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PFOS: A 96-Hour StaticAcute ToxicityTest withthe
Fathead Minnow (Pimephales promelas)



ACUTE TOXICITY TO FISH

TEST SUBSTANCE

Identity:Perfluorooctanesulfonate;may alsobe referredto as 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: The testsubstance isa whitepowder. Sample was takenfrom
3M lotnumber 217. Sample was storedunder ambient conditionspriorto
testing.Puritydeterminedtobe 90.49% by LC/MS, 'H-HMR, 'GF-NMR
and elemental,analysestechniques.

METHOD

Method: OECD 203 and OPPTS 850.1075
Type: Staticacute
GLP: Yes
Year completed:Studycompleted1999. Reportcompleted2000
Species:Pimephalespromelas
Supplier:In-housecultures,WildlifeInternational,Ltd.,Easton,MD
Analyticalmonitoring:PFOS measured at0,48,96-hours
Exposure period:96-hours
Statisticalmethods: LC5ovaluescalculated,when possible,by probit
analysis,moving average method or binomialprobabilitywithnon-linear
interpolationusingthe computer softwareofC.E.Stephan.
Test fishage: Approximately126 days old
Length and weight:35 (30-38)mm, 0.36(0.21-0.49)g
Loading: 0.24g fish/L
Pretreatment: None

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

hardness: 131 (128-136)mg/L as CaC03

alkalinity: 177 (176-178)mg/L as CaC03
pH: 8.3
TOC: < 1.0mg/L
Conductivity: 311 (310-315)gmhos/cm

Stock and testsolutionpreparation: Primarystockprepared in
dilutionwater at27 mg/L and mixed for-22 hours priortouse.



Aftermixing,primarystocksolutionwas proportionallydilutedwith
dilutionwatertopreparethefouradditionaltestconcentrations.
Concentrationsdosing rate:Once
Stabilityofthe testchemical solutions:Extremelystable
Exposure vessels: 25L polyethyleneaquariacontaining
approximately15L oftestsolution;waterdepthapproximately17.6
CM.
Number of replicates:two
Number of fish per replicate:ten
Number of concentrations: fiveplus a negative control
Water chemistry during the study:

Dissolved oxygen range (0 - 96 hours):
7.8- 8.8mg/L (controlexposure)
7.7- 9.0mg/L (28mg/L exposure)

pH range (0- 96 hours)
8.3- 8.6 (controlexposure)
8.4- 8.5 (28mg/Lexposure)

Testtemperaturerange (0- 96 hours)
20.4- 22.1OC (controlexposure)
21.3- 22.30C(28mg/L exposure)

Method ofcalculatingmean measured
concentrations:arithmeticmean

RESULTS

Nominal concentrations:Bk control,3.6,5.9,9.9,16,27 mg/L
Measured concentrations:<LOQ, 3.3,5.6,9.5,17,28 mg/L
Element value:24-hourLC5o > 28 mg/L (C.I.notcalculable)

48-hour LCso > 28 mg/L (C.I.notcalculable)
72-hour LCso 27 (22- 41)mg/L
96-hourLC50=9.5 (8.0- 11)mg/L

Allelementvalues.basedon mean measured concentrations

StatisticalEvaluationofMortality:
Confidencelimitsfor24 and 48-hourscouldnotbe calculateddue tolack
ofmortality.The 72-hourLCsovalueisquestionablebecause a
concentration-effectrelationshipwas notdemonstratedovera reasonable
range ofpercentdead. The 24 and 48-hourLC50valueswere determined
by visualinterpretation.Probitwas used tocalculatethe72-hourLC5oand
Moving Average forthe96-hourLC5o.

AnalyticalMethodology: Analysesoftestsolutionswere performedat
WildlifeInternationalLtd.usinghighperformanceliquidchromatography
withmass spectrometricdetection(HPLC/MS).When determiningthe



concentrationofthetestsubstanceinthetestsolutions,thesame and
most prominentpeak responseforperfluorooctanesulfonatewas used.
No attemptwas made toquantifyon thebasisofindividualisomeric
components. The LOQ (limitofquantitation)was 0.458mg/L inthisstudy.
The mean percentrecoveryofmatrixfortificationsanalyzedconcurrently
duringsample analysiswas 97.9.Samples collectedattestinitiationhad
measured valuesfrom 85.3to117% ofnominal.Measured valuesfor
samples takenat48-hoursrangedfrom 86.3to101% ofnominal.
Measured valuesforsamples takenat96-hoursrangedfrom 87.6to
98.3% ofnominal.

Summary ofanalyticalchemistry data:

Nominal Test M6asured DuplicateValues at0.48, Mean
Concentration, and 96-hours,Respectively,mgll Measured Percentof

mg/L Concentration, Nominal
mgA.

NegativeControl AN < LOO <Loa -

3.6 3.16,3.53,3.08,3.22,3.46,3.13 3.3 92

5.9 6.06,6.07,5AS, 5.89,5.70.5.55 6.6 95

9.9 8.99,9.47,9.88,9.33.9.70,9.62 9.5 96

Is 18.2,19.3,15.0,15.6,14.8,16.2 17 106

27_ 28.5,28.5,27.0,Z7.8,26-8.26.6 28 104

Biologicalobservationsafter96-hours:Fishinthenegativecontroland
the3.3mg/L exposure concentrationappeared normal.Some orallofthe
survivingfishwere observedtobe swimming erratically(4/16in5.6mg/L
exposure,10/10in9.5mg/L,4/4in17 mg/L)attesttermination.

Cumulative percentmortality:

Mean
Measured 24-hours 48-hours 72-hour3 96-hours
Test Conc.,

mg/L

Neg. Control 0 0 0 0

3.3 0 0 0 0

5.6 0 0 0 20

9,5 0 0 0 50

1 17 0 1 0 1 is 80

o o 50 I-oo



Lowestconcentrationcausing100% mortality:28 mg/L
Mortalityofcontrols:None

CONCLUSIONS

The potassium perfluorooctanesulfonate96-hour LC50 forfathead minnow
was determined tobe 9.5mg/L with a 95% confidence intervalof8.0-11
mg/L. The 96-hour no mortalityand no effectsconcentrationwas 3.@
mg/L.

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

DATA QUALITY

Reliability:Klimischranking 1

REFERENCES

This study was conducted atWildlifeInternationalLtd.,Easton, MD atthe
requestofthe 3M Company.
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SUAUMLARY

SPONSOR: 3M Corporation

SPONSOR'S REPRESENTATIVE: Ms. SusanA. Beach

LOCANON OF STUDY, RAW

DATA AND A COPY OF THE WilMe InternationalLtd.
FINAL REPORT: Easton,Maryland 21601

WILDIME RfrERNATIONAL
LTD. PROJECT NUMBER: 454A-102

TEST SUBSTANCE: PFOS (PerfluorooctaneSulfonicAcid PotassiumSalt)

STUDY: PFOS: A 96-Hour StaticAcute ToxicityTestwiththeFathead
Minnow (Pimephalespromelas)

NEAN NEASURED TEST
CONCENTRANONS: NegativeControl,3.3,5.6,9.5,17 and 28 mg a.i./L

TEST DATES: ExperimentalStart- Fqbnuffy 15,1999
BiologicalTermination- Febmary 19, 1999
ExperimentalTermination- Febmary 19,1999-

LENGTH OF TEST: 96 Hours

TEST ORGANISM: Fathead Minnow (Pimephales promelas)

SOURCE OF TEST ORGANMM: Wll&ffehitemationalLtcLcultures
Easton,Maryland 21601

AGE OF TEST ORGANBW: Juveniles

MEASUREMENTS OF 10
NEGATIVE CONTROL FISH:

WEICTHT (g): Mean = 0.36; Range = 0.21 to0.49

TOTAL LENGTH (MM): Mean = 35; Range = 30 to39

96-HOUR LC50: 9.5mg a.i.AL

95% CONFIDENCE Lnvm: 9.0and 11 mg &i./L

NO MORTALITY CONCENTRATION: 3.3mg a.iJL

NO-OBSERVED-EFFECT-
CONCENTRATION: 3.3mg a.i./L

AMENDED
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DITRODUCRION

Thisstudywas conductedby WildlifeIntm-nationalLtd.for3M CorporationattheWildlifehi.t=ational

Ltd.aquauctoxicologyfacilityinEaston,Maryland.The m-hfcphase of thetestwas conductedfrom

Febmary 15 toFebnmry 19,1999. Raw datageneratedby WildlifeInternationalLtd.andacopyofthefinal

reportarefiledunderProjectNumber 454A-102 inarchiveslocatedontheWildlifeIntm-nationalLtd.site.

OBJEc,nw

.Theobjectiveofthisstudywas toevaluatetheacutetoxicityofPFOS (PerfluorooetaneSulfonicAcid

PotassiumSalt)tothefatheadminnow,Pimephalespromelas,duringa 96-hourexposureperiodunderstatictest

conditions.

EXPERIMEENTAL DESIGN

Fatheadminnows were exposedtoa geometricseriesoffivetestconcentrationsanda negative(dilution

water)control.Two replicatetestchambersweremaintainedineachbwbnent andcontrolgroup,with10f;lthead

minnows ineachtestchamberfora totalof 20 fatheadminnows per testconcentmfion.Nominal test

concentrationswereselectedinconsultationwiththeSponsor,andwerebasedupontheresultsofan exploratory

rangefindingtoxicitytest.Nominal testconcentrationsselectedwere 3.6,5.9,9.9,16 and 27 mg active

ingredient(ai.)AL.Me= measuredtedconcentrationswere&tmmined fmm samplesoftestwatercollectedfrom

eachtreaunentand thecontrolgroupatthebegimmg of theum@ atapproximately48 hours,and attest

tmmiination.

Fatheadmmnows wereindiscriminatelyassignedtoexposurechan*crsattestimfiafio[LObservationsof

mortalityandotherclinicalsignsoftoxicitywere made atapproximately2.5,24,48,72 and96 hoursaftertest

initiation.Cumulativepercentmortalityobservedinthetreatmentgroupswas usedtomfimateorcalok&LC50

valuesat24,48,72 and 96 hours.The no mortalityconcentrationand theno-observed-effect-concentraUon

(NOEC) weredeterminedby visualinterpretationofthemortalityandclinicalobservationdata.

AMEMED
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MATERL4J,SAND METHODS

ThesU* wasconductedbasedontheproceduresoutlinedintheprotocol,"PFOS:A 96"HourStatic

AcuteToxicityTestwiththeFatheadMinnow(Pimephalespromelas)".Theprotocolwasbasedonprocedures

outlinedinU.S.EnvironmentalProtectionAgency Series850 - EcologicalEffectsTestGuidelines,OPPTS

Number 850.1075(1):OECD GuidelineforTestingofChemicals203: Fish,AcuteToxicityTest(2);and

ASTM StandardE729-88a,@l
I
Standard Guide for Conducting Acute Toxicity Tests with Fishes,

Macroinvertebrates andamphibians (3).

Test Substance

The testsubstancewas receivedfrom 3M Corporationon October29,1998and was assignedWildlife

InternationalLtcLidentificationnumber 4675. The testsubstancewas describedas awhitepowder. Itwas

identifiedasFC-95 fromlotnumber 217 (T-6295).Informationprovidedby theSponsorindicatedapurityof

98.90/o,andanexpirationdataof2008. The testsubstancewas reanalyzedby theSponsorandtheCertificateof

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

temperature-

PLeparationofTestConcentrations

Nominal testconcentrations'were3.6,5.9,9.9,16and27 mg &i./L,basedon atestsubstancepurityof

90.490/o.Allmaterialswhich came intocontactwiththetestsubstanceduringpreparationoftestconcentrations

were constructedofplasticor stainlesssteel.A primarystocksolutionwas preparedindilutionwaterata

concentrationof27mg a.i./L.Thepfimarystocksolutionwasmixedwithanelectncrm= forapproximately22

hourstoaidinthesolubdmbon of thetestsubstance.Aftermixm& theprunarystocksolutionwas

proportionallydilutedwithcwulaonwatertopreparethefouradditionaltestconcentrations.Alltestsolutions

appearedclearandcolorless.

TestOr-

Thefatheadminnow,Pimephalespromelas,was selectedasthetestspeciesforthissh*. The fiwrad

mmnow isrepresentativeofanimportantgroupofaquaticvertebratesandwas selectedforuseinthetestbased

upon pasthistoryofuseinthelaboratory.Fatheadminnows usedinthetestwereobtainedfromculmm at

WildlifebitmmtionalLtd.,Easton,Maryland.

AMENDED
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Fatheadmmnows wereheldatapproxnnatelythesame temperatureasused duringthetest.The fish

wereheldforapproximately126 dayspriorto testing.The fishwere acclimatedto testconditionsfor

approxunately48 hourspriortotestinitiation.Duringtheholdingand acclimationperiods,thefishshowed no

signsofdiseaseorstress.Duringthe14-dayholdingperiodprecedingthetest,watertemperaturesrangedfrom

22.0to22.8*C.The pH ofthewaterrangedfrom 8.2to8.5anddissolvedoxygenrangedfrom 7.7to8.4mg/L.

instrumentationand methods used forwatermeasurementsaredescribedintheEnwronmental Conditions

sectionofthisreport.At testinitiation,thefadieadminnows were collectedfrom theacclimationtankand

transferredtothetestchambers.

.Duringtheholdingperiod,fatheadmmnows werefeda commercially-prepareddiet The fishwerenot

fedduringtheacclimationperiod(atleast48 hourspriortothetest)orduringthetesl

Allfishusedinthetestwere fromthesame sourceandyearclass,andthetotallengthofthelongestflsh

was nomore thantwicethelengthoftheshorteslThe averagetotallengthof 10negativecontrolM measured

attheend of thetestwas 35 mm witha rangeof 30 to 38 mrn The averagewet weight(blotteddry)of

10negativecontrolfishattheendofthetestwas 0.36gramswitharangeof0.21to0.49grams.Loadingwas

0.24g fish/Loftestwaterpresentinthetestchambersatanygiventime.

TestAgparatus

Testchamberswere25-Lpolyethyleneaquariacontainingapproximately15L oftestsolution.The

depthofwaterinarepresentativetestchamberwas approximately17.6cnx Testchamberswereimpartially

positionedinan environmentalchambersettomaintaina temperatureof22-+2*C.The testchambersW=

labeledwiththeprojectnumber,testcm=hmbm andreplicate.

DilutionWater

The waterusedforcidbiringandtestingwas freshwaterobtainedfrom a wellapproximately40 meters

deeplocated(m theWildlifebtemationalLtcLsite.The wellwaterischmwtmized asmoderately-hardwater.

The specificconduct&=, hardness,alkalinity,and pH measurementsofthewellwaterduringthefour-week

periodimmediatelyprecedingthetestarepresentedinAppendix 1.
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The wellwaterwas passedthrougha sandfiltertoremoveparticlesgreaterdm approximately25 gm@

and pumped intoa 37,800-Lstorageumk and aeratedwithspraynozzles.Priortouse,thewateragainwas

filtered(0.45pm) toremovemicroorganismsand particles.The resultsofperiodicanalysesperformedto

measuretheconcentrationsof selectedcontaminantsinwellwaterusedby WildlifeInternationalLtd.are

presentedinAppendixIl.

EnvirommcntalConditions

Lightingusedtoilluminatetheculturesandtestchambersduringholding,acclimationandtestingwas

providedby fluorescenttubesthatemittedwavelengthssunilartonaturalsunlight(Colortonee50). A

photoperiodof16 hoursoflightand8 hoursofdarknesswas controlledwithanautomatictimer.A 30-minute

transitionperiodoflow lightintensitywas providedwhen fightswenton and offtoavoidsuddenchangesin

lighting.Lightintensityattestinitiationwas approximately391 luxatfficsurfaceofthewater.Lightintensity

was measuredusinga SPER ScientificLtd.lightmeter.

Temperaturewas measuredineachtestchamberatthebeginningofthetestand atapproxanately

24-hourintervalsthereafterusinga liquid-in-glassthermometer.Tempaium alsowasmeasuredcontinuouslyin

onenegativecontrolreplicateusinga FulscopeERIC Rerorder.The targettesttemperatureduringthestudywas

22-E2*C.Dissolvedoxygen andpH measurementsweremade on watersamplesfromallreplicatetestchambers

ofeachtreatmentandcontrolattestinitiationandatapproximately24-hourintervalsffimafter.Hardness,

alkalinityand specificconductancewere measuredinthedilutionwaterattestuntiatton.

MeasurementsofpH weremade usingaFisherAccumet Model 915pH meter,anddissolvedoxygenwas

measuredusinga YellowSpringsInstrumentModel 5 1B dissolvedoxygenmeter.Specificconductancewas

measuredusinga YellowSpringsInstrumentModel 33 Salinity-Conductivity-Temperat=meter.Hm-cbm and

allWuntymeasurementsweremade bytitrationbasedon proceduresinStandardMethodsfortheFxamination

ofWaterand Wastewater(4).

Observations

Observationsweremade todetm-mmethenumber ofmortalities.The number ofmckvidualsexlnbiting

clinicalsignsoftoxicityorabnormalbehavioralsowereevaluated.Observationsweremade approxim@ 2.5,

24,48,72 and96 hoursaftertestinitiation.
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StatisticalAnalyses

The 24,48,72and 96-hourLC50 valuesandthe95% confide= intmalswm calculatedwhenpossible

by probitanalysis,themoving averagemethod orbinomialprobabilitywithnon-linearinterpolation(5,6,7)

usingthecomputersoftwareofC.E.Stephan(8).Inthisstudy,LC50 valuescouldnotbecalculatedat24and48

hoursdue tothelackofan adequateconcentration-responsepatwn, however,thepmbitmethod was usedto

evaluatemortalityat72 hoursandthemoving averagemethod was usedtoevaluatemortalityat96 hours.1"hem

mortalityconcentrationand 140EC were determinedby visualmtmpretationof themortalityand clinical

observationdata.

AgalyficalChemi

Water sampleswere collectedatnud-depthfrom eachreplicatetestchamberof eachtreaunentand

controlgroupatthebeginningofthews@ at48 hoursandattesttmmimtion tomeasurecm=umfions ofthetest

substance.The sampleswerecollectedinplastic(Nalgene(D)vialsand analyzedassoonaspossiblewithout

storage.AnalyticalproceduresusedintheanalysisofthesamplesareprovidedinAppendixM.

RESULTS AND DISCUSSION

MeasurementofTestConcentrations

Resultsofanalym tomeasureconcentrationsofPFOS inwatersamplescollectedduringthetestare

presentedinTableIand intheanalyticalchemistryreport(AppendixIH).Nominalconcentrationsselectedfor

useinthissu* were 3.6,5.9,9.9,16and27 mg &i.AL.Samplescollectedattestinitiationhadmeasuredvahies

thatrangedfrom 85 to I17*/oofnominalvalues.Measuredvaluesforsamplestakenat48 hoursrangedfrom

86 to 101% ofnominal.Measuredvaluesforsamplestd= at96 hoursrangedfrom88 to98% ofnominal.

When measuredconcentrationsofthesamplesanalyzedattestinitiation,approximately48 hoursand attest

tmmmtion wereaveraged,themean measuredconcentrationsfortlusSh* were3.3,5.6,9.5,17 and28 mg

a.i.AL.Mean measuredconcentrationswere usedintheestimationorcalculationofLC50 values.

Observationsand

Measurements oftemperature,dissolvedoxygm and pH -arepresentedinTable2. Temperatureswcre

withinthe22-+20Crangeestablishedforthetest.Dissolvedoxygenconcenftfionsr=ained2:7.7mg/L(880/oof

saun-ation)throughoutthetest.measurementsofpH rangedfrom 8.3to8.6durmg thetest.

ANIENDED
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Dailyobservationsofmortalityandotherclinicalsignsoftoxicityobservedduringthetestareshownin

Table3. Fatheadminnows inthenegativecontrolandthe3.3mg ai.ALtreatmentgroupappearednormaland

healthyduringthetest.After96-hoursofexposure,mortalityinthe5.6,9.5,17 and28 mg a.i./Lltreatment

groupswas 20,50,80 and 1000/o,respectively.LC50 valuesand 95% confidencelimitsat24,48,72 and96

hourswereesbmted orcalculatedfromthemortalitydata,and areshown m Table4. A graphofthe

concentration-responsecurveispresentedinFigure1.

CONCLUSIONS

The 96-hourLC50 valueforfatheadmimows exposedto,PFOSwas 9.5mg a.i./Lwith95% confidence

limitsof8.0and 11mg ai./L.The 96-hourno mortalityconcentrationandtheNOEC were3.3mg a.i./L.

AMENDED
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Table 1

Summary ofAnalyticalChemistryData

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganimn: FatheadNiinnow,Pimephalespromelm
DilutionWater: Well Water

OM=MBI Test Sampling Measured Mean Measured M==t
Concentration Time Concentration Concentration Of
LMA ai. Replicaid (Ho!,m) (maai.u LUai.Q Nominal

NegativeControl A 0 <LOQ- <LOQ
B 0 <LOQ
A 48 <LOQ
B 48 :LOQ
A 96 <LOQ
B 96 <LOQ

3.6 A 0 3.16 3.3 92
B 0 3.53
A 48 3.08
B 48 3.22
A 96 3.46
B 96 3.13

5.9 A 0 6.05 5.6 95
B 0 5.(Y7
A 48 5.48
B 48 5.89
A 96 5.70
B 96 5.55

9.9 A 0 8.99 9.5 96

B 0 9.47
A 48 9.98
B 49 9.33
A 96 9.70
B 96 9.52

16 A 0 18.2 17 106
B 0 19.3
A 48 15.0
B 48 15.6
A 96 14.9
B 96 16.2

27 A 0 28.5 28 104
B 0 28.5
A 48 27.0
B 49 27.8
A 96 26.8
B 96 26.6

The limitofquantitafion(LOQ) was 0.458mg ai./L.

ANgRiDED
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Table2

Temperature,DissolvedOxygen and pH ofWater intheTestChambers

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrpnisin: FatheadMinnow,Pimephalesprotnelm
DilutionWater: WellWater

72 HoursMean Measured 0 Hour 24 Hours 48 Hours

TestConcentration Terne D03 TCMP PO Temp DO Temp DO
(mg&i./L) Replicate (*C) (mgAL) pH (OC) (mg/L) pH (OC) (mg/L) pH (OC) (mg/L) pH

NegativeControl A 20.5 8.8 8.6 21.7 7.8 8.5 21.9 8.4 8.4 22.1 8.2 8.4

B 20.4 8.8 8.6 21.7 7.8 8.5 21.4 8.2 8.4 21.6 8.0 8.4

3.3 A 20.5 8.8 8.6 21.7 .7.8 8.5 21.3 8.6 8.5 21.6 8.0 8.4

B 20.4 8.8 8.6 21.6 7.9 8.5 21.3 8.4 8.5 21.5 9.0 8.4

5.6 A 20.5 8.8 8.6 21.4 7.8 8.5 21.2 8.6 8.4 21.5 8.0 8.4

B 20.3 8.8 8.6 21.1 7.8 8.5 21.0 8.4 8.4 21.3 8.0 8.4

9.5 A 20.5 9.0 8.5 21.2 7.9 8.5 21.0 8.4 8.4 21.2 8.0 8.4

B 20.7 9.0 8.5 21.2 7.9 8.5 21.0 8.4 8.5 21.2 8.0 8.4

17 A 21.2 9.0 8.5 21.3 7.8 8.5 21.1 8.6 8.4 21.4 8.0 8.4

B 21.4 9.0 8.5 21.4 7.9 8.5 21.2 8.5 8.4 21.5 8.0 8.4

28 A 22.2 9.0 8.5 21.4 7.7 8.5 21.3 8.6 8.4 21.6 8.0 8.4

B 22.3 9.0 8.5 21.7 7.7 8.4 21.7 8.4 8.4 21.9 8.0 8.4

I'he0-hourdilutionwatermmmments forhudness.WW=ty andspecificconductancewere 136mg/L RS CaC03,178 mg/L asCaC03and 315 pmhos/cm,
2 Temperaturemaluuredcontinuouslyduringthetestrangedfi= approximtely20.5to22.OOC.
3 A dissolvedoxygenconcentrationof5.2mg/L represents600/osaturationat22*C infie-shwater.
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Table 3

CumulativePercentMortalityand Treatinent-RelaWdEffects

SPOMW- 3M Corporation
Ted Substam: PFOS

Ted Orgafism: FathandMinnow, Pimephalespromelas
DilutionWdw WellWea

Mean Meamuvd 2.5 Houm 24 Hours 49 Hom 72 Hours cunndative 96

Ted ConomUiSon No. No. No. No. No. pac=t No.

(mg ILL/L) Replicdo EVo-d Dad' EffacW Dead Effects Dmd Effwb Dead Effects MMUW Dead

NegativeCoatrol A 10 0 10 AN 0 10 A14 0 10 AN 0 10 AN 0 0

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

3.3 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

5.6 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0 3

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN I

9.5 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0 5

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 5

17 A 10 0 10 AN 0 10 AN, 0 10 AN I 2AN-,7E 15 9

B 10 0 10 AN 0 10 AN, 0 10 AN 2 3AN;5E 7

28 A 10 0 10 AN 0 10 AN 0 10 AN 4 5E;IN 50 10

B 10 0 10 AN 0 10 AN 0 10 AN 6 3E-IN 10

Cumulativemmiber ofdoad fok

ObgavedEffo*: AN-AppemNoniW; E-Effaficxwhnming N-LA=ofaquilibriuaL
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Table4

LC50 Values

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrgan'Lqm: FatheadMimow, Pimephalespromelas
DilutionWater: WellWater

Lower 95% Upper 95%
Confidence Confidence

LC50 Limits Limits Statistical
Time @2m a.i.2 ai.2 a.i.2 Method
24 Hours >28 VisualInterpretation

48 Hours >29 VisualInterpretation

72 Hour? 27 22 41 Probit

96 Hours 9.5 8.0 11 MLymS Average
ConfidenceEmitscouldnotbecalculatedwiththemoftal4 dataobtained.

2 The usefidms ofthisLC50 isquestionablebecauseaconcentration-effectrelationshipwas.notdemonstrated
overa reasonable2BLe (e.g.,<37 to>631 ofpercentdeacl

AN[ENDED



WILDLIFE INTERNATIONAL PROJECTNO.: 454A-102

-19-

Figure1.ConcmtratLon-ResponseCurve(96-HourData)
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ANENDED
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APPENDIXI

SpecificConductance,Hardness,AUmlinityandpH ofWell Water Measured
Dmmg the4-Week Penod ImmediatelyP=Wmg theTest

Sponsor. 3M Corporation
Test Substance: PFOS
TestOrganisrw FatheadMimow, Pimephalespromelas
DilutionWater: WellWater

mean Range
SpecificConductance 311 (N = 4) 310-315

Ganhos/cm)

Hardness 131(N = 4) 128-136
(mg/L asCaCO3)

A&dinity 177(N= 4) 176-178
(mgtlasCaCO3)

pH 8.3(N = 4) 8.3



WILDLIFE INTERNATIONAL L-m. PROJECTNO.: 454A.102

-21-

APPENDIX 11
Analym ofPestimdes,Orgames,Metalsand Otherlaorgamcs

m Wddhfe IntemationalLtd.WellWaterl

ANALYSIS NM"URIED CONCFZfrRATION

MiscellaneousMeasurements
TotalDissolvedSolids 286 mg/L
Animonia

2
< 0.050 Mi/L

ToW Orgamilc=M < 1.0 mgtl
TotalC5inide < 10.0 1"91L

Orgomocb'o and PCBs
AIZ@s < 0.005 pg/-L
aha BHC < 0.005 AIVLBHC < 0.005 mg/L
DeltiiBHC < 0.005 mg/L
Ganuna BHC (Undane) < 0.006 AV-L
Chlordane < 0.025 ug/L
DDD, pp' < 0.006 Awi,
DDE, ppI < 0.005 4/LDDT,pp' < 0.008 pgt-L
Dieldriti < 0.005 41L
Pndo.qWfan,A < 0.005 AW-L
Endasulfan,B < 0.005 4/-L
EndosuffanSWfate < 0.018 4AL
Endrin < 0.010 aiv-L
EndrinAidehyde < 0.005 41-L
Hcpbwblor < 0.005 ui/-L
M6&oxychlor < 0.007 m@v-L
HeptachlorEpo)ddc < 0.005
Toxaphtne < 0.500
PCB@1016 < 0.260 mg/L
PCB-1221 < 0.260 AGIL
PCB-1232 < 0.260 A4-L
PCB-1242 < 0.720 UWL
PCB-1248 < 0.720 4)-L
PCB-1254 < 0.720 juiv-L
PCB-1260 < 0.720 4@L

Metalsand Other luorgank3
,mutri@nyin.1 < 100 A4@-L
Ar3miic < 25.0 4/-L
B < 0.50 A4-1
c < 1.0 mi/-L
Calcium 35.0 nliv-L
Chro ' 3 < 2.0 4t-L

< 1.0 MFV-L
co < 20.0 A* -&

< 100 4/-L
< 10.0 A4fyi-

m
< 1.0
< 0.203 < 2.0

3
< 2.0

Potassiurg 6.62 m
Sol * < 25.0
sil=p-m < 1.0 PV-L

M
Sodi 3 21.3

YM < 20.0

AnaPpm r Enviromnenbd,Gainesvfflc,FloridaforsamplescoU onWo-v-a'nlm-
Analyses*fprmad b-.y VrddlifelnftmationalLtd.forthesamplecoffeefodon November 5,1997.
A@Wy;ii performedby WddVe InWnatLorW Ltd.forsamplescollectedon.November 5 #Lmgh 7, 1997.

co!7'

3

mapesiur<
Maiigancw'
m
'MIMOM. @num
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APPENDIXM

THE ANALYSIS OF PFOS IN FRESHWATER

IN SUPPORT OF
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Introduction

Freshwatersampleswere collectedfroma staticacuteaquatictoxicitystudydesignedtodeterminethe

effectsof PFOS (PerfluorooctaneSulfonicAcid PotassiumSalt)to thefatheadminnow (Pimephales

promelas).Tlusstudywas conductedby WildlifehftmationalLtd.andidentifiedas ProjectNo.: 454A-

102. The analysesof dme watersampleswere performedatWildlifeInternationalLtd.usinghigh

performanceliquidchromat*Vhy withmass spectrometricdetection(HPLC/MS). Sampleswere

receivedforanalysison February15,17 and 19,1999 and were analyzedon eachsamplereceiptday.

TestSubstanceand InternalStandard

The testsubstanceused fortheanalyticalportionof thisstudywas WildlifeInternationalLtd.

identificationnumber 4675. The testsubstancewas usedto preparecalibrationand matrixfortification

samples.

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

InternationalLtd.idenfificationnumber 4526 upon receipt."lbeinternalstandard,a.granularmatmial,was

idenfifiedas: IK 1K 2K 2H PerfluorooctmeSulfonicAcid,ChemicalAbstractNumber: 27619-97-2.

The standardwas storedunderambientconditions.

Ang.)IicalMethod

The method used fortheanalysisofthefirshwatersampleswas developedatWildlifeInternational

Ltd.and entitled"AnalyticalMethod fordm Determinationof PFOS inFreshwater,Saltwater,and Algal

Medium". Thismethodologywas includedasAppendixIlofWildlifeIntemationalLtd.protocolnumber

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

Sampleswere dilutedin a 50% methanol: 50% NANOpureg watersolutioncontaining

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

calibrationrangeofthePFOS methodology.

Concentrationsof thePFOS in thestandardsand sampleswere detemiinedby reverst.-phasehigh

perfbrmanceliquidchromatographyusinga Hewlett-PadmrdModel 1100 I-lighPerformanceLiquid

Chromatograph(H]?LC)witha Perkin-Ehm API 10OLC Mass Spectrometerequippedwitha Peridn-
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Eh= TurboIonSpmy ionsource.BPLC separationswere achievedusinga Keystme BetasilCis

analyticalcolurrm(100nun x 2 I.D.,3 pm particlesize).The instrumentparametersaresununarized

inTable1.A method flowchartisprovidedinFigure1.

CalibrationCurveand Lmat of

Calibrationstandardso:tlPFOSpreparedin a 50% methanol: 50% NANOpure(D watersolution

containing0.100 mg 4H PFOS (internalstandard)AL,and0.05% fonnicacid(vtv),ranginginconcentration

from 0.00915to 0.0457mg a.iJLwere analyzedwiththesamples.Linearregressionequationswere

generatedusingpeak arearesponseratios(PFOS :mt=al standard)versustherespectiveconomb-ations

of thecalibrationstandards.A typicalcalibrationcurveispresentedinFigure2. The concentrationof

PFOS inthesampleswas dewnninedby subsfitifingthepeakarearesponseratiosintotheapplicableImear

regressionequation.Representativeionchromatogramsoflow and lughcalibrationstandardsarepresented

inFigures3 and 4,respectively.

Mm method limitofquanfi=on (LOQ) fortheseanalyseswas setat0.458mg a.i.ALcalculatedasthe

productof thelowestcalibrationstandardanalyzed(0.00915mg ai.AL)and thedilutionEwWr ofthe

matrixblanksamples(50.0).

MatrixBlankandForfificationS=Ies

Threematrixblanksampleswereanalyzedtoddermme possibleinterference.No mter&mm were

observedat or abovetheLOQ duringsamplesanalyses(Table2). A representativechromalograrnof a

matrixblankispresentedinFigure5.

Freshwaterwas fortifiedat0.915,9.15and 45.7mg a.i./Land analyzedconcurrentlywiththesamples

to&tenninethemean proceduralrecovery(Table3). Sampleconcentrationswerenotcorrectedfordw

mean proceduralrecoveryof97.9%. A representativechromatog= ofamatrixfortificationispresented

inFigure6.

AMENDED
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E&wnple Calculations

Samplenumber 454A-102-27,nominalconcentrationof3.6mg a.i./Linfreshwater.

InitialVolume: 0.250mL

FinalVolume: 25.0mL

DilutionFactor:100

PFOS PeakArea: 359685

IntenialStandardPeakArea:415648

PeakArea Ratio:0.865

Calibrationcurveequation.

Slope:0.023

Intercept:0.062

Curve islinear.

PFOS (jiga.i./L)atinstrumentPeakarearatio- -inter t
Slope'

PFOS (mg a.i./L)insample PFOS (gga.i./L)atinstnunentx DilutionFactor
1000

Calculatedconcentration:3.46mg a.i./L

Note:manualcalculationsmay chffer.

PercentofNominalConc. PFOS (mg a.i./]L)insMRIe x 100
PFOS (mg a.i.AL)nominal

Calculatedrecovery:96.9%

Note:manual calculationmay differ.

AMENDED
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RESULTS

S=le AgWysis

Freshwatersampleswere collectedfromtheacutetoxicitystudywiththeffitheadminnow (Pimephales

promelas)attestinitiation,February15,1999 (Hour0),on February17,1999 (Hour48),and attest

termination,Febniary19,1999 (Hour96).The measuredconcentrationsofPFOS inthesamplescollected

atinitiationof exposureof thetestorganisms(Hour 0) rangedfrom 85.3to 117% ofthenominal

concmtrations.SamplescollectedatHour 48 had a measuredconcentrationrangeof 86.3to 101% of

nominalvalues.Samplescollectedattesttenninafion(Hour 96)had a mmured concentrationrangeof

87.6% to98.3% ofnominalvalues(Table4).A representativechromatogramofa testsampleisshown in

Figure7.

AUURQDED
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TableI

TypicalBPLC OperationalParameters

INSTRUNM'NT: Hewlett-PackardModel 1100 High PerfomianceLiquid
Chromalographwitha Peridn-EhnerAPI IOOLC Mass Spectrometer
equippedwitha Perldn-EhnerTurbolmSpray ionsource.Operatedin
selectiveionmonitoringmode (SM.

ANALYTICAL COLUMN: KeystoneBetasilClgcolumn (100mrn x 2 mm I.D.,3 pm particle
size)

OVEN TEMPERATURE: 300C

STOP TIME: 10.0minutes

FLOW RATE: 0.220mljminute

MOBELE PHASE: 72.0% Mcdianol:28.0% NANOpureM Waterconwning
0.1% FomiicAcid

INJECT10N VOLUME: 50.0liL

PFOS RETENTION TIME: ApproxiinaWly7.1minutes

INTERNAL STANDARD
RETENTION TIME: Approximately4.9minutes

PFOS MONITORED MASS: 498.6qrm,

RQTERNAL STANDARD
MONITORED MASS: 426.7amu
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Table2

MatrixBLmks AnalyzedConcurrentlyDuringSampleAnalysis

S=le Measured Concentrationof
Number PFOS'

(454A-102-) TMX (mga.i./L)
NIAB-1 MatrixBlank < LOQ

NIAB-2 NL-ttdxBlank < LOQ

MAB-3 MatrixBlank < LOQ
ne limitofquantitation(LOQ) was 0.458mg ai./Lbasedupontheproductofthelowestcalibration
standard!2!!Z!L4(0.00915Mg a.i@Ljandthedilutionfactorofthematrixblanks=les (50.0).

AMEMED



WILDLIFE INTERNATIONAL LTD. PROJECTNO.: 454A-102

-30-

Table3

MatrixFortLficationsAnalyzedConeunwdy DuringSample Analysis

ConcentrationsofPFOS
Sample Number LM.9a..i.2 Percent
(454A-102-) Fortified Measured Recovered

MAS-1 0.915 1.03 113
MAS-4 0.915 0.842 92.0
MAS-7 0.915 0.970 106

MAS-2 9.15 8.65 94.5
@-5 9.15 8.75 95.6
MAS-8 9.15 8.74 95.5

MAS-3 45.7 48.3 106
MAS-6 45.7 37.6 82.2
MAS-9 45.7 44.0 96.2

Mean 97.9
StandardDeviation 9.12

CY 9.32
-N 9

Note: Resultsand correctionsfornew tea substancepuritywere generatedusingMacQuan version1.5
softwareand manual calculations.Valueshavebeenroundedforrepo!@M LuM2=-.

ANEENDED
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Table4

Measured ConcentrationsofPFOS inFreshwaterSamples from a
FatheadNtmow StaticAcuteToxicityTest

Nominal Test Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration' of
(MEa.i./L) (454A-102-) (Houg) (mZa.i./L) Nominal

0.0 1 0 < LOQ
2 0 < LOQ
13 48 < LOQ
14 48 < LOQ'
25 96 < LOQ
26 96 < LOQ -

3.6 3 0 3.162 88.6
4 0 3.53 .98.9
15 48 3.08 86.3
16 48 3.22 90.3
27 96 3.46 96.9
28 96 3.13 87.6

5.9 5 0 6.052 102
6 0 5.07 85.3
17 48 5.48 92.2
18 48 5.89 99.0
29 96 5.70 95.8
30 96 5.55 93.5

9.9 7 0 8.992 89.3
8 0 9.472 94.0

48 9.88 97.8
20 48 9.33 92.8
31 96 9.70 96.3
32 96 9.52 94.3

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

'The limitof quantitation(LOQ) was 0.458mg a.i.ALbasedupon theproductofthelowestcalibration
standardanalyzed(0.00915mg a.i.AL)andthedilutionflictorofthematrixblanksamples(50.0).
2Mean resultofduplicateredilutionsoftheoriginalsample.
Duplicateresults(inparentheses)forthefollowing454A-102samplenumbersare:3 (3.07and 3.25),
5 (6.11and 5.99),7 (9.01and 8.96),8 (9.70and 9.24)and 14(<0.459and<0.458).The original
resultsforthesesamples(4.44,7.98,21.2,2.21,and 0.74,respectively)arenotincludedinthe
statisticalanalysisofthedataduetosuspectdilutions(e.g.contamination).

AMENDED
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Table4 (Continued)

Measured ConcentrationsofPFOS inFreshwaterSamplesfroma
FatheadMinnow StaticAcuteToxicityTest

NominalTest Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration' of
(TZa.i./L) (454A-102-) QLOU-rs) (M a.i.L Nominal

16 9 0 18.2 110
10 0 19.3 117
21 48 15.0 90.9
22 48 15.6 94.5
33 96 14.8 90.2
34 96 16.2 98.3

27 11 0 28.5 104
12 0 28.5
23. 48 27.0 98.4
24 48 27.8 101
35 96 26.8 97.6
36 96 26.6 97.0

Note:Resultsand correctionsfornew testsubstancepuritywere generatedusingr&cquan version1.5
softwareandmanual calculations.Valueshavebeenroundedforreportingpurposes.

'Tlielimitofquantitation(LOQ) was 0.458Mg a.i.AL,basedupon theproductofthelowestcalibration
standardanalyzed(0.00915mg a.i.AL)andthedilutionfactorofthematrixblanksamples(50.0).

2Men resultofduplicaterebutionsoftheoriginalsample.
Duplicateresults(inparentheses)forthefollowing454A-102 samplenumbers are:3 (3.07and3.25),
5 (6.11and 5.99),7 (9.01and 8.96),8 (9.70and 9.24)and 14 (<0.458and<0.458).The original
resultsforthesesamples(4.44,7.98,21.2,2.21,and 0.74,respectively)arenotincludedinthe
statisticalanalnisofthedataduetosuspectdilutionsLe-s.conta@2nJ.

AMENDED
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METHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN FPJESHWATER

PreparematrixfortificationsamplesbyspddngtherequisitevolumeofPFOS stocksolutionsdirectly
mtofiwhwaterusinggas-tlgbtsyringesand ClassA volumetncflasks.

Ddutematnx fortificationandtestsamplesintotherangeofthecalibrationstandardsby pwtauy filling
ClassA volumetricflaskswith50% medmnol :50% NANOpure(D watersolutioncontaining

0.100mg 4H PFOS (fiftmalstandard)/Land0.05% fonnicacid(v/v).Add theappropriatevolumeof
sampleandbringtheflasktovolumewiththedilutionsolvent.Proms thematrixblanksampleusing
thesame dilutionandaliquotvolume asforthelowestfortificationlevel.Mix wellby severalrepeat

inversions.

AmpuL-ttesamplesand submitforLCMS analysis.

Figure1. AnalyticalmethodflowchartfortheanalysisofPFOS infi-.eshwater.
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Figure2. A typicalcalibrationcurveforPFOS. Slope 0.023;Intercept0.062;r 0.996

AMENDED
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Figure 3. A representativeion ofa low-level(0.00915mg a.i./L)PFOS sludud.

AMENDED
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Figure4. A representativeion ofahigh-level(0.0457rngai./L)PFOS standard.
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Figure5. A representative of a matrixblanksample (454A-I02-MAB-3).

The arrow indicatesdm retention6= ofPFOS.
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Figure6. A representative ofa matrixfortificationsample(454A-102-MAS-7).
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Figure7. A representativechiamatogram of a testsample (454A-102-27).
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APPENDIX IV

ChangestoProtocol

Tlusstudywas conductedm accordancewiththeapprovedProtocolwiththefohowmg changes:

I. The protocolwas amended toaddtheproposedoq)mimentalstartandtmmunationdates,sb* room,test
substa= informationandtestconcentrations.

2. The protocolwas amended toremoveannualfeedanalysis.

3. The protocolwas amended toremove thecalculationofanincipientLC50 value.

4. The protocolwas amended tospecifytheanalyticalmethocl
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APPENDIXV

PersonnelInvolvedintheSu*

The followmgkeyWildlifeInternationalLtdLpemmel weremvolvedm theconductormanagementoftbis
study:

1. Henry0. Krueger,Ph.D,Pirector,AquaticTo)dcologyandNon-TargrtPlants

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

3. Mark A. Mank, LaboratorySupavisor

4. TimothyZ.KendalLLaboratorySupovisor

5. KurtI;LDrottar,SeniorBiolo&

6. Raymond L.VanHoven,Ph.D.,Scientist
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APPENDIX VI

ReportAmendment

1 . OriginalReport: Pages 1-4,6 and23

Amendment: The pageswere changed toinclude,theamended reportdate,revisedpagenumbers,and
new signaturesanddatesduetotheadditionofthereportamendment asAppendixVI.

Reasow. To reflecttheissuingofanamended reporl

2. OrigiiWReport: Page 2

Amendment: The compliancestatementwas revised.

Reason: To clm* how thetestsubstancewas charactedzecl

3. OriginalReport: Page 9

Amendment: Informationprovidedby theSponsorreflectingthereanalysisofthetestsubstance,
includingthereanalysisdateandthepurity,was addedtotheTestSubstancesection.

Reason: To reflectthecurrenttestsubstanceinformationprovidedby theSponsor.

4. Ongmd ReporL Entirereport

Amendment: AU testsubstanceconcentrationswerechangedtor6flect'thepurityofdw testsubstance
asdeterminedby dw Sponsorina reanalysisofthetestsubstance(FC-95,Lot 217).
Testconcentrationsoriginallywere basedon thereportedpurityof 98.9%. The
certificateofanalysisdatedMarch 9,2000 indicateda purityof90.490/o.lbereforesall
testsubstanceconcentrations,includingnominal concentrations,measured
concentrations,andLC50 values,wererecalculatedandreportedasmg a.i./Lbasedon
the90.4V/opurity.

Reason: To reporttheresultsofthe.testbasedon thetestsubstancepurityof90.49% at-the
requestof theSponsor.

AMENDED
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APPENDIX VI

-Continued-

ReportAmendment

ANENDNENT SIGNATURES:

dIlOZ6100

KurtR-Drottar DATE

" 7/ @
Henry'Oq*uoier',PIL-b' DATE
Dweetor,AquaticToxicologyandNon-TargetPlants

REVIEWED Y:

TimothyA. Spd;g"a,P-h.D. DATE
QualityAssurance

AMENDED
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOLTR STATIC ACUTE TO)UCITY TEST WITH THE
FATHEAD MINNOW (Pimephalespromelas)

PROTOCOL NO.: 454/110998/FAT-96HI/SUB454 AMENDMENT NO.: I

SPONSOP,-.3M Corporation PRO.TECT NO.: 454A-102

EFTECTIVE DATE: December 21, 1998

AMENDAMNT: Page2

Add: ExperimentalStartDate: 2/15/99
ExperimentalTerminationDate: 2/19/99
Test Concentrations:NegativeControL 3.9,6.5,11,18 and 30 mg a.i./L
Test SubstanceNo.: 4675

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

Director.

AMIENDMIENT: TestOrganis Page 5

D elete: Feed providedto thefishwillbe analyzedat leastonce annuallyto ensurethatthere
areno contaminantsatlevelsknown tobe capableofinterferingwith thestudy.

REASON: lestoricalanalysesof WildlifeInternationalLtd.aquaticfeedhave shown thatno
contaminantsarepresentatlevelsknown tobe capableofinterferingwith thestudy.

AMEENDMEENT: Data Anal@sisPage 8

Change: The LC50 valuewillbe calculated,when possible,usingmortalitydatacollectedat24,

48,72 and 96 hours,as wellastheincipientLC50.

To: The LC50 valuewillbe calculated,when possible,usingmortalitydatacollectedat24,48,

72 and 96 hours.

REASON: The incipientLC50 cannotbe determinedina 96-hourstaticacutetest.

a45411021anwndl
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AMENDMENT: APPENDIX IE[,Page 13

Add: Liquid Chromatography Mass Spectrometry(LCMS) Method for the Determinationof

PerfluorooetaneSulfonicAcid,Potassium Salt(PFOS) inFreshwater,FilteredSaltwaterand

AlgalMedium.

REASON: To add the analyticalmethod tobe used inthe study.

STUDY DIRECTOR DATE

LABUF&TOIV AAI@-AGEMENT DAA

a. , A ---- @- I I s i

SP SOR'S RF-PR SENTATIVE D AP40 --,-S-:;10w@s I
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PROTOCOL

PFOS: A 96-HOUR STATIC ACUTE T03UCITY TEST
WITH THE FATHEAD MINNOW (Pimephalespromelas)

U.S.EnvirormentalProtectionAgmq
Series850 -EcologicalEffectsTestGuidelines

OPPTS Number 850.1075

and

OECD Guideline203

3M Lab RequestNo. U2723

Submittedto

3M Corporatim
EnvironmentalLaboratory

P.O.Box 33331
St PmiL Mhmesota 55133

WILDLIFF- INTF.RNATIONAL. LTD..

8598 Commerce Drive
Easton,Maryland 21601

(410)822-8600

November 9, 1999

PROTOCOL NO.: 454/110998/FAT-96HI/SUB454 3M LAB REQUEST NO. U2723
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PFOS: A 96-HOUR STATIC ACUTE T03aCITY TEST
WITH THE FATHEAD MINNOW (Pimephalespromelas)

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

SPONSOR!S REPRESENTATIVE: Ms. Susan A. Bewh

TESTING FACILITY: WildlffcInternationalLtd.
8598 Commerce Drive
Easton,Maryland 21601

STUDY DIRECTO KurtDrottar
SeniorAquaticBiologist

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

FOR LABORATORY USE ONLY

Proposed Dates:

Experimental Experimental
StartDate: TanninationDate:

ProjectNo.: L464,4
Test Concentrations:

TestSubstanceNo.: Refemce SubstanceNo. (ifapplicable):

PROTOCOL APPROVAL

IcAlql?e

STUDY DIRECTOR DATE

LABORATORY MANAGEMENT DATEF I

ri2!§n /1
SP'ONSOR!S REPRESENTATIVE -D-A-1-i

PROTOCOLNO.: 454/110998/FAT-96HI/SU]3454 3M LAB REQUEST NO. U2723
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INTRODUCFION

WildlifeInternationalLtcLwillconducta staticacutetoxicitytestwith thefatheadminnow

(Pimephalespromelas)fortheSponsorattheWildlifeInternationalLtd.aquatictoxicologyfacilityin

Easton,Maryland. The studywillbe performedbased on proceduresin theUS. Environmental

ProtectionAgency Series850 - EcologicalEffectsTestGuidelinesOPPTS Number 850.1075 (1);

OECD GuidelineforTestingof Chemicals203:Fish,Acute ToxicityTest(2);and ASTM Standard

E729-88a StandardGiddeforConductingAcute TojdcityTestswithFishes,Macroinvertebratesand

Amphibians (3).Raw dataforallwork performedatWildlifelatcmationalLtd.and a copyof thefinal

reportwillbe filedby projectnumber inarchiveslocatedon theWildlifelatcmatimalLtcLsite,oratan

alternativelocationtobe specifiedinthefinalreporl

PU"OSE

The purpose of thissh* isto determinethe acuteeffectsof a testsubstanceon the fathead

minnows (Pimephalespromelas) duringa 96-hourexposureperiodunder statictestconditions.

EXPERIMENTAL DESIGN

Faffieadminnows willbe exposed toa geometricseriesofatleastfivetestconcentrationsand a

negative(dilutionwater)controlfor96 hours.Two replicatetestchambers willbe maintainedineach

ftatnentandcontrolgroup,with10 fidradmkmows ineachchamber fora totalof20 faffieadminnows

pertestconcentratiorl

Nominal testconcentrationswillbe selectedinconsultationwiththeSponsor,and willbe based

upon informationsuch astheresultsofexploratoryrange-findingtoxicitydata,known toxicitydata,

pbysical/chenucalpropertiesofthetestsubstanceor otherrelevantmformatiom Targetconcentrations

need not exceed 1000 mg/L orthesolubilitylimitofthetestsubstanceinwater(whicheverislower).

Generally,eachtestsubstanceconcentrationusedinthedefinitivetestvaR bc

higherconcentrationunlessinformationconcerningthe concentradon-effe

differmtchlufaonfactorwould be more appropriate.Water samplesfi-om

collectedat specifiedintervalsforanalysisofthetestsubstance.Resultst

calculatemean measured testconcentrations.

To controlbias,fatheadminnows willbe impartiallyassignedto

imt,at,mlNo offiapotrntialsourcesofbiasareoq=W toaffecttheresult,

ofmortalityand odm clinicalsignswillbemade throughoutthe96-hour test

PROTOCOLNO.: 454/110998/FAT-96HI/SUB454 3M -;,QUEST NO. U2723
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mortak observedinthetreatmentgroupswillbe used tocalculate,when possible,LC50 valuesat24,

48,72 and 96 hourintervals.The no-mortalityconcentrationand theno-observed-effectconcentration

(NOEC) willbe determined.

Test Substance

MATERIALS AND METHODS

Informationon thecharactmizationoftest,controlorreferencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The Sponsor isresponsibleforpmvidmg WildlifeInternational

Ltd.writtenvmficatim thatthetestsubstancehas been charwter@ accordingtoGLPs priortoitsuse

inthestudy.Ifwrittenvenficafamof GLP testsubstancecharactmmiaon isnot providedtowildlife

InternationalLtd.,itwillbe notedinthecompliancestatementofthefinalreport.The attachedform

IDENTMCATION OF TM SUBSTANCE BY SPONSOR (Appendix I)istobe used toprovide

mformattm necessaryforGLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreestoac=pt

any unused testsubstanceand/ortestsubstancecontainersremaining attheend ofthestudy.

P=aration ofTestConcentrations

The testsubstancewillbe administeredtothetestorganismdirectlyintodilutionwater. This

routeOf on was selectedbecauseitreprwmu themost likelyrouteofexposureto aquatic

organisms.

TestOrgom

Thefidmd nifimaw(P@nwphalespromelas)hasbeenselectedasthetestspeciesforthissb*.

Fad=d minnows arerepresentativeofanm4xrtmt groupofaquaticvertebrates,and have been selected

foruseinthetestbased upon pastusehistm inthelaboratory.Fishwillbe from thesame sourceand

year class,and thestandardlengthofthelmgest fishmeasured willbe no more d= twicethatofthe

shorteslFishwillweighbetween 0.1g and3.0g each and thetotalweight ineach testchamber willnot

exceed0.8vmw fish/Lofsolution.Totallengft and wet weightsoftheindividualfishinone negative

controlreplicatewillbe measured attheendofthetestand willbe consideredrepresentativeofthelength

and weightof allfishused inthestudy.Fish willbe obtainedfrom a commercial supplierorhatchery,

andtheidentityofthespecieswillbe vmifiedby thesupplierorby WildlifeInternationalLtd.persomel

usingappropriatetaxonomickeys,such asEddy (4).
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Fadieadminnows willbe heldforatleast14 dayspriortothetestinwaterfrom thesame source

and atapproximatelythesame temperatureasused duringthetest Any changes inwatertemperature

willnotoxmd 3*C perday. Fatheadminnows willbe heldatthetesttemperaturefora minimum of7

dayspriortotestinitiation.Fatheadminnows willnotbe used inthetestiftheyshow signsof disease

or stressor ifmore than5% dieduringthe48 hourspriortothetest At testinitiation,thefathead

mmnows willbe corertedfrom holdingor acclimationw" and transferredtothetestchambers.

Duringtheholdingperiodffictestfishwillbe fedatleastonce daily.The dietwillconsistoflive

orfrozenbrineshrimpnauplii(Artemiasp.),and/orcommercial food.Fishwillnotbe fedforatleast

two days priorto thetestor duringthetest.Feed providedto thefishwillbe analyzedatleastonce

amiuallytoensurethatthereareno contaminantsatlevelsknown tobe capableof interferingwiththe

study. Specificationsforacceptablelevelsof contaminantsin fishdietshave not been establishe&

However, thereareno known levelsofcontaminantsreasonablyexpectedtobe presentinthedietthat

areconsideredtointerferewithfficpurposeor conductofthetest

DilutionWater
Water used fortheculturingand testingof fatheadminnows willbe obtainedfrom a well

approximftly40 metersdeep locatedon theWildlifeintmuationalLtd.site.The waterwillbe passed

dirougha sand ffiterandpumped intoa37,800-L storagetankwhere thewaterwillbe aeratedwith spray

nozzles.Priortousethewaterwillbe filteredto0.45 @= inordertoremove fineparticles.Water used

formdftumg andtestingischmzdm=d asmoderatelyharcl Typicalvaluesforhardness,a&almity,pH

and specificconductanceareappro=mwly-

Hardness,mg/L as CaC03 145

Alkalinity,mg/L as CaC03 190

pH 8.1
SpecificConductance,kmhos/cm 330

Hardness, alladinity,pH and specificconductancewillbe measured weekly to monitorthe

consist@ ofthewellwater.Me= and rangesofthemeasuredparametersfordw four-weekperiod

precedingthetestwillbeprovidedinthefinalreporl Analyseswillbe performedatleastonce annually

to determinethe concentrationsof selectedorgmue and inorganicconstituentsof thewellwater and

resultsofthe analyseswillbe summarized inthefmal reporl
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TestApl2aratus

Testdiamberswillbe 25-L,polyethyleneaquariafilledwithapproximately15 L ofwater.Test

chambers willbe positionedin an environmentalchamber or temperature-controlledwaterbath to

maintaina temperatureof 22 d:2*C. Testchambers willbe labelledwith theprojectnumber, test

concentrationand replicate.

EnvironmentalConditions

Ligbbng usedtoilluminatetheculturesandtestchambersdunng holding,=I=ation, and testing

willbe providedby fluor=entUm dud enutwavelengthsskrulatonaturalsunlight(e.g.,ColortonelD

50).A photopum of 16hoursoflightand 8 hoursof darkwillbe controlledwith an automatictimer.

A 30-mmute transitionperiodoflow lightintensitywillbe providedwhen lightsgo m and offtoavoid

sudden changes in lightintensity.Lightintensitywillbe measured attestinitiationwith a SPER

ScientificLtcLlightmeter orequivalent

The targettesttmnpcmturewiu be 22 1 20C. Temperaturewillbe measured allreplicatesatthe

beginningof the testand at approximately24-hour intervalsfl=caft6rusing a liquid-in-glass

thermometer. Temperature alsowillbe measured with a conti@uousrecorderinone negativecontrol

chamber. Recorder measurements willbe verifiedwith a fiquid-in-glassthermometerpriorto test

initiation.

Dissolvedoxygen willbe measured inallreplicatesof thetreatmentand controlgroups attest

initiationand atapproxitnat* 24-hourintervalsthereafterusinga Yellow SpringsInstrumentModel

51B dissolvedoxygen mew, or equivalmitIntheeventthatdissolvedoxygen levelsfallbelow 60%

saturation,appropriateactionswillbe takenafterconsultationwiththeSponsor.Measurements ofpH

willbe made inallreplicatesoftheftabnent and controlgroupsattestinitiationand atapproximately

24-hourintervals&=after usinga Fisha Accumet Model 915 pH meter,oreqmvalent.Ifa ftatment'

group reaches10(r/omortality,dissolvedoxygen,piL and temperaturemeasurements willbe takenat

thenod samplingfiiwval,thendisconfinued.

Hardness, dkabmty, and specificconductancewin be measured inthedlutlonwaterattest

untiation-Hardness and allW=tY measurements willbe made by titrationusingproceduresbased on

meffiodsinStandardMethodsfor theExamunanon of Waterand Wastewater(5).Specificconductance

willbe measured usinga Yellow SpringsksMm3ent Model 33 Sdinity-Conduedvity-Ternperaturemeter,

or equivalent.

PROTOCOLNO.: 454/110998/FAT-96Hl/SUB454 3M LAB REQUEST NO. U2723
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Biolop-icalMeasurements

Observationsofmorwity andclinicalsignsoftoxicitywillbe made between0-24hours,andat

24,48,72 and96 hours± I hour.Lethalityisdefinedas thelackofvisiblemovement (e.g.lackoffin

oropmzdar movement) inthefishaftergentleprodding.AR clinicalobservationsincludingabnormal

behaviorwillbe noted.

S&=ling forAn"cal Measurements

Water sampleswillbe collectedfromeachtestchamber atthebeginningof thetest,duringthe

uA and attheendofthetesttodet=ine concentrationsofthetestsubstance.Intheeventthat1000/o

mortalityoccursinany treatmm@ thensamplingofthattreat3nentwillt=mte followingthenext

samplinginterval.Sampleswillbe collectedatmid-depthfrom each testchamber and analyzed

immediatelyorplacedinan appropriatestoragecontah= (e.g.,polyethyleneorpolypropylenebottle)

and storedunderrefrigerafionuntilanalyzed.The samplescheme issummarizedbelow:

PROPOSED NUMBERS OF VEREFICATION SAWLES

48 96
ExperimentalGroup 0 Hours - Hours Hours

Control 2 2 2

SolventControl(ifnwded) 2 2 2

Level1-Low Concentration 2 2 2

Level2 2 2 2

Level3 2 2 2

Level4 2 2 2

Level5-HighConcentratim 2 2 2

Totals 14 14 14

TotalNumber ofVerificationSamples 42

The abovenumbersofsmwles rqxwmt thoseconectedfromthetestand do not mclude quality

control(QC) samplessuch asmatrixblanlcsand fmtificationspreparedand analyzedduringthe

analytcal&Mmstry phaseoffficsft* At thechsmvftonoftheStudyDffoctor,watersamplesfrom one

Ormore aPPropnatetestchambers willbe collectedand analyzedifan analyfacalm-rorm samplmg or

analysisisMsPectei The reasonfordc additionalsampleswillbe describedby dw StudyDirectorand

documented m theraw dataand finalreport
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And.)IilalChemiM
Chemicalanalysisofthesamplesva be performedby WildlifeInternationalLtd. The analytical

method used willbe based upon methodology providedby theSponsor and identifiedinAppendix II.

The methodolou usedto analyzethetestsamples willbe documented intheraw dataand summarized

inthefinalreport.

DaQ An*lil

When thedose-responsepatternallowscalculationofan LC50 value,thedatawillbe ana4,md

usingthecomputersoftwareofC.E.Stephan(6).Ile program was designedtocalculatetheLC50 value

and the95% cmfidence intervalby probitanalysis,themoving averagemethod, orbinomialprobability

vathnonfinewintaplatim(7,8,9).The LC50 value.willbe calculated,when possible,usingmortality

datacollectedat24,48,72 and96 hours,aswellastheincipientLC50. The no-moaaw concentration

and theno-observed-offectconcentration(NOEC) willbe determine&

RECORDS TO BE MARAAMB

RecordsW be maintainedfordaM generatedby WildlffeInternationalLtd.willinclude,butnot

be limitedto:

1 - A copy ofthesignedprotocol.

2. Identifa'cationand charactmizationofthetestsubstance,ifprovidedby theSponsor.

3. Dates ofinitiationand tmmiinationof thetest

4. Testorganism history,holdingand acclimationrecords.

5. Sto& solutioncalculationandpreparation,ffapplicable.

6. Observations.

7. Water chemistryresultr.(e.g.,Wkalinityand hardness).

8. The methods used to analyzetestsubsw= concentrationsand the resultsof mudytical

Luements.

9. SMfisticalcalculations,ifapplicable.

10. Testconditims(lightintensity,photopmiod,dc.).

II. Calculationand preparationoftestconccnbvfions.

12. Copy of finalreporl
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FINALREPORT

A finalreportoftheresultsofthesb*willbepreparedbyWdMe InternationalLtd.Thereport

willinclude,butnotbe limitedto,thefollowing,when applicable:

I. Name and addressofthefacilityperformingthestudy.

2. Datesqm wlnchthestudywas initiatedandcompleted,andthedefinitiveexperimentalstartand

terminationdates.

3. A statementofcompliancesignedby theStudyDirectoraddressingany exceptionstoGood

LaboratoryPracticeStandards.

4. Objectivesandprocedures,as statedintheapprovedprotorolincludingallchangestothe

protocol.

5. The testsubstanceidentificationincludingname,chermed abstid nmnber orcodenumber,

strength,purity,composition,andothermformafam providedby thesponsor

6. Stabilityandsolubilityofthetestsubstanceundertheconditionsofadministration,ffprovided

by theSponsor.

7. A descriptionofthemethodsusedtoconductthetest

8. A descriptionofthetestorganisms,includingthesource,scienti:ficname,ageor lifestage,

lengthsand weightsofa representativegroupoftestorganisms,feedtypes,lightintensityand.

photoperiod.

9. A descriptionofthepreparationofthetestsolutions.

10. The methods usedtoallocateorgm3iS=to testchambersand beginthetest,thenumber of

organism and chamberspertreatment,and thedurationofthetest.

11. A descriptionofcircumstancesthatmay haveaffeew thequalityorintegfityofthedata.

12. Ilm nam oftheSu* Dkectorandthenames ofotherscientists,professionals,andsupervisory

personnelinvolvedinthesu*.

13. A descriptionofthetmdormations,calculations,and operationsperformedon thedata,a

summary andmm4sis ofthebiologicaldataand analyticalchemistrydata,anda statementofthe

conclusionsdrawn from theanalyses.

14. Statisticalmethodsusedtoevaluatethedata.

15. A graphoftheconcmtration-mortalitycurveattheendofthetesl

16. The signedanddatedreportsofeachofft individualscientistsorotherprofessionalsinvolved

inthestudy.

17. The locationwhereraw dataandfinalreportaretobe stored.

18. A stawnientpreparedby theQualityAssuranceUnitlistingthedatesthatstudyinspectionsand

auditsweremade andthedatesofanyfindingsreportedtotheStudyDirectorand Management.
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19. U itisnecessarytomake correctionsoradditionsto a finalreportafterithas been accepted,such

changeswillbe made intheformofan amendmentissuedby theStudyDirector.The amendment

willclearlyidentifythepartofthefinalreportthatisbeingamended andthereasonsforthe

amendment,and willbe signedby theStudyDirector.

CFIANGING OF PROTOCOL

Plmled changestotheprotocolwillbe intheform ofwrittenamendments signedby theStudy

DirectorandtheSponscesRepresentative.Amendments Willbe consideredaspartoftheprotocoland

willbeaff3d'edtothefinalprotowl AW otherchangeswillbe intheform ofwrittendeviationssigned

by theStudyDirectorand filedwiththeraw data.AU changestotheprotocolwillbeindicatedinthe

finalreport.

GOOD LABORATORY PRACRICES

Thisstudywillbe conductedinaccordancewithGood LaboratoryPracticeStandardsforEPA

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

32, Enviro=entMonographNo. 45);and JapanMAFF (59NohSan,NotificationNo. 3850,

AgriculturalProductionBureau).Fach sU* conductedby lwddhfeInternationalLtd.isroutinely

examinedby theWildlifehitem&onalLtd.QualityAssuranceUnit forcompliancewithGood

LaboratoryPractices,StandardOperatingPmccduresand thespecifiedprotocol.A statementof

compliancewithGood LaboratoryPracticeswillbepreparedforallportionsofthestudyconductedby

WildlifehitmmationalLtd. The SponsorvnU be responsibleforcompliancewithGood Laboratory

Pn@ forP=e&m perfmiedbyotberWxratories(e.g.,residueanalysesorpathology).Raw data

forallworkpuftmed atWildlifeInt=&mal Ltd.andacopyofthefinalmpaftwillbe filedby projed

number in archiveslocatedon theWildlifeIntmmadonalLtcLsite,oratan dtrmativelocationtobe

specifiedinthefindreport.
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APPENDIX I
IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR

To be Completed by Sponsor

I. TestSubstmiceIdentity(name tobe used inthereport):PFOS (PerfluorooetaneSulfonicAcid Potassium Sa

ReferenceStandard(ifapplicable):AnalyticalStandard: N/A

InternalStandard: 1,1.22H.H-H-H PerfluoroortaneSulfonicArid

Test Substance Sample Code orBatch Number: Lot 217

Test Substance PurityCO/oActiveIngredient): 98.9 ExpirationDate: 2008

11. Test SubstanceCharactmization

Have theiden#ty,stm d compositionorothercharacteristics
which appmpriatelydege4=bstance andreferencestandardbeen
detmmiffi6dOriortoitsuse inthisstudyinaccordancewithGLP Standards? Yes No X

ni. Test Substance StorageConditions

Pleaseindicatetherecommended storageconditionsatvrddlifeInternationalLtd.

Ambient room I=erature

Has thestabilityofthetestsubstanceunderthese@mhz:dsstorageconditions
been determineiiinaccordancewithGLP S

?
Yes No X

Other pertinentstabilityinformation:

IV. TestConcentrations: Adjust testconcentrationto 1000/oa.i.
x based upon thepurity(0/o)givenabove.

Do notadiusttestconcentrationto 1000/0

V. ToxicityInformation:

a.i.TestthematerialAM.

Mammalian: RatILD50 251 mg/kg - Mouse LD50 N/A

Aquatic: InvertebrateT("ddV (EC/LC50) FishToxicity(LC50)

Diggli@amagm: 27nrL Rainbow Tmut: 11 miyJL

Dapbniamagon- 50 mgl Fathead Minnow* 38 mprJL

Other ToxicityInformation(includingfindingsofchronic,and subau.0lictests):

- PleaseseeMSDS

PROTOCOLNO.: 454/110998/FAT-96HI/SUB454 3M LAB REQUEST NO. U2723
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AnalyticalMethod tobe Providedby Sponsor

PROTOCOL NO.: 454/110998/FAT-96Hl/SUB454 3M LAB REQUEST NO. U2723


