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SUMMARY

The Battelle/MarineSciencesLaboratory (MSL)was requestedby the U.S.

Army Corps of Engineers (USACE),SeattleDistrict,to assist in planning and

conducting sampling,toxicologicaltests, and chemistryevaluationson sedi-

ment samplescollected from the Chehalis River in Grays Harbor, Washington.

The objectives of the study were to investigatethe toxicity and bio-

logicaleffects of sedimentsthat might potentiallycontaindioxins, furans,

and organic acids, as a result of industrialpracticesin the Grays Harbor

area, on sensitivemarine species. In addition to the toxicologicaltests

conductedusing standardbioassays,sediment chemistrytests were performedto

determinelevels of selectedchemicals,and elutriatesof sedimentswere

tested chemicallyand biologicallyto determine contaminantmobility in water.

Also, bioaccumulationmeasurementswere made to determinechemical mobility in

animal tissue. A joint task group, includingrepresentativesfrom the USACE,

WashingtonDepartmentof Ecology (WDOE),Washington Departmentof Natural

Resources(WDNR),WashingtonDepartmentof Fisheries(WDOF),and Region 9 of

the U.S. EnvironmentalProtectionAgency (USEPA)participatedin designingthe

testingprogram and reviewingdata produced by MSL. The results of this

analysiswill be includedin a supplementalEnvironmentalAssessment (EA)

preparedby the USACE for the Grays Harbor Dredging Program,beginning in

early 1990.

Toxicologicaltest results indicatethat sedimentsamples collectedfrom

the Grays Harbor area demonstratedno appreciabletoxicityto test organisms,

and althoughdioxin/furanand guaiacol/organicacid compoundswere detectedin

most sediment samples, the concentrationswere relativelylow. Sediment

elutriatepreparationsresulted in little-to-no-toxicityand were considered

insignificantaccordingto guidelinespresented in the ImplementationManual

(USEPA/COE1977). Elutriatechemistryresults showedthat the guaiacol/

organicacid compoundswere not extractedby water, while 30- and 60-day

bioaccumulationstudies showed that no potentialexisted for bioaccumulation

of dioxin compounds by the filter-feedingclam Macomanasuta. Indigenous

crabs from the in-baydisposal sites of the Grays Harbor area showed no
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dioxin/furancontaminationin crabmuscle.tissue,but detectedlevelsof

dioxin/furanswere foundin the hepatopancreasof crabscollectedat North

Bay, SouthBay, and.HalfMoonBay.
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1.0 INTRODUCTION

The Water Resources DevelopmentAct of 1986 (PublicLaw 99-662) author-

ized the SeattleDistrict of the U.S. Army Corps of Engineers (USACE)to

dredgeGrays Harbor as part of the Grays Harbor Widening and Deepening Proj-

ect. Subsequentto this authorization,concerns about potentialdioxin/furan

and guaiacol/organicacid contaminationwithin the Chehalis River area arose.

These concerns resulted in a requirementto evaluate the potentialsediment

concentrations,toxicity, and bioaccumulationof sediment-boundguaiacols/

organic acids, dioxins, and furans before dredging and disposalcould begin.

The Battelle/MarineSciences Laboratory (MSL)was requestedby the USACE,

Seattle District,to assist in planningthe sediment toxicity evaluationand

performingtoxicity and bioaccumulationtests on sediment and sediment

elutriates. Solid phase toxicitytests were conducted using the amphipod

Rhepoxyniusabronius and the clam Macoma nasuta. Sediment elutriatetoxicity

was evaluatedina 96-h D-cell test using larvae of the oyster Crassostrea

gigas and a Microtox illuminationtest. Dioxin/furanbioaccumulation

potentialwas evaluatedby exposing the clam M. nasuta to sedimentsfor 30 and

60 days. In addition,MSL coordinatedthe analysisof dioxin/furanlevels in

the tissues of the Dungenesscrab Cancer maqister. The MSL was also requested

to perform or arrange for analysisof tissue samplesfor any bioaccumulated

dioxin/furancontaminants,sedimentconcentrationsof dioxin/ furans, and

chemical analyses o:fsediments,and sediment elutriatesfor the concentrations

of guaiacols/organicacids. In addition,the USACE requestedthat an optional

leachate experimentbe perforq,edon selected sedimentsto determinewhich

resin acids, guaiacols, and fatty acids were availablefor dissolutionfrom

selected sediment treatments.

This report discussesthe resultsof b_iologicaland chemical testing con-

ducted by MSL on sediment samplescollectedfrom the Grays Harbor area_.

Section 2.0 describes the materials and metlnodsused in the tests. Sec-
J

tion 3.0 presents toxicologicaltestingres_ults,and analyticalchemistry

results are presented in Section4.0. A discussion of the results is pro-

vided in Section 5.0.

, 1.1
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2,0 MATERIALS,AND METHODS

I

2.1 STUDY AREA DESClRIPTION

The dredgingproject area includesareas in Grays Harbor and the

Chehalis River, locatedin Grays Harbor County,Washington.The study area for

this project extends from the outer portionof C_'ossoverReach to the city of

Cosmopolison the Chehalis River (Figure2,1), and Sampling locationsincluded

within 17 transect lines, approximatelyI nauticalmile apart along the river.

The 17 samplinglocationswere determinedby the USACE. Transectsextending

across the ChehalisRiver were numbered from I to 16, Transect I was located

in CrossoverChannel, and transect 16 was locatedupstream of Cosmopolis.

Station 17 was locatednear the WEYCO Outfallin the HoquiamReach (Figure

2.1). Most transectsconsistedof a samplingstation on the south side of the

river near the bank (A), a center channelsampling location (B), and a station

on the northsideof the river near the bank (C). Uncontaminatedsedimentswere

also collectedfrom Sequim Bay and West Beach,Whidbey Island,Washington

(Figure2.2).

2.2 STUDY OBJECTIVESAND EXPERIMENTALIDESIGN

The experimentaldesign for the analysisof sedimentsfor this project

is presented in Table 2.1. The objectivesof this study were to evaluatethe

potentialtoxicityand biological effectsof selected sedimentsfrom the Grays

Harbor area beforedredging and disposalcould be considered, This was

accomplishedby performingtoxicologicaltests using the phoxocephalidamphi-

pod R. abroniu..s...,the larvae of the Pacificoyster C. _, and the clam M_.

nasut_______aa,and the bacteriumPhotobacteriumphosphoret_in a saline-extraction

Microtox® test. Bioaccumulationpotentialwas evaluatedby exposingclams to

sediment for 30- and 60-day periods and measuringtissues for dioxin/furan

levels.

Analyticalchemistrymeasurementswere made on samplesfrom individual

sediment stationsor sediment stationcomposites,and on elutriatewater and

tissues, Dioxin/furanswere measured in individualor sedimentcompositesand

in the tissuesof clams exposedto sediments. Guaiacois/organicacids were

2.1
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FIGURE 2.2. Sampling Locationsat Sequim Bay and West Beach
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measured in sedimentcompositesand elutriatepreparationsfrom those sedi-

ment composites. Lipidswere measured in clam tissues exposedto sediments,

and organic carbon was measured in sediment. An additionalstudy was con-

ducted to evaluatethe baselinedioxin/furanlevels in the Dungenesscrab

living in and around the Grays Harbor study area.

2.3 FIELD COLLECTIONS

2.3.1 Sed..ime_t

Sediment sampleswere collected from 17 transects in the Grays Harbor

area from July 31 to August 5, 1989, using either a O.1-m2 van Veen grab

sampler,a 2.5-in.diameter vibracoredevice, or a 3.5-in. dart core. A total

of 59 grab and 77 core sampleswere collectedfrom 50 stationsduring this

time, including11 dart cores and 66 vibracores.

Once a samplingstationwas located, its position was marked with a buoy

deployed from a surveyvessel operated by the USACE. Water depth was

determinedwith a calibratedfathometer,and this informationwas radioedto

the barge where it was entered into the field log. Tidal correctionswere

appliedaboard the barge to verify that the buoy was positionedcorrectly,and

the barge then moved into position near the buoy to begin sampling. The crane

positionedthe samplerwithin 5 ft of the marker buoy. Grab sampleswere

collectedat all stations,and core sampleswere collectedat all stations

except Stations 15 and 16 and some center channel locationswhere water depth

exceeded the vibracorebarrel length, and dart core sampling failed. These

includedStations IB, 2B, 11B, and 13B. At these locations,a grab samplewas

collected.

Grab sampleswere collectedwith a O.1-m2 van Veen grab that was cleaned

betweenuses with river water. Grab sampleswere obtained, and the sampler

opened to view the sediment. If the sedimentsurfacewas disturbed,the

samplerwas leakingsediment,or a minimum of 4 cm of sedimentwas not col-

lected,the sample was re,,iected,and anotherone was collected. Sediment from

acceptablegrab samples,v_ascharacterizedfor texture, color_ odor, and col-

lection depth, then removedwith a clean stainl(_sssteel spoon and placed in a

labeled, solvent-rinsed4-L glass jar equippedwitha Teflon-linedcap. Each

2.6



jar was filled completelyto minimize head space, sealed,and placed in a

cooler containing ice. A storagetemperatureof 4°C was maintained in the

field and laboratoryuntil the sample was processed. Preparationof grab sam-

ples for testingand evaluation isdiscussed in Section2.6.

Core sampleswere collectedwith either a 3.5-in.-diameterx 8-ft dart

core or a 2.5-in.-diametervibracorecomposed of 5-ft-longthreaded pipe sec-

tions, which were coupled to produce a 50-ft pipe. Steam-cleanedcellulose

acetate butyrate (CAB) liners were used in both devices. During the first

2 days of the field collections,dart cores were attemptedfirst, becausethe

dart core can collecta larger volume of sediment in less time than the vib-

racore and has been used successfullyin other sampling studies. However, the

nature of the Chehalis River bottom preventedobtainingmany acceptable

samples using the dart core. Modificationsto the device were made, but did

not improvethe device's samplingefficiency. At stationswhere itwas not

possible to collert dart cores, the vibracorewas used. Eventually,the dart

core was completelyabandoned,and only the van Veen grab and vibracorewere

used for sediment collections.

After core samples were broughtaboard, the liner containingthe sedi-

ment samplewas 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 uncappedend just above the sediment level. This

end was then capped, and a label was affixedto the side of the core that

specifiedthe station, collectiondate, and vertical orientationof the

sample. Cores longer than 5 ft were cut into two sections, labeled,and

described. All cores were stored in a chest freezerthat maintained a stor-

age temperatureof 4°C. At the end of the cruise, the freezerwas loaded onto

a truck, and the cores were transporteddirectly to MSL. Preparationof core

samples for testing and evaluationis discussed in Section2.7.

Sedimentscollectedwith the van Veen grab were analyzedfor guaiacols/

organic acids and total organiccarbon,and provided test sediment for the

Microtox, amphipod,and oyster larvae tests. Sedimentscollectedwith the

dart and vibracoreswere analyzed for dioxin/furansand providedtest sediment

for the clam toxicity and bioaccumulationtests_ At most transects,the "A"
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and "C" samples, representingthe edges of the river basin were composited

into a single sample for biologicaltesting. Sediment dioxin/ furan analysis

was conductedon "A," "B," and "C" stations,while guaiacols/organic acids

analysiswas conductedon only the composites, on transects2, 7, 16, and 17,

chemical and biological sampleswere analyzed at only one locationat each

station (2A, 7C, 16C, and 17A). Core collection informationis presented in

Appendix A, Table A.I; grab sample collection informationis summarized in

Appendix A, Table A.2.

Sampling operationswere conductedaboard a bargeand tug supplied and

crewed by personnelof Quigg Brothers,Inc., Aberdeen,Washington. This barge

was equippedwith a 60-ft crane, which was used to raise and lower sampling

equipment. The scientificcrew was composedof personnelfrom MSL; USACE,

Seattle DistrictlBeak Consultants;and one person from the USACE, Portland

District,who operated the vibracore. Navigationalsupport was provided by a

la,Rerpositioningsystem operated by personnelfrom the USACE, Seattle

District. During the sampling program,detailed field collectionnotes and

chain-of-custodyinformationwas compiledby the MSL chief scientist. This

informationincludedthe date and time for each collected sample;uncorrected

water depths; grab sample descriptivecharacteristics(penetrationdepth,

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

2.3.2 Crab

Adult Dungenesscrab, C. magister_Lwere collected from five locations

near the Grays Harbor sampling area, includingthree 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,

_i placed in a large ziplock bag, then placed on ice and delivered to MSL by

USACEpersonnel 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.
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2,4 CONTROLAND REFERENCESEDIMENTCOLLECTION AND HANDLING

West Beach control sedimentwas collectedfrom West Beach, Whidbey

Island,bY MSL staff on August 12, i989. To collect the sediment, an MSL-

designed amphipod dredge was towed parallel to the shore in approximately3 m

of water, near the western edge of the island. The sediment was placed in

clean coolers and immediatelytransportedto MSL.

Reference sedimentwas collected in Sequim Bay on August 13, 1989, using

a ponar petite grab. Collectedsedimentwas placed in a clean 5-gal bucket,

transportedto MSL, and stored at 4°C until use.

2.5 LABWARE PREPARATION

2.5.1 Glass, Plasticf..Nytex_PVCt .andTeflon

All labware, includingtoxicity testingcontainers,was handwashed in

warm, soapy (Liquinox)water. Washingwas followedby five rinseswith deio-

nized water and dried in open air. Dry labwarewas then soaked in 54 nitric

acid (HN03, Baker Instra-analyzedgrade) for at least 4 h. This labwarewas

then rinsed five times with deionizedwater, air dried, and stored in clean

containersuntil use.

2.5.2 Stainless Steel and Titanium

Stainless steel and titanium implementswere washed with warm, soapy

(Liquinox)water, rinsed five times with deionizedwater, air dried, rinsed

twice with methylene chloride,and dried under a vented laboratoryhood.

2.6 LABORATORYEQUIPMENTAND 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 thermolneter at 20°C. Salinity was measured with

Reichert Model 10419 refractometers, which were calibrated monthly to Inter-

national Association of Physical Oceanographers (IAPO) standard seawater with

2.9



a certifiedsalinity of 35.000 o/oo and chlorinityof 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. Dissolvedoxygen was measuredwith YSI Model 57 dis-

solved oxygen meters, which were calibrated daily to I00_ air saturation.'

Test containers used during this study included I-L g_ass jars for the

oyster larvae and amphipodtests and 39-L glass aquaria for the bio-

accumulationtests. Aerationto the test containerswas supplied by l-mL

borosilicateglass pipettes. Microtox supplies included250-mL Pyrex beakers,

Microtox cuvettes, and various Eppendorfdigitalpipettors.

2.7 SEDIMENTLE__LUTRIATEIAND TISSUE SAMPLE PREPARATION
i

2.7.1. Sediment Preparation

At most transects,grab and core samplescollected from stationsnear

the river bank (A and C) were composited into one sample for toxicologicaland

analyticalchemistrytesting. These compositeswere produced by placing equal

volumes of sediment from each station into a large stainless steel bowl, and

stirring it with stainlesssteel utensils until texture and color was con-

sistent (approximately5 to 10 min). For grab samples, this was accomplished

by removing the sedimentfrom the glass storagejars; for core samples, this

was done by carefullyscoring the core liner on opposite sides longitudinally

with a circular saw, then cutting completelythrough 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-lined lids, 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. Seditnent chemistry

samples were removed, and these samples were also stored as described above.

Sediment chemistry samples were stored in clean solvent-rinsed I-L Qorpac jars

with Teflon-lined lids and either frozen or stored at 4°C, depending on the

2.10



chemical analysis required. L}ioxin/furananalysiswas also conducted_n each

individual "A," "B," and "C" station, in addition to the A-C composites.

2.7.2 ElutriatePreparation

Elutriatesamples were preparedfor selected sedimentsor compositesby

adding on_ part sediment to 4 parts O.45-_m-filteredSequim Bay seawater vol-

umetricallyin a clean container, suspendingall sediment by stirring vigor-

ously, then placing the jar on a shaker table at 120-150 cycles per min for

30 rain. After shaking, the mixturewas allowed to settle for approximately

10 rain;then, the supernatantwas poured into 500-mL Teflon containers,placed

in a centrifuge,and centrifugedfor 10 min at 1750 RPM (740 g). The liquid

portion was poured into a clean container,and the processwas repeateduntil

enough elutriatewas collectedfor both the oyster Idrvae toxicologicaltests

and resin acid chemistrytests. This procedure is consistentwith protocols

described in the ImplementationManual (USEPA/COE1977).

2.7.3 Tissue Preparation

Three types of tissue sampleswere analyzed for dioxin/furanconcentra-

tions: tissue of the bioaccumulatedclam and the hepatopancreasand muscle

tissue of collectedDungenesscrab. Clams were removed from an aquarium,

immediatelywashed under clean seawaterto remove external mud, and the tis-

sue excised with clean titanium scalpels. The adductor muscleswere cut, and

tissue was scrapedout of the shell into a prepared and labeledQorpac jar.

The jars were labeledby station. The jars were frozen and remained frozen

until analysiswas performed. Crab hepatopancreastissue was obtained after

pulling the legs off each crab and removingthe carapace. The hepatopancreas

was gently cut away from each crab and placed in a clean, labeledQorpac jar.

Stainlesssteel scalpels and scissorswere used during this dissection.

Muscle tissue was obtained by slittingthe legs open with a scalpel or scis-

sors, gently removing'thetissue, and placing it in a clean Qorpac jar. Crab

tissue was frozen immediatelyand remained frozen until analysiswas per-

formed. All tissue compositingwas performed in the analyticaltesting laboM

ratory (Twin City Testing, St. Paul, Minnesota) using approved procedures.

2.11



2.8 TOXICOLOGICALTESTING PROCEDURES

2.8.1 Microtox

The Microtox bioassay was conductedfollowingth_ saline extraction

i technique developedby Williams et al. (1986)anu set forth in the Puget Sound

Estuary ProgramRecommendedProtocols (PSEP 1986). This techniquecalls for

the preparationof a saline extract from 30 g of sample, followedby analysis

of five concentrationsof the extract (1004,504, 254, 12.54, and 04). A

Beckman Microtox Toxicity AnalyzerModel 2055 was used to measure the change

in bacterial luminescenceover time, followingthe procedures in the Microtox

System OperatingManual (Beckman Instruments1982) developed by Bulich et el.

(ASTM 1980). The viabilityof each batch of luminescentbacteriawas assessed

once or twice per day by exposing them to sodium arsenate,an established

referencetoxicant for Microtox (Williamset al. 1986).

The PSEP protocolwas followed with the exceptionof 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,insteadof

the 30-mL containercalled for by PSEP. Using the 100-mL beaker results in

more thorough extractionof the water-solublecontaminants,as the large sur-

face area of the beaker allows greater contact and agitationof the sediment

and diluent than is possible in the 30-mL container. Second, during the

Microtox analysis step, PSEPprotocol calls for a measurement oi initial

luminescence (light output) before organisms are exposed to the extract and

anolher measurement 15 min after organisms are exposed to the extract. The

initial measurement was made before exposure, but light 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 PSEPwas 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 a_l

measurements were within the 20 to 40 o/oo optimum salinity range for light

output of P___.phosphoreum reported in the Microtox System Operating Manual

(Beckman Instruments 1982). Data from the test were reported as the change irl
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luminescenceduring each observationperiod. The EC50 calculationswere made

for the 15-min observationperiod to be consistentwith Puget Sound Dredged

DisposalAnalysis (PSDDA)reporting requirements(PSDDA 1989).

2.8.2 Amphipod

2.8.2.1 Test Organism CollecLionand Care.

Amphipodswere collectedby MSL personnelfrom West Beach, Whidbey

Island,using an in'faunaldredge,on August 12, 1989. The West Beach sedi-

ments were sieved through a 1.0.-mmscreen to remove predators, and within 4 h

of collection,the amphipodswere transportedto MSL in large tubs containing

sieved native sediment and seawater. At MSL, the amphipodsand sedimentwere

transferredto holding tanks integratedinto MSL's flow-throughseawater sys-

tem. The seawater temperaturewas increasedgradually,over 24 h, from the

West Beach ambienttemperatureof 9°C to a test temperatureof 15°C. Daily

water quality measurementsof the holding tanks were taken. Animalswere not

fed before or during testing.

2.8.2.2 Testing Procedures

The amphipod static test was conductedin I-L glass jars followingpro-

tocols described in Swartz et al. (1985) and Puget Sound protocols (PSEP

1986). Nineteen stationswere tested: 17 from the Grays Harbor area, a

referencesediment from Sequim Bay, and a control sediment from West Beach.

Each containerwas layeredwith 2 cm (100mL) of sediment,and five replicate

containersper station were tested. After adding the.sediments, test con-

tainers were slowly filled to the 900-mL mark with filtered (0.45 _m) 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 • I.O°C, dissolved oxygen of

_>4.0 mg/L, pH of ambient • 0.4, and salinity of ambient • 1.0 o/oo during
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daily observations. Any amphipods oi the water surface were gently pushed

into the water column using clean gl ss pipettes. No organisms were removed

during testing. Amphlpods were not supplied food other than that availablei
from the test environment.

At the end of the 10-day expos_re, test organisms were gently sieved

from the test sediments through O.SI.mmNytex screens and transferred to small

finger bowls for determination of ml)rtality. Death was defined as the absence
f

of pleopod movement after stimulatil)n with a glass probe.
J

2.8.3 Oyster Larvae i
' r

2.8.3.1 Test Organism Collection 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 salinity of 26 % o and fed a mixture of algae

to provide nutrition and hasten sexual maturity. Oysters were transported on

moist paper towels in a cooler to MSL within 45 rain of collection. At MSL,
O i

the organisms were placed in 26 /oo seawater at 20°C in preparation for

spawning.

2.8.3.2 Testing Procedures
J

I

The oyster larvae suspended particulate phase bioassay was conducted in

I-L glass jars generally following the procedures detailed in ASTMMethod

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 (CdCL2) reference tox-

icant was prepared.

Three replicates of four concentrations (04, 104, 50_, and 1004) of each

station's elutriate were tested. Three replicates of each of the six cadmium

chloride reference toxicant concentrations were tested. Test conta_qers were

placed randomly on two water tables maintaining 20°C water baths.

Oyster larvae used for the bi,ological testing were obtained by

laboratory-induced spawning. Twenty oysters were removed from the dry trans-

port containers and placed in clean polypropylene tubs holding 26 % o, 30°C
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filtered offshore seawater. Water temperaturewas constantlymonitoredand

maintained at _2°C by periodicallyadding warm seawater to the tubs. Water

was changed hourly by siphoningoff the old seawaterand gently pouring in new

warm, salinity-adjustedseawater. This procedurepreventeddisturbingthe

oysters and minimizedthe disruptionof the spawning process.

Spawning individualswere isolatedin clean baking dishes containing

warm seawater and allowedto continue to spawn in those dishes. Two males and

two females spawned in this manner. When the organismshad finished spawn-

ing, gameteswere examined under a compoundmicroscopeto determinequality.

The eggs of both females were normal and pear shaped, so they were combined in

a clean I-L glass jar and diluted with seawater. One of the two males had

viable sperm. To fertilizethe eggs, 15 mL of sperm suspensionwas added to

I-L of the egg suspensionto yield 105 to 107 sperm/mL in the final mixture.

This solutionwas then stirredwith a perforatedplunger every 15 min to

assist mixing and thus increase fertilizationsuccess.

One hour after fertilization,the concentrationof embryos in the embryo

suspensionwas determinedafter mixing the solution gently with a perforated

plunger,withdrawinga O.5-mL sample, and creating a 1:100 dilutionwith sea-

water by counting on a Sedgwick-Raftercell the number of embryos that had

developedto the two-cell stage or beyond. An estimate of fertilizationsuc-

cess was then recorded. This procedurewas repeated,and a mean was deter-

mined. Based on this mean, the volume of embryo suspensionto provide 15 to

30 embryos per milliliter in the test solutionswas calculatedat 740 #L, and

the appropriatevolume of stock added to each containerwith an automaticpip-

ette. The pipette had been calibratedbefore the test by weighing at least

eight individualwater delivery volumesto determinethe coefficientof varia-

tion. If tilecoefficientof variationat the desired volume was less than 5>o,

the calibratedpipettorwas used.

The test was initiatedwhen test containerswere stocked with the embryo

suspension. After the embryos were added, the suspension in a randomly

selected seawater control containerwas mixed, and a 10..mLsample was taken to

estimate stocking density. This processwas repeated for nine other con-

tainers, and a mean stocking densitywas estimated based on the 10 samples.
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These samples were preservedwith 58 bufferedformalin in _abeladpolypro-
I

pylene vials equipped with screw cap lids for later referral.

The temperature,dissolvedoxygen,pH, and salinity were measured at

initiation,and daily thereafter,includingbefore termination. Acceptable

environmentalconditions includeda test temperatureof 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 °/oo.

Ninety-six hours after the beginningof the test, the solution in each

test chamberwas carefullymixed, and a 10'mL sample was immediatelyremoved

and preserved in 58 formalin. To concentratethe larvae for counting,the i_
B_L

samples were centrifugedfor 10 min at 1700 rpm (740 x g). The embryos and

larvae in the sampleswere transferredby pipette to a Sedgwick-Raftercell

for counting. Becausethe volume of the cell is i mL, it was necessaryto

prepare and count several slides to enumerateall embryos and larvae in each

sample. All embryos exhibitingcell divisionwere counted. All larvaewith

completely developedshells containingsoft tissueswere counted as normal.

Larvae with incompleteshells were scored abnormal. To eliminatepotential

investigatorbias, all counting/scoringwas done blind, i.e., without the

investigatorknowingwhich sample was being evaluated. As an additionalqual-

ity assurance measure, 108 of all samples were rescored by a second investi-

gator, and any differences of i0_ or greater were reconciled.

2.8.4 Clam

2.8.4.1 Test Orqanism Collection and Care

Clams were obtained from Discovery Bay, Washington, on three different

dates: 420 clams were received on August I, 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 Testinq Procedures

The clam bioaccumulationtest was conducted in 38-L glass aquaria ran-

domly positioned on four water tables that are integratedto the laboratory's

flow-throughseawater system. Aquaria were cured with the flow-through

seawater for a minimum of 24 h before test initiation. Cured aquariawere

drained so that approximately3 cm of seawater remainedstanding in each

aquaria. Test sedimentswere removed from 4°C storage, and approximately2 L

of each test sedimentwas spooned into each of five replicateaquariaand

smoothedout over the bottom of the aquaria. Stand-pipesthen were replaced

to allow the aquaria to refill slowly. Sediment from 15 Grays Harbor-area

stations,Sequim Bay, and West Beach were tested.

Salinity,dissolvedoxygen, temperature,and pH were measured. Thirty

clams were then added to each aquarium. Initialobservationsw_re taken on

those aquaria in which the sedimenthad settled sufficiently;most aquaria

were too turbid to observe initially. Water qualitymeasurementsand biolog-

ical observationswere conducteddaily on one replicateof each treatment for

the duration of the test. Observationsrecordedthe number of siphons exposed

and the number of organismssituatedfully above the sediment. Dead indivi-

duals were defined as those whose shells were open and did not respond to

gentle probingwith a clean pipette. These individualswere removed from the

aquaria.

After 30 days, replicates1, 2, and 3 of each test sedimentwere termi-

nated. After 60 days, replicates4 and 5 were terminated. Termination

involvedremoving organismsfrom the test sediment,washing them under flow-

ing seawater to remove sediment from the shell, recordingthe number alive and

dead, and excising the tissue of all live clams in an aquarium from the

shells. Tissue dissection and related sample preparationis discussed in

Section 2.7.3.
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2.9 ANALYTICALCHEMISTRY PROCEDURES

2.9.1 Sediment and Tissue Dioxin/Furans

Sediment and tissue dioxin/furansamples were analyzedby Twin City

Testing Corporation,St. Paul, Minnesota, under the directionof Dr. Fred

DeRoos and Ms. Barb Larka. Sediment samples were run using a modificationof

EPA Method 8290 (Tondeur1987). The analysis steps and equipment used are

summarizedas provided to MSL by Twin City Testing.

2.9.1.2 ExtractionTechnigues

Each sedimentand tissue zamplewas homogenized,and a portion of each

sample was removed and spiked with 13C12-1abeledPCDD/PCDFinternal standards

at a concentrationof 2 ng/Kg. Sample weights were approximately5 g for sed-

iment and 10 to 15 g wet weight for tissues. The sampleswere extractedwith

benzene for 18 h in a Soxhlet/DeanStark extractionapparatus;then, the

extracts were transferredtO KudernaDanish concentrators,concentrated,and

the solvent exchangedto hexane. The hexane extractswere then spiked with

the 2,3,7,8 -TCDD-37C14extractionefficiency standard,and processedthrough

the analyte enrichmentproceduresdescribed in the followingsubsection.

Relative efficienciesof the extractionstep, the analyte enrichment

step, and the gas chromatography/massspectrometry(GC/MS)sensitivityare

evaluatedby comparingthe three standardsadded at variouspoints during the

analysis. Quantitation,however, is based solely on the recoveries of the

13C-labeledinterncl standardsadded before extraction.

2.9.1.3 Ana!yte Enrichmentfor PCDD/PCDFAnalysis

The extraction procedureoften removes a variety of compounds in addi-

tion to PCDDs and PCDFs. Some of these compounds can directly interferewith

the analysiswhile others can overloadthe capillarycolumn,causing a degra-

dation in chromatographicresolutionor sensitivity. The analyte enrichment

steps describedwere used to reduce interferencefrom the extracts.

The hexane extractswere concentratedto I mL and transferredto liquid

chromatography columns containing alternate layers of silica gel, 44_ concen-

trated sulfuric acid on silica gel, and 33_ I 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 under 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 I0 mL

of hexane followed by 7 mL of 2.04 methylene chloride/hexane and 25 mL of 60_

methylene chloride in hexane. The 604 methylene chloride/hexane fractions

were concentrated to i mL under a stream of dry nitrogen and applied to the

tops of chromatography columns containing I g of 54 AX-21-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

directionand then with benzene in the reverse direction. Each benzene frac-

tion was collected, spiked with recovery standards (I,2,3,4-TCDD-13CI2 and

1,2,3,7,8,9-HxCDD-13CI2), and concentrated to a final volume of 20 _L.

2.9.,i.4 PCDD/PCDFAnalysis

The extracts were analyzed for the presence of PCDDsand PCDFsusing

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 I0,000-ii,000 (M/ M, 104 valley definition). This reso-

_ lution is sufficient to resolve most interferences, such as PCBs, thus

providing the highest level of confidence that the detected levels of

z PCDD/PCDFare 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 isotopicallylabeled internalstandards, and the ion

masses characteristicof the false responsesin the dibenzofuranchannels.

The third PCDD ion mass monitored in the pentachloro-through

octachlorodibenzo-p-dioxingroups preventedthe possibilityof misinterpreta-

tion of a PCB isomer as PCDD. Thus, when a third ion mass existed for ai

congener, it was used for confirmationonly. The two ion masses monitoredfor

TCDD also fulfilledthis purpose.

Each group of ion masses also containeda lock mass that was monitored

, during the analysisto detect suppressiveinterferences, lt is importantto

detect this type of interference,because it can cause the quantificationof

congener class levels to be artificiallyhigh 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 Quantificationand Calculation

The PCDD/PCDF isomerswere quantifiedby comparison of their responses

to the responsesof the labeled internalstandardsas described inEPA Method

8290 (Tondeur1987). Relative response factorswere calculated from analyses

of standard mixtures containing representativesof each of the PCDD congener

classes at five concentrationlevels and each of the internal standardsat one

concentrationlevel. The PCDD/PCDFresponse factorswere calculatedby com-

paring the sum of the responsesfrom the two ion masses monitored for each

chlorine congenerclass and the sum of the responsesfrom the two ion masses

of the correspondingisotopicallylabeled internalstandard. The third ion

mass was used for confirmationonly. Detectionlimitswere based on produc-

ing a signal that is 2.5 times the noise level, and was calculated for each

undetected2,3,7,8 -substitutedisomer of any tetra- through octa- chlorinated

congener class. The noise heights used to calculatethe detection limitswere

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 blank values for

sediment were based on 5-g sample weights, and matrix spike results were
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calculatedon a per sample basis,with the values reportedas total nanogramsb

spiked andmeasured in each spike sample. Clean sand was used as the matrix

for the spikes and blanks.

Concentrationsfor tissue sampleswere reported in wet weight. Method

blank values for tissues were calculatedbased on sample weights of 10-15 g,

approximatingthe quantitiesof actual samples extractedin each batch. The

matrixspike resultswere calculatedon a per sample basis, and the values

were reported as total nanogramsspiked and measured in each spike sample.

2.9.2 Sediment and ElutriateGuaiacols/OrganicAcids

Sediment and elutriatewater sampleswere analyzed for guaiacols/organic

acids, fatty acids, guaiacols,and catecholsby AnalyticalResources Incor-

porated (ARI),Seattle, Washington. The MSL provided sedimentsamples and the

prepared elutriatesamples to ARI. Sample preparationmethods are discussed

in Section2.7. Samples were analyzedusing a proceduresimilar to the

National Councilof the Paper Industryfor Air and Stream Improvement,Inc.

(NCASI)Method (NCASI 1986). A summaryof that method follows.

2.9.2.1 ExtractionTechniques

Sediment sampleswere extractedwith methylenechloride using a soni-

cator method without alteringthe sample pH. Dry weight sediment samples

ranged from approximately15-30 g. Water sampleswere extractedby allowing

the elutriatewater sample to equilibrateto room temperature;then, the

sample was shaken to thoroughlyresuspendany solids that may have settled

during storage. A 250-mL aliquotwas removed, and the sample was spiked with

methanolic solution of the surrogatestandardO-methyl podocarpic acid at a

concentrationof 50 #g/L. The samplewas transferredto a 500-mL separatory

funnel and extractedwith methylenechloride at a pH of 5 and again at a pH of

less than 3. Extractionwas accomplishedby 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,concentratedto about i mL and deriva-

tized as describedbelow. Sedimentmatrix spikes were produced by adding

3200 _g/Kg of seven differentguaiacols/organicacids to a sample;water

matrix blankswere produced by adding 71 _g/L of the same guaiacols/organic

acids to water.

2.9.2.2 Derivatization

Derivatizationwas accomplishedby adding 100 _L of methanol,5 mg KCO3,

and 50 _L of d5 ethyl iodine to each extract,then heatingthe extracts at

80°C for 45 min. The derivatizedacids were then analyzed by GC/MS as

described below.

2.9.2.3 GC/MS Analysis

The GC/MS analysiswas performedon an Incos 50 GC/MS/DSmanufacturedby

the Finnigan Corporation. The componentseparationwas accomplishedwith a

30-m x O.25-mm i.d.-fused silica DB-5 column with a 0.25 _m film thickness and

helium as the carrier gas. The injectionport temperaturewas 280°C, and the

oven was programmed from 140°C after a 1-min hold at 4°C/minto a final

temperatureof 280°C. A splitlessinjectiontechniquewith a 30-sec purge

activizationdelay 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 calibrateddaily by

first tuning the MS on perfluorotri-n-butylamineand then running a calibra-

tion standardusing the conditionsdescribedabove.

2.9.3 Tissue Lipids

The percent lipids in each sample was determinedby the procedure

described in EPA Method 8290 (Tondeur1987). A portion (approximately3 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

lipid content was calculated as:

the weight of the extraction residue x i00
the weight of the extracted tissue

i
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2.9.4 Total Orqanic Carbon

Sediment total organic carbon was analyzed by Global GeochemistryCor-

poration,Canoga Park, California. Sampleswere analyzed using a nondisper-

sive infraredmeasurementof carbon dioxide released from the organic carbon

during combustion of the sediment. Inorganiccarbonateswere released from

the sediment sample before combustion using hydrochloricacid. A Dohrmann

DC-180 carbon analyzerwas used to measure the releasedcarbon dioxide. The

method used is consistentwith PSEP (PSEP 1986) and Standard Method 505 (Stan-

dard Methods 1975).

2.10 QUALITY ASSURANCE/QUALITYCONTROL PROCEDURES

2.10.I General Procedures

Quality assurance/qualitycontrol (QA/QC)procedurescommon to each

toxicologicaltest include:

• using Battelle LaboratoryRecord Books (LRBs)to record all infor-
mation, calculations,daily monitoring,and results relatedto each
test

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

• using MSL Standard Operating Procedures MSL-I through MSL-4 when
calibrating water quality instruments

• 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 O) luminescence of 80 to 100>o(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_

F!:_tive to blank. During Microtox testing, the operatnr monitors these
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conditionsrelative to quality assurance and reruns any sample that fails to

meet the above criteria, Microtox bacteria have a testing life of about 6 h

and exhibit the describedbehavior near the end of their viable testing

period. When the bacteria fall to respond acceptably,a new batch is

reconstituted.

2.10.2.2 Amphipod

Quality assurance/qualitycontrolof the amphipod 'testincludes inspec-

tion of the followingdata:

• survival in native West Beach control sedimentof at least 904

• test water temperatureof 150 • I°C

• test water dissolvedoxygen of > 4.0 mg/L

• test water pH of ambient • 0.4

• test water salinity of ambient • 1.0 % o.

Water quality data were examined and qualifiedfor the test, and any

parametersout of range for a jar or stationwere identified. Data were then

compared to determinewhether the water qualityparametermight have influ-

enced the amphipod survival in that sediment.

2.10,2.3 Oyster Larvae

A definitive test startedwith embryosof bivalvemolluscs is usually

considered unacceptableif one or more of the followingoccurred (ASFM 1980):

• All test chambers were not identical.

• Treatments were not randomly assigned to individualtest chamber
locations.

• A required dilutionwater or solvent controlwas not included in
the test.

• All animals in the brood stock were not obtained from the same
location

• The test was begun with embryosmore than 4 h after they were
fertiIized.
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• Less th_n 704 of oyster embryos introducedinto a requiredcontrol
treatmentresulted in live larvaewith completely developedshells
at the end of the test.

• Dissolvedoxygen and temperaturewere not measured as specified,

• Any measured dissolved oxygen concentrationwas not between60 and
1004 of saturation.

• The differencebetween the time-weightedaveragemeasured temper-
atures for any two test chambers from the beginningto the end of
the test was greater than I°C.

• Any single measured temperaturein any test chamber was more than
3"C differentfrom the mean of the time-weightedaveragemeasured
temperaturesfor the individualtest chambers.

• At any one time, the differencebetweenthe 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 criteriawere not met, data were compared to

determine if survivalwas influencedby the factor.

2.10.2.4 Clam

Quality assurancerelated to the 30-day clam test involvedinspectionof

the followingdata:

• survival in native Sequim Bay controlsediment of at least 904

• test water temperatureof ambient• 2°C

• test water dissolved oxygen of >_4.0 mg/L

• test water pH of ambient • 0.5

• test water salinity of ambient • I 0 o/, O0

• test water flow rate of 125 • I0 mL/rain.

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 determirle if survival was influenced by

the factor.
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2.10.3 Ana!ytical Chemlstrz

General quality assurancerequirementsfor analytical chemistrydata

includedthe inspectionand review of the followingresults;

• method blank analysis

• surrogatestandard recovery

• matrix spike recoveries

• duplicatesample analysis

• relativepercent difference in machine
calibrationvariation (where appropriate)

• standard referencematerial (SRM) analysis (if available).

A summary follows of acceptable ranges for each of 'theabove data for

sediment and tissue dioxin/furans,sedimentand elutriate guaiacols/organic3

acids, tissue lipids,and total organic carbon.

2.10.3.1 Sediment and Tissue Dioxin/Furans

The quality assurance requirementsfor this program were establishedfor

tilesediment and tissue dioxin/furandata based on requirementsof EPA Method

8290 (Tondeur1987). Some of the qualityassurance requirementsinclude:

• daily GC performancechecks - RPD of calibrationruns should not
exceed 254.

• analysis of one method blank per b_ch of samples - Method blank
must contain the sample amount of 1_C1p-labeledinternalstandards
'that'Isadded to samples before extraction.

• method blank resultsthat exhiblt no positive response - Method
blanks that contain any of the 2,3,7,8-substitutedcongenersexcept
OCDD and OCDF that exceed 110_ of the desired detectionlimit must
be reportedand may invalidateresultsand require automaticsample
reruns,

• mass resolution check to demonstrate a static resolving power of
" i0,000 minimum - 104 valley definition

" • method calibration limits definition

• a field blank (uncontaminated sample) contained irl each batch of
sampI es
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• calculationof the concentrationof 2,3,7,8-substltutedPCDDs/PCDFs

and the percent recoveryof the internal standards- Percentrecovery of 2,3,7,8 substitutedPCDD/PCDFcongenersshould be
40 to 1204.

• duplicate analysis of one samplesperlteach batch, with relative dif-ference between duplicatere._u _25_ - Note: for this study,
replicate samplesor matrix spike duplicateswere substituted
because duplicate analysis,for they are a better indicatorof pre-
cision and accuracythan duplicates.

• analysis of a matrix spike and matrix spike duplicates for each
batch of samples - Matrix spike and matrix spike duplicate results
must agree within 204 relat'ivedifference.

• for each sample, calculationof the percent recoveryof internal
standards - Percent recovE_ryshould be between 40 an_,1204,
although high or low recoverydoes not necessarilyinvalidatethe
results.

2.10.3.2 Sediment and ElutriateGuaiaco!s/OrganicAcids

Quality assurance requirementsfor analysisof sediment and elutriate

guaiacols/organicacids are not directly discussed in the NCASI Method (NCASI

1986), although method validationstudies are discussed. For the purposes of

quality assurance, MSL's requirementsfor sediment and water resin acid

analysis included:

• ciailyGC performancechecks - RPD of calibrationruns should not
exceed 254.

• analysis of one method blank per batch of samples- Method blank
must contain the surrogateO-Methyl Podocapicacid (dS-Ethyl-
ester), added before extraction.

• method blank resultsthat exhibit no positive r_sponse - Detected
compounds in method blanks may invalidateresultsand require
automatic sample reruns.

• a Field blank (uncontaminatedsample) cop,rained in each batch of
samples

• duplicate analysisof one sample per each batch,with relative dif.-

ference between duplicateresults _25>_- Note: 'Forthis study.,
replicatesamples or matrix spike duplicateswere substitutedFor
duplicate analysis.
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• analysis of a.matrlx spike anl]nlatrlxspike duplicatesfor each
batch of samples - Matrix spike and matrix spike duplicateresults

must agree within 204 relativ!_difference,

• for each sample, calculationl}fthe percent recoveryof internal
standards - Percent recovery _houldbe between40 and 1204,
although high or low recoverydoes not necessarilyinvalidatethe
results,

2.10,3.3 Tissue Lipids
== i

Tissue lipid concentrationswq_redeterminedduring the analysis of tis-

sues for dioxin/furans, Generalq4ality assuranceguidelines perta'Irvlngto

the sediment and tissue dioxin/furimanalysis apply to the tissue lipids, For

this analysis, duplicatesample an(lysis was performedon i0_ of the samples

and was expected to agree within 2(_ relative difference.

2.10.3,4 Total Organic Carbor
t
!

Total organic carbon quality _ssuranceprocedureswere adapted from

StandardMethod 505 (StandardMethdds 1975) and include:
i

I

• constructionof a standardcurve of inorganicand organic carbon
based on known concentrationslandserial dilutions

i

• use of low carbon content reagentwater and reagents
I

• duplicate analysis of 108 of the samples.

2,11 STATISTICALDESIGN, DATA ANALfS!S_tAND INTERPRETATION

2.11.1 Randomization

All toxicologicaltests were Gonducted using completely random designs

and blind coding, Organismswere randomly allocatedto exposure containers,

and exposure containerswere randow,ly assigned positionson water tables.

Separate random nunlbertables were generatedfor each of the biologicaltests,

using the discrete uniform random ilumbergeneratoravailable in Lotus 123.®
i

2.11.2 Methods
i

Tile purpose of the statistical analyses was to determine whei:her tile

results of each toxicological test produced stations that were statistically

difFerent from each other, lf: differences existed, statistical groupings were
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I

constructedto determinewhich stationswere similar and which were different

from each other, For elutriate-typetests, it was necessaryto determinewh_t

percent of the elutriate produced a 504 ,r:l_,T:_l_gein the measured parameter

(i,e.,an effectiveconcentrationor EC50_. A discussionfollows of the sta-

tistical methods used for the solid phase tests (amphipod,clams) and elu-

triate tests (Microtox,oyster larvae).

2.11.2,1 AInphipodand Clam Tests

Amphipod and clam toxicologicaltestswere analyzed statisticallyfor

the proportionof test organisms survivingthe exposure for each station. The

data were first transformedby arcsine square root to stabilizethe within-

class variancesto meet the assumptionsof analysisof variance (ANOVA). if

ANOVA produced significantdifferencesbetween stations (p : 0.05), a multiple

comparison analysiswas run using Tukey's Honestly SignificantlyDifferent

(HSD) test for all possible comparisons(Steel and Torrie 1980). Tukey's HSD

is a conservativemultiple comparisonstest that uses an experiment-wideerror

rate. Tukey's HSD thus provides more informationabout how each sediment

treatmentcompares with every other one, as opposed to the more limited com-

parisons to a single control in Dunnet'st-test (Chew 1977). The analysis

results in a grouping of stations (alphabetic)that are not significantly

different from each other. Inspectionof these groupingsprovides insight

into which stations group with (or away from) control or re'Ferencestations.

2.11.2.2 _Micro.toxand Oyster Larvae Tests

Microtox and oyster larvae tests are based on dilutionsof elutriate

that is produced from test sediment. Microtox resultswere analyzed on the

Microtox data analysis programto determineif an effectiveconcentration

existed that reduced light output by 504 (EC50)at the 15-min observationper-

iod, as requiredby PSDDA. If enhanced illuminationoccurred in more than

three of the four elutriateconcentrations,EC50 calculationwas calculated,

as recommendedin PSDDA.

In the oyster larvae test, the data were first transformedvia arcsine

square root to reduce within-classvariance,then ANOVA was run on the pro-

portion of the larvae that survived to normal D-stage in each stationand at
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each elutriate concentrationto determine if stationswere statisticallydif-

ferent from each Other. If a statisticaldifferenceexisted, Tukey'sHSD was

used to determinestation rankings and ultimate'iydeterminewhich stations

belonged to a group that includedcontrol or referencestations. In addi-

tion, the ECSO concentrationthat produced a 50_ decrease in normal D-stage

larvae relative to seawater controlwas calculatedfor each applicable

station.
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3.0 TOXICOLOGICALTESTING RESULTS

3.1 MICROTOX

Microtox toxicity testingwas conducted on sediment from 17 stations or

station compositesfrom the Grays Harbor area and on uncontaminatedsediment

collectedat West Beach and Sequim Bay. The summaryresults of this test are

presented in Table 3.1, and data on individualMicrotox samples are presented

in Appendix B, Table B.I.

All q_:,-lityassuranceparametersassociatedwith this test described in

Section 2.10.2 were met. The results of referencetoxicant performancepre-

sented in Appendix B, Table B.6, show that the bacterium'sresponse to sodium

arsenateat the 15-min observationperiod produced EC50s ranging from 7.7 to

18.9 mg/L (as arsenic). This is similar to past Microtox tests conductedat

the MSL, although it is below the EC50 of 26 mg/L reported in the Beckman Man-

ual (Beckman Instruments1982). This suggeststhat this batch of bacteria is

more sensitive than the batch referredto in the BeckmanManual.

The results of the Microtox analysis show enhancement,rather than

decrease,in illuminationafter exposure to sediment elutriates in nearly all

the test stations during the 15-min observationperiod (AppendixB0

Table B.I). A definite trend toward decreasing illuminationwas observed in

only one sample (2A) during the 15-min observation. However, none of the

decreaseswere significantenough to calculatean 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

observationperiod.

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 oi:

these tests are presented in Table 3.1 and Figure 3.1. Data on individual

replicates may be found in Appendix B, Table B.2.
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TABLE 3.1. BiologicalSurvival Data Summary

Clam
Sediment Microtox Amphipod 4 Survival, Oyster.Larvae
Sample (15 min) (4 Survival) _ (60d) 4 Normal(d) EC50

I-A-C __(b) 86 85 67 92 _---
3-A-C -- 85 98 85 62 574
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 --
IO-A-C -- 88 98 91 85 --
11-A-C -- 84 94 98 82 -.
12-A-C -- 91 96 87 63 6L_4(d)
13-A-C -- 88 97 82 75 --

_-_-c -- _ Ig_ i_e_ _0 --15-A-C -- 88 49(c) 19_(d)
16-C -- 87 e) (e) 92 --
17-A -- 79 I00 82 99 --
West Beach -- 96 98 78 92 --
Sequim Bay -- 87 98 70 88 --

Conclusions(e) NS(f) NS NS NS 2,15 S 2,3,12,15 S

(a) Mean survival to normal-D over all dilutions.
(b) EC50 for decreased light illumination not appropriate - light did not

increase in all cases.
(c) Statistically different from West Beach control, but not from Sequim Bay

reference.
(d) Suspended particulate phase concentration calculated to provide 50_

decrease in survival to normal.
(e) Toxicity/bioaccumulation was not performed on sediment from Stations

15 and 16.
(f) NS is not significant; S is significant at p = 0.05.
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Quality assuranceparametersdescribed in Section 2.10.2 were met during

this test for controlsurvival (96% in West Beach) and dissolvedoxygen.

Quality assuranceparameterswere exceeded for temperature,pH, and salinity.

Temperatureexceeded the upper limit of 16oCby approximately2°C in some test

containers. However, this was a short-termoccurrenceand did not appear to

affect survival in either control or test containers. Further, Swartz et al.

(198B)have reportedhigh survivals at temperaturesof 19°Cand indicatethat

15°C is not close to the upper thermal limit for this species. The variation

in pH was probablya result of individualsedimentcharacteristics,and the

range reported in,Appendix B, Table B.6, is the experiment-widerange. The

range within replicatetest containerswas very consistent. Salinityranges

reported in Appendix B, Table B.6, are also experimentwide, encompassingthe

effect of less saline river sedimentscomparedwith estuarine sedimentssuch

as those from SequimBay and West Beach. Again, variation between replicate

test containerswas within acceptable limitsduring the test. Acceptable

survival in salinitiesof 25 °/ooare reportedby Swartz et al. (1985). The

results of these quality assurancechecks indicateour test was not compro-

mised by water quality and is therefore valid.

The resultsof the amphipodtest presentedin 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 proportionsurvivingindicatedno significant

differencesbetween stations (p = 0.05). These data indicate that.no signi-

ficant differencesexisted among sedimentsfrom the Grays Harbor area, Sequim

Bay_ and West Beach stations,or stationcomposites,relative to amphipod

survival,and thus, no significanttoxicologicaleffects were apparent.

3.3. OYSTERLARVAE

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

replicatesof each dilution are presentedin Appendix B, 'TableB.3.
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The qualityassuranceparameterssummarized in Section 2.10.2 were met

duringthe oyster test for percentsurvival in control,temperature,dis-

solved oxygen,and pH, but the salinity in some containersreached 25.0 O/oo,

which is below the minimum acceptablelevel of 26.0 °/oo. This was likely a

result of low interstitialwater salinity in some of the river sedimentscol-

lected in the Grays Harbor area (AppendixB, Table B.6). The salinity range

was consistentWithin replicatecontainers,however, and larval survivalwas

not affectedby these conditions. Reported ECSO to the referencetoxicant

cadmiumchloridewas 1.9 mg/L. This comparedwell with past oyster larvae

studiesconductedat MSL. These data are thereforeconsideredvalid.

Summaryresults presentedin Table 3.1 and Figure 3.1 show that the mean

percentof larvae survivingto normal D-shape in all dilutionsof each sedi-

ment treatmentranged from 49% in the sediment elutriatefrom Station compos-

ite 15A-C to 99% in Station 17A. West Beach and Sequim Bay elutriates

produced92 and 88% survival,respectively. Data in Appendix B, Table B.3,

show that normal D-shapesurvival in seawater-onlycontrols (run for each

station)ranged between84 and 100%, with the exceptionof the seawatercon-

trol for Station 17A, where only 50% survivalto normalwas recorded. The

results of this seawatercontrolwere considered to be anomalousand were not

used in data analysis.

Analysis of variance (ANOVA)on the proportionof normal larvae indi-

cated that Stations 2A and 15AC were statisticallydifferentfrom the West

Beach control,but not significantlydifferentfrom Sequim Bay. An ECSO was

calculatedat Stations2A, 3AC, 12AC, and 15AC for the percentelutriate

needed to produce a 50% decreasein survival to normal-D. These data are

reported in Table 3.1 and show that the ECSO ranged from 19% a.tStation 15AC

to 68% at Station 12AC. These data indicatethat elutriatesof four Grays

Harbor stationcompositeswere capableof producinga 50% decrease in oyster

larvae survivalto the normal-D stage of development,but the concentrationof

elutriatenecessaryto producethis effect would not likely occur during

dredgedmaterial disposal situations,based on USACE calculationsof mixing

and dilution (Wakeman 1989).
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3.4. 30-DAY CLAM

A 30-day toxicity/bioaccumulationtest was conductedusing clams. Sedi-

ment from 15 stations,or stationcomposites,from the Grays Harbor area were

evaluated, along with uncontaminatedsedimentfrom West Beach and Sequim Bay.

The originalexperimentaldesign included5 replicatecontainersper station

for the 30-day test. However, pursuantto instructionsfrom the USACE, three

replicateswere analyzed at 30 days, while the remainingtwo replicateswere

analyzed at 60 days as described in Section3.5. Concernwas expressedthat

maximum contaminantuptake 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

replicateexposuresper stationrather than 5.

Qualityassuranceparameters outlinedin Section 2.10.2were met for

control survival (98% in Sequim Bay), water temperature,and dissolvedoxy-

gen. Water quality limits were exceededfor pH and salinity. The pH and

salinitydeviationsoccurred over a relativelylong period of time and are

probably the result of the long-termnature of the exposure. High survival

for all stations,however, suggeststhat these deviationshad little effect on

the test results,and that these data are thereforeconsideredvalid.

The summaryresults for 'the30-day clam exposures are presented in

Table 3.1 and Figure 3.1. They show that survivalat all stationswas >_85%

and usually above 90%. The ANOVA of the transformedsurvivaldata indicated

no significantdifferencesexistedbetweenstations (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. Summaryresults 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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qualityassuranceparametersare availablefor survivalin the 60-daytest.

However,giventhe relativelyhigh survivalof clamsin sedimentfrommost

stationsrelativeto the control,the resultsof thistest are considered

valid.

The 60-daysummarydata for clamspresentedin Table3.1 and Figure3.1

showa rangeof survivalfrom 67% (StationIAC)to 9B% in Station11AC. Five

of the 17 stationsexhibitedsurvivalof _90%,and 13 of the 17 stationsexhi-

bitedsurvivalof _BO%. The ANOVAof the transformeddata indicatedno signi-

ficantdifferencesbetweenstations(p = 0.05). In 15 of the 17 stations,

mortalityincreasedfrom 2 to 28% comparedwiththe 30-dayresults. At one

station(8A-C),no changein mortalityoccurredfrom30 to 60 days,and at

anotherstation(11A-C),a 4_ improvementin survivaloccurredfor the two

containersoverthe 60-dayperiodcomparedwiththe threecontainersover the

30-dayperiod. Thesedata indicatethat after60 daysof exposureto sed-

imentfrom stations,or stationcomposites,fromthe GraysHarborarea,a

decreasein survivalis apparentcomparedwith30-daydata. No significant

differencebetwee1_theGraysHarborsedimentsandthe uncontaminatedsediment

collectedfromSequimBay and West Beachduringthe 60-dayexposureis

apparent.
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4,0 ANALYTICAl.CHEMISTRYRESULTS

4,1 .S,ED_MENTDIOXIN/FURANSAND TOTAL ORGANIC CARBON

The concentrationof dioxin/furanswas measured in 48 sediment samples

fromthe Grays Harbor area and in uncontaminatedreferencesediment samples

from West Beach and Sequim Bay. Total organic carbon was measured in sedi-

ment from 17 samples, including15 Grays Harbor samplesand samples from West

Beach and Sequim Bay. Summary informationfor the sediment samplesfrom the

stationor stationcompositesthat were tested are presentedin Table 4.1,

Data from all analyses are presentedin Appendix C, Tables C.I and C.4.

Quality assurancesummaryinformationhas been compiled for these anal-

yses and is presented in Appendix C, Table C.5 (dioxins/furans)and Table C.8

(totalorganiccarbon). Quality assurancerequirementssummarized in Section

2.9.3 were generallymet for these analyses. Our target detection limit for

2,3,7,8TCDD was 1.0 ng/Kg. Actual detectionlimits for 2,3,7,8TCDD were

generallybetweenI and 3 ng/Kg, although in some sediment samples, it reached

6 ng/Kg. The higher detectionlimits were probablya result of suppress-'onor

interferenceof the ion beam by some compoundpresent in the sediment. This

occurrencewas noted in a few individualsamples, but should not raise concern

about the extractionmethodologyor machine performance. The acceptablelimit

for instrumentcalibrationvariationis 25%. The measured calibrationranged

betweenI to 10%, with an average of about 5%, and is within acceptable

limits. Acceptable method blanks exhibit2,3,7,8 substitutedcongenersof

_110% of the desirabledetection'limit.The method blank data presentedin
=

Appendix C, Table C.5 shows that only one of the nine blanks indicatedthe

presenceof 2,3,7,8 TCDD (at 0.39 ng/kg dry). This is essentiallythe

detectionlimit. The PCDF or PCDD congenerswere present in two blanks at

levels of less than 1.0 ng/kg; non-totalHCDF or HCDD congenerswere present

in 5 of 9 blanks at levels of less than 1.0 ng/kg; and non-totalHCDF or HCDD

congenerswere present in most blanks at concentrationsranging from 0.45 to

3.9 ng/kg. The presenceof OCDF or OCDD was detected in al'lmethod blanks at

concentrationsno greater than 31 ng/kg. These detected isomersdo not

represent110% of the desirabledetectionlimit, but their presence in method
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blanks should be noted when evaluatingthe data, as the sediment

concentrationshave not been blank corrected, The presenceof OCDF and OCDD

in method blanks is not considereda problem accordingto EPA 8290 Method

(USEPA1988) becauseof their ubiquitousnature. Acceptablematrix spikes

must show a percent recoveryof 40-120%. Evaluationof four matrix spikes_

presentedin Appendix C, Table C.5 shows that percent recoverywas 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%. Surrogaterecoveries

were calculatedfor all sedimentsamples and ranged from 41 to 134%, which is

slightlyabove the acceptablerange of 40 to 120%. On the basis of the

qualityassurancedata presented,these data were viewed as acceptablefor use

and interpretationwhen interpretingsuspecteddioxin/furancontaminationin

Grays Harbor area sediments. Quality assurancesummary informationfor
i

sedimenttotal organic carbondata indicatesacceptableanalyticalprecision

based on comparisonof duplicateanalysis results on two samples.

Table 4.1 summarizesthe dioxin/furanconcentrationsfor 2,3,7,8TCDD,

total TCDD, 12378 PeCDD, and 2,3,4,7,8PeCDF observed in samples that were

also used for toxicologicaltests. These isomerswere chosen for closer exam-

inationbecauseof their relativelyhigh toxicity,based on EPA's toxicity

equivalencefactors (TEFs) {USEPA 1988). The dioxin/furanconcentrationsfor

all isomersfrom the remainingsamples are presented in Appendix C, Table C.I.

Irlthe 17 samples tested for toxicologicalresponse,2,3,7,8TCDD

concentrationswere nondetectablein 12 of the 15 samplesand ranged from

0.7 'to2.9 ng/kg in the remainingfour samples. Total TCDD was nondetectable

in 9 of 15 samplesand ranged from 1.9 to 9.5 in the remaining6 samples.

1,2,3,7,8PeCDD was present in 13 of 15 samplesat concentrationsof 0.43 to

4.0 ng/kg, and 2,3,4,7,8PeCDF was present in only _ of 15 samples at concen-

trationsof 0.48 to 3.1 ng/kg. The highest concentrationsof these isomers

were found in sediment samplesfrom Stations 11A-C and 13A-C, which are

locatedin the Aberdee, Reach-ElliottSlough region of Grays Harbor. Fig-

ure 4.1 presentsthe values of TCDD and PeCDD comparedwith observed total

organiccarbon concentrations. This figure shows that the highest concentra-

tion of the isomersis in sedimentwith organic carbon levels exceeding
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1,5%. The results of the other sediment samples tested for dioxin/rumen, but
not evaluated toxicologically, are presented in Appendix C, Tahle C,I. These

i

data showlevels of 2,3,7,8 TCDDbelow 2,0 ng/kg at Stations 2A, 8C, 11A, and
!

17A,and at levelsof between2 and 3 ng/kg at Stations8A, 8B, IiC,and 13C,

2,3,7,8TCDDwas nondetectableat the remainingstations,PeCDFand PBCDD

followeda similarpatternwithdeteciableconcentrationsabove1,0 ng/kg
occurringat Stations2A, BC,8, gC, 10, 11, 13, 14, and 17.

4.2 _DIMENT AND ELUTRIATEGUAIACOLS/'ORGANICACIDS

Sedimentand elutriateguaiacolsi'organicacidsweremeasuredin 19 sam-

ples,including17 GraysHarborsampl(_sand samplesfromWest Beachand Sequim

Bay.Table4,1 summarizesdata for th_ totaldetectedguaiacols/organicacids

foundin each sedimentand elutriate_;ample.The concentrationsfor Bachmea-

suredcompoundin sedimentand elutri_tesamplesare presentedin AppendixC,
i

TablesC.2 and C.3, respectively.

Qualityassuranceparametersfor sedimentguaiacol/organicacidsare

summarizedin AppendixC, TableC.6. Acceptableinstrumentcalibrationis

_25%,and the actualcalibrationproduceda relativestandarddifferenceof

<25%. Our targetdetectionlimitof 50 /_g/kgwas generallymet, althoughin

somesamples,the detectionlimitwas 400 /_g/kg.No compoundswere detected

in the methodblankswith the exceptionof almitoleic,linolenic,oleic,and

stearicacidin the West Beachmethodblanksformatrixandmatrixspikedup-

licates. Acceptablematrixspikeand duplicatematrixspikerecoveriesof

40-120%were met, as recoverieswere above80% for mostspikedcompounds,

Recoverieswere low forneoabieticacldat 1.6%for thematrixspike,and

22.7%for the matrixspikeduplicate.This is not surprising,becausea rapid

' loss of neoabietic acid in preserved samples (pH 2) has been documented, along

with a concurrent increase in abietic acid (NCASl 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 MSLby ARI, Inc. showeda 44%recovery for

neoabeitic acid and an accompanying179}' recovery for abietic acid spiked 'into

water, confirming the documentedloss and gain of these acids. The relative
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percentdifferenceIn matrixspikeduplicateswas 13_or less in all matrix

spikecompounds,exceptfor the neoabieticacidspike, AppendixC, TableC,2

showsthatIn all samples,the recoveryof thesurrogateO-methylpodocaprate

acidwas withinthe 40 to 120%stipulatedin the qualityassuranceguidelines

in Section2,9,3, Theseresultsallowus to qualifythe sediment

gualacol/organlcacid dataas acceptablefor use in analysis,

Qualityassurancedata relatedto the elutriateguaiacols/organicacld

data is presentedIn AppendixC, TableC,7. Instrumentcalibrationproduced

an acceptablerelativestandarddifferenceof sZ5_,and no compoundswere

detectedin the methodblankswiththe exceptionof almitoleic,linolenic,

oleic,and stearicacldin the WestBeachmethodblanksfor matrlxandmatrix

spikeduplicators,Thesecompoundsweredetectedat levelsof less than

10 _.q/L.Our targetdetectionlimitof 10 _g/l.was met,with actualdetection

limitsof I to 5 pg/L, Matrixspikeand matrixspikeduplicaterecoveries

rangedfrom3B to 106%,excludingneoabieticacid. Neoabieticacidrecov-

erieswere zero in boththe matrixspikeand matrixspikeduplicatebecauseof

the reasonsdiscussedabove, The relativepercentdifferencebetweenthe

matrixspikeand matrixspikeduplicatewas lessthan 20%,except for

4-chlorogualacol,wherea 309,RPDwas noted, AcceptableRPD is 20% or less,

AppendixC, TableC.3,showsthatthe recoveryof the surrogateO-methyl

podocaprateacid in all sampleswas withinthe acceptablerangeof 40 to 120%

indicatedin the qualityassuranceguidelinesdiscussedin Section2,9,3,

Theseresultsallowqualificationof the sedimentguaiacols/organicacidsdata

as acceptablefor use in analysis.

The summaryresultsof totaldetectedguaiacols/organicacidsfoundin

each sedimentand e'lutriatesampleare presentedin Table4.1, They showa

rangeof concentrationsfromnondetectableto 6900 _g/kgin sedimentand non-

detectableconcentrationsin all of the elutriatewaterpreparations.The

GraysHarbor-areasedimentsamplesgenerallycontainedlessthan 1000_g/kg,

exceptin samplesfromStations8A-C,11A..C,and 14A-C, The highestconcen-

trationof guaiacols/organicacidswas foundin SequimBay sediment.These

data indicatethatguaiacols/organicacidsconcentrationsin GraysHarborsed-

imentsamplesare similarto the uncontaminatedWest Beachsampleand aremuch
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lowerthanthe SequimBay sample, Littletransportof acidsto water is pos-

sible,giventhe nondetectableresultsin the elutrlatesamples, lt was also

observedthatthe colorof the elutriate_;_terwas not extractablewiththe

presenttechnique.

4.3 30..DAYAND 60-DAYTISSUEDIOXINS/FURAN$,ANDLIPIDS

The 30- and 60-daybioaccumulationstudieswere conductedby exposing

the clamsto IB sedimentsamplesfromthe GraysHarborareaand uncontami-

natedreferencesedimentfromSequimBay and WestBeach. Afterexposures,the

tissueof all livingclamsin a testaquariaweredissectedand composited

intoa singlesamplefor dioxin/furananalysis. Backgrounddioxin/furan

levelsin clamtissuewere determinedby randomlyremoving30 clamsfromthe

shipment,dissectingthe tissue,and analyzinga compositeof thattissue,

The resultsof that analysisare presentedin AppendixD, TableD.I and show

thatthe onlydioxin/furanspresentin the backgroundtissuesamplewere very

low levelsof TCDF,HpCDF,HpCDD,OCDF,and OCDD, All tissuedata (orcalcu-

lationbasedon tissueconcentrations)presentedreflecta backgroundcorrec-

tionof 0.0744ng/kgTEC (fordetectedvalues). Thisrepresentsapproximately

19% of the meanTEC for alltissuesof clamsthatwere exposedfor 30 daysto

sediment'Fromthosestations(meanof detectedvalues),and approximately8%

of the highestTEC recordedin the 30-daytissuesas the mean of the detected

values. The backgroundsamplecontainedonly2,3,7,8TCDF (0,35ng/kg);

1,2,3,4,6,7,8HpCDF(0.53ng/kg);1,2,3,4,6,7,8HpCDD(1.6ng/kg);OCDF

(1.10ng/kg);and OCDD (17.00ng/kg),all as wet weights.

The qualityassurancesummaryfor the 30-daytissuedata is presentedin

AppendixD, TableD,2. Associatedtissuelipiddata are presentedin Appen-

dix D, TableD.3. Instrumentcalibrationvariationwas withinthe accepted

limitof 25% and rangedbetweenI and 10%,with a mean of about5%. Our tar-

get detectionlimitof 1.0 ng/kgwas met, becausethe detectionlimitfor each

isomerwas below1.0 ng/kg(wetwt). The fivemethodblanksfor the30-day

tissueanalysisindicatedthe presenceof PeCDFin one blank,HXCDFinmost

blanks,HxCDDin one blank,HpCDFin one blank,and OCDF andOCDD in all

blanks. The levelsof thesecongenerswere generallybelow0.5 ng/kg,except
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for the OCDFand OCDDcongeners, where levels of 1 to 2 ng/kg were noted.

These levels are extremely low and are not indicative of method blank con-

tamination (EPAMethod 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 lipid 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 someof the samples.

The quality assurance summaryfor 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 2,3,7,8TCDD; 2,3,4,7,8PeCDF; and 1,2,3,7,8PeCDD congeners.

These congenerswere chosen for furtherconsiderationbecausethey are con-

sideredthe most toxic forms of dioxin, based on toxicity equivalancefactors

(USEPA 1988). Dioxin/furanconcentrationsfor all congeners are presentedin

Appendix D, Table D.I. These summaryresultsshow that the three most toxic

isomerswere nondetectablein the majority of tissue samples. 2,3,7,8TCDD

was detected in only one replicate30-day tissue sample (Rep. i of 5A-C). The

levels of 2,3,7,8TCDD were less than 0.50 ng/kg and are essentiallyat

, detection limit. 2,3,4,7,8PeCDF 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_7,8PeCDD was

detected in only three tissue samples,and all except replicate 1 at Station

_m
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llA-C were at levels below 0.5 ng/kg. The 60-day tissue data show no

detectable 2,3,7,8 TCDDor PeCDDand only two occurrences of PeCDF, both at

less 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 tile most

toxic congener of dioxin, 2,3,7,8 TCDDwas accumulated only in tissues from

one sediment station. This congener was near the detection limit and was not

reported again in the 60-day exposure to the same sediment.

These data indicate that dtoxin/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 exposed to Grays Harbor-area sediments over per-

iods of 30 and 60 days. Whenthese isomers were detected, the levels were

just above detection limits.

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 meanof detected

values and meanof detected plus one-half of the detection limit.

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 meanof 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 lipid concentrations for each

station. This figure shows that TEC values were highest in samples from

Stations I, 5, 8, and 11, but did not exceed 1.0 in any sample.

. The 30-day tissue lipid data summarized in Appendix D, Table D.2 and

Figure 4.2 show that concentrationsdid not vary greatly between samples.

Mean percenttissue lipids 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 replicatedata show no
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_ABLE 4._.. Toxicity EquivalenceConcentrationsfor 30- and 60-Day
Clam TissueTests (backgroundcorrected)

Mean of Detected_
Sediment Mean of Detected_ Change + I/2 D.L. Change
Sample _ 30-dav 60-day 60-30 3__0-_.d__£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..72880.1320 -0.5968 1.1710 1.3278 0.1568

gA-C 0.2204 0 1210(a) -0.0994 0.7256 1.8474 1.1218IOA-C 0.2101 011167 -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
17A 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(b) 0.3806 0.1555 0.9377 1.3111

(a) One replicatewas used for the TEC calculation.
(b) Mean does not includeSequim Bay or West Beach.

significantdifferencesbetween stations based on transformedlipid con-

centrations(p < 0.05), and Figure 4.2 shows no correlationbetweencalcu-

lated TEC values and lipid concentrationsfor the 30-day values. The 60-day

tissue lipid data are summarizedin Appendix E, Table E.2. These data ranged

from 0.15 to 0.89%, were slightly higher overall in comparisonto the 30-day

values, and were not significanlydifferentfrom each other (p s 0.05).

4.4 CRAB TISSUE DIOXINS/FURANS

Dungenesscrab were collectedat five locationsin the Grays Harbor

study area, includingin the PacificOcean off Grayland,at Buoy #3, and in

Half Moon Bay, North Bay, and South Bay. At each site, a hepatopancreasand a

muscle tissue sample were produced by compositingthe tissue of five crab.

The results of this analysisare summarizedin Appendix F, Tables F.I and F.2.
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Quality assuranceinformationis presentedin Appendix F, Table F.3. Quality

assurancedata for the crab tissue analysis is incompleteand currentlyin

review. Preliminaryresults show that our target detectionlimit of 1.0 ng/kg

for 2,3,7,8TCDD was generallymet for muscle tissue, but detectionlimits for

the hepatopancreastissue ranged from 2.10 to 3.40 ng/kg. This may be because

of the smallerhepatopancreasmass relativeto 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. Acceptablespike and

matrix spike recoveriesare 40-120%, and this was generallymet, with the

exceptionof recoveriesgreater than 125% for TCDF, TCDD, and some hexa-

chloronatedisomers. Surrogaterecoveriesgenerallymet quality assurance

requirementsof 40-120% recovery,except recoveriesof greaterthan 125% were

noted for some isomersassociatedwith the South Bay hepatopancreassample,

and the recoveryof 123789-HxCDD-13,which was low in nearly all samples.

Surrogaterecoveriesassociatedwith the matrix spike samplewere less than

40%. These data are conditionallyaccepteduntil the reasonsfor the elevated

detectionlimits and low or high recoveriescan be explained.

The resultsof the crab tissue analysis are summarizedin Table 4.4 for

2,3,7,8 TCDD; 2,3,4,7,8PeCDF; and 1,2,3,7,8PeCDD. Toxicityequivalence

concentrationsare also calculatedfor both the detected isomer value and one-

half of the detectionlimit when an isomerwas undetected. The table shows

that the three dioxin/furanisomerswere undetectedin all muscle tissue, and

detection limitswere generally at or less than 1.0 ng/kg (wet wt). The

dioxin/furanisomer 2,3,4,7,8PeCDF was detected in three of five hepato-

pancreas samples,and the isomer 1,2,3,7,8PeCDD was detected in two of five

samples.

In crab collectedfrom South Bay, all three dioxin/furanisomerswere

detected in the hepatopancreastissue at levels.>.2.10ng/kg (wet wt), although

2,3,7,8TCDD was detected at a level below the detectionlimit of the other

four hepatopancreassamples. This suggeststhat a level of 2,3,7,8TCDD of

approximately2.00 ng/kg (wet wt) is possible in the other four hepato-

pancreas samples,and the detection limit is influencingthe result.
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Toxicityequivalenceconcentrationsfor crabmuscletissue(basedon

detectedconcentrations)rangedfrom0.1418at Buoy#3 to 0.2780at HalfMoon

Bay. The TEC estimatesfor crab hepatopancreasbasedon the detectedisomers

were 6 to 50 timeshigherthanthe correspondingmuscleTEC. The TEC esti-

matesbasedon the detectedor one-halfof the detectionfor undetected

isomersshowedthat the hepatopancreascalculationwas 6 to 10 timesthat

recordedin the correspondingmuscletissue. Thesedata showthatdioxin/

furanisomersare bioaccumulatingin the lipid-richhepatopancreastissuesof

crabcollectedfromSouthBay,NorthBay,and HalfMoon Bay,but thereis no

indicationof bioaccumulationin the muscletissuefrom crabcollectedat any

of the five stations,basedon a detectionlimitof approximately1.0 ng/kg

(wetwt).
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5.0 p_SCUSSIONANDCONCI_USIONS.

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, Memorandumof 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 5 of

the 15 sediment samples evaluated. The levels of 2,3,7,8 TCDDranged from

0.7 ng/kg in sediment collected from Station 2A to 2.9 ng/kg from
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StationIIA-C, Where2,3,7,BTCDDwas detected,organiccarbonlevelswere

aboveI,B%,leadingto the conclusionthatdioxin/furansconcentrationsare

relatedto the availableorganiccarbon. Sedimentguaiacol/organicacid

analysisshowedthat thesecompoundswere detectablein all GraysHarbor

samplesand in samplesfromWestBeachand SequimBay, The concentrationsof

guaiacol/organlcacid in mostBraysHarborsamplesWare similarto thosefound

in the West Beachsample. The guaiacol/organicacidsin SequimBay Were the

highestobserved, The onlyconsistentpatternbetweenguaia.col/organlcacid

concentrationsin sedimentcompositeswas that elevatedconcentra1:,ionsof

2,3,7,8TCDD and totalgualacol/organicacidsoccurredin the sametwo Glrays

Harborsedimentcomposites:8A-C and 11A-C, Thispotentialsugg¢_;_tsa common

sourcefor both typesof materials,Elutriatechemistryevaluationof

guaiacols/organicacidsshowsthat althoughthesecompoundsWere observedin

all sedimentsamples,no detectableconcentrationswere presentin the elutri-

ares, This indicatesthatthe guaiacol/organicacidcompoundswere not

solublein water,and thus,are not mobile. This is supportedby the fact

thatthe extractionmethoddid not removethe colorof the elutriatewater.

The 30- and 60-daytissueevaluationsof clamswere conductedto

determinewhetherdioxin/furancompoundsobservedin the sedimentsamples

couldbe bioaccumulatedby a filter-feedingmarineorganism.The resLlltsof

the 30-daystudyshowed2,3,7,8TCDD in onlytwo of 50 samples(onefrom

Station5A-C,one fromStation6A-C). The levelsof 2,3,7,8TCDDwere less

than0.5 ng/kg(wet wt), whichis verycloseto 'theoperationaldetection

limitof 0.30ng/kg. The preliminaryresultsof the 60-daytissueanalyses

confirmsthis assumptionbecauseno detectable2,3,7,8TCDD was observed'in

any of the samples.

The summaryresu'Itsof the crabtissuedioxin/furananalysisare pre-

sentedin Table5.2, Thesedata showno evidenceof bioaccumulationof

dioxins/furansin themuscletissueof Dungenesscrabcollectedwithinand

outsidethe GraysHarborstudyarea. The levelsof dloxinsand furansin

hepatopancreastissuesuggestbioaccumulationmay occur,butwhen the presence
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I_LE_.L_, SummaryResulti_ for Crab Ttssue Dtoxtn/Furan Concentrations

Tissue Concentrations
(MaxtmumObserved in ng/kg wet wt)

30-day 60-Day Crab Crab
Measurement............... ._].tL ..el.am.... EI_.e_ Heoa_opanc._

8,3,7,8,TCDD 0,44 nd(a) nd 2,1

2,3_4,7,BPBCDF 0,60 O.BO nd 2,B

1,2,3,7,8PeCDD 0.48 nd nd 3.8

_EC (Meanof Der.) 0.97 O,B3 0,28 g.75

TEC (Meanof Det + 1.17 2.20 1.82 10,3
I/2 D.L.)

(a) Nd Is nondetectable,

GONCLUSION5

Maximums:

• Crab 'tissue s30-day clam - 60-day clam

• Crab hepatopancreas is 5- to 10-fold higher than crab muscle,
30-day clam, and 60-day clam tissue

• The locations of hits in the crab hepatopancreas are:

" T_C
Location.... . _ ....PeCDF _PeCD_ X of Der, X Det,_L_I_._2.___J:_

SouthBay 2,1 2,1 3,7 9,8 10,4

NorthBay nd (2,3) 1,8 3,8 8,1 9,9 A

HalfMoon 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
B

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 TCDD, PBCDF, and PeCDD 'Iscompared among stations,the levels of

these chemicals are indistinguishable,given the detection limitswhere those

materialswere undetectedare compared to their concentrationswhen they were

detected in theChehalis River collectionsites. Table 5.2 separatesthe rive

crab collectionsites into one group that contains South Bay, North Bay, and

Half Moon Bay, and anothergroup that contains samples from ocean sites at

Buoy #3 and off Grayland. The groupingssuggestthat bioaccumulationmay

occur within the confines of Chehalis River, and toxicity equivalenc,e calcu-

lationsseem to substantiatethese conclusions. The relativesimilarityof

TEC values of detected concentrationswhen compared with the TEC values of

detected or one-half of the detection limitswithin the Chehalis River area

suggests tilehigher TEC values found in this area may be a product of chance

rather than a result of actual differencesbetween river and ocean samples.

Also, the TEC of dioxin/furansobservedwithin 'thehepatopancreasof adult

male crabs in the Chehalis River area did not bioaccumIIlatein the muscle

tissue. Lipid data for muscle tissue and hepatopancreasare presented in

Appendix F, Table F.2. This table shows that lipids in muscle tissue ranged

from 0.05 to 0.13_. Hepatopancreaslipid values ranged from 2.50 to 5.41_.

The relativelyhigh lipid concentrationsin the hepatopancreasmay explain the

presence of the lipophyllicdioxin compoundsfound.

In summary, the toxicologicaland chemical evaluationso'Fsediment

samples from the Grays Harbor area "indicatethat sedimentdioxin/furanand

gualacols/organicacids concentrationswere generally low and were non-toxic

to all species tested. Elutrlate/bioaccumulationstudies verify that the

detected compounds exhibit little or no mobility from sediment. Tissue

studiesof Dungenesscrab indigenousto the Chehalls River and nearby ocean

sites demonstratedno bioaccumulationpotentialto muscle tissue, but the

potential for some bioaccumulationto the hepatopancreasof crab exists 'in

saillplescollectedfrom South Bay, North Bay, and Half Moon Bay, whlcllare

locatedwithin tileChehalis River. A true evaluationof tilesignificanceof

this potentialbioaccuml_lationinto hepatopancreasof crabs may require addi-

tional studies. Test data indicate,however, that no reason exists to suspect
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that sedimentsfromthosesiteswouldbe toxicto marineorganisms,or would

producemeasurablebioaccumulationin the clamM, nasutaor the crabC.

maatster,
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APPENDIXA

SUMMARYINFORMATIONFOR FIELDCOLLECTIONS



TABLEA.,.I,.Sumary of CoreCollections
i i.i

S_pLe Location - WA Water Core

+ SampLing Sampt|ng State Ptan Coordinates Depth Length_

Statton Type(a) Date Time North(ng Sast(ng (ft. MLLW)(feet)

iiulnn mlu . n iiii lUll I

1-A VC 8-4-89 1136 605365.36 1125760.26 29.7 5.0

1-A VC 8-4-89 1140 605365.36 1125760.26 29.7 4.0

1-C VC 8-4-89 1213 605895.01 1124743.78 29.7 4.5

1-C VC 8-4-89 1220 605895.01 1124743.78 29.7 5.0

2-A VC 8-4-89 1000 612576.08 1132960,30 30.2 5.0

2-A VC 8-4-89 1007 612576.08 1132960.30 30.2 5.0

2-A VC 8-4-89 1015 612576,08 1132960,30 30.2 5.0

3-A VC 8-3-89 1045 614000.50 1142600.16 i 19.0 3.5

3-A VC 8-3-89 1100 614000.50 1142600.16 19.0 4.0

3-A VC(L) 8-3-89 1120 614000.50 1142600.16 19.0 6.7

3..B VC 8-3-89 1145 614519.92 1142532.21 34.2 4.3

3-C VC 8-3-89 1200 614963.93 1142446.88 19.0 3.3

3-C VC 8-3-89 1215 614963.93 1142446.88 19.0 4.1

4-A VC 8-2-89 1700 614928.53 1146005.72 23.3 3.6

4-A VC 8-2-89 1710 614928.53 1146005.72 23.3 5.0

4-B VC 8-3-89 1005 615255.67 1145980.62 33.8 5.0

4-C VC 8-2-89 1734 615268.91 1146306.73 23.3 4.2

4-C VC 8-2-89 1740 615268.91 1146306.73 23.3 5_0

5-A VC 8-2-89 1505 N/A N/A 21.4 5.0

5-A VC 8-2-89 1511 N/A N/A 21.4 5.0

5-B VC 8-2-89 1630 N/A N/A 35.4 4.8

5-C VC 8- 2-89 1529 N/A N/A 21.4 5.0

5-C VC 8-2-89 1539 N/A N/A 21o4 5.0

6-A VC(L) 8-I-89 1730 613996.39 1157054.23 20.2 8.7

6-A VC 8-I-89 1754 613996.39 1157054.23 20.2 7.3

6-A VC 8-1-89 1811 613996.39 1157054.23 20.2 5.0

6-B VC 8-3-89 0922 614294.57 1157026.99 35.8 4.0

6-C DC 8-2-89 1335 614721.57 1157145.50 22.2 2.3

6-C DC 8-2-89 1335 614721.57 1157145.50 22.2 2.3

7-A VC 8-2-89 1219 613347.85 1160511.99 19.0 2.0

7-C VC 8-1-89 1540 N/A N/A 7.6 5.5

7-C VC 8-I-89 1555 N/A N/A 7.6 4.2

7-C VC 8-1-89 1615 N/A N/A 7.6 7.0

8-A DC 8-1-89 1321 612840.23 1161628.14 21.I 2.0

8-A DC 8-I-89 1326 612840,23 1161628.i4 21.I 1.7

8-B VC 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-I-89 1415 613426.27 1162039.00 22.1 2.8

8-D DC 8-I-89 1140 612743,23 1163065.82 29.1 2.6

(a) VC is vibra-core;DC is dart-core. L is longvibra-core.
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TABLE_A.I. Summaryof Core Collections(Cont'd)

ii IRII | li II I I ill I ' II I li i

SampLeLocat|en - WA Water Core

SampL|n9 SampLing State PLan coordinates Depth Length

Statton Type(a) Date T|m North|ng Easttng (ft MLLW) (feet)
i lm illil ii iii i ii i I iii iii i

9-^ VC 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

9-6 VC 8-2-89 1117 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 1164502.63 18.9 2.5

9-D VC 8-2-89 1145 N/A N/A 41.5 5.0

IO-A VC 7-31-89 1522 610670.28 1168371.52 14.4 3.5

IO-A VC 7-31-89 1545 610670.28 1168371.52 14.4 5.0

10-B DC 7-31-89 1740 611154.96 1168255.87 28.9 1.3

10-B DC 7-31-89 1746 611154.96 1168255.87 28.9 2.25

10-C VC 7-31-89 1619 611324.20 1168200.00 16.6 4.5

10-C VC 7-31-89 1633 611324.20 1168200.00 16,6 4.5

!1 -A VC 8-3-89 1647 612732.71 1171993.95 24.2 3.0

11-A VC 8-3-89 1652 612732.71 117'1993.95 24.2 3.8

11-C VC 8-3-89 1622 613261.77 1171534.18 23.2 3.0

11-C VC 8-3-89 1630 613261,77 1171534.18 23.2 2.8

12-A VC 8-4-89 1345 615670.39 1176892.40 34.0 3.8

: 12-A VC 8-4-89 1350 615670.39 1176892.40 34.0 5.0
12-B VC 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 VC 8-3-89 1820 615757.17 1176808.91 26.7 5.0

13-A VC 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 615984,66 1181831.48 18.4 4.0

13-C VC 8-4-89 1532 615984.66 1181831,48 18,4 3.1

13-C VC(L) 8-4-89 1550 615984.66 1181831.48 18.4 3.2

14-A VC 8-4-89 1718 613794.59 1181527.91 24.5 3.5

14-A VC 8-4-89 IT_7 613794.59 1181527,91 24.5 5.0

° 14-C VC 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 VC 8-5-89 1050 N/A N/A 33. I 5.0

17-A VC 8-3-89 1420 609003.37 1164053.43 4.0 3.0

17-A VC 8-3-89 1425 609003.37 1164053.43 4.0 5.0

17-A VC 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-B VC 8-3-89 1515 609572.00 1164024.12 7.6 4.5

17-C VC 8-3-89 1540 610470.50 1164126.50 7,6 5,0

(a) VC is vibra-core;DC is dart-core. L is longvlbra-core
m --- i ,i,, , , i, i __ i , ,111, 1,1,,,i
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IABLEB,1. Microtox Results

;,,,Ij I, ,!'!*' ,.I: k' _,: _!'-_-:-!-_- _'"!!" _'"!"' ! .... ±_. ........ _ ___ .... :- ,L_I

PercentChangiin
5edlment Extract IlluminationOver Time(a)
Sample Conc.(%) 5 Min 15 Min 30 Mln
|........... i_.l........ mml_llT, - . ,,rh.;l/lm -) mill' ''! .... _!_ . :L_.....:.TL ' Z. E . .Jl

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.!4 16.67 19.74 9.03

(a) Positivenumbersindicatean increasein
illumination,negativenumbersindicate
a decreasein illumination

B.I



__L,.1, Microtox Results (Cont'd)

iiii __ IIII Iii ii UIL 1 i [ .... III III i iii ii i1,_ .... ,i,1,11 ........ iii

Percent Changein
Sediment Extract IlluminationOver Time(a)
Sample Conc.(_) B Min IB Min 30 Min

9A-C 7,27 8,76 8,88 -1,48
9A-C 14,53 13,47 10,65 -2,61
9A-C 29,07 16,19 12,51 -5,87
9A-,C 58,14 13,57 10,63 -5,74

IOA-C 7,27 31.94 39.17 22.90
IOA-C 14,53 42.70 51.39 33.96
IOA-C 29,07 50,50 58.74 33.01
IOA-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 I0.28 8.8B -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 O.9B
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.OB
14A-C 29.07 16.94 11.73 -I0.9B
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

(a) Positivenumbersindicatean increasein
illumination,negativenumbersindicate
a decreasein illumination

B.2



E_t_l_FJt=l, HtcPotox Results (Cont'd)

.................... I IIIII . " ............ ZL2 .....................

Percent Changetn
Sedtment Extract Illumination Over Ttme(a)
Sample Conc. (%) 5 Htn 15 Htn 30 Htn
__ _::'_ _ ';_ ..............................................

17A 7.27 11.53 15.55 11.28
i7A 14.53 17.07 22.53 10.51
17A 29.07 19.86 25.52 12.34
17A 58,14 20.55 25.57 13.43

West Beach 7.27 2.99 4.33 -0.81
West Beach 14.53 12.84 12.23 1.39
West Beach 29.07 16.89 14.59 -0.01
West Beach 58.14 9.83 4.05 -8.68

SequimBay 7.27 15.64 15.47 5.54
SequtmBay 14.53 20.45 19.22 7.13
SequtmBay 29.07 23.70 71,75 7.43
SequtmBay 58,14 28.07 24,34 8.69

(a) Postttve numberstndlcate an tncrease tn
t]lumtnatton, negattve numberstndtcate
a decrease tn t]]umtnatton

_' 7_ i I_ : I HII.... ,iii i i i !_ .......... J"T: ]:; I :] _ I III ']'B[ _ __
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_,Y.,_._, AmphtpodResults

Percent MeanPercent
Station Composite Rep Alive Dead Total Survival _urvival¢'
_ i ,,_L J UJ I .... IHI ........... ]11 - . ,,, _ ........... _, '1 IIII, t L,=, _ ...___:_t:.:..." _.. _'_L I

Sta,I A-C I 18 2 20 gO
$ta, 1 A-C 2 17 3 20 85
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 8B 86

Sta. 2 A 1 19 1 20 9B
Sta. 2 A 2 18 2 20 90
Sta. 2 A 3 19 1 20 9B
Sta,2 A 4 15 5 20 75
Sta. 2 A 5 18 2 20 90 89

Sta,3 A-C I 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 B IB 5 20 7B 85

Sta,4 A-C I 19 I 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 I 20 95
Sta.4 A-C 5 19 I 20 95 95

Sta,5 A-C I 18 2 20 90
Sta,5 A-C 2 15 5 20 75
Sta,5 A-C 3 16 4 20 80
Sta.5 A-C 4 20 0 20 100
Sta.5 A-C. 5 17 3 20 85 86

t

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 I 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 •

,

B.4



I_.__2_, AmphtpodResults (Cont'd)

_l'_ .... LII[Ijll ij .... ._,,_ !,_. 1__ i_1 ii i i ±,IBLLII li.mill _ltJUat . I I[ I IIII I l/ /11, Ill_m _;,1 q!,l -_;" " I T:L_--:_I_::Z-- -- :

Percent MeanPercent
Station CompositeRep Alive Dead Total Survival Survival

Sta,B A-C I 19 I 20 95
Sta.8 A-C 2 20 0 20 I00
Sta.8 A-C 3 17 3 20 8B
Sta,8 A-C 4 18 2 20 90
Sta.8 A-C B 19 I 20 9B 93

Sta.9 A-C I 19 I 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 i 20 95
Sta.9 A-C B 18 2 20 90 92

Sta. 10 A-C I 15 B 20 75
Sta. 10 A-C 2 19 I 20 OB
Sta.10 A-C 3 19 I 20 9B
Sta.10 A-C 4 18 2 20 90
Sta.I0 A-C 5 17 3 20 8B 8B

Sta.11 A-C i 13 7 20 65
Sta. 11 A-C 2 20 0 20 100
Sta. 11 A-C 3 15 5 20 7B
Sta. 11 A-C 4 19 I 20. 95
Sta. 11 A-C 5 17 3 20 85 84

Sta. 12 A-C I 19 I 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
St_. 12 A-C 5 16 4 20 80 91

Sta. 13 A-C I 17 3 20 85
Sta. 13 A-C 2 19 I 20 95
Sta.13 A-C 3 17 3 20 85
Sta.13 A-C 4 19 I 20 95
Sta. 13 A-C 5 16 4 20 80 88

Sta. 14 A-C I 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 90 .
Sta. 14 A-C 5 16 4 20 80 85

B.5



!_,_,_B__. AmPhipod.Results (Cont'd) ,

i '" , Ji'1

. Percent Mean Percent
Station Composite Rep Alive Dead Total Survival Survival

,, i

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 I 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 I 20 95
Sta. 16 C 5 16 4 20 80 87

j Sta. 17 A I 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 - I 17 3 20 85
Sequim Bay - 2 19 I 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 - I 20 0 20 100
West Beach - 2 19 I 20 95
West Beach - 3 20 0 20 100
West Beach - 4 17 3 20 85
West Beach - 5 20 0 20 100 96

B.6
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!A__B.LEB.3. OysterResults
,,

ii iii I_AI_. NImbi

Prop Surviving

,Sediment Total 202 per lO-mL MeanProp

Sa_pte Conc Rap D-CeLt(a) Mean Stock|ng Density Surviving ANOVA(b) SCso(c)
i i iii ii i

1 A'C ....... , .... NS N/A

1 A-C 0 1 223 1• 10

I A-C 0 2 189 0.94

I A-C 0 3 196 202.7 0.97 1.00

I A-C 10 I 229 1.13

I A-C 10 2 167 0.83

I A-C 10 3 214 203.3 1.06 1.01

1 A'C 50 1 l 220 1.09

I A-C 50 2 150 0.74

'1A-C 50 3 201 190.3 1.00 0.94

1 A-C 100 1 187 0.93

I A-C 100 2 187 0.93

I A-C 100 3 157 l 177.0 0.78 0.88

2 A ........... S 28_

2 A 0 I 178 0.88

2 A 0 2 214 1.06

2 A 0 3 216 202,7 1,07 1,00

2 A 10 1 189 0.94

2 A 10 2 191 0,95

\ 2 A 10 3 240 206.7 I.19 1.02

2 A 50 I 0 0.00

2 A 50 2 115 0.57

2 A 50 3 101 41.7 0.05 0.21

2 A 100 1 0 0.00

2 .a, 100 2 0 0.00

2 A 100. 3 1 0.3 0.00 0.00

(a) Abnormal larvm, were counted, but no significant difference was observed.

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

(c) As percent elutriate; N/A indicates ECso cannot be calculated.
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TABLE B.3. Oyster Results (Cont'd)

i i i - ' i .L Iii I l|1 I ........

Prop Surv| vi r_

Sediment Totat _ 202 per lO-mt Mean Prop

SampLe Conc Rep D-CeLt (a) Mean Stock|rig Density Surv|v|ng ANOVA(b) ECSO(C)
I II Illlll I I II I I I III Illll ......

3 A-C ........... S _'_

3 A-C 0 1 227 1.12

3 A I C 0 l 2 2_ 1.35

3 A-C 0 3 266 255.3 1.32 1,26

3 A-C 10 1 218 1.08

3 A-C 10 2 207 1,02

3 A-C 10 3 243 222,7 1.20 1,10

3 A-C 50 1 138 0.68

3 A-C 50 2 143 0.71

3 A-C 50 3 199 160.0 0.99 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 ........... NS N/A

4 A-C 0(d) 1 176 0.87

4 A-C 0 2 241 208.5 1.19 1.03

4 A-C 10 I 227 1.12

4 A-C I0(d) 3 223 225.0 1.10 1.11

4 A-C 50 1 167 0.83

4 A-C 50 2 233 I.15

4 A-C 50 3 179 193.0 0.89 0.96

4 A-C 100 1 127 0.63

4 A - C 100 2 l 168 0.83

4 A-C 100 3 159 151.3 0.79 0.75

5 A-C ........... NS N/A

5 A-C 0 I 191 0.95

5 A-C 0 2 187 l 0"_

5 A-C 0 3 209 195.7 1.03 0.97

5 A-C 10 I 196 0.97

5 A-C 10 2 139 0.69

5 A-C 10 3 230 188.3 I.14 0.93

5 A-C 50 2 122 0.60

5 A-C 50(d) 3 172 147.0 0,85 0.73

5 A-C 100 I 195 0,97

5 A-C 100 2 168 0.83

5 A-C 100 3 195 186.0 0.97 0.92

(a) Abnormallarvaewere counted,but no significantdifferencewas observed,

(b) S = ,_igniflcantat _ = 0.05;NS = Not significantrelativeto West Beach ,

(c) As percentelutriate;N/A indicatesEC50 cannotbe.calculated.

-
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TABLEB,3. Oyster Results (Cont'd)

__ i i i iiii iiiiii

Prop SUrV|V|ng

sediment Total 202 per lO-mt MeanProp

SampLe Conc Rep D-CeLtLa) Mean Stocktng Dens|ty Surviving ANOVA(b) ECso(°)
i i iiiii i ii ii iiiiii

6 A"C ........... NS N/A

6 A-C 0 1 2.t8 1,18

6 A-C 0 2 210 1,04

6 A-C 0 3 157 201.7 0,78 1.00

6 A-C 10 I 125 0.61

6 A-C 10 2 171 0.85

6 A-C 10 3 189 161.0 0.94 0.80

6 A-C 50 I 144 0.71

6 A-C 50(d) 2 152 148.0 0.75 0.73

6 A-C 100 I 201 1.00

6 A-C 100(d) 3 189 195.0 0.94 0.97

7 C ........... NS N/A

7 C 0 1 181 0.90
7 C 0Ld) 3 213 197.0 1.05 0.98

7 C 5O 1 219 1.08

7 C 5O 2 134 0.66

7 C 50 3 235 195.3 1,15 0.97

7 C 100 1 179 0.89

7 C 100 2 128 0.63

7 C 100 3 156 154.3 0.77 0.76

8 A-C ........... 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 10 1 20/+ 1,01

8 A-C 10 2 254 1.26

8 A-C 10 3 1:]8 198.7 0.68 0.98

8 A-C 50 1 164 0,81

8 A-C 50Ld) 3 158 161.0 0.78 0,80

8 A-C 100 1 212 1.05

8 A-C 100 2 236 1.17

8 A-C 100 3 174 207.3 0.86 1.03

La) Abnormal larvae were counted,but no significant difference was observed,

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

Lc) As percent elutriate; N/A indicates ECsocannot be calculated,
Ld) outlier replicate removedfrom data analyses in calculation of EC50. Outlier

replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVAresults. Approximately 4_ (11

outliers of 245 treatn_nt containers) of data were outliers.



.TABLEB.3. Oyster Re,,_ults(Cont'd)

. ,,, --,- , ,,_ ...... , -- ___ i I i imlll --

, Prep Surv_,ving

Sedtment Total 202 per lO-ml Mean Prop

Sample Cn Rep D-Cell (a) Mean St_king De_'.._ Surviving ANOVA(b) EC50(¢)
i i iii I i ii "

f

9 A-C ........... NS H/A

9 A-C 0 1 183 0.91

9 A-C 0 2 170 0.84

9 A-C 0 3 210 187.7 1.04 0.93

9 A-C 10 I 138 0.68

9 A-C 10 2 162 0.80

9 A-C 10 , 3 109 136.3 0.54 0.67
9 A-C 50(d) I 130 0.64

9 A-C 50 2 155 142.5 0.77 0.71

9 A-C 100 I 116 0.57'

9 A-C 100 2 190 0.%

9 A-C 100 3 153 153.0 0.76 0.76

10 A-C ........... NS N/A

10 A-C 0 I 176 0.87

10 A-C 0 2 217 1.07

10 A-C 0 3 178 190.3 0.88 0.94

10A-C 10 I 192 0.95

10A-C 10 2 248 1.23

10 A-C 10 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(d) 3 118 137,5 0.58 0.68

(a) Abnormal larvae were counted, but no significant difference was observed.

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

, (c) As percentelutriate;N/A indicatesECso cannot be calculated.

(d) Outlierreplicateremovedfromdata analysesin calculationof ECso. Outlier

replicateremovedfrom data analysesfor ANOVA. Inclusionof outlierdid not

affect conclusionof significancefrom ANOVA results. Approximately4% (11

of 245 treatmentcontainers)of data were outliers.
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TABLE B,3, Oyster Results (Cont'd)

i,__ i ii lt iiii iii iiii ii i i --

, Prop Surviving

Sediment, :,' Total 202 per lO-mL ldeanProp

Sample cono// Rep D-CeLL{m) Hean Stocking Density SUrV|vtng ANOVA(b) ECSO(°)

_,._,., _,,_,,,.._._ .......................
1 ,

11 A-C ............ NS H/A

11 A-C 0 I 229 1,1]

11 A-C 0 2 200 0,09

11 A-C 0 3 206 211.7 1.02 1.05

11 A-C 10 1 132 0.65

11 A-C 10 2 233 1.15
11 A-C 10 5 208 191.0 1.03 0.95

11 A-C 50 1 167 0.83

11 A-C 50 2 220 1.09

11 A-C 50 3 109 165.3 0.54 0.82

11 A-C 100 1 167 0.83

11 A-C 100 2 144 0.71

11 A-C 100 3 132 147.7 0.65 0.73

12 A-C ........... S 68%

t2 A-C 0 1 153 0.76

12 A-C 0(d) 2 188 170.5 0.93 0.85

12 A-C 10 1 175 0.87

12 A-C 10 2 180 0.89

12 A-C 10 3 76 143.7 0.38 0.71

12 ArC 50 1 93 0.46

12 A-C 50 2 t88 0.93

12 A-C 50 3 188 156.3 0.93 0.77

12 A-C 100 1 4 0.02

12 A-C 100 2 0 0.00

12 A-C 100 3 0 1.3 0.00 0.01

(a) Abnormal larvae were counted, but no significant difference _as ooserved.

(b) S = Significant at a = 0.05; HS = Hot significant relative to _lest Beach.

(c) As percent elutriate; N/A indicates ECsocannot be calculat_!.i;to

(d) Outlier replicate removed from data analyses in calcula_tr_ o'F EC:50. Outlier
replicate removedfrom data analyses for ANOVA. Inclusi_on of ou'_ller did not
affect conclusion of significance from ANOVAresults.
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I_LLf._JU. Oyster Results (Cont'd)

j iiii i iiii i i ii Ii i i i ii i iii i iii ii i i iiii i -

Prop Surviving

Sediment Total 202 per lO-ml Mean Prop

Sample CorN= Rep D-Celt (a) Mean stocking Density SUrViving _OVA(b) SCso(°)
iiii iiiii i i ] iiii iii I iiii i ii i iii iii '

13 A"C - .......... NS N / _lil

13 A-C 0 1 234 1.16

13 A-C 0(d) 2 221 227.5 1.09 1.1

13 A-C 10 1 215 1,06

13 A-C 10 2 139 0.69

13 A-C 10 3 183 179.0 0.91 0.89

13 A-C 50 1 132 0.65

1:3A-C 50 2 161 0.80

13 A-C 50 3 189 160.7 0,94 0.80

13 A-C 100 1 93 0.46
13 A-C 100 2 138 0.68

13 A-C 100 3 201 144.0 1.00 0.71

14 A-C ........... HS N/A

14 A-C 0 I 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 1963 1.12

14 A-C 50 I 134 0.66

14A-C 50 2 150 0.74

14 A-C 50 3 57 113,7 0,28 0,56

14A-C 100 I 195 0.97

14 A-C i00 2 119 0.59

14 A-C 100 3 92 135.3 0.46 0.67

(a) Abnormal larvae were counted, but no significant difference was observed.

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

(c) As percentelutriate;N/A indicatesECsocannot be calculated.

(d) Outlier replicate removed from data analyses in calculation of ECSO. Outlier
replicate removed from data analyses for ANOVA. Inclusion of outlier did not
affectconclusionof significancefrom ANOVA results.
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_ABLEB.3. Oyster Results (Cont'd)

I I I IIII I I I j_ I _!__ _ [ I . II I ......

Prop Surv|vtng

sediment Total 202 per lO-mt Me_ Prop

Sample Co_ Rep D-Celt (a) Mean stook|ng Denatty Surv|v|ng ANOVA(b) ECso(°)
II I I IIIIIII III IIIIll I I I I III, "

15 A ....... "'" S 19_

15 A 0 1 199 0.99

15 A 0 2 157 0.78

15 A 0 3 176 177.3 0.87 0.88

15 A i0 i 136 0.67

15 A 10 2 139 0.69

15 A 10 3 174 149.7 0.86 0.74

15 A 50 I I 0.00

15 A 50 2 1 0.00

15 A 50 3' 3 1.7 0.01 0.01

15 A 100(d) 2 0 0.00

15 A 100 3 4 2.0 0.02 0.01

16 C ........... NS N/A

16 C 0 I 195 0.97

16 C 0 2 194 0.96

16 C 0 3 242 210.3 1.20 1.04

16 C 10 1 172 0.85

16 C 10 2 201 1.00

16 C 10 3 170 181.0 0.84 0.90

16 C 50 1 215 1.06

16 C 50 2 224 1.11

16 C 50 3 206 215.0 1.02 1.06

16 C 100 1 161 0,80

16 C 100 2 231 1.14

16 C 100 3 178 190.0 0.88 0.94

(a) Abnormal larvaewere counted,but no s|gnlflcantdifferencewas observed.

(b) S = Significant at _ -_ 0.05; NS = Not significant relative to West Beach.

(c) As percent elutrtate; N/A indicates ECso cannot be calculated.

(d) Outlier replicate removed from data analyses in calculation of ECso. Outlier

replicate removed fro_l data analyses for ANOVA. Inclusion of outlier did not
affect conclusion of significance from ANOVAresults.
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t

_. OysterResults(Conttd)

I INIIII i I Ill I I I i I N II Ulll IINN I ilINI I

Prop Bury4v| ng

Sediment Total 202 per 10-mt Mean Prop

sample cono Rep D-CeLL(a) Mean stocking Density Surviving N4OVA(b) BCso(°)
llnl I I I I IL, I llnl III . I Ill IIII l _ Iu II

1 7 A ............ _ S N lA

17 A 0 2 116 0.57

17 A 0(d) 3 100 108.0 0.50 0.54

17 A 10 1 219 i.08

17 A 10 2 168 0.83

17 A 10 3 212 199.7 1.05 0.99

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 ........... NS N/A

SequimBay 0 I 233 I.15

Sequim Bay 0 2 154 0.76

Sequim Bay 0 3 165 184.0 0.82 0.91

SequimBoy 10 I 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

SequimBay 50 3 150 169.3 0.74 0.84

SequimBay 100 I 172 0.85

SequimBay 100 3 159 165.5 0,79 0.82.

La) Abnormal larvaewere counted,but no significantd|fferencewas observed.

(b) S = Significant at a = 0.05; NS = Not signif|cant relative to West Beach.

Lc) As percent elutriate; N/A Indicates ECso cannot ,be caLcuLated.

Ld) Outlier replicate removed frm data analyses in calculation of EC50. OUtlier
replicate removed from data analyses for ANOVA. IncLusion of outlier did not
affect conclusion of sfgn_ftcance from ANOVAresults.
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_i Ill,,jL,Idli,,| ,_,

_.._, Oyster Results (Cont'd)

i i ii i i - i i iJ ii __j i iii

Prop Bury| v| ng
Sedtment Total 202 per' lO-ml Mean Prop

Sample Cone Rap D-CeLL(a) Nean gtocktng Denstty Survtv|ng ANOVA(b) ECso(c)
i i illlll I

i li i li

West Beach ........... NS N/A

_k_stBeech 0 1 230 1.1/+

_s'_ Beach 0 2 218 1.08 i

West Beach O 3 151 199.7 0.75 0.99

West Beach 10 1 229 1.13

West Beach 10 2 228 1.1:3

;lest Beech 10 3 219 225.3 1.08 1.12

I_est Beach 50 1 176 0.87

West Beech 50 2 2/+7 1.22

West Beach 50 3 234 219.0 1.16 1.08

West Beech 100 1 156 0.77

West Beech 100 2 1/,6 0.72

;lest Beech 100 3 185 162..X 0.92 0.80

(e) Abnormal larvae were counted, but no a|gntf|cant difference was observed.

(b) S = Significant at = = 0,05; NS= Hot s|gntf_cant relet|ve to West Beach.

(c) As perc_t elutrtate; N/A tnd|cates ECsocannot be calculated,
(d) Outlier replicate removed from data analyses tn calculation of ECso, outlier

replicate removedfrom data analyses for ANOVA, Inclusion of outlter did not
aff_: corclusi_ of slgnlflce_cefrom_OVA results.

H i I i ii i _ i - :iiii i .__
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TABLEB04. 30-Day MacomaResults

_:: :: ..... ,,,f : i .... _-T ....... , lh',,,,..., ' , r-_T , i In_;.. !'_ t ...... I II'il].l I t "';' t' .... I I ,l,r , I f "'" ' _: I; ; I .... Lt.. II, I, ,,, _ 1 _::_-i--r i.,j

Termination
$edtment Number Number Number Number Proportion
Sample Rep Removed Altve Dead Empty Total Surviving
_,_'_ _" " ; [ ,, ii, i Ii, r i ' i_r,l I '1 Ii _x ; ii 7 ............_z[j: i 'li i i Ii')_LL" "" I,1"" - : " # u --_ i i i I1' I1, : -_ LI I I'll lt

Sta, 1A-C 1 3 26 0 0 29 0,90q

Sta. 1A-C 2 1 26 3 0 30 0.87
Sta. IA-C 3 4 23 2 0 29 0.79

Sta. 2A I 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 I 0 31 0 0 31 1.00
Sta. 3A-C 2 I 29 0 0 30 0.97
Sta. 3A-C 3 I 30 0 0 31 0.97

Sta. 4A-C I 0 28 I 0 29 0.97
Sta. 4A-C 2 I 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 I 29 0 0 30 0.97

Sta. 6A-C I 0 30 0 0 30 1.00
Sta. 6A-C 2 2 29 0 0 31 0.94
Sta. 6A-C 3 I 29 0 0 30 0.97

Sta. 7C I 0 30 0 0 30 1.00
Sta. 7C 2 0 30 0 0 30 1.00
Sta. 7C 3 i 29 0 0 30 0.97

Sta. 8A-C I 0 27 I I 29 0.93
Sta. 8A-C 2 0 26 0 3 29 0.90
Sta. 8A-C 3 I 27 0 0 28 0.96

Sta. 9A-C I 0 30 0 0 30 1.00
Sta. 9A-C 2 I 30 0 0 31 0.97
Sta. 9A-C 3 2 27 0 I 30 0.90

Sta. IOA.-C I 0 31 0 i 32 0.97
Sta. IOA-C 2 0 30 0 0 30 1.00
Sta. IOA-C 3 i 28 0 0 29 0.97

Sta. 11A-C I 2 27 0 0 29 0.93
Sta. 11A-C 2 2 27 I 0 30 0.90
Sta. 11A-C 3 0 29 0 0 29 1.00
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TABLEB.4,. 30-Day MacomaResults (Cont'd)

I ....... /i_j. :_-L j LIMI) Li i1[_:-- L--- -LI_----_ _-J_U---I--! ---Ij_ L !L .. J. IJ. LI) [I.I_LJ_ ........ ___ _]1 II1[[I m__ }1: --- ; ..... [ J...... I.I. ii i Jl I i.Ii . ii ....... _ljilll:_ i_

. _ iTermJn_ttoj1....
Sedtment Number Number Number Number Proportion
Sample Rep Removed A1tve Dead Empty Total Survtvtng

k----.+ - . II'!N:j+--" J "-_ _I'I,,LI..... l ] I I I Z li [_IL )....... j ..... jl [ ......... ; ++ • II l I[_.1111 iF-+ IIULtt! Ill[ ......... :.L + i hl _ llLim_l

Sta, IZA-C I I 25 0 0 26 O,g6
Sta. 12A-C 2 1 26 0 0 27 o,g6
Sta. 12A-C 3 1 29 0 0 30 O,97

Sta. 13A-C I 0 27 I 0 28 O,96
Sta. 13A-C 2 0 30 0 0 30 1,00
Sta. 13A-C 3 2 29 0 0 31 0,94

Sta. 14A-C I I 29 I 0 31 0,94
Sta. 14A-C 2 0 27 I 0 28 0,96
Sta. 14A-C 3 2 26 0 0 28 0,93

Sta. 17A I 0 32 0 0 32 1,00
Sta. 17A 2 0 30 0 0 30 1.00
Sta. 17A 3 0 32 0 0 32 1,00

SequimBay I 0 30 I 0 31 0.97
SequimBay 2 0 28 0 I 29 O,97
SequimBay 3 0 30 0 0 30 I.O0

West Beach I 0 30 0 0 30 I.O0
West Beach 2 0 29 0 0 29 1.00
West Beach 3 2 28 0 0 30 O.93
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[[_)]J__]_,60-DayMacomaResults

_ TermillatiQn.....
Sediment Number _mber Number Number Proportion
Sample Rep Removed Alive Dead Empty Total Surviving
_, _j.. ::T .............. ll_,,,,,j___ _ .,L,,_u,].....:J_jl,l ..::;....... ,,,l ,_-m:: .,......,. _:::,,...: _ ,:,:::_ _, _ , , ,..... :-.. :c::......"_:-

Sta,1 A-C 4 7 21 0 I 29 0,72
Sta, i A-C B 11 18 0 0 29 0.02

Sta,2 A 4 6 23 0 0 29 0,97
Sta.2 A 5 5 23 0 I 29 0.79

Sta.3 A-C 4 I 27 0 0 28 0.96
Sta,3 A-C 5 8 22 0 0 30 0.73

Sta,4 A-C 4 5 24 0 I 30 0,80
St_. 4 A-C 5 I 29 0 0 30 0.97

Sta. 5 A-C 4 2 28 0 0 30 0.93
Sta. 5 A-C 5 I 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 I 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.i0 A-C 5 2 28 0 0 30 0.93

Sta. 11A-C 4 I 28 0 0 29 0.97
Sta. 11A-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 I 0 30 0.83

Sta. 13 A-C 4 5 24 I 0 30 0.80
Sta. 13 A-C 5 5 27 0 0 32 0.84

Sta. 14 A-C 4 2 27 0 i 30 0.90
Sta. 14 A-C 5 2 24 I ] 28 0.86

=

=
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_. SedimentGuaiacols/Organic Acids Results Concentration
in _g/Kgdry

,1

i i i i i iiii i iii iiii i II ii iii

LaboratoryID Method

Compound Blank IA-C 2A 3A-C 4A-C 5A-C BA-C

ii i i iii - i ii i iii II I ii ii1|11

Guaiaool 67 U 79 U 82 U 81U 75 U I16 U i19 U

4-Chloroguaiaool Bl U 79 U 82 U 81U 75 U 116 U 116 U

Isoeugenol 67 U 76 U 82 U 81U 75 LI 116 U 116 U
Eugenol 67 U 76 U 82 U 81U 75 U 116 U 116 U
4,5-Dichloroguaiacol ' 67 U 76 U 82 U 81,U 75 U 116 U 116 U
4,5,B-Triohloroguaiacol 67 U 76 U 82 U 81U 75 U 116 U 116 U

3,4,5-Triohloroguaiaool 67 U 16 U, 82 U 81U 75 U 116 U 116 U
Tetrachloroguaiaool 67 U 76 U 82 U 81U 75 U I16 U 116 U

Catechol 67 U 76 U 82 U 81U 75 U 116 U 116 U
4-Chlorooatechol 67 U 76 U 82 U 81U ?S U 116 U 116 U

4,5-Dichlorooateohol 67 U 76 U 82 U 81U 75 U 116 U 116 U
B-Chlorovanillin 67 U 76 U 82 U 81U 75 U J16 U 116 U

3,4,5-Trichlorocatechol 67 U 76 U 82 U 81U 75 U 116 U 116 U
Triohlorosyringol 67 U 76 U 82 U 81U 75 U 116 U 116 U

5,B-Dichlorovanillin 67 U 76 U 82 U 81U 75 U 116 U 116 U
Tetraohlorocatechol B7 U 76 U 82 U 81U 75 U 116 U 116 U

HeptanoicAcid 67 U 76 U 82 U 81U 75 U 116 U 110 U
PalmitoleicAcid 130 U 146 U 266 186 246 386 366
LinoleicAcid 67 U 76 U 82 U 81U 75 U 116 U 116 U

LinolenicAcid 67 U 76 U 82 U 81U 75 U 116 U 116 U
Oleic Acid 336 U 356 U 416 U 466 U 386 U 536 U 536 U

StearicAcid 67 U 76 U 116 88 92 136 226

HexadecanedioicAcid 136 U 146 U IBB U IBB U 15_ U 216 U 216 U

PimaricAcid 57 U 76 U 82 U 81U 75 U 116 U 116 U

SandaracopimaricAcid 87 U 76 U 82 U 81U 75 U 116 U 116 U

IsopimaricAcid 67 U 76 U 82 U 81U 75 U 116 U 110 U
PalustrateAcid 67 U 76 U 82 U 81U 75 U 116 U 110 LI

DehydroabietioAcid 67 U 76 U 126 85 106 146 366
AbieticAcid 87 U 76 U 82 U 81U 75 U 116 U 82 J
NeoabieticAcid 67 U 76 U 82 U 81U 75 U 110 U 116 U

1,4-ChloroabieticAcid 67 U 76 U 82 U 81U 75 U 116 U 116 U
1,2-ChloroabieticAcid 67 U 70 U 82 U 81U 75 U 119 U 110 U
DichloroabieticAcid 87 U 70 U 82 U 81U 75 U 116 U 116 U

SurrogateRecovery (%):
Dihydroxy-d4-Benzene 50.5 46.2 29.8 46,9 40.8 65.5 70.8

O-MethylPodocaprateAcid 94,7 166 115 113 116 116 114

U - undetected; J - estimatedbecauseresult less than detectionlimit;

p
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TABLEC.2. Sediment Guatacols/Organtc Acids Results (Cont'd)
Concentration in _g/Kg dry

i i iiiii illl i ii ii i i iii I

LaboratoryID

Compound 7A-C 8A-C 9A-C 10A-C llA-C 12A-C
. iiiiiii I iiiiiii iii1,11 iii | ii iiiiii ii i

Guaiacol 86 U 86 U 97 U 88 U 96 U 94 U

,4-Chloroguaiacol 86 U 86 U 97 U, 88 U 96 U 94 U
Isoeugenol 86 U, 86 U 97 U 88 U 96 U 94 U
Eugenol 86 U 86 U 97 U 88 U 95 U 94 U
4,5-Dichloroguataool 86 U 86 U 97 U 88 U 96 U 94 U
4,5,6-Trichloroguaiacol 86 U 86 U 97 U 88 U 96 U 94 U
3,4,5-Trichlcroguaiacol 86 U 86 U 97 U 88 U 96 U 94 U
Tetrachloroguaiaco] 86 U 86 U 97 U 88 U 96 U 94 U '

Catechol 86 U 86 U 97 U 88 U 96 U 94 U
4-Chlorocateohol 86 U 86 IJ 97 U 88 U 96 U 94 U
4,5-Dichlorooatechol 86 U 86 U 97 U 8_ U 96 U 94 U
6-Chlorovanillin 86 U 86 U 97, U 88 U 96 U 94 U
3,4,5-Trichlorooatechol 86 U 86 U 97 U 88 U 96 U 94 U
Trichlorosyringol 86 U 86 U 97 U 88 U 96 U 94 U
5,6-Diohlorovanillin 86 U 86 U 97 U 88 U 96 U 94 U
Tetraohlorooatechol 86 U 86 U 97 U 88 U 96 U 94 U

HeptanoicAcid 86 U 86 U 97 U 88 U 96 U 94 U
PalmitoleicAcid 170 U 590 540 270 360 M 290

Linoleic A¢id 86 U 86 U 97 U 88 U 96 U 94 U
LinolenicAcid 86 U 86 U 97 U 88 U 96 U 94 U

Oleic Acid 430 U 110 M 480 U 440 U 480 U 470 U
StearicAcid 61M 18B 220 140 190 M 220

HexadecanedioicAcid 170 U 170 U 190 U 180 U 190 U 19B U

PimaricAcid 86 U 86 U 97 U 88 U 96 U 94 U

SandaracopimaricAcid 86 U 86 U 97 U 88 U 96 U 94 U

IsopimaricAcid 86 U 86 U 91U 88 U 96 U 94 U
PalustrateAcid 86 U 86 U 97 U 88 U 96 U 94 U

DehydroabieticAcid 160 190 190 120 52B 300
AbieticAcid 31J 32 J 40 J 88 U 140 49 J
NeoabieticAcid 86 U 85 U 27 U 88 U 96 U 94 U

1,4-ChloroabietlcAcid 86 U 86 U 97 U 88 U 96 U 94 U

1,2-ChloroabieticAcid 86 U 48 M 33 M 08 U 87 BB M
DichloroabieticAcid 86 U 34 M 97 U 88 U 45 M 36 M

SurrogateRecovery:

Dihydroxy-d4-Benzcne 64.7 43.4 48.6 75,2 42.3 59,6

B-Methyl PodocaprateAcid 116.0 121,B 115.B 114.0 113 98.4

U - undetected; J , estimatedbecauseresult less than detection limit;
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TABLEC,2. Sediment Guatacols/Organic Acids Results (Cont'd)
Concentration in #g/Kg dry

.... ilml i i i , IliH I i i -

Laboratory ID
Compound 13A-C 14A-C 15A 1BC SB WB ,
m I i i -- iii iiiiii ..... . _ I iii I

Guataool 100 U 94 U 110 U 6B U 139 U 63 U

4-Chloroguaiaool 100 U 94 U 110 U 6B U 130 U 63 U
Isoeugenol 100 U 94 U 110 U BB U 130 U 63 U
Eugenol 10_ U 94 U 110 U 66 U 130 U B3 U
4,5-Dtohloroguataool 100 U 94 U 110 U 66 U 130 U 63 U ,
4,5,6-Trtohloroguataool 100 U 94 U 110 U 66 U 130 U B3 U
3,4,5-Trtohloroguataool 100 U 94 U 110 U 66 U 130 LI 63 U
Tetraohloroguaiaool 100 U 94 U 110 U 66 U 130,U B3 U

Catechol 100 U 94 U 110 U 6B U 130 U 63 U
4-Chlorooatechol 100 U 94 U 110 U 6B U 130 U 63 U
4,5-Dtohlorooateohol 100 U 94 U 110 U 66 U 130 U ' 63 U
6-Chlorovanilltn 100 U 94 U 110 U 66 U 130 U 63 U
3,4,5-Triohlorooateohol 100 U 94 U 110 U 66 U 130 U 63 U
Trichlorosyrtngol 100 U' 94 U 110 U 66 U 130 U 63 U
5,6-Dtohlorovantlltn 100 U 94 U 110 U 6B U 130 U 63 U I
Tetraohlorocateohol 100 U 94 U 110 U 66 U 130 U 63 U

Heptanoic Acid 100 U , 94 U 110 U 66 i_ 130 U 63 U
PalmitoleloAold 210 U 500 M 500 130 . 4800 790

LinoleicAcid = 100 U 94 U 110 U 66 d 130 U 63 U
LinolenicAcid 100 U 94 U 110 U 66 U 130 U 63 U

Oleic Acid 520 U 470 U 550 U 330 U 1600 260 J
StearicAcid 180 220 209 27 M 500 78

HexadeoanedioicAcid 210 U 190 U 220 U 130 U 260 U 130 U

PimaricAcid 100 U 94 U 110 U 66 U 130 U 63 U

SandaracoplmarlcAcid 220 470 110 U 66 U 130 U 63 U

IsopimaricAcid 100 U 94 U 110 U 66 U 130 U 63 U
PalustrateAcid 100 U 94 U 110 U 66 U 130 U 63 U

DehydroabieticAcid 340 510 110 U 70 U 130 U 60 U
AbietioAcid 130 190 110 U 66 U 130 U 63 U

NeoabieticAcid 100 U 94 U 110 U 66 U 130 U 63 U

1,4-ChloroabieticAcid 100 U 94 U 110 U 66 U 130 U 63 U

1,2-ChloroabieticAcid 100 U 94 U 110 U 66 U 130 U 63 U
DichloroableticAcid 100 U 94 U 110 U 66 U 130 U 63 U

SurrogaceRecovery (%):
Dihydroxy-d4-Benzene 48.B 44.4 52.2 43.8 50,5 93.1

O-MethylPodocaprateAcid 109 118 116 111 111 111

U - undetected; J - estimatedbecause result less than detection limit;
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TABLE C.3. ElutriateGuaiacols/OrganicAcids Results
Concentrationin pg/L

i i

LaboratoryID Method

Compound Blank IA-C 2A 3A-C 4A-C 5A-C
i

Guaiacol i U I U i U I U i U I U

4-Chloroguaiacol i U 1U I U I U I U i U
Isoeugenol 1U 1U' 1U 1U 1U 1U
Eugenol 1U 1U 1U 1U 1U 1U
4,S-Dtchloroguaiacol 1U 1U 1U 1U 1U 1U
4,S,6-Trlchlor_guaiacol I U 1U I U 1U i U 1U
3,4,5-.Trichlorogualacol i U i U I U I U i U I U

Tetrachloroguaiacol I U 1 U i U I U i U i U

Catechol i U 1 U i U I U i U I U
4-Chlorocatechol 1 !I 1 U i U I U i U 1 U

4,5-Dich]orocatechol _ U 1U 1U 1U 1U 1U
6-Chlorovanillin i U 1U I U i U 1U 1U

3,4,S-Trichlorocatechol i U I U IU I U i U I U

Trichlorosyringol i U I U i U I U 1U I U
5,B-Dichlorovanillin i U I U I U i U 1U I U
Tetrachlorocatechol i U 1U i U I U i U i U

HeptanoicAcid I U i U i U I U I U I U
PalmitoleicAcid 2 U 2 U 2 U 2 U 2 U 2 U
LinoleicAcid I U I U i U I U I U 1U

LinolenicAcid 1U 1U 1U i U 1U 1U
Oleic Acid 5 U 5 U 5 U 5 U 5 U 5 U

StearicAcid 1U I U I U I U i U i U
HexadecanedioicAcid 2 U 2 U 2 U 2 U 2 U 2 U

PimaricAcid I U i U 1U 1U I U i U

SandaracopimaricAcld i U i U 1U i U 1U 1U
!sopimaricAcid I U i U I U i U 1U 1U
PalustrateAcid i U I U i U i U i U i U

DehydroabieticAcid I U I U ! U I U 1U i U
AbieticAcid I U i U I U i U 1U i U

NeoabieticAcid 1U I U i U i U 1U i U

1,4-ChloroabieticAcid i U I U I U i U i U I U

1,2-ChloroabieticAcid 1U i U I U i U i U 1U
DichlorcabieticAcid I U i U i U I U I U i U

SurrogateRecovery(%):

O-Methyl PodocaprateAcid 62.1 101 96.3 97.4 91.8 91.7

U - undetected; J - estimatedbecauseresult less than detectionlimit;
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TABLE C.3. ElutriateGuaiacols/OrganicAcids Results (Cont'd)
Concentrationin pg/L

ii

LaboratoryID

Compound 6A-C 7C 8A-C 9A-C IgA-C IIA-C

i I ii i, i

6uaiacol 1 I! 1U 1U 1U ' 2 U 1U

4-Chloroguaiacol 1U 1U 1U 1U 2 U 1U
Isoeugenol 1U 1U 1U 1U 2 U 1U
Eugenol 1U 1U 1U 1U 2 U 1U
4,5-Dichloroguaiacol 1U 1U 1U 1U 2 U 1U
4,5,6-Trichloroguaiacol 1U 1U 1U 1U ,2 U 1U
3,4,5-Trtchloroguaiacol 1U 1U 1U 1U 2 U 1U
Tetrachloroguaiacol I U I U I U i U 2 U i U

Catechol i U i U i U 1U 2 U i U
4-Chlorocatechol I U i U 1U I U 2 U i U

4,5-Dichlorocatechol i U i U i U I U 2 U I U
6-Chlorovanillin I U I U IU i U 2 U I U

3,4,5-Trichlorocatechol i U i U i U I U 2 U i U

Trichlorosyringol I U I U 1U I U 2 tj i U
5,6-Dichlorovanillin I U 1U 1U 1U 2 U i U
Tetrachlorocatechol i U I U 1U I U 2 U I U

HeptanoicAcid i U i U i U i U 2 U I U
PalmitoleicAcid 2 U 2 U 2 U 2 U 4 U 2 U

LinoleicAcid I U I U 1U I U 2 U I U
LinolenicAcid i U 1U 1U 1U 2 U I U

Oleic Acid 5 U 5 U 5 U 5 U ig U 5 U
StearicAcid I U I U I U i U 2 U I U

HexadeCanedioicAcid 2 U 2 U 2 U 2 U 4 U 2 U

PimaricAcid i U I U I U i U 2 U 1U

SandaracopimaricAcid IU i U I U 1U 2 U i U

IsopimaricAcid I U I U I U I U 2 U i U
PalustrateAcid i U i U i U i U 2 U i U

DehydroabieticAcid i U i U i U 1U 2 U i U
AbieticAcid I U i U I U i U 2 U I U

NeoabieticAcid I U i U i U i U 2 U I U

1,4-ChloroabieticAcid I U 1U I U I U 2 U 1U

1,2-ChloroabieticAcid i U 1U i U i U 2 U I U
DichloroabieticAcid I.U i U i U 1U 2 U i U

SurrogateRecovery:

g-MethylPodocaprateAcid 103.0 88.5 91.5 95.9 99.0 101

U ,-undetected; J - estimatedbecauseresult lessthan detection limit;
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TABLEC.3. Elutriate Guaiacols/Organic Acids Results (Cont'd)
Concentration in _g/k

I iii i

LaboratoryID

Compound 12A-C 13A-C 14A-C 15A 16C SB WB
I i _|

Guaiaool 1 U 1 U 1 U 1 U 1 U 1 U 1 U

4-Chloroguaiacol 1U I U 1U 1U 1U 1U 1U
Isoeugenol 1U 1U 1U 1U 1U 1U 1U
Eugenol 1U 1U 1U 1U 1U 1U 1U
4,5-Dichloroguaiacol 1U 1U 1U 1U 1U 1U 1U
4,5,6-Trichloroguaiacol 1U 1U I U 1U 1U 1U 1U
3,4,5-Trtchloroguaiacol 1U 1U 1U 1U I U 1U 1U
Tetrachloroguataco] 1U 1U 1U I U 1U 1U 1U

Catechol 1U 1U 1U 1U 1U 1U 1U

4-Chlorocatechol 1U , 1U 1U 1U 1U 1U 1U
4,5-Dtchlorocatechol 1U 1U 1U 1U 1U 1U 1U
B-Chlorovantlltn 1U 1U 1U 1U 1U 1U 1U
3,4,5-Trtchlorocatechol 1U 1U 1U 1U 1U 1U 1U
Trtchlorosyrtngol 1U 1U I U 1U 1U 1U 1U
5,B-Dichlorovanillin i U 1U 1U I U 1U i U i U
Tetrachlorocatechol I U I U I U i U I U I U I U

HeptanoicAcid i U i U I U i U i U I U i U
PalmitoleicAcid 2 U 2 U 3 U 2 U 2 U 2 U 2 U
Linoleic Acid i U i U i U i U 1U J U I U

LinolenicAcid I U i U I U I U i U I U I U

Oleic Acid 5 U 5 U 7 U 5 U 5 U 5 U 5 U
StearicAcid i U i U i U i U i U I U i U

HexadecanedioicAcid 2 U 2 U 3 U 2 U 2 U 2 U 2 U

PimaricAcid i U i U I U i U 1U i U i U

SandaracopimaricAcid i U i U I U i U i U I U I U
IsopimaricAcid I U i U I U i U i U 1U I U
PalustrateAcid I U 1U i U i U i U I U I U

DehydroableticAcid I U i U i U I tj i U I U i U
Abietic Acid I U I U i tj i U I U i U I U
NeoabieticAcid I U i U I U i U 1 U I U I U

1,4-ChloroabieticAcid i U I U I U i U i U I U I U
1,2-ChloroabieticAcid I U i U I U I U i U I U i U
DichloroabieticAcid I U i U i U i U i U i U I U

SurrogateRecovery (X):
B-Methyl PodocaprateAcid 74.2 92.0 7B.3 98.5 72.5 9B.9 80.5

U - undetected; J - estimatedbecauseresult lessthan detection limit;
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__ C.4. Sediment Total Organic,Carbon (TOC) Results

TOC "

Station (% dry wt)
.., ,.-, .,.,,,,,,

I A-C 0.4i
2 A 1.30
3 A-C 0.87
4 A-C I.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/Ata)
16 C N/A
17 A 2.28
West Beach 0.06

Sequim Bay 2.03

(a) N/A -analyses not performed
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TABLEC.5. QualityAssurancefor SedimentDioxins(Cont'd)
MethodBlankData

iii ii iii

9-27-89 9-29-89 9-Z9-89 10-5-89 l_-6-89

MBI RI MBI RI-14 MBI R13 MBI R3 MBI
Native Isomer Cono, D.L, Cono. D,L. Cono. D.L, Cone. D,L, Cono, D,L,

i IIH i

2378-TCDF nd 1170 nd 2.20 nd 0,34 nd 1.30 nd 1,00
Total TCDF " nd -- nd -- nd -- nd -- nd --

2378-TCDD nd 1.60 nd 2.60 nd 0,53 nd 1.10 nd 2.70
Total TCDD nd -- nd -- 0.39 -- nd -- nd --

12378-PeCDF nd 0,49 nd 1.40 nd 0.13 0.34 -- nd 0.99
23478-PeCDF nd 0.25 nd 1.20 nd 0,08 0.36 -- nd 0.80

Total PeCDF nd -- nd -- nd -- 0_70 -- nd --

12378-PeCDD nd 0,38 nd 0.52 nd 0.20 nd 0.46 nd 0.95
Total PeCDD nd -- nd -- nd -- nd -- nd --

I23478-HxCDF nd 0,45 nd 0.98 nd 0,11 nd 0.66 nd 1,40
123678-HxCDF nd 0.23 nd 0,45 nd 0,09 nd 0.32 nd 0,08

I23789-HxCDF 0.57 -- nd 1.20 0.30 -- 0.31 -- nd 1.20
234678-HxCDF nd 0.56 nd 1.30 nd 0.13 nd 0.98 nd 2.00
Total-HxCDF 0.57 -- nd -- 0.30 -- 0,31 -- nd --

123478-HxCDD nd 0.51 nd 0.57 nd 0.10 nd 0,41 nd 1.70
123678-HxCDD nd 0.44 nd 1,10 0.27 1,10 nd 0.59 nd 1.90
123789-HxCDD nd 0.71 nd 2.20 0.19 2,20 nd 0.29 nd 1,00

Total-HxCDD nd -- nd -- 1,70 -- 0,88 -- nd --

1234678-HpCDF nd 0,84 nd 1,00 nd 0.36 nd 0.29 nd 1,30
1234789-HpCDF nd 1.20 nd 1,40 nd _,19 nd 0.70 nd 1,50

Total HpCDF nd -- nd -- nd -- nd -- nd --

1234678-HpCDD 1.80 -- nd 3,10 0,45 -- 1,90 -- 3.90 --
Total HpCDD 1.80 -- nd -- 0.96 -- 4.00 -- 8,90 --

OCDF nd 1.40 nd 3,30 0.69 -- 1.70 -- 1.60 --
OCDD 18.00 -- 27,00 -- 10,00 -- 31.00 -- 30.00 --
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TAB.LEc.5,.QualityAssurancefor SedimentDioxins(Cont'd)
.... MethodBlank Data (Cont'd)

Ii I II II

10-i0-89 10-17-89 10-18-89 i0-19.-89
MBI MBI RB MBI R13 MBI R20

Native Isomer Cono, D.L, Cono. D.L, Cono, D.L, Cono. D,L.

...... m i i iiiii II i -

2378-TCDF nd 1.30 nd 2.80 nd 2,40 nd 1,50
Total TCDF nd -- nd ,.- nd -- nd --

2378-TCDD nd 1.90 nd 1.70 nd 1.89 nd 0,89
Total TCDD nd -- nd -- nd -- nd --

12378-PeCDF nd 0.65 0,78 -- nd 0.34 nd 1.00
23478-PeCDF nd 0.62 nd 0.98 nd 0.42 nd 0,63
Total PeCDF nd -- 0.78 -- nd -- nd --

12378-PeCDD nd 1.50 nd 1.00 nd 0.57 nd 1.00
Total PeCDD nd -- nd -- nd -- nd .--

123478-HxCDF nd 0,48 nd 1,10 nd 0,49 nd 0,77

123B78-HxCDF nd 0.48 nd -- nd 0.28 nd 0,75
173789-HxCDF nd 0.88 nd 1.50 0,80 -- nd 1,00

234878-HxCDF nd 0.62 nd 0.74 nd 0.62 nd 0,89

Total-HxCDF nd -- 1,10 -- 0,80 -- nd --

123478-HxCDD nd 0,46 nd 0.81 nd 0.35 nd io30
123678-HxCDD nd 0.56 nd 1.00 nd 0.29 nd 0.62
123789-HxCDD nd 0.78 1,10 -- nd 0.36 nd 1.20
Total-HxCDD nd -- 1.10 -- 0,87 -- nd --

1234678-HpCDF nd 0.68 nd 1.10 0.98 -- nd 1,10
1234789-HpCDF nd 0.75 nd 1.10 nd 0,71 nd 1.10
Total HpCDF nd -- nd -- 0,96 -- nd --

1234678-HpCDD 1,60 -- 1.90 -- 1,90 -- nd 1.50
Total HpCDD 1,60 -- 1.90 -- 1,90 -- nd --

OCDF nd 1,90 2.50 -- 2,00 -- nd 1,60
OCDD 17,00 -- 15,00 -- 15,00 -- 9,10 --_

ni i ii
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TABLE C,5. QualityAssurancefor SedimentDioxins (Cont'd)
Matrix Spike Data

ii i ' iii i i i ii ii

9-28-89 10-3-89 10-11-89 10-19-89

Native soikeR-3"3 Spike R12 Soike Rg sp,lkeR2_ ,
Isomer Qs Qm %Reo Qs Qm %Reo Qs Qm %Reo QB Qm %Reo

I ii lilt I I iiiii ii L I

2378-TCDF 0,80 0,78 98 0,80 0,94 118 0,80 0,82 103 0,80 0,86 108

Total TCDF 0.80 0.78 98 0.80 0,94 118 0.80 0.82 103 0,80 0,86 108

2378-TCDD 0,80 0.82 103 0,80 1.00 125 0.80 0.89 111 0,80 0.86 108
Total TCDD 0,80 0,82 103 0.80 1.00 125 0,80 0.89 111 0,80 0.86 108

12378-PeCDF 4,00 3,60 90 4.00 4,20 105 4,00 3.70 93 4,00 4.10 103
23478-PeCDF 4,00 3.60 90 4._0 4,30 108 4.00 3.80 95 4,00 4,10 103
Total PeCDF 8.00 7.20 90 8._0 8.50 106 8.00 7.50 94 8.00 8,20 103

12378-.PeCDD 4,00 3.50 88 4.00 4.20 105 4,00 3.80 95 4,00 3,80 95
Total PeCDD 4.00 3.50 88 4.00 4.2_ 105 4,00 3.80 95 4.00 3,80 95

123478-HxCDF 4,00 4.10 103 4.00 4,70 118 4,00 3,60 90 4,_0 3,80 95
123678-HxCDF 4,00 3,30 83 4,00 3,90 98 4,00 3.80 95 4,00 3,90 98

123789-HxCDF 4.00 3,70 93 4.00 4.20 105 4.00 3,70 93 4,00 3.90 98
234678-HxCDF 4.00 3.70 93 4.00 4,30 108 4,00 3,80 95 4,00 3,90 98
TotaI-HxCDF 16.00 15,00 94 16,00 17,00 106 6.00 15,00 94 16,00 16,00 )00

123478-HxCDD 4.00 3,40 85 4.00 7.90 123 4.00 4,40 110 4,00 4,40 110

123678-HxCDD 4,00 3,90 98 4,00 3,80 95 4,00 3.40 85 4,00 3,50 88
123789-HxCDD 4,00 3,40 85 4,00 3,90 98 4,00 3.30 83 4,00 3,10 78

Total-HxCDD 12,00 11.00 92 12,00 13.00 108 12.00 11.00 92 12,00 11,B0 92

1234678-HpCDF 4.00 3,70 93 4,00 4,30 108 4.00 4,10 103 4.00 4,10 103

1234789-HpCDF 4,00 3,70 93 4,00 4,30 108 4.00 4.10 103 4.00 4,10 103
Total HpCDF 8,00 7,40 93 8.00 8,60 108 8,00 8,20 103 8,00 8,20 103

1234678-HpCDD 4,00 3,60 90 4.00 4,20 105 4,00 3.70 93 4,00 3,70 93
Total HpCDD 4,00 3,60 90 4.00 4,20 105 4.00 3,70 93 4,00 3,70 93

OCDF 8,00 7,40 93 8,00 10,00 125 8,00 8,90 111 8,00 8,30 104
OCDD 8,00 7,30 91 8.00 8,70 109 8.00 7,60 95 8,00 7,70 95

QB = Quantity spiked
_: = Quantity measured
%Rec = Percent recovered

i i ir|_i..... _....
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J

_.5. QualityAssurancefor SedimentDioxins(Cont'd)
SurrogateRecover),(%)
MethodBlanksandlMatrixSpikes

f

_l i i II iii i i I I i III i I iiiii _ ii I__ --

Peroen_Reoovered PeroentRec_Jver'ed
Nat,lye ng's MBL MBLj MBL MBL Spike Spike Spike Spike
Isomer Added RI RI-14 RB R29 R12 R-3-3 R9 R21

i Ii i i I ........ I [ ii ii iii I

i

2378-TCDF-C13 2,0B 76 371 35 76 39 6B 5B 77
2378-TCDD-C13 2,6B 79 411 39 71 37 72 59 71
12378-PeCDF-C13 2,6_ 95 5B 54 60 53 75 81 78

2347B-PBCDF-C13 _,00 194 58 5B 59 55 79 84 88

12378-PeCDD-C13 2 6B 111 48 B2 57 5B 85 _I 92123478-HxCDF-CZ3 2 66 67 60 55 63 45 64 71
12367B-HxCDF-C13 _ 60 6B 64 56 B4 52 64 70 7g
123789-HxCDF-C13 2 96 65 61 55 65 49 65 71 64
234678-HxCDF-C13 2 60 BB 66 59 66 51 64 74 63

12347B-HxCDD-C13 2 @g 80 69 63 76 49 74 71 67
I23678-HxCDD-C13 216_ 70 63 57 63 52 72 83 80

1234678-HpCDF-C13 2100 62 5B 54 61 48 59 62 62
1234789-HpCDF-C13 2,B6 74 63 67 77 56 76 80 72

1234678-HpCDD-C13 2,0g 73 B@ 6B 73 51 70 74 76
OCDD-CI3 4,B0 72 48 65 81 43 74 B4 72

1234-TCDD-C13 2.6B na na na na XX XX XX XX

123789-HxCDD-CI3 2,00 na na na na XX XX XX XX

2378-TCDD-C137 0,80 (a) 47 47 67 39 59 55 68

,i

(a) No data

i I _ I IIHJ I Ii ii iiii i &___ •
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TABLEC_.6. QualityAssurance for Sediment Guaiacols/Organtc Acids
Method Blank Data

Compound Blank Matrix Spike Spike Duplicate
_ '""' "' mt /,, nr_ LU iJ ,.,,i .,,, , , I '1' , , J/ ,,t ' -'--' _ _ ....... '_1 'J' i ,_

Guatacol 67 U(a) 61 U 68 U
4-Chl oroguatacol 67 U ....
Isoeugenol 67 U 61 U 68 U
Eugenol 67 U 61 U 68 U
4,5-Dtchloroguatacol 67 U 61 U 68 U
4,5,6-Trtchloroguatacol 67 U 61 U 68 U
3,4,5-Trtchloroguatacol 67 U 61 U 68 U
Tetrachlorogualacol 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

HeptanoicAcid 67 U 61 U 68 U
PalmitoleicAcid 130 U 930 1100
LinoleicAcid 67 U 61 U 68 U
LinolenicAcid 67 U 61 U 68 U
Oleic Acid 330 U 310 j(b) 330 J
StearicAcid 67 U 59 J 58 J
HexadecanedioicAcid 130 U 120 U 140 U

PimaricAcid 67 U 61 U 68 U
SandaracopimaricAcid 67 U ....
IsopimaricAcid 67 U 61 U 68 U
PalustrateAcid 67 U 61 U 68 U
DehydroabieticAcid 67 U ....
AbieticAcid 67 U 61 U 68 U
NeoabieticAcid 67 U ....
1,4-ChloroabieticAcid 67 U 61 U 68 U
1,2-ChloroabieticAcid 67 U 61 U 68 U
DichloroabieticAcid 67 U ....

SurrogateRecovery (%):
Dihydroxy-d4-Benzene 50.5 74.6 77.2
O-MethylPodocapricAcid 94.7 110 115

a) U indicatescompound undetecteda.tgiven detectionlimit
Ib) j indicatesestimatedvalue for 'esult less than detectionlimit
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TABLEC,6,QualityA_surancefor SedimentGuaiacols/Organic
Acids(Cont'd)

LL III I _ _ .... I tiii., _ _ _ L L Ii I I _ I_ _ I ,Iii i _ I fillI l I_I-L " I II i ii I_ ...... lr I I I III _ I

MatrixspikeRecovery

Spike Sample MS
Added Conc Conc MS%

(#g/Kg) (#g/Kg) (#g/Kg) Rec _,

4-Chloroguai acol 3200 0 2771 86.6 i .i'_
Tetrachloroguaiacol 3200 0 3116 97.4
SandaracopimaricAcid 3200 0 2789 87.I
DehydroabieticAcid 3200 0 3224 101.0
NeoabieticAcid 3200 0 52 1.6
DichloroabieticAcid 3200 0 2551 79.7

MatrixSpikeDuIjLcateRecovel"v

Spike MSD
Added Conc MSD %

(_g/Kg) (#g/Kg) % Rec RPD

4-ChIoroguaiacol 32(10 2661 83.2 4
Tetrachloroguaiacol 3200 3549 111.0 -13 i

SandaracopimaricAcid 3200 2982 93_2 -7
DehydroabieticAcid 3200 2998 93.7 7
NeoabieticAcid 3200 725 22.7 -173
DichIoroabietic Acid 3200 2870 89.7 -12

,,; _ :-= --- _ :
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TABLE C.7. QualityAssurance for ElutriateGuaiacols/Organic
Acids (Concentrationsin pg/L)

Laboratory ID Method Sta. 15 Sta. 15
Compound Blank Matrix Sp'ke Spike Duplicate

Guaiacol I U I U 1 U
• 4-Chloroguaiacol I U ....

Isoeugenol i U I U 1 U
Eugenol 1 U I U 1 U_
4,5-Dichloroguaiacol I U I U 1 U
4,5,6-Trichloroguaiacol 1 U I U 1 U
3,4,5-Trichloroguaiacol I U I U I U
Tetrachioroguaiacol I U ....

Catechol I U I U I U
4-Chlorocatechol I U 1 U I U
4,5-Dichlorocatechol I U I U 1 U
6-Chlorovanillin 1 U I U I U
3,4,5-Trichlorocatechol I U I U I U
Trichlorosyringol 1 U I U 1 U
5,6-Dichlorovanillin I U I U 1 U
Tetrachlorocatechol I U I U 1 U

HeptanoicAcid 1 U I U I U
PalmitoleicAcid 2 U 3 3
LinoleicAcid 1 U I U I U
LinolenicAcid I U I U I U
Oleic Acid 5 U 7 J 7 J
StearicAcid 1 U I J I J
HexadecanedioicAcid 2 U 3 U 3 U

PimaricAcid I U 1 U I U
SandaracopimaricAcid I U ....
IsopimaricAcid I U I U I U
PalustrateAcid I U I U I U
DehydroabieticAcid I U ....
Abietic Acid I U I U I U
NeoabieticAcid IU ....
1,4-ChloroabieticAcid I U I U I U
1,2-ChloroabieticAcid 1 U I U I U
DichloroableticAcid I U ....

SurrogateRecovery (%):
O-Methyl PodocaprateAcid 62.1 95.8 102
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TABLE C.7. QualityAssurancefor Elutriat_JGuaiacols/Organic
Acids (Cont'd)

, ,, , , , , , ,

Matrix Spike Recovery

Spike Sample MS
Added Conc Conc MS %
(,g/L) (,g/L) (_g/L) Rec

4-Chloroguaiacol 71.0 0.0 36.4 51.3
Tetrachloroguaiaco] 71.0 0.0 72.0 101.0
SandaracopinlaricAcid )1.0 0.0 60.5 85.3
DehydroabieticAcid 71.0 0.0 55.4 78.1
NeoabieticAcid 71.0 0.0 0.0 0.0
DichloroabieticAcid 71.0 0.0 48.7 68,6

Matrix Spike DulicateRecovery

Spike MSD
Added Conc MSD %

(,g/Kg) (,g/Kg) %Rec RPD

4-Chloroguaiacol 71.0 26.9 37.9 30
Tetrachloroguaiacol 71.0 75.4 106.0 -5
SandaracopimaricAcid 71.0 65.3 92.0 -8
DehydroabieticAcid 71.0 61.0 86.0 -10
NeoabieticAcid 71.0 0.0 0.0 N/A
DichloroabieticAcid 71.0 56.0 78.9 -14
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TABLE C.8. Quality Assurancefor SedimentOrganic Carbon

DuplicateSample Resu]ts

Sample _ Rep 2 %RP_

10 A-C 1.63 1.64 0.61
Sequim Bay 2.03 2.03 O.O0

No spike or blank data required for this analysis.
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TABLE D.2, Thirty-daytissue lipid results,

Sbmblon ' Re'p...... I' Lipid Dup, I RPD-'
i i J i, i i iiiii i i i iiii i

St`z,i i 6,19
St`a, 1 2 6,22 6,17 26,6
Bt`a, i 3 6,15

St,a, 2 1 g, 21
St`a, 2 2 6,21
St,a, 2 S 6,iB

St`=,3 I _,21
St`a, 3 2 6,28
St`a/ 3 3 6,11

St,a, 4 1 6,29 6,17 62,2
St`a, 4 2 6, _8
St`a, 4 3 6,.14

St`a, 6 1 6 20
Sl:a, 6 2 6,16
St,a, 6 3 6,19

,%a, B 1 6,26
St`a, 6 2 9 18
St`a, 6 3 6 22

St`a, 7 i 6 18
St,a. 7 2 _ 2B
St,a, 7 3 9 33 6,32 3,6

St`a, 8 1 9 17
I St,a. 8 2 6 12 ,

St,a. 8 3 6 27

St,a, g i 6 17
St,a, g 2 6 13
St`a. 9 ? 6,21

St`a. 16 1 6 17
St`a. 16 2 g 14
St`a. 16 3 6 28

St`a,11 i 6 69
St,a. 11 2 6.29
St,a.' 11 3 6,18
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TABLE D,2, Thlrty-day'tissuelipid results (cont'd),

_&i51on .......Rap........ WLlpld " Dup=i- _R RPD_
. - .................. ;:: ........... oazm,znu_=_ zumnmammmammmmmm_

Sb=, 12 I 8,el4 8,88 SO,?
Sba, 12 2 0,23
Sbn, 12 S 8,B4

Sbn, I@ i B,20
St,m,i@ 2 0,2B
Sb,, tB B 8,@8

S_m, 14 I _,Z2
St,m, 14 2 8,14
Si,m, 14 B 0,1B

Sf,m, 17 I 8,1B 8,18 IB,2
Sl,a, 17 2 0,08 8,84 OB,7
St,z,17 _ 0,1B

SequlmBay 1 _I,IB
Sequim Bmy 2 8,14
Sequlm Bay @ (_,22

Weet,Beach I 0,17
West,Beach 2 8,21
Wem_Be=ch @ 0,17
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_BL_, QualityAssurancefor Dioxinsand Lipids
MethodBlank Data (ng/Kg dry)

'"" ..... ' .... ""' '"' ' "'IIIIIII ...... IIIII[ L J II( " "

N,tiv, . . .I -oo lo  i2- 9
IBomer Cono, O,L, Cono, D,L, Cono, D,L, Cono, D,L, Cono, D,L,

.......................... iii II I I , I I IIII I L I II II

2378-TCDF nd 0,34 nd 1,3_ nrl _,04 nd J,,2(_ nd J,,2_}
ToCaI TCDF nd -- nd -- nd -- nd -- nel --

2378-TCDD nd 0,B3 nd 1,10 nd I,i(_ ,_d O,OB nd 0,92

Total TCDD 0,39 -- nd -- nd -- nd -- nd --

12378-PoCDF nd 0,13 B,34 -- nd 0,37 nd 0,4_I nd @,17
23478-PeCDF nd 0,£18 0,36 -- tld 0,15 ncl 0,38 nd 0,P.1
Total PBCDF nd -- (_,l_l -- nd -- nd -- nd --

12378-PBCDD nd B,?O nd 0,46 nd 0,74 nd 0,47 nd 0,29

TotaI PBCDD nd -- nd -- nd -- nd -- nd --

12347B-HxCDF nd 0,11 nd B,l]B nd 0,15 nd 0,53 nd 0,24

!23678-HxCDF nd 0,09 nd B,3Z nd 0,18 nd 0,42 r)d 0,13
123789-HxCDF 0,30 -- 0,31 -- 0,34 -- nd 0,39 0,30 --
234078-HxCDF nd 0,13 nd 0,9B nd 0,26 nd 0,58 ncl 0,31
l'otal-HxCDF 0,3_1 -- (_,31 -,. 0,34 -- nel -- 0,30 --

123478-HxCOD nd 0,10 nd (6,41 nd 0,39 rlcl _, 44 rlcl 0,17
123678-HxCDD 0,27 -- ncl 0,59 nd _,35 nd 0,49 nel 0,14

IZ3789-HxCDD 0,19 -- nd 0,29 nd 0,42 nd _},35 rld {_,18
TotaI-IIxCDD l,7B -- 0,88 -- nel -- rlcl -- f_,43 --

1234678-HpCDF ncl 0,30 ncl B,29 ncl (_,25 nel 0,42 _},48., --
123478_J-HpCDF nd B, 19 nd g, 76 nd _, 3(_ nd (_,57 ncl g, 35
rota I HpCDF nd -.. nd -- nd .... nd - - g, 48 --,

1234678-HpCDD B,45 -- 1,9g --. ncl B.61 I,'?{_ -- (_,96 --
TotaI HpCDD _,96 -- 4,_}0 -- rlcl -- 1,2{_ -- (_,96 --

OCDF g,09 -- 1,70 -- nd (_,45 nel I,fi_ g,99 --
OCDD 10,80 -- 31,00 -- 4,50 -., 18,(_(_ -- 7,4_} --

I I I ii IIIII II I I I I i I I , I I ..................... I .......... I I i I' I I ii IIIlll
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TABLE D.3,. QualityAssurancefor Dioxins and Lipids (Cont'd)
SurrogateRecoveryData (%)

i I iii ' ii I ii ii li iiii

Native ng's . Seqqim Bay West Beach , Baok-

Isomer Added Rep I Rep 2 Rep 3 Rep i Rep 2 Rep 3 ground

i i i ii i i alill

J

2378-TCDF-C13 2.00 71 5B 70 B8 B1 B9 74

2378-TCDD-C13 2.B0 74 53 66 70 B2 72 73
12378-PeCDF-C13 2,0B 83 76 84 75 76 8B 81

23478-PeCDF-C13 2,00 75 78 85 71 70 B8 78

12378-PBCDD-C13 2,00 92 78 87 B6 76 77 81
12347B-HxCDF-C13 2.@0 9B B7 67 76 6B 179 104

123B78-HxCDF-C13 2,@0 109 90 79 77 B5 IB3 112
123789-HxCDF-C13 2,@B 81 71 71 70 70 132 87

234678-HxCDF-C13 2.@0 55 65 73 64 52 89 72

12347B-HxCDD-C13 2.00 96 69 77 81 78 126 93
123678-HxCDD-C13 2.00 71 90 B1 76 72 93 95

1234678-HpCDF-C13 2.00 67 62 44 36 71 186 58

1234789-HpCDF-C13 2.00 82 72 88 90 88 2B7 94

1234678-HpCDD-C13 2,B0 70 66 86 84 85 245 8_.
OCDD-C13 4,@0 87 47 102 82 41 342 80

1234-TCDD-C13 2.00 na na na na na na na

123789-HxCDD-C13 2,00 na na na na na na na

2378-TCDD-C137 0.8B 75 54 69 72 64 72 78
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TABLE D.3. Quality Assurancefor Dioxins and Lipids (Cont'd)
Method Blank and Matrix Spike
Surrogate RecoveryData (%)

ii i i

Native Blank Blank Blank Blank Blank Spike Spike Spike Spike Spike
Isomer 09-23 09-26 09-28 10-0_ 10-06 09-23 09-26 09-2B 10-03 10-06

il i ii l i i i i 11ii

2378-TCDF-C13 41 50 64 37 39 54 57 77 4B 54

2378-TCDD-CI3 42 32 72 43 43 54 56 84 47 51

12378-PeCDF-C13 61 61 70 75 60 79 70 89 5B 70
23478-PeCDF-C13 65 61 87 74 66 80 71 86 57 71
12378-PeCDD-C13 69 65 75 79 69 85 77 95 55 71

123478-HxCDF-C13 62 82 67 68 67 58 48 74 51 65
123678-HxCDF-C13 73 93 69 78 80 69 62 81 64 87

123789-HxCDF-C13 67 78 65 75 72 59 55 72 54 69

234678-HxCDF-C13 66 66 68 75 69 55 46 64 39 43
123478-HxCDD-C13 66 100 73 76 79 72 66 80 55 80

123678-HxCDD-C13 76 87 69 BI 84 60 56 82 65 68

1234678-HpCDF-C13 64 73 61 78 67 59 45 66 51 66
1234789-HpCDF-C13 68 69 74 90 76 76 57 82 67 79

1234678-HpCDD-C13 68 68 65 87 73 70 50 73 66 77
OCDD-CI3 51 52 55 84 62 65 54 B2 70 72

1234-TCDD-C13 na na na na na XX XX XX XX XX

123789-HxCDD-C13 na na na na na XX XX XX XX XX

2378-TCDD-C137 45 51 70 44 42 56 59 81 57 47

............................. .........

I'_ 0"7
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60-DAYTISSUECHEMISTRYDATA
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T_JaF_.]T_,_.60-Day Tissue Lipid Results

, , , id II 'Station Rep % Lip Dup, X RPD

_ inr _h i

Sta. i 4 0,35

Sta, i 5 0,2_

Sta, 2 4 0,20

Sta, 2 5 0,23

Sta, 3 4 0,21

Sta, 3 5 0,21

Sta, 4 4 0,21

Sta, 4 5 0,30

Sta, 5 4 0,28
Sta, 5 5 0,37

Sta, 6 4 0,50 0,50 0,00
Sta, 6 5 0,75

Sta. 7 4 0,42

Sta7 5 0,36

Sta, 8 4 0,15 0,15 0,00

Sta, 8 5 0,80

Sta, 9 4 0,89
Sta, 9 5 0,73

Sta, 10 4 0,20
Sta, 10 5 0,56

Sta, 11 4 0,27 0,27 0,00

Sta, 11 5 0,45

Sta, 12 4 0,43

Sta, 12 5 0,56

Sta, 13 4 0.27
Sta. 13 5 0,63

Sta 14 4 0,55
Sta 14 5 0,15

Sta 17 4 0,29

Sta 17 5 0,79

SequimBay 4 0,26
- SequimBay 5 0,23
-

West Beach 4 0.35

West Beach 5 0,16

E,].8



E,19



E.20



E,2]



,....,, rf}

,p_ _ e'l e-I *'-I_"I _.*I
..J

¢M N t--I I:: _ _1
_ _*'Ie=1 e-I e-I _-'Ie*l e-I e-I

×_ _
,r _

t_

ct) (q cq
,p. _,_ ('f) Cq ('f) ('c) _') lr) _-1 _ t--* fr)
r--" 5-, ,-* _-_ P-* U (J (.J L) _J Li __ _ . (.J I_

fr)

tj E:_ {J

(..J (.J _'s I:L, 13. I I I I I I ¢Q E_ OO r.-* L.J I (..J
, oJ L _- -oooocn oo_ooo_-, _-. F- _ _-.

E,22



E.23



APPENDIXF

CRAB 'TISSUECHEMISTRYDATA



F,]



F.2
]



F.3

_=i





F.5



BT____=LE_..TissueLipidResults

, : _L ............ i

...._ Station'" Muscle' Hep-atOpancreas
i

'/

_Ir_jsHarborBuoy#3 0.12 3.03
f ,

OceanOff Grayland 0.07 2.50

HalfMoon Bay 0.09,0.07(a) 3.30

SouthBay 0.05 5.07

NorthBay O.13 5.41

(a) Duplicateanalysis.
,,,, ,,,, ,-_ ,, .... ,, ,,
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TABLEFI3. QualityAssuranceforDioxinsand Lipids
MethodBlankand MatrixSpikeData

..... 11.............. - .lMBL -27-89 Spike 159285 M,S, Spike
Native Isomer Cono, D,L, QB Qm % Reo Qs Qm % Reo

i iii i |111ii ii i

2378-TCDF nd I,B_ 0,80 1,0_ 125 _,8_ I,_0 125

Total TCDF nd -- B.80 I,B_ 125 B,8B 1.0_ 125

2378-TCDD nd 2,40 B,BB 1,10 138 0,80 B.92 115

Total TCDD nd -- 0,80 1,10 138 0,8B 0.92 115

I_'378-PBCDF nd 0,95 4.0@ 5,0@ 125 4,0_ 4.00 100
23478-PeCDF nd 0,93 4.00 5,0g 125 4,00 4,28 i@5

Total PeCDF nd -- 8.00 10,00 125 8.00 8.2B 103

12378-PeCDD nd 1,10 4,00 4,70 118 4,00 4,30 108

Total PeCDD nd -- 4,00 4.70 118 4,00 4,30 108

123478-HxCDF nd 0,73 4,00 5,10 128 4,00 4.90 123
123678-HxCDF nd 0,85 4,00 4,80 120 4,00 4,00 10g

123789-HxCDF 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
Total-HxCDF nd -- 16,00 20,00 125 16,00 18,00 113

123478-HxCDD nd 0,78 4,00 5,80 145 4,00 5,30 133

123678-HxCDD nd 1,00 4,00 4,30 108 4,00 3,70 93
123789-HxCDD nd 1,00 4,00 4,10 103 4,00 2.60 65

TotaI-HxCDD nd -- 12,00 14,00 117 12,00 12,00 100

1234678-HpCDF nd 1,30 4._0 4,40 110 4,00 4,70 118
1234789-HpCDF nd 1,00 4.00 4.70 118 4,00 4.50 113

Total HpCDF nd -- 8.00 9,90 124 8,00 9,20 115

1234678-HpCDD nd 1,30 4.00 4,70 118 4,00 3,80 95

Total HpCDD nd -- 4,00 4,70 118 4,00 3,80 95

OCDF nd 2,80 8,00 11,00 138 8,0_ 11.00 138

OCDD 12 00 -- 8,00 I_,00 125 8,00 9,40 118

,-_ __-_ l_ _,, .................... _.....-.l_ ...... , =_ _: _
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