
PNL-7963
UC-000

"Approved for public release; distribution is
unlimited."

EcologicalEvaluationof
Oakland Harbor PhaseIII
-38-Foot CompositesRelative to
the Alcatraz Island Environs(R-AM)

H. L. Mayhew J.Q. Word
N. P. Kohn M.R. Pinza
J.A. Ward

Battelle/Marine SciencesLabo,'atory
Sequim, Washington

III

January 1992

Prepared for the
U.S. Army Corps of Engineers San Francisco District
under a Related Services Agreement
with the U.S. Department of Energy
Contract DE-AC06-76RLO 1830

i

'r

Pacific Northwest Laboratory

Operated for the U.S. Department of Energy
by Battelle Memorial Institute

Z
,r.

OBallelle



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United StatesGovernment. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any
warranly, expressed or implied, or assumesany legal liability or responsibility for
the accuracy, completeness, or usefulnessof any information, apparatus, product,
or processdisclosed, or represents thai itsuse would not infringe pri_/ately owned
rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United SKates
Government or any agency thereof, or Battelle Memorial Institute. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.

PACIFIC NORTHWEST LABORATORY

opera ted by ,'
BATTELLE MEMORIAL INSTITUTE

for the

UNITED STATES DEPARTMENT OF ENERGY

under Contract DE-ACO6-76RL O 1830

Printedin the United Statesof America

Available to DOE and DOE contractorsfrom the

Office of Scientificand TechnicalInformation,P.O. Box62, Oak Ridge,TN 37831;
pricesavailablefrom (615) 576-8401. FTS626-8401.

Availableto the public from the National Technical InformationService,
U.S. Department of Commerce,5285 Port RoyalRd., Springfield,VA 22161.

, I 2



PNL-- 7963

O DE92 008053

ECOLOGICALEVALUATIONOF OAKLAND HARBOR
PHASE III-38-FOOT COMPOSITES RELATIVE TO
THE ALCATRAZ ISLAND ENVIRONS (R-AM)

H. L. Mayhew
N. P. Kohn
J. A. Ward
J. O. Word
M. R. Pinza

Battelle/MarineSciences Laboratory ........ -. • •

"_ .... " i,"__,i'__'Sequim, Washington "!' '_"'I,....,;,;,;,.'._,:,

FEB2 4 1992
January 1992

Prepared for the
U.S. ArmyCorps of Engineers- San FranciscoDistrict
undera Related ServicesAgreementwith
the U.S. Departmentof Energy
ContractDE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352

• .

_. :_' , , .



The Water ResourcesDevelopmentAct of 1986 (PublicLaw 99-662) authorizedthe

U.S. ArmyCorps of Engineers(USACE) San FranciscoDistrict,to deepen and widen the

navigationalchannelsof the Oakland Inner Harborsto accommodatedeeper-draftvessels.

Battelle/MarineSciences Laboratory(MSL) conducteda study for USACE to determine

whether potentialdredged sedimentsin Oakland Inner Harborwere suitable for open-water

disposal, followingthe guidelinesof the Draft Ecological Evaluation of Proposed Discharge of

Dredged Material into Ocean Waters, otherwiseknownas the implementationManual

(EPNUSACE 1990). This reportsummarizesthe collection,chemicalanalysis,toxicitytesting,

and bioaccumulationanalysisof sedimentscollectedto -38 ft relative to mean lower lowwater

from Oakland Inner Harbor. Six dredged materialcompositesamples(COMPs) were

comparedto reference sedimentfrom the area surroundingAlcatraz Islandand its dredged

materialdisposalsite, designatedthe Alcatraz I._landEnvirons(R-AM). Examinationof the

resultsof toxicitytests and bioaccumulationanalysiswillassist USACE in determiningthe

effectsof in-bay disposalof the Oakland Inner Harbor dredgedmaterialon the Alcatraz Island

Environs.

Sedimentcore sampleswere collected from 29 sites representingpotentialdredging

areas in Oakland Inner Harbor. The sampleswere allocatedto six compositetreatmentsfor

biologicaltesting(COMPs I to VI). Individualsedimentsamples from each site were retained

for physicaland chemicalanalysisonly. Reference and controlsedimentswere also collected

to providea basisfor comparisoninthe testingprogram. Test treatments(potentialdredged

material),the reference treatmentR-AM, and controltreatmentswere tested for physicaland

chemicalparameters,water columneffects,acute toxicity,and bioaccumulationpotential.

Physicaland chemical analysesof sedimentconsistedof grainsize, total volatilesolids(TVS),

totalorganiccarbon (TOC), oil andgrease, total petroleumhydrocarbons(TPH), metals,

polynucleararomatichydrocarbons(PAHs), chlorinatedpesticides,polychlorinatedbiphenyls

(PCBs), and butyltincompounds. These physicaland chemicaldata were used in supportof

the toxicologicaland bioaccumulationtesting.

To evaluate water columneffects,suspended-particulate-phase(SPP) tests were

conducted,using the mysid shrimpHo/mesimysis scu/pta, the speckledsanddab Citharichthys

stigmaeus, and larvae of the PacificoysterCrassostrea gigas. To evaluate acute toxicity,solid-
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phase tests were conducted using the bent-nose clam Macoma nasuta, the polychaete

Nephtys caecoides, the speckled sanddab Citharichthys stigmaeus, and the amphipod

Rhepoxynius abronius. Bioaccumulation potential was evaluated by exposing M. nasuta and

N. caecoides to solid-phase treatments for 28 days and then measuring the contaminants of

concern present in their tissues. These SPP and solid-phase tests were conducted on the six

Inner Harbor composites and the reference (R-AM). Solid-phase tests also included control

sediment treatments.

Contaminants of c,3ncernwere found at elevated levels in the composite sediment

treatments and their contributing samples, relative to the reference sediment R-AM. There

was evidence that COMP V was acutely toxic to R. abronius, and that COMP VI was acutely

toxic to N. caecoides, relative to R-AM. No acute toxicity was observed in any of the SPP tests,

indicating that water column effects are not expected as a result of dredged material disposal.

The potential for bioaccumulation of contaminants associated with dredged material by

sensitive marine organisms was measured by exposing two species, M. nasuta and

N. caecoides, to composite and reference sediment treatments for 28 days. Contaminant

levels in the tissues of organisms that had been exposed to the composite sediment

treatments were statistically compared to contaminant levels in tissues of organisms exposed

to R-AM. Comparisons were msde on both a wet weight and dry weight basis for ali

parameters except metals, which were compared on a dry weight basis only. In general,

tissues of M. nasuta showed more incidents of significantly elevated contaminant levels than

N. caecoides. High molecular weight PAHs were elevated in tissues of both M. nasuta and

N. caecoides that had been exposed to COMP III, COMP IV, COMP V, and COMP VI. In

general, M. nasuta and N. caecoides exposed to COMP I and COMP II showed the fewest

incidents of elevated contaminant levels, while COMP V and COMP VI showed the most

incidents of elevated tissue contaminant levels.
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1.0 INTRODUCTION

Oakland Harbor Is located oP,the eastern shoreline of central San Francisco Bay in

Alameda County, between the cities of Oakland and Alameda, California (Figure 1.1).1

Oakland Harbor "rod its access channels are no longer wide or deep enough to accommodate

modem, deeper-draft vessels. The Water Resources Development Act of 1986 (Public L_w 99-

662) authorized the U. S. Army Corps of Engineers,(USACE), San Francisco District, to

deepen and widen the navigation ch_mnelsin Oakland Harbor. Several options for disposal

of the material from this dredging project are under consideration by USACE. Those options

include disposal within San Francisco Bay, at open-ocean sites, or at uplands disposal sites.

Section 103 of the Marine Protection,Research,and SanctuariesAct of 1972

(MPRSA), PublicLaw 92-532, specifiesthat ali proposeddisposalof dredged material into

openwater be evaluatedto determinethe potentialenvironmentalimpactsof those activities.

T(_complywith those requirements,the potentialharmfuleffectsof the dredged m_uria! must

be evaluated by chemical characterization,toxicitytesting,and bioaccumulationtestingprior

to dredgingand disposal.

Between March 1988 and February 1990, Battelle/MarineSciences Laboratory

O (MSL)(a),operatingundercontractto USACE, completedthree studies to evaluate the

acceptabilityof Oakland Harborsediments for the open-oceandisposaloption: Oakland

Harbor38-Foot, 42-Foot Phase I, and 42-Foot Phase II Projects(Word et al. 1988; 1990a,b).

These studies includedsedimentchemistryanalysis,solid- and suspended-particulate-phase

(SPP) sediment toxicitytests, and 10-day bioaccumulationmeasurements. The Oakland

Harbor38-Foot, 42-Foot Phase I, and 42-Foot Phase II evaluations,whichwere conducted

from 1988 to 1990, were underthe guidanceof the 1977 Ecological Evaluation of Proposed

Discharge of Dredged Material into Ocean Waters; Implementation Manual of Section 103 of

- Public Law 92-532 (1977 ImplementationManual) (EPNUSACE 1977). Since the above

testswere .completed,the ImplementationManual was revisedby the Environmental

ProtectionAgency (EPA) and the USACE, and released initiallyas the Draft Ecological

Evaluation of Proposed Discharge of Dredged Material into Ocean Waters (EPNUSACE

1990). Subsequentrevisionshave resultedin the finalversionof the Evaluation of Dredged

(a) The Marine SciencesLaboratoryis partof the Pacific NorthwestLaboratory,which is
operatedfor the U.S. Departmentof Energyby BattelleMemorial Institute.
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Material Porposed for Ocean Disposal Testing Manual (EPNUSACE 1991). The revised

version is hereinafter referred to as the 1991 Implementation Manual.

In 1990, USACE requested that MSL resample sites Included In the earlier Oakland

Harbor 38-Foot, Phase I, and Phase II studies, as well as some additional sites, and evaluate

the sediments following the 1990 Draft Implementation Manual for ocean disposal testing.

This request developed into the Oakland Harbor Phase III Program. Because of the number of

sites and associated evaluations, Phase III was divided into three projects. The Oakland

Harbor Phase III A Project, conducted in June 1990, covered the proposed deepening of

Oakland Inner Harbor from -38 ft to -42 ft mean lower low water (MLLW). The Oakland Harbor

Phase III B Project, conducted in November 1990, covered the proposed deepening of

Oakland Outer Harbor from its existingdepth to -42 ft MLLW. The Oakland Harbor Phase III

38-Foot Project, conducted in September 1990, covered the proposed deepening of Oakland

Inner Harbor from its existing depth to -38 ft MLLW. The Oakland Harbor Phase III A and

Phase III B sediment evaluations are presented in separate documents.

The study area for the Phase III 38-Foot Project included 29 of the 32 proposed sites in

Oakland Inner Harbor (Figure 1.2). The project consisted of collecting sediment from mudline

O to -39 ft MLLW (-38 ft plus 1 ft overdepth) to represent the dredged material. Selectedsamples were combined into six composites (COMPs) and subjected to chemical

measurement and biological toxicity tests. Sediment chemistry was conducted on individual

samples as well as on the composite samples. Tests were conducted for the 38-Foot Project

followed the guidance in the 1990 Draft Implementation Manual. In addition to dredged

material samples, reference and control sediment samples were collected and tested

following the sample procedures. The reference sediment allows the bio!Dgical responses

and contaminant levels of a proposed dredged sediment sample to be compared to those of a

potential disposal area that is "...substantially free of contaminants and which...reflects

conditions that would exist in the vicinity of the disposal site had no dredged-material disposal

ever occurred...". The control sediments allow validation of test results through evaluation of

the health and normal response of the test organisms.

The purpose of these analyses was to provide information required to address

potential ecological effects resulting from in-bay disposal of the dredged material for Oakland

Harbor at the Alcatraz Island Environs reference area (R-AM). Accordingly, results of the six

composite samples were statistically compared only to the reference sediment R-AM
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collected from the Alcatraz Island Environs reference area. These comparisons were made

according to the 1991 implementation Manual.

Chemical analyses included measurements of EPA priority pollutant metals,

polynuclear aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and

chlorinated pesticides as well as butyltins and conventional sediment parameters. Biological

toxicity tests Included controlled laboratory exposures of sensitive marine organisms to the

solid phase and SPP of the dredged material. Four species were exposed to the solid phase

(the polychaete Nephtys caecoides, bentnose clam Macoma nasuta, amphlpod Rhepoxynlus

abrontu$, and juvenile sanddab Citharichthys stigmaeus) and three species were exposed to

the SPP (the mysid Holmesimysis sculpta, juvenile sanddab Citharichthys stigmaeus, and

larvae of the Paciflc oyster Crasostea gigas). Bioaccumulation potential was determined

through a 28-day exposure of M. nasuta and N. caecoides to the solid phase of the proposed

dredged material followed by chemlcal analyses of the tissues for the above EPA priority

pollutants and butyltins. The results of these tests provide information required to address

potential ecological effects resulting from in-bay disposal of the dredged material for Oakland

Harbor at the Alcatraz Island Environs reference area.
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2.0 MATERIALSAND METHODS

2.1 SEDIMENT AND TEST ORGANISM COLLECTION

Sediment core samples were collected for the Oakland Phase III 38-Foot Project to -39 ft

MLLW (38 ft plus 1 ft overdepth) from 29 stations In Oakland Harbor. Sedlment from six

reference areas was collected using a pipe dredge sampler and sediment from four control

stations was collected using either an MSL-designed sand dredge, a modified grab sampler,

or a shovel and bucket. Specific locations of sediment sampling sites are presented with the

sampling results In Section 3.1. The core samples taken from 29 stations were subjected to

geological description, toxicity testing, bioaccumulation evaluations, and sediment chemistry.

Reference and control samples were taken for toxicity testing, bioaccumulation evaluations,

and sediment chemistry. Specimens of the speciesof marine organismswere collected

duringthis periodfor use in solid-phaseand SPP toxicitytests.

2.1.1 Oakland HarborCore bamDles

Navigationsupport necessaryfor locatingstationsin Oakland Harbor was provided by

Towill, Inc., of Concord,California. The surveyorsused a laser/rangeazimuthpositioning

system(EDM-GeodimeterAGA-120, Wild T-2 one secondtheodolite). Towill provided

correctedwater depths at each station by measuring the actual depth with a recording

fathometer (DE719-E), measuring the water surface elevation relative to a known benchmark,

and calculating the difference between the water surface elevation and 0 ft MLLW.

Ali stations were sampled to -39 ft MLLW using a 12-1n.-dlametervibratory-hammer split

corer and a 4-1n.-diametervibratory-hammer corer. Both samplers were designed and

constructed by MSL and Manson Construction (Figure 2.1). The 12-1n.corer was used to

collect the large volume of sediment needed for biological testing while minimizing

contamination caused by excessive sample handling. The 4-In. cores were collected and

stored in noncontaminating Lexan polycarbonate tubes to maintain the stratigraphic integrity

of the sediment and provide sediment for the chemical characterization from known depths at

individual sites. Both coring systems have been used successfully in previous sampling

programs in Oakland Harbor.

Detailed sampling records contained the station name, date, type of core (12-1n.or 4-

in.), replicate number, uncorrected water depth, tide height, corrected depth, required core
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length, sampling time, total core collected, and comments. Sediment samples were stored In

a refrigerated van at the staging area until ali samples were collected. An Inventory of

samples was maintained as samples were loaded onto the truck. When sampling was

completed, the Inventory was confirmed on chain-of-custody forms. The custody forms were

signed by the field leader who kept one copy and sealed the others in a water-proof bag

attached to samples within the van. The refrigerated truck then transported the samples to

MSL in Sequim, Washington, where they were stored at 4°:f.2°C.

Both the 12-1n.and 4-in. core samplers were deployed from the Manson Construction

derrick barge Hagar. The two sizes of cores were collected in a similar manner, but the

sediment samples were handled differently. After the coring apparatus was attached to an

electric vibratory hammer, the corer and the hammer were suspended by the crane on the

derrick barge. When the coring apparatus was directly above the sampling site, the sampling

gear was lowered through the water. When the end of the sampler reached the sediment

surface, the vibratory hammer was switched on, unless the sediment was so soft that the corer

penetrated because of its weight. Vibrating continued until the sampler penetrated beyond

project depth, indicated by the water surface level relative to markson the outside of thc core

barrel. Project depth was reached when the water level was at least the uncorrected depth

O plus the core length required. The coring apparatus was then pulled from the sediment,

detached from the vibratory hammer, and lowered onto the barge deck.

Sediment was collected to -39 tt MLLW using the 12-1n.vibratory-hammer split corer.

One core was collected per site. As each core was brought on board the barge platform, the

hinged door of the core barrel was opened and the sediment was measured from the mudline

down to ensure that appropriate depth was reached. If the required core length was not

collected, the barrel was emptied and another core was taken. If the required core length was

collected, the sediment was marked a: the appropriate depth and prepared for shipment. The

fraction or volume to be contributed from each sample to a composite was determined based

on the volume of sediment necessary for laboratory testing. Once the core segments were
-

measured, the appropriate volume of sediment was evenly distributed over the required

sample length and using a stainless steel shovel, was transferred from the core barrel to an

epoxy-coated container. Each sample container was labeled with the project name, station or

composite designation, contributing station(s), vertical segment contributed (i.e., -35 to -38 ft),
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and samplingdate(s). The containerswere sealed and kept 0ool (~4°0) in a freezer on board

the samplingvessel untilloaded Intoa refrigeratedvan at the end of the sampling day.

Sedimentwas also collectedto -39 ft MLLW usingthe 4-in. vibratory-hammercore

sampler. Or;ecore was collected per site, The core barrelwas linedwitha 3.125-1n.(Inner

diameter) clear Lexan core linerthat hadbeen steam cleaned. When each core was brought

on board,the linerwas pulledfrom thebarrel andthe sedimentmeasured from the mudllne

downto determineif appropriatedepth (-38 ft MLLW) was reached. If not, the liner was

replacedand anothersample taken. If the core was longenough, lt was carefullycarriedto

the cuttingstandwhere ltwas capped,sealed, labeled, and cut intoshortersections, if

necessary,to fit in the freezer. Each core label includedan arrowpointingto the top of the

core, the stationdesignation,coresectionIndicator(i.e., Section1 of 2 and Section 2 of 2),

lengthIntervalfrom the mudline(i.e., 0-3 ft), and samplingdate. When each 4-1n.core was

labeled andsealed, lt was kept cool (~4°C) in a freezer on boardthe samplingvessel until lt

was transferredto the refrigeratedvan.

2.1.2 Referenceand ControlSamples

Sedimentsamples from the referenc:esite R-AM (Alcatraz IslandDisposalSite) (Figure

2.2) were collectedwith a pipe dredgedeployedfrom the FV Cobra, a charter boat owned and

operated by Bob Smittl Sportflshing. Samplinglocationswere determined by LORAN C and

variable fix and range radar systemsaboardthe vessel. Reference samplingrecordswere

maintained in a log book, and consistedof stationposition,date, time, replicate, water depth,

sedimenttype, and comments. Ali referencesampleswere kept in labeled coolerson board

the samplingvessel untiltheywere storedat 4°:t:2.°Cin the refrigeratedvan.

The controlsediment samplingsiteswere Sequim Bay, Washington;West Beach,

Whidbey Island,Washington;and DillonBeach/T'omalesBay, California. Sediment from

Sequim Bay, Washingtonwas collectedfor use as an experimentalcontrolwith a modified

van Veen grab sampler (0.1 mi) deployedfrom an MSL researchvessel. Controlsediment

fromWest Beach(R. abronlus nativecontrol)and DillonBeach(N. caecoides and C.

stigmaeus nativecontrols)was collectedat the same time test organismswere collected.

West Beachsedimentwas collectedwith an MSL-designedsand-dredgesampler. The

dredgewas deployedfrom MSL's 17-ft BostonWhaler in approximately15 ft of water. The

West Beachsamplinglocationwas determined by reference to shorelinefeatures. Dillon
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Beachcontrolsedimentwas collectedby Brezlna andAssociates,using a shovel, at the same

time N. caeco/des and C. st/gmaeus were collected. Sampling locationwas determinedby

reference to shoreline features. The DillonBeach sedimentwas shipped overnightto MSL,

where lt was storedat 4°:P.2.°C.

2.1.3 Test Or0anlsmCollection

Six species of marineorganismswere useu In Oakland HarborPhase III 38-Foot Project

toxtcitytests:

• Bentnoseclam Macoma nasuta
• Polychaete Nephtys caecoides
• PhoxocephalidamphlpodRhepoxyn/us abron/us
• Juvenile flatfish(sanddab) C:_har/chthysst/grnaeus
• Juvenile mysidshrimp Holmes/rnys/s sculpta
• Oysterlarvae Crassostrea g/gas

Mostof the organismswere wild-capturedand collectedeither by a commercialsupplieror by

MSL. The amphlpod(R. abron/us) was collectedby MSL offWest Beach,Whidbey Island,

usingthe speciallydesigned sand-dredgedeployedfrom MSL's 17-ft BostonWhaler.

Ssdimentbroughtup with the dredgewas sieved througha 2-mm mesh screen to remove

large debris and predatoryspecies. Amphipodswere kept in coolerspartiallyfilled with their

nativesediment and seawater untilthey were deliveredto a holdingtank at MSL that day. /H

nasuta were collectedfrom intertidalzones in DiscoveryBay near Gardiner,Washington,by

Gunstoneand Johnson,a commercialsupplier,usinga shovel,sieve, and bucket. Inthe field,

clams were kept cool in large tubs containing sediment and seawater taken from the collection

site.

Brezina and Associates (Dillon Beach, Callfornla) supplied N. caecoldes, C. stigrnaeus,

and H. sculpta organisms for toxicity testlng. N. caecoides were collected from mud flats in

Tomales Bay, Callfornla, using a shovel, bucket, and sieve. The worms were placed into

clean coolers containlng sediment and seawater from the collection site. Before overnight

shipment to MSL, the seawater in each cooler was supersaturated with oxygen (22 ppm). The

C. stlgmaeus were collected from Tomales Bay, California, in 12 to 15 ft of water. C.

stigmaeus were captured with a small trawl with a 0.25-1n.mesh net with no cod end. Ths

trawl was held close to the work boat so a dip net could be used to transfer the fish from the

otter trawl into double plastic bags containlng oxygen-saturated seawater. H. sculpta were

collected with a plankton dlp net In Monterey Bay, California, and transferred to a helding
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containeraboardthe work boat. Brezlnaand Associateswere responsiblefor sortingH.

sculpta of the appropriateage and size classand shippingthem to MSL inbags containing

oxygen-saturatedwater. Completetest organismholdingand care proceduresundertaken

prto_to testingare discussedIn Section2.4.

2.2 SEDIMENT SAMPLE PREPARATION

Sediment sample preparation Involvesali steps In the laboratory between delivery of

the samples to MSL and the preparation of samples for chemical and/or biological testing.

Sample preparation was completed within the 14-day holding limit between the sampling date

and toxicity test initlatlon. The following sections describe equipment preparation, geological

descriptions of core samples, homogenizing sediment samples, and SPP sample preparation.

2.2.1 Laboratory_Glassware and EquipmentPreoaratlon

Ali glassware, stainless steel utensils, plastic, and other laboratory containers and

equipment undergo stringent cleaning procedures to avoid potential contamination of

samples. Glassware, including test containers, aquaria, and sediment transfer dishes were

' l_ washed with warm, soapy water, rinsed five times with deionized water, then soaked Im_a 5%

reagent-grade nitric acid bath for a minimum of 4 h. After acid soaking, glassware was rinsed

with deionized water five times and allowed to dry. Titanium tools, PVC, Nalgene, and other

plastic Items such as funnels were also washed and soaked in acid baths in the same manner

as glassware.

Stainless steel bowls, spoons, spatulas, and other utensils were washed with warm,

soapy water, rinsed five times with delonized water, and allowed to air dry. They were then

rinsed with methylene chloride under a fume hood and the methylene chloride _,as allowed to

evaporate under the hood.

Neoprene stoppers and other porous materials were washed with warm, soapy water

and rinsed five times with deionized water. These items were then "seasoned" by continuous

soaking in or exposure to 0.45-1_m-fllteredseawater for at least 2 days prior to use.

Large pieces of laboratory equipment such as the epoxy-coated mixer used to mix

sediment and epoxy-coated boards used to hold cores for geological descriptions were

washed with mild soap solution and thoroughly rinsed with tap water followed by deionized

water.
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2.2.2 GeolooicalDescriotionof Cores

A detailedcharacterizationof each core sample fromthe Oakland Harbor Phase III

38-Foot Projectwas conductedby a geologist. The descriptionwas performedonthe 4-in.

core that was collected andstored in the Lexan coretube. Ali core sectionsfrom one station

were removedfrom storage and scoredlongitudinallYwith a circularsaw. A linoleumknife

was used to splitthe core open to expose the sedimentstratigraphy.The geologistmeasured

and ¢=escribedthe core from top to bottom,recordingdata on a core data log. The geological

characterizationprotocol(Ward et al. 1991, AppendixA) was consistentwith ASTM Method

D2488-84.

2.2.3 r__r.CJ;b3_ti0nof Solid-Phase Samples

Solidphase, also called bulksedimentor whole sediment, refers to the sediment itself,

as opposedto suspendedor dissolvedphases. In biologicaltests, the solidphase of

sediments representseitherdredged materialonce it has settled at an aquaticdisposalsite

(test sediment), the existingenvironmentof a disposal sitewithoutdredged material

(reference sediment),or the environmentof a benthictest organism(controlsediment). Solid-

phase preparationalso applies to samplesforsediment chemistry. Ali solid-phasesamples

were thoroughlyhomogenizedbefore use in biologicaltests or chemical analysis.

Sedimentused for compositeswere collected in the field usingmaterialfrom the 4-in.

and 12-in. core from each contributingstation. These sediments were placed either in 5-gal,

epoxy-coatedmetal pails and stored in freezers maintainedat approximately4°C in the field

or they remainedin the Lexancore linersections. When the samplescontainedin the epoxy-

coated metal pails were receivedin the laboratory,theywere mixed intoappropriate

compositesand homogenized usingan epoxy-coatedmixer. Subsamplesof these

compositedsediments were removedfor chemical analysis,grain size measurements and for

solid-phaseand SPP testing. After the geologicaldescriptionwas complete,sediments within

the 4-in. Lexan tubes were homogenized, measured for grain size, and analyzed for chemical

concentrations.

The procedure for homogenizing Oakland Harbor test sediment samples varied

according to sediment type. Compacted clay sediments were separated into smaller pieces

with a stainless steel metal grater and then mixed either with stainless steel spoons or a mixer

coated witha special epoxy paint (TNEMEC Epoxy converter 83-83-B). Silt, soft clay, and
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sandysedimentswere mixedwith spoonsin stainlesssteel bowls. Sedimentsampleswere

mixed untiluniformconsistencyand colorwere visiblethroughoutthe sedimentin the bowlor

mixer. Minimalamountsof 0.45-1_m-filteredseawaterwere added as needed to achieve a

homogeneousconsistency. The volumeof added water was recorded on a sample-

preparationform. After mixing,sample aliquotsforchemicalanalyseswere placed in cleaned

and labeled containersappropriatefor the parametersto be measured. If solid-phase

sampleswere not used immediatelyfor testingor SPP preparation,they were returnedto the

labeled, epoxy-coatedmetalpails for storageat 4°:P.2°C.Ali sedimentswere homogenized,

subsampledfor chemistry,and used for testingwithinthe recommended 14-day holding

period.

The referenceand controlsedimentswere containedin ice chestsat approximately4°C

while in the field and at 4°:!:2°Cwhile at the laboratoryuntilsievingand mixing. The

sedimentswere placed ontostacked screenshavingmeshdiametersof 0.5 and 1.0 mm set

on top of ¢sievingstand. The sievingstandwas designedto empty directlyintoa clean 55-

gal, acid-washedaquariumcontainingapproximately15 gal of filteredseawater. A Simms

Geyser submersiblepump was placed inthe aquariumto recirculatesievingwater. Sediment

that passed throughthese sieveswas collected inthe 55-gal aquarium. Organismscollected

on the sieveswere discarded. The sieved sedimentwas allowed to settle in theaquarium

overnightat 4°:1:2°C.Aftersettling,the overlyingwater was siphonedoff and the sedimentwas

transferredto an epoxy-coatedmixerfor compositing.The sedimentwas mixed for 5 to 10 min

or longerif needed to obtain a homogenousmixture. At the end of the mixingperiod, the

sedimentwas transferredfrom the mixerto the 55-gal aquariumand storedat 4°:_?.°Cuntil

needed for testing. Betweensievingof each referenceor controlsediment,ali equipmentwas

thoroughlyrinsed with 0.45-wn-filtered seawater to avoid potentialcross-contamination

between samples.

2.2.4 Preparationof Sus.oended-ParticulatePhase

The SPP of sedimentsampleswas usedto evaluatewater columneffectsof open water

dredged materialdisposal. The SPP is the qquidsupernatantand suspended-particulate

materialsthat remainafter mixingsedimentwith seawaterand allowingeither heavier

particlesto settle out or centrifuginguntilthe supernatantis clearenoughto observetest

organismsduringthe tests. Because the sample preparationdoes not involvefiltration,this

phase containssuspendedoarticlesas well as dissolvedconstituents. The SPP tests
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evaluateeffects caused by boththephysicalpresenceof the suspendedparticlesand the

chemicaltoxicityof contaminantsassociatedwiththe particlesor dissolvedfractions. The

processis intendedto approximateexposureconditionscreated as a resultof materialsbeing

dischargedthroughthe water columnduring dredge-disposaloperations.

The first step of SPP preparationwas creatinga 4:1 (volume:volume)water to sediment

slurryin 1-L glassjars with Teflon-linedlids. The jars were markedat 200 mL and 400 mL.

Seawater filtered througha 0.45-1_rncartridgewas added to _he200-mL mark, then

homogenizedsedimentwas added until the water was displacedto the 400-mL mark and

thenthe jar was filledto 1 L with filteredseawater. A set of 12 jam of sedimentand waterwas

placedon a shaker tableand agitated for 30 minat a shakingrate of 120 to 150 cycles/rain.

Aftershaking, the slurrywas poured into500-mL Teflon containerswith tightlyfitted lids.

These containerswere placed ina centrifugeand spun for 10 to 15 minat approximately1750

rpm. The 10-min centrifugationwas necessaryto ensure thattest organismswould be visible

at the firstobservationafter exposureto SPP test treatments. After centrifugation,the

supernatantwas compositedby pouringit into a clean 10-gal aquariumand then used in the

SPP tests as soon as possible. If SPP was not usedimmediately,the aquariumwas storedat

4°:1;2°C.The Teflon jars were rinsedafter each use with deionizedwater and the above

processwas continueduntilan adequate amountof SPP was producedfor each composite.

BetweenSPP preparations,ali glass and Teflon containerswere appropriatelycleaned

accordingto proceduresdescribedin Section2.2.1. Each SPP test requireda dilutionseries

of 0%, _0%, 50%, and 100% SPP.

2.3 SEDIMENT AND TISSUE CHEMISTRY PROCEDURES

Sea,ment samples were analyzed for conventionalsediment measurements (e.g., grain

size, oiland grease). Chemicalanalyseswere conductedon sedimentsamples for PAHs,

PCBs, metals, and butyltins. Table2.1 lists theparametersfor whichthe Oakland Phase III 38-

Foot Projectsediment samples (includingduplicateand replicate)were analyzed, as well as

analyticalgoals for detectionlir_fits,range of recovery,and relativeprecision. N. caecoides

and M. nasuta tissuesampleswere analyzed for the same set of PAHs, chlorinatedpesticides,
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IABJ.E,?,,.!.. Analytical Chemistry Requirements for Oakland Harbor Phas_J iii
38-Foot Project Sediment Samples

Detection
Umits (a) Number of Range of Relative

_.__ ( m_a/kg dry_wt) _ Recovery_(%) precision (%_

Sediment
CQnventlona!s

TOC 0.1% 47 NA (b) 10
Oil and Grease 20 47 50 - 150 10
TPH 20 47 50 - 150 15
Grain Size NA 47 NA NA
Total Volatile Solids 0.1% 47 NA 10

M.eta

Ag 1.0 47 75 - 125 15
/,s 1.0 47 75 - 120 15
Cd 0.1 47 NA 15
Cr 1.0 47 85 - 115 15
Cu 1.0 47 NA 15
Hg 0.02 47 75 - 125 15
Ni 1.0 47 NA 15
Pb 1.0 47 NA 15
Se 0.1 47 75- 115 15
Zn 1.0 47 NA 15

Organic
Compounds

Butyltins 0.01 47 40 - 120 20
PCBs(c) 0.02 47 50 - 150 20
PAHs(d) 0.02 48 50 - 150 20
Pesticides(e) 0.002 47 50 - 150 20

(a) Target detectionlimits; ali effortswere made to reach lowestpracticaldetection limits.
(b) Not applicable.
(c) Reportedas Aroclorequivalents1242, 1248, 1254, and 1260 andtotal PCB.

AnalyzedusingEPA Method8080.
(d) Alicompour_s on EPA Method 610 list. AnalyzedusingMethod8270 in SelectiveIon Mode.
(e) Ali compoundson EPA Method 608 list. Analyzed using Method 8080.
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PCBs, metals, and butyltins. Table 2.2 lists theparametersfor whichthe Oakland Phase III 38-

Foot Project tissuesampleswere analyzed,as well as analyticalgoals for detectionlimits,

range of recovery,and relativeprecision.

The followingsectionsbriefly describethe methods used for analysis of sedimentsand

tissues for the requiredphysicaland chemical parameters. Analyses followedestablished

EPA procedureswhere applicable. Qualitycontrolsamples includedmethodblanks,matrix

spike (MS) and matrixspikeduplicate (MSD) analyses,standard reference materials(SRMs),

analyticalreplicates,and compositingduplicates. The MS, MSD, and SRM sampleswere

used to evaluate analyticalaccuracy. Analyticalreplicateswere compared to evaluate

analytical precision. The compositingduplicateswere used to assess the efficiencyof

homogenizingsedimentsamples.

2.3.1 ConventionalSediment Measurements

Conventionalsedimentmeasurementsconsistof grain si;re,total organiccarbon

(TOC), total volatilesolids(TVS), oil andgrease and total petroleumhydrocarbons(TPH), and

percentsolids. The proceduresfor each of these analysesare discussedin the following

paragraphs.

Grain size analysiswas conductedby Soil Technology, Inc., of BainbridgeIsland,

Washington. Sixteengrain size fractionswere determinedby a combinationof sieveand

pipet techniquesfrom the Puget Sound Estuary Program(PSEP) Protocolsfor Measuring

Selected EnvironmentalVariablesin Puget Sound (PSEP 1986). These methodsare

consistentwith ASTM D421 (ASTM 1978) and D422 (ASTM 1972). Table 2.3 presentsthe

fractionsmeasured.

Approximately25 g of wet sedimentfrom each sample was analyzed for total solids

while another 10-g to 100-g aliquotwas weighed for grain size analysis. To separate the

coarsersand and gravelfraction fromthe silt/clayfraction,sedimentwas washed with distilied

water througha 63.5-pm (4.0 phi) sieve into a 1-L graduatedcylinder. The coarsefraction

was dried, weighed, and shakenthrougha nest of sievesto yield the requiredseven coarse

subfractions. Any material stillpassingthe final 63.5-1_msieve was added to the previous

fines inthe 1-L graduatedcylinder. The silt/clayfractionswere then subdividedusinga pipet

techniquebased on Stoke's Law of differentialsettlingvelocitiesfor differentsized particles.
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_a_j,_. AnalyticalChemistryRequirementsfor Oakland HarborPhase III 38-Foot
' ProjectTissueSamples

Detection
Umits(a) Numberof Rangeof Relative

J:_.i_._ ( ma/ka drywt1 _ R_ecovery(%) Precision_%_

I_letals

Ag 1.0 112 75 - 125 15
As 1.0 112 75 - 120 15
Cd 0.1 112 NA_°) 15
Cr 1.0 112 85- 115 15
Cu 1.0 112 NA 15
Hg 0.02 112 75 - 125 15
Ni 1.0 112 NA 15
Pb 1.0 112 75 - 125 15
Se 0.1 112 75 - 115 15
7n 1.0 112 NA 15

Organic
Comoounds

Butyltins 0.01 140 40 - 120 20
PCBs(=) 0.02 140 50 - 150 20

O PAHs(d) 0.02 140 50 - 150 20Pesticides(e) 0.002 140 50 - 150 20
i

(a) Targetdetectionlimits;alieffortsweremadetoreachlowestpracticaldetectionlimits.
(b) Notapplicable.
(c) Reportedas Aroclorequivalents1242,1248,1254,and1260andtotalPCB;AnalyzedusingEPA

Method8080.
(d) Alicompoundson EPAMethod610 list. AnalyzedusingMethod8270inSelectiveIonMode.
(e) Alicorr|poundson EPAMethod608 list. AnalyzedusingMethod8080.

The silt/clayfractionwas disassociatedby additionof a dispersant(sodiumhexameta-

phosphate)into the distilledwater sedimentslurrycontained inthe 1,L graduated cylinders.

At speciflecltime intervalsand specifieddepths belowthe surface,20-mL aliquots were

withdrawnfrom the graduated cylinder,de'flveredto a preweighedcontainer,and dried at 90°

+ 2°C to a constantweight. Duplicateanalysisof seven sampleswas performed as a quality

controlmeasure. Other qualitycontrolmeasures, suchas spikes,SRMs, or minimum

detectionlimits,do not applyto grainsize analysis.
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Grain Size Fraotions Measured

Grain Size (u,m) Phi Screen Number
3350 -2 6
2000 -1 10
1000 0 18
5OO 1.5 35
250 2 60
125 3 120
62.5 4 230
48 4.5 NA(a)
31.2 5 NA
23 5.5 NA
15.6 6 NA
7.8 7 NA
3.9 8 NA
1.9 9 NA
0.976 10 NA
0.4883 11 NA

(a) NA Not applicable.

Total organic carbon is the amount of non-volatile, partially volatile, volatile_ and

particulate organic carbon compounds in a sample. Analysis of TOC was performed by

Global Geochemistry in Canoga Park, California. Each sediment sample was dried and ball

milled to

a fine powder. Before combustion, inorganic carbon in the sample was removed by

acidification. The TOC in sediment was then determined by measuring the carbon dioxide

released during combustion of the sample (PSEP 1986; SW846 Method 9060, EPA 1986),

reported as percent dry weight. Quality control measures included method blanks and

analysis of compositing duplicates.

Total oil and grease includes vegetable oils, animal fats, soaps, waxes, and any other

carbon-hydrogen material extractable by the solvent Freon. Total petroleum hydrocarbons

comprise the nonpolar mineral fraction of total oil and grease that is not removed by silica gel

absorption. These analyses were performed by Twin City Testing in St. Paul, Minnesota.

Infrared spectrophotometry (lR) was used to determine concentrations of oil and grease

(Method 413.2, EPA 1979) and petroleum hydrocarbons (Method 418.1, EPA 1979). A 20-g

aliquot of sample was dried with an excess of anhydrous sodium sulfate, then extracted with

Freon. For total oil and grease, sample extracts were scanned from 4000 to 600 cm-1on an
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infrared speetrophotometer and the peak height measured at 2930 cm-1. This wavelength

represents the -CH2 configurations of hydrocarbons and was the standard used to determine

oll and grease. For total petroleum hydrocarbons, silica gel was added to the extract to

remove the more polar animal- and vegetable-based oils. The extract was then shaken and

allowed to settle. An aliquot was then removed and scanned the same way as the oil and

grease sample. The relationship of peak height to oil concentration was determined by

regressing the peak height versus a known eoncentretion of fuel cii.

Total volatile solids are a measure of the fraction of total solids that are lost on Ignition

at a higher temperature than that used to determine total solids. Total volatile solids are used

as an es'_imatefor the amount of organic matter In the total solids. Operationally, TVSs are

defined by the combustion temperature, and do not always represent the total organic content

of a sample because some of the more volatile organic material may be lost during drying and

some inorganic material may also be lost during combustion. Analysis of TVS was performed

by the MSL using the method defined in PSEP (1986). Following that method, the sample

was freeze-dried to constant weight and ball milled to a fine powder. A 1-g portion was then

removed, weighed, and combusted at 550°C. The sample was cooled in a desiccator and

then reweighed. The amount of sample lost from the dried sediment during Ignition was then

O defined as the volatile solids fraction.

Sediment samples used for determination of percent solids were prepared in one of

two ways. The MSL and Twin Cities Testing performed a percent-solids analysis to determine

a sample dry weight. Pre-weighed wet samples are either freeze-dried over a period of 4

days or dried in an oven at 110°C for at least 8 h and cooled In a desiccator. The ratio of dry

weight to wet weight is multiplied by 100 to determine the percent solids.

2,3.2. Semlvolatlle Organic C'__I_.

The semivolatile organic compounds analyzed In sediments were the 16 PAHs listed

in EPA Method 610. These compounds were extracted from sediments following EPA SW-

846 Method 3540 (1986) using methylene chloride as the extraction solvent. A portion of the

extract was used for PAH analysis by gas chromatography/mass spectroscopy in the Selective

Ion Mode (GC/MS SlM) following EPA SW-846 Method 8270 (1986). Tissue extracts were run

through gel permeation chromatography (GPC) prior to analysts to remove potential

Interferences. Analyses for PAHs in the sediments and M. nasuta tissues were performed by

PHASE III 38-ft R-AM 2.15



Twin Cities Testing In St. Paul, Minnesota; the ara!ysls for the N, caecoides tissues was

performed by Alden Laboratorle_ in Seattle, Washington.

Surrogate compounds were added to ali samples prior to extraction. Matrix

spike/matrix spike duplicates were conducted to assess accuracy and precislon of the

measurement. National Research Council of Canada (NRCC) SRM HS-5, a sediment sample

with known PAH concentrations, was also analyzed for ali PAH compounds.

2.3.3 Chlorinated Pestlaldes _d PCBs

Chlorinated pesticides and PCBs in sediments and tissues were quantlfled by gas

chromatography/electron capture detection (GC/ECD) following EPA SW-846 Method 8080

(1986). Analyses for PCB and pesticides in the sediments and M. nasuta tissues were

performed by Twin Cities Testing in St. Paul, Minnesota; the analysis for the N, caecoldes

tissues was performed by Alden Laboratories in Seattle, Washington.

Chlorinated pestlcldes and PCBs were extracted simultaneously with the PAH

compounds using EPA SW-846 Method 3540 (1986). The procedure Involved a methylene

chloride extraction using sonication extraction techniques. A portion of the methylene chloride

extract was solvent exchanged to hexane, and Interferences were removed by passing the

extract through a column packed with 10 g of 7% deactivated alumina. Most samples required

an additional cleanup treatment usl,_,gGPC to remove other interferences. Analytical

quantification was performed using GC/ECD analy..;s. The presence of detected pesticides

and PCBs was confirmed by analysis on a second column. Dlbutylchlorendate (DBC) was the

surrogate compound added to each sample before extraction to assess the extraction

efficiency.

A matrix spiking solution, consisting of either a subset of pesticides or one aroclor, was

also added to the appropriate samples before extraction. Matrix spike/matrix spike duplicate

analyses were conducted to assess accuracy and precision of the measurement. A method

blank was analyzed with this set of samples as weil. To assess accuracy, NRCC SRM HS-2

was analyzed for pesticides and PCBs with the sediment samples.

2.3.4 Metals
_

Ten metals were measured in sediments and tissues: silver (Ag), arsenic (As),

cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (NI), lead (Pb), selenium
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(Se), and zlno (Zn), Metals analyses for both sediment and tissues were performed by the

MSL In Sequim, Washington, Samples of sediment, Monasuta tissue, and N, eaecoldes

tissue were analyzed using a oomblnation of three different methods: 1) energy-diffusive x-

ray fluoresoenoe (XRF), following the method of Sanders (1987); 2) Zeeman graphite-furnace

atomlo absorption speotrosoopy (GFAA), following EPA SW-846 Method 7000 (1986) and the

method of Bloom and Crecellus (1984); and 3) oold-vapor atornlo absorption spectrosoopy

(CVAA), aooordlng to EPA SW-846 Method 7471 (1986) and the method of Bloom and

Creoellus (1983), The analytical methods for each sample matrix and oorrespondlng metals

for whloh eaoh method was used are presented In Table 2,4,

To prepare sediment and tissues for analysis, samples were freeze-dried, then

blended In a Spex mixer-mill, Approximately 5 g of mixed sample was ground In a ceramic

ball mill. The XRF analysis was performed on a 0.5-g aliquot of dried, ground material

pressed Into a pellet with a dlarneter of 2 cm, For GFAA, and CVAA analyses, 0.2- to 0.5-g

allquots of dried homogenous sample went through an aold digestion process to separate and

Isolate the metals from the matrix.

Quality control measures for metals analyses Included analysis of blanks (not

applicable to XRF technique), duplicate analyses (XRF method) or triplicate analyses (GFAA

method), and analysis of SRM (Sediment SRMs were BEST-l, BCSS, MESS-l, PACS-1,

1646; Tissue SRM was 1566a) samples.

2.3.5.

Butyltln compounds In sediment and tissues were analyzed using gas

chromatography/flame photometric detection (GC/FPD) following the methods of Unger et al.

(1986). Butyltlns In sediment and M. nasuta tissue were analyzed at MSL In Sequim,

Washington, and butyltlns In N. caecoldes samples were analyzed at Battelle Ocean Sciences

In Duxbury, Massachusetts.

Wet samples were extracted with methylene chloride and tropolone. Propyltin was

added before extraction as a surrogate compound to assess extraction efficiency. The mono-,

di-, and trtbutyltln compounds extracted from the sediment and tissues were derlvatlzed to a

less volatile, more thermally stable form (nonlonlc n-hexylor n-pentyl derivatives).
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E../_.J_, Analytical Method and Corresponding Metal for Each Sample Matrix

Sedlmerlt ..... N, caecoldesTlssue _--IV/,nasuta Tissue
XI=IF _GFAA _ _]E GFAA OVAA _ GFAA
As Ag Hg As Ag Hg As Ag Hg
Cr Cd Cu Cd Cu Cd
Cu Se Ni Cr Ni Cr
NI Zn Pb Se
Pb Se Zn
Zn Pb

The extracts were passed through a florlsll liquid chromatography column for cleanup,

and the butyltlns were quantified by GC/FPD, Concentrations were reported In _g/kg dry

weight of mono-, di-, tri- and tetra-butyltin species as tin, The recently certified reference

material for butyltlns, NRCC SRM PACS-1, was analyzed with the sediment, Matrix spikes,

method blanks, and analytical duplicates were performed as a quality control measure,

2.4 TOXJCOLOGICAL TESTING PROC_

Bloassays using both the solid-phase and SPP tests were conducted at the MSL to

assess the ecological effects of aquatic disposal of dredged material from the Oakland Harbor

Phase III 38-Foot Project area, The MSL facilities provided the required conditions for flow-

through solld-phase tests, static solid-phase tests, and static SPP tests, Laboratory equipment

providing these testing conditions Included a controlled-temperature environment, flow-

through seawater supply, lighting control, and air supply.

The solid-phase tests, also called benthic btoassays, were used to assess the acute

toxicity and bloaccumulatlon potential of dredged material after lt settles at an aquatic disposal

site. Four species of marine organisms were exposed to composlted sediment from the

Oakland Harbor sampling sites, reference area sedlment, and control sediment. These acute

toxicity tests consisted of 1) a 10-day solid-phase flow-through acute toxicity test using

N. caecoides and M. nasuta ; 2) a 10-day solid-phase flow-through test using the

C, stlgmaeus; and 3) a 10-day solid-phase static test using R. abronlus,

The bioaccumulation test was a 28-day exposure of N. caecoides and M. nasuta

within the test sediment. The purpose of the 28-day bioaccumulation test was to assess the

potential for bioaccumulation of contaminants from the sediment Into the tissues of the

organisms. The test treatments and procedures were similar to the 10-day test except they
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Involved a longer exposure period, larger test population, and a depuration process for

surviving M. nasuta and N, caecoldes,

The SPP tests were used to assess the potential effects of discharging dredged

material through the water column during disposal operations, The SPP tests evaluate effects

caused by the physical presence of suspended particles and the toxicity of chemical

contaminants assoclated with the partlcles or dissolved Into the water after release, Three

marine species were used in these tests: myslds (H. sculpts), juvenile sanddabs (C,

stlgmaeus), and oyster larvae (C, gtgas), The SPP treatments were prepared as described In

Section 2.2,4, For each SPP treatment, there were three replicates of each of the four SPP

concentrations: 0% (sea water), 10%, 50%, and 100% SPP.

2.4.1 _::-Day Solid-Ph3se Flow-Throuah Test with N, caecoide_ and M, nasuta

Prior to testing, N. caecoides were held In their native sediment In shallow pans

covered with well-aerated 15°C seawater from a gravity-fed flow-through system, M. nasuta

were held In large tanks of clean sediment with flow-through 15°C seawater, Temperature,

pH, dissolved oxygen (DO), and salinity of water In each holding tank water were monitored

daily. The organisms were not fed during the holding period.

The flow-through test with M. nasuta and N. caecoldes was conducted In five, l O-gal

aquaria for each sediment treatment that were p!aoed in random positions on water tables,

Ftgure 2.3 shows the system used for flow-through tests. Each aquarium was filled with

approxlmately 8 L of sand-filtered seawater via the flow-through system. The test sediment

was added to a depth of 3 cm by measuring out the requlred amount (3870 mL) In a clean

glass container, and using seawater to wash and distribute the sediment evenly over th_

tank's bottom. The flow-through system was Inltlated, and aquaria were allowed to fill to a

total volume of approximately 36 L. For approximately 4 h, suspended materials In the

aquaria were allowed to settle and the flow-through system was adjusted and calibrated to

deliver 125 4-10mL/mln of seawater flow to each aquarium. The system was allowed to run

overnight before the organisms were added.

For the lO-day test, 20 M. nasuta and 20 N, caecoides were collected from the holding

tanks and placed In each aquarium. The Initiation time/date and the Initials of the analyst who

added the organisms to each tank were noted on each aquarium. Water quality parameters of

salinity, temperature, DO, and pH were measured dally In at least one replicate of each
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treatment and reoorded on water quality data sheets, (Water quality data are provided In

Appendixes D-J), The water quality parameters and ranges established for the tests were

Dissolved Oxygen >4,0 rng/L
pH ambient :t:0,5units
Salinity ambient :t:2..0%o
Temperature 15,0°0 :t:2.0°O
Flow Rates 125 :t:10rnL./mln,

If dailywater quality parametersexoeeded these ranges, adjustmentswere made to

the system. The numberof dead organlsmspresentwas monitoreddally. Dead organisms

were removedbut not replaoed. If any dead N. caeco/des were removed, the specimen was

Identifiedas to whether lt was a whole anlrnal or a head or tall portion. Dally observations of

testanimal behaviorwere made and reoordedon data forms for each test. The number of M,

nasuta on the sedimentsurfaoeand the numberof those with their siphonsexposed were

noted,as well as the numberof N, caecoides on the sedimentsurface and the number of

those with only their heads exposed.

At the end of the 10-day test,water quality measurementswere taken in ali tanks and

the contentsof each aquariumwere gently passed through a 1.0-mm Nytex screen to recover

the N. caecoldes and M. nasuta, The organismswere placed In glass baking dishes labeled

with the treatment number, and the number of dead and live of each species was counted.

Acute toxicity was determined by observingwhether the N. caecoldes reacted to gentle

probing. If there was no movement and the worm'scoloringwas pale to translucent,the

organismwas considereddead. Acute toxicityInthe M. nasuta was determinedby observing

and countingdead Individuals. Those non-responsivewith gaping shells were considered

dead. The mortalitydata were recorded on the termlnatlonforms. A 10% recountof the test

organismsby a second analyst was performed as a qualitycontrolmeasure.

2.4,2 28-Day Solid-Phase Flow-ThrouahTest with/_, caecotdes and M, nasuta

The procedure for conducting the 28-day solid-phase flow-through test with N,

caecotdes and M. nasuta was Identical to that of the 10-day test with three exceptions: 1) the

number of organisms was increased to 25 M. nasuta and 30 N. caecoldes because more

Individuals were needed to yield enough tissue for chemical analysis; 2) the exposure period

was Increased from 10 to 28 days; and 3) the surviving test organisms were depurated for 48

h and then sampled for chemical analysis, The ranges for water quality parameters as well as
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Test Sediment Layer
II I

_. Flow-through Aquarium for M. nasuta, N. caecoldes, and C. stlgmaeus
I

the test conditions, such as temperature and flow rate, were the same in the 28-day test as f_r

the 10-day test. Water quality parameters were measured and mortality of the test organisms

was monitored at the same frequency for both tests.

When the 28-day test was terminated, the living M. nasuta and N. caecoides were

collected for chemical evaluation of bioaccumulation. To ensure that tissue chemistry results

would not b'e biased by contaminants associated with sediment grains in the digestive tract,

the test organisms were allowed to depurate, or void the digestive tract, for 48 h following the

28-day exposure. The surviving N. caecoides from one test aquarium were placed in another

flow-through 10-gal aquarium with approximately 2 in. of clean sediment from Sequim Bay in

the bottom. Clean sediment was necessary for N. caecoides because they require sediment
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to surround their tissues to survive. During the depuration period, the animals were not fed

and the fecal material and debris were removed daily during water quality monitoring. The

surviving M. nasuta were placed in a glass baking dish (without sediment), which was then

placed in the depuration aquarium containing the N. caecoides from the same replicate. M.

nasuta fecal material was siphoned from the baking dish daily during the depuration period.

After 48 h of depuration, the M. nasuta shells were cleaned with a scrub brush, and the tissues

were removed using titanium instruments and collected for chemical analysis. The N.

caecoides were gently washed in clean seawater to remove external sediment grains and

then put in containers for chemical analysis.

2.4.3 10-Day Solid-Phase Static Test with R. =oronius

The R. abronius test was conducted in 1-qt mason jars (Figure 2.4). Ttle test

containers were placed on a water table according to randomization sheets and maintained at

15°C. After the test sediment was mixed, it was added to the !ars to a depth of 2 cm, and then

slowly filled with a 0.45-1_m-filteredseawater to a volume of 750 mL. The jars were aerated

and allowed to incubate for 24 h to stabilize temperature and pH to test conditions. Initial

water quality parameters were measured in each container and recorded on water quality

forms. O
The 96 h reference toxicant test was conducted to establish the health and sensitivity of

the test organisms. R. abronius were exposed to a seawater control plus four concentrations

of cadmium chloride (0.5, 1.0, 2.0, and 4.0 mg/L as Cd), with three replicates of each

concentration. The reference toxicant test was conducted in the same manner as the solid-

phase test.

Twenty R. abronius were added to each mason jar. Animals were observed daily

during the 4- and 10-day tests, and the number of animals floating on the surface, swimming

in the jar, or settling on the sediment was recorded on observation forms. Animals that were

floating on the surface were gently pushed below the water surface with a pipet tip and

observed as they either buried or did not rebury into the sediment. Water temperature,

salinity, pH, and DO were measured daily in one replicate of each exposure and

concentration. Ali containers were measured for water quality at initiation and termination of

the bioassay.
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FIGURE 2,4. Static Amphipod Testing Jars

Acceptable water quality values and ranges were

Dissolved Oxygen >4.0 mg/L
pH ambient ±0.5 units
Salinity ambient :1:2.0%o
Temperature 15°C :j:2..0oC.

At the end of the test, the contentsof each jar were placedin a 0.5-mm Nytex screen to

collectthe R. abronius and then placed in a glassdish labeled with the treatment number. The

numberof live or dead organismsin each dishwas counted,and the presenceor absence of

body parts.recoveredat the end of the testwas noted. The acute toxicitywas observedby

gently probingthe animal and notingwhether it reactedby movingits pleopods. The mortality

data were recordedon terminationforms. A 10% recountof the test organismsby a second

analystwas performedas a qualitycontrolmeasure.
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2.4.4 10-DaySolid-Phase Flow-Through Test with G. stigmaeus

Prior to testing, C. stigmaeus were held in large tanks with a 3-in. layer of sediment on

the bottom for at least 5 but no longer than 11 days prior to test initiation. The tanks were filled

and supplied by flow-through seawater attest temperature (15°C). The sanddabs were fed

freeze-dried krill twice a day. Temperature, pH, DO, and salinity of the holding tank water

were monitored daily.

For each sediment treatment composite, the solid-phase flow-through test for C.

stigmaeus was conducted in 10-gal aquaria (5 replicates) randomly positioned on the water

tables (Figure 2.3). Approximately 8 L of sand-filtered seawater was added to each aquarium

via the flow-through seawater system. Test sediment was added to a depth of 3 cm by

measuring out 3870 mL in a clean glass container and using the seawater in the aquarium to

distribute the sediment evenly. Each aquarium was filled over a period of approximately 4 h,

allowing suspended particles to set_le.

Seawater was circulated overnight via the flow-through system at a flow rate of 125

±10 mL/min. Initial water quality parameters and flow-through rates were measured on every

test container. Ten C. stigmaeus were collected from the holding tanks and placed in each

aquarium. Initiation date, time, and the analyst's initials were noted on the aquarium and on

the data forms. The animals were checked after 2 h and dead or impaired organisms were

removed and replaced. Organisms were considered impaired if they swam abnormally or

were unable to orient themselves dorsal-ventrally. Biological observations and the number of

live and dead in each test container were recorded daily. Water quality parameters and flow

rates were measured daily in at least one replicate of each treatment and recorded on the

water quality data sheets. Acceptable water quality parameters and ranges during the

experiment were

Dissolved Oxygen >4.0 mg/L
pH ambient +0.5 units
Salinity ambient :t:2..0%o
Temperature 15°C +_.0°C
Flow Rate 125 :t:10 mL/min.

If daily water quality parameters exceeded these ranges, adjustments were made to

the system. During the test, ali dead fish were removed and placed in individually labeled 50-

mL centrifuge tubes and stored in the freezer. At the termination of the te, t, water quality
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parameters were measured on ali replicates and the number of living and dead C. stigmaeus

was counted and recorded on the termination form. Live fish from each treatment were placed

in a clean, labeled glass jar and preserved in Davidson's solution for histopathological

analysis, if required.

2.4.5 96-h SusDended-P_ll;iGulate-PhaseStatic Test with C. stiemaeus
/

The test chambers for the SPP test with C. stigmaeus were 10-gal aquaria that were

randomly positioned on the water tables, with 20 to 24 aquaria per table. Test temperature

was maintained by a circulating water bath on the water table. Aeration was provided through

a glass pipet connected by silastic tubing to an overhead air manifold. Aquaria were labeled

with a treatment code, concentration, and replicate number. The volume of test material In

each aquarium was 16 L. To obtain the 100% SPP treatment, 16 L of 100% SPP was added

directly to the aquarium; the 0% SPP treatment was 16 L of 0.45-1_m-filteredSequim Bay

seawater. To prepaFe16 L of each of the 10% and 50% SPP concentrations, appropriate

volumes of 100% SPP and 0.45-1_m-filteredSequim Bay dilution water were mixed directly in

the test aquaria.

Once ali concentrations of an SPP treatment were prepared and ali test containers

were filled, aeration was started and initial water quality parameters were measured in ali

replicates. C. stigmaeus were then removed from the holding tanks using a net and added to

each test container. Ten C. stigmaeus were placed in each container so that the test

population for each concentration of SPP was 30 individuals (120 individuals per SPP

treatment). Initiation time and date were documented on test containers and data record

forms.

C. stigmaeus were not fed during the 96-h exposure. After initiation, DO, pH, salinity,

and temperature were measured daily in at least one replicate. Acceptable ranges for the

water quality parameters during the experiment were

Dissolved oxygen >4.0 mg/L
pH ambient +0.5 units
Salinity ambient +2.0%,,
Temperature 15.0°C:1:2..0°C.

Observations of C. stigmaeus activity and behavior in each test container were made at

test initiation and at 4, 24, 48, and 72 h. A clean probe was used to determine the condition of

any resting C. stigmaeus. An organism was considered dead if it did not respond to gentle
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probing. Dead organisms were removed and preserved In Davldson's solution for potential

histopathological analysis.

Before termination of the test at 96 h, water quality parameters were measured in ali

replicates. At 96 h, the number of live and dead organisms was counted Ir_each test

container. A second analyst recounted at least 10% of the test organisms being terminated

as a quality control measure. Additionally, fish from SPP treatments where there appeared to

be a toxicological effect on test organisms (either through mortality or behavioral

abnormalities) were also preserved for histopathological analysis.

2.4.6 96,h Suspended-Particulate-PhaseStaticTest with H. scu!Dta

Prior to testing, H. sculpta were held for at least 48 h in flow-through aquaria

maintained at test temperature (15°C). H. sculpta were fed finely ground, flaked fish food

twice a day, and water quality parameters in the holding tanks were monitored daily.

The test containers for the H. sculpta test were 2-L glass baking dishes placed in

random positions on water tables. Test temperature was maintained by immersing these

containers in a circulating water bath. Aeration was provided through a pipet connected by

silastic tubing to an overhead air manifold. Appropriate volumes of 100% SPP and 0.45-1_rn-

gfiltered Sequim Bay dilution water were added to clean glass 1-gal jars to make 0%, 10%,

•50%, and 100% SPP concentrations for the H. sculpta test. A total of 3000 mL was prepared

for each dilution to allow 1900 mL in each of three replicate test chambers. The test

containers were labeled with a treatment code, concentration, and replicate number.

As soon as containers were in place, gentle aeration was started to each one, and

water quality measured in ali replicates. H. sculpta were then removed from the holding tanks

using a wide-bore pipette. Ten individuals were added to each container so that the test

population for each concentration was 30 individuals per SPP concentration or 120

individuals per treatment. The test initiation time and date were documented on data forms.

After test initiation, water quality parameters were measured daily in at least one

replicate. Acceptable ranges for the water quality parameters during the experiment were

Dissolved oxygen > 4.0 mg/L
pH ambient +0.5 units
Salinity ambient :J:2..0%o
Temperature 15.0°C + 2.0°C.
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Observations of test organisms were made at test Initiation and at 4, 24, 48, and 72 h,

using a light table to enharscevisibility of the H. sculpta. During the 96-h exposure, H. sculpta

were fed small amounts of ground flaked fish food at 4, 24, 48, and 72 h. Excess fo_d was

removed with a small pipet before daily observations, using extra caution not to disturb test

animals. Molted exoskeletons and any particulates from the SPP solution that had

precipitated out were also removed.

Before termination of the test at 96 h, water quality parameters were measured In ali

replicates. At 96 h, the number of live and dead animals was counted in each test container.

An organism was considered dead if lt did not respond to gentle probing. A second analyst

recounted surviving test organisms in at least 10% of the test containers as a quality control

measure.

A 96-h reference toxicant test wa,s also conducted to establish the health and expected

response of the test organisms. H. sculpta were exposed to a seawater control plus four

concentrations of zinc chloride (0.25, 0.50, 1.0, and 2.0 mg/L as Zn). There were three

replicates of each treatment. The reference toxicant test was conducted in the same manner

as the SPP tests.

2.4.7 48-h Susoended-Particulate-Phase Static T_st with Larval C. g_as

Prior to testing, adult C. gigas were held in flow-through tanks at ambient temperature

until several days before the test, when they were transferred to 12°C filtered seawater and

fed twice daily with algal paste. The test chambers for the bivalve larvae test were 1-qt glass

mason jars. The dilutions of SPP for the bivalve test (0%, 10%, 50%, and 100%) were

prepared directly in labeled test containers. The dilution water consisted of Strait of Juan de

Fuca seawater (26 %°)filtered at 20 _m. The final volume of test material in each container

was 750 mL. Test chambers containing test material were placed in random positions on a

water table and gentle aeration was started. Initial water quality parameters were measured

in ali replicates once the containers had reached test temperature (20°+1°C).

Adult C. gigas were induced to spawn by placing individuals in 20°C seawater for 2 h,

then removing them from water and allowing them to dry for approximately 20 min. They were

• then returned to 20°C water that was quickly warmed to 25°C. Sperm from up to three males

was pooled and debris was removed by screening through 35-_m mesh. The sperm was then

introduced to containers of egg suspension for fertilization. The egg sperm suspensions were
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mixed frequently using a perforated plunger over a period of 90 to 140 min, after which

development of the embryos was checked. Three egg suspensions with a high percentage of

embryo development were pooled into a common stock for use in the test. The pooled egg

suspension was screened through 75-1_mmesh to remove debris, and then retained on a

20-1_mscreen to rinse away excess sperm. Flnally, the eggs were rinsed from the 20-1_m

screen into a clean container and diluted with seawater.

To estimate fertilization success and embryo density, a 1-mL sample was removed

from the container (after thorough mixing) and diluted to 100 mL with seawater. Three, 1-mL

samples were removed from this 100:1 suspension, and the number of developing embryos

and non-fertilized eggs were scored using a Sedgewlck-Rafter counting chamber on a

compound microscope at low magnification. The mean number of embryos from the replicate

counts was multiplied by 100 (to correct for the dilution factor) to estimate the density of

embryos in the egg stock. The resulting density of 21,800 embryos/mL was used to calculate

the amount of stock to add to each test container as well as to calculate percent fertilization.

To initiate the test, 1.0 mL of bivalve embryo stock solution was pipetted Into each test

container to yield a stocking density of 29 embryos/mL in the containers of test material. A

perforated plunger was used to thoroughly mix the contents of the stock container before

removing each aliquot with the pipettor. The test initiation date and time were recorded on

data record forms. To obtain the actual embryo stocking density, 10-mL subsamples were

removed from 14 control containers (two replicates per treatment control) 1 h after test

initiation, and after mixing the contents of the container with the perforated plunger. Each

subsample was placed in a labeled vial, fixed with 1 mL of 5% formalin, and scored for the

number of fertilized eggs.

Water quality parameters were measured in one replicate of each dilution 24 h after

test initiation. Acceptable ranges for water quality parameters during the experiment were

Dissolved oxygen >4.0 mg/L
pH ambient +0.5 units
Salinity ambient :1:2.0%o
Temperature 20.0°C :t:1.0°C.

The bivalve test was terminated after 48 to 72 h, when development of D-shaped

larvae predominated in control containers, Final water quality measurements were recorded

for ali replicates. Then, the contents of each chamber were homogenized with the perforated
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plunger, and a 10-mL sample was removed with a calibrated pipettor and placed in a labeled

vial containing 1 mL of 5% formalin. Samples were scored for the appearance of normal D-

shaped larvae, abnormally developed larvae, blastula-stage larvae, and total number of

larvae. At least 10% of the counts were confirmed by a second analyst,

A 48-h reference toxicant test was also conducted to establish the health and expecled

response of the test organisms. C. gigas larvae were exposed to a seawater control plus four

concentrations of copper sulfate (1,4, 16, and 64 _giL as Cu). There were two replicates of

each treatment. The reference toxicant test was set up and conduc_gdIn the same manner as

the SPP tests.

2.5 DATA ANALYSIS AND INTERPRETATION

Several statistical analyses were conducted to determine the magnitude and

significance of toxicity and bioaccumulation in test treatments relative to reference treatments.

The statistical analyses were performed according to the recommendations of the 1991

Implementation Manual (EPA/USACE 1991). Test design and specific statistical analysis

procedures are discussed in the following sections.

2.5.1 Randomization

Ali solid-phase and SPP toxicity tests were designed as completely random tests.

Organisms were randomly allocated to treatments, and treatments were randomly positioned

on water tables. A random number table for this purpose was generated for each toxicity test,

using the discrete uniform random number generator in the LOTUS 123 spreadsheet. For the

SPP tests, C. stigmaeus and H. sculpta individuals, and C. gigas larvae were randomly

allocated to SPP replicates for ali concentrations. Special care was taken with C. stigmaeus

individuals in order to eliminate bias caused by variable mobility of the fish (otherwise, easily

caught fish would be used earlier than more mobile fish).

2.5.2 _tatistical Analysis of Solid-Phase TQxici_ Tests

Solid-phase toxicity of ali sediment treatments was compared by analysis of variance

(ANOVA) tests on the arcsine square-root of the proportion of organisms surviving in the test.

The arcsine square-root transformation stabilizes the within-class variances to meet the
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assumptions of the ANOVA. As required by the 1991 Implementation Manual, statistical

analysis Is oonduoted to determine the strength of the evldenoe for oonoluding that the
i

dredged material samples (test treatments) are signlfloantly more toxic to marine speoles than

the reference sediment sample, This objeotlv9 is aooompllshed through the use of a

procedure known as Dunnett's Test. This test evaluates whether aoute toxlolty observed In a

given test treatment Is significantly greater than that observed In the referenoe at (_= 0,05.

Toxicity of a test treatment was considered signifloantly different from a reference treatment If lt

was statistically different In Dunnett's Test and If the survival in the treatment was >10% lower

than the control treatment for the test organlsm (>20% lower than control for R, abronlus).

2.5.3 Statistical Analysis of SPP Tests

Two statistical tests are presented in the 1991 Implementation Manual (EPA/USACE

1991) for the Interpretation of SPP tests. The first test isa two-sided t-test between survival in

dllutlon water (0% SPP) replicates and survival in the 100% SPP repllcates. This test is

performed only when survival in the 100% SPP Is less than control (0% SPP) survival and

when control survival Is greater than 90% (indicating test validity). Prior to conducting the t-

test, angular transformation (arcslne of the square root) of the proportion surviving In test

replicates is performed to reduce possible heterogeneity of variance between control ana

100% SPP mean survivals. The second test required by the 1991 Draft Implementation

Manual is an LC50 calculation, the concentration of SPP that is lethal to 50% of the

individuals tested. The LC50 values for these tests were calculated using the Trimmed

Spearman Karber method (Finney 1971). The Spearman Karber estimator is appropriate only

if there is increasing mortality with increasing concentration and if 50% or greater mortality is

observed in test solutions when normalized to control survival. If 50% mortality does not occur

in the 100% SPP dilutions for any treatments, then LC50 values are reported as >100% SPP.

The same method was used to calculate EC50 values (the concentration where 50% of the

test organisms show a certain effect) for the bivalve SPP test and LC50 values for ali

reference toxicant tests.

2.5.4 Statistical Analysis of Bioaccumulation

Bioaccumulation tests conducted under 1991 Implementation Manual guidelines are

intended to determine whether organism exposure to dredged material (test treatments) is

" likely to cause an elevation of contaminants in its body. The 1991 Implementation Manual

requires the statistical comparison of contaminants in tissues exposed to dredged material

0
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samples (test treatments) to tissues exposed to the reference sediment. Statistical

comparison determines whether any dredged sediment (test treatment) has a larger effect on

the organisms than the reference sediment, The USACE requasted statistical analysis on dry

weight concentrations of ali chemical compounds, and In addition, analysis on wet weight

concentrations of PAHs, pesticides, PCBs, and butyltlns. When a compound was not

detected, the detection limit value was used In statistical analysis, Where analytical duplicates

were included in the analysis of variance, they did not Influence the results of the statistical

analyses. In metals analyses of N. caeooides tissues, low tissue mass reduced sample

replication from five to three. As directed by the Implementation Manual, statistical analysis

was performed using the multiple comparison Dunnett's Test at o_= 0,05 on the

natural-logarithm transformation of tissue contaminant concentrations.

2.6 _8SURANCE/QU_,LITY CONTROL PROCEDURES

The quality assurance/quality control (QA/QC) procedures followed for these studies

were consistent with the Implementation Manuals (EPA/USACE 1977 and 1991) and the EPA

protocols (PSEP 1986). The procedures followed were documented by PaQIfloNorthwest

Laboratory's (PNL) Quality Engineering Division as a QA Plan. A member of PNL's quality

engineering staff was present during each phase of these studies to ensure that accepted

procedures were followed. The PNL Laboratory Record Books (LRBs) were assigned to each

portion of the study and served as records of day-to-day activities during the research. Ali

entries In the LRBs were signed, dated, and reviewed by both the project manager and the

quality assurance engineer. The following discussion summarizes QA/QC procedures

followed for the three main portions of this study: sediment sampling, biological testing, and

chemical testing. Quality Assurance/Quality Control Observations may be found in Ward et al.

(1991).

2.6.1 Samole Tracking and Storage

Ali sediment samples were accompanied by chain-of-custody forms from the time of

collection to receipt at MSL. After sample selection and composlting, a new set of custody

forms was initlated for the sediment subsamples requiring chemical analyses. These

accompanied the samples to the appropriate laboratory where the forms were signed and

returned to the MSL project manager. Custody forms were also Initiated for ali tissue samples

upon completion of the biological testing. These forms accompanied the samples to the

appropriate laboratory for chemical analyses.
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Ali sediment collected for these studies was stored in glass, Lexan containers, or steel

drums linedwith 9.C.4..A-phenolloepoxy, a non.contaminatingcoating Sediment cores and

grab sampleswere storedat 4°±2°C priorto biologicaltesting, Subsamples for chemical

analyseswere obtained priorto biologicaltesting. These subsamples were stored frozen until

ohemloal analyseswere performed,

Tissue samples were frozen Immediately uponcompletion of the bioaccumulation

tests, Samples for organicanalyseswere stored in preoleanedglassjars with Teflon-lined

lids and samples for metalsanalyseswere stored In preoleaned plasticjars,

2,6,2 Sediment and Tissue Chemistry_Quality_ControlProcedures

Chemical testingproceduresrequirethat specific QA/QC protocolsbe followed,

QA/QC guidelinesspecific to this projectare provided in the Qua//ty Assurance P/an (QAP) for

the Eco/og/ca/ Eva/uat/on of Proposed D/scharge of Dredged Matera From Oak/and Harbor.

These guidelines Include the following:

, analysisof a methodblankwitheach batch of samples

• replicateanalysison at least 5% of the samples (triplicateanalyses where
possible)to assess analytical precision

• analysis of matrix spikes on 10% of the samples (where applicable) with
appropriatecompounds to assessaccuracy

• analysisof SRMs at a frequencyof 5%, if availablefor the analytes of Interest
and sample matrix

• archival of ali Instrumentprintouts(e.g., raw data and chromatogramsfrom AA
and GC analyses)for future review

• secondcolumn confirmationfor PCB and pesticideanalyses.

In actual practice,some of the specificguidelineslisted In the QAP for analytical

precisionand accuracywere modifiedto applyto the most currentmethodsemployed by

laboratories. The guidelinesfor detection limits, range of recovery,and relative precisionare

listed inTable 2.1 for sediments and in Table 2.2 for tissues.

Measurementsof accuracycan be determined by analyzing matrix spikes of known

concentrations,as well as SRMs that have been certified for the presence of specific

parameters. Matrix spikeswere analyzed for most metals and for organicparameters,

Includingoil and grease, petroleumhydrocarbons,PCBs, pesticides,and PAHs. Spikes

generallyare made up of a subset of the analytes of interest. Spike recoverieswere

calculatedbased on the difference between the amount spiked and the amount recovered In
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the sample, taking Into account the amounts already present In the spiked s_,,_ple, Spikes

were added to samplesanalyzed for metals and organic compounds. Spikesfor organlo

compoundswere analyzed In duplicate at a frequency of 5%. Surrogatecompoundswere

added In knownamountsto samples analyzed for PCBs, pesticides, PAHs, and butyltlns.

Surrogatecompounds are added to samples priorto extraction,and their recoveries are a

measurement of the efficiency or proceduralaccuracy of the analysis. Analytical accuracy Is

also measuredthroughthe analysis of SRMs, Sedlment SRMs were analyzed for metals and

for organiccompounds. Tissue SRMs were analyzedfor metals. SRMs are not associated

with analysisof TOC, oll and grease and petroleumhydrocarbons,TVS, and grain size.

Measurementsof precision were obtainedthrough replicate analysis of selected

sediment treatments. Analysis of replicatesshows how precise or repeatable a result Is. The

measurementof precisionIs the Industrialstatistic"1"and relativepercent difference (RPD) for

duplicateanalyses,and the relativestandarddeviation(RSD) for triplicateanalys_s. The "1"

statisticis defined as the absolutevalue of the difference between duplicate measurements,

divided by the sum of the duplicates. The RPD Is defined as the absolute value of the

difference between two duplicatemeasurements,divided by the mean of the duplicates,

multipliedby 100. The RSD Is defined as the sample standard deviationdivided by the mean,F

multiplied by 100.

Ali Instrumentprintouts and other raw data generated using MSL analytical

Instrumentsare filed at MSL for futurereference. Procedures and related data were written

Into the appropriateLRB. Raw data generated by offslte analytical facilitiesare retained at

those facilities,but can be made available for Inspection.

For PCBs and pesticides, ali Gas Chromatograph (GC) analyses required qualitative

and quantitativeconfirmationusinga secondcolumnwhich is different from the one used In

the Initial GC analyses.

2.6.3 Toxicological Testing Quality Control Procedures

Test organisms were handled carefully during collection and transfer to test containers,

Organisms shipped to MSL were gradually equilibrated to ambient surroundings, and kept In

their native sediment whenever possible. Animals were fed, If necessary, before btological

testing. Information on the collecting and handling of each test species Is Included In Section

•_ 2.2.3,

@
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Seleotionof speoleswasconsistentwiththe 1991ImplementationManualand

Involvedthe useof juvenileforms,burrowingInvertebrates,depositfeedingorganisms,anda

larval(planktonio)form. Representativesof ali testorganismswere taxonomicallyIdentifiedby

qualifiedexpertsat MSLbeforeuseinbloassays.

Duringalibioassay.tests,waterqualityparametersweremeasuredto ensurethat

aoceptableexperimentaloondltionswere maintained. Theseoonditlonsincludeda stable

temperature(:f.2..0°Cand :t:1°Cfor oysters),DO limit of 4,0 or 6,0 mg/L(dependingon the

test),and 14h of light perday, Salinitywas allowedto vary:t:2..0%o,and pHwas allowedto

vary+0,5 unitswithineaohtestcontainerduring the bioassayperiod. These limitsand values

areoonslstentwith thoseoutlinedIn the 1991 ImplementationManual. Water quality

Instrumentswere calibratedaccordingto the manufacturer'sspecificationor PNLprotocols,
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3.0

This section includes a discussionof sedimentsampling results and geologic

descriptions,as well as detailed resultsof sediment chemistry,toxicologicaltesting,and tissue

chemistry. Complete appendixescontainingali data for this reportare presented in Ward et

al. (1991).

3,1 SEDIMENT SAMPLING RESULTS

Sediment samplingfor Oakland Harbor Phase III 38-Foot Project took place between

September 18 and 21, 1990. Ali sedimentsampleswere collected followingthe procedures

described in Section2.1. Sediment core sampleswere collectedat 29 of the anticipated32

stationsIn OaklandInner Harbordesignatedas I-C3 throughI-C35. One 4-in, core and one

12-1n.core was collectedat each stationfrom mudllneto -39 ft MLLW as indicated In Tables

3.1 and3.2. Each of the4-in. coreswas geologicallydescribedand cornposltedfor chemical

evaluationand grain size analyses. Sediment obtaineo usingthe 12-1n.core was composlted

and tested for biologicalresponses(toxicityand bioaccumulation)as well as receiving

chemical evaluationsand grain size analyses. Table 3.3 showsthe six compositesand their

respectivesediment treatments.

Sediment samples were collected from eight locationsin the Alcatraz Island Environs

referencearea, referredto as R-AM, and compositedto obtaina representativesample of the

referencesite (Figure 3.1).

Controlsedimentfor use tnsolid-phasetoxicitytestswas collectedfrom Sequim Bay,

Washington(Figure 3.2); West Beach,Whidbey Island,Washington(Figure 3.3); and Tomales

Bay, California (Figure 3.4) as described In Section2.1.3. Sequim Bay controlsediment

(C-SB) was used as an experimentalgrain size controlin ali toxicitytests and the native

controlfor M. nasuta. West Beach controlsediment(C-WB) is the nativesediment for the

amphlpod R. abronlus; TomnalesBay controlsediment (C-NE) is the nativesediment for N.

caecoides and C. st/gmaeus.

3.2 GEOLOGICAL DESCRIPTIONS

The following is a descriptionof the geology of the Oakland Harbor Phase Iii 38-Foot

Project area based on sediment characterization of 29 core samples collected in September
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_. Sampling Information for the 4-in. Core from Oakland Harbor Phase III 38-ft
, Project Compared to R-AM

CamomiaSt=e Plane
_es (ZoneIII) Depth CoreRequirrJ Core

Station _ .._ North_ East(X3 _ -39 ltMLLW(lt_ Collected(ftl

I-(33 1 09-21-90 478,893 1,469,593 37.2 1.8 2.1
I-C4(a) NA(b) 09-21-90 478,100 1,471,438 36.5 2.5 None
I-(319 1 09-21-90 479,381 1,465,766 37.0 2.0 4.5
I-C20(c) NA 09-21-90 479,192 1,466,712 38.6 0.4 None
I-(321 1 09-21-90 478,081 1,470,1 89 34.5 4.5 5.0

!-(35 1 09-21-90 476,668 1,474,656 36.2 2.8 4.0
I-(322 1 09-21-90 477,315 1,472,570 35.9 3.1 3.6
I-(323 1 09-21-90 476,845 1,474,152 37.0 2.0 4.4
I-C24 1 09-21._90 476,507 1,475,135 36.7 2.3 3.3
I-C25 1 09-21-90 476,358 1,475,571 36.8 2.2 2.7
!-C26 1 09-21-90 476,220 1,476,089 36.8 2.2 3.2
I-C27 1 09-21-90 476,108 1,476,747 37.0 2.0 3.1

,,

I-C6C,;) NA 09-21-90 475,927 1,477,733 37.0 2.0 None
I-C3 1 09-21-90 475,480 1,481,31 6 37 9 1.1 2.2
I-C8 2 09-21-90 475,480 1,481,31 6 37.9 1.1 2.3
i-C28 1 09-21-90 475,139 1,479,530 34.9 4.1 4.1

. I-C29 1 09-21-90 475,091 1,480,365 36.5 2.5 3.2
I-(330 1 09-21-90 475,170 1,480,995 36.5 2.5 2.8

I-(39 1 09-20-90 475,676 1,482,362 36.3 2.7 3.0
I-(310 1 09-20-90 475,765 1,482,876 36.5 2.5 3.8
I-(311 1 09-20-90 475,862 1,483,334 34.3 4.7 4.9
I-C12 1 09-20-90 475,890 1,483,804 38.3 0.7 3.1
I-(312 2 09-20-90 475,890 1,483,804 38.3 0.7 3.2
I-(331 1 09-20-90 475 858 1,481,878 34.0 5.0 5.9
I-(332 1 09-20-90 475 925 1 482,226 37.9 1.1 1.1
I-(332 2 09-20-90 475 925 1 482,226 37.9 1.1 1.8
I-(333 1 09-20-90 475 656 1 483,139 37.5 1.5 2.7
I-(333 2 09-20-90 475 656 1,483,139 37.5 1.5 2.8
I-(334 1 09-20-90 475 696 1,483,700 37.9 1.1 2.1
I-C34 2 09-20-90 475 696 1,483,700 37.9 1.1 2.5

I-(313 1 09-19-9G 475,922 1,484,268 36.8 2.2 4.4
I-C14 1 09-19-90 475,889 1,485,017 36.3 217 4.3
1-(315 1 09-19-90 475,717 1,485,702 34.9 4.1 4.8
I-C16 1 09-19-90 475,618 1,486,541 37.9 1.1 1.5
I-(318 2 09-19-90 475,618 1,486,541 37.9 1.1 2.0

..===
m
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T.._. (contd)

_State Rane
Cx)on:rmates(ZoneIII) Depth CoreRequired Core

_atJon__ .._ North(Y_ F_t (X'3. _ -39ftMLL.W(_ Collected(ft!

I-C16 1 09-19-90 475,929 1,485,724 35.9 3.1 3.6
I-C17 1 09-19-90 476,063 1,485,718 38.0 1.0 4.0
I-C17 2 09-19-90 476,063 1,485,718 38.0 1.0 4.0
I-C35 1 09-19-90 476,185 1,485,744 31.0 8.0 10.0

(a) AccesstostationI-C4wasdeniedbytheU.S.NavywhileAlamedaairstripwasinservice.Station
coordinates,depthandcorerequiredpertaintotheplannedsamplinglocation.

(b) NA Notapplicable.
(c) StationI-C6and I-C20wereabandonedbecausedepthwasgreaterthan-39 ft MLLWwithina

radiusof50ft fromtheplannedlocation.Stationcoordinates,depthandcorerequired
pertaintotheplannedsamplinglocation.

1990. Sedimentcores were describedaccordingto ASTM Procedure D2488-84: "Standard

Practicefor Descriptionand Identificationof Soils (Visual_ManualProcedure)" (ASTM 1984).

Sedimentcharactedsticsthat were evaluated includedilatancy,toughnessand plasticityof

silt/clay,sedimenttype (i.e., engineeringclassificatioll),color,consistency(i.e., firmness),

cementation,sedimentarystructure,reactionwithhydrochloricacid, maximumparticlesize,

andodor. In addition,any other featuressuchas the presenceof roottraces, molluskshells,

and/orrelated detrituswere noted. A detailed descriptionof the materialsand methodsused

fordescribingthe cores,copies of the core data logs,and a key to the abbreviationsused are

presented in AppendixB of Ward et al. (1991).

The geologicunitscomprisingthe Phase III 38-Foot Projectarea are Older Bay Mud

(OBM) and YoungerBay Mud (YBM) (USACE 1975).

3.2.1 Older Bay Mud

The OBM is distinguishedby its firm-to-hardconsistencyand itscolor,whichoften

consistsof variousshades of red, yellow, and brown. These colorsindicatean oxidizing

environment. Depositswith grainsizes rangingfrom loosesandsto hard, stiffsilty clayscan

be foundin the OBM. MerrittSands are occasionallyfound in OBM and are characterizedby

highlycompactedsedimentwith sand-sized particlesthroughout.The vertical positionwithin

the sediment columnand the weathered and bleached appearance of the OBM suggests that

thissedimentis mucholder than the relativelyrecentestuarinesedimentsbelongingto the

YBM.
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I_/.E.._. The Six CompositesShowing Their Respective Sediment Treatments

1-03 1-09
1-019 I-O10
1-021 I-C11

1-012

.C.¢O.ME.g 1-031
1-05 1-032
1-022 1-033
1-023 1-034
1-024
1-025 COMP V
1-026 1-013
1-027 1-014

1-015

1-08
i-028
1-029 1-016
1-030 1-017

1-035

Table 3.4 gives the mudllnedepth, thicknessof YBM and OBM, and a brief physical

descriptionof each sedimentsample. This tableshowsthat OBM was not presentin core

samplesfrom stationscontributingto COMP I and was in onlyone samplethat contributedto

COMP II. The OBM representedapproximately50% of the sedimentfromcore samples

contributingto COMPs III, IV, V, and VI. As showninTable 3.4, sedimentsamplesthat

contributedto COMPs III, IV, V, and VI contained bothYBM and OBM sections.The OBM

sectionswere composedof gravellyor siltysands;the YBM sectionswere composedof clay

and sand.

3.2.2 Youl_aerBay Mud

The YBM consistsof mostlysoft, dark-coloredsedimentsdepositedin an estuarine

environmer_t.This layerconsistsmostlyof siltyclayswith portionsof finesand. The YBM

colorsrangedfrom dark olive gray to black and had an odor of rotteneggs(i.e., hydrogen

sulfide),which is an indicatorof chemicallyreducingconditions. The YBM generally has a

verysoft consistencyand is distinguishedfromthe OBM by a suddencharacteristicchange in

consistency. Sedimentsamples that contributedto COMP I andCOMP II (except1-027) were

entirelyYBM (Table 3.4). These sampleswere located inthe upper2 to 5 ft of sedimentfrom
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FIGURE 3.1. Reference Sediment Sampling Site Near Alcatraz Island Environs (R-AM)
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E!GURE 3.2. Location of Sequim Bay, Washington, Control Station (C-SB)

0
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_, Summary of Geological Descriptions

Sediment Mudllne SedimentThbkness,ft
Treai_ _ ._M(a) _b) Physic,al DesQrtotlonIto-38ft! ....

COMPI
I-C3 37,2 2,2 0,0 Clay with sand; gravelly sands
I-O19 37,0 4°6 0,0 Siltyclayswith sand
I.O21 34,5 5,0 0,0 Claywith sand and gravelly sand

COMP II
I-C5 36,2 4,0 0,0 Clay with sand; gradual darkening
I.C22 35,9 3,7 0.0 Clay with sand
I-C23 37,0 4,4 0,0 Clay with sand
I-C24 36,7 3,5 0,0 Clay with sand
I.C25 36,8 3,2 0,0 Clay with sand
I-C26 36,8 3,3 0,0 Clay with sand
I-C27 37.0 1,6 1,3 YBM-Clay with sand; OBM-sands

COMPIII
I-C8 37,2 0,8 1.6 YBM-sllts and fine sands; OBM-gravelly sands
I-C28 34,9 3,0 1,5 YBM._Iaywith sand; OBM-gravelly sands
I-C29 36,5 3,1 0,0 YBM-claywithsand
I-C30 36,5 1,9 0,6 YBM.-claywith sand;OBM-sands

COMP IV
I-C9 36,3 3,0 0,0 Clay withsand
I-C10 36,5 2,0 1,3 YBM._Iaywith sand; OBM--gravellysands
I-C11 34,3 1,9 2.8 YBM-clay wfth sand; OBM-merrit sands
I-C12 38,3 2,1 1,1 YBM._Iaywith sand; OBM-siltysands
I-C31 34,0 3,0 2,4 YBM.-(:Iaywith sand; OBM-gravelly sands
I-C32 37,9 1,6 0,0 Clay wtth sand
I-C33 37,5 1.5 1,2 YBM-clayey sands; OBM-gravelly sands
I-C34 37,9 1.5 1,0 YBM-clays; OBM-gravelly sands

COMP V
I-C13 36,8 1.3 2,0 YBM-claywith sand; OBM-gravelly sands
I-C14 36,3 2,0 1,6 YBM_Iay with sand; OBM-gravelly/sllty sands
I-C15 34.9 2,1 2.1 YBM-olaywith sand; OBM.-clay
I-C18 37,9 1.1 1,0 YBM-claywith sand; OBM-silty sands

COMP VI
I-C16 , 35,9 1,7 1,7 YBM-claywith sand; OBM-clay

, I-C17 38,0 1,5 1,7 YBM-clay with sand; OBM-clay with sand
I-C35 31,0 6,0 2,8 YBM-clay with sand; OBM-gravelly/sllty sands

(a) YBM- Younger Bay Mud
(b) OBM- Older Bay Mud
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the outer and middle areas of Oakland Inner Harbor (Figure 1.1), The YBM unit from cores In

COMPs III, IV, V, and VI was generallywithinthe upper3.0 ft of the sediment column and

overlayedtheOBM.

3.3 SEDIMENT CHEMISTRY

The analytical chemistry results of the 4-In. sediment cores, the six composite samples,

the referencesediment (R-AM), and the three controlsediments are presentedIn terms of dry

weight In the followingsections. Completesediment ollemlstry results,quality controldata,

and qualitycontrolsummaries can be found In AppendixC of Ward et al. (1991).

3.3.1 Sediment ConventionalMeasurer_ents

Sediment conventionalmeasurementsare grain size, TOC, TVS, oll and grease, and

TPH. Grainsize, TOC, andTVS are expressed as percentdryweight of the sample. OII and

grease and TPH concentrationsare expressed as mg/kgdry weight. A summary of sediment

conventional measurementsIs presentedtnTable 3.5,

The grain size resultspresented In Figure3,5, show that Oakland Harbor sediments

are corr=posedof a mixtureof sedimentgrain sizes withineach COMP, The respective

subsamples withinCOMP I show a predominantlycoarse-grainedsediment distribution

(between 35% and 70% sand or coarser), while the compositesample had approximately

equal percentagesof sand,silt and clay. COMP II and its respectivestations showed a

significantamountof fine-grained sedimentswith less than '10%consistingof sand or gravel

except for Station I-C27, which had approximately equal distributions of sand, slit, and clay

fractions. COMP III and Station I-C29 containedapproximatelyequal distributionsof sand, slit,

and clay fractionswhile I-C8, I-C28, I-C28 dup, and I-C30 are composed primarily of sandy

sediments. COMP IV and its respectivestationsare dividedwith five samples containing

predominantlycoarse-grainedsediments(COMP IV, I-C10, I-C11, I-C31, and I-C33) and four

statl0nscontainingpredominantlyfine-grainedsediments(1-C9, I-C12, I-C32, and 1.334).

COMP V and its respectivestationsare composedprimarilyof coarse-grained sediments.

COMP VI and its respectivestationsare essentiallyfine-grainedsediments with the exception

of the sandy Station I-C16. The controlsediments C-NE and C-WB have a 95% or greater

coarse grain size, while C-SB contains20% coarse-grainedsediment and 80% fine-grained

sediment. The reference sedimentR-AM Is composedof 98% coarse-grainedsediment (not

shownIn Figure 3.5).
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The concentrationsof TOC (Figure 3.6) in controlsedimentsspanned the range of ali

testsedimentswithvalues rangingfrom 0.07% in the controlseciimentC-NE and the reference

sedimentR-AM to 2.03% in the controlsediment C-SB. The COMPs, their respectivestations,

and the controlsediments,ali had TOC concentrationsthatwere equal to or greater than the

concentrationsfound In R-AM. In general, higherTOC valueswere found in the fine-grained
t,

sediment. Stationswith more than 50% fine-grainedsedimentalso had more than 0.50%

TOC as shown in Figure3.7. Ali the controls,reference R-AM, and sedimenttreatmentsfollow

thiscorrelation,with the exceptionof C-SB, where 80% fine-gralnedsedimentcontained

approximatelytwiceas muchTOC (2.03%) as indicatedinthe regression. The reference

sedimentR-AM, had onlya 2% fine-grainedsedimentand 0.07% TOC, '_othisdata pointalso

fell outsideof the linear regressionwith higherTOC values than predicted.
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The concentrationsof TVS in controlsedimentsencompassedthe entire range from

1.19% in C-WB to 10.71% in C-SB (Figure 3.8). Ali COMPs and theirrespectivestationshad

greater concentrationsof TVS than the referencesedimentR-AM. The controlsediments

C-NE and C-WB were the onlystationsthat had TVS concentrationsthat were lower than

R-AM. Similar to TOC, TVS concentrationswere higherin stationscontainingfine-grained

sedimentsas shownin Figure3.9.

Figure3.!0 shows a linear regressionrepresentingthe relationshipbetween TOC and

TVS. These two parameters are positivelycorrelatedwith C-SB fallingoutsideof the

regressionwith moreTOC than predictedbased on TVS concentrations.

Oil and grease and TPH concentrationsare presented in Figures3.11 and 12. Oil and

grease concentrationsranged from 14 mg/kg in I-C30 to 245 mg/kg in I-C29. Concentrations

ofTPH rangedfrom undetectedat 0.6 mg/kg in R-AM to 181 mg/kg in I-C29. The reference

sediment R-AM had an oil and grease value of 13 mg/kg dry weightand an undetectedTPH

value of 0.6 mg/kg dry weight. Ali COMPs, their respective stations,and the control sediments,

had higher concentrations of oil and grease and TPH than the reference R-AM. Treatments

with the highest concentrations of oil and grease also had the highest concentrations of TPH

as shown in Figure 3.13. The exception to this correlation is I-C26, which contained 16 mg/kg

of oil and grease and 62 mg/kg of TPH. Station I-C26 is aberrant because it contained high

concentrations of oil and grease relative to the TPH concentration than predicted.

3.3.2 PolynuclearAromaticHydrocarbons

Total PAH consistsof low molecularweight PAHs (LPAH) and high molecularweight

PAHs (HPAH). The InnerOakland Harbor sedimentsare predominantlyHPAH (Figure 3.14).

Total PAH concentraiionsranged from 12 _g/kgdry weight in sediment fromC-NE to 31,880

l_g/kgdry weight in the top 12 in. of Station I-C35. Ali COMPs and their respectivestations

had total PAH concentrationsthat exceeded the total PAH found in the reference R-AM.

Figure3.15 comparestotal LPAH to total HPAH in a linear regression. Generally,the

sediment samplesthat containedgreater than 50% fine-grained materialalso had the highest

concentrationsof LPAH and HPAH. The top 12 in. of sedimenttreatment I-C35 (LPAH 464

. I_g/kgand HPAH 31,879.75 _g/kg) as well as station I-C17 (LPAH 648 _g/kg and HPAH 7284

I.tg/kg)were exceptions to the correlation.

O
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3.3.3 Chlorinated Pesticides and PolychlorinatedBiphenyls

Seven pesticide compounds had at least one detected value in the Oakland Harbor

sediment. Pesticide compounds 4,4'-DDD, 4,4'-DDE, and Dieldrin are shown In Figures 3.16

through 3.18. The "B" flags in the graphs indicate that the pesticide was found in the blank

associated with the sample. Because the amount In the blanks was less than twice the

method detection limit, the sample concentrations were not blank-corrected. Some sediment

treatments had higher undetected pesticide values than sediment treatments with detected

pesticide values. This Is due to the variance in the method detectlon limits for each pesticide.

Ali three of these pesticide compounds were undetected in the reference sediment R-AM.

Aroclor-1254 was the only PCB that had values above the detection limit (Figure 3.19).

Detected concentrations of Aroclor-1254 ranged from 64 I_g/kgin I-C10 to 410 I_g/kgin I-C17.

There were seven stations that had elevated detection limits ("UE" flag)because of

chromatographic Interference and there was a significant difference in quantitation between

first and second columns. The reference sediment R-AM had an undetected value of 24 I_g/kg

of Aroclor-1254. Ali COMPs, their respective sediment treatments, and the control sediments

had concentrations of Aroclor-1254 that were elevated above R-AM.

3.3.4

Ten metals were measured in the Oakland Harbor reference and control sediments.

These metals concentrations are measured in mg/kg (ppm) dry weight. The six metals (As, Cr,

Cu, Ni, Pb, and Zn) analyzed by the XRF method (Section 2.3.4) were analyzed in duplicate,

while the remaining metals were analyzed in tripllcate. Ali ten metals are ubiquitous in the

natural environment; therefore, the metal concentration for each treatment, Including the

reference sediment R-AM and three control sediments, are compared to a typical shale soil

sediment (Krauskopf 1967).

Concentrations of Ag (Figure 3.20) ranged from 0.03 mg/kg dry weight in control

sediment C-WB to 0.87 mg/kg dry weight in station I-C29, a 29-fold range. Ali COMPs, their

respective stations, and the control sediments had Ag concentrations above R-AM. Ali

sedlment treatments, with the exception of two test treatments and two control sediments, had

Ag concentrations greater than that of typical shale soil (0.1 mg/kg dry weight) (KrauskopfJ

1967).

Concentrations of As (Figure 3.21) ranged from 2.94 mg/kg dry weight in C-WB to 12.1

mg/kg dry weight in I-C26, a 4.1-fold difference. The reference sediment R-AM had As

_138-ft R-AM 3.22
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concentrationsaboveali sedimenttreatments(Inoludlngthecontrolsediments).Alisediment

treatments,withtheexceptionoftentesttreatmentsandtwocontrolsediments,hadAs

concentrationsgreaterthanthatof typlca!shalesoil(6.6mg/kgdryweight).

Concentrationsof Cd (Figure3.22) rangedfrom0,03mg/kgdry weightInC-NE to 0.99

mg/kgdryweightIn I-C29,a 33-folddifference,OnlyCOMPIII hadCd concentrationsabove

R-AM. COMPsI andii andtheirrespeotlvestatlonsalihadCd concentrationsbelowR.AM,

StationsI-C28, I-C28dup,andI-C29tnCOMPIii;stationsI-C9,I-C12, I-C31, I-C32,andI-C34

InCOMP IV;StationI-C18InCOMPV; StationI.C17InCOMPVI, andthe controlsediment

C-SB,hadCd concentratlonsaboveR-AM. ThirteensedimenttreatmentshadCd

concentrationsgreaterthanthatof typicalshalesoil(0.3 mg/kgdry weight).

Concentrationsof Ct'(Figure3.23) rangedfrom81 mg/kgdrywelghtInC-NE to

955 mg/kgdry weightinI-C11,an 11.8-folddifference.Aliof theCOMPsandtheirrespeotlve

stationsaswellasC-WBhadCrconcentrationsexoeedlngtheconoentra_lonsfoundInR-AM.

ChromiumconcentrationsintypicalshalesoilIs 100mg/kgdryweight.Aliof thesediments,

exceptC-NE,containedCrconcentrationsabove100 mg/kg.

ConoentratlonsofCu (Figure3.24)rangedfrom8.0mg/kgdry weighttnC-NE to 174.3

mg/kgdryweightInCOMPI dup,a 21.8-folddlfferenoe.AliCOMPs,theirrespeotlvestations,
andC-SBhadCu ooncentrationsaboveR-AM. ControlsedimentsC-NE andC-WBhadCu

concentrationsbelowR-AM. ThirteensedimenttreatmentshadconcentrationsofCu above

thetypicalshalesoilconcentrationof57 mg/kg.

ConcentrationsofHg (Figure3.25) rangedfrom0.009mg/kgdry weightInC-WBto

1.280mg/kgdryweightInI-C29,a 142-folddifference.AliCOMPs,theirrespectivestations,

andthecontrolsediments(exceptC-WB),hadHg concentrationsexceedingthe
concentrationsfoundIn R-AM. TenOaklandHarborsedimenttreatmentshadconcentrations

of Hgthatexceededthetypicalshalesoilconcentrationsof Hg(0.4 mg/kg).

Con.centrationsofNi (Figure3.26) insedimenttreatmentsrangedfrom22.7mg/kgIn

C-NEto 113.8 mg/kgin I-C12,a 5-folddifference.AliCOMPs,theirrespectivestations,and

thecontrolsediments(exceptC-NE),hadNi concentrationsaboveR-AM. Sixteensediment

treatmentsexceededthetypicalshalesoilNIconcentrationof 95 mg/kgdry weight.

CotlcentratlonsofPb (Figure3.27) Insedimenttreatmentsrangedfrom3.5 mg/kgin

C-NEto 79.3mg/kgin I-C17,a 22.7-folddifference.AliCOMPs,theirrespectivesediment
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treatments and C-SB had Pb concentrationsexceedingthe levels found in R-AM. Ali but 11

sediment treatments had Pb concentrations exceeding the typical shale soil concentration of

20 mg/kg.

Concentrations of Se (Figure 3.28) were undetected above a value of 0.08 mg/kg in

twelve sediment treatments (including the reference sediment R-AM). Of the detected values,

Se concentrations ranged from 0.08 mg/kg dry weight in I-C21 to 0.76 mg/kg in C-SB. Ali

COMPs and their respective sediment treatments had Se concentrations at or above the Se

concentrations found in the reference sediment R-AM. Only control sediment C-SB had a Se

concentration that exceeds the typical shale soil concentration of 0.6 mg/kg dry weight.

Concentrations of Zn (Figure 3,29) ranged from 22.0 mg/kg dry weight in C-NE to 216.0

mg/kg in I-C29, a 9.8-fold difference. Ali COMPs, their respective sediment treatments, and

the control sediments (except C-NE) had Zn concentrations above those found in the

reference sediment R-AM. Nine sediment treatments had Zn concentrations below the shale

soil concentrati(_n_,_80 mg/kg dry weight.

3.3.5

Monobutyltin (MBT) concentrations ranged from undetected in six sediment treatments

to 5.8 pg/kg dry weight in I-C29 (Figure 3.30). Ali the control sediments had MBT

concentrations that were undetected above the method detection limit. Ali COMPs and their

respective stations had concentrations of MBT that were at or above the concentrations in the

reference R-AM. Dibutyltin (DBT) concentrations ranged from undetected in C-NE to

40.1 _g/kg in I-C17 (Figure 3.31). Ali COMPs, their respective stations, and control sediments

(except C-NE) had DBT concentrations exceeding the concentrations found in R-AM.

Tributyltin (TB'T)concentrations in the sediment treatments ranged from 0.7 I_g/kgin C-WB to

44.5 pg/kg in I-C17 (Figure 3.32). Ali of the COMPS and their respective _sedimenttreatments

had TBT concentrations at or above the levels found in R-AM.

3.4 TOXICOLOGICAL TESTING RESULTS.

Solid-phase toxicity tests were conducted to eva_u.lte the six composite sediments

(COMPs I through VI) relative to the reference sediment R-AM. Control sediments were used

to validate the tests through examination of test organism survival. The solid-phase toxicity

t_tc= that w_r_.P.nndls_tl:_lwith the_e _ediments were the 10-day flow-through solid-phase test

PHA_SEIII 38-ft R-_,M 3.30 O
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with the polychaete N. caecoides and the bentnose clam M. nasuta, a 28-day flow-through

solid-phase test with N. caecoides and M. nasuta (bioaccumulation exposure), a 10-day static

solid-phase test with the amphipod R. abronius, and a 10-day flow-through solid-phase test

with juvenile speckled sanddab C. stigmaeus. The tests were validated by 90% or better

survival of test organisms in native control sediment. After the tests were inspected for validity,

the data were evaluated by ANOVA and Dunnett's Test to determine if significant differences

occurred between treatments at _ = 0.05 (Section 2.5.2). At the request of USACE, ANOVA

and Dunnett's Test were performed on the six composite sediments and compared to R-AM.

These tests were performed according to the procedures described in the 1991

Implementation Manual.

Suspended-particulate-phase tests were conducted using three species of sensitive

marine organisms: the mysid shrimp H. sculpta, juvenile speckled sanddab C. stigmaeus, and

larvae of the oyster C. gigas. These tests were conducted with the same six sediment

composites that were used in the solid-phase toxicity tests. Four concentrations were tested:

0% (seawater), 10%, 50%, and 100% SPP. The SPP preparation is described in Section

2.2.3 and the toxicological testing procedures are discussed in Section 2.4.2. For each SPP

W
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test, control survival and water quality resjIts were evaluated for validity of the test. Survival

values for the 0% (control) and 100% SPP treatments were then statistically compared with a

two-sample t-test. If the result was significant (o_= 0.05), and at least 50% reduction in survival

relative to control was noted, LC50 and EC50 (where appropriate) estimates were made using

a trimmed Spearman-Karber method.

3.4.1 10-Day Flow-ThroughSolid-PhaseTest with M, nasuta and/Y, ¢aecoides

The tests are validated for the M. nasuta solid-phase test by 100% survival in the

native control sediment C-SB, and 98% survival in the native control sediment C-NE-A for the

N. caecoides test.

Mean survival of M. nasuta was 98% or greater in the eight sediment treatments

tested. The ANOVA and Dunnett's Test on the arcsine square-root transformations of

proportion survivir)gidentifiedno significantdifferences between the six COMPS and R-AM

(Table 3.6 and 3.7). There was no substantial difference in mean percent survival in R-AM

relative to the control C-SB.

Mean survival of N. caecoides ranged from 62% in COMP VI to 98% in the control

sediment C-NE-A. The Dunnett Test on arcsine square-root transformation of proportion

surviving (Table 3.8) identified a significant difference between COMP VI and R-AM; however,

ANOVA (Table 3.9) identified no significant differences between the six COMPs and R-AM. Ali

the composite sediments had greater than 10% increased mortality than was found in the

control (C-NE).

3.4.2 28-Day Flow-Through Solid-Phase Test with M, nasuta and N, cae_oide_

The results of the M. nasuta and N. caecoides 28-day toxicological tests are presented

in Volume 1, Appendix F of Ward et al. (1991). The tests are validated for both species by M.

nasuta survival of £_4%in the control sediment C-SB, and 96% survival of N. caecoides in the
r

control sediment C-NE-A. The purpose of these 28-day solid-phase tests is to provide bio-

accumulation data and not acute toxicity data.
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_. Resultsof the 10-Day Flow-ThroughSolid-Phase Test with M. nasuta
_to R-AM

Sediment MeanPercent Statistical
Treamert _ _ _tZiCPm=

COMP I 100 ' NS(a)
COMPII 100 _ . ,/i ' NS

i' NSCOMPIII 100
1 0 _ r_'"' ' NSCOMP IV

COMP V 98 f ' NS
COMP VI 98 NS
R'AM 100 NS
C'SB 100 NA(b)

(a) NS Non-significanttoxicitycompared to R-AM ((z= 0.05).
(b) NA Not applicable because control Is not included in the statistical comparison.

I_. ANOVA Results for the 10-Day Flow-Through Solid-Phase Test with M. nasuta
WhenComparedtoR-AM

Sourceof Sumof Mean Significance
Variation _ _ _ _

Between Groups 0.044 6 0.007 1.438 0.2356(a)
Within Groups 0.144 28 0.005

(a) Significance Level: p < 0.05.

_. Results of the 10-Day Flow-Through Solid-Phase Test with N. caecoides
Comparedto R-AM

Sediment MeanPercent Statistical
Treatmert Surv_al _-

COMPI 74 NS(a)
COMP II 77 NS
COMP III 69 NS
COMP IV 70 NS
COMP V 72 NS
COMP VI 62 S(b) I
R-AM 92 NS
C-NE-A 98 NA(c)

• (a) NS Non-significant toxicity compared to R-AM ((z= 0.05).
(b) S Significant toxicity compared to R-AM (e_= 0.05).
(c) NA Not applicable because control is not included in the statistical comparison.
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_.._. ANOVA Results for the 10-Day Flow-Through Solid-Phase Test with
N. caecoides Compared to R-AM

Sourceof Sum of Mean Slgnlflcance
Variation _ d.f. _ _

Between Groups 0.432 6 0.072 1.720 0.1533(a)
Within Groups 1.173 28 0.042

(a) Significance Level: p < 0.05

3.4.3 10-Day Static Solid-Phase Test with R. abronlus

Results of the 10-day R. abronlus test were validated by a 98% mean survival In the

control sediment treatment C-WB. Mean percent survival for the 10-day R. abronlus test

ranged from 58% In COMP V to 98% in C-WB. The ANOVA and Dunnett's Test results (Tables

3.10 and 3.11 ) show that there was a significant difference between COMP V and the

reference sediment R-AM. The reference sediment R-AM had 12% lower survival compared

to the control C-WB.

The results of the R. abronius reference toxicant test using a Cd standard were

analyzed using the Spearman-Karber method (Section 2.5.3). The LC50 was estimated to be

1.8 mg/L, meaning that a 50% decrease In survival could be expected at that concentration of

Cd. This LC50 is higher than those estimated during Oakland Harbor Phase III A (1.22 mg/L

Cd) and Oakland Harbor Phase III B (0.83 mg/L Cd), indicating that the R. abronius used for

38-ft Project testing was less sensitive to Cd than those used in Phase III A _nd III B.

3.4.4 10-DayFiow-Throuah Solid-PhaseTest with C. st_maeu_

The 10-Day C. stigmaeus solid-phase test was validated by 93% survival in the control

sediment treatment C-NE. The mean survival of C. stigmaeus was 90% or greater in ali eight

sediment treatments. Statistical analyses using ANOVA and Dunnett's Test (Tables 3.12 and

3.13) show that there was no significant difference between the six COMPs and the reference

sediment R-AM. There was not a substantial difference in mean percent survival in R-AM

relative to the control C-NE.
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_. Results of the 10-Day Solid-Phase Test with R. abronlus Compared to R-AM

Sediment Mean Percent Statistical

Treatment Survival

COMPI 77 NS(a)
COMPII 83 NS
COMPlit 83 NS
COMP IV 82 NS
COMP V 58 S(b)

COMPVI 72 NS
R-AM 86 NS
C-WB 98 NA(o)

(a) NS Non-significanttoxicitycomparedto R-AM (o¢= 0.05),
(b) S Significanttoxicitycomparedto R-AM (o¢= 0.05).
(c) NA Notapplicablebecausecontrolisnot includedinthe statisticalcomparison,

TAB_. ANOVA Results for the 10-Day Solid-Phase Test with R. abronius Compared to
R-AM

Source of Sum of Mean Sign iflcance
V_,riatlon Seuares _ Souare F-Ratio L_vel

Between Groups 0.456 6 0.076 2.765 0.0307 (a)
Within Groups 0.770 28 0.028

(a) SignificanceLevel: p < 0.05

_. Results of the 10-Day Solid-Phase Test with C, stigmaeus Compared to R-AM

Sediment Mean Percent Statistical
Treatment Survival + Significance

COMPI _ 92 NS(a)
COMPII 90 NS
COMPIII 96 NS
COMP IV 92 NS
COMP V 94 NS
COMP VI 92 NS
R-AM 96 NS
C-NE 93 NA(b)

(a) NS Non-significanttoxicitycompared to R-AM (o_= 0.05).
(b) NA Not applicable because control is not included in the statistical comparlson.
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TABLE3,13, ANOVA Results for the 10-Day Solid-Phase Test with C. stlgrnaeus
Compared to R-AM

Source of Sum of Mean SignIficance
Variation _ d.f. _ _ _ _ Level

Between Groups 0.067 6 0.011 0.236 0.9610(a)
Within Groups 1.318 28 0.047

(a) Significance Level: p < 0,05

3.4.5 ._6-Hour Static Suspended-Particulate-Phase Test with C, stl_emaeus

The 96-h C. stlgmaeus SPP test was validated by greater than 90% mean survival tn

the control (0% SPP) concentration as shown in Table 3.14, A mean survival of 90% or

greater was observed in ali SPP treatments at ali concentrations. The t-test results that

compare control treatments to 100% SPP for each treatment (Table 3.15) show that there

were no significant differences within treatments. Because mean survival was greater than

50% for each COMP relative to the seawater control, LC50 values are not calculate0.

3.4,6 96-Hour Static Susoended-Particulate-PhaseTest with H, scuiota

The 96-h H, sculpta SPP test was validated by greater than 90% mean survival in the

control (0% SPP) treatments. Mean survival ranged from 50% to 97% In the six COMPs.

Table 3.16 shows that ali treatments except COMP II produced statistically significant

differences in survival between the control and 100% SPP dilutions. T-test and LC50 results

are also presented in Table 3.17, Survival in the 100% SPP remained at or above 50%, so

LC50 values were not calculated.

The H. sculpta reference toxicant test using a zinc chloride (ZnCI2) was analyzed

using the trimmed Spearman-Karber method (Section 2.5.3). The LC50 was estimated to be

0,65 mg/L of Zn, meaning that a 50% decrease in survival could be expected at this

concentration. This LC50 value is within the range of values obtained from reference toxicant

tests in other programs at MSL.

3.4.7 48-Hour Static Suspended-Partloulate-Phas0 Test with Larval C. oioas

The 48-h C. gigas SPP test was validated by greater than 85% mean survival in the

control treatment (0% SPP). Table 3.18 presents the results of the mean percent survival and
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TABLE 3.!4,. Results of the 96-Hour Statlo Suspended-Partloulate-Phase Test with
C. stlgmaeus

Sediment % SPP Mean Peroent
Treatment Conoentratlon Suwlval

COMP i 0 100
COMPI 10 90
COMP I 50 100
COMP I 100 100

COMP II 0 100
COMP II 10 100
COMP II 50 100
COMP II 100 100

, COMP III 0 100
COMP III 10 100
COMP III 50 100
COMP III 100 100

COMP IV 0 100
COMP IV 10 100
COMP IV 50 97
COMP IV 100 100

COMP V 0 100
COMP V 10 93
COMP V 50 97
COMP V 100 100

COMP VI 0 100
COMP VI 10 100
COMP VI 50 100
COMP VI 100 100

R-AM 0 97
R-AM 10 97
R-AM 50 100
R-AM 100 100
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TABLE3.15, T-Test and LCS0 Determinationfor the 96-Hour Static 6uspended-
Particulate-PhaseTestwith C. st/gmaeus

Sediment Table Caloulat:ed LOS0as
_ _ _ Slgnifloanae(a) Percent SPP

COMP I N/A(b) N/A N/A N/A > 100
COMP II N/A N/A N/A N/A >100
COMP III N/A N/A N/A N_A ' >100
COMP IV N/A N/A N/A N/A >100
COMP V N/A N/A N/A N/A > 100
COMP VI N/A N/A N/A N/A >100
R-AM 2.776 4 -1,0000 N/S(o) > 100

(a) Test of significant dh'tb_'ence((x= 0.05) for two sample t-test comparison of 0% and
100% SPP concentrations

(b) NA Statlstical test could not be performed due to zero variance in survival in 0%
and 100% SPP concentrations

(c) NS Non-significant at o_= 0.05

the mean percent normal development for ali treatments. The mean percent survival ranged

from 72% to 95% in the six COMPs. The mean percent of normal larvae development was

generally close to the percent survival. Table 3.19 presents the results of the t-test, which

compares the 0% and 100% survivals for each treatment. The results Indicate that COMP III, g

V, and R-AM produced statistically significant differences In survival between the 0% and

100% SPP concentrations. COMPs I, II, IV, and VI had no significant differences in survival

between the 0% and 100% SPP concentrations. Because survival was no lower than 67% In

the 100% SPP treatments, LC5Uvalues were not calculated.

A reference toxicant test was also conducted using the larvae from C. gigas. An LC50

value of 25 I.tg/Lof Cu reduced the percent survival of larvae to 50% compared to controls, as

calculated by the trimmed Spearman-Karber method.

3.5 TISSUE BIOACCUMULATION

Contaminants of concern were measured in the tissues of M. nasuta and N. caecoides

after the 28-day exposure to test, reference, and control sediment treatments. These

contaminants were PAHs, pesticides, PCBs, metals, and butyltins. The tissue chemistry

results and the statistical analyses performed using Dunnett's Test for comparison of ali

means are summarized in the followlng sections. At the request of USACE-WES, the PAH,

pesticides, PCBs, and butyltin compounds were analyzed in both wet and dry weight (dry
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_6, Resultsof the 96-Hour Statlo Suspended-Partloulate-PhaseTest with H, sou/pta

Sediment % SPP Mean Percent
ConQentratlon ._ Suj'v_val _

COMPI 0 93
COMPI 10 83
COMPI 50 77
COMP I 1O0 67

COMP II 0 90
COMP II 10 97
COMP II 50 80
COMP II 100 73

COMP III 0 97
COMP III 10 87
COMP III 50 70
COMP III 100 60

COMP IV 0 93
COMP IV 10 80
COMP IV 50 70
COMP IV 100 53

COMP V 0 93
COMP V 10 93
COMP V 50 80
COMP V 100 73

COMP VI 0 93
COMP VI 10 87
COMP VI 50 83
COMP VI 100 73

R-AM 0 90
R-AM 10 80
R-AM 50 63
R-AM 100 50
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"TABLE3.17, T-Test and LOS0 Determination for the 96-Hour Static Suspended-
Particulate-PhaseTestwith H. scu/pta

Sediment Table Calculated LC50as
.T..0=lJ_E_J_ __. _ .....t:Y..i_,_._ _Slar]jfl_alloe(a) Percent SP_P

COMP I 2,776 4 5,6569 S(b) > 100
COMP II 2,776 4 2,5000 NS(o) > 100
COMP III 2.776 4 5,5000 S > 100
COMP IV 2.776 4 8,4853 S > 100
COMP V 2,776 4 4.2426 S > 100
COMP VI 2,776 4 4.2426 S > 100
R-AM 2.776 4 4,8990 S • 100
L -- --

(a) Test of significantdifference (o_= 0.05) for twosamplet-test comparisonof 0% and
100% SPP concentrations.

(b) S Significantat cz= 0,05,
(o) NS Non-significantat o_= 0.05.

weight only for metals) and the detectionlimitwas used for the compoundsthat were

undetected, When a compoundin test organismtissueIs slgnlfioantlyelevated compared to

tissues exposedto R-AM, the mean tlssueconcentrationis documented. Complete M, nasuta

and N. caecoides tissuechemistrydata resultsare containedin Volume2, AppendixK of

Ward et al. (1991).

3.5.1 P_olynuclearArorrlaticHydrocarbonBloacoumulatlorlin_d,..g.._L_

Theresults of ANOVA and Dunnett'sTest comparingmean tissueconcentrationsand

statisticalgroupingsfor individualcompoundsare presentedIn Appendix A and Appendix B of

this report.

Resultsof the DunnettTest are summarizedInTable 3.20 (wet weight) and Table 3,21

(dryweight). Table 3.20 (wet weight) shows that 10 of the 15 PAH compoundsanalyzed were

elevated in M. nasuta tissuesin at least one of the COMPs relativeto the referencesediment

R-AM. The resultsof thestatisticalanalysesperformedon the dry weight concentrationsof

PAHs are presented in Table 3.21, This dry weightanalysesshows that the same 10 PAH

compoundsthat had significant concentrationsin wet weight /VI.nasuta tissue,are also

significantlyelevated in dry weight M. nasuta tissue, lt alsoshowsthatCOMPs III, IV, V, and VI

have significantlyelevated concentrationsof IndividualPAHs when evaluated using either the

wet or dryweight values.
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.TABLE3_1.8.,Results of the 48-Hour Statio Suspended-Partloulate-Phase Test with C, glgas

Sediment % SPP Moan Peroent Mean Peroent
Conoentratiorl __ Survival _ _ _---Normal .

COMPI 0 86 86
COMP I 10 95 90
COMPI 50 89 89
COMF_I 100 79 78

COMP II 0 88 87
COMP II 10 84 82
COMP II 50 87 86
COMP II 100 77 77

COMP III 0 85 85
COMP III 10 84 82
COMP III 50 87 86
COMP III 100 72 67

COMP IV 0 88 88
COMP IV 10 86 82
COMP IV 50 78 76
COMP IV 100 83 83

COMP V 0 95 90
'COMP V 10 87 85
COMP V 50 85 80
COMP V 100 73 70

COMP VI 0 94 92
COMP VI 10 85 83
COMP VI 50 87 87
COMP VI 100 73 72

J

R-AM 0 92 92
R-AM 10 87 87
R-AM 50 76 76
R-AM 100 73 73
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TABLE 3.19. T-Test and LC50 Determinationfor the 48-Hour Static Suspended-
Particulate-PhaseTestwith C. gigas

Sediment Table Calculated LC50as
_ d.f. _ Significance(a) PercentSPP

COMPI 2.7'76 4 1.7386 NS(b) >100
COMP II 2.776 4 1.5967 NS >100
COMP III 2.776 4 3.0963 S(c) >100
COMP IV 2.776 4 1.4924 NS > 100
COMP V 2.776 4 3.5052 S > 100
COMP VI 2.776 4 2.4435 NS > 100
R-AM 2.776 4 3.3298 S >100

(a) Test of significant difference (ez= 0.05) for two sample t-test comparison of 0% and
100% SPP concentrations.

(b) NS Non-significant at ¢z= 0.05.
(c) S Significant at ¢z= 0.05.

3.5.2 E_esticideand PCB Bioaccumulationin M. nasuta

Chlorinated pesticide analyses of M. nasuta tissue are presented in Table 3.22 (wet

weight) and Table 3.23 (dry weight). Table 3.22 shows that six pesticides (Delta-BHC,

Gamma-BHC, 4,4'-DDT, Endosulfan II, Endosulfan sulfate and Endrin) had significantly

elevated concentrations in wet weight M. nasuta tissues from one of the COMPs relative to the

reference sediment R-AM. The results of the statistical analyses performed on the dry weight

concentrations of pesticides are presented in Table 3.23. Analyses on dry weight M. nasuta

tissues show that four pesticides (Be_-BHC, Delta-BHC, Gamma-BHC, ar,..JEndrin) had

significantly elevated concentrations in dry weight M. nasuta tissues from one of the COMPs

relative to R-AM. COMP VI had significant elevations of pesticides when evaluated under both

wet and dry weight determinations while COMP II was added under'dry weight only.

The statistical analyses of wet weight a_d dry weight concentrations of PCBs in the

tissues of M. nasuta are presented in Tables 3.24 and 3.25. The wet and dry weight analyses

showed that aroclor 1242, 1254, and 1260 had significantly elevated concentrations in M.

nasuta tissues from at least one of the COMPs relative to the reference sediment R-AM. Ali

the tissues exposed to R-AM (except Aroclor-1254 wet weight) contained mean tissue

concentrations (wet and dry weight) of PCBs that were undetected below the detection limit in

ali replicates. Comps V and Vi had significantly elevated concentrations of PCBs when

compared to R-AM.
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TP,BLE 3.20. Significantly Elevated Mean Tissue Concentrations of PAHs in M. nasuta
(IJg/kg wet weight)

R-/_I COMPI COMPII _ COMPIV COMPV COMPvi
Naphthalene 6.38 U(a) .Co) ....
Acenaphthylene 0.97 U ......
Acenaphthene 2.42 U .....
Fluorene 1.93 U .....
Phenanthrene 4.68 B(¢) .... 10.10 B(d)
Anthracene 1.23 ....
Fluoranthene 7.77 B .... 31.30 B
Pyrene 36.43 B - 73.08 108.12 - 208.96
Benzo(a)anthracene 1.70 - - 5.96 - 9.58
Chrysene 3.15 .... 11.12
Benzofluoranthenes 13.48 - 34.64 - 40.88 53.20
Benzo(a)pyrene 3.45 - 22.64 12.32 23.24 31.26
Dibenzo(a,h)anthracene 0.88 U - - 5.24 6.66 -
Benzo(g,h,i)perylene 2.98 - 8.88 - 9.44 10.54
Indeno(1,2,3-c,d)pyrene 2.25 - - - 8.24 7.56

(a) U indicatesanalyteundetectedinali replicates.
(b) Notsignificantlyelevatedrelativeto R-AM.
(c) UB Undetectedor blankcontaminationassociatedwithali replicates.
(d) B Analytedetected inblanksat twice the detection limitfor ali replicates (reported con_antration is not

blank-corrected).

O TABLE 3.21. Significantly Elevated Mean Tissue Concentrations of PAHs in IV. nasuta
(I.Lg/kgdry weight)

R-AM COMPI .._ ._ .._ _ COMPVI
Naphthalene 47.77 U(a) .Co) . . .
Acenaphthylene 7.14 U ....
Acenaphthene 17.92 U ....
Fiuorene 14.35 U ....
Phenanthrene 34.06 B(¢) .... 66.24 B
Anthracene 9.13 ....
Fluoranthene 57.16 B - - - 196.79 B
Pyrene 278.10 B - 592.92 786.13 494.12 1300.32
Benzo(a)anthracene 12.45 - 56.97 43.47 43.85 53.1 0
Chrysene 23.32 - 46.89 - 72.49
Benzofluoranthenes 102.89 - 278.94 351.79 340.40
Benzo(a)pyrene 26.30 - 182.86 89.84 209.83 201.96\

Dibenzo(a,h)anthracene 6.61 U - - 39.58 70.18 -
Benzo(g,h,i)perylene 22.74 - 68.87 - 83.90 65.41
Indeno(1,2,3-c,d)pyrene 16.93 - - 87.51 46.00

(a) U indicatesanalyteundetected in alireplicates.
(b) Notsignificantlyelevated relativeto R-AM.
(c) Analytedetectedin blanksat lessthantwice the detectionlimitfor ali replicates(reported

concentrationis notblank-corrected).

,0
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TABLE 3.22. Signficantly Elevated Mean Tissue Concentrations of Pesticides in M. nasuta
(l_g/kg wet weight)

.P_._E]t_MI_;_E] R-AM COMPI COMPII COMPIII COMPIV COMPV COMPVI
Aldrin 2.0 U(a) .Co) ....
Alpha-BHC 2.0 U - - - _ - -
Beta-BHC 2.0 U .....
Delta-BHC 2.0 U .... 4.88
Gamma-BHC 2.0 U .... 5.00
Alpha-Chlordane 2.0 U .....
Gamma-Chlordane 2.0 U .....
4,4'-DDD 2.0 U ....
4,4'-DDE 2.1 .....
4,4'-DDT 2.0 U - - - 5.48 U
Dieldrin 2.1 U ....
EndosulfanI 2.0 U .....
EndosulfanII 2.0 U .... 6.68 UB(c)
Endosulfansulfate 2.1 - - - 3.22
Endrin 2.0 U .... 4.04 U
Endrin Ketone 2.0 U ....
Heptachlor 2.0 U ....
Heptachlor epoxide 2.0 U ....
Methoxychlor 10.0 LI ....
Toxaphene 20.0 U ....

(a) U indicatesanalyteundetectedin ali replicates.
(b) Notsignificantlyelevatedrelativeto R-AM.
(c) Undetectedor blankcontaminationassociatedwithali replicates.

3.5.3 Metals Bioaccumulation in M. nasuta

Statistical analyses of the metals found in M. nasuta tissues were performed in dry

weight only. Table 3.26 shows the results of the Dunnett Test. Metals concentrations are

presented in mg/kg dry weight. Five metals (Cd, Cr, Cu, Ni and Pb) had significantly elevated

concentrations of metals in M. nasuta tissues exposed to the COMPs relative to tissues

exposed to R-AM. Chromium was elevated within ali COMPs; Ni in ali but COMP IV; Pb in ali

but COMPs I and II; and Cu and Cd in COMPs I or 11, respectively.

3.5.4 Butvltin Bioaccumulation in M. nasuta

Results of the butyltin statistical analyses on wet and dry weight IV/.nasuta tissues, are

presented in Tables 3.27 and 3.28. Ali three butyltins were significantly elevated in the same

COMPs in wet and dry weight M. nasuta tissues exposed to the COMPs relative to tissues

exposed to the reference sediment R-AM. COMPs I and VI had no significant elevations of

butyltins compared to R-AM.
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TABLE 3.23. Signficantly Elevated Mean Tissue Concentrations of Pesticides in M. nasuta
(l._g/kgdry weight)

.P.._J_MJ_B R-AM COMPI COMPII COMPIII COMPIV COMPV COMPVI

Aldrin 14.667 U(a) -(b) . .
Alpha-BHC 14.667 U ......
Beta-BHC 14.667 U - 55.60 U -
Delta-BHC 14.667 U - - 28.40
Gamma-BHC 14.667 U - - 27.20
Alpha-Chlordane 14.667 U ....
Gamma-Chlordane 14.667 U .....
4,4'=DDD 14.667 U ....
4,4'-DDE 15.500 ....
4,4'-DD1 14.667 U - - -
Dieldrin 15.667 U ....
Endosulfan I 14.667 U .....
Endosulfan il 14.667 U ......
Endosulfan sulfate 15.167 ....
Endrin 14.667 U - - 24.60 U
Endrin Ketone 14.667 U - - -
Heptachlor 14.667 U - - -
Heptachlor epoxide 14.667 U - - -
Methoxychlor 74.667 U - -
Toxaphene 149.167 U ....

(a) U indicates analyte undetected in ali replicates.
(b) Not significantly elevated relative to R-AM.

3.5.5 Polynuclear Aromatic Hydrocarbon Bioaccumulation in N. caecoides

Results of ANOVA and Dunnett's Test comparing mean tissue concentrations and

statistical groupings for individual compounds are presented in Appendix C and Appendix D

of this report.

The results of the Dunnett Test are summarized in Table 3.29 (wet weight) and Table

3.30 (dry weight). 'Table 3.29 shows that eight PAH compounds, naphthalene, phenanthrene,

anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, and benzo(b)fluoranthene,

were elevated in N. caecoides tissues from at least one of the COMPs relative to the reference

sediment R-AM. Analysis of dry weight N. caecoides tissues (Table 3.30) shows that six PAH

compounds, phenanthrene, anthracene, fluoranthene, pyrene, chrysene, and benzo(b)-

fluoranthene, were significantly elevated in the N. caecoides tissues from at least one of the

COMPs relative to R-AM. COMPs ! through VI showed significant elevations relative to one or

more of PAH concentrations at R-AM for both wet and dry weight determinations.
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TABLE 3.24. Significantly Elevated Mean Tissue Concentrations of PCBs in M.nasuta
(l_g/kg wet weight)

Parameter R-AM _ COMPII COMPIII COMPIV COMPV COMPVI

Aroclor 1016 20.0 U(a) .(b) ....
Aroclor 1221 20.0 U .....
Aroclor 1232 20.0 U .....
Aroclor 1242 20.0 U .... 156.0
Aroclor 1248 20.0 U .....
Aroclor 1254 33.0 .... 186.0
Aroclor 1260 20.0 U - 52.3 -

(a) U indicatesanalyteundetectedin ali replicates
(b) Notsignificantlyelevatedrelativeto R-AM

TABLE 3.25. Significantly Elevated Mean Tissue Concentrations of PCBs in M. nasuta
(gg/kg dry weight)

Parameter R-AM C(_,API _ _ _ CC_P V

Aroclor 1016 149.167 U(a) .(b) . . .
Arocior 1221 149.167 U ....
Aroclor 1232 149.167 U ....
Aroclor 1242 149.167 U .... 870.0
Aroclor 1248 149.167 U ....
Aroclor 1254 249.167 .... 1015.80
Aroclor 1260 149.167 U - - 434.71

(a) U indicatesanalyteundetectedinali replicates.
(b) Notsignificantlyelevated relativeto R-AM.

3.5.6 Pesticide and PCB Bioaccumulation in N. caecoides

Chlorinated pesticide analyses of N. caecoides tissue are presented in Table 3.31 (wet

weight) and Table 3.32 (dry weight). There were no significant differences in pesticide levels

observed in the tissues exposed to the six COMPs relative to the reference sediment R-AM.

The N. caecoides tissues exposed to R-AM had mean tissue concentrations that were less

than or equal to the method detection limit.

The statistical analyses of wet weight and dry weight concentrations of PCBs in the

tissues of N. caecoides, are presented in Tables 3.33 and 3.34. Both the wet and dry weight

analyses showed that N. caecoides tissues exposed to sediment from COMP III had Aroclor-

1254 concentrations that were significantly elevated relative to the reference sediment R-AM.

Ali of the tissues exposed to R-AM contained undetected mean tissue concentrations of PCBs.
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3.5.7 Metals Bioaccumulationin N. caecoides

Statistical analyses of the metals found in N, caecoides tissues were performed in dry

weight only. Table 3.35 shows the results of the Dunnett Test. Metals concentrations are

presented in mg/kg dry weight. Six metals, As, Cd, Cr, Pb, Se, and Zn, had significantly

elevated concentrations in N. caecoides tissues exposed to at least one COMP relative to the

reference sediment R-AM. Arsenic was signlficantly elevated in ali COMPs, Cr at COMPs IV,

V, and VI; Pb at COMPs III, IV, and V; Zn at COMPs II and V; Cd at COMP V; and Se at COMP

VI, relative to R-AM.

3.5.8 Buty_ItinBioaccumulationin N. caecoides

Results of the butyltin statistical analyses on wet weight and dry weight N. caecoides

tissues are presented in Tables 3.36 and 3.37. No butyltins were significantly elevated in

either the wet or dry weight tissueswhen compared to the reference sediment R-AM.

TABLE 3.26. Signicantly Elevated Mean Tissue Concentrations of Metals in M. nasuta
(mg/kgdry weight)

P_ R-AM COMPI COMPII COMPIII _PIV COMPV COMPVI

Silver 0.419 -(a) -
Arsenic 25.686 - - -
Cadmium 0.316 - 0.448 -
Chromium 0.891 2.322 2.104 2.552 2.354 3.056 2.728
Copper 17.794 40.280 - - -
Mercury 0.147 - -
Nickel 3.219 4.592 5.160 4.932 - 4.635 4.996
Lead 2.001 - 3.280 3.040 3.300 3.286
Selenium 1.590 .....
Zinc 115.443 .....

(a) Not significantlyelevatedrelativeto R-AM.
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TABLE 3.27. Significantly Elevated Mean Tissue Concentrations of Butyltins in M, nasuta
(IJg/kg wet weight)

Pararn_ R-,_ COMP_C-,CMP_JL_ COMPIVCOMPVC(_PW
Tributyltin 2.2 -(a) 3.1 3.7 4.1 4.0 -
Dibutyltin 1.2 - - - 4.2 4.4 -
Monobutyltin 0.9 U(b) - - 1.5 U - -

(a) Not significantlyelevatedrelativeto R-AM
(b) U Undetectedin alireplicates;value is meanof detectionlimits.

TABLE 3.28. Significantly Elevated Mean Tissue Concentrations of Butyltins in M. nasuta
(l_g/kg dry weight)

Parameter R-AM COMPI COMPII COMPIII _P IV _COMPV _PVI
Tributyltin 15.3 -(a) 24.2 26.4 27.3 27.2 -
Dibutyltin 8.5 - - - 27.6 29.3 -
Monobutyltin 6.4 U(b) - - 10.4 U - - -

(a) Not significantlyelevatedrelativeto R-AM.
(b) U Undetectedinali replicates;value is mean of detectionlimits.

E.._. Significantly Elevated Mean Tissue Concentrations of PAHs in N. caecoides
(_g/kg wet weight)

Parameter R-AM COMPI COMPII _COMPI![ .._ COMPV COMPVI
Naphthalene 44.6 .(a) 57.83 - - -
2-Methyl naphthalene 23.8 ....
Acenaphthylene 10.0 U(b) - - -
Acenaphthene 10.0 U ....
Fluorene 10.0 U .....
Phenanthrene 19.0 39.0 30.3 - - 44,8
Anthracene 10.0 U - - - 14.4
Fluoranthene 22.2 - - - 82.4
Pyrene 19.8 - 39.3 202.0 188.0 86.0 566.0
Benzo(a)anthracene 10.0 U - 14.2 - -
Chrysene 10.0 U - 27.6 - 41.0
Benzo(b)fluoranthene 10.0 U .... 19.4
Benzo(k)fluoranthene 10.0 U ....
Benzo(a)pyrene 10.0 U .....
Dibenzo(a,h)anthracene I0.0 U ....
Benzo(g,h,i)perylene 10.0 U .....
Indeno(1,2,3-c,d)pyrene 10.0 U .....

(a) Not significantly elevated relative to R-AM.
(b) U indicates analyte undetected in ali replicates.
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TABLE 3.30. Significantly Elevated Mean Tissue Concentrations of PAHs in N. caecoides
(i.[g/kgdry weight)

O _ R-AM _ COMPI COMPII COMPIII .._ _PV _PVI
Naphthalene 288.034 .(a) .....
2-Methyl naphthalene 152.926 ......
Acenaphthylene 63.796 U(b) ......
Acenaphthene 63.796 U .....
Fluorene 63.796 U .....
Phenanthrene 122.092 252.316 .... 282.61 4
Anthracene 63.796 U - - - 90.948
Fluoranthene 142.914 .... 521.392
Pyrene 127.398 - 233.332 1162.768 1134.298 563.566 3572.370
Benzo(a)anthracene 63.796 U ....
Chrysene 63.796 U - - 160.088 257.986
Benzo(b)fluoranthene 63.796 U - - - 120.584
Benzo(k)fluoranthene 63.796 U ....
Benzo(a)pyrene 63.796 U .....
Dibenzo(a,h)anthracene 63.796 U .....
Benzo(g,h,i)perylene 63.796 U .......
Indeno(1,2,3-c,d)pyrene 63.796 U ......

(a) Not significantly elevated relative to R-AM.
(b) U indicates analyte undetected in ali replicates.

TABLE 3.31. Signficantly Elevated Mean Tissue Concentrations of Pesticides in N. caecoides
(l_g/kg wet weight)

Param_,ter R-AM COMPI .._ COMPIII COMPIV COMPV
Aldrin 10.0 U(a) .(b) ....
Alpha-BHC 10.0 U .....
Beta-BHC 10.0 U ....
Delta-BHC 10.0 U .....
Gamma-BHC 10.0 U .....
Chlordane 10.0 U ....
4,4'-DDD 10.0 U ....
4,4'-DDE 10.0 U ....
4,4'-DDT 10.0 U ....
Dieldrin 10.0 U ....
Endosuifan I 10.0 U - - -
Endosulfan II 10.0 U ....
Endosulfan sulfate 10.0 U .....
Endrin 10.0 U ....
Endrin Aldehyde 10.0 U ....
Heptachlor 10.0 U ....
Heptachlor epoxide 10.0 U ....
Methoxychlor 11.0 U .....
Toxaphene 500.0 U ....

(a) U indicatesanalyte undetected in ali replicates.
(b) Not significantly elevated relative to R-AM.

e
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_TABLE 3.32. Signficantly Elevated Mean Tissue Concentrations of Pesticides in N. caecoides
(pg/kg dry weight)

P_t,_l' R,AM COMPI COMPII COMPIII COMPIV COMpV COMPVI

Aldrin 63.796 U(a) -_) ....
Aipha-BHC 63.796 U .....
Beta-BHC 63.796 U .....
Delta-BHC 63.796 U ....
Gamma-Bl-lC 63.796 U .....
Chlordane 63.796 U ......
4,4'-DDD 63.796 U .....
4,4'-DDE 63.796 U .....
4,4'-DDT 63.796 U ....
Dieldrin 63.796 U .....
Endosulfan I 63.796 U ....
Endosulfan II 63_796 U .....
Endosulfan sulfate 63.796 U ....
Endrin 63.796 U .....
Endrin Aldehyde 63.796 U ....
Heptachlor 63_796 U ....
Heptachlor el)oxide 63.796 U ....
Methoxychlor 6e.600 U .....
Toxaphene 3189.946 U - - -

(a) U indicates analyte undetected in ali replicates
(b) Not significantly elevated relative to R-AM

Z.._. Significantly Elevated Mean Tissue Concentrations of PCBs in N. caecoides
(pg/kg wet weight)

_ COMPI COMPII COMPIII COMPIV COMPV .COMPVI

Aroclor 1016 100.0 U(a) .(b) ....
Aroclor 1221 100.0 U .....
Aroclor 1232 100.0 U .....
Aroclor 1242 100.0 U ....
Aroclor 1248 100.0 U ....
Aroclor 1254 100.0 U - - 166.6 - -
Aroclor 1260 100.0 U ....

(a) U indicatesanalyte undetectedinali replicates.
(b) Not significantlyelevatedrelativeto R-AM.

PHASE III 38-ft R-AM 3.52



TABLE 3.34. Significantly Elevated Mean Tissue Concentrations of PCBs in N, caecoides
(l_g/kg dry weight)

R-AM COMPI COMPII COMPIil _P IV _pv COMPVI
Aroclor 1016 638.0 U(a) -(b) ....
Aroclor 1221 638.0 U -
Aroclor 1232 638.0 U ....
Aroclor 1242 638.0 U ....
Aroclor 1248 638.0 U ....
Aroclor 1254 638.0 U - - 950.4 - -
Aroclor 1260 638.0 U - - -_ - -

(a) U indicatesanalyteundetectedinali replicates,
(b) Notsignificantlyelevatedrelativeto R-AM.

.TABLE 3.35. Signicantly Elevated Mean Tissue Concentrations of Metals in N. caecoides
(mg/kg dry weight)

R-AM_ COMPI COMPII COMPIII __P IV COMP V _COMPVI

Silver 0.063 .(a) .....
Arsenic 19.733 27.9 28.3 28.2 27.5 27,7 26,2
Cadmium 1.130 .... 1.447 -
Chromium 0.300 - - - 0.470 0.437 0.430
Copper 25.667 .....

O Mercury 0,660 ......Nickel 3.100 .....
Lead 0.783 - - 1.020 1.027 0.963 -
Selenium 1.170 .... 1.790
Zinc 188.800 - 203.0 - - 210,667 -

,q

(a) Not significantly elevated relative to R-AM.

3"ABLE 3.36. Significantly Elevated Mean Tissue Concentrations of Butyltins in N. caecoides
(l_g/kg wet weight)

R-AM COMPI COMPil COMPIII COMPIV_ COMPV COMPVI
Tributyltin 6.349 j(a) .Co) ....
Dibutyltin 8.288 UJ(o) ......
Monobutyltin 9.070 UJ ....

(a) J Detected below method detection limit in ali replicates; value is mean of detected
values.

(b) Not significantly elevated relative to R-AM
(c) UJ Undetected or detected below method detection limit in ali replicates; value is mean of

detected values and detection limits.
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TABLE 3.37. SignificantlyElevated Mean TissueConcentrationsof Butyltins in N. caecoldes
(l_g/kgdryweight)

I

_ R-AM _ COMPII _ ._ COMPV COMPVI

Tributyltin 41.4 J(a) .(b) . . -
Dibutyltin 53.4 UJ(o) ....
Monobutyltin 58.0 UJ ....

(a) J Detected below methoddetectionlimitin ali replicates;value is mean of detected
values.

(b) Not significantlyelevated relativeto R-AM
(c) UJ Indicatesundetectedor detected below the methoddetectionlimit in ali replicates;

value is mean of detectedvalues and detectionlimits
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4.0 DISCUSSION AND CONCLUSIONS

4.1 GEOLOGICAL EVALUATIONS

Geological evaluations were performed on the indlvldual sediment samples

comprising each of the six composites (COMPs). Those evaluations provided an estimate of

the amounts of Older Bay and Younger Bay Mud (OBM and YBM) and the dominant sediment

type present In each of the COMPs. Thts summary information Is presented in Table 4.1,

which shows that the six COMPs represented depths ranging from -31.0 to -38.3 ft MLLW in

the Inner Oakland Harbor. COMPs I and II were composed primarily of YBM in the form of clay

which consists of some silts and sands. The remaining four COMPs (COMPs III, IV, V, and VI)

were composed of both YBM and OBM, with YBM generally the dominant material. Sediment

from these four COMPs were primarlly sand. Gravel, silt, and clay were also present.

4.2 SEDIMENT CHEMISTRY

According to the 1991 Implementation Manual, sediment chemistry results are not

Intended to evaluate the suitability of sediments for open-ocean disposal but rather to provide

a basis for determining the contaminants currently present in the sediment treatments

(composites) that show signs of potential effects. Sediment chemistry results are to be used in

conjunction with toxicity tests and bioaccumulation results in order to evaluate appropriate

disposal options. This section compares chemical concentrations of sediment conventlonals,

metals, and organics to the reference R-AM.

_. Summary of Geological Descriptions of Sediment

Treatment MLLW De0th Range,ft _ C:;haractedzation

COMPI -34.5 to -37.2 YBM, clay with sand, silty clays
COMP II -35.9 to -37.0 YBM, clay with sand
COMP III -34.9 to -37.2 YBM, clay with sand, silts with fine sand
COMP IV -34.0 to -38.3 YBM/OBM, clay with sand, gravelly sands
COMP V -34.9 to -37.9 YBM/OBM, clay with sand, silty sands
COMP VI -31.0 to -38.0 YBM/OBM, clay with sand
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Table 4.2 summarizesali contaminantsin the sedimenttreatmentsthat exceeded the

values observedinthe referenceR-AM. This table showsthat contaminantsof concernwere

",levatedin the COMPs and the respectiVestationsrelativeto the referenceR-AM. The only

exceptionsto thiswere the metals As and Cd, whichwere generally notelevated. The three

controltreatments,C-NE, C-SB, and C-WB, producedthe fewest numberof elevated

contaminantconcentrationsrelativeto R-AM. Ali COMPs had PAHs, PCBs, a variety of

metals,and butyltinconcentrationsthat were elevated relative to R-AM. Pesticide

concentrationswere elevated only in COMP V relativeto R-AM.

4.3 TOXICOLOGY.AND BIOACCUMULAT.LQI_

Toxicology and bioaccumulationresultsare important in the characterization of

sediment treatments (composites) representingproposed dredging sites.The COMPs that

produced statisticallysignificant acute toxicityor bioaccumulation of contaminants of concern

rela[ive to the reference R-AM are summarized in Table 4.3. By examining the results of the

toxicity and bioaccumulation analyses, USACE will be able to determine which COMPs may

be unsuitable for in-bay disposal relative to the reference site R-AM. There was no evidence

of acute toxicity inthe suspended-particulate-phase(water column)tests relative to R-AM.
Table 4.3 showsthatthere was acutetoxicityinthe solid-phasetests of COMP V and COMP VI

relativeto R-AM. COMP V producedsignificanttoxicityin the 10-day R. abronius test;COMP

VI producedsignificanttoxicityin the 10-day N. caecoides test.

The potentialfor bioaccumulationrelativeto R-AM, however, is evidentby the total

numberof hits listedat the bottomof the table. For thisdiscussion,a hit is defined as acute

toxicityor a statisticallysignificant elevationof bioaccumulationof LPAH, HPAH, a butyltin,or

any of the 10 metals intissuesexposedto the COMPs relative to tissuesexposedto R-AM. At

the requestof USACE, metalsconcentrationsinthe tissues of M. nasuta and N. caecoides

were evaluated as dry weightonly.

COMPs I and ii showed no acutetoxicityand onlya few statisticallysignificant

differencesin bioaccumulationthat were due to slightelevationsof metals. COMPs III and IV

showed no acute toxicityand some statisticallysignificantdifferences in bioaccumulationthat

were due to elevated levelsof the PAH pyrene. COMPs V and VI showedacute toxicityand

had the moststatisticallysignificantdifferences in tissuecontaminantlevels.
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4.4 CONCLUSIONS

The tiered approach to evaluating the potential Impacts from ocean disposal of

dredged material consists of a series of activities (tests) and decision modules (determination

of compliance) to guide the evaluation of potential dredged sediment. The work presented in

this report falls under the Tier III guidelines of the 1991 Implementation Manual, consisting of

water column toxicity, deposited sediment (solid phase) toxicity, and deposited sediment

bioaccumulation. Physical and chemical analyses of proposed dredged material are only

used in this study to verify sediment grain size and to help explain toxicological and

bioaccumulation results. The following discussion summarizes the tests conducted by MSL

under Tier III, using the determination of compliance definitions provided by the 1991

Implementation Manual.

4.4.1 Water Colvmn

Estimates of toxicity tn the water column were evaluated by exposing three sensitive

marine species (H. sculpta, C. stigmaeus, and C. gigas) to the SPP of the six sediment

composites and R-AM. Four concentrations of SPP were tested: 0% (seawater), 10%, 50%,

and 100%. Determination of compliance for this test involves deciding whether the

concentration of dissolved plus suspended contaminants, after allowance for initial mixing, is

greater than 0.01 of the acutely toxic concentration beyond the boundaries of the disposal site

within the first 4 h after disposal. The SPP tests involving the six COMPs showed no acute

toxicity that produced a 50% decrease in test organism survival relative to the control (0%

SPP); thus, LCS0s could not be calculated.

4.4.2 Deoosited Sediment Toxicity

Deposited sediment toxicity was determined by exposing four species of marine

organisms (M. nasuta, N. caecoides, C. stigmaeus and R. abronius) to test sediment

treatments using solid-phase tests. Tier III guidelines in the 1991 Implementation Manual

concerning determination of compliance for deposited sediment provide the criteria necessary

to evaluate whether the mortality of organisms exposed to the composite samples

rgpresenting potential dredged material is significantly different than mortality of organisms

exposed to the reference R-AM, and whether test organism mortality in test treatments

exceeds the reference treatment by 20% (R. abronius) or 10% (other species). If the mortality

of test organisms in test treatments is significantly different than the reference mortality and
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exceedsthe reference bythe abovepercentages,then the testmaterialdoes not complywith

the benthicbioassay criteriaof Section227.13(c) in AppendixA of the 1991 Implementation

Manual. Acutetoxicityrelativeto the reference R-AM was observedin COMP V and COMP VI.

These COMPs do not complywiththe abovebenthicbioassay criteria.

4.4.3 Bioaccumulation

The potential for bioaccumulationof contaminantswas evaluatedthrough28-day solid-

phase flow-throughtestsof /VI.nasuta and IV.caecoqdes. The concentrationsof contaminants

were comparedto existingFoodand DrugAdministration(FDA) limits,and also compared

throughANOVA and Dunnett'sTest to determinewhetherstatisticallysignificant(cz= 0.05)

levelsof contaminantsexistedrelativeto the reference R-AM. The bioaccumulationresultsin

thisprojectshowedthat contaminantsintissuesexposedto the six COMPs did not exceed the

-DA actionlimits(where available)summarized inthe 1991 ImplementationManual, but

,,_tatisticallysignificantlevelsof contaminantsexistedin the tissuesof M. nasuta and N.

caecoides when comparedto tissuesexposedto R-AM. Comparedto R-AM, COMPs I and II

p,'oducedthe fewest occurrencesof significantbioaccumulation;COMPs V and Vt produced

the mostoccurrencesof significantbioaccumulation.

Accordingto the 1991 ImplementationManual, furtherevaluationof the test sediments

and the potentialdredged materialthey represent may be necessaryto determinewhether

these materialscan be disposedof in the openwater. The summaryresultspresented in this

report are intendedto aid in thisdetermination. Further evaluationsin the form of numerical

modeling,case-specifictesting,or othermanagementaction as defined by the 1991

ImplementationManual and developedby the DistrictEngineer and Regional Administrator

may be necessary.
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APPENDIX A

STATISTICAL ANALYSIS OF BIOACCUMULATION IN MACOMA nasuta
lWET WEIGHT CONCENTRATIONS_



I.._. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Naphthalene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight_ Sianificance

' COMPI 6.2 U(a) NS(b)
COMP II 6.6 UB(°) NS
COMP III 6.2 U NS
COMP IV 6.4 UB NS
COMP V 7.3 UB NS
COMP VI 6,2 U NS
R-AM 6,4 U NA(d)

(a) U Undetected !n ali replicates; value is mean of detection limits,
(b) NS No significant difference from R-AM (_ =0.05).
(c) UB Analyte was undetected in one or more replicates. Analyte was fo_,Jndin the

associated blank (at less than twice the method detection limit),.'or the
remaining replicates, but the sample concentrations were not corrected.

(d) NA Not applicable.

I.._. ANOVA Results for Naphthalene (wet weight) in M. nasuta Tissues

O Source of Sum of Mean Significance
V_rlation _ Sauares _ Savare _ Level

Treatment 0.071 6 0.012 0.781 0.5914(a)
Residual 0,452 30 0,015

(a) Significance Level: p < 0.05.
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_.._J_t,_. Mean Tissue Concentration (wet weight) and Statistical Grouping for
2-Methylnaphthalene In M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(u,_a/kgdry welaht! Significance

COMPI
COMP II
COMP III Compound not analyzed in M, nasuta
COMP IV
COMP V
COMP VI
R-AM

TABLEA,4. ANOVA Results for 2-Methylnaphthalene (_vetweight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ F-Ra_o Lewl

Treatment
Residual Compound not analyzed in M. nasuta
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I..ABLE__. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Acenaphthylenein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight! ,Significance

COMP I 0,95 U(a) NS(b)
COMP ii 1,58 UB(_) NS
COMP III 0.94 NS
COMP IV 0.98 NS
COMP V 1.i4 U NS
COMP VI 0.94 NS
R-AM 0.97 U NA(d)

(a) U Undetected In ali replicates; value Is mean of detection limits,
(b) NS No significant difference from R-AM (ez= 0.05),
(c) UB Analyte was undetected In one or more replicates. Analyte was found in the

associated blank (at less than twice the method detection limit) for the
remainlng replicates, but the sample concentrations were not corrected,

(c) NA Not applicable.

.T._, ANOVA Results for Acenaphthylene (wet weight)in M, nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ _ Level

Treatment 0.347 6 0.058 0.758 0.6085(a)
Residual 2.289 30 0.076

(a) Significance Level' p < 0.05.

PHASE III 38-ft R-AM A.3



_. Mean Tissue Concentration(wet weight) and Statistical Grouping for
Acenaphthene in M. nasuta Tissues

Mean Tlssue
Sediment Concentration Statistical
Treatment _a/ka wet weiahtl Sianlficance

COMP I 2.37 U(a) NS (b)
COMP II 3.26 NS
COMP I!1 2.36 U NS
COMP IV 2.36 U NS
COMP V 2.78 U NS
COMP VI 2.40 U NS
R-AM 2.42 U NA(a)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (cz= 0.05).
(c) NA Not applicable. .

TABLE A.8. ANOVA Results for Acenaphthene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance

__ _ d.f. =_Z,ta_ F-Ratio Level _I

Treatment 0.207 6 0.035 0.791 0.5844(a)
Residual 1.311 30 0°044

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.4



i

I_M_.__. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Fluorene In M. nasuta Tissues

Mean Tissue
Sediment Conoentration Statistical
Treatment _g/kg wet weight! _ificance

COMPI 1.88 U(a) NS(b)
COMP II 10.32 NS
COMP III 4.48 NS
COMP IV 1.86 U NS
COMP V 2.22 U NS
COMP VI 2.80 NS
R-AM 1.93 U NA(o)
i. , ,, ,

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE A.10.. ANOVA Results for Fluorene (wet weight) In M. nasuta Tissues

Source of Sum of Mean Significance
2EJ_ _ J;LL _ F-Ratio Level

Treatment 1.753 6 0.292 0.671 0.6736(a)
Residual 13.059 30 0.435

(a) Significance Level: p < 0.05.

PHASE !1138-ft R-AM A.5



TABLE A.11. Mean Tissue Concentration(wet weight)and StatisticalGroupingfor
Phenanthrenein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/k_awet weiaht) Significance

COMPI 3.40 UB(a) NS (b)
COMP II 3.38 UB NS
COMP III 4.44 B(c) NS
COMP IV 4.45 B NS
COMP V 4.10 NS
COMP VI 10.10 B S(d)
R-AM 4.68 UB NA(e)

(a) UB Analytewas undetectedin one or more replicates. Analytewas found in the
associatedblank(at lessthan twice the methoddetectionlimit)for the
remainingreplicates,but the sample concentrationswere not corrected.

(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) B Analytedetected in blanksat less than twice thedetectionlimitfor ali

replicates;sample concentrationswere not blank-corrected.
(d) S Significantdifferencefrom R-AM (ez= 0.05).
(e) NA Not applicable.

TABLE A.12. ANOVA Results for Phenanthrene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
y__ _ d.f. _ F-Ratio Level

Treatment 3.986 6 0.664 5.399 0.0007 (a)

Residual 3.691 30 0.123

(a) Significance Level"p < 0.05.

PHASE III 38-ft R-AM A.6



TABLE A.13. Mean Tissue Concentration(wet weight) and StatisticalGrouping for
Ant,h='acenein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment lua/ka wet weiaht) Sianificance

COMP I 1.18 NS (a)
COMP II 1.26 NS
COMP III 1.26 NS
COMP IV 1.22 NS
COMP V 1.58 NS
COMP VI 1.72 ' NS
R-AM 1.23 NA(b)

(a) NS No significant difference from R-AM (ez= 0.05).
(b) NA Not applicable.

.._B.J.,F=__._.ANOVA Results for Anthracene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. .8.gga_ _ Level

Treatment 0.516 6 0.860 1.481 0.2183(a)
Residual 1.743 30 0.058

(a) Significance Level: p < 0.05.

O PHASE III 38-ft R-AM A.7



TABLE A.15. Mean TissueConcentration(wetweight)and StatisticalGroupingfor
Fluoranthenein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight_ Significance

COMP I 2.92 NS (a)
COMP II 7.74 NS
COMP ill 8.48 UB(b) NS
COMP IV 12.36 B(c) NS
COMP V 6.38 NS
COMP VI 31.30 B S (d)
R-AM 7.77 B NA(e)

(a) NS No significantdifferencefrom R-AM (a = 0.05).
(b) UB Analytewas undetectedin one or more replicates. Analytewas found irl the

associatedblank (at less than twice the methoddetectionlimit)for the
remainingreplicates,but the sample concentrationswere not corrected.

(c) B Analytedetected inblanksat less than twice the detectionlimitfor ali
replicates;sampleconcentrationswere not blank-corrected.

(d) S Significantdifferencefrom R-AM (ez= 0.05).
(e) NA Not applicable.

' TABLE A.16. ANOVA Results for Fluoranthene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation_._ _ d.f. _ F-Ratie Level

Treatment I g.254 6 3.209 8.220 0.0001(a)
Residual 11.322 29 0.390

(a) Significance Level: p < 0.05.

: PHASE III 38-ft R-AM A.8



TABLE A.17. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Pyrene In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

Treatment _g/kg wet welght_ Significance

COMP I 12.42 NS (al
COMP II 14.34 B(b) NS
COMP III 73.08 S(c)
COMP IV 108.12 S
COMP V 60.58 NS
COMP VI 208.96 S
R-AM 36.43 B NA(d)

(a) NS No significantdifference from R-AM ((z= 0.05).
(b) B Analyte detected in associated blank at less than twice the method detection

limit in ali replicates; sample concentrations were not blank-corrected.
(c) S Significant difference from R-AM ((z= 0.05).
(d) NA Not applicable.

TABLEA.18. ANOVA Results for Pyrene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation . ._ d.f. _ F-Ratio Level

Treatment 35.232 6 5.827 7.677 0.0001(a)
Residuell 22.181 29 0.765

,, i,,,

(a) Significance Level: p < 0.05.

PHASE III 38-ff R-AM A.9



TABLE A,19. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Benzo(a)anthracane in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u,g/kgwet weightl Significance

COMP I 1.50 NS(a)
COMP II 2.96 NS
COMP III 6.96 NS
COMP IV 5.96 S(b)
COMP V 4.50 NS
COMP VI 9.58 S
R-AM 1.70 NA(c)

(a) NS No significant difference from R-AM (c¢= 0.05).
(b) S Significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE A.20. ANOVA Results for Benzo(a)anthrac:ene(wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance

Variation _ d.f. _ F,Ratio Level qp

Treatment 10.969 6 1.828 3.392 0.0117(a)
Residual 15.630 29 0.539

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.10 O



TABLE A.21. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Chrysene In M. nasutaTissues

Mean Tissue
Sedlment Concentration Statistical
Treatment (_g/kg wet welghtl Significance

COMP 1 1.30 NS(a)
COMP II 2.12 NS
COMP III 5.98 NS
COMP IV 2.72 NS
COMP V 3.80 NS
COMP VI 11.12 S(b)
R-AM 3.15 NA(c)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) S Significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE A.22. ANOVA Results for Chrysene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance

O Variation Souare F-Ratlo Leveld.f.

Treatment 15.395 6 2.566 8.992 0.0001(a)
Residual 8.274 29 0.285

(a) Significance Level: p _<0.05.

O PHASE III 38-ft R-AM A.11



TABLE A.23. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Benzo(b,k)fluoranthenetn M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight_ Significance

COMPI 3.70 NS (a)
COMP II 7.18 NS
COMP III 34.64 S (b)
COMP IV 25.68 NS
COMP V 40.88 S
COMP VI 53.20 S
R-AM 13.48 NA(o)

(a) NS No significant difference from R-AM (_ = 0.05).
(b) S Significant difference from R-AM (o_= 0.05).
(c) NA Not applicable.

TABLE A.24. ANOVA Results for Benzo(b,k)fluoranthene (wet weight) in M. nasuta ]issues

Source of Sum of Mean Significance
Variation Souares d.f. ._ F-Ratio Level .....

Treatment 36.977 6 6.163 7.977 0.0001(a)
Residual 22.405 29 0.773

ta) Significance Level: p < 0.05.

pHASE III 38-ft R-AM A.12



TABLE A.25. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Benzo(k)fluoranthene In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weightl Signtficanc_.

J

COMPI
COMP ii

COMP III Reported as Benzo(b,k)fluoranthene (Table A.23)
COMP'IV
COMP V
COMP VI
R-AC

TABLE A.26. ANOVA Results for Benzo(k)fluoranthene (wet weight) In M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ _ J;Lf.,. _ F-Ratio Level

Treatment
Residual Reported as Benzo(b,k)fluoranthene (Table A.24)

@

PHASE III 38-ft R-AM A.13



TABLE A.27. Mean Tissue Concentratlon (wet weight) and Statlstical Grouping for
Benzo(a)pyrene In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

Treatment (_g/kg wet welghtl Significance

COMP I 1.84 NS (a)
COMP II 2.00 NS
COMP Iii 22.64 S (b)
COMP IV 12.32 S
COMP V 23.24 S
COMP VI 31.26 S
R-AM 3.45 NA(o)

(a) NS No significant difference from R-AM (_ = 0.05).
(b) S Signlflcant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE A.28. ANOVA Results for Benzo(a)pyrene (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ F-Ratio Level _

Treatment 58.135 b £ 389 17.375 0.0001(a)
Residual 16.172 29 0.558

(a) Signiflcance Level' p < 0.05.

PHASE III 38-ft R-AM A.14



TABLE A.29, Mean Tissue Concentration (wet weight) and Statistical Grouping for
Dlbenzo(a,h)anthracene in M, nasuta Tissues

Mean Tlssue
Sediment Concentration Statistical
Treatment (U.g/kgwet weight_ Significance

COMP I 0,88 U(a) NS (b)
COMP II 0.84 U NS
COMP III 3.14 NS
COMP IV 5,24 S (o)
COMP V 6.66 S
COMP VI 3.00 NS
R-AM 0.88 U NA(d)

i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R..AM((z= 0.05).
(c) S Significant difference from R-AM ((_= 0.05),
(d) NA Not applicable.

TABLE A.30. ANOVA Results for Dibenzo(a,h)anthracene (wet weight) in M. nasuta Tissues
J

Source of Sum of Mean Significance
Variation _ _ ._ _ L_vel

Treatment 16.124 6 2.687 4.489 0.0025(a)
Residual 17.360 29 0.599
i

(a) Significance Level: p < 0.05.

O PHASE III 38-ft R-AM A.15



TAI3LE A.31, Mean Tissue Concentration (wet weight) and Statistical Grouping for
Benzo(g,h,I)peryleneIn M. nasuta Tissues

Mean Tissue
Sedlment Concentration Statistical
Treatment (u.g/kgwet wel0ht) Significance

COMP I 1,38 NS(a)
COMP II 1.16 NS
COMP III 8.88 S(b)
COMP IV 5.06 NS
COMP V 9,44 S
COMP VI 10,54 S
R-AM 2.98 NA(o)

(a) NS No slgniflcant difference from R-AM ((_= 0.05).
(b) S Significant difference from R-AM (a = 0.05),
(c) NA Not applicable.

TABLE A.32. ANOVA Results for Benzo(g,h,i)perylene (wet weight) InM. nasutaTIssues

Source of Sum of Mean Significance

Variation _ J;LL ._ F-Ratio Level _I

Treatment 27.268 6 4.545 6.188 0.0003(")
Residual 21,297 29 0.734

(a) Significance Level' p < 0.05.

PHASE III 38-ftR-AM A.16



TABLE A.33, Mean Tissue Concentration (wet weight) and Statistloal Grouping for
Indeno(1,2,3-o,d)pyrenein M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u._a/kawet weighfi Slgniflcano_

COMP I 1.50 U(a) NS(b)
COMP II 1.44 U NS
COMP III 6.22 NS
COMP IV 5.08 NS
COMP V 8,24 S(°)
COMP VI 7,56 S
R-AM 2.25 NA(d)

,i i

(a) U Undetected In ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_-- 0,05).
(c) S Signlflaant differenoe from R-AM (_ = 0.05).
(d) NA Not applicable.

TABLE A,34. ANOVA Results for Indeno(1,2,3-c,d)pyrene (wet weight) In
M.nasuta Tissues

Source of Sum of Mean Significance
Variation Sauare_ _ $auare _ Level

Treatment 14,964 6 2.494 6.973 0.0001(a)
Residual 10.373 29 0.358

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.17
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TABLE A,35, Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroolor-1016 In M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg wet weight) Slgnlflcance

COMP I 20.0 U(a) NS(b)
COMP II 20.0 U NS
COMP III 20,0 U NS
COMP IV 20.0 U NS
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 20,0 U NA(°)

i

(a) U Undetected In ali replicates; value is mean of detection limits,
(b) NS No significant difference from R-AM ((x= 0,05),
(c) NA Not applicable.

i

TABLE A,36, ANOVA Results for Aroclor-1016 (wet weight)In M, nasuta Tissues

Source of Sum of Mean Significance
2a.dat,[.QD__ _ d.f. _ F-Ratio Level

Treatment 9.312 x 10"aS 6 1.552 x 10-_ NA(a) NA
Residual -2.220 x 10"18 32 -6.939 x 10"18

(a) Not appllcable, no variance

pHASE III 38-ft R-AM A,18



.TABLEA,37, Mean Tissue Concentration (wet weight) and Statistlcal Grouping for
Aroolor-1221 In M. nasuta Tissues

, Mean Tissue
Sediment Concentration Statistical ,
Treatment (U,g/kgwetwelght) Slgnifloanc_

COMP I 20.0 U(a) NS (b)
COMP II 20.0 U NS
COMP III 20.0 U NS
COMP IV 20.0 U NS
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 20.0 U NA(°)

(a) U Undetected in ali replicates; value Is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(o) NA Not applicable.

TABLEA.38. ANOVA Results for Aroclor-1221 (wet weight)in M, nasuta Tissues

Source of Sum of Mean Significance
Y__ _ d.f, ._ F-Ratio Level

Treatment 9.312 x 10-_5 6 1.552 x 10-_ NA(a) NA
Residual -2.220 x 10"16 32 -6.939 x 10"18

(a) Not applicable, no variance

PHASE III 38-fr,R-AM A.19



TABLE A.39. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroclor-1232 in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/kg wet weight). Significance

COMP I 20.0 U(a) NS(b)
COMP II 20.0 U NS
COMP III 20.0 U NS
COMP IV 20.0 U NS
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 20.0 U NA(°)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE A.40. ANOVA Results for Aroclor-1232 (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ F-Ratio Level

Treatment 9.312 x 10-3s 6 1.552 x 10-35 NA(a) NA
Residual -2.220 x 10-16 32 -6.939 x 10-18

(a) Not applicable, no variance

PHASE III 38-ft R-AM A.20



TABLE A.41. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroclor-1242 in M. nasuta Tissues

Mean Tissue
Sedime nt Concentration Statisti cal

(_g/kg wet weight! Significance

COMPI 30.0 NS(")
COMP II 20.0 U(b) NS
COMP III 60.0 U NS
COMP IV 20.0 U NS
COMP V 33.3 U NS
COMP VI 156.0 S (c)
R-AM 20.0 U NA(d)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) S Significant difference from R-AM ((z= 0.05).
(d) NA Not applicable.

]'ABLE A.42. ANOVA Results for Aroclor-1242 (wet weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _Sou_res d.f. Sauare F-Ratio L_v_l

Treatment 8.645 6 1.441 2.910 0.0222(a)
Residual 15.844 32 0.495

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.21



TABLE A.43. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroclor-1248 in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) _;ignificance

COMPI 20.0 U(a) NS (b)
COMP II 20.0 U NS
COMP III 20.0 U NS
COMP IV 20.0 U NS
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 20.0 U NA(c)

i

(a) U Undetectedinali replicates;va!ue is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE A.44. ANOVA Results for Aroclor-1248 (wet weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 9.312 x 10-zs 6 1.552 x 10-_ NA(a) NA
Residual -2.220 x 10-16 32 -6.939 x 10-le

(a) Not applicable, no variance

I

. PHASE III 38-ft R-AM A.22



TABLE A.45. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroclor-1254 in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
I.E_rrjent (_g/kg wet weight_ __.lgnificance

COMP I 76.2 NS (a)
COMP II 20.0 U(b) NS
COMP III 101.8 NS
COMP IV 56.4 NS
COMP V 73.9 NS
COMP VI 186.0 S (c)
R-AM 33.0 NA(d)

(a) NS No significant difference from R-AM (o_= 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) S Significant difference from R-AM ((z= 0.05).
(d) NA Not applicable.

TABLE A.46. ANOVA Results for Aroclor-1254 (wet weight)in M. nasuta Tissues

Source of Sum of Mean Significance
V_,riation Squares _ Square F,Ratio Level J

Treatment 10.648 6 1.775 2.640 0.0341(a)
Residual 21.514 32 0.672

(a) Significance Level: p < 0.05.

P_HASEIII 38-ft R-AM A.23



TABLE A.47. Mean Tissue Concentration (wet weight) and Statistical Grouplng for
Aroclor-1260 in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment lu,a/ka wet welaht_ Sianlficance

COMP I 24.8 NS(a)
COMP II 20.0 U(b) NS
COMP III 20.0 U NS
COMP IV 36.0 NS
COMP V 52.3 S(c)
COMP VI 27.6 U NS
R-AM 20.0 U NA (d)

(a) NS No significant difference from R-AM (_ = 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) S Significant difference from R-AM (_ = 0.05).
(d) NA Not applicable.

TABLE A.48. ANOVA Results for Aroclor-1260 (wet weight) in M. nasuta ['issues

Source of Sum of Mean Significance ii
Variation .. 8auares d.f. _ _ Level

Treatment 2.343 6 0.390 1.876 0.1157(a)
Residual 6.661 32 0.208

(a) _Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.24



TABLE A.49. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aldrin in M. nasutaTissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg wet welght_ Significance

COMP I ;2.3U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.8 NS
COMP IV 2.0 U NS
COMP V 2.0 NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(a)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE A.50. ANOVA Results for Aldrin (wet weight)In M. nasuta Tissues

Source of Sum of Mean Significance
Va,riation Sauares d.f. ._ F-Ratio Level

Treatment 0.240 6 0.040 0.911 0.4998(a)
Residual 1.405 32 0.044

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.25



TABLE A.51. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Alpha-BHC in M, nasuta Tissues

Mean Tlssue
Sediment Concentration Statistical
Treatment (u.g/kgwet welght_ Significance

COMP I 2.0 U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.4 U NS
COMP IV 2.4 NS
COMP V 2.0 U NS
COMP VI 2.9 NS
R-AM 2.0 U NA (c)

(a) U Undetected in ali replicates; value is mean of detection limits,
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE A,52. ANOVA Results for Alpha-BHC (wet weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. ._ F-Ratio Level

Treatment 0.319 6 0.053 0.915 0,4971(a)
Residual 1.861 32 0.058

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AtvJ A.26



I/k_,,F_,f.a.. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Beta-BHCIn M, nasuta Tissues

Mean Tissue
Sediment Concentration Statlstlcal
Treatment (_g/kg wet W@_ght! Significance

COMP I 2.2 NS (a)
COMP II 7.0 U(b) _IS
COMP III 2.1 _1S
COMP IV 2.0 U _IS
COMP V 2.0 U klS
COMP VI 2.1 U _1S
R-AM 2.0 U klA(o)

(a) NS No significant difference from R-AM (o_= 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) NA Not applicable.

TABLE A.54. ANOVA Results for Beta-BHC (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ _ ._ E,Ratio . Level

Treatment 1.104 6 0.184 1.045 0.4155(a)
Residual 5.636 32 0.176

(a) Significance Level: p _ 0.05.

PHASE III 38-ft R-AM A.27



TABLE A,55. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Delta-BHC In M, nasuta Tissues

Mean Tissue
Sediment Concentr_tion Statistical
Treatment (u,g/kgwet _,_elght) Significance

COMP I 2.0 U(a) NS (b)
COMP Ii 2.0 U NS
COMP III 2.4 NS
COMP IV 2.0 U NS
COMP V 2.7 NS
COMP VI 4.9 S (o)
R-AM 2.0 U NA(d)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o{= 0.05).
(c) S Significant difference from R-AM ((_= 0.05),
(d) NA Not applicable.

TABLE A,56. ANOVA Results for Delta-BHC (wet weight) Irl M. nasuta Tissues

Source of Sum of Mean Significance
Variation _'E.#_ ._ _ _ Level

Treatment 2.090 6 0.348 3.235 0.0134(a)
Residual 3,446 32 0.108

(a) Significance Level' p < 0.05.

PHASE III 38-ft R-AM A.28 O



TABLE A.57. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Gamma-BHCin M, nasuta Tissues

Mean Tissue
Sediment Conce,:ltratlon Statistical
,Treatment (_g/kg wet welghtl Significance

COMP I 2.0 U(a) NS (b)
COMP II 2.0 U NS
COMP III 2.5 NS
COMP IV 2.0 U NS
COMP V 2.2 NS
COMP VI 5.0 S (o)
R-AM 2.0 U NA(d)

(a) U Undetected in ali replicates; value Is mean of detection Ilmlts.
(b) NS I_losignificant difference from R-AM (o_,=0,05),
(c) S _/gnifloant difference from R-AM (_ = 0,05).
(d) NA Not applicable.

TABLE A.58. ANOVA Results for Gamma-BHC (wet weight) In M. nasuta Tissues

Source of Sum of Mean Significance
yariatlon _ d.f. ._ J=-Ratlo , Level

Treatment 1.941 6 0,324 3,529 0,0086(a)
Residual 2,934 32 0,092

, ,,

(a) Significance Level' p < 0.05,

PHASE III 38-ft R-AM A.29



,TABLEA.59. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Alpha-Chlordane In M, nasutaTissues

Mean Tissue
Sediment Concentration Statistical

!_g/kg wet welahtl Slanifloanoe

COMPI 2,0 U(") NS(b)
COMP II 2,0 U NS
COMP III 2,1 NS
COMP IV 2,0 U NS
COMP V 2,3 NS
COMP VI 2.0 U NS
R-AM 2,0 U NA(o)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_= 0,05).
(c) NA Not applicable,

TABLEA,60, ANOVA Results for Alpha-Chlordane (wet weight) In M, nasuta Tissues

Source of Sum of Mean Significance
tL_ _,_ d.f. _ E-_Ratlo Level

j

Treatment 0,053 6 0,009 0,674 0.6716(")
Residual 0,422 32 0.013

(a) Significance Level: p < 0.05.

PHASE fll 38-ft R-AM A.30



TABLE A.61. Mean Tissue Concentration (wet weight) and Statlstloal Grouping for
Gamma-Chlordane In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u.a/kgwet welaht! Slgrllficanoe

COMP I 2.0 U(a) NS(b)
COMP II 2.5 NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.0 NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(°)

i

(a) U Undetected tn ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_= 0.05).
(c) NA Not applicable.

TABLE A,62. ANOVA Results for Gamma-Chlordane (wet weight) In M. nasuta Tissues

Source of Sum of Mean Significance
Variation_ _ _ EzgU.E_ E-Ratio Level

Treatment 0.101 6 0.017 1.139 0.3629(a)
Residual 0.471 32 0.015

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.31



TABLE A.63, Mean Tissue Conoentratlon (wet weight) and Statlstioal Grouping for
4,4'-DDD In M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u.g/kgwet weight) Signlfloance

COMP I 2,0 U(a) NS(b)
COMP II 2,0 U NS
COMP III 2,0 U NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(o)

i illll ill

(a) U Undetected In ali replicates; value Is mean of detection limits,
(b) NS No slgnifloant difference from R-AM ((_= 0,05).
(c_ NA Not applicable,

TABLE A,64, ANOVA Results for 4,4'-DDD (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. .E_ 1_ F_-Ratlo Level

Treatment 4,367 x 10.36 6 7,278 x 10.37 3.36 x 10-18 1.000(a)
Residual 6,939 x 1018 32 2.168 x 1019

(a) Significance Level' p < 0.05.

PHASE III 38-ft R-AM A.32



TAI_LEA.65. Mean Tissue Cono]ntratlon (wet weight) and Statistical Grouping for
4,4'-DDE in M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet welghtl Sianlflcance

COMP I 2.0 U(a) NS(b)
COMP II 2.9 U NS
COMP III 4,2 NS
COMP IV 2,3 NS
COMP V 2.0 U NS
COMP VI 3.9 U NS
R-AM 2,1 NA(o)

(a) U Undetected in ali replicates; value is mean of detection Ilmlts,
(b) NS No significant difference from R-AM (_ = 0,05),
(c) NA Not ap_l!cable.

.T.._E A.66, ANOVA Results for 4,4'-DDE (wet weight) In M, nasuta Tissues

Source of Sum of Mean Significance
.._ Sauares _ _ _ , Level

Treatment 1.304 6 0.217 1.255 0,3053(a)
Residual 5,540 32 0.173

(a) Slgniflcance Level: p < 0.05

PHASE III 38-ft R-AM A.33



TABLE A.67. Mean Tissue Concentration (wet weight) and Statistical Grouping for
4,4'-DDT in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment !_g/kg wet weightJ $ignificanc_.

COMP I 2.0 U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.2 U NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 5.5 U S (c)
R-AM 2.0 U NA(d)

(a) U Undetected in ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) S Significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

r

TABLE A.68. ANOVA Results for 4,4'-DDT (wet weight)in M. nasuta Tissue.,;

Source of Sum of Mean Significance
_ d.f. _ F-Ratio Level=

Treatment 1.723 6 0.287 2.574 0.0378(a)
Residual 3.570 32 0.112

(a) Significance Level: p < 0.05.

PHASE !!!38-ft R-AM A.34



TABLE A.69. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Dieldrin in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/ka wet weight) __jgnificance

COMP I 3.7 UB(a) NS(b)
COMP II 2.0 U(c) NS
COMP III 2.8 U NS
COMP IV 2.0 U NS
COMP V 3.4 U NS
COMP VI 7.2 UB NS
R-AM 2.1 U NA(d)

(a) UB Analyte was undetected in one or more replicates. Analyte was found in the
assoicated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(b) NS No significant difference from R-AM (= = 0.05).
(c) U Undetected in ali replicates; value is mean of detection limits.
(d) NA Not applicable.

TABLE A.7O. ANOVA Results for Dieldrin (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
._.p,,._ d.f. _ F-Ratio Level

Treatment 2.403 6 0.400 1.128 0.3686(a)
• Residual 11.361 32 0.355

= (a) Significance Level: p < 0_5.

PHASE III 38-ft R-AM A.35



TABLE A.71. Mean Tissue Concentration (wet weight)and Statistical Grouping for
Endosulfan l in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_0/kg wet we!ght_ Significance

COMPI 2.0 U(a) NS (b)
COMP II 2.0 U NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE A.72. ANOVA Results for Endosulfan I(wet weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ _ Level

Treatment 4.367 x 10-36 6 7.278 x 10-37 3.36 x 10-18 1.0000(a)
Residual 6.939 x 10-le 32 2.168 x 10"19

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.36



TABLE A.73. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Endosulfan I1in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment L_g/kgwet weihg..b._ Signlfican_e

COMP I 3.5 UB(a) NS (b)
COMP II 2.0 U(c) NS
COMP III 5.8 UB NS
COMP IV 2.2 U NS
COMP V 2.6 UB NS
COMP VI 6.7 UB S(d)
R-AM 2.0 U NA(e)

(a) UB Analyte was undetected in one or more replicates. Analyte was found in the
assoicated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(b) NS No significant difference from R-AM (o{= 0.05).
(c) U Undetected in ali replicates; value is mean of detection limits.
(d) S Significant difference from R-AM (o_= 0.05).
(e) NA Not applicable.

TABLE A..74. ANOVA Results for Endosulfan II (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation. _ d.f. _ _ __ Level

Treatment 3.671 6 0.612 1.897 0.1119(a)
Residual 10.323 32 0.323

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.37



"['p,BLE A.75. Mean Tissue Concentration(wet weight) and StatisticalGrouping for
EndosulfanSulfatein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) Significance

COMP I 2.0 U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 3.2 S(c)
R-AM 2.1 NA¢;)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (c¢= 0.05).
(c) S Significant difference from R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE A.76. ANOVA Results for EndosulfanSulfate (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ -E._atJ.g l_evel

Treatment 0.534 6 0.089 2.528 0.0407(a)
Residual 1.128 32 0.035

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.38



TABLE A,77. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Endrin in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg W_tweight) .Significance

COMP I 2.0 UB(a) NS(b)
COMP II 2.4 U(o) NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.5 NS
COMP VI 4.0 U S(d)
R-AM 2.0 U NA(e)

(a) UB Analyte was undetected in one or more replicates. Analyte was found In the
assoicated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(b) NS No significant difference from R-AM ((z= 0.05).
(c) U Undetected in ali replicates; value is mean of detection limits.
(d) S Significant difference from R-AM ((_= 0.05).
(e) NA Not applicable.

TABLE A,7_. ANOVA Results for Endrin (wet weight) in M. nasuta Tissues

Source of Sum o_ Mean Significance
Variation _ ..(:;LL _ _ Level

Treatment 1.445 6 0.241 3.559 0.0082(a)
Residual 2.165 32 0.068

(a) Significance Level: p < 0.05.

PHASE II138-ft R-AM A.39



TABLE ,_.79. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Enddn Ketone In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
,Treatment (tm/ka wet we!ght_ Significance

COMP I 2.0 U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(°)
i i

(a) U Undetected tn ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_= 0.05).
(c) NA Not applicable.

TABLE A,80. ANOVA Result::,for Endrin Ketone (wet weight) in M. nasuta Tissues

Source of Sum of Mean S'gnificance
Variation ._ _ ._ E-Ratlo . Level

Treatment 4.367 x 10.36 6 7.278 x 10-37 3.36 x 10-18 1.0000(a)
Residual 6.939 x 10-18 32 2.168 x 10-19

(a) Significance Level' p < 0.05.

PHASE III 38-[1:R-AM A.40



IABLE A.81. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Heptachlorin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/ka_wet welaht) Significance

COMP I 2.0 U(a)' NSCb)
COMP II 2.0 U NS
COMP III 2.0 U NS
COMP IV 2.0 U NS
COMP V 2.0 Li NS
COMP VI 2.0 U NS
R-AM 2.0 U NA(o)
i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No slgnificant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

__. ANOVA Results for Heptachlor (wet weight) In M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ E,Ratto Level

Treatment 4.367 x 10-36 6 7.278 x 10.37 3.36 x 10-18 1.0000(a)
Residual 6.939 x 10-18 32 2.168 x 10"19

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM A.41



TABLE A.83, Mean Tissue Conoentratlon (wet weight) and Statlstioal Grouping for
Heptachlor Epoxide In M. nasuta Tissues

Mean Tissue
Sediment Conoentration Statistical
Treatment (_g/kg wet weight) Signlfioanoe

COMP I 2,0 U(a) NS(b)
COMP II 2.0 U NS
COMP III 2.4 NS
COMP IV 2.0 U NS
COMP V 2.0 U NS
COMP VI 2.2 NS
R-AM 2.0 U NA(c)

ii i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE A,_4. ANOVA Results for Heptachlor Epoxlde (wet weight) in M, nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. ._ F-Ratio .... Level

'" Treatment 0.117 6 0.019 1.008 0.4375(a)
Residual 0.617 32 0.019

- (a) Slgnificance Level: p < 0.05.

PHASE III 38-ft R-AM A.42



TABLE A,85, Mean Tissue Concentration (wet weight) and Statistical Grouping for
MethoxychlorIn M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet welghfi Significance

COMP I 10.0 U(a) NS (b)
COMP Ii 10.0 U NS
COMP III 10.0 U NS
COMP IV 10,0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(o)

iii ii i

(a) U Undetected In ali replicates; value Is mean of detection limits.
(b) NS No slgniflcant difference from R-AM (o_= 0.05).
(c) NA Not applicable.

TABLE A,86. ANOVA Results for Methoxychlor (wet weight) In M, nasuta Tissues

Source of Sum of Mean Significance
Variation _ J;Lf., ._ F,Rat_o ....Level

Treatment 2.115 x 10.34 6 3.525 x 10.35 8.13 x 10"18 i .0000(a)
Residual 1.388 x 1018 32 4.337 xl 018

(a) Significance Level' p < 0.05.

PHASE III 38-ft R-AM A.43



_.._M__. Mean Tissue Conoentration (wet weight) and Statlstloal Grouping for
Toxaphene In M. nasutaTissues

Mean Tissue
Sediment Conoentration Statlstloal
Treatment _g/kg wet welghtl Signlfioar]_e

COMP i 20.0 U(a) NS (b)
COMP II 20.0 U NS
COMP III 20,0 U NS
COMP IV 20,0 U NS
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 20,0 U NA(o)

,,,, i i ii

(a) U Undeteoted In ali repllc,,ates;value Is mean of detection limits,
(b) NS No significant differenoe from R-AM ((z= 0.05).
(c) NA Not applloable.

TABLEA.88. ANOVA Results for Toxaphene (wet weight) in M, nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ E-Ratio Level

Treatment 4.153 x 10"_ 6 6.992 x 10.35 NA(a) NA
Residual -4.718 x 10"le 32 -1.475 x 10-17

(a) Significance Level: p _ 0.05.

PHASE III 38-ft R-AM A.44



!

_.._.E_8..9,° Mean Tissue Conoentratlon (wet weight) and Statlstioal Grouping for
Trtbutyltln In M, nasutaTissues

Mean Tissue
Sediment Conoentratlon Statistical
ireatment (_g/k_awet weigh') Slanlfloarloe

COMPI 2.7 NS (a)
COMP II 3,1 S (b)
COMP III 3,7 S
COMP IV 4,1 S
COMP V 4.0 S
COMP VI 2,8 NS
R-AM 2,2 NA(o)

(a) NS No significant difference from R-AM (c{= 0.05).
(b) S Significantdifference from R-AM ((x= 0,05).
(o) NA Not applicable.

TABLEA.90. ANOVA Results for Trtbutyltin (wet weight)In M, nasuta Tissues

Source of Sum of Mean Significance

Variation ._es J;Lf.,. _ _ _ Level

Treatment 2.048 6 0,341 6,463 0,0001(a)
Residual 1.743 33 0,053

(a) Significance Level: p _ 0.05,

PHASE III 38-ft R,AM A,45



TABLE A.91,, Mean Tissue Concentration (wet weight) and Statlstlaal Grouping for
DibutylttnIn M, nasuta Tissues

Mean Tissue
Sediment Conoentratlon Statlstloal

L_g/kg wet weight_. ,Slgnifloanoe.

COMP I 1,5 NS (a)
COMP II 1,3 NS
COMP III 1,6 NS
COMP IV 4.2 S(b)
COMP V 4.4 S
COMP VI 1.9 NS
R-AM 1,2 NA(o)

-- ,,

(a) NS No significant differenoe from R-AM (ez= 0.05),
(b) S Significant dlfference from R-AM (o_= 0.05),
(c) NA Not applloable.

TABLE A.92. ANOVA Results for Dibutyltln (wet weight) in M, nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d,f. _ -_ Level

Treatment 7.348 6 1.225 7.272 0.0001(a)
Residual 5.557 33 0.168

(a) Significance Level: p _;0.05.

PHASE III 38-ft R-AM A,46



TABLE A.93. Mean Tissue Concentration (wet weight) and Statistical Grouping for
MonobutyltlnInM. nasuta Tissues

Mean Tlssue
Sediment Concentration Statistical

(_9/ka wet wei_aht_ Significance

COMP I 1.2 U(a) NS (b)
COMP II 0.9 NS
COMP iii 1.5 U S(c)
COMP IV 0.7 NS
COMP V 1.0 U NS
COMP VI 1.0 U NS
R-AM 0.9 U NA(d)

(a) U Undetected In ali replicates; value Is mean of detection limits.
(b) NS No significant difference from R-AM (ez= 0.05).
(o) S Significant difference from R-AM (_ = 0.05).
(d) NA Not applicable.

TABLE A.94. ANOVA Results for Monobutyltin (wet weight) in M. nasuta Tissues

Source of Sum of Mean Slgnlflcance
Variation ._ J;[,L _ F,Ratio Level

Treatment 1.796 6 0.299 3.096 0.0162(a)
Res!dual 3.191 33 0.097

(a) Significance Level' p < 0.05.

PHASE III 38-ft I:_.AM A.47



TABLE A.95. Mean Tissue Concentration(wet weight)and Statistical Grouping for
,Metalsin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (mg/kgwet weight) Significance

Statistical comparison of metals was conducted on a dry weight basis only

TABLE A.96. ANOVA Results for Metals (wet weight) in M. nasuta Tissues

Source of Sum of Mean Significance
._ d.f. ._ _ Level '

Statistical comparison of metals was conducted on a dry weight basis only

PHASE III 38-ftA-AM A.48



APPENDIX B

STATISTICALANALYSIS OF BIOACCUMULATION IN MACOMA n_suta
('DRYWEIGHT C.,ONCENTRATIONS__



_'[._. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Naphthalene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight_ Significance

COMPI 47.2 U(a) NS(b)
COMP II 56.7 UB(c) NS
COMP III 50.1 U NS
COMP IV 47.8 UB NS
COMP V 61.8 UB NS
COMP VI 39.7 U NS
R-AM 47.8 U NA(d)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) UB Analyte was undetected in one or more replicates. Analyte was found in the

associated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(d) NA Not applicable.

.T.._. ANOVA Results for Naphthalene (dry weight) in M. nasuta tissues

Source of Sum of Mean Significance
_ d.f. _ F-Ratio . Level

Treatment 0.630 6 0.105 2.077 0.0838(a)
Residual 1.617 32 0.051

(a) Significance Level: p < 0.05.

O PHASE III 38-ft R-AM B.1



_.._. Mean Tissue Concentration (dry weight) and Statistical Grouping for
2-Methylnaphthalene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treat,ment (_g/kg dry weight_ ,$1gntficanc_

COMPI
COMP II
COMP III Compound not analyzed in M. nasuta
COMP IV
COMP V
COMP VI
R-AM

TABLE B,4. ANOVA Results for 2-Methylnaphthalene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
__ _ __[,f. _ F-Ratio Level

Treatment
Residual Compound not analyzed in M. nasuta

pHASE I!138-ft R-AM B.2



..T.._. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Acenaphthylene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight_ _;ianlflcance

COMP I 7.2 U(a) NS(b)
COMP II 14.1 UB(c) NS
COMP III 7.7 NS
COMP IV 7.4 NS
COMP V 9.6 NS
COMP VI 6.1 NS
R-AM 7.1 U NA(d)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) UB Analyte was undetected in one or more replicates. Analyte was found in the

associated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected,

(d) NA Not applicable.

_T.,.._B.J.,F_.ANOVA Results for Acenaphthylene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
V_riation SQuares d.f. Sauare F-Ratio Leve.!

Treatment 1.216 6 0,203 1.828 0.1250(a)
Residual 3.550 32 0.111

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.3



.T3BJ,E,_I_7.,Mean Tissue Concentration (dry weight) and Statistical Grouping for
Acenaphthene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight) .Significance

COMP I 1;'.9 U(a) NS (b)
COMP II 28.2 NS
COMP III 19.0 U NS
COMP IV 17.5 U NS
COMP V 23.2 U NS
COMP VI 15.1 U NS
R-AM 17.9 U NA(o)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference fret,' R_AM((_= 0.05).
(c) NA Not applicable.

_T3.B.!,,.F,_B..3.ANOVA Results for Acenaphthene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.921 6 0.153 1.910 0.1095(a)
Residual 2.570 32 0.080

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.4



_. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Fluorene In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry_weight) Significance

COMP I 14.4 U(a) NS (b)
COMP II 92.8 NS
COMP III 33.9 NS
COMP IV 14.0 U NS
COMP V 18.7 U NS
COMP VI 17.4 NS
R-AM 14.3 U NA(c)
i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_= 0.05).
(c) NA Not applicable.

TABLE B,10.. ANOVA Results for Fluorene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _,_..e._ d.f. _ F,Ratio _ Level .

Treatment 2.658 6 0.443 1.015 0.4332(a)
Residual 13.968 32 0.436

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.5
!



TABLE B.11. Mean Ti'ssue Concentration (dry weight) and StatisticalGrouping for
Phenanthrene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _u.a/kadry welaht_ Slanlflcance

COMPI 25.1 UB(s) NS(b)
COMP II 29.0 UB NS
COMP III 35.4 B(a) NS
COMP IV 33.9 B NS
COMP V 42.7 NS
COMP VI 66.2 B S(d)
R-AM 34.1 B NA(e)

(a) UB Analyte was undetected in one or more replicates. Analyte was found in the
associated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(b) NS No significant difference from R-AM (_ = 0.05).
(c) B Analyte detected in associated blank at less than twice the method detection

limit in ali replicates; sample concentrations were not blank-corrected.
(d) S Significant difference from R-AM (cz= 0.05).
(e) NA Not applicable.

TABLE B.12. ANOVA Results for Phenanthrene (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ F'-Ra_o Level

Treatment 2.269 6 0.378 2.567 0.383(a)
Residual 4.715 32 0.147

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.6



,TABLE B.13. Mean Tissue Concentration (dry weight) and Statlstlcal Grouping for
Anthracene In Monasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _u,a_/kgdry_weight) Slanlflcanoe

t

COMP I 8.9 NS(a)
COMP II 10.6 NS
COMP III 10.2 NS
COMP IV g,0 NS
COMP V 13.5 NS
COMP VI 11.2 NS
R-AM 9.1 NA(b)

i

(a) NS No significant difference from R-AM (o_= 0.05).
(b) NA Not applicable.

_T_.,_.J_.,.._. ANOVA Results for Anthracene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ F-Rati0. Level _

Treatment 0.650 6 0.108 1.236 0.3144(a)
Residual 2.807 32 0.088

(a) Significance Level: p S 0.05.

PHASE III 38-ft R-AM B.7



TABLE B.15, Mean Tissue Concentration (dry weight) and Statistical Grouping for
FluorantheneIn M, nasuta Tl_ues

Mean Tissue
Sediment Concentration Statistical
Treatment {u.g/kgdw welght) Significance

COMP I 28.0 NS (a)
COMP II 65,3 NS
COMP III 67,4 UB(b) NS
COMP IV 90.8 B(o) NS
COMP V 53,2 NS
COMP VI 196.8 B S (d)
R-AM 57.2 B NA(e)

(a) NS No significant difference from R-AM ((_= 0.05),
(b) UB Analyte was undetected in one or more replicates. Analyte was found In the

associated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected,

(c) B Analyte detected in associated blank at less than twice the method detection
limit In ali replicates; sample concentrations were not blank-corrected,

(d) S Significant difference from R-AM ((_= 0,05).
(e) NA Not applicable,

TABLE B.16. ANOVA Results for Fluoranthene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ J;LL _ l=_Ratio . Level

Treatment 15.133 6 2.522 6.540 0.0001(a)
Residual 12.342 32 0.386

| __

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.8



_, Mean Tissue Concentration (dry weight) and Statistical Grouping for
PyreneIn/VI,nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (U.g/kgdw weight) Significance

COMP I 86.6 NS (a)
COMP II 121.1 B(b) NS
COMP III 592,9 S (o)
COMP IV 786.2 S
COMP V 494,1 S
COMP VI 1300,3 S
R-AM 278,1 B NA(d)

(a) NS No significantdifferencefrom R-AM ((z= 0.05).
(b) B Analytedetected In associatedblank at less than twice the method detection

limit In ali replicates;sample concentrationswere not blank-corrected,
(o) S Significantdifference from R-AM ((_= 0.05),
(d) NA Not applicable,

TABLEB.18. ANOVA Resultsfor Pyrene (dry weight) In IV, nasuta Tissues

Source of Sum of Mean Significance
Varlatiorl _ _ _ F-Ratio Level

Treatment 34.496 6 5.749 8.640 0.0001(a)
Residual 21.295 32 0.665

(a) Significance Level: p < 0.05.

PHASE III 38,ff R-AM B.9



TABLE B,19, Mean Tissue Conoentratlon (dry weight) and Statlstloal Grouping for
Benzo(a)antllrac.,eneIn M. nasuta Tissues

Mean Tissue
Sediment Conoentratlon Statlstloal
Treatment (_g/k_adry welaht! Sianlfloanoe

COMPI 10,6 NS(a)
COMP II 24,6 NS
COMP III 57,0 S(b)
COMP IV 43.5 S
COMP V 43.8 S
COMP VI 53.1 S
R-AM 12,4 NA(°)

i

(a) NS No signlfloant dlfferenoe from R-AM (o¢= 0.05).
(b) S Significant dlfferenoe from R-AM ((z= 0.05),
(o) NA Not applloable.

TABLE B±20. ANOVA Results for Benzo(a)anthracene (dry weight)In M, nasuta Tissues

Source of Sum of Mean Significance
Variation ._ J;[,L =,_ F-Ratio Level

Treatment 12.443 6 2.074 4.752 0.0014(a)
Residual 13.965 32 0.436

(a) Signlfioance Level: p < 0.05.

PHASE III 38-ft R-P,M B.10



TABLE B.21, Mean Tissue Concentration (dry weight) and Statistical Grouping for
Chrysene In M, nasutaTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry weight) Slonlfloanoew

COMP I 9,2 NS (")
COMP II 18,0 NS
COMP III 46,9 S(b)
COMP IV 20.1 NS
COMP V 30,3 NS
COMP VI 72,5 S
R'AM 23.3 NA(o)
_ i ,,,,

(a) NS No significant difference from R-AM (0¢= 0.05),
(b) S Significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

i

TABLE B,22. ANOVA Results for Chrysene (dry weight) In M, nasuta Tissues

Source of Sum of Mean Significance
Varlatl0n _ d.f. _ _ Level

Treatment 14.004 6 2.334 9.021 0,0001(a)
Residual 8.280 32 0.259

(a) Significance Level: p < 0.05.

PHASE III 38-ff R-AM B,11



]'ABLE B.23. Mean Tissue Concentration (dry weight) and Statistical Grouplng for
Benzo(b,k)fluoranthene In M. nasuta Tissues

p

Mean Tissue
Sedtment Concentration Statistical

(u,g/kgdry_welaht_ Significance

COMP I , 67.1 NS(a)
GOMP II 59.9 NS
COMP III 278.9 S(b)
COMP IV 186.,5 NS
COMP V 351.8 S
COMP VI 340,4 S
R-AM 102.9 NA (o)

(a) NS No significant difference from R-AM (c{= 0.05).
(b) S Significant difference from R-AM ((_= 0.05),
(c) NA Not applicable.

TABLE B_24. ANOVA Results for Benzo(b,k)fluoranthene (dry weight) In M, nasuta Tissues

Source of Sum of Mean Slgnlflcanoe
' ._E[&t[.QJ:l__ _.e._ d.f.. _ _ , Level

Treatment 34.714 6 5.786 6.783 0.0001(a)
Residual 27.296 32 0.853

(a) Significance Level: p < 0.05.

PHASE 11138-ft R-AM B.12



TABLE B.25. Mean Tissue Conc.,antration(dry weight) and Statistical Grouping for
Benzo(k)fluoranth_ne in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (uglkg dry weight_ Significance

COMPI
COMP II
COMP III ' Not analyzed separately in M. nasuta; reported as
COMP IV benzo(b,k)fluoranthene (Table B.23).
COMP V
COMP VI
R-AM

TABLEB.26. ANOVA Results for Benzo(k)fluoranthene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
2E.Le,t_.B__ _ d.f. _ F-Ratio Level

Treatment Not analyzed separately in M. nasuta;
Residual reported as benzo(b,k)fluoranthene (Table B.24)

PHASE II! 38-ft R-.AM B.13
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TABLE B.27. Mean Tissue Concentration (dry weight) and Statistical Grouping fo,
Benzo(a)pyrene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry weight) Significance

COMPI 18.6 NS (a)
COMP II 16.8 NS
COMP III 182.9 S(b)
COMP IV 89.8 S
COMP V 209.8 S
COMP VI 202.0 S
R-AM 26.3 NA(c)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) S Significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE B.28. ANOVA Results for Benzo(a)pyrene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ F-Ratio Level

Treatment 60.100 6 10.017 18.063 0.0001 (a)

Residual 17.746 32 0.555

(a) Significance Level' p < 0.05.

pHASE III 38-ftR-AM B.14



TABLE B.29. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Dibenzo(a,h)anthracenein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (ua/ka dry welaht_ Significance

COMP I 6.6 U(a) NS (b)
COMP II 7.1 U NS
COMP III 25.2 NS
COMP IV 39.6 S(c)
COMP V ' 70.2 S
COMP VI 17.2 NS
R-AM 6.6 U NA (d)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) S Significant difference from R-AM ((z= 0.05).
(d) NA Not applicable.

TABLE B.30. ANOVA Results for Dib_nzo(a,h)anthracene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation Sauares d.f. Sauare F-Ratio Lev01

Treatment 23.674 6 3.946 6.77 0 0.0001(a)
Residual 18.649 32 0.583

(a) Significance Level: p < 0.05.

PHASE iii 38-ft R-AM B.i 5



TABLE B.31. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Benzo(g,h,i)perylene in M. nasuta Tissues W

Mean Tissue
Sediment Concentration Statistical
Treatment (I,_g/kgdry weightl Significance

COMP I 29.6 NS (a)
COMP II 9.8 NS
COMP III 68.9 S(b)
COMP IV 37.2 NS
COMP V 83.9 S
COMP VI 65.4 S
R-AM 22.7 NA(c)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) 8 Significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE B.32. ANOVA Results for Benzo(g,h,i)perylene (dry weight)inM, nasutaTissues

Source of Sum of Mean Significance
V_riation _ d.f. _ _ Level

Treatment 25.595 6 4.266 4.988 0.0010(a)
Residual 27.369 32 0.855

(a) Significance Level" p < 0.05.



TABLE B.33. Mean Tissue Concentrat;on (dry weight) and Statistical Grouping for
Indeno(1,2,3-c,d)pyrene in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u,g/kadry_welaht) Significance

COMP I 20.8 NS(a)
COMP II 12.3 U(b) NS
COMP III 48.9 NS
COMP IV 37.5 NS
COMP V 87.5 S (a)
COMP VI 46.0 S
R-AM 16.9 NA(d)

(a) NS No significant difference from R-AM ((_= 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) S Signif,;cantdifference from R-AM ((z= 0.05).
(d) NA Not applicable.

TABLE B.34. ANOVA Results for Indeno(1,2,3-c,d)pyrene (dry weight) in
M. nasutaTissues

Source of Sum of Mean Significance
Variation , ._ d.f. ._ E-Ratio Level

Treatment 16.169 6 2.695 6.061 0.0003(a)
Residual 14.227 32 0.445

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.17
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TABLE B.35. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroclor-1016inM. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/ka dry_w01ght3. Significance

COMP I 152,2 IJ_ ,/ NS(b)
COMPII 1"71.4'Li ,/ NS
COMP III 162.2 U _: NS
COMP IV 150.2 U NS
COMP V 178.0 U NS
COMP VI 128.0 U NS
R-AM 149.2 U NA(°)

(a) U Undetected lr, ali replicates; value is mean of detection limits.
(b) NS No significant,,lifference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE B.36. ANOVA Results for Aroclor-1016 (dry weight)In M. nasuta Tissues

Source of Sum of Mean Significance
Variation _.= d.f. Sauare F-Ratio Level

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.18



TABLE B.37. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroclor-1221 in M. nasuta Tissues

Mean Tissue
Sedl ment Concentration Statisti cal
Treatment (_g/kg dry_weight! Significance...

COMP I 152.2 U(a) NS(b)
COMP II 171.4 U NS
COMP III 162.2 U NS
COMP IV 150.2 U NS
COMP V 178.0 U NS
COMP VI 128.0 U NS
R-AM 149.2 U NA(c)

ii

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

i

TABLE B.38. ANOVA Results for Aroclor-1221 (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratto Level

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level"p < 0.05.

PHASE III 38-ft R-AM B.19



TABLE B.39. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroclor-1232 in M. nasuta Tlssues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight! Significance_

COMP I 152.2 U(a) NS (b)
COMP II 171.4 U NS
COMP III 162.2 U NS
COMP IV 150.2 U NS
COMP V 178,0 U NS
COMP VI 128.0 U NS
R-AM 149.2 U NA(°)

(a) U Undetected In ali repllcates; value Is mean of detection limits.
(b) NS No significant difference from R-AM (cx= 0.05).
(c) NA Not applicable.

TABLE B,40. ANOVA Results for Aroclor-1232 (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation _ d.f. ._ E-Ra_o Level ......

Treatment 0,430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level' p < 0.05.

PHASE I]138-ft R-AM B.20 O
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TABLE B,41. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroclor-1242 In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u,g/kg dry,welght_ $1gqlflcance_

COMP I 229.0 NS (a)
COMP II 171.4 U(b) NS
COMP iii 495.4 U NS
COMP IV 150.2 U NS
COMP V 289.6 U NS
COMP VI 870.0 U S (o)
R-AM 149.2 U NA(d)

(a) NS No significant difference from R-AM ((_= 0.05).
(b) U Undetected In ali replicates; value is mean of detection limits.
(c) S Significant difference from R-AM ((_= 0.05),
(d) NA Not applicable.

TABLE B,42. ANOVA Results for Aroclor-1242 (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Variation Sauares d.f, Sauare _ _Lev_j

Treatment 6.428 6 1,071 2.298 0.0588(a)
Residual 14.916 32 0.466

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.21
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]'ABLE B.43. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroolor-1248in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

L_g/kadry welght_ Slgrllflcarloe

COMP I 152.2 U(a) NS(b)
COMP II 171.4 U NS
COMP III 162.2 U NS
COMP IV 150,2 U NS
COMP V 178,0 U NS
COMP VI 128.0 U NS
R-AM 149.2 U NA (o)

ill ll,l,,J

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o_= 0.05).
(¢) NA Not applicable.

IABI,,E B.44. ANOVA Results for Aroclor-1248 (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Y.ada.t[R.B_ , .8_ J_ _ .E-Ratio Level

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level: p < 0.05.

P_HASEIII 38-ft R-AM B.22



I__. Mean TI,ssue Concentration (dry weight) and Statistical Grouping for
Aroolor-1254 in Monasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(u,g/k9drywelght) Significance
,

COMPI 567.5 NS('a)
COMP II 171.4 U(b) NS
COMP III 833.6 NS
COMP IV 418.4 NS
COMP V 617.0 NS
COMP VI 1015.8 S (o)
R-AM 249.2 NA(d)

(a) NS No significant difference from R-AM (_ = 0.05),
(b) U Undetected In ali repllcates; value Is mean of detection limits.
(c) S Significant difference from R-AM (o_= 0.05).
(d) NA Not applicable.

TABLE B.46. ANOVA Results for Aroclor-1254 (dry weight)In M, nasuta Tissues

Sourceof Sum of Mean Significance
._ .£LL ._ E:Ba_ L_wl, _

Treatment 8,476 6 1.413 2.193 0,0696(a)
Residual 20,611 32 0,644
,,m.l_

(a) Significance Level' p s 0.05.

P,HASE III 38-ft R-AM B.23



TABLE B.47_,Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroalor-1260 In M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight! Slgnlfi_anoe_

COMP I 184,5 NS(a) ,
COMP II 171,4 U(b) NS
COMP III 162.2 U NS
COMP IV 267,6 NS
COMP V 434.7 S (o)
COMP VI 172.6 U NS
R-AM 149.2 U NA(d)

(a) NS No significant difference from R-AM (_ = 0.05),
(b) U Undetected in ali replicates; value Is mean of detection limits,
(c) S Significant difference from R-AM (o_= 0,05),
(d) NA Not appllcable.

TABLE B.48, ANOVA Results for Aroclor-1260 (dry weight)in M, nasuta Tissues

Source of Sum of Mean Significance
_Variation _ d.f, ._ ._ _ L#vel _

Treatment 3.208 6 0.535 2,494 0,0429(a)
Residual 6,859 32 0.214

(a) Significance Level: p ,_0.05.

PHASE III 38-ft R-AM B.24



TABLE B,49, Mean Tissue Concentration (dry weight) and Statistical Grouping for
AldrinInNI,nasuta Tlssues

Mean Tissue
Sediment Concentration Statistical
_re_atment (I,I,glkgdry weightl _Significance

COMP I 17,,5U(a) NS(b)
COMP II 17.0 U NS
COMP III 23,4 NS
COMP IV 14,8 U NS
COMP V 18,0 NS
COMP VI 12,8 U NS
R-AM 14,7 U NA(o)

, i

(a) U Undetected in ali replicates; value Is mean of detection limits,
(b) NS No significant dlfferenae from R-AM (¢ = 0,05).
(0) NA Not applicable.

TABLE B.50, ANOVA Results for Aldrin (dry weight) In M. nasuta Tissues

Source of Sum of Mean Significance
.V.._r.J.=3.t[_ _ .di,. _ _ Level .

Treatment 0.781 6 0.130 1.786 0,1335(a)
Residual 2,332 32 0,073

(a) Slgniflaance Level',p < 0.05,

P_PHASF_..Iii 38,ft R,AM B.25



TABLE B,51. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Alpha-BHCIn M, nasuta Tissues

Mean Tlssue
Sediment Concentration Statistical

(_g/kg dry weight) Slor]lfica,noe

COMP I 15.3 U(a) NS (b)
COMP II 17.0 U NS
COMP III 16.8 U NS
COMP IV 18.2 NS
COMP V 17,7 U NS
COMP VI 18,2 NS
R-AM 14.7 U NA(c)

L __ IIII I

(a) U Undetected In ali replicates; value ts mean of detection limits.
(b) NS No significantdifferencefrom R-AM (¢ = 0.05).

' (o) NA Not applicable,

TABLE B.52. ANOVA Results for Alpha-BHC (dry weight)in M, nasuta Tissues

Source of Sum of Mean Significance
Variation _ J;Lf.,. _ _ _ Level

Treatment 0.148 6 0.025 0.307 0.9289(a)
Residual 2.577 32 0.081

(a) Signiflcance Level: p < 0.05.

PHASE III 38-ft R-AM B.26



TABLE B.53. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Beta-BHC in M. nasuta Tissues

Mean Tissue
Sediment Concentr_tion Statistical
Treatment (un/ka dry weight_ Significance

COMP I 16.8 NS (a)
COMP II 55.6 Ub) S (c)

' COMP III 18.4 NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 13.4 U NS
R-AM 14.7 U NA(d)

(a) NS No significantdifferencefrom R-AM (o_= 0.05).
(b) U Undetected in ali replicates;value is mean of detection limits.
(c) S Significant difference from R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE B.54. ANOVA Resultsfor Beta-BHC (dryweight) in M. nasuta Tissues
=

O Sourceof Sumof Mean Significance_ d.f. _ F-RaUo Level

Treatment 1.978 6 0.330 1.660 0.1b31(a)
Residual 6.354 32 0.199
-- i

(a) Significance Level:p < 0.05.

O PHASE III 38-ft R-AM B.27

_



TABLE B.55. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Delta-BHC inM. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _a/ka_drv weiaht) Siqnific_nc_

COMP I 15.3 U(a) NS(b)
COMP II 17.0 U NS
COMP Iil 19.4 NS
COMP IV 14.8 U NS
COMP V 23.7 NS
COMP VI 28.4 S(c)
R-AM 14.7 U NA(d)

ii

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefromR-AM (ez= 0.05).
(c) S Significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE B.56. ANOVA Resultsfor Delta-BHC (dry weight) in M. nasuta Tissues

Sourceof Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 1.240 6 0.207 1,875 0.1159(a)
Residual 3.527 32 0.110

(a) SignificanceLevel: p _ 0.05.

PHASE III 38-ft R-/_M B.28
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TABLE B.57. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Gamma-BHCin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

t

Treatment Ll_/kg dry_weight.) Significance

COMP I 15.3 U(a) NSCo)
COMP II 17.0 U NS
COMP III 20.4 NS
CE)MP IV 14.8 U NS
COMP V 19.7 NS
CE)MPVI 27.2 S (c)
R-AM 14.7 U NA(d)

(a) u Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) S Significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE B.58. ANOVA Resultsfor Gamma-BHC(dry weight)in M. nasuta Tissues

Sourceof Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 1.051 6 0.175 2.462 0.0452(a)
Residual 2.278 32 0.071

(a) SignificanceLevel:p < 0.05.

PHASE III 38-ft R-AM B.29
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TABLE B.59. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Alpha-Chlordanein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
!reatment (ug/kg dry_weight) Significance

COMP I 15.3 U(a) NS (b)
COMP II 17.0 U NS
COMP III 17.6 NS
COMP IV 14.8 U NS
COMP V 20.1 NS
COMP VI 12.8 U NS
R-AM 14.7 U NA(c)
i lm iii i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (o¢= 0.05).
(c) NA Not applicable.

TABLE B,60. ANOVA Results for Alpha-Chlordane (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
._ j;LL _ F-Ratio Level

Treatment 0.680 6 0.113 2.386 0.511(a)
Residual 1.519 32 0.047

(a) Significance Level" p < 0.05.

PHASE III 38-ft R-AM B.30



TABLE B.61. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Gamma-Chlordane in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry weight3 Significance

COMP I 15.3 U(a) NS (b)
COMP II 20.6 NS
COMP III 16.4 U NS
COMP IV 14.8 U NS
COMP V 17.9 NS
COMP VI 12.8 U NS
R-AM 14.7 U NA(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE B.62. ANOVA Results for Gamma-Chlordane (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance
Y__ ._ J;LL =._ -E:BaJ_ Level

Treatment 0.699 6 0.117 2.700 0.310(a)
Residual 1.381 32 0.043

(a) Significance Level: p < 0.05.

O PHASE III 38-ft R-.AM B.31



TABLE B.63. Mean Tissue Concentration(dry weight) and Statistical Grouping for
4,4'-DDD in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry_weight_ Significance

COMP I 15.3 U(a) NS (b)
COMP II 17.0 U NS
COMP III 16.4 U NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 12.8 U NS
R-AM 14.7 U NA(c)

i ii

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significantdifference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE B.64. ANOVA Results for 4,4'-DDD (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
y._ _ d.f. _ F-Fla_o Level

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.061 32 0.033

(a) Significance Level:p < 0.05.

PHASE III 38-ff R-AM B.32



TABLE B.65. Mean Tissue Concentration (dry welght) and Statistical Grouping for
4,4'-DDE in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _.a/ka dry welaht_ $ianificance

COMP I 15.3 U(a) NS(b)
COMP II 23.8 U NS
COMP III 34.6 NS
COMP IV 16.8 NS
COMP V 17.7 U NS
COMP VI 26.6 U NS
R-AM 15.5 NA (c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE B.66. ANOVA Results for 4,4'-DDE (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
_V_ ._ d.f. _ F,Ratio Level

Treatment 1.087 6 0.181 0.896 0.5100(a)
Residual 6.474 32 0.202

(a) Significance Level: p < 0.05

i
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TABLE B.67. Mean Tissue Concentration(dry weight) and Statistical Grouping for
4,4'-DDT In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry_weight_. $1aniftcance_

COMP I 15.3 U(a) NS (b)
COMP II 17.0 U NS
COMP III 18.4 U NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 29.0 U NS
R-AM 14.7 U NA(c)

i

(a) U Undetected in ali replicates; value is mean of detection Ilmits.
(b) NS No significant difference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE B.68. ANOVA Results for 4,4'-DDT (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
y__ _ d.f. _ _ Level

Treatment 0.758 6 0.126 1.320 0.2771(a)
Residual 3.062 32 0.096

(a) SignificanceLevel: p _;0.05.

!
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TABLE B.69. Mean Tissue Concentration (dry waight) and Statistical Grouping for
Dieldrin in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(U.q/kadi'y_welaht) Signiflcancer
i

COMPI 28.2 UB(a) NS (b)
COMP II 17.0 U(Q) NS
COMP III 23.4 U NS
COMP IV 14.8 U NS
COMP V 28.0 U NS
COMP VI 42.4 UB NS
R-AM 15.7 U NA(d)

(a) UB Analyte was undetected in one or more replicates. Analytewas found in the
associated blank (at less than twice the method detection limit) for the
remaining replicates, but the sample concentrations were not corrected.

(b) NS No significant difference from R-AM (=z= 0.05).
(c) U Undetected in ali replicates; value is mean of detection limits.
(d) NA Not applicable.

TABLE B.70. ANOVA Results for Dieldrin (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ J;Lt,. _,_ _ Level

Treatment 1.449 6 0.241 0.722 0.6350(a)
Residual 10.704 32 0.334

(a) Significance Level: p < 0.05.
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TABLE B.71. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Endosulfan I in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

/Lm/kadry welaht_ Sianificance

COMP I 15,3 U(a) NSCo)
COMP II 17.0 U NS
COMP III 16.4 U NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 12.8 U NS
R-AM 14.7 U NA(o)

i i

(a) U Undetected in ali replicates; value is mean of detection Umits.
(b) NS No significant difference,from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE B,72. ANOVA Resultsfor Endosulfan I (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
._ J;Lt, _ F-Ratio Level

Treatment 0.430 6 0.072 2.161 0.732(a)
Residual 1.062 32 0.033

(a) Significance Level: p _ 0.05.

PHASE III 38-ft R-AM B.36



TABLE B.73. Mean Tissue Concentration (dry weight) and Statisticai Grouping for
Endosulfan II In M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(u,glkg dry weight) j Significance

COMPI 27.0 UB(a) NS(b)
COMP II 17.0 U(°) NS
COMP III 47.6 UB NS
COMP IV 16.2 U NS
COMP V 23.0 UB NS I

COMP VI 37.8 UB NS I
R-AM 14,7 U NA(d) I
(a) UB Analyte was undetected in one or more replicates. Analytewas foundinthe

associatedblank (at less than twice the methoddetectionlimit) for the
remainingreplicates,but the sample concentrationswere not corrected.

(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) U Undetectedin ali replicates;value is mean of detection limits.
(d) NA Not applicable.

TABLE B.74. ANOVA Results for Endosulfan II (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
__LadaJJ.ea_ _ ._LL _ F-Ratio Level

Treatment 2.403 6 0.401 1.223 0.3204(a)
Residual 10.477 32 0.327

(a) Significance Level:p < 0.05.

PHASE III 38-ft R-AM B.37



TABLE B,75. Mean Tissue Concentration(dry weight) and Statistical Grouping for
EndosulfanSulfate in M. nasuta Tlssues

Mean Tissue
Sediment Concentration St&tistlcal

(_g/kg dry we!gl'_ Significance

COMP I 15.3 U(a) NS(b)
COMP II 17.0 U NS
COMP III 16.4 U NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 18.4 NS
R-AM 15.2 NA(o)

i

(a) U Undetected in ali replicates; value i_,mean of detection limits.
(b) NS No significant difference from R-AM (¢ = 0.05).
(c) NA Not applicable.

TABLE B.76. ANOVA Results for Endosulfan Sulfate (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
__ .8.gJ.taB_ d.f. ._ _ , Level

Treatment 0.153 6 0.025 0.675 0.6703(a)
Residual 1.206 32 0.038

(a) Significance Level: p < 0.05.

PHASE III 3_-ft R-AM B.38



TABLE B.77. Mean TissueConcentration(dryweight)and StatisticalGroupingfor
Endrinin lVI.nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
_Treatment (_u_/kadryweiaht) Sianificance

COMPI 15.3UB(a) NSCO)s

COMP II 20.6 U(c) NS
COMP III 16.4 U NS
COMP IV 14.8 U _ NS
COMP V 21.1 NS
COMP VI 24.6 U S (d)
R-AM 14.7 U NA(e)
i i,,=

(a) UB Analyte was undetected inone or morereplicates. Analytewas found inthe
associatedblank(at less thantwice the methoddetectionlimit)for the
remainingreplicates,but thesample concentrationswere notcorrected.

(b) NS No SignificantdifferencefromR-AM (ez= 0.05).
(c) U Undetectedin ali replicates;value is mean of detectionlimits.
(d) S Significantdifferencefrom R-AM (_ = 0.05).
(e) NA Not applicable.

TABLE B.78. ANOVA Resultsfor Endrin (dry weight) in M. nasuta Tissues

Source of Sumof Mean Significance
._ J;LL _ _ Level

Treatment 0.944 6 0.157 2.235 0.0650(a)
Residual 2.252 32 0.070

(a) Significance Level: p < 0.05.
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TABLE B.79. Mean Tissue Concentration(dry weight) and StatisticalGroupingfor
EndrinKetonein M, nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(_qlkq dry_weiqht_ Sionificance

COMP I 15.3 U(a) NS(b) ,
CE)MP II 17.0 U NS
COMP i11 16.4 U NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 12.8 U NS _
R-AM 14.7 U NA (c)
mm

(a) U Undetectedin ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (cx= 0.05).
(c) NA Not applicable.

T/_. ANE)VAResUltsfor EndrinKetone(dryweight) in M, nasuta Tissues

Sourceof Sumof Mean Significance
_ d.f. _ _ Level q_l

Treatment 0.430 6 0.072 2.161 0.0732a)
Residual 1.062 32 0.033

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.40



TABLE B.81. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Heptachlorin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatmen;, (ua/ka dry weiaht_ Sianificance

,'

COMP I 15.3 U(a) NS Co)
COMP II 17.0 U NS
COMP III 16.4 U NS
COMP IV 14.8 U NS
COMP V 17,7 U NS
COMP VI 12.8 U NS
R-AM 14.7 U NA(C)

(a) U Undetectedinali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (¢ = 0.05).
(c) NA Not applicable.

TABLE B.82. ANOVA Resultsfor Heptachlor(dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance

_ _ d.f. _a;Iga/,.e. F,Ratio Level

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.41



TP,BLE B.83. Mean TissueConcentration(dryweight)and StatisticalGrouping for
HeptachlorEpoxidein M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

(u,o/kqdryweight_ .._c,.p,,_

COMP I 15.3 U(a) NS_b)
COMP II 17.0 U NS
COMP III 20.0 NS
COMP IV 14.8 U NS
COMP V 17.7 U NS
COMP VI 13.6 NS
R-AM 14.7 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) NA Not applicable.

TABLE B.84. ANOVA Results for Heptachlor Epoxide (dryweight) in M. nasuta Tissues

Sourceof Sum of Mean Significance
_ d.f. _ E'_BaJ_ Level

Treatment 0.407 6 0.068 1.834 0.1236(a)
Residual 1.184 32 0.037

(a) Significance Level: p < 0.05.

pHASE 81138-ft R-AM B.42



TABLE B.85. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Methoxychlorin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u_/ko dry welaht_ .._ignifi_;ance

COMP I 76.0 U(a) NS (b)
COMP II 85.6U NS
COMP III 80.6 U NS
COMP IV 75.0 U NS
COMP V 88.7 U NS
COMP VI 63.6 U NS
R-AM 74.7 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (ox= 0.05).
(c) NA Not applicable.

TABLE B.86. ANOVA Results for Methoxychlor (dry weight)in M. nasuta Tissues

Source of Sum of Mean Significance

O Variation ._ d.f. _ F-Ratio Level
Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) SignificanceLevel: p < 0.05.

O PHASE III 38-ft R-AM B.43



h

TABLE B.87. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Toxaphenein IV/.nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/ke dry weight_ Siqnificance

COMP I 152.2 U(a) NS (b)
COMP II 171.4 U NS
COMP III 162.2 U NS
COMP IV 150.2 U NS
COMP V 178.0 U NS
COMP VI '128.0U NS
R-AM 149.2 U NA(c)

ii i ,li i

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE B.88. ANOVA Results for Toxaphene (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance

._z_lares d.f. _ F-Ratio _ Level _1t
i

Treatment 0.430 6 0.072 2.161 0.0732(a)
Residual 1.062 32 0.033

(a) Significance Level:p < 0.05.

_HASE III 38-ff R-AM B.44
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TABLE B.89. Mean Tissue Concentration(dry weight) and StatiGtlcalGrouping for
TdbutyltininM. nasutaTissues

Mean Tissue
Sediment Concentration Statistical
Treatment fua/ka dry welaht_ Sianificance

COMP I 18.5 NS (a)
COMP II 24.2 S(b)
COMP III 26.4 S
COMP IV 27.3 S
COMP V 27.2 S
COMP VI 20.8 NS
R-AM 15.3 NA(a)

(a) NS NosignificantdifferencefromR-AM (a = 0.05).
(b) S Significantdifferencefrom R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE B.90. ANOVA Results for Tributyltin (dry weight) In M. nasuta Tissues

Source of Sum of Mean Significance

O .Variation _ d.f. _ F-Ratio Level

Treatment 2.085 6 0.347 5.724 0.0003(a)
Residual 2.064 34 0.061

(a) Significance Level: p < 0.05.

O PHASE III 38-ft R-AM B.45



TABLE B.91. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Dlbutyltln in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u.g/kgdry weiohtJ Significance

COMP I 10.4 NS (a)
COMP II 10.4 NS
COMP III 11.4 NS
COMP IV 27.6 S(b)
COMP V 29.3 S
COMP VI 14.3 NS
R-AM 8.5 NA(o)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) S Significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE B.92. ANOVA Results for Dibutyltin (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
2EJ_J.OEL_ ._ d.f. _ F-Ratio Level

Treatment 6.706 6 1.118 6.876 0.0001(a)
Residual 5.526 34 0.163

(a) Significance Level: p < 0.05.

pHASE III 38-ft R-AM B.46



TABLE B.93. Mean Tissue Concentration(dryweight) and Statistical Grouping for,
Monobutyltinin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (l_g/kgdry_weight) Significance

COMP I 7.9 U(a) NS(b)
COMP II 7.2 NS
COMP III 10.4 U S(c)
COMP IV 4.8 NS
COMP V 6.4 U NS
COMP VI 7.2 U NS
R-AM 6.4 U NA(d)

(a) U Undetectedin ali replicates;value is mean of detection Ilmlts.
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) S Significantdifference from R-AM ((z= 0.05i.
(d) NA Not applicable.

TABLE B.94. ANOVA Results for Monobutyltin (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _._ F-Ratio Level

Treatment 1.877 6 0.313 3.248 0.0124(a)
Residual 3.275 34 0.096

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.47



TABLE B.95. Mean Tissue Conc6ntratlon(dryweight)and Statistica!Groupingfor
SilverinM. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (mo/ko drywelght_ Significance

COMP I 0.31 NS (a)
COMP II 0.38 NS
COMP III 0.27 NS
COMP IV 0.22 NS
COMP V 0.37 NS
COMP VI 0.26 NS
R-AM 0.42 NA(b)

i

(a) NS No 31gnificantdifferencefrom R-AM (a = 0.05).
ib) NA Not applicable.

TABLE B.96. ANOVA Results for Silver (dry weight) In M. nasuta Tissues

Sourceof Sum of Mean Significance
y__ ._ d.f. ._ _ Level

Treatment 2.706 6 0.451 4.375 0.0022(a)
Residual 3.504 34 0.103

(a) Significance Level: p _;0.05.

PHASE III 38-ft R-AM B.48



TABLE B.97. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Arsenicin IV/.nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (ma/ka drywelaht_ Slanificance

COMP I 25.5 NS(a)
COMP II 28.3 NS
COMP III 24.8 NS
COMP IV 23.6 NS
COMP V 24.6 NS
COMP VI 26.4 NS
R-AM 25.7 NA_)
__ i i i i| iii

(a) NS No significantdifferencefromR-AM ((z= 0.05).
(b) NA Not applicable.

TABLE B.98. ANOVA Resultsfor Arsenic (dry weight) in M. nasuta Tissues

Sourceof Sumof Mean Significance
._ d.f. ._ F-Ratio Level

Treatment 0.114 6 0.019 1.288 0.2883(a)
Residual 0.518 35 0.015

(a) Significance Level: p < 0.05.

PHASE III 38,ft R-AM B.49



TABLE B.99, Mean Tissue Concentration(dry weight) and Statistical Grouping for
CadrnlumIn M, nasutaTissues

Mean Tissue
Sediment Concentration Statistical
.Treatment {mg/kgdry_w_ight! Significance

COMP I 0.33 NS (a)
COMP II 0.45 S (b)
COMP IIi 0.43 NS
COMP IV 0.32 NS
COMP V 0.38 NS
COMP VI 0.39 NS
R-AM 0.32 NA(o)

(a) NS No significantdifference from R-AM (¢ = 0.05),
(b) S Significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE B.100. ANOVA Resultsfor Cadmium (dry weight) In M. nasuta Tissues

Sourceof Sumof Mean Significance
_ d.f. _ F-Ratio Level

Treatment 0.566 6 0,094 1.941 0.1023(a)
Residual 1.653 34 0,049

, ,,

(a) Significance Level:p _;0.05.
=
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TABLE B.101. Mean Tissue Conoentratlon (dry welght) and Statistioal Grouping for
ChromiumIn M. nasuta TSssues

Mean Tissue
Sediment Concentration Statistical
Treatment (ma/ka dry welaht_ Sianiflcance

COMP I 2.32 S (")
COMP II 2.10 S
COMP iii 2.55 S
COMP IV 2.35 S
COMP V 3.06 S
COMP VI 2.73 S
R-AM 0.89 NA(b)

i i

(a) S Significant difference from R-AM ((z= 0.05).
(b) NA Not applicable.

TABLE B.102. ANOVA Resultsfor Chromium (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ F-Ratio Level

Treatment 8.374 6 1.396 12.700 0.0001(a)
Residual 3.736 34 0.110

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM B.51



TABLE B.103. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Copper In M. nasutaTissues

Mean Tissue
Sediment Concentration Statistical
Treatment Lrng/kgdry_weight) Significance

COMP I 40.3 S (a)
COMP II 19.8 NS (b)
COMP III 18.1 NS
COMP IV 14.9 NS
COMP V 16.3 NS
COMP VI 19.0 NS
R-AM 17.8 NA(o)

(a) S Significantdifference from R-AM (ez= 0.05).
(b) NS No significant"Jifferencefrom R-AM (a = 0.05).
(c) NA Not applicable.

TABLE B.104. ANOVA Results for Copper (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
___ _ (If. _ _ Level

Treatment 1.989 6 0.332 2.970 0.0189(a)
Residual 3.907 35 0.112

_' Significance Level: p _;0.05.

PHASE III 38-ft R-AM B.52



TABLE B.105. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Mercuryin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (moJk9 drywei0ht) Significance

COMP I 0.094 NS (a)
COMP II 0.090 NS
COMP III 0.117 NS
COMP IV 0.108 NS
COMP V 0.083 NS
COMP VI 0.070 NS
R-AM 0.147 NA(b)

(a) NS No significantdifferencefrom R-AM (a = 0.05).
(b) NA Not applicable.

TABLE B.106. ANOVA Resultsfor Mercury (dry weight) in M. nasuta Tissues

Sourceof Sumof Mean Significance
Variation _ d.f. _ _ Le,zel

Treatment 1.473 6 0.245 1.497 0.2088(a)
Residual 5.574 34 0.164

(a) SignificanceLevel: p < 0.05.

PHASE III 38-ft R-AM B.53



TABLE B.107. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Nickelin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

{mg/kg dry.weight1 Significan_;_

COMP I 4.59 S (a)
COMP II 5.16 S
COMP III 4.93 S
COMP IV 4.06 NS(b)
COMP V 4.64 S
COMP VI 5.00 S
R-AM 3.22 NA(c)

(a) S Significantdifferencefrom R-AM (a = 0.05).
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(b) NA Not applicable.

TABLE B.108. ANOVA Resultsfor Nickel (dryweight) in M. nasuta Tissues

Sourceof Sumof Mean Significance
_ d.f. _ F-Ratio _ Level

Treatment 1.168 6 0.195 5.089 0.0008(a)
Residual 1.338 35 0.038

(a) Significance Level: p < 0.05.

PHASE Iii 38-ft R-AM B.54
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TABLE B.109. Mean TissueConcentration(dryweight) and Statistical Grouping for
Leadin M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (mo/kodry weiohtl Sionificance

COMP I 2.2 U(a) NS Co)
COMP II 2.4 NS
COMP III 3.3 S(c)
COMP IV 3.0 S
COMP V 3.3 S
COMP VI 3.3 S
R-AM 2.0 NA(d)

(a) U Undetectedin ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) S Significantdifferencefrom R-AM ((z=0.05).
(d) NA Not applicable.

TABLE B.110. ANOVA Results for Lead (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
._,l_e s d.f. _ E-Ratio Level _

Treatment 1.769 6 0,295 5.395 0.0005(a)
Residual 1.913 35 0.055

(a) SignificanceLevel: p < 0.05.

PHASE III 38-ft R-AM B.55



TABLEB.111. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Selenium in M. nasuta Tissues

, Mean Tissue
Sediment Concentration Statistical
Treatment (ma/ka dry welah_ _ance

COMP I 1.70 NS (a)
COMP II 1.72 NS
COMP III 1.80 NS
COMP IV 1.54 NS
COMP V 1.67 NS
COMP VI 1.49 NS
R-AM 1.59 NA(b)

(a) NS No significant difference from R-AM (ez= 0.05).
(b) NA Not applicable.

TABLE B.112. ANOVA Results for Selenium (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
_ J;LL _zgga_ F-Ratio .... Level

Treatment 0.150 6 0.025 0.424 0.8577(a)
Residual 2.067 35 0.059

(a) Significance Level" p < 0.05.

PHASE III 38-ft R-AM B.56



TABLE B.113. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Zinc in M. nasuta Tissues

Mean Tissue
Sediment Concentration Statistical

Treatment (mg/kg dry_weight! Significance

COMP I 121.0 NS (a)
COMP II 109.5 NS
COMP III 106.7 NS
COMP IV 106.7 NS
COMP V 109.9 NS
COMP VI 98.5 NS
R-AM 115.4 NA(b)
=li

(a) NS No significant difference from R-AM (¢ = 0.05).
(b) NA Not applicable.

.TABLEB,114. ANOVA Results for Zinc (dry weight) in M. nasuta Tissues

Source of Sum of Mean Significance
Y.Er.[aJJ.oJ)_ _ _ _ E-Ratio Level

O Treatment 0.157 6 0.026 1.272 0.2951(a)
Residual 0.721 35 0.021

(a) Significance Level: p _;0.05.

PHASE III 38-[1:R-AM B.57
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APPENDIX C

STATISTICAL ANALYSISOF BIOACCUMULATION IN NEPHTYS caecoides
LWETWEIGHT CONCENTRATIONS_



.T.._. Mean Tlssue Concentration (wet weight) and Statistical Grouping for
Naphthalene in N. caecotdes Tissues

Mean Tissue
Sediment Concentration Statistical
Ir.9..i_tg_Elt (_g/kg wet welght_ Significanc_

COMP I 54.0 NS (a)
COMP II 57.8 S (b)
COMP III 50.0 U(°) NS
COMP IV 40.0 U NS
COMP V 40.0 U NS
COMP VI 51.8 NS
R-AM 44.6 NA(d)

(a) NS No Significantdifference from R-AM (a = 0.05).
(b) S Significant difference from R-AM (¢ = 0.05)
(c) U Undetected In ali replicates; value is mean of detection limits.
(d) NA Not applicable.

_. ANOVA Results for Naphthalene (wet weight) in N: caecoides Tissues

Source of Sum of Mean Significance
Variation Sau_res _ _ _ L._v_I

Treatment 0.787 6 0.131 2.671 0.338(a)
Residual 1.473 30 0.049

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.1



_. Mean Tissue Concentration (wet weight) and Statistical Grouptng for

2-Me!hylnaphthalene in N. oaecoldes Tlssues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight_ Significance

COMP I 20.0 U(a) NS(b)
COMP II 20.0 U NS
COMP III 20.0 U NS
COMP IV 20.0U NS .
COMP V 20.0 U NS
COMP VI 20.0 U NS
R-AM 23.8 NA(o)
IN ii i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((x= 0.05).
(c) NA Not applicable.

.T.._. ANOVA Results for 2-Methylnaphthalene (wet weight) In N. caecoldes Tissues

Source of Sum of Mean Significance
Variation _ ._ d.f. _ F-Ratio Level

Treatment 0.103 6 0.017 2.667 0.0341(a)
Residual 0.192 30 0.006

(a) Significance Level: p _;0.05.

PHASE III 38-ft R-AM C.2
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.T._. Mean Ttssue Concentration (wet weight) and Statistical Grouping for
Acenaphthylene in N, eaecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/ka wet welaht) Signiflcall;_,

COMP I 10,0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV ,10,0 U NS
COMP V 10.0 U NS
COMP VI 10,0 U NS
R-AM 10,0 U NA (o)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significantdifference from R-AM (o_= 0.05).
(c) NA Not applicable.

_. ANOVA Results for Acenaphthylene (wet weight) in N. caecoldes Tlssues

Source of Sum of Mean Significance
Variation _ d,f. ._ F-Ratio L_vel

Treatment 7.674 x 10-36 6 1.279 x 10.38 2.76 x 10-18 1.0000(a)
Residual 1.388 x 10-17 3£, 4.626 x 10-19

(a) Significance Level' p < 0.05.



Z.._. Mean Tissue Concentration(wet weight) and Statistical Grouping for
AcenaphtheneIn N. eaeeo/des Tissues

Mean Tissue
Sediment Concentration Statistical

_g/kg wet weight_ .Significance

COMP I 1O.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10,0U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 11.6 NS
R-AM 10.0 U NA(o)

==l

(a) U Undetected In ali replicates; value is mean of detection limits,
(b) NS No significant difference from R-AM ((x= 0.05),
(o) NA Not applicable.

_T.._EL,F,_G_.ANOVA Results for Acenaphthene (wet weight) In N. caecoldes Tissues

Sourceof Sum of Mean Significance

Variation_ Ei_.LtEe.= d.f. _ F-Ratio Level O

Treatment 0.060 6 0.010 1.081 0.3959(a)
Residual 0.276 30 0,009

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C,4



..T._. Mean Tissue Conaentratlon (wet weight) and Statlstlaal Grouping for
FluoreneIn N. caeco/desTissues

Mean Tissue
Sediment Conoentratlon Statlstioal

[_a/ka wet welaht_ Signifloanoe

COMP I 17,2 NS (a)
COMP II 10,0 U(b) NS
COMP iii , 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 14.8 NS
R-AM 10.0 U NA(o)
i i i =

(a) NS No signlflcantdifference from R-AM (_ = 0.05).
(b) U UndeteotedIn ali replicates;value Is mean of deteatlonlimits.
(c) NA Not applicable.

!

.T.__. ANOVA Results for Fluorene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Varlatlon ._ d.f, =,_ F-Ratio Level

Treatment 0.655 6 0.109 1.201 0.3329(a)
Residual 2.729 30 0.091

(a) Significance Level' p < 0.05.

O PHASE III 38-ft R-AM C.5



TABLE 0,11. Mean Tissue Concentration (wet weight) and Statistical Grouplng for
Phenanthrenein N, caeoo/des Tissues

MeanTissue
Sedlment Concentration Statistlcal

(u,a/kgwet welght3 Significance_

COMP I 39,0 S (a)
COMP II 30,3 S
COMP III 30,0 U(b) NS (°)
COMP IV 15,6 NS
COMP V 17,3 NS
COMP VI 44,.8 S
R-AM 19,0 NA(d)

(a) S Significantdifference from R-AM ((z= 0,05),
(L,) U Undetectedin ali replicates;value Is mean of detection limits.
(c) NS No significantdifference from R-AM ((x= 0.05).
(d) NA Not applicable,

TABLE C.12, ANOVA Resultsfor Phenanthrene (wet weight) In N, caecoldes Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ _ Level

Treatment 5,890 6 0,982 6,754 0,0001(a)
Residual 4.361 30 0,145

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.6
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TABLE C.13, Mean Tissue Concentration (wet weight) and Statistical Grouping for
AnthraceneIn N. oaeao/des Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment __o/kgwet welaht) Slgnlfloanc4!_

COMP I 10.6 NS(a)
COMP II 10.0 U(b) NS
COMP III 10.0 U NS
COMP IV 10,0 U NS
COMP V 10,0 U NS
COMP VI 14,4 S(o)
R-AM 10.0 U NA(d)
i ,. i [

(a) NS No significant difference from R.AM (_ = 0,05).
(b) U Undetected tn ali replicates; value Is mean of detection limits,
(c) S Significant difference from R-AM (¢ = 0.05),
(d) NA Not applicable, '

TABLE C,14. ANOVA Results for Anthracene (wetwelght)in N, caecoldes Tissues

Source of Sum of Mean Significance
Varla_on _ J_ _ F-Ratio Level

Treatment 0.538 6 0.090 21.167 0.0001(a)
Residual 0.127 30 0.004

(a) Significance Level: p _;0.05.

PHASE III 38-ft P_AM C.7



TABLE C.15. Mean Ti,_sueConcentration (wet weight) and Statistical Grouping for
FluorantheneIn N. caeco/des Tissues

Mean Tissue
Sediment Concentration Statistical
.Treatment (u,g/kgwet welghtl Slgn_fi_ance

COMPI 17,6 NS(a)
COMP II 26.7 NS
COMP iii 42.2 NS
COMP iV 25.8 NS
COMP V 21.7 NS
COMP VI 82.4 S (b)
R-AM 22.2 NA(o)

(a) NS No significant difference from R-AM (_ = 0.05).
(b) S Significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE0.16. ANOVA Resultsfor Fluoranthene (wet weight)in N, caecoldes Tissues

Source of Sumof Mean Significance
._ d.f. ._ F,Batio Level

Treatment 10.! 10 6 1.685 6.240 0.0002(a)
Residual 8.101 30 0.270

(a) SignificanceLevel: p < 0.05.

PHASE III 38-ft R-,t,_ C.8 i
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TABLE C.17. Mean Tissue Concentration(wet weight)and StatisticalGroupingfor

O Pyrenein N. caecoides Tissues
Mean Tissue

Sediment Concentration Statistical
Treatment {_g/k0wet weioht_ Significance

COMP I 26.8 NS (a)
COMP II 39.3 S (b)
COMP III 202.,0 S
COMP IV 188.0 S
COMPV 86.0 S
COMP VI 566.0 S
R-AM 19.8 NA(c)
LJ t,

(a) NS No significantdifferencefrom R-AM (_ = 0.05).
(b) S Significantdifferencefrom R-AM (a = 0.05).
(c) NA Not applicable.

_. ANOVA Resultsfor Pyrene (wet weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
Yariation ._ d.f. ._ F-Ratio Level

Treatment 48.223 6 8.037 97.388 0.0001(a)
Residual 2.476 30 0.083

(a) SignificanceLevel: p _<0.05.

PHASE !1138-ft R-AM C.9



TABLEC.19. Mean Tissue Concentration(wet weight) and Statistical Grouping for
Benzo(a)anthracenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (ag/k_awet weight_ Significance

COMP I 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 14.2 S (c)
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(°1

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) S Significant difference from R-AM ((z= 0.05).
(d) NA Not applicable.

TABLE C.20. ANOVAResults for Benzo(a)anthracene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation . ._ d.f. _ F-Ratio Level

Treatment 0.332 6 0.055 2.458 0.0471(a)
Residual 0.676 30 0.023

(a) Significance Level: p < 0.05.

PHASE III38-ft R-AM C.10



TABLE C.21. Mean Tissue Concentration(wet weight) and Statistical Grouping for
Chrysene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _a/ka wet weiaht_ Sianificance

COMP I 11.0 NS (a)
COMP II 16.8 NS
COMP III 27.6 S _)
COMP IV 13.2 NS
COMP V 11.8 NS
COMP VI 41.0 S
R-AM 10.0 U(¢) NA(d)

(a) NS No significantdifferencefrom R-AM (ez= 0.05).
(b) S Significantdifferencefrom R-AM (ez= 0.05).
(c) U Undetectedin ali replicates;value is mean of detectionlimits.
(d) NA Not applicable.

_TABLEC.22. ANOVA Results for Chrysene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
.Variation _ d.f. ._ F-Ratio Level

Treatment 8.505 6 1.418 16.518 0.0001(a)
Residual 2.575 30 0.086

(a) Significance Level: p < 0.05.

pHASE III 38-ft R-AM C.11



TABLE C.23. Mean Tissue Concentration (wet weight) and Statistical Grouping for dh,
Benzo(b)fluoranthene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_q/ka wet weight} Significance

COMP I 10.0 U(a) NS0o)
COMP II 10.0 U N S
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.5 NS
COMP VI 19.4 S (c)
R-AM 10.0 U NA(d)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) S Siqnificantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

TABLEC.24. ANOVA Results for Benzo(b)fluoranthene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
_ d.f. ._ F-Ratio _ Level

Treatment 1.479 6 0.247 9.566 0.0001(a)
Residual 0.773 30 0.026

(a) Significance Level: p < 0.05.

P__J-IASEIII 38-ft R-AM C.12 O



TABLE C.25. Mean Tissue Concentration(wet weight) and Statistical Grouping for
Benzo(k)fluoranthene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u.g/kgwet weight_ Significance

COMPI 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

iii li .i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (¢ = 0.05).
(c) NA Not applicable.

TABLE C.27. ANOVA Results for Benzo(k)fluoranthene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation Sa.uares d.f. Square F-Ratio Level

Treatment 7.674 x 10.36 6 1.279x 10-3s 2.76x 10-18 1.0000(a)
Residual 1.388 x 10-17 30 4.626 x 10-19

(a) Signli;icance Level: p < 0.05.

PHASE III 38-ft R-AM C.13



TABLE C,27. Mean Tissue Concentration (wet weight) and Statistical Grc_upingfor
Benzo(a)pyrene in N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) Significance

COMP I 10.0 U(a) NS 0o)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.28. ANOVA Results for Benzo(a)pyrene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ..... Sauares J;Lt, Square F-Ratio _ Level

Treatment 7.674 x 10.36 6 1.279 x 10.36 2.76 x 10-18 1.0000(a)
Residual 1.388 x 10-17 30 4.626 x 10-19

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.14



TABLEC.29. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Dibenzo(a,h)anthracene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (LLa/kawet welaht_ S!aniflcanGe

COMP I 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM ' 10.0 U NA(a)

i1|1

(a) U Undetected in ali replicates; value is mear_of detection limits.
(b) NS No significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE C.30. ANOVA Results for Benzo(a,h)anthracene (wet weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance
Variation.__ Sauares d.f. _ _Sauare F-Ratio Lev01

Treatment 7.674 x 10-ss 6 1.279 x 10.36 2.76 x 10-18 1.0000(a)
Residual 1.388 x 10-17 30 4.626 x 10-19

(a) Significance Level: p < 0.05.

O PHASE/II 38-ft R-AM Co15
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,TABLEC.31. Mean Tissue Concentratlon (wet weight) and Statistical Grouping for
Benzo(g,h,I)perylenein N. caeao/des Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet welght3 .._igElJtJ.g_.G.g.9_

COMP I 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP lit 10.0 U NS
COMP IV 10.0 U NS
COMP V 10.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(a)

(a) U Undetected in ali replicates; value Is mean of deteotion limits,
(b) NS No significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE C,32. ANOVA Results for Benzo(g,h,i)perylene (wet weight) in N, caecoldes Tissues

Source of Sum of Mean Significance
Variation Sauares d.f. . Sauare F-Ratio Level

Treatment 7.674 x 10-36 6 1.279 x 10.36 2.76 x 1018 1.0000(a)
Residual 1.388 x 10"17 30 4.626 x 10-19

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.16



TABLE C.33. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Indeno(1,2,3-c,d)pyrene In IV,caecoldes Tissues

Mean Tlssue
Sediment Concentration Statistical
Treatment (_g/kg wet welaht) Slgnificano#...

COMP I 10.0 U(a) NS (b)
COMP II 10°0 U NS
COMP III ' 10,0 U NS
COMP IV 10,0 U NS
COMP V 10,0 U NS
COMP VI 10.0 U NS
R-AM 10,0 U NA (o)

(a) U Undetected in ali replicates; value is mean of dete_tlon limits.
(b) NS No significant difference from R-AM (ez= 0,05).
(c) NA Not applicable,

TABLEC.34. ANOVA Results for Indeno(1,2,3-c,d)pyrene (wet weight) In
N. caecoldesTiss_es

Source of Sum of Mean Slgnlfl:_nce
Variation Sauares d,f. Sauare _ . Level

Troatment 7.674 x 10"a6 6 1.279 x 10-36 2,76 x 10"18 1.0000(")
Residual 1.388 x 10-17 30 4.626 x 10"19

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.17 i



TABLE C.35. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroelor-1016In N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (L_o/kowetwelahfi Sianifioance

COMPI 100,0 U(a) NS(b)
COMP II 100.0 U NS
COMP III 100.0 U NS
COMP IV 140.0 U NS
COMP V 133.3 U NS
COMP VI 100,0 U NS
R-AM 100,0 U NA(o)

ii i _.

(a) U Undetected in ali replicates; value Is mean of detection limits.
(b) NS No significantdifference from R-AM (o:= 0.05),
(c) NA Not applicable.

TABLE C,36. ANOVA Results for Aroclor-1016 (wet weight)In N, caecoides Tissues
r

Source of Sum of Mean Significance
_ ._ _ F-Ratio _ Level

Treatment 0.536 6 0.089 2.655 0,0347(a)
Residual 1.009 30 0.034

(a) Significance Level: p _;0.05,

=

PHASE III 38-ff R-AM C,18



TABLE 0.,37, Mean Tissue Concentration (wet weight) and Statlstloal Grouping for
Aroolor-1221tn N, caeeo/deeTissues

Mean Tissue
Sediment Conoentratlon Statlstloal
Treatment (U.g/kgwet weloht) •Slgnlfloanoe

COMP 1 100,0 U(a) NS (b)
COMP Ii 100,0 U NS
COMP III 100.0 U NS
COMP IV 140.0 U NS
COMP V 1,33,3U NS
COMP VI 100.0 U NS
R-AM 100.0 U NA(o)
i

(a) U Undeteoted tn ali replicates; value Is mean of deteotlon limits,
(b) NS No slgnifloant dlfferenoe from R-AM (ez= 0,05).
(e) NA Not applloable.

, TABLE C.38. ANOVA Results for Aroolor-1221 (wet weight)In N, caecoldes Tissues

Source of ,Sum of Mean Significance
Varlatlon _ d.f. _ F-Ra'do L_vel

Treatment 0,536 6 0,089 2,655 0,0347(a)
, Residual 1.009 30 0,034

(a) Signlficanoe Level: p < 0.05.

PHASE III 38-ft R-AM C.19

_ I I' III III I - J



TABLEC.39, Mean Tissue Concentration(wet weight) and Statistical Grouping for
Aroolor-1232In IV.caeco/desTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) Slgrllfloanoe

COMP I 100,0 U(a) NSCo)
COMP II 100,0 U NS
COMP III 100,0 U NS
COMP IV 140,0 U NS
COMP V 133,3 U NS
COMP VI 100,0 U NS
R-AM 100,0 U NA(o)
ii ii i

(a) U Undetected in ali replicates;value Is mean of detection limits.
(b) NS No significantdifference from R-AM (oc= 0,05).
(c) NA Not applicable.

TABLE C,4O, ANOVA Results for Aroclor-1232 (wet weight)In N, caecoldes Tissues

Source of Sum of Mean Significance
Variation ._ j;[,L Eg;lUa_ -E:BaILo. Level

Treatment 0,536 6 0,089 2,655 0.0347(a)
Residual 1,009 30 0,034

(a) Significance Level:p < 0.05.

PHASE III 38-ft R-AM C,20



TABLE C,41, Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroolor-1242In N. caeoo/desTissues

Mean Tissue
Sedlment Conoentratlon Statistioal
Treatment (_g/kg wet weight) Slanifioanoe

COMP I 100.0 U(a) NS (b)
COMP II 100,0 U NS
COMP III 100,0 U NS
COMP IV 140.0 U NS
COMP V 133,3 U NS
COMP VI 100.0 U NS '
R-AM 100,0 U NA(°)

i

(a) U Undetectedin ali replicates;value Is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (_ = 0.05).
(o) NA Not applicable,

TABLE C.42, ANOVA Results for Aroclor-1242 (wet weight) in N, caecoldes Tissues

Source of Sum of Mean Significance
_ .di, _ E:.Bat_ _ Level

Treatment 0,536 6 0.089 2.655 0.0347(a)
Residual 1.009 30 (_,034

(a) Significance Level: p g 0.05.

_. PHASE IIi 38-ft R-AM C.21
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TABLE C,43. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Aroclor-1248 In N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(_o/k0 wet weloht) Sigpifloance

COMP I 100.0 Ij(a) NS(b)
COMP ii 100.0 U NS
COMP III 100.0 U NS
COMP IV 140.0 U NS
COMP V 133.3 U NS
COMP VI 100.0 U NS
R-AM 100.0 U NA(o)

i

(a) U Undetected inali replicates; value ismean of detection limits.
(,b) NS No significantdifference from R-AM (c_= 0.05).
(c) NA Not applicable.

TABLE C.44. ANOVA Results for Aroclor-1248 (v,et weight)in N, caecoides Tissues

Source of Sum of Mean Significance
Variation _ .,eLL _ _ Level

Treatment 0.536 6 0.089 2.655 0,0347(a)
Residual 1.009 30 0,034

(a) Significance Level:p < 0.05.

PHASE III 38-ft R-AM C.22



TABLEC,45. Mean Tissue Concentration(wet weight) and Statistical Grouping for
Aroclor-1254 in N. caecoidesTLssues

Mean Tissue
Sediment Concentration Statistical
Treatment {_q/kOwet weioht} Siqnifiqan_e

COMP I 100.0 U(a) NS ro)
COMP II 103.3 NS
COMP III 166.0 S(c)
COMP IV 140.0 U NS
COMP V 133.3 U NS
COMP VI 100.0 U NS
R-AM 100.0 U NA(d)

(a) U Undetected inali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) S Significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE C.46. ANOVA Results for Aroclor-1254 (wet weight)in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 1.069 6 0.178 3.714 0.0070(a)
Residual 1.440 30 0.048

(a) SignificanceLevel:p _<0.05.



TABLE C,47. Mean TissueConcentration(wet weight)and Statistical "'ouping for
Aroclor-1260in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (ua/ko wet welaht_ Sianificance

COMPI 100.0 U(a) NS(b)
COMP II 100.0 U NS
COMP III 100.0 U NS
COMP IV 140.0 U NS
COMP V 133.3 U NS
COMP VI 100.0 U NS
R-AM 100.0 U NA(c)

i

(a) U Undetected in ali replicates;value is mean of detectionlimits.
(b) NS No significantdifference from R-AM (a = 0.05).
(c) NA Not applicable.

TABLE C.48. ANOVA Results for Aroclor-1260 (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
__ ._ d.f, _ F-Ratio Level

Treatment 0.536 6 0.089 2.655 0.0347(a)
Residual 1.009 30 0.034

(a) SignificanceLevel: p _;0,05.

LI IF-'_%.l L- tri I.Iq_# li. t • • _IYl ....



TABLE C.49. Mean Tissue Concentration(wet weight) and StatisticalGrouping for
Alddn inN. caecoides Tissues

J

Mean Tissue
Sediment Concentration Statistical
Treatment {_g/kawet weight) Significance

COMP I 15.0 NS (a)
COMP II 10.0 NS
COMP III 15.6 NS
COMP IV 10.0 U(b) NS
COMP V 12.0 U NS
COMP VI 10.4 NS
R-AM 10.0 U NA(c)

(a) NS No significantdifferencefrom R-AM (ez= 0.05).
(b) U Undetectedin ali replicates;value is mean of detectionlimits.
(c) NA Not app=icable.

I

TABLE C.50. ANOVA Results for Aldrin (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.475 6 0.079 0.765 0.6035(a)
Residual 2.896 28 0.103

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.25
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TABLE O.51. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Alpha-BHC in N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) Significance

COMP I 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
coMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

(a) U Undetected in ali replicates;value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.52. ANOVA Results for Alpha-BHC (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance

Y_aZ[aJJ.g.D_ _ d.f. _ F-Ratio Level _1)

Treatment 0.082 6 0.014 1.000 0.4448 (a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

- PHASE I!138-ff R-AM C.26



T_,BLEC.53. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Beta-BHC in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight_ Significance

COMP I 10.0 U(a) NS(b)
COMP ii 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U N.&,(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (c_= 0.05).
(c) NA Not applicable.

TABLEC.54. ANOVA Results for Beta-BHC (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level' p _;0.05.

PHASE III 38-ft R-AM C.27
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TABLE C.55. Mean Tissue Concentration(wet weight) and StatisticalGrouping for
Delta-BHC in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treptment (_g/kg wet weight_ Signlf_car]ce

COMP I 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)
iJ ii

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significantdifference from R-AM ((z= 0.05).
(c) NA Not applicable:

TABLE C.56. ANOVA Results for Delta-BHC (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level" p _;0.05.

PHASE III38-ft R-AM C.28



TABLE C.57. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Gamma-BHC in N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (;_g/kgwet weight) Significance

COMP I 10.0 U(a) NSCo)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(o)
i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.58. ANOVA Results for Gamma-BHC (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ F-Ratio Level

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p _;0.05.

PHASE III 38-ft R-AM C.29
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TABLE C.59. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Chlordane in N. caecoldesTissues

Mean Tlssue
Sediment Concentration Statistical
Treatment (_g/kg wet we!ght) Significance_

COMP I 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

i

TABLEC.60. ANOVA Results for Chlordane (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ F-Ratio Level

Treatment 0.082 6 0.014 1.000 0.4448a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.30



TABLE C.61. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Gamma-Chlordane In N. caeooides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet welght_) Sionlfloanoe

coMPI
COMP II I'

COMP III Not analyzed separately in N. caecoides;
COMP IV reportedas total Chlordane (Table C.59)
COMP V
COMP VI
R-AM

TABLEC.62. ANOVA Results for Gamma-Chlordane (wet weight) in N, caecoides Tissue:

Source of Sum of Mean Significance
.V_._rlation ._ d.f. _ _ Level

Treatment Not analyzed separatelyin N. caecoldes;
Residual reported as total Chlordane(Table C.60)

PHASE III 38-ft R-AM C.31
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TABLE C..63. Mean Tissue Concentration (wet weight) and Statistical Grouping for
4,4'-DDD In N. aaeao/des Tissues

Mean Tissue
Sediment Concentration Statistical

(_a/ka wet weloht) SlgnlfiQanoe

COMP I 10,0 U(a) NS(b)
COMP II 10,0 U NS
COMP III 10,0 U NS
COMP IV _0,0 U NS
COMP V 12.0 U NS
COMP VI 10,0 U NS
R'AM 10,0 U NA(o)

i

(a) U Undetectedin ali replicates; value Is mean of detection limits,
(b) NS No significantdifferencefrom R-AM ((x= 0.05),
(o) NA Not applicable,

TABLE C,64, ANOVA Results for 4,4'-DDD (wet welght) in N, caecoldes Tissues

Source of Sum of Mean Significance
Variation _ J;U.,. _ F-Ratio Level

Treatment 0.082 6 0.014 1,000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

! PHASE III 38-ff R-AM C.32



,TABLEC.65. Mean Tissue Conoentration (wet weight) and Statlstloal Grouping for
4,4'-DDE In N. aaeao/des Tissues

J

Mean Tissue
Sediment Conoentratlon Statlstloal

(_g/kg wet welaht) Slgrllfioanoe

COMPI 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 11,0 U NS
COMP IV 10.0 U NS
COMP V 12,0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(o)
IL i i j

(a) U Undeteoted in ali replioates;value Is mean of deteotion limits.
(b) NS No significantdlfferenoefrom R-AM ((z= 0.05).
(o) NA Not applicable,

TABLEC.66. ANOVA Results for 4,4'-DDE (wet weight) in IV, caecoldes Tissues

Source of Sum of Mean Significance
_ J;LL _ F-Ratio Level

Treatment 0.094 6 0.016 0.855 0.5395(a)
Residual 0.516 28 0.018

(a) Slgnlficanoe Level: p < 0,05

PHASE III 38,ft R-AM C.33
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TABLE C.67. Mean Tissue Concentration (wet weight) and Statistical Grouping for
4,4'-DDT In N. caecoldesTissues

Mean Tissue
Sedlment Concentration Statlstloal
_..r._i_t£IL_, (_q/kg wet weight! Significance

t

COMPI 10,0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10,0 U NS
COMP IV 10,0 U NS
COMP V 12,0 U NS
COMP VI 10,0 U , NS
R-AM 10,0 U NA(°)

(a) U Undetected In ali rep!loates; value Is mean of detection limits,
(b) NS No signlfloant difference from R-AM ((x= 0.05).
(o) NA Not applicable.

TABLE C.68. ANOVA Results for 4,4'-DDT (wet weight)In N, caecoldes Tissues

Source of Sum of Mean Significance
y._ ._ d.f. _._ _ _ Level

Treatment ().082 6 0.014 1,000 0,4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p _;0,05.
i

PHASE I1138-ftR-AM C.34



TABLE C.69, Mean Tissue Concentration (wet weight) and Statistical Grouping for
DieldrinIn N, eaeeoldes Tissues

Mean Tissue
Sedlm ent Concentratlon Statlstlcal
Treatment (u.a/kawet welaht) Signlflcano.O..

COMP I 10,0 U(a) NS (b)
COMP II 10,0 U NS
COMP III 10,0 U NS
COMP IV 10.0 U NS
COMP V 12,0 U NS
COMP VI 11.0 U NS
R-AM 10.0 U NA(o)

(a) U Undetected In ali replicates; value Is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable,

TAI3LE C.70. ANOVA Results for Dieldrin (wet weight) In N. caecoldes Tissues

Source of Sum of Mean Slgnlficance
Y_afJaJ,L_B._ _ d.f. _ EBa_ Level _

Treatment 0.094 6 0.016 0.855 0.5395(a)
Residual 0.516 28 0.018

(a) Significance Level: p _;0.05.

p__HASEIII 38-ft R,AM 0.35
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TABLE C.71. Mean Tissue Concentration (wet weight) and Statistical Grouping for
EndosulfanI In N. caeco/desTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u.o/kgwet welght_ _Significance

J

COMPI 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10.2 NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(o)
i iii i

(a) U Undetected In ali replicates; value Is mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

C,72. ANOVA Results for Endosulfan I (wet weight) In N. caecoldes Tissues

Source of Sum of Mean Significance
y._ ._ d.f. _ _ Level

Treatment 0.080 6 0.013 0.955 0.4729(a)
Residual 0.392 28 0.014

(a) Signiflcance Level' p < 0.05.

PHASE III 38-ft R-AM C.36



_B.LE..C_,'_._,Mean Tissue Concentration(wet weight)and StatisticalGroupingfor

EndosulfanII in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment {_o/kgwet w_i_ht_ Significance

COMPI 10.0 U(=) NS(b) i

COMP II 10.0 U NS
CE)MP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

i nw n

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (c== 0.05).
(c) NA Not applicable.

TABLE C.74. ANOVA Resultsfor Endosulfan !! (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Rati0 Level w

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residua_ 0.384 28 0.014

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.37



TABLEC,75. Mean TissueConcentration(wet weight)and StatisticalGroupingfor
EndosulfanSulfatein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(ua/ka wet weiaht_ Sianificance

COMP I 10.0 U(a) , NS(b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE C.7_. ANOVA Results for EndosulfanSulfate (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variatioq ._ d.f. _ _ Level

Treatment 0.082 6 0.014 1.000 0.4448 (a)
Residual 0.384 28 0.014

(a) Significance Level:p < 0.05.

di
PHASE III 38-ft R-AM C.38 IP'



TABLE C.77. Mean TissueConcentration(wet weight)and StatisticalGroupingfor
Endrinin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weiaht_ _;ignificance

COMP I 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.2 NS
R-AM 10.0 U NA(c)

iii i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.78. ANOVA Results for Endrin (wet weight)in N. caecoides Tissues

Source of Sum of MP.an Significance

O Variation _ d.f. __ F-Ratio Level

Treatment 0.080 6 0.013 0.95,5 0.4729(ai
Residual 0,392 28 0.014

(a) Significance Level: p < 0.05.

v PHASE !!! 38-ft_R-AM C.39
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TABLE C.79. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Enddn Aldehyde in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_O/k0wet weight_ $1gnificanc_

COMP I 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 LI NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

ii iii ii

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.80. ANOVA Results for Endrin Aldehyde (wet weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance
Variation ._ J;LL _ _ L_vel

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

PHASE III 38-ftR-AM C.40



TABLE C.81. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Heptachlorin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
__ {U.g/kawet weight) Significance

COMP I 10.0 U(a) NS(b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (a = 0.05).
(c) NA Not applicable.

"FABLEC.82. ANOVA Results for Heptachlor (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation . _ d.f. _ F-Ratio Level

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

PHASE III 38,ft R-AM C.41



]'ABLE C.83. Mean Tissue Concentration (wet weight) and Statistical Grouplng for
HeptachlorEpoxide in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistlcal
Treatment L_g/kg wet weight_ Significance

COMP I 12.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS
COMP V 12.0 U NS
COMP VI 10.0 U NS
R-AM 10.0 U NA(o)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C.84_. ANOVA Results for Heptachlor Epoxide (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _ _ Level

Treatment 0.137 6 0.023 0.833 0.5545(a)
Residual 0.769 28 0.027

(a) Significance Level: p < 0.05.

PHASE III38-ft R-AM C.42
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..TABLEC,85. Mean Tissue Concentration (wet weight) and Statlstical Grouping for
Methoxychlorin N. caecotdes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (__a/kgwet weight) Slgnlfloance

COMP I 10.0 U(a) NS (b)
COMP II 10.0 U NS
COMP III 10.0 U NS
COMP IV 10.0 U NS i
COMP V 12.0 U NS
COMP VI 10,0 U NS
R-AM 11.0 U NA(o)

iii i ii

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE C,86. ANOVA Results for Methoxychlor (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ J;;;LL _ F,Ratio Level

Treatment 0.094 6 0.016 0.855 0,5395(")
Residual 0.516 28 0,018

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.43



TABLE G.87. Mean Tissue Concentration (wet weight) and Statistical Grouping for
Toxaphene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment {LLg/kgwet weight) Sianiflcance_

COMP I 500.0 U(a) NS (b)
COMP II 500.0 U NS
COMP IIi 500.0 U NS
COMP IV 500.0 U NS
COMP V 600.0 U NS
COMP VI 500.0 U NS
R-AM 500.0 U NA(o)

(a} U Undetected in ali replicates; value is mean of detection limits.
, (b) NS No significant difference from R-AM ((z= 0.05).

(c) NA Not applicable.

TABLE C.88. ANOVA Results for Toxaphene (wet weight) in N. caecoides Tissues

Source of Sum of Mean Significance
._ d.f. _ F-Ratio _ L_vel

Treatment 0.082 6 0.014 1.000 0.4448(a)
Residual 0.384 28 0.014

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.44



TABLE C.89. Mean Ttssue Concentration (wet weight) and Statistical Grouping for
Tributyltln in N, caecoldesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weight) Significance

COMP I 14;7 UJ(a) NS(b)
COMP II 15.2 NS
COMP III 12.7 UJ NS
COMP IV 23,7 NS
COMP V 9.8 UJ NS
COMP VI 19.8 UJ NS
R-AM 6.3 j(o) NA(cO

(a) UJ Undetected or detected below method detection limit in ali replicates; value is
mean of detected values and detection limits,

(b) NS No significant difference from R-AM ((x= 0.05).
(c) J Detected below method detection limit in ali replicates; value Is mean of

detected values,
(d) NA Not applicable.

TABLEC,90. ANOVA Results for Tributyltln (wet weight) In N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. Souare F-Ratio _ Level

Treatment 6.371 6 1.062 1.097 0.3887(a)
Residual 27.106 28 0.968
_ ,

(a) Significance Level' p < 0,05.

PHASE III 38-ft R-AM C.45



TABLE C.91, Mean Tissue Concentration (wet weight) and Statistical Grouping for
DibutylttnIn N, oaeooldes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg wet weloht) Significance

COMP I 6.6 UJ(a) NS (b)
COMP II 5.9 NS
COMP III 8,6 UJ NS
COMP IV 14.0 NS
COMP V 11.4 NS
COMP VI 11.9 NS
R-AM 8.3 UJ NAto)

ta) UJ Undetected or detected below method detection limit In ali repllcates; value Is
mean of detected values and detection Ilmlts.

(b) NS No slgnlflaant dlfference from R-AM ((z= 0.05).
tc) NA Not applicable.

TABLE C.92. ANOVA Results for Dibutyltln (wet weight) In N. caecoldes Tissues

Source of Sum of Mean Slgnlficance.
Y.._.J_3.tJ._0_ _ ._ _ F-Ratio __

Treatment 6,494 6 1,082 2.343 0.0585(")
Residual 12.934 28 0.462 "

ta) Significance Level: p < 0.05.

P_-IASEIII 38-ft R-AM C.46



TABLE C.93, Mean Ttssue Concentration (wet weight)and StatisticalGrouping for
MonobutyltlnIn N, caeoo/desTlssues

Mean Tissue
Sediment Concentration Statistical
Treatment (U.q/kowet weight) _Significance

COMP I 8.7 NS(")
COMP II 5,8 NS
COMP III 9.7 NS
COMP IV 15.5 NS
COMP V 12,2 NS
COMP VI 13,0 NS
R-AM 9,1 UJ(b) NA (o)
i , ,,=,

(a) NS No significantdifferencefrom R-AM (ez= 0.05),
(b) UJ Undetected or detected below methoddetectionlimit In ali replicates;value Is

mean of detectedvalues and detectionlimits,
(c) NA Not applicable.

TABLE C.94, ANOVA Results for Monobutyltln (wet weight) in N, caecoides Tissues

Source of Sum of Mean Significance
_ _ _ _ Level

Treatment 4.3017 6 0.718 3,468 0,0109(a)
Residual 5.796 28 0.207

='

(a) Significance Level: p < 0.05.

PHASE III 38-ft R-AM C.47



TABLEC.95, MeanTissueConoentratlon(wetweight)and StatlstloalGroupingfor
MetalsIn N. oaeooldesTissues

MeanTissue
Sediment Conoentratlon Statlstloal
Treatme.E1; (mg/kgwetweight) Signlfioanoe_

Statlstioaloomparisonof metalswasoonduotedon a dryweightbasisonly

TABLEC,96, ANOVAResultsforMetals(wetweight)In N, caecoldesTissues

Sourceof Sumof Mean Slgniflcanoe
_. _ d.f. _ _ . Level

Statlstloaloomparisonof metalswasoonduotedona dry weightbasisonly

PHASEIII38-ffR-,AM C.48



APPENDIX D

.8...TATISTICALANALYSIS OF BIOACCUMULATION IN NEPHTYS caeooldes
(DRY WEIGHT CONCENTRATIONS)



II

_, Mean Tlssue Concentration (dry weight) and Statistical Grouping for
Naphthalene In N. eaeeo/des Tissues

Mean Tissue
Sediment Concentration Statistical
T_reatment (u.g/k0dry welaht)' Sigrllfloarloe_

COMP I 346,0 NS(a)
COMP Ii 347,1 NS
COMP III 288,4 U(b) NS
COMP IV 240.5 U NS
COMP V 258,3 U NS
COMP VI 326°8 NS
R-AM 288.0 NA(o)

i ii

(a) NS No significant difference from R_AM(_ = 0.05).
(b) U Undeteated in ali repllcates; value Is mean of detection limits,
(0) NA Not applicable.

i

TABLE D.2. ANOVA Results for Naphthalene (dryweight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
y._ _ d.f. ._ F-Ratio Level

Treatment 0,703 6 0.117 1,991 0,0983 (a)
Residual 1.765 30 0,059

(a) Significance Level: p _;0.05.

PHASE III 38-FT R-AM D. 1



_. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
2-Methylnaphthalenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

{_a/kadryweiaht3 $i_onificance_

COMP I 127.5 U(a) NS0_)
COMP II 120.8 U NS
COMP III 115.4 U NS
COMP IV 120.3 U NS
COMP V 129.1 U NS
COMP VI 126.2 U NS
R-AM 152.9 NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TA_._. ANOVA Results for 2-Methylnaphthalene (dryweight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
,_ _ d.f. _ F-Ratio Level

° Treatment 0.208 6 0.035 2.201 0.0"707(a)
Residual 0.474 30 0.016

(a) Significance Level: p < 0.05.

PHA_E III 38-FT R-AM D.2
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I_F=_D._. Mean Tissue Concentration(dry weight)and StatisticalGrouping _r
Acenaphthylenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/ko dryweiaht_ Sianificance

COMPI 63.8 U(a) NS(b)
COMP II 60,4 U NS
COMP III 57.7 U NS
COMPIV 60.1 U , NS
COMP V 64.6 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedinali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (¢x= 0.05).
(c) NA Not applicable.

_. ANOVA Resultsfor Acenaphthylene (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
__ ._ d.f. ._ F-Ratio Level

Treatment 0.057 6 0.009 1.339 0.2710(a)
Residual 0.213 30 0.007

n

(a) Significance Level" p < 0.05.

-

PHASE III 38-FT R-AM D.3
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Y.AJ_J=F=.i_Z.Mean Tissue Concentration(dry weight) and Statistical Grouping for
Acenaphthene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(u,g/kgdry_weight3 Significance

COMP I 63.8 U(a) NS(b)
COMP II 60.4 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 64.6 U NS
COMP VI 73.1 NS
R-AM 63.8 U NA(c)

(a) U Undetected in ali replicates; value is mean of detection limits.
(a) NS No significant difference from R-AM (ez= 0.05).
(b) NA Not applicable.

_. ANOVA Results for Acenaphthene (dry weight) in N. caecoides Tissues
,'

Source of Sum _f Mean Significance
Variation =,_ d,f. _ E:.BaJ_ Level

Treatment 0.140 6 0.023 1.449 0.2291(a)
Residual 0.482 30 0.016

(a) Significance Leve_:p -_=0,05.

PHASE III 38-FT R-AM D.4



I._. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Fluorene in N._caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight) ,,Sianificanc_

COMP I 112.6 NS(a)
COMP II 60.4 U(b) NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 64.6 U NS
COMP VI 92.9 NS
R-AM 63.8 U NA(c)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) U Undetected in ali replicates; value is mean of detection limits.
(c) NA Not applicable.

TABLE D.10. ANOVA Results for Fluorene (dry weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance
Variation ._ d.f. ._ F-Ratio .... Level

Treatment 0.866 6 0.144 1.403 0.2459 (a)
Residual 3.084 30 0.103

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.5



]'ABLE D.11. Mean Tissue Conc3ntration(dry weight) and Statistical Grouping for
Phenanthrene in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg d_ weight) Significanc_

COMP I 252.3 S(a)
COMP II 183.0 NS (b)
COMP III 173.0 U(o) NS
COMP IV 94.4 NS
COMP V 113.1 NS
COMP VI 282.6 S
R-AM 122.1 NA(d)

(a) S Significant difference from R-AM (ez= 0.05).
(b) NS No significant difference from R-AM (_z= 0.05).
(c) U Undetected in ali replicates; value is mean of detection limits.
(d) NA Not applicable.

TABLE D.12. ANOVA Results for Phenanthrene (dry weight)in N. caecoides Tissues

Source of Sum of Mean Significance
_Li&EL_ ._ £Lf_, ._ F-Ratio Levf#l

Treatment 5.759 6 0.960 5.748 0.0004 (a)
Residual 5,010 30 0.167

(a) Significance Level' p < 0.05,

PHASE III 38-FT R-AM D.6



TABLE D.13. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Anthracene in N, caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight), Sianif;cance

COMP I 67,,_i ,/' ' NS(a)
COMP II 60,,__',U(bi: NS
COMP III 5r't,7Ui ''_ NS
COMP IV 60.1 U" ' " NS
COMP V 64.6 U NS
COMP VI 90.9 S (o)
R-AM 63.8 U NA(d)

(a) NS No significant difference from R-AM (ez= 0.05).
(b) U Undetec*_d in ali replicates; value is mean of detection limits.
(c) S Significai t difference from R-AM (_ = 0.05).
(d) NA Not applicable.

TABLE D.14. ANOVA Results for Anthracene (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ _ Square _ Level

Treatment 0.681 6 0.114 8.920 0.0001 (a)
' Residual 0.382 30 0.013

, i ii .

(a) Significance Level: p _;0.05.

PHASE III 3_-FT R-AM D.7



TABLE D.15. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Fluoranthenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (u,g/kgdw weight_ Significance,

COMP I 113.4 NS(")
COMP II 143.2 NS
COMP III 243.5 NS
COMP IV 157.9 NS
COMP V 135.0 NS
COMP VI 521.4 S (b)
R-AM 142.9 NA(a)

(a) NS No significantdifference from R-AM (¢ =O.05).
(b) S Significantdifferencefrom R-AM (¢ = 0.05).
(c) NA Not applicable.

TABLE D.16. ANOVA Results for Fluoranthene (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
yariation _ d.f. _ F-Ratio __ L_vel

Treatment 10.020 6 1.670 5.504 0.0007(a)
Residual 8.495 28 0.303

(a) Significance Level' p <0.05.

PHASE III 38-FT R-AM D.8



]'ABLE D.17. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Pyrene in N. caecoides Tlssues

Mean Tissue
Sediment Concentration Statistical

(_u,g/kgd_ weight_ __gnifl_anoe

COMP I 173.1 NS(a)
COMP II 233.3 S(b)
COMP III 1162.8 S
COMP IV 1134.3 S
COMP V 563,6 S
COMP VI 3572.4 S
R-AM 127.4 NA(o)

(a) NS No significant difference from R-AM ((_= 0,05).
(b) S Significant difference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE D.18. ANOVA Results for Pyrene (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. ._ _ Level

Treatment 46.693 6 7.782 75.604 0,0001(a)
Residual 2.882 28 0.103

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.9

J



TABLE D.19. Mean Tissue Conoentratlon(dry weight) and Statistloal Grouping for
Benzo(a)anthraceneIn N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical
T.r._JE].@._ (_g/kg dry weiohtl Significance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 81.8 NS
COMP IV 60.1 U NS
COMP V 63.7 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(o)

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significant difference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE D.20. ANOVA Results for Benzo(a)anthracene (dry welght) in N. caecoides Tissues

Source of Sum of Mean Slgnlflcance
Variation _ _ _ F-Ratio

=

5•. Treatment 0.190 6 0.032 1.001 0.4445 (a)
" Residual 0.885 28 0.032

(a) Significance Level' p < 0.05.

PHASE III 38-FT R-AM D. 10



_TABLED,21.. Mean Tissue Concentration (dry weight) and Statistical Grouping for
ChryseneIn N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(_glkg dry__elgl_t]. $1gnlflcanoe.

COMP I 70.4 NS (a) ,
COMP II 71.2 NS
COMP III 160.1 S (b)
COMP IV 79.4 NS
COMP V 77.4 NS
COMP VI 258.0 S
R-AM 83.8 U(°) NA(d)

_

(a) NS No significant difference from R-AM (o_= 0.05).
(b) S Significant difference from R-AM (o¢= 0.05).
(c) U Undetected in ali replicates; value is mean of detectlon limits.
(d) NA Not applicable.

TABLE D.22. ANOVA Results for Chrysene (dry weight) In N. caecoides Tissues

Source of Sum of Mean Significance
Variation .... ._ _ _ _ Level

Treatment 8.349 6 1.392 29.228 0.0001 (a)
Residual 1.333 28 0.048

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.11



IABLE D.23. Mean Tissue Conoentratlon(dry weight) and Statlstloal Grouping for

Benzo(b)fluoranthenein N. caeco/des Tissues O

Mean Tissue
Sediment Conoentration Statlstloal
Z..r.__ (u.g/kgdry_weight) Slgnifioanoe

COMP I 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 67.4 NS
COMP VI 120.6 S ¢o)
R-AM 63.8 U NA(d)

i i

(a) U Undetected In ali replicates;value Is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (cz= 0.05).
(c) S Significantdifferencefrom R-AM (c¢= 0.05).
(d) NA Not applicable.

.'['ABLED.24. ANOVA Results for Benzo(b)fluoranthene (dry weight) In N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ _ ._ E-Ratio Level

Treatment 1.652 6 0.275 9.327 0.0001 (a)
Residual 0.826 28 0.030

= ii i

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.12



TABLE 0.25. Mean Tissue Conoentratlon(dry weight)and StatlstloalGrouping for
Benzo(k)fluoranthenein N. caecoldes Tissues

Mean Tissue
Sediment Conoentration Statlstloal
Zr.EEtl:9._ (_g/t{g dry_weight) LSIgl_ifioanoe

COMP I 63,8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57,7 U NS
COMP IV 60.1 U NS
COMP V 63.7 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(o)

• =

(a) U Undetected In ali replicates;value Is mean of detectionlimits.
(b) NS No slgnlfioantdifferencefrom R-AM (o_= 0.05).
(o) NA Not applicable.

TABLE D.26. ANOVA Resultsfor Benzo(k)fluoranthene (dry weight) tn N. caecoldes Tissues

Source of Sum of Mean Significance
Variation_ _ d.f. _ F-Ratio _ Level

Treatment 0,047 6 0.008 1,070 0,4038(a)
Residual 0,206 28 0.007

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.13

i
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TABLE D.27, Mean Tissue Concentration(dry weight) and Statlstloal Groupingfor
Benzo(a)pyreneIn N, caeoo/des Tissues

Mean Tissue
Sediment Concentration Statlstloal

_[zg/k_odry_welaht! LSIoJllfioar_e

COMPI 63.8 U(a) NS(b)
COMP li 61.0 U NS
COMP III 57,7 U NS
COMP IV 60.1 U NS
COMP V 63,7 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(°)
= ii

(a) U UndeteotedIn ali repUcates;value Is mean of detectionlimits.
(b) NS No signiflr.,antdifferencefrom R-AM (= = 0.05).
(c) NA Not applicable.

TABLE D,28, ANOVA Results for Benzo(a)pyrene (dry weight) in N, caecoides Tissues

Source of Sum of Mean Significance
Y.ar.Ja.tJ.oJ3_ _ d.f. =_.gga/._ E:BaJ_ L_evel _

Treatment 0.047 6 0,008 1,070 0,4038 (a) I/
Residual 0,206 28 0,007

(a) SignificanceLevel: p < 0.05.

PHASE I!138-FT R-AM D.14



TABLE D.29. Mean Tissue Concentration (dry weight) and StatisticalGrouplngfor
Dlbenzo(a,h)anthraceneIn N, caeoo/des Tissues

Mean Tissue
Sediment Concentration Statistical
_Treatment (_a/kg dry_weight) LSlanlfioanoe_

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 63.7 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(°)

(a) U UndetectedIn ali replicates;value Is meanof detectionlimits,
(b) NS No significantdifferencefrom R-AM (o¢= 0.05),
(o) NA Not applicable.

TABLE D.30. ANOVA Results for Dibenzo(a,h)anthraoene (dry weight) In N, caecoldes
Tissues

Source of Sum of Mean Significance
_ _ _ _ .....Level_

Treatment 0.047 6 0.008 1.070 0,4038(a)
Residual 0.206 28 0.007

(a) Significance Level: p _;0.05.

PHASE III 38,FT R-AM D. 15



TP,BLE D.31. Mean TissueConcentration(dryweight)and StatisticalGroupingfor
Benzo(g,h,i)perylenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

_a/ka dry weiaht_ $ianificance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 63.7 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

,:

TABLE D.32. ANOVA Resultsfor Benzo(g,h,i)perylene(dry weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
_ di, _ F-Ratio Level

Treatment 0.047 6 0=008 1.070 0.4038 (a)
Residual 0.206 28 0.007

(a) SignificanceLevel:p < 0.05.

pHASE III 38-FT R-AM D. 16



i

TABLE D.33. Mean Ti_._sueConcentration(dryweight)and StatisticalGroupingfor
Indeno('1,2,3-c,d)pyrenein N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
.Treatment (ua/k_adry_weiahtl Sia_nificance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 63.7 U NS
COMP Vi 63.1 U NS
R-AM 63.8 U NA(c)

i

(a) U Undetected in ali replicates;value is mean of detection limits.
(b) NS No significant difference from R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE D.34. ANOVA Resultsfor Indeno(1,2,3-c,d)pyrene(dryweight) in N. caecoides
Tissues

Sourceof Sum of Mean Significance
==o_;_t_es d.f. _ F-Ratio Level

Treatment 0.047 6 0.008 1.070 0.4038 (a)
Residual 0.206 28 0.007

(a) SignificanceLevel' _,< 0.05.

PHASE III 38-FT R-AM D. 17
,



"FABLED.35. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Aroclor-1016N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry weight_ Sionificance

COMP I 637.8 U(a) NSCo)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) NA Not applicable.

TABLE D.36. ANOVA Resultsfor Aroclor-1016 (dry weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
_EJ_;J.gEL _ (:lr, _ F-Ratio Level

Treatment 0,660 6 0,110 2,689 0,0345 (a)
Residual 1,146 28 0.041

(a) SignificanceLevel:p _<0.05.

PHASE III 38-FT R-AM D. 18



TABLE D.37. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Aroclor-1221 in N. caeco_es Tissues

Mean Tissue
Sediment Concentration Statistical
,Treatment (_g/ka drv weight} Sianificance

COMPI 637.8 U(a) NS(b)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(¢)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) NA Not applicable.

TABLED.38. ANOVA Resultsfor Aroclor-1221 (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ _ _ F-Ratio Level

Treatment 0.660 6 0.110 2.689 0.0345 (a)

Residual 1.146 28 0.041

(a) SignificanceLevel:p _;0.05.

O PHASE III 38-FT R-AM D.19



.TABLED.39. Mean TissueConcentration(dry weight) and Statistical Grouping for
Aroclor-1232 in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical

fu.9/_adry weight_ $iqnificance

COMP I 637.8 U(a) NS0_)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(C)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (_ = 0.05).
(c) NA Not applicable.

_TABLED.40. ANOVA Resultsfor Aroclor-1232(dry weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
y__ _ d.f. =._ F-Ratio Level

Treatment 0.660 6 0.110 2.689 0.0345 (a)
Residual 1.146 28 0.041

J

(a) SignificanceLevel"p < 0.05.

PHASE III 38-FT R-AM D.20



TABLE D.41. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Aroclor-1242 in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry_weight) Significance

COMPI 637.8 U(a) NS(b)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(c)

i i ii =ii

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (¢ = 0.05).
(c) NA Not applicable.

TABLE D.42. ANOVA Results for Aroclor-1242 (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. Ezg,gar.9_ F-Ratio Level

Treatment 0.660 6 0.110 2.689 0.0345 (a)
Residual 1.146 28 0.041

(a) SignificanceLevel: p _;0.05.

PHASE III 38-FT R-AM D.21



TABLE D.43. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Aroclor-1248 N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment _g/kg dry wQight} Si0nificance

COMPI 637.8 U(a) NS(b)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(°)

r

ii ii i

(a) U Undetected in ali replicates;value is meanof detectionlimits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE D.43. ANOVA Resultsfor Aroclor-1248(dry weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
=,_ d.f. _ _ _ Level

Treatment 0.660 6 0.110 2.689 0.0345(a)
Residual 1.146 28 0.041

(a) SignificanceLevel:p < 0.05.

PHASE III 38,FT R-AM D.22



TABLE D.45. Mean TissueConcentration (dry weight) and Statistical Grouping for
Aroclor-1254 in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/kg dry_weight) Significance

COMPI 637.8 U(a) NS(b)
4

COMP II 631.2 NS
COMP III 950.4 S(°)
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(d)
i. . ,.

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No signif:cantdifference from R-AM (or= 0.05).
(c) S Significant difference from R-AM (ez= 0.05).

, (d) NA Not applicable.

]'ABLE 0.45. ANOVA Results for Aroclor-1254 (dry weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance
Variation ._ d.f. _ F-Ratio _ Level

Treatment 0.840 6 0,140 2.699 0.0340(a)
Residual 1.452 28 0.052

(a) SignificanceLevel"p_<0.05.

PHASE III 38-FT R-AM D.23



TABLE D.47. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Aroclor-1260in N. caeco/des Tissues

Mean Tissue
Sediment Concentration Statistical
.Treatment (_g/kg dry wei0ht) Significance

COMPI 637.8 U(a) NS (b)
COMP II 609.6 U NS
COMP III 576.8 U NS
COMP IV 834.0 U NS
COMP V 900.6 U NS
COMP VI 631.2 U NS
R-AM 638.0 U NA(C)
i i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significantdifference from R-AM ((x= 0.05).
(c) NA Not applicable.

TABLE D.48. ANOVA Results for Aroclor-1260 (dry weight)in N. caecoides Tissues

Source of Sum of Mean Significance
__ _ d.f. ._ F-Ratio Level

Treatment 0.660 6 0.110 2.689 0.0345 (a)
Residual 1.146 28 0.041

(a) Significance Level: p _;0.05.

PHASE III 38-FT R-AM D.24



TABLE D.49. Mean Tissue Concentration(dry weight) and StatisticalGrouping for
Aldrin in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _.a/ka dry welaht_ Sianificance

COMP I 97.2 NS(a)
COMP II 61.0 NS
COMP III 89.1 NS
COMP IV 60.1 U(b) NS
COMP V 77.5 U NS
COMP VI 66.0 NS
R-AM 63.8 U NA(c)

(a) NS No significantdifference from R-AM (ez= 0.05).
(b) U Undetected in ali replicates; value is mean of detection Ilmits.
(c) NA Not applicable.

TABLE D.50. ANOVA Results for Aldrin (dry weight) in N. caecoldes Tissues

Source of Sum of Mean Significance
Variation _' d.f. ._ F-Ratio Level

Treatment 0.470 6 0.078 0.665 0.6785 (a)
Residual 3.302 28 0.118

(a) SignificanceLevel:p < 0.05.

PHASE III 38-FT R-AM D.25



TABLE D.51. Mean Tissue Concentration (dry weight) and Statistical Grouping for
Alpha-BHC in IV.caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(:'_g/kgdry_weight! _Significance
i

COMP I 63.8 U(a) NS_o)
COMP II 61.0 U NS
COMP Iii 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(C)

r

(a) U Undetected in ali replicates; value is mean of detection limits.
(b) NS No significantdifference from R-AM ((x= 0.05).
(c) NA Not applicable.

TABLED.52. ANOVA Results for Alpha-BHC (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. _._ F-Ratio Level

Treatment 0.174 6 0.029 1.167 0.3516(m
Residual 0.696 28 0.025

(a) SignificanceLevel" p _ 0.05.

PHASE III 38-FT R-AM D.26



T.ABL_. Mean Tissue Concentration(dry weight)and Statistical Grouping for
Beta-BHC In N. caecoides3Issues

Mean Tissue
Sediment Concentration Statistical

(_g/_g dryweight) _SlgnJfica,nce

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV G0.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(°)

Ii

(a) U Undetected in ali replicates; value i_ mean of detection limits.
(b) NS No significant difference from R-AM (_ = 0.05).
(c) NA Not applicable.

"]'ABLEDi54. ANOVA Results for Beta-BHC (dry weight) In N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ _ _=_ E:Batio. . Level

Treatment 0.174 6 0.029 1.167 0.3516 (a)
Residual 0.696 28 0.025

(a) Significance Level: p < 0.05.

f

PHASE III 38-1=TR-AM D.27



TABLE D.55. Mean Tissue Concentration(dryweight) and StatisticalGroupingfor
Delta-BHCin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(U__/kadry weioht_ Si_onificance.

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (c¢= 0.05).
{c) NA Not applicable.

TABLE D.56. ANOVA Results for Delta-BHC (dry weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance

d.f. E:Ba __Level

Treatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) SignificanceLevel: p < 0.05.

OPHASE III 38-FT R-AM D.28



TABLE D.57. Mean TissueConcentration(dryweight)and StatisticalGroupingfor
Gamma-BHCin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/kg dry weiaht3 Sianificance

COMPI 63.8 U(a) NS(b) '
COMP II 61.0 U NS L
COMP tii 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No signifi¢_ntdifferencefrom R-AM (o¢= 0.05).
(c) NA Not applicable.

TABLE D.58. ANOVA Results for Gamma-BHC (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
_ d.f. _ F-Ratio Level

Treatment 0.174 6 0.029 1.1_87 0.3516(a)
Residual 0.696 28 0.025

(a) SignificanceLevel"p __.0.05.

O PHASE III 38-FT R-AM D.29



_D_,5.9.. Mean Tissue Concentration(dry weight)and StatisticalGroupingfor
Chlordanein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
_:Ltt _uq/kadry weia_ht} Sigrlificanc_

COMP I 63.8 U(a) NS (b)
COMP II 61.0 U NS

J COMP III 57.7 U NS
, COMP IV 60.1 U NS

COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (_ = 0.05).
(c) NA Not applicable.

TABLE D.60. ANOVA Resultsfor Chlordane(dryweight) in N. caecoides Tissues

Sourceof Sumof Mean Significance
_D_ _ d.f. _ _ Level

Treatment 0.174 6 0.029 1.167 0.3516 (a)
Residual 0.696 28 0.025

(a) SignificanceLevel: p < 0.05.

PHASE III 38-FT R-AM D.30



TABLE D.61. Mean Tissue Concentration(dryweight) and StatisticalGrouping for
Gamma-ChlordaneinN. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment IL[a/kadry welaht_ Sianificance

COMPI
COMP II
COMP III Reportedas total chlordane(Table D.59)
COMP IV
COMP V
COMP VI
R-AM

TABLE D.62. ANOVA Results for Gamma-Chlordane (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Y__ ._ d.f. =._ _ Level

Treatment
Residual , Reported as total chlordane (Table _.60)

PHASE III 38-FT R-AM D.31



TP,BLE D.63. Mean Tissue Concentration(dryweight)and StatisticalGrouping for
4,4'-DDD in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(_a/ka dry_wei_aht} Significance

COMPI 63.8 U(a) NSCD)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(C)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez- 0.05).
(c) NA Not applicable.

TABLI_D.64. ANOVA Results for 4,4'-DDD (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Yariation _ d.f. _ F-Ratio Level

Treatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) SignificanceLevel:p < 0.05.

PHASE III 38-FT R-AM D.32



TABLE D.65. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor

O in N. caecoides Tissues4,,4'-DDE

Mean Tissue
Sediment Concentration Statistical
Treatment _q/kg dry_weight) Significance

COMPI 63.8 U(a) NS (b)
COMP II 61.0 U NS
COMP III 63.4 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

i i ii

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE D.66. ANOVA Results for 4,4'-DDE (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation =,_ d.f. =,_ F-Ratio Level

Treatment 0.132 6 0.022 0.745 0.6182 (a)
Residual 0.824 28 0.029

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.33



TABLE D.67. Mean Tissue Concentration(dry weight) and Statistical Grouping for
4,4'-DDT in N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(w,a/kadry_wei_ahtl Significance

COMPI 63.8 U(al NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(c)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE D.68. ANOVA Results for 4,4'-DDT (dry weight) in N. caecoides Tissues

Sourceof Sum of Mean Significance

_ d.f. _ F-Ratio Level
/

fTreatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) Significance Level: p _;0.05.

PHASE III 38-FT R-AM D.34



TABLE D.69. Mean TissueConcentration(dryweight)and StatisticalGroupingfor
Dieldrinin N. caeco/desTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/ko dry welaht) Sianlflcance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS

, COMprV 77.5 U NS
COMP VI 69.4 U NS
R-AM 63.8 U NA(c)
i i i ii i

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (tz = 0.05).
(c) NA Not applicable.

TABLE D.70. ANOVA Results for Dieldrin (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation =._ d.f. _zggar.P,_ F-Ratio m_

Treatment 0.203 6 0.034 1.151 0.3598(a)
Residual 0.823 28 0.029

(a) Significance Level"p <_0.05.

O PHASE III 38-FT R-AM D.35
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TABLE D.71. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor

Endosulfanl in N. caecoidesTissues (_I

Mean Tissue
Sediment Concentration Statistical
Treatment [_o/kq dry_welaht) Significance

COMPI _ 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 58.8 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(o)

(a) U Undetectedin ali replicates;value i:_mean of detectionlimits.
(b) NS No significantdifferencefrom R-AIVJ(o_= 0.05).
(c) NA Not applicable.

T/_LE D.72. ANOVA Results for Endosulfan I (dry weight) in N. caecoides Tissues

Sourceof Sumof Mean Significance

y._ _ d.f. _ F-Ratio Level Q

Treatmant 0.159 6 0.027 1.056 0.4115(a)
Residual 0.702 28 0.025

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.36 O



TABLE D.73. Mean Tissue Concentration(dry weight) and Statistical Grouping for
EndosulfanII in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment ('_a/kadry wetaht} Slanificance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(o)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (cz= 0.05).
(c) NA Not applicable.

,J

TABLE D.74. ANOVA Resultsfor Endosulfan II (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance

d.f. F-Ratio

Treatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.37



I_j.._.75. Mean Tissue Concentration(dry weight)and StatisticalGrouping for
EndosulfanSulfatein N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statlstical

(_g/kg dry weight! Significance

COMPI 63.8 U(a) NS (b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(°)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE D.76. ANOVA Results for Endosulfan Sulfate (dry weight) in N. caecoldes Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio _ Level

Treatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) Significance Level' p < 0.05.

PHASE III 38-FT R-AM D.38



ThBLE D.77. Mean Tissue Concentration(dry weight) and Statistical Grouping for
Endrlnin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_g/ko dw weight) Significance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 64.4 NS
R-AM 63.8 U NA(c)
i i i

(a) U Undetected in ali replicates; value is mean of detection limits.
(b} NS No significant difference from R-AM (a = 0.05).
(c) NA Not applicable.

TABLE D.78. ANOVA Results for Endrin (dry weight)in N. caecoldes Tissues

Source of Sum of Mean Significance
variation _ d.f. _ F-Ratio Level

Treatment 0.176 6 0.029 1.168 0.3510 (a)
Residual 0.702 28 0.025

(a) Significance Level"p _;0.05.

O PHASE III 38-FT R-AM D.39



TABLE D.79. Mean Tissue Concentration (dryweight) and Statistical Grouping for
EndrinAldehydein N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical

(_g/k9 dry weight_ Significance.

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(°)

i

(a) U Undetected in ali replicates; value Is mean of detection limits.
(b) NS No significant difference from R-AM (a = 0.05).
(c) NA Not applicable.

"FABLED.80. ANOVA Results for Endrtn Aldehyde (dry weight) in N. caecoldes Tissues

Source of Sum of Mean Significance
y__ _ d.f. _ E-Ratio Level

J

Treatment 0.174 6 0.029 1.167 0.3516(a)
. Residual 0.696 28 0.025

(a) Significance Level: p < 0.05.

pHASE III 38-FT R-AM D.40



TABLE D.81_. Mean Tissue Conoentratlon (dry weight) and StatisticalGrouping for
Heptachlorin N. caeco/des Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _g/kg dry weight3 Si0nificance

COMPI 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(a)

iii|

(a) U Undetected in ali repUcates;value is mean of detection limits.
(b) NS No significant difference from R-AM (0¢= 0,05).
(c) NA Not applicable.

TABLE D.82. ANOVA Results for Heptachlor (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
__on _ d.f. =,_ F-Ratio Level

Treatment 0.174 6 0.029 1.167 0.3516(a)
Residual 0.696 28 0.025

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.41
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TABLE D.83. Mean TissueConcentration(dry weight)and StatisticalGrouping for

HeptachlorEpoxidein N. caecoides Tissues

1 Mean Tissue
Sediment Concentration Statistical
Treatment fu_/ka dry weioht_ Sianificance

COMPI 77.2 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 63.8 U NA(o)

(a) U Undetectedin ali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (c¢= 0.05).
(d) NA Not applicable.

TABLE D.84. ANOVA Resultsfor Heptachlor Epoxide (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Y.i_EJ._3JJ.gJ3_ _ d.f. _ F-Ratio Level

Treatment 0.274 6 0.046 1.111 0.3808 (a)
Residual 1.150 28 0.041

(a) SignificanceLevel: p _<0.05.

PHASE III 38-FT R-AM D.42



TABLE D.85. Mean Tissue Concentration(dryweight) and StatisticalGroupingfor
• Methoxychlorin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical

(_a_/kadrywei_aht_ Sianificance

COMP I 63.8 U(a) NS(b)
COMP II 61.0 U NS
COMP III 57.7 U NS
COMP IV 60.1 U NS
COMP V 77.5 U NS
COMP VI 63.1 U NS
R-AM 69.6 U NA(c)

=ii

(a) U Undetected in ali replicates; value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

- TABLE D.86. ANOVA Results for Methoxychlor (dry woight) in N. caecoides Tissues

_- Source of Sum of Mean Significance
Variation_ _ d.f. _ F-Ratio Level

- Treatment 0.213 6 0.035 1.320 0.2810 (a)=

Residual 0.752 28 0.027

(a) Significance Level: p _<0.05.

-

=

PHASE Iii 38-FT R-AM D.43
-



TABLE D.87. Mean TissueConcentration(dryweight) and StatisticalGrouping for
Toxaphenein N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_a/kO dry_weiqht_ Siqnifican_

COMP I 3188 U(a) NSCo)
COMP II 3049 U NS
COMP III 2884 U NS
COMP IV 3007 U NS
COMP V 3874 U NS
COMP VI 3156 U NS
R-AM 3190 U NA(c)

(a) U Undetectedinali replicates;value is mean of detectionlimits.
(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(d) NA Not applicable.

TABLE D.88. ANOVA Results for Toxaphene (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation ._ d.f. Souare F-Ratio Level

Treatment 0.174 6 0.029 1.167 0.3519(a) :
Residual 0.696 28 0.025

(a) SignificanceLevel:p < 0.05.

PHASE III 38-FT R-AM D.44



TABLE D.89. Mean TissueConcentration(dry weight)and StatisticalGrouping for
Tributyltinin N. caecoldes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (_q/kq dry_weiaht) Significanc_

COMPI 92.6 UJ(a) N,CJ(b)
COMP II 89.0 NS
COMP III 71.8 UJ NS
COMP IV 146.0 NS
COMP V 62.8 UJ NS
COMP VI 125.0 UJ NS
R-AM 41.4 j(c) NA (d)

(a) UJ Undetectedor detected below methoddetectionlimitin ali replicates;value is
mean of detectedvalues anddetectionlimits.

(b) NS No significantdifferencefrom R-AM ((z= 0.05).
(c) J Detected below methoddetectionlimit in ali replicates;value is mean of

detected values.
(d) NANot applicable.

TABLE D.90. ANOVA Resultsfor Tributyltin (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Va_,ation_ _ _ _ F-Batio Level

Treatment 6.071 6 1.012 1.023 0.4,311(a)
Residual 27.697 28 0.989

(a) Significance Leve_:p < 0.05.

PHASE III 38-FT R-AM D.45



TABLE D.91. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
DibutyltJnin N. caecoides Tissues qp

Mean Tissue
, ,Sediment Concentration Statistical

Treatment _(Lm/kadry welaht_ Sianificance

COMPI 42.2 UJ(a) NS(b)
COMP II 36.0 NS
COMP III 50.0 UJ NS
COMP IV 84.6 NS
COMP V 73.2 NS
COMP VI 73.8 NS
R-AM 53.4 UJ NA(c)

(a) UJ Undetectedor detected below methoddetectionlimitin ali replicates;value is
mean of detectedvalues and detectionlimits.

(b) NS No significantdifferencefrom R-AM (ez= 0.05).
(c) NA Not applicable.

TABLE D.92. ANOVA Results for Dibutyltin (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
_ d.f. =_gga/.P_ E-Ratio _ Level

Treatment 6.622 6 1.104 2.264 0.0660 ¢a)
Residual 13.647 28 0.487

(a) SignificanceLevel: p < 0.05.

PHASE III 38-FT R-AM D.46



T.ABI_ED.93. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Monobutyltinin N. caeco/des Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment (l_a/ka dry welaht_ Slanificance

COMPI 57.0 NS(a)
COMP II 35.0 NS
COMP III 56.0 NS
COMP IV 92.2 NS
COMP V 77.4 NS
COMP VI 83.6 NS
R-AM 58.0 UJ(b) NA(c)

(a) NS No significantdifferencefrom R-AM (c¢= 0.05).
(b) UJ Undetectedor detected below methoddetectionlimit in ali replicates;value is

mean of detectedvalues and detectionlimits.
(c) NA Not applicable.

TABLE D.94. ANOVA Results for Monobutyltin (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _,_ d.f. _ F-Ratio Level

Treatment 4.355 6 0.726 3.217 0.0157(a)
Residual 6.317 28 0.226

(a) SignificanceLevel:p _<0.05.

PHASE Iii 38-FT R-AM D.47



TABLE D.95. Mean TissueConcentration(dryweight)and StatisticalGroupingfor
Silverin N. caecotdesTissues

Mean Tissue
Sediment Concentration Statistical
Treatment (mg/kg dry weight_ Significance

COMP I 0.05 NS (a)
COMP II 0.04 NS
COMP III 0.05 NS
COMP IV 0.05 NS
COMP V 0.07 NS
COMP VI 0.06 NS
R-AM 0.06 NA(b)
i. iiii

(a) NS No significant differencefrom R-AM (o¢= 0.05).
(b) NA Not applicable.

TABLE D.96. ANOVA Resultsfor Silver (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance

Treatment 0.712 6 0.119 8.435 0.0007(a)
Residual 0.183 13 0.014

(a) SignificanceLevel: p < 0.05.

PHASE III 38-FT R-AM D.48



TABLE D.97. Mean Tissue Concentration(dry weight) and Statistical Grouping for
ArsenicIn N. caecotdes Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment /moJkq dw welght_ _._lficance

COMP I 27.9 S(a)
COMP II 28.3 S
COMP III 28.2 S
COMP IV 27.5 S
COMP V 27.7 S
COMP VI 26.2 S
R-AM 19.7 NA(b)

wl i

(a) S Significant difference from R-AM ((z= 0.05).
(b) NA Not applicable.

TABLE D.98. ANOVA Results for Arsenic (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Y.EJ_ _ _ _ _ .. Level

Treatment 0.303 6 0.050 73.015 0.0001 (a)
Residual 0.010 14 0.001

(a) Significance Level' p _;0.05.

PHASE III 38-FT R-AM D.49



TABLE D.99. Mean Tissue Concentration (dry weight) and Statistioal Grouping for
CadmiumIn N. caeco/desTissues

Mean Tissue
Sediment Concentration Statistioal
Treatment (ma/kodry_welaht) Sia_nlflcanoe

COMP I 1.18 NS(a)
COMP II 1.18 NS
COMP III 1.13 NS
COMP IV 1.05 NS
COMP V 1.45 S(b)
COMP VI 1.21 NS
R-AM 1.13 NA(o)

(a) NS No significantdifferencefrom R-AM (_ = 0.05).
(b) S Significantdifference from R-AM ((z= 0.05).
(c) NA Not applicable.

TABLE D.100.. ANOVA Results for Cadmium (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ _ Level

Treatment 0.177 6 0.030 3.600 0,0251(a)
Residual 0.107 13 0.008

i

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.50



TABLE D.101. Mean Tissue Conoentratlon (dry weight) and Statlstloal Grouping forChromiumin N. caecoides Tissues

Mean Tissue
Sediment Concentration Statistical
Treatment _ welaht) Significance

COMP I 0.29 Ns (a)
COMP II 0.28 NS
COMP III 0.34 iMS
COMP IV 0.47 S(b)
COMP V 0.44 S
COMP VI 0.43 S
R-AM 0.30 NA(o)

(a) NS No significant difference from R-AM ((z= 0.05).
(b) S Significant difference from R-AM ((_= 0.05).
(c) NA Not applicable.

TABLE D.102. ANOVA Results for Chromium (dry weight) In N. caecoides Tissues

Sourceof Sum of Mean Significance
Variation _ d.f. =,_ F-Ratio Level

Treatment 0.810 6 0.135. 14.189 0.0001 (a)
Residual 0.124 13 0.010

(a) Significance Level: p < 0.05.

PHASE III 38-FT R-AM D.51



TABLED.103. Mean Tissue Conoentration (dry weight) and Statistioal Grouping for
Copper In N. caeco/desTissues

Mean Tissue
Sediment Concentration Statistical
Treatm_.t (m_a/k_adry welaht} $1anifioanoe

COMPI 12.0 NS(a)
COMP II 11.3 NS
COMP III 11.6 NS
COMP IV 11.9 NS
COMP V 13.6 NS
COMP VI 11.3 NS
R-AM 25.7 NA(b)

(a) NS No significantdifference from R-AM (o_= 0.05).
(b) NA Not applicab!e.

_BLE D.104. ANOVA Results for Copper (dry weight) In N, caecoides Tissues

. Source of Sum of Mean Significance

_ d,f. _ E:_ _ Level

Treatment 1.580 6 0.263 97.583 0,0001 (a)
Residual 0.003 14 0.003

(a) Significance Level: p < 0.05.

pHASE III 38-FT R-AM D.52



I II

TABLE D,105, Mean Tissue Concentratlon (dry weight) and Statistical Grouping for
MercuryIn N. caeoo/des Tissues

Mean Tissue
Sediment. Concentration Statistical
Treatment (mg/kg dry weight) Significance

COMP I 0.073 NS(a)
COMP II 0.104 NS
COMP III 0.078 NS
COMP IV 0,088 NS
COMP V 0.072 NS
COMP VI 0.079 NS
R-AM 0.660 NA(b)

_a) NS No significant difference from R-AM (¢ = 0.05).
(b) NA Not applicable.

TABLE D.106. ANOVA Results for Mercury (dryweight) In N. caecoldes Tissues

Sourceof Sum of Mean Significance
Variation _ d.f. _ _ Level

Treatment 11.535 6 1.922 6086.464 0.0001 (a)
Residual 0.004 14 3.159 x 10-4

(a) Significance Level: p < 0.05.

PHASE III 30-FT R-AM D53
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_..A]_LD..,.II,07.Mean TissueConoentratlon(dryweight)and StatlstloalGroupingfor
Nickel In N. caeoo/des Tissues

Mean Tissue
Sediment Conoentratlon Statlstic,_l

Ll_LcEko_drywelaht! __,'..

COMP I 3.30 NS (a)
COMP II 2.43 NS
COMP III 1.78 NS
COMP IV 2.85 NS
COMP V 2.07 NS
COMP VI "1.77 NS
R-AM , 3,10 NA(b)
i i

(a) NS No significant dlfferenoe from R-AM (c¢= 0.05),
(b) NA Not applicable,

_TABLED,108. ANOVA Results for Nickel (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
_ d.f, _ .E:BaJ_ Level

Treatment 1.207 6 0.201 6.018 0,0027(a)
Residual 0.468 14 0.033

(a) Significance Level: p < 0.05.

PHASE Iii 38-FT R-AM D.54



t

TABLE D.109. Mean Tissue Conoentration (dry weight) and Statlstloal Groupingfor
LeadIn IV.caeco/desTissues

Mean Tissua
Sediment Conoentration Statlstical
Treatment {mg/kgdry_welght_ Slgnificanoe

COMP I 0.90 NS(a)
COMP II 0.83 NS
COMP III i .02 S(b)
COMP IV 1,03 S
COMP V 0.96 S
COMP VI 0.95 NS
R-AM 0.78 NA(o)
• , i ,

(a) NS No signlfioant difference from R-AM ((z= 0.05).
(b) S Slginfleant difference from R-AM (_ = 0.05).
(c) NA Not applicable,

TABLE D.110, ANOVA Results for Lead (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.200 6 0.033 2.976 0.0469(a)
Residual 0.146 13 0.011

(a) Significance Level' p < 0.05.

PHASE 11138.-FT R-AM D.55



TABLE D.111. Mean Tissue Concentration(dryweight)and StatisticalGroupingfor
Seleniumin N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical

(m_kg dryweight_ Significance

COMPI 0.98 U(a) NS (b)
COMP II 1.54 NS
COMP III 1.13 NS
COMP IV 1.11 NS
COMP V 1.16 NS
COMP _,," 1.79 S (c)
R-AM 1.17 NA(d)

(a) U Undetected in ali replicates;value is mean of detection limits.
(b) NS No significantdifferencefrom R-AM (a = 0.05).
(c) S Significantdifferencefrom R-AM (a = 0.05).
(d) NA Not applicable.

]

TABLE D.112. ANOVA Results for Selenium (dry weight) in N. caecoides Tissues

Source of Sum of Mean Significance
_ d.f. _ _ Level

Treatment 0.813 6 0.136 3.367 0.0287 (a)
Residual 0.564 14 0.040

(a) SignificanceLevel: p _<0.05.

PHASE iii ...... -, r,, ==Jo-rm r't-_rv_ .._v



TAI_LED.113. Mean Tissue Concentration(dryweight) and StatisticalGroupingfor
Zinc in N. caecoidesTissues

Mean Tissue
Sediment Concentration Statistical

(m_kg dry_weight) Significance

COMP I 187 NS(a)
COMP II 203 S (b)
COMP III 196 NS
COMP IV 192 NS
COMP V 211 S
COMP VI 198 NS
R-AM 189 NA(c)

(a) NS No significantdifference from R-AM ((z= 0.05).
(b) S Siginficantdifferencefrom R-AM (a = 0.05).
(b) NA Not applicable.

TABLE D,114. ANOVA Results for Zinc (dry weight)in N. caecoides Tissues

Source of Sum of Mean Significance
Variation _ d.f. _ F-Ratio Level

Treatment 0.031 6 0.005 4.959 0.0064(a)
Residual 0.015 14 0.001

(a) Significance Level:p _;0.05.

!

_PHASE II138-FT F_-AM D.57
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