7.6 5.5
7-C ve 8-1-89 1555 N/A N/A 7.6 4.2
7-C Ve 8-1-89 1615 N/A N/A 7.6 7.0
8-A oC 8-1-89 1321 612840.23  1161628.14 21.1 2.0
8-A bC 8-1-89 1326 612840.23  1161628.14 21.1 1.7
8-8 ve 8-2-89 0957 612928.36  1161897.58  35.4 4.3
8-C DC 8-1-89 1410 613426.27  1162039.00 22.1 1.3
8-C DC 8-1-89 1415 613426.27  1162039.00 22.1 2.8
8-D DC 8-1-89 1140 612743.23  1163065.82 29.1 2.6

(@ yc s vibra-core; DC is dart-core. L is long vibra-core.
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BLE A.1. Summary of Core Collections (Cont’d)

Sample Location - WA Water Core

sampling Sampling  State Plan Coordinates Depth  Length

station  Type'®® pate Time Northing Easting (ft MLLW) (feet)
9-A Ve 8-1-89 0940 610741.70  1164030.01  14.8 7.0
9-A vC 8-2-89 1042 611359,50 1164381.65 13.0 4.2
9-A vc 8-2-89 1054 611359.50 1164381.65 13.0 3.4
98  \C 8-2-89 117 611359.50 1164381.65 32.5 5.0
9-C DC 8-1-89 1020 611531.30 1164502.83 18.9 2.0
9-C DC 8-1-89 1036 611531.30 1164502.83 18.9 2.5
9-D vc 8-2-89 1145 N/A N/A 41.5 5.0
10-A vC 7-31-89 1522 610670.28 1168371.52 14.4 3.5
10-A Ve 7-31-89 1545 610670.28 1168371.52 14.4 5.0
10-8 DC 7-31-89 1740 611154.96 1168255.87 28.9 1.3
10-8 DC 7-31-89 1746 611154.96 1168255.87 28.9 2.25
10-C Ve 7-31-89 1619 611324,20 1168200.00 16.6 4.5
10-¢c Ve 7-31-89 1633 611324.20 1168200.00 16.6 4.5
M- vC 8-3-89 1647 612732.7 1171993.95 24.2 3.0
11-A vC 8-3-89 1652 612732.71 1171993.95 264.2 3.8
1-c vC 8-3-89 1622 613261.77 1171534.18 23.2 3.0
11-C ve 8-3-89 1630 613261.77 1171534.18 23.2 2.8
12-A Ve 8-4-89 1345 615670.39 1176892.40  34.0 3.8
12-A ve 8-4-89 1350 615670.39 1176892.40 34.0 5.0
12-8 Ve 8-4-89 1420 616008.27 1176856.33 32.5 5.0
12-C vC 8-3-89 1810 615757.17 1176808.91 26.7 5.0
12-C ve 8-3-89 1820 615757.17 1176808.91 26.7 5.0
13-A ve 8-4-89 1443 615873.99 1181086.48 10.8 3.5
13-A vC 8-4-89 1450 615873.99 1181086.48 10.0 4.0
13-C vC | 8-4-89 1517 61598466 1181831.48 18.4 4.0
13-C ve 8-4-89 1532 615984 .66 1181831.48 18.4 3.1
13-¢C VvC(L) 8-4-89 1550 615984.66 1181831.48 18.4 3.2
14-A ve 8-4-89 1718 613794.59 1181527.91 24.5 3.5
14-A Ve 8-4-89 177 613794.59 1181527.91 24,5 5.0
14-C ve 8-5-89 1025 613972.47 1182173.21 8.5 2.5
14-C vC 8-5-89 1030 613972.47 1182173.21 8.5 4.8
14-D ve 8-5-89 1050 N/A N/A 33.1 5.0
17-A ve 8-3-89 1420 609003.37 1164053.43 4.0 3.0
17-A ve 8-3-89 1425 609003.37 1164053.43 . 4.0 5.0
17-A ' 8-3-89 1432 609003.37 1164053.43 4.0 3.0
17-A vc 8-3-89 1441 609003.37 1164053.43 4.0 5.0
17-8 ve 8-3-89 1515 609572.00 1164024.42 7.6 4.5
17-C Ve 8-3-89 1540 610470.50 1164126.50 7.6 5.0

(@ ¢ is vibra-core; DC is dart-core. L is long vibra-core
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APPENDIX B

BIOLOGICAL DATA



JABLE B.1. Microtox Results

Percent Change in
Sediment Extract  I1lumination Over Time(3)
Sample Conc. (%) 5 Min 15 Min 30 Min

1A-C 7.27 8.19 9.47 6.03
1A-C 14,53 11.72 11.96 4.01
1A-C 29.07 11.66 7.69 -4.34
1A-C 58.14 13.54 5.17 -8.73
2A 7.27 32.32 34.18 29.49
2A 14,53 12.80 14.39 10.85
2A 29.07 1.57 3.34 5.30
2A 58.14 -23.50 -18.44 -12.30
3A-C 7.27 11.60 7.58 0.42
3A-C 14,53 5.90 3.98 -0.88
3A-C 29.07 34.98 30.05 13.25
3A-C 58.14 34.33 30.43 14.61
4A-C 7.27 7.73 10.42 0.95
4A-C 14.53 16.10 15.51 5.11
4A-C 29.07 17.33 16.04 3.50
4A-C 58.14 19.81 19.78 9.37
5A-C 7.27 8.93 7.14 -5.45
5A-C 14.53 14.06 13,24 -5.40
5A-C 29.07 18.19 15.10 -5.11
5A-C 58.14 14.70 12.57 -5.76
6A-C 7.27 11.70 8.34 3.71
6A-C 14.53 14.63 7.58 0.06
6A-C 29.07 20.19 15.03 5.15
6A-C 58.14 26.74 20.83 12.82
7C 7.27 23.11 22.07 7.89
7C 14,53 28.09 25.47 6.40
7C 29.07 34.22 31.89 9.83
7C 58.14 38.27 32.86 11.84
8A-C 7.27 14,12 17.77 6.17
8A-C 14,53 19.27 23.08 7.17
8A-C 29.07 23.72 26.97 10.14
8A-C 58.14 16.67 19.74 9.03

(a) Ppositive numbers indicate an increase in
i1lTumination, negative numbers indicate
a decrease in illumination
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TABLE B.1. Microtox Results (Cont’d)

Parcent Change in
Sediment Extract  I1Tumination Over Time(a)

Sample  Conc. (%) 5 Min 15 Min 30 Min
9A-C 7.27 8.76 8.85 -1.,45
gA"C 14053 13:47 10065 "’2061
9A-C 29,07 16.19 12,51 -6.87
gA"C 58014 13.67 10063 '5-74
10A-C 14,53 42,70 51.39 33.96
10A-C 29.07 50.50 58.74 33.01
10A-C 58.14 43.98 48.77 19.94
11A-C 7.27 5,17 7.66 -0.42
11A-C 14,53 9,31 11.90 -0.97
11A-C 29.07 10,28 8.88 -7.39
11A-C 58.14 13.91 9.47 -11.39
12A-C 7.27 7.08 7.68 0.28
12A-C 14,53 10,52 9.90 -1.88
12A-C 29,07 14,72 12,93 0.95
12A-C 58.14 11.29 10.83 -2.66
13A-C 6.97 7.93 15.72 14,06
13A-C 13,95 11,99 23.23 20,54
13A-C 27.90 18.99 32.66 25,81
13A-C 55,81 20,97 35.53 30.55
14A-C 7.27 -0.71 1.09 -8.48
14A-C 14,53 11.28 10.31 -5.05
14A-C 29,07 16.94 11.73  -10.98
14A-C 58,14 15,78 14.11] -8.47
15A 6.84 6.38 8.50 4.48
15A 13.67 8.19 11.12 1,56
15A 27.33 15.09 20,70 9.14
15A 54.65 17.31 20.64 10.65
16C 6.91 8.51 8.36 5.07
16C 13.81 12.05 14,35 9.37
16C 27.62 14,00 16.30 10.30
16C 55,23 22,95 23.30 13.95

(8) Positive numbers indicate an increase in
11Tumination, negative numbers indicate
a decrease in 11Tumination
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TABLE 8,1, Microtox Results (Cont’d)

Percent Change 1in
Sediment Extract  I1lumination Over Time(&)

Sample  Conc. (%) b Min 16 Min 30 Min
17A 7.27 11.63 16,66  1l.28
17A 14,63 17,07  22.53 10,61
17A 29.07 19.86  25.52  12.34
17A 58,14 20.65 25,57  13.43

West Beach 14.53 12.84 12.23 1.39
West Beach 58.14 9.83 4.05 -8.68

Sequim Bay  7.27  15.64  15.47  5.54
Sequim Bay 14.53  20.46 19,22  7.13
Sequim Bay 29.07  23.70  °1.75 7,43
Sequim Bay 58.14  28.07  24.34  8.69

(a) positive numbers indicate an increase in
11Tumination, negative numbers indicate
a decrease in 11Tumination
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TABLE B.2. Amphipod Results

Percent Mean Percent

Station Composite Rep Alive Dead Total Survival Survival

Sta. 1 A-C 1 18 2 20 90

Sta. 1 A-C 2 17 3 20 8b

Sta, 1 A-C 3 18 2 20 90

Sta. 1 A-C 4 16 4 20 80

Sta. 1 A-C b 17 3 20 85 86

Sta. 2 A 1 19 1 20 95

Sta. 2 A 2 )8 2 20 90

Sta. 2 A 3 19 1 20 95

Sta. 2 A 4 15 b 20 75

Sta. 2 A 5 18 2 20 90 89

Sta. 3 A-C 1 17 3 20 85

Sta, 3 A-C 2 20 0 20 100

Sta., 3 A-C 3 16 4 20 80

Sta. 3 A-C 4 17 3 20 85

Sta. 3 A-C 5 15 5 20 75 85

Sta. 4 A-C 1 19 1 20 95

Sta. 4 A-C 2 20 0 20 100

Sta. 4 A-C 3 18 2 20 90

Sta. 4 A-C 4 19 1 20 95

Sta. 4 A-C 5 19 1 20 95 95

Sta. 5 A-C 1 18 2 20 90 R
Sta. b A-C 2 15 5 20 75 -
Sta, b A-C 3 16 4 20 80

Sta. b A-C 4 20 0 20 100 -
Sta. b A-C 5 17 3 20 85 86

Sta. 6 A-C 1 17 3 20 85

Sta. 6 A-C 2 13 7 20 65

Sta. 6 A-C 3 17 3 20 85 -
Sta. 6 A-C 4 15 5 20 75

Sta. 6 A-C 5 16 4 20 80 78

Sta. 7 C 1 18 2 20 90

Sta. 7 C 2 17 3 20 85

Sta. 7 c 3 18 2 20 90

Sta. 7 C 4 18 2 20 90

Sta. 7 c 5 18 2 20 90 89
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TABLE B.2. Amphipod Results (Cont’d)

Percent Mean Percent

Station Composite Rep Alive Dead Total Survival Survival

Sta, 8 A-C 1 19 1 20 95

Sta. 8 A-C 2 20 0 20 100

Sta. 8 A-C 3 17 3 20 85

Sta. 8 A-C 4 18 2 20 90

Sta. 8 A-C 5 19 1 20 95 93
Sta., 9 A-C 1 19 1 20 95

Sta, 9 A-C 2 16 4 20 80

Sta. 9 A-C 3 20 0 20 100

Sta. 9 A-C 4 19 1 20 98

Sta. 9 A-C b 18 2 20 90 92
Sta. 10 A-C 1 15 5 20 75

Sta. 10 A-C 2 19 1 20 95

Sta, 10 A-C 3 19 1 20 95

Sta. 10 A-C 4 18 2 20 90

Sta. 10 A-C 5 17 3 20 85 88
Sta. 11 A-C 1 13 7 20 65

Sta. 11 A-C 2 20 0 20 100

Sta. 11 A-C 3 15 5 20 75

Sta. 11 A-C 4 19 1 20 95

Sta, 11 A-C 5 17 3 20 85 84
Sta, 12 A-C 1 19 1 20 95

Sta. 12 A-C 2 18 2 20 90

Sta. 12 A-C 3 20 0 20 100

Sta., 12 A-C 4 18 2 20 90

Sta, 12 A-C 5 16 4 20 80 91
Sta. 13 A-C 1 17 3 20 85

Sta, 13 A-C 2 19 1 20 95

Sta., 13 A-C 3 17 3 20 85

sta, 13 A-C 4 19 1 20 95

Sta, 13 A-C 5 16 4 20 80 88
Sta, 14 A-C 1 17 3 20 85

Sta, 14 A-C 2 20 0 20 100

Sta. 14 A-C 3 14 6 20 70

Sta., 14 A-C 4 18 2 20 9 .

Sta. 14 A-C 5 16 4 20 80 85
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TABLE B.2. Amphipod Results (Cont’d)

Percent Mean Percent

P

Station Composite Rep Alive Dead Total Survival Survival
Sta. 15 ‘A 1 15 5 20 75

Sta. 15 A 2 18 2 20 90

Sta. 15 A 3 18 2 20 90

Sta. 15 A 4 20 0 20 100

Sta. 15 A 5 17 3 20 85 88
Sta. 16 C 1 18 2 20 90

Sta. 16 C 2 17 3 20 - 85

Sta. 16 C 3 17 3 20 85

Sta. 16 c 4 19 1 20 95

Sta. 16 c 5 16 4 20 80 87
Sta. 17 A 1 11 9 20 55

Sta. 17 A 2 17 3 20 85

Sta. 17 A 3 18 2 20 90

Sta. 17 A 4 16 4 20 80

Sta. 17 A 5 17 3 20 85 79
Sequim Bay - 1 17 3 20 85

Sequim Bay - 2 19 1 20 95

Sequim Bay - 3 17 3 20 85

Sequim Bay - 4 14 6 20 70

Sequim Bay - 5 20 0 20 100 87
West Beach - 1 20 0 20 100

West Beach - 2 19 1 20 95
West Beach - 3 20 0 20 100
West Beach - 4 17 3 20 85
West Beach - 5 20 (1] 20 100 96
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TABLE B.3. Oyster Results

Prop Surviving

‘Sediment , Total 202 per 10-ml Mean Prop

Saple Conc Rep D-Cell{® Mean Stocking Density Surviving  ANOVA(®) Ecso(c)
1 A-C - .- NS N/A
1 A-C 0 1 223 1.10
1A-C 0 2 189 0.9
1 A-C 0o 3 196  202.7 0.97 1.00
1 A-C 10 1 229 1.13
1 A-C 10 2 167 ‘ 0.83
1 A-C 0 3 2% 2033 - 1.06 1.01
1 A-C 50 1 220 1.09
1 A-C 50 2 150 0.74
1 A-C 50 3 201 190.3 1.00 0.9
1 A-C 100 1 187 0.93 ‘
1 A-C 100 2 187 0.93
1 A-C 100 3 157  177.0 0.78 0.88
2A “. - ‘ s 28%
2A 0o 1 178 0.88
2A 0 2 214 1.06
2A 0 3 216 202.7 1.07 1.00
2A 10 1 189 0.9
2A 10 2 191 0.95
2A 10 3 240 206.7 1.19 1.02
2A 50 1 0 0.00
2A 50 2 115 0.57
2 A 0 3 10 4.7 0.05 0.21
2A 100 1 0 0.00
2A 00 2 0 0.00
2A 1000 3 1 0.5 0.00 0.00

(8) Abnormal larva~ were counted, but no significant difference was observed.
® g Significan at a = 0.05; NS = Not significant relative to West Beach.
©) ps percent elutriate; N/A indicates ECgy cannot be calculated.
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TABLE B.3. Oyster Results (Cont’d)

Prop Surviving

Sediment Total ; 202 per 10-ml Mean Prop
Sanple Conc  Rep D-Cell¢®) Mean Stocking Density Surviving ANOVA(®) Ecgy(®)
3 A-C . e e s 57%
3 A-C o 1 22 1.12
3 A-C o 2 om 1.35
3 A-C 0 3 266 2553 1.32 1.26
3 A-C 10 1 218 1.08
3 A-C 10 2 207 1.02
3 A-C 10 3 263 222.7 1.20 1,10
3 A-C 56 1 138 0.68
3 A-C 50 2 143 0.7
3 A-C 50 3 199 160.0 0.9 0.79
3 A-C 100 1 0 ' 0.00
3 A-C 100 2 0 0.00
3 A-C 100 3 0 0.0 0.00 0.00
4 A-C . e e NS N/A
4 A-C ol 4 176 0.87
4 A-C 0 2 241  208.5 1.19 1.03
4 A-C 10 1 e 1.12
4 A-C 100 3 223 225.0 1.10 1.1
4 A-C 50 1 167 0.83
4 A-C 50 2 233 1.15
4 A-C 50 3 179 193.0 0.89 0.96
4 A-C 10 1 127 0.63
LAC 100 2 168 0.83
4 A-C 10 3 159  151.3 0.79 0.75
5 A-C . e e NS N/A
5 A-C 0 1 19 0.95
5 A-C o 2 187 0.93
5 A-C 0 3 209 195.7 1.03 ‘ 0.97
5 A-C 0 1 1% 0.97
5 A-C 10 2 139 0.69
5 A-C 10 3 230  188.3 1.14 0.93
5 A-C 50 2 122 0.60
5 A-C sl 3 7 47.0 0.85 0.73
5 A-C 10 1 195 0.97
5 A-C 00 2 168 0.83
5 A-C 10 3 195 186.0 0.97 0.92
(a)

Abnormal larvae were counted, but no significant difference was observed.
S = Significant at a = 0.05; NS = Not significant relative to West Beach "
As percent elutriate; N/A indicetes ECgn cannot be calculated.

‘(b)
()
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TABLE B.3. Oyster Results (Cont’d)

Prop Surviving

Sediment Total 202 per 10-ml Mean Prop
sample Conc Rep D-Celt(® Mean Stocking Density Surviving  ANOVA(PY ecgq(®)
6 A-C e ame : NS N/A
6 A-C 0 1 238 1.18
6 A-C o 2 210 1.04
6 A-C 03 157 . 207 0.78 1.00
6 A-C 0 1 123 0.61 ‘
6 A-C 0 2 1N 0.85
6 A-C 0 3 189  161.0 0.5% 0.80
6 A-C 50 1 14 0.7
6 A-C s0¢d 2 152 148.0 0.75 0.7
6 A-C 100 1 201 1.00 ‘
6 A-C 100(d 3 189  195.0 0.94 0.97
7¢C B NS N/A
7¢C 0o 1 18 0.90
7¢c old 3 213 197.0 1.05 0.98
7¢c 50 1 219 1.08
7¢c 50 2 134 0.66
7°¢C 50 3 233 195.3 1.15 0.97
7¢C 100 1 17 0.89
7¢ 10 2 128 0.63
7¢c 100 3 156  154.3 0.77 0.76
8 A-C ce ew eas NS N/A
8 A-C 0 3 180 0.89
8 A-C 0 1 257 1.27
8 A-C 0 2 151 196.0 0.75 0.97
8 A-C 0 1 204 1.01
8 A-C 10 2 25 1.26
8 A-C 10 3 138 198.7 0.68 0.98
8 A-C 50 1 164 0.81
8 A-C sold 3 158 161.0 0.78 0.80
8 A-C 10 1 212 1.05
8 A-C 100 2 23 147
8 A-C 100 3 174 207.3 0.86 1.03

(8) ppnormal larvae were counted, but no significant difference was observed.

(B) 5 = gignificant at a = 0.05; NS = Not significant relative to West Beach

(€) g percent elutriate; N/A indicates ECgg cannot be calculated.

(@ outlier replicate removed from data analyses in calculation of EC5g. Outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results. Approximately 4% (11
outliers of 245 treatment containers) of data were outliers.
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TABLE B.3. Oyster Results (Cont’d)

. < : Prop surv'ving
Sediment Total 202 per 10-ml Mean Prop

Sanple Conc Rep D-Cell(™) Mean Stocking Denciy Surviving ANOVACP) Ecgy(®)
9 A-C . e aes NS N/A
9AC . 0 1 183 0.9
9 A-C 0 2 170 0.84
9 AC . 0 3 210 187.7 1,04 0.93
9 A-C 10 1 138 0.68
9 A-C 10 2 162 0.80
9 A-C 100 3 109 136.3 0.54 0.67
9 A-C sold ¢4 130 0.64
9 A-C 50 2 155  142.5 0.77 0.71
9 A-C 100 1 116 . 0.57
9 A-C 100 2 190 0.9
9 A-C 100 3 153  153.0 0.76 0.76
10 A-C - - NS N/A

10 A-C 0 1 176 0.87
10 A-C 0o 2 a7 1.07
10 A-C 0 3 178 190.3 0.88 0.94
10 A-C 0 1 192 0.95
10 A-C 10 2 248 1.23
10 A-C 0 3 197 212.3 0.98 1.05
10 A-C 50 1 113 0.56
10 A-C 50 2 173 0.86
10 A-C 50 3 97 127.7 0.48 0.63
10 A-C 100 1 157 0.78
10 A-C 100 3 118 1375 0.58 . 0.68

(@) apnormal larvae were counted, but no significant difference was observed.

(b) g = Significant at a = 0.05; NS = Not significant relative to West Beach.

(€ pg percent elutriate; N/A indicates ECgg cannot be calculated.

(@ outlier replicate removed from data analyses in calculation of EC5p. Outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results. Approximately 4% (11
of 245 treatment containers) of data were outliers.

B.10



o Gl e

~ TABLE B.3. Oyster Results (Cont’d)

‘ ‘ : Prop Surviving
Sediment, Total 202 per 10-ml Mean Prop

saple | Cono/ Rep D-el1¢® wean Stocking Density Surviving ANOVA(®? gego(©)
e

11 A-C / S e NS N/A

11 A-C 0 1 229 1.13

1 A-C 0 2 20 0.99

11 A-C 0 3 206 211.7 1.02 1.05

11 A<C 10 1 1R 0.65

1 A-C 10 2 233 1.15

11 A-C 10 3 208 191.0 1.03 0.95

1 A-C 50 1 167 0.83

1 A-C 50 2 220 1.09

11 A-C 50 3 109  165.3 0.54 0.82

1 A-C 100 1 167 0.83

11 A-C 100 2 144 0.7

11 A-C 100 3 132 W7 0.65 0.73

12 A-C e ar e s 68%

12 A-C 0 1 153 0.76

12 A-C o2 188 170.5 0.93 0.85

12 A-C 1 1 B 0.87

12 A-C 0 2 180 0.89

12 A-C 0 3 7% 3.7 0.38 0.71

12 A-C 50 1 93 0.46

12 A-C 50 2 188 0.93

12 A-C 50 3 188 156.3 0.93 0.77

12 A-C 10 1 4 0.02

12 A-C 10 2 0 0.00

12 A-C 100 3 0 1.3 0.00 0.01

(8) Abrormal larvae were counted, but no significant difference was coserved.

0 g Significant at a = 0.05; NS = Not significant relative to West Beach.

() as percent elutriate; N/A indicates ECgy cannot be calculater,

(d outtier replicate removed from data analyses in caleulation of Elgy. Outlier
replicate removed from data analyses for ANOVA. lnclusiton of outtier did not
affect conclusion of significance from ANOVA results.
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TABLE B.3. Oyster Results (Cont'd)

Prop Surviving

Sediment Total 202 per 10-ml Mean Prop
sample Gonc  Rep D-Cell(® Mean Stocking Density Surviving MOVACD? cg (@)
13 A-C . eeees NS N/A
13 A-C 1 24 1.16

13 A-C - ol 2 22 221.5 1.09 1.1

13 A-C 10 1215 1.06

13 A-C 10 2 139 0.69

13 A-C 10 3183 179.0 0.9 0.89

13 A-C 50 1 132 0.65

13 A-C 50 2 161 0.80 ‘

13 A-C 50 3 189 160.7 0.9% 0.80

13 A-C 100 193 0.46

13 A-C 100 2 138 0.68

13 A-C 100 3 201 144.0 1.00 0.7

14 A-C R NS N/A
14 A-C 0 1 218 1.08

14 A-C 0 2 213 1.05

14 A-C 0 3 128 186.3 0.63 0.92

14 A-C 10 1 178 0.88 0.97

14 A-C 10 2 185 0.92

14 A-C 10 3 226 196.3 1.12

14 A-C 50 1 134 0.66

14 A-C 50 2 150 0.74

14 A-C 50 3§57 113.7 0.28 0.56

14 A-C 100 1195 0.97

14 A-C 100 2 19 0.59

14 A-C 100 392 135.3 0.46 0.67

(@) apnormal larvae were counted, but no significant difference was observed.
(B ¢ = significant at a = 0.05; NS = Not significant relative to West Beach.
(€) pg percent elutriate; N/A indicates ECgg cannot be calculated.

(d outlier replicate removed from data analyses in calculation of ECqq. outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results.
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TABLE B,3. Oyster Results (Cont’d)

‘Prop Surviving

Sediment Total 202 per 10-ml Mean Prop

ganple Gonc  Rep D-Cell¢®) Mean Stocking Denaity surviving ANOVACP) gcgy(®
15 A e an . D deew Iy 19%
15 A c 1 1% 0.99

15 A 0 2 157 0.78

15 A .0 3 176 T3 0.87 0.88

15 A 0 1 136 0.67

15 A 10 2 139 0.69

15 A 10 3 174 9.7 0.86 0.7

15 A 50 1 1 0.00

15 A 50 2 1 0.00

15 A 50 3 3 1.7 0.01 0.01

15 A 100 2 0 0.00

15 A 100 3 4 2.0 0.02 0.01

16 ¢ cewe ees ‘ NS N/A
16 ¢ 0 1 195 0.97

16 ¢ 0 2 1% 0.96

16 ¢ 0 3 242  210.3 1.20 1.04

16 C 10 1 17 0.85

16 € 10 2 1.00

16 C 0 3 170 181.0 0.84 0.90

16 ¢ 50 4 215 1.06

16 ¢ 50 2 22 1.11

16 C 50 3 206 215.0 1.02 1.06

16 € 100 1 161 0.80

16 € 100 2 231 1.1

16 ¢ 00 3 178 190.0 0.88 0.94

(@) Apnormal larvee were counted, but no significant difference was observed.

(B) g . significant at a = 0.05; NS = Not significant relative to West Beach.

(€) g percent elutriate; N/A indicates ECgqy cannot be calculated.

(@ outlier replicate removed from data analyses in calculation of EC5p. Outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results.
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TABLE B.3. Oyster Results (Cont’d)

Prop Surviving

Sediment Total 202 per 10-mt Mean Prop
sample Conc Rep D-Cell¢®) Mean Stocking Density Surviving ANOVACD? 5050(0)
17 A “e as .- o NS N/A
17 A 0 2 116 0.57
17 A o3 100 108.0 0.50 0.54
17 A 10 1 219 ~1.08
17 A 10 2 168 0.83
17 A 10 3 212 199.7 1.05 0.9
17 A 50 1 230 1.14
17 A 50 2 154 0.76
17 A 50 3 153 179.0 0.76 0.89
17 A 100 1 180 0.89
17 A 100 2 136 0.67
17 A 100 3 108 141.3 0.53 0.70
Sequim Bay . - “-- o NS N/A
Sequim Bay 0 1 233 B TS |-
Sequim Bay 0 2 154 0.76
Sequim Bay 0o 3 165 184.0 0.8 0.91
Sequim Bay 10 1 209 1.03
Sequim Bay 10 2 149 0.74
Sequim Bay 10 3 150 169.3 0.74 0.84
Sequim Bay 50 1 213 1.05
Sequim Bay 50 2 145 0.72
Sequim Bay 50 3 150 169.3 0.7 0.84
Sequim Bay 100 1 172 0.85
Sequim Bay 100 3 159 165.5 0.79 0.82

(8) abnormal larvae were counted, but no significant difference was observed.

(b) g = significant at a = 0.05; NS = Not significant relative to West Beach.

(€) pg percent elutriate; N/A indicates ECcq cannot be calculated.

() outlier replicate removed from data analyses in calculation of ECgg. Outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results.
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TABLE B.3. Oyster Results (Cont’d)

Prop Survivihg

Sediment Total 202 per 10-ml Mean Prop

Sample " Cone Rep D-Cell{® Mean Stocking Density Surviving ANOVA(b) Ecso“”
West Beach “. ma m.- L meas NS N/A
Weat Beach 0 1 230 1.4

West fleach 0o 2 218 1.08

West Beach 0 3 151 199.7 0.75 0.99

West Beach 10 1 229 1.13

West Beach 10 2 228 1.13

West Beach 0 3 219 285.3 . 1.08 1.12

West Beach 50 1 176 0.87

Wast Beach 5 2 247 1.22

West Beach 50 3 234 219.0 1.16 1.08"

West Beach 100 1 156 0.77

West Beach 100 2 146 0.72

West Beach 100 3

185 162.3 0.92 0.80

(8) apnormal larvae were counted, but no significant difference was observed.

(®) 5 Significant at a = 0.05; NS = Not significant relative to West Beach.

() as percent elutriate; N/A indicates EC5y cannot be calculated.

@ outtier replicate removed from data analyses in calculation of ECgg. cutlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVA results.




TABLE B.4. 30-Day Macoma Results

Sediment Number  Number Number Number Proportion

Sample Rep Removed Alive Dead Empty Total Surviving
Sta. 1A-C 1 3 26 0 0 29 0.90
Sta. 1A-C 2 1 26 3 0 30 0.87
Sta, 1A-C 3 4 23 2 0 29 0.79
Sta. 2A 1 2 21 B 0 28 0.75
Sta. 2A 2 2 27 0 0 29 0.93
Sta. 2A 3 0 28 0 1 29 0.97
Sta. 3A-C 1 0 31 0 0 31 1.00
Sta. 3A-C 2 1 29 0 0 30 0.97
Sta. 3A-C 3 1 30 0 0 31 0.97
Sta. 4A-C 1 0 28 1 0 29 0.97
Sta. 4A-C 2 1 28 .0 0 29 0.97
Sta. 4A-C 3 0 30 0 0 30 1.00
Sta. 5A-C 1 1 28 0 1 30 0.93
Sta. 5A-C 2 0 30 0 0 30 1.00
Sta. 5A-C 3 1 29 0 0 30 0.97
Sta. 6A-C 1 0 30 0 0 30 1.00
Sta. 6A-C 2 2 29 0 0 31 0.94
Sta. 6A-C 3 1 29 0 0 30 0.97
Sta. 7C 1 0 30 0 0 30 1.00
Sta. 7C 2 0 30 0 0 30 1.00
Sta. 7C 3 1 29 0 0 30 0.97
Sta. 8A-C 1 0 27 1 1 29 0.93
Sta. 8A-C 2 0 26 0 3 29 0.90
Sta. 8A-C 3 1 27 0 0 28 0.96
Sta. 9A-C 1 0 30 0 0 30 1.00
Sta. 9A-C 2 1 30 0 0 31 0.97
Sta. 9A-C 3 2 27 0 1 30 0.90
Sta. 10A-C 1 0 31 0 1 32 0.97
Sta. 10A-C 2 0 30 0 0 30 1.00
Sta. 10A-C 3 1 28 0 0 29 0.97
Sta. 11A-C 1 2 27 0 0 29 0.93
Sta. 11A-C 2 2 27 1 0 30 0.90
Sta. 11A-C 3 0 29 0 0 29 1.00
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Sediment
Sample

Sta. 17A
Sta. 17A
Sta. 17A

Sequim Bay
Sequim Bay
Sequim Bay

West Beach
West Beach
West Beach

LN — GCON — QN — N — G DN

W N —

TABLE B.4.

o

Number

[ —y

nNO O

nNO O OOOo OOO N O

Termination.

OO [ XX

OO O

OOO OO

T e

30-Day Macoma Results (Cont’d)

Number Number Number

OO O

Proportion
Total  Surviving

26 0.96
27 0.96
30 0.97
28 0.96
30 1,00
31 0.94
31 0.94
28 0.96
28 0.93
32 1,00
30 1.00
32 1,00
31 0.97
29 0,97
30 1.00
30 1.00
29 1.00
30 0.93
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il

TABLE B.6. 60-Day Macoma Results

e

Sediment Number

Sample Rep Removed Alive

Sta. 1 A-C 4 7 21 0 1 29 0.72
Sta. 1 A-C 5 11 18 0 0 29 0.62
Sta. 2 A 4 6 23 0 0 29 0.97
Sta, 2 A 5 5 23 0 1 29 0.79
Sta. 3 A-C 4 1 27 0 0 28 0.96
Sta. 3 A-C 5 8 22 0 0 30 0.73
Sta. 4 A-C 4 b 24 e 1 30 0.80
Sta. 4 A-C 5 1 29 0 0 30 0.97
Sta. 5 A-C 4 2 28 0 0 30 0.93
Sta. 5 A-C 5 1 31 0 0 32 0.97
Sta. 6 A-C 4 4 25 0 0 29 0.86
Sta. 6 A-C 5 2 27 0 0 29 0.93
Sta. 7 C 4 3 22 2 0 27 0.81
Sta. 7 C 5 1 30 0 0 31 0.97
Sta. 8 A-C 4 2 25 0 0 27 0.93
Sta. 8 A-C 5 2 29 0 0 31 0.94
Sta. 9 A-C 4 2 28 0 0 30 0.93
Sta. 9 A-C 5 5 25 0 0 30 0.83
Sta. 10 A-C 4 3 25 0 0 28 0.89
Sta. 10 A-C 5 2 28 0 0 30 0.93
Sta. 11 A-C 4 1 28 0 0 29 0.97
Sta. 11 A-C 5 0 30 0 0 30 1.00
Sta. 12 A-C 4 3 28 0 0 31 0.90
Sta. 12 A-C 5 4 25 1 0 30 0.83
Sta. 13 A-C 4 5 24 1 0 30 0.80
Sta. 13 A-C 5 5 27 0 0 32 0.84
Sta. 14 A-C 4 2 27 0 1 30 0.90
Sta. 14 A-C 5 2 24 1 1 28 0.86
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APPENDIX C

SEDIMENT AND ELUTRIATE CHEMISTRY DATA
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TABLE C.2.

Sediment Guaiacols/Organic Acids Results Concentration
in ug/Kg dry

Laboratory ID Method

Compound Blank 1A-C 2A 3A-C 4A-C 5A-C 8A-C
Guatfacol 67 U 78 U 82 U 81U 75 U 11e U i1 v
4-Chloroguaiacol 67 U 78 U 82 U 81U 75V i1 U 119 U
Isoeugeno) 67 U 78 U 82 U 81U 75 U 118 U 11 U
Eugenol 87 U 78 U 82 U 81U 75 U 11 U 118 U
4,5-Dichloroguaiacol 67 U 78 U 82 U 81U 75 U 118 U itg U
4,5,6-Trichloroguaiacol 67 U 78 U 82 U 81 v 75U 11 U 11g v
3,4,5-Trichloroguaiaco]l 67 U 78 U, 8z u 81 U 75 U 118 U 11g U
Tetrachloroguaiacol 67 U 78 U 82U 81y 75 U 11 U 118 U
Catechol 67 U 78 U 82 U 81U 75U 11e U 118 U
4-Chlorocatechol 67 U 78 U 82y 81U 75U 118 U g v
4,5-Dichlorocatecho] 67 U 780 82 u 81 U 75 U 119 U g v
6-Chlorovaniilin 67 U 79 U 82 U 81U 75 U e v 1lg U
3,4,5-Trichlorocatechol 67 U 70 U 82 u 81U 75U 110 U 118 U
Trichlorosyringo]l 67 U 78.U 82 U 81 U 75U 11g U 118 U
5,6-Dichlorovanillin 67 U 78 U 82 U 81U 75U 118 U 11 v
Tetrachlorocatechol 67 U 78 U 82 U 81U 7% U g v 11e v
Heptanoic Acid 67 U 70 U 82y 81 U 75 U gy 110 U
Palmitoleic Acid 138 U 148 U 268 188 24¢ 380 360
Linolete Acid 67 U 78 U 82 U 81U 75 U 119 U 118 U
Linolenic Acid 67 U 76 U 82 U 8l U 75U 118 U 118 U
Oleic Acid 330 v 358 U 418 U 490 U 380 U 53¢ U 530 U
Steario Acid 67 U 78 U 119 88 92 139 220
Hexadecanedioic Acid 138 U 148 U 168 U 168 U 15¢ U 2ig U 210 U
Pimaric Acid 67 U 78 U 82 U 8l U 75U 118 U 118 U
Sandaracopimaric Acid 67 U 78 U 82 U 81U 75U 110 v 119 U
Isopimaric Acid 67 U 786 U 82 U 81U 75U 116 U 11e u
Palustrate Acid 67 U 78 U 82 U 8l U 75U 118 U 118 U
Dehydroabietic Acid 67 U 78 U 120 85 100 14p 360
Abietic Acid 67 U 78 U 8z U 81U 75 U 11a U 62 J
Neoabietic Acid 67 U 78 U 82 U 81 u 75U g v 11 v
1,4-Chlorocabietic Acid 67 U 70 U 82 U 81 U 75U 11g U 118 U
1,2-Chloroabietic Acid 67 U 76 U 82 U 81 U 75U 110 U 118 U
Dichloroabietic Acid 67 U 79 U 82 U 81 U 75 U 118 v 11e v
Surrogate Recovery (%):

Dihydroxy-d4-Benzene 5.5 46.2 29.6 48.9 49.8 65.5 79.8
@-Methyl Podocaprate Acid 94.7 186 115 113 116 116 114

U - undetected;

J - estimated because result less than detection limit;
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TABLE C.2.

Concentration in ug/Kg dry

Sediment Guaiacols/Organic Acids Results (Cont’d)

Laboratory ID

TA-C

Compound 8A-C 8A-C 10A-C 11A-C 12A-C
Guaiacol 86 U 86 U 97 U 88 U g6 U 94 U
4-Chloroguaiaco]l 86 U 86 U 97 U, 88 U g6 U 94 U
Isoeugenol 86 U. 86 U 97 U 88 U 96 U 94 U
Eugeno 86 U 86 U 97 U 88 U 95 U 84 U
4,5-Dichloroguaiaco] 86 U 86 U 97 U 88 U 96 U 94 U
4,5,6-Trichloroguaiacol 86 U 86 U a7 U 88 U 96 U 94 U
3,4,5-Trichleroguaiacol 86 U 86 U 97 U 88 U 96 U 94 U
Tetrachloroguaiacol 86 U 86 U 97 U 88 U 96 U 94 U
Catechol 86 U 86 U 97 U 88 U g6 U %4 VU
4-Chlorocatecho] 86 U 86 1) 97 U 88 U g6 U 94 U
4,5-Dichlorocatecho] 86 U 86 U 97 U 86 U 96 U 94 U
6-Chlorovani1lin 86 U 86 U a7 U 88 U 96 U 94 U
3,4,5-Trichlorocatechol 86 U 86 U 97 U 88 U 96 U 94 U
Trichlorosyringol 86 U 86 U 97 U 88 U 9 U 94 U
5,6-Dichlorovani1lin 86 U 86 U 97 U 88 U 96 U 94 U
Tetrachlorocatechol 86 U 86 U 97 y gs U g6 U 94 U
Heptanoic Acid 86 U 86 U 97 U 88 U 96 U 94 U
Palmitoleic Acid 176 U 598 540 278 360 M 290
Linoleioc Acid 86 U 86 U a7 u 88 U 96 U 94 U
Linolenic Acid 86 U 86 U g7 U 88 U 96 U 94 U
Oleic Acid 430 U 110 M 488 U 448 U 480 U 478 U
Stearic Acid 61 M 180 220 140 190 M 220
Hexadecanedioic Acid 1786 U 17¢ U 190 U 188 U 198 U 198 U
Pimaric Acid 86 U 86 U 97 U 88 U 96 U 94 U
Sandaracopimaric Acid 86 U 86 U g7 U 88 U 96 U 94 U
Isopimaric Acid 86 U 86 U 97 U 88 U 86 U 94 U
Palustrate Acid 86 U 86 U 97 U 88 U 95 U 94 U
Dehydroabietic Acid 168 19¢ 190 120 528 300
Abietic Acid 31 324 48 J 88 U 140 49 4
Neoabietic Acid 86 U 86 U a7 U s U 96 U 94 U
1,4-Chloroabietic Acid 86 U 86 U 97 U 88 U g6 U 94 U
1,2-Chloroabietic Acid 86 U 48 M 33 M 88 U 87 68 M
Dichloroabietic Acid 86 U 34 M g7 U 88 U 45 M 36 M
Surrogate Recovery:

Dihydroxy-d4-Benzene 64.7 43.4 48.6 75.2 42.3 59.6
@-Methy1 Podocaprate Acid 116.0 121.8 115.8 114.0 113 98.4

U - undetected; J - estimated because result less than detection limit;
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TABLE C.2. Sediment Guaiacols/Organic Acids Results (Cont’d)
Concentration in ug/Kg dry

Laboratory 1D

Compound 13A-C 14A-C 15A 16C S8 w8
Guaiaco) 108 U 84 U 118 U 66 U 138 U 63 U
4-Chloroguaiacol i0e U 94 U 110 U 66 U 130 U 63 U
Isoeugenol 188 U 94U 11e v 66 U 13 U 63 U
Eugenol 106 U 94 | 118 U 66 U 130 U . 63 U
4,5-Dichloroguaiacol 198 U 94 U 118 v 66 U 138 U 63 U
4,5,6~Trichloroguaiacol 108 U 94 U 118 U 66 U 138 U 63 U
3,4,5-Trichloroguaiacol g8 U 94 U 118 U 66 U 130 U 63 U
Tetrachloroguaiatol 188 U 94 U 11e v 66 U 138.U 63 U
Catechol 108 U 94 U 118 U 66 U 130 U 63 U
4-Chlorovatechol 188 U 94 y 118 U 66 U 13g U 63 U
4,5-Dichlorocatecho 188 U 94 U 118 U 66 U 138 U 63 U
, 6=Chlorovanillin 160 U 94 U 118 U 66 U 138 U 63 U
3,4,5-Trichlorocatechol 86 V 94 U 118V 66 U 130 U 63 U
Trichlorosyringol 168 U 94 U 118 U 66 U 130 U 63 U
5,6-Dichlorovanillin 108 U 94 |) 118 U 66 U 138 U 63 U
Tetrachlorocatecho! 186 U 94 U 116 U 66 U 130 U 63 U
Heptanoic Acid weu - 84U e v 66 138 U 63 U
Palmitoleic Acid 218 U 500 M 500 138 4800 790
Linoleic Acid 100 U 94 U 119 U 66 U 138 U 63 U
Linolenic Acid 100 VU g4 U 118 U 66 U 138 U 63 U
Oleic Acid 520 U 478 U 558 U 338 U 1600 260 J
Stearic Acid 180 220 289 27 M 508 78
Hexadecanedioic Acid 218 U 190 U 22 U 136 U 268 U 138 U
Pimaric Acid 108 U 94 U 11g U 66 U - 138U 83 U
Sandaracopimaric Acid 228 478 118 U 66 U 136 U 63 U
Isopimaric Acid 100 U 94 U 11g U 66 U 138 U 63 U
Palustrate Acid 108 U 94 U e U 66 U 130 U 63 U
Dehydroabietic Acid 348 519 11g U 78 U 139 U 60 U
Abietic Acid 130 190 11g U 66 U 130 U 63 U
Neoabietic Acid 180 U 94 U 118 U 66 U 130 U 63 U
1,4-Chloroabietic Acid 108 U 94 U 118 U 66 U 138 U 63 U
1,2-Chloroabietic Acid 100 U 94 U 118 U 66 U 138 U 63 U
Dichloroabietic Acid 180 U 94 U 118 U 66 U 138 U 63 U
Surrogate Recovery (¥%):

Dihydroxy-d4-Benzene 48.6 44 .4 52.2 43.8 58.5 93.1
@-Methy1 Podocaprate Acid 109 118 116 1 111 111

U - undetected; J - estimated because result less than detection limit;
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TA C.3. Elutriate Guaiacols/Organic Acids Results
Concentration in ug/L

Laboratory ID Method

Compound Blank 1A-C 2A 3A-C 4A-C B5A-C
Guaiacol 1U 1u 1vu iu 1U 1vu
4-Chloroguaiacol 1y 1y 1u 1U 1V 1U
Isoeugenol 1U 1u 1U 14U 1v 1u
Eugenol 1V 1u 1U iU 1 1u
4,5-Dichloroguaiacol 1u ] 1u 14U 1u 1U
4,5,6-Trichloraguaiacol iu 1U 1u 14U 1U 1y
3,4,5-Trichloroguaiacol 1u 1U 1U 1u 1u 1u
Tetrachloroguaiacol 1U 1u 1V 1U 1u 1u
Catechol 1U 1u 1y 1U 1V 1u
4-Chlorocatechol 14 1U 1U 1v 1U tu
4,5-Dichlorocatechol 1 U 14U 1u 1u 1U 1V
6-Chlorovanillin 11U 14 1vu 1Uu 1vu 14U
3,4,5-Trichlorocatechotl 1U 1u 1vu 1u 1vu 1u
Trichlorosyringol 1U 1V 1U 1 v 1U 1u
5,6-Dichlorovaniilin 1u 1u iu 1U 14y 1u
Tetrachlorocatechol 1U 1vu 1u 1u 1Uu 1 u
Heptanoic Acid 1v 1y 1U 1U 1u 1U
Paimitoleic Acid 2 U 2 U 2 U 2 U 2 U 2 U
Linoleic Acid 14 1 v 1u 1U 1u 1u
Linolenic Acid 1 U 1U 1V 1u 1u 1u
Oleic Acid 51U 5U 5U 5U 5U 5U
Stearic Acid 1U 1u 1U 1u 1U 1u
Hexadecanedioic Acid 2 u 2 U 2 U 2 U 2 U 2 U
Pimaric Acid 1u 14U 1 1u 1u 1u
Sandaracopimaric Acid 14U 1U 1y 1u 1y 1vu
Isopimaric Acid 1u 11U 1U 1U 1U 1U
Palustrate Acid 1u 1y 14U 1u 1y 1U
Dehydroabietic Acid 1U 1U Ty 1u 1U 1y
Abietic Acid 1U 1Uu 1Uu 1 1u 1 v
Neoabietic Acid 1U 1U 1u 1u 1y 1U
1,4-Chloroabietic Acid 1U 1u 14U 1u 14U 1U
1,2-Chloroabietic Acid 1U 1u 1y 1U 1u 1yu
Dichlorocabietic Acid 1u 1 U 1u 11U 1y 1y
Surrogate Recovery (%):

@-Methyl Podocaprate Acid 62.1 101 96.3 97.4 91.8 91.7

U - undetected; J - estimated because result less than detection limit;
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TABLE C.3. Elutriate Guaiacols/Organic Acids Results (Cont’d)
Concentration in ug/L

Laboratory ID

Compound 6A-C 7C 8A-C 9A-C 18A-C 11A-C
Guaiacol 1 14U 1y 1y 2 u 11U
4-Chloroguaiacol 1v 1y 1U 1U 2 u 1u
Isoeugenol 14 1U 1y 1U 2 U 1
Eugenol 1u 1V 1U 1y 2 u 1y
4,5-Dichloroguaiaco] 1u 1y 1U 1v 2 U iU
4,5,6-Trichloroguaiacol 1y 1v 1y 1u 2 U 14U
3,4,5-Trichloroguaiacol 1u 1U 1u 14U 2 U 10U
Tetrachloroguaiacol 1u iu 1 U 1U 2 v 1u
Catechol 1u 1V 1u 14U 2V 1 U
4-Chlorocatechol 1u 1U 11U 1U 2 1u
4,5-Dichlorocatecho] 1 v 1V 1V 1U 2 U 1u
6-Chlorovanillin 1u 1y 1y 1y 2 v 1vu
3,4,5-Trichlorocatechol 1U 1Uu 1U 10 2 U 1U
Trichlorosyringol 14U 1u 1U 1u 2 U 1u
5,6-Dichlorovaniilin 14U 1V 14U 1u 2! 1U
Tetrachlorocatechol 1U 1u 1U 1y z U 1U
Heptanaic Acid 1y 1U 14U 1v 2 U 1y
Palmitoleic Acid 2 U 2\ 2 U 2 U 4 U 2 u
Linoleic Acid 1u 1u 1U 1V 2 U 1U
Linolenic Acid 1u 1u 1 U 14U 2 U 1u
0leic Acid 5V 50U "5 54U 18 U 5U
Stearic Acid 1u 1u 14U 1u 2 U 1y
Hexadetanedioic Acid 2 U 2 U 2 U 2 U 4 U 2 u
Pimaric Acid 1u 1u 14U 1y 2V 1u
Sandaracopimaric Acid 1u 1u 1y 14U 2 U 1U
Isopimaric Acid 1u ivu 1u 14U 2 U 1u
Palustrate Acid 1U 1U 1U 1u 2V 1u
Dehydroabietic Acid 1u 1U 1U 1U 2 U 14U
Abietic Acid 1u 1u 1U 1u 2 U 14U
Neoabietic Acid 1u 1U 1u 1 2 U 1U
1,4-Chloroabietic Acid 1u 14y 1y 1u 2 U 1u
1,2-Chloroabietic Acid 1y 1U 1u 1u 2 U 1U
Dichloroabietic Acid 1 U 1u 1vu 1V 2 u 1U
Surrogate Recovery:

#-Methyl Podocaprate Acid 103.9 88.5 91.5 95.9 99.0 181

U - undetected; J - estimated because result less than detection limit;




Concentration in ug/L

E]utriaté Guaiacols/Organic Acids Results (Cont’d)

Laboratory ID
Compound

12A-C

13A-

C

14A-C

15A

16C

(%2}
o

=
@

Guaiacol
4-Chloroguaiacol
Isoeugenol

Eugenol
4,5-Dichloroguaiacol
4,5,6~Trichloroguaiacol
3,4,5-Trichloroguaiacol
Tetrachloroguaiacol

Catechol
4-Chlorocatechol
4,5-Dichlorocatechol
6-Chlorovanillin
3,4,5-Trichlorocatecho]
Trichlorosyringol
5,6-Dichlorovaniliin
Tetrachlorocatechol

Heptanoic Acid
Palmitoleic Acid
Linoleic Acid
Linolenic Acid

Oleic Acid

Stearic Acid
Hexadecanedioic Acid

Pimaric Acid
Sandaracopimaric Acid
Isopimaric Acid
Palustrate Acid
Dehydroabietic Acid
Abietic Acid
Neoabietic Acid
1,4-Chloroabietic Acid
i,2-Chloroabietic Acid
Dichloroabietic Acid

Surrogate Recovery (%):

B-Methyl Podocaprate Acid

— e e b e e s = e e e
ccocacacaccacc

N = 1 N

s s bt s b e b b p—

74.

ccCccococacac

cCcocoacococacaccc

cCccacacaccocc

N = - N — e s e —— et et b s b e b

Y et b s b B

9z.

ccCcoaccocoacacc ccocococcocac

cCcacccocaocacaccoa

cocococcocccoaceoc

W = 2 = = WD Pt Pt s pd ek et e P et Pt b b b Pk b
ccoccococoaccoc

ccccccco

— s b s e b b e e
cCCcoccocccoacocacacc

76.

ccaocacococcoacoa

o e e b
cccocaccaccacccoc

N = U — = N — et e b b s e
ccCcocacacacacc

b e e b e s
cCcacocacooacaocacoc

98.

cococococacc

— e
ccccocacaccac

[Py

- = o e o
cocaocacacacaccoc

ccCcacacaocaocc

N = 1 N

i b b e e e s
cCCccCCcocoacaocoaocaccoaccoac

72.5

— b b e
cocococcocaacc

N s U N — e e s e e

cococcTocacac

— s e b e e e
cCcCcocccocacacacacca

96.

cocaocaccacaccoc

—_ e e e e
cococococacaccac

bt hd ek b o b e b

N Q1 = N
cccoccacccoc

e s s b P p ped s b p

(o=
=

ccCccccocacaca

cCoCcocCcocccacacaaoccoc

U - undetected;

J - estimated because result less than detection limit;




TABLE £.4. Sediment Total Organic.Carbon (TOC) Results

TOC
Station ‘ (% dry wt)
1 A-C 0.41
2 A 1.30
3 A-C 0.87
4 A-C 1.13
5 A-C 1.02
6 A-C 1.22
7¢C 1.96
8 A-C 2.13
9 A-C 1.30
10 A-C 1.63
‘11 A-C 2.21
12 A-C 1.56
13 A-C 1.88
14 A-C 1.71
15 A n/A(2)
16 C N/A
17 A 2.28
West Beach 0.06
Sequim Bay 2.03

(@) N/A - analyses not performed
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C.5. Quality Assurance for Sediment Dioxins (font’d)
Method Blank Data

9-27-89 9-29-89 9-29-89 10-5-89 10-6-89

MB1 R1 MB1 R1-14 . MB1 R13 MB1 R3 . MBI
Native Isomer Conc. D.L. Conc. D.L. Conc. D.L. Conc. D.L. Conc. D.L
2378-TCDF nd 1.70 nd 2.20 nd 0.34 nd 1.30 nd 1.00
Total TCDF nd -~ nd -~ nd -~ nd - nd --
2378-TCOD nd 1.60 nd 2.68 nd .53 nd 1.10 nd 2.70
Total TCDD nd -- nd ~- 0.39 -~ nd -~ nd =~
12378-PeCDF nd B.49 nd 1.40 nd #.13 .34 -~ nd 8.99
23478-PeCDF nd @.25 nd 1.20 nd £.88 p.36 -~ nd ©.80
Total PeCDF nd - nd -- nd -~ g.76 - nd --
12378-PeCDD nd .38 nd 8.52 nd 0.20 nd 0.46 nd #.95
Total PeCDD nd -- nd -- nd -~ nd -- nd --
123478-HxCDF nd 8.45 nd 0.98 nd @.11 nd 8.66 nd 1.40
123678~HxCDF nd @.23 nd 9.45 nd 0.89 nd #.32 nd @.68
123789~HxCDF .57 -- nd 1.20 0.38 -~ g.31 -~ nd 1.20
234678-HxCDF nd @.56 nd 1.3@ nd 0.13 nd @.98 nd 2.00
Total-HxCDF 8.57 -~ nd -- p.38 -- .31 -~ nd --
123478-HxCDD nd @.51 nd 8.57 nd @.19 nd 0.41 nd 1.78
123678-HxCDD nd @.44 nd . 1.18 .27 1.10 nd £.59 nd 1.98
123789-HxCOD nd 8.71 nd 2.28 g.19  2.28 nd 8.29 nd 1.00
Tota1-HxCDD nd - nd - 1.76 = -- .88 -~ nd -~
1234678-HpCDF nd ©0.84 nd 1.00 nd 06.36 nd 8.29 nd 1.30
1234783 ~HpCDF nd 1.20 nd .40 nd .19 nd 0.76 nd 1.58
Total HpCOF nd -- nd ~-- nd -~ nd -- nd -~
1234678-HpCOD 1.88 -~ nd 3.18 g.45 -~ 1.96 -~ 3.96 --
Total HpCDD 1.88 -~ nd =~ 8.96 -- 4.00 -- 8.9 -~
OCDF nd 1.40 nd 3.308 p.69 -~ 1.7 -- 1.68 --
0cDD 18.88 -~ 27‘0ﬂ - 10.086 -~ 31.086 -~ 3e.p0  --




TABLE C.5.

Quality Assurance for Sediment Dioxins (Cont’d)

Method Blank Data (Cont’d)

16-10-88 10-17-89 10-18-89 16-19-89
‘ MBI MB1 R8 MB1 R13 MB1 R28
Native Isomer Conc. D.L. Conoc. O.L. Conc. D.L. Conc. D.L.
2378-TCDF nd 1.30 nd 2.80 nd ‘2A4§ nd 1.50
Total TCDF nd -~ nd - nd -- nd -
2378-TCDD nd 1.90 nd 1.70 nd 1.80 nd £.89
Total TCOD nd -~ nd  -- nd -- nd --
12378-PeCDF nd 06.65 8.78 -- nd 2.34 nd 1.00
23478-PeCDF nd @.62 nd ©.98 nd 0.42 nd ©.63
Total PeCDF nd - g.78 -~ nd -- nd -
12378-PeCDD nd 1.58 nd 1.00 nd 8.57 nd 1.00
Total PeCDD nd -~ nd ~-- nd -- nd .-
123478-HxCDF nd 0.48 nd 1.18 nd 0.49 nd @.77
123678-HxCDF nd 0.48 nd == nd 0.26 nd 8.75
123789-HxCDF nd ©.86 nd 1.50 p.60 -~ nd 1,08
234678~HCOF nd 8.62 nd 8.74 nd @.62 nd 6.69
Tota1-HxCDF nd -~ 1.18 -~ p.6g -~ nd --
123478-HxCDD nd 0.46 nd 8.8l nd 0.35 nd 1.30
123678~-HxCDD nd @.56 nd 1.00 nd 8.29 nd 0.62
123789-HxCDD nd 0.78 1.1¢ -- nd 0.36 nd 1.20
Total-HxCOD nd - 1,18 == g.87 ~- nd -
1234678-HpCOF nd @.68 nd .10 .96 -~ nd
1234789-HpCDF nd @8.75 nd" 10 nd 8.71 nd
Total HpCDF nd - nd #8.96 -- nd -
1234678-HpCDD 1.6 -- 1.98 -~ 1.98 -~ nd 1.50
Total HpCDD 1.6 -- 1.96  -- 1.98 -- nd --
0CDF nd 1.90 2.5 -~ 2.086 -~ nd 1.68
0coD 17.86 -~ 15,08 -~ 15,00 -~ 9.1 --
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BLE C.5. Quality Assurance for Sediment Dioxins (Cont’d)
Matrix Spike Data
9-28-89 18-3-89 18-11-89 18-19-89

Native Spike R-3-3 Spike R12 Spike RS Spike R21
Isomer Qs gm %Rec Qs Qm %Rec Qs Qm X%Reo Qs Qm %Rec
2378-TCOF g.86 0.78 98 0.80 9.94 118  0.80 0.82 183 9.8¢ .86 108
Total TCDF 9.80 0.78 98 0.8 0.94 118 @.8¢ .82 103 2.8 .86 108
2378-TCDD g.80 0.82 103 g.88 1.8 125 0.6 ©.89 111 9.8¢0 .86 108
Total TCDD 9.80 ©0.82 103 0.80 1.28 125 g.80 0.89 111 0.8 ©.86 108
12378-PeCDF 4,80 3.60 90 4.080 4.20 185 4,00 3.70 93 4.00 4,10 103
23478-PeCOF 4.80 3.60 90 4.9 4.39 108 4,80 3.80 95 4.08 4.18 103
Total PeCDF 8.og 7.20 9@ 8.40 8.50 186 8.00 7.5 94 8.0 8.20 103
12578-PeCDD 4,80 3.5¢0 88 4.00 4.20 105 4,80 3.88 95 4.0 3.80 95
Total PeCDD 4,80 3.50 88 4.08 4.20 185 4,00 3.80 95 4.08 3.80 95
123478-HxCDF 4,00 4.1p 103 4.90 4.70 118 400 3.60 908 4,40 3.80 95
123678-HxCOF 4,00 3.39 83 4,00 3.90 98 4.00 3.80 95 4,08 3,90 98
123789-HxCDF 4,00 3.78 93 4.0 4.20 185 400 3.7 93 4.0 3.9 98
234678-HxCDF 4,80 3.7¢ 93 4.00 4.30 108 4,00 3.88 95 4,00 3,98 98
Total-HxCOF 16.08 15.89 94  15.00 17.88 186 6.00 15.00 94 16.00 16.00 100
123478-HxCDD 4.0 3.48 85 4.00 7.98 123 4.00 4.40 118 4.00 4.0 110
123678-HxCDD 4,80 3.99 98 4.0 3.88 95 4,00 3.40 85 4.0 3.50 88
123789-HxCDD 4,00 3.40 85 4.0 3.9 98 4,00 3.30 83 4.0 3.18 78
Tota1-HxCDD 12,60 11.88 92  12.00 13.00 108 12.¢0 11.880 92 12.00 11,08 92
1234678-HpCDF 4.80 3,78 93 4.86 4.3 108 4.00 4.10 103 4.80 4,18 103
1234789-HpCOF 4,88 3.78 93 4.8 4.38 108 4.00 4.10 103 4.00 4.10 103
Total HpCDF 8.0 7.40 93 8.00 8.60 128 8.00 8.20 103 8.08 8,20 103
1234678-HpCDD 4,00 3.60 90 4.00 4.20 105 4,00 3.70 93 4.0 3.70 93
Total HpCDD 4,60 3.60 90 4.00 4.20 105 408 3.7 93 4.0 3,70 93
0CODF 8.0 7.48 93 8.00 10.80 125 g.ee 8.90 111 .00 8.30 104
0CDD 8.8 7.3 91 8.08 8.7 109 8.00 7.68 95 g.e@ 7,78 95

Qs = Quantity spiked
= Quantity measured

we
%Rec = Percent recovered
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|

Quality Assurance for Sediment Dioxins (Cont’d)

TABLE C.5. |
Surrogate Recovery (%)
Method Blanks and Matrix Spikes
i
Percent Recovered Peroent Rec<vered
Native ng's MeL MBL MBL MBL  Spike  Spike Spike Spike
1somer Added Rl Ri-14 R8 R  Ri2  R-3-3 R9 R21
2378-TCDF-C13 2.00 78 37 8 78 39 68 56 7
2378-TCOD-C13 2.00 70 4, 38 N a7 72 59 7
12378-PeCOF-C13 2.00 95 56 54 60 53 75 81 78
23478-PeCOF-C13 2.00 104 58, 56 59 85 79 ag 88
12378-PeCDD~C13 2.00 11 48 682 57 58 85 98 92
123478-HxCDF-C13 2.00 87 B8, 55 63 45 64 74 7
123678-HxCDF~C13 2.00 66 641 56 64 52 64 70 e
123789-HxCDF~C13 2.00 65 61/ 55 65 49 65 71 64
234878-HxCDF~C13 2.00 66 60 59 66 51 64 74 63
123478~HxCDD~C13 2.00 80 69 63 76 49 74 71 67
123678-HxCDD~C13 2.00 8 683 5 83 52 72 83 30
1234678-HpCDF-C13 2,08 62 56 56 61 48 59 62 62
1234789-HpCDF-C13 2,00 74 83 67 77 56 70 80 72
1234678-HpCDD-C13 2,08 73 60 66 73 51 70 74 76
0C00-C13 4,00 12 48 85 8l 43 74 64 72
1234-TCDD-C13 .29 na na ' na na XX XX XX XX
123789-HxCDD~C13 2.00 na na na  na XX XX XX XX
2378-TCOD~C137 9.80 (a) 47 47 67 39 59 55 68

(a) No data
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IABLE C.6. Quality Assurance for Sediment Guaiacols/Organic Acids
Method Blank Data

Laboratory ID Method West Beach West Beach
Compound ‘ Blank Matrix Spike Spike Duplicate
Guaiaco] ‘ 67 u(a) 61 U 68 U
4-Chloroguaiacol 67 U -- -
[soeugenol 67 U 61 U 68 U
Eugenol 67 U 61 U 68 U
4,5-Dichloroguaiacol 67 U 61 U 68 U
4,5,6-Trichloroguaiacol 67 U 61 U 68 U
3,4,5-Trichloroguaiacol 67 U 61 U 68 U
Tetrachloroguaiacol 67 U - --
Catechol 67 U 61 U 68 U
4-Chlorocatechol 67 U 61 U 68 U
4,5-Dichlorocatechol 67 U 61 U 68 U
6-Chlorovanillin 67 U 61 U 68 U
3,4,5-Trichlorocatechol 67 U 61 U 68 U
Trichlorosyringol 67 U 61 U 68 U
5,6-Dichlorovanillin 67 U 61 U 68 U
Tetrachlorocatechol 67 U 61 U 68 U
Heptanoic Acid 67 U 61 U 68 U
Palmitoleic Acid 130 U 930 1100
Linoleic Acid 67 U 61 U 68 U
Linolenic Acid 67 U 61 U b 68 U
Oleic Acid 330 U 310 J(b) 330 J
Stearic Acid 67 U 59 J 58 J
Hexadecanedioic Acid 130 U 120 U 140 U
Pimaric Acid 67 U 61 U 68 U
Sandaracopimaric Acid 67 U -- --
Isopimaric Acid 67 U 61 U 68 U
Palustrate Acid 67 U 61 U 68 U
Dehydroabietic Acid 67 U - --
Abietic Acid 67 U 61 U 68 U
Neoabietic Acid 67 U -- --
1,4-Chloroabietic Acid 67 U 61 U 68 U
1,2-Chloroabietic Acid 67 U 61 U 68 U
Dichloroabietic Acid 67 U -- --
Surrogate Recovery (%):

Dihydroxy-d4-Benzene 50.5 74.6 77.2
0-Methyl Podocapric Acid 94.7 110 115

ggg U indicates compound undetected at given detection limit
J indicates estimated value for esult less than detection limit
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TABLE C.6. Quality Assurance for Sediment Guaiacols/Organic
Acids (Cont’d)

Mgirix_Snikg_Bgsgxgrx

Spike Sample MS
Added Conc Conc MS%
(ug/Kg)  (u9/Kg) (ug/Kg)  Rec
4-Chloroguaiacol 3200 0 2771 86.6
Tetrachloroguaiacol 3200 0 3116 97.4
Sandaracopimaric Acid 3200 0 2789 87.1
Dehydroabietic Acid 3200 0 3224 101.0
Neoabietic Acid 3200 0 52 1.6
Dichlorcabietic Acid 3200 0 2851 79.7
t S Dulicate Recove

Spike MSD

Added Conc MSD %

(ug/Kg)  (pg/Kg) % Rec RPD
4-Chloroguaiacol 3200 2661 83.2 4
Tetrachloroguaiacol 3200 3549 111.0 -13
Sandaracopimaric Acid 3200 2982 93.2 -7
Dehydroabietic Acid 3200 2998 93.7 7
Neoabietic Acid 3200 725 22.7 -173
Dichloroabietic Acid 3200 2870 89.7 -12
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[ABLE C.7. Quality Assurance for Elutriate Guaiacols/Organic
Acids (Concentrations in pg/L)

Laboratory ID — Metnod Sta. 15 Sta. 15
Compound Blank Matrix Spike Spike Duplicate

Guaiacol
4-Chloroguaiacol
Isoeugenol

Eugenol
4,5-Dichloroguaiacol
4,5,6-Trichloroguaiacol
3,4,5-Trichloroguaiacol
Tetrachioroguaiacol

ccccacc [ ==

P
ccccaccoc [ g

cCcCccaccacacccacc ccCccccoacc cccaccaccc cCcCcacccacc
1 b et et ek et |

Ve et ek e ek |

Catechol
4-Chlorocatechol
4,5-Dichlorocatechol
6-Chlorovanillin
3,4,5-Trichlorocatechol
Trichlorosyringol
5,5-Dichlorovaniilin
Tetrachlorocatechol

i ot fmd fd P fud fund fd
ek et ot ok G i P el
pd fd ot fd fmcd o fmd el

Heptanoic Acid
Paimitoleic Acid
Linoleic Acid
Linolenic Acid

O0leic Acid

Stearic Acid
Hexadecanedioic Acid

N b=t (1 b=d = D)
(¥ N e e ¥ I ]
G = N = ()
cCc [ g < C [ s cuLCcCCcoc [ e ccccoccaccacc

Pimaric Acid
Sandaracopimaric Acid
Isopimaric Acid
Palustrate Acid
Dehydroabietic Acid
Abietic Acid
Neoabietic Acid
1,4-Chloroabietic Acid
1,2-Chloroabietic Acid
Dichloroabietic Acid

[ S I R B
1
cCc = cc [ caaLcCcc < ccCcCcccccacca
1

[ S N R T
H

Pt ped ot ot ek et e fnd et fd

Surrogate Recovery (%):
0-Methyl Podocaprate Acid 62.1 95.8 102
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. TABLE C.7. Quality Assurance for Elutr1atu Guaiaco]s/Organic
Acids (Cont’d)

Matrix Spike Recovery

Spike Sample MS

Added Conc Conc . MS %

(ug/L) (sg/L)  (wg/L)  Rec
4-Chloroguaiacol 71.0 0.0 36.4 51.3
Tetrachloroguaiaco) 71.0 0.0 72.0 101.0
Sandaracopimaric Acid 11.9 0.0 60.5 85.3
Dehydroabietic Acid 71.0 0.0 55.4 78.1
Neoabietic Acid 71.0 0.0 0.0 0.0

. Dichloroabietic Acid 71.0 0.0 48.7 68.6

Matrix Spike Dulicate Recovery

Spike MSD ‘

‘Added Conc MSD %

(1a/Kg) (19/Kg) %Rec RPD
4-Chlaroguaiacol 71.0 26.9 37.9 30
Tetrachloroguaiacol 71.0 75.4 106.0 -5
Sandaracopimaric Acid 71.0 65.3 92.0 -8
Dehydroabietic Acid 71.0 61.0 86.0 -10
Neoabietic Acid 71.0 0.0 0.0 N/A
Dichloroabietic Acid 71.0 56.0 78.9 -14
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TABLE C.8. Quality Assurance for Sediment Organic Carbon

Duplicate Sample Results

Sample Rep 1 Rep 2 %_RPD
10 A-C 1.63 - 1.64 0.61
Sequim Bay 2.03 2.03 0.00

No spike or blank data required for this analysis.
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30-DAY TISSUE CHEMISTRY DATA
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TABLE D.2. Thirty-day tissue 1ipid results.

ammema——

atatlon Rep A Llpld  Dup, A RFD
Sta. 1 1 g.19
Sta. 1 2 g.22 8.17 25.¢
Sta. 1 3 8.16
Sta, 2 1 .21
Sta, 2 2 g.21
Sta, 2 3 8.18
Sta, 3 1 #.21
Sta. 3 2 .20
Sta, 3 3 8.11
Sta. 4 1 8.29 8.17 62.2
Sta. 4 2 8.08
Sta. 4 3 g.14
Sta. 6 1 #.20
Sta. B 2 8.10
Sta. b 3 ¢.19
Sta. 6 1 8.25
Sta. 8 2 8.18
Sta. 6 3 g.22
Sta. 7 1 8.18
Sta. 7 2 0.26
Sta. 7 3 2.33 8.32 3.0
Sta. 8 1 8.17
Sta. 8 2 g.12 )
Sta. 8 3 g.27
Sta. 9 1 8.17
Sta, 9 2 #.13
Sta. 9 ? 8.21
Sta, 19 1 g.17
Sta. 19 2 g.14
Sta. 18 3 6.28
Sta. 11 1 a.29
Sta. 11 2 8.20
Sta. 11 3 6.18




TABLE D.2. Thirty-day tissue 11pid results (cont'd).

“atation Hep A Lipld  Dup. & RFD

Sta, 12
Sta. 12
Sta. 12

Sta, 18
Sta. 13
Sta, 13

Sta, 14
Sta. 14
Sta, 14

Sta. 17
Sta. 17
Sta. 17

8.80 6e.7

G2 AS — 3 A3 —
£3 RO RS IR
=moc E oy

- — - s
S - acom

13 S B o

om | -W--¥--% -2~ F-3 %% -1
(- S ]

j< B SN

Sequim Bay
Sequim Bay
Sequim Bay

Y
SIm=
23 2 s

Weost Beach
Weast Beach
West Beach

Q3 A
|mm s
A3
~
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IA&LE_[L;{. Quality Assurance for Dioxins and Lipids
Method Blank Data (ng/Kg dry)

Native #9-23-89 #o-26-880 ig-18-09 19-12-89 19-18-89

[nomer Cona. O.L. Cono. D.L, Cona. 0L, Cong, D.L, Cono. D.L.
2378-TCOF nd g.34 nd 1.39 nd 9,04 nd {.2¢ nd 1.20
Total TCOF nd “n nd “- ndl . nd - nd -
2378-TCDD nd g.63 nd 1.14 nd 1.1 nd @.88 nd 8.92
Total TCDD #.390 =~ nl - nel “o nd - nd “e
12378~PaCOF nd 8,13 8.34 - nd 8,37 nd @.40 nd 8,17
23478~PaCOF nd g.08 #.36 - nd 9,18 nd 9.38 nd 9.21
Total PaCODF nd - 0,78 o ne “e nc - nd “
12376-peCDD nel 9,20 nd @.48 nd 8,24 nd 9,47 nd 9.29
Total PeCDD nd - nd .- nd - nd - nd -
123478-HxCOF nd 8,11 nd ©.68 nd 8.15 nd @.63 nd 4,24
123678~HxCOF nd #.09 nd @.32 nd 0.18 nd 8,42 nd 6,13
123789~HxCOF 8.38 -~ 9.31 -~ 4,34 - nd @.39 0.36 “n
234678-HxCOF nd 8,13 nd 9,98 nd #.26 nd @.58 nd @,31
Tota1-HxCOF g.39 -~ #.31 - 8,34 - nd e #.3¢ e
123478-HxCDD nd g.19 nd #.41 nd 8.39 nd @.44 nd  @.17
123678-HxCOD #.27 o« nd 8,59 nd 4,35 nd  @.49 nd @.14
123789-HxCOD g.19  ~- nd 6.29 nd 6.42 nd 6,35 nd 4,18
Total-HxCDD 1,76 -~ g.88 - nd - nd - #.43 -
1234678-HpCOF nd .36 nd 6,29 nd  @.25% nd 42 g.48 - ==
1234789 ~HpCDF nd #.19 nd .76 nd #.36 nd 8,57 nd #.35
Total HpCOF ndl . nd “e nd e nel - g.48 o
1234678~HpCOD g.45 - 1.9¢ - nd 0.6l 1.20 - 6,96 -
Total HpCODO #.,96 -~ L) ke nd - 1.28 - #.96 -
OCDF #.69 «- 1.7¢ - nd @.45 nd 1.5¢ @.99 “n
0cpo 19,086 -~ 31.00 -- 4,50 - 18,04 - 7.4¢ -
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ABLE D.3.

Quality Assurance for Dioxins and Lipids {Cont’d)
Surrogate Recovery Data (%)

Native

ng's Sequim Bay West Beach Back~
Isomer Added Rep1 Rep2 Rep3 Repl Rep2 Rep3 ground
2378-TCDF-C13 2.00 71 56 70 68 61 69 74
2378-TCDD-C13 2.00 74 53 66 78 62 72 73
12378-Pe(DF-C13 2.00 83 76 B4 75 76 88 81
23478-PeCDF-C13 2.0 75 78 85 71 78 88 78
12378-PeCDD-C13 2,00 92 78 87 86 76 77 81
123478-HxCDF-C13 2.00 96 67 67 76 68 179 194
123678-HxCDF-C13 2.00 1089 99 79 77 85 163 112
123789-HxCDF-C13 2.08 81 71 7178 70 132 87
234678~-HxCDF-C13 2.00 55 65 73 64 52 89 72
123478-HxCDD-C13 2.08 96 69 77 81 78 126 93
123678-HxCDD-C13 2.00 71. a9 81 76 72 93 g5
1234678-HpCDF-Ci3 2.00 67 62 44 36 71 186 58
1234789-HpCDF-C13 2.00 82 72 88 98 88 267 94
1234678-HpCDD-C13 2.00 78 66 86 84 85 245 81
0CbD-C13 4.00 87 - 47 102 82 4] 342 8@
1234-TCDD-C13 .00 na na na na na na na
123789-HxCDD-C13 2.00 na na na na na na na
2378-TCDD-C137 9.80 75 54 69 72 64 72 78
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TA D.3. Quality Assurance for Dioxins énd Lipids (Cont’d)

Method Blank and Matrix Spike

Surrogate Recovery Data (%)

Native
Isomer

Blank

Blank

Blank

Blank
g9-23 @9-26 99-28 10-03 1@-p6 @9-23 @9-26 @9-28  1p-@3  1B-06

Blank

Spike Spike

Spike

Spike

Spike

2378-TCDF-C13
2378-TCOD-C13
12378-PeCDF-C13
23478-PeCDF-C13
12378-PeCDD-C13
123478-HxCDF-C13
123678-HxCDF-C13

123789~HxCDF-C13 .

234678~HxCDF-C13
123478-HxCDD-C13
123678-HxCDD-C13
1234678-HpCDF-C13
1234789-HpCOF-C13
1234678-HpCDD-C13
0cDbD-C13

1234-TCDD-C13
123789-HxCDD-C13

2378-TCDD-C137

41
42
61
65
69
62
73
67
66
66
76
64
68
68
51

na
na

45

50
32
61
61
65
82
a3
78
66
100
87
73
69
68
52

na
na

51

64
72
78
67
75
67
69
65
68
73
69
61
74
65
55

na
na

70

37
43
75
74
79
68
78
75
75
76
81
78
99
87
84

na
na

44

39
43
68
66
69
67
80
72
69
79
84
67
76
73
62

na
na

42

54

54

79
80
85
58
69
59
55
72
60
59
76
70
65

XX
XX

56

57
56

79

71

77

48
62
55
46
66
56
45
57
50
54

XX
XX

59

77
84
89
86
95
74
81
72
64
80
82
66
82
73
62

XX
XX

81

48
47
58
57
55
51
64
54
39
55
65
51
67
66
70

XX
XX

57

54
51
78
71
A
65
87
69
43
80
68
66
79
77
72

XX
XX

47

jw)
ro
~J



APPENDIX E

60-DAY TISSUE CHEMISTRY DATA
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TABLE E.2. 60-Day Tissue Lipid Results

Station Rap % Lipid Dup., % RPD
Sta. 1 4 g.35
Sta, 1 5 0.28
Sta., 2 4 9,20
Sta, 2 5 g.23
Sta. 3 4 g.21
Sta. 3 5 g.21
Sta, 4 4 g.21
Sta, 4 5 8.30
Sta, 5 4 g.28
Sta, 5 5 8,37
Sta, 6 4 #.50 f.50 p.00
Sta, B 5 g.75
Sta. 7 4 g.42
Sta. 7 5 8.36
Sta. 8 4 g.15 .15 - 0.00
Sta. 8 5 g.80
Sta. 9 4 0.89
Sta. 9 5 9.73
Sta. 10 4 g.20
Sta, 18 5 8.56
Sta., 11 4 8.27 g.27 8,00
Sta. 11 5 8.45
Sta, 12 4 g.43
Sta, 12 5 B.56
Sta. 13 4 8.27
Sta. 13 5 9,63
Sta. 14 4 g.55
Sta. 14 5 9.15
Sta. 17 4 8.29
Sta. 17 5 8.79
Sequim Bay 4 9.26
Sequim Bay 5 g.23
West Beach 4 .35
West Beach 5 8.16
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APPENDIX F

CRAB TISSUE CHEMISTRY DATA
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[ABLE F.2.

Tissue Lipid Results

(a) Duplicate analysis.

Station Muscle Hépatopancreas
Gra}sﬁarbmr Buoy #3 0.12 3.03
| Oéean/OFF‘Gray1and 0.07 2.50
Half Moon Bay ~ 0.09, 0.07(3) 3.30
South Bay 0.05 5.07
North Bay 0.13 5.41
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BLE F.3. Quality Assurance for Dioxins and Lipids
Method Blank and Matrix Spike Data

MBL 11-27-89 Spike 159205 M.S. Spike
Native Isomer Cono. D.L. Qs Qm % Reo Qs * Qm ¥ Reo
2378-TCDF nd 1.60 p.80 1.8¢ 125 ©@.8¢ 1.08 125
Total TCOF d - p.80 1.0 125  ©0.80 1.00 125
2378-TCDD nd  2.40 g.80 1.19 138  B.80 9.92 115
Total TCDD nd - g.80 1.1¢ 138  0.80 .92 115
17378~PeCOF nd ©.95  4.80 5.80 125  4.00 4.00 100
23478-PeCDF nd .93 4.08 5.08 125  4.00 4.20 105
Total PeCDF nd - 8.04 10.06 125  8.00 8.20 103
12378-PeCDD nd 1.10 4.0 4,70 118  4.00 4.30 108
Total PeCOD nd - 4.00 4.7 118  4.00 4.30 108
123478-HxCDF nd .73 4.80 5.1¢ 128  4.p0 4.90 123
123678-HxCOF nd .85 4.00 4.80 120  4.00 4.00 1g0
123789-HxCOF nd  0.76 4.00 5.10 128  4.00 4.40 110
234678-HXCDF nd  1.10 4.00 5.00 125  4.00 4.30 108
Tota 1-HxCDF nd - 16.00 20.00 125 16,00 18.g0 113
123478-HxCOD nd  0.78 4.00. 5.80 145  4.98 5.30 133
123678-HxCDD nd 1.00 4.00 4.30 188  4.00 3.70 93
123789-HxCDD nd 1.00 4.06 4.10 163  4.00 2.60 65
Tota1-HxCOD nd - 12.00 14.86 117 12.60 12.00 100
1234678-HpCDF ~ nd  1.30 400 4.40 110 4.60 4.70 118
1234789-HpCDF ~ nd  1.00 4.00 4.7¢ 118  4.00 4.50 113
Total HpCOF nd - 8.00 9.9¢ 124  8.08 9.20 115
1234678-HpCDD ~ nd 1,30 4.00 4.70 118 4,60 3.80 95
Total HpCDD nd - 4,00 4.76 118  4.60 3.80 95
0COF nd 2,80 8.00 11.06 138 8.0 11.00 138
0COD 288 - 8.00 1u.00 125  8.00 9.40 118
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