
PNL- 8893
UC-000

ECOLOGICAL EVALUATION OF PROPOSED
DREDGED MATERIAL FROM WlNYAH BAY,
SOUTH CAROLINA

J.A. Ward
W.W. Gardiner
M.R. Pinza
J.Q. Word

October 1993

Preparedfor the
U.S. Army Corps of Engineers
under a RelatedServices Agreement

ith the U.S. Department of Energy
ontract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352

MASTER

1311BTRtlgU-IrlONOf::Iri,.:..,D,..,,..,UtvL 4 13UNLIMITED
J



SUMMARY,,

The navigational channels of Winyah Bay, Georgetown Harbor, South Carolina require

dredging to enable normal shipping traffic to use these areas. Before dredging, environmental

assessments must be conducted to determine the suitability of this dredged sediment for

unconfined open-water disposal. These evaluations are required under Section 103 of the Marine

Protection, Research, and Sanctuaries Act of 1972 (MPRSA). Specific testing techniques are

described in Evaluation of Dredged Material Proposed for Ocean Disposal Testing Manual

(USACE/EPA 1991), hereafter referred to as the 1991 Implementation Manual The Charleston,

South Carolina District Office of the U.S. Army Corps of Engineers (USACE) requested that the

Battelle/Marine Sciences Laboratory (MSL) collect sediment samples and conduct the required

physical/chemical, toxicological, and bloaccumulation evaluations required in the 1991

ImplementationManual Sediment samples representing dredged materialwere collected from

three areas: the Samplt River (SR-1, SR-2, SR-3, and SR-4), the Inner Harbor area of Winyah

Bay (IH-1, IH-2, and IH-3), and the Entrance Channel to Winyah Bay (EC-1, EC-2, and EC-3).

Reference sediments were also collected and compared to test sediments, as required in the 1991

Implementation Manual Referencesediment treatments IHR1and iHR2 were compared to Inner

Harbor treatments; reference treatment EC Ref-Comp was compared to Entrance Channel

treatments. Sampit River sediments did not require a reference as they are not destined for ocean

disposal. In support of the Winyah Bay Program, MSL:

• Characterized sediment samples representing proposed dredged material (test
treatments) and appropriate reference sediment samples (reference treatments) thro-gh
physical/chemical analyses.

• Evaluated acute toxicity of test treatments EC-1, EC-2, and EC-3 through solid-phase

(SP) tests ustng the amphipods Ampelisca abdita and Rhepoxynius abronius, as well as
the polychaete Nereis wrens. Toxicological results of test treatments were compared to
that observed in the reference treatment EC Ref-Comp.

• Evaluated acute toxicity of test treatments EC-1, EC-2, and EC-3 through suspended-
particulate-phase (SPP) tests using the mysid Mysidopsis bahia, the silverside Menidia
beryllina, and larvae of the sea urchin Lytechinus pictus. Toxicological results of test
treatments were compared to that observed in seawater-only controls. An LC5oor EC5o
was calculated when a 50% decrease in survival relative to control was observed.

• Determined bioaccumulationpotentialof contaminants associatedwith test treatment
composite IH-2/IH-3 Comp through 28-day exposures using the clam Macoma nasuta

and the polychaete N. virens. Bioaccumulation potential was evaluated by comparing
contaminants associated with tissues exposed to test treatments to tissue levels after
exposure to the reference treatments IHR1 and IHR2.

• Performed appropriate comparisons of results through statistical analyses to determine
compliance of the proposed dredged material with Section 103 of MPRSA.
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The resultsof physical/chemicalanalyses Indicatedthat some contaminantsof concern

were presentintesttreatmentsrepresentingdredgedmaterialwhencomparedto thereference

treatmentsEC Ref-Comp, IHR1, and IHR2. Elevatedlevelsof polynucleararomatic

hydrocarbons(PAHs) were observedin testtreatmentsIH-2, IH-3, and Samplt Rivertreatments;

pesticideswere detectedonly intesttreatmentSR-1. Dioxincongenerswere presentinall test

treatments,thoughthemosttoxicformssuchas 2,3,7,8-TCDD were absent. Metalswere

presentin all treatments,butonlyelevated in the SampitRivertest treatments. InnerHarbortest

treatmentswere notanalyzedfor metalsas data frompreviousstudieswere available.

Organotinswere presentonly Intest treatmentSR-1.

AcuteSP toxicologicaltestsshowed no evidenceof acutetoxicityof testsedimentsto

A. abd/ta, R. abron/us, or N. vtrens,althoughboth A. abdlta and N. v/renstoxicologicaltests were

not consideredvalid becauseof a <90% controlsurvival. The SPP exposureswere not acutely

toxicto M. baha, M. bery///na,or L. pictus. Bloaccumulationpotentialwas evaluatedthroughthe

exposureof M. nasuta and N. v/rens to test treatmentIH-2/IH-3 Compand reference treatments

IHR1 and IHR2 for 28 days. Statistical analyses of these data showed no evidence of

significantlyelevated levelsof PAHs, dioxlns,or organotinsin the tissues of these organisms.

The resultsof this study Indicate that, based on the acute toxicityand bioaccumulationtests,

dredgedmaterial representedbythese test treatmentsis in compliancewiththe benthicbtoassay

critedaor Section227.13(c) as well as AppendixesA and B of the 1991/mp/ernentat/onManual

The resultsgenerated by this study can be used by USACE in their decision-makingprocess

regardingacceptabledisposaloptionsfor the sedimentsfromWinyahBay.
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1.0 INTRODUCTION

The navigationalchannelsofWlnyahBay,GeorgetownHarbor,SouthCarolinarequire

dredgingtoenablenormalshippingtraffictousetheseareas. Beforedredging,environmental

assessmentsmustbe conductedtodeterminethesuitabiiityof thisdredgedsedimentfor

unconfined,open-waterdisposal.TheseevaluationsarerequiredunderSection103of the

MarineProtection,Research,andSanctuariesActof1972(MPRSA).Specifictestingtechniques

aredescribedinEva/uat/onof DredgedMater/a/Proposedfor OceanDlsposa/TestingManua/

(USACF.JEPA1991),hereafterreferredto as the 1991ImplementationManual TheCharleston,

SouthCarolinaDistrictOfficeof theU.S.ArmyCorpsofEngineers(USACE)requestedthatthe

Battelle/MarineSciencesLaboratory(MSL)(=)collectsedimentsamplesandconducttherequired

physical/chemical,toxicological,andbloaccumuiaUonevaluationsasrequiredinthe 1991

/rnp/ementationManua/. Theobjectivesof theWlnyahBayProjectwereas follows:

• Collecttestsedimentsamplesfromselectedsitesinthreeareasof WinyahBay(the
EntranceChannel,theInnerHarborarea,andtheSampltRiverarea).

• Collectreferencesedimentsamplesfromselectedsitesforusetntoxicologicaland
bloaccumuiatloncomparisons.

• Shipallsedimentsamplesfromtheprojectareato MSL.inSequim,Washington,for
physical/chemicalanalysis,toxicological,andbtoaccumulationtesting.

, Performphysical/chemicalevaluationsontestsedimentandcompositesfromeach
referencearea.

• Collectorprocuretestorganlsmsand"natlve"controlsedlmentforuseInsolld-phase
(SP),suspended-partlculate-phase(SPP),andbloaccumulatlontesting.

• Perform8PP toxlcltytestsuslngthreesensltlvemarlnespecies(Menld/aberylllna,
Mysldops/sbahia,andLytech/nusp/ctus)todetermlnetheacutetoxlcityoftheSPP of
thedredgedmaterlal.

i

, PerformSP toxlcltytestsuslngthreesensltlvespecles(Arnpeliscaabdlta,Rhepoxyn/us
abron/us,andNerelsv/rens)todetermlnetheacutetoxlcltyofthewholesedlmentthat
representsdredgedmaterlal.

, Conduct28-claylaboratoryexposures,uslngMacomanasutaandN.virens,insupportof
bloaccumulatlontestlngtodetermlnewhetherthereIsapotentlalforcontamlnants
assoclatedwithdredgedmaterlaltoaccumulateIntestorganismtlssues.

ThlsreportIsintendedtoprovldeInformationrequiredtoaddresspotentlalecologlcal
effectsoftheEntranceChannelanclInnerHarborsedlmentsproposeddlsposalIntheocean.

Thereportisdlvldedintofivesectlons.Section1.0istheintroductionandprovidesproject

objectives.Section2.0describesmethodsandmaterialsusedforsamplecollection,processing,

(a) TheBattelle/MarineSciencesLaboratoryispartof thePacificNorthwestLaboratory,which
is operatedfortheU.S.DepartmentofEnergybyBattelleMemorialInstitute.
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toxicologicalandbloaccumulatlontesting,physical/chemicalanalysisof sedimentsandtissues,

data analysis,andqualityassurancerequirements.Section3.0 presentsthe resultsof field

colle_ons, sedimentchemistry,toxicologicaltesting,ancltissuechemistryresultingfrom

bioaccumulationexposures. Section4.0 presentsa discussionof the resultsandsummary

conclusionsconcerningtheacceptabilityof the EntranceChanneland InnerHarbordredged

matedal foroceandisposal. Section5.0 liststhe literaturecitedtn supportof thisdocument.A

series of appendixescontaindetaileddata Ilsttngsfor the followingpartsof thisstudy:

AppendixA FieldCoile=lonSummary
Appendix B SedimentChemistryData and QualityAssuranceData
Appendix C-G Solid-PhaseToxicity/BioaccumulationTest Data
Appendix H-J Suspended-Particulate-PhaseToxicityTest Data
AppendixK TissueChemistryana QualityAssuranceData forMacoma nasuta
AppendixL Tissue Chemistryand QualityAssuranceData forNerets vlrens
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2.0 MATERIALS AND METHODS

2.1 SEQ/_ENT AND TEST ORGANISM COLLECTION

Sedimentsamples were collectedfromthree sitesrepresentingthe Entrance Channel to

Winyah Bay (EC-1, EC-2, and EC-3), three sites representing the Inner Harbor (IH-1, IH-2, and

IH-3), and four sites at the mouth of the Sampit River (SR-1, SR-2, SR-3, and SR-4). These

areas are designated by USACE as Segments 1,2, and 3, respectively. Reference and control

samples were also collected. The referencesedimentfor the Entrance Channel was collected

from an area just east of a current Ocean Dredged Material DisposalSite (ODMDS) and

designated as EC-Ref Comp. The reference sediment for the Inner Harbor was near Clam Bank

Creek (IHR1), and south of Hare Island(IHR2). Sediment collection locations are presented In

Rgures 2.1 through 2.3. All samples were collectedfrom the R/V Anita, which is owned and

operated by the South Carolina Department of Wildlife and Marine Resources Division. Also, an

ocean reference site sample was collectedfrom the vicinity of an ODMDS disposal site in North

Carollna. This reference was Included in the A. abdita and R. abronlus tests, as its grain size

was moresimilar to the sedimentsamples from the Entrance Channel than the EC-Ref Comp

sediment. Controlsediments were also collectedto validate organismsurvival for the toxicity and

bioaccumulationtests. Controlsediments includedSan Pablo Bay, California(A. abdita control);

MuscongusBay, Maine (N. virens control); Whidbey Island, Washington (R. abronius control);

and Sequim Bay, Washington (M. nasuta control). San Pablo Bay and Muscongus Bay

sediments were supplied by a private contractor. Whidbey Island and Sequim Bay sediment

was collectedby MSL personnel. Field logswere maintained for all test and reference sediment

collections.These logsincludedthe date and timeof collection,waterdepth, stationposition,

samplerpenetration,anddescriptivecharacteristicsof collectedsediments,whenpossible.

Formalchain-of-custodyprocedureswere maintainedforalltest,reference,and controlsediments

used.

2.1.1 Test SedimentCollection

Sedimentsfrom the three testsiteswere sampledfromJune23 through25, 1992. Station

positioningwas accomplishedusingLoranC andvisualrangemarkers, thenconfirmedby water

depth observations. Depths were recorded usinga calibrated fathometer and corrected to mean

lower low water (MLLW) through the use of a tide table. Entrance Channel samples were

obtained with an MSL-designed sand dredge that sampled to a depth of approximately 4 cm.

Inner Harbor and Sampit River stations were sampled with a 0.1-m2 van Veen grab, which

penetrated into the sediment 8 to 15 cm depending upon sediment type. Sediment samples

obtained with the 0.1-m2 van Veen grab sampler and the sand dredge were

.WlNYAH BAY 2.1



:1.1

II

II
II
II
II
II ®

IH.3 IH.R2

tl

%,
IH\2_,,_, e

\\
\\

\\
\\

\\

\\
\\ Marsh Islands

\\

WINYAH BA Y\'_\
\\

\\
\\

\\
\\

FIGURE 5,1. Inner Harbor and Sampit River Study Areas and Sampling Sites
(See text Section 2.1 for explanation of sampling site codes)

WtNYAH BAY 2.2



A

8
i iiiiii i i i i ii ii iiiii iiii f i iiii i iiii, i ii i i ii it

•-: ,,..

z< ® o

I I ,.
o i I _

! °

I L.__._/ ,,

_'11 _

:z:_1 _._

"0

(D

•/'/_ ,5/

•::_:_.::_;._:__:;!i_:_!i__:_:i:;_'_!::::':':........ .,_ ,_!_.:_I_ __.. _._-'- /__i!
..:_iiii!!!:!::::':':'::':':':'" ::!',.i:!:!:i:.":i:_i r"

,_.;,'_o..,._ : _.___i!!i!!i!!!iii!i!ili!i!!i!i!ii!!ili!ili!ili!iiii!!i!I_-_,"'_
o // _ :,::::!i_ii::i_iiiii::iiiiiii_i::i_i::iii!i_ii!!! e,i

2.3



ATLANTIC
OCEAN

_ Marsh

_Land

N

ScaleIn nauticalmiles

MUD BA Y
0 0.5 1.0 1,5

.FIGURE2,_. InnerHarborAreaShowingReferenceSite,IHR1

VINYAH gAY 2.4



transferred to clean, epoxy-coated5-gal palls, sealed, andlabeledwiththe studyIdentifier,the

stationname, date of collection,and numberof pails. Allsampleswere maintainedat

approximate=y4°C untiltransferredto a refrigeratedtruck,alsomaintainedat approximately4°C.

Uponarrivalat the MSL, sedimentsampleswere transferredto a 4°C cold-roomu_tllneeded for

testing.

2.1.2 ReferenceandControlSedlmeritCollection

ReferencesedimentswerecollectedfromJune23 to 25, 1992,usingeitheran MSL

designedsanddredge or thevan Veen grab. Stationpositionfor the referencesites was

accomplishedusinga LoranC orvisualrangefix. Controlsedimentsamplingsiteswere located

,;singvtsualrange fixes andwaterdepth. Referencesedimentswere placedinclean, epoxy-

coated5-gal pails,s,_aled,and labeledwiththestudyIdentifier,the stationname,date of

collection,andnumberof bucketsrepresentinga station. Controlsedimentswere collectedusing

a varietyof samplers. San PabloBay sediment(A. abc/ltacontrol)was collectedconcurrently

withthe testorganismsusinga largedip-net. It isestimatedthat thisnetsampledto a depthof 2

to 4 cm. Sedimentwas placeddirectlyintocleanpolyethylenebags,then placedIncoolersand

maintainedat approximately4°C untilshipmentvia overnightmall to the MSL. MuscongusBay

sediment(N. v/tens control)was collectedwitha shovelfromthe intertidalareasinhabitedby

N. virens, andtreatedin a similarfashionto the San Pablo Bay sediment. WhidbeyIsland

sediment(R. abroniuscontrol)wascollectedconcurrentlywiththe testorganismsusingan MSL-

designedamphlpoddredge. Thisdredgewas estimatedto sampleto a depthof approximately

4 cm. Collectedsedimentwas placedinseawater-curedcoolers,coveredwithsitewater,

maintainedat ambientconditionsfor thecollectionsite(11°C), anddeliveredto the MSL thesame

day. Sequim Baysediment(M. nasuta control)was collectedwith a 0.1-m2van Veen grab

sampler;placedIn clean,epoxy-coatedbuckets;anddeliveredto the MSL with!n1 h of collection.

Allreferenceandcontrolsedimentswerestoredatthe MSL at approximately4°C untilneededfor

testing.

2.1.3 Test OmanismCollection

Seven speciesof organismswere usedto evaluatesedimentsamplesfrom theWinyah

Bay study area:

• theamphipodArnpe//scaabdita
• the amphlpod Rhepoxynius abronius
• thepolychaeteNereis v/tens
• the bent-noseclam Macornanasuta
• the silversideMen/dia bery///na
• the mysld shrimpMysi_._opsisbahia
• larvaeof thesea urchinLytechinls pictus.

WINYAH BAY 2,5



Alltestorganisms,exceptthemysldshrimpandsilversides,werewild-capturedand

collectedeitherbya commercialsupp!lerorbyMSLpersonnel.Allanimalswereshippedin

nativesedimentorina waydesignedtoensuretheirviability.Afterreceiptatthe MSL,test

organismsweregraduallyacclimatedtotestconditions.Animalsactingabnormallyorexhibiting

stresswerenotused intoxicologicaltests.Tube-dwellingamphlpods,A. abdita, weresupplied

by BrezlnaandAssociatesofDillonBeach,California.Ampeliscaabclitawerecollectedwitha

largedip-net,carefullyremovedfromtheirtubesforenumeration,thenplacedinclean,native

sedimentforovernighttransporttotheMSL. Nerelsvlrensweresuppliedbytwosources.The

firstsourceprovidedanimalsthatdiedshortlyafterintroductionIntotest,reference,andcontrol

sedlmenta.Thesecondsupplier,BrezinaandAssociates,providedanimalsthatperformedwell

Intesting. Nerel8vlrenswerecollectedIntertidallyfromMuscongusBay,usinga bucketand

shovel.Organismsweretransportedvtaovernightmallonmoistmatsofseaweedin coolers.

Theamphipods,R. abronlus,werecollectedby MSLpersonnelfromWestBeach,Whidbey

Island,usinganMSL-deslgnedamphlpoddredgeandtransportedIncleancoolerscontaining

approximately10cmofsedimentand5 galofcleanseawateratambienttemperature.Macoma

nasutawerecollectedfrom interUdalzonestnDiscoveryBay,Washington,bya commercial

supplierusinga shovel,bucket,andsieve. Bent-noseclamswerekeptcoolbeforeshipmentby

placingthemIn largeccntajnersfilledwithsedimentandseawaterfromthecollectionsite. Meniclia

beryllinaweresuppliedbyAquaticResourcesof Sebastopol,California.Thesilversideswere

shippedInlargeplasticbagscontainingseawaterandmaintainedatapproximately15°C. Before

shipmentviaovernightmall,seawaterwassupersaturatedwithoxygento ensuretestorganism

survival,MysldopsisbahiawereobtainedfromAquaticBiosystemsof FortCollins,Colorado,

andwereshippedinplasticbagscontainingoxygen-supersaturatedseawaterandmaintainedat

approximately15°C. LytechinusplctuswereI_jrchasedfromMadnus,Inc. ofLongBeach,

California.WhiteurchinswerewrappedInmotetpapertowelsandshippedInhaldcardboard

containerscontainingblueiceto maintainanambienttemperatureofapproximately15°C.

2.2 SEDIMENTSAMPLEPREPARATION

Sedimentusedforbiologicaltestingwaspreparedwithinthe6-weekholdingperiod,as

specifiedinthe i991 ImplementationManual.Duringthatperiod,thegrabandsanddredge

sampleswerereceivedattheMSLand!nventorledagainstchain-of-custodyforms,processedfor

solid-phase(SP)andsuspended-particulate-phase(SPP)testing,andusedinthebiologlaal

tests.Thefollowingsectionsdescribeequipmentpreparation,composltingstrategy,andthe

preparationof sedimentsforSP andSPPtests.
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2.2.1 LaboratowGlasswareandEaul0mentPreoaratloQ

Allglassware,stainless-steelutensils,plastic,laboratorycontainers,andequipmentwent

throughstringentcleaningprocedurestoavoidcontaminationofsedimentsamples.Glassware,

Includingtestcontainers,aquaria,andsedimenttransferequipment,waswashedwtthwarm,

soapywater,rinsedfivetimeswithdeionlzedwater,thensoakedIna 10%reagent-gradenitric

acidbathfora minimumof4 h. Aftersoaking,glasswarewasrinsedwithdetonlzedwaterfive

timesandallowedto dry. Titaniumtools,polyvinylchloride(PVC),Nalgene,andotherplastic
Items,suchas funnels,werealsowashedandsoakedinacidbathsinthesamemanneras

glassware.

Stainless-steelbowls,spoons,spatulas,andotherutensilswerewashedwithwarm,

soapywater,rinsedfivetimeswithdelonizedwater,andallowedto airdry, Theywerethen

rinsedwithmethylenechlorideundera fumehood,andthemethylenechloridewasallowedto

evaporateunderthehoodbeforeuse.

Rubberstoppersandotherporousmaterialswerewashedwithwarm,soapywaterand

rinsedfivetimeswithdelonlzedwater.TheseItemswerethen"seasoned"by continuous

soakingIn,orexposureto,O.45.p.m.fllteredseawaterforat least2 daysbeforeuse.

Largepiecesof laboratoryequipment,suchastheepoxy-coatedmixerusedto mix

sediment,werewashedwitha mildsoapsolutionand thoroughlyrinsedwithtapwater,followed

bydeionizedwater. Equipmentusedto determinewaterquality,suchaspH,dissolvedoxygen

(DO),temperature,andrefractometers,werecalibratedaccordingtothemanufacturer's

specificationsandinternalMSLprocedures.

2.2.2 ComoesitinaStrateavandSedimentTreatmentDeslanatlon
w - ....

Table2.1presentsthecomposltingstrategyfortheWinyahBayProject.Thistable

summarizesthecompositesampledesignations,sitelocation,andthestationsthatcontributedto

eachcomposite.A totalof 19testsedimenttreatmentswereevaluatedduringtheWlnyahBay

Project:11 testtreatments(EC-1,EC-2,EC-3, IH-1,IH-2,IH-3, IH-2/IH-3Comp,SR-1,SR-2,

SR-3,andSR-4);4 referencetreatments(EC-RefComp,IHR1, IHR2,andOceanReference);

and4 controltreatments(SanPabloBay,MuscongusBay,WhldbeyIsland,andSequimBay).

One tothreereplicateswerecollectedateachstation,TheOceanReferencetreatment,collected

duringtheUSACE WllmlngtonProgram,wasnotoriginallyincludedInthescopeofwork,butwas
addedafterthesampleexpedltlon,asItwasslmllaringrainslzetotheEntranceChannel

samples,Thlstreatmentwasrunasacompositeasperagreementandunderrecommendatlonof

theU,S,EnvlronmentalProtectlonAgency(EPA)andevaluatedonlyinbioassayswlthspecies

knownto besensitivetosedimentgrain-size(A,abditaand R. abrontus), itwasnotusedin

othertoxicologicalor bioaccumulationexposures.
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_. CompositlngStrategyandSampleDesignationfortheWinyahBayProject

_slteSample Location..... CreatedfrcmStatlons..........._.....

EC-1 EntranceChannel EC-1,Replicates1and 2
Segment1

EC-2 EntranceChannel EC-2,Replicate1
Segment1

EC-3 EntranceChannel EC-3,Replicate1
Segment1

IH.1 InnerHarbor IH-1,Replicates1,2, and3
' Segment2

IH-2 InnerHarbor IH-2,Replicates1,2, and3
Segment2

IH-3 InnerHarbor IH-3,Replicates1,2, and3
Segment2

IH-2/IH.3Comp InnerHarbor IH.2and IH-3
Segment2

SR-1 SampltRiver SR-1,Replicate1
Segment3

SR-2 SampltRiver SR-2, Replicate1
Segment3

SR-3 SampltRiver SR-3, Replicate1
Segment3

SR-4 SampltRiver SR-4,Replicate1
Segment3

EC-RefComp EntranceChannel RS01,Replicates1, 2, and3
Reference

IHR1 InnerHarborReference IHR1,Replicates1,2, 3, and4
ClamBankCreek

IHR2 InnerHarborReference IHR2,Replicates1,2, 3, and4
HareIsland

OceanReference OceanReference WHFINE1 Replicates1 and2ODMDS,NorthCarolina WHFINE i Replicates1and2

San PabloBay A.abditaControl
San PabloBay,CA NA(a)

MuscongusBay N. virensControl
Newcastle,ME NA
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_j_j,j_. (contd)

CemnoalteSamnle _ __Locatlol'l ........ Created fromStations.................

Whidbey Island R. abron/u# Control
Whldbey Island,WA NA

Sequlm Bay M. nasuta Control
Sequim Bay, WA NA

(a) NA Not applicable.

2.2.3 preDarationof Solld.Pha_eSam01es

The SP of sediment and sedimentcompositesampleswas used to evaluatethe benthic

effectsof openwaterdredgedmaterlaidisposal. Referenceandcontrolsedimentswere press-

sieved througha 1.0.ramscreento removepredators,thenmixed tna large, epoxy-coated

cementmixer, Test sedimentsamples were processedby homogenizingthe sedimentfroma

stationuntila uniformcolorand texturewas achieved. Homogenizationwas accomplishedby

¢.,Itherplacingthe sedimentinlarge stainlesssteelbowlsand mixingitwith stainlesssteel

ute=lslls,or by placingthe sediment Inthe mixer. After mixing,a subsamplewas taken for archival

purposes. Aftersedimentsfromeach stationwere processed,the remainingmaterialfrom IH.2

and IH-3 was combinedto createan IH.2/IH-3 compositeand all three RS-01 replicateswere

combinedto make the EC-Referencecomposite, Compositeswere preparedby placingall of the

sedimentin themtxerandcreatinga homogenousmaterial. Homogenizedandcompostted

sedimentswere ettherused Immediatelyor placedIn5-gel epoxy-coatedpallsthatwere sealed

and maintainedat 4°C untilused.

2.2.4 PreDaretlonof Su_0ended.Parttculate:PheaeSamoles
I
i

The SPP of test sedimentcompositesampleswas usedto evaluatewater columneffects

of openwaterdredgedmaterialdisposal. The SPP isthe liquidthatremainsafterintermixing

sedimentwith seawaterand allowingheavierparticlesto settleto the bottom, BecauseSPP

preparationdoes notinvolvefiltration,thisphasecontainssuspendedparticles as wellas

dissolvedconstituents,The SPP testsevaluate effectscausedby boththe physicalpresence

of thesuspendedparticlesandthechemicaltoxicityof contaminantsassociatedwiththeparticles

or dissolvedfractions,Theprocessis intendedto approximateexposureconditionscreatedas a

result¢,_materialsbeingdischargedthroughthewatercolumnduringdredge-disposaloperations.

The firststep of SPP preparationwas to create a 4:1 (volume:volume)water to sediment

slurryin 1-Lglassjarswith Teflon-linedlids. The jarswere markedat the 200-mL and 400-mL
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volumes. Seawaterwas added to the 200-mL markand homogenizedsediment was added until

thewaterwas displacedto the400-mL mark. The jar was then filled to 1 L with filteredseawater.

A set of 12jars containingsedimentandwaterwas placedon a shakertableand agitated for30

rainata shakingrate of 120 to 150 cycles/rain.Aftershaking,theslurrywas pouredinto500-mL

Tefloncontainerswith tightlyfittedlids, Then, theslurrywas placed ina centrifugeandspunfor

15 mtnat approximately1750 rpm. The 15-raincentrlfugatlonensuredthattestorganismswould

be visibleat the firstobservationafter exposureto SPP test treatments.After centrtfugatlon,the

supernatantwas pouredintoclean, 10-galaquariaforuse in theSPP testswithin24 h of

preparation.The remainingsludgemixturewas discarded. The TeflonJarswere rinsedafter each

use, and theaboveprocesswas continueduntilan adequateamountof SPP foreach test

sedimentwas produced. BetweendifferentsedimentSPP preparations,all glassand Teflon

containerswere appropriatelycleanedaccordingto proceduresdescribedin Section2.2.1.

2.3 TOXICOLOGICAL TESTING PROCEDURES

A totalof eighttoxlcologlcal/bloaccumulatlontests involvingseven testspecieswere

conductedInsupportof the Wtnyah Bay Project. These tests includedSP and SPP exposures

and were designedto assess dtstlnctecologicaleffectsof proposedaquaticdisposalof dredged

materialfromtheselectedareasof WinyahBay. The overallexperimentaldesign Is summarized

In Table2.2, The SP testswere used to assessthe acute toxicityand bioaccumulationpotential

of dredgedmaterialafter settlingat an aquaticdisposalsite. Three acutetoxicitytestswere

conducted:a 10-daySP flow-throughacute toxicitytest usingtheamphipod, A. abdita; a

10-day SP statt¢testusingtheamphipod,R. abronius; and a 10-day SP flow-throughacute

toxicitytestusingthe polychaete,N. virens. Two bioaccumulattontestswere conductedwith

testand referencesediments,Includinga 28-day SP exposureof bothN. virens and M, nasuta,

The 28-daytestassessedthepotentialforbloaccumulationof contaminantsfromthe sediment

into the tissuesof the organisms,The test treatmentsandprocedureswere similarto the 10.day

test,exceptthey Involveda longerexposureperiod, largertestpopulation,and a depuratlon

processforsurvivingM, nasuta and N. virens. All SP testsconsistedof five replicatecontainers

for eachsedimenttested,placed in randompositionson thewatertables,

The SPP testswere usedto assessthe potentialeffectsof dischargingdredged material

throughthewater columnduringdisposaloperations. The SPP testsevaluatetheeffectscaused

by thephysicalpresenceof suspendedparticlesand the toxicityof chemicalcontaminants

associatedwith theparticlesor aftertheyhave dissolvedIntothewater column. Three SPP tests

were conducted: a 4-day exposureusingthe silverside,M, beryllina; a 4-day exposure using

the mysid,M. bahia; and a 3-day exposureusingurchinlarvae, L, pictus, The SPP treatments

were prepared as described _nSection 2.2.4. For each SPP treatment, therewere five replicates
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ofeachofthefourSPPconcentraUons:0% (seawater),10%,50%,and100%(SPP). Alltest

containerswereplacedInrandompositionsonthewatertables.

Table2.2 showsallEntranceChannel_lment treatmentswereevaluatedforall

toxicologicaltests,withreferenceandcontroleedlmcntincludedwhereappropriate.Bemusethe

8PP testsevaluatedthedifferenceIntestorganismsurvivalin0% (seawater)and100%SPP

exposures,teetlngofreferenceandcontrolsedimentcompositeswasnotrequired.TheMSL

fadi!tleeprovidedtherequiredconditionsforflow-throughSPtests,statk:SP tests,andstatic

8PP tests. LaboratoryequipmentIncludeda controlledtemperaturewatertable,flow-through

seawatersupply,lightingcontrol,andairsupply.

2.3.1 10.DavSolid-PhaseFlaw,ThrouahTestwithA. abdita

TheA.abd/tmwereheldIna largeholdingtankcontainingtheirnativesedimentunder

staticcondltlon$at20_C. Organismswerenotfedduringtheholdingperiod,whichwaslessthan

2 weeksbeforetestInitiation.TheA. abditatestwasconductedin 1<itflow-throughMasonjars

(Figure2.4)thatwereplacedInrandompositionson8 watertablemaintainedat20°C. Before

testInitiation,udlmentwasaddedto theJarstoa depthof2 am,theneachjarwasallowedto

slowlyfilltoa totalvolumeof750 mLviatheflow-throughwatersystem.Theflow-through

MasonJarallowsa sub-surfaceexitingofseawater,therebyreducingthechanceoftestorganism

Impingementonthescreeneddischarge.Threereplicatejarswerepreparedforeachtreatment

and..wereplacedonthewatertableovernighttostabilizethetemperaturetotestcon(:lltions.After

stabilization,Initialwaterqualityparametersweremeasuredineachcontainerandrecordedon

waterqualityforms.GentleaerationwasappliedtoeachJartoprovideadequateoxygenationof

overlyingwater,andthetestwasconductedunder8 continuouslightregime.

BeforebeingtransferredIntoa testcontainer,amphlpodswaregentlysievedfromthe

holdingtankInto(:leanseawaterandcountedintosmalltransfercontainers,andthenumberof

organismswasconfirmedbya secondobserver.Thetestwas Initiatedbyadding20 A.abdtta
toeachtestcontainer.Thedateandtimeof Initiationwererecordedondataformsandonthelids

ofthetestcontainers.TheA.abd#awereobserveddallyduringthetestandthenumberof

organismsfloatingon thesurface,swimmingintheJar,oronthesedimentsurfacewasrecordedon

observationforms. Amphlpodefloatingonthe surfaceweregentlypushedbelowthewater

surfacewith8 pipettip,andobservationsweremadeas towhethertheyburiedbelowthe

sedimentorreturnedtothe surface.Watertemperature,salinity,pH,andDOweremeasured

dailyInonereplicateofeachsedimenttreatmentandInallcontainersat Initiationandterminationof

thetest. Flowratewasmeasureddailyinalltestcontainers.Acceptablerangesforwaterquality

parametemduringthe experimentwereas follows:
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S_tloAmphlpodExperimentJar

EI,_,LB_?_. Flow-ThroughTestingAmphipodJar

DissolvedOxygen _5.0mg/L

SIPaHlnlty 7.8:L'0.5units' 30_o_.0_,
Temperature 20°C.._..2.0°C.
FlowRate 40 :i:5mL/min.

Attheendofthetest(Day10),thecontentsofeachjarweresievedthrougha 0.5-ram

NytexscreentocollecttheA. abdita. Theorganismswereplacedincleanseawaterina glass

dishlabeledwiththesedimenttreatmentandreplicatenumber.Theendpointofthistestwas

death,definedas theabsenceofpleopodmovementInresponsetogentleprobing.Thenumber

oflive,dead,andmissingorganismswasdeterminedandnotedonterminationforms, if

necessary,a dissectingmicroscopewasusedto examinemoribundorganismsforsignsoflife.

Thepresenceorabsenceofbodypartsrecoveredat theendof thetestwasalsonoted.Atleast

10%of themortalitycountswereconfirmedbya secondobserver.Testorganismsensitivity

wasassessedthrougha 4-dayreferencetoxicanttestthatincludeda seawatercontrolandfour

concentrationsofcadmium(0.25,0.5,1.0,and2.0 mg/L).
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2.3.2 10-Day $_lid-Phase StaticTest with R. abronius

The Ft.abronius were held in a large holding tank containing their native sediment with

flowing 15°C seawater. Organisms were not fed during the holding period, which was less than

2 weeks before test initiation. The R. abronius test was conducted in 1-qt static Mason jars

(Figure 2.5), which were placed in random positions on a water table and maintained at 15°C.

Before test initiation, sediment was added to the jars to a depth of 2 cm, then each jar was slowly

filledwith 0.45-p.m-filteredseawater to a total volume of 750 mL. The jars were placed on the

water table overnight to stabilize the temperature to test conditions, After settling, initial water

I quality parameterswere measured In each containerand recorded onwater quality forms. Gentle

aeration was applied to each jar to provide adequate oxygenation of overlying water, and the

test was conducted under a continuouslight regime.

The amphlpods were gently sieved from the holding tank into clean seawater, counted,

and placed into small transfer containers. The number of organisms was then confirmed by a

second observer before being transferred into the test container. The test was initlated by

adding 20 R. abronlus to each test container. The date and time of initiation were recorded on

data forms and on the lids of the test containers. The R. abronlus were observed dally during the

test and the number of organisms floatingon the surface, swimming in the jar, or on the sediment

surface was recorded on observation forms. Amphipods floating on the surface were gently

pushed below the water surface with a pipet tip, and observations were made as to whether

they buried below the sediment or returned to the surface.

Water temperature, salinity, pH, and DO were measured dally in one replicate of each

sediment treatment and in all containersat Initiationand termination of the test. Acceptable ranges

for water quality parameters during the experiment were as follows:

Dissolved Oxygen _5.0mg/L
p H 7.8 :L-0.5units
Salinity 30°_ .+.2.0%°
Temperature 15°C.+_2.0°C.

At the end of the test (Day 10), the contents of each jar were sieved through a 0.5-ram

Nytex screen to collect the R. abronius. The organisms were placed in clean seawater in a glass

dish labeled with the sediment treatment and replicate number. The endpoint of this test was

death, defined as the absence of pleopod movement in response to gentle probing. The number

of live,dead, and missing organisms was determined and recorded on terminationforms. If

necessary, a dissecting microscope was used to examine moribund organisms for signs of life.

The presence or absence of body parts recovered at the end of the test was also noted. At
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Flow.Through Experiment Jar

FIGURE_2.5. Static AmphipodTestingJar

least 10% of the mortalitycountswere confirrT'._dby a secondobserver. Testorganism

sensitivitywas assessedthrougha 4-day referencetoxicanttest that Includeda seawater control

and fourconcentrationsof cadmium(0.5, 1.0, 2.0, and4.0 rag/L).

2.3.3 10,Day Solid-Phase Flow-Throu0hTestwith N. vtrens

Beforetesting,N. virens were held intheirnativesedimenttnshallowtrayscoveredwith

well-aerated 15°C seawater from a gravity-fedflow-throughsystem. Temperature,pH, DO, and

salinityofwater in each holdingtankwere monitoreddaily. The organismswere notfed duringthe

holdingperiod. Test containerswere aerated, andthe testwas conductedundera 16-h light,8-h

darkregime.

The 10-day flow-throughtestwith N. virenswas conductedin 10-galaquariaplacedin

randomposltlonson water tables. Figure 2.6 showsthe systemused for flow-throughtests.

Each aquariumwas filledwith approximately8 L of sand-filteredseawatervia the flow-through

system. Sedimentwas then added to a depthof 3 cmby measuringthe requiredamount

(3870 mL) intoa glasscontainerandpouringthesedimentIntothe aquaria. Thesedimentwas

distributedevenly over the bottomof the aquariawithstainlesssteel utensilsandallowedto

settle for 4 h. The flow-throughsystemwas initiatedand aquariawere allowedto fillto a total

volumeof approximately36 L. The flow-throughsystemwas adjustedandcalibratedto deliver

125 4-10mL/min of seawater flow to each aquarium. The system operated overnight before

adding the test organisms.
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Test _ent Layer

FIGURE2.6. Flow-ThroughAquarium

To Initiatethetest,20 N. v/renswerecollectedfromtheholdingtanksandplacedineach

aquarium.ThelabeloneachtestaquariaIncludedInitiationtimeanddateaswellas theinitialsof

theexaminerwhoplacedtheorganismsintoeachchamber.Waterqualityparameters(noted

below)weremeasureddailyinat leastonereplicateofeachsedimenttreatmentandrecordedon

waterqualitydatasheets.Thewaterqualityparametersantirangesestablishedforthetests
wereas follows:

DissolvedOxygen >4.0mg/L
pH 7.8:L-0.5units
Salinity 30%o_.0%o
Temperature 15.0°C:1:2.0°C
FlowRate 125:i:10mL/min.

Dallyobservationsof testanimalbehaviorweremadeandrecordedondataformsfor

eachtest. ThenumberofN. virensonthesedimentsurfaceandthenumberofdeadorganisms

werenoteddailyineachaquaria.Deadorganismswereremovedfromtheaquariaand

Incinerated.Deadorganismswerenotreplacedduringtesting,Whena deadN. virenswas

removed,thespecimenwasidentifiedasa wholeanimalora portionof theanimal(headortail).

Duringthe firstthreedaysof thistest,a highlevelof mortalityof N. virens in test,reference,and

controltreatmentswasobserved.Thereasonforpoortestorganismsurvival is notknown. Test

organismsappearedin relativelygoodhealthuponarrival,acclimatedthemselveswell to test

conditions,butbegantodieafterintroductionto test, reference,andcontrolcontainers. Because
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therewasInsufficientsedimentavailableto completelyrelnltiatethistest,alltestorganismswere

carefullyremovedfromtheaquariawithminimalsedimentdisturbance.Anewbatchoftest

organismswasprocuredandplacedIntheseaquar!a,andthe testwasreinltlatedasdescribed
above.

At theendof the 10-daytest,waterqualitymeasurementswereperformedinallreplicates

andthecontentsofeachaquariumweregentlypassedthrougha 1.0-mmNytexscreento

recoverthe N. vlrens. TheorganismswereplacedInglassbakingdishaslabeledwiththe

sedimenttreatmentnumber.DeathwasdeterminedbyobservingwhethertheN. vlrensreacted

togentleprobing.Iftherewasnomovement,theorganismwasconsidereddead. Thenumberof

deadve_s livewasdeterminedandrecordedonterminationforms. Atleast10%ofthemortality

countswereconfirmedby asecondobserver.Noreferencetoxicanttestwasrunforthis

species.

2.3.4 28.DaySolid-PhaseFlow,ThrouahTestwithN. virens

Theprocedureforconductingthe28-daySP flow-throughtestwithN. vlrenswasidentical

to thatofthe 10-daytestexceptthat: 1) theexposureperiodwasIncreasedfrom10to28 days,

and2) thesurvivingtestorganismsweredepuratedinflowingseawaterandtissuesweresaved

forfuturechemicalanalysis.Therangesforwaterqualityparameterssuchas temperatureand

flowrateandthetestconditionswerethesameinthe28-daytestas forthe 10-daytest. Water

qualityparametersweremeasuredandmortalityofthetestorganismswasmonitoredat thesame

frequenoyforbothtests.

Whenthe28-daytestended,theN. virenswerecollectedforchemicalevaluationof

bloaccumulatlon.To ensurethattissuechemistryresultswouldnotbebiasedbycontaminants

associatedwithsedimentgrainsInthedigestivetract,thetestorganismswereallowedto

depurate(voidthedigestivetract)for48 hfollowingthe28-dayexposure.After48h of

depuratlon,the N. vlrensweregentlywashedIncleanseawaterto removeexternalsediment

grains,putIncontainers,andfrozenat -20°Cforfuturechemicalanalysis.Noreferencetoxicant

testwasrunforthisspecies.

2.3.5 28-DaySo,d-PhaseFlow-ThrouohTestwithIVLnasuta

Theprocedureforconductingthe28-daySP flow.throughtestwithM.nasutawas

Identicaltothatofthe28-dayN. virenstest,except25 M.nasutawereIntroducedintoeach

aquariatoensureadequatetissueforchemicalanalyses.Asin the28-dayflow-throughSP N.

virenstest,M.nasutawereallowedtodepuratefor48 h followingthe28-dayexposure.The

survivingM.nasutawereplacedinthedepuratJonaquariumcontainingonlyseawater.After48 h

ofdeputation,theM. nasutashellswerecleanedwitha scrubbrushandthetissueswere
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removedusingtitaniumknives.Thetissueswereplacedintopre-cleanedJars,frozenat -20°C,

andsubmittedforchemicalanalysis.

2.3.6 4.DaySusDend_d-particulate.P_aseStatl_'TestwithM.herr/line

TheM.beryllinawereheldbeforetestingina 10-galglassaquariumandfed<24-holdbrine

shrimpnauplii(Anemiasaline)twicedally.Temperature,pH,DO,andsalinityofwaterInthe

=:lUadaweremonitoreddally.This4-daystatioSPPtestwasconductedIn1-qtMasonJarsfilled

to a totalvolumeof500mL. Testcontainerswereaerated,andthetestwas conductedundera

16-hIig;lt,8-hdarkregime.

Thetestwas Initiatedbyadding10M.berylllnatoeachtestcontainer.Fishweregently

plpettedfromtheholdingtankintodeanseawaterandcountedintosmalltransfercontainers.The

numberoforganismswasthenconfirmedbya secondobserverbeforebeingtransferredIntothe
testcontainer.Dateandtimeof Initiationwererecordedondataformsandonthelidsof thetest

containers.MenidlaberylllnawereobservedInthetestchambersdallythroughoutthetest. The

endpolntof thistestwasdeath,determinedbyobservingInaotlvlty,palediscoloration,a laokof

gillmovement,anda lackofresponsetogentleprobing.Tnenumberofliveanddeadorganisms

wasnotedonthedataforms,anddeadanimalswereremoveddally.Watertemperature,salinity,

pH,andDOweremeasureddallyInonereplloateofea_ sedimenttreatmentandInallcontainers

atinitiationandterminationofthetest. Acceptablerangesforwaterqualityparametersduringthe

experimentwereas follows:

Dissolved
ambient:L-0.5units

__aHlnl_Oxygen 24.0mg/L30Y,_.0"/,
Temperature 20=C:P..2.0°C.

Attheendofthe test (Day4), finalobservationswereconduoted.Atleast10=/=ofthe

mortalitycountswereconfirmedbya secondobserver.Testorganismsensitivitywas assessed

througha 4-dayreferencetoxicanttestthat Inoludeda seawatercontrolandfourconcentrationsof

copper(16,64, 160,and400 pg/L). ThistestwasconductedInthesamemanneras theSPP
tests.

2.3.7

Mysidopsisbahiawereheldbeforetestingina 10-gelglassaquariumandfed<24-holdbrine

shrimpnaupllltwicedally.Temperature,pH,DO,andsalinityofwaterIn theaquariawere

monitoreddaily.This4-daystatioSPPtestwasconductedIn500-mLglassjarsfilledto atotal

volumeof300 mL. Testcontainerswereplacedinrandompositionsandaerated.Thetestwas

conductedundera 16-hlight,8-hdarkregime.
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Mystds were gentlypipettedfrom the holdingtank ,1tocleanseawater andcountedInto

smalltransfercontainers,withthe numberof organismsbeingconfirmedby a secondobserver

beforebeingtransferredintothe testconta!ner.The testwas Initiatedby adding10 M. bah/a to

each testcontainer.Date andtimeof initiationwere recordedondata forms,and the Ilclsof the

testcontainers. Mys/dops/sbah/a were observed In the testchambersdaily throughoutthe test.

The enclpolntof this testwas death, definedas the absenceof movementinresponseto gentle

probing. Number of Itveand dead organismswas notedon the data formsand dead animals

were removeddally. Water temperature,salinity,pH, and DO were measureddaily in one

replicateof each sedimenttreatmentand Inall containersat Initiationandterminationof the test,

Acceptableranges for waterqualityparametersduringthe experimentwere as follows:

Diesoived Oxygen ;_4.0mg/L

,_aHlnlty 7.8 ¢-0,5units3O%°± 2.0%°
Temperature 20°C ±2.00C,

At the end of the test (Day 4), finalobservationswere conducted. At least 10% of the

mortalitycountswere confirmedby a secondobserver. Test organismsensitivitywas assessed

througha 4-day referencetoxicanttest that Includeda seawatercontrolandfourconcentrationsof

copper (50, 100, 150, and 300 IJ.g/L).This testwas conductedtnthe same manneras the SPP

tests,

2,3.8 3.Day Suspended.Particulate.PhaseStaticTestwithL_D/ctus

The testchambersfor the urchinlarvaetestwere 1-qt Masonjars inwhichdilutionsof

SPP for the larval test (0%, 10%, 50%, and 100%) were directlyprepared. The dilutionwater

consistedof offshoreStraitof Juande Fuca seawaterfilteredat 20 _m. Offshorewater was used

to preventeffectsfromalgalblooms,sometimesassociatedwithnearshorewater,whichmay or

may notaffectthe larvae. The finalvolumeof testmaterialtneach containerwas 750 mL.

ChamberscontainingSPP were placedinrandompositionson a water tableand aerated. The

testwas conductedon a 16.h light,8-h dark regime. When thecontainersreachedtest

temperature(20°C:P.,?.°C),initialwaterqualityparameterswere measuredinall replicates,

AdultL. pictus were obtainedfroma commercialsupplierandused for testingon the day

of receipt. AdultL. pictus were inducedto spawnbyinjectingapproximately1 ml. of 0.5 M

potassiumchlorideintothe coelomiccavitythroughtheperistomalmembrane. Animalsthen shed

theirspermor eggs. Females,sheddingorange-yellowisheggs,were invertedand placedin

250--mL beakersfilledwithrawseawater. Males, releasingwhitishsperm,were invertedon dry

petridishes,anclspermwere collected"dry." Eggsfromat leasttwofemaleswere rinsedto

removefecesand debris. Sperm fromup to threemaleswas pooled,"activated" inseawater,

and thenintroducedintocontainersof eggsuspensionand allowedto fertilize. The egg

suspensionswere mixed frequently, over a 60-min period, using a perforated plunger. Then
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fertillzatlonof the embryoswas assessed. To estimatefertilizationsuccessand embryodensity,

a 1.mL sub-samplewas removedfromeach container(afterthoroughmixing), andthe numberof

developingembryos and non-fertilizedeggswas scoredusinga compoundmicroscope(4x and

10x). The egg suspensionswith a highpercentage(>90%) of embryosthathad undergonefirst

celldivisionwerepooledIntoa commonstock foruse in the test, Theresultingdensityof

embryos/mLwas used to calculatepercentfertilizationandthe amountof embryostockto add to

each testcontainer,

To Initiatethe test,an appropriateamountof urchinembryostocksolutionwas pipetted

intoeach testcontainerto yle!d a densityof 25 embryos/mLInthecontainersof testmaterial. A

perforatedplungerwas usedto thoroughlymix the contentsof thestockcontainerbefore

removingeach aliquotwitha pipette. The test initiationdate and timewere recordedon data

recordforms. FollowingInitiation,10.mL sub-sampleswere removedfromeach testchamberand

fixedin5% formaldehyde.These sampleswere usedto determinechamber-specificstocking

densities.

Waterqualityparameterswere measuredin onereplicateof eachclilution24 haftertest

Initiation.Acceptablerangesforwaterqualityparametersduringthe experimentwere as follows:

Dissolved Oxygen ;_5,0mg/L
pH 7,8 =0.5 units
Salinity 30:1:2.0%o
Temperature 20.0°C :t:2.0°C.

The sea urchintestwas terminatedafter 72 h, when developmentof pluteuslarvaewas

greaterthan90% incontrolcontainers.Finalwaterqualitymeasurementswere recordedforall

replicates. Eachchamberwas thenhomogenizedwiththeperforatedplunger,anda 10-mL

aliquotwas removedwitha calibratedpipetteand placedina labeledvial containing1 mL of 50%

formalin.Sampleswere scoredfor theappearanceof normalpluteuslarvae,abnormally

developed larvae, gastrula/blastula-stagelarvae, and totalnumberof larvae. At least 10% of the

countswere confirmedby a secondobserver. Test organismsensitivitywas assessedthrough

a 72-hreferencetoxicanttest that includeda seawatercontrolandfiveconcentrationsof copper

(2.9, 9, 30, 100, and 200 _g/L), Thistestwas conductedinthesame manner as theSPP tests,

2.4 SEDIMENT AND TISSUE CHEMISTRY PROCEDURES

Sediment samples collected in support of the Wlnyah Bay Projectwere analyzed for

conventionaland other chemicalparameters. Conventional parametersIncluded grain size,

specificgravity, Atterburg limits, total solids, total organic carbon (TOC), ammonia, and acid-

volatile sulfides. Sediments were also analyzed for polynuclear aromatic hydrocarbons (PAH),

polychlorinated biphenyls (PCB)/pestlcldes, dioxins, phenols and substituted phenols, phthalate
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esters,methylenechloride,metals, and butylttns.Chemical analysisof M, nasuta and N, virens

tissues was alsoconductedto determinebloaccumulationpotential, Selectedtissueswere

analyzedforPAHs, dloxins,andorganotlns, Table 2.2 presentstheexoerimentaldesignfor

sedimentandtissueanalyses; Table 23 presentsthe analyticalparametersmeasured tn

sediment andtissue samples, themethodusedto perfurmtheanalysis,andthe targetanalytical

detectionlimit,

The followingsectionsbrieflydescribethe methodsusedforanalysisof sedimentsand

tissues for therequiredphysicaland chemicalparameters. Analysesfollowedestablished EPA

procedureswhereapplicable, OuaUtycontrolsamplesIncludedmethodblanks,matrixspike

(MS) and matrixspikeduplicate(MSD) analyses,standardrefer'enosmaterials(SRM), and

analyticalreplicates. The MS, MSD, and SRMs were usedas a measurementof analytical

accuracy. The analyticalreplicates,MS, and MSD were used to evaluateanalyticalprecision.

Data qualityobjectivesforeach analysisare summarizedinTable 2.4,

2.4.1 ConventionalMeasurem(Irtt_

ConventionalparametersIncludedgrainsize, spectfiogravity,Atterburglimits,totalsoltds,

TOC, ammonia, andacid.volatilesulfides. Grainsize, specificgravity,Atterburglimits,and total

solidsanalyseswere conductedby Soil Technologyof Bainbrtdgeisland,Washington. Grain

size and totalsotldsanalysesfollowedthe proceduresdescribedIn Plumb(1981), specific

gravityanalysiswas consistentwithASTM MethodD-854.91 (ASTM 1991), and Atterburglimits

were consistentwithASTM Method4318. Fifteengrainsize fractions(expressedIn microns)

were quantified:4750, 2000, 850, 425, 250, 106, 75, 62.5, 31.2, 23, 15.6, 7.8, 3.9, 1.9, and _;0.9.

Thesedata are reportedas "apparent"grainsize, as organicmaterlaiIsIncluded inthe analysis.

Spectfl¢gravitydeterminationswere made on theminusU.S. No.40 portionof thegrainsize

samples. Totalsolids,reportedas a percent,were determinedafterovendryingat 90°C.

' Analysisof TOC was performedby Global Geochem InCanoga Park,California,

followingMethod5310 (APHA 1989), The TOC is theamountof non-volatile,partiallyvolatile,

volatile,andparticulateorganiccarboncompoundsin a sample. Eachsedimenttreatmentwas

driedandball-milledto a finepowder. Beforecombustion,InorganiccarbonIn thesamplewas

removedby acidification. The TOC tnsedimentwas thendeterminedby measuringthecarbon

dioxidereleasedduringcombustionof thesample andreportedas percentof dryweight.

Ammoniaanalyseswere performedby the Universityof Washingtonon 100% SPP

watersamplesfrom thebiologicaltestsfollowingtheproceduresdescribedIn Plumb(1981).

Acid-volatilesulfideanalysiswas performedon sedimentsamples bythe MSL following

the methodologydescribedin Cutter anddates (1987). This techniqueemploys selective

generationof hydrogensulfide,cryogenictrapping,gas chromatographicseparation,and

photoionizationdetection.
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AnalyticalParametersand TargetDetectionLimitsforSedimentandTissueSamples

Reference Detection

GrainSize (Sediment) Plumb1981 1 0%
Spe(:ifioOravt_ (Sediment) ASTM D-854-91 (ASTM 1991) NA
Total Solids(Sediment) Plumb1981 10%
Total OrganicCarbon(Sediment) 5310 (APHA ! 989) 0 1%
Ammonli Plumb1981 0.1
TotalSulfides Plumb1981 02

PAHs

Acen_thene 8270 EPA 1986 30 I_g/_
Acen_hthylene 8270 EPA 1986 30 I_g/kg
Anthraoene 8270 EPA 1986 30 I_g/_
Benzo(a)anthracene 8270 EPA 1986 30 I_g/kg
Benzo(a)pyrene 8270 EPA 1986 3014g/kg
Benzo(b)fltJoranthene 8270 EPA 1986 30 IJg/Kg
Benzo(g,h,I)perylene 8270 EPA 1986 30 _g/kg
Benzo(k)fluoran|hene 8270 EPA 1986 30 p.g!_
Chrysene 8270 EPA 1986 30 p.g/_
Dlbenzo(a,h)anthracene 8270 EPA 1986 30 I_g/_
Fluorsntrtene 8270 EPA 1986 30 I_g/k.g
Fluorene 8270 EPA 1986 30 I_g/_
Indeno(1,2,3-cd)pyrene 8270 EPA 1986 30 l_g/_
Napth.len. 8270 EPA 1986 30 I_g'_

Ph.nanthr.n. 8270 EPA 1986 30 i_;kgPyrene 8270 EPA 1986 30

PCBs

Aro¢lor1016 8080 EPA 1986 20 _g_Arocior1221 8080 EPA 1986 20
Aroclor1232 8080 EPA 1986 20 Izg/kg
Aroclor1242 8080 EPA ! 986 20 i_g/kg
Aroclor1248 8080 EPA 1986 20 I_g/kg
Aroclor1254 8080 EPA 1986 20 pg/kg
Aroclor1260 8080 EPA 1986 20 I_g/kg
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(contd)

Reference Detection

Pestlcldes
Aldrln 8080 EPA1986 10.0l,Lg_g
(x-BHC 8080 EPA1986 10,0_g/'Kg
13-BHC 8080 EPA1986 10,0l_g_g
y-BHC(Llndane) 8080 EPA1986 10.0P,9_g
8-BHC 8080 EPA1986 10.0pg_g
Chlordane 8080 EPA1986 30.0p.g_g
4,4'-DDD 8080 (EPA198(,) 10.0l_g_g
4,4'-DDE 8080 EPA1986 !0.0 p.g/kg
4,4'.DDT 8080 EPA1986 10.0I_g/kg
Dieldrin 8080 EPAt986 10.0t_g/kg
Endosulfan&derivatives 8080 EPA1986 20.0p.g/kg
Endrln& derivatives 8080 EPA1986 10.0I_g/kg
Heptachlor& derivatives 8080 EPA1986 20.0_g/kg
Methoxychlor 8080 EPA1986 20.0p.g/kg
Toxaphene 8080 EPA198( 30_g/kg

Dioxlns
A!Icongeners 8290(EPA1990a) i.0 ppt

PhenolsandSubstitutedPhenols
Phenol 8270 EPA1986 100- 1500_{l_.(g
2,4-dimethylphenol 8270 EPA1986 100- 1500I_|l_.(g
2,4,8.trtohlorophenol 8270 EPA1986 i00- 1500I_|Y.(g
Psra._loro-meta-cresol 8270 EPA1986 100- 1500I_|l_.(g
2-chiorophenol 8270 EPA1986 100- 1500P.|l/J_g

2,.4-dlchlorophenol 8270 EPA1986 100- 1500I_|l/]._g
2 nttrophenol 8270 EPA1986 100- 1500I_l_¢g
4-nttrophenol 8270 EPA1986 100. 1500_{!_g
2,4-dln!troph.enoI 8270 EPA1986 100- 1500IJ.|!,g
4,6-dlnitro-ocresol 8270 EPA1986 100. 1500p.{_/_g
Pentachlorophenol 8270 EPA1986 100- 1500t_l/Kg

PhthslateEsters
Bis (2-ethylhexyl)phthalate 8270(EPA1986) 100_g/_
Butylbenzylplithalate 8270(EPA1986) 100t_g/kg
DI-n.butylphthalate 8270(EPA1986) 100i_g/kg
Di-n-octylphthalate 8270(EPA1986) 100I_g/kg
Dlethylphthalate 8270(EPA1986) 100I_g/kg
Dlmethylphthalate 8270(EPA1986) 100_g/kg
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(contcl)

Reterence Detection
............Analyte__....._ _

MethyleneChloride 8010(EPA1986) 10t_g/kg

Metals(S_lment)
Antimony ICP/MS(EPAi990b) 0.1__rrt_
Ar',.,enlc ICPiMS(EPA 1990b) 0,1m_,_1
Beryllum ICP/MS(EPA1990b),GFAA(EPA1986) 0.2 --mg_g,0,1
C_tum QFAA(EPA1986) 0,1

Chromium ICP/MS(EPA1990b),GFAA(EPA1986) 0.8rng_g,0,1mg/kg
Copper ICP/MS EPA 1990b) 0.1m_g
Lead !CP/MS EPA 1990b) 0,1m_

CVAA 0.0i _gMercury EPA 1986)
Nickel ICP/MS EPA 1990b) 0.1mg/kg
Seientum QFAA EPA1988) 0.2
Silver GFAA EPA1986) 0.1
Thallium ICP/MS EPA1990b) 0.1
Zln¢ ICP/MS EPA1990b) 0.3

Metals(Tissue)
A.ntlmony ICP/MS(EPA 1990b) 0.1rng/kg
ArXn¢ ICP/MS(EPA1990b),GFAA(EPA1986) 0.1_g
Bery!lum ICP/MS(EPA1990b),GFAA(EPA1986) 0.2mg/kg,0.1mg/kg

0,1
Cadmium ICP/MS(EPA 1990b) 0,6rng/_g_,Chromium iCP/MS(EPA1990b)0GFAA(EPA1986) 0.1

0.1Copper ICP/MS(EPA 1990b)
Lead ICPtMS(EPA 1990b) 0.1
Mercury CVAA(EPA1986) 0,01i,'tg/1_

Nickel ICP/MS(EPA 1990b) 1.0m_g- 2Selenium tCP/MS,QFAA(EPA1986) 0.3rng_/ko,0. mg/kg
Silver ICP/MS EP/'_1990b) 0.1rng/kg

Thallium ICP/MS EPA 1990b_ 0.1mg/kg
Zinc !CP/MS EPA1990b, 0.3m_l_

Organottns
Monobutyltin Ungeretal. 1986 10p.g/kg
Dlbutyltin Ungeretal. 1986 10_g/kg
Tributyltln ungeretal, 1986 1014g/kg

(a)-Detecti0niJmits-areindryweightforallsedimentparamotersandformetalsin tissues.
DetectionlimitsareInwetweightforallorganictissueparameters,

2.4,2 PolvnuclearAromaticHydrocarbons(P_AHs)

Analysesfor16PAHstntheWlnyahBaysedimentsamplesandtissueswereperformedby

the BattelleOceanSciences(BOS)inDuxbury,Massachusetts.Analysisof theseconlpounds

followedEPASW-846 Method8270(EPA1986), Sedimentandtissuesampleswereextracted

twotothreetimesconsecutivelyusinga rollertechnique,Theextractsweredriedoversodium
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sulfate,passedthrougha cleanupcolumn,andconcentratedInpreparationforfurthercleanupby

liquidchromatography.Tissueextractswerethenrunthroughgelpermeationchromatography

(GPC)beforeanalysistoremoveanyacldltlonalInterferences.ThePAHsInsampleextracts

wereanalyzedbyhigh-resolutioncapillarygaschromatography/musspectrophotometry

(GCIMS),AdatasystemidentifiedandmeasuredtheselectedPAHetlstsdInTable2.3ina

selectiveIonmode(SIM). IntheS!M,eachPAHcompoundwu monitoredsimultaneouslyforthe

presenceof a parentIonanda confirmingsecondIon.

2.4.3 PCB_d PRtlclclet

The PCBandpesticideanalysesfortheWlnyahBaysedimentsampleswereperformed

by theBOSLaboratory.ChlorinatedpestlcidesandPCBsInsedlmentswerequantifiedbygas

chromstographylelectroncapturedetection(GCIECD)followingEPASW-846,Method8080

(EPA1986).

ChlorinatedpesticidesandPCBswereextractedsimultaneouslywiththePAH

compoundsusingtherollertechniqueasdescribedforPAHs,Theprocedureinvolveda multiple

methyleneohlorldsextraction,Aportionofthemethylenechlorideextractwassolventexchanged

tohexane,andinterferenceswereremovedbypassingtheextractthrougha columnpackedwith

10gof 2%deactivatedaluminaand20g of2%deactivatedsignal, Mostsamplesrequiredan

ad(:lit!onalcleanuptreatmentusinghighperformanceliquidchromatography(HPLC)toremove

otherInterferences.AnalyticalquantificationwasperformedusingGC/ECDanalysis.

Olbromooctafluoroblphenyl(OBOFB)and thePCBcongener,CIs(112),wereaddedtoeach

samplebeforeextractiontoassessextractionefficiency.

2.4,4

DloxinanalysisInsecllmentandtissuesampleswasperformedbyBattelleColumbus,

Columbus,Ohio,followingtheproceduressummarizedinEPASW-846,Method8290(EPA

1990a).Thisanalyticalmethoduseshigh-resolutiongaschromatographyandhigh-resolution

massspectrometry(HRGC/HRMS)onpurifiedsampleextracts.Sampleswerespikedwitha

solutioncontainingninetsotopicallylabeledPCDD/PCDFcompoundsandextractedaccordingto

a matrix.specificprocedure.Sedimentandsoilsamplesundergoa tolueneorbenzeneSoxh!et

extraction.Ttssuesamplesundergoa hexane/methylenechlorideSoxhletextraction.The

extractsaresubjectedto anacid-basewashingandthendrlecl.Followinga solvent-exchange

step,theresiduesarecleanedupbycolumnchromatography.Then,theree;Icluesarespiked

with_3C1=.1,2,3,4-TCDDtodeterminepercentrecoveriesoftetra-andpentachloronated

PCDD/PCDFcongeners,andwith13C12-1,2,3,7,8,9-HxCDDtocletermlnepercentrecoveriesof

hexa-,hepta.,andoctachloronatedPCDD/PCDFcongeners.Theextractsare InjectedIntoa

HRCG/HRMSsystemcapableof performingintheSIM. Significantrevisionsto Method8290
areasfollows:
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• Use of additional13C12-1abeledInternalstandardsso that each2,3,7,8-substituted
PCDD/PCDF isomercanbe relatedto aninternalstandardfor identificationand
quantificationpurposes. Useof a completerangeof internalstandardsprovidedbetter
accuracythanaffordedby currentMethod8290 procedures.

• Use of 37C14-1abeled2,3,7,8-tetra-CDDas a cleanuprecoverystandard. Thiscleanup
recoverystandardwas added to sampleextractsbefore cleanupto evaluate analyte
recoverythroughcleanupprocedures.Thiscleanuprecoverystandardprovidedan
additionalmeasureofqualitycontrol.

• Routinecalibrationat onlythe beginningof the analyticalperiodratherthanat the
beginningandend of theanalyticalperiod. Thisdidnot appearto affectdata quality.

2.4.5 Phenols.SubstitutedPhenols.andPhthalateI_ter_

Phenols,substitutedphenols,andphthalateesters in sedimentswere analyzed by the

BOS LaboratoryfollowingMethod8270 (EPA 1986). Thismethodtsappropriatefor the

extractionof semivolatileprioritypollutantsfromsedimentand tissuesamplesfor analysisbygas

chromatography(GC). In thisprocedure,approximately100 g of sedimentis extractedusing2:1

(volume:volume)dtchloromethane/methanolina Soxhletextractor. Theextractispartitionedwith

waterand then driedthrougha columnof anhydroussodiumsulfate. Elementalsulfuris removed

usingmetallicmercury. Biologicalmacromoleculesare removedbycleanupwithGPC. A portion

of the extractundergoesaluminacolumnchromatographyto separatepolarcompoundsfrom

pesticidesand PCBs before capillaryGC withelectroncapturedetection(GC-ECD) ana;ysis.

The remainingextractundergoesreversephasecolumnchromatography(bondedCle solid

phase) to reduceinterferencesfromunresolvedparaffinichydrocarbonsbeforeGC/MS analysis

foracid,base, andneutralcompounds.

2.4.6 MethyleneChloride

Methylenechloridein sampleswas analyzedat the BOS LaboratoryusingMethod8010

(EPA 1986). Sedimentsampleswere analyzedby GC (TremetricsModel9000) witha Hall

detectoroperatedin thehalogen-specificmode. A purge-and-traptechnique(Method5030) was

used forsample introductionontotheGC column.

Beforesampleanalysis,sampleswere transferredfrom I-Chemjars to (VOA) vialsand

thenmixedwithdistilledwaterandthe appropriatesurrogatecompounds.The sedimentsamples

were thenheated andpurgedinan inertgas. Thevolatilecomponentsof theaqueousphase

were transferredto thevapor phase,sweptthrougha sorbentcolumn,andadsorbed ontothe

sorbentcolumn. When the purgingwascompleted,thevolatilecomponentswere introducedonto

the GC columnby heatingthe sorbentcolumnand backflushingitwithan inertgas. The GC

oventemperaturewasprogrammedto resolveall vo!atilehalocarbons.
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2.4.7

Sedimentsamplesfrom SampitRiverandEntranceChannelstationsas weil as reference

sedimentswere analyzedfor metalsat theMSL (AA) andPacificNorthwestLaboratoy(PNL)

(ICP/MS). InnerHarborsedimentsampleswere notanalyzedformetals per agreementwithEPA

becausethe analysiswas run6 monthsearlierinJanuary 1992. These resultsare availableIn,

Water and Sediment Quality Analyses from Winyah Bay, Georgetown County, South Carolina

(Damesand Moore 1992). Three techniqueswere usedfor th6 analysisof sediment: Inductively

coupledplasma/massspectroscopy(ICP/MS), graphitefurnaceatomicabsor,_tlon(GFAA), and

coldvaporatomicabsorption(CVAA). The ICP/MS procedurefollowsproceduressummarizedin

the EPA200.8 (EPA 1990b). The GFAA methodologyissummarizedin EPA SW-846

(EPA 1986), 7000 serieswhichwas adaptedintoMSL StandardOperatingProcedure(SOP)

MSL-M-033. The CVAA methodologyissummarizedinEPA SW-846, 7000 series,whichwas

adapted intoa MSL SOP MSL-M-031. Sedimentswere analyzed fora total of 13 metals.

Beryllium(Be), cadmium(Cd), chromium(Cr),copper(Cu), lead (Pb), nickel(Ni), thallium(TI),

andzinc (Zn) were analyzed by ICP/MS; arsenic(As), antimony(Sb), selenium(Se), and silver

(Ag)were analyzedby GFAA, and mercury(Hg) was analyzed by CVAA.

To prepare sedimentsforanalysis,sampleswere freeze-driedandblended tna Spex

mixer-mill.Approximately5 g ofmixedsamplewasgroundina ceramicballmill. For ICP/MS,

GFAA, andCVAA analyses,0.2- to 0.5-g aliquotsof driedhomogenoussamplewent throughan

aciddigestionprocessto separateand isolatethemetalsfromthematrix.

2.4.8

Organotinsin sedimentandtissueswere analyzedat the MSL. Butyltincompoundsin

sedimentandtissueswere analyzed usinggas chromatography/flamephotometricdetection

(GC/FPD) followingthe methodsof Ungeretal. (1986).

Wet sampleswere extractedwith methylenechlorideand tropolone. Propyltinand tri-

pentyltinwere addedbeforeextractionas a surrogatecompoundto assessextractionefficiency.

The mono-,di-, tri-,and tetra-butyltlncompoundsextractedfromthesedimentandtissueswere

derivatizedto a lessvolatile,more thermallystableform (nonionicn-hexyl/orn-pentyl

derivatives).The extractswere passedthrougha florisilliquidchromatographycolumnfor

cleanupand the butyltinswere quantifiedby GC/FPD.

2.5 DATAANALYSIS AND INTERPRETATION

Several statistical analyses were conducted to determine the magnitude and significance

of toxicity and bioaccumulation in test treatments relative to reference treatments. Each statistical

test was based on a completely random design (CRD) allowing unbiased comparison between
#

treatments. The 1991 ImplementationManual recommends Dunnett's Test for comparing test
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treatmentsto a singlereferencetreatment. This testwas usedto evaluateall SP tests,

Includlngtoxlcologicaiandbtoaccumulationexposures.Testdesignandspecificstatistical

analysisproceduresare discussedin the followingsections.

2.5.1 Randomizatioq

Organismswere randomlyallocatedto treatments,andtreatmentswere randomly

positionedon watertables. A randomnumbertablewas generatedforeach toxicitytestusing

thediscreteuniformrandomnumbergeneratorinthe Lotus123 spreadsheetsoftware. Forthe

SPP tests,M. beryllina, M. bahia, and larvalL. pictus testswere randomlyallocatedto SPP

replicatesforall concentrations.

2.5.2 StatisticalAnalysisof Solid.PhaseTest.q

Solid-phasetoxicityof all sedimenttreatmentswas comparedby analysisof variance

(ANOVA) testson the arcsinesquare-rootof the proportionof organismssurvivingthe test. The

arcsinesquare-roottransformationstabilizesthewithin-classvariancesto meet theassumptions

of theANOVA. Alltreatmentswere comparedusingthe Dunnett'sTest forcomparisonof all test

treatmentsto a reference(<x= 0.05).

2.5.3 StatisticalAnalysisof Susoended-Particulate-Pha.qeTests

Twostatisticaltestsarepresentedinthe 1991/mp/ementation Manua/for the Interpretation

of SPP tests. The firsttest Isa one-sidedt-test(0¢= 0.05) betweensurvivalincontrolreplicates

and survivalin the 100% SPP replicates. This test is performedonlywhen survivalin the 100%

SPP is lessthan control(0% SPP) survivalandwhen controlsurvivalis greater than90%

(Indicatingtestvalldity).Beforeconductingthe t-test,angulartransformation(arcslneof thesquare

root)of the proportionsurvivingin test replicatesis performedto reducepossibleheterogeneityof

variancebetweencontroland 100% SPP mean survivals.The secondtest requiredbythe 1991

/mp/ementationManua/is an LCsocalculation,the concentrationofSPP that is lethalto 50% of the

individualstested. The LCsovaluesforthese testswere calculatedusingtheTrimmedSpearman-

KarberMethod(Finney1971). The Spearman-Karberestimatortsappropriateonly if there is

increasingmortalitywith Increasingconcentrationand If 50% or greater mortalityis observedin

testsolutionswhen normalizedto controlsurvival. If 50% mortalitydoes notoccur in the 100%

SPP dilutionsfor anytreatments,LCsovaluesare reportedas >100% SPP. The same method

was usedto calculateECsovalues(the concentrationwhere50% of the test individualsshow a

certaineffect) forthe sea urchinSPP testand LCsovaluesforall referencetoxicanttests.

2.5.4 StatisticalAnalysisof Bioaccumulation

Test treatmentsandbackgroundtissueswere comparedto all referencetreatmentsusing

ANOVA and Dunnett'sTest forcomparisonof test treatmentsto a reference. Analyticaldetection

limitvalueswere used for replicateswhere thecompoundwas notdetected. If all replicatesof a
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test treatmentwere flaggedwithU, J, or UJ qualificationsby theanalyticallaboratory,thedata

fromthat treatmentwas notanalyzed. Significantbloaccumulationof a contaminantwas

determinedby the statisticalresultsof the DunnetrsTest (a ,, 0.05).
i

2.6 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC_ PROCEDURES

The QA/QC proceduresfollowedfor thesestudieswere consistentwiththe 1991

Implementation Manuals andthe EPAprotocols(PSEP 1986). The proceduresfollowedwere

documentedby the PNL QualityEngineeringDivisionas a QA Plan. The followingdiscussion

summarizesQA/QC proceduresfollowedfor the threemainportionsof thisstudy:sediment

sampling,biologicaltesting,andchemicaltesting(allQNQC evaluationsare containedin

AppendixesB, K, and L).

2.6,1 SamoleTrackingaridStorage

Allsedimentsampleswere accompaniedby chain-of-custodyforms fromthe time of

collectionto receiptat MSL. After sampleselectionand composltlng,a new set of custodyforms

was Initiatedfor thesedimentsubsamplesrequiringchemicalanalyses. These accompaniedthe

samplesto the appropriatelaboratorywherethe formswere signedandreturnedto the MSL

projectmanager, Custodyformswere alsoinitiatedfor 311tissuesamplesuponcompletionof the

biologicaltesting, These formsaccompaniedthesamplesto theappropriatelaboratoryfor

chemicalanalyses.

Allsedimentcollectedfor thesestudieswas storedtnglass,celluloseacetate butyrate

containers,or steeldrumslinedwith9-C-4-A-phenollcepoxy,a noncontamlnattngcoating.

Sedimentcores andgrabsampleswere storedat 4°C beforebiologicaltesting. Subsamplesfor

chemicalanalyseswere obtainedbeforebiologicaltesting. These subsampleswere stored

frozenuntilchemicalanalyseswere performed, Samplesfororganicanalyseswere storedfrozen

up to 2 months(PSEP 1986). Samplesfor metalswere freeze-drieduponreceiptat the

laboratoryand heldup to 6 months(PSEP 1986; USACE/EPA 1991).

Tissuesampleswere frozen Immediatelyuponcompletionof thebioaccumulattontests.

Samplesfor organicanalyseswere storedinprecleanedglassjars withTeflon-linedlids.

Samplesformetalsanalyseswere storedin precleanedplasticjars, Samplesfor organic

analyseswere heldup to 2 monthsbefore analysis, Samplesfor metalswere held up to 6

monthsbefore analysis.

2.6.2 SedimentandTissueChemistryQuality_ControlProcedure_

Chemicaltestingproceduresrequirethat specificQA/QC protocolsbe followed. QNQC

guidelinesspecificto thisprojectare providedby the PNL QualityAssuranceDivisionas a QA

Plan. Theseguidelinesincludethe following:
#
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• analysisofa methodblankwitheach batchof 20 samples

• analysisof surrogateIntereststandardswitheach sample

• analysisof matrixspikes on 5% of the samples(where applicable)with appropriate
compoundsto assessaccuracy

• duplicateanalysison at least 10% of thesamplesto assessanalyticalprecision

. analysisof SRMs at a frequencyof 5%, if availablefor theanalytesof Interestand
samplematrix

• archivalofall Instrumentprintouts[e.g.,rawdata and chromatogramsfromatomic
absorption(AA) and GC analyses]for futurereview,

Inactualpractice,someof thespecificguidelineslistedInthe QA Planforanalytical

precisionand accuracywere modifiedto applyto the mostcurrentmethodsemployedby

laboratories.The guidelinesfordetectionlimits,rangeof recovery,andrelativeprecisionare listed

in the Winyah Bay QA Plan providedto USACE by MSL.

Measurementsof accuracycan bedeterminedby analyzingMS of knownconcentrations

and standardreferencematerialsthat havebeen¢erUfledforthepresenceofspecificparameters.

The MSwere analyzedformetalsandorganicparametersand aregenerallymade up of a subset

of theanalytesof Interest. Percentrecoverieswere calculatedbasedon thedifferencesbetween

theamountspikedand theamountrecoveredinthesample. Metal spikeswere analyzedat a

frequencyof 5% andorganiccompoundspikeswere generallyanalyzed at 5%. Analytical
!

accuracytsmeasured throughthe analysisof SRMs. Insediment,SRMs were analyzedfor

metalsandorganiccompounds;Intissues,SRMs were analyzedformetalsandPAHs only.

Surrogatecompoundswere addedin knownamountsto samplesanalyzedforPCBs,

pesticides,PAHs, phenols,substitutedphenols,phthalates,and butyltins. Surrogate

compoundsare added to samplesbeforeextractionandtheirrecoveriesarea measurementof the

efficiencyor proceduralaccuracyofthe analysis.

Measurementsofprecisionwere obtainedthroughreplicateanalysisofselectedsediment

treatments. Analysisof replicatesshowstheprecisionand repeatabilityof the results. The

measurementsof precisionare the industrialstatistic(I-stat)and relativepercentdifference(RPD)

forduplicateanalyses,and therelativestandarddeviation(RSD) for triplicateanalyses. The I.

stat is definedas theabsolutevalue of thedifferencebetween duplicatemeasurementsdivided

by thesum of theduplicates. The RPD Isdefinedas the absolutevalueof thedifference

betweentwoduplicatemeasurements,dividedbythe meanof the duplicates,multipliedby 100.

The RSD is definedas thesample standarddeviation,dividedby the mean, multipliedby 100.

All instrumentprintoutsandotherrawdatageneratedusingMSL analyticalinstrumentsare filedat

MSL for futurereference.Copiesofdata generatedbyoffsiteanalyticalfacilitiesare maintainedat

the MSL.

e
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2,6,3 ToxlcoloolcalTestlnoOualltvControlProcedures

Approprlateproceduresfororganlsmcareweremalntalnedfromcollectlonthroughtestlng.

Organismsshippedto MSLweregraduallyequilibratedto ambientsurroundingsandkeptintheir

nativesedimentwheneverpossible.Animalswerefedifnecessarybeforebtologlcaitesting.

InformationonthecollectingandhandlingofeachtestspeciestsIncludedinSection2.1.3.

Selectionofspecieswasconsistentwiththe 1991ImplementationManualandInvolved

theuseofJuvenileforms,burrowingInvertebrates,depositfeedingorganisms,anda larval

(planktonic)form. Representativesofalltestorganismsweretaxonomicallyidentifiedbyqualified

expertsat MSLbeforeuseIntesting,
i

Duringtesting,waterqualityparametersweremeasuredtoensurethatacceptable

experimentalconditionsweremaintained.TheseconditionsIncludeda stabletemperature

(_.0°C), minimumDOof4.0to6.0 rag/L,andcontinuouslightor 16hoflightperday. Salinity

wasallowedtovary:_?..0%o,andpHwasallowedtovary¢0.5unitswithineachtestcontainer

duringthetestingperiod.TheselimitsandvaluesareconsistentwiththoseoutlinedInthe 1991

ImplementationManual.WaterqualityInstr_Jmentswerecalibratedaccordingtothemanufacturer's

specificationorPNLprotocols.

WINYAHBAY 2.34



3.0

3.1 EIELD COLLECTIONS

Table3.1 summarizesthe testand referencesedimentcollectionInformationfor the

WlnyahBayProject. Sediment sampleswere collectedfromJune23 to 25, 1992. Two samplers

were used insupportof thisstudy: an MSL-deslgned sanddredgeand a 0.1m2 van Veen grab.

The sanddredgewas usedat stations EC-i, EC-2, EC.3, EC.Ref Comp, and IHR2. The van

Veen grab was usedto collectsedimentfromthe remainingstations. Penetrationdepthvaried

withsamplertype. The sanddredgesampledsufficlalsedimentto a depthof approximately

4 cm, whilethe van Veen grab sampleddepthsfrom 8 to 15 cm. The use of a vibratorycoring

device was attemptedIn this study,butwas Ineffectivebecauseof the relativelythin layerof

sedimentoverlyingthehard riverbottom, In addition,the finesiltthatwas present InWlnyah

Bay wouldnotstay inthe vibratorycoringdevice.

3.2 SEDIMENT CHEMISTRY

Sedimentsamplesrepresentingtest treatmentsEC-1, EC-2, EC-3, IH.I, IH-2, IH.3, 8R-

1, 8R-2, SR-3, SR-4, and referencetreatmentsEC.Ref Comp, IHRi, and IHR2 were analyzed

fora varietyof contaminants, includedIn theseanalyseswere measurementof conventional

sedimentparameters,PAHs, chlorinatedpesticidesandPCBs, methylenechloride,dioxlns,

phenolsandphthalates,metals,andorganotlns.The purposeof these measurementswas to

providea characterizationof contaminantsassociatedwiththe sediments.This informationwas

thenusedto assesscontaminantsthat couldpotentiallybloaccumuiateintobiota, representedin

. _..ABJ,,E._I,Summary of Testand ReferenceSedimentCollection

Date Penetration

_ Station .,, _ _ Sampler ..........D..gg.t_.(,g_

EC- 1 24-Jun-92 7.0 Sand Dredge 4
EC-2 24-Jun-92 7.3 Sand Dredge 4
EC-3 24-Jun-92 7.2 Sand Dredge 4
EC-Ref Comp 24-Jun-92 8.8 Sand Dredge 4

IH-! 25-Jun-92 8.8 van Veen Grab 10
IH-2 25-Jun-92 7.8 van Veen Grab 15
IH-3 25-Jun-92 7.7 van Veen Grab 15
IHR1 23-Jun-92 0.7 van Veen Grab 8

IHR2 23-Jun-92 0.9 Sand Dredge 4

SR- 1 23-Jun-92 7,7 van Veen Grab 15
SR-2 23-Jun-92 6,6 van Veen Grab 15
SR-3 23-Jun-92 7,2 van Veen Grab 15
SR-4 23-Jun-92 7.2 van Veen Grab 15
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this studyby the solid-phasetest organismsM. nasuta ancJN, virens, Tissuesof M, nasuta and

N, virens were analyzed forcontaminantsof concernand statisticallyevaluatedto determine

btoaccumulatlonpotential, Contaminantstobe analyzedin tissuesampleswere decided upon

Jointlyby USACE anclEPA Region IV representatives,with technicaiassistanceprovidedby

MSL personnel.

3.2,1 ConventionalMeaAurement_

Conventionalparametersmeasured insedimentIncludedpercentsolids,spectfl¢gravity,

grainslze,TOC,acid-volatilesulfides(AVS), and Atterburgitmlts. These measurementsare

summarized InTables 3.2 and3.3. Alldataassociatedwiththesesummariesand relatedquality

assurancemeasurementsmay be found InAppendixB, TablesB.1 throughB.5 and B.28

throughB.29. QualitycontrolevaluationspresentedinAppendixB Indicatethatholdingtimes,

¢letectlonlimits,replication,and SRMs (whenapplicable)were withinacceptableQAJQCItmtts.

The assessmentof theseanalyseslnd!catethat theseclaraare acceptablefor use in evaluating

sediment.boundcontaminants.

Table 3.2 showsthat percentsolidsrangedfrom 19% to 84%, withall Samplt River

stations,IH-2, anti IH-3 being lessthan 30%. All EntranceChannelsedimentsand IH-1, IHR1

and IHR2 had percentsolids ;L':60%,Specificgravitymeasurementsare alsosummarizedin

Table 3,2. Specific gravitywas relativelyconsistentamongsedimenttreatments,rangingfrom

2,38 to 2,82. The sedimentgrainsize summarypresentedinTable3,2 showsthatsand

dominatedtheEntranceChanneltest treatments,testtreatmentIH.1, andreferencetreatments

!HR1 and IHR2, The InnerHarbortesttreatmentsill-2 and IH-3, and all Samplt Rivertest

treatmentswere composedprimarilyof slitsand clays. Thesedata Indicatethat, with respectto

sedimentgrainsize, the referenceEC-RefCompwas similarto the EntranceChanneltreatment,

The InnerHarborreferences(IHR1 and IHR2)were not similarto the InnerHarborstationsIH-2,

and IH.3.

Table3.3 summarizesthe TOC, AVS, and Atterburglimitsassociatedwiththe sediment

treatments. This tableshowsthatTOC rangedfromundetectedvalues (0,01%)in the Entrance

Channeltreatmentsto approximately6% inthe Sampit Riverstations(treatmentSR-2). The

AVSconcentrationsrangedfrom undetected(0.004 _moles/g)in EntranceChanneltreatmentsto

125 p.moles/gintreatmentSR-1. Atterburglimits,calculableonlyinsedimentscomposedprimarily

of siltandclay,were relativelysimilar,withliquidlimitsrangingfrom44 to 228, plasticlimitsranging

from20 to 55, and theplasticityIndexrangingfrom23 to 174.
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_, Summaryof PercentSolids,SpecificGravity,andGratnSize InSediment Samples

Sediment Percent Sl:)e¢lflo Percent Percent Percent Percent
Treatment ..... _ _ _ _ _

EC-1 78.0 2,68 1.0 97.0 0.0 2.0
EC-2 79.0 2,84 0.0 99.0 0.0 1.0
EC-3 8t .0 2.88 2.0 97.0 0.0 1.0
EC.Ref Comp 84,0 2,82 0.0 100.0 0.0 0.0
ill. 1 75.0 2,87 1.0 90.0 3.0 6.0
IH.2 24.0 2.80 0,0 8.0 53.0 39.0
IH.3 21.0 2,82 0,0 5.0 65.0 30.0
IHR1 80.0(=) 2.68(=) 0,0(a) 76.0(=) 8,0(=) 18.0(=)
IHR2 82.0 2,66 0.0 98.0 1.0 3,0
SR. 1 28.0 2.74 0.0 17.0 33,0 50,0
SR-2 19.0 2.38 0,0 7,0 73.0 20.0
SR-3 23,0 2.68 0.0 11.0 44.0 45,0
SR-4 19,0(=) 2.46(=) 0.0(=) 2.0(=) 71.0(=) 26.0(=)
...... - ; ; _ _l_j T ,r

(a) Mean of replicatemeasurements.

.T..&BJ.E._. Summaryof TOC, AcidVolatileSulfides(AVS), and AtterburgLimitsforSediment
Samples

Sediment AVS ................. AtterburgLimits ...........
....Treatment _ _(umolea/cdry_) J,,_gJlLJ,Jg]jLPiaatlc Limit Pl_tlcy!ndaX(=)

EC- 1 0,01 U(b) 0.023 ND(=) ND ND
EC-2 0,01 U 0.007 U ND ND ND
EC-3 0,01 U 0.004 U ND ND ND
EC-Ref Comp 0.01 U 0,007 U ND ND ND
IH-1 0,46 0.024 ND ND ND
IH-2 4.21 30.200 181,0 42.0 139.0
IH-3 4.51 13,300 213.0 39,0 174.0
IH-2/H.3 Comp 4,18 20.400 ND ND ND
IHR1 0.84 9,79(d) 44.0 20.0 23.0
IHR2 0,22 0.205 ND ND ND
SR- 1 3.82 125.00 194.0 44.0 130.0
SR-2 5.86(d) 4.545(d) 203.0 52.0 151,0
SR-3 5.23 30.700 193.0 46.0 147.0
SR-4 5.65 12.500 228.0 55.0 174,0

-" J i i i:1 ii i [ illrNirM __ i

Ill Um,tU Analyte notpresent above the level of associatedvalue.

Ic_I ND No data,samplewas prlm,,rllysand.Mean of replicatemeasurements.
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3,2,2 PolvnudearAromaticHydrocarbons
-

Poiynucle_aromatichydro_rbon concentrationsaresummarizedInTable3.4. Alldata

assodatedwiththesecharacterizationsandrelatedqualityassurancesummariesare foundin

AppendixB, TablesB.6 throughB.11. QualitycontrolevaluationsforPAHs Indicatethat holding

time limitswere met, blankswere uncontaminatedwiththeexceptionof lowlevelsof naphthalene,

detectionlimitgoalswere met, andsurrogaterecoverieswerewtthlnacceptablelimitsexceptfor

d8 napthaiene, Matrixspike/matrixspikeduplicateanalysesexhibitedacceptableprecisionand

accuracy, replicateanalysis produceddata withinQNQC limits,and analysisof standard

referencematedai (SRMs) was generallyacceptable, The assessment of the PAH analyses

suggeststhat thesedata are acceptableforus_ Inevaluatingsediment-boundcontaminants.

Table 3.4 summarizes themeasuredconcentrationsofPAHs expressedas totallow

molecularweightPAH (LPAH), totalhtghmolecularweightPAH (HPAH),and totalPAH. The

lowestconcentrationswere associatedwith the EntranceChanneltest treatmentsand the

correspond!ngreferencesite, EC-Ref Comp, InnerHarbortest treatmentsproducedPAH levels

rar,glngfrom19.22 I_g/kgin treatmentIH-1 to 299.70 I._/kgIn treatmentIH-3. Thecorresponding

references,IHR1 and IHR2, producedlevels of 198.37 _g/kg and 30,62 i_g/kg,respectively.

Comparisonofthe treatmentsIH-2 and IH-3 to the IHR2 referenceshowedthat the test treatment

concentrationswere approxlmateiy8 to 10 timeshigher. The SampltRiver testtreatmentshad

the htghestlevelsof PAHs, rangingfrom303.86 IJ.g/kgto 449.81 _g/kg, Giventhe lowlevelsof

PAHs Inthe EntranceChannel sediment treatments,no PAH analysiswas conductedon tissues

exposed to thesesediment treatments, A laAHanalysiswas, however,conductedon tissues

exposedto thecompositeof sedimenttreatmentsIH-2 and IH-3 (IH-2/IH-3 Comp) and the IHR2

referencetreatment, Background,or pre-exposure,tissuesampleswere alsoanalyzedto

establishbackgroundlevelsof PAHs inwild-capturedanimals, Tissuesexposedto test

treatmentsrepresentingtheSampitRiverwere notanalyzed forPAHs because thosesediments

were notscheduledforunconfinedopen-oceandisposal. The PAH tissueresultswere analyzed

statisticallyto determinewhethersignificantelevationsof PAHswere associatedwith tissues

exposedto testtreatments.
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_._. Summary of Total LPAH, Total HPAH, andTotal PAH in SedimentSamples

Sediment ............. Concantratlgnfua/ka d_ welaht_...............
Tmltment ...... _L.o_BLJ.P__d _ ....

EC- 1 1.80 6,87 8,87
EC-2 2,09 4,25 6.34
EC-3 1.02 0.40 1,42
EC-D._JfComp 1.20 0.91 2.11
IH.t(-) 2.46 i6.76 19,22
ill-2 33.65 224,03 257.68
IH-3 33,57 266,13 299.70
IHR1 18,_ 180.03 198.37
IHR2 4,03 26.59 30.62
SR-1 36,07 267,79 303.86
SR.2 61.00 295.36 356,36
SR-3 89.04 360,77 449.81
SR-4 66.22 348.14 414.36
i H [ JT III [I I :--'_ _ IIII I II ! r!l!li ]1!I - II Jllll

(a) Mean of replicate measurements.

3.2.3 ChlorinatndPestl¢ldu and PCB-,

ChlorinatedpesticideandPCB concentrationsaresummarizedInTables3,5 through3.9.

Alldata auoctsted withthese summariesand relatedqualityassurancemeasurementsmaybe

foundIn AppendixB, Tables B.12 throughB.18. Qualitycontrolevaluationsforpesticides

presentedIn Appen,:lixB showthatholdingtimeswere met, blankswere uncontamlnatsd,

detectionlimitsweregenerallymet,and surrogaterecoverieswerewithinacceptableranges.

Matrixspike/matrixspikeduplicateanalysesIndicatethat recoverieswere outsidetargetlimitsfor

approximatelyone-halfof thecompounds,thoughrelativepercentdifferencesbetweenspikes

and duplicateswere withinacceptablelimits. The PCB qualitycontrolinformationIndicated

compliancewith holdingtimes,uncontaminatedblanks,andelevateddetectionlimitsforsome

compoundsbecause of matrixInterferenr,es. Matrixspike/matrixspikeduplicatedata showed

percentrecoverywithinallowableIIm!tsand acceptableprecisionand accuracy. The assessment

of PCB/pesticideanalysessuggeststhatthesedata are acceptableforuse Inevaluating
sediment.boundcontaminants.

Tables3.5 through3.8 summarizepesticideconcentrationsobservedinthe testand

referencesedimenttreatments. Pesticideswere undetectedinall sedimenttreatmentsexcepttest

treatmentSR-1, wllere Delta BHC, 4,4'-DDD, and 4,4'-DDE were detectedat approximately

3 _g/kg(dry wt.). Table 3.9 summarizes the PCB concentrationsIn sedimentandshowsthat

PCBswere undetectedin all sedimenttreatments. Elevateddetectionlimitswere observedtn5

of 13 samplesbecauseof matrix interferences.Basedon the resultsof theseanalyses, PCB

and pesticideanalysesof tissuesampleswere not necessary.
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_..AJ_,P,.,_I.Summaryof PesticidestnSedimentSamples(AlphaBHCto4,4'.DDD)

Sediment ......______.,___ Con_arltretlorI t.x]D,..ad_ WelQhti.................. !l rJlr ..... _ III! lilll till I

_lfaatmant .... _ _ _ _ _

EC-1 0.835Ui=) 0,303U 0.303U 0,303U 30,498U 0.892 U
EC-2 0,679U 0.324U 0,324U 0,324U 32,615U 0,954 U
EC-3 0,632U 0,302U 0,302U 0,302U 30,378U 0,888 U
EC-RefCamp 0,805U 0,289U 0,289U 0,289U 29,072U 0,850U
IH.l(b) 0.6_ U 0,331U 0,_1 U 0,331U 33.317U 0,974U
IH.2 2.593U 1.239U t .239U !,239 U 124.679U 3,643 U
IH.3 3.020U 1,443U 1.443U 1,443U 146,082U 4.243 U
IHR1 0.989U 0.463U 0.463U 0,_ U 46,552U 1,361U
IHR2 0.656U 0,313U 0.313U 0,313U 31.504U 0.921 U
SR-1 1,787U 0.854U 0.854U 3.442 85.866U 3,396
SR-2 2,523U 1.206U 1,206U 1,206U 121,220U 3,545 U
SR-3 2.574U 1.230U 1.230U 1,230U i23.663 U 3.616U
SR-4 2.693U 1.239U i,239 U 1.239U 124.559U 3.643 U
......... -- ]:fll! 111 I iii Nil ] _ _ -_

(.)u,,.,,,,,,,..,,>,,,r....,,,,,,ov.,,,.,.v.,o,,,,o<,,,t.<,v,,u.
(b)Meanofreplllte measurements,

_.._tW.La_,Summaryof PeetlatdntnSedimentSamplel(4,4'-DOEto EndosulfanSulfate)

....... _Con_anlratton/utl/llx]drywalohtl
Sediment - Endo- - End0- E_0lu-ifai't-

-Tmatmint _ _ _ _ _

EC-1 0.388U(a) 0,951U 0,809U 3,050U 3,050 U 3,050 U
EC-2 0,415U 1,017U 0,651U 3,262U 3,262U 3,282u
EC-3 0.387U 0,947U 0.806U 3.038U 3.038U 2.907U
EC-RefComp 0.370U 0.908U 0.580U 2,907U 2.907U 2.907U
iH-1(b) 0.424U 1,039U 0.665U 3.332 U 3.332U 3,332U
IH.2 1.586U 3,884U 2.486U 12.458U 12,458U 12,458U
IH.3 1,847U 4.524U 2,895U 14,508U 14.508U 14,508U
IHRI 0,593U 1.452U 0.929U 4.855 U 4,655 U 4.855 U
IHR2 0.401U 0.982U 0.629U 3.150U 3.150 U 3.150 U
SR.! 3,131 2.667 U 1,713U 8.587U 8.587 U 8,587U
SR-2 1,543U 3.780U 2.419U 12.122U 12.122U 12.122U
SR-3 !.574U 3.858U 2.468U 12.366U 12.388U 12.366U
SR.4 1.586U 3.884U 2.486U 12.458U 12.456U 12.456U
--- - iil, lJl irllj i i i ilill ii[lll}l __ i

(,.,)u.,.,,,,,,,.,,o,,:,,.,,...,,,,,.,.v., v,.,,,
(b)Meanof replicatemeasurements.

F

i
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::r._._]l. Summaryof PeeticlclelInSedimentSamples(EndrintoHeptachlorEl)oxide)

................. ,Coneaptratlorl_fu._a d_ welarlt_.......................................
Sediment ......." En_n --Enarln- _ - H_

-Tmatmant- _ _ _

EC-i 1,735U(=) 3,050U 3,050U 0,828U 0,702U
EC-2 1.856U 3.282U 3.262 U 0.883U 0.75i U
EC-3 !328 U 3.038U 3,038U 0.822U 0.699U
EC.RefComp 1.6!NU 2.907t l 2,907U 0.787U 0,869U
IH.l(b) 1.896U 3._2 U 3._2 U 0,902U 0.767U
IH-2 7.089U 12.458U 12.458U 3.373U 2.867U
IH-3 8.255U 14.508U 14,508U 3,928U 3,339U
IHR1 2.649U 4.855 U 4.655U 1,260U 1.071U
iHR2 1.793U 3.150 U 3.150U 0,853U 0,725U
SR-i 4,886U 8.587:U 8.587U 2.325U 1,976U
8R-2 6.897U 12.122U 12,122U 3,282U 2.790U
SR.3 7.038U 12.386U 12.368U 3.348U 2,846U
SR-4 7.087U 12.456U 12,456U 3,372U 2.887U
......... I lln I !i i i I I II iIl ll H

I_l U AnalytenotpresentI_ove thelevelof associatedvalue,Meanof replloatemeasurements,

_, SummaryofPestlolde|In8edlmentSamples(LlndanetoToxaphene)

Con_mntmtlopfun/k(]dryweloht_
Sediment ......... Methoxy-_.......

-Tin.ant _ _ _I_

EC.I 0.303U(=) 3.050U 30.496U
EC-2 0.324U 3.282U 32.815U
EC.3 0,302U 3.038U 30,376U
EC.RefComp 0.289U 2.907U 29.072U
IH.l(b) 0.331U 3,332U 33,317U
IH.2 1.239U 12.458U 124.579U
IH.3 1.443U 14.508U 145.082U
IHRI 0.463U 4,655U 46.552U
IHR2 0,313U 3.150U 31.504U
SR.I 0.854U 8.587U 85.866U
SR.2 1.206U 12.122U 121.220U
SR-3 1.230U 12.366U 123.683U
SR.4 1.239U 12,456U 124,559U
-_ i i IH]I [ ii [[lji l]lllllil ii !iii iii

i

I_/ U Analytenotpresentabovethelevelof associatedvalue.Meanofreplicatemeasurements,
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_L._J.P..h_, Summaryof PCBs in SedimentSamples

....... Conc'entrattgp(ua/k(]dry wetaht_.............................o........
Sediment Ar0¢;)r .... Arocl0r"" Aro¢or Arbclor - Aroclor Arocl0r
Tmatmant...... _L _ _ _ -,_ ._.I.L

EC-1 30,49t. U(.) 30.496 U 30.496 U 30.496 U 30.496 U 30.496 U
EC-2 32,615'.' 32.615 U 32.815 U 32,615 U 32,615 U 32.615 U
EC-3 30,376 U 30,376 U 30,376 U 30,376 U 30,376 U 30,376 U
EC-Ref Comp 29,072 U 29,072 U 29,072 U 29,072 U 29,072 U 29,072 U
IH.l(b) _,317 U 33,317 U 33,317 U 3.3,317U 33,317 U 33,317 U
IH-2 t24,579 U 124.579 U 124.579 U 124.579 U 124.579 U 124.579 U
IH-3 i45.082 U 145.082 U 145.082 U i45,082 U 145.082 U 145.082 U
IHR1 46.552 U 46.552 U 46.552 U 46,552 U 46.552 U 46._52 U
IHR2 31,504 U 31,504 U 31.504 U 31.504 U 31.504 U 31.504 U
SR-1 SUeSU SUeSU 85.866u as.seeu 85.866u 85.866u
SR-2 t21,220 U 121.220 U 121,220 U 121.220 U 121,220 U 121.220 U
SR-3 123,663 U 123,683 U i23,663 U 123.663 U 123.663 U 123.663 U
SR-4 i24,559 U 124,559 U 124.559 U 124,559 U 124,559 U i24.559 U
...... II j ii iiii !111ii i[_. IH I

l_I U Analytenotpresentabove the levelof associatedvalue.Mean of repllca|emeasurements.

3.2.4 Dloxinsand Furani

Dloxlnlindfurenconcentrationsare summerizedinTables 3.10 through3.12. Alldata

usoolated withthesesummariesand relatedqualityassurancemeasurementsmay be foundIn

AppendlxB0Tables B.32 throughB.36. QualltycontrolevaluationsfordloxlnspresentedIn

AppendixB showthat holdlngtlma limitswere met, blankcontamlnatlonwas notobserved,

detectionlimitsgoalswere met,and surrogaterecoverieswere generallywithinacceptable

ranges, Matrixspike/matrixspikeduplicateresultsshowedacceptableprecision. Analytical

accuracydeterminationthroughtheanalysisof matrixspikerecoverieswas withinQA/QC limits

forall congeners,except OCDD. The overallassessmentof the dloxtnandfurananalyses

indicatesthatthesedata are acceptableforuse Inevaluatingsediment-boundcontaminants.

Tables3.10 through3.12 summarizethedioxtnconcentrationsinthe testand reference

sedimenttreatments. The dloxincongener2378-TCDD, consideredthe mosttoxicby EPA,

based on its ToxicityEquivalentFactor(TEF) (EPA 1988), wasdetectedin onlytwo sediment

treatments,IHR2 (0,29 ng/kgdry) and SR.I(1,69 ng/kgdry), Two otherdioxin/furancongeners

consideredone-halfas toxic,basedon TEF ranktngs(12378-PeCDD and 23478 PeCDF), were

eithernotdetectedordetectedat lessthan the 1,0 ng/kgdetectionlimitgoal. Other lesstoxic

congenerswere detectedintestand referencesedimenttreatments, The highestlevelswere

associatedwithOCDD, whichis consideredubiquitous(1987), Basedon theseclata,it was

decidedthat tissuesof M, nasuta and N, vtrens exposedto the compositesample IH-2/IH-3

Comp, and the referencetreatmentsIHR1 and IHR2 shouldbe analyzed fordioxlns, Inaddition,
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TABLE3.i0. Summary oi Dioxins in Sediment Samples (2378-TCDD to 1234678 OCDD)

Concentration {r]a/ka dry_weiahtl
Sediment 2378- 12378- 123478- 123678- - 1-23789- -1234678-

Treatment TCDD PeCDD _ HxCDD HxCDD _

EC-1 0.3 U(a) 0.1 U 0,2 U 0.09 0.4 U 2,19 46.37
EC-2 0,4 U 0.1 U 0.2 U 0.1 U 0.4 U 1.03 20.63
EC-3 0.4 U 0.3 U 0.3 U 0.3 U 0.5 U 1.29 31.88
EC-Ref Comp 0.3 U 0.2 U 0.2 U 0.2 U 0.4 U 0.52 10.44
IH-1 0.4 U 0.3 U 0.20 0.27 0.96 10.73 208.90
IH-2 1.1 U 0.7 U 0.31 0.74 3.6 U 25.30 796.51
IH-3 0.6 U 0.4 U 0.31 0.56 1.36 25.47 6_2.11
IHR1 0.3 U 0.28 0.59 0.87 2.17 25.34 359.81
IHR2 0.29 0.4 U 0.4 U 0.36 1.7 U 9.37 252.96
SR-1 1.69 2.2 U 2.6 U 1.10 2.87 53.11 1635.64
SR-2 1.0 U 0.32 0.44 0.91 2.21 38.88 1029.00
SR-3 0.6 U 0.22 0.28 0.40 1.27 17.54 453.89
SR-4 1.1 U 0.9 U 1.2 U 1.32 4.90 37.74 1033.36

(a) U Analyte not present above the level of associated value.

TABLE3.11. Summary of FuransinSediment Samples (2378-TCDF to 123789 HxCDF)

.... Concentration(na/ka dry w¢iahtl
Sediment 2378- 12378- 23478- i2-3478- - 123678- 123789-
Treatment TCDF _ PeCDF _ _

EC-1 0.3 U(a) 0.2 U 0.2 U 0.2 U 0.1 U 0.32
EC-2 0.2 U 0.1 U 0.1 U 0.1 U 0.1 U 0.32
EC-3 0.05 0.2 U 0.2 U 0.2 U 0.2 U 0.90 U
EC-Ref Comp 0.3 U 0.3 U 0.3 U 0.1 U 0.1 U 0.32
IH-1 0.18 0.2 U 0.2 U 0.1 U 0.1 U 0.8 U
IH-2 1.7 U 0.5 U 0.5 U 0.4 U 0.4 U 0.43
IH-3 0.67 0.3 U 0.2 U 1.6 U 0.08 0.42
IHR1 0.26 0.2 U 0.2 U 0.3 U 0.3 U 0.37
IHR2 0.56 0.4 U 0.13 0.14 0.3 U 0.31
SR-1 6.98 3.0 U 2.2 U 5.4 U 1.4 U 1.3 U
SR-2 1.22 0.6 U 0.4 U 0.27 0.4 U 0.41
SR-3 0.68 0.4 U 0.3 U 0.3 U 0.3 U 0.38
SR-4 1.71 1.1 U 1.4 U 0.9 U 0.8 U 1.0 U

(a) U Analyte not present above the level of associated value.
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_. Summary of Furans in Sediment Samples (234678 HxCDF to OCDF).

Concent;ratioq(ng/ka dry welaht_
Sediment 234678- 1234678- -i23;4789-
Treatment _ _ _ OCDF

EC- i O.1 U(") 0.21 0.2 U 0.25
EC-2 0.1 U 0.5 U 0.2 U 0.17
EC-3 0.2 U 0.6 U 0.4 U 0.76
EC-Ref Comp 0.2 U 0.6 U 0.2 U 0.5 U
IH-1 0.1 U 0.8 U 0.1 U 0.60
IH-2 0.2 U 1.45 0.4 U 2.54
IH-3 0.1 U 3.2 U 0.3 U 2.87
IHR1 0.1 U 0.92 1.2 U 1.18
IHR2 0.2 U 1.7 U 0.4 U 0.93
SR-1 0.9 U 7.5 U 1.8 U 7.45
SR-2 0.2 U 6.0 U 0.4 U 5.06
SR-3 0.1 U 2.2 U 0.2 U 1.86
SR-4 0.4 U 7.0 U 0.9 U 5.43

r iiiiiii i i i

(a) U Analyte not present above the level of associated value.

pre-exposure samples of M. nasuta and N. virens were analyzed to determine background

concentrations.

3.2.5 Phenols.Sub_tltutedPhenols,phthaiateEsters

Phenols, substituted phenols, and phthalate esters are summarized in Tables 3.13

through 3.15. All data associated with thesesummaries and related quality assurance

measurements may be found in Appendix B, Tables B.19 through B.23. Quality control

evaluations for phenols, substituted phenols, and phthalates, presented in Appendix B, show

that holding time limits were met and significant blank contaminationwas not observed. Detection

limit goals were met, with the exception of one sample analyzed for phthalates. Surrogate

recovery for phenols was generally low, and matrix spike/matrix spike duplicates were within

acceptable QA goals for phenols, but generally not for phthalates. Replicate results showed

acceptable precision in approximately half of the samples analyzed. The assessment of the

phenol and phthalate analysis suggests that these data are acceptable for use in evaluating

sediment-bound contaminants, though the low surrogate recoveries associated with the

phthalates suggest a potential underestimate of phthalate compounds in sediments from Winyah

Bay.

Concentrations of phenols, substituted phenols, and phthalates in sediment treatments

are presented in Table 3.13 through 3.15. Most phenolic and phthalate compounds were either

not detected in test and reference sediments, or quantified below the analytical detection limit,

indicated by a "J" flag on the data. Because most phenolic and phthalate compounds were

either not detected or detected below the target detection limit, tissues were not analyzed for

these compounds.
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TABLE3.1_]. Summaryof Phenolsand SubstitutedPhenols InSediment Samples (Phenol to
2,4,6-trlchlorophenol)

2,4- 2,4- 2,4,6-
Sediment 2-chloro- 2-nttro- dimethyl- dtchloro- trichloro-
Treatment phenol _ _ _ _

EC-1 19.31 j(a) 295.69 U(b) 295,69 U 295.69 U 295.69 U 295.69 U
EC 2 38.90 J 1.84 J 316.23 U 1.76 U 38.54 J 1.73 J
EC-3 22.56 J 294.52 U 294.52 U 1.21 J 294.52 U 294.52 U
EC-Ref Comp 7.37 J 0.77 J 281.88 U 281.88 U 281.88 U 281.88 U
IH-l(o) 32.17 U 1i3.66 U 323.04 U 210.93 U 219.68 U 219.78 U
IH-2 i89.30 U 1207.90 U 1207.90 U 10.i0 J 7.19 J 5.67 J
IH-3 199.92 J 1406.69 U 1406.69 U 17.54 J 21.28 J 18.71 J
IHR1 85.11 J 451.36 U 451.36 U 451.36 U 451.36 U 451.36 U
IHR2 61.62 J 305.46 U 305.46 U 1.37 J 305.46 U 305.46 U
SR- 1 129.28 J 832.55 U 832.55 U 9.16 J 832.55 U 832.55 U
SR-2 138.47 J 10.26 J i 175.33 U 16.82 J 21.42 J 14.07 J
SR-3 338.38 J 18.87J 1199.02 U 10.03 J 1199.02 U 1199.02 U
SR-4 294.26 J 1207.71 U 1207.71 U 14.83 J 1207.71 U 1207.71 U

(a) j Analytedetectedbelowmethoddetectionlimitbutaboveinstrumentdetectionlimit.
U Analyte notpresentabove the level of associatedvalue.
Mean of replicatemeasurements.

TABLE3.14. Summaryof Phenolsand SubstitutedPhenolsand SedimentSamples
(2,4-dtnltrophenolto 4,6-dlnitro-o-creosol)

2,4- Para- Penta- 4,6.
Sediment dinltro- 4-nitro- chiorometa- Chloro- dinttro-o-
Treatment _ .__ c;reosol _ _reosol

EC-1 295.69 U 295.69 U 295.69 U 295.69 U 295.69 U
EC-2 316.23 U 316.23 U 5.24 J 316.23 U 316.23 U
EC-3 294.52 U 294.52 U 0.81 J 218.53 J 294.52 U
EC-Ref Cutup 281.88 U 281.88 U 281.88 U 2.28 J 281.88 U
IH-1(c) 323.04 U 323.04 U 210.74 U 3.76 J 323.04 U
IH-2 1207.90 U 1207.90 U 12.27J 46.67 J 1207.90 U
IH-3 1406.69 U 1406.69 U 25.15 J 205.82 J 1406.69 U
IHR1 451.36 U 451.36 U 1.69 J 56.34 J 451.36 U
IHR2 305.46 U 305.46 U 1.05 J 5.15 J 305.46 U
SR-1 832.55 U 832.55 U 6.20 J 17.16 J 832.55 U
SR-2 1175.33 U 1175.33 U 22.14 J 251.11J 1175.33 U
SR-3 1199.02 U 1199.02 U 12.30J 41.78 J 1199.02 U
SR-4 1207.71 U 3.64 J 11.31J 24.02 J 1207.71 U

/_/ J Analytedetectedbelowmethoddetectionlimitbut aboveinstrumentdetectionlimit.U Analytenotpresentabove the level of associatedvalue.
(c) Mean of replicatemeasurements.
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TABLE _1,15.Summary of Phthalate Compounds in Sediment Samples (Butylbenzylphthalate
to di-n-butylphthalate)

Sis(2-
Sediment Butyl ethylhexyl)- dimethyl
Treatment ..... _ _ _ _ _ _

EC-1 1.88 j(a) 2.08 J 0.23 J 295,69 U(b) 0,92 J 1.46 J
EC 2 1.50 J 2.08 J 316.23 U 1,04 J 0.99 J 1.87 J
EC-3 1.13 J 2.26 J 294.52 U 294,52 U 0.39 J 0.96 J
EC-Ref Comp 0.88 J 1,94 J 0,31 J 281,88 U 3.03 J 0,58 J
IH-I(=) 1.65 J 3.69 J 323.04 U 219.55 U 0.53 J 2.03 J
Ih-2 8.94 J 12,66 J 1207.90 U 1207,90 U 5,00 J 6.87 J
IH-3 7.94 J 14,30 J 1406.69 U 1406.69 U 11,79 J 6.84 J
IHR1 2.02 J 5,10 J 451.36 U 1,21 J 1,14 J 451,36 U
IHR2 1.42 J 2,53 J 0.43 J 305.46 U 0.34 J 1,45 J
SR-1 9.53 J 11.51 J 832.55 U 832.55 U 2.74 J 4.04 J
SR-2 10.07 J 23.96 J 1175.33 U i 175.33 U 4,01 J 6.23 J
SR-3 1199.02 U 1199,02 U 1199.02 U 1199,02 U 1.91J 6.52J
SR-4 10.23 J 14.76 J 1207.71 U 1207,71 U 13,98 J 1207,71 U

.,, ,,,.,=,,. , ,,,,,, ,. i i .........

!} J Analytedetectedbelow methoddetectionlimitbutaboveinstrumentdetectionlimit.
U Analytenot presentabove the level of associatedvalue,
Mean of replicatemeasurements.

3,2.6 MethyleneChloride

All dataassociatedwith methylene chlorideconcentrationsinsedimentsamplesare

summarizedIn AppendixB, Tables B.30 and B.31. The concentrationsof methylenechlortdefor

allsampleswere belowthe detectionlimitof 2.0 mg/kginallsamples.

3.2.7

The concentrationof metalsinsedimentare summarizedinTables3.16 and 3.17. Alldata

associatedwith thesesummariesand relatedqualityassurancemeasurementsmay be foundIn

AppendixB, Tables B.24 and B,25. Qualitycontrolevaluationsfor metalspresented In

AppendixB showthatholdingtimelimitswere met and significantblankcontaminationwas not

present,thoughcopper(Cu) andzinc (Zn)were detectedabovethe targetdetectionlimit.

Detectionlimitgoalswere metwith theexceptionof arsenic(As),chromium(Cr), lead (Pb),

antimony(Sb), andZn. Sincethese metalswere obsewed at levelsabove the detectionlimit,

thisis notconsidereda problem. Matrixspikeanalysisindicatedacceptableprecisionfor most

metals,and replicateanalysesyieldedacceptableprecisionfor mostmetalsexceptCu, Zn,

thallium(TI), and Pb, Analyticalprecisionwas assessed by analysisof a SRM, andwas

generallywithinQA/QC limits. The assessmentof the metals analysessuggeststhat these data

areacceptablefor use in evaluatingsediment-boundcontaminants,
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_. Summaryof MetalsinSedimentSamples(Ag to Hg)

Sediment ......................... Concentration_mo/kadw welahtl.................. .................
......Treatment _ _ _ _ -_" _
EC-1 0,03 U("} 4,06 0,98 0,01 U 9,11 1.33 0.00-f-
EC-2 0,03 U 2.40 0,13 0.01 U 4,18 i.05 0.001 U
EC-3(b) 0.03 U 5.30 0,36 0,04 U 7,03 1,08 0,001 U
EC-Ref Comp 0,03 U 2,71 0,25 0,01 U 10,30 2,49 0,001 U
IH.1 NA(c) NA NA NA NA NA NA
IH-2 NA NA NA NA NA NA NA
IH-3 NA NA NA NA NA NA NA
IHR1 NA NA NA NA NA NA NA
IHR2 NA NA NA NA NA NA NA
SR-1 0.07 20,70 2,37 0,12 91,1 28.00 0.80
SR-2 0.12 23,10 2,58 0,25 91,9 23.90 0,106
SR-3 0.12 24,40 2.35 0,07 94,30 18.20 0.88
SR-4 0.15 25,00 2,76 0.19 103.00 29.80 0,108

..... ii r i[ ii i illllfll 11 lilt i

I!/ U Analyte not P _esent abOVe the level Of assO(_lated Value.

Mean olrrepllcatemeasurements.
NA Analyslsnotrequested,

_. Summary of Metals in SedimentSamples(Nt to Zn)

Sediment .....Concentration.,('mo/kodrvwelahtl ,,,
Treatment -Ni_I _ Pb TI " - _ -_ ........

EC-1 1.68 6,08 0,07 0,16 U(a) 0,13 U 16,4
EC-2 0,75 3.69 0,02 0,16 U 0.13 U 8.6
EC-3(b) 1.59 6,84 0.08 0,16 U 0.13 U 24,2
EC.Ref Comp 2,38 7,53 0,14 0,16 U 0,i3 U 16.7
IH-1 NA(o) NA NA NA NA NA
IH-2 NA NA NA NA NA NA
IH-3 NA NA NA NA NA NA
IHR1 NA NA NA NA NA NA
IHR2 NA NA NA NA NA HA
SR.1 28.5 29,0 0.43 0,55 0,50 88,4
SR-2 33.3 35,2 0,61 0.73 0,72 104.0
SR.3 30.5 32.0 0.51 0.73 0,72 96.7
SR-4 36.4 34,5 0.57 0.73 0,72 129..0
_

, ,,,,,= i, it, f, , , ,,

I!! U Analyte nOt present abOVe the level Of assOclated Value'

Meanof replicatemeasurements,
NA Not Applicable: Analysisnot requested.
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The data summarizedIn Tables3.16 and 3.17 indicate that EntranceChannel stationsEC-

1 and EC-3 have slightlyelevatedlevelsof As, Be, and Zn (EC-3 only), when compared to EC-

Ref Compsediment, Concentrationsof all othermetalsin theEntranceChanneltesttreatmentsi

were less thanor equalto the levelof metalsfoundin thereference. Test treatmentsSR-2 and

SR-4 exhibitedthe highestmetalconcentrationsoverall,with Be, Cd, Cr, Cu, Hg, and Ni being>

10 times referencesedimentlevels. MagnificationfactorsforAg,As, Pb, TI, Sb, Se, andZn were

all between4 and 10 in SampttRiversediments. No InnerHarborstationswere testedfor metals

insediments, AlthoughSampitRiver stationsshowedhighlevelsof metals,theywere notbeing

consideredfordredgedisposal,andthereforeno tissueanalysisformetalswere conducted.

3.2.8 .QZgilDgILl_

Organotlnconcentrationsaresummarized in Table3.18. All dataassociatedwith these

summariesand relatedqualityassurancemeasurementsmay be foundInAppendixB, Tables

B.26 and B.27, Qualitycontrolevaluationsfororganotins,presentedInAppendixB, showthat

holdingtime limitswere exceededby approximately2 weeks relativeto sampleextraction,but

the holdingtime limitsforanalysesafterextractionwere met, Methodblankswere

uncontaminated,anddetectionlimitgoalswere met inall sedimentsamples. Matrixspike/matrix

spikeduplicateanalysesIndicatedlow percentrecoveryformono. anddibutyltln;replication

showedprecisionwithinacceptablelimitsfor tributyltln.

Nodetectableconcentrationsof mono-and dibutyltlnwere foundInthesediment

treatments. StationsIH-2, IH-3, and SR-1 had detectabletrlbutyltlnconcentrations(4.8 mg/kgdry

wt.). All othersedimenttreatmentshad TBT concentrationsbelowdetectionlimits.

3.3 TOXICOLOGICAL TESTING

3.3,1 10.Day Solid.Phase Flow,ThroughTest with A, abc//ta

The resultsof the 10-day solid-phaseflow-throughtestwithA. abdita are presentedIn

Table 3.19. Supportingdata relatedto the testare presented inAppendixC, Tables C.1 through

C.4. The waterqualitydata presentedin AppendixTable C.2 indicatethat all parameters

remainedwithinrangeduringthe test. Test organismsurvivalincontrolsedimentwas66%, less

thanthe 90% requiredfor testvalidity. The resultsof tt_ereferencetoxicantexposuresshowed a

calculatedLCsoof 0.46 mg/Lcadmiumwitha 95% confidenceintervalof 0.32 mg/Lto 0.66 mg/L.

This issimilarto previousresultsat MSL observedfor thisspeciesand demonstrates

appropriatetestorganismsensitivity.

WINYAH BAY 3.14



I_.la_3J._. Summaryof OrganotinsinSedimentSamples

Sediment Concentrationt'u.a/kadry welahfi ....
_Treatment _ M0_butvltin _ T_r.Ij_

EC- 1(s) 3.5 U(b) 2.0 U 2.4 U
EC-2 19.6 U 11.1 U 13.7 U
EC-3 2.7 U 1.5 U 1.9 U
EC-Ref Comp 2.4 U i.4 U 1.7 U
IH-1 1.8 U 1.0 U 1.3 U
IH-2 4.6 U 2.6 U 9.4
IH-3 10,3 U 5.8 U 9,6
IH-2, IH-3 Comp(s) 8.7 U 4.9 U 6.0 U
IHR1 6.3 U 3.5 U 4.4 U
IHR2 7.0 U 4.0 U 4.9 U
SR-1 3.4 U 1.9 U 4.8
SR-2 4.0 U 2.2 U 2.8 U
SR-3 3.7 U 2.1 U 2.6 U
SR-4 4.6 U 2.6 U 3.2 U
.... ............ i

o, r ,,.U Analyte not presentabove the level of associatedvalue.

Statlstloalanalyseswere performedon thedataandthe resultsaresummarized in Table

3.1g. Table 3. i9. showsthat A. at;xt/tasurvivalrangedfrom43% to 80%. There were no

slgnlfl_nt differenoesbetweentest organismsurvivalIn testtreatmentsrelativeto the reference

EC.Ref Comp.

3.3.2 10-DaV Solid.PhaseStatla Test_wjthR, abroptu_

The resultsof the 10.day solid-phaseflow-throughtestwithR, abronlus are presentedin

Table 3.20, Supportingdata related to the testare presentedInAppendixD, Tables D.1 through

D,4. The waterqualitydata presentedinTable D.2 showthat mostparametersremainedwithin

rangeduringthe test, The targetuppertemperaturerangeof 17,0°C wasexceeded by 0,7°C for

theOcean Referenceexposure; pH was observedabovethe uppertarget limitof 8.30 inthe

Whidbey Islandand Sequim Bay exposures. The validityof thistest is indicatedby ;_90%

survivalof R, abronlus In its nativesediment(Whidbey Island), Referencetoxicantresults

producedan LCsoof 0.66 mg/Lcadmium,witha 95% confidenceintervalof 0,63 mg/Lto 0,70

mg/L. This Iswithincontrollimitsforthisspeciesand Indicatesappropriatetestorganism

sensitivity. Test organismsurvivalwas over 90% in all treatmentsand there was no significant

differenceIn survivalIntest treatmentsrelativeto the referenceEC-Ref Comp.
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TABLE3.19, SummaryResultsof the10-DaySolid-PhaseFlow-ThroughTestwithA, abdita

SedimentTreatment PercentSurvival StatlstiP_.alSigrlificance(a)

EC-1 48.0 No
EC-2 49.0 No
EC-3 65.0 No
EC.RefComp 43,0 NA(b)
OceanReference 54.0 No
San PabloBay 66.0 No
SequlmBay 80.0 No
....... i[111 Ii - 77- - i L ....

(a) Survivalis slgnlfi0antlylowerthanthereferenceEC-RefComp(= = 0,05)
andat leastf0% lowerthanthatreference.

(b) NA _dotapplicable

TAnLE3.20, SummaryResultsof the10-DaySolid-PhaseFlow-ThroughTest
.... withR, abronlus

SedimentTreatment PementSurvival Statistle.alSlgrllfl_arlcA(=)

EC-1 99.0 No
EC-2 98.0 No
EC-3 97,0 No
EC-RefComp 95.0 NA(b)
OceanReference 97.0 No
WhldbeyIsland 99,0 No
SequlmBay 96.0 No

I i i

(a) SurvivalissignificantlylowerthanthereferenceEC.RefComp(==. 0,05)
andat least20%lowerthanthatreference,

(b) NA Notapplicable

3.3.3 10.Day,Solid.PhaseFlow-ThroughTestwithiV,y/ren_

Theresultsofthe 10-daysolid-phaseflow-throughtestwithN, virensarepresentedin

Table3.21, Supportingdatarelatedto thetestarepresentedInAppendixE,TablesE,1andE.2.

ThewaterqualitydatapresentedInAppendixE,TableE.2indicatesthatallparametersexcept

salinityremainedwithinrangeduringthetest, Uppersalinityrangesexceededthetargetby only

0.5%°.ThereIsnoevidencethattheseelevatedlevelsaffectedtestorganismsurvival,which

rangedfrom44%to 73%. Thistestisnotconsidereda validevaluationofacutetoxicity,as

survivalof N. vtrensin itsnativesediment(MuscongusBay)was57%,lessthanthe required

90%. Thisappearedtobe relatedtotestorganismconditionduringshipment.Asa result,a

separatesetoftestorganismswasusedi{ the28-dayexposure.Statisticalanalysesof these

ciatawereconductedandIndicatednosignificantdifferencebetweenN. virenssurvivalintest

treatmentsandthereferencetreatmentEC-RefComp.
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3,3,4 28,Day Solid.PhaseFiow-ThrouahTest withN, vtrens

The resultsof the 28-day solid.phaseflow-throughtestwithN. virens are presentedIn

Table3.22. Supportingdatarelatedto the testare presentedtn AppendixF, TablesF,1 and F,2,

Thewater qualitydatapresentedinAppendixF, Table F.2 Indicatesthat all parameters,except

flowrate,were withinacceptableranges. Flowrate was slightlybelow the target rate In onlya

few aquariaanddid notappear to affect testorganismsurvival. This test ts validatedbythe

>80% survivalof N. virens In Its nativesediment (57%) (MuscongusBay). Though this Is not a

standardtoxicologicaltest,we have chosento performstatisticalanalyseson thesedata in lieuof

an unacceptable10-day IV,Wrens test. Sincethe exposureperiodwas 28 Insteadof 10 days,

thistestshouldbe considereda worst-casescenarioforsolid-phasesedimenttoxlcttyto N.

virens, The resultsof the test,presentedtnTable 3.22, showthatsurvivalrangedfrom 89% to

98%. There was no significantdifferencebetween IV.virens survivalin test treatmentsrelativeto

the referenceEC-RefComp,

3,3,5 28-Day Solid.Phase Flow.ThrouohTestwith M. nasuta

The resultsof the 28-day solid-phaseflow.throughtestwith M, nasuta are presentedIn

Table 3.23. Supportingdata relatedto the testare presentedtn AppendixG, Tables G.1 ancl

G,2. Examinationofwaterqualitydata Indicatesthatall parametersremainedwithintarget

ranges, This testwas validatedby a >80% survivalof M. nasuta in Its native sediment(Sequlm

Bay). Test organismsurvivalrangedfrom74% to 96%. The 96% survivalobserved In the

nativecontrolsedimentfor M. nasuta exceededthe requiredsurvivalof 80% and validatedthe

test. Statisticalanalysiswas notrequiredfor the testtreatmentsas these exposureswere

designedforbtoaccumulatlonevaluationsonly,

TABLE3.21, SummaryResultsof the 10-Day Soiid-PhaseFlow-ThroughTest with N, virens

SedimentTreatment PeceptSurvival StatisticalSlgnificapc?(=)

EC.1 55,0 No
EC-2 73,0 No
EC-3 69,0 No
EC-Ref Comp 44.0 NA(b)
MuscongusBay 57,0 No

11 1 i __ : - iii i i i iii iii1 !1111

(a) Survival is significantly lower than the reference EC-Ref Comp (= = 0,05)
and at least 10% lowerthanthat reference.

(b) NA Not applicable
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TABLE3.22. Summary Results of the 28.Day Solid-PhaseFlow.ThroughTest wtth N. vlrens

SedimentTreatment PercentSurvival StatisticalSlaniflcance(")
EC' 1 98.0 -- - NO
EC-2 89.0 No
EC-3 95.0 NO
EC-Ref Comp 93.0 NA(b)
IH-1 96.0 NA
IH-2, IH.3 Comp 89.0 NA
IHR1 99.0 NA
IHR2 93.0 NA
Muscongus Bay 98.0 No

_{ I111 IT0[ I1 I III I .....................................

(a) Survival Is slgnlfl0ant!ylowerthan the reference EC-Ref Comp (,, = 0.05)
and at least f0% lowerthanthat reference.

(b) NA Not applicable

_._. Summary Resultsof the 28-Day Solid-Phase Flow-ThroughTest with M. nasuta

SedimentTreatment percent Survival Statistical_qlanifl_nce(a)
EC:i 83.2 NA(b)
EC-2 82.4 NA
EC-3 74,4 NA
EC.Ref

ISl_-_utmC_omp 74;4 NA
Bay 96.0 NA

79.2 NA
IH-2, IH-3 Comp 92.0 NA
IHR1 _.6 NA
IHR2 89.6 NA

III II I11111111II

(a) Survivalis significantlylower than the referenceEC-Ref Comp (,,, ,,,0.05)
and at least 10% lowerthanthat reference.

(b) NA Not applicable

3.3.6 98.11Susnended.ParticulAte.PhAseStAticTestwith M. !_mllina

The resultsof the 96-h suspended-particulate-phasestatictestwith M. beryllina are

presentedinTable 3.24. Supportingdatarelatedto the testare presentedin AppendixH,

TablesH.1 throughH.4. Allwaterqualityparametersremainedwithinrangeduringthe testwith

= theexceptionof salinityintwo treatments. Salinityexeeded the maximumtargetof 32.0%, by

only0.5%,and did notappear to affectthe test results. The resultsof the referencetoxicanttest

producedan LCsoof 216.7 I_g/L(copper)witha 95% confidenceIntervalof 179.0 iJ.g/Lto 262.3

I_g/L. This is similarto otherstudieswiththisspecies,demonstratingappropriatetestorganism

sensitivity.Table 3,24 showsthat testorganismsurvivalin the seawater(0% SPP) controls

exceeded90% forall treatments,validatingthe test. M. beryllina survivalexceeded90% inall

treatmentsand SPP concentrations,thusthereis no evidenceof acutetoxicityto thisspeciesof

SPP producedfromthe testtreatments,
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TABLE3.24. SummaryResultsfor96-hSu_ended-Pirtlculate-PhueStsttoTest
.... withM,berylllna

Sad!mentTmaffnent PementBPp p0mmntSurvlvaJ

EC-t 0 98.0
EC-1 i0 100,0
EC-I 50 96.0
EC-I 100 100.0

EC-2 0 100.0
EC-2 10 98.0
EC-2 5O 98.0
EC-2 100 90.0

EC-3 0 I00.0
EC-3 10 94,0
EC-3 _ 9e.0
EC-3 100 100.0

I

3.3.7 (ii-i_RUSM_Pnrtlaulntli, PhimllStllt;aTeatwithM,ba/71a

Th,,resultsof theN-h euipended-pirtiouiate-phesestatiotestwithM.bnh/aIre

presentedlqTable3.25, Supportingdaterelatedto the testIre presen_ InAppendixt,Tables

1.1throughI.,_.Allwaterquality_etere remainedwtthlnrangeduringthetestwiththe

ex_ption ofe4JlnltyInfourtreatments.Salinityexeededthe maximumtargetof 32.0'k,byonly

0.8_ anddidnotappeartoaffectthetell results.Theresultsof thereferenoetoxl_t test

produoedan LCeoof 236,4pg/L(oopper)witha 95% oonfldenoeIntervalof204,2to273.7_.

Thisissimilartootherstudiesoonduotedat MSLwiththis_des anddemonstratesappropriate

testorglmismsensitivity.The resultlpresentedtnTable3.28showthatM.#ah/,tsurvivalIn

seawateroontmlexposures(0%8PP) exoeededourminimumof 90%,validatingthe test. Test

organismsurvivalinall treatmentsand8PP oonoentmtlonsexoeeded88%. 81noe50%mortality

relativetooontrolwasnotobserved,an LCaowasnotcal_Jl_le andthereIsnoevldenoeof

soulstoxloltyto thisspeolesof 8PPproduoedfromtestsediments.

3.3.8 72.hSua_nded,Partlaulate,pt_neSmtlaTeatwithL,olctusl

TheresultsoftheL.plctustestsarepresentedinTable3.26. Supportingdatarelatedto

thetestarepresentedinAppendixJ, TablesJ.1 throughJ.4. Allwaterqualityparameters

remainedwithinrangeduringthe test. Thereferen(:etoxi(:antexposureproduoedanL.Csoof

160.7pg/L(oopper)witha 95%confidenceintervalof 151.5 to 170.4pg/L..Thisisslightly

higherthannormallimitsforthisspeolesandIndicatesthetestorganismsusedInthistestmaybe

slightlylesssensitivethanIsnormallyfoundInthistest. ExaminationofthedatapresentedIn

Table3.26showsthatmeanpercentnormallarvaeInseawatercontrolsrelativetostocking

densityrangedfrom77.6%to93.1%, Thisvalidatesthetest,sinceItexceedsthe
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TABLE3.2_. SummaryResultsfor96_hSuspended-Partioulate-PhueStaticTest
wlthM.bahia

Mean
aadlmantTreatment parcantSPP Par_antSurvival

EC-I 0 94.0
EC-I 10 90,0
EC-I 50 92,0
EC-I 100 90,0

EC-2 0 96,0
EG-2 10 90.0
EC-2 50 90.0
EC-2 100 88,0

EC-3 0 94.0
EC-3 10 92,0
EC-3 50 88,0
EC-3 100 92,0

TABLE3.29. Summa_Resultsfor72.hSuspended-Particulate-PhaseStatl(:Test
withL.plcfus

Mean Moan
g__t rrm_ant parent sPp PamgntSur41val par(:mntNormal

EC-1 0 93.9 93.1
EC-i 10 81,8 77.8
EC-1 50 90.2 84.8
EC-1 100 83,0 80,4

EC-2 0 90.5 89.4
EC-2 10 87.6 84,7
EC-2 50 89.5 85.8
EC-2 100 86.1 84.7

EC-3 0 79,4 78.7
EC-3 10 82.9 81.3
EC-3 50 92.3 89.6
EC-3 100 90.9 85,8
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minimumpercentnormallarvaerelativetostockingdensityof 70%. Table3.26alsoshowsthat

themeanpercentsurvivalandmeanpementnormaloflarvaeIntestexposuresexceeded77% in

alltreatmentsandSPPconcentrations,Sincea 50%clecreaseInsurvivalandnormallarvaewas

notobservedrelativetotheseawatercontrol,anLCsoisnotoalculable,andtheretsnoevidence

to suspectacutetoxicityofSPPproducedfromtestsedimentstothe larvalformofthisspecies.

3,4 TISSUECHEr,,'IISTRY

TissuesofIV/.na=utaandN. vlreni, exposedtotestandreferencesedimentsfora period

of28days,wereanalyzedfor¢ontllmlnantsofconcernbasedonexaminationof sediment

chemistryresults(Section3.2). Threeclassesofcontaminantswereexaminedfortissue

chemistry:PAHs,dloxlns,andorganotlns,Statisticalanalyseswereperformedtodetect

stgniflclintelevationsofcontaminantsIntluues exposedto iH-2/IH.3compositesediments,

rellitlvetothereferencetreatmentIHR2(PAHsandorganottns)or IHR1and IHFt.2(dioxlns).

Background(pre-exposure)tissueswerealsoanalyzedtodeterminetheconcentrationsof

contaminantsassociatedwiththewild-clipturedpopulations.Thesebackgroundlevelswerealso

includedinthestatisticalanalyses,

3,4.1 PolvnucJenrAmmntleHvdr(x2irbonn
T ...............

MeanconcentrationsofPAHI tnthettuues of M.nasutaandN. v/rensaresummarizedin

Tables3.27and3.28,respectively.QualitycontrolevaluationsforPAHsinM.nasutaandN.

v/tenstissue,presentedInAppendixKand L,showthe tissueholdingtimesbeforeextraction

lind thoserellitlvatolinlilysislifteraxtrlictlonweremet. Allotherqulitllylumurencadistilindicated

acceptableprocedures,a_urew, andprecision.As li result,thesedataliraconsidered

as=apPle forusaindeterminingbtoaccumulationpotential.

Table3.27 showsthattherewerenosignificantlyelevatedPAHsInthetissuesof M.

nasutaexposedtotesttreatmentsrelativetothereferencesedimentIHR2;however,chrysene

concentrationsIn IVi.nasutapre.exposuresamplesweresignificantlyelevatedrelativetothe

referenceIHR2. Allotherbackgroundlevelswerenotsignificantlyelevated.

Table3.28summarizesthemeanconcentrationsof PAHsintissuesof N. virensafterthe

28-daybloaccumulattonexposure,As inM.nasutatissues,therewerenosignificantlyelevated

PAHsintheN. virensexposedto IH-2/IH-3testtreatments.Elevatedlevelsoffluoranthene,

pyrene,andchryseneweredetectedInpre.exposureN. virenstissuesrelativeto theIHR2

referencesediment.
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TABLE:1.,9.7,_an ConoentratlonsofPolynuoielrA,"o_tlo Hydro intheTluueiof
/14.naluti After28-clayBtolooumu!aUon__rl (Boldlindunderlinetndloatel

. _und is tlgnlfloantiyelevatedrelativeto1_ referenoeIHR2.)

Canfmnlmtlan{_/k_ drvwolaht_ _u
L _Rtl_und ........ _ _ ..... P_*ixDI]iLIrll

Nlpthallne 23.91 23._ 16.96j(a)2 meth_nlpthalene 23.79 24,93 17,M
1-meth__ne 16.14 16.12 11.27

22.g4u(b) 24.73U 14,27UJ9.85UJ $.21J 9.45UJ
10.48 10.66,J 6.77J

Phln_threne 23.84 23.47 i5.52
AnC,raoane 3.70 3.OOJ 1._a
__ 10.33 20.76 20.00
_nl 14._ 13.30 14.68
Birlz(a)Braoerle 3.69J 2,94.J 3.15.J
Chryeeno 7.72 6.t8J Ialt
Sanzo(b)fluoranthene 5.24,J 6.39UJ 3._J
Be_(k_fl_thene 2.78J 4.81UJ 2.14,J
Senzo(l)Byrene 15.02 16.21U 8.41UJ
Indeno(1,2,3-o_)pyrena le.06u !9.48u 15.37u
Dtbenz0(l,h)an_ri_ne 12.29U i3.25U 10.48U
Senzo(g,h,I)peryiene 24.48U 26.4.3U 20.e4u

ii_ i L i i ii IL JnI(I I{11ii!]I

U WU not_tent _ve thelevelof assaulted value.

3.4.2 Dk_tM andFunm-,

MI_ oonoenVattoneofdloxlrlandfum.j_tnthe tllmueeofM. nuuta andN. Wrensare

mjmmltlze¢lInTables3.29_ 3.30, Alldatammodated_ tNtsaeummmtesandrelated

quillly__ mel_Jrementamaybe foundInAppendlxetKandL Qualityoontrol

evaluationsfordloxlnlandfurant InM. nuuta aridN. v/real tluuea showthattissueholding

timespriorto extmotlonweremetandblankswereunoontarnlnated,withthe exoeptlonofOCDD,

Dateotlonflrnltgoal weremetforthemajorityofdloxlnandfuranoongenem.Matrix_olke/matdx

spikeduplloatareooverywu wtth!nOAlimitsfordtoxlnandfurls oongenerlinmostsamples.

Mauurementlfor_lon wereoontlderedtooeptable. All i result,thesedataareconsidered

acceptebleforlamIndeterminingbloaooumulationpotential.

Table3.29showsthatmostdloxlnsandrillfuranswerenotslgnlfi_ntlyelevatedInthe

tissuesof M.nuum, whenoomparedto IHRI orIHR2. Slgnlflcantelevatlonswerefoundfor

OCDD(407.02ng/kgdryweight)In M.nasutatissuesexposedto IH-2/IH-3oomposlte
sedlmentarelatlvetobothreferences.OCDDlaconsideredtobe bothInnocuousand

ubiquitous.
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TABLE3.28. Mean Concentrationsof PolynuclearAromaticHydrocarbonsintheTissuesof
N. WrensAfter28-day BloaecurnulationExposure(BoldandunderlineIndicates
compound is significantlyelevatedrelativeto the referenceIHR2.)

...............Coqcentration_ua/kaclrvwelaht}.....
....... Comoound ........... _ _ ..... P(e-exoosure

Napthalene 12.64 14.02 7.95J(a)
2-methylnapthalene 6.11 6.78 5.13J
1-methylnapthalene 7.07 8.23 4.95J
AcenanaPthalene 13.77U(b),J 3.42U,J 3.60J
Acenapthene 6.02 6.47 5.89J
Fluorene 2.44J 2.61J 1.92J
Phenanthrene 6.54 5.98 7.10
Ar_mcene 6.85U,J 5.20U,J 2.09J
Fluoranthene 5.71 3.60

Pyrene 3.54 2.18J 2.72_JBenz(a)anthracene 10.46U,J 7.35U,J
Chrysene 1.16J 1.94U,J 1_.
Benzo(b)fluoranthene 11.74U,J 10.28U 2.49J
Benzo(k)fluoranthene 9.79U,J 8.58U 2.6ij
Benzo(a)pyrene 10.09U,J 8.93U 1.23J
indeno(1,2,3-¢-d)pyrene 13.73U 10,72U 12.11U
Dibenzo(a,h)anthracene 9.33U 7.31U 8.24U
Benzo(g,h,i)perylene 18.61U 14.56U 13.82U,J

(a) J Analytedetectedbelowmethoddetectionlimit,butaboveinstrumentdetectionlimit,
(b)U Analyte was not presentabovethe level of associatedvalue.

TABLE3.29. Mean Concenb'atlonsof Dioxinsand Furansinthe Tissuesof M. nasuta After
28-day BioaceumulationExposure(Boldand underlineindicatescompound is
slgnific_ntlyelevated relativeto the referencesIHR1 and IHR2,)

ConcentrationIno/kgdrvweioht_
_om0ouqd -J_ JJ:[B1 -JJ:tB2- pre-exD0sLIre

2378-TCD D 5.32U(a) 4.14U 6.78U 2.62U
12378-PeCDD 3.06U 4.10U 4.42U 1.78U
123478-HxCDD 1.96U 4.46U 4.18 1.32U
123678-HxCDD 4.76 4.83U 3.88 1.08U
123789-HxCDD 3.94 6.30U 5.44 1.64U
1234678-HpCDD 19.92 16.53 16.06 5.00
OCDD 407.02(b_ 167.64 305.28 43.98
2378-TCDF 4.06 2.97 5.72 2.00
12378-PeCDF 2.36 4.83U 3.82U 1.74U
23478-PeCDF 1.24U 3.90U 3.62U 1.46U
123478-HxCDF 1.46U 4.03U 4.02U 1.62U
123678-HxCDF 3.88U 4.26U 3.50U 1.05U
123789-HxCDF 3.60 5.44 5.28 3.68U
234678-HxCDF 1.44U 3.49U 3.42U 1.42U
1234678-HpCDF 14.04U 10.73U 16.16U 8.48U
1234789-HPCDF 1.96U 6.06U 5.50U 2.46U
OCDF 7.10 12.76 9.44 4.28

l_I U Analytewas not presentabove the level of.associatedvalue.Value is significantlygreaterthanboth IHR1 and IHR2.
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Table 3.30 shows that dioxins and furans were not significantly elevated in the tissues of

N. virens exposed to the IH-2/IH-3 composite test sediments when compared to IHR1 or IHR2.

Significant elevations were found for both 123678-HxCDD and 2378-TCDF (5.16 ng/kg and 9.36

ng/kg dry wetght) in N. virens pre-exposure tissues.

3.4.3

Mean concentrations of organotins in the tissues of M. nasuta and N. virens are

summarized inTables 3.31 and 3.32. All data associatedwith these summaries and related

quality assurance measurements may be found in Appendixes K and L. Quality control

evaluations for organotins in M. nasuta and N. virens tissues show that tissue holding times prior

to extraction were met, blanks were uncontaminated, ar,d detection limit goals were met. Analysis

of surrogate standardsdemonstrated acceptable recovery, and matrix spike/matrix spike duplicate

recovery was within QA limits for trl- and dibutyltin In most samples. Measurements for precision

were considered acceptable. As a result, these data are considered acceptable for use in

determining bioaccumulationpotential.

Table 3.31 summarizes the mean organotin concentrations for M. nasuta. This table

shows that dibutyltin levels were undetected in tissues from all sediment treatments. Mono- and

tributyltin levels in M. nasuta tissues were not significantly elevated in the IH-2/IH-3 composite

and pre-exposure treatments relative to the reference sediment treatment IHR2. Table 3.32

summarizes the mean organotin concentrations of N. virens. This table shows that mono-, di-,

and tributyltin levels were below the analytical detection limits for tissues from all treatments.

There were no significantelevations of organotins in N. virens tissues for the IH.2/IH-3 composite

or background samples relative to the IHR2 reference sediment.
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TABLE3.30. Mean Concentrationsof DioxlnsandFuransintheTissuesof N. vlrens After
28-day BioaccumulattonExposure(Boldand underlineindicatescompoundIs
significantlyelevatedrelativeto the referencesIHR1 and IHR2.)

.......Conceqtratlon(ng/ka drywelaht) ..... ......
Compound _ IHR1 g_ - Pre-exoosure

2378-TCDD 5.04U(=) 2.26U 2.49U 2.90
12378-PeCDD 6.68U 1.77U 1.61U 3.12U
123478-HxCD D 5.84U 2.56U 1.31U 1.88U
123678-HxCD D 3.38U 2.63U 1.15U _(b)

123789-HxCDD 4.80U 3.65U 1.66U 2.02U
1234678-HpCDD 15.52 10.61 6.22 7.78
OCDD 197.92 74.98 79.76 34.26
2378-TCDF 4.68 2.69 2.75 9_!._.(o)
12378-PeCDF 3.98U 1.40U 1.23U 2.66U
23478-PeCDF 4.10U 1.45U 1.61U 3.20
123478-HxCDF 6.12U 2.40U 1.43U 2.46U
123678-HxCDF _.12U 1.96U 1.39U 2.38U
123789-HxCDF ,.q0U 4.73 3.61U 2.90
234678-HxCDF ,.,_8U 4.00U 1.39U 1.44U
1234678-HpCDF 1?.60 9.26U 7.41U 9.52U
1234789-HPCDF 8.30U 2._aU 1.50U t.30U
OCDF 35.84U 9.17 8.25 18.02

I!/ U Analytewas notpresentabove the level of associatedvalue.
Slgniflcant!ygreaterthan IHR2, only.
Significantlygreaterthan both IHRland IHR2.

TABLE 3.31. Mean Concentrationof OrganotlnsInthe Tissuesof M. nasuta After28-Day
BloaccumulationExposure(Boldand underlineIndicatescompoundis signlficantly
elevatedto thereferenceIHR2.)

CQncentration(Lm/kodryWeloht)
.C.¢0J]]g._ _ IHR2.... pre,exDgsure

Monobutyltin 37.58 36.88 19.13UaJb
Dibutyltln 21.67U 22.23U 19.27U
Tdbutyltin 59.00 64.88 50.52

(a)U Analytewas notpresentabovethelevelofassoclatedvalue,
(b)J Analytedetectedbelowmethoddetectionllmlt,butaboveinstrumentdetectionllmlt.
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TABLE3.32 Mean ConcentrationsofOrganotinsin theTissuesof N. virens After28-Day
BloaccumulatlonExposure_old andunderlineindicatescompoundIssignificantly
elevatedto the referenceIHR2.)

......... Concentration(u.a/kadrv welaht_ .............

ComPound_ _ _- - _re:_x0o_ure

Monobutyltin 24.66U(a) 18.92U 15.38U
Dlbutyltin 19.70U 15.09U 12.28U
Tributyltin 26.79Uj(b) 20.99UJ 10,88U

(a) U Analyte was not presentabove the level of associatedvalue.
(b) J Analytedetectedbelowmethoddetectionlimit,butaboveinstrumentdetectionlimit.
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4.0 DISCUSSIONAND CONCLUSIONS

Thefollowingsectionpresentsa discussionofdatapertinenttotheWlnyahBayProject,

Includinganevaiuatlonofsedimentcontamination,toxlcologloaitasting,anddeterminationof

bloaccumulationpotential.Forthisdiscussion,testtreatmentsfromthe EntranceChannelandthe

innerHarborwerecomparedto thereferencetreatmentsEC-RefComp,IHR1,andIHR2, Samplt

Rivertestsedimentswereanalyzedforsedimentchemistryonly. Fortoxicitytestsinvolving

R. abton/usandA.abd/ta,testtreatmentswerealsocomparedtotheOceanReference

composites,representinga fine-grainedsedimentreference.Forthepurposesof thisdiscussion,

theterm"significantacutetoxicity"indicatesthatthetesttreatmentdoesnotcomplywiththe

benthicbloassay¢dterlaforoceandlsposaiasdefinedunderCFR40, Section227.i3 (¢). The

primarycomparisonsrequiredarerelatedtoacutetoxicityandthepotentiaiforbioaccumulatlonof

con_inants ofconcern.SedimentchemistryresultsarediscussedhereInsupportof

tox!cologl_testingresults,andalsoasJustificationforcontaminantsofconcernevaluatedIn

tissuesamples.

4.1 SEDIMENTCHEMISTI_Y

EntranceChanneltreatments,ECRef-Comp,IH-1,andbothIHR1andIHR2were

predominantlysand. innerHarbortreatmentsIH-2andIH.3,andallSampltRivertreatments

werecomposedof fine-grainedsediments(stirandclay),withlessthan20% sand.Thefine-

grained-dominatedsedimentsalsoexhibitedhigherlevelsofTOCandAVS.

ThemajodtyofsedimentsampleshaddetectablelevelsofPAHs. Thehighestlevelsof

low,high,andtotalPAHswerefoundintreatmentsfromIH-2,IH-3,andtheSampltRtver

treatments,dominatedbyhighmoleouiarweightPAHs.TheEntranceChannelsediments

consistentlyhadthelowestlevelsof PAHs. PesticideanalysisshowedthatonlystationSR-1

haddetectablelevelsof threepesticides:DeltaBHC,4,4' DDD,and4,4' DDEatapproximately

3 pg/kg(drywt.). Allothertreatmentshadnodetectablelevelsofpesticidesandnoneof the

sedimenttreatmentshaddetectablelevelsofPCBs. Dtoxln/furancongenerswerepresentinall

treatments,althoughthemosttoxicforms,suchas2378-TCDD,wereabsent. Althoughphenols

andphthaiateswerefoundat elevatedlevelswhencomparedtothereferencesediments,all

concentrationswerebelowdetectionlimits.Metalswerepresentinalltreatments,withthehighest

levelsintheSampltRivertreatments.Metalswiththehighestconcentrations,relativeto

referencetreatments,wereAs,Cr,Cu,NI,Pb,andZn. Measurableamountsof BeandTI were

foundinbothEntranceChannelandSampitRivertreatments,whileAg,Cd,Hg,Sb,andSe

weredetectedinonlytheSampitRivertreatments.Metalsanalysiswasnotrequestedfor Inner
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Harbortreatments.Alltreatments,exceptill.2, IH-3,and8R-i [9.4mg/kgTBT (dryweight),9.6

mg/kgTBT(drywelght),and4.8 mg/kgTBT (dryweight)],hadundeteotablelevelsoforganotlns.

4.2 TOXICOLOGYAND BIOACCUMULATIONPOTENTIAL

ThesedimenttreatmentsevaluatedintheWlnyahBayProjeotthatproducedsignificant

_ute toxloltyorbloaocumulatlonpotentialarediscussedInthisseotlon.Aoutetoxloltywu

evaluatedthroughwatercolumnexposures(8PP)anddepositedsediment(aP) teats.Acute

toxloltyIsdefinedbythe 1991ImplementationManualas a slgnlfloantlylowersurvivalof

organls_ Ina testtreatmentrelativetoa referencetreatment,withat lest a 10%lowersurvival

oburvedinthetesttreatmentrelativeto thereference(20%foramphlpods).If an8PP test

producesaoutetoxlolty,theconcentrationproduolnga 50% reduotionIntestorganismsurvival,

relativetothecontrolwater,isdedvedandexpressedas an LC_.

Evaluationofbioaooumuiatlontooktwoforms.First,levelsofcontamlnanteofconcernIn

tissuesexposedtotesttreatmentswerestatlatloallycomparedto levelsassoolatedwithtissues

exposedtothereferencetreatment.Thesecomparisonsweredoneona dry-weightbaals.

81gniflcantiyelevatedlevelsofcon_lnante werenoted,andreportedtn8eotton3.4. Second,

levelsofcontarnlnanteIntissuesexposedto testtreatmentswerecomparedto FDAactionlimits

todeterminewhethertheselimitswereexceeded.Thesecomparisonsweredoneona wet-

weight_is, as dlreotedbythe 1991ImplementationManual.

4.2.1 Water-ColumnTests

Water-columntoxloltywasevaluatedbyexposingthree_eolas of testorganismsto

threeconcentrationsof 8PP: 10%,50%,and100%. Afiltered-seawatercontrol(0%SPP)was

Inoludedwitheaohtest. The8PP testorganismswereM.beryllina,M.bahia,andthelarvaeof L,

p/ctua. Noneof thewatercolumntestsproducedsignificantaoutetoxicity.

4.2.2 DeaagltedSedimentTests

DepositedsedlmanttoxloltywasevaluatedthroughSP testsinvolvingthreetest

organisms:,4.abd/ta,R. abronlus,andN. v/tens. TheN. v/tensbloaasaywasperformedasa

28-dayacutetest. ThisIsnota standarddurationforthistest,andresultsshouldbeviewedasa

"worstcasescenario."ControlsurvivalforA. abd/tawas66%,wh!chmayhaveaffectedresults

Inthisbloassay.Theresultsof theSP testsindicatednotoxicityassociatedwithanyof thetest

treatments.
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4.2.3 Blom_..-,umulatlonPotential

Bloaooumulationpotentialwas evaluatedfor test treatmentIH.2/IH-3 Comp and reference

treatmentsIHR1 and IHR2 In twoways. The first,a 8tatisti_l comparisonof contaminant

concentrationsIntissuesexposed to testand referencetreatments,revealedno significant

elevationsof PAHs, dloxlns,or organotlneInthe IH-2/IH-3 testcomposite. Background(pre-

exposure) levelsof PAHs exceeded the referencesamples bya factorof 1.7 for_rysene in

M. nuuta and 12.7, 17.7, and 8.5 for fluoranthene,pyrene,and chrysene,raspectively,In N.

vltens. Background(we-exposure) levelsof 2378-TCDF and 123678.HxCDD exceeded the

referencesemple IHR1 forN. vitene bya factorof 2.0 and3.5, respectively,andexceeded IHR2

by i factor of 3.4 and 4.6, respectively. The absence of significantelevationsof PAHs, 2378-

TCDF, and t23678-HxCDF In M. nasuta and N. vlrens tluuas Inthe IH-2/IH-3 composite

treatmentIndloatsethatthe elevatedbat;kgroundlevelsdidnotaffectbloacoumulationresults.

Levelsof the dioxlncongener,OCDD, were elevated 1.3 and 2.4 times thosefoundIn IHR2 and

iHR1 referencetreatments,respectively.C CDD is consideredone of the leasttoxicdloxln/furan

congeners,witha Toxldty EquivalencyFactorof 0.001 whencompared to otherdloxinandfuran

congeners(EPA 1988), and Is not a potentialsourceof toxldty.

The secondcomparison performedwith thesedata was to determinewhether observed

tissue levelsex_eded FDA actionlimits. The onlycomparisonpossiblewith thisdata set was

withdloxlne. In M. nasuta and N. #tens tissues, the oon_ntretlone of dloxlnsand furanswere

wellbelowthe FDA limitsof .026 iJ.g/kg.

4.3 CONCLUSIONS

The tieredapproa_ to evaluatingpotentialimpactsof oceandisposal of dredged

matedaleIs presentedIn the 1991 ImplementaflonManual. Thisapproachconsistsof a serlasof

activities(tests) anddecisionmodules(determinationof compliance)thataidIn interpreting

phyal(_J,chemical,andbiologicaldata relatedto the evaluationof proposeddredgedsediment. In

thisstudy,watercolumntoxicity,depositedsedimenttoxicity,anddepositedsediment

bioacoumulationpotentialwere evaluated. The followingsummarizesthe tests r.,ondu=edusing

thedeterminationof compliancedefinitionsprovidedby the 1991Implementation Manual.

4.3.1 Water-ColumnToxicity

The toxicityfrom exposureof thewatercolumnto dredgedmaterialwas estimatedby

exposingthreesensitivemarine species(M. bery///na, M. bahia, L. pictus) to threeconcentrations

of SPP preparedfrom EntranceChanneltreatmentsand a seawater-onlycontrol. The SPP tests

showedno acute toxicttyinall threebtoassays. Underthe 1991 Implementation Manual

guidelines,the limitingpermissibleconcentration(LPC) fordissolvedplussuspended
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contaminants(representedby SPP) cannotexceed0,01% of the acutelytoxic concentration

(LCso)at the boundariesof thedisposalsite afterallowing4 h for Initialmixing, The SPP tests

Indicatethatdisposalof dredgedmaterialsfromthe EntranceChannel,as representedby test

treatmentsEC-1, EC-2, and EC-3, wouldbe acceptableaooorcllngto the 1991 Implementation

Manualguidelines.

4,3,2 DeooAltedSedimentToxicity

Depositedsedimenttoxicitywas determinedby exposingthreespeciesof marine

organisms(A. abdita, R. abronlus, and N. vlrens)to testsedimenttreatments. The 1991

ImplementationManual guidelinesconcerningdeterminationof Qomptlancefordepositedsediment

toxicityare basedon whether themortalityof organismsexposedto test treatments(dredged

material)Is statisticallysignificantlydifferentfromthe referencetreatmentby20% (A, abdita and

R, abronius) or 10% (N, vlrens). If mortalityIntest treatmentstsstatisticallydifferentfrom the

reference,andmortalityexceedsthe referencebythe abovepercentages,the proposedmaterial

does notcomplywith thebenthicbloassaycriteriaof Section227,13 (o) and AppendixesA and

Bof the 1991 Implementation Manual, The resultsfromth!sstudyIndicatethattherewas no

evidenceof acute toxicityof sedimenttreatmentsEC-1, EC-2, and EC-3 to the threespecies

tested, Therefore,the testtreatmentsare incompliancewithbenthicbioassaycriteria,

4.3,3 BloacnumulatlonPotential

The potentialforbloacaumuiatlonof contaminantswas evaluatedthrough28-day solid-

phase flow-throughtestswith M. nasuta and N. vlrens for the testtreatmentIH.2/IH-3 composite,

The concentrationof contaminantswascomparedto existingFDAactionlimits,and alsocompared

throughDunnett'sTest to determinewhetherstatisticallysignificantelevationsIn tissues(0¢.

0,05) were presentrelativeto the referencetreatmentIHR2 (PAHsandorganotlns)or IHR1 and

IHR2 (dloxlnsand furans). The resultsof thesecomparisonsshowedno significantelevationsin

tissue-bornecontaminantsInthe IH-2/IH-3 compositetreatment,relativeto tissuesexposedto

referencetreatments,withtheexceptionof ubiquitousOCDD, The FDA actionlimitsfordioxlns

were notexceededforany tissues.

When contaminantconcentrationsintissuesexposedto test treatmentsdo notexceed

FDA actionlimits,the 1991 ImplementationManualrequiresa statisticalcomparisonof contaminant

levels in tissuesexposedto testsedimentsto thoseexposedto referencesediments, If steady-

stateconcentrationsinorganismsexposedto dredgedmaterialdo notstatisticallyexceedthosein

organismsexposedto referencesediments,thedredgedmaterialmeetsthe LPC forbio-

accumulationandcomplieswiththebloaacumulationaspectsof thebenthiccriteria in paragraph

227.13(c)(3) (AppendixA). The 1991 Implementation Manual also requiresthatbothbenthicand

water-columntoxicologicaleffectsbe considered,

WINY_,H BAy 4.4



The results of this study Indicatethat EntranceChannel sediments, representedby test

treatmentsEC-1, EC.2, and EC-3, did notcontainsignificantcontaminantbloavallablllty,nordid

they Pausesignificanttoxicityin water.columnor benthicbioassays. Therefore,accordingto Tier

IIi evaluation,EntranceChannelsedimentsmeet LPCcriteriaforwater-columnand benthicImpact.

Bloaccumulatlonpotentialwas notevaluatedfor thesetreatments.

SedimentchemistryresultsIndicatedthepotentialforbioaccumulatloninInnerHarbortest

treatments;therefore,bioaccumulationpotentialwas evaluated. Tissuesof organismsexposed

to InnerHarborsedimentsduringthe WlnyahBay Projectdidnotexceed FDA actionlimitsanddid

notcontainsignificantlyelevatedcontaminantconcentrationsrelativeto thereferencetreatments

IHR1 and IHR2. Inaddition,no significanttoxicitywas observedduringwater-columnand

benthicbloassayswith InnerHarbortestsediments. Tier IV evaluationindicatesthat Inner

Harbortreatmentsmeetbothwater-columnandbenthicLPCcriteriafordredgematerial,and

shouldnotcontributeto tissueboundcontaminants.
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APPENDIXA

I_IEL_)SAMPLINGINFORMATION



QA/QC SUMMARY

pProjeot: , WlnyahBay
|rameter, PolynuclearAromaticHydrocarbons(PAHs)

l,aboratory: BattelleOceanSciences(BOS)
Matr!x: Sediment

HoldingTimes SedtmentsampleswerecollectedfromJune23 to25, 1992.
Samplesarrivedat BOSonJuly10,1992,wereextractedonJuly
16and17,andanalyzedfromJuly28 toAugust2,1992. The30-
dayholdingtimepriortoextractionwasnotexceeded;the40-day
holdingtimebetweenextractionandanalysiswasnotexceeded,

iIt|nkt Thecriteriaof 1 blankper20 sampleswasmet. HPAHsand
LPAHsweronotdetectedabovethetargetdetectionlimitof
30 I_g/kg,thoughthecompoundnaphthalenewasdetectedtnthe
proceduralblankat a concentrationabovetheMDL.

Detection I.Imlt| Thedetectionlimitgoalof3014g/kgwasmetforallHPAHandLPAH
compounds.

iIInUrrogltl
ternll Stlndlrdl Thecriteriaofonesurrogatestandardpersamplewas met. Three

surrogatestandardswereevaluated:d8 naphtllalene,dl0
acenapthalene,and(:112benzo(a)pyrene.Surrogaterecoveries
werewithintheQAgoalsof 40%to 120%,exceptd8 naphthalene
in8 of 15samples.Recoveriesforthissurrogaterangedfrom26%
to39%,

Mpltrlx_Splke/Mltrlx
Ikl Duplicate Thecriteriaofonematrixspike/matrixspikeduplicate(MS/MSD)

per20 sampleswasmet, The40%to 120%criteriaforspike
recoverywasmetfortheLPAHnaphthaleneandaoenapthene;
andtheHPAHsbenzo(_pyrene,Indeno(1,2,3-ccl),and
benzo(g,h,t)perylene(MSDonty), OtherLPAHandHPAH
recoveriesintheMSandMSDexceeded120%, Therelative
ercentdifference(RPD)betweenMSandMSDwereall lessthan
%; wellwithintheQA limitof_;30%,

Replication Thecriteriaofoneduplicateanalysisper10sampleswasnotmet.
Instead,onetriplicateanalysiswasperformedper 13samples,
TheQA limit forrelativestandarddeviations(RSDs)ts<30%. This
wasexceededfortheLPAHcompoundsanthracene(40%) and
HPAHcompoundbenzo(a)anthracene(33%), An RSDwas
calculableonlyfortheLPAHnaphthalene,andwaswithintheQA
rangeat21%, TheRSDsforsurrogaterecoveryinthetriplicate
was 1%,

SRMI QA limitsspecifythattheobservedvalueforan SRMmustbe
within30% of thecertifiedvalue. SRMdatawerenotavailablefor
LPAHs,HPAHSRMdatashowedallcompoundsexcept
fluoranthene,benzo(b)fluoranthene,pyrene,andInden0(1,2,3-cd)
pyrene,andbenzo(k)fluoranthenewerewithinrange,



QA/QC SUMMARY

roJlot: WlnyahBay/GeorgetownHarbor
|rtlmeter: PolycrtloronatedBlphenyls(PCBs)

L=borlltory: BattelleOceanSciences(BOS)
Matrix: Sediment

HoldingT!mea SedimentsampleswerecollectedfromJune23 to25, 1992,
Samplesarrivedat BO$ onJuly10,1992,wereextractedonJuly

16and!7, andanalyzedfromJuly28 toAugust2, i 992, The30-
clayholdingttmopriortoextractionwaitnotexceeded,the40-day
holdingtimebetweenextractionantianalysiswasnotexceeded.

Bllnlw PCBswerereporteclas undetectedinproceduralblanks,butat
levelssomewhatelevatedfromthemethoddetectionlimit(MDL)
establishedInthestudyQAplan. The frequenc3yof 1blankper20
sampleswas met,

Detection Limit| Analyteswereundetectedinallsamples,butabovethetarget .
cletectlonlimitof20 t_g/kg.Someofthesampleswereundetected
atover? timestheMDLbecauseof matdxInterferences.

Surrogate
Internil 8tllndard| Allsampleswerespikedwithtwointernalstandards,asspecifiedin

theQAplan. Recoverieswerewellwithintheacceptablerange
(40%to 120%)withtheexceptionoftwosamplesyieldinghigh
recoverieswitthesurrogateOFOFB.

Matrix 8p!ke/Matrlx
$plke Duplicate Onematrixspike(MS)an¢lonematrixspikeclup!!oate(MSD)were

performe¢tper20 samplesanalyzecl,OnlyonePCBwas usedfor
MS/MSDspiking:Aroclor1254, PercentrecoverieswereWithinthe
establishedrange(40%to 120%),andtherelativepercent
difference(RPI_)betweenMSandMSDrecoverieswas4%,welt
withintheacceptablerangeof_;30%,Precisionandaccuracywere
withintheacceptablelimitsdefinedintheQAplan.

Repll©atlon A triplicateanalysisof thesedimentsampleIH-1wasanalyze¢lto
satisfytheQAplancriteriaofdupllc=t!onevery20samples,The
relativestandar_deviation(RSD)betweenreplicatesgives
guidanceontheaccuracyof themethod;however,alIPCB
analyteswereundetectedinthetriplicatedsampleandRSDswere
notcalculable,

8RMa NoSRMmaterialwasavailablefortheseanalyses.
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TABLE B.I. Summary of Sediment Grain Size, Winyah Bay Project

..Total.Percent.
Sand Silt

Sediment Gravel 62.5- 3.9- Clay

Treatment _ 2000um 62.5 um

EC-I I 97 0 2

EC-2 0 99 0 I

EC-3 2 97 0 I

EC-Ref Comp 0 I00 0 0

IH-I I gO 3 6

IH-2 0 8 53 39
IH-3 0 5 65 30
IHRI ReplicateI 0 76 6 18

IHRI Replicate2 0 76 6 18

IHRI Replicate3 0 76 6 18
IHR2 0 96 I 3

SR-I 0 17 33 50

SR-2 0 7 73 20

SR-3 0 11 44 45
SR-4 ReplicateI 0 2 71 27

SR-4 Replicate2 0 2 72 26

SR-4 Replicate3 0 2 73 25

QualityControlData

Allalvtical Triplicates

IHRI ReplicateI 0 76 6 18

IHRI Replicate2 0 76 6 18

IHRI Replicate3 0 76 6 18
RSD O% O_ 0% O_

SR-4 ReplicateI 0 2 71 27

SR-4 Replicate2 0 2 72 26

SR-4 Replicate3 0 2 73 25
RSD 0% 0% I% 4%
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_j_J,£..___.SedimentResultsfor TotalSolidsand SpecificGravityin
Sediment,WinyahBay Project

Sediment Total Specific
Treatment Percent_ol tds

EC-1 78 2.66
EC-2 79 2.64
EC-3 8i 2.66
EC-Ref Comp 84 2,62

IH-I 75 2.67
IH-2 24 2.60
IH-3 21 2.82
IHRIReplicateI 60 2.63
IHRIReplicate2 60 2.70
IHRIReplicate3 60 2.70
IHR2 82 2.66

SR-I 26 2.74
SR-2 19 2.38
SR-3 23 2.66
SR-4 Replicate 1 19 2.35
SR-4 Replicate 2 19 2.40
SR-4 Replicate 3 19 2.62
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I_JILF,_J.=_.QualityControlSummaryfor TotalSolidsand SpecificGravityin
Sediment,WinyahBay Project

Sediment Total SpecIflc
Treatment........... PercentSolIds Gravity

AnalyticalReolicates

IHR!RepllcateI 60 2.63
IHRiRepllcate2 60 2.70
IHRIReplicate3 60 2.70
RSD 0_, 2%

SR-4 Replicate I 19 2.35
SR-4 Replicate 2 19 2.40
SR-4 Replicate 3 19 2.62
RSD 0% 6%
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I_J_,..B.L_. Total Polynuclear Aromatic Hydrocarbons(PAH) Foundin Sediment,
WtnyahBay Project

............... PAH(_q/ka dry wetaht) ..............
Total _ - - Totai

Sedtment LowMolecular Weight High Molecular Wetght Total
Treatment ,, . _H ...... , PAH ............ PAH....

EC-1 1.80 6.87 8.67
EC-2 2.09 4.25 6.34
EC-3 1.02 0.40 1.42
EC-Ref Comp 1.20 0.91 2.11

IH-IReplicate 1 1.78 16.43 18.21
IH-1 Replicate 2 2.00 16.42 18.42
IH 1 Replicate 3 3.60 17.42 2i.02
IH-2 33.65 224.03 257,68
IH-3 33.57 266.13 299.70
IHRI 18.34 180.03 198.37
IHR2 4.03 26.59 30.62

SR-1 36.07 267.79 303.86
SR-2 61.00 295.36 356.36
SR-3 89.04 360.77 449,8i
SR-4 66.22 348.14 414.36
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I_J_=__.LZ. SedtmentResults for LowPolynuclear Aromattc Hydrocarbons
(LPAH), WtnyahBay Project

...................... LPAH..(L/_/kadry wetoht) ......... J:_liiiiii[iiYlliit[l_

Sediment Naptha- Acenaph- Acenaph- Phe_ian- Anthra-

T.reltment lens _ _ thane ..... _ _

Target OL(a) 30 30 30 30 30 30
Achieved DL (30 c30 <30 <30 <30 <30

EC-1 0.73 2.08 U(b) 1.60 U 1.27 U 0.51 j(c) '0.56 J

EC-2 0.89 2.22 U 1.71 U 0.41 J 0.50 J 0.29 J
EC-3 0.73 2,07 U 1.59 U 1.26 U 0,17 j 0.12 J

EC-Ref Comp 0.91 1.98 U 1.52 U 1.21 U 0.29 J 1.91 U

IH-I ReplicateI 0.95 2,37 U 1.83 U 1.45 U 0.60 J 0.23 J

IH-I Replicate2 1.14 1.24 U 1.73 U i.37 U 0,64 J 0.12 J
IH-I Replicate3 1,43 0.38 J 1.68 U 0,41 J 0.95 J 0.43 J

IH-2 7.64 3.32 J 6.53 U 4,06 J 13,09 5,54 J
IH-3 8.35 2,93 J 7.60 U 2,60 J 13.71 5.98 J

IHRi 2.47 2.00 J 2.44 U 1.42 J 5,57 6.88
IHR2 1.54 0.50 J 1,65 U 0.31 J 1.20 J 0,48 J

SR-I 8.16 3.84 J 1.28 J 5.72 12.25 4.82 J
SR-2 11.89 4.39 J 2.06 J 5.64 28.97 8.05

SR-3 12.19 4.13 J 5.04 J 13.00 43.50 11.i8
SR-4 13.93 4.22 J 2.00 J 6.70 29.47 9.90

i, i TIH

(a) DL Detection limit.

b) U Analyte was not present above the level of associated value.c) J Analyte detected below method detection limit (MOL), but above instrument detection limit (IDL).
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_t_J,_,.._._2. Quality Control Summaryfor LowMolecular Weight Polynuclear
Aromatic Hydrocarbons(LPAH) in Sediment, WJnyahBay Project

................... LPAH(Ua/kadrvwetah_)
Sediment Naptha' Acenaph-..... Acenaph- Phenan_....... °Anthra j

TJ_eitnmnt . ..... ............ lena......._ thvlen_ _hene___ _ threne

Blank 1 1.20 B(a) 3.29 U(b) 2.53 U 2.01U 0.60 j(c) 0.31J

_atrtxS.]ke

EC-7 0,73 2.08 U 1,60 U 1,27 U 0.51J 0.56 J
EC-7 MS 173.47 201,74 172,42 204.76 220.1 237.93

Concentration Recovered 172,74 20i,74 172,42 204,76 219,59 237.37

AmountSpiked 152.85 152.84 152.84 152.84 "_t) 152.84 t., 152.84 i.,
Percent Recovery 113X 132X(d) 113X 134X{ 144X'°j 15SX_°J

(C-7 0.73 2,08 U 1,60 U 1,27 U 0,51J 0,56 J
EC-7 NSD 176.65 208,39 176.47 213,27 220.84 238.55

Concentration Recovered 175.92 208,39 17U.47 213,27 220.33 237,99

Spiked Amount 152.84 152.84 .. 152.84 152.84 152.84 _d) 152.84 "d'Percent Recovery ll5X 136XLo) llSX 140%(d) i44X _ lS6XL )

NS/NSORPO 2X 3X 2% 4X 0% OX
NS/NSDl-silt 0.01 0.02 0.01 0.02 O.O0 0.00

Standard ReferenoeMltlrial

Certified NC(e) NC NC NC 577 202
Value e59 ,42

Non-certified- 1322 115 52 i04 NA(f) NA

Value =14 zlO =2 =5

NIST 1941 NA NA NA NA 633,58 213.69

Analytical ReD)teaSes

EC-3 Replicate I 0,95 2,37 U 1,83 U 1.45 U 0,60 J 0.23 J

EC-3 Replicate 2 1.14 2.24 U 1.73 U 1.37 U 0.64 J 0.22 J

EC-3 Replicate 3 1,43 0,38 J 1.68 U 0,41J 0.95 J O, _J943)RSO 2IX NA NA NA 26X 40X

ii iflll ii J i iH,ir ii

(a) B Analyte detected in blank associated w)th batch of samples.
(b) U Analyte was not present above the level of associated value.
(c) J Analyte detected below method detection limits (HDL),

but above instrument detection limit (IDL).
(d) Recovery outaide quality control range (40%-120_).
(e) NC Not Certified.

(f) NA Not applicable,
(g) Value exceeds relattve precision range_0%_
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TABLEB,11. Surrogate Recoveries For Sediment Polynuclear Aromatic
Hydrocarbon(PAH) Results. WtnyahBay Project

.......+......... SurrQaate Percent+ReGovertes .............
Naph- - Acenaph- aenzo(a)

Sedtment thalene- thene- pyrene

EC-1 43 56 . 62
EC-Z 49 52 54
EC-3 51 53 51
EC-Ref Comp 52 58 60

IH-I Replicate 1 40 51 62
1H-1 Repltclte 2 36(.) 50 62
IH-I Replicate 3 39(.) 51 62
IH-2 35(`) 51 61
IH-3 44 58 65
ZHR1 44 63 61 ,
IHR2 37(`) 50 57

SR-I 35(.) 51 51
SR-2 26(`) 45 57
$R-3 42 52 54
SR-4 26(') 53 63

Oua]ttv Control Summar+v

Method81ank

Slank 1 54 53 52

Matrtx SDtke

EC-1 43 56 62
EC-1 MS 45 52 69

EC-1 43 56 62
EC-1 MSD 46 51 66

Standard Reference Material

NIST ,1941 47 62 58
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TABLEB+,+U,(contd)

............. Su_ooate Percent Recoverles ........
+-Naph- Acenaph- B_zo(_

Sediment thalene- thene- pyrene
lyJuamn

Anmlvt+|cmlReol Icatas

IH-I Repltcmte 1 40(,) Si 6;!
1H-1 Repltcate 2 50 62
IH-I Repltcmte 3 51 6;!

(e) Recoveryoutside quality control range (401&-12Oi&).
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!ABLE B.16. Sediment PolychlorinatedBiphenyl (PCB) Results,

Winyah Bay Project

PQB (/Ja/kqdry welqht)
Sediment Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor

Treatmn_ ....... 1221 1232 i242/I01_ l_11248l 1254 ........ 1260

TargetDL(a) 20 20 20 20 20 20

Achieved DL 30 30 30 30 30 30

EC-I 30.496 U(b) 30.496 U 30.496 U 30.496 U 30.496 U. 30.496 U

EC-2 32.615 U 32.615 U 32.615 U 32.615 U 32.615 U 32.615 U

EC-3 30.376 U 30.376 U 30.376 U 30.376 U 30.376 U 30.376 U

EC-Ref Comp 29.072 U 29,072 U 29.072 U 29.072 U 29.072 U 29.072 U

IH-I Replicate 1 34.876 U 34.876 U 34.876 U 34.876 U 34.876 U 34.876 U
IH-I Replicate2 32.967 U 32.967U 32,967U 32.967 U 32.967 U 32.967 U
IH-I Repllcate3 32.107 U 32.107 U 32,107U 32.i07 U 32.107 U 32.107 U
IH-2 124.579U 124.579U 124.579U 124.579U 124,579U 124.579U

IH-3 145.082U 145.082U 145.082U 145.082U 145.082U 145,082U

IHRI 46.552 U 46.552 U 46.552U 46.552U 46.552 U 46,552 U

IHR2 31,504 U 31,504 U 31.504U 31.504 U 31.504 U 31.504 U

SR-I 85.866 U 85.866 U 85.866U 85.866 U 85.866 U 85.866 U
SR-2 121.220U 121.220U 121.220U 121.220U 121.220U 121.220U

SR-3 123.663 U 123.663 U 123.663 U 123.663 U 123.663 U 123.663 U
SR-4 124.559 U 124.559 U 124.559 U 124.559 U 124.559 U 124.559 U

(a) DL Oetectton limit.

(b) U Analyte was not present above the level of assoctated value.
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TABLEB,II. QualityControlSummaryfor PolychlorinatedBiphenyl(PCB)
Analysis,WinyahBay PJoject

...........PCB (//_I,/kqdry welqht)
Sedlment Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor

_r_tme_ _ 1232 _ _ 1248 _ __

Blank I 48,330 U(a) 48,330 U 48.330U 48 330 U 48,330 U 48,330 U

EC-I 30.496,_, 30,496 U 30,496 U 30.496 U 30,496U 30,496 U
EC-I MS NAkUJ NA NA NA 88,230 NA

ConcentrationRecovered NA NA NA NA 88.230 NA

A_unt Spiked NS(c) NS NS NS 76.425 NS

Percent Recovery NA NA NA NA 115% NA

EC-I 30,496 U 30,496 U 30,496 U 30,496 U 30.496 U 30,496 U

EC-1MSD NA NA NA NA 84.783 NA
Concentration Recovered NA NA NA NA 84,783 NA

A_w}untSpiked NS NS NS NS 78,768 NS

Percent Recovery NA NA NA NA 108% fIA

RPD NA NA NA NA 7% NA

I-Stat NA NA NA NA 0.04 NA

_paIv_Ical_eollcates

IH-I ReplicateI 34,876 U 34.876 U 34,876 U 34.876 U 34.876U 34.8/BU
IH-I Replicate 2 32.967 U 32.967 U 32.967 U 32.967 U 32.967 U 32.967 U
IH-I Replicate 3 32.107 U 32.107 U 32.107 U 32.107 U 32.107 U 32.107 U
RSD NA NA NA NA NA NA

(a) U Analyte was not present above the level of associated value.
(b) NA Not applicable.
(c) NS Not spiked.
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TABLE B.18. SurrogatePercent Recoveriesfor PolychlorinatedBiphenyl (PCB)

and ChlorinatedPesticideSedimentResults, Winyah Bay Project

Sediment SurrogatePerce..nt..!Recove.rie..s
Treatment......... _ CLS(II_)..

EC-I 90 93
EC-2 81 87
EC-3 70 76

EC-ReF Comp 77 92

IH-I Replicate I 84 81
IH-] Replicate2 89 78

IH-I Replicate3 91 83
IH-2 107 80

IH-3 126(a) 88
IHRI 118 80

IHR2 87 84

SR-I III 81
SR-2 104 75
SR-3 112 70
SR-4 134(a} 81

OuaJitv Control Summary

Me_thodBlarLk

Biank i 69 78

Matrlx Spikes

EC-I 90 93
EC-1 MS 81 88

EC-.I 90 93

EC-I MSD 78 83

Analvtic,aI .Rep]_i¢_._

IH-I Replicate I 84 81
IH-I Replicate2 89 78
IH-I Replicate3 91 83

,,, , ,,,,, __

(a) Recoveryoutside qualitycontrol range (40% - 120%).
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]FABLEB.21. SedimentPhthalateAnalysis,WinyahBay Project

.... _ phth_]__t¢_s(L/QZkqdry w_Qht )...............
_dt_- - 8Ys(2-' - - _l-n----

Sediment benzyl ethylhexyl ) Oi-n-octyl Dtmethyl Diethyl butyl

TargetDL(a) I00 I00 I00 i00 I00 I00
Achleyed DL 500 <1O0 <iO0 <1O0 (1O0 <1O0

EC-i 1.88 j(b) 2.08 j 0.23 J 295.69 U(c) 0.92 J 1.46 J
EC-2 1.50 J 2,08 J 316.23U 1.04 j 0,99 J 1,87 J
EC-3 I.13 J 2,26 J 294.52U 294,52 U O.39 J O,96 J

EC-RefComp 0.88 J 1,94 J 0.31 J 281,88 U 3.03 J 0.58 J

IH-I Replicate 1 1.49 J 3,45 j 338,16U 338,16 U 0.44 J i.37 J
IH-t Replicate 2 2.06 J 3,86 J 319.64 U 319,64 U 0.73 J 3.23 J
IH-I Replicate3 1,39 J 3.76 j 311.31U 0.85 J 0.43 J 1.49 J

IH-2 8,94 J 12,66J 1207.90U 1201,90U 5.00 j 6.87 J
IH-3 7,94 J 14,30J 1406.69U 1406,69U 11.79 J 6.84 J

IHRI 2,02 J 5,10 J 451.36 U 1,21 J 1,14 j 451.36 U
IHR2 1,42 J 2.53 J 0.43 J 305,48 U 0.34 J 1.45 J

SR-I 9,53 J 11,51 J 832.55 U 832,55 U 2.74 J 4,04 J

SR-2 10.07 J 23.96 J 1175.33 U 11/5.33 U 4.01 j 6.23 J

SR-3 1199,02 U 1199.02 U 1199.02 U 1199.02 U 1.91 J 6.52 J
SR-4 10,23J 14,76 J 1207.71U 1207,71U 13.98d 1207,71U

(a) DL DetectionLimit,

(b) J Analytedetectedbelow method detectionllmlts (MDL),but above instrumentdetectionlimit (IDL).
(c) U Analyte was not present above the level of associated value.
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_. Quality Control Summary for Sediment PhthalateAnalysis,Winyah
Bay Project

___ ............ _ _ __ _h_ala_es (L/_/kg.dry weicLht,_)_- _ _ ....
Butyl Bts(2- Oi-n-

Sediment benzyl ethylhexyl) Dt-n-octyl Dtmethyl Dtethyl butyl

Tre4_nJL_ phthjlate gJ3._ _ _-..L _ Dhtha]a_e

Blank I 468.80 U(a) 5.24 j(b) 468,60 U 466,60 U 468.60 U " 355,75 J

EC-! 1.88 J 2,08 J 0.23 J 295,69 U 0.92 J 1.46 J
EC-! MS 17.04 ii,60 5.80 855.37 115.92 230.34
Concentration Recovered 15.16 9.52 5.57 855,37 115 228.88

Percent Recovery 2%tcl 1% ) 94% 12%_c) 25%_cJ

EC-1 1.88 J 2,08 J 0.23 J 295.69 U 0.92 J 1.46 J
EC-I MSD 18.76 11,99 6,29 978.08 144,00 229,94

Concentratto. Recovered 16.88 9,91 6,06 978.08 143.08 Z28,48

Amount Spiked 941.0181c 941,018. 941.018.c) 941.0183 964,541x(c) 941.018 ,Percent Recovery Z%' ) I%{c) 1%t 1044 1 24%tcl

RPO 8% 1% 5% 10% 19% 3%
I-Star 0,04 0,00 0.03 0,05 0.09 0.02

Analv_J_]__e_l_Ate_

IH-1 Replicate I 1.49 J 3.45 J 338.16 U 338.16 U 0.44 d 1.37 J

IH-1 Replicate 2 2.06 J 3,86 J 319.64 U 319.64 U 0,73 J 3,23 J

.... IH-IRsDReplicate3 1,3922%J 3766%J 311 NA31U 0.81NAJ 0 32x_d)43 1.4951%._d)

(a) U Anelyte was not present above the level of associated value.

(b) J Analyte detected below method detection limits (MDL), but above instrument detection limit (IDL).
(¢) RecOvery outside quality control range 40-1204.

(d) Value exceeds relative standard deviatlonrange:_=30%.
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TABLEB,23. SurrogatePercentRecoveriesfor SedimentPhenoland Phthalate
Analysis,WinyahBay Project

Surroqatepercept_Becover_
Sediment 2-fluoro-
Ir_eatm.._nt_ ___.=_ . _Q]IP,JIQ].._

EC-1 41
EC-2 4B
EC-3 37(a)
EC-Ref Comp 43

IH-1 Replicate 1 41
IH-IReplicate2 35(a)

IH-1 Replicate 3 40(a)
i IH-2 20(a)

IH-3 18(a)
IHRI 12(a}
IHR2 14

(a)
SR-I 23(a}
SR-2 22(a)
SR-3 12(a)
SR-4 12

QU@IItv Control_O_at,a

He_;hodB!an_

Blank I 6(a)

MatrixSpik_es.

EC-I 41
EC-i MS 45

EC-I 41
EC-I MSD 47

NIST 1941 145(a)

Analytical!_e[}l_c_te_

IH-IReplicateI 41
IH-IReplicate2 3_(a)
IH-IReplicate3 40
RSD NA

(a) Recoveryoutsidequalitycontrolrange40%-120%.
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_ABLE B.26. SedimentButyltinResults,WinyahBay Project

...........Percent_urroqateRecoverv _ _utvlttns (L/_/kq dry w_J_ht_.__
t Sediment Tri- Pentyl. Tetra- Tri- Di- Mono-

Treatment ........... oent_.lt_n,Prooyl_in_ _ _ _ butylt!n

TargetDL(a) NA(b) NA NA NA i0.0 I0,0 I0,0
Achieved DL NA NA NA NA 1,0 1,0 2,0

EC-I Ripltcate 1 71 70 99 82 2.0 U(c) 1,6 U 2,8 U
EC-I Replicate 2 35 40 97 78 2.0 U 1./-U 2,9 U

EC-! Replicate 3 33 32 IlO 49 3.3 U 2.7 U 4,7 U
EC-2 45 68 92 12 13,7 U 11,1U 19,6 U
EC-3 49 54 100 86 1.9 U 1.5 U 2.7 U

EC-Ref Comp 78 61 90 95 1,7 U 1.4 U 2,4 U
Ocean Reference 75 67 107 63 2.5 U 2,1U 3.7 U

IH-I 66 64 92 126 1.3 U 1.0 U 1.8 U

IH-2 59 57 106 50 9.4 2.6 U 4,6 U
IH-3 59 78 113 22 9.6 5.8 U 10,3 U

IH-2, IH-3 CompRepltoate I 65 67 105 38 4,2 U 3,4 U 6,1U
IH-2. IH-3 CompReplicate 2 69 73 93 43 3,8 U 3,1U 5,4 U

IH-2, IH-3 CompReplicate 3 45 59 109 iS 10,1U 8,2 U 14,5 U
IHRI 56 59 105 37 4,4 U 3,5 U 6.3 U

IHR2 37 36 103 33 4,9 U 4,0 U 7.0 U

SR-I 74 66 110 68 4.8 1.9 U 3.4 U
SR-2 66 61 lO1 58 2,8 U 2.2 U 4,0 U

SR-3 45 41 104 62 2.6 U 2,1U 3.7 U
SR-4 74 70 117 51 3,2 U 2,6 U 4,6 U

San Pablo Bay Control 83 75 99 71 6.3 1,8 U 3.2 U
MusconguI Bay Control 54 55 85 75 2,1U 1.7 U 3+1U

SequimBay Control 49 50 104 77 2.1U 1.7 U 3,0 U

(a) DL Detection ltmit,

(b) NA Not applicable.
(c) U Analyl:e was not present above the level of associated value.
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TABLEB.27. QualityControlSummaryfor Butyltinsin Sediment,
WinyahBay Project

Percent Surrooate RecoYerv_ ., Butvltlns (Ua/_g dry weiqht).....
Sediment Tri Pentyi' Tetra:- Tri- Ot-+ Mono-

Ireatment _ oentv]tln Proov)ttn_tv]tln _ butvltln _ butvltin

MethodBlank

(aI z1(a)z9{a)Blank I 21,a 92 49 3.3 U(b) 2.6 U 4.7 U
Blank 2 18 94 69 2.3 U l.f U 3.3 U

EC-3 49 54 100 86 1,9 U 1.5 U 2.7 U
EC-3 MS 55 54 97 49 14.7 10,2 4.0 J

Conoentretton Recovered 14.7 10.2 4.0

Spike Amount 29,7 E9_%(a) 29i_%(a)Percent Recovery 50X

EC-3 49 54 100 66 1.9 U 1.5 U 2.7 U

EC-3 MSD 43 64 105 32 15.1 11.5 3.4 J
AmountRecovered 15.1 11.5 3.4

Spike Anmunt 27.3 27.3 27;_PercentRecovery 55% 42% %(a)

RPD 11% 20% 8%
I-5TAT 0.05 0.10 0.04

$R-3 45 4i 104 62 2.6 U 2.1U 3,7 U

SR-3 MS 68 65 104 51 31.6 11.3 9.6
Concentration Recovered 31,6 11.3 9.6

Spike Amount 50.7 50_ 50i_Percent Recovery 62% %(a) %(a)

SR-3 45 41 104 62 2.6 U 2.1U 3.7 U

SR-3 HSD 64 87 108 21 39.2 16.8 5.3 J

Concentration Recovered 39.2 16.8 5.3

Spike Amount 52.85 52,85 52;_%(a)._Percent Recovery 74% 32%(a)

RPD 17% 35%(c) 61%(c)
I-STAT 0.09 0.18 0.31

Standard Reference Matgri@)

Certified NC(d) NC NC NC 1.27 1.16 0,28

Value ±0.22 . ±0.18 ±0,17

PACS I 54 73 I05 13 560,I(e) 268(e) 17.4 U

Analvtica)Triolic@_q)

IH-2, IH-3 CompRep 1 65 67 104 38 4.2 U 3.4 U 6.1U

IH-2, IH-3 CompRep 2 69 73 93 43 3.8 U 3.1 U 5.4 U
IH-2, IH-3 CompRep 3 45 59 109 16 10.1U 8.2 U 14.5 U
RSD NA NA NA
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TABLEB.,._7.(contd)

PercentSurrQ_aa_,eRecoYerv....... Butvltln_(LLalkqdry welaht}........
Sediment Tri- " ---Pentyl- " Te-Era-..... Trl_ Di- Mono-
T_reatmqt_ _..... _entvltJn_ butvltJn butIytln butv!tln butyltin

EC-I Replicate I 71 70 99 82 2.0 U 1.6 U 2.8 U
EC-t Replicate 2 35 40 97 78 2.0 U 1.7 U 2,9 U

EC-! Replicate 3 33 32 110 49 3.3 U Z.l U 4.7 U
RSO NA NA NA

-- i ---- i ,,Jill i i

(a) Value outsidequalitycontrol ran@e of 40%-120%.
(b) U Anal,viewae not presentabove the level of associatedvalue.
(c) Value exceedsrelativeprecisionrange of ._30%.
(d) NC No certifiedvalue.

. (e) Value exceeds.,.,.,.,.,.,.,.,.,_30%from certlftedvalue.
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TABLEB,28. SedimentResultsfor AcidVolatileSulfides(AVS),Total
OrganicCarbons(TOC),andAmmonia,WinyahBay Project

Sedimant AVS TOC Ammonia
Treatment (_mo]es/q).......(percentdry welqh.t) (uM)_:

TargetDL(a) 0.2 O.10 O.I
AchievedDL 0.004 0.01 O,I

EC-IReplicateI 0.023, 0.01U(b) 67.81
EC-1 Replicate 2 ND_c) ND 247.26
EC-1 Replicate 3 ND ND 49.64

EC-2 Replicate 1 0.007 U 0.01 U 62.58
EC-2 Replicate 2 ND ND 232.49
EC-2 Replicate 3 ND ND 49.17

EC-3 Replicate 1 Replicate 1 0.004 U 0.01 U 30.80
EC-3 Replicate 1 Replicate 2 ND 0.01 U 31.54
EC-3 Replicate 1 Replicate 3 ND 0.01 U 186.00
EC-3 Replicate 2 ND 0.01 U 3.41

EC-Ref Comp 0.007 U 0.01 U ND
IH-1 0.024 0.46 ND
IH-2 30.200 4.21 ND
IH-3 13.300 4.51 ND
IH-2, IH-3 Comp 20.400 4.18 ND
IHR1 10.100 0.01 U ND
IHRIDuplicate 9,480 0.84 ND
IHR2 0.205 0.22 ND

i

SR-I 125.000 3.82 ND
SR-2 Replicate 1 4.420 5.96 ND
SR-2 Replicate 2 4.670 5.85 ND
SR-2 Replicate 3 ND 5.77 ND
SR-3 30.700 5.23 ND
SR-4 12.500 5.65 ND

(a) DL Detectionlimit.
(b) U Analytewas not presentabovethe levelof associatedvalue.
(c) ND No data.
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TABLE8.29. QualityControlSummaryforAcid VolatileSulfides(AVS),Total
OrganicCarbons(TOC),and Ammoniain Sediment,WinyahBay
Project

Sediment AVS TOC Ammonia
Treatment .......... (_moles/q)(oercentdry weiqht) (uM)

MethodBlank

BlankI _;O.OOg 0.01U(a) ND(b)
Blank2 <0.009 O.01 ND
B1ank 3 ND 0.003 ND

_;tandardReference Material

Certified
ValueMESS I NC(c) NC NC

MESS I ReplicateI ND 2,65 ND
MESS1 Replicate 2 ND 2.61 ND

Certified
ValueSRM 1646 NC NC NC

SRM 1646ReplicateI ND 1.46 ND
SRM 1646Replicate2 ReplicateI ND 1.43 ND
SRM 1646Replicate2 Replicate2 ND 1,48 ND
SRM 1646Replicate2 Replicate3 ND 1,48 ND

AnalyticalDUD11cates

IHR]ReplicateI 10.10 ND ND
IHRIReplicate2 9.48 ND ND
RPD 6% NA(d) ND
I-stat 0.03 NA ND

EC-3'.;eplicateI ND O.OIU NA
EC-3Replicate2 ND 0,01U NA
RPD ND NA NA
I-Stat ND NA NA

SR-2ReplicateI 4.420 5.85 NA
SR-2Replicate2 4.670 5,g6 NA
RPD 6% 2% NA
I-Stat 0.03 0.01 NA
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TABLEB.29. (contd)

Sediment AVS TOC Ammonia
Treatment__............_ _ (_mol_es/g) (percentdry welaht)

AnalvticalTrID]tcates

EC-3 Replicate 1 Replicate 1 0.004 U 0.01 U 30.80
EC-3 Replicate 1 Replicate 2 ND 0.01 U 31.54
EC-3 Replicate 1 Replicate 3 ND 0.01 U 186.00
RSD NA NA I08%(')

SR-2 Replicate 1 4.42 5.85 ND
SR-2 Replicate 2 4.67 5.96 ND
SR-2 Replicate 3 ND 5.77 ND
RSD NA 2% ND

EC-IReplicateI 0.023 0.01U 67.81
EC-i Replicate 2 ND ND 247.26
EC-1 Replicate 3 ND ND 49.64
RSD NA NA 90%(')

EC-2 Replicate 1 0.007 U ND 62.58
EC-2 Repltcate 2 ND ND 232.49
EC-2 Replicate 3 ND NO 49.17
RSD ND ND 89%(')

(a) U Analyte was not present above the level of associated value.

"°Nooat.NCNot certified.

i NANot applicable.(e Value exceeds relative standard deviation range 630%.
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TABLE.....B,30. SedimentResults for Methylene Chloride, Winyah Bay Project

Methylene
Sediment Chloride
._ (uQ/ka__vetwe_ght)

Target DL(a) lO
AchtevedDL 2

EC-1 2.0 U (b)

EC-2 2.0 U
EC-3 2.0 U

EC-Ref CompReplicate 1 2.0 U
EC Ref CompReplicate 2 2.0 U
EC-Ref CompReplicate 3 2.0 U

IH-1 2.0 U
IH-2 2.0 U
IH-3 2.0 U
IHR1 2.0 U
IHR2 2.0 U

SR-! 2.0 U
SR-2 2.0 U
SR-3 2.0 U
SR-4 2.0 U

(a) DL Detection limtt.
(b) U Analyte was not present above the level of associated value.
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TABLEB.31. QualityControlSummaryforMethyleneChlorideIn Sediment,
WlnyahBay Project

Sediment I,I-DI- Trl-
Treatment......... _ . chIor..Qethene ch]oroethene f,ll] o_O.ro_b.tJl_

l%trlxSotke

EC-I 2.0 U(') 2.0 U 2,0 U
EC-1 MS 15.0 16.0 19.0
Concentration Recovered 15.0 16.0 19.0

AmountSpiked 20.0 20.0 20.0
Percent Recovery 75_ 80); 951_

EC-I 2.0 U 2.0 U 2.0 U
EC-1MSD 15.0 16.0 18.0
Concentration Recovered 15.0 16.0 18,0
AmountSptked 20.0 20.0 20,0
Percent Recovered 75% 80% 90%

RPD 0% O)& 5_.
l-stat 0.00 0.00 0.03

Analvtlca!ReDI!ca_s

EC-RefComp ReplicateI 2.0U ND(b) ND
EC-RefComp Replicate2 2.0 U ND ND

EC-Ref CompReplicate 3 2.O(_qNA=_ ND NDRSD NA NA

..... ___,ilL1 ii if!l . i .___1 r i

l_l,ou_n,,,,,o,..,"' no,_.s.n, ,_._.v.,o,,,,oo,.t.v,,u..
(c/ NANot applicable.
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TABLEB.32. Total Oloxin and Furan Sediment Results, Winyah Bay Project

........... ,i Otoxtns (na/ka dry we_aht)
S|dtmlnt 1'otil: Totai: .... _ot:ai Totai -Total Total Totai' Tota'i

Target OL(a) 1.0 1.0 1.0 1,0 1.0 1.0 1,0 1.0
Achieved OL ,tl.O .(1.0 ._i.0 cl.O .=1.0 ,1.0 .=1.0 .cl.O

(C..l 0.27 0 2.95 8.48 0 0 0.43 0.21
(C-2 0 0 1.04 3.39 0 0 O.32 O.24
(C'3 0.22 0 !. 37 4,7 O.13 0 0 O,32
(C-Ref Cofltp 0 0 0 1,96 0 0 O,32 O.26

IH'I 0.94 2.1 18.26 39.83 O.21 0 0 0.43
IH'2 0,96 1,09 17.7 72.28 0 0 1.37 2.73
IH'3 ! .8! 1.91 21.72 74.51 2,11 O.77 1.56 1.43
IHRI 1.27 3.92 38.77 94.48 O.66 O.45 1.04 !. 67
IHR2 1.26 0.45 8.98 31.78 1.2 0.32 1.21 0.67

SR-I 4. l l 2.03 40.85 170.2 13.07 2.22 1.22 3.26
SR-2 I. 56 1.64 30 i07.5 1.88 I. 66 1.44 2.32
SR'3 0.89 1,2 17.25 53.99 2.31 0 O.75 O.92
SR-4 |. 62 0 29.31 I05.6 2,63 0 O,68 2.1 !

Oualttv:Contr:gl S_r'y

Blank 0.22 0.08 0 0.61 0 0 O.49 0.33
..j iiiii . ii i ] IIIII :i ] I

(a) OLOetectton limit.
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TABL_B_3. SedimentResuits For Dtoxtns (2378-TCDD- OCDD),
WtnyahBay Project

_ ,........ ........ .... -- .... DJoxJns(na/ka dry wetqht) ..... ....
Sediment 2378- 12378- 123478- 123678- 123789- 1234678-
Treatment....... _ _ _ HxCDD _ _

Target DL(a) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
AchievedDL 0,3 0,i 0,2 0.1 0.4 <1.0 2.0

EC-1 0.3 U(b) 0.1 U 0,2 U 0.09 0.40 U 2.19 46.37
EC-2 0.4 U 0.1 U 0.2 U 0.10 U 0,40 U 1.0J 20.63
EC-3 0,4 U 0.3 U 0.3 U 0.30 U 0.50 U 1.29 31,88
EC-Ref Comp 0.3 U 0.2 U 0.2 U 0.20 U 0.40 U 0.52 10.44

IH-1 0.4 U 0.3 U 0.2 0.27 0,96 10.73 208.90
IH-2 1.1 U 0.7 U 0.3 0.74 3.60 U 25.30 796,5!
IH-3 0.6 U 0.4 U 0,3 0.56 1.36 25.47 632.11
iHR1 0.3 U 0.3 0.6 0.87 2.17 25.34 359.81
IHR2 0.3 0.4 U 0.4 U 0.36 1.70 U 9.37 252.96

SR-1 1.7 2.2 U 2.6 U 1.10 2.87 53.11 1653.64
SR-2 1.0 U 0.3 0.4 0.91 2.21 38.88 1029.00
SR-3 0.6 U 0.2 0.3 0.40 1.27 17.54 453.89
SR-4 1.1 U 0.9 U 1.2 U 1.32 4.90 U 37.74 1033.36

L :L rl III I Hitii -- imfl i

(a) DL Detectionlimit.
(b) U Analytewas not presentabovethe levelof associatedvalue.
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TABLEB.3_. Quality Control Summary for Dioxins in Sediment,

Winyah Bay Project

Dioxlns(no/k9dry weiQh_)
Sediment 2378- 12378- 123478- 123678- 123789- 1234678-

Treatn_n) TCO.__..DD _ IH_CDO HxCDD H_CDO HpCDD

Hethod Blank

Blank 0,2 U(a) 0,08 0.3 U 0,3 U 0.3 U 0.37 1.9

Matrtx SDtke

IH-2 1.1 U 0,7 U 0.3i 0.74 3.6 U 25.3 796.5
IH-2 MS 98.15 454.3 453.2 439.6 474.3 459.5 966.6

Concentration Recovered 98,15 454.3 452.9 438.9 474.3 434.2 170,0

Spike Amount 100 500 500 500 500 500 1000 -
Percent Recovery 98% 91% 91% 88% 95% 87% 17%(b)

IH-2 1.1U 0.7 U 0.31 0.74 3.6 U 25.3 796.5
IH-2 MSD 101.0 447.3 472.7 467.2 510.1 502.8 1170.

Concentration Recovered 101.0 447.3 472,4 466,4 510.1 477.5 373,9

Spike Amount 100 500 500 500 500 500 1000 "b)
Percent Recovery 101% 89% 94% 93% 102% 96% 37%{

RPD 3% 2% 4% 6% 7% 10% 75%(c)
I-star 0.01 0.01 0.02 0.03 0.04 0.05 0.37

Matrix Reference Material

Certified
Value NC(d) NC NC NC NC NC NC

MRM 438 896 911 829 973 1410 3450

,,,

(a) U Analyte was not present above the level of the associated value,
(b) Recovery outside qualtty control range (40%-120%).
(c) Value exceeds relative precision range of:_30%,
(d) NC No certified value.

.WINYAHBAY B.40
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APPENDIXC

IO,DAy_.A._bdl,taSOLID-PHASETEST



I_)_J,fL.Ck_.ResultsforAll Replicat'esin lO-DayA. abdita
Solid-PhaseTest,WinyahBay Project

Mean
Sediment Percent Percent
lJ:JJl.tJgJ1_ ReolIcate _ _ Dead _urvival Survival

EC-1 1 1 9 11 45.0
EC-1 2 1 10 10 50.0
EC-1 3 1 9 11 45.0
EC-1 4 1 5 15 25.0
EC-1 5 1 15 5 75.0 48.0

EC-2 1 1 6 14 30.0
EC-2 2 1 10 10 50.0
EC-2 3 1 10 10 50.0
EC-2 4 1 12 8 60.0
EC-2 5 1 11 9 55.0 49.0

EC-3 1 1 13 7 65.0
EC-3 2 1 15 5 75.0
EC-3 3 1 13 7 65.0
EC-3 4 1 16 4 80.0
EC-3 5 1 8 12 40.0 65.0

EC-Ref Comp 1 1 11 9 55.0
EC-Ref Comp 2 1 6 14 30.0
EC-Ref Comp 3 1 11 9 55.0
EC-Ref Comp 4 1 8 12 40.0
EC-ReFComp 5 1 7 13 35.0 43.0

OceanReference 1 NA(a) 12 8 60.0
OceanReference 2 NA 8 12 40.0
OceanReference 3 NA 13 7 65.0
OceanReference 4 NA 9 11 45.0
OceanReference 5 NA 12 8 60.0 54.0

San Pablo Bay 1 NA 14 6 70.0
San PabloBay 2 NA 18 2 90.0
San PabloBay 3 NA 12 8 60.0
San Pablo Bay 4 NA 12 8 60.0
San Pablo Bay 5 NA I0 I0 50.0 66.0

SequimBay I NA 17 3 85,0
SequimBay 2 NA 19 I 95.0
SequtmBay 3 NA 14 6 70.0
SequimBay 4 NA 14 6 70.0
SequimBay 5 NA 16 4 80.0 80.0

p

(a) NANot applicable.

WINYAHBAY c,I



_I_J_LC,._.WaterQualitySummaryfor 10-DayA. abditaSolid-Phase
Test,WinyahBay Project

Dissolved

Temperature Oxygen Sal I nt ty Flow Rates

Sedtm,nt _ ....oH......... _ ._.(aXL_.

Aeeeptable
Range 18,0 22,0 7,30 8.30 5.0 HA(a) 2e.o 32,0 35 45

EC-! 1 [9,4 20.7 7.75 8.03 8,3 7.3 30.0 32,0 36 44

[C-2 1 19,4 ZO,7 7.75 8.03 6.3 7,4 30,0 32,0 3e 44
EC-3 1 19.4 20.8 7.77 8.03 6,4 7.9 30,0 3Z,O 36 44

EC-Ref Comp 1 19,5 20,7 7.73 8.03 6.3 7,2 30,5 32,0 36 44

Ocean RefIrinee NA 19.3 20,7 7.77 8.03 6.4 7.2 30,0 32,0 36 44

San Pablo Bay HA 19,3 20.6 7.75 8,02 5.8 7.2 30,0 32.0 36 44

Saqutm Bay NA 19,5 20,7 7.76 8,01 6.0 7,3 30,0 32,0 36 44

..... I I II rl "

(a) NA Not; applicable,

_NYAH _B_y C.2



I_J_F..._?_L_.Results For Ali Replicates tn 96-h A. abdfta
Reference Toxicant Test, Winyah Bay Project

Mean
Cadmium Percent Percent

Concentra_;tonma/.L ECJL].tJ;.ILiLQ_ _ SUrVival

0.00 1 4 16 20.0
0.00 2 7 13 35.0
0.00 3 9 11 45.0 33.3

0,25 1 8 12 40,0
0.25 2 3 17 15.0
0.25 3 5 15 25.0 26,7

0.50 1 5 15 25,0
0.50 2 1 19 5.0
0.50 3 3 17 15.0 15.0

1.00 1 0 20 0,0
1.00 2 4 16 20.0
1.00 3 0 20 0,0 6,7

2.00 1 0 20 0.0
2.00 2 0 20 0.0
2.00 3 0 20 0.0 0.0

WINyAH__BAY Co3



:i_.[J___,._i,Water Quality Summary for 96-h A. abdita Reference
Toxicant Test, Winyah Bay Project

O_ssolvtd
Temperature Oxygen Salinity

Ca_tum ....t°C)................. oH _ ...... (oot) _.

A(:aepteble . . HA(a)Range 18,0 22.0 7 30 8,30 5 0 28,0 32,0

0.00 20.1 20,7 7,78 8.IS 8.8 7,3 30,0 32.0
0.28 20,2 20,8 8,08 8_18 8.8 7.4 30,0 32.0
O,SO 20.1 20.8 8.0S 8,20 8.g 7,2 30.0 32,0
t,O0 20,I 20,8 8.03 8,15 7,0 7.9 30,0 32.0
_,00 20,! 20,8 7.99 8.1! 8,g 1,4 30.0 32,0

...................... lJ]ll I --

(t) NANot appit_able.

WINYAH.BAY c.4



APPENDIXD

IO-DAYR.....abron_us.SOLID.PHASETEST



_J.L.(Z_, Resuits for All Replicates in lO-Day R. abronfus
Solid-Phase Test, WtnyahBay Project

Hean
Sedtment Number Percent Percent

EC-I I 1 19 1 95.0
EC-! 1 2 20 0 lO0,O
EC-I 1 3 20 0 100.0
EC-] 1 4 20 0 I00,0
EC-! l S 20 0 100.0 99.0

EC-2 l 1 20 0 lO0.O
EC-2 i 2 20 0 100.0
EC-2 1 3 18 2 90.0
EC-2 1 4 20 0 lO0,O
EC-2 1 5 20 0 100,0 98.0

EC-3 1 1 18 2 90,0
EC-3 l 2 19 1 95,0
EC-3 l 3 20 0 lO0,O
EC-3 1 4 20 0 100.0
EC-3 1 5 20 0 lO0,O 97.0

EC-Ref Comp 1 l 19 1 95,0
EC-Ref Comp l 2 18 2 90,0
EC-Ref Comp 1 3 19 1 95,0
EC-Ref Comp 1 4 20 0 lO0.O
EC-Ref Comp 1 5 19 1 95.0 95.0

OceanReference NA(') 1 20 0 lO0.O
OceanReference NA 2 19 1 95.0
OceanReference NA 3 20 0 100.0
OceanReference NA 4 18 2 90.0
OceanReference NA 5 20 0 lO0.O 97.0

WhtdbeyI sl and NA l 20 0 . 100.0
WhtdbeyIsiand NA 2 19 1 95,0
Whidbey island NA 3 20 0 lO0,O
WhtdbeyIsland NA 4 20 0 100,0
WhtdbeyIsland NA 5 20 0 lO0.O 99.0

qk

SequtmBay NA 1 19 1 95.0
SequtmBay NA 2 19 l 95,0
SequtmBay HA 3 19 1 95.0
SequimBay HA 4 19 1 95.0
SequtmBay NA 5 20 0 !O0.O 96.0

-- --" -.... I[11111..... IIII iii _7 $!!11iiij _ - t i[ _ : __

(a) NA Not applicable,

WINYAH_BAY D, 1



I_J,f,.J2_2.WaterQua]ItySummaryfor ]O-DayR. abroniu$
Solid-Phase Test, Winyah Bay Project

Oiajolved

Temperature Oxygen Saltntty

Sidtmnt ....... (eC) .............. _H ............ _ ........(nnt) ......

A©©eptab||

Range 13.0 17,0 7.30 8,30 S,O NA(a) 28,0 32.0

(C-! 1 14,4 15+8 7.91 8,14 7.5 8.2 30.0 32,0

[C-2 1 14,1 1S,6 6,04 8,22 1,S 6,3 30,0 32,0
(C-3 ! i4,5 15,9 8,04 8+17 I.S 8.3 30.0 32,0

[C-Ref Coral | 14,4 IS,5 8,08 8+23 7,5 8.2 30,0 32,0

OGlln Rlflrence NA |4+4 l/,/(b) 8,02 8,18 7,4 8.2 30,0 32,0

_ntdblly Island NA 14,2 i5,4 7+94 8,40 {b) 7+4 8,2 30.0 32.0

Sequtm Bay NA |4,4 |S.8 7+90 8,63 (b) 5,t 8,! 30,0 32+0

........ i ++ _, ; + _ - - ---lllr

i:I""°''"":+'Oltl point out of rlngl

WINYAHBAY D.2



_j_J;..Q_, Results For All Replicates Jn 96-h R, abr'onfus ReFerence
Toxtcant Test, Wtnyah Bay ProJect

Mean
Cadmtum Percent Percent

¢oncentratlon :maiL ]_ _ _ _

0.0 1 ]9 ! 95.0
0.0 2 i9 1 95.0
0.0 3 20 0 100.0 96,7

0.5 ! 14 6 ?0.0
0.5 2 16 4 80.0
0.5 3 17 3 85.0 78.3

1.0 1 3 17 15.0
l.O 2 0 20 0.0
l.O 3 0 20 0.0 5.0

2.0 1 0 20 0.0
2.0 2 0 20 0.0
2.0 3 0 20 0.0 0,0

4.0 i 0 20 0.0
4,0 2 0 20 0.0
4.0 3 0 20 0.0 0.0

W]NyAHBAY I:),3



APPEND!X_E

IO-DAYN,Lvt.rens SOLID.pHASEI_TEST



_J_.E_. Results for All Replicates in lO-Oay N. vfrens
Solid-Phase Test, WtnyahBay ProJect

Mean
Sediment Percent Percent
Ir.uta Survtv,i

EC-I 1 1 8 12 40,0
EC-I 2 1 12 8 60.0
EC-I 3 1 12 8 60,0
EC-i 4 1 14 6 70.0
EC-I 5 l 9 11 45.0 55,0

EC-2 l 1 13 7 65,0
EC-2 2 1 15 5 75,0
EC-2 3 1 16 4 80.0
EC-2 4 1 14 6 70.0
EC-2 5 1 15 5 75.0 73.0

EC-3 1 1 6 14 30.0
EC-3 2 1 17 3 85.0
EC-3 3 1 15 5 75,0
EC-3 4 1 17 3 85.0
EC-3 5 1 14 6 70,0 69.0

EC-Ref Comp 1 1 15 5 75.0
EC-Ref Comp 2 1 lO IO 50.0
EC-Ref Comp 3 1 11 9 55.0
EC-Ref Comp 4 1 7 13 35,0
EC-Ref Comp 5 1 1 19 5.0 44.0

MuscongusBay 1 NA(a) 12 8 60,0
MuscongusBay 2 NA 14 6 70,0
MuscongusBay 3 NA 14 6 70.0
MuscongusBay 4 NA 0 20 O.0
MuscongusBay 5 NA 17 3 85.0 57.0

.... '...... ---- ....... ,,,,,ll .._ _- _____--

(a) NANot applicable.

W!NY_BAY, E.]



I_J,F,..I_.2.Water Quality Summary for in lO-DayN. vlrens

Solld-PhaseTest, Winyah Bay Project

Otssol red

Tm_eratur. Oxyg.n $.l,n,t, Flow R.t.,

A_(z|ptabl e
Range 130 il 0 7 30 830 60 NA(a) 280 32 0 115 135

EC-I I ;4.4 16,a 7.72 a,07 ).0 a.O ,il,S _Z.O,b,,_._1;a ;3Z
tC-;! 14,S 18,4 7.e6 e,o6 7,0 e,o 31,s 3Z:_(b) 116 13ZEC-3 I 14.S le,2 7.e6 e.04 7.0 e,o 31,s 3; lls 13z

EC-tlef Comp 1 14.,5 16,1 1.80 8.09 S,9 1.9 31,5 32.0 116 13Z

Nulcongu| Bay NA 14.6 151 1 68 801 69 81 31 5 3Z 5(b) 116 132

_..j iiiii .... i ii ] ...... i :..LIjI! L_l lllUll_.,.__

l:I",o,..,,°.,,.Olta point out of rangt

WINYAH BAY E.2



APPENDIXF

28,DAYN. virensSOLID,PHASETEST



_. Results for All Replicates in 28-Day N. virens
Solid-PhaseTest, Winyah Bay Project

Mean

Sediment Percent Percent

Treatment_ B.e_2].!£_J__Seqment_ _ _ _ "_

EC-I i I 20 0 100.0

EC-i 2 I 18 2 go.0

EC-I 3 I 20 0 100.0

EC-I 4 I 20 0 100.0

EC-I 5 I 20 0 100.0 g8.0

EC-2 I I 17 3 85.0

EC-2 2 I 19 i 95.0

EC-2 3 I 19 I 95.0

EC-2 4 I 20 0 i00.0

EC-2 5 i 14 6 70.0 89.0

EC-3 I I 20 0 I00.0
EC-3 2 I 18 2 90.0

EC-3 3 I 19 I 95.0

EC-3 4 I IB 2 90.0
EC-3 5 I 20 0 100.0 95.0

EC-Ref Comp I I 16 4 80.0

EC-Ref Comp 2 I 19 I g5.0
EC-Ref Comp 3 I 20 0 I00.0

EC-Ref Comp 4 i 19 I 95.0

EC-Ref Comp 5 I 19 I 95.0 93.0

IH-I I 2 19 I 95.0

IH-I 2 2 20 0 100.0

IH-I 3 2 20 0 100.0

IH-I 4 2 19 I 95.0

IH-I 5 2 18 2 90.0 96.0

IH-2, IH-3 Comp I 2 18 2 90.0

IH-2, IH-3 Comp 2 2 20 0 100.0
IH-2, IH-3 Comp 3 2 18 2 90.0

IH-2, IH-3 Comp 4 2 17 3 85.0

IH-2, IH-3 Comp 5 2 16 4 80.0 89.0

IHRI I 2 20 0 100.0

IHRI 2 2 20 0 100.0

IHRI 3 2 20 0 100.0

IHRI 4 2 19 I 95.0

IHRI 5 2 20 0 100.0 99.0

WINYAH BAY F.1



_ABLEF,]. (contd)
Mean

Sediment Percent Percent

Treatmen_ Repiicat_ _ _ _ _urvival _tr_Y_iN__Ll.

IHR2 I 2 IB 2 90.0
IHR2 2 2 17 3 85.0
IHR2 3 2 20 0 100.0
IHR2 4 2 IB 2 90.0
IHR2 5 2 20 0 100.0 93,0

MuscongusBay I NA(a} 20 0 I00.0
MuscongusBay 2 NA 19 I 95.0
MuscongusBay 3 NA 20 0 100.0
MuscongusBay 4 NA 20 0 100.0
MuscongusBay 5 NA 19 1 95.0 98.0

_, .........

(a) NA Not applicable.

WINY6HBAY F.2



_i_L_....L_.waterQualitySummaryfor2B-DayN. virens
Solid-PhaseTest,WinyahBay Project

Dissolved

Temperature Oxygen Salinity Flow Ratn

Sediment (°C), ....DH (ma/L).......... (.Dr). ..(mL/min)
Trntmint $ement HIn Max .j_ .J_ Htn Max _ Max Hin Max

Acceptable NA(a)Range 13,0 1/,0 /.30 8.30 5.0 28,0 32,0 |15 135

EC*! 1 |4,5 16,5 7,74 8,22 7,0 8,9 30,0 31,5 lO0 (b) 132

! EC-2 1 14,5 15.6 7.78 8.21 6.8 8.4 30,0 31.5 116 132
EC-3 1 14.5 15.5 1,82 8,21 1.1 8.4 30,0 31,5 116 132

EC-Ref Comp 1 14,5 16,2 l.ll 8.22 6,8 8.1 30,0 31,5 116 132

IH-! 2 14,3 15.5 l.lO 8.20 6.4 8,3 30.0 32,0 116 132

IH-2,IH-3 Comp 2 !4.7 15,9 1,70 8.18 6,7 8.2 30,0 31.5 108(b) 132

IHRI 2 14,5 15,/ i.13 8.21 6.4 8.4 30.0 31,5 116 132

IHR2 2 14.4 15,5 l.i] 8.19 6.6 8,4 30.0 3i,5 ll6 132

MuzcongusBay NA 14,2 15,6 7,75 8,23 6,9 8,5 30.0 31,5 116 i32

(a) NA Not applicable,
(b) Data point out of range,

WINYAHBAY F.3



APPENDIXG

28-DAYN, nasuta__SOL[D..PHASETEST



?._J,f,.._z_.l. Results for All Replicates in 28-Day M, nasuta
Solid-Phase Test, Winyah Bay Project

Mean

Sediment Percent Percent

EC-1 1 ! 18 7 72.0
EC-! 2 ! 23 2 92.0
EC-I 3 ! 25 0 lO0.O
EC-i 4 1 21 4 84.0
EC-1 5 i 17 8 68.0 83.2

EC-2 I i 22 3 88.0
EC-2 2 1 22 3 88.0
EC-2 3 1 18 7 72.0
EC-2 4 1 20 5 80.0
EC-2 5 ! 21 4 84.0 82,4

EC-3 I 1 20 5 80.0
EC-3 2 1 16 9 64,0
EC-3 3 1 14 11 56.0
EC-3 4 1 20 5 80.0
EC-3 5 1 23 2 92.0 74,4

EC-Ref Comp 1 i 20 5 80.0
EC-Ref Comp 2 1 22 3 88.0
EC-Ref Comp 3 1 13 12 52.0
EC-Ref Comp 4 1 15 10 60.0
EC-Ref Comp 5 1 23 2 92.0 74.4

IH-1 1 2 23 2 92.0
IH-I 2 2 15 IO 60.0
IH-I 3 2 14 11 56.0
IH-I 4 2 24 ! 96.0
IH-I 5 2 23 2 92.0 79.2

IH-2,IH-3Comp I 2 24 1 96.0
IH-2, IH-3 Comp 2 2 22 3 88.0
IH-2, IH-3 Comp 3 2 24 1 96.0
IH-2, IH-3 Comp 4 2 22 3 88.0
IH-2,IH-3Comp 5 2 23 2 92.0 92.0

IHRI" I 2 24 I 96.0
IHR! 2 2 21 4 84.0
IHRI 3 2 24 I 96.0
IHR! 4 2 24 I 96.0
IHRI 5 2 24 ! 96.0 93.6

_!NYAHBAY G.i



_._,j____. (contd)

Mean
Sediment Percent Percent
I£.¢¢tJIiJJZ_ ReDl_cate SeQment _ _ Survival Survival

IHR2 ] 2 14 11 56.0
IHR2 2 2 24 ] 96.0
IHR2 3 2 24 ! 96.0
IHR2 4 2 25 0 100.0

IHR2 5 2 25 0 100.0 89.6

Sequim Bay 1 NA(a) 23 2 92.0
Sequlm Bay 2 NA 25 0 100,0
Sequtm Bay 3 NA 24 ] 96.0
Sequtm Bay 4 NA 23 2 92.0
Sequlm Bay 5 NA 25 0 100.0 96.0

(a) NA Not applicable.

WINYAHBAY G,2
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_ApPEND]XH

9e,HOURN. berKl..1tna sUSPENDED,P_,RT!CULATE,PHASETEST



:Ii_,LIJ_. Results for All Replicates in 96-h N, berylltna
Suspended-Particulate-Phase Test, WtnyahBay Project

Mman

$edlmnt Concmntrmtton Pmrcmnt Pmrcent
[Pmr©mnt_SPP) _ Smoment LLII _ _

[¢-! 0 ! ! lO 0 lO0.O
[C-! 0 _ ! lO 0 lO0.O
[C-! 0 3 | lO 0 iO0,O
[C-I 0 4 l 10 0 lO0,O
[C"! 0 S 1 g ! 90,0 ge,0

[C-1 10 ! ! 10 0 100,0
[C-I 10 2 ! 10 0 100,0
[C-I 10 3 I 10 0 100,0
[C-I 10 4 1 10 0 100,0
[C-! i0 S ! I0 0 I00,0 I00.0

It" 1 SO 1 1 9 1 90.0
[C'l SO 2 1 i0 0 100,0
[C'l $0 3 1 10 0 100,0
[C-1 SO 4 1 9 ! 90.0
[C-1 $0 S 1 l0 0 !00,0 98,0

[C*! 100 ! i 10 0 100,0
It'! 100 2 ! 10 0 100,0
[C'l I00 3 I I0 0 I00.0
[C'l 100 4 1 10 0 100.0
[C'l 100 S 1 10 0 100.0 100,0

[C'! 0 1 1 10 0 100,0
[C-2 0 2 I I0 0 I00.0
It'| 0 3 1 10 0 100,0
[C'_ 0 4 l 10 0 lO0.O
EC'2 0 S 1 10 0 100,0 100.0

It'| I0 I I 8 2 80,0
It-! 10 2 1 10 0 I00.0
[C'2 10 3 1 10 0 100,0
[C'_ 10 4 l 10 0 100,0
[C-2 10 5 1 10 0 100,0 96,0

[C'2 SO 1 1 10 0 I00.0
[C'2 SO 2 1 9 1 go.0

[C'2 SO 3 1 10 0 100,0
[C-2 50 4 l 9 1 90,0
[C'2 50 5 I I0 0 |00.0 g6,0

[C'Z tO0 I i 9 I 90,0
[C'2 100 2 l 9 1 90,0
[C'2 1O0 3 1 9 I 90.0
[C'2 lO0 4 l 9 1 90,0
[C-2 100 5 1 9 1 90,0 90,0

WINYAH_BAY H.1



j_,f,.J:j,_. (contd)

Mean
$edtwnt ConoentrJtton Percent Percent

[C-3 0 i 1 i0 0 100,0
[C-3 0 _ 1 |0 0 100,0
EC-3 0 3 1 lO 0 100,0
[C-3 0 4 ! lO 0 100,0
[C-3 0 S l lO 0 100,0 100.0

[C-3 10 1 1 lO 0 100.0
EC-3 10 2 1 g 1 90,0
EC-3 10 3 1 e 2 80.0
[C-3 i0 4 i 10 0 100,0
[C-3 i0 S 1 0 0 100,0 94.0

EC-3 SO 1 1 I0 0 100.0
EC-3 SO _ i 10 0 100,0
EC-3 SO 3 1 8 2 80.0
EC-3 SO 4 1 10 0 100.0
EC-3 SO S 1 i0 0 100,0 9e.O

EC-3 I00 1 1 I0 0 I00,0
EC-3 100 2 i lO 0 I00.0
EC-3 I00 3 1 10 0 100,0
EC-3 100 4 1 I0 0 100,0
EC-3 100 S 1 I0 0 100,0 I00,0

WINYAHBAY H.2



__, Rater Quality Summaryfor 96-h #. beryllina
Suspended-Particulate-Phase Test, gtnyah Bay Project

Otssolred
T_lrit url Oiygln Si| in| ty

$edtmint Con©entrat ion ...... (°C) ....... _ _ (nnt |__

AG©ipttb|e , . NA(i)Range i8.0 2Z.0 1_30 tsJO 4 0 28,0 $Z,0

[C-I 0 1 19.0 20.2 l_S4 8.01 5.5 8_2 31.0 31.0
EC-| l0 | |9.0 20.2 P.tl 8_|0 fi,2 _.9 31.0 32,0
[C-I S0 1 19,0 20,Z _.79 8.04 6.2 8.4 31.0 3Z.0
[C-! 100 ! 19.0 20.1 1.S6 e_10 6.4 8.6 31,S 3_,0

[C-! 0 ! 19.0 20.2 i.6S e.lZ 5.8 8.4 30.0 3Z.S(b)
EC-| lO 1 19,0 19,9 )_,7! 8_05 6,2 8.5 31.0 32,0
[C-2 SO 1 19.0 80.2 1.87 8.07 6, S 8.5 30.S 3|. 0
£C-2 100 1 19,0 20.1 7.97 8.11 6,3 8.1 31.0 32.0

I[C-3 0 1 19.1 ;_0.1 _'.JO 8.06 6.1 8,4 3i,0 32.0

[C-3 10 1 Ig.l 20.3 Y.72 8.09 8.1 11.4 3i.0 32,0£C-] SO 1 19.0 ;tO.;r 752 8_09 6.4 8.3 31.S 32. _,(b)
[C-3 100 1 19,1 20,2 7,91 8,08 6,4 8,5 31_0 32,0

(a) HANot applicable,
(b) Oati potnt out of range,

WINYAHBAY H.3



_l,_,..l_. Results for All Repl!cates in 96-h N, beryllfnaReference
Toxtcant Test, WtnyahBay Project

Hean

Copper Percent Percent
Concmntrmtlon,a/L llfl_Jj.f,i_Jl_ _ _Lr_Y_1.V.iLl._LkUIYJ.t/k].

0 1 i0 0 100.0
0 2 10 0 100.0
0 3 10 0 100.0 100.0

16 1 10 0 100.0
16 2 10 0 100.0
16 3 10 0 100.0 100.0

64 1 10 0 100.0
64 2 I0 0 i00.0
64 3 10 0 100,0 lO0.O

160 1 9 1 90.0
160 2 8 2 80.O
160 3 6 4 60.0 76.7

400 1 0 10 0.0
400 2 0 10 0.0
400 3 1 9 10.0 3.3

WINYAIIBAy H.4



I_J.JL._+._,waterQualitysummaryfor 96-hif,beryIPinaReference
ToxicantTest,WinyahBay Project

Dissolved

;t_IritUrl Oxygl, $i| ! nt ty

CopNr .......... (°C) +...... ......... . +.ll ____ (molL) ............................ (o,t} __

Amceptibl,
Ringl |8+0 22.0 1.30 8+30 4.0 NA(t) +8.0 32.0

0 Ig.8 20,5 8+00 8,1S 6.3 ll,;r 31,5 32,0
16 itl,g +0,4 7+g8 li+Og 6+4 8,4 31 .S 3+.0
114 Ig.tl +O,S 7,gO 8.10 +.4 8,3 3i,S 3+,_

1+0 l+.t I0,4 7+i! 8.10 +,3 8+1 31,+ 3I,0
400 ZO,O 20,S 7,87 li+OS $.S i++31 3|,+ 32,0

(1) NA Not tppt|ctb|l+

WINYAHBAY H.5



APPENDIXI

96-HOURM. bahiaSUSPENDED-PARTICULATE-PHASETEST



__LF.._L_.ResultsforAll Replicatesin 96-hM. bahia
Suspended-Particulate-PhaseTest,WinyahBay Project

Mean
Sediment Concentration Percent Percent

Treatment (PercentSPP) B._9.].tp.lteSeqment _ _ Survlva] Survlval

EC-I 0 1 1 10 0 100.0
EC-I 0 2 1 9 1 90,0
EC-1 0 3 1 9 1 90.0

EC-I 0 4 1 9 1 90,0
EC-I 0 5 ] 10 0 100.0 94.0

EC-I 10 I ! 9 1 90.0
EC-I 10 2 1 8 2 80.0
EC-I 10 3 1 9 ! 90.0

EC-I I0 4 I I0 0 100.0
EC-I I0 5 I 9 I 90.0 90.0

EC-1 50 I I 9 I 90.0

EC-1 50 2 1 10 0 100.0
EC-1 50 3 i 9 I 90,0

EC-I 50 4 I 9 I 90.0
EC-I 50 5 I 9 I 90.0 92.0

EC-I 100 I I I0 0 I00.0

EC-1 100 2 1 9 1 90.0
EC-I 100 3 1 9 1 90.0

EC-I 100 4 1 9 1 90.0
EC-1 100 5 1 8 2 80.0 90.0

EC-2 0 1 1 10 0 100,0
EC-2 0 2 1 9 1 90.0
EC-2 0 3 1 10 0 100.0

EC-2 0 4 1 10 0 100.0
EC-2 0 5 1 9 1 90.0 96.0

EC-2 10 1 1 10 0 100.0

EC-2 10 2 1 9 1 90.0

EC-2 10 3 1 9 1 90.0
EC-2 10 4 1 8 2 80,0

EC-2 I0 5 I 9 I 90.0 90.0

EC-2 50 1 1 9 1 90.0
EC-2 50 2 1 9 1 90.0

EC-2 50 3 i 10 0 100.0
EC-2 50 4 I 9 1 90.0

EC-2 50 5 1 8 2 80.0 90.0

EC-2 IO0 I I 9 I 90.0
EC-2 1O0 2 1 8 2 80,0
EC-2 100 3 I 8 2 80.0
EC-2 I00 4 I 9 I 90.0
EC-2 , I00 5 I I0 0 I00.0 88.0

WINyAHBAY I.!



TABLE1.1 (contd)
Mean

Sediment Concentration Percent Percent

!reatment (Percent SPP) ReDli,qpt_ Seqment Live _ 5urviYa]

EC-3 0 [ 1 9 I 90.0

EC-3 0 2 1 9 1 90.0
EC-3 0 3 1 10 0 100.0

EC-3 0 4 1 10 0 100.0
EC-3 0 5 1 9 ! 90.0 94.0

EC-3 10 i 1 9 1 90.0

EC-3 10 2 1 9 1 90.0

EC-3 10 3 [ 10 0 100.0
EC-3 10 4 1 10 0 100.0
EC-3 10 5 1 8 2 80.0 92.0

EC-3 50 1 1 9 1 90.0
EC-3 50 2 1 8 2 80.0
EC-3 50 3 1 10 0 100.0

EC-3 50 4 1 9 1 90.0
EC-3 50 5 1 8 2 80,0 88.0

EC-3 100 1 1 9 1 90.0
EC-3 100 2 1 10 0 100.0

EC-3 100 3 1 8 2 80.0
EC-3 100 4 i 9 1 90.0

EC-3 100 5 1 10 0 100.0 92.0

WINYAHBAY i.2



_ABLE1.2. WaterQualitySummaryfor 96-hM. bahia
Suspended-Particulate-PhaseTest,WinyahBay Project

131ssolved

Temperature Oxygen $ai!n|ty
Sediment Concentration ..... (°C).... oH _ • (nnt)
Treatment (PercentSPP)_eament .J_ _ .J_ Max _LD Max _ .J_

Acceptable

Range 18.0 22.0 7.30 8,30 4.0 NA(a) 28.0 32.0

EC-1 0 1 20.0 20.7 7.74 8,07 6,2 8,3 31.0 32,0
EC-I 10 1 19.9 20.6 7.77 8.12 6.0 8.5 31,5 32,0

EC-I 50 1 19.8 20.5 7.90 8,16 6.4 8.6 31,0 32._EC-1 100 1 19,9 20,5 7,83 8,18 6.0 8.4 31.0 32 (b)

EC-2 0 1 20.0 20.7 7.63 8.14 6,1 8.5 31,0 32,0
EC-2 10 1 20.0 20.6 7.88 8.10 6.2 8.6 30.5 32,0

EC-2 50 1 20.0 20.5 7,93 8.17 6,4 8,6 31,0 32,_EC-2 100 1 19.9 20.5 7.93 8.14 6,6 8.4 30.5 32, (b)

EC-3 0 1 20,0 20.7 7,81 8.14 6.4 8,5 31.0 32,Orb _
EC-3 10 [ 20.0 20.6 7.57 8,13 5.3 8,6 31.5 32,5)b___
EC-3 50 ! 19.9 20.6 7.94 8.12 6.2 8.3 31.0 32.5 _
EC-3 100 1 19.9 20.5 7.76 8,14 4.9 8,6 30.0 32.0

ii,ll i ,,,i i

(a) NA Not applicable.

(b) Data point out of range.

WINYAHBA_ I. 3



_J_,L]J. Results forAll Replicates tn 96-h M. bahia Reference
Toxtcant Test, WtnyahBay ProJect

Mean

Copper Percent Percent
_ncentratton uq/L Replicate _ _ SurvJva] Suryiva]

0 1 10 0 100.0
0 2 9 1 90.0
0 3 10 0 100.0 96.7

50 1 9 1 90.0
50 2 10 0 100.0
50 3 9 1 90.0 93.3

I00 1 9 1 90.0
100 2 9 1 90.0
100 3 10 0 100.0 93.3

150 I 9 1 90.0
150 2 8 2 80.0
150 3 8 2 80.0 83.3

300 1 4 6 40.0
300 2 3 7 30.0
300 3 2 8 20.0 30.0

WINYAHBAY I.4



I_._,__i__._.WaterQualitySummaryfor 96-h M. bahia Reference
ToxicantTest,WinyahBay Project

Dissolved
Temperature Oxygen Saltntty

Copper _ ,,(_C) oH ....... (moiL) .......... __ (Dot)........
ConcentrationL_IL _ _ _ Max _ J_LIS _ _Hax

Acoeptable , NA(a)Range 18.0 22.0 7.30 8 30 4,0 28.0 32.0

0 19,8 20.6 8,00 8.15 6,4 8,5 31.0 32,5! b)
50 19,8 20,4 7.99 8,09 6,6 8,6 31,0 32 5(b)

100 19,9 20,4 7.98 8,12 6.3 8,4 31,5 32.0
150 19.9 20.4 8.00 8.18 6,5 5,4 31,5 32 _(b)
300 19,8 20,3 8.02 8.15 8,5 8,6 31,0 32,5(b)

rr ............. : .....

(a) NANot appllcable.
(b) Data point out of range.

WINYAHBAy_ 1.5
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_J_J.L_.Z. Water Quality Summary for 72-h L. pictus Suspended-
Particulate-PhaseTest, Winyah Bay Project

01wmolved
Temperature Oxygen SalI ntty

Sedtmnt Concentratton _ _ _
TrIatmnt _ $iament _ .._ ._ _ Hln _ ._ .]_

Aa©aptable , NA(a)Range 18.0 22 0 7.50 8.50 5.0 28.0 32.0

[c-| 0 l 20,0 20.e e.01 e,ze 6,4 1.3 30,0 3z,s
zc-! 10 1 20.0 zo,l e,ol e,19 6,4 7,3 30.0 31,5
£C-i 50 | 20,1 2o.1 e,o4 8,20 6.8 1,2 30.0 31.5
£C-! tO0 1 20,1 20,1 7,95 8.20 6.5 1,4 30.0 31,5

£C-2 0 1 20.0 20,1 8.01 8, 19 6,4 7.3 30,0 32,0
(C-2 lO 1 20, ! 20, 7 8,06 8.20 6.5 l, 2 30,0 31.5
£C-2 50 1 20.1 20,1 8,05 8.21 6,6 7,4 30,0 31,5
EC-2 100 1 20.1 20,6 8.09 8,22 6,/ 7,3 30,0 31,5

EC-3 0 1 20,0 20,8 8,0l 8.19 8,4 7.3 30.0 31.5
[C-3 lO 1 20.0 20.1 8.08 8,20 8.5 1,3 30,0 3l,S
EC-3 50 1 20.0 20.6 8.01 8,19 6,6 7,3 30,0 31,5
£C-3 lO0 1 20.1 20,6 8,OS 8.20 6.7 7,4 30,0 31.5

rl _ r _jii (,it i _ : i i i _.:_i

(a) NANot applt©able.

WINYAH BAY J.3



IL_.L_)._. Results for A11 Replicates |n 72-h L. pfctus Reference
Toxicant Test, WlnyahBay Project

Heart

Copper Stocking Peraent Percent
Con©entratton/Jai_ R|ohcate Oan!lty _ _ _ _ _ Survtval

0,0 l 25S 190 0 0 9 73,4
0,0 2 233 177 0 0 60 76.0
0,0 3 275 243 0 0 3 $6,4 08.9

2,0 ! 209 263 0 0 5 91,0
a,9 2 316 257 0 0 6 61,3
2,9 3 263 256 0 0 0 90,1 9!.9

9,0 1 202 255 0 0 5 90,4
9,0 2 250 26; 0 0 3 lO6,a
9,0 3 203 Z44 0 0 0 06,! 95,0

30,0 1 26Z 215 ! 0 36 62.1
30,0 2 274 162 0 0 37 59.1
30,0 3 266 187 0 0 43 70,3 84,9

lO0,O 1 250 Z3 6 0 ZI6 0.9
100.0 2 261 41 12 0 144 IS,7
lO0,O 3 27_ 42 15 0 147 15.3 01,5

ZO0,O 1 27_ 0 1 0 42 0,0
200.0 2 250 0 0 0 27 0,0
200.0 3 277 0 0 0 13 0,0 10,2

WINYAHBAy J.4



_J,L_LI. water Quality Summary for 72.h L. pictus Reference
ToxicantTest, Winyah Bay Project

I)i IIlO|,ted
Tempererure Oxygen 5al _ntty

Copper ......... [oC) ............... J2kt.......... ___ _ _+_tooL)_+.+_+_

Accept,bte
It,rip le,O 22,o 1 so 8,so s,o NA(l) 28,0 32,0

0.0 20+2 ZI,O 8,06 8.1!i 6.9 7.2 30,0 31,S
i,ii _0,I lei.O e,13 8.18 t.O 7.4 30,ll 31,5
II,0 20,2 _I.I 8,14 8.!9 P,O P.S 30+0 31.S

30,0 tO,! fl,! e,lS e,IO 7+0 t.+ 30,0 31,s
100,0 lo,! fl+l 0,14 0.19 7,0 7.3 30,0 31,s
200.0 20,2 21,1 e.ll 8+1e 7.0 7,2 30.O 31,S

.... _ _ _ _1 ]ill ]llU LI£ jill It_

(a) NANot applt©able+

WINYAH e_y J.5
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OA/OC SUMMARY

ProJeot: Wtnyah Bay
Parameter: PAl-Is
Laboratory: BattelleOcean Sctenc(_s(BOS)
Matrix: M. nasufa Tissues

Holding Times Tissuessampleswere to sent BOS on October 15,1992,
extractedon October28, 1992, andanalyzed on November5 and
6, 1992, The30-day holdingtimepriorto extractionwas not
exceeded; the40.day holdingtimebetweenextractionancl
analysiswas not exceeded,

Sllnkl The crllerlaof 1 blankper20 sampleswas met. HPAHs and
LPAHs were notdetectedabovethe targetdetectionlimitof
30 _g/kg,

Deteotlon Limits Thedetectionlimitgoalof 30 _g/kgwas met forall HPAH andLPAH
compounds.

Surrogate
ntornal 8tandarde The criteriaofone surrogatestandard_r samplewas met. Three

surrogatestandardswere evaluated: d8 naphthalene,dl0
acenaPthalene,and (:112benz0(a)pyrene. Surrogaterecoveries
were Withinthe OA goalsof 40% to 120%,

Matrtx 8plke/_trlx
ttplke Ouplloste The criteriaof onematrixspike/matrlxSpikeduplicate(MS/MSD)

per 20 sampleswas met. The 40% to i20% criteriaforspike
recoverywas met for the LPAHand the HPAHswiththe exception
of acenaphthene,fluorene,phenanthrene,fluoranthene,and
pyrene, These fivepercentrecoveriesrangedfrom 121% to

123%. The relativepercen!difference(RPD) between MS andMSD were all less than 7%. well withinthe QA limitof _;30%,

Replication The criteriaof oneduplicateanalysisper 10 sampleswas met. The
QA limitforRPDs is_;30%, Allof thecalculatedRPDs werewithin
thislimitand rangedfrom0% to27%,

SRM= QA limitsspecifythat the observedvalue for an SRM mustbe
within30% of the certifiedvalue. Allof theSRM valuesforLPAHs
were within30% of the certifiedvalue. HPAH SRM data showed
all compoundsexcept benzo(a)pyrene(35%) and benzo(ght)
perylene(60%) were within30% of thecertifiedvalue,



QA/QC SUMMARY

Project: Winyah Bay
Parameter: Butyltins
Laboratory: BattelleOcean Sciences(BOS)
Matrix: M. nasuta Tissues

Holding Times Tissuessampleswere to sent BOS on October 15,1992,
extractedon October30, 1992, andanalyzed on November5 and
6, 1992. The30-day holdingtimepriorto extractionwas not
exceeded; the40-day holdingtimebetweenextractionand
analysiswas notexceeded.

Blanks The criteriaof 1 blankper 20 sampleswas met. The butyltin
compoundswere notdetectedabovethe targetdetectionlimitof
10 I_g/kg.

Detection Limits Thedetectionlimitgoalof 10 _g/kgwas met forall Butyltin
compounds.

Surrogate
Internal Standards The criteriaof onesurrogatestandardper samplewasmet. Two

surrogatestandardswere evaluated:tripropyltinand tripentlytin.
Surrogaterecoverieswere withinthe QA goalsof 40% to 120%
withtheexceptionof M. nasuta backgroundreplicate3, whlchhad
a surrogate recovery of 125%.

Matrix Spike/Matrix
Spike Duplicate The criteriaof one matrix spike/matrixspike duplicate (MS/MSD)

per 20 samples was met. The 40% to 120% criteria for spike
recovery was met for the tri- and dibutyltin compounds.
Monobutyltin compounds were outside the QA range of 40% to
120% with recoveries of 4% for the MS and 18% for the MSD.
The relative percent difference (RPD) calculations for tributyltin
(34%) and monobutylttn (133%) exceeded the limit of <30%.

Replication The criteriaof one duplicate analysis per 10 samples was met. The
RPD for monobutyltin(81%) was outsidethe QA limitof <30%.

SRMs SRMs were notanalyzed for the butyltincompounds.



TABLEK.I. TotalPolynuclearAromaticHydrocarbons(HPAHs),
Wet Weight,in Tissueof M. nasuta,WinyahBay Project

_ M.n_sqfa PAH_ (L/_/kq wet wetaht]
Sediment Percent Total Total Total

Treatment , _ Rep]!cate Drv Weiqh_ _ _

IH-2,1H-3 Comp 1 12.73 15 11 26

IH-2,IH-3 Comp 2 10.49 9 4 13
IH-2,IH-3 CompRepltcate i 3 10.71 14 5 19

IH-2,IH-3 CompReplicate 2 3 10.71 14 5 19
IH-2.1H-3Comp 4 11.21 I0 5 15
IH-2,IH-3 Comp 5 11.40 11 5 16

IHR2 I 10.76 II 4 15
IHR2 2 10.16 8 5 13
IHR2 3 8.96 13 6 i9

IHR2 4 10.19 13 3 16

IHR2 5 11.59 10 3 16

M._ Background 1 12.14 10 6 16

M.n_=_ Background 2 13.79 11 6 11

M. tmsum Background 3 17.24 11 13 24

M, nos_z Background 4 17.58 11 I1 22

M. n4zg_ Background 5 18.59 14 14 28

WINYAHBAY K.I
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_. TotalPolynuclearAromaticHydrocarbons(PAHs),Dry Weight,
in Tissueof M. nasuta,WinyahBay Project

ML_as.taPAHs(L/z_/kgdry wetaht)_,,
Sedlmnt Percent Total Total Total

IH-2,1H-3 Comp l 12,73 118 87 205
IH-E,IH-3 Comp 2 [0,49 89 39 128
IH-2,IH-3 CompReplicate I 3 10.71 127 44 171
IH-E,IH-3 CompReplicate 2 3 i0.71 i31 44 175
IH-2,IH-3 Comp 4 ]1.21 88 48 136
IH-2,IH-3 Comp 5 11.40 98 46 144

IHR2 ! 10.76 99 35 134
IHR2 2 10,16 79 44 123
IHR2 3 8,96 149 68 217
IHR2 4 10.19 126 33 159
IHR2 5 11.59 89 52 141

M. sacutaBaakground I 12.14 79 48 127
M.nanua Background 2 13.79 ll 46 123
M.nasumBackground 3 17.24 66 77 143

M.nasumBaGkground 4 17,58 61 64 125
M.nasutaBackground 5 18.59 75 74 149

WINYAHBAY K.4



WINYAH BAY K.5



I,_ i ::::1:_ _ _ _ =:_ ::_ ;= :::_ ;::) =_ _ _ _ :=) ::)i" re) P-_ ,.,_ (_1 ,-,_ ql" t_) _ ,.-.4

-.o !i l °°°°°°°°°°°°° °, .N..o.
[°°°°°°°°°°°-27 ............

j ==_.,=== ===== ==-_=-_

01 m "

0 _

! '=o ............ _

-- __

_=' :_,_=, _ =_ _ _'



_. 1<.7



j lJ _
e_

WINY/_HB_y K.8



WINYAHBAy K,9



W_IYAHBAY K, ]0



I._I_,-E_J, Surroglte Recoveries For Polynuclear Aromatic Hydrocarbons(PAHs)
Wet Weight, in Tissue of N. nasuta, Winyah Bay Project

SurroaitaPercent Recove_
Sed!ment Naphtha- - Acenaph Benzo(a_:-

IH-2,IH-3 Comp 1 80 63 66
IH-2,1H-3 Comp 2 93 74 70
IH-2,IH-3o CompReplicate 1 3 81 64 66
1tt-2,;H-3 CompReplicate 2 3 76 62 65
IH-2,IH-3 Comp 4 75 67 65
IH-2,IH-3 Comp 5 105 74 75

IHR2 1 83 68 68
IHR2 2 74 67 67
IHR2 3 86 70 70
]HR2 4 9] 70 71
IHR2 S 95 67 72

N. nasuta Bmckground 1 83 67 67
N. nasuta amckground 2 83 66 68
N. nasuta Background 3 86 67 67
N. nasuta Background 4 73 61 S8
N. nesuta Background 5 82 66 67

Oua]_tty__Cunt_o]_Oa_a

Hat.hodB1ank

Blank 1 92 73 70

Mat_tx Sotke

]H-2,IH-3 Comp 1 80 63 66
IH-2,1H-3 CompHS 1 84 69 71

IH-2,IH-3 Comp 1 80 63 66
IH-2,IH-3 CompHSD 1 92 75 75

Anm]v_h:al O_olJca.tes

IH-E,IH-3 CompReplicate 1 3 81 64 66
IH-2,IH-3 CompReplicate 2 3 76 62 65

#
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TABLEK.11. qualtty Control Summaryfor Butylttns, Wet and Dry We|ght,
tn Tissue of #. nasuta, WJnyahBay Project

Surrogate M, amuld

Pmrcnnt.Recoveries .............. Butvlt]nl (Lka/ka wet ,night} .....

Sediment Trl * Trt - Trt - (}t- Hone-

Blank ! SS 63 3.7S j(a) 2.42 U(b) 3.03 U

U_

iH-|,IH-3 Comp ! 42 63 |O.SO J 4.30 U ?,SS
SH-Z,SH-3 C_ HS ! 62,)'8 33.20 8.92
Connentratlon Recovered SY.26 33,20 1.37

AmountSpiked 46,13 46.6t 38,3:Percent Recovery 96 44 | 13X ?1_ X(c)

IH-|,IH-3 Comp 1 42 63 !0.50 J 4.30 U 7.S5
IH-|,IH-3 C_ HSD 1 27.26 13.66 4.40
Conoentrat t on Recovered 16,76 13,66 3.07

Amount Spiked 20,94 21.16 17.4| , .
Percent Recovery 77 44 80X 6S_t |8_t O)

RPO 34X(d) • tO*#, 133X(d)
!-Silt O.i7 O,05 O,66

An,) vt] oil Ounl!;at,,

IH-|,IH-3 CompReplicate l 3 SO 16 a.Ze z.eo u s.ey
IH-|.IH-3 CnmpReplicate 2 3 81 6S 6.21 I.?Z U |.SO

RPD ;_Dli NA elli (d)

l-Silt O,14 HA 0.40

(') J Analyte detected bel.w meth_ dete_tion ,inlit (MDL)t but above lnetr.nt Oetect,on 1,1_tit (IOL,.

U Anllyte was not present above the level of ellOOiated vi|ue.

Recovery outside quality control range (4011-120X).

Value exceeds re)attvl prectlion range _01{.

_!Y/_BAY K,) 3
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OA/OC SUMMARY

Project: Wlnyah Bay
Parameter: Butyitins
Laboratory: BattelleOceanSciences(BOS)
Matrix: N, vlrensTissues

HoldingT!mn Tissuessampleswereto sentBOSonOctober15,1992,
extractedonOctober30, 1992,andanalyzedonNovember5 and
6, 1992, The30-dayholdingtimepriortoextractionwasnot
exceeded,the40-dayholdingtimebetweenextractionand
analysiswasnotexceeded,

Blanks Thecriteriaof 1blankper20samples=wasmet,The butylttn
compoundswerenotdetectedabovethetargetdetectionlimitof
10I_g/kg,

Detection Limits Thedetectionlimitgoalof 10I_g/kgwasmetforallbutyltin
compounds.

iSurroglte
nternalStandards Thecriteriaofonesurrogatestandardpersamplewasmet,=Two

surrogatestandardswereevaluated:trlpropyltinand tripentlytin.
SurrogaterecoverieswerewithintheQAgoalsof 40%to 120%
withtheexceptionof N, virensbackgroundreplicate5, whichhada
surrogaterecoveryof t27,4%.

Matrix8pike/Matrix
Spike Duplicate Thecriteriaofonematrixspike/matrixspikeduplicate(MS/MSD)

per20sampleswasmet. The40% to 120%¢rtterlaforspike
recoverywasmetforthetrl-andclibutyltincompounds.
MonobutyltincompoundswereoutsidetheQA rangeof40%to
120%withrecoveriesof26% fortheMSand28%for theMSD.
The relativepercentdifference(RPD) calculationsfortheMS!MSD
wereallwithintheQAlimitof ..,_0%,rangingfrom9%to 18%.

Replication Thecriteriaofoneclupllcateanalysisper10sampleswasmet,The
RPDfortributyltin(65%)wasoutsidetheQA limitof_;30%.

aRMs SRMswerenotanalyzedforthebutyltlncompounds,

i



QA/QC SUMMARY

Project: Wlnyah Bay_
Parameter: DioxtnsandFurans
Laboratory: BattelleColumbus
M|trlx: N,vlrensTissues

HoldingTime= SedimentsampleswerecollectedfromJune23 to25, 1992,
SamplesarrivedonOctober14, i992, wereextractedonOctober
21 throughNovember6, i992, andanalyzedonNovember11
throughNovember18,1992. The30-dayholdingtimepriorto
extractionwasnotexceeded;the40-dayholdingtimebetween
extractionandanalysiswasnotexceeded,

Illanl(t Theorttertaof 1blankper20sampleswas met, Dlox!nsand furans
werenotdetectedabovethe',argetdetectionlimitof 1.0ng/kg,with
theexceptionofblanks! and2, wh!¢hhadOCDD levelsde|ectea
at 2,4ng/kgand9.1ng/kg,respectively

Detection Limit| Thedetectionlimitgoalof ! .0 ng/kgwasmetforallof thedloxtn
congeners.Someofthefur=aswerefoundsltghtlyhigherthanthe
targetgoalof 1.0ng/kg.

Surrogate .
Internal8tenderoa ThecriteriaofoneInternalsurrogatestandardpersamplewasmet,

Mostsurrogaterecoverieswerewlthtnthe40% to 120%range
requiredin|he QAPlan,

Matrix Spike/Matrix
8pike Duplicate Thecriteriaofonematrixspike/matrixspikeduplicate(MS/MSD)

per 10sampleswasmet. The40% to 120%criteriaforspike
recoverywasmetforallthedioxinandfurancongenerswiththe
exceptionof2378-TCDDandOCDF,whichhadpercent
recoveriesrangingfrom123%to 127%,The calculatedrelative
percentdifferences(RPDs)betweenMS/MSDwerewithintheQA
limitof_0%, indicatingexcellentprecisionof themeasurement,

Replication Thecriteriaof oneduplicateanalysisper10sampleswasmet.
OnecalculatedRPDforOCDDwasoutslcleof theQAlimitof
_;30%,

SRMI QA limitsspecifythattheobservedvalueforan ,_RMmustbe
within30%ofthecertifiedvalue,SincethereIs nota certified
referencematerialford!oxlnsIntissues,a matrixreferencematedal
withconsensusvalueswas used.Allof thedioxinandfuran
congenervalueswerewithintheQA limitof30%of theconcensus
valueandIndicateexcellentanalyticalaccuracy.



QA/QC SUMMARY

Proleot: Wlnyah Bay
Ilirameter: PAHs
Laboratory: BattelleOceanSciences(BOS)
Matrix: N, vtrensTissues

HoldingTlmel TissuessamplesweretosentBOa onOctober15,!992,
extractedonOctober21, 1992,andanalyzedonOctober28 and
29, 1992, The30-dayholdingt!mepriortoextractionwasnot
exceeded;the40-dayholdingtimebetweenextractionand
analysiswas notexceeded,

Blanks Thecriteriaof I blankper20sampleswasmet, HPAHsand
LPAHswerenotdetectedabovethetargetdetectionlimitof
30 I_g/kg.

Detection Limit| ThedetectionItmltgoalof30 _g/kgwasmetforallHPAHandLPAH
compounds,

Surrogate .
ntarnal Stltndar¢lt Thecriteriaofonesurrogatestandardpersamplewasmet, Three

surrogatestandardswereevaluated:d8naphthalene,dl0
acenapthalene,andd12benzo_a)pyrene.Surrogaterecoveries
werewithintheQAgoalsof40 ,/=to 120%,

ilatrlxSpike/Matrix
pike Dupll©llte Thecriteriaofonematrixspike/matrixspikeduplicate(MS/MSD)

per20sampleswasmet, The40%to 120%criteriafor_,,_0k_
recoverywasmetfortheLPAH andtheHPAHs,Therui_tave

percentdifference(RPD)betweenMS andMSDwereall lessthan11%, wellwithintheQAlimitof _;30%.

Replication Thecriteriaofoneduplicateanalysisper10sampleswasmet.The
QA limitforRPDsIs_;30%.Fourteenoutof a possible17RPDs
exceededtheRPDlimitof _;30%,

aRMs QA limitsspecifythattheobservedvalueforan SRMmustbe
within30%ofthecertifiedvalue. Allof theSRMvaluesforLPAHs
andHPAHswerewithin30%ofthecertifiedvalue,



_J_,_,_L_. Total Polynuclear Aromatic Hydroctrbons (PAHs), get getght,
in Tissueof N. v_vens,WinyahBay Project

.... N.t_PAHa |Un/kn wmtwllt_t) .......

Sldtment Percent Totil Total Totll

IH-I,IH-3Ccmp I 13,60 4 ! S

IH-Z,IH-3 C_ ) 14.8) 5 [ 6
IH-Z,IH-3 Comp 3 l).S/ 4 3 1

IH-|,IH-3 CompRlpllcite I 4 IZ,5| 8 2 I0
IH-J,IH-3C_ Repli©¢te) 4 I).14 S ! 6
IH-I,|H-3 Comp 5 Ii.g_ 8 ! g

IH-RefZ l IZ,66 e ! 9
IH-Ref Z I 13.80 e 1 1

lH-Ref 2 Replicate l Z 15,13 1 1 6
IH-Ref2 RepliclteZ 3 i4.08 10 l II
|H-R|f 2 4 14.J4 6 l 1

lH-Re@2 5 I|.OS 3 1 4

N,_raJ Slckground 1 i1.10 g 20 3S

N,t_B,ckground 2 16,13 1 15 22

N,_asOlckground 3 13,S3 S 19 _4

N.t_u Oaokground 4 16.80 1 16 25

N._ Background 5 11.14 5 13 16

WINYAHBAY L, 1
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_. Total PolynuclearAromatic Hydrocarbons(PAHs),Dry Weight,
in Tissue of N. virens,Winyah Bay Project

. N,vire_PAHs(L(q/kqdry wetqht}

Sedlment Percent Total Total Tota]

Treatment Replicat_ J__ _ _

IH-2,IH-3 Comp I 13.60 30 7 37

IH-2,IH-3 Comp 2 14.62 35 7 42
IH-2, IH-3 Comp 3 12.57 35 26 61

IH-2,IH-3 CompReplicate 1 4 12.51 66 12 78
IH-2,IH-3 CompReplicate 2 4 12.74 41 7 48

IH-2,IH-3 Comp 5 14,95 53 8 61

IH-Ref2 I 13.66 61 8 69
IH-Ref2 2 13.80 44 6 50

IH-Ref2 ReplicateI 3 15,13 45 6 51

IH-Ref2 Replicate_ 3 14.0B 68 B 76
IH-Ref2 4 14.24 41 7 48
IH-Ref2 5 12.85 22 4 26

N.virer,s Background 1 17,70 51 146 197

N.virenzBackground 2 18.13 39 83 122

N.WrensBackground 3 13.53 34 140 174

IV.WrensBackground 4 _6.80 39 107 146

iV.WrenzBackground 5 17.14 30 76 106

WINYAH BAY L.4
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TABLEL.9. SurrogateRecoveriesfor PolynuclearAromaticHydrocarbons,Wet
Weight,in Tissueof N. virens,WinyahBay Project

5urroaate Perce_tReqov_rie8
Sediment Percent Naptha- Acenaph- Benzo(a i

_reatment _ _ _ __

IH-2 IH-3 Comp 1 13,60 53 46 49
IH-2 IH-3 Comp 2 14,62 66 59 62

IH-2 IH-3 Comp 3 12,57 71 85 69

IH-Z IH-3 CompReplicate 1 4 12,51 65 59 62
IH-2 ill-3Comp Replicate2 4 12.74 70 64 68
IH-2 IH-3 Comp 5 14,95 69 62 64

IH-Ref 2 1 13.66 62 61 66

IH-Ref2 2 13.80 71 64 68

IH-Ref2 RepllcateI 3 15.13 68 Bi 65
IH-Ref 2 Replicate 2 3 14.08 72 66 71
IH-Ref 2 4 14.24 60 54 60
IH-Ref 2 5 12,85 58 53 57

N. vire_ Background 1 17.70 68 64 68

N, virenz Background 2 18.13 88 64 68

N, v/re_ Background 3 13.53 82 72 71

N. virens Background 4 16,80 75 65 66

N.vire_rBackground 5 17.14 72 61 63

M__

Blank I 74 80 65

Matrix Spike

IH-2,IH-3 Comp 5 14.95 69 62 64
IH-2,IH-3Comp MS 5 14.95 76 64 69

IH-2,IH-3Comp 5 14.95 69 62 64

IH-Z,IH-3Comp MSO 5 14.95 79 69 72

AnalyticalDuD1i_;a_

IH-Ref 2 Replicate I 3 15.13 68 61 65

IH-Ref2 Replicate2 3 14.08 72 66 71

IH-2.IH-3 CompReplicate I 4 12.51 65 59 52

IH-2,1H-3Comp Replicate2 4 12.74 70 64 68

_/_!NYAH BAY L.11
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TABLE_L_I. QualityControlSummaryforButyltins,Wet Weight,in Tissue
of N. virens,WinyahBay Project

Percent N. vire_

_Suffocate Reco_vertas Sutv.!t_l_(_/k= _et w|taht ) ....
Sediment TrJ- Trl- Tri- Ol- Mono-

_ _ _ _ butv!t!_nbutvlt!n

Blank 46 B2 O.B5 j{a) 2,t4 U(b) 2.68 U

IH-t,IH-3 Comp 5 57 49 12,05 U 4,22 U 5.29 U
IH-2,IH-3 CompMS 5 67.37 50,81 14.87
Concentratt on Recovered B7,37 50,81 14,87

Amount Splked 69,705 70.43 58.O0 , ,
Percent Recovery 61 57 97% 72% 26%Ic i

IH-2,1H-3Comp 5 57 49 12.05 U 4,22 U 5.29 U
IH-Z,IH-3C(_p MSD 5 15.16 52.26 15.30
ConcentrationRecovered 15,16 52.26 15,30
Amount $p1ked BS,596 66,28 54,58

Percent Recovery 66 B4 115_ 79_ 28_(c)

RPD 18% 95_ 95(
I-Stat O,09 O,04 O.04

Ana]_vt_c¢l _.lg_l_t_Lat_S-

IH-Ref2 RepllcateI 3 65 53 I0,59 U 3./I U 4,65 U
IH-Ref 2 Replicate Z 3 63 42 6.98 U 2,45 U 3,06 U

RPD NA(d) NA NA

I-Star NA NA NA

IH-2,1H-3Comp Replicate I 4 74 50 3,41 J 4,39 U 5.50 U
IH-2,1H-3C_p Replicate2 4 88 45 1.73 J 2,40 U 3,00 U

RPD 65%(e) NA NA

I-Stat 0,33 NA NA

(a) J Analytedetected below method detnction)i_,,it(MDL),but above
instrumentdetectionlimit,

(b) U Analyte was not present above the level of associated value.

(c) Recovery outside quality control range (40%-120X).
(d) NA Not applicable,
(e) Value exceeds relattve precision range :_30X,
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