
PFOS: A 96-Hour ShellDepositionTestwiththeEastern
Oyster(Crassostreavirginica)
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ACUTE EASTERN OYSTER SHELL DEPOSITION

TEST SUBSTANCE

Identity:Pertluorooctanesulfonate;may alsobe referredtoas PFOS or
FC-95. (1-Octanesulfonicacid,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-,potassiumsalt,CAS # 2795-39-3)

Remarks: The testsubstance isa whitepowder. Sample was taken f@om
3M lotnumber 217. Sample was storedunderambientconditionspriorto
testing.Puritydeterminedtobe 90.49% by LC/MS, 'H-HMR, 19F-NMR and
elementalanalysestechniques.

METHOD

Method: OPPTS 850.1025
Type: Staticacute
GLP: Yes
Year completed:Studycompleted1999. Reportcompleted2000
Species: Crassostreavirginica
Supplier:P.Cummins OysterCompany, Inc.,Baltimore,MD
Shellgrinding:Priortotestinitiation,recentlydepositedshellatthe
rounded (ventral)end was removed usinga smallelectricgrinder.Care
was taken toremove theshellrimuniformlytoproduce a smooth,
rounded,bluntprofile.
Analyticalmonitoring:PFOS measured at0,48,96-hours
Exposure period:96-hours
Statisticalmethods: Shellgrowth inhibitionwas calculatedforeach
treatmentgroup as the percentreductioninshellgrowthrelativetomean
shellgrowth inthe negativecontrol.The EC50 valuewas estimatedby
visualinspectionofshellgrowthinhibitiondata.The shellgrowthdatawas
evaluatedfornormalityand homogeneity ofvariancesusingtheChi-
Square testand Bartlett'stest,respectively.Dunneft'stestwas used to
identifytreatmentgroupswhich had a statisticallysignificant(@0.05)
reductioninshellgrowthas compared tothe control.
Test oyster age: unknown
Length: 33.8 (27.8-41.5)mm,
Pretreatment: None

Test conditions:
Dilutionwater:Naturalseawater dilutedtoa salinityof200/oowith
wellwater
Dilutionwater chemistry (duringthe 4'-weekperiod
immediately preceding the test):

salinity: 21 (20-21)O/oo



pH: 8.1(8.0-8.2)
TOC: < 1.0mg/L

Stockand testsolutionpreparation:Primarystockpreparedin
dilutionwaterat9.1mg/L and mixed for-24 hourspriortouse.
Aftermixing,primarystocksolutionappeared clearand colorless
withsome whiteparticulatematerialsuspended throughoutthe
solution.Itwas proportionallydilutedwithdilutionwatertoprepare
thefouradditionaltestconcentrations.Alltestsolutionsappeared
clearand colorless.Due totherelativelylowsolubilityof PFOS@ in
naturalseawater,thehighestconcentrationattainablewiththis
matrixisapproximately3.3mg/L.
Concentrationsdosing rate:Once
Exposure vessels: 52L polyethyieneaquariacontaining
approximately40L oftestsolution;waterdepthapproximately21
cm. Each chamber was continuouslystirredtocirculatethe
supplementalalgaedietusingan electricpaddlemixer.
Feeding:Algalcells(Thalassiosirapseudonana, Skeletonema
sp.,Chaetocerossp.,and lsochrysissp.)were providedto
supplementnaturallyoccurringalgaeand tomaximize oyster
growthratesduringthetest.
Number ofreplicates:one
Number ofoysters per replicate:twenty
Number ofconcentrations:fiveplusa negativecontrol
Water chemistryduring the study:

Dissolved oxygen range (0- 96 hours):
6.6- 7.6mg/L (controlexposure)
6.1- 7.7mg/L (3.0mg/L exposure).

pH range(0- 96 hours)
7.6- 8.1 (controlexposu

'
re)

7.6- 8.1 (3.0mg/Lexposure)
Testtemperaturerange (0- 96 hours)

22.2- 22.30C (controlexposure)
21.8- 22.70C(3.0mg/L exposure)

Method ofcalculatingmean measured concentrations:
arithmeticmean

RESULTS

Nominal concentrations:Bk control,1.2,2.0.3.3,5.5,9.1mg/L
Measured concentrations:<LOQ, 0.36,0.40,1.3,1.9,3.0mg/L
Element value: 96-hourEC50 =>3.0 mg/L (C.I.

'
notcalculable)

96-hourNOEC = 1.9mg/L
Allelementvaluesbased on mean measured concentrations



Statisticalevaluationofshellgrowth:
ECsovaluescouldnotbe calculatedduetoinsufficientshellgrowth
inhibitionatthe highestattainableconcentration.

AnalyticalMethodology: Analyses oftestsolutionswere performed at
WildlifeInternationalLtd.usinghighperformanceliquidchromatography
withmass spectrometricdetection(HPLC/MS). When determiningthe
concentrationofthe testsubstanceinthetestsolutions,thesame and
most prominentpeak response forperfluorooctanesulfonatewas used.
No attemptwas made toquantifyon thebasisofindividualisomeric
components. The LOQ (limitofquantitation)was 0.115mg/L inthisstudy.
Samples collectedattestinitiationhad measured valuesfrom28 to46%
ofnominal. Measured valuesforsamples takenat48-hoursranged from
15 to41 % ofnominal.Measured valuesforsamples takenat 96-hours
ranged from <LOQ to52% ofnominal.

Summary of analyticalchemistry data:

Nominal Test Measured DuplicateValues at0.48, Mean
Concentration, and 96-houm, Respectively,mg/L Measured Percentof

mgll Concentration, Nomlnal
mgA.

Negabve Control All< LOO <LOQ -

1.2 0.331,0.353,0.341,0.429,<LOQ, 0.36 30
<Loa

2.0 0.622,0.633,0.299,0.313,0.249, 0.40 20
0.267

3.3 1.36,1.15,0.924,0.878,1.58,1.72 1.3 39

5.5 2.42,2.63,2.02,2.24,1.46,0.970 1.9 35

9.1 3.39,3.44,3.01-,3.74,3.57,1.99, 3.0 33

1 1 2.19 1 1

*3 replicatesan2lyzedattime0

Biologicalobservations after96-hours:Oystersinthe negativecontrol.
and allPFOS treatmentgroups appeared normaland healthythroughout
theexposure period.



Shelldepositionand shellgrowthInhibitionattesttermination:

Mean Measured ShellDeposition PercentInhibition
Concentration, Mean + SD, mm inShellGrowth

mg/L

NegativeControl 2.67+0.824 -

0.36 2.50+0.933 6.4

0.40 2.40+0.820 10

1.3 2.51 +0.919 6.0

1.9 2.13 + 0.804 20

3.0 .1.91+ 0.591 28

Mortalityof controls:None

CONCLUSIONS

The potassium perfluorooctanesulfonate96-hourEC50 forthe Eastern
Oysterwas determinedtobe > 3.0mg/L,the highestconcentrationtested
and thepracticallimitofsolubilityinunfilteredseawater.The 96-hourno
effectconcentrationwas 1.9mg/L.

Submitter:3M Company, EnvironmentalLaboratory,P.O.Box 33331, St.
Paul,Minnesota,55133

DATA QUALITY

Reliability:Klimis@hranking= 1

REFERENCES

Thisstudywas conducted at WildlifeInternationalLtd.,Easton,MD atthe
requestofthe3M Company.
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Fortifica@onhweration l@by24,1999 I&y 24,1999 May 26,1999
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Amended Report April25,2000 April25,2000 April26,2000
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QualityAssuranceRepresentative
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SUBEMLARY

SPONSOR: 3M Corporation

SPONSOR'S REPRESENTATIVE: Ms. SusanA-Beach

LOCATION OF STUDY, RAW

DATA AND A COPY OF TBE WildlifeInternationalLtd.
FINAL REPORT: Easton,Maryland 21601

WILDLEER4TERNAnONAL

LTD. PROJECT NUMBER: 454A-106

TEST SUBSTANCE: PFOS (PerfluorooctmeSulfonicAcidPotassiumSalt)

STUDY: PFOS: A 96-HourShellDeposifionTestwiththeEasternOyster
(CrassostreaWrginica)

NMAN NEASURIED TEST

CONCENTRANONS: NegafiveControL0.36,0.40,1.3,1.9and3.0mg &iJL

TEST DATES: ExpaknentalStart- May 24,1999
BiologicalTermination- May 28,1999
ExperimentalTermination- June14,1999

LENGTH OF TEST: 96 Hours -

TEST ORCTANIBC Eastern Oyster (Crassostrea wrginica)

SOURCE OF TEST ORCTANL%B: P.Cummins OysterCompgmy, kib.
618West 33d Sbvd
Baltimore,Maryland21211

OYSTER LENGTH (N 20): Mean = 33.8mm, 27.8to41.5mm

96-HouREc5O: >3.0mg &i.AL

95% CONFIDENCE LXMTrs: Not Calculable

NO-OBSERVED-=CT- 1.9mg a.i./L
CONCENTRANON:

LOVIEST-OBSERVED-EFFECT 3.0mg &LAL
CONCENTRANON:

AMEENDED
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INTRODUCRION

Thisstudywas conductedby WildlifelatmmationalLtd.for3M CorporationattheWildUzInt=atiolW

Ltd.aquatictoxicologyfacilityinEaston,Maryland.The in-hfephaseofthetestwas conductedfrcmMay 24to

May 28,1999.Raw datageneratedby WildlifeInternationalLtd.anda copyofthefinalreportarefiledunder

ProjectNmnber 454A-106 inarchiveslocatedon theWildlifeIntmmationalLtd.site.

OBJECIIW

The objectiveofthissh* was toevaluatetheacutetoxicityofPFOS (PerfluorooctmSulfonicAcid

PotassiumSalt)on shelldepositionoftheeastemoyster,Crassostreaidrginica,duringa 96-hourexposure

period@@ statictestconditions.

EXPFITHWENTAL DESIGN

Easternoysterswere exposedtoa geometricseriesoffivetestconcentrationsanda negative(dilution

water)control.One replicatetestchamber was maintainedineacb:"Ueatmentandcontrolgro*up,with20 oystersin

eachtestchamber.Nominal testconcentrationswere selectedinconsultationwiththeS'ponsor,andwerebased

upontheresultsofanexploratoryrangefindingtoxicitytest.Nominal testconcentrationsselectedwere1.2,2.0,

3.3,5.5and9.1mg activeingredient(a.L)/L..Mean measuredtestconcentrationswere&t=ined fromsamples

oftestwatercollectedfromeachftatnentandthecontrolgroupatthebe&ning ofthetest,atVFoid@ 48

hours,and attesttermination.

The oysterswere .
disaiminatel-Y assigned to exposure chambers at test mitmuon. Algal cefls (Yhalassios7ra

pseudonana, Skeletonema sp., Chaetoceros sp., and Isochrysis sp.) were provided to supplement naturally

o==g algaeandtommmm oystergowth rates&rmg thetesl

Measurementsofshelldepositionforeachmysterweremade at96hoursandwereusedtoesfi=tethe

EC50 value,theno-observed-effect-concentrafion(NOEC) and the'lowest-observed-offect-concenumfion

(LOEC). The EC50 istheconcentrationoftestsubstanceinwaterthatiswfimftd toinhibitshelldq)osidonby

50-1/o,relativetothe control.

AMENDED
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MATERL4,LSAND MEETHODS

Thestudywasconductedbasedontheproceduresoutlinedintheprotocol"PFOS:A 96-HourShell

DepositionTestwiththeEasternOyster(Crassostreavirginica)".Theprotocolwasbasedonprocedures

outlinedinU.S.EnvironmentalProtectionAgency Series850 - EcologicalEffectsTestGuidelines,OPPTS

Number 850.1025 (1);StandardEvaluationProcedure,Acute ToxicityTestfor Estuarineand Ma?ine

Organisms (Mollusc96-HourFlow-YhroughShellDepositionStudy)(2)and AS7M StandardE729-88a

StandardGuideforConductingAcuteToxicityTestswithFishes,Macroinvertebratesandamphibians (3).

Tea Substance

The testsubstancewas receivedfrom 3M Corporationon October29,1998 andwas assignedWildlife

InternationalLtd.identificationnumber 4675. The testsubstancewas describedasawhitepowder. Itwas

identifiedasFC-95 fromlotnwnber217 (T-6295).Informationprovidedby theSponsorindicatedapurityof

98.90/o,andan expirationdateof2008. The testsubstancewas reanalyzedby theSponsorandtheCertificateOf

AnalysisdatedMarch 9,2000 indicateda purityof90.49*/o.The testsubstancewas storedatambientroom

-tmnperatw*e.

P=arafionofTestConcentrations

Nominal testconcentrationswere 1.2,2.0,3.3,5.5and9.1mg ai./L,basedon atestsubstancepurityof

90.49*/o.Allmaterialswhichcame intocontactwiththetestsubstancedurinipreparationoftestconcentrations

wereconstructedofplasticorstainlesssteel.A primarystocksolutionwas preparedindilutionwaterata

concentrationof 9.1mg a.i./L.The primarystocksolutionwas mixed withan electricpaddleml= for

'approximately24hourstoaidinthesolubilizationofthetestsubstance.Aftermbdng thepfimarystocksolution

appeared.clearand colorlesswithsome wluteparticulatematerialsuspendedthroughoutthesolutiollThe

prunzy stockwas proportionallydilutedwithcwutionwatertopreparethefouradditionaltestconcenuidons.

Alltestsolutionsappearedclearand colorless.

TestOrgam@sm

The easternoyster,Crassostrea virginica,was seleew asthe testspeciesforthisstudy. The Eastern

Oysterisrepresentativeofan unportantgroupofaquaficorganismsandwas selectedforuseinthetestbased

upon pasthistoryofuseandeaseofhandlinginthelaboratory.Easternoystersusedinthetestwereobtained

AMENDED
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fromP.Ciunmin OysterCompany,Baltimore,Maryland.The oysterswereholdinwaterfrom thesame source

asusedduringtheteslThe oystersweresuppliedunfilterednaturalseawaterduringholdingandwereheldfor12

dayspriortotestimtiatioilTo supplementthedietoftheoystersandenhancetheirconditionand growth,the

oysterswereprovidedwithanalgalsuspensionofYhalassiosirasp.,S7celetonemasp.,Chaetocerossp.,and

Isochrysissp.continuouslyduringholdingandtesting.

Duringthe12-* holdingperiodprecedingthetest,theoystersshowedno signsofdiseneorstress.

Duringtheholdingperiod,watertemperaturesrangedfi-am21.8to22.90C.The pH ofthewawrmWdfmm7.9

to8.1,salinityremainedat20@%o qwts perthousand)and dissolvedoxygenrangedfi-om7.0to7.6mg/L.

InstrumentationusedforwatermeasurementsisdescribedintheErmronmentalCon&tionssectionofthisreport

.Priortotestuntiauon,recentlydepositedshellattherounded(ventral)endwas removedusinga smdl

ele=c grinder.Carewas takentoremovetheshellrununiformlytoproduceasmooth,romukd,bluntprofile.

Thelengthsof20 unpmtmhy-selectedoystersweredetmmmed bymeasuringthelongestdistm= fimmtheumbo

totheedgeoftheshell.Measurementwas made tothencmvd 0.05mm toconfum thattheoystersfellwithinthe

25 to50 mm sizecriterion.The averagelengthoftheoysterswas 33.8mm witha rangeof27.8to41.5mm At

-testnutiation,theoysterswerecoBeeW from theholdingtank-.andmchsmmmately transferredtothetest

chambers.

DilutionWater

The waterusedforholdingandWstmg was naturalseawatercorertedatInch=Rim bK Delaware,and

dilutedtoasalinityofapproximately20%o withwellwater.The dilutionwaterwas storedina 19,000-Ltank

whereitwas aeratedby rcc=dation.Salinityand pH mewm=mits takenduringthefour-weekperiod

m=echat@lyprecedingthetestarepresentedm Appendix I.The resultsofanalysespcrfm2cd tomeasuredthe
- of selectedcontaminantsm saltwaterused by VrddhfeInternationalLtd.= presentedm

AppendixIL

TestAam-atm

Testchamberswere52-Lpolyethyleneaquariacontainingapproximately40L oftestsohticilEachtest

chamberwas cmtmwwly shrredtocuudatethesupplementalalgaeusinganelectricpaddlemv= Inaddition,

eachtestchamber was gentlyamted. The depthofwaterinarepresentativetestchamberwas approximately21

cm. Testchamberswereimpartiallypositionedm an envwonmmtzd chamber settomaintaina t=pmzbm of

22-+IOC.The testchamberswerelabeledwiththeprojectmimber andtestconcentration.
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EnvironmentalConditions

Liofangusedtoilluminatetheholdingtanksandtestchambersdunng holdingandtmtmg waspmvided

by fluorescenttubesthatemittedwavelengthssimilartonafta@dsunlight(Colortone*50).A photoperiodof16

hoursoflightand 8hoursofdarknesswas controlledwithanautomatictima.A 30-minutetransitionperiodof

lowlightintensitywas providedwhen lightswent onandofftoavoidsuddenchangesinlighting.Ligbtintensity

attestinitiationwas approximately498 luxatthesurfaceoffficwater.Lightintensitywas memured usinga

SPER ScientificLtd.lightmeter

Temperaturewas memared ineachtestchamberatthebeginningand endofthetestusingahquid-in-

glassthermometer.Temperaturealsowas measuredcmfinuouslyinfficnegativeomtroltestchamberusinga

FulscopeER/C Rworda. Thetargettesttemperatureduringthesb* was 22+-10C.Dissolvedoxygenwas

memrod ineachtestchamberdaily.Meummenu ofph w= ma& inewh testchamberattestkftiaucm,after

approximately48 hoursandattheendoftbetesl Dilutionwatersalinitywas measuredattestinitiationandtest

termination.

Measurementsofph weremade usinga FisherAccumet Model 915pH mew, anddl%sohedoxygenwas

-measuredusingaYellowSpringsInstrumentModel 5IB dissolvodowgm meter.Salinitywasnx=m)d usinga

Bio-Mmine,Inc.Aquafaunareftcwmeter.

Observations
Oysterswereobserveddailyduringthetestformortalityandclinicalsignsoftoxicity.At theendofft

test,thelongestfingerofnew shellgmwth was measuredtodw nearest0.05mnL

StatisticalAnalMes

Shellgmwth mhibitlonwas calculatedforeachbtabnentgroupasthepmmt reductioninshellgrowth

relativetomean shellgrowthinthenegativecontrolThe followingformulawas used.

Mean ShellCcowdit,.,- Mean ShellCwowdkw...t
% Inhibition-

Mean ShellCnuwdit,.,



WILDLIFE INTERNATIONAL LTD. PROJECTNO.: 454A-106

-12-

The EC50 valuewas estimatedbyvisualinspectionoftheshellgrowthinhibitiondata.Theshellgrowth

datawas evaluatedfornormalityandhomogeneityofvariancesusingtheChi-SquaretestandBartlett'stes@

respectively.Dumea's testwas dm usedtoidentifytreatmentgroupswhichhad a statisticallysignificant

(:s0.05)reductioninshellgrowthascomparedtothecontrol(4).

An4Lyfical

Watersampleswerecollectedatnud-*th from eachftatinentandthecontrolgroupatthebegmrangof

thewA atapproximately48 hoursandattestterminationtomeasureconcmftfionsofthetestsubstance.The

sampleswerecollectedinplastic(NalgeneO)bottlesandma4-md mmuxhatelywithoutstorage.Aftermviewof

theanalyticalresults,thesampleswereM=47,ed induplicate.Analyticalproceduresusedinthean*= ofthe

samplesareprovidedinAppendixIIL

RESULTS AND DISCUSSION

MeasurementofTestConcentrations

Resultsofanalym tomeasurecon=bzfions ofPFOS inwatersamplescollecwduringthetestare

presentedinTableIandintheanalyticalchemistryreport(AppendixIII).Nomiradconcmftfionsselectedfor

useinthissb* were 1.2,2.0,3.3,5.5and9.1mg ai.AL.Samplescollectedattestin@mhad measuredvahies

thatrangedfrom 28 to460/oofnominalvalues.After24 hoursofmixing,the stocksolutionwas

measuredtobe 32 to38% ofnomihd andwas probablyatthe.limitofsolubilityinunfilterwsaltwater.The

recoveriesintheothertestconcentrationswere sundarbecausedM wereproportionaldilutionsoftheprimary

stock Measuredvaluesforsamplestakenat48 hoursrangedfi-om15to41% ofnominal.Measuredvaluesfor

samplestakenat96hoursrangedfi-om<LOQ to52% ofnominal.When measuredconcentrationsofthesa=l

ana4,mdattestwitaatlon,approxmuftly48 hoursandattestterminationwereavan4 themean measured

concentrationsforthissb* were0.36,0.40,1.3,1.9and 3.0mg ai.AL.Me= measuredconcentmtionswere

usedintheestimationoftheEC50 value.

ObservationsandMeasurements

Measurementsoftemperature,dissolvedoxygenandpH arepresentedinTable2.Temperatureswere

vnthm the22±10C rangeestablishedforthetestDissolvedoxygenconcentrationsremainod;->6.1mg/L (79

percentofsauration)throughoutthetestandpH rangedfrom 7.5to8.1.Dilutionwatersalinitymeasuredattest

initiationandtestterminationwas 20 and2 I%o,respectively.

AAENDED
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OystersinthenegativecontrolandallPFOS uvth=t groupsappearednormalandhealthythroughout

thetestpmioclAfta 96 hoursofexposurr,oystershellgrowthinthenegativecontrolwas 2.67mm (Table3).

Mean shellgrowthinthe0.36,0.40,1.3,1.9and 3.0mg a.L/Ltreatmentgroupswas 2.50,2.40,2.51,2.13and

1.91mm, respectively.When comparedtodw negativecontrolgroup,shellgrowthinlu'bitionrangedfrom6.40/o

inthe0.36mg &i.ALtreatinentgroupto28% inthe3.0mg &iJL treatmentgroup.Dunnett'stestshowed that

oystershellgrowthwas sigafficantlyreducedinthe3.0mg &iJL uwtinmt groupincomparisontothenegative

controlIndividualmeasurementsofoystershellgrowtharepresentedinTable4.

CONCLUSIONS

The 96-hourEC50 valueforeasternoysters(CrassostreaWrginica)exposedtoPFOS was >3.0 mg

&i.AL,thehighestconcmtration-testedand thepracticallimitofsolubilityinunfilteredsaltwater.Basedon a

statisticallysignificantreductioninshelldepositioninthe3.0mg &i.ALU=Unent group,theLOEC was 3.0mg

&i./LandtheNOEC was 1.9mg &iJL.

AN[ENDED
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Table1

Summmy ofAnalytiedChemistryData
spomr. 3M Corporation
TestSubstance: PFOS
TestOrganism: EasternOyster,Crassosovawrginica
DilutionWater- UnfiltmedSaltwater
NominalTest Sampling Measm-ed McimMeasured Peroot
Concentration Time Concentration Concentration Of
@29&iJL) (Hours) (mgai.!U (MgLi./L) Nominal

NegativeControl 0 <LOQI <LOQ
0 <LOQ
49-, <LOQ
48 <LOQ
96 <LOQ
96 <LOQ

1.2 0 0.331 0.362 30
0 0.353
48 0.341
48 0.429
96 <OQ
96 <LOQ

2.0 0 0.622 0.40 .20'
0 0.633
48 0.299
48 0.313
96 0.249
96 0.257

3.3 0 1.36 1.3 39
0 1.15
48 0,924
48 0.879
96 1.58
96 1.72

5.5 0 2.42 1.9 35
0 2.53
48 2.02
48 2.24
96 1.45
96 0.970

9.1 0 3.44 3.0 33
0 3.01
48 3.74
48 3.57
96 1.99
96 2.19

'Thelimitof on (LOQ)was 0.115Mg Li./L.
2]K4C4Mmc&quredconcentrationdoesnotinrludevaluescLOQ.

ANMNDED
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Table2

Temperature,DissolvedOxygen and pH ofWater intheTestChambers

Sponsor: 3M Corporation
TestSubstemm: PFOS
TestOrganimn: EasternOyda, Crasiostreav7rginica
DilutionWater: UnfilteredSdtwater
Mean Meanned 0 Hour 24 Hours 48 Hours 72 Hours

TemlTestC4n=tmtion D& DO DO DO Ten
(mgaiJL) (*C) (mg/L) pH (MGIL) (mg/L) pH (MWL) (-C

NegatiVeControl 22.3 7.6 8.1 6.8 6.9 7.7 6.6 22.

0.36 22.3 7.6 8.1 6.6 6.7 7.7 6.5 22.

0.40 22.4 7.6 8.1 6.4 6.6 7.7 6.3 22.

1.3 22.6 7.6 8.1 6.4 6.6 7.7 6.3 22.

1.9 22.6 7.6 8.1 6.4 6.7 7.7 6.3 22.

3.0 22.7 7.7 8.1 6.4 6.S 7.7 6.1 21.

Tempmture mmmed continwuslyduringdw testrangedfromapproidmtely22.0to22.50C.2

A disgohmdoxygenconcentmtionof4.7mg/L represents60% sahnadoil
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Table3

ShellDepositionandShellGrowthInhibitionatTestTmunatim

Sponsor: 3M Corporation
TestSubstance:PFOS
TestOrganism:EasternOyster,CrassostreaWrginica
DilutionWater:Unfiltm-edSaltwater

Mean Me&un-ed
Concentration ShellDeposition(mm) ShellGrowth
(mg&iJL) mcim± sd Inhibition(c/o)

NWfive Control 2.67± 0.824

0.36 2.50± 0.933 6.4

0.40 2.40± 0.820 10

1.3 2.51± 0.919 6.0

1.9 2.13± 0.804 20

3.0 1.912± 0.591 28
The 96-hourEC50 valuewas >3.0mg &iA,.
'Mean andstanduddeviatimfor20 mystm.
2Indicatesa sigmficantchffcrencefi-omtheElLti@vecontrolusingDumctt's test(P--'@0.05).

AHMMED
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Table4

IndividualOysterShellMewum=ts

Sponsor: 3M Corporation
TestSubstance:PFOS
TestOrganLsm: EasternOyster,Crassostreawrginica
DilutionWater: Unfiltm-edSaltwater

Mcim Measmed Co@tions (mg&i./L).

NegativeContml 0.36 0.40 1.3 1.9 3.0
1 4.00 2.05 3.20 1.50 2.20 1.65
2 3.25 1.80 2.25 2.80 1.45 0.80
3 3.00 1.90 3.10 2.65 3.60 2.20
4. 2.55 3.65 0.90 2.25 1.80 1.75
5 2.50 2.55 2.35 2.40 2.25 3.05
6 2.75 1.90 2.10 2.70 2.30 1.60
7 2.70 2.40 2.25 2.90 3.10 0.90
8 2.70 4.00 2.90 4.45 0.65 2.40
9 1.85 1.45 1.75 1.80 0.90 2.25
10 2.20 2.55 2.45 3.05 2.40 1.80
11 4.40 3.55 2.85 1.60 2.70 2.70
12 2.05 1.80 3.00 0.85 1.65 1.10
13 1.55 3.35 4.45 4.10 1-.80 2.35
14 3.05 2.30 3.05 2.70 i'.Io 1.70
15 2.45 3.70 1.95 2.45 1.70 2.15
16 4.20 3.75 1.20 3.00 3.15 2.60
17 1.45 2.60 1.70 1.85 0.90 1.60
18 1.75 0.90 2.05 2.95 2.20 1.45
19 2.85 2.85 1.65 0.95 2.90 2.00
20 2.20 0.95 2.90 3.30. 2.85 2.20

Mean 2.67 2.50 2.40 2.51 2.13 1.91
SD 0.824 0.933 0.820 0.919 0.804 0.591
RaW 1.45-4.40 0.90-4.00 0.90-4.55 0.85-4.45 0.65-3.60 0.90-3,05

AMENDED
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APPENDIXI

SalinityandpH ofUnfilteredSaltwaterMeasured
Duringthe4-Week PeriodImmediatelyPrwAxhngtheTest

Spomsm: 3M Cmporation
TestSubstance: PFOS
TestOrganism: Eastmn Oyster,Crassostreavlrginica
DilutionWater: Unfiltm-edSaltwater

MeAm Range
Salinity 21 (N = 4) 20-21

(0/00)

pH 8.1(N = 4) 8.0-8.2
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APPENDIXII
AnalysesofPesticides,Organics,Metalsand OtherInorganics

inWildlifeInternationalLtd.Saitwaterl

ANALYSIS bULtSURED CONCENTRATION

bnsceumneom MCBMulmemb

ToW Dissohvd Solids 23,500 n*/L
Ammoni, N&M@@ < 0.050 mg/L
Tow Orpak < 1.0 MSIL
TOW CYR" < 10.0. pg/L

Orgenochlorhm and PCBO

Aldrin < 0.005 P91L
AlphaBHC < 0.005 pg/L
BD&BHC < 0.005 MIL
Doha BHC < 0.005 PSIL
Gamm BHC (LWm) < 0.006 PSIL
Chlordane < 0.025 PWL
DDD. pp' < 0.006 PVL
DDE.W < 0.005 M&
DDT. pp' < 0.009 M&
DiddritL < 0.005 MIL
End=,w- A < 0.005 P91L
End=W- B < 0.005 M&
FAdoviihnSuffift < 0.019 M/L -
F-irw < 0.010. WL
F-hin Aldthy& < 0.005 pg/L

.00HoptacW- < 0 5 P91L
MWWXYCWor < 0.007 P91L
He$addw Epo3d& < 0.005 P91L
Touphme < 0.500 P91L
PCB-1016 < 0.260 M&
PCB-1221 < 0.260-- M&
PCB-1232 < 0.260 PSIL
PCB-1242 < 0.720 "S
PCB-1249 < 0.720 MIL
PCB-1254 < 0.720 P91L
PCB-1260 < 0.720 99/L

Metab and00or laorganies

Ahnnfiniii? < 100 PWL
Arvage < 25.0 "1
BaAk-' < 0.50 pg/L
cadMb.n3 < 1.0 "L

Cddtm? 235 MWL
awomhm@ < 2.0 Pff/L
Cobae < 1.0 M/L

< 20.0 M&
< 100 P91L
< 10.0 PWL

760 MWL
< 4.0 MIL

Macmy < 0.20 pg/L
mobtdomm, < 2.0 MIL
)Ci" < 20.0
Pd=hM? 277
Sdaubm? < 25.0
Suva? < 1.0 usdl
SO&& 6,010
zhe < 20.0

'Analym pafornwdby QST EuvrommaL GamwwUc6 Flon& forsampla coUacW on November 3 *sough November 7,1997
'Anaiym pafmw by vrddeh int-amiceaii& forihewm*h wUecW on November 5,1997.
'Anaiysapa&=d byvrddbh hdanwwnat Lt& firumpia conededonNovember 5ftm& 7,1997
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APPENDIXIII

THE ANALYSIS OF PFOS IN UNFILTERED SAL TWATER
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Unfifteredsaltwatersampleswere collectedfrom an wot toxicitysh* designedto determinethe

effectsof PFOS (PerfluorooetaneSulfonicAcid PotassiumSalt)on theshelldepositionof theeastern

oyster(Crassostrea-wrginica).Ibisstudywas conductedby Wddhfr,kftmationalLtd.and identlfiedas

ProjectNo.: 454A-106. The analysesoffl= watersampleswereperformedatWildlifeInternational

Ltd.usinghighperformanceliquidchromatographywithmass spectrometric&-tecfion(BPLC/MS).

Sampleswere receivedforanalysison May 24,26 and 28, 1999. Sampleswere analyzedon eachsample

receiptday. AU sampleswerereanalyzedon June 6, 1999 to confirmoriginalanalyses.The second

analysiswas reported.

TestSubstanceand Internal

The testsubstanceusedfordw analyticalportionof tlussu* was WddA InternationalLtd.

identificationnumber 4675. The testsubstancewas used to preparecalibrationstandardsand matrix

fortificationsamples.

The internalstandardwas remved from 3M Corporationon July2, 1998 andwas assignedWildlife

InternationalLtd.identificationnumber 4526 upon receipt.The internalsundard,ag=ulu materialwas

idenfifiedas: IK IIi,2K 2]HPerfluorooetaneSulfonicAcid,ChemicalAbsftd Number: 27619-97-2.

The standardwas storedunderambientconftons.

Ang)EficalMethod

The method used fortheanalysisof theunfikm-edsaltwatersantij@eswas developedat WMife

InternationalLtd.and entitled"'AnalyticalMethod Validationforthe Ddmmimtion of PFOS in

Freshwater,Saltwater,andMgal MeM'. 11@smethodologywas includedas AppendixIlofWildlife

InternationalLtd.protocolnumber 454/011299/MVAUSUB454. Itwas basedupon methodology

providedby 3M Corporation.

Sampleswere dilutedin a 50% methanol: 50% NANOpure(D water solutioncontaining

0.100mg4HPFOS (internalstandard)ALand 0.05% fomiicacid(v/v)so thattheyfellwithinthe

calibrationrdngeofthePFOS methodology.
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Concentrationsof PFOS in the standardsand sampleswere determinedby reversed-phasehigh

performanceliquidchromatographyusinga Hewlett-PackardModel 1100 High PerformanceLiqtud

Chromatograph(HPLC) witha Peridn-EhnerAPI IOOLC Mass Spectrometerequippedwitha Perlan-

Elmer TurboIonSprayion source.HPLC separationswere achievedusinga KeystoneBetasilCls

analyticalcoluirm(100mm x 2 nun I.D.,3 pm particle.size).The finuumentparametersaresummarized

inTable1. A methodflowchartisprovidedinFigure,1.

CalibrationCurveandLmut ofOumrhtation

Calibrationstandardsof PFOS preparedin a 50% methanol 50% NANOpure(D watersolution

containing0.100mg 4H PFOS (internalstandard)/Land 0.05% formicacid(vtv),ranginginconcentration

from 0.00229to 0.0274mg a.i.ALwere analyzedwiththe samples.Linearregressionequationswere

generatedusingpeak am responseratios(PFOS :internalstandard)versustherespectiveconcentration

ratios(PFOS :internalstandard)ofthecalibrationstandards.A typicalcalibrationcurveispresentedin

Figure2. The concentrationof PFOS inthesampleswas determinedby substitutingthepeak area

responseratiosintotheapplicableImearmw=sion equation.Plzpresentativeionchronutagmms oflow

and highcalibrationstandardsarepresentedinFigures3 and 4,respectively.

The methodlimitofquanttation(LOQ) fortheseanalyseswas setat0.115mg a.i.ALcalculatedasthe

productofthelowestcalibrationstandardanalyzed(0.00229mg ai.AL)and thedilutionfactorofthe

matrixblanksamples(50.0).

MatrixBlankandFortLficatimSanles

One matrixblanksamplewas analyzedto &-tmmine possibleinterfermice.No interferenceswere

observedator abovetheLOQ duringsamplesanalysesCrable2). The matrixblankchromatogramis

presentedinFigure5.

Unfilteredsaltwaterwas forfifiedat0.457,4.57and 11.0mg &iJL andanalyzedconcuffadywiththe

samples(rable2). Smnple conomt-dfionswere not con=W formean proceduralrecovery.High

recoverieswereobtainedforthelow-level(0.457mg a.i./L)matrixfortificationsample.Previousanalyses

insaltwaterverifiedthatthemethodiscapableofproducingquanumm recoveriesatthisconcmtr@on

level.A representativechromatogramofa matrixfortificationispresentedinFigure6.

AMENDED



WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454A-106

-25-

E&=Ic Calculations

Samplenumber 454A-106-5B,nminal concentrationof5.5mg a.i.ALinunfilteredsakwater.

InitL-dVolume:O.IOOML

FinalVolume: 25.0mL

DilutionFactor:250

PFOS PeakArea: 71220

InternalStandardPeak Area.-74271

PeakAreaRatio:0.95892

Calibrationcurveequation.

Slope:7.78372-

Intercept:0.17175

Curveisweighted(1/x).

PFOS (mg a.i./L)athabument
(Peakarearatio- (Y-intereept))x I.S.Concentration

Slope

(0.95892- 0.17175)x 0.100mg a.i.AL

7.78372

0.0101mg a.i.AL

Note:I.S. internalstandard.

PFOS (mg a.i.AL)insample
PFOS (raga.i.AL)atinstrumentx FinalVolume,(mL)

hlww Volume(mL)

0.0101x 25.0

0.100

2.53mg a.i.AL

AAIENDED
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PFOS (mg a.i.AL)insample
PercentofNominal Concentration x 100

PFOS (inga.iJL)nominal

Calculatedrecovery:46.1%

Note:manualcalcumon may differ.

RESULTS

S@Mle Analysis

Unfiheredsaltwatersampleswere collectedf3romtheshelldepositiontestwith theeasternoyster

(CrassostreaWrginica)attestifi@ May 24,1999 (Hour0),on @by 26,1999(Hour48),andattest

termination,May 28,1999 (Hour96). The measuredconcentmtionsofPFOS inthesamplescollectedat

initiationof wqx)sureof thetestorganisms(Hour0) rangedfrom 27.9to 46.1% of thenominal

concentrations.SamplescollectedatHour 48 had a measuredconcentrationrangeof 14.9to40.9% of

nominalvalues.Samplescollectedattesttermination(Hour 96)had a measuredconcentrationrangeof.

LOQ.to 52.2% ofnominalvalues(rable3).A representativechiomalogramofatestsampleisshownin

Figure7.

AUMNDED
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Table 1

TypicalLC/MS OperationalParameters

INSTRUMENT: Hewlett-PackardModel 1100High PerfomianceLiquid
Chromatographwitha Peridn-ElmerAPI 10OLC Mass Spectrometer
eqwpped witha Perian-Ehm TurboIonSprayionsource.Operatedm
selectiveionmonitoringmode (SM.

ANALYTICAL COLUMN: Keystme BetuffC,8column(50mm x 2 nun I.D.,3 pm particlesize)

OVEN TEMPERATURE: 300C

STOP TIMEE: 5.00minutes

FLOWRATE: 0.220mljniinute

-MOBILE PHASE: 72.0% Medmol: 28.0% NA@40pureM Watercontaining0.1% Fonnic
Acid

INJECTION VOLUMEE: 25.0IAL

PFOS RETENTION TIME: Approxftnately3.6minutes

R4TERNAL STANDARD
RETENTION TIME: Approxhately2.6mkutes

PFOS MONITORED MASS: 498.6amu

INTERNAL STANDARD
MONITORED MASS: 426.7



WILDLIFE INTERNATIONAL LTD. PROJECTNO.: 454A-106

-28-

Table2

MatrixBlankand FortLficataonsAnalyzedConcurrentlyDuringSampleAnalysis

Sample ConcentmfionsofPFOS (mga.i.AL)
Number Percent
(454-106-) Type Fortified Measuredi Recovered

MAB-4 MatrixBlank 0.0 <LOQ -

MAS-10 MatrixFortification 0.457 0.760 166
MAS-IOA@ MatrixFortification 0.457 0.812 177
MAS-10B 2 MatrixFortification 0.457 0.769 168

MAS-1 1 MatrixFortification 4.57 4.57 99.8

MAS-12 MatrixFortification 11.0 13.0 119
Note:Rmft and correctionsfornew testsubstancepurityweregeneratedusingMacQuan version1.5

softwareand manual calculations.Valueshave,beenroundedforreportingpurposes.
'I'helimitofquazifitation(LOQ) was 0.115 mg a.i.ALbasedupon theproductofthelowestcalibration
standardanalyzed(0.00229mg a.i.AL)andthedilutionflictorofthematrixblanksamples(50.0).

2 Sample 454-106-MAS-10 was redilutedin duplicateand analysisconfmnedoriginalresult;suspect
-fortificationerror.

AMENDED
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Table3

Measured ConcentrationsofPFOS inUnfiltm-edSakwaterSamples from an OysterShellDepositionTest

NomirW Tcd Sampk Sampling PFOS Measured PCM=T
Conowtafion Number Time Concentration' Of
(mitaiJL) (454A-106-) (Hours) (mRaijl) Nominal

o.o IA 0 < LOQ -
IB 0 < LOQ -
7A 48 < LOQ -
7B 48 <LA)Q -
13A 96 <LOQ -
13B 96 <LA)Q -

12 2A 0 0331 27.9
2B 0 0.353 29.7
&A 49 0341 29.7
BB 49 0.429 36.1
14A 96 < LA)Q -
14B 96 < LOQ

2.0 3A 0 0.622 30.9
3B 0 0.633 31.5
9A 49 o_lw 14.9
9B 48 0313 15.6
ISA 96 0.249 12A
15B 96 0.257 12.8

33 4A 0 136 41A
4B 0 1.15 34.9
10A 49 0.924 28.0
IOB 48 0.979 26.7
16A 96 1.58 48.0
16B 96 1.72 522

5.5 5A 0 2.42 44.1
5B 0 2.53 46.1

IIA 49 2.02 36.9
IIB 49 2.24 40.9

17A 96 IA5 26.4
17B 96 o.@yo 17.6

9.1 6A 0
6B 0 339 37.1
6C 0 3.44 37.6
6D 0 3.01 32.9
12A 48 3.74 40.9
12B 49 3.57 39.0
ISA 96 1.99 21.7
IBB 96 2.19 23.9

Note ResWb and cmywuons fornow Ug substancepunty were generatedusingblacqunvemon 1.5softwareand rnAnuW

The
calculations.Valueshavebm roundedfi)rreportingpurposes.
limitof quenfiftfion(LDQ)was 0.115mg aiJLbaseduponthepmductof thelowestcalibrationstandardanab-nd

2
(0.00229mg a.iJL)andthedilutionfilotorofthematrixblanksamples(50.0).
Romh forsample6A (621mg aiJL)was notincludedinthetable.Sample6 was remuted induplic4o (6Cand6D) andresultsof
thew samplesconfirmedrmh forsample6B.

AMENDED
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METHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN UNFTLTERED SALTWATER

Preparematrixforttficationsamplesby sp&% therevisftvolumeofPFOS stocksolutionsdirectly
intounfilteredsaltwaterusinggas-tgksyringesand ClassA volumetneflasks.

Dilutematrixfortificatonandtestsamplesintotherangeofthecalibrationstandardsby pubay filling
ClassA volunietiicflaskswith50% medawl :'5(r/oNANOpure(D watersolutioncontaining

0.100mg 4H PFOS (internalstandarclyland0.05% formicacid(v/y).Add theappropriatevolumeof
sampleandbringtheflasktovolumewith&c dklutionsolventProcessthematrixblanksampleusing
thesame dilutionand aliquotvolumeasforthelowestfortificationlevel.Mm wellby severalrepeat

inversions.

Ampulatesamplesand submitforLC/MS analysis.

F-igure1. AnalyticalmethodflowchartfortheanalysisofPFOS inunflheredsaltwater.
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3.00-

2.50- 0

2.00- 0 0

.1,-1.50
co 0

1.00- 0

0,50-

0.00 ......

0.000 0.050 0.100 0.150 0.200 0.250 0.300

Concentratim(Rafio)

Figum 2. A typicalcalibmtioncurveforPFOS. Slope 7.78372;hdercept 0.17175;r 0.9825.
Curveisweighted(I/x).

ANENDED
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Figure3. A representativeionchromatogramofa low-lmd (0.00229mg A.LAL)PFOS smndarcl

AMENDED
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F"igure4. A reprmtadve ion ofa high-level(0.0274mg a.iJL)PFOS swadard.
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ANMNDED
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Figum 5. The matrixblank ion chr=atogram (454A-106-MAB4). The arrow indicatesthe

retentiontimeof PFOS.
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F'igure6. A representativeionchromatogramofa 4.57mg a.i./Lmatrixfortificationsample
(454A-106-MAS-11).

AMENDED
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Figure7. A representativeion ofa 5.5inga.i./Ltestsample(454A-106-5B).

AMENDED
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APPENDIX IV

ChangestoProtocol

ThLssh* was conductedm accordancevnththeapprovedProtocolwi& thefouowmg changes:

I- The protocolwas amended to a& the proposodexpmimentidstartand taminationdates,test
concentrationsandtestsubstancenumber.

2. 1'heprotocolwas amendedtospecifythatGLP analym ofsdtwaterwillberepaft&

3. The protocolwas amended tochangetheanalyticalsamplingschedule.

4. Salinitywas measuredinthenegativecontrolattestnutiationandtmmination.
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APPENDDCV

PersonnelInvolvedintheSh*

The followmgkeyArildhfoIntmmauonalLtd.pmwnnd w= mvolvedm fficconductormanagementofthis
study:

1. Henry0.Kruega,Ph.D.,Director,AquaticT("dcologyandNon-Targd Plants

2. WillardB.Nixcm,Ph.D.,Manager,AnalyticalChemistry

3. Mark A. Mank,LaboratorySupmvisor

4. TimothyZ.KmdalL LaboratorySupavisor

5. KurtI;LDmttar,SeniorBiologist

-6. Raymond L.VanHo%@en,Ph.D.,Scientist
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APPENDIXVI

ReportAmendment

I. OriginalReport: Pages14,6 and22

Amendment: Ilepageswerechangedtoincludetheamended reportdate,revisedpagenumb=, and
new sigiiatm=anddatesduetotheadditionofthereportamendment asAppendixVL

Rcimn: To reflecttheissuingofanamended reporl

2. OriginalReport: Page 2

Amendment: The.compliancestatementwas revised.

Reason: To clarifyhow thetestsubstancewas characterized-

3. Ori&W Report: Page 9

Amendment: informationprovidedby theSponsorreflectingtheremudysisofthetestsubstance,
includingthereanalysisdateandthepunty,was addedtotheTestSubstancesection.

Reason: To reflectthecurrenttestsubstancemformatlonprovidedby theSponsor

4. OnpW Report:Entirereport

Amendmmt:. AU testsubstancecono=Umbous were changedtoreflectthepurityofthetestsubstance
asdeterminedbytheSponsorina reanalysisofthetestsubstance(FC-95,Lot217).
Testcdncatrafionsoriginallywm basedon thereportedpwityof 98.9*/o.The
certificateofanalysisdaed March 9,2000indicateda purityof90.49'/*.Therefore,all
testsubstanceconcentrations.,includingnominal cm=trations, measured
concentrafions,and LC50 values,were recalculatedandreportedasmg ai.ALbasedon
the90.490/opuzity.

Reason: To reporttheresultsofthetestbasedon thetestsubstancepurityof90.490/oatthe
requestof theSponsor.

5. OriginalReport: Page 15

Amendment: Add footnotesIand 2toTable1,Summary ofAn*fical ChemistryData.

Reum: To clarifythemeasuredconcentrationsrVortecL

ANM'NDED
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APPENDIXVI

-Continued-

ReportAmendment

6. OriginalReport: Page 17

Amendment: Changethe96-hourEC50 valueof>10 mg &i./Lto>3.0mg a.L/L.

Reason: To correctthereportedEC50 valuetoreflectthemean measuredconcentration,rather
dm thenominalconcmtratiom

AMENDMENT SIGNATURES:

TIV-

KurtR.Drottar DATE
Sb* Dffwtor

Hedry10.Krueger,?h.1). DA-T -L7
.D=W, AquaticToxicologyandNon-TargetPlants

REVMVED BY:

q-,A6-00

JaifiisH..Coleman DATE
QualityAssurance

AMENDED



PROJECTNO.: 4S4A-106
WILDLIFE INTERNATIONAL LTD. Page I of2

AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR SHELL DEPOSITION TEST WITH THE EASTERN
OYSTER (Crmsostreavirgi?iica)

PROTOCOL NO.: 454/042199/OYS-DEP/SL-B454 AMENDMENT NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 4S4A-106

EFFECTIVE DATE: May 20,1999
AMENDMENT: Page2

Add: ExperimentalStartDate: 5/24/99
ExperimentalTerminationDate: 5/28/99
TestConcentrations:NegativeControl,l.'7,2.2,3.6,6.0and 10mg a.i./L
TestSubstanceNo.: 4675

REASON: The above informationwas not known when the protocolwas signedby theStudy
Director.

AMENDMENT: DilutionWater,Page 5

Change: Analyseswillbe performedatleastonce annuallytodeterminetheconcentrationsof
selectedorganicand inorganicconstituentsof the seawaterand theresultsof the
analyseswillbe sun-Lmarizedinthe finalreport.

To: Analyseswillbe performedatleastonce annuallyto determinetheconcentrationsof selected
organicand inorganicconstituentsoftheseawaterand theresultsofthemost recentGLP
compliantanalyseswillbe summarizedinthefinalreport.

REASON: To specifythatGLP analyseswillbe reported.

AMENDMENT: Samplinp,foranalzicalMeasurements,Page 7

Change: Water sampleswillbe collectedfrom eachtestchamber attestinitiationand every24
hours (±lhour)duringthetesttodetermineconcentrationsofthetestsubstance.

To: Water sampleswiUbe codectedfromeachtestchamberattestinitiation,atthemidpointofthe
test(approximately48 hours)and attestterminationtodetermineconcentrationsofthetest
substance.

REASON: The Sponsorrequesteda change intheanalyticalsamplingschedule.

.45#11061ammdl Pip-vitwedbq GA(g
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PROJECTNO.: 454A-106

WILDLIFE INTERNATIONAL L-rD.
Page I of 1

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR SHELL DEPOSITION TEST WITH THE EASTERN
OYSTER (Crassostreawrginica)

PROTOCOL NO.: 454/042199/OYS-DEP/SUB454 DEVIATION NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 454A-106

DATE OF DEFACTO DEVIATION: May 24,1999

DEVIATION: The protocolstatesthatdilutionwatersalinitywillbe measured ineach test
chamber attestinifiationand attheendof thetest.Dilutionwatersalinitywas
ordymeasured inthenegativecontrolatthebeginningand endof thetest.

REASON: Biologistoversight.WildlifeInternationalLtd.storesunfilteredsaltwaterina 5,000
gallontankwluchisromrcwatedtomamtmn const= sabmty. Consequently,itisthebest
judgmentoftheStudyDirectorthattiusdeviationdidnot adverselyaffecttheresultsof
thestudy.

STUDY DIRECTOR DATE

L o@ TORY MANAGENffiNT DAT@

KRD454ahlO6Vrd)



PROTOCOL

PFOS: A 96-HOUR SHELL DEPOSITION TEST
WITH THE EASTERN OYSTER (Crassostreawrginica)

U.S.EnvironmentalProtectionAgency
Series850 -EcologicalEffectsTestGuidelines

OPPTS Number 850.1025

3M Lab RequestNo. U2723

Submittedto

3M Corporation
EnvkonmcntalLaboratory

Building2-3F,09
935 Bush Avenue

St.PaA Minnesota55144

WILDLIFE INTERNATIONAL LTD.

8598 Commerce I)zive
Easton,Maryland 21601

(410)922-8600

April21,1999
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PFOS: A 96-HOUR SHELL DEPOSITION TEST
WITH THE EASTERN OYSTER (CrassostreaVirginica)

SPONSOR: 3M Corporation
EnvironmentalLaboratory
Building2-3E-09
935 Rush Avenue
St Paul,Minnesota 55144

SPONSOR'S REPRESENTATIVE: Ms. Susan A. Beach

TESTING FACILIT WildlifeInternational,Ltd.
8598 Commerce Drive
Easton,Maryland 21601

STUDY DIRECT KurtDrottar
SeniorAquaticBiologist

LABORATORY MANAGENffi-NT: Henry 0. Krueger,Ph.D.
Directorof AquaticToxicology& Non-TargetPlants

FOR LABORATORY USE ONLY

ProposedDates:

Experimental Experimental
StartDate: TerminationDate:

ProjectNo.:

-

q54A-/0&
TestConcentrations:

Test SubstanceNo.: ReferenceSubstanceNo. (ifapplicable):

PROTOCOL APPROVAL

/CY17
STUDY DIRECTOR DATE

LAB ORY GENENT DATE
13?f

SPO@ @OR!S REPRESENTATIVE DATE

UgOR-YifaAG-FJ

PROTOCOL No. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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INTRODUCRION
WildlifeInternational,Ltd.willconducta staticacutetoxicitytestwiththeEasternoyster

(Crassostreavirginica)fortheSponsorattheWildlifeInternational,LtcLaquatictoxicologyfacilityin

Easton,MarylancLThe studywillbeperformedbasedon proceduresintheU.S.EnvironmentalProtection

Agency Series850 -EcologicalEffectsTestGuidelinesOPPTS Nmnber 850.1025(1);StandardEvaluation

Procedure,Acute ToxicityTestforFstuarineandmarine Organisms (Mollusc96-Hour F7ow-Yhrough

ShellDepositionStudy)(2)andAS7MStandard E729-88aStandardGitideforConductingAcuteToxicity

TestswithFishes,Macroinvertebratesandamphibians (3).Raw dataforallwork pmformed atWildlife

International,Ltd.and a copyofthefinalreportwillbe filedby projectnumber inarchiveslocatedon the

Wildlifehitemational,Ltd.site,oratanalternativelocationtobespecifiedinthefinalreporl

PURPOSE

The purposeofthisstudyistodeterminetheeffedsofa testsubstanceon theshelldepositionofthe

easternoyster(Crassostreavirginica)duringa 96-hourexposureunderstatictestconditions.

EXPERIMENTAL DESI

Oysterswillbe exposedto a geometricseriesof atleastfivetestconcentrationsand a negative

(dilutionwater)controlfor96 hours.One testchamberwillbe maintainedforeachtreatinmtandcontrol

groupwith20 oystersineachchamber.Nominaltestconcentrationswillbesclwtedinconsultatimwiththe

Sponsor,andwillbebasedupon informationsuchastheresultsofexploratoryrange-findingtoxicitydata,

known toxicitydata,pbysical/chenucalpropertiesofthetestsubstanceorotherrelevantinformation.Target

concentrationswillnotexceed120mg/L orthesolubilitylimitofthetestsubstanceinwater(whicheveris

lower).Generally,eachtestsubstanceconcentrationusedinthedefinitivetestwillbe atleast600/oofthe

nexiIngherconcentrationunlessinformationconcerningtheconcentration-effectcurveindicatesthata

chffcmtddutim factorwouldbemore appropriateWatersamplesfrom appropriatetestchambersVAR be

collectedatspecifiedintervalsforw*sis ofthetestsubstance.Resultsofanalyseswillbeusedto calculate

mean measuredtestconcentrations.

Oystersapproximately25 to 50 mm longwillbe maintainedatWildlifeIntemationaLLtd.in

=Mtered saltwaterfora periodofatleast10 days.To controlbias,oystersusedinthetestwillbe

mdlsmmmately distributed.No otherpoWntLalsourcesofbiasarewq=W toaffecttheresultsoftheSU*.

PROTOCOL No. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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Justpriortothemiltiationofthetest,recentlydepositedshellwillbe removed by gfincbngtheperipheryof

theoystersagainstan electricdiscgrinderorsfinflarapparatus.The initialshelllength(aftergrinding)of

twentyinchscrin@telyselectedoysterswillbe measured and 20 indiscriminatelyselectedoysterswillbe

placedineach testchamber. At theconclusionofthe96-hourtest,depositionofnew shellwillbe measured

foreachoyster.Sinceshelldepositionisoftenarynmwtricalthelengthofthelongest"finger"ofnew shell

willbe measured usingcalipers.Shellgrowth inhibitionforeachtreatmentgroupwiU be determinedby

calculatingmean shelldepositionas a percentageof the control.Mean shellgrowth inhibitionineach

treatmentgroup willbe expressedasa percentageof mean controlshelldepositiomAn EC50 valuewillbe

calculated,when possible,toexpresstheconcentrationoftestsubstancethatinducesa 50*/oreductioninshell

deposition.

MATERL4kLS AND METHODS

Test Substan

Informationon thecharacterizationof test,controlor referencesubstancesisrequiredby Good

LaboratoryPracticeStandmds (GLP). The SponsorisresponsibleforprovidingWildlifeIntmmational,Ltd.

writtenverificationthatthetestsubstancehas been characterizedaccordingtoGLPs priortoitsuseinthe

study.IfwrittenverificationofGLP testsubstancecharacterizationisnotprovidedtoWildlifeIntemadomd,

Ltd.,itwiU be notedinthecompliancestatementofft finalreport.The anacbedform IDENTIFICATION

OF TEST SUBSTANCE BY SPONSOR (Appendix 1)istobe usedtoprovideinformationnecessaryfor

GLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreestoacceptany

unused testsubstanceazid/ortestsubstancecontainersremainingattheend of thesu*.

P=aration of TestConcentrations

The tea substancewillbe administeredtothetestorganisminwater.Thisrouteofadmmatrauon

was selcow becauseitrepresentsthemost likelymute ofexposuretoaquaticorgamsms.

PROTOCOL NO. 454/042199/OYS-DEP/SLIB454 3M LAB REQUEST NO. U2723
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TestOrganis

Theeasternoyster(Crassostreaidrginica)willbeusedinthisteslThisspeciesisrepresentativeof

an unportantgroup of organismsand was selectedforuse inthe testbased upon pastuse and easeof

handlinginthelaboratory.

Testorganismswillbe obtainedfrom a commercialsupplierorresearchfacility.Allorganismswill

be obtainedfrom thesame sourceandheldinthelaboratoryforatleast10 dayspriortotesting.Oysterswin

notbe used inthetestiftheyshow signsofdiseaseorstressorifmore than5% dieduringthe7 daysprior

tothetest

Saltwatersuppliedtotheoystersduringholdingand WstingwiU be mffltered.A saltwateralgasuch

as nalassiosirasp.,S7celetonemasp.,Chaetocerossp.and/orIsoch?ysissp.willbe added to thewaterfor

supplementalnutritioil

DilutionWater

Water usedforholdingandtestingwin be naturalunfilteredseawatercollectedatMan RiverUet,

Delaware. The seawaterwillbe pumped hitoa 19,000-Lholdingtankwhere thesalinityoftheseawaterwill

be dilutedto approximately20 O/oo(p@ perthousand)with freshwaterfrom a wellon theWildlife

Intmnational,Ltd.site.The saltwaterintheholdingtankwillbe aeratedby recirculationpriortodelivery

tothetestchambers. Analyseswillbe performedatleastonce annuauy todeterminetheconcentrationsof

selectedorganicand inorganicconstituentsofthe seawaterand theresultsoftheanalyseswillbe summmized

inthefinalreporl Dilutionwatersalinityshouldbe 20 ± I%o,and thepH shouldnotvaryby more than 1

unitduringthetest.

TestARparatus

Testchambers willbe 52-L po4vkleno chambers filledwith approximately40 L of testsolution.

Testchambers willbe impartiallypositionedinanenvironmentalchamber or awmperatom-controlledwater

bath to mstintaina temperatureof 22 ± I*C. An electricmixer win be placedin each testchamber to

maintainthesuspensionofthealgal&et. Inadfton, eachtestchamber willbe mildlyaeratedtoreducethe

biologicaloxygen demand due tothefeed.Testchambers willbe labeledwiththeprojectnumber and test

roncentration-

PROTOCOL NO. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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EnvironmentalConditions

Lightingusedtoilluminatetheholdingand testchambers willbe providedby fluorescenttubesthat

emitwavelengthssimilartonaturalsunlight(e.g.,Colortones50). A photoperiodof 16 hoursoflightand

8 hoursofdarkwillbe controlledwithan automaticffim. A 30-minutetransitionperiodoflow light

intensitywillbe providedwhen fightsgo on and offto avoidsuddenchanges inlightintensity.Light

intensitywillbe measured attestinitiationwitha SPER ScientificLtd.lightmew orequivalent.

The targettesttemperaturewillbe 22 ± I*C. Tcmperabm willbe measured ineachtestchamber at

thebeginningand end ofthetestusinga liquid-in-glassthermometer.Temperature alsowillbe measured

with a continuousrecorderinthenegativecontrolchamber. Recordermeasurements willbe verifiedwith

a liquid-in-glassthermometerpriorto'testinitiation.

Dissolvedoxygen willbe recordedin eachtestchamber daily.The pH willbe measured ineach

treat3nentand controlgroup attestinitiation,midpoint@appro@dmtely 48 hours),and theend ofthetesl

Dissolvedoxygen willbe measured usingaYellow SpringsbishimaentModel 5IB dissolvedoxygen meter,

or equivalent Measurements of pH willbe made usinga FisherAccumet Model 915 pH meter,or

equivalent Intheeventthatdissolvedoxygen concentrationsfallbelow 60*/osaturation,dissolvedoxygen

measurements willbe made ineverytestchamber and appropriateactionsvaU be takenafterconsultation

withtheSponsor. Dilutionwatersalinitywillbe measured ineachchamber attestmitiatimand attheend

ofthetest.Salinitywillbe measured usinga Bio-Matine,Inc.AquaFauna refractometer,orequivalentIf

a treatmentgroup reaches 1001/omortality,dissolvedoxygen,pH and tmnperaturemeasurements willbe

takenatthattime,d= discontinued.

BiologicalMeasurements

Oysterswillbe in@ visuallyatapproximately0.24hoursand at24,48,72,and 96 hours 1

hour) after test mitiatiorl Oysters havmg opm shells and not responding to gentle prodding will be

considereddead and removed. Any sha abnormalitiesobservedwillbe recorded.When thetestis

tmmmated, shelldepositionwillberecordedforeachoysterby measuringthelengthofthelongestfingerof

new shell.Shellgmwth inhibitionforeachtreatmentgroupwillbe determinedby calculatingmean shell

depositionas apercentageofthecontrol.

PROTOCOL NO. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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Smpling forAnalyticalMeasurements

Water samples willbe collectedfrom eachtestchamber attestinitiationand every24 hours(:t

hour)duringthetesttodetermineconcentrationsof e testsubs ce.In e tthat100% mo ith tan th even rtalty

occursinany treatment,thensamplingofthattreatmentwillterminatefollowingthenextsamplinginterval.

-depthfrom each testchamber, analyzedimmediatelyor plac inSamples willbe collectedat mid ed an

appropriatestoragecontainer(e.g.,glassorpolypropylenebottle)and storedunderrefrigeration(-4oC)until

analyzed.The sample scheme issummarized below:

PROPOSED NUMBERS OF VEREFICATION SAMPLES

24 48 72 96
ExperimentalGroup 0 Hours Hours Hours Hours Hours

Control

Level I-Low Concentration

Level2

Level3

Level4

Level 5

6 6 6 6 6

TotalNumber ofSamples 30

The above numbers ofsamplesrepresentthosecollectedfrom thetestand do not includequality

control(QC) samplessuchasmatrixblanksand fortificationspreparedand analyzedduringtheanalytical

chmnistryphase ofthestudy.

AngLyficalChemistry

Chemical analysisofthesmnpleswillbe performed by WildlffeInternational,Ltd. The analytical

method used willbe basedupon methodologyprovidedby theSponsor and.idenfifiedinAppendix II.The

methodology usedtoanalyzethetestsampleswillbe documented intheraw dataand==uized inthefinal

report.

PROTOCOL NO. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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Data Analysis

Mean shellgrowthinhibitionineach-treatmentgroupwillbe expressedas a percentageof control

growth deposition.An EC50 value.willbe calculatedwhen possibletoexpresstheconcentrationof test

substancethatinduceda 50% inhibitioninshelldeposition.The followingformulawillbe used:

%Inhibition=c -T x 100 Where C = Mean growthofnegativecontrols

c T = Mean growthof treated

The datawiU be ana47zd by linearinterpolationusingICPIN computersoftware(whenpossible)(4).

'Me no-observed-effect-wncentration(NOEC) andlowest-observed-effert-roncentration(LOEC) wiu be

determinedbased (when possible)on a statisticalanalysisofthedose-responsedataand an assessmentof

thedose-responsepatterm

RECORDS TO BE MAINTAINED

Records tobe maintainedfordatageneratedby WildlifeInternationalLtd.willinclude,butnot be

limitedto:

1. Copy ofsignedprotocol.

2. Identificationand charactmizationofthetestsubstance,ifprovidedby sponsor.

3. Datesofinitiationandterminationof thetesl

4. Holdingrecords.

5. Calculationand preparationoftestconcentrations.

6. Stocksolutioncalculationsandpreparation,ifapplicable.

7. Observations.

Ifapplicable,themethodsusedtom*ze testsubstanceconcentrationsand theresultsofanalytical

measurements.

9. Statisticalcalculations,ifapplicable.

10. Testconditionsand pbysical/chemicalmeasurements.

11. Measurementsof shelldepositiorl

12. Copy offinalreporl

PROTOCOL NO. 454/04219910YS-DEP/SUB454 3M LAB REQUEST NO. U2723
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FINAL REPORT

A reportoftheresultsofthestudywillbepreparedbyWildlifeInternationalLtd_Thereportwin

include,but notbe limitedto,thefollowing,when applicable:

1. Name andaddressofthefacilityperformingtheSb*.

2. Datesupon whichthestudywas initiatedandcompleted.Itistheresponsibilityof theSponsorto

providethefinaldatethatdataarerecordedforchemistry,pathologyand/orsupportingevaluations

thatmay be generatedatotherlaboratories.

3. A statementof compliancesignedby the Sb* Directoraddressingany excepfionsto Good

LaboratoryPracticeStandards.

4. Objecfivesand proceduresasstatedintheapprovedprotocol,includingany changesintheoriginal

protocol.

5. The testsubstanceidentifiedby name,chemicalabstractsnumber orcodenumber,str,,mgth,purity,

and compositionorotherappropriatecharacteristics,ifprovidedby theSponsor.

6. Stabilityand thesolubilityofthetestsubstancesundertheconditionsofadministration,ifprovided

by theSponsororcontractedtoWildlifeinternationalLtcL

7. A descriptionofthemedio& usedtoconductthetest

8. A descriptionofthetestsystem,includingthesourceofthetestorganisms,scientificname, lifestage,

means and rangesoflengths,observeddiseases,treatmentsand holdingprocedures.

9. A descriptionofdw preparationof thetestsolutions,methodsusedto allocateorganismsto test

chambers and beginthetest,numbers of organismsand chambers pertreatment,allocationof

organismstotestchambers and durationofthetest

10. A descriptionofcircumstancesthatmay haveaffectedthequalityor integrityofthedata.

11. The name oftheSb* Directorand thenames of otherscientists,professionals,and supervisory

personnelinvolvedinthesh*.

12. A descriptionofthetransformations,calculations,oroperationsperformedon thedata,a summary

and analysisofthebiologicaldataand analyticalchemistrydata,and a statementoftheconclusions

drawn from theseanalyses.

13. Statisticalmethodsusedtoevaluatethedata,ifapplicable.

14. The signedand datedreportsofeachoftheindividualscientistsorotherprofessionalsmvolved inthe

study,ifapplicable.

15. The locationwhere raw dataand finalreportaretobe stored.

PROTOCOL NO. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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16. A statementpreparedby theQualityAssuranceUnithsfingthedatesthatstudyinspectionsand audits

were made and thedatesofany findingsreportedtotheStudy Directorand Management.

17. Ifitisnecessarytomake correctionsor additionsto a finalreportafterithas beenaccepted,such

changeswillbe made intheform ofan amaidment issuedby theStudyDirector.The amendment will

clearlyidentifythepartofthefinalreportthatisbeingamended and thereasonsfortheamendments.

Amendments willbe signedand datedby theStudy Director.

CHANGING OF PROTOCOL

Plannedchangesto theprotocolwillbe inthe form of writtenamendments signedby the Study

Directorand theSponsoesRzpresentative.Amendments willbe consideredaspartoftheprotocoland will

be attachedtothefinalprotocol.Any otherchangeswillbe intheform ofwrittendeviationssignedby th6

StudyDirectorand filedwiththeraw data.Allchangestotheprotocolwillbe indicatedinthefinalreport.

GOOD LABORATORY PRAC]RICES

Thisstudywillbe conductedinaccordancewithGood LaboratoryPracticeStandardsforEPA (40

CFR Part160 and/orPart792);OECD Principlesof Good LaboratoryPractice(OCDEIGD (92)32,

EnvironmentMonograph No. 45);and JapanMAFF (59NohSan,NotificationNo. 3850,Agricultural

ProductionBureau).Each studyconductedby WildlifeInternationalLtd.isroutinelyexaminedby the

WildlifeIntmmationalLtd.QualityAssuranceUnitforcomplm= withGood LaboratoryPractices,Standard

Opm-dbng Proceduresand thespecifiedprotocol.A statementofcompliancewithGood LaboratoryPractices

willbe preparedforallportionsofthestudyconductedby WildlifeIntmmationalLtd.The Sponsorwillbe

responsibleforcomplianer.withGood LaboratoryPracticesforproceduresperformedby otherlaboratories

(e.g.,residueanalysesorpathology).Raw dataforallwork performedatWildlifeInternationalLtd.and a

copyofthefinalreportwillbe filedby projeanumber inarchiveslocatedon theWildlifeInternationalLtcL

site,or atan alternativelocationtobe specifiedinthefinalreporl

PROTOCOL NO. 454/042199/OYS-DEP/SUB454 3M LAB REQUEST NO. U2723
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APPENDIXI

IDENTMCANON OF TEST SUBSTANCE BY SPONSOR

To beCcrnpletedby Sponsor

I.TestSubstanceIdentity(name tobe usedinthereport):PFOS (PerfluorooctaneSulfonicAcidPotassiumSalt

ReferenceStandard(ifapplicable):AnalyticalStandard:-N/A

InternalStandard: 1.1.2.2FLH.H.HPerfluorooctaneSulfonicAcid

TestSubstanceSample Code orBatchNumber: Lot217

TestSubstancePurity(0/oActiveIngredient): 98.9 ExpirationDate: 2008

I TestSubstm=

HavetheWei& offimchmzcbmisticsy and
which

. 2
= Z@@and = Mmdardbeen

debmnffi8dliriortoitsim inft sb* inaccordancewithGLP Standm-ds? --_@Yes x No

a TestSubsLmm StorW Cai&bm

Pleamfixhcatetherecmm3midedstomp cmdifionsatWM& hftmahaw W

Ambimt

HasthesWnl4 ofthetestwbamm under&= swrap ameibom
beenddmmin6d inaanilmm wkh GLP Standards? ---LYCS x No

Offiffpmfixmtstabilityinfamafion:

IV. TestC"Emdrafions: Ad-usj _ttestmmmtmfimtolOOO/oai
A--baged Wm thepmty CO/o)Sm above

Do notadjusttestcmcmhzfim to1000/0
&i TestthematerialAS IS.

V. To;dcityInfmnafim

Manmuhm- RatLD50 251mpJkg Mm=LD50-N/A

Aquafic: kwatebiftTwd&y TZA@C50) FLqhTwxiiy=O)

D@Rhnia map-na:27 mg/L Rainbow Trout:11 mp-,/L

DgphAiamazna: 50 mgLL FatheadMinnow:38mpjL

Odzr ToxicityInfmnafimCmckxbgEnffmpofchmnicmd mbcbranictem):

PleaseseeMSDS
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APPENDIX R

AnalyticalMethod Providedby Sponsor

Samples willbe analyzedbasedupon proceduresprovidedby theSponsor inthefollowinganalytical
methods:

1 LiquidChromatographyMass Spectrometry(LCMS) Method forthe Determinationof
PerfluorooctaneSulfonicAcid PotassiumSalt(PFOS) In Freshwater,Saltwaterand Algal
Medium

A copy of theabove method willbe maintainedintheraw data. The actualmethodology used to
analyzethetestsamples willbe documented intheraw dataand sumnimized intheflnalreport.
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