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PFOS: A 48-Hour StaticAcute ToxicityTeSt withthe
Cladoceran (Daphnia magna)



ACUTE TOXICITY TO AQUATIC INVERTEBRATES (E.G.,DAPHNIA)

TEST SUBSTANCE

Identity:Perfluorooctanesulfonate;may alsobe referredtoas PFOS or
FC-95. (I-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 field:The testsubstanceisa whitepowder. Sample was taken
from 3M lotnumber 217. Sample was storedunderambient conditions
priortotesting.Puritydeterminedto be 90.49% by LC/MS, 'H-HMR, 'gF-
NMR and elementalanalysestechniques.

METHOD

Method: OECD 202 and OPPTS 850.1010
Test type: Staticacute
GLP: Yes
Year Completed: Study completed1999. Reportcompleted2000
Species: Daphniamagna
Analyticalmonitoring:PFOS measured at0,24,48-hours
Statisticalmethods: EC50valuescalculated,when possible,by probit
analysis,moving average method orbinomialprobabilitywithnon-lin.ear
interpolationusingthe computer softwareofC.E.Stephan.
Test daphnid source: Obtainedfrom culturesmaintainedby Wildlife
InternationalLtd.,Easton,MD. Identificationofthe originalbrood stock
was verifiedby the Academy ofNaturalSciences,Philadelphia,PA.
Test daphnid age at study initiation:< 24-hours

Test conditions
Dilutionwater: 0.45 gm filteredwellwater
Dilutionwater chemistry (duringthe 4-week period
immediately preceding the test):

hardness: 132 (128-136)mg/L as CaC03

alkalinity: 178 (176-178)mg/L as CaC03
pH: 8.3(8.2-8.3)
TOC: < 1.0mg/L
Conductivity: 313 (310-315)pmhos/cm
Ca/Mg ratio: 35/13.5
Na/K ratio: 21.3/6.62

Lighting:Colortone@)50 fluorescentlights,intensityapproximately
359 lux.Photopedod of 16-hourslight,8-hoursdarkwitha 30-
minute transitionperiod.



Stockandtestsolutionspreparation:A primarystocksolution
was preparedindilutionwaterat91 mg/L. Itwas mixed for-19.5
hours priortouse. Aftermixing,theprimarystockwas
proportionallydilutedwithdilutionwatertopreparethe four
additionaltestconcentrations.Alltestsolutionsappeared clearand
colorless.
Exposure vessels: 250 mL plasticbeakers containing 240 mL of
testsolution.The approximatedepthoftestsolutionwas 6.4 cm.
Number of replicates:two
Number ofdaphnids per replicate:ten
Number ofconcentrations:fiveplusa negativecontrol
Water chemistry during the study:

Dissolved oxygen range (0- 48 hours):
8.6- 8.9mg/L (controlexposure)
8.6- 9.1mg/L (91mg/L exposure)

pH range (0- 48 hours)
8.2- 8.5 (controlexposure)
8.5- 8.6 (91mg/L exposure)

Testtemperaturerange (0- 48 hours)
19.5- 20.20C (controlexposure)
19.3- 20.1OC (91mg/L exposure)

Element basis:mortalityand immobilization
Method ofcalculatingmean measured concentrations:
arithmeticmean

RESULTS

Nominal concentrations: Bk control,12,20,33, 55,91 mg/L
Measured concentrations: <LOQ, 11,20,33, 56,91 mg/L
Element value:24-hourECo = 82 (81-83)mg/L

24-hour ECso = >91 mg/L (C.I.notcalculable)
24-hourECw = >91 mg/L (C.I.notcalculable)
48-hour EC,o = 53 (<I1->91)mg/L
48-hourECw = 61 (33-91)mg/L
48-hour ECw = 63 (<I1->91)mg/L

Allelement valuesbased on mean measured concentrations

StatisticalEvaluation:The EC5o valuesand 95% confidenceintervals
were calculatedwhen possibleby probitanalysis,themoving average
method or binomialprobabilitywithnon-linearinterpolationusingthe
computer softwareofC.E. Stephan. The EC,o and ECgo valueswere
calculatedwhen possibleusingtheBruce-Verst

'
eeg method because there

were lessthantwo concentrationswithpartialmortalityorimmobility.



AnalyticalMethodology:Analysesoftestsolutionswereperformedat
WildlifeInternationalLtd.usinghighperformanceliquidchromatography
withmass spectrometricdetection(HPLC/MS). When determiningthe
concentrationofthe testsubstance inthe testsolutions,the same and
most prominentpeak response forperfluorooctanesulfonatewas used.
No attemptwas made to quantifyon the basisofindividualisomeric
components. The LOQ (limitofquantitation)was 4.58mg/L inthisstudy.
The mean percentrecoveryofmatrixfortificationsanalyzed concurrently
duringsample analysiswas 96.2.Samples collectedattestinitiationhad
measured valuesfrom 85.5to112% ofnominal. Measured valuesfor
samples takenat24-hoursranged from 92.2to 115% ofnominal.
Measured valuesforsamples taken at48-hoursranged from 91.6to 106%
ofnominal.

Summary of analyticalchemistry data.

NominalTest Measured DuplicatedValues at0,24, Mean Percentof
Concentration, and 48-hours,Respectively,mgtl Measured Nominal

mgA- Concentrabon,
mgA-

NegativeControl All-cLOO <LOQ -

12 10.5,10.6,11.5,12.5,-10.9,12.0 11 92

20 17.2,18.1.22.8,21.6,21.4,18.8 20 100

33 30.2,34.1.34.0.36.1,31.3,34.0 33 100

55 50.5.49.9.57.0,63.0.56.8.56.4 56 102

91 87.6,102,90.1.84.4,W

.

7,92.4 91 ioo

Biologicalobservations after48-hours: Daphnids inthe negative
control,the 11 and the 20 mg/L treatmentsappeared healthyand normal
throughoutthe testwithno mortality,immobilityorovertclinicalsignsof
toxicity.Fivepercentmortalitywas observed at48-hoursinthe negative
control.The effectsnoted inthisstudywere mortality;no immobilization
was notedatany testconcentration.

Cumulative ercentmortality:

Mean Measured
Test Conc.,mgtl 24-houre 48-hours

Neg. Control 0 5

i 1 0 0

20 0 0

33 0 0

56 0

91 35 100



Controlresponse:satisfactory

CONCLUSIONS

The potassiumperfluorooctanesulfonate48-hourEC50 forDaphnia
magna was determinedtobe 61 mg/L witha 95% confidenceintervalof
33-91 mg/L. The 48-hournoimmobilizationand no observedeffect
concentrationwas 33 mg/L.

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

DATA QUALI-R@

Reliability:KlimischrankingI

REFERENCES

This studywas conductedatWildlifeInternational,Ltd.Easton,MD atthe
requestofthe3M Company.
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GOOD LABORATORY PRACRICE COMEPLLKNCESTATEMENT

SPONSOR- 3M Corporation

TITLE: PFOS: A 48-HourStaticAcuteToxicityTestwiththeCladoceran(Daphniamagna)

WILDLEFE INTERNATIONAL LTD. PROJECT NUMBER-- 454A-104.

STUDY CONTLETION DATE: June4,1999

ANM'NDED REPORT DAT]T" April26,2000

Thisstudywas conductedm compliancewithGood LaboratoryPracticeStandardsaspublishedby the
U.S.EnvironmentalProtectionAgency in40 CFR Parts160 and 792,17August 1989;OECD Principlesof
Good LaboratoryPractice,OCDE/GD (92)32,EnvironmentMonographNo. 45,Paris1992;andjapanMAFF,
59 NohSan,NotificationNo. 3850,AgriculturalProductionBureau,10 August 1984,withthefollowing

exceptions:

The testsubstancewas notcharactmuedm accordancevnthfullGLP comphance;.however,the
charactefintionwas perfomciedaccordingto3M StandardOperatingProceduresandMethods,andallraw data
arebeingmaintainedinthe3M archives.The testsubstanceisbeingrecharactmizedinaccordancewithGLP.

The stabilityof thetestsubstanceundercon(htionsof storageatthetestsitewas notdetermmedm
accordancewithGood LaboratoryPracticeStandards.

STUDY DIRECTOR:

>6

KurtF-Drottar DATE

SeniorBiologist

PONSOR A ROVAL:

7 -1a)

SAPn
15ArE

A-.t@
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QUALITY ASSURANCE STATEMEENT

Thissb* wasexaminedforcompliancewithGoodLaboratoryPracticeStandardsaspublishedbythe
U.S.EnvirorumentalProtectionAgencyin40 CFR Parts160 and 792,17 August 1999;OECD Principlesof
Good LaboratoryPractice,OCDEIGD (92)32,EnvironmentMonograph No. 45,Paris1992;andJapanMAFF,
59 NohSan,NotificationNo. 3850,AgriculturalProductionBureau,10 August 1984. The datesof all
inspectionsand auditsand thedatesffidanyfindingswere reportedtotheStudyDirectorandLaboratory
Management were asfollows:

DATE REPORTED TO:

ACTIVITY: DATE CONDUCTED: STUDY DIRECTOR: MANAGFIAENT:

TestSubstancePreparation February15,1999 Febnuay 15,1999 February16,1999

AnalyticalSample
Preparation February16,1999 February17,1999 February 19,1999

WaterChemistry
Measurements Fobnimy17,1999 February17,1999 Fcbnmy 19,1999

BiologicalDataand
DraftReport March 17 and18,1999 March 18,1999 March 29,1999

AnalyticalDataand
March 23 - 25,1999 March25,1999 March 26,1999DraftReport

FinalReport June4,1999 June4,1999 June4,1999

Amended Report April20 and25,2000 April25,2000 April25,2000

Lk- C)o

Ja@@ H. Coleman DATE

QualityAssuranceRepresentative
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REPORT APPROVAL

SPONSOR: 3M Corporation

TITLE: PFOS: A 48-HourStaticAcuteToxicityTestwiththeCladocem (Daphniamagna)

WILDLEFE INTERNATIONAL LTD. PROJECT NUMBEK- 454A-104

STUDY DIRECTO

KurtF, Drottor DATE
SeniorBiologist

MANAGENEW

Henry-6.*ruejer,Pb-'b. DATE
Dk=Wr, Aquatir-Toxicologyand
Nm-Target Plants
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SUNEMLARY

SPONSOR: 3M Corporation

SPONSOR'S PXPPRESENTAME: Ms. SusanA. Beach

LOCATION OF STMY, RAW

DATA AND A COPY OF TBE WildlifehdematimalLt&
FINAL REPORT: Faston,Maryland 21601

LTD. PROJECT NLTMBEP,: 454A-104

TEST SIJBSTANCE: PFOS (PerfluorooetaneSulfonicAcidPotassiumSalt)

STMY: PFOS: A 49-HourStaticAcuteToxicityTestwiththe
Cladoceran(Daphniamagna)

MEAN NEASURED TM NegativeControL11,20,33,56 and91 mg &L/L
CONCENTRATIONS:

TEST DATES: Expaimmtal Start- February16,1999
BiologicalTermination- February18,1999
ExperimentalTomination- February18,1999

LENGTH OF TEST: 48 Hours

TEST ORGANISM: Neonatecladocerans(Daphniainagna)

SOURCE OF TEST ORGANISW: WilcUe IntmiiafionalLtd.CulUm
Easton,Maryland 21601

AGE OF TEST ORGANOM: < 24 hours attestinitiation

49-HoURECSO: 61 mg &i./L

95% CONFIDENCE IXWTS: 33 and91 mg a.i./L

NO MORTA=/IUMOBUlTY
CONCENTRANON: 33 mg &ijL

NO-OBSERVED-EFFECT-
CONCENTRATION: 33 mi &i.AL
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INTRODUCTION

Tinssu* was conductedby WildlifeInternationalLtd.for3M CorporationattheWildlifeInternational

LtcLaquatictoxicologyfacilityin Easton,Maryland.The m-hfephaseof thetestwas conductedfrom

February16,1999 toFebruary18,1999.Raw datageneratedbyWildlifeIntmmationalLtd.and a copy ofthe

finalreportarefiledunderProjectNumber 454A- 104inarchiveslocatedontheWildlifeIntm-nationalLtd.site.

OBJECTIVE

The objectiveofthissb* was toevaluatetheacutetoxicityofPFOS tothecladoceran,Daphnia magna,

duringa 48-hourexposureperiodunderstatictestconditions.

EXPERIWNTAL DESIGN

Daphmds were exposedtoa geometricseriesoffiveWA concentrationsand a negative(chlutionwater)

control.Two replicatetestchambersweremaintainedineachtreatinentandcontrolgroup,*with10daphmds in

eachtestchamber fora totalof20 daphnidspertestconcentration.Nominal testconcen:trationswereselectedin

consultationwiththeSponsor,and werebasedupon theresultsofan exploratoryrangefindingtoxicitytest

Nominal testconcentrationsselectedwere 12,20,33,55 and91 mg activeirigredient(a.i.)/L.Mean measured

testconcentrationsweredeterminedfrom samplesoftestwatercoReeW fi-omeachftabnentandcontrolgroupat

thebeginningofthetest,atapproximately24 hours,and attesttermination.

Daphnids were asspw toexposurechambersattestuutiation.Observationsof

mortality/itmnobilityandotherclinicalsips oftoxicityweremade atapproximately3,24 and48hoursaftertest

initiation.Cumulativepercentmortalityandmmnobihtyobservedinthetreatmentgroupswereusedtoestimate

orcalculateECIO, EC50 andEC90 valuesat24 and48 hours.The no mortality/immobihtyconcentrationand

theno-observed-effect-concentration(NOEC) weredeterminedby visualinterpretationof themortality,

immobilityandclinicalobservationdat&

AMENDED
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MATERL4,LSAND METHODS

Thestudywasconductedaccordingtotheproceduresoutlinedintheprotocol,PFOS: A 48-HourStatic

AcuteToxicityTestwiththeCladoceran(Daphniamagna). Theprotocolwas basedon proceduresoutlinedin

U.S.Environn=talProtectionAgency Series850 - EcologicalEffectsTestGuidelinesOPPTS Number

950.1010(1),OECD GuidelineforTestingofChemicals,202: Daphnia sp.AcuteImmobilizationTestand

ReproductionTest(2)andASTM StandardE-729-88a,StandardGuideforConductingAcuteToxicjtyTests

withFishes,Macroinvertebrat-esandamphibians(3).

TestSub

The testsubstancewas receivedfrom 3M Corporationon October29, 1998 was assignedWildlife

InternationalLtcLidentificationnumber 4675. The testsubstancewas describedas a whitepowder. Itwas

identifiedasFC-95fromlotnmnber217 (T-6295).Informationprovidedby theSponsorindicatedapurityof

98.9% andanexpirationdateof2008. The testsubstancewas reana4-mdbytheSponsorandtheCtrtificateof

AnalysisdatedMarch 9,2000 indicateda purityof90.490/o.The testsubstancewas storedatambientroom

temperature.

)LrgarafionofTestConcentrations

Nominal testconcentrationswere 12,20,33,55 and 91 mg &i./L,bisedon a testsubstancepurityof

90.49%. AU materialswhichcame intocontactwiththetestsubstancedurinipreparationoftestconcentrations

wereconstructedof plasticorstainlesssteel.A primarystocksolutionwas preparedincwutionwaterata

concentrationof91 mg &i./L.The primarystocksolutionwas mixedwithanelectricdrum mb= witha stainless

steelpaddleforapproximately19.5hourstoaidinthesolubffizationofthetestsubstance.Aftermixing,the

primarystocksolutionwas proportionallydilutedwithdilutionwaterto preparethefourad(htionaltest

concentrations.Alltestsolutionsappearedclearandcolorless.

TestOr am'sm

The clado=an,Daphnia magna, was selectedasthetestspeciesforthissb*. Dapbnidsam representative

ofanimportantgroupofaquaticinvertebratesandwereselectedforuseinthetestbasedupon pag hist@ ofuse

andeaseofculturinginthelaboratory.Dapbnidneonatesusedinthetestwerelessthan24-hoursoldandwere

obtainedfromculturesmamftmed by WildlifeInternationalLtd.,Euton,Maryland.IdentLficatimofdw ongmal

broodstockwas verifiedby theAcademy ofNaturalSciences,Pluladelphia,PA.

AMENDED
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Adultdaphmds were culturedinwaterfromthesame sourceand atapproxnnatelythesame temperatureas

usedduringthetest.Adultdaphnidsinthecultureswereheldforatleast28 dayspriortocollectionofthe

juvenilesfortesting.The adultsshowed no signsofdiseaseorstressduringtheholdingperiod.Duringthe

14-dayperiodprecedingthetest,watertemperaturesrangedfrom 19.9to20.4'OC.The pH ofthewaterranged

from 8.1to 8.3,and dissolvedoxygen rangedfrom 8.3to 8.8mg/L. Instrumentationused forwater

measurementsaredescribedintheEnwronmentalConditionssectionofthisreport.

Neonate daphmds were obwmed fortestingfrommchvidualadultdaphmds which wereobservedtohaveno

neonatespresentlessOm 24 hourspriortotestinitiatiorlThe progenyfrom 10adultswereusedinthetestAt

testinitiation,thejuveniledaphnidswerecollectedfrom theculturesandindiscriminatelytransferredto10-mL

glassbeakers.The dapbmds thenweretransferredfromthebeakerstothetestcompartments.AllMmsfm were

performedbelowtheair/waterinterfaceusinga wide-borepipet.Daphmds inthecultureswerefeda mixtureof

yeast,CerophyUs, and troutchow, as well as a suspensionof the fi-eshwatergreenalga,Selenastrum

capricornutum.The adultswere fedpriortotestinitiation,butneonateswerenotfedduringthetest.

-TestApparatus

Testchambersconsistedof250-mL plastic(Nalgene(D)beakerscontaining240 niLoftestsolution.The

depthoftestsolutioninarepresentativetestchamberwas6.4cm Testchamberswerein@@ly placedin

atemperature-.ontrouedwaterbathsettomaintaina tempmv= of20 ± 10C-.Testchambersw= labelledwith

thepmjectnumber,testconcentrationand replicate.

DilutionWater

The waterusedforculturingandtestingwas firshwaterobtainedfromawellapproxim@ 40nidm deep

locatedon theWildhfeInternationalLtd.site.The wellwaterischm=Wind asmoderately-hardwater.The

specificconduct&=, hardness,alkalinity,andpH ofthewellwaterduringthefour-weekperiodimmediately

precedingthetestarepresentedinAppendix I.

The wellwaterwas passedthroughasandfiltertoremoveparticlesgreaterthanapproximately25 ;zm,and

pumped intoa 37,800-Lstoragetankwherethewaterwas aeratedwithspraynozzles.Priortouse,thewater

againwas filtm-ed(0.45pm) toremovemicroorganismsandparti@les.The resultsofpefiodicmmlym performed
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tomeasuretheconcentrationsof selectedcontaminantsinwellwaterusedby WildlifeInternationalLtd.are

presentedinAppendix H.

Conditions

Lightingusedtoilluminatetheculturesand testchambersduringculturingandtestingwas providedby

fluorescenttubes thatemittedwavelengthssimilarto naturalsunlight(Colortonec50).A photoperiodof

16hoursoflightand8 hoursofdarimesswas coitrouedwithanautomatictimer.A 30-minutetransitionperiod

oflow lightintensitywas providedwhen lightswent on andofftoavoidsuddenchangesinlighting.Light

intensityattestinitiationwas approximately359 luxatthesurfaceofthewater.Lightintensitywas measured

usingaSPER ScientificLtd.lightmeter.

Temperaturewas measuredineachtestchamber atthebeghming andendofthetestusingaliquid-in-glm

thermometer.Temperaturealsowas measuredcontinuouslyinonenegativecontrolreplicateusinga Fulscope

ER/CRecorder.The targettesttemperatureduringthesu* was 20± 1*C.ThepH anddissolvedoxygm content

ofthewaterwere measuredineachtestchamber attestinitiation,atapproximately24hoursaftertestinitiation

and attheend ofthetesl Hardness,alalinity,g)*.ificconducianceandtotalorganiccarbon(TOC) were

measuredinthedilutionwaterattestinitiationand attesttermination.

MeasurementsofpH weremade usinga FisherAccumet Model 915 pH meter,anddissolvedoxygenwas

measuredusingaYellowSpringsInstnment Model 5IB dissolvedoxygenmeter.Specificconductancewas

measuredusinga YellowSpringsInstrumentModel 33 Salinity-Conductivity-Temperaturemeter.Hardnessand

a&dinitymewu==ts weremade bytitrafionbasedonproceduresinStandardMethodsfortheExamination

ofWaterand Wastewater(4).Totalorganiccarbonwas measumd usingalb*rnadalModel 5000TOC analym.

Observations

Observationsweremade todeterminethenumbers ofmortalitiesandimmobileorgmm. Themunbersof

individualsexlubitingclinicalsignsoftoxicityorabnormalbehavioralsowereevaluated.Observationswere

made approximately3,24,and 48 hoursaftertestinitiatiorl
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StafisticalAnal,ges

The 24 and48-hourEC50 valuesandthe95% confidenceintmvalsw= calculatedwhen possiblebyprobit

analysis,themoving averagemethodorbinomialprobabilitywithnon-linearinterpolation(5,6,7)usingthe

computersoftwareofC.E.Stephan(8).The no mortality/immobihtyconcentrationandNOEC weredetermined

by inspectionofthemortality,immobilityandclinicalobservationdata.Inthissu*, ECIO andEC90 values

were calculatedwhen possibleusingtheBnice-VersteegMethod (9)becausetherewere lessdam two

concentrationswithpartialmortalityorimmobility(i.e.,thepmbitmethodcouldnotbeused).

Ang3@dcalOMLSM

Sampleswere collectedfrommid-depthof eachreplicatetestchamber atthebeginningofthetest,at

approximately24 hoursand attestterminationtomeasureconcentrationsofthetestsubstance.The samples

werecollectedinplastic(NalgeneQD)bottlesand analyzedimmediatelywithoutstorage.Analyticalprocedures

usedintheanalysisofthesamplesareprovidedinAppendix M.

RESULTS AND DISCUSSION

MeasurementofTestConcentrations

Resultsof analysestomeasureconcentrationsof PFOS inwatersaniplescollecteddunng thettstare

presentedinTableI andintheanalyticalchemistryreport(AppendixIII).Nominalconcenftvfionselectedforuse

inthisstudywere 12,20,33,55 and91 mg &i./L.Samplescolleewattestinitiation(0Hours)had measured

valuesthatrangedfrom 85to112% ofnondne. Samplescoueded at24 hourshadmeasuredvaluesthatranged

from92 to113% ofnominal whereasmeasuredvaluesforsamplestaim at48hoursrangedfrcm92to1060/oof

nominal.When measuredconcenbstonsof diesamplescollectedattestmitmtlon,24 hours,and attest

terminationW= averaged,theme= measuredconcentrationsforthissft* were11,20,33,56and91mg &iA,.

Mean measuredconcentrationswereusedintheestimationorcalculationofEC 10,EC50 andEC90 values.

ANffi'NDED
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Observationsand Measurements

Measurementsoftemperature,dissolvedoxygenandpH arepresentedinTable2. Temperaturesremained

withinthe20± 1*C rangeestablishedforthetest.Dissolvedoxygenconcentrationsremafiied@:8.6mg/L(95% of

saturation)throughoutthetestMeasurementsofpH rangedfrom8.2to8.6duringthetest.

Dailyobservationsofmortality,immobilityandotherclinicalsipsobservedduringthetestarcshown in

Table3. Daphnidsinthenegativecontrolappearedhealthyand nomud throughoutthetest,although5%

mortalitywas observedat48 hours.Daphnidsinthe11 and20mg a.i/Ltreatmentgroupsalsoappearednomud

withno mortality/immobilityorovertclinicalsips oftoxicity.After48 hoursofexposure,mortalityfmunobility

in the33,56 and 91 mg aiJL treatmentgroupswas 0, 35 and 100%, respectively.Althoughno

mortality/immobilityoccurredinthe33 mg a.i./Ltreatmentgroup,onedaphnidwas observedtobelethargic.

Based on the5% controlmortalityobserved,thisleduwgywas notconsideredtobe treatinent-related.ECIO,

EC50 andEC90 valuesand 95% confidencelimitsat24 and 48 hourswere estimatedorcalculatedfrom the

mortality/immobilitydata,andareshown inTable4.

CONCLUSIONS

The 48-hourEC50 valueforLiaphniamagna exposedtoPFOS was 61 m *ga.i./Lwith95% confidence

.limitsof33 and91 mg a.i./L.The no mortalityfm=obilityconcentrationandNOEC were33 mg a.i./L.

AMENDED
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Table1

Summiuy ofAnalyticalChemistryData

Sponsor, 3M Corporation
TestSubstance: PFOS
TestOrganism: Cladoceran, Daphnia magna
DilutionWater: Wen Water

Nominal Test S;-Vm Measured Mean Measured Percent
Concent-adon Time Concenmildon Concentrafion Of

amh@cate urr, LME&I (mg ai.@Lj Nominal(mg a.i.@2 2L.@ u
NegativeControl A-,! 0 < LOQA <LOQ

B <LOQ
A 24 <LOQ
B 24 <LOQ
A 48 <LOQ
B 48 <LOQ

12 A 0 10.5 11 92
B 0 10.6
A 24 11.5
B 24 12.5
A 48 10.9
B 48 12.0

20 A 0 17.2 20 100
B 0 18.1
A 24 22.8
B 24 21.6
A 48 21.4
B 48 18.8

33 A 0 30.2 33 100
B 0 34.1
A 24 34.0
B 24 36.1
A 48 31.3
B 48 34.0

55 A .0 50.5 56 102
B 0 49.9
A 24 57.0
B 24 63.0
A 48 56.8
B 48 56.4

91 A 0 87.6 91 100
B 0 102
A 24 90.1
B .24 84.4
A 48 88.7
B 48 92.4

The limitofquantitatim(LOQ) was 4.58mg ai/L.

ANMNDED
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Table2

Temperawm, DissolvedOxygen and pH ofWaterintheTestChambers

Sponsor 3M Corporation

TestSubstance: PFOS
TestOrganism: Cladooem, Daphnia magna
])HutionWater: Well Water

Mean Measured 0 Hour' 24 Hours 48 Ikuft4
Concentration TemV D03 DO Temp DO
(mgaijl) Replicate

(*C) (mgtl) pH (mg/L) pH (-C)_iMgIL_gH_

NegativeControl A 19.6 8.9 82 8.6 SA 202 8.6 8.5
B 19.5 9.9 83 8.6 8.5 19.9 8.6 8.5

11 A 19.5 8.9 83 9.6 8.5 20.1 8.7 8.5
B 19.4 8.9 8.3 8.6 8.5 20.1 8.6 8.5

20 A 19A 8.9 8.3 8.6 8.5 20.1 8.6 8.5
B 19A 8.9 8.3 9.6 8.5 20.0 8.7 8.6

33 A 19A 9.0 83 8.6 8.5 20.0 8.6 8.6
B 19A 9.0 83 8.6 9.5 20.1 8.6 8.6

56 A 19.3 9.1 8.4 8.6 8.5 20.0 8.7 8.6

B 19.3 9.1 8A 8.6 8.5 @20.0 8.7 8.6

91 A 19.4 9.1- 8.5 8.6 8.5 20.1 8.6 9.6

B 19.3 9.1 8.5 8.6 -9.5 20.0 8.7 8.6

Theo-hourdflutionwatermeasurementsforhardness,a&ahnity,spedficoonducftnceand TOC were 136nig/LasCaCD3,178mgLas
CaCO3,315,umhos/cm and< I mgC/L, respectively.

2 Temperaturemeasuredcdntinuouslyduringthetog rangedfromapproximately19.5to20.5*C.

' A dissolvedoxygenconcentrationof5Amg/Lmpmmts 600/9awmtionat20*Cinfieshwater.
4 The testftnnmaton ddutionwatermeasurements forhardncs%allmbmty,spmfficconductanceand TOC were 140 mg/L asCACC@,

190 mgtl asCaCO-%,315 Annhoolcm and < I mgCAL, respoefively.

ANffi'NDED
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Table3
CumulativePmmt Mortality/fimnobilityandTreatment-RelatedEfferts'

Sponsor 3M Corporation
Ted Substance: PFOS
TestOrganimn: Ckdooemn, Daphnia magna
DilufionWater WellWater

Mean Menured 3-Hours 24 Hours Percent

Concentration DaphniA/ Number Number Number Number Immobile Number

(mg&i./L) Replicate Replicate Dad Immobile Effects Dead Immobile Effects and Dead Dead

NWtive Control A 10 0 0 10AN 0 0 10AN 0 1

B 10 0 0 10 AN 0 0 IOAN 0

II A 10 0 0 10AN 0 0 10AN 0 0

B 10 0 0 10AN 0 0 10AN 0

20 A 10 0 0 10AN 0 0 10AN 0 0

B 10 0 0 IOAN 0 0 10AN 0

3@3 A 10 0 0 10AN 0 0 10 AN 0 0

B 10 0 0 10 AN 0 0 10AN 0

56 A 10 0 0 10 AN 0 0 9ANIC 0 5

B 10 0 0 ..IOAN 0 0 10 AN 2

91 A 10 0 0 10AN 3 0 5AN,2C 35 10

B 10 0 0 IOAN 4 0 !!!2c 10

Obmved Effects:AN - Appears NoniW. C IxthaW.
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Table4

ECIO, EC50 andEC90 Values

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: Cladoceran,Daphnia magna
DilutionWater: WellWater

Lower 95% Upper 95%
ECIO Confidence Confidence statistical

Time (mg&i./L) Limits Limits Method

24 Hours 82 81 83 Bruce-Versteeg

48 Hours 53 <11 > 91 PnELlersteeZL_

Lower 95% Upper 95%
EC50 Confidence Confidence Statistical

Time (mg a.i.AL) Limits Limits Method
24 Hours > 91 -1 -1 Visual IhnLspewction

48 Hours 61 33 91 Binomial

Lower 95% Upper 95%
EC90 Confide= Confidence Statistical

Time (mga.i./L) Limits Limits Method

24 Hours > 91 VisualInspection

48 Hours 63 <11 > 91

Confidencelumtscouldnotbe calculatedwiththeM2a@L /i@mmo@bi!!t:dataobtained.

ANEENDED
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Figure1. Concentration-ResponseCurve(48Hour Data)
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APPENDDCI

SpemficConductance,Hardness,A&ahmty andpH ofWell Water Measured
Duringthe4-Week PeriodImmediatelyPrecedingtheTest

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: Cladoceran,Daphnia magna
DilutionWater: WellWater

Mean

SpecificConductance 313(N = 4) 310-315
(,umhos/cm)

Hardness 132(N= 4) 128-136
(mg/LasCaCO3)

,Mkalinity 178(N = 4) 176-178.
(mg/LasCaC03)

pH 8.3(N = 4) 8.@- 8.3
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APPENDIX 11
Analysm ofPesticides,Organics,MeWs andOtherlaorganics

m WildlffeInternationalLtd.WeU Water'

ANALYSIS MEASURED CONCENTRATION

AlismflaneousMensurownts
TotalDissolvedSolids 296 mg/L
Ammonia Nitrogen

2 < 0.050 miV_L
TotalOrgatue C-arbon < 1.0 miVL
TotalCyinide < .10.0 ui§tL

Orpnoch'o " and PCBs
Ald% < 0.005 P41-L
W

BHC < 0.005 jug/-LBHC
< 0.005 mil-LDeltaBHC < 0.005 A[Y-LGamma BHC (Undam) < 0.006 gfv-LChlordane < 0.025 ui/-L

DDD, pp' < 0.006 miv-L
DDE, pp' < 0.005 A41-LDDT,pp' < 0.008 jufy-L
Dicidnn < 0.005 4 -&Fndo.gulfan,A < 0.005 Afy-LEndomffan,B < 0.005 Ufy-L
EndosWfan SuMft < 0.019 gio-LEndrin < 0.010 ufv-LEndrinAMehyde < 0.005 4/-LHqftchlor < 0.005 A@V-LMcthoxycWor < 0.007 A4,-LHeptachlorEpoxide < 0.005 Atl-LToxaphene < 0.500 ;4w-L
PCX1016 < 0.260 Afy-LPCB-1221 < 0.260 pfy-LPCB-1232 < 0260 IUA-PCB-1242 < 0.720 Ait-LPCB-1248 < 0.720 pfv-LPCB-1254 < 0.720 Ail-L
PCB-1260 < 0.720 /4fyL

Metab and Other Inorganies
,muffi@nym < 100 PB/-LArsenic < 25.0 mfv-L3

< 0.50 uA-
< 1.0 AIVL-c 35.0 niipl

c < 2.0 Y4/-L
< 1.0 41-L
< 20.0 A41-L
< 100 giv-L
< 10.0 4&-

13.5 m@fL
< 1.0 ui@-L
< 0.20 Ail-L3 < 2.0 gfp-L

3 < 2.0 A41-L
Pot&siuru 6.62 rniVLSol - i < 25.0 gfv-L
sazpm < 1.0 Agt-Lsodi 3

21.3 mivl
=YM < 20.0 A4L

Analyses .grmedby T EnvkonmentaL Gainesville,Floridaforumples coUceW on November 3 %mugh November 7,1997.,6,nai-Sea
prmad b-

.
a lnwmfiorw Ltd.forthesamplecoflecti@don November 5, 1"7.

2 -Y .y%Dl3
Analym *formed byWd(UifeIntcmfiondLtd.forsamplescofleew onNovember 5 thmugh 7,1997.

coppw
Iron
i,zm3

3muni;Nfw *
Nmpnew

;M;;;;num
Nickel
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Introdu

Freshwatersampleswerecollectedfroma staticacuteaquatictoxicitystudydesignedtodeterminethe

effectsofPFOS (PerfluorooctaneSulfonicAcidPotassiumSalt)tothecladoceran(Daphnia magna). This

studywas conductedby WildffiInternationalLtd.andidentifiedasProjectNo.: 454A-104. The analyses

of thesewatersampleswere performedatWildlifebftmationalLtd.usinghighperformancehcllnd

chromatographywithmass spectrometricdetection(IPLC/MS). Sampleswerereceivedforanalysison

February16,17 and 18,1999and were analyzedon each samplereceiptday.

TestSubstanceand hdemal Standard

The testsubstanceused forthe analyticalportionof tlnsstudywas WildlifeInternationalLtd.

identificationnumber 4675. The testsubstancewas usedtopreparecahbrationand matrixfortification

samples.

The internalstandardwas receivedfrom 3M Corporationon July2, 1998 and was assignedWildlife

InternationalLtd.idenlaficationnumber 4526 upon receipt.Ile-mtemalstandard,agranularmaterial,was

identifiedas: II-LIK 2K 2H PerfluorooctaneSulfonicAcid,ChemicalAbstractNumber: 27619-97-2.

The standardwas storedunderambientconditions.

AnOyficalMethod

The method usedfortheanalysisofthefi-eshwatersampleswas developedatWildlifeInternational

Ltd.andentitled"AnalyticalMethod fortheDeterminationof PFOS inFreshwater,Saltwater,and Algal

Medium". Thismethodologywas includedas AppendixH ofWildlffeInternationalLtd.protocolnumber

454/011299/MVAIJSUB454. Itwas basedupon methodologyprovidedby 3M Corporation.

Sampleswere dilutedin a 50% methanol: 50% NANOpure* watersolutioncontifiiing

0.100mg4HPFOS (internalstandard)/Land 0.05% fonnicacid(v/v)so thattheyfellwithinthe

calibrationrangeofthePFOS methodology.

ConcmtrafionsofthePFOS in thestandardsand sampleswere determinedby reverse-phasehigh

performanceliquidchromatographyusinga Hewlett-PadcardModel 1100 IfighPerformanceLiquid

Chromalograph(BPLC) witha Peridn-ElmerAPI 10OLC Mass Spectrometerequippedwitha Peridn-
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Elmer TurboIonSpmy ionsource. BPLC sepamfionswere achievedusinga KeystoneBetasilCis

analyticalcolumn (100nun x 2 min I.D.,3 pm particle.size).The instrumentparametersaresummarized

inTable1.A methodflowchartisprovidedinFigure1.

CalibrationCurveandLimitofQuanfitation

Calibrationsumdardsof PFOS preparedina 50% methanol: 50% NANOpureg watersolution

tainin-90.100mg 4H PFOS (internalsmndard)/Land0.05% formicacid(v/v),ranginginconcentration

fi-om0.00915to 0.0457ingai./Lwere analyzedwiththesamples.Linearregressionequationswere

generatedusingpeak arearesponseratios(PFOS :internalstandard)versustherespectiveconcentrations

ofthecalibrationstandards.A typicalcalibrationoxrvvispresentedinFigure2. The concentrationof

PFOS inthesampleswas &-tmminedby substitutingthepeakarearesponseratiosintotheapplicablelinear

regressionequation.Representativeionchromatogramsoflow and highcalibrationstandardsarepresented

inFigures3 and 4,respectively.

The methodhrmtofquant=on (LOQ) fortheseanalyseswas setat4.59mg a.i.ALcalculatedasthe

productofthelowestcalibrationstandardanalyzed(0.00915mg a.i./L)and the'dilutionfactorofthe

matrixblanksamples(500).

MatrixBlankandFortificat:ionSmplea

Threematrixblanksampleswere analyzedtodetermme possiblemftrference.No mter&renceswere

observedator abovetheLOQ duringsamplesanalyses(Table2). A representativechromatogramof a

matrixblankispresentedinFig= 5.

Freshwaterwas foftMW at9.15,45.7and 91.5mg a.i./Landanalyzedconcurrentlywiththesamples

todetermmethemean proceduralrecovery(Table3). Sample concentrationswere notcorrectedforthe

mean proceduralrecoveryof96.2%. A representativechromatogramofa matrixfortificationispresented

inFigure6.

AAM'NDED



WILDLIFE INTERNATIONAL LTD. PROJIECTNO.: 454A-104

-26-

ExainpleCalculations

Samplenumber 454A-104-27,nominalconcentrafionof 12 mg a.i./Linfi-eshwater.

InitialVolume: 0.loonill

FinalVolume: 50.0mL

DilutionFactor500

PFOS PeakArea: 3027

InternalStandardPeak Area:585991

Peak AreaRatio:0.5167

Calibrationcurveequation.

Slope:0.02117

Intercept:0.05525

Curve islinear.

PFOS (tLga.i./]L)athistrment
Peakarearatio- (Y-kteFcept)

Slope

0.5167- 0.05525

0.02117

21.8

PFOS (mg a.iJL)insample
PFOS (pga.i./L)atinshumentx DilutionFactor

1000

21.8x 500

1000

10.9

ABEENDED
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PFOS (mg a.i./L)insample
PercentofNominal Concentration x 100

PFOS (mg a.i.AL)nominal

Calculatedrecovery:91.6%

Note:manual calculationmay differ.

RESULTS

SMIE Analgis

Freshwatersampleswerecollectedfromtheacutetoxiatystudywiththecladoceran(Daphniamagna)

attestinitiation,February16,1999 (Hour0),on February17,1999 (Hour24),and attesttermination,

February18,1999 (Hour48).The measuredconcoitmtionsofPFOS inthesamplescollectedatinitiation

ofexposureofthetestorganisms(Hour0) rangedfrom 85.5to 112% ofthenominalconcentrations.

SamplescollectedatHour 24 had a measuredconcentrationrangeof 92.2to 115% of nominalvalues.

-Samplescollectedattesttermination(Hour48) had a measuredconcentrationrangeof 91.6to 106% of

nominalvalues(Table4).A representativechromatogramofatestsampleisshowninFigure7.

AMENDED
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TableI

TypicalLC/MS OperationalParameters

INSTRUMENT: Howlen-PackardModel I100High PerformanceLiquid
Chromatographwitha Peridn-ElmerAPI IOOLC Mass Spectrometer
equippedwitha Peridn-EhnerTurbolonSprayionsource.Operatedin
selectiveionmonitoringmode (SM.

ANALYTICAL COLUMN: KeystoneBetasilCigcolumn(100mm x 2 nunI.D.,3 pinparticle
size)

OVEN TEMPERATURE: 300C

STOP TIME: 10.0minutes

FLOW RATE: 0.220mljniinute

MOBILE PHASE: 72.0% Mcflmol: 28.0% NANOpure(D Watercontaining
0.1% FormicAcid

INJECTION VOLUMEE: .50.0pL

PFOS RETENTION TIME: Approximaftly7.1min@

INTERNAL STANDARD
RETENTION TIME: Approximately4.9minutes

PFOS MONITORED MASS: 498.6wm

INTERNAL STANDARD
MONITORED MASS: 426.7amu
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Table2

Matnx BLmks AnalyzedConcurrentlyDunng SampleAnalysis

S2MIe Measured Concentrationof
Number PFOS'

(454A-104-) Type (niga.i.AL)

NLAB- 1 MatrixBlank .<LOQ

MAB-2 MatrixBlank < LOQ

MAB-3 MatrixBLuk < LOQ
'Me limitofquanfitafion(LOQ) was 4.58mg a.iJLbasedupontheproductofthelowestcalibration
standard (0.00915 a.iJL)andthedilutionfactoroffficmatrixblanks!Mles @500).

AMENDED
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Table3

MatrixFortificationsAnalyzedConcurrentlyDuringSampleAnalysis

ConcentrationsofPFOS
SampleNumber LM.9a.i.u Percent
(454A-104-) Fortified Measured Recovered

MAS-1 9.15 8.42 92.0
MAS-4 9.15 9.72' 106
MAS-7 9.15 9.15 100

MAS-2 45.7 40.3 88.1
MAS-5 45.7 48.1 105
MAS-8 45.7 45.1 98.7

MAS-3 91.5 78.7 86.0
MAS-6 91.5 84.0 91.8
MAS-9 91.5 89.7 98.0

Mean = 96.2
StandardDeviation = 7.11

- CV - @= 7.39
N= 9

Note:Resultsand coffectionsfornew testsubstmcepunty were genemtedusingMacQuan version1.5
softwareand manualcalculations.Valueshavebeenroundedforrepprtingpurposes.

'Mean resultofduplicatemjection*softherecwutedonpw sample.Originalresult(5.48mg a.i./L)was
notincludedinthestatisticalanalysisofthedata.
Pu-21icateresultsfor454A-104-MAS-4 are9.24and 10.2.

ANEENDED
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Table4

Measured ConcentrationsofPFOS inFreshwaterSamplesfrom a
CladoceranStaticAcuteToxicityTest

Nominal Test Sample Sampling PFOS Measured Percent

Concentration Number Time Concentrationi of

(ME a.i./L) (454A-104-) ffo-urs) (a a.i.g Nominal

0.0 @i!l 0 < LOQ
2 0 < LOQ
13 24 < LOQ
14 24 < LOQ
25 48 < LOQ
26 48 < LOQ -

12 3 0 10.5 88.5

4 0 10.6 89.5

15 24 11.5 96.@

16 24 12.5 105

27 48 10.9 91.6
28 48 12.0 101

20 5 0 17.2 85.5
6 0 18.1 90.2
17 24 22.8. 113
18 24 21.6. 107
29 48 21.4 106
30 48 18.8 93.6

33 7 0 30.2 91.7

8 0 34.1 104
19 24 34.0 103

20 24 36.1 110 -
31 48 31.3 95.1

32 48 34.0 103

Note:Resultsandcorrectionsfornew testsubstancepuritywere generatedusingMacQuan version1.5
softwareandmanualcalculations.Valueshavebeenroundedforreportingpurposes.

'Thelimitofquanfitafion(LOQ) was 4.58mg a.i./Lbasedupontheproductofthelowestcalibration
standardanalyzed(0.00915mg a.i./L)andthedilutionfitctorofthematrixblanksamples(500).

2 Me= resultofduplicatemjectionsoftherwduwd ongmal sample.'Originalresult(113mg a.i.[L)was
notincludedinthestatisticalanalysisofthedata.
Duplicateresultsfor454A-104-23are90.6and 89.6.

ANENDED
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Table4 (Continued)

Measured ConcentrationsofPFOS inFreshwaterSamplesfrom a
CladoceranStaticAcuteToxicityTest

N inalTest Sample Sampling PFOS Measured Percent
Concentration Number Time Concentrationi of

(-M-a.i.L) (454A-104@ aour-s) (M a.i./L) Nominal

55 9 0 50.5 92.1
10 0 49.9 90.9
21 24 57.0 104
22 24 63.0 115
33 48 56.8 104
34 48 56.4 103

91 11 0 87.6 95.7
12 0 102 112
23 24 90.12 98.5
24 24 84.4 92.2
35 48 88.7 96.9
36 48 92.4 101

Note:Resultsand correctionsfornew testsubstancepuritywere generatedusingMacQuan version1.5
softwareand manual calculations.Valueshavebeenroundedforreportingpwposes.

'Thelimitof quantitation(LOQ) was 4.58 mg a.i./Lbasedupon theproductofthelowestcalibration
standardanalyzed(0.00915mg a.i.AL)andthedilutionfactorofthematiixblanksamples(500).

2Mean resultofduplicateinjectionsoftheredilutedoriginalsample.Originalresult(113mg a.i.AL)was
notincludedinthestatisticalanalysisofthedata.
2uplicateresultsfor454A-104-23are90.6and89.6.

ANffiNDED
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MEETHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN FRESHWATER

PreparematrixfordficatonsamplesbyspikingtherequisitevolumeofPFOS stocksolutionsdirectly
intofi-eshwaterusinggas-tightsyringesand ClassA volumetricflasks.

Dilutematrixfortificationandtestsamplesintotherangeofthecalibrationstandardsby partiallyfiun
ClassA volumetricflaskswith50% methanol:50% NANOpure(D watersolutioncontaining

0.100mg 4H PFOS (internalstandard)/Land0.05% formicacid(vtv).Add theappropriatevolumeof
sampleand bringtheflasktovolumewiththedilutionsolvent.Processthematrixblanksampleusing
thesame ddutim and aliquotvolumeasforthelowestfortificafaonlevel.Mix wellby severalrepeat

inversions.

Ampulatesamplesand submitforLC/MS analysis.

Figure1. AnalyticalmethodflowchartfortheanalysisofPFOS infreshwater.
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Fig= 2. AtypicalcalibrationcurveforPFOS. Slope= 0.02117;Intm=%=0.05525; r= 0.9961.

AMENDED
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APPENDDC IV

Changes toProtocol

Tlusstudywas conductedm accordancewrffitheapprovedProtocolvnththefollowmgchanges:

I The protocolwas amended to add theproposedoqmimcntal startand terminationdates,test
concentrationsand testsubstancenumber

2. The protocolwas amendod to deletesmmialfeedanalym.

3. The protocolwas amended toadd dw analyticalmothodl

4. The protocolwas amended tochangethestattsbealanalym.
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APPENDIXVI

ReportAmendment

I. OriginalReport: Pages 1-4,6 and23

Amendment: The pageswere changedtoincludetheamended reportdate,revLRedpagenumbers,and
new signaturesanddatesduetotheadditionofdm reportamendment asAppendixVI

Reason: To reflecttheissuingofan amended reporl

2. OriginalReport: Page 2

Amendment: The compliancestatementwas revised.

Reason: To claifyhow thetestsubstancewas chmwtmzecl

3. OriginalReport: Page 9

Amendment: Informationprovidedby theSponsorreflectingthereanalysisofthetestsubstance,
includingthereanalysisdateandthepurity,was addedtotheTestSubstancesection.

Reason: To reflectthecurrenttestsubstanceinformationprovidedby theSponsor.

4. Ongind Report: Entirereport

Amendment: Alltestsubstanceconecatrafaonsw= changedtoreflectthepurityofthetestsubstance
asdeterminedby theSponsorina reanalysisofthetestsubstance(FC-95,Lot 217).
Testcmcentrationsori&ay w= basedon thereportedpurityof 98.9%. The
certificateofanalysisdatedMm-ch 9,2000 indicatedapurityof90.49*/o.Therefore,all
testsubstanceconcentrations,includingnominal concentrations,measured
concentrations,andEC values,wererecalculatedandreportedasmg aijlbasedondie
90.490/opurity.

Reason. To reporttheresultsofthetestbasedon thetestsubstancepurityof90.49% atthe
requestoftheSponsor.

ANffiNDED
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APPENDIXVI

-Continued-
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AMENDMEENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 48-HOUR STATIC ACUTE TOXICITY TEST WITH THE
CLADOCERAN (Daphniamagna)

PROTOCOL NO.: 454/120198/DAP-48HI/SUB454 AMENDMENT NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 454A-104

EFFECTIVE DATE: December 21,1998

AMENDMENT: Page2

Add: ExperimentalStartDate:2/16/99
ExperimentalTerminationDate:2/18/99
TestConcentrations:NegativeControl,13,22,36,60 and 100mg a.i./L
TestSubstanceNo.: 4675

REASON: The above informationwas notknown when theprotocolwas signedby theStudy
Director.

AMENDMENT: TestOrgani Page 5

Delete: Feed (YCT) providedto daphi@dsinthecultureswillbe analyzedatleastonce
annuallyto ensurethatthereareno contaminantsatlevelsknown tobe capableof
interferingwiththestudy.

REASON: I-Estoricalanalysesof WildlifeInternationalLtd.aquaticfeedhaveshown thatno
contaminantsarepresentatlevelsknown tobe capableofinterferingwiththestudy.

AMENDMENT: APPENDIX ILPage14

Add: LiquidChromatographyMass Spectrometry(LCMS) Method fortheDeterminationof
PerfluorooetaneSulfonicAcid,PotassiumSalt(PFOS) inFreshwater,FilteredSaltwaterand
AlgalMedium.

REASON: To add theanalyticalmethod tobe usedinthestudy.

24A.*"W

a45411"antendl
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STUDY DIRECTOR DATE
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SPOI@S--OW S REPRESENTATIVE DATE
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WILDLIFF- INTERNATIC)NAL L-rD. Page I ofI

AMIENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 48-HOUR STATIC ACUTE TO)GCITY TEST WITH THE
CLADOCERAN (Daphniamagna)

PROTOCOL NO.: 454/120198/DAP-48Hl/SLTB454 AMEENDMENT NO.: 2

SPONSOR: 3M Corporation PROJECT NO.: 454A- 104

EFFECTIVE DATE: March 9,1999

AMMNDMEENT: Data Analysis,Page 8

Change: When the dose-responsepatternallowscalculationofECIO, EC50 and EC90 values,
the datawillbe analyzedusingthecomputer softwareof C.E. Stephan(6).

To: When thedose-responsepatternallowscalculationofECIO, EC50 and EC90 values,thedata
willbe analyzedusingthe computer softwareof C.E. Stephan(6),or anotherappropriate

methodology.

REASON: The computer softwareof C.E.Stephan doesnotcalculateECIO orEC90 values.

STRY DIRECTOR DATE

L OARATORY MANA DATE

SPONSOR'S REPRESENTATIVE DATE

a45,AI041amema Aw
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PFOS: A 48-HOUR STATIC ACUTE TO)UCITY TEST
WITH THE CLADOCERAN (Daphniamagna)

U.S.EnvironmentalProtectionAgency
Series850 -EcologicalEffectsTestGuidelines

OPPTS Number 850.1010

and

OECD Guideline202

3M Lab RequestNo. U2723

Submittedto

3M Corporafion
EnvkomncntalLaboratory

P.O.Box 33331
St Paul,Minnesota55133

WILDLIFE INTERNATIONAL LTD.

8598 Commerce Drive
Easton,Maryland 21601

(410)822-8600

December 1,1998
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PFOS: A 48-HOUR STATIC ACUTE TO)GCITY TEST
WITH Tiff CLADOCERAN (Daphniamagna)

SPONSO 3M Corporation
EnvirorumentalLaboratory
P.O.Box 33331
St Paul,Minnesota 55133

REPRESENTATIVE: Ms. Susan A. Beach

TESTING FACILITY: WildlifeInternationalLtcL
8598 Con=erce Drive
Easton,Maryland 21601

STUDY DIRECT KurtDrottar
SeniorAquaticBiologist

LABORATORY MANAGEMENT: Hemy 0. Krueger,Ph.D.
DirectorofAquaticToxicology& Non-TargetPlants

FOR LABORATORY USE ONLY

ProposedDates:

Expmimental Expain=tal

StartDate: Tamination Date:

ProjectNo.: 4(!5qq- loel

Test Concentrations:

TestSubstanceNo.: ReferenceSubstanceNo. (ifapplicable):

PROTOCOL APPROVAL

STUDY DIRECTOR DATE

)1,ze_-
QJtATORY-IWAGENffiNT DATE/

171qk
SPONSOR!S REPUStITrA= DATE

PROTOCOL NO.: 454/120199/DAP-48Hl/SUB454 3M LAB REQUEST NO. U2723
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INTRODUCRION

WildlifeIntmmatimalLtd.willconducta staticacutetoxicitytestwiththecladoceran,Daphnia

magna,fortheSponsorattheWildlifeInt=ationalLtd.aquatictoxicologyfacilityinEaston,MarylancL

The studywillbe performed basedon proceduresintheU.S.EnvirorunentalProtectionAgency Series

850 -EcologicalEffectsTestGuidelinesOPPTS Nmnber 850.1010 (1),inOECD GuidelineforTesting

of Chemicals, 202: Daphnia sp.Acute ImmobilizationTestand Reproduction Test(2)and ASTM

StandardE-729-88a,Standard Guide for Conducting Acute ToxicityTestswithFishes,Macroinver-

tebratesandamphibians (3).Raw dataforallwork performedatWildlifeInternationalLtd.and a copy

ofthe@fmalreportwillbe filedby projectnumber inarchiveslocatedon theWildlifeInternationalLtcL

site,or atan alternativelocationtobe specifiedinthefinalreport.

OBJECRIVES

The objectiveoftlissW4 istodeterminetheacuteeffectsofa testsubstanceon thecladoceran,

Daphnia magna, under statictestconditionsfora periodof48 hours.

EXPERIM

Daphnids willbe exposedtoageometricseriesof atleastfivetestconcentrationsand a negative

(dilutionwater)controlfor48 hours.Two replicatetestchambers willbe maintainedineach treatment

and controlgroup,with 10neonatedaphnidsineach chamber so thata totalof20 neonatedaphnids are

exposed 'ineach treatmentand controlgroup.

Nominal testconcmitrationswillbe selectedinconsultationwiththeSponsor,and-willbe based

upon informationsuch astheresultsof exploratoryrange-findmgtoxicitydata,known toxicitydata,

physical/chemicalpropertiesofthetestsubstanceorotherrelevantinformation.Targetconcentrations

need notexceed 1000 mg/L or thesolubilitylimitof thetestsubstanceinwater(whicherverislower).

Generally,eachconcmtmbm oftestsubstai=usedinthedefinitivetestvnn be atleast600/oofthenext

higherbmhnezt, unlessinformationconcerningtheconcentration-effectcurveindicatesthata different

dilutimfactorwould be more appropriate.Water samplesfrom eachtestchamber willbe collecw at

specifiedintervalsforanalysisof thetestsubstance.Resultsoftheanalyseswillbe usedtocalculate

mean measured testconcentrations.

PROTOCOL No.: 454/120198/DAP-48HI/SUB454 3M LAB REQUEST NO. U2723
is-



WILDLIFE INTERNATIONAL LTD.

-4-

To controlbias

'

neonatedaphnidswillbe impartiallyassignedto exposurechambers attest

initiation.No otherpotentialsourcesofbiasareexpectedtoaffecttheresultsof thestudy.ECIO,EC50

and EC90 valueswillbe calculated,-whenpossible,based on thentunbcrof dead orimmobilized

daphnidsobservedineachtestconcentrationaftereach24-hourintervalofexposure.The no-mortality

concentrationandtheno-observed-effectconcentration(NOEC) wiU be determined.

Test Substance

MATERIALS AND METHODS

Informationon thecharacterizationoftes@controlorreferencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The SponsorisresponsibleforprovidingWildlifeInternational

LtcLwrittenverificationthatthetestsubsta= hasbeencharacterizedaccordingto GLPs priortoitsuse

inthestudy.IfwrittenvmificationofGLP testsubstancecharacterizationisnotprovidedtoWildlife

InternationalLtcL,itwillbe notedinthecompliancestatementof thefinalreport.The attachedform

IDENTMCATION OF TEST SUBSTANCE BY SPONSOR (AppendixI)istobe usedtoprovide

informationnecessaryforGLP compliance.

The Sponsorisresponsibleforallinformationrelatedtothetestsubstanceand agreestoaccept

any unused testsubstanceand/ortestsubstancecontainersremainingattheend ofthesbidy.

P=aration ofTestConcentrations

The testsubstancewillbe administeredtothetestorganismdirectlyintodilutionwater.This

routeof atirninistmfionwas selectedbecauseitrepresentsthemost likelyrouteof exposuretoaquatic

organisms.

TestQrgm@sm

The cladoceran,Daphnia magna, has been selectedasthetestspeciesforthisstudy.Daphnids

arerepresentativeofan importantgroup ofaquaticinvertebrates,and have been selectedforuse inthe

testbasedupon pastusehistoryand easeof culhuinginthelaboratory.Dapbnid neonatestobe used

inthetestwillbe lessdm 24 hoursoldand wiD be obtainedfrom culturesmaintainedatWildlffe

InternationalLtd.,Easton,Maryland. The identityofthespecieswin be vmifiedby thesupplierofthe

PROTOCOL NO.: 454/12019&/DAP-48HI/SUB454 3M LAB REQUEST NO. U272@3
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originalcultureor by WildlifeInternationalLtd.personnelusingappropriatetaxononuc keys such as

Peimak (4).

Daphnids willbe culturedin water from the same sourceand at approximatelythe same

temperatureasvnU be used duringthetest.Daphnids intheculturesproducingneonatesforthetestwill

be heldforatleast10 days priortocollectionoftheneonatesfortesting.Adult daphnids intheculture

willproduce an averageof atleast3 young per adultperday overthe 7 day periodpriorto thetest.

Neonates from daphnids thatshow signsof diseaseor stresswillnot be used as testorganisms.

Dapliiiidsinholdingthatproduce ephippiaalsowillnotbe usedto supplyneonatesfortesting.

Daphnidsinthecultureswillbe fedonce daily.The dietwillbe a mixtureofyeast,Cerophyll(g,

and troutchow (YCT), supplemented with a suspensionof the freshwatergreen algaSelenastrum

capncornutum. Adultsarefedduringthe24-hourperiodpriortotestinitiation,butneonateswillnot

be fedduringthetest Feed (YCT) providedtodaphnidsinthecultureswillbe analyzedatleastonce

annuallytoensurethatthereareno contaminantsatlevelsknown tobe capableofinterferingwiththe

sft*. Specificationsforacceptablelevelsofcontaminantsindaphniddietshave notbeen established.

However, ffi= areno known levelsof contaminantsreasonablyexpectedtobe presentinthedietthat

areconsideredtointerferewiththepurpose orconductofthetest.

Neonateswillbe obtainedfortestingfrom atleastthreeindividualadults.Priortotestinitiation,

theneonateswillbe collectedfrom culturesand transferredtosmallcontainers.The daphnidswillbe

releasedintothetestcompartments below thewatersurfaceusinga wide-borepipette.

DilutionWater

The water usedforcultarmgand testingwillbe obtainedfrom a wellapproxnnately40 meters

deep locatedon theWildlifeht=abonal Ltd.site.The waterwillbe passedthrougha sand filterand

pumped intoa 37,800-L storagetankwhere thewaterwillbe aeratedwithspraynozzles.Priortouse

thewaterwillbe filteredto0.45,um inordertoremove fineparticles.Water used forculturingand

testingischaractmizedas moderatelyhard. Typicalvaluesforhardness,alkalinity,pH and specific

conductanceareapproximftly:

PROTOCOLNO.: 454/120199/DAP-48Hl/SUB454 3M LAB REQUEST NO. U2723
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Hardness,mg/L as CaC03 145
'Alkalinity,mg/L as CACO, 190
pH 8.1
SpecificConductance,ymhos/cm 330

Hardness, alkalinity,pH and specificconductancewillbe measured weekly to monitor the

consistencyof thewellwater. Means and rangesofthemeasured parametersforthefour-weekperiod

precedingthetestwillbe providedinthefinalreport.Analyseswillbe performed atleastonce annually

to detemiinetheconcentrationsof selectedorganicand inorganicconstituentsinthewaterand results

of theanalyseswillbe summarized inthe&W reporl

Test A12paratus

Test chambers willconsistofpolyethylenebottles.The sizeof bottleand thevolume of test

solutionwillbe sufficient-to meet therequirementsof sampling foranalyficalverificationof test

substanceconcentrationsandroutinewaterchemistryanalyses.Testchambers willbe indiscriminately

positionedina tempmahze-contronedwaterbathoran environmentalchamber. Testchambers willbe

labelledwiththeprojectnumber, testconcentrationand replicate.

-EnvironmentalConditions

Lightingused to-illuminatetheculturesand testchambers duringculturingand testingwillbe

providedby fluorescenttubesthatemitwavelengthssimilartonaturalsunlight(e.g.,ColortoneOD50).

A photopmiod of 16 hoursoflightand 8 hours ofdarknesswillbe controlledwith an automatictimer.

A 30-mimft Uwktion periodoflow lightintensitywillbe providedwhen lightsgo on and offtoavoid

sudden changes inlightintensity.Lightintensitywillbe measured attestinitiationand attest

terminationwith a SPER ScientificLtd.lightmeter orequivalent.

The targettestt=pem= willbe 20:k1-C. Temperaturewillbe measured ineachtestchamber

atthebeginningand end ofthetestusinga hand-heldthermomete r.Temperaturealsowillbe measured

with a cmtmuous recorderinone negativecontrolchamber. Recordermeasun=ents Willbe vmfied

with a hand-heldthermometerpriortotestinitiation.

PROTOCOL NO.: 454/120198/DAP-48Hl/SUB454 3M LAB REQUEST NO. U2723
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Dissolvedoxygen willbe measured inallreplicatesofthetreatmentand controlgrpups attest

initiationand atapproximately24-hourintervalsthereafterusinga Yellow SpringsInstrumentModel

5 1B dissolvedoxygen meter,orequivalent Intheeventthatdissolvedoxygen levelsfallbelow 60%

sawration,appropriateactionswillbe takenafterconsultationwiththeSponsor. Measurements ofpH

willbe made inallreplicatesofthetreatmentand controlgroupsattestinitiationand atapproximately

24-hourintervalsdereafterusinga FisherAerumet Model 915 pH meter,orequivalentIfa treatment

group reaches100% mortality,dissolvedoxygen,pK and temperaturemeasurements willbe takenat

thenext sampling interval,thendiscontinued.

Hm-dms, pI-La&anily,specificconductanceand totalorganiccarbon(TOC) willbe measured

inthedilutionwateratthebeginningand end of thetest.Hardness and alkalinitymeasurements willbe

made by titrationusingproceduresbased on methods inStandard Methods for theExamination of

Water and Wastewater (5).Specificconductancewillbe measured usinga Yellow SpringsInstrument

Model 33 Salinity-Conductivity-Temperaturemeter,or equivalent Totalorganiccarbon willbe

measured on a Shimadzu Model 5000 TOC analyzer,orequivalent.

BioloeicalObservations

Observationsofmortality,immobilizationand clinicalsignsoftoxicitywillbe made between 0-

24 hours,and at24 and 48 hours:LIhour. Daphnids notabletoswim within15 secondsaftergentle

agitationof thetestchamber willbe consideredimmobile.

SwnpliniiforAn"cal Measurements

Water sampleswillbe collectedfrom eachtestchamber atthebeginningofthetestand at24 and

48 hours(:h1hour)toddmmw concenuationsofthetestsubstance Intheeventthat100% mortality

occursin any treatmentthen samplingofthattreatmentwillterminatefollowingthenext sampling

mterval Samples willbe collectedatnud-depthfrom eachtestchamber and analyzedunmo&atebr, or

placedinan appropriatestoragecontainer(e.g.,polyethyleneorpolypropylenebottle)and storedunder

refrigerationuntilana4rzrA The sample scheme issinnm below:

PROTOCOLNO.-. 454/12019&/DAP-48HI/SUB454 3M LAB REQUEST NO. U2723
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PROPOSED NUMBERS OF VERIFICATION SAMPLES

ExperimentalGroup 0 Hours 24 Hours 48 Hours

Control 2 2 2

SolventControl(ifneeded) 2 2 2

Level I-Low Concentration 2 2 2

Level 2 2 2 2

Level 3 2 2 2

Level4 2 2 2

Level5-High Concentration 2 2 2

Totals 14 14 14

TotalNumber ofVerificationSamples 42

The above nwnbers ofsamplesrepresentthosecollectedfrom thetestand do notincludequality'

control(QC) samplessuch as matrixblanksand fortificationspreparedand analyzedduringthe

analyticalchemistryphase ofthestudy.

AnWyficalChemist[y

Chemical analysisofthesampleswillbe performedby WildlffeInternationalLtd. The analytical

method used willbe basedupon mzthodolou providedby theSponsor and identifiedinAppendix ]I.

The methodologyusedtoanalyzethetestsamples willbe documented intheraw dataand sunmimized

inthefinalreport.

Data Anabmis

V&m fficdose-responsepattemallowscaladatim ofECIO, EC50 and EC90 values,thedatawill

be analyzedusingthecomputer softwareof C.E.Stephan (6).The program was designedtocalculate

the EC valuesand the95% confidenceintervalsby probitanalysis,themoving averagemethod, or

bfixxnialprobabilitywithnonlinearinterpolation(7,8 and 9)..The EC valueswillbe calculatedusing

mortality/immobilitydatacollectedat24 and 48 hours- The no-mortalityconcentrationand theno-

observed-effectconcentration(NOEC) willbe determined.

PROTOCOL NO.: 454/120198/DAP-48Hl/SUB454 3M LAB REQUEST NO. U2723



WILDLIFE INTERNATIONAL LTD.

-9-

RECORDS TO BE MAINTAINED

Recordstobe maintainedfordatageneratedby WildlifeInternationalLtd.willinclude,butnot

be limitedto:

1 . A copy of thesignedprotocol.

2. Identificationand characterizationofthetestsubstance,ifprovidedby theSponsor.

3. Dates of initiationand terminationofthetest.

4. Historyofthetestorganism,cultureand holdingrecords.

5. Stocksolutioncalculationand preparation.

6. Dailyobservations.

7. Water chemistryresults(e.g.,hardnessand alkalinity).

8. If applicable,the methods used to analyzetestsubstanceconcentrationsand the resultsof

analyficalmeasurements.

9. Statisticalcalculations.

10. Testconditions(lightintensity,photoperiod,etc.).

11. Calculationand preparati'onoftestconcentrations.

12. Copy of finalreport.

FINAL REPORT

A finalreportoftheresultsofthestudywillbe preparedby WildlifeInternationalLtcL The report

willinclude,butnotbe limitedtothefollowing,when applicable:

1 . Name and addressof thefacilityperformingthestudy.

2. Datesupon vAn6 thesh* was nutiatedandcompleted,and thedefinitiveexperunentalstartand

terminationdates.

3. A statementof compliancesignedby theSb* Directoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectives and procedures,as statedinthe approved protocol,includingallchanges to the

protocol.

5. The testsubstanceidentificationincludingname, chemicalabstractnumber or code number,

strength,punty,composition,and otherinformationprovidedby theSponsor.

6. Stabilityand solubilityofthetestsubstanceundertheconditionsofadministration,ifprovided

by theSponsor.
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WILDLIFE INTERNATIONAL LTD.

-10-

7. A descriptionofthemethods used toconduct thetest,

8. A descriptimofthetestorganisms,includingthesource,scientificname, age or lifestage,feed

types,resultsoflatestfeedanalyses,lightintensityand photoperiod.

9. A descriptionofthepreparationofthetestsolutions.

10. The me thods used to allorateorganisms to testchambers and beginthe test,the number of

organisms and chambers pertreatment,and thedurationofthetest.

11. A descriptionofcircumstancesthatmay have affectedthequalityor integrityofthedata.

12. 71bename oftheSb* Directorand thenames ofotherscientists,professionals,and supervisory

personnelinvolvedinthestudy

13. A descriptionof thetransformations,calculations,and operationsperformedon the data,a

mmmimy and analysisofthebiologicaldataand analyticalchemistrydata,and a statementofthe

conclusionsdrawn fiom thean*=. A graphplottmgtheconcentrationresponsecurveforeach

periodan EC50 iscalculated,when sufficientdataexists.Ifthedataisconducivetoevaluation

by probitanalysis,theslopeof theconcentration-rrsponsecurvewillbe reportea

14. Stafisticalmethods usedtoevaluatethedata.

15. The signedanddatedreportsof eachof theindividualscientistsorotherprofessionalsinvolved

inthestudy.

16. The locationwh= raw dataand finalreportaretobe stored.

17. A statementpreparedby fficQualityAssurance Unit listingthedatesthatstudyinspectionsand

auditswere made andthedatesofany findingsreportedtotheStudy Directorand Management.

18. Ifitisnecessaryto make correctionsor additionsto a finalreportafterithas been accepted,such

changeswillbe made intheform ofananvmdment issuedby theSh* Du-ector.The amendment

willclearlyidentifythepartofthe finalreportthatisbeingamended and thereasonsforthe

amendment, and willbe signedby theSu* Duwtor

CHANGING OF PROTOCOL

Phmned changestD theprotocolwillbe intheform ofwrittenamendments signedby theStudy

DirectorandtheSponsoes Representative.Amendments willbe consideredaspartof theprotocoland

willbe attachedtothefinalprotocol.Any otherchangeswin be intheform ofwrittendeviationssigned

by the StudyDirectorand filedwiththeraw dat& Allchangestotheprotocolwillbe mchcatedindw

finalreporl
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GOOD LABORATORY PRAMCES

ThisstudywillbeconductedinaccordancewithGoodLaboratoryPracticeStandardsforEPA

(40CFR Part160 and/orPart792);OECD PrinciplesofGood LaboratoryPractice(OCDE/GD (92)

32, EnvironmentMonograph No. 45);and Japan MAFF (59 NohSan, NotificationNo. 3850,

AgncultaralProductionBureau).Each studyconductedby WildlifeInternationalLtd.isroutinely

examined by theWildlifeInternationalLtd.QualityAssuranceUnit forcompliancewith Good

LaboratoryPractices,StandardOperatingProceduresand thespecifiedprotocol.A statementof

compliancevnthGood LaboratoryPracticeswillbe preparedforallportionsofthestudyconductedby

WildfifeInternationalLtd. The Sponsorwillbe responsibleforcompliancewithGood Laboratory

Practicesforproceduresperformedby otherlaboratories(e.g.,residueanalysesorpathology).Raw data

forallwork performedatWildlifefitmnationalLtd.anda copyofthefinalreportwillbe filedby project

number inarchiveslocatedon theWildlifeInternationalLtcLsiteor atan alternativelocationtobe

specifiedinthefinalreport.
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APPENDIX I
IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR

To be Completed by Sponsor

1. TestSubstanceIdentity(narm tobe usedinthereport):PFOS (PerfluorooetaneSxflfonic,Acid Potassium Sl*

ReferenceStandard(ifapplicable):AnalyticalStandard: N/A

InternalStandard: I-I-2-2H.FLH.HPtffluorooctaneSulforficAciL-

Test Substance Sample Code orBatchNumber: Lot 217

Test SubstancePurity(*/oActiveIngrechent): 98.9 ExpirationDate: 2008

]I. Test SubstanceCharactmintion

Have theidentity,s and compositionorothercharacteristics
which appropriateb@dv@me gem@tmytsubstanceand referencestandard bew
determift6dpriort6itsuseinthisstudyinaccordancewith GLP Standards? Yes No X

Ill. Test Substance StorageConditions

Pleaseindicatetherecommended storageconditionsatWildlifeInternationalLtd.

Ambient room tgmpcm=s

Has thestabilityofthetestsubstanceunderthesestoragecondifions
been determinedinaccordancewithGLP Standards? Yes No X

Otherpertinentstabilityinformation:

IV. TestConcentrations: Adjusttestconcentrationto 100*/*&i.
X basedupon thepurity(*/o)givenabove.

Do notadg'usttestconcentrationto I008/o
&i. Tea thematerialAM.

V. ToxicityInfor-znation:

Mannnalian: RatLD50 251mgft - Mouse LD50 N/A

Aquatic: InvertebrateToxicity(EC/LC50) FishToxicity(LC50)

DVIaliamagn: 27 mL-/L Rainbow Trout: II me/L

DopWa magm: 50 mL-/L FatheadMimiow, 38 mprJL

OtherToxicityInformation(mcluchngfm(hngsofchronicand subcbromc tmU):

PleaseseeMSDS
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APPENDIX Il

AnalyticalMethod tobe Providedby Sponsor
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