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SUMMARY

The John F. BaldwinShipChannel (JFBSC) is partof the San FranciscoBay to

Stockton,Califomia,NavigationProjectauthorizedbythe Riverand HarborsAct of 1965 (Public
Law 89-298). The JFBSC extendsfromthe GoldenGate northof the cityof San Francisco,

throughSan Pablo Bay and theCarquinezStrait,and intoSuisunBay. The U.S. Army Corpsof

Engineers(USACE)-San FranciscoDistrict,isresponsiblefor theconstructionandmaintenanceof
the JFBSC.

Plannedimprovementsto theJFBSC includedeepeningalongan approximately28-mi
sectionof thechannelin the West Richmond,PinoleShoal,and CarquinezStraitreachesto a

depthof -45 ft mean lowerlowwater (MLLW). Disposaloptionsfor sedimentproposedfor
removalfrom these improvementareas includeaquaticdisposalwithinSan FranciscoBay or at an

open-oceansite, marshor wetlandsconstruction,and uplandsdisposal.

To assistthe USACE indeterminingwhetherthe proposeddredgedmaterialis suitablefor
unrestricted,unconfinedopen-oceandisposal,Battelle/MarineSciencesLaboratory(MSL)

preparedthis Tier I report. Technicalguidanceforevaluatingthe suitabilityof dredgedmaterials
for ocean disposalis providedinthe 1991 TestingManual(Evaluation of Dredged Mater_al

Proposed for Ocean Disposal- Testing Manual, EPA-503/8-91/001), knownas the =Green
Book." The Green Bookprovidesa tiered approachfor testingthesuitabilityof dredged materials

throughchemical,physical,andbiologicalevaluations.The Tier I reportprimarilysummarizes
existinginformationon sedimentcontaminationandtoxicitypotential,identifiescontaminantsof

concem,and determinesthe needfor furthertesting(i.e.,Tiers II-IV).

Basedon the findingsof thisTier I report, sedimentsthatwouldbe removedduringPhase

III improvementsto theJFBSC fail to meet the threesuitabilitycriteriafor unrestricted,unconfined
open-oceandisposalthatare delineatedintheGreen Book. The firstcriterionis notmet because

fine-grainedsedimentscomprisea significantfractionof thebottommaterialinsomeareasof the

JFBSC, and becausethismaterialis notexposedto highcurrentor wave energy. Dredged
materialfromtheJFBSC is notbeingproposedfor beachnourishment;therefore,thesecond

criterionis notmet. JFBSC sedimentsdo notmeetthe thirdcriterionbecause,althoughtheymay
be substantiallysimilarto substratesat severalof the proposeddisposalsites,theyare from an

area that historicallyhas experiencedloadingof contaminants,whichtoxicologystudieshave
shownhave the potentialto resultinacutetoxicityor significantbioaccumulation.

Sufficientinformationon contaminantconcentrationsinJFBSCsedimentsexiststo conclude

that dredgedmaterialsfromtheJFBSC maypose_ !skto sensitivemarineorganisms.
Informationon persistence,bioavailability,and relativebioaccumulationpotentialare lacking;

therefore,additionaltestingof sedimentsunderTier III is warranted.
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1.0 INTRODUCTION

The John F. BaldwinShipChannel(hereafterreferredto as =JFBSC"or the =Channel")is
partof the San FranciscoBay to Stockton,Califomia,NavigationProjectauthorizedbythe River
and HarborsActof 1965 (PublicLaw89-298). The JFBSC extendsfrom theGoldenGate north

of the cityof San Francisco,throughSan PabloBayand theCarquinezStrait,and intoSuisun

Bay. The U.S. ArmyCorpsof Engineers(USACE)-San FranciscoDistrict,is responsiblefor the
constructionand maintenanceof theJFBSC.

Plannedimprovementsto the JFBSC includedeepeningalongan approximately28-mi
sectionof thechannelinthe West Richmond,PinoleShoal,andCarquinezStraitreachesto a

depthof -45 ft mean lowerlowwater (MLLW). Disposaloptionsfor sedimentproposedfor
removalfromthese improvementareas includeaquaticdisposalwithinSan FranciscoBay orat an

open-oceansite,marshor wetlandsconstruction,anduplandsdisposal.

1.1 THE TIERED PROCESS FOR EVALUATINGDREDGED MATERIALS AND
OBJECTIVES OF THE TIER I REPORT

Technicalguidanceforevaluatingthe suitabilityof dredgedmaterialfor oceandisposalis

providedin the 1991 TestingManual (Evaluation of Dredged Mater_alProposed for Ocean

Disposal- Testing Manual, EPA-503/8-91/001), knownas the=GreenBook." Suitabilitycriteria

presentedintheGreen Bookare basedon thebiologicaltestingrequirementsof the 1977 Ocean
DumpingRegulations.The GreenBookprovidesa tieredapproachfor testingthe suitabilityof

dredgedmaterialsthroughchemical,physical,andbiologicalevaluations.

The four levelsof investigation,or tiers,outlinedinthe Green Book providea phased
approachfor evaluatingcompliancewiththe limitingpermissibleconcentration(LPC), as defined

in the U.S. Ocean DumpingRegulations.The LPC for the liquid-phaseconcentrationof dredged
materialin the watercolumnisthe concentrationthat,afterallowingfor initialmixing,doesnot

exceed applicablemarinewater-qualitycriteriaor a toxicitythresholdof 0.01 of theacutelytoxic
concentration. Thefirstlevelof investigation,orTier l evaluation,isusedto determinewhethera

decisionon LPC compliancecan be madeon thebasisof readilyavailableinformation.The Tier l
report primarilysummarizesexistinginformationon sedimentcontaminationandtoxicitypotential,

identifiescontaminantsof concem,anddeterminestheneedfor further-testing(i.e.,Tiers II-IV).

The goalof the information-gatheringphaseof a Tier I evaluationisto compileall
reasonablyavailableinformationfor useinassessingthepotentialfor contaminant-associated

impactsfollowingoceandisposalof theproposeddredgedmaterial. Specificguidelineshave not
beenestablishedfor conductingTier I evaluations,althoughtheGreen Bookrecommendsthe
followingas potentialsourcesof information:
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1. theavailableresultsof priorphysical,chemical,andbiologicaltests of thematerial
proposedto be dumped

2. theavailableresultsof priorfieldmonitoringstudiesof the proposedmaterialto be
dumped (e.g.,physicalcharacteristics,organic-carboncontent,andgrainsize)

3. theavailabledescriptionof thesource(s)of thecontaminantscontainedinthe
proposedmaterialto be dumped,whichwouldbe relevantfor identifyingpotential
contaminantsof concern

4. theexistingdata inU.S. EnvironmentalProtectionAgency(EPA) or USACE files or
otherwiseavailablefrom publicor privatesources. Examplesof potentialsources
includethe following:

• SelectedChemicalSpillListings(EPA)
• PesticideSpillReportingSystem(EPA)
• PollutionIncidentReportingSystem (U.S. CoastGuard)
• Identificationof In-PlacePollutantsandPrioritiesfor Removal(EPA)
• hazardouswastesitesand managementfacilitiesreports(EPA)
• USACE studiesof sedimentpollutionandsediments• federal STORET, BIOS, CETIS, and ODES computerdatabase_ (EPA)
• waterandsedimentdataon majortributaries(U.S. GeologicalSurvey)
• NationalPollutal_tDischargeEliminationSystem(NPDES) permitrecords
• CWA 404(b)(1) evaluations
• pertinentandapplicableresearchreports
• Marine Protection,Research,SanctuariesAct (MPRSA) 103 evaluations
• port authorities
• colleges/universities.

The nextstage of theTier I evaluationinvolvescomparinginformationon the proposed
dredgedmaterialto the threecriteriain40 CFR 227.13(b)that allowexclusionfromfurthertesting.

Dredgedmaterialmeetingoneor moreof the criterialistedbelowisconsideredenvironmentally
acceptablefor unrestricted,unconfinedoceandumpingwithoutfurthertesting:

1. dredgedmaterialiscomposedpredominantlyof sand,gravel,rock,or anyother
naturallyoccurringbottommaterialwithparticlesizeslargerthansilt,andthematerialis
foundinareas ofhigh currentorwave energysuchas streamswithlargebed loadsor
coastalareaswithshiftingbarsandchannels;or

2. dredgedmaterialisforbeachnourishmentor restorationandiscomposed
predominantlyof sand, gravel,or shellwithparticlesizescompatiblewithmaterialon
thereceivingbeaches;or

3. when - (i) the materialproposedfor dumpingis substantiallythe same as the substrateat
theproposeddisposalsite,and(ii) thesite fromwhichthematerialproposedfor dumpingis
to be taken isfar removedfromknownexistingand historicalsourcesof pollutionso as to
providereasonableassurancethatsuchmaterialhas notbeencontaminatedbysuch
pollution(40 CFR 227.1316).

If noneof theexclusionarycritedais met, the LPC is evaluatedbasedon availabledata

on the proposeddredgedmaterial. Thisdata mustincludean analysisof the toxicityand
bioaccumulationpotentialof both thedredgedmatedalandreferencesediments. If existing

informationis insufficientto determinewhetherthe WaterQualityCriteria(WQC) or 1% of the
LCs0willbe exceededinthewatercolumnfollowingthe initialmixingperiod,thenthe evaluation

processmovesto Tier I1.

1.2



Tiers II-IV representincreasinglymorecomprehensivelevelsof analysisinvolving
sedimenttesting. TiAr II consistsof a modelto evaluatemarineWQC complianceandestimate
thepotentialfor benthicimpact. Tier III consistsof bioassaysand bioaccumulationteststo

determinewhetherthe potentialexistsfor thedredgedmaterialto havean unacceptableimpact.

Tier IV consistsof bioassaysand bioaccumulationteststo determinethe long-termeffectsof

exposureto dredgedmaterial. The levelof testingrequiredfor a projectisbasedon thedegreeof

contaminationexpectedfromthesedimentswithina projectarea.

ThisTier I reportsummarizesthe existinginformationon chemical,physical,andbiological
characterizationof the sedimentsinOaklandInnerandOuterHarborsand identifiescontaminants

of concem. Inaddition,thisreportprovidesjustificationfor theselectionof sitesthat were

subjectedto Tier III sedimenttesting.

1.2 BACKGROUND OF THE SITE

1.2.1 Historyof the Sitev

San FranciscoBay ('the Bay') andthe Sacramento-SanJoaquinDelta ("theDelta") form
the largestestuaryon thewestemcoastof NorthAmerica,witha surfaceareaof 1240 km2anda

drainagebasinof 152,500 km2(Daviset al. 1991) (Figures1.1 and 1.2). The physicalnatureof

the San FranciscoEstuary('the Estuary')hasbeentransformeddramaticallysincethe rapid

colonizationof the Bay marginsbeganduringthegoldrushyears. Majorfactorscontributingto
physicalchangesinthe Estuary includehydraulicgoldmininginthe late 1800s, reclamationof

landfromabout1850 to the present,and agriculturaldevelopmentof the CentralValley.

From1853 to 1884,hydraulicgoldminingtechnologybroughtan estimated1 billionyd3of

sedimentintothe northemreachof the Estuary(SuisunBay/San PabloBay) fromthe upper

drainagebasin,causingblockageof manywaterwaysand floodingduringheavyrainfalls. The

miningprocessalteredthevolume,tidalprism,andcirculationpattemsof the northemreachof the

Estuaryto suchan extentthat hydraulicminingtechnologywas prohibitedby courtinjunctionin
1884 (Guntheret al. 1990).

In the mid-1800s,new landwasprovidedfor humansettlementandagricultureby filling
subtidaland intertidalbaylands. One of the firstareasto be alteredwas thenorthernreach of the

Estuary. Debris,derelictships,andearth fromthehillsideswere usedas fillto create moorage

spaceand landarea. Duringtheperiod1850 to 1957, 622 km2of marsh,tidelands,andsubtidal

landswere filled(USACE 1990). Only 125 km2of tidalmarshlandnowexistin the Estuary

(Guntheret al. 1990).

Today, theBay andEstuaryactas a criticalthoroughfarefor the nation'sincreasingrolein
internationalimportand export. Over 5000 shipsmovethroughBay portsannually. Navigation
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FIGURE 1.1. General Map of the San Francisco Bay Area

1.4



FIGURE 1.2. Map ShowingDrainageBasinfor the San FranciscoBay-Delta
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channelsare maintainedand improvedbyfederaland privateparties. The USACE-San
FranciscoDistrictcurrentlydredgesanddisposesof over4 millionyd3of sedimentannuallyfrom
bothdeep- andshallow-draftfederal navigationchannelsin theBay region;another3 millionyd3

of sedimentare dredgedand disposedof annuallyunderUSACE-issuedpermits

(USACE 1990).

1.2.2 PhysicalEnvironment

The Bay is characterizedby broadshallowscarved by narrowchannels,the depthsof

whichare maintainedby swiftlymovingcurrents. The averagedepth of the Bay is 18 ft at
MLLW, witha maximumdepth of 360 ft intheGoldenGate area. TheCentralBay hasnot only

broadshallows(to 33 ft below MLLW) but alsowide expansesof deep water (40 ft below

MLLW to greaterthan 200 ft below MLLW). In San PabloBay, the averagedepthis less than

10 ft belowMLLW. A narrowchannel,0.2 mito 1 miwide,whichrangesindepth from33 ft to
69 ft belowMLLW, cutsthroughSan PabloBay from theCentral Bayto CarquinezStrait.

Dredgingmaintainsthe depthof the channelat greaterthan 35 ft belowMLLWat the Pinole
Shoal,off PinolePoint(USACE 1990).

The San JoaquinandSacramentorivers,the principalsourcesof freshwater inputinto

the bay system,dischargeat a rate of approximately35,000 cubicfeet per second(CFS) during
the pedodof DecemberthroughApriland 14,000 CFS betweenJulyand October(Smithand

Cher_g1987). These dischargesandother naturalrunoffmove8.0 to 10.5 millionyd3of sediment
intothe Bay annuallyas suspendedloadand bedload(USACE 1988). Krone(in Conomos,

1979) concludedthat San PabloBay and CentralBay are depositional,whileSuisun,Grizzly
Bay, CarquinezStrait,and South Bayare erosional. Thoughrelativelylittleis knownabout

sedimentdeposition,resuspension,and transportinthe Estuary,mountingevidencesuggests
that humanactivityhasprofoundlyalteredsedimentprocesses(Guntheret. al. 1990).

Regionaldifferencesinwatercirculationinthe Bay resultfrom variationsin freshwater

inflowand wind-inducedcirculationand mixing.The northemreachof theBay, whichpasses
southand westward from thedelta throughSuisunand San Pablobays, receives90% of the

rivedneflow (USACE 1990). The northemreachis a partiallymixedestuarywithverticalsalinity
gradientson theorderof 10 pptduringthe winterhighflow conditionsanda well-mixedestuary

withverticalsalinitygradientsof 3 pptduringsummerlow-flowconditions(Conomos1979).
Water residencetimesand replacementratesintheBay dependon tidaldiffusionand local

phenomenasuchas windstress,freshwaterinflow,tidalcurrents,and bottomtopography. In the
northemreach,residencetimesareon the orderof daysduringhighriverinflowandmonthsduring

low-flowconditions(Waiterset al. 1985).
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1.2.3 Descriotionof the JohnF. BaldwinShipChannel

The JFBSC is partof theSan FranciscoBayto Stockton,Califomia,NavigationProject

authorizedbythe Riverand HarborActof 1965. The JFBSC consistsof five improvementor
constructionareas: theSan FranciscoBar,West RichmondChannel,PinoleShoalChannel,

CarquinezStrait,and SuisunChannel. The USACE-San FranciscoDistrict,is responsiblefor the
constructionand maintenanceof theJFBSC.

Plannedimprovementsto theChannelwere scheduledbythe USACE to be completed

inthreephases. UnderPhase I, completedin1974, a 2000-ft-widechannelwas builtto a depth
of -55 ft MLLW acrosstheSan FranciscoBar neartheGoldenGate. Phase II, approvedin 1984,

providedchannelimprovementsto -45 ft MLLW inCentralBaynear Richmond,California.
Phase III plansto improveapproximatelya 28-mi sectionof the JFBSC betweenSan Francisco

Bay, west of Richmond,and Suisun Bay.

PlannedPhase III channelimprovementsincludedeepeningthe Channelto °45 ft MLLW
intheWest Richmond,PinoleShoal,andCarquinezStraitreaches(Figure1.3). Approximately

1,200,000 yd3of sedimentwillbe removedfromWest Richmond,7,000,000 yd3fromPinole
Shoal,and800,000 yd3from CarquinezStrait. The sedimentproposedfor removalfromthese

projectareas is beingconsideredfor use increatingwetlandsor marshes,in-baydisposalat
AlcatrazIslandor Bay FarmBorrowArea,or offshoredisposal.

1.2.4 PdncioalRegulatory_Authorities

This sectionprovidesa brief introductionto the principalgovemmentagenciesand

legislationresponsiblefor regulatingwaterquality-relatedimpactsto the San FranciscoEstuary.
A moreexhaustivetreatmentof the evolutionof environmentalpoliciesaffectingtheEstuaryand

thespecificjurisdictionof each govemmentagency,may befoundin Daviset al. (1991).

The U.S. EnvironmentalProtectionAgency (USEPA)andthe CaliforniaRegionalWater
Quality ControlBoard(CRWQCB) are theprincipalauthoritiesregulatingsourcesof pollutionto

theSan FranciscoEstuary. This authorityis derivedprimarilyfromthe 1972 (and subsequent)
amendmentsto the federalWater PollutionControlAct (orCleanWaterAct). The USEPA is

chargedwithadministeringprovisionsof theClean WaterAct (CWA),whileactual implementation
is throughtheCRWQCB. The CRWQCB sharesauthorityfor the implementationof boththe

CWA and Porter-CologneWater QualityControlActwithnine regionalwater qualitycontrol
boards. The San FranciscoEstuarylieswithinthe jurisdictionof two regionalboards,theSan

FranciscoBay RegionalWaterQuality ControlBoard(SFBRWQCB) andthe CentralValley
RegionalWater QualityControlBoard(CVRWQCB). The regionalboardsconductplanning,
permitting,and enforcementactivitiesunderthedirectionandguidanceof the CRWQCB.
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The 1972 CWA established the National Pollutant Discharge Elimination System

(NPDES) program to regulate the discharge of municipaland industrialwastewater. The

CRWQCB and nine regional boards manage the NPDES program for the State of California. The

NPDES program requires all municipal and industrial facilities to obtain permits that specify

allowabla limits for pollutant levels in effluents• Recently proposed regulations also require

NPDES permits for stormwater discharges associatedwith certain industrialand commercial

activities and for municipal storm sewers serving populationsgreater than 100,000 (Gunther et al.
1990).
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The USACE has primaryresponsibilityfor maintainingnavigablewatersthroughoutthe

UnitedStates. The Riverand HarborActof 1899 requiresthe USACEto issuepermitsfor all

dredgingactivitiesaffectingnavigablewaters. The 1969 NationalEnvironmentalPolicyAct
(NEPA) furtherrequiresassessmentof each permitapplicationfor potentialenvironmental

impacts,and thepreparationof an environmentalimpactstatement(EIS) forcases inwhich
proposedactivitiesare likelyto resultinsignificantenvironmentaleffects,or a findingof no

significantimpact (FONSI) for proposedactivitiesthatare not likelyto have significant
environmentaleffects. Dredgingconductedby the USACE is notcoveredby permits,but is

subjectto thesame environmentalreviewsas permitteddredgingprojects,includingwater-quality

certificationbytheregionalboards. The 1972 MarineProtection,Research,andSanctuariesAct

(MPRSA) givesthe USACE permittingauthorityoverthe transportationof dredgedmaterial foi

disposalintocoastalwatersand theopenocean. The regionalboardsalso have independent

authorityunderthe CaliforniaWaterCodeto regulatedischargesof dredgedmaterials.
Additionally,the regionalboardscan requireappropriatebiologicalandchemicaltestsnecessary

to assess the potentialfor violationof water-qualityobjectivesthroughdredgingactivities.

The San FranciscoBay Conservationand DevelopmentCommission(BCDC) was

createdbythe 1965 State McAteerAct andhaspermittingauthorityfor dredgingand filling
activitieswithinthe Bay. The BCDC dedvesadditionalauthorityfrom the 1972 federal Coastal

Zone ManagementAct(CZMA). The BCDC'spoliciesconcemingdredgingactivitiesare outlined
inthe San FranciscoBay Plan (Bay Plan). The Bay Planwas the firstcoastalzone management

programin thenationto be certifiedby the CZMA. The BCDC is chargedwithreviewingall
proposedfederal activitiesand licensesor permitsfor compliancewiththe Bay Plan.

The State LandsCommission(SLC) administerspublictrustlandsintidalandsubmerged

areasandincoastalwatersto withina three-milestateterritoriallimit. Dredgingand fillingactivities
on landswithinSLCjurisdictionrequirepriorwrittenauthorization.Authorizationis providedinthe

formof a dredgingpermitora mineralextractionlease (contingentuponcompliancewiththe
requirementsofthe CaliforniaEnvironmentalQualityAct).

Othergovemmentagenciessuchas the UoS.FishandWildlifeService (USFWS),

NationalMarine FisheriesService (NMFS), U.S. CoastGuard (USCG), CaliforniaDepartmentof
Fishand Game (CDFG), andthe CalifomiaCoastalCommission(CCC) have specificauthority

overdredgingandfillingactivitiesand routinelyparticipatein thereviewof dredgingpermits. The
USFWS is authorizedunderthe 1958 FishandWildlifeCoordinationAct(FWCA) to review

federallyfunded,licensed,or permittedprojectsthatpotentiallyimpactfishorwildlifehabitat. The
USFWS hasadditionalauthorityunderthe EndangeredSpeciesACtwhenendangeredor

threatenedspeciesare involved.The NMFS is authorizedunderthe FWCA, CWA, and NEPA to
reviewfederalprojectsthat mayaffect marine,estuarine,or anadromousfisheries. The USCG
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reviewspermitapplicationstoassurethat dredgingactivitieswillnotimpairthe saf_ and orderly
flow of maritimetraffic. The USCG alsoassiststhe USACEin monitoringtheactivitiesof disposal

barges throughoutthe Estuaryusingits=VesselTrafficSystem." The CCC has authorityto
reviewthe designationof oceandisposalsitesandensuresthatfederallyauthorizedactivitiesare

consistentwith theCalifomiaCoastalManagementProgram.

The National EstuaryProgram(NEP), establishedin 1987 underthe federalWater Quality

Act (WQA) and managedbythe EPA, is dedicatedto the protectionof ournationalestuaries.
The purposeof NEP isto identifynationallysignificantestuariesthreatenedby pollution,

development,or overuse,and to promotepreparationof comprehensivemanagementplansto
ensure theirecologicalintegrity. The San FranciscoEstuaryProject(SFEP) was establishedin

1988 as partof the NEP. The SFEP has addresseda numberof managementissuesin the Bay-
Deltaregion,includingthedeclineof biologicalresources,incroesedpollutants,freshwater

diversionandalteredflowregimes,increasedwaterwaymodification,and intensifiedlanduse.

The SFEP is composed of representativesfrom the publicand privatesectorand all levelsof

govemment,includingelectedofficialsfromeach of theBay-Deltacounties. Studiesconducted
throughthe SFEP have beensummarizedin a sedesof six=StatusandTrends" reports:

Wetlands and Related Habitats,AquaticResources,Wildlife,Pollutants,Dredgingand Waterway
Modification,andLand Use and Population.

The Aquatic HabitatInstitute(AHI) is an independent,non-profitcorporationestablished

to evaluatethe presentand potentialfutureeffectsof pollutionon the Bay-Delta. The AHI is
directedbya 10-memberboardof representativesfrom industrialandmunicipaldischargers,state

and federal agencies,academicinstitutions,andthe public. The AHI isfunded througha variety

of stateand federal agencies,dischargerassociations,localgovernmentsand foundations,as

wellas membershipfees and contributions.The AHI oftenworksjointlywiththe SFEP on water

qualityissuesand has publisheda numberof reportson the loading,fate, andeffects of

contaminantsinthe Bay-Delta(Daviset al. 1991; Guntheret al. i 987; Phillips1987).

Localgovemmentsandorganizationsrepresentingspecificinterestgroupsalso take an
activerole inthe formationand reviewof regulatorypoliciesestablishedby thegovemment

agencies. For instance,two majorassociations,the BayArea DischargersAssociation(BADA)
andthe Bay Area Leagueof IndustrialAssociations,representthe interestsof dischargersto the

Estuary in publicreviewproo3sses. Variousenvironmentalgroups,includingthe Audubon
Society, Citizens for a Be_er Environment,the Bay Instituteof San Francisco,the Baykeeper,

CalifomiaNative PlantSociety,CitizensCommitteeto Completethe Refuge, Friendsof the River,
the SacramentoRiverPreservationTrust,theSierraClub, theOceanicSociety,the PacificCoast

Federationof FishermenAssociation,Save San FranciscoBayAssociation,andUnitedAnglers
providecommentson proposedactivitieshavingpotentialenvironmentalimpacts. The U.S.
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Departmentof Defense,port authorities,yachtingassociations,andothergroupsthatdependon
dredgingto maintainnavigablewaterwaysalsocommenton dredgingmanagementdecisionsand

policies.

1.3 OVERVIEW OF ENVIRONMENTAl,, RESOURCES

A generaldiscussionof the environmentalresourcesof thecentralandnorthemportionsof

the Bay is presentedin thispartof the report. Thisdiscussionis largelybasedon previous
reviewsappearingin Conomos(1979) and USACE (1990).

1.3.1 Benthos

The benthosis a significantenvironmentalresource,becauseit isecologicallyimportantto

the foodweb of the Bey. Benthicorganismscanalso influenceerosionand sedimentation,and
may causesome stirringor mixingof baysedimentsthrouqhburrowingactivities(bioturbation).

Benthicorganismsirclude filterfeeders,depositfeeders,scavengers,andalgae scrapers. Clams
andcrabsare examplesof importantbenthicfisheriesresources. Somespeciesof fish,birds,

andotheranimalsuse benthicorganismsas a foodsource. Benthicorganismsthat are important
as membersof the foodchainincludeamphipods(e.g., Ampeliscaabdita, Grandidiere//ajaponica,

and Corophiurn spp.), molluscs(e.g., Gernmagemma, Mytilus edu/is, and Ostrea /urida), and

polychaetes(e.g., Boccardia Iigerica,Streblospio benedicti, andMediomastus californiensis)
(CRWQCB, 198S).

Beginningwith theAlbatrossExpeditionof 1912 to 1913,numerouscollectionshave been

madeof benthicinvertebratesintheBey. Nichols(in Conomos1979) concludedthat themajor

factorscontrollinginfaunalcommunitystructureinthe Beyare naturalperturbationssuchas major
fluctuationsinsalinity,bioticdisturbances(e.g., by rays),and abioticdisturbancesuchas

increasedsedimentloadson a seasonalbasisandwind-generatedwave disturbance.
Anthropogenicinfluencesare difficulttOpartitionfromnaturalinfluences.The conditionsintheBay

favor speciesthat rapidlycolonizebenthicenvironments.Severalexoticspecies,whichare

adaptedfor rapidcolonizationof disturbedareas, have invadedthe Bay andare nowdominantin
manyareas. Recently,an exoticbenthicspecies,theAsianclam, Potamocorbula arnurensis, was
discoveredin the Bay. This clam, whichwas notfoundin the Baybefore 1986, is now

considereda majorcomponentof thebenthiccommunitiesinareasof boththe northemand

southernportionsof the Bay (Schemel1989). Futurechangesin thebiotamay be expectedwith
continuedreductionin freshwaterflow intothe estuary.

Hopkins(1986) compiled30 yearsof benthicinvertebratesamplingdata in an Atlas of the

Distributions and Abundances of Common Benthic Species in San Francisco Bay, California and
presentedthe distributionand relativedensityof the24 mostcommoninfaunaltaxa. There

appearedto be no unusualoccurrencesor elevateddensitiesof pollution-indicatorspecies(e.g.,
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Capitella capitata) in thevicinityof the JFBSC. Furthermore,pollution-sensitivetaxa inthe

samplescollectedinthe NorthBaywere notfoundinconspicuouslylowerdensitiescomparedto
the remainderof the Bay.

CommerciallyandrecreationallyimportantbenthicorganismsincludeDungenesscrab

(Cancer magistet), red rockcrab (Cancer productus), brownrockcrab (Cancer antennarius), and
the Fmnciecanbayshrimp(Crangon francisconJm). Dungenesscrab are foundon sandyand

sand/mudbottomsfromthe lowtidelineto waterdepthsofapproximately300 ft. Some
individualshave beenfoundas deep as 650 ft (Morriset al. 1980). Dungenesscrab use San

Pablo Bay as a nurseryground(CDFG 1987). Spawning(Septemberto December) and
hatching(Decemberto March)occurin the Guffof theFarallonesandoffthe Californiacoast inthe

vicinityof the Bay (Wild 1983; Morriset al. 1980). Post-larvalDungenesscrabs(instars)are
carded intothe Bay by strongtidalcurrentswith nettransportto the Bay, and juvenilecrabs

spend oneto two yearsin the Bay beforemigratingback to the open ocean. The distributionof
Dungenesscrabsinthe Bay is a functionof salinity. Duringlowfreshwaterinflowconditions,

crabsare foundhigherup in the estuary(i.e., towardthedelta)than duringhigh-flowconditions.
Dungenesscrabs preferprotectedareassuchas jetties,boat launches,andpiersover more

exposed areas (Tasto 1983).

Red rockcrab andbrownrockcrabare harvestedforsport. Bothspeciesare found
throughoutthe CentralBay and San PabloBay. The redrockcrab is moreabundantinthe Bay

than the brownrockcrab. Bothspeciescan spendtheirentirelifecyclesinthe Bay, butsome
larvae are flushedfrom theBay by outgoingtides(CDFG 1987). Red rock crab and brownrock

crab inhabitrocky nearshorehabitats(WESCO 1988).

Thereis a significantcommercialandrecreationalfisheryforFranciscanbay shrimp.Adult
Franciscanbay shrimpmoveoutof the Bay inwinter,andyoungshrimpare hatchedoutsideof

the Bay. Larval and post-larvalFranciscanbayshrimpmovebackintothe Bay in near-bottom
water. Larvaland post-larvalstages of the shrimpare foundin theirgreatestconcentrationsinthe

CentralBay butare alsofoundin San PabloBay from latewinterto July. FromAprilto August,
juvenile Franciscanbay shrimpare mostabundantin Suisunand San Pablobays (WESCO

1988).

1.3.2 AouaticVeoetation

Aquaticvegetationis a significantresourcebecauseit isthe sourceof primaryproductivity
in the Bay, providesimportanthabitatforvariouslifestagesof fishand invertebrates,and plays

a criticalroleinsedimentstabilization. Importantcomponentsof the Bay'saquaticvegetation
includeeelgrass,benthicalgae,and phytoplankton.

J
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Eelgrass(Zostera spp.) is the mostprominentaquaticvascularplanttype inthe Bay
system,butis apparentlylimitedto theCentralBay regionwhere salinityis highest(Nicholsand

Pamatmat 1988). Eelgrassbedshostdiverseepiphytesandinvertebratesthat provideforage

for variousspeciesof juvenileand adultfish. Inaddition,eelgrassbedsare an important

spawningsubstrateand nurseryhabitatfor some fish. Eelgrassis usuallyfoundin shallow

areaswithmud or mixedmudand sandsubstratesthatare seldomexposedto the atmosphere.

Becauseeelgrassis commonlyfoundinrelativelycalmenvironmentsof bays andestuaries,it is
extremelyvulnerableto coastalurbanizationthat is heavilytargetedat theseenvironments

(Zimmermanet al. 1991). Yet, despitethe recognizedImportanceofeelgrass,otherthan aerial
observationsof thedistributionof eelgrassbeds, littleis knownaboutthesize of individualbecks,

totalstandingstock,seasonaland long-termfluctuations,eelgrassbed fauna, andthequantitative

contributionof eelgrassto the organicmatterbudgetof the Estuary(Nichol¢and Pamatmat1988).

Benthicalgae _reanother importantcomponentof aquaticvegetationwitha criticalposition
inthe trophicstructureof the Bey. There are approximately170 speciesand subspeciesof

benthicalgae inthe Bay. Someof the more abundantspeciesincluderedalgae (Cryptop/urc

violacea, Po/yneura latissima, Gymno_ongrus linearis,and Gracilaria sjoestedtil)and brownalgae

(A/aria marginata and Laminaria sinclairil) (Silva,inConomos1979). Graci/ariaspp.are usedas a
spawningsubstratefor severalspeciesof fish (WESCO 1988). Of particularrelevanceto the

presentTier I report, Silva(in Conomos1979) foundthatthe benthicalgae of theCentralBay
were relativelyfree from the deleteriouseffectsof urbanization.

Anotherimportantgroupof marineflora inthe Bay is phytoplankton.As notedby Cloem

(in Conomos 1979), the speciescompositionandpopulationdensityof phytoplanktonare
sensitiveto environmentalchanges,anddocumentationof phytoplanktonpopulationdynamics

can providean invaluablerecordof waterquality. Cloemdefinedgrossspatialandtemporal
patternsof phytoplanktonpopulationsand foundthat phytoplanktondynamicsineach major

portionof the Bayare govemedby a uniquesetof environmentalfactors. Forexample,Cloern

speculatedthat the annualmaximumabundanceof phytoplanktonin the CentralBayduring

spdngmaybe a directconsequenceof diatombloomsthat occurincoastalwatersduringthe
upwellingseason. In contrast,phytoplanktonpopulationsin San Pablo Bay and SuisunBay

appearedto be regulatedbythe physicalaccumulationof suspendedparticulates,the rapid
growthof planktonicalgae overshoals,andphytoplanktondynamicsin coastalwatersand

tributaries. The distributionof phytoplanktonwithinthe Bayalso variesseasonally. During
wintermonths,when freshwaterinputsto the baysystemare greatest,flagellatedgreen algae

(Chroornonas minutea, C. amphioxea, Cryptornonas spp.and Chrysochrornu/inakappa) and
severaldiatoms(Melosira spp.and Cyc/otella spp.) are the predominantphytoplanktonspecies.

FromMarch throughSeptember,oceanicspeciessuchas Chaetocerus spp., Nitzschia spp.,
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Rhizoselenia spp., Skeletonema costatum, Thalassiosiraeccentric,a, Coscinodiscus spp.,and
Cyclotella spp. dominate(U.S. Navy 1987).

1.3.3 WetlandVeoetatlonv

The Estuaryonce hadabundantwetlandscovedngapproximately850 mi2.Currently,
only50 mi2(about6%) of theoriginalwetlandsremainintheiroriginalstate(Wrightand

Phillips1988). Approximately97% of theDelta's550 mi2offreshwatermarshwasdikedoff and
plowedfor farmsbetween1860 and 1930. All that remainsof the300 mi2of brackishand salt

marshthat fdngedthe Estuary'sshoresbefore1850 is 50 mi2of undikedtidalmarsh, alongwith
100 ml2of dikedwetlandsand60 mi2of salt ponds(Cohen1991). The largestremainingmarshin

Califomia(75 mi2),SuisunMarsh,liesdikedofffromthe tideson thenorthernshoreof Suisun
Bay. The majorityof this marshis owned byduckclubsthat manipulatewater levelsto

encourageplantsfavoredby ducksand geese. Over 200 speciesof birdsmake use of Suisun
Marsh,whichprovidesimportantnesting,feeding,and restingareasforshorebirdsandwaterfowl

(Cohen 1991). Elsewherein SuisunBay, freshwaterpondsand lagoons,nontidalbrackishand
salt marshes,andseasonalwetlandhabitatsprovide25 mi2of dikedwetlandhabitat.

Wetlandvegetationis importantbecause itprovidesfishandwildlifehabitat,primary

productivityandnutrientexport,and waterpurification.Manyof the Estuary's rareor endangered
speciesare dependenton or foundonly inspecificwetlandhabitats(Cohen 1991). Impactson

wetlandvegetationandfaunafromshorelineorlanddisposalof dredgedmaterialare evaluatedin
termsof displacementor changesintheplantcommunity.

Three predominantwetlandtypesexistincloseassociationwithinthe Bay:tidalsalt

marshes,mudflats,anddikedseasonalor managedwetlands. Tidalmarshesof the Bayformthe
largestcontiguoustidalmarshsystemon the Pacificcoastof NorthAmerica,andhave beenthe

subjectof several reviewpapers (Atwateret al. 1979; Jossalyn1983). Thirteenor 14 speciesof
vascularplants characterizetidalsalt marshesof theBay. The dominantplantspeciesare

commonpickleweed(Salicomia pacifica) and CaUfomiacordgrass(Spartina foliosa). In theDelta,
tidal marshessupportabout40 speciescharacteristicof freshwatermarshes. Tulesand

bulrushes(Scirpus spp.), cat-tails(Typha spp.), andcommon reed (Phragmites communis) are
the dominants,andthesecontrastingplantcommunitiesoverlaparoundSan PabloBay,

CarquinezStrait,andSuisunBay (Atwateret al. 1979). One of the majorproblemsconfronting
tidalmarshesisthe inabilityof vegetationto expandlandwardbecauseof dikesand upland

development(Jossalyn 1983).

1.3.4 Fish

Once the foremostfishingcenteron the West Coast,the San FranciscoBay-Deltaregion
haschangeddramaticallyoverthepastcentury(Smithand Kato,in Conomos1979). Muchof the
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declineinfisheryresourceshasbeenattributedto human-inducedchangesincludingheavy
exploitationbetween1870 and 1915, extensivelandreclamation,waterdevelopmentprojects,

water pollution,and dredging.Althoughthe fullimpactofanthropogeniceffectsis unclear,the
fillingof shallowmudflatsaroundtheperimeterofthe Bayhas resultedina dramaticreductionin

habitatfor manyspecies. Manycommercialfishedesthatwere onceimportantto the BayArea
economyhave disappeared,leadingtotheoverallchangeinemphasisfromcommercialto

recreationalfishing.The onlyremainingcommercialfisheriesof noteare thoseforPacificherring,
northemanchovy,and bayshrimp. The mostimportantrecreationalfisheriesof the Bayare

those forstripedbass,chinooksalmon,steelhead,shad,sturgeon,Englishsole,herring,
anchovy,halibut,starryflounder,brownrockfish,and shinersurfperch.

Afterreviewingthe literature,SmithandKato(in Conomos1979) concludethat little

quantitativedataare availableon the fisheryresourcesof theBay, or the lifehistoryof mostof
theanimalswhichresidein the Bay, whetheras seasonalmigrantsor residents.The brief

summaryon fisheryresourcesof the Baythatfollowsis drawnfromthe 1990 LongTerm

ManagementStrategy(LTMS) reportbythe USACE-San FranciscoDistrict(USACE 1990). A
morecomprehensivereviewof thehistoricalchangesinthe importantflshedesof the Bay can be
foundinSmithand Kato (in Conomos1979).

The introducedspeciesof stripedbass(Morone saxatilis) supportedan important
commercialfisheryin the Sacramento/SanJoaquindeltaareafrom 1889 to 1935. Between1889

and 1915, annual catchesusuallyexceeded500 tons,butcatchesdroppedsignificantlybetween
1915 and 1935 whenthe stripedbassfisherywa_closed(SmithandKato, in Conomos1979).

The CalifomiaDepartmentof FishandGame assessesthe relativeabundanceof the youngfish
inthe Bay and Deltathroughcalculationof the "stripedbassindex." The indexhas been on a

downwardtrendfor the lastseveralyears,amountingto 4.6, 5.2 and4.3 for theyears 1988,
1989, and 1990, respectively.The 1990 indexvalue isthe lowestsincethe indexwas first

computedin 1956. Priorto 1977, thestripedbassindexaveraged66.6 witha highof 117.2 in
1965. Since 1977, the indexhas averaged23.1 (Stevens1989).

Declinesinstripedbass abundanceshave beenattributedat leastpartiallyto alterations

inthe freshwater/saltwaterstructureof the Estuary. Forexample,waterdiversionsin theDelta
have ledto the lossof eggs, larvae,andyoungfish intoexport canals. Saltwaterintrusioninto

the Delta has resultedin poor spawninginthe San JoaquinRiver,and low riverflowshave been
associatedwith pooryearclasssurvivaland recruitment(SmithandKato, inConomos1979).

Other possiblemasonsforthe declineof the San FranciscoBay stripedbassfishery includethe
following:1) increasedadultmortalityresultinginloweggproduction;2) reductionsinthe

planktonicpreyof youngstripedbass inthewesternSacramento/SanJoaquindelta and Suisun
Bay duringthe spring,aggravatedbythe invasionof soveralAsian speciesof copepods,
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includingPseudodlaptomus forbeei in 1987,whichdo notappeardo be as gooda foodsourceas

the native Eurytemora (Orsi 1989);3) increasedpredationof youngstripedbassby the

introducedclam, Potamocorbula amurensis (Orsi1989);and4) physiologicalstressto the

populationfrom toxicsubstancessuchas petroleumhydrocarbonsand pesticides(Setzler-

Hamiltonet al. 1988). These impactsmay have beenexacerbatedby recentdroughts.

Chinooksalmon(Oncorhynchus tschawytscha) are knownto enter Bay Area spawning

riversduringmostof theyear (Hart1973). Inthe SacramentoRiver,themajorspawningrun
occursin the fall with minorrunsinthe springandwinter(Sasaki 1966). Chinooksalmonare

probablypresentsomewherein the Baysystemat all timesof the year. The peak migrationof

salmonsmoltsoutof the BayoccursbetweenAprilandAugust. Duringoutmigration,the juvenile

salmonidstend to remainin the upperfew yardsof water (Goddardet al. 1985; Sasaki1966).

Rivercatchesof salmonrangedfrom5400 tonsin 1880 to only160 tonsin 1957, theyear
all commercialsalmonfishingwas prohibitedinsidetheGoldenGate (Smithand Kato,in

Conomos1979). DeclinesinBay salmonpopulationshave beenattributedpartiallyto lossin
spawninghabitat(lossof 80% of San Joaquinand Sacramentoriverspawninggroundsby

1928) and waterdiversions(Smithand Kato, inConomos1979). Chinooksalmonsupportan
importantsport fisheryinthe Bay Area.

Adultsteelhead(Oncorhynchus mykiss) passthroughCentralBay duringtheirupstream

anddownstreammigrations.The upstreamspawningmigrationoccursduringsummerand fall
(Hallocket al. 1961), andsomeadultsretumto theoceanafterspawning.The greatestnumberof

steelheadsmoltsmigrateseaward inthe fall andspring,althoughthere is movementof smolts
downstreamduringmostmonthsof the year (Hallocket al. 1961). Steelheadare harvestedas a

sportflshabove the CarquinezStrait. There is no commercialfisheryfor steelheadinthe Bay.

Americanshad (Alosa sapidissima)were introducedintothe Baysystemin 1871 when

10,000 fry were released intothe SacramentoRiver(SmithandKato,in Conomos1979). Both

juvenileand adultformsof Americanshadusa the Bay andDelta as a migrationpathway
between theOpenocean andthe upperSacramento,Feather,andAmericanriverswherethey

spawn (USACE 1988). The spawningmigrationoccursduringthespring,when shadis sought
as a sportflshin the Sacramento,AmericanandFeatherdvers. Commercialfishingfor American
shadwas banned inCalifomiain 1957 (Moyle1976).

White sturgeon(Acipenser transmontanus) use the Bayand estuary in lowto moderate
numbersthroughoutthe year. They spawninthe upperSacramentoRiverbetweenFebruary

and June. The FeatherRiveralsomay be usedfor spawning(Kohlhorst1976; Moyle 1976;
Wang 1986). Larval whitesturgeonoccupythe upperSacramentoRiver,whilejuveniles
concentratein SuisunBay andassociatedsloughsandinthe lowerreachesof the Sacramento

and San Joaquindvers(Wang 1986). Adultsturgeonmigratefromtheupperestuarythrough
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San Pablo Bay andthe Centraland Southbaysfollowingtheherringspawningin the lattertwo
bays (USACE 1988). The whitesturgeon,whichis not harvestedcommercially,is a popular

sportfishcaughtfrom SouthBayto the lowerSacramentoRivernear RioVista (USACE 1988).

Englishsole (Parophrys vetulus), formerlyknownas lemonsole, usethe Bay as a

nurseryarea. They preferhabitatswithfine,sandysedimentsand quietwaters. Their
distdbutionwithintheBay is relatedtofreshwaterinflow(Herrgesellet al. 1983). When

freshwaterinflowislow, thedistributionof earlylifestage Englishsoleis limitedto theCentral

Bay. Butwhen Deltaoutflowishigh,large numbersof early lifestageindividualsare distributed

well intothe South and San Pablobays. JuvenileEnglish_sole enterthe Bay between March
and May and leave inlatefall (Cooperand Keller1969; KLI/ANATEC1982).

Pacificherring(Clupea harngus pallasl) migrateintotheBay betweenOctoberand March

to spawn. Pacificherringspawnintertidallyandsubtidallyto depthsof 25 ft or more,where they
prefersubstratescoveredwithseaweed, eelgrass,or rock(Smithand Kato, inConomos1979).

AdultPacificherringleave the Bay immediatelyafterspawning(USACE 1988). JuvenilePacific
herringare distributedthroughoutthe Bay,withthe greatestconcentrationsin theCentralBay.

Juvenilesmigrateto theoceaninlatesummerorearlyfall (Armorand Herrgesel11985).Adult
Pacificherringsupportan importantcommercialfisheryinthe Bay. Althoughthey are fishedfor

onlya few months,the valueof the heftingcatchis 10 millionto 15 milliondollarsannually
(USACE 1988).

The northernanchovy(Engraulis mordax) is probablythe mostabundantspeciesof fish

in the Bay. It isfound inthe Baythroughoutthe yearbutis mostabundantfromAprilthrough
October. Adultand young-of-the-yearanchovyare mostprevalentin channelsof Central Bay.

Eggsaremost abundantin San PabloBay, althoughlarvalformsaredistributedthroughoutthe
Bay. Shoalhabitatsare importantforall lifestagesbutare mostimportantfor spawningand

larval rearing.Anchoviesare foundinthe uppertwo-thirdsof thewatercolumn(Wang 1986;
CDFG 1987). The northernanchovysupportsan importantbaitandcommercialfishery alongthe

Califomiacoast(Messersmith1969; Baneand Bane 1971;Talbot 1973; Wang 1986). Anchovies

for the bait industryare normallycaughtinthe Bay. Butin someyears, 10% of thecatchmay

originateoutsidethe Bay (Smithand Kato,inConomos1979). The commercialfisheryinthe
vicinityof the Bay producesapproximately385 tonsannually(Herrgesellet al. 1983).

Jacksmelt(Athetinopsis californiensis)migratefromtheoceanto theBayin March,and

peakdensitiesof thesefishare seeninthe CentralBayforone to twomonthsafter migration.
FromMay untilJuly,theyare widelydistributedthroughoutSouth,Central,and San Pablobays.

InJuly,the jacksmeltareagainseen inhighconcentrationsinthe CentralBayduringtheir
seawardmigration(CDFG 1987). Jacksmeltspawninshallowwatersin associationwithaquatic

vegetationandhydroids(Baneand Bane 1971). Juveniles,foundin shallowwatersin early
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summer,beginmovingintodeeperwatersby midsummer(USACE 1988). Jacksmeltare
probablymostimportantas a food sourcefor other prey(Wang 1986).

AdultCalifomiahalibu'_(Paralicthhys califomicus) can befoundon sandybottomson
shoalsand offshoreof beachesduringspring,summer,andearlyfall in theSouth,Central,and

San Pablo bays. Larvae andjuvenileformsof this fishhave been collectedin thesebays during
fall andwinter(Wang 1986). CaUfomiahalibutare harvestedas a commercialand sporffishin

San Pablo and South bays.

Variouslife stagesof thestarry flounder(Platichthys stellatus) occurthroughoutthe Bay

system. The larval flounderisa pelagicstage foundintheCentralBay duringApriland May

(CDFG 1987). The young-of-the-yearstarry flounderbecomedemersal (bottom-dwelling)when
theyreacha size of 0.27 in.to 0.31 in. Rounderare mostnumerousin thewestem Deltaduring

Juneand July (Wang 1986). As theygrow,starry floundergraduallymove downstreamtoward
moresaline waters. The young-of-the-yearstarryflounderconcentrateinthe shoalsof Suisun

and San Pablobays in Septemberand October. By midwinter,the juvenilestarry flounderreach
lengthsof 5 in. andare distributedat variousdepthsthroughoutall embayments,withthe

exceptionof the SouthBay (USACE 1988). Starry flounderthat growto 6 in.tend to concentrate
inthe CentralBay, whereasfishof 4 in.to 8 in.are morelikelyto be foundin San PabloBay

(CDFG 1987). Starryflounderare a popularsporffish,andare caughtcommercially,usuallyas a
nontargetfish (CDFG 1987).

The adultbrownrockfish(Sebastes aur_culatus)isfoundin the CentralBay aroundpiers,

ledgeoutcroppings,and rockycrevicesto depthsof 65 ft (McConnaugheyand McConnaughey
1986; Feder et al. 1974). Juvenileandlarvalrockfishare foundinthe CentralBay and San Pablo

Bay. Brownrockfishare fishedbyindividualanglersandanglerson sporffishingcharters
because of the ease withwhichtheyare caught(WESCO 1988). The brownrockfishmakes up

a smallcomponentof the commercialrockfishlandings(Goddardet al. 1985).

Shinersurfperch(Cymatogaster aggregata) areabundantandwidelydistributedinthe
Baysystem. Shinersurfperchare found in Suisun,San Pablo,and Centralbays (Wang, 1986).

These perch,whichentertheBay to givebirthto liveyoung,are commonlyfound incalmwaters
associatedwitheelgrassbeds and the pilingsof wharvesand piers. Shinersurfperchdo not

migrateto theocea_ untiltheyareabouttwo yearsof age (Baneand Richardson1970). They
are foundinthe deeperportionsof the Bayduringthe wintermonths,migratingto theshallow

waterhabitatsin April(Herrgesellet al. 1983).

1.3.5 Birds

Over 75 speciesof aquaticbirdsresidein or are regularvisitorsto the Bay system.
Aquaticbirdsuse areas inthe Bay systemas nestingandbreedinggrounds.These birds
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depend on severalhabitattypes for survivalandbreeding,includingmudflats,salt marshes,
beaches,and open water.

Someof the morecommonwaterbirdsand shorebirdsintheBayarea includethedouble-
crestedcormorant(Phalacrocorax auritus),greaterscaup(Aythya mari/a),surfscoter(Me/anitta

perspicil/ata), sanderling(Ca/idris alba),westem sandpiper(Ca/idris rnaun), Califomiagull(Larus

ca/ifornicus),westem gull(Larus occidentalis),andthe brownpelican(Pelecanus occidentalis)

(U.S. Navy 1987).

The Californiabrownpelican(P. occidentalis californicus)is listedas an endangered
speciesbyboththe CalifomiaDepartmentof Fishand Game andtheU.S. Fishand Wildlife

Service. The Californiabrownpelicanusesareas in andaroundthe Bay watersas roostingand
feedinggrounds(U.S. Navy 1987). The Califomialeasttem (Sterna antillarum browm) andthe

peregrinefalcon (Falco peregrinus) usathe Bayarea habitatsandare listedas endangeredor
threatenedby theCaliforniaDepartmentof FishandGame andthe U.S. FishandWildlifeService

(U.S. Navy 1987).

The BayArea servesas an impo_antwinteringarea for a numberof birdspecies,
includingthe red knot,willet,semipalmatedplover,westernsandpiper,and leastsandpiper.

Typicalbirdsfoundin freshwatermarshesareducks,gulls,tems, grebes,dowitchers,whimbrels,

godwits,avocets,and stilts.It has been estimatedthat 60% of thecanvasbackduckpopulation
of the Pacific flyway use Bay wetlands(CDFG 1968).

1.3.6 MarineMammals

Small coloniesof harborseals (Phoca vitulina) inhabitBay waterswherethey feed on
fishandshellfish.Allmarinemammalsare protectedfromhunting,capture,killing,or harassment

undertheMarineMammalProtectionActof 1972. Importanthaulinggroundsfor harborsealsare
locatedat the mouthsof Mowryand Newarksloughsand CalaverasPointin SouthBay, on

CastroRocksat theeast end of the Richmond-SanRafael Bddge,andon lowerTubbsIslandin
San PabloBay. Occasionallysea lions,harborporpoises,and whalesare alsoseen withinthe

Bay. In the fall of 1985, thehumpbackwhale(Megaptera novaeangliae) thatcame to be known
popularlyas =Humphrey"enteredthe Bay andmade itsway intothe SacramentoRiverDelta
(Magagnini1985).

1.3.7 ThreatenedandEndanceredSoec;i_s

Severalendangeredanimalspeciesare nativeto the Bay region. Animalsthat have been
designatedthreatenedor endangeredby the state of California,the U.S. FishandWildlife

Service,or the NationalMarine FisheriesServiceinthe Bay includethesalt marshharvestmouse

(Reithrodontomys raviventtis), theAlamedastripedracer(Masticophis lateralis euryxanthus), the

Califomiaclapperrail(Rallus Iongirostris obsoletus), theCaliforniayellow-billedcuckoo(Occyzus
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americanus occidentalis),theCalifomiabrownpelican(Pelecanus occidentalis califomicus), the
Califomialeast tam (Sterna antillarum browm), theperegrinefalcon(Falco peregrinus), the

Californiablackrail(Latera/lusjamaicenisis coturnicu/us),andthe thicktailchub(Gila crassir_uda)

(CRWQCB 1982; U.S. Navy 1987). Any habitatidentifiedas necessaryfor the continued

existenceof protectedspeciesis considereda significantresource.

On November5, 1990, NMFS issueda finallistingof the SacramentoRiverwinterchinook

as a threatenedspeciesunderthe EndangeredSpeciesAct(ESA). Thiswas the first
anadromoussalmonidpopulationto be protectedunderthe ESA. Habitatlossand modificationin

theSacramentoRiversystem,ratherthanoverfishing,have beentheprimarycausesof the
decline(WilliamsandWilliams1991).

The graywhale (Eschrichtius robustus) andthe humpbackwhale (Megaptera

novaeangliae) are knownto enter the Bay. The graywhalewas formerlylistedas an
endangeredspecies,but was removedfrom the list in 1992 becauseof promisingpopulation

increases. The humpbackwhale is stilllistedas an endangeredspecies(U.S. Navy 1987). The
softbird'sbeak (Cordylanthus mollie) is listedas a threatenedplantby the stateof California

and isa candidatefor federal listingas an endangeredspecies(U.S. Navy 1987).

1.3.8 IntroducedSoecies

This sectionisa briefsynopsisof theextentandbiologicalimplicationsof introduced
speciesin the Estuary, as presentedinCohen (1991).

More than 100 non-native,introducedspeciesliveand reproducein the Estuary. The list

of documentedspeciesthat havebeen introducedincludes26 fish, 18 amphipods,13

polychaetes,12 gastropods,11 bivalves,10 isopods,9 hydroids,6 copepods,5 sponges,5

seaweeds,4 anemones,3 flatworms,3 tunicates,3 marshplants,2 crayfish,2 barnacles,a
Koreanshrimp,theeasternbullfrog,andthemuskrat.

Many of the fishspecieswere deliberatelyintroducedto establishcommercialor sport

fisheries(e.g., stripedbass, Americanshad,catfish,largemouthbass). In contrast,mostof the

invertebrateintroductionswere accidental. Somespecieswere transportedintheballastwaterof

shipsand otherscame inshipmentsof liveoystersfromthe east coastor Japan.

Evidencefrommanyecosystemsaroundtheworldsuggeststhatintroducedspecies
typicallyreduceoreliminatepopulationsof nativespeciesthroughpredationor competitionfor

limitingresources. However,in somerarecases,nativespeciesmay actuallybenefitfromthe
presenceof introducedspecies. Forexample,in the Estuary introducedinvertebratespeciesare

the mainfoodof migratorybirdsandof the endangeredCalifomiaclapperrail,andnativehermit
crabsfrequentlyinhabittheshellsof introducedsnails.
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2.0 EVALUATIONOF EXISTING INFORMATION

2.1 POTENTIAL SOURCES OF CONTAMINATION

The followingsectionssummarizethepotentialsourcesof contaminationandavailable

informationon sedimentchemistry,sedimentbioassays,bioaccumulationstudies,and fish

histopathologyfor areas withinandaroundtheJFBSC. Contaminantsourcesand activities
believedto be importantinevaluatingJFBSC sedimentsare municipaland industrialeffluents,
urbanandnonurbanrunoff,dredgingoperations,rivedneinputs,accidentalspills,atmospheric

inputs,dischargesfrom marinevessels,and leakagefromwastedisposalsites.

2.1.1 Municioaland IndustrialEffluents

The mostcomprehensiveanalysisof pollutantloadingto the Estuary frommunicipaland
industrialdischargersis foundinthe Status and Trends Report on Pollutants in the San Francisco

Estuary publishedbythe San FranciscoEstuary Project(Daviset al. 1991). Data for this
analysiswere dedvedpdmadlyfromtheAHI's 1984 to 1986 effluentmonitoringdatabase

(Guntheret al. 1987). Inorderto analyzespatialpattemsin municipaland industrialIoadingsthe

Estuary was dividedinto10 majorsegments. Data for the threesegmentspotentiallyaffecting

JFBSC, Central Bay, San Pablo Bay, and SuisunBay willbe discussedin thissection.

PubliclyOwnedTreatmentWorks(POTWs) receiveand treatwastewaterfrom a variety
of residential,commercial,and industrialsources. Seventypercentof the totalwastewaterflow

intothe Bay during1984 to 1986 was contributedbyeight POTWs (Guntheret al. i987). Only
three of these, SacramentoRegional,CentralContraCostaSanitationDistrict(SuisunBay), and

East Bay MunicipalUtilityDistrict(CentralBay),were locatedinthe centralandnorthernreaches
of the Bay-Deltaarea. Dischargeof wastewaterfrom POTWs duringthe dry seasoncan

representa significantfractionof freshwaterinputto the Bay.

Trace metalswas theonlyclassof pollutantsdetectedon a regularbasisin POTW
effluents. Of these, 10 elements(As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, andZn) were listedas

"pollutantsof concem." Onlya few volatileorganics(chloroform,bromodichloromethane,
dichloromethane,tetrachloromethane,tetrachloroethene,toluene,and 1,1,1-trichloroethane)were

commonlyreported,andonlytoluenewas classifiedas a pollutantof concern. Other pollutants,
includingsemi-volatileorganics,organochlorinepesticides,polychlorinatedbiphenyls(PCBs),

and polynucleararomatichydrocarbons(PAHs),were detectedinfrequentlyin POTW effluents.

Petroleumrefiningisa majoractivityintheBayarea andresultsinthedischargeof several
categoriesof wastewater,includingcoolingwater,stormwaterrunoff,andwater usedin

processingcrudeoil intofuels,lubricants,asphalt,andotherhydrocarbonproducts.Water used
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in processingcrudeoil ("processwater")containsthehighestcontaminantloadsand receivesthe
greatestregulatoryscrutiny.Processwatergenerallycontainscontaminantsthat reflectthe

compositionof thecrudeoilbeingrefined;therefore,largenumbersof hydrocarboncompounds
and severaltrace elements(e.g.,Se, Cr, Ni, Pb, Cu, Zn) are routinelyreportedin refinery
effluents. I

Table 2.1 summarizes the locationsof all majorPOTWsandindustrial(NPDES)

dischargersintothe Estuarythat wereidentifiedbyGuntheret al. (1987). Accordingto Tom
Gandesberry,a water-qualityspecialistwiththe San FranciscoBay RegionalWater Quality

ControlBoard(personalcommunication,October1993), numerousunchecked,unregulatedsewer
ouffallsare potentiallya biggersourceof contaminationto the Estuarythan industrialdischarges.

Total municipaland industrialwaste loadswere calculatedin Daviset al. (1991) using

1984 to 1986 averagedischargedata (monthlyaverages)compiledfor each of the segments. A
summaryof the flowsandmassIoadingsfor selectedtrace elementsis presentedinTable 2.2.

Mass loads were calculatedby multiplyingflow ratesby theaverage trace-element
concentrationsineffluents. Althoughthe pollutantloadingdata in Daviset al. (1991) isthe most

comprehensiveavailable,theirmasscalculationsshouldbe treatedas crudeestimatesonly. This
is due largelyto infrequentsamplingandchemicalanalysisundertakenby manyc' the

dischargers. Moreover,otherfactorssuchas lackof uniformityinthe useof analyticalprotocols,
data setswithextremelyhighdetectionlimits,andthegenerallackof qualityassurancedata,

furtherconfoundinterpretation.

SignificantresultsfromDaviset al. (1991) forselectedtrace metalsare summarizedbelow:

• Arsenic- Mostof the totalload to San PabloBay (1.2 kgto 2.8 kgAs d-l) wascontributed
by ChevronUSA (refinery), ChevronChemical(chemicalplant),and Napa Sanitation
District.

• Chromium- San PabloBay hadthe secondhighestloadingrateof chromium(5.6 kgto
7.0 kg Cr d-l) inthe Estuary. Mostof thiswas attributedto dischargefrom a powerplant
locatedon Mare Island.

• Lead- The thirdhighestloadingrateof leadinthe Estuarycame fromdischargesby
CentralContraCosta SanitationDistrict(2.5 kg to 2.9 kg Pb d-l) intoSuisunBay.

• Nickel- The secondhighestloadingrateof Ni inthe Estuarycame fromdischargesby
East BasayMunicipalUtilitiesDistrict(9.1 kgNi d-l) intoCentralBay. ChevronUSA
releasedsignificantquantitiesof Ni (3.1 kgto 4.1 kg Nid-l) intoSan PabloBay.

• Silver- San PabloBay receivedthe highestloadof silver(2.3 kgto 3.8 kgAg d-l) inthe
Estuary. Mostof thiswas attributedto dischargesintothe Napa Riverfrom a small
municipaltreatmentplantservingtheCity of Napa.

• Zinc - Dischargeratesof 25 kgZn d-1intoCentralBayby East Bay MunicipalUtilities
Districtwere the secondhighestrecordedwithinthe Estuary.
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IABJ.E.?.J.. Summaryof the Locationof All MajorPubliclyOwnedTreatmentWorks (POTWs)
and IndustrialDischargersIdentifiedbyGuntheret al. (1990)

Location NorthLatitude West L0noitude seament

pOTWs

Benicia 30°02'30" 122°09'03" SP 7
Calistoga 38°33'34" 122°33'28" SP 9
Central CC Sanitary 38°02'44" 122°05'55" SU 1
Central CC Sanitary #19 C D
CentralMadn 37o56'54, 122o27'23" CB 9
Davis ND
Delta-Diablo WD
EBDA 37042' 122048' SB 11
EBMUD 37049'02, 122020'50, CB 1
Fairfield-Suisun 38°12'33" 122°03'24" SU 4
HerculesRodeo 38°03'06" 122°15'55" SP 6
LasGallinas 38°01'32, 122°30'58" SP 1
Lodi ND
MountainView SU 1
Napa 38°13'45" 122°17'00" SP 9
North Bayside 37°39'55" 122°21'41" SB 6
Novalo-lgnacio 38°04'00" 122°29'00" SP 1
PaloAlto 37°27'11" 122°06'36" SB 2
Paradise Cove CB 9
Port Costa SP 7
RioVista CD
Sacramento ND
S.F. Southeast 37o44'58, 122022'22" SB 9
S.F. Northpoint
San Jose-Santa Clara 37026'06, 121°57'08" SB 1
San Mateo 37°34'5(Y' 122o14'45, SB 7
Sausalito-Madn 37o50'37* 122°28'03" CB 3
Sewage Agen.of S. Marin 37053'40, 122°28'10" CB 3
South Bayside 37°33'48" 122°12'55" SB 4
SonomaValley 38°14'14" 122°25'51" SP 2
Sunnyvale 37026' 122002' SB 2
St. Helena 30°20'1(7' 122°26'15" SP 9
Stockton C D
Tracy SD
Vacaville ND
Vallejo 38°07'37* 122°16'00" SP 7
Walnut Grove ND
W. Sacramento ND
West County Agency 37°54'41" 122°25'06" CB 11
Yountville 38°24'24" 122°20'27* SP 9

Industry

C&H Sugar ..(a) .. SP7
Chevron Oil .... SP 5
ChevronChemical .... SP 5
CrownZellerbach .... WD
Dow Chemical .... WD
Du Pont .... WD
Exxon .... SU 1
Fibreboard .... WD

2.3



TABLE2.1 (contd)

Location NorthLatitude West LonRitude

(contd)

GeneralChemical .... SU 1
Libbey-Owens Ford .... SD
Mare Island Naval Shipyard .... SP 9
McCormickandBaxter .... C D
New UnitedMotors .... SB 1
PacificRefining .... SP 6
PG&E ....

Contra Costa .... WD
HuntersPoint .... SB 9
Oleum .... SP 6
Pittsburg .... WD
Potrero .... SB 9

Shell Oil .... SP 7
StaufferChemical ....

Martlnez .... SU 1
Richmond .... CB 7

Tosco .... SU 1
UnionOil .... SP 6
U.S. Steel .... WD

!

(a) -. Not applicable.

_J=E._. SummaryofAverage DailyFlowsandContaminantLoadsfrom Municipaland
IndustrialDischargersfor SuisunBay, San PabloBay, and CentralBay. Loading
Rate Data are Expressedas Ranges (AfterDaviset al. 1991)

Title ._JJiigg_B.CY. San Pablo Bay Central Bay

Flows(L/d) 220 x 106 261 x 106 450 x 108

....... LoadingRates Ikg/d)

Arsenic 0.2-1.1 1.2-2.8 0.3-2.1
Cadmium 0.6-1.2 0.3-1.4 0.6-1.2
Chromium 2.3-2.9 5.6-7.0 5.1-5.5
Copper 4.3-5.1 4.3-7.2 7.8-13.0
Lead 3.1-4.6 2.5-6.9 2.4-4.0
Mercury 0.02-O.15 0.07-0.28 0.05-0.17
N_ 4.1-5.3 6.7-9.8 9.5-12.0
Silver 0.3-1.1 2.3-3.8 1.0-2.4
Zinc 14-14 12-15 34-35
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2.1.2 UrbanandNonurbanRunoff

Urban andnonurbanrunoffairsepisodicand seasonallyvariablesourcesof contaminant

loadingtothe Estuary. Pollutantsinurban runofforiginatefroma varietyofcommemial,industrial,
and residentialoperationsandland-usepractices.Sourcesfornonurbanrunoffincludeagricultural

andpasturelands,naturalrange land,and forests. In general,theoverallcontributionof

contaminantloadsfrom urbanand nonurbanrunoff to the Estuaryispoorlyknown.

Loadingratesof contaminantsto theEstuaryfrombothurban and nonurbansourcesairs

stonglyinfluencedby regionalpatternsof precipitation.Pollutantsoftenaccumulatewithin
drainagesbetweenindividualstormeventsand betweenrainyseasons,only to be flushedout
when the firstrainsappear. Scouringof urban andnonurban surfacesfollowingseasonal

storms, therefore,mayhave a strongInfluenceontemporaltrendsinpollutantloading.

StudiesconductedundertheNationwideUrban RunoffProgram(NURP) have detecteda

varietyofcontaminantsinurban runoff,includingall 13 EPApdodtytraceelements,solvents,
pesticides,fueloils,combustionproducts,lubricants,and synthesizedpolymersand resins

(Daviset al. 1991). Insecticidesusedfor mosquitoanddomesticpestcontrol,as wellas
herbicidesformaintaininggolfcourses,rightsof way,and residentiallandscapes,contributeto

contaminantloads inurban runoff. Illegaldischargesto stormsewersand miscellaneousurban
surfacesairsbelievedto be an importantsourceforsome contaminants.Russelland Meiorin

(1985) concludedfroma surveyof threecommunitiesinthe Bay Areathat at least50% of used
motoroilwas beingdisposedof inthismanner.

A reviewof studieson urbanand nonurbansourcesof contaminantsto the Estuaryis

providedinGuntheret al. (1987). However,highuncertaintyis generallyattachedto estimatesof

pollutantloadsdue to the lackof informationon thephysical-chemicalstate(i.e., dissolvedor
particulate)and concentrationof contaminantsinrunoff. Estimatesof runoffcoefficients(i.e., the

fractionof rainfallthat becomesrunoff)airsalsopoorlyknown. Guntheret al. providerangesof

pollutantloadsin runoff,whichthey calculatedbysystematicallyvaryingthe assumptionsused
inthe calculationsto create reasonable=high"and=low"estimates. Table 2.3 (reproducedfrom

Guntheret al. 1987) showsEstuary-wideloadestimatesfor selectedpollutants.Guntheret al.

report that despitehighuncertainty,runoffcontributesgreaterquantitiesof selectedcontaminants
suchas Pb than doeseffluent. It shouldbe noted,however,that runoffestimatesprovidedin
Guntheret al. weirsprimarilyobtainedusingsourcesoutsideof the Bay-Deltaregion.
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_._. EstimatedLoadingRatesof SelectedToxicPollutantsinthe San FranciscoEstuary
from UrbanRunoff(AfterDaviset al. 1991;table reproducedfrom Guntheret al.
1987)

EstimatedLoad(a) EstimatedRange(b)
Pollutant (tonnes/vr_ (tonnes/yr)

Arsenic 6 - 1-9
Cadmium 2 0.3-3
Chromium 12 3-15
Copper 42 7-59
Lead 179 30-250
Mercury 0.1 0.03-0.15
Zinc 189 34-268
Total Hydrocarbons 8,260(c) 1,143-11,016(d)
PCBs -- 0.006-0.4
PAHs -- 0.5-5

(a) NOAA (1988).
(b) Guntheret al. (1987).
(c) Dedvedusingconcentrationsof oilandgrease.
(d) Minimumvaluederivedusingconcentrationdata for petroleumhydrocarbons,

maximumvalueusingotlandgreasedata from(Guntheret al. 1987).

Data for pollutantloadsin nonurbanrunoffhave largelybeencompiledfor drainageareas
outsideof the Estuanj. Montoyaet al. (1988) havemeasuredtrace elementsin agriculturalrunoff
for severallocationsintheSacramentoValley. In general,metal loadswere lowerthan those
reportedfor urban runoffinSacramento.A numberof pesticidessuchas atrazine,simazine,

fenthion,dacthal,diazinon,biddn,phorsulfon,chloropropham,molinate,andthiobencarb,have

beendetectedindrainwatersoriginatingfromtheCentralValley(DWR 1988). The National

Oceanicand AtmosphericAdministration(NOAA 1988) providesloadingestimatesto theBay-
Delta forselected tracemetalsandchlorinatedhydrocarbonsfromcroplands,forestland,other

nonurbanland,and irrigationretumflows. The NOAA data hasbeen reproducedinTable 2.4.

These estimates shouldbe viewedas high,as the NOAA data were collectedduringa single
year, 1982, inwhichgreater-than-averagerainfallwas reported.

2.1.3 Dredo_in_oActivities

As populationgrowthexplodedin theBay area aroundthe tum of the century,the Bay-

Deltawas developedas a majorthoroughfareforcommercialshipping,Naval operations,and
recreationalboating.Therearecurrentlysixcommercialportsservingthe area: Benicia,

Richmond,Oakland,San Francisco,RedwoodCity,and theEncinalterminals.In addition,there
aresix majordefenseinstallationsin theBay areathat requirefree navigationalaccess: Mare
IslandNaval Reservation,Naval StationTreasure Island,HuntersPointAnnex,NAS Alameda,

Naval Weapons StationConcord,and NAS MoffettField. In 1986 therewere approximately
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18,350 berths In Bay area marinas(BCDC 1987), and the BCDC estimates that thisnumberwill
Increaseto 30,300 to 42,640 by the year2020 (BCDC 1982).

WithIncreasedurbanizationof the Estuary,muchattentionhas been focusedon the

Impactsof turbidity,decreaseddissolvedoxygen,andthe potentialmobilizationof contaminants

resultingfromdredginganddredged-materialdisposaloperations(Davis et al. 1991). A principal
concernisthatdredgingactivitieswillresultin theredistributionof contaminantsand that under

certainconditionsthis may leadto an Increase InbioavallabUity.Greatestconcem seemsto be

overnewdredgingor maintenancedredgingof Infrequentlydredgedareas, whichcontaingreater

quantitiesof deeplyburiedsediments,and thuspotentiallylargerloadsof contaminantsthatmay
have been Introducedto thesedimentsovera peded of decades(Guntheret al. 1987).
Questionsconcerningbioavallabilityand potentialtoxicityofsedimentcomponents,however,are
difflcultto addressintheabsence of laboratorytesting. In additionto physicalfractionationand

dispersion,which occurimmediatelyafter dumping,depositedsedimentsare continuallysubjected

to an arrayof physical,chemical,and biologicalprocessesthat can altertoxicitypotential.

Therefore,factorssuch as the physicochemicalnature of the depositedsedimentsand conditions

at the disposalsiteare Importantindeterminingpotential contaminantmobilityand bioavailability.

Naturallyaccumulatingsedimentisdredgedfrom three typesof areas in the Bay region:

federallymaintainednavigationchannels,largeportfacilities,and smallprojectareas. The

USACE, San FranciscoDistrict,maintains13 cnngressionallyauthorizednavigationandflood-

controlprojectswithinthe Bayregion. An additionaleightprojectsare maintainedby the U.S.
Navy, and a numberof privatedredgingprojectsoccurthroughoutthe Bay to maintainports,

T.._. Loads(Tonnes/Yr)of Selected Trace Metalsand ChlorinatedHydrocarbon
Pesticides(CHP) fromCropland,ForestLand,Other NonurbanLand, and Irrigation
Return Flows(After NOAh.1988 andSummary in Guntheret al. 1987)

Source(") As _ C.....L.rC....._uP.._.b.bH..H.g" Z_...n_nCH.._..PP

Cropland 34 2 269 122 61 0.38 293 0.42
ForestLand 11 0 133 49 33 0.16 135 0.00
Other Nonurban 74 5 1,134 410 265 1.20 1,023 0.00

Land
IrrigationRetum 0 0 2 0 0 2.00 2 0.08
Flows
Total 11""9 _ 1,537 581 358 1.7"'"3 1,45-'-"3 0.5--"0

(a) Data are for 1982.
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marinas,and shipyards. Locationsof dredgingareas underthejurisdictionof the USACE andthe
U.S. Navy, respectively,are presentedin Figures2.1 and2.2.

The USACEestimates thatits maintenanceprojectswillgeneratea totalof

17,025,788 yd3of materialfrom 1989 through1993 thatwillrequirein-baydisposal. The

USACE currentlydredgesanddisposes of over4 millionyd3of sedimenteach year from both

deep- andshallow-draftfederal navigationchannelsinthe Bay;an additional3 millionyd3of

sedimentare dredgedand disposedof underUSACEissuedpermits.

Betweenthe late 1800sand 1970 dredgedmaterialwas disposedof at numeroussites

throughoutthe Bay. A map showinglocationsof historicalaquaticdisposalsitesin the Bay is

presentedin Rgure2.3. In manycases, littleinformationexistsregardingdisposalpracticesat
historicaldredgedmaterialdisposalsites. Inadditiontothese locations,manydiked,historic

baylandswere filledwithdredgedmaterialup untilthe time in-bayaquaticdisposalcame under
strictregulation(Gunther et al. 1990). Since 1975, in-baydisposaloperationshave been
restrictedto three locations:AlcatrazIsland,San PabloBay, andCarquinezStrait(Figure1.3).

Disposal records(i.e., monthlyschedulesanddisposalquantities)for the three activesitesare

providedin USACE (1990).

The mostcompleterecordson past dredgeand fill activitiesfor USACE and U.S. Navy

projectsare for the years 1975 to present. The USACE databasecontainsrecordsfor all San
FranciscoDistrictUSACE CivilWorksprojectsconductedfrom 1975 to 1985. Data for non-

USACE and US Navy projectsare obtainedmostlyfromestimates listedon individualpermit

applications. Dredgingrecordsfor the PinoleShoalChannelsectionof theJFBSC forthe years
1936 to 1987 areprovidedinTable 2.5. The PinoleShoalChannelis dredgedapproximately

every two years, althoughthe channelhas notbeendredgedsince 1987. Materialsfromthe
PinoleShoal Channel have been disposedof at the San Pablo Bay disposalsite (Figure 1.3).

2.1.4 Rivedne Inouts

A mapof the principalriversin the Bay-Deltadrainagebasinis providedin Figure1.2.
The SacramentoandSan Joaquindvers drainextensiveagriculturalareasand providethe largest
sourceof freshwaterto the Estuary. Collectively,theSacramentoand San Joaquinriversdrain

approximately40% of the total landarea for the state of Califomia(Guntheret ai. 1987). Long-
term averageflowsrecordedby the USGS for theSacramentoandSan Joaquinrivers,

respectively,are 70 billionLd-1(18.5 billiongal d-l) and9 billionL d-1(2.4 billiongal d-l).

The SacramentoValleyis consideredto be oneof the mostproductiveagriculturalregions
in the worldand is acknowledgedas a worldleader inpesticideapplication. Herbicidesare also

usedextensivelythroughoutthe valleyto controlthe invasionof aquaticplantsinartificialwetland
areas createdfor the cultureof dcecrops. Two herbicides,molinateandthiobencarb,are
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_. DredgingRecordsfor the PinoleShoalChannel: 1936 to 1987

FLscaiYear Quantity Removed lyd31

1936 181,700
1938 1,403,100
1939 733,200
1940 754,0O0
1941 1,024,800
1942 2,363,400
1943 1,122,100
1944 1,654,800
1947 420,100
1949 235,800
1950 381,100
1954 649,400
1957 231,500
1958 120,000
1959 315,000
1960 2,588,000
1961 843,000
1962 1,034,500
1967 218,200
1969 450,000
1970 290,500
1971 816,000
1972 665,000
1974 481,000
1976 46,900
1980 149,000
1982 386,927
1984 432,919
1987 309,386

themostcommonlyusedand are ofspecialsignificancedue totheir toxicityto aquaticorganisms

andhighconcentrationsinvarioussectionsof the SacramentoRiver.

Mass transportof contaminantloadsto the Estuaryfrommajortributariesof the Deltais
discussedinGuntheret al. (1987). Accurateestimatesof loadingratesare difficultto obtain,

however,because of wide seasonaland interannualvariationin riverflowsand large
uncertaintiesincontaminantconcentrations.Few monitoringprogramssamplefrequentlyenough

to adequatelycharacterizetemporalvariationincontaminantconcentrations.Significant
contaminantloadsare oftentransportedinpulsesthatoccuroverperiodsas short as several

days; therefore,considerablebiasmustbe assumedwhen usingaverage contaminant
concentrationsto estimatemassloads.

Water diversionto the southernportion ofthe CentralValleyremovessomeof the flow

f_'omboth the Sacramentoand San Joaquinrivers. The volumeof water divertedvaries
considerablyamongseasons and years. However,Guntheret al. (1987) concludethat on a time-
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averaged basisit is unlikelythat contaminantloadingto theBay is morethan 20% lowerthan
estimatesthey have provided. This is largelybecausecontaminantloadingto the Bay is

greatestduringperiodsof highrunoffandhighriverflow, andwaterdiversionsare generallyless
importantat thistime.

Whereas it is likelythat potentiallysignificantquantitiesof pesticidesand herbicidesenter
theBay from the Delta, the transportand fate of organiccontaminantshas been littlestudiedin

this regionof the Estuaryandreliableestimatesof loadingratesare unavailable.The lackof data

on organiccontaminantsis at leastpartiallydueto thedifficultyofdetectingthesecompoundsin

watersamples. Dailyloadingratesfor selectedtrace metals(As, Cr, Cu, Ni, Zn, Se) have been
summarizedin Daviset al. (1991) andshowwide variationbetweenaverageandmaximum
estimates. However,averagedailyloadingratesfor each of the metalswere at least oneto two
ordersof magnitudehigherthan loadingrateestimatesreportedformunicipaland industrial

discharges(Table 2.2). The bestdatafor calculatingpollutantloadsfrom riverinesourcescome

fromtheextensiveworkof Cutter(1989) on selenium.

2.1.5 AccidentalSpills

Accidentalspillsare a potentiallysignificantsourceof contaminantloadingto the Bay.

Spillsof petroleumhydrocarbons,inparticular,occurfrequentlyandare of specialconcem. Most
spills,however,are smallandmostoftenresultfromdamagedships,operatorerrors,handling

accidentsat terminals,andaccidentsinvolvingmaterialscardedon shorelinehighways(Daviset
al. 1991).

The National Oil and HazardousSubstanceResponseSystemis the federal

govemment_smechanismfor emergencyresponseto dischargesof oil intonavigablewatersof

the UnitedStates. Thissystemisdescribedin theNationalOiland HazardousSubstances

ContingencyPlan (NCP) (40 CFR, part300). The NCP ledto thecreationof the National

ResponseCenter (NRC), whichprocessesreportsof all spillsregulatedbythe FederalWater
PollutionControlAct. The NRC is staffedbypersonnelfromthe U.S. CoastGuard. The NRC
also maintainsthe IncidentReportingInformationSystem(IRIS),an on-linerelationaldatabase

that providesthe capabilityto collect,analyze,manage,anddisseminateincidentinformation.

Guntheret al. (1987) useddatacollectedbythe U.S. CoastGuardfrom 1984 to 1986 as

the basisfor a generalizedestimateof pollutantloadingto theestuaryfromspills. Theirestimate
of theaverage releaseof petroleumhydrocarbonsintothe Bayduringthisperiodwas

17,000 L/yr(ca. 31,000 gal/yror 94 tonnes/yr). However,it islikelythat long-termestimatesfor

pollutantloadingfrom spillsare influencedmoreby infrequentcatastrophicevents,whichhave
the potentialto release largequantitiesof contaminantsat a singlepointintime.
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Two majoroilspillshave occurredinthe Baywithinthe last21 years. In 1971 two oil
tankerscollidednear theGoldenGate releasingapproximately3.2 millionL (845,000 gal)of fuel

oil. An accidentalreleaseof crudeoiloccurredat an above-groundholdingtankat the ShellOil
refineryin Martinezin 1988. Approximately1.4 millionL (370,000 gal)of oil flowedintomarshes

near the releasepointand theneventuallyintoCarquinezStraitand SuisunBay. Overall50 mi
of shorelinewere affected. Oilwas detectedas far eastas Ryer and Roe islandsandas far

west as Pt. San Pablodownstreamof the CarquinezStrait.

2.1.6 AdditionalSourcesof Contamination

Additionalsourcesof contaminationto the Bay includeatmosphericinputs,discharges

frommarinevessels,and leakagefromwastedisposalsites.

Althoughfew data existon the atmosphericdepositionof toxicpollutantsto the Bay-Delta
area, estimatesof the importanceof atmosphericsourcesto pollutantloadingvary dependingon

thecontaminant(Guntheret al. 1987). Guntheret al. (1987) useddepositionratesmeasuredfor
otherareas of the country to providecrudeestimatesof potentialloadingratesfor the Bay-Delta

area. They estimate that atmosphericdepositioncontributes0.14 to 0.35 tons/yrof Cd,
1.9 to 3.1 tons/yrof Cu, and6 to 21 tons/yrof Pb to the Estuary. Potentiallysignificantloads
were estimatedfor PAHs (0.8 to 4.8 tons/yr)andtotalhydrocarbons(2.1 to 45 tons/yr).
Estimatesfor PCBswere basedon fluxratescalculatedfor the GreatLakesand rangedfrom0.12

to 0.87 tons/yr.

Sewage and graywater (i.e.,wastewater fromkitchenand bathinguses)are sourcesfor
coliformbacteria,substanceswhichexertbiochemicaloxygendemand(BOD), suspendedsolids,

oiland grease, and nutrients(BCDC 1987). These wastes generallyhave localizedeffects on
waterqualityandpublichealth inmarinasand harborswithminimalflushing(Guntheret al. 1987).

Potentialcontaminationof surfaceandgroundwaterdueto leakagefromhazardouswaste

andmunicipalwastedisposalsiteshas gainedboth localand nationalattentionduringthe last
decade. Nearly2000 former municipalsolidwastesites,hazardouswastedisposalsites,and

industrialwaste disposalsiteshave been identifiedinthe immediateBay Area (SFBRWQCB
1988; CWMB 1989). There are currently21 activesolid waste landfillsin the Bay area, someof

whichare consideredpotentialthreats to surfacewaterdue to their locations(ABAG1985).

Older landdisposalsiteshavethehighestpotentialfor leakage. The Califomiaregional
waterquality controlboards have conductedSolidWaste AssessmentTestson onlya small

numberof landfills. Managementof municipallandfillsitesis generallylessrigorousthanof

hazardousmaterialdisposalsitesdueto thestrictcontrolsthat nowexiston hazardousmaterials

transportationanddisposal. Differencesinthequantityandqualityof contaminantspresentat
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vadouslandfillsitesandthepooravailabilityof monitoringdatagenerallyconfoundeffortsto
estimateloadingratesof toxicmaterialsto theBay.

2.2 OVERVIEW OF SEDIMENT CHEMISTRY DATA

The followingsectionprovidesan overviewof relevantphysicaland chemical
evaluationsthat have been conductedon sedimentswithinand inthevicinityof the JFBSC.

2.2.1 NOAA StatusandTrendsandMiscellaneousStudieson ContaminantsinBay Sediments

NOAA's Status andTrends(NS&T) Programwas establishedto characterizethe status

andtrendsinenvironmentalqualityof selectedportionsof the nation'scoastalandestuarine
environments.Since 1984 the NS&T Programhasanalyzedsurfacesedimentsamplesfrom

approximately200 coastalandestuarinesites throughoutthe UnitedStates (NOAA 1988).

NOAh. releaseda comprehensivereport in1988 on the statusandtrendsincontaminant

concentrationsandmeasuresof biologicalstressinthe Bay(Longet al. 1988). The intentof the

San FranciscoBay Programwasto trackconditionsinareasthatintegrateinputsfrommultiple
sourcessuchas municipaland industrialeffluents,urbanandruralrunoff,andspills. Sampling

siteswere locatedin areasconsideredto be generallyrepresentativeof themanyhydrographic

and pollutionregimesin the Bay.

Longet al. (1988) report that contaminantsare widespreadthroughoutthe Bay, withthe

highestconcentrationsgenerallyoccurringinperipheralareas suchas harbors,waterways,and
boatbasins. However,considerablevariationand patchinessincontaminantconcentrationsand

the relativescarcityof basin-widedata (i.e., morestudieshave focusedon basinmargins)were
citedas factorsmakingitdifficultto establishcleartrendsincontaminantdistribution.Differencesin

the relativeavailabilityof data for differentclassesof contaminantswere alsoreported. In
general,sedimentchemistrydata for PAHs, PCBs,andpesticidesare lackingfor manyareasof

the Bay. The mostcompletedata sets are for sedimentmetals,althoughfew comprehensive
monitoringstudieshavebeenperformed;therefore,conclusionson temporalandspatialtrends

mustbe madeon thepooledresultsfromnumerousinvestigations.Longet al. (1988) recommend
that cautionbe exercisedin evaluatingtheoverallresultsproducedfromthistype of analysis.

Differencesin sampling(especiallysamplingdepth)andanalyticalprotocolsand method
detectionlimitsoftenconfoundeffortsto interpretpooleddata. Moreover,sedimentcharacteristics

that are often usedinevaluatingthepotentialavailabilityof contaminants,suchas grainsize and
organicmattercontent,are notprovidedinevery dataset.

Table 2.6 presentsa summaryof thedatacompiledby Longet al. (1988) for metalsfound

insurfacesedimentsfromselectedareasof the Bay. The datasummarizedinTable2.6 were
extractedfrom multiplestudiesconductedfrom1970 through1986. Datasourcesincluded

dredgingstudiesconductedbythe USACE,studiesof sewageand industrialdischarges
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T.._. Summaryof Metal ConcentrationsinSurfaceSedimentsfor Selected Areas WithinSan
FranciscoBay (Allunitsppmdry wt) (AfterLonget al. 1988)

Years
_ _ _ R_nn_ N (a)

San PabloBay 70-73,75,76,84-86 0.45+0.53 0.30 <0.01-2.80 112
Carquinez Str./SuisunBay 70, 71 73, 74, 76 0.23 +0.26 0.11 0.02-1.25 57
Mare IslandStrait 70-79 0.43 +0.22 0.42 0.02-1.30 199
CentralBay 70,71, 73, 74, 76, 84-86 0.35 +0.44 0.26 <0.01-3.90 111

Cadm m
San Pabio Bay 73, 75, 76, 84-86 0.71 +0.54 0.53 0.04-2.0 51
CarquinezStrJSuisunBay 73, 74, 76, 83 0.52 ±0.57 0.24 0.03-2.1 46
Mare IslandStrait 71-79 1.54 +1.32 1.20 0.20-8.3 194
CentralBay 71, 73, 74, 76, 80, 81, 84-86 0.79 ±0.40 0.75 0.02-2.2 77

San PabloBay 70, 73, 84-86 45 ±24 41 5-131 58
CarquinezStr./SuisunBay 70, 73, 74, 83 39 +24 39 5-100 78
Mare IslandStrait 70-74 83 +16 62 44-128 124
CentralBay 70, 71, 73, 74, 80, 81,84-86 33 ±20 30 5-86 114

Lead
San Pabio Bay 70-73, 75-76, 84-86 32 +40 27 5-421 112
CarquinezStr./SuisunBay 70, 73, 74, 83 29 +18 30 1-100 89
Mare IslandStrait 70-79 47 ±13 46 22-124 196
CentralBay 70, 71, 73, 74, 76, 80, 81, 84-86 34 ±27 30 3-170 134

C,gmium

San PabloBay 73, 84-86 280 ±219 190 33-769 17
Mare IslandStrait 71-73 153 ±117 91 62-387 28
Central Bay 71, 73, 80, 81, 84-86 81 ±94 44 13-383 48

S,ver
San Pabio Bay 84-86 0.45 ±0.44 0.27 <0.01-1.60 15
Mare IslandStrait 73, 74 2.12 ±0.91 2.15 0.50-4.90 82
Central Bay 80, 81, 84-86 0.72 ±0.58 0.50 0.13-2.00 35

(a)N Number of samples.
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conductedby numerousenvironmentalconsultingfirms,andmiscellaneousstudiesconductedby
or fundedthroughNOAA, EPA, U.S. Navy, andthe U.S. GeologicalSurvey. Again,because

these studiesall hadspecificandoften quitedifferentsamplingandanalysisobjectives,the
overallmeanspresentedin Table2.6 shouldbe interpretedcautiously. It shouldalso be noted

that mostof thesamplinglocationsfor thesestudiesare concentratedinperipheralareas (i.e.,

near harborsandoutfalls);therefore,the meansreportedinTable2.6 maynotaccuratelyreflect
basin-wideaverages. Since the focusof this reportis theJFBSC, data collectedbythe USACE
connectedwithdredgingoperationsare treatedseparatelyinSection2.22.

Few data areavailableforPAH concentrationsin Baysediments. Priorto 1983 thereare
no data for individualPAH compounds(Longetal. 1988). Many studiesonlyreport

concentrationsof oilandgrease (i.e., a measureof vegetableoils,animalfats,soaps,waxes and
other hydrocarbonsextractablebyfreonsolvent)or totalpetroleumhydrocarbons(the mineral

fractionof oiland grease). The majorsourcesof PAH data includeNOAA'sNS&T Program
(Boehmet al. 1987; Chapmanet al. 1986; NOAA 1987) and researchlargelysponsoredby

NOAA andconductedat the LawrenceLivermoreNational Laboratory(Spieset al. 1985a,b).
Samplinglocationsand summarizeddata for totalPAH inSan PabloBayandCentralBay are

provided inFigure2.4 and Table 2.6, respectively. Only NS&T anddata fromSpies et al.
(1985a,b) are includedinthissummary. Stationswithinharborsand alongbasinmarginshave

been excludedfromthe summaryforCentralBay.
Wide rangesin PAH concentrationswere reportedinLonget al. (1988), reflectinghigh

spatialvariabilityinthe distributionof hydrocarboncontamination.The highesttotalPAH
concentration(thesumof 10 individualPAHscommonto the NOAAand Spiesdata sets)within

San FranciscoBaywas 90.4 ppm andwas foundin IslaisCreak. The Bay-widemean for the 10
sitesincludedin NOAA'sNS&T Program(Figure2.5) was2.38 ppm (1.64 ppmif IslaisCreek is

excluded). San PabloBay containedfour of the five Bay siteswiththe lowesttotal PAH
concentrations.Mean totalPAH concentrationsinSurfacesamplesfrom San PabloBay and

Central Bay, respectively,basedon 18 individualPAHs (data from NOAh.NS&T and Spies)
were 0.2 ppmto 5.8 ppm and0.8 ppmto 3.3 ppm. The lowestvalue reportedfrom San Pablo

Bay was fora sitelocatednear thenortheasternportionof theJFBSC. The highestmean PAH
concentrationinCentralBaywas foundata sitejustwest of RichmondHarbor.

Samplingfordichlomphenyltrichlorethane(DDT) and PCBsin surfacesedimentshas
takenplaceat irregularintervalssince1971 (Longet al. 1988). Longet al. (1988) providea
historicaloverviewof DDT andPCB concentrationsinsedimentsandanimaltissuesfor the entire

Bay. Samplinglocationsandsummarizeddata forDDT and PCBsin surfacesedimentsfrom San

PabloBay and CentralBay are providedin Figure2.5 andTable 2.7, respectively.Again,only
NS&T and data from Spieset al. (1985a, 1985b)are considered.Total DDT inTable 2.7 is the

sumof the isomersfor DDT, dichlorodiphenyldichloroethane(DDD), and
dichlorodiphenyldichoroethylene(DDE).
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IA_;._,,Z. Total PAH, DDT, andPCB Concentrationsin Sedimentsat SelectedLocations
withinSan PabloBeyand CentralBay (AfterLonget al. 1988 for theYears
1984 to 1986)

TotalPAH DDT PCB(a)
_ites _ _

San Pablo Bay Sites:
San Pablo Bay (SP(b)) 5.8 -- 56
San Pablo Bay (T) 0.8 0.4 11

)) 1.3 11.0 33
1.1 23.0 29

Central Bey Sites:
Richmond(SP) 33.0 -- 51
SouthhamptonShoal (BS) 0.8 0.4 12

(a) NOAA (T,BS,MW) valuesare the sumof eight levelsof chlorinationof the
biphenyls(dichlorobiphenylthroughnonachlorobiphenyl).Data
fromSpies usethesum of threearoclors(1242,1254, and1260).

(b) SP Spies (1987) (ref. in Longet al. 1988).
(c) T SedimentQualityTriad Study.
(d) BS NOAA BenthicSurveillanceProgram.
(e) MW NOAA MusselWatch Program.

Mean total DDT rangedfrom0.4 ppb to 23 ppbin San PabloBay. A mean of 0.4 ppb

was reportedfor the SouthhamptonShoalsite inCentralBay. The average DDT concentration
reportedby Longet al. (1988) for the entireBay(excludingLauritzenCanal) for theyears 1971

through1987 was 100 :P.280ppb (range0.25 ppbto 1,960 ppb). Mean total PCB rangedfrom
11 ppb to 56 ppb in San Pablo Bay and 12 ppb to 51 ppb in Central Bay.

!

2.2.2 ChemicalEvaluationson JFBSC SedimentsConductedas Part of MaintenanceDredging

Pollutantsampleshave beenobtainedbythe USACEforall activemaintenancedredging
projectssince 1970. Additionalsamplinghasoccurredforall proposednavigationprojectsduring

the performanceof feasibilitystudies.Table2.8 providesa summaryof contaminant
concentrationsforCarquinezStraitandSuisunBayandthe PinoleShoalandWest Richmond

channelsfor the years 1970 to 1974. Fivemetals(Pb, Zn, Hg, Cd, Cu), oil andgrease, total
volatileSolids(TVS), chemical oxygendemand(COD), and totalkjeldahlnitrogen(TKN) were

analyzedfrom bulksedimentsamples. Meansincludethepooledvaluesfromall sampling
depths. Table 2.8 also comparesmeansforeachof theJFBSC siteswithmeanvaluesforall

dredgingprojectswithinthe Bay.

In April1972, the San FranciscoDistrictof the USACE initiateda studyto quantifythe
impactof dredgingand dredgedsediment-disposaloperationson theenvirc,,_mentof the Bay and

Estuary. In 1973 a seriesof holesvaryingin depthfrom 9 ft to 22 ft below Baybottomwere
drilledinthe San Pablo Bay-CarquinezStraitarea inconjunctionwiththe USACE' s Pollutant

2.19



_,,_. Bulk Sediment Chemistry Results for Studies Conducted by the USACE Dudng 1970 to
1974 (All Units in ppm) (After USACE 1979)

CarquinezStr. PinoleShoal West Richmond AllDredged
"nlb andSusuinBay ...._ _

Lead:
N .-(a) 28 54 30869
Mean 26.7 20.4 16,7 35.5
S.D. 16.6 8.8 4.1 33.1
Range 9-66 7-43 9-28 1-286

zinc:
N 28 54 30 869
Mean 72.7 72.2 55.3 108.1
S.D. 34,5 24.0 8,9 68.1
Range 45-174 35-123 39-73 1-624

N 31 54 30 872
Mean 0.21 0.29 0.31 0.55
S.D. 0.22 0.54 0.21 0.92
Range 0.01-0.80 0.05-4.0 0.03-1.1 0.002-10.0

Cadmium:
N - - 17 567
Mean - - 0.56 1.59
S.D. - - 0.14 1.37
Range - - 0.3-0.80 0.05-15.6

N - - 17 380
Mean - - 20.2 41.6
S.D. - - 3.5 25.5
Range - - 14-27 4-117

N 31 54 30 727
Mean 500 400 100 800
S.D. 400 200 100 800
Range 100-1600 100-1100 30-200 10-8400

TVS:
N 31 49 13 425
Mean 5.41 5.11 3.39 6.03
S.D. 2.47 1.70 0.80 2.22
Range 1.1-9.3 1.7-8.5 2.2-4.4 0.7-16.6

COD:
N 31 49 13 541
Mean (X 104) 4.35 3.02 2,14 4.12
S.D. 3.19 1.28 1.32 2.19
Range 0.3-13.3 0.5-5.0 0.5-5.4 0.10-21.4

TKN:
N 31 49 13 527
Mean 900 900 400 1000
S.D. 700 500 100 900
Range 100-2200 200-2300 200-600 50-9600

(a) _ Notapplicable.
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DistributionStudy(PDS). Three to six samplesfrom eachcore were analyzedfor particle.size

distribution,TVS, COD, TKN, oiland grease,and five metals(Hg, Pb, Zn, Cd, Cu). The

locationsof PDS siteswithinthe West Richmondand PinoleShoalchannels,respectively,are
presentedin Rgures2.5 and2.6. Resultsof chemicalanalysesconductedfor the PDS are
presented inTable 2.9.

Sedimentsampleswere collectedfromsixpotentialdredgingareasalongthe PinoleShoal

in December1988 (E.V.S. 1989). Samplinglocationswere approximatelyequidistantalongthe
lengthof the Channel,extendingfromtheopeningof CarquinezStraitto a pointjustsoutheastof

the San PabloDisposalArea. Sedimentswerecollectedto a depthof -37 ft MLLWfrom six
stationswithineach area usinga 5-ftoceanographicgravitycorer(I.D. 3 in.). Sedimentswere

analyzedfor 10 metals(As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn), organotin,totalsulfidesand
watersolublesulfides,totalorganiccarbon(TOC), oiland grease,phenols,PAHs, and

chlorinatedpesticides. AnalyticalresultsforPinoleShoalsedimentsanda referencesitelocated
withinthe San Pablo DisposalArea, are presentedinTable2.10.

2.2.3 ChemicalEvaluatioqsof JFBSC SedimentsConductedPriorto Phase III Channel
Imorovements

Battelle/MarineSciencesLaboratory(MSL)conductedsampling,geological
characterization,and chemicalevaluationstudieson sedimentfromtheJFBSC in October 1989

(Wordand Kohn1990) and inAugust1990 (Kohnet al. 1991). The studyarea includedan
approximately28-mi portionof theJFBSCthat extendedfromWest Richmondto and including

CarquinezStrait (Figure1.3). The objectiveof the 1989 studywas to determinephysical
characteristicsandchemicalcontaminantlevelsinsedimentto theproposedprojectdepthof -47 ft

MLLW (-45 ft MLLW plus2 ft of overdepth). The objectiveof the 1990 studywas to further
examinethecharacteristicsofsedimentsintheWest Richmondareaby collectingandanalyzing

core samplesfromfive new sitesfromthis reach. The data fromthenew siteswerethen
comparedto data fromtheWest Richmondsitesthat were sampledin 1989.

In 1989, sedimentcore sampleswerecollectedat 48 locationsthroughouttheJFBSC
usinga vibratoryhammercoresampler. Nineof theselocationswerefromWest Richmond

(Figure2.7), 30 from San PabloBay (Rgure2.8), and9 fromCarquinezStrait(Figure2.9). The

five sitessampledduring1990 intheWest RichmondChannelwere locatedjustoutsideandto
the east of the existingchannel,whilethe 1989 stationswere insidetheexistingchannel
(Figure2.9). Coresamplingandcompositinginformationare summarizedinTable2.11 for1989

samplingandinTable2.12 for 1990 sampling.The geologicalpropertiesof the sedimentcore

sampleswere described,the sedimentfromthecorescompositedintoseparatesamplesbased
on those descriptions,and chemicalanalysesconductedfor13 metals,16 PAHs, 18 pesticides,7

PCB aroclors,3 butyltins,and4 conventionalsedimentcharacteristics(Table2.13). Thesedata
were then comparedwithsedimentvaluesfromOaklandandRichmondharbors,referencevalues

fromPointReyes fine-andcoarse-grainedsediments,andfromtypicalshalesediment.
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T.._J.E._. Resultsof ChemicalAnalysesfromUSACE PollutantDistribution
Study (PDS)

Depth TV$ CO0 TKN O & G Hg Pb Zn Cd Cu

2D-114 0-0.6 7.0 4.3 0.18 0.06 1.5 50 151 1.40 51
4.0-4.6 6.6 3.2 0.12 0.11 0.7 42 158 1.40 43
6.0-6.6 8.1 3.9 0.19 0.10 0.7 45 171 1.50 54
7.5-8.1 8.0 4.1 0.16 0.14 0.7 55 168 1.60 52

11.9-12.5 8.0 3.8 0.15 0.04 0.7 47 165 1.50 53
17.5-18.1 8.2 4.3 0.20 0.10 0.6 47 176 1.50 53

2D-115 0-0.6 9.3 4.7 0.16 0.20 0.5 421 328 1.60 61
6.0-6.6 8.8 4.7 0.22 0.14 0.2 140 236 1.70 62
8.9-9.5 9.1 3.2 0.14 0.03 2.4 325 297 1.40 49

2D-117 0-0.6 7.2 4.6 0.15 0.08 0.6 52 154 1.30 53
2.5-3.1 \ 7.4 3.7 0.15 0.04 0.8 46 151 1.20 57
6.5-7.1 • 7.5 4.0 0.18 0.09 0.7 55 181 1.10 57
7.7-8.3 7.7 3.6 0.17 0.04 0.7 38 110 1.10 46
9.1-9.7 6.7 3.0 0.13 0.03 0.5 32 100 1.00 41

2D-118 0-0.6 3.8 2.1 0.07 0.03 0.2 32 99 0.90 28
1.6-2.2 8.1 6.3 0.16 0.12 0.5 49 122 1.10 43
2.5-3.1 16.5 15.7 0.34 0.04 0.4 58 136 1.80 54
4.0-4.6 5.8 4.2 0.12 0.06 0.3 35 101 1.10 36
6,9-7.5 6.4 4.6 0.14 0.09 0.4 37 121 1.00 37
9.4-10.0 6.8 5.3 0.14 0.07 0.4 32 79 0.80 35
13.0-13.6 13.2 12.3 0.29 0.20 0.7 41 88 1.20 51
16.9-17.5 6.9 3.5 0.13 0.03 0.4 32 88 0.90 35
18.0-18.6 7.0 4.0 0.11 0.04 0.4 26 107 0.60 33

2D-119 0-0.6 2.1 0.6 0.03 -0.01 0.1 24 93 0.50 13
2.5-3.1 6.0 3.5 0.12 0.04 1.4 61 182 0.80 37
5.0-5.6 6.0 2.6 0.08 0.03 0.8 63 197 0.70 35
7.5-8.1 5.3 1,5 0.05 0.02 0.5 67 143 0.20 32

10.0-10.6 6.4 4.2 0.13 0.05 2.1 40 173 0.70 37
13.8-14.4 4.9 1.7 0.06 0.03 1.0 22 84 0.60 24

2D-120 0-0.6 7.4 4.2 0.12 0.07 1.7 62 139 1.00 37
2.5-3.1 7.0 1.7 0.05 0.02 1.6 22 67 0.60 26
3.2-3.8 13.1 3.0 0.08 0.04 0.6 28 65 1.10 24
6.9-7.5 5.9 5.6 0.16 0.02 0.3 17 106 0.50 45
7.5-8.1 8.5 5.1 0.12 0.02 0.3 17 90 0.70 33

14.4-15.0 5.8 5.1 0.14 0.02 0.5 20 111 0.70 40
2D-121 0-0.6 7.0 4.3 0.14 0.07 1,3 54 179 0.08 78

2.5-3.1 7.7 2.6 0.08 0.07 0.5 27 124 0.05 62
7.5-8.1 8.0 2.6 0.10 0.04 0.9 _0 103 0.05 52

10.0-10.6 5.7 5.0 0.14 0.05 0.3 24 99 0.03 32
11.4-12.1 3.5 3.1 0.07 0.02 0.4 17 94 0.04 27
17.5-18.1 2.2 0.4 0.03 -0.01 0.2 12 63 0.03 15
21,9-22.5 2.9 1.6 0.04 0.01 0.3 16 72 0.03 21
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_=bJ9__ (contd)

Depth TVS COO TKN O & G Hg Pb Zn Cd Cu
L_at_on _ P/o___ ........... ___=m_

(contd)
2D-122 0-0.6 3.8 0 2.7 0.10 -0.01 0.3 21 86 0.30 26

3.4-4.0 3.6 2.6 0.06 0.01 0.5 14 79 0.60 26
11.9-12.5 2.2 0.9 0.04 0.02 0.2 15 54 0.10 18
14.1-14.7 3.2 2.1 0.07 0.01 0.3 14 72 0.60 21
20.0-20.6 3.8 2.6 0.08 0.01 0.3 16 80 0.40 27

2D-123 0-0.6 8.4 5.1 0.17 0.06 1.2 59 169 0.80 71
3.4-4.0 7.7 2.8 0.08 0.02 1.3 27 89 0.50 37
5.7-6.3 4.8 5.1 0.11 0.04 0.6 15 146 0.50 25

18.4-19.0 6.2 5.1 0.18 0.04 0.7 21 173 0.50 31
21.9-22.5 6.5 4.6 0.18 0.05 0.5 21 175 0.40 30

2D- 124 0-0.6 7.9 2.6 0.09 0.05 1.8 28 152 0.40 39
1.9-2.5 7.9 5.1 0.18 0.11 0.7 30 176 0.70 36
4.4-5.0 4.8 4.8 0.12 0.04 0.2 24 75 0.70 26

11.2-11.8 2.5 1.5 0.03 0.02 0.1 14 70 0.50 13
21.9-22.5 4.0 2.4 0.08 0.03 0.3 18 87 0.80 25

2D-125 0-0.6 8.0 4.8 0.15 0.18 2.4 48 175 1.50 49
6.4-7.0 8.4 2.8 0.14 0.08 1.8 30 117 0.50 37

11.9-12.5 8.5 2.3 0.08 0.07 1.9 34 101 0.80 38
13.8-14.4 8.4 3.2 0.15 0.15 1.4 24 90 0,70 34

2D-128 0-0.6 8.2 4.9 0,14 0,12 2.0 53 179 1.20 46
2.5-3.1 8.0 4.4 0,15 0.14 3.0 38 166 0.40 39
7.5-8.1 8.9 2.9 0.16 0.04 2,0 32 109 0.60 34

16.9-17.5 8.5 2.4 0.10 0,07 0.8 19 86 0.70 30
2D-127 0-0.6 3.7 2.2 0.07 0.03 1.7 32 120 0.70 22

5.0-5.6 3.7 3.2 0.11 0.02 0.4 17 76 0.60 14
11.9-12.5 2.7 1.5 0,07 0.01 0.3 17 73 0.60 12

2D-128 0-0.6 7.7 4.8 0.16 0.06 2.8 39 126 1.40 26
3.7-4.3 3.2 1.3 0.04 0.04 1.0 20 90 0.80 15

10.0-10.6 6.2 5.2 0.18 0.01 0.9 20 98 0.90 17
14.0-14.6 4.8 3.7 0.13 0.02 0.4 15 86 0.70 18
18.4-19.0 4.6 4.4 0.12 -0.01 0.5 17 91 1.00 18
21.9-22.5 3.8 2.5 0.08 -0.01 0.4 13 61 1.00 14

2D-129 0-0.6 4.2 1.9 0.04 0,06 1.2 21 91 1.00 20
6.4-7.0 2,6 1.4 0.05 0.02 0.2 8 56 0.30 32

13.3-13.9 2.6 1.3 0.06 0.02 0.2 7 62 0.50 24
19.0-19.6 2.3 1.0 0.04 0.01 0.3 9 64 0.40 25
21,9-22.5 3.1 1.4 0.06 0.01 0.9 10 73 0.50 32

2D-130 0-0.6 2.4 1.2 0.05 0.02 0.4 12 61 0.50 24
1.9-2.5 4.0 3.7 0.10 0.01 0.4 22 82 0.30 27
3.4-4.0 2.6 1.5 0.05 -0.01 0.6 17 55 0.50 17
6.5-7.1 1.9 0.5 0.04 0.01 0.2 16 46 0.50 12

10.0-10.6 2.6 1.1 0.05 0.01 0.4 19 52 0.50 16
2D-131 0-0.6 3.1 1.2 0.05 0.01 0.6 30 73 0.60 18

2.5-3.1 6.6 1.8 0.10 0.05 0.6 30 62 0.30 39
6.9-7.5 7.8 1.7 0.11 0.03 0.7 27 65 0.70 41
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Table 2.9 (contd)

Depth TVS COD TKN O & G Hg Pb Zn Cd Cu

(contd)
2D-132 0-0.6 7.0 3.8 0.13 0.16 0.7 48 99 0.60 60

4.2-4.8 5.1 3.1 0.12 0.14 0.9 31 73 0.30 37
8.8-9.4 2.5 0.9 0.04 0.03 0.8 17 42 0.30 18

10.0-10.6 3.6 2.9 0.10 0.05 0.4 16 55 0.40 19
11.9-12.5 2.4 1.0 0.05 0.03 0.5 21 38 0.40 11

2D-133 0-0.6 5.3 2.7 0.12 0.08 0.5 51 93 0.70 41
3.4-4.0 3,6 2.7 0.10 0.05 0.4 16 44 0.50 18
5.7-6.3 2.1 1.0 0.05 0.02 0.3 14 44 0.50 14

10.8-11.4 2.2 1.2 0.04 0.01 0.3 14 45 0.50 18
15.7-16.3 2.7 1.8 0.05 0.02 0.3 14 51 0.70 21

2D-164 0-0.6 6.3 1.6 0.07 0.01 0.4 12 84 0,70 40
4.4-5.0 3.6 2.3 0.07 0.01 0.5 14 103 0.70 26

8.0 3.7 2.5 0.08 0.03 0.4 13 107 0.90 30
10.7-11.3 3.3 1.8 0.09 0.02 0.3 12 100 0.70 30

West Richmond

2D-139 0-0.6 2.6 1.1 0.08 0.01 0.3 13 77 0.8 16
3.0-3.6 2.0 0.7 0.06 0.01 0.3 11 77 0.6 13

2D-140 0-0.6 6.9 3.7 0.06 0.04 0.7 51 188 2.2 67
2.5-3.1 6.5 2.5 0.08 0.02 0.4 26 108 1.8 47
6.9-7.5 5.1 4.3 0.12 0.02 0.7 18 98 1.7 25

12.5-13.1 5.3 4.4 0.11 0.02 0.9 14 105 1.0 33
16.9-17.5 5.1 5.0 0.11 0.03 0.7 17 111 1.2 39

2D-141 0-0.6 6.9 3,4 0.07 0.05 0.9 42 179 1.5 70
4.4-5.0 4,7 3.4 0.07 0.01 0.5 14 97 1.1 23
5.7-6,3 4.6 4.5 0.07 0.01 0.6 13 87 1.2 23

15.4-16.0 4.3 3.6 0.10 -0.01 0.3 15 107 1.3 31
23.7-24.3 4.3 2.0 0.08 0.01 0.4 15 52 1.7 12

2D-142 0-0.6 7.9 4.2 0.08 0.09 1.8 54 205 1.6 61
6.1-6.7 7.2 4.2 0.16 0.09 1.9 40 203 1.0 89

10.0-10.6 7.4 4.1 0.11 0.05 0.8 30 173 1.0 44
15.7-16.3 5.9 3.1 0.06 0.05 0.6 22 152 0.9 52

2D-143 0-0.6 7.4 4.1 0.16 0.03 0.3 29 175 1.0 59
5.0-5.6 6.5 3.8 0.11 0.05 0.5 28 157 1.0 60

10.7-11.3 6.8 3.2 0.11 0.06 0.9 19 109 0.9 44
13.4-14 6.1 3.3 0.10 0.03 0.7 19 106 1.0 40

21.1-21.7 7,5 2.6 0.13 0.04 0.8 14 75 0.7 35
2D-144 0-0.6 7.6 3.9 0.14 -0.01 0.7 29 145 0.9 42

5.4-6.0 7.1 4.2 0.10 0.06 0.5 31 148 0.8 41
10.7-11.3 7.5 4.0 0.14 0.05 0.7 25 150 0.8 50
19.0-19.6 5.7 3.1 0.10 0.04 0.5 19 98 0.8 31
21-21.6 7.0 3.6 0.16 0,14 1.3 25 121 1.0 53

2D-145 0-0.6 7.2 3.8 0.09 0.07 0.7 37 148 0.9 49
5.0-5.6 7.1 4.2 0.12 0.05 0.6 25 130 0.8 47
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Table 2.9 (contd)

Depth TVS COD TKN O & G Hg Pb Zn Cd Cu

West Richmond(contd)
6.9-7.5 5.7 3.4 0.11 0.05 1.4 24 99 0.7 32

9.4-10.0 4.7 3.8 0.09 -0.01 0.8 10 74 0.6 18
10,0-10.6 3.7 3.2 0.11 0.02 0.4 11 57 0.6 12
13.6-14.2 5.4 5.2 0.08 0.04 0.6 14 83 0.7 13

2D-146 0-0.6 3.7 1.2 0.06 0.01 0.4 12 53 0.6 10
3.2-3.8 3.7 1.6 0.08 0.01 0.4 10 52 0.5 8
6.9-7.5 5.4 2.5 0.06 0.03 0.4 12 43 0.8 7
8.4-9.0 3.8 2.2 0.06 0.01 0.4 10 87 0.9 27

13.7-14.3 3.9 2.7 0.04 0.01 0.7 11 90 0.7 31
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TABLE 2.10. Pinole Shoal Sediment Chemistry Results for Study Conducted by E.V.S.
Consultants, Inc. (1989) (All Units in mg/kg Dry Weight)

San PabloDisposalSite
PinoleShoalCI-e/X_ (Reference)

Metals Mean _ _ M=n

As 8.29 1.080 6.54-10.1 7.86
Cd 0.29 0.060 0.24-0.42 0.31
Cr 140.00 12.300 120-159 163
Cu 37.80 11.200 25.6-61.2 42.0
Pb 18.50 2.800 16.4-23.4 21.7
Hg 0.13 0.042 0.075-0.18 0.21
Ni 80.10 9.030 69.2-96.6 75. g
Se 0.24 0.038 0.21-0.31 0.29
Ag 0.19 0.070 ND-0.35 0.24
Zn 94.10 15.600 79.8-128 112

Omanics

Oiland Grease 449.00 91.000 298-598 887
TOC 0.69 0.210 0.46-1.12 1.15

Phenol

Total Phenol 0.23 0.130 0.12-0.51 0.14
Phenol 0.15 0.059 0.091-0.26 0.10
Pentachlorophenol 0.08 0.072 ND-0.22 0.034
Total ChlorinatedPhenol 0.17 0.033 ND-0.24 ..(b)

Benzo (a) anthracene 0.027 0.029 ND-0.093 -
Benzo (a) pyrene 0.110 0.110 ND-0.30 0.34
Benzo (b) Fiuoranthene(a) 0.057 0.042 ND-0.13 -
Benzo (k) fluoranthene(a)
Chrysene 0.032 0.028 ND-0.074 -
Fluoranthene 0.063 0.032 0.023-0.12 0.22
Phenanthrene 0.024 0.010 ND-0.045 0.056
Pyrene 0.012 0.007 ND-0.026 -

ChlorinatedPesticides

4,4'-DDD 0.002 0.001 ND-0.004 0.003
4,4'-DDE 0.0017 0.001 ND-0.0039 -
Dielddn 0.0009 0.0003 ND-0.0017 -

(a) Benzo (b) fluorantheneand Benzo (k) fluoranthenecoeluteunder test conditions.
(b) _ Notapplicable.
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FIGURE 2._. Sampling Locations for Studies Performed by Battelle/Marine Sciences Laboratory in the Pinole Shoal Channel
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FIGURE 2.9. Sampling Locaitons for a Study Performed by Battelle/Marine Sciences Laboratory in Carquinez Strait



IABJ.E.?,,11. Core SamplingLocationsandCompositingInformationforStudiesConductedbyBattelle/MadneSciencesLaboratory
in1989

Califomia• Water FICore
StatePlaneCoordinates Date Depth, Requiredto FtCore Date Number

_slatm_ y...mxmm xJ;mz ,sazzzzled,MLLW Cormm £,mmJl ,ampl

WestRichmondtCaliforniaStateZoneIII)

WRVI C 506,490 1,446,650 0907-89 41.5 5.5 6.5 7 attemptsbeforesuccess 09-14-69
WRVIL 507,710 1,446,070 09-07-89 43.0 4.0 8.2 Keptupper5 fl 09-14-89
WRV L 517,103 1,438,724 09-07-89 41.0 6.0 6.5 09-14-89
WRN.5 C 517,495 1,438,847 09-07-89 39.7 7.3 10.5 09-14-89 2
WRNR 518,178 1,438,369 09-12-89 35.5 11.5 14.0 09-19-89 2
WRIilL 520,991 1,438,861 09-12-89 40.4 6.6 13.0 Keptupper7.6 ft 09-19-89
WRIIIC 520,992 1,439,072 09-12-89 40.6 6.4 10.0 Keptupper7.4 It 09-19-89
WRIiL 524,226 1,439,379 09-12-89 40.1 6.9 11.5 Keptupper8 It 09-19-89
WRIR 528,590 1,439,299 09-12-89 41.9 5.1 7.0 Keptupper6.5 It 09-19-89

.to PinoleShoaltCalifomiaStateZoneIIIIG)
rO

PIC 551,186 1,448,210 09-11-89 44.0 3.0 7.2 Keptupper4 It 09-19-89
P l C 554,048 1,450,768 09-11.89 42.7 4.3 8.4 Keptupper5.3 ft 09-19-89
PIIIL 557,302 1,454,274 09-11-89 44.0 3.0 8.0 Keptupper4 It 09-19-89
P N R 560,115 1,458,253 09-11.89 39.0 8.0 13.5 Keptupper9 It 09-19-89
PV L 563,465 1,461,846 09-11.89 38.6 8.4 12.5 Keptupper9.5 It 09-19-89
PVC 563,244 1,461,961 09-11-89 38.3 8.7 14.0 Keptupper10ft 09-19-89
PV R 563,059 1,462,094 09-11-89 36.5 10.5 13.9 Keptupper 11.5It 09-19-89 2
P VIL 566,244 1,466,551 09-11-89 35.4 11.6 14.0 Keptupper11.6It 09-18.89 2
PVIC 566,069 1,466,624 09-11-89 38.0 9.0 13.0 Keptupper10 It 09-18-89
PVIR 565,870 1,466,777 09-11.89 35.3 11.7 13.7 Keptupper12.7It 09-18-89 2
PVIIC 568,105 1,470,198 09-11-89 36.9 10.1 14.5 Keptupper11.5It 09-18-89 2
PVIIL 570,249 1,473,544 09-10-89 37.5 9.5 14.0 Keptupper10.5It 09-18-89 2
PVBR 569,775 1,473,806 09-10-89 36.5 10.5 14.5 Keptupper11.5It 09-18-89 2
PVHI.5C 570,630 1,476,526 09-10-89 36.6 10.4 11.5 09-18-89 2
PIXC 570,933 1,478,421 09-10-89 36.2 10.8 13.0 Keptupper 11.8It 09-18-89 2
P IX.5L 571,551 1,480,937 09-10-89 36.9 10.1 14.0 Keptupper11.5It 09-18-89 2
PXR 571,519 1,482,791 09-10-89 35.5 11.5 12.2 09-18-89 2
PX.5C 572,236 1,485,358 09-10-89 36.6 10.4 13.9 09-15-89 2



Z LE_ZJ_t.(contd)

Califomia Water R Core
State PlarR Coordinates Date Depth, Requiredto R Core Date Number

Station Y. Northino _ _ HMLLW _ _ _ Comoosited =,_IEKI_

P XI L 572,663 1,487,604 09-10-89 43.5 3.5 6.7 Kept upper4.5 ft 09-15-89
PXIIR 571,423 1,489,548 09-09-89 38.5 8.5 12.0 Kept upper10 ft 09-15-89
PXIIRR 571,167 1,489,570 09-09-89 37.8 9.2 9.9 09-15-89
P XIIB2 570,683 1,489,481 09-09-89 34.5 12.5 14.0 09-19-89 3
P XIIB1 571,051 1,490,122 09-09-89 35.9 11.1 12.5 09-19-89 2
PXil.5 C 571,863 1,490,801 09-09-89 41.0 6.0 10.0 Kept upper7 ft 09-15-89
PXII.5 R 571,342 1,490,814 09-09-89 31.0 16.0 14.5 Peat layer,bottom1.5 ft 09-15-89 2
PXlUL 572,670 1,493,016 09-09-99 40.7 6.3 9.8 Kept upper 7.5 ft 09-15-89
PXUlR 571,963 1,493,176 09-09-89 37.2 9.8 10.7 09-15-89 2
PXlilB3 571,540 1,492 640 09-09-89 35.3 11.7 11.7 09-15-89 2(a)
PXIIIB4 571,700 1,493 300 09-09-89 39.0 8.0 9.0 Veryabruptslope,10 attempts 09-15-89 2(a)
PXIVC 573,010 1,495,892 09-09-89 42.6 4.4 6.9 Kept upper 5.5 ft 09-15-89

I_Ol

¢.o
ca CarouinezStrait (CalifomiaStateZoneI1_

CB I 131,972 1,953,947 09-08-89 40.4 6.6 6.9 09-19-89
C IR 132,351 1,954,498 09-08-89 39.0 8.0 9.0 09-14-89
CB 2 132,656 1,961,899 09-08-89 40.2 6.8 9.0 09-14-89 l(a)
CB 3 Station Rejected 09-08-89 > 48 NA(b) NA Below projectdepth N/A 0
CB 4 Station Rejected 09-08-89 > 48 NA NA Below projectdepth NJA 0
CB 4 A 133,565 1,963,508 09-08-89 35.6 11.4 11.7 09-19-89 2
CB 5 135,907 1,961,546 09-08-89 43.0 4.0 3.8 4 attemptsbefore success 09-14-89
CB 6 136,606 1,962,079 09-08-89 40.5 6.5 8.3 Kept upper7.5 ft 09-14-89
CB 7 137,509 1,963,057 09-08-89 43.9 3.1 5.0 09-15-89
C IIC 135,914 1,964,338 09-08-89 40.7 6.3 6.8 09-14-89 2
C IIR 134,760 1,964,403 09-08-89 44.6 2.4 6.0 Kept upper3.4 ft 09-14-89

(a) This numberof sampleswascomposited,butwere notchemicallyanalyzedbecauseoftheir locationinberthingareas not maintainedbyUSACE.
(b) NA Notapplicable.



TABLE 2.12. Core SamplingLocationsforStudiesConductedby
Battelle/MarineSciencesLaboratoryin 1990

Core
CaliforniaZoneIII Water Required Core

StatePlaneCoordinates Date Depth (ftto Collected
BgJI _ _ Sampled _ _ (fi_

WR-A 1 523,268 1,439,718 08-14-90 36.8 10.2 14.0
WR-B 1 521,019 1,440,107 08-14-90 34.8 12.2 17.0
WR-C 1 518,602 1,440,857 08-14-90 34.5 12.5 18.5
WR-D 1 518,308 1,439,457 08-14-90 42.4 4.6 6.5
WR-E 1 517,380 1,439,924 08-14-90 40.9 6.1 6.5

"' _=bJg_?.,.l_SamplingParametersfor 1989 and 1990 StudiesConductedby
Battelle/MaflneSciencesLaboratory

Conventionals PAlls

Total OrganicCarbon (TOC) Napthalene
Total Oiland Grease Acenaphthylene
Total PetroleumHydrocarbon(HC) Acenaphthene
Total VolatileSolids(TVS) Ruorene
Grain Size Phenanthrene

Anthracene
Metals Ruoranthene

Pyrene
Ag Benzo(a)anthracene
AI(a) Chrysene
As Benzo(b)fluoranthene
Cd Benzo(k)fluomnthene
Co(a) Benzo(a)pyrene
Cr Indeno(1,2,3-c,d)pyrene
Cu Dibenz(a,h)anthrazene

Hig Benzo(g,h,i)perylene
Pb
Se
TI
Zn

ChlodnatedPesticides

polychlorinatedBiohenyls{PCB)

(a) Not analyzedin Kohnet al. (1991).
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(_onventionalSedimentCharacteristics

The resultsof oiland greaseandpetroleumhydrocarbonanalysesare presentedin

Table2.14. Oilandgreaseconcentrationsrangedfrom 5.5 mg/kgto 178 mg/kg. On average,
concentrationsfoundinsedimentsfromPinoleShoalwerelowerthanconcentrationsfoundin

sedimentfromWest Richmond.Thepetroleumhydrocarbon(PH) concentrationswere similarto,
althoughsomewhatlowerthan, thosemeasuredfor oilandgrease. Concentrationsmeasuredfor

PAHsrangedfrom3.5 mg/kgto131 mg/g.

Comparedto the 1989 sediments,sedimentscollectedin 1990 showedcomparableor
lowerconcentrationsof oilandgreaseand petroleumhydrocarbons(Table 2.15).

Mata=
The resultsof metalanalysesconductedin 1989 are presentedinTable 2.16. In the

West Richmondreachof the Channel,arsenic(As)fromthe lower4 ft to 8 ft of coresfrom Station

WR IV.S C and Ag, Pb, andZn withinthe upper4 ft to 6 ft of coresfromStationsWR V L, WR
IV.5 C, and WR IV R were elevatedcomparedwith PointReyes referencesedimentor typical
shalesoils.

Elevatedconcentrationsof metals,notablyAg, As, AI, Cr, Cu, Hg, Pb, andZn, were
presentat somestationswithinthe northeasternPinoleShoalarea. Elevatedlevelsof As, Hg,

andAI were locatedneartheopeningof the CarquinezStraitand at oneof twoberthingareas

(StationsPXII B 1 or PXII B 2). Elevatedlevelsof Ag andPb were locatedat StationP XIV C.

The As and Hg levelsare potentiallyof moreconcemthan theslightlyelevatedlevelsof AI. The
availabilityof As and Hg are, however,unknown,and it is possiblethattheywere a part of the
mineralmatdxratherthanthebioavailablefractionofthe sediment.

In the CentralPinoleshoalreach,the upper5 ft to 8 tt of StationsP VI L andP VIII R had

consistentlyhigherconcentrationsof metalsthan the surroundingarea.The consistencyof the
elevatedconcentrationsof metalsat these twostationswas mostlikelyrelatedto the higher

levelsof organiccarbonthat were also reported.

Eachof the metals,AI, As,andHg,werefoundat higherconcentrationsat the eastemmost

CarquinezStraitstations,withthehighestconcentrationsforany ofthe JFBSC stationsoccurring
at StationC II R. These highconcentrationsof potentiallytoxicmetalsoccurredinsedimentat

levelsnotpredictedbased on grainsize,TOC, or the proximityto a berthingarea.

Allof the metalconcentrationsmeasuredinWest Richmondsedimentduring1990 (Table
2.17) were comparableto the lowendof theconcentrationrangeofWest Richmondsediments

sampledduring1989.
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TABLE 2.14. Total Oil and Grease and Petroleum Hydrocarbons in JFBSC Sediments
From Battelle/Marine Sciences Laboratory 1989 Study

Petroleum
OII& Grease, Hydrocarbons, Petroleum

Station _digJJ.ggJ_ _ _ drywt Fraction.%

West J:Uchnlond
WR VIIC 0-5,5 37 27 73
WR VI L 0-4 73 55 75
WR V L 0-6 79 74 94
WR IV. 5 C 0-4 82 70 85
WR IV. 5 C 4-8 18 16 89
WRIVR 0-6 167 112 67
WR IV R 6-11.5(a) 38 19 51
WR UlL 0-6.6 61 11 18
WR lUC 0-6.4 26 12 46
WR UL 0-6.9 20 5.8 29
WRIR 0-5.1 91 49 54

PlnoleShoal
P IC 0-3 44 21 48
P UC 0-4.3 39 25 64
P lUL 0-3 45 24 53
P IV R 0-8 34 22 65
P V L 0-8.4 53 40 75
P V C 0-8.7 33 24 73
P V R 0 - 5 45 28 62
PVR 5-10,5 93 21 23
P VI L 0-5 114 50 44
PVIL 5-11.6 41 24 59
PVIC 0-9 21 8.5 40
P VI R 0-5 63 39 62
P VI R 5-11.7 25 11 44
P VIIC 0-5 98 32 33
PVIIC 5-10.1 48 12 25
P VIIIL 0-6.6 136 65 48
P VIIIL 6.6-9.5 17 6.7 39
P VIIIR 0-8 83 52 63
P VIIIR 8-10.5 30 7.6 25
P VIII.5 C 0-3.6 41 13 32
P VIII.5C 3.6-10.4(a) 9.4 7 74
PIXC 0-5 9.1 6 66
P IXC 5-11.8 8.5 8.6 101
P IX.5L 0-5(a) 16 13 78
P IX.5 L 5-10.1 7.3 5.5 75
PXR 0-6 15 11 73
PX R 6-11.5 5.5 3.5 64
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TABLE 2.14. (contd)

Petroleum
0!1& Grease, Hydrocarbons, Petroleum

P__ (contd)
P X.5 C 0-5 9.3 7 75
P X.5 C 5-11 12 7.6 63
PXI L 0-3.5 17 13 76
PXIIR 0-8.5 19 9.1 48
PXII RR 0-9.2 45 33 73
P XII B2 0-2 17 15 88
P XII B2 2-7.5(a) 76 28 37
P XII B2 7.5-12.5 23 14 61
P XII B1 0-5 178 131 74
P XII B1 5-11.1 102 43 42
P XII.5C 0-6(a) 15 8.7 58
P XII.5 R 0-5.3 21 14 67
PXII.5 R 5.3-11.1 24 15 63
P XIIIL 0-6(a) 18 14 75
P XIIIR 0-5 7.3 1 14
PXIIIR 5-10 10 10 100
P XIVC 0-4.5 62 38 61

CB 1 0-6.6 61 32 52
C IR 0-8(a) 15 12 86
CB 4 A 0-3.8 111 59 53
CB 4 A 3.8-11.4 31 20 65
CB 5 0-4 33 23 70
CB 6 0-6.5 16 18 113
CB 7 0-3.1 104 62 60
CIIC 0-4 9.1 14 154
C IIC 4-6.8 55 52 95

(a) Reportedconcentrationis the meanconcentrationof the compositingduplicates.
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TABLE 2.15. Total Volatile Solids (TVS), Total Organic Carbon (TOC), Oil and
Grease, and Total Petroleum Hydrocarbons (TPH) in JFBSC
Sediments from Battelle/Marine Sciences Laboratory 1990
Study

TVS TOC Oil and Grease TPH Petroleum
Samole L_ (_'odrywt) (L_g/kgdry wt) (U.0/kgdry wt_ Fraction

Method Blank N/A(a) N/A 0.7 U(b) 0.7 U N/A

WR-A 5.11 0.53 17.0 14.0 82%
WR-B 5.58 0.62 8.8 9.9 100%
WR-C 5.43 1.17(c) 4.3 0.7 U < 16%
WR-D 6.29 0.86 18.0 1.7 9.4%
WR-E 4.79(d) 0.71 17.2(e) 4.3(f) 25%

(=) U Undetectedabovegivendetection limit.
(b) N/A Not applicable.
(=) Mean of three replicates,S.D.=0.11.
(d) Mean of three replicates,S.D.=0.39.
(e) Mean of three replicates,S.D.=6.1.
(f) Mean of two replicates,S.D.=0.49.
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_. Metals in JFBSC Sediments from Studies Conducted by Battelle/Marine Sciences Laboratory in 1989

Station.Section.It _ AI(%_ As Cd Co Cr Cu _.l:Jg_ Ni Pb Se "11 .._.ZIL_

Shalesoil(a) 0.10 8.0 6.6 0.30 20 100 57.0 0.4 95 20.0 0.60 1 80
PointReyes coarse(b) 0.04 NA(c) 6.9 1.67 NA 315 9.8 0.09 42 7.7 0.31 0.44 36
PointReyes fine(d) 0.04 NA 7.2 0.63 NA 341 12.3 0.07 51 7.5 0.34 0.34 55

DetectionLimits

Target DL 0.1 0.001 2 0.1 0.1 2 2 0.02 2 2 0.1 0.1 2
LowestachievedDL 0.03 0.83 1.0 0.01 0.67 9 1 0.02 2 1.9 0.42 0.27 0.9
MaximumachievedDL 0.03 0.83 1.0 0.01 0.67 9 1 0.02 2 1.9 0.89 0.42 0.9

West Richmond

WRVIIC 0-5.5 0.07 6.09 9.0 0.17 14.3 210 25.4 0.16 68 16.5 0.66 <0.42 73
WR ViL 0-4 0.11 6.53 11.6 0.22 15.6 197 28.9 0.26 73 13.3 <0.58 0.48 82r_
WRV L 0-6 0.24 6.89 11.5 0.33 17.4 207 41.3 0.25 87 28.1 <0.62 <0.42 114

¢o WR IV.5C 0-4 0.22 7.47 10.6 0.25 17.7 236 41.6 0.28 90 26.1 <0.61 <0.42 111
WR IV.5C 4-8 0.04 6.58 14.4 0.17 19.6 171 24.6 0.07 87 7.6 <0.61 <0.42 69
WRIVR 0-6 0.36 7.45 12.3 0.30 15.2 226 48.5 0.38 102 32.3 <0.86 0.46 127
WRNR 6-11.5(e) 0.09 6.93 10.9 0.14 17.6 225 24.9 0.08 95 10.4 <0.87 0.47 78
WRIilL 0-6.6 0.05 7.27 8.9 0.10 17.6 205 23.8 0.02 94 7.2 <0.85 0.62 74
WRIIIC 0-6.4 0.04 6.02 10.3 0.12 16.6 220 24.1 0.02 93 7.7 <0.85 0.46 71
WRIIL 0-6.9 0.04 5.86 8.7 0.10 16.6 208 22.1 0.25 91 5.6 <0.88 0.61 74
WRIR 0-5.1 0.19 7.38 9.4 0.23 17.9 375 38.0 0.20 98 23.8 <0.86 0.46 106

PIC 0-3 0.08 7.06 10.9 0.18 16.1 191 39.0 0.06 105 9.6 <0.85 0.46 96
PIIC 0-4.3 0.09 7.70 11.2 0.19 11.1 179 45.0 0.05 108 8.3 <0.84 0.61 104
PIIIL 0-3 0.09 7.69 9.6 0.20 10.7 206 47.3 0.06 113 8.8 0.88 0.46 100
PIVR 0-8 0.08 7.09 8.4 0.17 11.3 253 33.7 0.06 103 8.9 <0.86 0.77 90



TABLE 2.16. (contd)

Cor,rraCrr
Station.Section.It _ AI(%_ As Cd Co _ Cu .._J:lg_ Ni Pb _ n Zn

.P_J0EIE.,,_[]g_(contd)

PVL 0-8.4 0.16 8.48 10.0 0.27 12.1 237 56.1 0.16 117 17.1 <0.52 0.62 119
P V C 0-8.7 0.09 8.08 8.4 0.22 13.0 218 49.1 0.06 123 11.9 <0.52 0.47 102
PVR 0-5 0.12 8.15 13.2 0.25 12.5 247 58.8 0.18 124 13.1 <0.52 0.62 118
PVR 5-10.5 0.10 8.12 10.0 0.18 11.8 249 43.5 0.06 113 8.4 0.62 0.46 100
P VI L 0-5 0.27 8.70 17.0 0.48 15.4 278 77.7 0.38 146 28.5 <0.51 0.62 162
PViL 5-11.6 0.10 8.06 8.6 0.18 12.3 207 48.0 0.06 117 9.7 <0.50 0.60 102
PVIC 0-9 0.08 7.14 8.5 0.13 13.4 239 31.3 0.02 105 10.4 <0.51 0.77 82
PVIFI 0-5 0.15 7.80 10.4 0.22 13.8 256 44.8 0.14 116 18.2 <0.50 0.61 115
PVI R 5-11.7 0.08 8.48 9.6 0.16 13.6 239 44.0 0.05 112 7.8 <0.52 0.77 98
PVIIC 0-5 0.12 7.36 12.0 0.23 14.2 267 47.4 0.16 113 15.7 <0.51 0.61 106
PVIIC 5-10.1 0.07 7.42 9.4 0.15 14.6 210 36.6 0.03 106 7.9 <0.51 0.46 88
PVIIIL 0-6.6 0.24 8.74 13.9 0.32 18.2 213 65.3 0.24 129 26.6 <0.86 0.77 140
PVIIIL 6.6-9.5 0.04 7.09 8.6 0.09 18.5 281 25.6 0.03 98 9.3 <0.85 0.46 70
PVIIIR 0-8 0.18 9.22 14.1 0.31 16.5 273 60.3 0.19 134 18.7 <0.88 0.62 133

r_ PVIIIR 8-10.5 0.06 6.74 18.7 0.13 15.5 242 30.8 0.03 97 8.2 <0.51 0.46 79
o PVIII.5C 0-3.6 0.05 6.58 12.1 0.10 18.0 248 24.0 0.04 100 13.5 <0.89 0.31 80

PVIII.5C 3.6-10.4(e) 0.06 7.30 8.8 0.12 15.8 267 34.0 0.04 106 8.0 <0.86 0.54 84
P!XC 0-5 0.05 6.11 12.0 0.09 18.8 288 25.1 0.02 96 8.6 <0.85 0.62 75
P IXC 5-11.8 0.04 7.31 11.7 0.08 17.4 270 23.5 0.02 104 7.2 <0.88 0.31 71
P IX.5L 0-5(e) 0.06 6.57 9.6 0.10 17.7 311 23.9 0.06 96 13.6 <0.86 0.39 75
PIX.5L 5-10.1 0.04 7.61 8.1 0.08 19.9 276 21.9 0.02 105 9.5 <0.84 0.61 68
PXR 0-6 0.05 7.12 9.4 0.11 18.3 312 24.8 0.05 105 11.1 <0.84 0.62 83
PXR 6-11.5 0.04 7.36 13.2 0.08 18.9 393 25.6 0.02 113 8.2 <0.83 0.31 72
PX.5C 0-5 0.07 7.16 12.4 0.09 18.3 313 23.8 0.03 99 9.2 <0.41 0.62 76
PX.5C 5-11 0.04 6.85 9.9 0.09 18.2 333 29.3 0.03 99 7.2 <0.81 0.31 71
PXIL 0-3.5 0.14 8.13 10.2 0.17 18.7 345 39.7 0.10 112 10.2 <0.42 0.46 96
PXIIR 0-8.5 0.05 9.06 14.3 0.13 17.2 331 46.5 0.26 108 11.8 <0.42 0.77 90
PXilRR 0-9.2 0.12 8.68 13.5 0.22 17.5 280 55.8 0.24 114 13.2 <0.41 0.31 115
PXIIB2 0-2 0.04 6.21 8.6 0.10 18.2 307 21.0 0.06 91 16.4 <0.86 0.31 83
P XIIB2 2-7.5(e) 0.11 9.30 17.1 0.15 19.3 284 58.5 0.32 106 14.3 0.93 0.54 89
PXIIB2 7.5-12.5 0.08 8.26 8.2 0.13 21.4 561 38.7 0.06 114 7.7 <0.86 0.62 92
PXIIB1 0-5 0.23 8.86 14.0 0.43 22.9 247 75.0 0.24 122 24.0 <0.85 0.62 152



TABLE 2.1(_. (contd)

_lnot_drvwt exca1Afl

_tation.Section.tt _ A!p/o_ As Cd Co Cr Cu _ Ni Pb Se TI Zn

PinoleShoal (contd)

P XIIB1 5-11.1 (f) 7.53 12.6 0.26 20.8 377 51.6 0.13 110 12.9 1.02 0.31 113
P Xll.5 C 0-6(e) 0.08 9.35 16.9 0.19 16.4 242 53.9 0.37 97 16.4 <0.41 0.46 95
P Xll.5 R 0-5.3 0.08 10.31 14.6 0.15 18.5 241 60.8 0.33 106 15.9 0.42 0.62 92
P Xll.5 R 5.3-11.1 0.07 8.67 9.6 0.14 19.3 435 39.9 0.05 107 7.8 <0.41 0.61 93
PXIIIL 0-6(e) 0.09 10.19 17.1 0.19 !7.9 189 53.5 0.30 86 16.3 0.58 0.62 92
PXIIR 0-5 0.08 9.62 17.4 0.16 15.7 195 52.3 0.29 76 13.6 <0.42 0.61 88
PXIIIR 5-10 0.08 9.50 18.8 0.16 17.1 207 55.0 0.37 95 12.2 <0.39 0.77 88
PXIVC 0-4.5 0.26 8.54 17.2 0.46 20.5 275 55.8 0.30 104 61.9 <0.63 0.31 136

CarouinezStrait

CB 1 0-6.6 0.14 10.07 19.1 0.24 19.2 243 60.3 0.41 93 24.8 <0.83 0.77 102
C IR 0-8(e) 0.26 10.22 18.8 0.22 18.8 184 56.5 0.38 90 22.0 <0.60 0.69 102

ro CB4A 0-3.8 0.16 7.52 17.8 0.28 20.5 269 56.2 0.27 103 22.1 0.85 0.46 126
CB4A 3.8-11.4 0.09 9.75 19.1 0.15 20.6 230 67.3 0.38 120 15.0 <0.87 0.61 101
CB5 0-4 0.05 7.59 9.9 0.15 19.8 204 29.4 0.13 89 14.7 <0.60 <0.42 88
CB6 0-6.5 0.22 8.83 14.7 0.57 20.5 223 66.5 0.44 108 34.8 <0.59 <0.42 147
CB 7 0-3.1 0.27 8.00 14.1 0.36 19.2 206 61.7 0.22 108 24.9 0.96 0.62 132
C 11 C 0-4 0.03 6.16 8.4 0.09 18.2 190 17.6 0.06 81 10.4 <0.59 <0.42 71
C 11 C 4-6.8 0.07 7.26 16.4 0.34 20.6 249 33.1 0.18 99 17.5 <0.60 <0.42 104
C 11 R 0-2.4 0.06 11.21 21.4 0.19 19.4 164 54.2 0.45 80 13.6 <0.59 <0.42 84

(a) Krauskop!(1967).
(b) Mean of valuesreportedby Worde! al. (1988, 1990a,b).
(c) NA Notapplicable
(d) Mean of valuesreportedbyWord et al. (1989b)and Word et al. (1990a,b).
(e) Reportedconcentrationisthe meanconcentrationof compositingduplicatesamples.
(f) Samplecurrentlybeingreanalyzed.



TABLE2.17. Metals inJFBSC Sedimentsfrom StudiesConductedby
Battelle/MadneSciencesLaboratoryin 1990

Melal_ (ma_clrvwt_
_mo_ _ __ __ ___ Cu _J_ _J_ __ so ___ _ZD_

WR-A 0.055 7.0 0.10 196.0 20.7 0.027 76.3 8.8 0.23 < 0.12 63.6
WR-B 0.061 10.4 0.12 216.0 21.8 0.027 80.5 7.1 0.19 < 0.12 64.7
WR-C 0.055 15.0 0.13 208.0 20.2 0.033 86.3 4.1 0.27 < 0.12 62.3
WR-D 0.058 12.8 0.16 145.0 21.6 0.031 72.9 5.4 0.27 < 0.12 60.5
WR E(a) 0.054 10.4 0.11 199.0 19.6 0.034 83.3 7.3 0.15 < 0.12 65.5

(a) Meanofthreereplicates.

PAHs

The resultsof PAH analysesforsedimentscollectedin 1989 are presentedinTable 2.18.

The concentrationsandtypesof PAH compoundsfoundintheWest Richmondsediments
distinguishedthis reachof the JFBSCfromthe PinoleShoalarea andCarquinezStrait. Sediment

fromthe southernmoststation,WRVII, containedboth lowmolecularweight(LPAH)and high

molecularweight(HPAH)compounds. LowermolecularweightPAH compoundswere

sequentiallylostfromstationsfarthernorthof StationWRVII. The highestconcentrationsof LPAH
and totalPAH occurredin the southernpartof thechannel(StationsWR VII C, WR VI L, andWR

V L). Examinationof the PAH chromatogramsofWest Richmondsamplesalsoshowedthatmore
volatilecompoundswere present,indicatinga possiblesourceof petroleumhydrocarbonsnear
StationWR VII.

Inthe PinoleShoal reachof theJFBSC, PAHswere detectedat StationsP VI L, P VIII L,

P XII B1, and P XIV C. MostPAH compoundswerethe HPAHs, fluoranthene,pyrene,and
chrysene. At StationP VI L, phenanthrene,benzo(b)fluoranthene,and benzo(a)pyrenewere

also present. Inall cases, the totalconcentrationof thesehighermolecularweightPAH
compoundswasat least30 timeslowerthanthe concentrationsobservedinthe West Richmond
channelarea.

In CarquinezStrait,the PAH levelsfromsedimentsat two berthingareas, StationsCB 7
andCB 4A, were higherthan those of any othersampledareasin PinoleShoaland second

highestto theelevatedWest Richmondlevels. Morethan 90% of PAHswere the higher
molecularweightPAHswithnearlyallthesecompoundsrepresented.

The mostnoticeabledifferencebetween1989 and 1990 sedimentsampleswasfor PAH
valuesof sedimentcores fromthe centralpart ofthe West Richmondreachof the Channel,where

the upchanneldirectionchangesfrom northwestto north. No PAHs weredetected inany 1990

West Richmondsediments,whilethe sumof PAHconcentrationsrangedfrom1 mg/kgto 3 mg/kg
(ppm)at the three 1989 stations(WR IV R, WR IV.5 C, and WR V L).
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T.._. Total PAH and HighMolecularWeight(HPAH) FractioninJFBSC
Sedimentsfrom Battelle/MarineSciencesLaboratory1989 Study

TotalPAH HPAH %
Station.Seclion.ft ._ _ HPAH

WR VIIC 0-5.5 3538 2977 84 NC(a)
WR V L 0-6 3075 2366 77 NC
WR VI L 0-4 2740 2256 82 NC
WR IV R 0-6 1829 1580 86 NC
WRIVR 6 11.5(b) 474 366 77 NC
WR IV.5 C 0-4 1783 1417 79 PAH in upper4 ftof coreonly
WR IV.5 C 4-8 0 0 NA(c) NC
WRI R 0-5.1 878 776 88 NC
CB 4 A 0-3.8 392 358 91 PAH in upper3.8 ftof core only
CB 4 A 3.8-11.4 0 0 NA NC
CB 7 0-3.1 260 239 92 NC
PXIV C 0-4.5 179 179 100 NC
CB 6 0-6.5 167 152 91 NC
P VI L 0-5 166 148 89 PAH in upper5 ft of core only
P VI L 5-11.6 0 0 NA NC
P XIIB1 0-5 66 49 74 PAH in upper5 ft of core only
P XIIB1 5-11.1 0 0 NA NC
P VIIIL 0-6.6 55 55 100 PAH inupper6.6 ft of core only
PVIII L 6.6-9.5 0 0 NA NC
PXIIIL 0-6(a) -26 26 100 NC
C IIC 0-4 0 0 NA NC
C IIC 4-6.8 26 26 100 PAH in lowerpartof core
PVI II R 0-8 18 18 100 NC
P VIIIR 8-10.5 0 0 NA NC
P V R 0-5 17 17 100 PAH inupper5 ftof core only
P V R 5-10.5 0 0 NA NC
P VIIC 0-5 11 11 100 PAH inupper5 ftof core only
P VIIC 5-10.1 0 0 NA NC

(a) NC No comment.
(b) Reported concentrationis the averageconcentrationof compositingduplicates,or the detected value

if found inonly oneof the duplicates.
(c) NA Notapplicable.
Note: Table only includesstationswhere PAHsweredetected.
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Kohnet al. (1991) suggestthatdetectionof PAH inWR IV R, WR IV.5 C, and WR V L may
be correlatedwitha higherproportionoffine-grainedsediments(clay). The relationshipof PAH to

organiccarbonshowedno suchcorrelation,as the 1990 sedimentsamplesshowedTOC values
as highas those 1989 sampleswherePAH wasdetected. Furthernorthin thechannel,PAHs

were undetectedat both 1989 and 1990 stations(WR III L, WR III C, WR II L, WR-A, and

WRB).

ChlorinatedP0sticidesand PCBs

Chlorinatedpesticideresultsforsedimentscollectedin 1989 are presentedinTable 2.19.
Only twopesticides,8-BHC and_)-BHC,were detectedinsix sedimentsamplesfromfour

locationsin PinoleShoalandtwolocationsinCarquinezStrait. Pesticideswere notdetectedin
sedimentscollectedin1990 (Table 2.20). PCBs werenotdetectedinsedimentsamplescollected

ineither 1989 (Table 2.19) or 1990 (Table 2.21).

B_uU.tU
Butyltinconcentrationsforsedimentscollectedin1989 aresummarizedinTable2.22. Total

butyltinconcentrationsfromWest Richmondsedimentsrangedfromundetectedto as highas 19.3

Izg/kg(dI¥ wt), withthemoretoxictributyltinformrangingfrom8.6% to 37.8% of the total

butyltins.This moretoxicformrangedfromundetected(<1 llg/kgdry weight)to 7.3 tig/kgdry

weight. Usingtheequationof Valkirset al. (1986), theconcentrationof tributyltinsinthe interstitial
waterwas estimatedto be approximately0.004 lig/L, whichis lessthan 1% of theacute and

approximately6% of thechronicmarinewaterqualitycriteriaof 0.22 lig/L and 0.069 lig/L,
respectively.

The highestconcentrationsof butyltinsoccurredinthe CarquinezStraitsedimentsat two

berthingareas, StationsCB 4A andCB 7. The concentrationof tributyltinat stationCB 7 was
29 I_g/kgdry weight.

Butyltinlevelswere lowthroughoutthe PinoleShoal partof thechannel. The highest

concentrationsof tributyltinin PinoleShoaloccurredat StationP VIII L (4 lig/kg) andStationP VIII
R (3.9 I_g/kg). The highesttotalof butyltinspecieswas foundat StationP VII C (10.1 lig/kg)

followedby P V! R (8.7 I_g/kg),P VIII R (7.9 lig/kg), and P VIII L (7.1 l_g/kg).These relatively
lowconcentrationsof tributyltinwere approximatelyone-halfof the highestlevelsobservedin the

West Richmondsediment. Levelsof tributyltininWest Richmondsedimentwere characterized
throughan organiccarbonnormalizationformula(Valkirset al. 1986) andwerefoundto be from
1% to <6% of theacuteandchronicmarinewaterqualitycriteria.Concentrationsof butyltin
compoundsin 1990 West Richmondsedimentswere comparableto or lowerthanconcentrations

foundin 1989 sediments(Table2.23).
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TABLE2.19. ChlorinatedPesticidesand PolychlorinatedBiphenyls(PCB) in JFBSC
SedimentsfromBattelle/MarineSciencesLaboratory1989 Study(Allunits
in I_g/kgDry Weight)

Station.Section. ft _-BHC

DL 4.O 8.O

West Richmond

No Pesticidesor PCBs Detected

PinoleShoal

P XII R 0-8.5 1026
P XII B2 2-7.5 ND(a) 31
P XII B1 0-5 ND 29
P XII.5 R 5.3-11.1 ND 13

Camuinez Strait

CB 10-6.6 ND 17
CB 4 A 3.8-11.4 ND 19

(a) ND Not detectedabovegivendetectionlimit.
Note: Tableonly includesstationswherechlor;natedpesticideswere

detected
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TABLE 2.20. Pesticides in West Richmond Sediments from Battelle/Marine Sciences Laboratory 1990 Study

Sam_ Recovery Aldrin A-BHC B-BHC D-BHC _ 4.4'DDD 4.4'DDE 4.4"DDT Dieldrin

DetectionLimit N/A 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
MethodBlank 110% 2.0U 2.0 U 2.0U 2.0U 2.0U 2.0U 2.0 U 2.0 U 2.0 U

WR-A(a) 130% 2.8 U 2.8U 2.8U 2.8U 2.8U 2.8U 2.8 U 2.8 U 2.8 U
WR-B 100% 2.8 U 2.8U 2.8U 2.8U 2.8U 2.8U 2.8 U 2.8 U 2.8 U
W R-C 130% 2.7 U 2.7U 2.7 U 2.7U 2.7 U 2.7U 2.7 U 2.7 U 2.7 U
WR-D 140% 2.9 U 2.9U 2.9 U 2.9U 2.9 U 2.9U 2.9 U 2.9 U 2.9 U
WR-E 140% 2.7U 2.7U 2.7 U 2.7U 2.7 U 2.7U 2.7 U 2.7 U 2.7 U

Endosulfan Endosuffan Endosulfan Endrin HeplachlorLindane Methoxy- Endrin
Sarnde ! U _ Endrin _ _ _._ _ chlor Ketone

DetectionLimit 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 4.0 2.0 20.0
Method Blank 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 4.0 U 2.0 U 20.0 U

WR-A(a) 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 5.6 U 2.8 U 27.9 U
WR-B 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 5.6 U 2.8 U 28.0 U
WR-C 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 5.5 U 2.8 U 27.3 U
WR-D 2.9 U 2.9 U 2.9 U 2.9 U 2.9 U 2.9 U 2,9 U 2.9 U 5.8 U 2.9 U 29.2 U
WR-E 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U 5.4 U 2.7 U 27.2 U

(a) Mean ol three replicates.



TABLE 2.21. Polychlorinated Biphenyls (PCB) in West Richmond Sediments from
Battelle/Madne Sciences Laboratory 1990 Study

PCBConcertl_on(ucd¢]drywek_
Surrogate(DBC) Aroclor- Aroclor- Aroclor- Aroclor- Aroclor- Aroclor- Aroclor-

San-¢_ _ 1016 1221 1232 _ 1248 _

DetectionLimit NA(a) 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Method Blank 110% 20.0 U(b) 20.0 U 20.0 U 20.0 U 20.0 U 20.0 U 20.0 U

WR-A(¢) 130% 27.9 U 27.9 U 27.9 U 27.9 U 27.9 L 27.9 U 27.9 U
WR-B 100% 28.0 U 28.0 U 28.0 U 28.0 U 28.0 U 28.0 U 28.0 U
WR-C 130% 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U
WR-D 140°/= 29.2 U 29.2 U 29.2 U 29.2 U 29.2 U 29.2 U 29.2 U
WR-E 140% 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U 27.2 U
WR-E 100% 27.4 U 27.4 U 27.4 U 27.4 U 27.4 U 27.4 U 27.4 U

(=) NA Notapplicable.
(b) U Undetectedabove givendetectionlimit.
(c) Mean of three replicates,S.D.---0.0(compoundsbelowdetectioninall samples).
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TABLE 2.22. Butyltins in JFBSC Sediments from Battelle/Marine Sciences Laboratory
1989 Study

PropylTin ButvltinSPeciesf__cVka)
Station.Section.ft Re_'overy.% .._TJ:E_ Dt- Mono- Total

Detection Limits

Target DL NA(a) 10 10 10 NA
Lowest achievedDL NA 0.40 0.41 0.42 NA
MaximumachievedDL NA 0.80 0.83 2.3 NA

West Richmond

WRVIIC 0-5.5 36 1.8 15 1.2 18
WR VI L 0-4 56 0.82 7.1 1.6 9.5
WR V L 0-6 ' 43 7.3 12 <2.3 19.3
WR IV.5C 0-4 48 <0.74 2.1 <0.76 2.1
WR IV.5C 4-8 36 <0.62 0.74 <0.63 0.74
WRIVR 0-6 82 2.3 5.1 <2.0 7.4
WR IVR 6-11.5 rep 1 45 0.81 <0.55 <0.56 0.81
WR IV R 6-11.5 rep 2 63 0.49 0.97 <0.46 1.46
WR UlL 0-6.6 45 0.53 <0.55 <0.56 0.53
WRIIIC 0-6.4 45 <0.56 0.71 <0.57 0.71
WR IIL 0-6.9 51 <0.49 <0.50 <0.50 NA
WRIR 0-5.1 45 2.1 7.9 3.0 13.0

PinoleShoal

P IC 0-3 54 0.83 <0.72 <0.73 0.83
PIIC 0-4.3 31 1 3.5 1.1 5.6
P IIIL 0-3 38 0.74 0.68 <0.69 1.42
P IV R 0-8 68 0.96 1.3 1.0 3.3
P V L 0-8.4 • 39 0.93 1.7 0.83 3.5
P V C 0-8.7 57 <0.80 <0.83 <0.84 NA
P V R 0-5 63 <0.63 0.66 <0.41 0.66
P V R 5-10.5 58 <0.66 <0.68 <0.70 NA
P VI L 0-5 55 0.71 <0.67 <0.68 0.71
P VI L 5-11.6 42 0.63 3.2 <0.66 4.5
PVIC 0-9 49 0.81 1.7 0.81 3.3
P VI R 0-5 53 1.6 1.2 0.69 3.5
P VI R 5-11.7 97 2.7 4.5 1,5 8.7
P VIIC 0-5 39 0.63 2.5 0.68 3.8
PVIIC 5-10.1 83 2.6 6.5 0.97 10.1
PVIII L 0-6.6 68 4.0 0.71 2.4 7.1
P VIIIL 6.6-9.5 53 <0.40 <0.41 <0.42 NA
PVlU R 0-8 70 3.9 2.1 1.9 7.9
PVIII R 8-10.5 52 <0.54 1.5 0.57 1.5
P VIII.5 C 0-3.6 46 2.1 0.74 <0.47 2.8
P VIII.5C 3.6-10.4 rep 1 58 <0.49 0.57 <0.52 0.57
P VlU.5C 3.6-10.4 rep 2 54 <0.59 1.1 <0.62 1.1
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TABLE 2.22. (contd)

PropylTin ButvltinSpecies (_ua/k_
SiatiorkSeclJoRft Recovery.% Tri- _ Mon0- Total

pinole Shoal/contd_

PIXC 0-5 47 <0.50 <0.51 <0.52 NA
P IXC 5-11.8 48 <0.48 <0.47 <0.48 NA
P IX.5 L 0-5 rep I 53 <0.48 <0.48 <0.49 NA
P IX.5 L 0-5 rep 2 71 0.55 0.58 0.47 1.58
P IX.5L 5-10.1 83 0.58 0.72 <0.49 1.3
PXR 0-6 80 2.0 2.8 1.2 6.0
P XR 6-11.5 42 0.48 <0.47 <0.48 0.48
PX.5 C 0-5 43 0.53 0.57 <0.50 1.10
PX.5 C 5-11 43 0.48 <0.47 <0.48 0.48
PXI L 0-3.5 63 <0.59 <0.58 <0.60 NA
PXIIR 0-8.5 31 <0.62 <0.62 <0.64 NA
PXIIRR 0-9.2 125 3.7 1.7 1.3 6.7
PXII B2 0-2 46 1.5 1.3 <0.92 2.8
PXII B2 2-7.5 rep I 45 0.89 1.0 2.0 3.9
PXII B2 2-7.5 rep2 79 2.7 11 3.1 17.0
PXII B2 7.5-12.5 69 0.75 3.1 0,95 4.8
PXII B1 0-5 66 2.1 5 2.4 9.5
PXII B1 5-11.1 46 0.89 3.1 <0.58 4.0
PXII.5 C 0-6 rep 1 42 0.67 1.4 0.88 2.9
PXll.5 C 0-6 rep 2 60 0.87 <0.77 <0.59 0.87
P XII.5R 0-5.3 22 2.5 0.88 0.78 4.2
P Xll.5R 5.3-11,1 92 3.0 <0.69 1.0 4.0
PXIIIL 0-6 rep I 36 3.1 6.5 1.5 11.1
PXUlL 0-6 mp 2 43 <0.57 1.3 0.74 2.0
PXIIIR 0-5 72 2.1 1.9 <0.67 4.0
PXUlR 5-10 45 1.5 1.2 0.66 3.4
P XIVC 0-4.5 45 <0.59 0.59 0.71 1.30

strait
CB 1 0-6.6 81 2.5 2.1 1.3 5.9
C IR 0-8 rep 1 41 1.7 2.6 0.74 5.0
CIR 0-8 rep 2 64 2.9 1.8 1.1 5.8
CB 4 A 0-3.8 37 6.1 12 3.3 21
CB 4 A 3.8-11.4 37 0.57 1.5 <0.55 2.1
CB 5 0-4 42 0.57 1.4 <0,56 2.0
CB 6 0-6.5 86 2.8 3.5 1.1 7.4
CB 7 0-3.1 33 29 3.5 4.1 37
CIIC 0-4 39 <0.51 1.3 <0.52 1.3
CIIC 4-6.8 40 <0.61 5.8 1.0 6.8
C IIR 0-2.4 40 1.2 1.3 0.97 3.5

(a) NA Notapplicable.
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TABLE2.23. Bu_ltins inJFBSC SedimentsfromBattelle/MarineSciences
Laboratory1990 Study

Propyltin

ButvltinConcentration(-a/ka drywelaht_SamDie _T.d:_ Di- ".... Mo_o- Total

MethodBlank 19.7 % 0.9 0.6 U(a) 0.6 1.5

WR-A 29.3 % 0.5 0.4 0.4 U 0.9
WR.B 41.8 % 0.8 0.8 0.4 U 1.6
WR-C 35.2 % 0.6 0.5 U 0.4 U 0.6
WR-D 33.7 % 0.9 0.4 U 0.4 U 0.9
WR-E Rep 1 35.9 % 0.9 0.5 U 0.6 1.5
WR-E Rep 2 36.0 % 0.8 0.5 U 0.5 U 0.8

(=) U Undetectedabove givendetectionlimit.

2.3 OVERVIEW OF SEDIMENT TOXICITY STUDIES

Longand Mad(el(1992) providea thoroughsummaryanddiscussionof historicalsediment

toxicitydata for the Bay. Theirsummaryincludesa reviewof 60 toxicitystudiesconductedsince

1985 and a 1990 synopticsurvey(45 sites) fundedthroughNOAA andconductedbyToxScan,

Inc. (Watsonville,California). Studies showingevidenceof lesionsand otherhistopathological
abnormalitiesinfishwere also reviewedinLongand Mad(el(1992) andare brieflydiscussedin

Section2.5 of thisreport.

Longand Markel'sreviewof sedimenttoxicitystudiesis generallyrestrictedto twotypes
of tests: solidphase bioassaysusingthe amphipod,Rhepoxynius abronius, and suspended

phase bioassaysusingembryosof eitherthe oyster,Crassostrea gigas, or the bay mussel,
Mytilus edulis. Mussel andoysterbioassayswere treatedas equivalenttestsand resultsfrom

both testswere mergedin the summariesproducedin LongandMad(el (1992) and inthis report.
Bivalveembryotestsusingthe Green Bookand PugetSoundProtocols(PSP) were treated

independently.Mostof the data weregeneratedduringpre-dredgingstudiesand, therefore,
pertainto peripheralwaterwaysand harbors. The synopticsurveyconductedin 1990 consisted

of bivalveembryobioassays(survivaland abnormaldevelopment), tests for cytogenetic
endpointsin bivalveand echinodermembryos,andtestsusingbioluminescentbacteria

(Microtox). Samplingfor the synopticsurveywas restrictedto San Pablo Bay (1 sample),
Central Bay (10 samples),and South Bay (34 samples).

The datapresentedin Longand Mad(el(1992) clearlyshowtoxicant-relatedimpactsto at

leastsome of the residentspeciesinthe Bay. Figure2.10 showslocationsthat were identifiedas
beingmosttoxicbased on a fixedtoxicitythreshold(i.e., 75% amphipodmortalityor abnormal

developmentinbivalvelarvae). Withthe exceptionof a singlesitein the northeastemportionof

2.50



I [ IIIII I III II I I I

EIGURE 2.1Q. Locationsof HistoricalSedimentToxicityStudiesShowing__.75%Amphipod
Mortalityor _>75%AbnormalDevelopmentin BivalveLarvae (AfterLongand
Markel1992)
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thePlnoleShoalChannel,all of theselocationsare locatedalongbay margins,andmostof these
are near majorharbors.A similarplotof the mosttoxiclocationsfromthe 1990 synopticsurveyis

presented in Rgure 2.11. In this study,sedimenttoxicitybasedon cytogeneticandlarval testing
was found at a singleare near the centerof San PabloBay andat three locationswithin
RichmondHarbor.

A Iisttngof all toxicitystudiesconductedwithinSan PabloBayfrom 1985 to 1990 is

presentedinTable 2.24. This tableincludesreferencesfor the originalstudiescitedand a
summaryof both the methodsusedin each studyand the studyresults. Table 2.25 summarizes

the resultsof amphtpodandbivalvelarvae testsperformedusingsedimentsfrom southwestSan
Pablo Bay. The southwestSan PabloBay locationhas historicallybeena commonreference-

sedimentsite. However, itshouldbe notedthat4 of the 10 samplesanalyzedfrom 6 separate
studiesshowed significanttoxicityto eitherbivalvelarvae or amphipods.Sedimenttoxicity
resultsfor the San PabloBay andCarquinezStraitdredgedmaterialdisposalsiteshave been

summarizedinTable 2.26. Allof the resultsare for suspendedphasebioassaysemploying

bivalvelarvae. Two outof seven studiesconductedusingsedimentsfrom the Carquinez
disposalsiteshowed toxicitywhen embryos were exposedto undilutedsedimentsuspensions.

Notoxicity was shownfor the 50% sediment suspensions.Only one studywas cited for the
San Pablo Bay disposalsite, and itdidnot showtoxicityineitherthe undilutedor 50% sediment

suspension.

Amphipodand bivalve larvae (100% sedimentsuspensions)toxicitystudiesfor all
regionsof the Bay have been summarizedin Tables2.27 and2.28, respectively. The summary

of amphipodtoxicityresultsincludesstudiesthat haveused Eohaustorius estuariu$ and Hyalella

aztec,a, in additionto Rhepoxynius. Samplestaken from basinsandperipheralareas have been

listedseparately in bothtables. The San Pablo Baydisposalsite has been includedas a
peripheralsiteinTable 2.28 because itssedimentsare largelyderivedfromperipherallocations.

San Pablo Bayexhibitedthe lowestaveragepercentamphipodmortalityamongthe

basinsexamined. Only twoperipheralsites(Alcatrazdisposalsite,GuadalupeSloughChannel)
hadaverage amphipodmortalitiesthat were less thanthose of San PabloBay, although

relativelyfew studieswere conductedat the peripherallocations. The highestaverageamphipod
mortalitywas found in.OaklandOuter Harbor (75.5%), followedby Castro Cove (60.3%), Islais

Creek Waterway (53,0%), and Treasure IslandNaval Base (48.3%).

In contrastto the amphipodresults,San PabloBayexhibitedthe highestaverage

percentageof abnormalbivalvelarvae (based on data for 100% sedimentsuspensions)among

the basinlocations. However,onlyone data pointwas presentedfor CentralBay and no data
were presentedfor northemSouthBay. The highestpercentageof abnormallarvae for a

peripheralsite (PointMolateat 100%) was approximatelyfive timesthat reportedfor San Pablo
Bay. Overall, San PabloBay was rankedthe 16thmosttoxicsiteout of 23 sitesbased on the
meanincidenceof bivalveabnormalities.
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FIGURE2.11. SamplingSitesfromSynopticSurveyPerformedbyToxScan,Inc.thatShowedSignificant
SedimentToxicity(AfterLongandMarke11992)
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TABLE 2.24. Summary of Historical Sediment Toxicity Studies for Selected Sites Within Central and San Pablo Bay
(After Long and Markel 1992)

AmphipodSpecies Amphipod
or Suspended Significant % Mortality/

Sampling Sediment Bioassay Hit (Y) Bivalve
Source Sunt_v/Locatiorl Station I.D. D_e SamoleTvDe Concentration Tvoe NoHit !N_ % Abnormal

Long& Buchman(1989) San PabloBay SP-1 2122187 2 cmgrab Rhepoxynius amphipod Y 9
Long& Buchman(1989) San PabloBay SP-2 2/22/87 2cm grab Rhepoxynius amphipod Y 54
Long& Buchman(1989) San PabloBay SP-3 2/22187 2cm grab Rhepoxynius amphipod Y 17
Long& Buchman(1989) San Pablo Bay SP-1 2/22/87 2 cmgrab PSP(a) bivalve Y 7.4
Long& Buchman(1989) San PabloBay SP-2 2122187 2 cmgrab PSP bivalve Y 14
Long& Buchman(1989) San PabloBay SP-3 2/22187 2 cm grab PSP bivalve Y 7.9

Long& Buchman(1989) off Vallejo,SemplePt. VA-1 2/20187 2 cmgrab Rhepoxynius amphipod Y 69
Long& Buchman(1989) off Vallejo,SemplePt. VA-2 2/20/87 2 cmgrab Rhepoxynius amphipod N 10
Long& Buchman(1989) off Vallejo,SemplePt. VA-3 2/20/87 2 cmgrab Rhepoxynius amphipod N 16
Long& Buchman(1989) off Vailejo,SemplePt. VA-1 2/20/87 2 cm grab PSP bivalve Y 13.3
Long& Buchman(1989) off Vallejo,SemplePt. VA-2 2120187 2 crngrab PSP bivalve N 6.5
Long& Buchman(1989) off Vallejo,SemplePt. VA-3 2/20/87 2 cm grab PSP bivalve Y 9.1

ro Chapmanetal. (1985) San Pablo Bay SP 02 7/7/85 2 cm grab Rhepoxynius amphipod N 9
Chapmanetal. (1985) San PabloBay SP 05 7/7/85 2 cmgrab Rhepoxynius amphipod N 4

.1=,Chapmanet al. (1985) San PabloBay SP 09 7/7/85 2 cm grab Rhepoxynius amphipod N 24
Chapmanet al. (1985) San PabloBay SP 02 7/7/85 2 cmgrab PSP bivalve N 13.4
Chapmanet al. (1985) San PabloBay SP 05 7/7185 2 cmgrab PSP bivalve N 7.7
Chapmanet al. (1985) San PabloBay SP 09 7/7185 2 cmgrab PSP bivalve N 15.3

McPherson& Power(1989) PinoleShoalChannel Section3 Dec-88 compositedcore 100% biv aive Y 15.1
McPherson& Power(1989) PinoleShoalChannel Section4 Dec-88 compositedcore 100% bivalve Y 100
McPherson& Power(1989) San PabloBay DisposalSite Ref. Dec-88 compositedcore 100% bivalve N 6.9
McPherson& Power (1989) PinoleShoalChannel Section3 Dec-88 compositedcore 50% bivalve N 5.3
McPherson& Power(1989) PinoleShoalChannel Section4 Dec-88 compositedcore 50% bivalve N 47.2
McPherson& Power (1989) San PabloBay DisposalSite Ref. Dec-88 compositedcore 50% bivalve N 7.5

E.V.S. (1987) SouthwestSan Pal:doBay Ref. May-87 comp.2' core 100% bivalve Y 13.9
E.V.S. (1987) SouthwestSan PabloBay Ref. May-87 comp.2' core 50% bivalve Y 9.6
E.V.S. (1987) SouthwestSan PabloBay Ref. May-87 comp.2' core Rhepoxynius amphipod N 9

ToxScan(1989) S.F. Bay Ref.Sediment R-3 Oct-89 NA(b) 20 g/L bivalve N 3.8
ToxScan(1989) S.F. Bay Ref. Sediment R-3 Oct-89 NA Rhepoxynius amphipod ..(c) 15



TABLE2.24. (contd)

Amphipod Species Amphipod
orSuspended Significant % Mortality/

Sanlpling Sediment Bioassay Hit (Y) Bivalve
Source Survey/Location Station I.D. Date Sam=deTvoe Concentration Tvoe NoHit_N_ % Abnormal

UNOCALTerminal:
M.E.C. (1990a) off Rodeo,Area1 1 Jul-90 compositedcore 100% bivalve -- 9
M.E.C. (1990a) off Rodeo,Area 2 2 Jul-90 compositedcore 100% bivalve -- 11
M.E.C. (1990a) off Rodeo,Area4 4 Jul-90 compositedcore 100% bivalve -- 8.6
M.E.C. (1990a) off Rodeo,Area 1 1 Jul-90 compositedcore 50% bivalve -- 9.6
M.E.C. (1990a) off Rodeo,Area 2 2 Jul-90 compositedcore 50% bivalve -- 19.5
M.E.C. (1990a) off Rodeo,Area 4 4 Jul-90 compositedcore 50% bivalve - 19.6

PacificRefineryPier:
ME.C. (1990b) San PabloBay 1 Feb-90 compositedcore 100% bivalve Y 26.4
M.E.C. (1990b) San PabloBay 2 Feb-90 compositedcore 100% bivalve Y 25.7
M.E.C. (1990b) San PabloBay 3 Feb-90 compositedcore 100% bivalve Y 19.9
M.E.C. (1990b) San PabloBay 1 Feb-90 compositedcore 50% bivalve Y 15.8
M.E.C. (1990b) San PabloBay 2 Feb-90 compositedcore 50% bivalve Y 15.8

r_ M.E.C. (1990b) San PabloBay 3 Feb-90 compositedcore 100% bivalve Y 17
i.n
o_ PacificRefineryPier:

Anonymous San PabloBay 1 NA compositedcore 100% bivalve Y 19.2
Anonymous San PabloBay 1 NA compositedcore 50% bivalve Y 23.1

ToxScan(1989) S.F. Bay Ref. Sediment R-3 Oct-89 NA 100% bivalve N 3.8
ToxScan(1989) S.F. Bay Ref. Sediment R-3 Oct-89 NA Rhepoxynius amphipod -- 15
ToxScan(1990) S.F. Bay Ref.Sediment R-3 Jan-90 NA 100% bivalve N 7.2
ToxScan(1990) S.F. Bay Ref.Sediment R-3 Jan-90 NA Rhepoxynius amphipod N 37
ToxScan(1990) S.F. Bay Ref. Sediment R-3 Mar-90 NA 100% bivalve N 1.8
ToxScan(1990) S.F. Bay Ref. Sediment R-3 Mar-90 NA Rhepoxynius amphipod N 29

(a) PSP PugetSoundProtocols.
(b) NA Notavailable.
(c) -- Nodata.



TABLE 2.25. Summaryof ResultsforAmphipodBioassaysand BivalveLarve
Tests PerformedUsingSedimentsfrom SouthwestSan Pablo
Bay (AfterLongand Markel1992)

AmDhipodBioassays:

R. abronius Ratioof
Sampling % Mortality ToxicSamples

Investiaator Date Mean +S.D. to Total

E.V.S. 07/85 12.3 +10.4 0/3
E.V.S. 02/87 26.7 ::P.24.0 3/3
E.V.S. 05/87 9.0 011
ToxScan 10/89 15.0 --
ToxScan 01190 37.0 0/1
ToxScan 03190 29.0 0/1

Suspended Phase BivalveLarvae Tests:

Bivalve Larvae Ratioof
Sampling % Abnormal ToxicSamples

Investioator Date _ to Totalv

E.V.S. 07/85 21.1 :!:4.0 0/3
E.V.S. 02/87 9.8 +3.8 3/3
E.V.S. 05/87 13.9 1/1
ToxScan 10/89 3.8 0/1
ToxScan 01/90 7.2 0/1
ToxScan 03/90 1.8 0/1
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TABLE2.26. Summaryof BivalveToxicityData for theCarquinezStraitandSan PabloBay DisposalSites (AllResultsare for
SuspendedPhaseBioassaysUsingEitherM. edulis or C. gigas [AfterLongand Markel1992])

Significant
Sampling Hit (Y) % Abnormal

Site/DataSource Date Samole Tvoe Dilution No Hit (N) Embryos

CarouinezDisposalSite:

Poweret al. (1989) Oct-88 compositedcore 50% N 7.6
E.V.S. (1990) Nov-89 compositedcore 50% __(b) 26.1
M.B.L.(1987) Dec-87 compositedcore 50% N 98
M.E.C. (1990) Jul-90 compositedcore 50% -- 13.1
M.E.C. (1990) Feb-90 compositedcore 50% N 16.2
Anonymous NA(b) compositedcore 50% N 7.7

Mean=28.1 S.D.=34.9

Poweret al. (1989) Oct-88 compositedcore 0% Y 98.7
E.V.S. (1990) Apr-90 compositedcore 0% Y 96.5
E.V.S. (1990) Nov-89 compositedcore 0% -- 30.9
M.B.L.(1987) Dec-87 compositedcore 0% N 99.7
M.E.C. (1990) Jul-90 compositedcore 0% -- 18.8

_o M.E.C. (1990) Feb-90 compositedcore 0% N 15.3
b_ Anonymous NA compositedcore 0% N 44.7

Mean--57.8 S.D.--39.0

San Pablo Bay DisposalSite:

McPherson& Power(1989) Dec-88 compositedcore 0% N 6.9
McPherson& Power(1989) Dec-88 compositedcore 50% N 7.5

(a) "--" Not providedin LongandMarkel(1992).
(b) NA Notavailablefromoriginalsource.



TABLE ;_.27. Summaryof AmphipodToxicityStudiesforall RegionswithinSan Francisco
Bay (AfterLongand Mad(el1992)

Ratioof
% Mortality No. of Area Toxic Samples Area

Area Mean + S.D.(a) Samples(a) Rank(a) to Total(b) Rank(b)

Basins

San Pablo Bay 23.4 :!:17.5 17 14 4/15 11
Central Bay 33.3 +7.5 3 9 3/3 1
South Bay, southern 32.0 +14.4 13 11 6/12 10
South Bay, central 55.4:1:22.6 14 3 ND(c) ND
South Bay, northern 25.0 :!:14.3 9 13 013 13

PeripheralAreas

Oakland Outer Harbor 75.5 :!:5.0 2 1 2/2 1
Castro Cove 60.3 :!:26.5 3 2 3/3 1
IslaisCreek Waterway 52.0 +37.8 3 4 2/3 8
HuntersPointNaval Base 37.2 +15.1 8 6 616 1
OaklandInner Harbor 36.0 +17.1 24 7 14/25 9
AlamedaNaval Base 33.5:1:3.5 2 8 2/2 1
Southem South Bay Channels 33.0:1:11.4 9 10 6/23 12
RichmondHarbor 27.0 +15.6 2 12 2/2 1
Guadalupe SloughChannel 21.5 +3.4 4 15 014 13
Alcatrazdisposalsite 11.5 +13.4 2 16 012 13
Treasure IslandNaval Base 48.3 +18.3 6 5 616 1

(a) Rhe.poxyniusabronius, area ranksbasedon averagemortailities.
(b) Ratioof samplesidentifiedintestswithR. abronius, Eohaustorius estuar_us,or Hyalella

azteca as siginficantlymoretoxicthancontrolsversusthe totalnumberof samplesthat were
tested and area ranksbased uponthe ratios.

(c) ND No Data.
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TABLE 2.28. Summaryof BivalveToxicityTests (100% SedimentSuspensions)for all
RegionswithinSan FranciscoBay (AfterLongandMarkel1992)

RatJoof
%Abnormal No.of Area ToxicSamples Area

Area Mean +S.D.(a) .Samples(a) Rank(a) to Total(b) Rank(b)

Basins
San Pablo Bay 19.1:t:31.0 9 16 9/16 15
Central Bay 2.4 1 23 013 21
South Bay, southern 14.9+30.6 8 19 2/9 20
South Bay, northern ND(c) ND ND 2/3 11

P_rioheralAreas
San Pablodisposalsite 6.9 1 21 0/1 21
Carquinezdisposalsite 57.8 +39.0 7 8 2/5 18
Mare IslandStrait 76.2 :!:28.7 10 5 8/10 8
SuisunSloughChannel 98.5 +1.1 2 2 2/2 1
UNOCAL 9.5 +1.3 3 20 ND ND
PointMolate 100.0:L-O 2 1 2/2 1
IslaisCreek ND ND ND 414 1
GuadalupeSloughChannel 98.0 ±4.2 8 3 8/8 1
RedwoodCreek 84.4 :!:21.4 2 4 2/2 1
RichmondHarbor 63.8 _40.9 13 6 10/13 9
HuntersPoint 59.1 :!:36.7 6 7 4/6 11
Portof San Francisco 55.0 +43.5 19 9 5/7 10
OaklandMiddleHarbor 43.1 ±18.3 6 10 6/6 1
Alcatrazdisposalsite 35.5 ±39.3 30 11 13/27 17
OaklandInnerHarbor 31.9 ±35.4 23 12 15/29 16
Treasure Island 29.0 ±17.5 11 13 11111 1
PacificRefining 22.8 ±3.8 4 14 ND ND
Castro Cove 21.3 ±10.9 3 15 2/3 11
AlamedaNaval Base 19.0±15.3 3 17 2/3 11
Oakland Outer Harbor 18.9:!:29.2 18 18 7/18 19
South Bay, southchannels 5.1 ±5.4 16 22 0/14 21

(a) Tests usingMyti/us edulis or Crassostrea gigas, Area Ranks basedupontheaverage
abnormalities.

(b) Ratiosof numberof samplesidentifiedas significantlymoretoxicthancontrolsto the total
numberof samplestested,Area Ranksbaseduponratios.

(c) ND No data.
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2.4 OVERVIEW OF BIOACCUMULATION STUDIES

Longet al. (1988) providea summaryof bioaccumulationstudiesconductedwithinthe

Bayfrom approximately1970 to present. Theirsummaryincludesresultsfrom NOAA'sMussel
Watch and BenthicSurveillanceProjects, andvariousstudiesconductedbystateand local

agencies,universities,andconsultingfirms. Theyprovidedetailedsummariesfromover 20
differentsurveys or programsdescribingthe levelsof six metals(Hg, Cd, Cu, Pb, Cr, As),
PAHs, DDT, and PCBs inthe tissuesof bivalves,fish,and crustaceans. A briefoverview of

the trendsnotedin Longet al. (1988) is presentedin this section.

Tissueburdensof selected contaminantshave been reportedfor a vadetyof bivalve

speciesfrom differentareasof the Bay. The mostcommonlyusedspeciesincludedthe clams,

Macoma nasuta, Macoma balthica, Tapesjaponica, andMya arenaria, theoysters,Crassostrea

gigas, Ostrea lurida, andthe mussels,Mytilus edulis, Mytilus californianus, and Ischadium
demissum. Samplingandanalyticalprotocolsvariedamongthedifferentstudies.The most

importantdifferencenotedfor bioaccumulationstudiesemployingmusselswas theuse of

transplantedversusresidentspecies. Transplantedmusselswere usuallyMyti/us californianus

collectedat BodegaHead anddeployedat samplingsitesusingeitherbuoyedor anchored
arrays. Studiesof bioaccumulationinresidentmusselsusedMytilus edulis.

Longet al. (1988) cautionthat naturalsourcesof variabUity,suchas lipidcontent,age,

sexualmaturity,trophiclevel,and feeding habitscan have a pronouncedeffecton levelsof

contaminantsmeasuredin tissues. Forexample,animalswithhighlipidcontenttendto

accumulaterelativelyhigherlevelsof lipophilicorganiccompounds.Also,becauselipids

accumulatedduringgametogenesisare expelledinreproductiveproducts(eggs,sperm),the

concentrationsof certaincontaminantsmayvary dramaticallydependingon whethersampling
occurrsbeforeor after spawning.Because ingestionis a majorpathwayfor contaminantsin

tissues,feedinghabitsplayan importantroleindeterminingtherelativelevelof contaminantsin
differentspecies. In general,depositfeedingbivalvesaccumulaterelativelyhigherlevelsof

contaminantscomparedto suspension,or filter-feedingspecies(Longet al. 1988).

A summaryof metalbioaccumulationdata fromLonget al. (1988) for musselssampled
fromSan PabloBay and CentralBayis presentedinTable 2.29. Summarystatisticsare

presentedseparatelyfor the basinsandperipheralareasof each bay. Forcomparison,data
have alsobeen includedfor theentireBay and fortwo referencelocationsoutsideof the Bay

(Tomales Bay and BodegaHead).

In general, meantissueburdensfor all sixmetalsfromthe Bay (Bay-wideaverages) and
boththebasinandperipheralsites fromSan Pabloand CentralBayexceededconcentrations

foundat the TomalesBay and BodegaHead referencesites. However, itshouldbe notedthat
there is wide scatterin the data for mostmetalsat each of thesites. Also,thedistributionof
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samplinglocationsis notevenacrossthe majorbasinsof the Bay. In manycasesthere is alsoa
widedifferenceinthe numberof samplescollectedfrombasinversusperipheralareaswithina

givenbay. Longet al. (1988) providea moredetaileddiscussionof thespatialand temporal
variabilityinthedistributionof each of themetals. The readeris urgedto consultthis referencefor

detailsconcemingthe individualstudyresultsthathavebeencompiledand summarizedinthis
report.

Relativelyfew studieshaveanalyzed PAH concentrationsin the tissuesof either fishor
bivalves. Longet al. (1988) onlyreference five surveys(11 sites)since 1975 that have

reportedtissue-PAHconcentrations.Moreover,samplingandanalyticalprotocolsvaried among

studies,makingitdifficultto reporton geographicandtemporaltrends. Rangesin totalPAH for
fish and mussels,respectively,were reportedas 0.017 ppmto 14 ppm wet weightand

0.025 ppm to 13 ppm wet weight.

Incontrastto PAH concentrations,thebiotaof the Bay havebeenwellcharacterizedfor

DDT concentrations.Longet al. (1988) report that 25 surveyssince 1965 have analyzedfor
DDT inthe tissuesof fish, bivalves,or crustaceans.Total DDT (sumof DDT, DDD, and DDE

isomers)concentrationsin 189 musselsamplescollectedthroughouttheBay averaged0.33 ppm

with a rangeof 0.01 ppmto 22.47 ppm. The Bay-widemeanexceededlevelsreported inthe

TomalesBay andBodegaHead referenceareas bya factorof 15. The meansfor San Pablo
Bay and Central Bay, respectively,were 0.10 ppm (range<0.2 ppm to 0.23 ppm) and 0.12 ppm

(range0.01 ppmto 2.6 ppm). A totalof448 tissuesamples(muscle,liver,gonad,or othertissue)
have been analyzedfor DDT from fishcollectedinthe Bay. Mostsamplinghas focusedon two

species,the starryflounder(Platichthys stellatus) andthe stripedbass (Morone saxatilis).
Samplinghas been mostintenseinthe Sacramento-SanJoaquinDelta. Longet al. (1988) report
totalDDT concentrationsinstarry flounderliverscollectedfromSan PabloBay (NOAA NS&T

Program)in 1984 and 1985 of 1.001 ppmand 1.325 ppmdryweight,respectively.

Since 1972, 19 surveyshave determinedPCB concentrationsin biotafrom the Bay.

Longet al. (1988) report a Bay-widemean concentrationof PCB in musseltissues(193
samples)collectedfrom 1975 to 1986 of 0.65 ppm dry weight(range0.06 ppmto 4.60 ppm dry

weight). The Bay-widemeanwas approximately13 timesthat reportedfor the TomalesBay
and Bodega Head referencesites. They caution,however,thatthis is onlyan estimate,because

manystudiesthey reviewedreported relativelyhighdetectionlimits,andmanysurveys reported
PCB concentrationsonlyinwet weight. A totalof 402 tissuesamples(muscle,liver,gonad,or

othertissue) have beenanalyzedfor PCBsfrom fish collectedinthe Bay. As notedfor DDT,
mostof thesamplinghasconcentratedon starryflounderandstripedbasscollectedfromthe

Sacramento-SanJoaquinDelta. The highestlevelsof PCBs have been reportedinstriped
bass,where meanconcentrationshave rangedfrom 0.47 ppmwet weightinmuscletissueto

2.13 ppm ingonads.
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TABLE 2.29. Summary of Metal Concentrations (ppm Dry Weight) in Mussels (Mytilus
edulis or M. califomianus) for Selected Years and Areas Within San
Francisco Bay (After Long et al. 1988)

Melm .... Mean:t:S.D. Median _ N Ranae Factor
Mmu a)
San Pablo Bay

Basin 0.38:1:0.16 0.35 0.16-0.74 33 4.6
MareIslandStrait 0.35:!:0.01 0.31 0.23-0.49 25 2.1

CentralBay
Basin 0.31+0.08 0.30 0.09-0.73 105 8.1
AllPeripheralsites 0.63:!:0.47 0.51 0.19-1.90 18 10.0

San FranciscoBay(all) 0.40+0.25 0.33 0.09-3.22 311 35.8
TomalesBay 0.23+0.08 0.23 0.12-0.41 22 3.4
BodegaHead 0.21 +0.10 0.18 0.09-0.45 22 5.0

Cadmium(b)

San PabloBay
Basin 10.83:1:7.77 9.90 2.4-34.4 33 14.3 i
Mare IslandStrait 4.81+2.49 3.90 2.2-10.9 24 5.0 !

CentralBay
Basin 6.10:1:2.2 5.60 1.8-15.0 105 8.3
All Peripheralsites 5.194-2.23 5.31 1.4-10.8 18 7.7

San FranciscoBay (all) 7.41+4.39 6.00 0.8-34.4 332 43.0
TomalesBay 3.86:1:1,43 3.70 1.7-7.2 37 4.2
BodegaHead 9.71+3.27 9.50 2.5-16.3 53 6.5

b)
San Pablo Bay

Basin 11.33:!:5.69 9.65 5.3-30.7 24 5.8
Mare IslandStrait 14.19:1:4.13 14.60 8.74-19.5 6 2.2

CentralBay
Basin 9,23:!:1.92 9.20 4.9-15.0 105 3.1
AllPeripheralsites 8.86:!:3.24 8.00 5.1-16.2 18 3.2

San FranciscoBay (all) 10.02:t:3.64 9.40 2.2-30.7 305 14.0
TomalesBay 9.36+4.36 7.75 3.8-22.3 28 5.9
Bodega Head 6.51+2.23 6.10 2.1-13.7 53 6.5

San PabloBay
Basin 2.45+1.92 2.15 1.1-10.4 32 9.5
Mare IslandStrait 2.89+2.85 1.85 <0.1-11.8 24 118.0

CentralBay
"Basin 7.57:!:35.5 3.7 1.0-366.4 105 366.4
AllPeripheralsites 30.62+122.0 <0.2 <0.2-519.2 18 2596.0

San FranciscoBay (all) 6.23+34.9 2.9 <0.2-519.2 331 2596.0
TomalesBay 0.41:1:0.56 <0.2 0.4-3.1 36 7.8
BodegaHead 0.93+0.38 0.9 0.3-2.2 53 7.3
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TL.I_._?,=_. (contd)

Melats Mean+ S.D. _ Ran__ _ Ranae Factor

Chromium(b)

San PabloBay
Basin 2.79+1.28 2.15 1.5-6.1 16 4.1
Mare IslandStrait 5.58:1:2.53 5.58 3.8-7.4 2 1.9

CentralBay
Basin 1.92:!:1.20 1.90 0.1-8.5 105 6.5
AllPeripheralsites 5.33:1:4.29 3.45 0.8-14.7 18 18.4

San FranciscoBay(all) 2.72+2.30 2.20 0.1-14.8 288 148.0
TomalesBay 0.71:1:1.11 <0.1 0.7-3.9 28 5.6
BodegaHead 2.05:!:1.11 1.73 0.9-6.6 23 7.3

Silve_b)

San Pablo Bay
Basin 0.37+0.23 0.40 0.02-1.1 33 55.0
Mare IslandStrait 0.41:!:0.13 <1.0 0.08-<1 24 11.2

CentralBay
Basin 1.00+1.05 0.90 0.03-1.9 103 63.3
AllPeripheralsites 0.11:1:0.15 <0.1 0.03-0.61 18 20.3

San FranciscoBay (all) 0.97+1.94 0.64 0.02-22.5 317 1125.0
TornalesBay 0.20:1:0.27 <0.1 0.03-1.3 37 43.3
Bodega Head 0.14:!:0.11 0.11 0.02-0.7 53 35.0

(a) 1973 to 1986.
(b) 1971 to 1986.

2.63



2.5 OVERVIEW OF FISH HISTOPATHOLOGY DATA

Demersalfish,whichare eitherinfrequentphysicalcontactwithsedimentsorfeed on
benthicprey, receivea relativelyhighexposureto mixturesof sediment-associatedchemicalsin

contaminatedareas (Longet al. 1988). Hence,demersalfishare thoughtto be reasonable
integratorsof contaminantexposurethroughouttheirmigratoryrange. Exposureto certain

chemicalsis knownto inducecancerousgrowthsand otherPathologicalandhistopathological
disordersin fish(Longet al. 1988). Consequently,histopathologicalexaminationsof tissue

lesionsin fishhave becomea standardpracticein manyregionalpollutionassessments.The

following briefsummaryof fishhistopathologydata for San FranciscoBay drawsheavilyon the

morethoroughreview by Longet al. (1988).

2.5.1 EnolishSolev

In 1953, Hesterofffounda 16% to 32% prevalenceintrawlsfrom CentralBay (in Kelly

1971). Cooperand Keller(1969) examined15,739 Englishsoleduringa year-longstudy(1965
to 1966) and foundthat theprevalenceof tumorsamongCentralBay fishwas nearlytwicethat

of the South Bayfish: 15.5% versus8.9%. Kelly(1971) collectedover 5000 fish during1969 to

1970 and founda 9.65% incidencein a CentralBay site,andan incidenceof only1.7% at a more
northerlysite. He also noteda cleartendencyfor smallerfishinshallowwaterto have a higher

prevalenceof tumorsthan olderfish indeeperwaters: 13% of fish in 1 to 1.5 fathomsversus
5.7% of fish in 1.5 to 2.0 fathoms. Notumorswere foundinfish capturedin4 to 6 fathomsof

water. Giventhe differencesamongsamplingdesignsof thesestudies,Longet al. (1988)
concludethat rigoroustestingof thedatato asse_ temporaltrendswas notpossible.

2.5.2 StarryRounder

From 1982 through1987, NOAh.supportedresearchperformedbytheLawrence

LivermoreNationalLaboratoryonthe effectsof organiccontaminantsinthe Bayon the
reproductivesystemof starryflounder. Spieset al. (1985a, 1985b, 1988) providestrong

evidencethat lipid-solubleorganiccontaminantshadsublethaleffects on the reproductive

successof starry flounder. Laboratory-spawnedfemales capturedat variously-contaminated

sitesshoweda highlysignificantnegativerelationshipbetween hepaticmixed-functionoxidase

(MFO) activityand fertilizationsuccess. Environmentalinductionof MFO activityby xenobiotic

contaminantsisapparentlywidespreadincoastalfishpopulationsof NorthAmerica. MFO
activityin the liverisa measureof the enzymaticresponseof the fish to organicpollutant

exposure,and it is inducibleby xenobioticcontaminants.Bay sedimentsare extensively
contaminatedwithxenobioticcompounds,includingPAHs, PCBs, phthalates,andbenzthiazole-2

(4-mopholinyl),whichcan accumulatein fishtissues. The resultsof these studiessuggestedthe

following: 1) thatthere isa directtoxic(sublethal)effectofchlorinatedbiphenylson both

fertilizationsuccessandviablehatchingof floundereggs(Spieset al. 1985a, 1985b), 2) that
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some femaleslivingin contaminatedconditionsmayexperiencecompletereproductiveinhibition

(Spieset al. 1988), 3) that concentrationsof PCBs inspawnedeggswere goodpredictorsof

embryologicalsuccess(Spieset al. 1988), 4) thatimmunoassaysfor P-450E couldbe
incorporatedintoNOAA's NS&T programas a sensitiveandpotentiallyinexpensivemeasure of

the biochemicalresponseof fishesto contaminants(Spieset al. 1988), 5) thatstarryflounder
collectedin OaklandOuter Harborhadgreaterliverconcentrationsof PCBs and PAHsthan those

collectedat a site in northemSan PabloBay orCentralBay near Berkeley(Spies and
Rice 1988), 6) that gameteviability,zygoteformation,andembryologicaldevelopmentdecrease

with increasinghepaticMFO activityof spawningfemales (Spiesand Rice 1988), and 7) that
reproductiveproblemsmay be associatedwithonlymoderateenvironmentalconcentrationsof

chlorinatedhydrocarbons.Thus, thexenobioticcompoundsaccumulatedinthe Bay had,and

may continueto have, measurableeffectson starry flounderreproductiveanddevelopment

processes(Spies et al. 1988b).

2.5.3 White Croaker

Based on data collectedbythe BenthicSurveillanceProject(NOAA 1987), the

prevalenceof proliferativedisordersof the kidneyinwhitecroakerwas 3% at Southhampton
Shoal, 10% at Oakland, andabout7% at Bodega Bqy. Since no otherstudieshave been

conducted, insufficientdata presentlyexistto determinepotentialtemporaltrendsin
histopathologicalconditionsinwhitecroaker.

2.5.4 Summary

A majorimplicationof thesehistopathologicalstudiesrelativeto theJFBSC isthat better

sedimentcontaminationinformationis neededas a measureof thepotentialimpactson
reproductivesuccessof demersalfishpopulations.Few consistentstatisticalrelationships

betweensedimentchemistryand histopathologicaldisordershavebeen demonstrated,largely
becausedemersalfish aremobileandthusexposedto numerous,synergisticandpotentially

adverse,stimuli.Histopathologicaldisordersmay be theresultof environmentalfactorsother
than bulkchemistrythat have notyet beenadequatelyresearched.
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3.0 IDENTIFIC;ATION OF CONTAMINANTS OF CONCERN

The precedingsectionsofthis reportidentifiedpotentialsourcesof contaminationto
JFBSC sedimentsand presentedan overviewof sedimentchemistry,sedimenttoxicity,and

bioaccumulatlonstudiesthat havebeen performedon sedimentseitherwithinor in the vicinityof
theWest Richmond,PinoleShoal,and CarquinezStraitreachesof the Channel. Thissection

providesa summaryof contaminantsthat are potentiallypresentin JFBSC sedimentsand
identifiescontaminantsthat, becauseof theirconcentrationand/ortoxicologicalimportance,are

judgedto be of particularconcern.

The followingstudiespresentedsedimentchemistryand toxicitydata thatwere judgedto

be relevantforexaminingthe potentialtoxicologicalimportanceof JFBSC sediments:

SedimentChemistry:

• USACE (1979)
• USACE (1970 to 1983, unpublisheddredgingdata sheets)
• Longet al. (1988)
• E.V.S. (1983)
• Word and Kohn(1990)
• Kohnet al. (1991)

SedimentToxicity:

• Longet al. (1988)
• E.V.S. (1989)
• Longand Markel(1992)

Becauseofthe variablenature of dredgedmaterials,theGreen Bookspecifiesthat

contaminantsof concernbe identifiedon a case-by-casebasis. Contaminantsspecifically
addressedin§227.6 of the Ocean DumpingRegulationsmustbe consideredas partof this

evaluation. Thesecontaminantsare organohalogencompounds;mercuryor mercurycompounds;
cadmiumor cadmiumcompounds;oilof any kindor inany form;knowncarcinogens,mutagensor

teratogensor materialssuspectedto be carcinogens,mutagens,or teratogensby responsible
scientificopinion. Othercontaminantsto be includedare thosethatmightreasonablybe

expected to cause an unacceptableadverse impactif thedredgedmaterialinquestionwere
placedin theocean. Contaminantsof concemare furtheridentifiedon thebasisof their

concentrationindredgedmaterialsrelativeto theirconcentrationin referencesediments,
toxicologicalimportance,persistencein theenvironment,and propensityto bioaccumulate.

A listof p_._tentialcontaminantsinJFBSC sedimentsispresented inTable 3.1. This list

includescontaminantsthat have been verifiedin JFBSC sedimentsas well as thosethat might
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reasonablybe expectedto be presentbased on currentand historicalsourcesof contaminant

loading. Contaminantsourcesthatare likelyto be of importancerelativeto JFBSC sediments,
have been summarizedinthe precedingsectionsof this report.

Table3.2 presentsa listof contaminantsof concernwithintheWest Richmond,Pinole

Shoal and CarquinezStraitreachesof the Channel. This listis based on sedimentanalysis
conductedin 1989 (Wordand Kohn1990) and 1990 (Kohnet al. 1991) by Battelle/Marine

Sciences Laboratory.Allof the contaminantsin this tablehavevedfledconcentrationsthat are at
leasttwoto fourtimeshigherthanconcentrationsofthe samecontaminantsin reference

sediments(i.e., typicalshale sediment,PointReyescoarseandfinesediments). Ten metals(Ag,
As, Cu, Cr, Hg, Ni, Pb, Se, TI, andZn), oiland grease, petroleumhydrocarbons,PAHs, PCBs,

pesticidesandorganotinare includedonthis list.

Elevatedconcentrationsof metalswere detectedinsedimentsthroughoutthe Channel.
Cu, Zn, Ni, andCr were the four metalsmostoftenfoundat elevatedconcentrations.Over 80%

of the stationssampled hadelevated levelsof at leastoneof thesemetals. Ag was alsowidely
distributed,with32 outof 53 stationsreportingelevatedconcentrations.Hgwas foundat

elevatedconcentrationsat 7 outof 9 stationsinCarquinezStrait,16 out of30 stationsin Pinole
Shoal,and 7 outof 14 stationsinWest Richmond.Concentrationsof Cd at moststationswere

generallybelowlevelsfoundin referencesediments.

Wordand Kohn(1990)foundgoodagreementbetweensedimentmetalconcentrations
andTOC, althoughthey identifiedseveralmetalsthatwere foundat higherthan expectedlevels

basedon sedimentorganicmatterconcentrations.Agwas enrichedin the lower4 ft to 8 ftof
sedimentat West RichmondstationWR IV.5 C andAs, Pb,and Zn werefoundat elevated

concentrationswithinthe upper4 ft to 6 ft of sedimentinWest RichmondstationsWR V L,WR

IV.5C, andWR IV R. In thecentralportionof PinoleShoal,the upper5 ftto 8 ft of sedimentat

stationsP VI L and P VIII R were identifiedas havingmetalconcentrationsthat were consistently
higherthan sedimentsinthesurroundingarea. SedimentsfromnortheasternPinoleShoalwere

shownto havegenerallyhigherlevelsof mostmetals,with the highestconcentrationsof As, Hg,
andAI foundat stationsnear theopeningof CarquinezStrait.

Word and Kohn(1990) useda modelbasedon partitioningcoefficientsto predict potential

waterco;umnconcentrationsofAs, Ag, Pb,andZn fromtheirconcentrationsinsediment. They
reportedthat maximumpredictedwatercolumnconcentrationsforeachof themetalswouldnotbe

expectedto exceedthe corresponding4-day averageEPAGoldbookCriteriaforacutetoxicity.
However,theyconcludedthatsedimentmetalconcentrationsat selectedstationsin Carquinez

Straitandthecentraland northeastemsectionsof PinoleShoal,were highenoughto posea risk
to sensitivemarineorganisms.Wordand Kohn(1990) recommendthat toxicitytestingbe
performedto determinethebioavailablefractionof sedimentmetals.
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TABLE 3.1. Potential Contaminants in JF Baldwin Sediments

Contaminant

West Richmond

Ag Word & Kohn(1990), Davis et al. (1991), USACE (1973), Longet al. (1988),
USACE(a)

As Word & Kohn(1990), Kohnet al. (1991), Daviset al. (1991)
Cd Longet al. (1988)
Cu Word & Kohn(1990), Kohnet al. (1991), Daviset al. (1991), USACE (1973),

Longet al. (1988)
Cr Word & Kohn(1990), Kohnet al. (1991), Daviset al. (1991), Longet al. (1988)
Hg Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
Ni Word & Kohn(1990), Kohnet al. (1991), Daviset al. (1991)
Pb Word & Kohn(1990), Kohnet al. (1991), Daviset al. (1991)
Se Word & Kohn(1990)
Zn Word & Kohn(1990), Daviset al. (1991)
Oiland Grease Word & Kohn(1990)
PH Word & Kohn(1990)
PAH Word & Kohn (1990), Longet al. (1988)
Pesticides Longet al. (1988)
PCB Longet al. (1988)
Organotin Word & Kohn(1990)

Pinole Shoal

Ag E.V.S. (1989), Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
As E.V.S. (1989), Word & Kohn (1990), Daviset al. (1991)
Cd E.V.S. (1989), Daviset al. (1991), USACE (1973), Longet al. (1988)
Cu E.V.S. (1989), Word & Kohn(1990), Daviset al. (1991), USACE (1973),

Longet al. (1988)
Cr E.V.S. (1989), Word & Kohn (1990), Daviset al. (1991), Longet al. (1988)
Hg E.V.S. (1989), Word & Kohn(1990), Daviset al. (1991), USACE (1973),

Longet al. (1988)
Ni Word & Kohn(1990), Daviset al. (1991)
Pb E.V.S. (1989), Word & Kohn(1990), Daviset al. (1991), USACE (1973),

Longet al. (1988)
Se E.V.S. (1989), Word & Kohn (1990)
TI Word & Kohn (1990)
Zn E.V.S. (1989), Word & Kohn (1990), USACE (1973)
Oil andGrease E.V.S. (1989), Word & Kohn (1990), USACE (1973)
PH Word & Kohn (1990)
PAH E.V.S. (1989), Word & Kohn(1990)
Pesticides E.V.S. (1989), Word & Kohn(1990)
Organotin E.V.S. (1989), Word & Kohn(1990)
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_. (contd)

Contaminant

CarouinezStrait

Ag Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
As Word & Kohn(1990), Daviset al. (1991)
Cd Daviset al. (1991), Longet al. (1988)
Cu Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
Cr Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
Hg Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
Ni Word & Kohn(1990), Daviset al. (1991)
Pb Word & Kohn(1990), Daviset al. (1991), Longet al. (1988)
Se Word & Kohn (1990)
TI Word & Kohn (1990)
Zn Word & Kohn(1990), Daviset al. (1991)
Oil andGrease Word & Kohn (1990)
PH Word & Kohn(1990)
PAH Word & Kohn(1990)
Pesticides Word & Kohn(1990)
Organotin Word & Kohn(1990)
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TABLE 3.2. Summaw of Contaminants of Concem at Individual Sampling Locations Within
the JFBSC ( Data are from Word and Kohn 1990 and Kohn et al. 1991)

West Richmond Depth (ft) Contaminant(a)

Word and Kohn

WRVIIC 0-5.5 Cr, Cu, Hg, Pb, Se, Zn, PAH
WR VI L 0-4 Ag, Cu, Hg, Zn, O&G(b),PH, PAH
WR V L 0-6 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH, PAH
WR IV.5C 0-4 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH, PAH
WR IV.5C 4-8 As, Cu, Ni
WR IVR 0-6 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH, PAH
WR IVR 6-11.5 Ag, Cr, Cu, Ni, Zn, PAH
WRIIIL 0-6.6 Cr, Cu, Ni,Zn, O&G
WRIIIC 0-6.4 Cr, Cu,Ni
WR IIL 0-6.9 Cr, Cu,Hg, Ni,Zn
WRI R 0-5.1 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH, PAH

Kohn et al.
WR-A Cu
WR-B Cr,Cu
WR-C As, Cr, Cu,Ni
WR-D Cu
WR-E Cu

PinoleShoal
P IC 0-3 Ag, Cu, Ni,Zn, O&G
PIIC 0-4.3 Ag, Cu, Ni, Zn
P IIIL 0-3 Ag, Cr, Cu, Ni, Se, Zn, O&G
P IV R 0-8 Ag, Cr, Cu,Ni, TI,Zn
P V L 0-8.4 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH
PV C 0-8.7 Ag, Cr, Cu, Ni, Zn
PV R 0-5 Ag, As, Cr, Cu, Hg, Ni, Zn, O&G
PV R 5-10.5 Ag, Cr, Cu, Ni, Se, Zn, O&G
P VI L 0-5 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn, O&G
PVI L 5-11.6 Ag, Cr, Cu, Ni, Zn, O&G, PH, PAH
PVI C 0-9 Ag,Cr, Cu, Ni,TI,Zn
PVI R 0-5 Ag,Cr, Cu, Hg, Ni, Pb, Zn, O&G
PVI R 5-11.7 Ag,Cr, Cu, Ni,TI, Zn
PVII C 0-5 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G
PVII C 5-10.1 Cr,Cu, Ni,Zn, O&G
PVIII L 0-6.6 Ag, Cr, Cu, Hg, Ni, Pb, TI,Zn, O&G, PH
P VIIIL 6.6-9.5 Cr,Cu, Ni
PVIIIR 0-8 Ag, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH
PVIIIR 8-10.5 As, Cr,Cu, Ni, Zn
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T__.ABLE3.2. (contd)

West Richmond Depth (ft) Contaminant(a)

Pinole Shoal
PVIII.5 C 0-3.6 Cr, Cu, Ni, Zn, O&G
PVIII.5 C 3.6-10.4 Cr, Cu, Ni, Zn
P IX C 0-5 Cr, Cu, Ni, Zn
P IX C 5-11.8 Cr, Cu, Ni
P IX.5 L 0-5 Cr, Cu, Ni,Zn
P IX.5 L 5-10.1 Cr, Cu, Ni
PX R 0-6 Cr, Cu, Ni,Zn
PX R 6-11.5 As, Cr, Cu, Ni,Zn
P X.5 C 0-5 Cr, Cu, Ni,Zn
P X.5 C 5-11 Cr, Cu,Ni
PXI L 0-3.5 Ag, Cr, Cu, Ni, Zn
PXIIR 0-8.5 Cr, Cu, Hg, Ni,TI, Zn
PXII RR 0-9.2 Ag, As, Cr, Cu, Hg, Ni, Zn, O&G
PXII B2 0-2 Cr, Cu, Ni, Pb, Zn
P XII B2 2-7.5 Ag, As, Cr, Cu, Hg, Ni, Se, Zn, O&G
PXII B2 7.5-12.5 Ag, Cr, Cu, Ni, Zn
PXII B1 0-5 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH
PXII B1 5-11.1 Cr, Cu, Ni, Se, Zn, O&G
PXII.5 C 0-6 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn

• PXII.5 R 0-5.3 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn
PXII.5R 5.3-11.1 Cr, Cu, Ni, Zn
PXIIIL 0-6 Ag, As, Cu, Hg, Ni, Pb, Zn
PXIIIR 0-5 Ag, As, Cu, Hg, Zn
PXIIIR 5-10 Ag, As, Cr, Cu, Hg, Ni,TI, Zn
PXIV C 0-4.5 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PAH

Camuinez _trait
CB 1 0-6.6 Ag, As, Cr, Cu, Hg, Ni,Pb, TI, Zn, O&G
C IR 0-8 Ag, As, Cu, Hg, Ni, Pb, TI, Zn
CB 4 A 0-3.8 Ag, As, Cr, Cu, Hg, Ni, Pb, Se, Zn, O&G, PH, PAH
CB 4 A 3.8-11.4 Ag, As, Cr, Cu, Hg, Ni, Zn
CB 5 0-4 Cr, Cu, Ni,Zn
CB 6 0-6.5 Ag, As, Cr, Cu, Hg, Ni, Pb, Zn, PAH
CB 7 0-3.1 Ag, As, Cr, Cu, Hg, Ni, Pb, Se, Zn, O&G, PH, PAH, TBT
C IIC 0-4

C UC 4-6.8 As, Cr, Cu, Hg, Ni, Pb, Zn, O&G, PH
C IIR 0-2.4 As, Cu, Hg, Zn

(a) Allcontaminantslistedexceeded referencesediment(shale,PointReyes coarseand fine sediment)
concentrationsby a factorof two. Contaminantsinboldexceeded referenceconcentrationsby a
factorof four.

(b) Oil and grease.
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PAHs were detectedinsedimentsfromall regionsof theChannel;however,
concentrationsinWest Richmondsedimentswere greatlyelevatedrelativeto thatof either

CarquinezStraitor PinoleShoal. Concentrationsof PAHs wereeithernotdetectedor very low in
thesouthwesternportionof PinoleShoal. OnlytwostationsfromcentralPinoleShoaland two

stationsfrom berthingareas in northeastemPinoleShoalhaddetectablelevelsof PAHs.
SedimentscollectedinWest Richmondduring1989containedlevelsof total PAHthat werefrom9

to over300 timeshigherthan stationsfromCarquinezStraitand PinoleShoal. Stationsinthe

southernportionof West Richmondcontainedbothlow andhighmolecularweightPAHs. LPAHs
were sequentiallylostin thenorthemsectionsof thechannel. Wordand Kohn(1990) suggest

thatan unweatheredsourceof petroleumhydrocarbonsmay be presentinthe vicinityof station
WR VII. Additionalsamplingof stationsin West Richmondduring1990 didnotdetectPAHs in
sediments. Stationssampledin1990 were locatedapproximately1000 ft to 2000 ft east of the

1989 stations. Kohnet al. (1991)concludethatwhileconcentrationsof PAHs insediments

collectedduring1990 do notrepresenta significanthazard,there is reasonto believethat

dredgingcouldhavea negativeimpacton marinelifeif thesourceof PAHs inthe 1990 sediments
isstillactive. Concentrationsof PAHs reportedbyWord and Kohn(1990) warrantfurther testing
of sedimentsintheWest Richmondsectionof theChannel.

Althoughpesticidesand PCBswere consideredto be likelycontaminantsinJFBSC

sediments,theywere undetectedby Wordand Kohn(1990) andKohnet al. (1991). E.V.S.
(1989) didnotdetectPCBs andonlyreportedlowconcentrationsof threechlorinatedpesticidesin

PinoleShoalsediments. Organotinconcentrationswere lowor notdetectedin PinoleShoal
sediments,exceptfor an area withintheChannelapproximatelydue northof PinolePt. where

concentrationsof dibutyltinand tributyltin,respectively,of 0.011 mg/kgdryweightand
0.027 mg/kgdry weightwere reported (E.V.S. 1989). Word andKohn(1990) reportnon-
detectableto low levelsof organotinsinsedimentsfromWest RichmondandPinoleShoal,but
slightlyelevatedconcentrationsi=iCarquinezStrait. UsingtheValkirset al. (1986) formulation,

theypredictthatwatercolumnconcentrationsof tributyltincouldreach8% and 25%, respectively,
of the acuteandchronicmarinewaterqualitycriteriavalues. Theyconcludethat levelsof

tributyltinin sedimentsof at leastone berthingarea (CB 7) maybe highenoughto contributeto
toxicityor bioaccumulation.

Informationon bioavailabilityandthe relativebioaccumulationpotentialofsediment

contaminantsfrom theJFBSC isgenerallylacking.While bioassayshave been performedon
sedimentsfrom manyregionsofCentralBay and San PabloBay, onlyonestudy(i.e., E.V.S.

1989) has presentedtoxicitydatawherepotentialdredgedmaterialfromtheJFBSC was
evaluated. Thisstudyconductedmussellarvaebioassaysusingsedimentsfromtwo sitesin
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the centralregionof the PinoleShoalChannel. Moderatetoxicity(EC50= 50.9% v/v) was
reportedat one of thesites,whilethe percentageof abnormallarvaeatthe othersitedid notdiffer
significantlyfrom referencesediments.

A numberof contaminantsof concernhave been foundinChannelsedimentsat elevated

concentrationsrelativeto referenceareas. Thepresenceof thesecontaminants,coupledwiththe
fact that uncertaintyexistsregardingtheirbioavailabilityandbioaccumulationpotential,leadsto

theconclusionthatfurthertestingof Channelsedimentsisrequired. Furthertestingof sediments

isneeded for areas withinCarquinezStrait,PinoleShoal,andWest Richmond.Testingshould
includesedimentanalysisforchemicalsof concem, Tier IIIsolidphaseand suspendedsediment
toxicitytesting,andbioaccumulationtestingforchemicalsofconcem. Thechemicalsof concem

are conventionalparameters(TOC, grainsize,oil andgrease,petroleumhydrocarbons,and
ammonia),metals (Ag,As, Cr, Cu, Hg, Ni, Pb, Se, TI, andZn), PAHs (16 EPA priodtypollutants),

and organotins.A cursoryevaluationof pesticidesand PCBs shouldalso be performed.
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4.0 DETERMINATION OF COMPLIANCE

Existingphysical,chemical,andbiologicaldataon sedimentsproposedfor dredgingfrom

theJFBSC have beencompiledin Section2 of thisreport. Section3 identifiedcontaminantsthat,
becauseof theirconcentrationand/ortoxicologicalimportance,havethegreatestpotentialto

adverselyimpactsensitivemadne life. The purposeof thissectionisto determinewhether
sufficientinformationexiststo determinecompliancewith the limitingpermissibleconcentration

(LPC).

Sedimentsthatmeetoneormoreof the followingcriteriaare consideredenvironmentally
acceptablefor oceandisposalwithoutfurther testing:

1) dredgedmaterialis composedpredominantlyof sand,gravel,rock,or any othernaturally
occurringbottommaterialwithparticlesizeslargerthansilt,andthematerialisfoundin
areas of highcurrentorwave energysuchas streamswithlargebed loadsor coastal
areas withshiftingbarsand channels;or

2) dredgedmaterialis forbeachnourishmentorrestorationand iscomposedpredominantlyof
sand,gravel,or shellwithparticlesizescompatiblewithmaterialon the receiving
beaches;or

3) when - (i) The materialproposedfor dumpingis substantiallythe same as thesubstrate
at the proposeddisposalsite,and(ii) The sitefromwhichthematerialproposedfor
dumpingisto be takenisfar removedfromknownexistingandhistoricalsourcesof
pollutionso as to providereasonableassurancethat suchmaterialhas notbeen
contaminatedby suchpollution.

Sedimentsthat wouldbe removedduringPhase III improvementsto theJFBSC fail to
meet the exclusionarycriteriaoutlinedabove. The firstcriterionis notmetbecausefine-grained

sedimentscomprisea significantfractionof the bottommaterialin someareasof the Channel,and
becausethismaterialis notexposedto highcurrentorwaveenergy. Dredgedmaterialfromthe

JFBSC is notbeingproposedfor beachnourishment;therefore,thesecondcriterionis notmet.

JFBSC sedimentsdo not meet the thirdcriterionbecause,althoughtheymay be substantially

similarto substratesat severalof the proposeddisposalsites,theyare from an area that
historicallyexperiencedloadingofcontaminants,whichtoxicologystudieshave shownhave the

potentialto resultinacutetoxicityorsignificantbioaccumulatlon.

Sufficientinformationon contaminantconcentrationsinJFBSCsedimentsexiststo

concludethat dredgedmaterialsfrom the Channelmaypose a riskto sensitivemarineorganisms.

Informationon persistence,bioavailability,and relativebioaccumulationpotentialare lacking;
therefore,additionaltestingof sedimentsunderTier III is warranted.
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APPENDIX

DEFINITIONS OF ACRONYMS AND ABBREVIATIONS



AHI AquaticHabitatInstitute
BADA BayArea DischargersAssociation
BCDC San FranciscoBayConservationand DevelopmentCommission
BOD biologicaloxygendemand
CRWQC B CalifomiaRegionalWaterQualityControlBoard
CC C CalifomiaCoastalCommission
CDFG CalifomiaDepartmentof FishandGame
COD chemicaloxygendemand
CVRWQCB CentralValley RegionalWater QualityControlBoard
CWA CleanWaterAct
CZMA CoastalZone ManagementAct
DDD dichlorodiphenyldichloroethane
DDE dichlorodiphenyldichloroethylene
DDT dichlorophenyltrichlorethane
EIS EnvironmentalImpactStatement
EPA EnvironmentalProtectionAgency
ESA EndangeredSpeciesAct
FONSI Findingof NoSignificantImpact
FWCA FishandWildlifeCoordinationAct
IRIS IncidentReportingInformationSystem
JFBSC JF BaldwinShipChannel
Ion kilometer
L liter
LPC LimitingPermissibleConcentration
m meter

MmgLLW mill_ramsMean Lower Low Water
MPRSA Marine Protection,Research,andSanctuariesAct
NCP NationalContingencyPlan
NEP NationalEstuaryProgram
NEPA NationalEnvironmentalPolicyAct
NMFS NationalMarineFisheriesService
NOAA NationalOceanicandAtmosphericAdministration
NPDES NationalPollutionDischargeEliminationSystem
NS&T NationalStatusandTrends
NURP NationalUrbanRunoffProgram
PAH polynucleararomatichydrocarbon
PCB polychlorinatedbiphenyl
ppb partsper billion
ppm partspermillion
psPt parts per thousand

FBRWQCB San FranciscoBay Reg!onalWaterQuality ControlBoard
SFEP San FranciscoEstuaryProject
S LC State LandsCommission
TKN totalkjeldahlnitrogen
T OC totalorganiccarbon
TPH totalpetroleumhydrocarbons
TVS totalvolatilesolids
USACE U.S. ArmyCorpsof Engineers
USCG U.S. Coast Guard
USFWS U.S. FishandWildlifeService
V/V volumeto volume
WQA Water Quality Act
W QC waterqualitycriteria
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