
PFOS: A WHour ToxicityTest withthe FreshwaterAlga
(Selenastrumcapticomutum)



TOXICITY TO AQUATIC PLANTS (E.G.,ALGAE)

TEST SUBSTANCE

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

Remarks: The testsubstanceisa whitepowder. Sample was takenfrom
3M lotnumber 217. Sample was storedunder ambient conditionspriorto
testing.Puritydeterminedtobe 90.49% by LC/MS, 'H-HMR, 19F-NMR and
elementalanalysestechniques.

METHOD

Method: OECD 201, OPPTS 850.5400,ASTM 1218-90E
Test: Staticacute
GLP: Yes
Year completed: Study completed 1999. Reportcompleted 2000
Species: Selenastrumcapricomutum
Source: OriginallyfromThe CultureCollectionofAlgae attheUniversity
ofTexas atAustin,maintainedinculturemedium atWildlifeInternational
Ltd.,Easton,MD
Analyticalmonitoring:PFOS measured at0, 72,96-hours
Element basis:Reported threeways: number of cells/mi,area under the
growth curveand growth rate
Exposure period:96-hours
Startdate:4/12/99
End date:4/16/99
Analyticalmonitoring:Test concentrationsmeasured at0,72,and 96-
hours.
Test organisms laboratoryculture:Algae cultureshad been actively
growing infreshwateralgalculturemedium foratleasttwo weeks priorto
testinitiation.Stock nutrientsolutionswere preparedby adding reagent-
grade chemicalsto reverseosmosis-purifiedwellwater.

Test Conditions:
Test temperature range: 23.6- 25.BOC



Growthmedium:ASTM StandardGuide1218-90E,1990

Compound Nominal Units
Concentration

MgCl2,6H20 12.16 mg/L

CaCl2,2H20 4.40 mgA-

H3B03 0.1856 mg/L

MnC12-4FI20 0.416 mg/L

ZnC12 3.28 ug/L

FaCii6H20 0.1598 mg/L

COCl2,6H20 1.428 ugIL

Na2M0042H20 7.26 ug/L

CuCii2H20 0.012 ug/L

Na2EDTA'2H20 0.300 mgA-

NaN03 25.50 MgA.

MgSO47H20 14.70 MgA-

K2HP04 1.044 mg/L

INaHCO3 15.0 1 mg/L

Dilutionwater source:WildlifeInternationalLtd.wellwater
purifiedby reverseosmosis. The testmedium was preparedby
addingtheappropriatevolumes ofstocknutrientsolutionsto
purifiedwellwater.The pH ofthemedium was adjustedto7.5+
0.1using10% HCI and themedium was sterilizedbyfiltration
(0.22Wn)priortouse.
Stock and testsolutionpreparation:A primarystocksolution
was preparedinalgalmedium ata concentrationof183 mg/L. The
primarystocksolutionwas stirredwitha magneticstirplatefor
approximately24 hours.Aftermixing,theprimarystocksolution
was proportionallydilutedwithalgalmedium topreparethefive
additionaltestconcentrations.Allfinaltestsolutionsappeared
clearand colorless.
Exposure vessels: Sterile250 mL polycarbonateEdenmeyer
flaskspluggedwithfoam stopperscontaining100 mL oftest
solution.
Agitation:Shaken continuouslyat100 rpm
Number ofreplicates:three
Initialalgalcellloading:1.0 X 104 cells/mL
Number ofconcentrations:seven plusa negativecontrolplusan
abioticcontrolatthehighestconcentrationtested



Water chemistry:
pH range (0- 96 hours)

7.5- 8.1 (controlexposure)
7.4- 7.5 (179mg/L exposure)

Testtemperaturerange (0- 96 hours)
23.6- 25.80C

Lightlevels:(0- 96 hours)
3870 - 4610 luxfrom continuouscool-white
fluorescentlighting

Method ofcalculatingmean measured concentrations:
a(ithmeticmean

RESULTS

Nominal concentrations:Bk control,5.7,11,23,46,91,183 mg/L plus
183 mg/L abioticcontrol.
Measured concentrations: <LOQ, 5.5,11,21, 44, 86, 179,169 mg/L
Element value:
24-hourECw (celldensity)= 163 (74-191)mg/L
24-hourEBCSO (areaundercurve)= 122 (19-176)mg/L
24-hourEC5o (growthrate) 136 (30-204) mg/L
48-hourEC5o (celldensity) 81 (72- 90)mg/L
48-hourEBCSO (areaundercurve)= 84 (67- 146)mg/L
48-hour ErC50(growthrate) 142 (107-185)mg/L
72-hourECIO (celldensity) 37 (<O- 64) mg/L
72-hourEbClO (areaundercurve)= 46 (<O- 56)mg/L
72-hour ERCIO(growthrate) 53 (23- 64)mg/L
72-hourECso (celldensity) 70 (44- 78)mg/L
72-hourEbC50 (areaundercurve)= 74 (55- 82)mg/L
72-hourErC5o(growthrate) 120 (103- 132)mg/L
72-hourEC90 (celldensity) 153 (130- 165)mg/L
72-hourEbC90 (areaundercurve)= 165 (145- 176)mg/L
72-hourErCgo(growthrate) >179 mg/L (C.I.notcalculable)
96-hourEC,o (celldensity) 49 (43- 50)mg/L
96-hourEBCIO (areaundercurve)= 49 (40- 50)mg/L
96-hourErClo(growthrate) 59 (54- 63)mg/L
96-hourECso (celldensity) 71 (66- 73)mg/L
96-hourEbC50 (areaundercurve)= 71 (67- 74)mg/L
96-hourErCso(growthrate) 126 (115- 138)mg/L
96-hourEC90 (celldensity) 137 (105- 153)mg/L
96-hourEbC90 (areaundercurve)= 145 (125- 155)mg/L
96-hourErCso(growthrate)= >179 mg/L (C.I.notcalculable)
72-hourNOEC (growthrate,celldensity,areaunder thecurve):44 mg/L
96-hourNOEC (growthrate,celldensity,areaunder thecurve):44 mg/L



Allelement valuesbased on mean measured concentrations

Statisticalmethods: Celldensities,area underthe growth curvevalues,
growth ratesand percentinhibitionvalueswere calculatedusing"The SAS
System forWindows", Release 6.12.These valueswere thenanalyzed by
linearinterpolationusingTOXSTAT Version3.5to estimatethe ECIO,
EC5o,and ECgo valuesand 95% confidencelimitsat72 and 96. Cell
densities,areas under the growth curveand growth ratesat 72 and 96
hours were alsoevaluatedfornormalityand homogeneity ofvariances
usingtheShapiro-Wilks'stestand Badett'stest,respectively.The
treatmentgroups were then compared to the controlusingDunnett'stest.
Resultsofthestatisticalanalyseswere used todeterminethe NOEC
values.

AnalyticalMethodology: Analyses oftestsolutionswere performed at
WildlifeInternationalLtd.usinghighperformance liquidchromatography
withmass spectrometricdetection(HPLC/MS). When determiningthe
concentrationofthe testsubstance inthetestsolutions,thesame and
most prominentpeak response forperfluorooctanesulfonatewas used.
No attemptwas made to quantifyon the basisof individualisomeric
components. The LOQ (limitofquantitation)was 0.115 mg/L inthisstudy.
The mean percentrecoveryofmatrixfortificationsanalyzedconcurrently
duringsample analysiswas 99.1.Samples collectedattestinitiation.had
measured valuesfrom 82.0to98.1% ofnominal. Measured valuesfor
samples takenat72-hours ranged from 91.7to 105% ofnominal.
Measured valuesforsamples taken at96-hoursranged from 90.3to 102%
ofnominal. Fortheabioticcontrols,measured valuesforsamples taken
at72-hoursranged from 81.9- 105% ofnominaland forsamples taken at
96-hours,90.3- 103% ofnominal.

Summary ofanalyticalchemistry data:

Nominal Test Measured Values at0,72, and 96- Mean Percentof
Concentration, hours,Respectively,mgfl Measured Nominal

mg/L Concentration,
mg/L

NegativeControl All< LOQ <LOQ

5.7 4.73,6.04,5.84 5.5 96

11 10.7,11.2,12.1 11 100

23 19.8.23.1,20.7 21 91

46 42.7,41.9,46.3 44 96

91 83.3,86.0,88.3 86 95

183 179,186,172 179 1 98

183 (abiodc) notana@@d, 150,188 169 92



Controlresponse:satisfactory

Biologicalobservationsafter96-hours:

Mean Measured Mean Number Percent Percent Percent
Concentration, ofCellsper Inhibitionvia lnhibiuonvia Inhibitionvia

mg/L mL Density Area Under Growth Rate
theCurve

NegativeControl 2,740,000 - -

5.5 3,040,000 -11 -8.5 -1.9

11 2,880,000 -5.1 -3.3 -0.84

21 .-3,240.000 -18 -13 -3.0

44 3.080,000 -12. -5.3 -2.0

86 626,667 77 76 27

179 33,667 99 98 79

Observations: After96 hoursofexposure,therewere no signsof
aggregation,flocculationoradherence ofthe algaetothe flasksinthe
negativecontrolorany testtreatmentgroup. Inaddition,therewere'no
noticeablechanges incellcoloror morphology when compared tothe
negativecontrol,althougha few cellsappeared enlargedinthe 86 and
179 mg/L treatmentgroups.
ReversibilityofGrowth Inhibition:The 179 mg/L treatmentgroup was
maximallyinhibitedafter96-hours.Aliquotsofthetestsolutionwere
dilutedwithalgalmedium and culturedforfivedays. Based on the growth
observed intherecoveryphase,the effecton algalgrowthwas found to
be algistatic.

CONCLUSIONS

The potassiumperfluorooctanesulfonate96-hourECso and 95%
confidenceintervalforSelenastrum capficornutumwas determinedusing
threecalculationmethods. By celldensity,itwas 71 (66-73)mg/L, by
area under thegrowth curveitwas 71 (67-74)mg/L and by growth rate
126 (115-138)mg/L. The 96-hourNOEC was determinedby Dunnett's
procedure(p< 0.05)tobe 44 mg/L usingallthreemethods. No-signsof
aggregation,-ffocculation,oradherence were notedinany ofthe test
solutionsorthecontrols.Thistestsubstance was determinedtobe
algistatic.

Submifter:3M Company, EnvironmentalLaboratory,P.O.Box 33331, St.
Paul,Minnesota,55133
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

SPONSOR. 3M Corporation

TITLE:PFOS:A 96-HourToxicityTestwiththeFreshwaterAlga(Selenastrumcapncornutum)

WILDLIFE INTERNATIONAL LTD. PROJECT NUMBER-- 454A-103A

STUDY COMPLETION: June4,1999

REPORT AMENDED: April26,2000

Tlusstudywas conductedm compliancewithGood LaboratoryPracticeStandardsaspublishedby
theU.S. EnvironmentalProtectionAgency in40 CFR Parts160 and 792, 17 August 1989;OECD
PrinciplesofGood LaboratoryPractice,OCDE/GD (92)32,EnvironmentMonograph No. 45,Paris1992
and JapanMAFF, 59 NohSan, Noti:ficationNo. 3850,AgriculturalProductionBureau,10 August 1984
withthefbllowingexceptions:

The testsubstancewas notcharactenzedm accordancewithfifflGLP compliance;however,the
characterizationwas performedaccordingto3M StandardOperatingProceduresand Methods,and allraw
dataarebemg niafiitainedinthe3M archives.The testsubstanceisbeingrecharacterizedinaccordance
withGLP.

The stabilityofthetestsubstanceunderconditionsofstorageatthetestsitewas notdeunninedin
accordancewithGood LaboratoryPracticeStandards.

STUDY DIRECTO

KurtR.Drottar DATE

SeniorBiologist

SPONSOR-.

7 /4ZC@
S or I@ATESioAricz@
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QUALITY ASSURANCE STATEMEENT

Thisstudywas exanunedforcompliancewithGood LaboratoryPracticeStandardsas publishedby
theU.S.EnvironmentalProtectionAgency in 40 CFR Parts160 and 792, 17 August 1989;OECD
PrinciplesofGood LaboratoryPractice,OCDE/GD (92)32,EnvironmentMonograph No. 45,Paris1992;
and JapanMAFF, 59 NohSan, NotificationNo. 3850,AgriculturalProductionBureau,10 August 1984.
The datesof allmspectons andaudrtsandthedatesthatany findingswerereportedtotheStudyDirector
and LaboratoryManagement wereasfollows:

DATE REPORTED TO:
ACTIVrrY: DATE CONDUCTED: STUDY DERECTOR: MANAGEMENT:

InitialTrial 454A-103
TestSubstancePreparation February18,1999 February18,1999 February19,1999

InstrumentSet-up February22 and 23,1999 February23,1999 February24,1999

DraftReportand Data March 29,1999 March 29,1999 March 30,1099

DefinitiveTrial454A-103A
TestSubstancePreparation April9,1999 Aprif9,1999 April12,1999

DraftReportand Data May 10 and 11,1999 May 11,1999 May 12,1999

AnalyticalData and
DraftReport may 10 and 11,1999 May 11,1999 May 11,1999

FinalReport June4, 1999 June 4,1999 June 4,1999

Amended Report April19 and 20,2000 April20,2000 April24,2000

Timothy Ph.D. DATE
Manager,Regulatoryand TechnicalSupport

iAASp-rte=r,
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REPORT APPROVAL

SPONSOR- 3M Corporation

TTI'LE: PFOS: A 96-HourToxicityTestwiththeFreshwaterAlga(Selenastrumcapricornutum)

WILDLEFE RITERNATIONAL LTD. PROJECT NUMBER-- 454A-103A

STUDY DIRECTOR-

Z//i>2

Kurtk Drottar DATE
SeniorBiologist

MANAGENEENT:

Henry6-.Kruegtr,Ph.D. DATL(
Director,AquaticToxicology
andNon-TargetPlants
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SUNUMLARY

SPONSOR: 3M r-orpo"roant"io-n

SPONSOleS REPRESENTATIVE: Ms. SusanA. Beach

LOCA-NON OF STUDY, RAW WildlifeInternationalLtd.
DATA AND A COPY OF TBE Easton,MD 21601
FINAL REPORT:

WILD11FE R4TERNATIONAL,,
LTD. PROJECT NUMBER: 454A-103A

TEST SUBSTANCE: PFOS (PerfluoroocataneSulfonicAcid PotassiumSalt)

STUDY: PFOS: A 96-HourToxicityTestwiththeFreshwaterAlga
(Selenastrumcappicornutum)

Is,@ MEASURED TEST NegativeControL5.5,11,21,44,86 and 179 mg a.i.AL
CONCENTRANONS:

TEST DATES: ExperimentalStart-April12,1999
ExposureTermination-April16,1999
ExperimentalTermination-April21,1999

LENGTH OF EXPOSURE: 96 Hours

TEST ORGANISM: Freshwater=ga (Selenastrumcap?icornutum)

SOURCE OF TEST WildlifeInternationalLtd.
ORGANISMS: ALWL M!Uland 21601

CELL DENSITY

72-HouR EC50: 70 mg a.i.AL
95% coNFiDfNcE unffrs: 44 and 78 mg a.i.AL

96-HOUR EC 10: 49 mg a.i./L
95% CONFIDENCE LUAM: 43 and 50 mg a.i.AL

96-HOUR EC50: 71 miza.iJL
95% CONFMENCE 12&TS: 66 iZd 73 mg a.i./L

96-HOUR EC90: 137mg a.i./L
95% CONFMENCE 1DZTS: 105 and 153 mg a.i.AL

72-HOURNOAEC: 44 mg a.i.AL

96-HOUR NOAEC: 44 Mg a.iA,
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SUbD4ARY (Continued)

AREA UNDER THE GROWTH

CURVE

72-HOUR EC50: 74 mg a.i.AL
95% CONFIDENCE LBETS: 55 and82mg a.i.AL

96-HOURECIO: 49 ragai.AL
95% CONFIDENCE IJNM: 40 and 50 mg a.iJL

96-HOUREC50: 71 mg a.i.AL
95% CONFIDENCE I2&n: 67 and74 mg aiJL

96-HOUR EC90: 145 mg a.i.AL
95% CONFIDENCE LUvgrS: 125 and 155 mg a.i.AL

72-HOURNOAEC: 44 mg a.i.AL

96-HOTJR NOAEC: 44 mg a.i.AL

GROVRM RATE

72-HouR EC50: 120mg a.i./L
95% CONFIDENCE LRZM: 103 and 132 mg ai.AL

96-HOURECIO: 59 mg a.iJL
95% CONFIDENCE 12drrS: 54 and 63 mg a.i./L

96-HOUREC50: 126 mg a.i.AL
95% CONFIDE NCE LRvflTS: 115and 138mg a.i./L

96-HOUR FC90: >179 mg a.i.AL
95% CONFIDENCE LmTs: Not Calculable

72-HOURNOAEC: 44 mg a.i./L

96-HOURNOAEC: 44 mg a.i./L
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INTRODUCTION

Ths studywas conductedby WildlffeInternationalLtd.for3M CorporauonattheWildlife

InternationalLtd.aquatctoxicologyfilcdrtyinEaston,MarykncL The m-hfephaseof thetestwas

conductedfromApril12,1999toApril21,1999. Raw datageneratedby WildlifeInternationalLtdanda

copy of thefinalreportarefiledunderProjectNumber 454A-103A inarchiveslocatedon theWildlife

InternationalLtd.site.

OBJECTTVE

The objectiveofthestudywas toevaluatethetoxicityofPFOS (PerfluorooctaneSulfonicAcid

.PotassiumSalt)to thegrowthof the freshwateralga,Selenastrumc-apneornutum,duringa 96-hour

exposureperiod.

EXPEPU*IENTAL DESIGN

'Me freshwateralgk Selenastrumcapricornutum,was exposedto a goom@tficseriesof sixtest

concentrationsand a negative(culwm mechum) controlunders=c conditionsfor96 hours. Three

replicatetestchambersweremaintainedforeachtutrnentand controlgroup.One additionalreplicatewas

alsoniahtainedforanalyticalsamplingon Day 3 ofthetest.Inaddition,one "abiotic"replicate(test

solutionwrthoutalW) was preparedforthelughesttestconcentration.Nominaltestconcentrationswere

selectedinconsuhatimwithfficSponsorand were basedupon theresultsofrangefindingand definitive

.tests.The nominaltestconcenu-ationsselectedwere 5.7,11,23,46,91 and 183 mg activeingredient

(a.i.)/L.mean measuredtestconcentrationswere determinedfromsamplesoftestmedium collectedfrom

eachtreatmentand thecontrolgroupattestinitiation,atapproximately72 hours,and attesttermination.

At testin@on, an inoculumof thealgalccuswas preparedata concentrationofapproxinately

1.0X 106ceUs/mL. The concentratimofalgalcells*intheinoculumwas verifiedand 1.0mL was addedto

eachtestchambertoachieveanominalconcet&ationofapproxiinawly1.0X 10'ceUs/mL. Sampleswere
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collectedfrom eachreplicatetestchamberatapproximately24-hourintervalsduringthetesttodetermine

ceR densities.CeR densitieswere measuredforeachreplicateand were usedtocalculateareasunderthe

growthcurveand growthrates.Percentmlnbitionvaluesrelativetothecontrolwere calculatedforeach

parameterover the96-hourexposureperiod.EC50 valuesbasedupon cefldensities,areasunderthe

growthcurveand growthrateswere calculatedforeach24 hourinterval.EC10 and EC90 valueswere

calculated,ifpossible,forthe72 and 96 hour intervals.The no-observed-adverse-effect-wncentrafion

(NOAEC) was determinedbasedupon slifisticalevaluationofthe72-hourand 96-hourresults.At theend

ofthe96-hourexposure,algistaficeffectsweredifferenfiatedfrom algicidaleffects.

MATERLALS AND METHODS

The studywas conductedaccordingtotheproceduresoudimedintheprotocol,"PFOS: A 96-Hour

ToxicityTest with the FreshwaterAlga (Selenastrumcapncornutum)". The protocolwas based on

proceduresoutlinedin theU.S. EnvironmentalProtectionAgency Series850-EcologicalEffectsTest

Guidelines,OPPTS Number 850.5400:AlgalToxicityTiersland LT(dmft)(1)andOECD Guidelinesfor

TestingofChemicals,201Algal,GrowthInhibitionTest(2).

TestSubstance

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

WildlifeInternationalLtd.idenfificationnumber 4675. 'Me testsubstancewas describedas a white

powder. Itwas idenfifiedasFC-95 fromlotnumber217 (T-6295).Informationprovidedby theSponsor

indicateda purityof 99.9% and an expirationdateof 2008. The testsubstancewas reanalyzedby the

Sponsorand theCertificateof AnalysisdatedMarch 9,2000 indicateda purityof90.49%. The test

substancewas storedatambientroom temperature.

PLeparationofTestConcentrations

Nominal testconcentrationswere 5.7,11,23,46, 91 and 183 mg a.i.AL,based on a testsubstance

purityof90.49%. Allmaterialswhichcame intocontactwiththetestsubstanceduringpreparationoftest

concentrationswereconstructedofplasticor stainlesssteel.A primarystocksolutionwas preparedinalgal
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medium ata concentrationof 183 mg a.i.AL.The primarystocksolutionwas stirredwitha magneticstir

plateforapproxfinately24 hourstoaidinthesolubffizationofthetestsubstance.Aftermixing,the

primarystocksolutionwas proportionallydilutedwithalgalmedium to preparethefiveadditionaltest

concentrations.Allfinaltestsolutionsappearedclearand colorless.

Test Organi

Thefreshwateralga,Seignastrumcappicornutum,wasselectedasft testspeciesforthisstudy.The

speciesisrepresentativeof an importantgroup of fi-eshwateralgae,and was selectedforuseinthetest

basedupon a pasthistoryofuse and easeof culturinginthelaboratory.Originalalgalcultxuwwere

obtainedfromUTEX --Me CultureCollectionofAlgaeattheUmversrtyofTexasatAustinandhavebeen

maintainedinculturemedium atWildlifeInternationalLtd.,Easton,Maryland.Algalcellsusedinthistest

wereobtainedfrom WildlifeInternationalLtd.culturesthathadbeenactivelygrowinginculturemedium

foratlea@ttwo weeks priortotestinitiation.The negativecontrolorganismswere expectedtQ exhibit

exponentialgrowthoverthe96-hourexposureperiod.Exponentialgrowth,definedastheperiodofgrowth

wherethealgalceusaredividingata constantrate,isindicatedby thelinearsectionofthegrowthcurve

(Figure1).OECD guidelinesrecommend thatcontrolcellgrowthshouldhave increasedby a factorofat

least16within3 days.

CultureMedium

The algalceuswere culturedand testedin freshwaterWgg medium (3).Storknutrientsolutions

were preparedby addingreagent-gradechemicalsto WildlifeInternationalLtd.WellwaterPurifiedby

reverseosmosis.The testmedium was preparedby addingtheappropriatevolumes of stocknutrient

solutionstopun:Ecdwellwater(Appmdix 1).The pH ofthemedium was adjustedto7.5± 0.1using10%

HCI andthemedium was sterilizedby filwafian(0.22ym) priortouse.Analyseswereperformedatleast

once annuallyto determinetheconcentrationsof selectedorganicand inorganicconstituentsinthewell

water.The resultsofanalysesperformedtomeasuretheconcentrationsofselectedcontammantsinwell

waterusedby WildlifehrwmationalLtd.arepresentedinAppendixIl.
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TestApparatus

Testchamberswere stffffe,250-mL polycarbonateErlentneyerflaskspluggedwithfoam stoppers

and contained100mL oftestorcontrolalgalmedium. The testchamberswere labeledwiththeproject

number,concentrationand replicate,andwere indiscriminatelypositionedon a mechanicalshakertablein

an environmentalchamber designedtomaintainthedesiredtesttmnpemturethroughoutthetest.Ile test

chamberswere shakencontinuouslyat100 rpm.

EnvironmentalConditions

Testflaskswereheldinan environmentalchamber ata temperatureof24*2*C. The tmnperatureof

a containerof wateradjacenttothetestflasksintheenvironmentalchamber was recordedtwicedaily

duringthetestusinga hqlnd-m-glassthermometer.

The algaewereheldundercontinuouscool-wlntefluorescentlightingthroughoutthetest.The target

fightintensitywas 4300 ± 430 lux.Lightintensitywas measuredatthefburcomers andthemiddleofthe

shakertabledaily.Lightfiftisitywas measuredusingan SPER ScientificModel 840006 lightmeter.

The pH ofthemedium preparedfbreachtreatmentand controlgroupwas me@suredattestinitiation

and terminationusinga FisherAccumet Model 915 pH meter. Sam@les'forpH measurementat test

initiationwerecollectedfromtheindividualbatchesoftestsolutionpreparedforeachtreatmentand control

group. At testtermmaton,samplesoftestsolutionwere collectedfrompooledreplicatesofthetreatment

andcontrolgroupsforpH measurement.

AlgalGrowth

Testmechurnsampleswere collectedfrom thetreatmentand controlgroupsforthedetermmahon of

algalcelldensities.Singlesampleswere collectedfrom each ofthethree"biological"replicatesper

treatmentand controlgroup at 24-hourintervalsduringthe 96-hourexposure,and were counted

unmediately.Cellcountswere conductedusinga hmnacytometerand microscope.Each samplewas

dilutedusingan electrolytesolution(Isotonl*),as needed,tomaintaincountingaccuracy.A smallamount

ofeach samplewas loadedontoa hanacytometerand 10 gnds were counted."Me mean number ofcells
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pergnd was estnuiw and tlusvaluewas usedtocalculatethecelldensityofthesample. Usingthis

technique,theminimum quanfifiablecelldensitywas 1.0 X 10'ceUs/mL.

All96 hourcellcountsampleswere examinednucroscopicaflyforatypicalcellmorphology(e.g.,

changesincellshape,sizeorcolor).Growth of cellsinthereplicatetestchambersalsowas assessedfor

aggregationsorflocculabonsofceflsand adherenceoftheceustothetestchamber.

StatisticalAnalyses

Celldensities,areaunderthegrowthcurvevalues,growthratesand percentinhibitionvalueswere

calculatedusing,TheSAS SystemforWindows",Release6.12(4).Area underthegrowthcurvewas

calculatedforthecontrolandtwt=t groupusingthefollowingformula:

A = ((Ni-N.)/2)(ti)+((N,+N2-2N.)/2)(t2-ti)+((N..,+N.-2N.)/2)(t.-iti)

where: A = Area
N. = Nominalnumber ofceUs/mL att.
Ni = Mean measurednumber ofCeUs/mL atti
N2= Mean measurednumber ofceUs/mL att2
N. = Mean measurednumber ofceUs/mL att.
ti= timeoffimtmeasuranmtafterbeginningof= (hours)
t2= timeofsecondmenuranentafterbeginningoftest(hq@in)
t,,= timeofe measurementafterbeginningoftest(hours)

Growth rateswere calculatedforthecontroland eachtreatmentgroupusingthefollowingformula:

Growth Rate In(N.IN.)
tu

where:N, = Mean measurednumber ofceUs/mL att,
N,,= Mean measurednumber ofceUs/mL att@
t,= Tune ofe measurementafterbeginningoftest(hours)

Percentmlubium valueswerecalculatedforeachftatrnmtgroupas thepercentreductionincell

density,areaunderthegrowthcurveand growthraterelativetothecontrolreplicates.The following

formulawas used:
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PercentInhibition= Mean CeU DensLty,@ -Mean CellDensiWz,,== X 100
Mean CeU Densityc..,d

CeU densities,areasunderthegrowthcurveand growthrateswere analyzedstatisticallytoestftnate

theECIO, EC50 and EC90 values(i.e.,thetheoreticaltestconcentrationsthatwould producea'10,50 or

90% reductionin eachparaincter,respectively)and 95% confidencelimitsat72 and 96 hours. EC50

valueswere alsocalculatedforthe24 and 48 hour timeintervals.The EC valuesand 95% confidence

lirmtswerecalcul-itedby lmeayuiterpolationusingTOXSTAT Version3.5(5).CeU densities,areasunder

..thegrowthcurveand growth ratesat72 and 96 hourswere evaluatedfornormalityandhomogeneityof

variancesusingtheShapiro-WiWstestand Bartletfs%-s@respectively.The treatmentgroupswereffim

comparedtothecontrolusingDunnett'stest.Resultsofthestatisticalanalyseswereusedtodeterminethe

NOAEC values.

Age3lLcalamiw

Samples of testmedium were collectedfrom thenegativecontroland eachtreatmentgroupattest

initiation,at approximately72 hoursand attesttenninati(mto measureconcentrationsof thetest

substance.Samplesoftestmedium collectedattestinitiationweretakenfromtheindividualbatchesoftest

solutionpreparedforeachtvatinentandthecontrolgroup.Samplescollectedat72 hourswere collected

from theadditional"analytical"replicates.Samples collectedattesttenninationwere a compositeofthe

-remumng replicatesforeachtreatmentand the controlgroup. The sampleswere placedinplastic

(NalgeneO)bottlesand were analyzedmunech@ly withoutstorage.Analyticalproceduresusedinthe

analysisofthesamplesarepresentedinAppendixIII.

RESULTS AND DISCUSSION

MeasurementofTestConczntrafions

ResultsofanalysestomeasureconcentrationsofPFOS inthetestsolutionsarepresentedinTableI

and AppendixM. Nominal concenu-ationsselectedforuse inthisstudywere5.7,11,23,46, 91 and

183 mg a.i.AL.Samples collectedatthebeginningofthetesthad measuredconcentrationsthatrangedfrom

82 to98% ofnominal.Samplescollectedat72 hoursand test-terminationhad recoveriesthatrangedfrom

ANE'NDED
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82 to 105% and 90to 103% ofnominal,respectively.When thevaluesobtainedfortestinitiation,at

72 hoursand attestterminationwere averaged,themean measuredtestconcentrationswere 5.5,11,21,

44,86 and 179 mg a.i.AL.

Observationsand Measurements

Measurementsoftemperatureand lightintensityarepresentedinTables2 and 3,respectively.'Me

temperaturesrangedfrom 23.6.to25.80C andwerewithintherangeestablishedforthetest(24±2*C). Ile

lightintensityrangedfrom 3870 to4540 luxandwas withinthedesiredrangeforthetest(approximately

3870 to4730 lux)(Table3).MeasurementsofpH were 7.4to7.5on Day 0and rangedfrom7.5to8.4at

96 hours(Table4).The pH ofthe"abiotic"replicateattestterminationwas 7.4.

The effectofPFOS upon Selenastrumcapricornutumwas determinedby evaluatingdifferencesin

celldensities,areasunderthegrowthcurveand growthrates.Mean valueswereusedtocalculategrowth

mlubrttonforeach24-hourperiod.Mean celldensities,areasunderthegrowthcurveand growthratesand

theircorrespondingpercentmlubitionvaluesarepresentedinTables5,6 and 7,respectively.Celldensity,

areaunderthe growthcurveand growthratevaluesforeach individualreplicatearepresentedin

AppendicesIV,V and VL respectively.ECIO, EC50 and EC90 valuesand 95% confidencelimits

calculatedforeach24-hourintervalbasedon celldensity,areaunderthegrowthcurveand growthrateare

presentedinTables8,9 and 10,respectively.

Changes incelldensityindicatedthatexponentialgrowthoccurredinthenegativecontrolreplicates

(Figure1).The coefficientofvariationforcontrolcelldensitywas 4%. After72 hoursofexposure,cdl

densitypercentinhibitioninthe5.5,11,21,44,86 and 179mg a.i.ALtreatmentgroupswas -5.2,-1.9,-5.5,

11,72 and 970/o,respectively.Dumwft'stestshowed OW celldensitywas significantlyreducedinthe86

and 179 mg a.i.ALtreatmentgroupsincomparisontothenegativecontrol(p:r,0.05).Consequently,the

NOAEC for72 hour celldensitywas 44 mg a.i./L.After96 hoursof exposure,celldensitypercent

inhibitioninthe5.5,11,21,44,86 and 179 mg a.i./Ltreatmentgroupswas -11,-5.1,-18,-12,77 and

990/o,respectively.DunnetVstestshowedthatcelldensitywas s4nificantlyreducedinthe86 and 179 mg

a.i./Ltreatnentgroups(p--.0.05).Consequently,theNOAEC for96 hourcelldensitywas 44 mg a.i.AL.

ANENDED
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After72 hoursofexposure,areaunderthegrowthcurvepercentinhibitioninthe5.5,11,21,44,86

and 179inga.i./Ltreatmentgroupswas -2.9,1.3,-3.8,5.8,68 and 940/o,respectively.Dunnett'stest

showed thatareaunderthegrowthcurvewas significantlyreducedinthe86 and 179mg a.i./Ltreatment

groups(p--.0.05).Consequently,theNOAEC for72 hourareaunderthegrowthcurvewas 44 inga.i.AL.

After96 hoursofexposure,areaunderthegrowthcurvepercentmlubitioninthe5.5,11,21,44,86 and

179mg a.i./Ltreatnentgroupswas -8.5,-3.3,-13,-5.3,75 and98*/o,respectively.Dunnett'stestshowed

thatareaunderthegrowthcurvewas sigmficantlyreducedinthe86 and 179 mg a.i.ALtreatmentgroups

(p-,.0.05).Consequently,theNOAEC for96 hourareaunderthegrowthcurvewas 44 mg a.i.AL.

After72 hoursof exposure,growthratepercentinhibitioninthe5.5,11,21,44,86 and 179 mg

a.i./Ltreatmentgroupswas -1.1,-0.68,-0.72,3.4,31 and 820/o,respectively.Dunnett'stestshowedthat

growthratewas sigmficardyreducedin the 86 and 179 mg a.i./Ltmftent groups(p:50.05).

Consequently,theNOAEC for72 hourgrowthratewas 44 mg a.i.AL.After96 hoursofexposure,growth

ratepercentinhibitioninthe5.5,11,21,44,86 and 179mg a.i.ALuwtnent groupswas -1.9,-0.84,-3.0

-2.0,27 and 79%, respectively.Dunnett'stestshowedthatgrowthratewas significantlyreducedinthe86

and 179 mg a.i./Ltreatmentgroups(p-q0.05).Consequently,theNOAEC for96.hourgrowthratewas

44 mg a.i.AL.

VisualandMcrosg@Mic Observations

After96 hoursofexposure,therewere no signsofaggregation,flocculationoradherenceofthealgae

tothetestflasksinthenegativecmtrotoranyPFOS bmtrnmt group.Inaddition,*= were no noticeable

changesincellcolorormorphologywhen comparedtothenegativecontrolalthougha few cellsappeared

enlargedinthe86 and 179mg ai./Luwb=t group.

ReversibALtyofGrowth Inlub

The 179 mg a.i.ALtreatmentgroupwas maximallyinhibitedattheend of the96-hourexposure

period.Ahquotsofthetestsolutionweredilutedwithalgalmedium andculturedforfivedays.Basedon

thegrowthobservedintherecoveryphase,theeffecton algalgrowthwas foundtoalesmfic.Celldensities

fortherecoveryphasearepresentedinTableIIand areillustratedgraphicallyinFigure3.

AMENDED
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CONCLUSIONS

T"neconclusionsofthisstudywerebasedonthemostsensitiveen4pointmeasured(i.e.,celldensity,

areaunderthegrowthcurveand/orgrowthrate).'Me 72-hourEC50, basedon celldensity,was 70 mg

a.i.ALwith95% confidencehmitsof 44 and 78 mg a.i.AL.Tlle96-hourECIO, basedon celldensity,was

49 mg a.i.ALwith95% confidencelimitsof43 and 50 mg a.i.AL.The 96-hourEC50, basedon ceR density,

was 71 mg a.i./Lwith95%-confidencelimitsof 66 and 73 mg a.i.AL.The 96-hourEC90, basedon cell

density,was 137mg a.i./Lwith95% confidencelimitsof 105and 153mg a.i./LThe 72-hourand96-hour

NOAEC values,basedon celldensity,areaunderthegrowth curveand growth rate,were 44 mg a.i.AL.

Based on thepresenceof visibleWgal growth at recoverytermination,PFOS was consideredto be

algi@tic,ratherthanalgicidal,attheconcentrationstested.

AMEMED
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Table1

Summary ofAnalyticalChemistryData

Sponsor: 3M Corporation
Test Substance: PFOS
Test Orgamsrw FreshwaterAlga,Selenastrum cappicornutum
DilutionWater: FreshwaterAlgalMedium

Nominal Sampling Measured Mean Measured Percent
ConcenU-ation Time Concentration' Concentration Of
@Mg a.i./L) ogw (mg a.1 (mg a.i.2 Nominal2L .2

NegativeControl oi < LoQ - -
723 < LOQ
964 <IOQ

5.7 0 4.73 5.5 96
72 6.04
96 5.84

11 0 10.7 11 100
72 11.2
96 12.1

23 0 19.8 21 91
72 23.1
96 20.7

46 0 42.7 44 96
72 41.9
96 46.3

91 0 83.3 86 95
72 86.0
96 88.3

183 0 179 179 98
72 186
96 172

183 725 150 169 92

96' 188

llimit of Quantitationa@M was 0.115 mg ai.AL.

20-hoursamples were collectedfrom mdmdual batchesof testsolutionpreparedfortheUratmmt and control
3goups attestinitiation.

72-hour sampleswere collectedfrom theadchtional(D) replicate(biotic).
496-hour samples were composita of testsolutioncollectedfiromeach of theftm replicatespertreatmentand

controlgroup-

72 and 96 hour sample collectedf3romtheadditional2 MLhcate @ o@tic -

AAffi'NDED
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Table2

TemperatureMmsurmnents

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcappicornutum
DilutionWater: FreshwaterAlgalMedium

Time

Q?Ul Measurement 1 Measurement 2

0 23.6 24.2

1 24.8 24.2

2 24.8 24.0

3 25.1 25.3

4 25.8 24.9

5 25.7 24.4

6 25.6 24.9

7 24.0 24.0

8 23.9 23.8

9 23.9 23.9
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Table3

LightIntensityMeasurements

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcapncornutum
DilutionWater: Freshwater@l@ Medium

LightfiftnsityMeasurementsOux)
Test
Day No. I No.2 No. 3 No. 4 No.5
0 3940 3880 4300 3900 3870
1 3910 4270 4440 4610 4010
2 4000 4290 4310 4540 4170
3 4120 4400 4350 4160 4240
4 4200 3990 3890 4070 4140
5 3910 4120 4180 4200 4340
6 4180 4200 4120 4200 4370
7 4300 4180 3950 4430 4080
8 4010 4230 4180 4230 4450
9 4150 4090 4240 4350 4270
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Table4

pH Mewurements

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcappicornutum
DilutionWater: FreshwaterAlgalMedium

Mean Measured LH Mmmwmts
Concentration
(mga.i./L) 0 Hours' 96 Hours2

NegativeControl 7.5 8.1

5.5 7.4 8.2

11 7.5 8.2

21 7.5 8.4

44 7.4 8.3

86 7.4 7.8

179 7.4 7.5

169(Abi2@cj 7.4
0-hoursampleswere coReeW from thebatchesof testsolution'preparedforthetreatnentand
controlgroupsattestinifialiorl

2 96-hoursampleswerecollectedfromthepooledreplicatespertreatnentand controlgroup.

AACRQDED
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Table 5

Mea n CellDensitiesand PercentInhibitionforEach 24-Hour IntervalDuringtheTest'

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcapricomutum
DilutionWater: FreshwaterAlgalMedimn

Mean Measured 24Mrs 46 Ho 22 Hom
Conoentration Mean Cell Percent Mean Cell Percent Mean Cell Percent
(mg &i.AL) Density Inhibition Densi@L Inhibition D22!i:!X Inhibition

Neptive Control 32,667 - 129,000 - 603,333 -

5.5 29,000 11 129,333 -0.26 635,000 -5.2

11 29,333 10 121,000 6.2 615,000 -1.9

21 28,000 14 133,667 -3.6 636,667 -5.5

44 29,667 9.2 140,667 -9.0 535,000 11

86 25,667 21 56,000 57 17 1,()002 72

179 14,333 56 27t667 79 20,6672 97
1 ValuescalculatedusingSAS 6.12.Manual calculation@piaydfferslightly
2 Indicatesa sigmficantcliffem=fromthenegativecontrolat72 hoursusingDunneWs test(p 0.05).
3 Indicatesa sigmficantdfferencefromthenegativecontrolat96 hoursusingDunneWs test(p:g0.05).
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Table6

Mean Areas Under theGrowth Curve and PercentInhibitionforEach 24-HourIntervalDuringti

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcapncomulum
DilutionWater: FreshwaterAluW Medium

Mean Measured 2illan 0 -22 HQM
TestConcentration mosm Percent me4m Percent Mean .,Percent m

(mga.iJL) Area Inhibition Area Inhibition Area hihibition

NegativeControl 272,000 1,972,000 - 10,520,000 -- 50,4

5.5 228,000 16 1,888,000 4.3 10,820,000 -2.9 54,6

11 232,000 15 1,796,000 8.9 10,388,000 1.3 52,0

21 216,000 21 1,916,000 2.8 10,920,000 -3.8 57,2

44 236,000 13 2,040,000 -3.4 9,908,000 5.8 53,0,

86 188,000 31 928,000 53 3,412'0002 68 12,74

179 52,000 81 316,000 84 656'0002 94 1,06
ValuescalculatedusingSAS 6.15.Manual calculationsmay diff-erslightly

2 Indicatesa sigmficantdfferencefrom thenegativecontrolat72 hours usingDunnett'stat (D :g0.05).
3 Mcam a significantdifferencefrom thenegativecontrolat96 hoursusingDunnett'stest(p :50.05).
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Table 7

Mean Growth Ratesand PercentInhibitionforEach 24-Hour IntervalDuringtheTest'

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenasimm capricornutum
DilutionWater: FreshwaterAlgalMedium

Mean Measured 0-2 0-46HQM 0 -ZZHQJO
TestConcentration Mean Percent Mean Percent Mean ..Pa=nt IV

(mg a.i./L) Growth Rate Inhibition Growth Rate Inhibition Growth Rate Inhibition Grov

NegativeControl 0.0493 -- 0.0533 - 0.0568 -- 0.

5.5 0.0438 11 0.0533 0.0 0.0574 -1.1 0.

11 0.0448 9.1 0.0518 2.7 0.0572 -0.68 0.

21 0.0428 13 0.0540 -1.4 0.0572 -0.72 0.

44 0.0452 8.3 0.0551 -3.3 0.0549 3.4 0.

86 0.0373 24 0.0357 33 0.03922 31 0.

179 0.0138 72 0.0208 61 0.01002 82 0.0

ValuescalculatedusingSAS 6.12.Manual caladationimay differslightly -
2 Indicatesasignificantdifferencefromthenegativecontrolat72 hoursusingDunnetfstest(p:g0.05).
3 Indicatesa significantdifferencefromthenegativecontrolat96 hoursusingDunnetestest(p 0.05).
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Table 8

ECIO, EC50 and EC90 Values Based on CellDensityOver the96-Hour ExposurePeriod

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenastrumcapticornutum
DilutionWater- FreshwaterAlgalMc&um

95% Confidence 95% Confidence
ECIO Limits EC50 Limits EC9(

Time (mga.i./L) @mi a.i./L) @ma a.i./L) LMA a.i.!L LM.A a.i.
24 Hours Not Detmmiined 163 74 and 191 Not

48 Hours Not Determined 81 72 and 90 Not Deten

72 Hours 37 <0.0and 64 70 44 and 78 153

96 Hours 49 43 and 50 71 66 and 73 137
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Table9

EC 10,EC50 and EC90 Values Based on Area Under theGrowth Curve Over the96-HourExposur

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlp, Selenastrumcapricor?wtum
DilutionWater: FreshwaterAlgalMedium

95% Confidence 95% Confidence
ECIO Lblits EC50 Limits EC90

Time (maa.i./L) (inga.i./L) (mg a.i.AL) (mg a.i./L) (ma a.i.

24 Hours Not Ddemiined 122 19 and 176 NotDetmri

49 Hours Not Detmmined 84 67 and 146 NotDeteni

72 Hours 46 <0.0and 56 74 55 and 82 165

96 Hours 49 40 and 50 71 67 and 74 145
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Table 10

EC 10,EC50 and EC90 ValuesBased on Growth Rate Over the96-Hour Exposure Period

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selenaitrumcapricornutum
DilutionWater. FreshwaterAlgalMedium

95% Confidence 95% Confidence

ECIO Limits EC50 Limits EC90

Time Ln!ga.i.AL) (mRa.i./L) (mg a.i.AL). a.i./L) Lmg a.i.@Lj

24 Hours Not Determined 136 30 and 204 Not Detmmine

48 Hours Not Detmm:kined 142 107and 185 Not Detmmine

72 Hours 53 23 and 64 120 103and 132 >179

96 Hours 59 54 and 63 126 115and 138 >179

'Confidencelimitscouldnotbecalculatedwiththedataobtained.
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TableII

CellDensilaesfortheRewvery Phase

Sponsor: 3M Corporation

Test Substance: PFOS

Test Organism: Freshwater Alga, Seknastrum capricornutum

DilutionWater. FreshwaterAW Me&un

Mean Measured CellDensities(L"m@L
TestConcentration

(mgai./L) Day 0 Day 3 Pal 5

NegativeControlRep.A 10,000 1,220,000 6,420,000

@179' 1,000 35,000- 1,1
.
80,000

The t=tment groupwas dilutedtoa concentrationofthetestsubstancethattheoreticallywould
notinhibitgrowth.

2 Due to themethod usedto preparemovmy phasetestsolutions,ini@ celldensitieswere not
equivalentthroughouttheuwtnent groups.

Ahffi'NDED
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Figure1. NegativeControlAlgalGrowtb,ExpressedinCellDensity,Dunng the96-HourExposure.
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Figure2. Concentration-ResponseCurve,ExpressedinCellDensity
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Fig= 3 - Fe=veq Ph= ResponseCurve,ExpressedinCeU Density
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APPENDIX I

FreshwaterAlgalMedium'

Sponsor 3M Corporation
TestSubstance: PFOS
TestOrgmism: FreshwaterAlga,Selenastrumcaphcornutum
DilutionWater-. Freshwater Medium

Nominal
Compound Concentration

MgCI206H20 12.16 mg/L
CaCI202H20 4.40 mg/L
H3BO3 0.1856 mg/L
MnCI2.04H20 0.416 mg/L
ZnCI2,.T 3.28 AgIL
FCC13i6H20 0.1598 mg/L
COCl2*6H20 1.428 AGIL
Na2MOO492H20 7.26 AGIL
CUC1202H20 0.012 AGIL
Na2EDTA02H20 0.300 mg/L

NaN03 25.50 mg/L
MgSO497H20 14.70 mg/L
K2]HP04 i.o44 mg/L
NaHC03 15.0 mg/L

The pH was adjustedto7.5 0.1 using10% HC 1.
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APPENDIX ]I
AnalysesofPesticides,Organics,MetalsandOfl= laorganics

inWildlifebftmafionalLtd.WellWaterl

ANALYSIS RAEASURFD CONCENTRATION

MiscellaneousMeasurements
TotalDL-@wlvedSolids 286 MV-L
Ammonia Nitmen - < 0.050 n4 -&
TotalOrgamc C'wbon@ < 1.0 mfy-L
Totd Cy7auide < 10.0 AilL

0
ddorines and PCBs

Airmo < O.W5 A91-L
Alpha BHC < O.W5 mi/-L
BelaBHC < 0.005 Ail-L
DeltaBHC < 0.005 tzw-L
Gamma BHC (Lindane) < 0.006 Pt/-L
Chlordane < 0.025 Mi/-L
DDD, pp0' < 0.006 Ail-L
DDE, pp < 0.005
DDT pp < 0.008
yef&9 < 0.005 pi/-L
P.ndosul A < 0.005 P4/-L

B < 0.005 941-L
Sulfate < 0.018 JA@-

Endrin < 0.010 14-
Endda Aldehyde < O.W5 4 -&
Hep*hlor < 0.005 4 -&
MEthoxychlor < 0.007 lAfy-L

HeptaclilorEpo)dde < 0.005 AW-L
Tokaphene < 0.5w mix_
PCB-1016 < 0.260 Ail-L
PCB-1221 < 0.260 pt/-L
PCB-1232 < 0.260
PCB-1242 < 0.720
PCB-1249 < 0.720
PCB-1254 < 0.720
PCB-1260 < 0.720

Metalsani Other Inarganics
Al!m < 100
Arsenic < 25.0

M 3 < 0.50un@
< 1.0

Calciu]3-9 35.0
c < 2.0
Cobal < 1.0

< 20.0

3
< iw

3
< 10.0

esi 13.5
< 1.0
< 0.20

IM&OI 3 < 2.0
N < 2.0 Mi&-

6.62 %-XL
Sel 3 < 25.0

1.0 AW-Lsiive - <
Sodium 3 21.3 n3@WL
@ziue < 20.0 41L

bW0

map ulik
hla-ngenese'
M7;Lgpum

LIC@D

A@4
'
pefl WQSTEnvir@ental,GiunesviUc,Yloridaforsam=pesc-ofl=(mN19
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APPENDIX M

THE ANALYSIS OF PFOS IN FRESHWATER ALGAL MIEDRUM

IN SUPPORT OF

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454A-103A
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Introduction

Freshwateralgalmedium sampleswere collectedfrom an acutetoxicitystudydesignedtodetemunethe

effectsof PFOS (PerfluorooctaneSulfonicAcid Potassium Salt)to the freshwateralga (Selenastrum

cap?icornutum).This studywas conductedby WildlifeInternationalLtd.and identifiedas ProjectNo.:

454A-103A. The analysesofthesewatersampleswereperformedatWildlifeInternationalLtd.usinghigh

performanceliquidchromatographywith mass spectrometricdetection(HPLC/MS). Sampleswere

receivedforanalysison April12,15and 16,1999 and were analyzedan eachsamplereceiptday.

TestSubstanceandInternal

T'hetestsubstanceused fortheanalyticalportionof thisstudywas WildlifeInternationalLtd.

identificatimnumber-4675. The testsubstancewas usedto preparecalibrationstandardsand matrix

fortificationsamples.

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

internationalLtd.idmitificationnumber 4526 upon receipt.The internalstandard,agranularmaterialwas

identifiedas: IK 1K 2K 2H PerfluorooetaneSulfonicAcid,ChemicalAbstractNumber: 27619-97-2.

T'hestandardwas storedunderambientconditions.

Agg3ILcalMethod

The methodusedfortheanalysisofthefreshwateralgalmedium sampleswas developedatWildlife

InternationalLtd.and entitled"AnalyticalMethod Validatonforthe,DeWrminaton of PFOS in

Freshwater,Saltwater,and AlgalMedia!'.Thismethodologywas includedasAppendixIlofWildlife

InternationalLtd.protocolnumber 454/011299/MVAUSUB454. Itwas based upon methodology

providedby 3M Corporation.

Sampleswere dilutedin a 50% methanol: 50*/oNANOpure(D water solutioncontaining

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

calibrationrangeofthePFOS methodology.

ConcenU-ationsof PFOS inthe standardsand sampleswere dkunnined by reverse-phasehigh

performanceliquidchromatographyusinga Hewlett-PackardModel 1100 legh PerformanceLiquid
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Chromatograph(EPLC) witha Peridn-EhnerAPI IOOLC Mass Spec=neter equippedwitha Perldn-

Ehner TurbolonSpmy ion source. IHPLC separationswere achievedusinga KeystoneBetasilCis

analyticalcolumn(100nun x 2 nun I.D.,3 pm particlesize).The hishumentparametersaresummarized

inTable1. A methodflowchartisprovidedinFigure1.

CalibrationCurveandLimitofOuanfitation

Calibrationstandardsof PFOS preparedina 50% methanol: 50% NANOpureg watersolution

containing0.100mg4HPFOS (internalstandard)/Land 0.05% formicacid(v/v),rangininconcentrafion

from 0.00229to 0.0457mg a.i"./Lwere analyzedwithdw smwles. Linearregressionequationswere

generatedusingpeak arearesponseratios(PFOS :mtemw standard)versustherespectiveconcentration

ratios(PFOS :hiternidstandard)ofthecalibrationstandards.A typicalcalibrationcurveispresmtedin

Figure2. The concwtrafionof PFOS inthesampleswas determinedby substitutingthepeak area

responseratiosintotheapplicablelinearregressionequation.Representativeionchromatogramsof low

and high.calibrationstandardsarepresentedinFigures3 and 4,respectively.

The method limitofquantitation(LOQ) fbrtheseanalyseswas setat0.115mg a.iJLcalculatedasthe

productofthelowestcalibrationstandardanalyzed(0.00229mg a.i./L)and theMutim EwWr ofthe

matrixblanksamples(50.0).

MatrixBlankandFortificationSM21cs

Threematrixblanksampleswere analyzedto determinepossiblemterfe=ce. No mterfermceswere

observedator abovetheLOQ duringsamplesanalyses(Table2). A representativechromawgram of a

matrixblankispresentedinFigure5.

Freshwateralgalmedium was fortifiedat 0.915,45.7and 220 mg a.iJLand analyzedconcurrently

withthesamplestodeterminethemean proceduralrecovery(Table3). Sampleconcentrationswere not

comcted forthe mean proceduralrecoveryof 99.1%. A representativechromatograinof a matrix

fortificationispresentedinFigure6.

AMENDED
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ENmale Calculations

Samplenumber 454A-103A-2,nominalconcentrationof5.7mg a.i./LinfreshwateraW medium.

InitialVolume: 0.100mL

FinalVolume: 25.0mL

DilutionFactor.250

PFOS Peak Area- 164427

InternalStandardPeakArea: 240533

PeakArea Ratio:0.6836..-

Cahb=on curveequauon.

Slope:3.43926

Iuftrcept:0.03327

Curveisweighted(I/x).

(Peakarearatio- (Y-fiftrcept))x I.S.Conc=trafion
PFOS (pga.i./L)atinstrument

Slope

(0.6836- 0.03327)x 100pg a.i.AL

3.43926

18.9pg a.i-/L

Noie:I.S.= kwmal standard.

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

10004mg

18.9x 250

1000

AMENDED



WILDLIFE INTERNATIONAL LTD. PROJFCTNO.: 454A-103A

-40-

4.73mg a.i./L

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

PFOS (mg a.i./L)nominal

Calculatedrecovery:82.0%

Note:manual calculationmay differ.

RESULTS

SimpleAnalysis

Freshwateralgalmedium sampleswerecollectedfrom theacutetoxicitystudywiththefreshwateralga

(Selenastmmcapr
I
icornutum)attestinitiation,April12,1999 (Hour 0),on April15,1999 (Hour72),and

attesttermination,April16,1999 (Hour96). The measuredconcentrationsof PFOS inthesamples

collectedatinitiationofexposureofthetestorganisms(Hour0)rangedfrom 82.0to98.1% ofthenominal

concentrations.SamplescollectedatHour 72 had a measuredconcentrationrangeof 91.7to 105% of

nominalvalues.The Hour-72 abioticsamplewas 81.9% ofthenominalconcentration.Samplescollected

attesttermination(Hour96)hada measuredconcentrationrangeof90.3t@ 102% ofnominalvalues.The

Hour-96 abioticsamplewas 103% ofthenominalconcentration(Table4).A representativechromatogram

ofatestsampleisshown inFigure7.

AMENDED
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TableI

TypicalLC/MS OperationalParameters

INSTRUNMQT: Hewlett-Pa&ardModel 1100High PerfomianceLiquid
Chromatographwitha Peridn-ElmerAPI IOOLC Mass Spectrometer
equippedwitha Peridn-EhnerTurboIonSprayionsource.Operatedin
seleefiveionmonitoringmode (SM.

ANALYTICAL COLUMN: KeystoneBeWil C,8column(100mm x 2 mm I.D.,3 pm particlesize)

OVEN TEMPERATURE: 300C

STOP TIME: 10.0minutes

FLOW RATE: 0.220mljminuto

MOBILE PHASE: 72.0% Medkanol:28.0% NANOpure(D Watercontaining0.1% Fomiic
Acid

INJEcnON VOLUME: 25.0pL

PFOS RETENTION TIME: Approxi@ly 6.6minutes

INTERNAL STANDARD
RETENTION TIME: Appro7dn@y 4.5n-,dnutes

PFOS MONITORED MASS: 498.6amu

INTERNAL STANDARD
MONITORED MASS: 426.7amu
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Table2

MatrixBLuks AnalyzedConeun=Wy DuringSample Analysis

S!Mle MeasuredConcentrationof
Number PFOS'

(454A-103A-) Type (mga.i./L)
MAB-1 MatrixRia < LOQ

MAB-2 MatrixBlank < LOQ

MAB-3 MatrixBlank < LOQ
Ile limitof quanfitatim(LQQ) was 0.115 mg a.iJLbased upon the productof the lowestcalibration
standard!2!!Xzed(0.00229ifiga.i./L)andthedilutionfilctorofthematrixblank les(50.2).

AMENDED
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Table3

MatrixFortificationsAnalyzedConcurrentlyDuringSampleAnalysis

ConcentrationsofPFOS
SampleNumber Percent
(454A-103A-) Fortified Measured Recovered

MAS-1 0.915 0.884 96.6
MAS4 0.915 1.10 120
MAS-7 0.915 1.02 112

MAS-2 45.7 41.3 90.2
MAS-5 45.7 48.4 106
MAS-8 45.7 41.4 90.6

MAS-3A 220 210 95.2
MAS-3B 220 201 91.7
NlAS-3C 220 209 95.0
MAS-6 220 221 101
-MAS-9 220 202 91.9

Mean = 99.1
StandardDeviation= 9.75

CV = 9.84
N = 11

Note:Resultsand correctionsfornew testsubstancepuritywere generatedusingMacQuan version1.5
softwareandmanualcalculations.ValueshavebeenroundedforE22rtin g!aoses.

AAffi'NDED
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Table4

Measured ConcentrationsofPFOS inFreshwaterAlgalMedium Samplesfroma
FreshwaterAlgaAcuteToxicityTest

NomhW Test Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration' Of
mA a.i./L) (454A-103L- (m NominalEau-rs) A ai.AL)

0.0 1 0 < LOQ
8 72 < LOQ
15 96 < LOQ

5.7 2 0 4.73 82.0
9 72 6.04 105
16 96 5.84 101

11 3 0 10.7 89.8
10 72 11.2 93.6
17 96 12.1 102

23 4 0 19.8 86.2
11 72 23.1 101
18 96 20.7 90.3

46 5 0 42.7 93.4
12 72 41.9 91.7
19 96 46.3 101

91 6 0 8@.3 91.0
13 72 8@.-O 94.0
20 96 88.3 96.5

183 7 0 179 99.1
14 72 186 102
21 96 172 94.0

183 14A 72 150 81.9
(Abiotic) 22 96 188 103

Note:Resultsand correctionsfornew testsubstancepurityweregeneratedusingMacQuan version1.5
softwareand manual calculations.Valueshavebeenroundedforreportingpurposes.

'The limitof quantitation(LOQ) was 0.115 mg a.i./Lbasedupon theproductofthelowestcalibration
standardanalyzed(0.00229mg a.i./L)andthedilutionfactorofthematrixblanksamples(50.0).

AMENDED
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MF,THOD OUTLINE FOR THE ANALYSIS OF PFOS
IN FRESHWATER ALGAL MFDIUM

Preparematrixfortificationsamplesby spikingthereqaisitevolumeofPFOS stocksolutionsdirectly
intofreshwateralgalmedium usinggas-fi& syringesand ClassA volumetncflwks.

Dilutematrixfortificationandtestsamplesintotherangeofthecalibrations=dards by partiallyfilling
ClassA volumetdcflaskswith50% niedmol :50% NANOpureg watersolutioncontaining

0.100mg 4H PFOS (inten*standard)ALand0.05% formicacid(v/v.).Add theappropriatevolumeof
sampleand bringtheflasktovolumewithdw dilutionsolvent.Processthematrixblanksampleusing
thesame dilutionandaliquotvolumeasforthelowestfortificationlevel.Mix wellby severalrepeat

inversions.

AnipulatesamplesandsubmitforLC/Ms analysis.

Figure1. AnalyticalmethodflowchartfortheanalysisofPFOS infreshwateralgalmechum.
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Figure2. A typicalcalibrationcurveforPFOS. Slope 3.43926;Intercept0.03327;r 0.9986.
Curveisweighted(I/x).

AME-4DED
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Figure3. A representafiveion ULL ofa low-level(0.00229mg a.i./L)PFOS standard.
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APPENDIX IV

CeH DensityforEach RepheatePerTreatmentOver the96-HourExposurePeriod

Sponsor. 3M Corporation

Test Substance: PFOS
TestOrpaisni: FreshwaterAlga,Selenasimm capricomutum

DilutionWater FreshwaterAlgalMedium

Mean Measured CellDensities(CeUdmL)L

Concentration
(mg &i./L) RepUrate 24 Hours 48 Hours 72 Hours 96 Hours

NegativeControl A 34,000 132,000 710,000 2,720,000

B 33,000 130,000 605,000 2,860,000

c 31,000 125,000 495,000 2,640,000

5.5 A 29,000 136,000 790,000 3,000,000
23,000 118,000 500,000 3,180,000

Ic 35,000 134,000 625,000 2,940,000

A 30,000 105,000 560,000 2,680,000

B 27,000 124,000 660,000 2,740,000

c 31,000 134,000 625,000 3,220,000

21 A 30,000 141,000 960,000 3,340,000

B 26,000 132,000 450,000 3,080,000

c 28,000 129,,000 600,000 3,300,000

44 A 30,000 136,000 515,000 2,800,000
B 32,000 151,000 700,000 3,020,000

c 27,000 135,000 390,000 3,420,000

86 A 37,000 65,000 215,000 650,000

B 18,000 57,000 136,000 760,000

c 22,000 46,000 162,000 470,000

179 A 15,000 35,000 21,000 45,000

B 18,000 22,000 18,000 30,000

c 10,000 26,000 23,000 26,000

The =tlal celldensityof the dock culturewas determmed and an moculum volume was admmatm-ed to each test

chamber toyielda celldensityofapproxftnately10,000ceUstmL attestinitiation(0 hours).

ANIENDED
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APPENDIX V

AreaUndertheGrowth CurveforEach RepheatePerTreatrnentOverthe96-Hour ExposurePeriod

Sponsor 3M Corporation
TestSubstance: PFOS
TestOrganism: FreshwaterAlga,Selwasirwn capricomutum
DilutionWater. FreshwaterAlga Medium

Me= Measm-ed CumulativeArea Under theGrowth Curve
Concentration
(mgaiJL) Replir-ate 0 - 24 Hours 0-48Hom 0 - 72 Hours 0 -96 Hours

NegativeControl A 288,000 2,040,000 11,904,000 52,824,000
B 276,000 1,992,000 10,572,000 51,912,000
c 252,000 1,894,000 9,094,000 46,464,000

5.5 A 228,000 1,968,000 12,720,000 57,940,000
B 156,000 1,608,000 8,794,000 52,704,000
'C 300,000 2,089,000 10,956,000 53,496,000

A 240,000 1.620,000 9,360,000 48,000,000
B 204,000 1,776,000 10,944,000 51,504,000
c 252,000 1,992,000 10,860,000 56,760,000

21 A 240,000 2,052,000 13,824,000 63,994,000
B 192,000 1,848,000 9,592,000 50,712,000
c 216,000 1,848,000 iowooo 56,904,000

44 A 240,000 1,992,000 9,564,000 49,104,000
B 264,000 2,220,000 12,192,000 56,592,000
c 204,000 1,908,000 7,968,000 53,448,000

86 A 324,000 1,308,000 4,428,000 14,568,000
B 96,000 756,000 2,832,000 13,344,000
c 144,000 720,000 2,976,000 10,320,000

179 A 60,000 420,000 852,000 1,404,000
B 96,000 336,000 576,000 912,000
c 0 192,000 540,000 888,000

AAffiNDED
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APPENDIX VI

Growth RateforEach RephcatePerTreatmentOverthe96-HourExposurePenod

Sponsor. 3M Corporation
TestSubstanre: PFOS
TestOrpnism FreshwaterAlga,Selenastnmcapncornutum
DilutionWater FreshwaterAlgalMedium

Mean Measured GrowthRate
Concentmfim
(nig&i./L) Replicate 0- 24Hours 0- 48 Hours 0 -72Hours 0-96Hours

NegativeControl A 0.0510 0.0538 0.0592 0.0584
B 0.0497 0.0534 0.0570 0.0589
c 0.0471 0.0526 0.0542 0.0581

5.5 -A 0.0444 0.0544 0.0605 0.0594
B 0.0347 0.0514 0.0543 0.0600@c 0.0522 0.0541 0.0574 0.0592

II A 0.0458 0.0490 0.0559 0.0582
B 0.0414 0.0525 0.0582 0.0585
c 0.0471 0.0541 0.0574 0.0602

21 A 0.0458 0.0551 0.0619 0.0605
B 0.0398 0,0538 0.0529 0.0597
c 0.0429 0.0531 0.0569 0.0604

44 A 0.0458 0.0544 0.0547 0.0587
B 0.0485 0.0566 0.0590 0.0595
c 0.0414 0.0542 0.0509 0.0608

86 A 0,0545 0.0390 0.0426 0.0435
B 0.0245 0.0363 0.0363 0.0451
c 0.0329 0.0318 0.0387 0.0401

179 A 0.0169 0.0261 0.0103 0.0157
B 0.0245 0.0164 0.0082 0.0114
c O.ODOO 0.0199 0.0116 0.0010

AMENDED
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APPENDIX VII

ChangestoProtocol

Tlusstudywas conductedm accordancewiththeappmved Protocolwiththefohowi% changes:

I. The protocolwas amended to add the proposedexperimentalstartand terminationdates,test
concentrationsand testsubstancenumber.

2. Ile protocolwas amendedtospecifytheanalyticalmethod.

3. Ile protocolwas amended torepeatthetestwithahighertestconcenuafion.
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APPENDIX VEII

PersonnelInvolvedintheStudy

The fohowmg key persomelweremvolvedm theconductormanagement oftinsstudy:

I. Henry 0. Krueger,Ph.D.,Director,AquaticT("dcologyandNon-TargetPlants

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

3. Raymond L.VanHoven, Ph.D.,Scientist

4. KurtR. Drottar,SeniorBiologist

5. Mark A. Mank,LaboratorySupeniwr
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APPENDIX IX

ReportAmendment

I. OriginalReport: Pages1-4,6 and36

Amendment: 'Me pages were changedto includethe amended reportdate,revisedpage
numbers,and new signaturesand datesdue to the additionof thereport
amendment asAppendix IX.

Reason: To reflecttheissuingofan amended report.

2. OriginalReport: Page 2

Amendment: The compliancestatementwas revised.

Reason: To ckt;fyhow thetestsubstancewas cmmetenzed.

3. OriginalReport: Page 10

Amendment: Informationprovidedby theSponsorreflectingthereanalysisofthetestsubstance,.
includingthereanalysisdateand thepurity,was addedto theTestSubstance
section.

Reason- To reflectthecurrenttestsubstanceinformationprovidedby theSponsor.

4. OriginalReport: Entirereport

Amendment: Alltestsubstanceconcentrationswere changedto reflectthepurityof thetest
substanceasdeterminedby theSponsorina reanalysisofthetestsubstance(FC-
95,Lot217).Testcwccnftafionsoriginallywerebasedon thereportedpurityof
98.9%. The certificateof analysisdatedMarclf9, 2000 indicateda purityof
90.49%. Therefore,alltestsubstanceconcentrations,includingnominal
emccamons, nmsured concentrations,EC values,and NOAEC valueswere
recalculatedand reportedasmg a.i./Lbasedon the90.49% purity.

Reason: To reporttheresultsofthetestbasedon thetestsubstancepurityof90.49% atthe
requestoftheSponsor.

AMENDED
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WILDLIFE INTERNATIONAL LTD. Page I of I

AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR TOXICITY TEST WITH THE FRESHWATER ALGA
(Selenastrumcapricomutum)

PROTOCOL NO.: 454/110998/SEL-96HI/SLTB454 AMENDMENT NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 454A-103

EFFECTIVE DATE: January4,1999

AMENDMENT: Page 2

Add: ExperimentalStartDate: 2/19/99

ExperimentalTerminationDate: 2/23/99
Test Concentrations:Negative ControL 6.3,13,25, 50 and 100 mg a.i./L

Test Substance No.: 4675

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

Director.

AMENDMENT: APPENDIX II,Page 16

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

PerfluorooctandSulfonicAcid,Potassium Salt(PFOS) inFreshwater,FilteredSaltwaterand

AlgalMedium.

REASON: To add the analyticalmethod to be used inthe study.

c;ztC7(gq
STLJDY DIRECTOR DATE

LABoAAT6RY-@@AGEMENT DATP-

SPORSOR'S REPRESENTATIVE DATE
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR TO)ACITY TEST WITH THE FRESHWATER ALGA
(Selenastrumcapricornutum)

PROTOCOL NO.: 454/110998/SEL-96HI/SUB454 AMENDMENT NO.: 2

SPONSOR: 3M Corporation PROJECR NO.: 454A-103

EFFECRIVE DATE: April8,1999
AMIENDMENT: Page 2

Change:. ExperimentalStartDate: 2/19/99
ExperimentalTerminationDate: 2/23/99
TestConcentrations:NegativeControL6.3,13,25, 50 and 100 mg &i.AL

To: ExperimentalStartDate:4/12/99
ExperimentalTerminationDate:4/16/99
TestConcentrations:NegativeControl,6.3,13,25,50,100 and200 mg a.i./L

REASON: The testwillbe repeatedbecausecellcountswere notmade witha hemaqwmeter and a
microscope.An additionaltestconcentrationwas addedinan attempttoobtainEC90 values.

AMENDMENT: EXPERIMENTAL DEST Page 3

Change: Targetconcentrationswillnotexceed100 mg/L orthesolubilitylimitofthetestsubstancein
water.

To: Targetconcentrationswillnotexceed1000 mg/L or thesolubilitylimitofthetestsubstanceinwater.

REASON: The new nominalconcentrationsexceed100 mg a-i-AL.

1?7
STUDY DIRECTOR DATE

LABOFATORY kAk.NACiEMENT bAtE
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INTRODUCRIO

WildlifeInternationalLtd.willconducta 96-hourtoxicitytestwiththefreshwateralga,

Selenastrumcapticornutum,fortheSponsorattheWildlifeInternationalLTCLaquatictoxicologyfacility

in Easton,Maryland. The studywill*beperformedbased on proceduresintheU.S. En*omnental

ProtectionAgency Series850 -EcologicalEffectsTestGuidelinesOPPTS Number 850.5400 (1)and

OECD GuidelineforTestingofChemicals,20 1: Alga,Growth InhibitionTest(2).Raw dataforall

work performed atWildlifeInternationalLtd.and a copy of thefinalreportwillbe filedby project

number in archiveslocatedon theWildlifeInternationalLtd.siteor at an alternativelocationto be

specifiedinthefinalreport.

PURI?OSE

The purposeofthisstudyistodeterminethetoxicityof a testsubstancetothefi-eshwatergreen

alga,Selenastrum cap,-icornutum,duringa 96-hourexposure period.

EXPERIMENTAL DESI

The greenalga,Seknastrum cap?icomutum,willbe =posed toa geometricseriesof atleastfive

testconcentrationsandanegative(culturemedion) controlfor96.hours.Targetconcentrationswillnot

exceed 100 mg/L or the solubilitylimitof thetestsubstanceinwater. Generally,the nominal

concentrationof eachtestsubstanceused inthedefinitivetestwillbe atleast50% ofthenexthigher

teaftnen@udess mformatlm concerningft concentubon-effectcurvemcheatesthata dffcmt dilution

factorwould be more appropriate.

Test solutionswillbe inoculatedwith 10,000.ccUs/mL. Three "biologicc'replicatesper

experimentalgroup willbe preparedforevaluatingcelldensities.One ormore additional"analyticar'

replicateswillbe includedinthetes@asneeded,toprovidetestsohitimforemeentrationverification

on Day 3 oftheevosure. An abioticreplicateatthehighestconcentrationwillbe includedinthetest

and willbe swnpledon Day 3 and Day 4. Inorderto controlbias,thepositionoftheflaskswillbe

detmmmed by mdwmmnate draw dailyduringtheexposurepenoct No ofl= potentialsourcesofbias

areexpectedto affecttheresultsofthesh*.

The responseof thealgaewillbe measured intermsofcelldensity,biomass expressedas area

underthegmwth curve,and growdirate.An EC50 (i.e.,thetheoreticaltestconcentrationthatproduces

a 50% reductioninthemeasured parameter)valueforcelldensitywillbe calculatedforeach 24 hour

interval.EC10, EC50 and EC90 valuesforcelldensity,biomass (FbC)and growthrate(EC) willbe

PROTOCOL NO.: 454/110998/SEL-96HI/SUB454 3M LAB REQUEST NO. U2723
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calculated,ifpossible,atthe72 and 96 hour intervals.The no observedadverseeffectconcentration

(NOAEC), which isthehighesttestconcentrationthatinducesno adverseinhibitoryeffecton growtk

willbe dewmined relativetoeachparameterat72 and 96 hoursbased upon evaluationofthestatistical

resultsand thedose-responsepatterrL At theend of the96-hourexposure,algistaticeffectswillbe

differentiatedfrom algicidaleffectsinthosetreatmentswhich aremaxirrwly inhibited.

MA17ERIALS AND METHODS

Test Substance

hffonnationon thecharacwrizationofwA controlorreferencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The SponsorisresponsibleforprovidingWildlifeint=ational

LtcLwnttenvcnficationthatthetestsubstancehas been charactuizedaccordingto GLPs pnor toitsuse

inthestudy.Ifwrittenverifir-ationof GLP testsubstancechmmctmizationisnotprovidedtoWildlife

InternationalLtd.,itwillbe notedinthecompliancestatementof thefinalreporl The attachedform

IDDENIMCATION OF TEST SUBSTANCE BY SPONSOR (Appendix 1)istobe used toprovide

informationnecessaryforGLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreesto accept

any unused testsubstanceand/ortestsubstancecontainersremaining attheend ofthestudy.

P=aration of TestSolutions

The testsubstancewillbe administeredtoSelenastruminan aqueousmediual Thisrouteof

admmmtr&on was sekctedb=m itrepresentsihemost likelyrouteof exposureto algae,which exists

inaquaticenvirorunents.

Testsolutionswillbe preparedby cwutmg oneormore stocksolutionswith algalculturemedium

to achievethe targetconcentrations.Storkswillbe preparedinalgalculturemediuwl AU weights,

volumes and dilutionsusedtoprep= thetestsolutionswillbe documented infficraw data.

TestOreanism

The freshwatergreenalga,Selenastrumcap?icomutum, willbe usedinthistesl Thisspecies

isrepresentativeofan kvamant group ofalgaeand was selectedforuse inthetestbased upon pastuse

and easeofhandlinginthelaboratory.Stockcultures,obtainedfrom theCultureCollectionofAlgae

attheUmvcmty ofTexasatAustm oramflw swpher,willbe maintam@ inculturemedium atWildlife

hltmmationalLtd.foraminim= oftwo wedcs pnor touse ina toxicitytest.Algae usedintoxicitytests

PROTOCOL NO.: 454/110998/SEL-96Hl/SUB454 3M LAB REQUEST NO. U2723
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willbe in exponentialgrowth phase,which isdefinedas the periodof growthwhen algalcens are

dividingata constantrate.

Justpriortobeginningthetestan inoculum ofthestockculturewillbe preparedso thateach

milliliterof inoculum containsenough rellstoprovidean initialcelldensityofapproximately10,000

cells/mLineach replicate.

CultureMedium

Culturemedimn prepareda=rding toWildlifekta@onal Ltd.StandardOperatmg Prm-edures

willbe used as dilutionwater.The concentrationsof thecomponents inthemedium arepresentedin

Table 1 (3).Stocknutrientsolutionswillbe preparedby addingreagent-gradechemicalsto Wildiffe

InternationalLtd.weflwaterpurifiedby reverse-osmosis.Appropriatevolumes of thestocknutrient

solutionswillthenbe chlutodvathpurifiedweU watertopreparethemodiunl The medium willbe filter

stmihzed(0.2gm orautoclaved)priortouse.The finalpH offt medimn shouldbe 7.5± 0.1. Analy-

ses willbe performed atleastonce amuauy todeterminetheconcentrationsof selectedorganicand

morgamc const:twentsofthewellwaterandresultsoftheanalysesvaU be summmued m thefmal report.

Specificationsfor acceptablelevelsof contaminantshave not been establishedforculture

mednun Howem, tlm= areno Imb ofcontaminantsreasonablyexpectedtobe presentinthemedium

thatareconsideredtD interf= withthepurposeorconductofthestudy.

TestAaaratus

Test chambers v@M be sterile,250-mL polyearbmate Erlennieyerflasksplugged with foam

stoppers.Each testchamber willhold 100 mL oftestsolutiorlTest chamberswillbe @n&mimin@

positionedon a mechanicalshakertableinan environmentalchamber and willbe shaken continuously

atapproximately100 rpnl Testchambers willbe labeledwiththepmjectnumber, testconcentration,

and replicate.

EnvironmentalConditions

Testflaskswillbe heldat24:12'C undercontinuousfluorescentlighting(e.g.,coolwhitelight

tubes)at an intensityof approximately4300 :k100/oIwL Lightintensitywillbe measured atfive

locationson the shakertabledailyduringdm test.Temperaturewillbe measured twicedailyinthe

environmentalchamber usinga liquid-in-glassthermometer.
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The pH ofeachbwftmt andthecontrolwillbe measured attestinitiationand temiinati.using

a FisherAccumet Model 915 pH meterorequivalent.Samples willbe collectedfrom thebatchof test

solutionpreparedattestinitiationforeachtreatrnentand controlgroup forthemeasurement ofpH. At

testtermination,pH willbe measured inpooled testsolutionsamples collectedfrom thethreereplicates

ofeachtreatmentand controlgroup.

BiologicalMeasurements

Celldensitleswillbe momtored duringthetestby conductingcellcountsusinga h=aqwmeter

and ann=scope. One samplewillbe collectedfrom eachreplicateof thetreatmentand controlgroups

at approximately24 hour intervalsduringtheexposureperiocl The sampleswillbe evaluated

inu@@y. Each samplewillbe dilutedusingan electrolytesolution(Isoton(g),asneeded,tomaintain

countingaccuracy.The celldensityofthesample willbe calculatedbasedon themean number ofcells

per gficl

Samples of testsolutionswillbe collectedfrom each replicatepertreatn=t and controlgroup

at the end of thetest Each replicatesample willbe examined microscopicallyforatypicalcell

morphology (e.g.,changesinshape,sizeor color).Growth ofcersin theflasksalsowillbe assessed

foraggregationsorflocculafionsofcellsand adherenceoftheceustothetestchamber.

At theend ofthetest,algisuficeffects,which resultintheinhibitionof cellgrowd4 willbe

differentiatedfrom algicidaleffects,wluch resultinthedeathofcells.AUquots (0.5mL) oftest

solutionswillbe takc:ftfrom each replicatetestchamber where growth ismaximally inhibited.

Maximallyinhibitedteatnent arethoseinwhich itcannotbe visuallydeterminediflivealgalceus are

present(e.g.absenceofcolortothetestsolution).These aliquotswillbe combined and dilutedwith

algalmediwn to a concentrationofthetestsubstancethatdmreficaly shouldnot affectgDwdL A

negativecontrolwillbe preparedby dilutinga0.5-mL aliquotfi-omone negativecontrolreplicateto 100

mL with algalmechual Growth ofthesesubcultureswillbe monitoredforup to9 days todetermine

whetherinhibitionof growth observedduringthetestisreversible.Samples willbe collectedforcell

countsatrecoveryphaseuntiation,tmmifintionand atapproximately3-dayintervalsbetween uutiatim

mid tamunatom The recoveryphasemay be terminatedonce algalgrowth issufficienttomcheatethat

the algalcellshave fidlyrecoveredfrom effectsdue tothetestsubstance.This willbe determined

throughvisualexaminationoftherecoverytestsolutions.
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Sa=line forAnalyficalMeasurements

Samples of theexposuresolutionswillbe collectedon Days 0,3 and 4 and analyzedfor test

substanceconcentrations.Day 0 samples willbe takenfrom each batchof testsolutionpriorto their

distributionamong thereplicatetestchambers. Day 3 samples willbe collectedfrom theextrareplicat,

testch=ber(s) includedinthetesttoprovidesample forthatanalysisand from theabioticreplicates.

Ifmore than one replicateisincludedfortheDay 3 sample analysis,thenthesolutionsfrom each

replicatewillbe con4)ositedtoprovidethesample forthattreatment Day 4 sampleswillbe composited

solutionsfrom thethreereplicatesremainingattheend of thetest.

Samples collectedon Days 3 and 4 may be ccntdffigedor filtm-edtoremove algalceflspriorto

analysis.Samples willbe analyzedimmediatelyor placedin an appropriatestoragecontainer(e.g.,

polypropyleneorpolyethylenebottle)and storeduntilanalyzed. The sample scheme issummarized

below:

PROPOSED NUMBERS OF VERNICATION SAWLES

Experimentalg2E Day 0 D 3 D 4

Control I I I

SolventControl(ifneeded) 1 1 1

Level I-Low Concentration 1 1 1

Level 2 1 1 1
Level3 1 1 1

Level4 1 1 1

Level5-IfighConcenuiWm I I I

IFTo-t@; 7 7 7

The above mimbers ofsamplesrepresentthosecollectedfrom thetestand do notincludequality

control(QC) samplessuch as matrixblanksand fortificationspreparedand analyzedduringft

analyticalchemistryphaseof thestudy.

3 @@Day@4
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An"calChemistry

Chemicalanalysisofthesampleswillbe performedby WildlifeInternationalLtd. The analytical

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

Modificationsmade totheanalyticalmethod willbe documented intheraw dataand describedinthe

finalreport.

StatisticalAngl=

Biomass expressedasareaunderft gmvah curvewillbecalculatedforthebzatinentand control

groups usingthefollowingformula:

A = ((N,-N.)12)(t,)4<(N,+N2-2NJ/2)(t2-@)+...+((N.-,+N.-2NJ/2)(t.-t,,,.,)

Where:

A = Area underthegrowth curve
N. = Measured number ofcelLs/mLatt@
N, =Mmured number of ccUstmL at

N2 =MeWUred number ofCEWML at t2

N. =Measured number ofceUdmL att.
t,= Tixneoffirstmeasurement afterbeginningof test(hours)
t2 = Time of secondmeasurement afterbeginningoftest(hours)
t.= Time of nthmeasurement afterbeginningoftest(hours)

Growth rates(ju)willbe calculatedforthetuftnentand controlgroupsusingthefollowing

formula-

InN.. InNo

t.-to

iz= Average specificgrowth rate
N. = Measured mimber of ceRs/mL att@
N. = Measured number ofcells/mLatt.
to= Time ofbeginningoftest(hours)
t,,= Time ofnthmcww=ent afterbeginningof test(hours)
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Percent inhibitionwillbe calculatedforeach treatmentgroup based upon mean celldensity,

biomass and growth rateusingthefollowingformula:

Mean Control- Mean Treatment
PercentInhibition= &Zonse Response- x 100

Mean ControlResponse

EC valueswillbe determined,when possible,using linearinterpolationor othersuitable

techniqueswith treal3nmtresponse(i.e.ecU densities,biomass and grow0a rate)and exposure

concentrationdataforeach.24-hourintervalofthetest.

A no observedadverseeffectconcentration(NOAEC) Win be selectedbased on an evaluationof

thedose-responsepatternand theresultsofthestatisticalanalysisusingindividualreplicatevaluesof

theceU density,biomass and growthroe. Statisticallysigrlificantdiffmmm between thecontroland

thetreatmentgroups willbe identifiedusinganalysisof variance(ANOVA) and a testto compare

trcaw=t mean responsestothecontrolresponse(e.g.,Dunnett'stestorBonfm-roni'st-test).Data will

be assessedfornormalityandhomogeneityofvariancespriortoperformingtheANOVA. Transforma.

tionswillbe usedto correctany conditionofnm-normdity orunequalerrorvariances,ifpossible.If

a solventcontrolisused inadditiontothenegativecontroltheirresponseswillbe compared

Student'st-test.Data from thetwo controlgroupswillbe pooledforbtabnent levelanalysesifno

statisticaldiffermcesexist.Othirwise,allcomparisonswillbe made to thesolventcontrolgroup.

StatisticalcomparisonsfortheANOVA anddi,-,comparison ofmean responseswillbe carriedoutusing

TOXSTAT4D V3.5 software(4)orequivalmt.

RECORDS TO BE MALYEALM

Records tobe mmntamed fordatageneratedatWildlifeInternationalLtcLwillinclude,butnot

be limitedto:

I- Copy ofsiped protocol'

2. Idenfificationand characterizationofthetestsubstance,ifprovidedby Sponsor.

3. Dates ofinitiationand terminationof thetest.

4. Sourceofalpe.

5. Cultureconditions.
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6. Growth measurements.

7. Calculationand preparationoftestconcentrations.

8. Observations.

9. The methods used to analyzetestsubstanceconcentrationsand the resultsof analytical

measurements.

10. Statisticalcalculations.

11. Testconditionsand physical/chemicalmeasurements.

12. Copy of fmalrcporl

FINAL REPORT

A finalreportoftheresultsofthesb* willbepreparedby WilcnifcInternationalLtd. The report

willinclude,butnotbe limitedto thefollowing,when applicable:

1. Name and addressofthefacilityperformingthestudy.

2. Datesupon whichthesft* was initiatedand completed,and thedefinitiveexperimentalstartand

tMM3inationdates.

3. A statementof compliancesignedby ft SU* Directoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectives and procedures,as statedin the approved protocolincludingall.changes to the

protocol.

5. The testsubstanceidentificationincludingna=, chemicalabstractnumber or CO& number,

strength,purity,composition,and otherinformationprovidedby theSponsor.

6. Stabilityand solubilityof thetestsubstanceundcrfficconditionsof ifprovided

by theSponsor.

7. A descriptionofthemethods used toccmduct thetest.

S. A descriptionofthetestorganisms,includingthesource,scientificname, age orlifestage,light

intensityand photoperiod.

9. A descriptionofthepreparationof thetestsolutions.

10. The methods used to arorateorgudmm to testchambers and begin the&-s@thenumber of

Organisms and chambers pertreatmmt@ and thedurationof ffictest.

11. A descriptionofcircumstancesthatmay have affectedthequalityorintegdtyofthedata.
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12. The name offfieSu* Diedor and ffienames ofotherscientists,professionals,and supervisory

personnelinvolvedinthestudy.

13. A descriptionof thetransformations,calculations,and operationsperfoz-znedon thedata,a

summary and mm4,sisofthebiologicaldataand analyticalchemistrydata,and a statementofthe

conclusionsdrawn from theanalyses.A graphplottingtheconcentrationresponsecurve.

14. Statisticalmethods used toevaluatethedata.

15. The signedand datedreportsofeach oftheindividualscientistsorotherprofessionalsinvolved

inthesft*.

16. The locationwhere raw dataand finalreportaretobe stored.

17. A stat@ preparedby theQualityAssuranceUnitlistingthedatesthatsh* inspectionsand

auditswere made and thedatesof any findingsreportedtotheStudy Directorand Management.

18. Ifitisnemsmy tom&kr.conwfions oradditionsto a finalreportafterithas been accepted,such

changeswillbe made intheform ofan amendment issuedby theStudy Director.The amendment

willclearlyidentifythepartof thefinalreportthatisbeingamended and thereasonsforthe

amendment, and willbe signedby theStudyDirector.

CHANGDUG OF PROTOCOL

Pilinnedchangestotheprotocolwillbe intheform of writtenamendments signedby theSb*

DirectorandtheSponsor'sRepresentative.Amendments willbe consideredaspartoftheprotocoland

willbe aftachedtD thefnalprot=L Any otherchanges willbe m theform ofwnuen deviationssigned

by the Study Directorand filedwiththeraw data.Allchangestotheprotocolwillbe indicatedinthe

finalreport.

GOOD LABORATORY PRACHCES

This sft* willbe conductedinaccordancewithGood LaboratoryPracticeStandardsforEPA

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

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

AgriculturalProductionBureau).Each studyconductedby WildlifeIntemtlmal Ltd.isroutinely

examined by the WildlifeInternationalLtd.QualityAssuranceUnit forcompliancewith Good

Laboratory Practices,StandardOperatingProceduresand the specifiedprotocol.A statementof
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compliancewith Good LaboratoryPracticeswillbe preparedforallportionsofthestudyconductedby

WildlifeInternationalLtd. The Sponsor willbe responsibleforcompliancewithGood Laboratory

Practicesforpror-eduresperformedby otherlaboratories(e.g.,residueanalysesor pathology).Raw data

forallwork performedatWildlifektmmationalLtcLanda copy ofthefinalreportwillbe filedby project

number in archiveslocatedon theWildlifeIntematimalLtd.siteor atan alternativelocationto be

specifiedinthefinalreport.
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TABLE I

FRESHWATER ALGAL MEDIUM CONSTrrUENTS

Component Nominal Concentration

MgCI2-6H20 12.16 mg/L

CRC'2-2HO 4.40 mg/L

H3BO3 0.1856 mgtl
NinCI2-4H20 0.416 mg/L
ZnC'2 3.28 oug/L
FeCI3-6H20 0.1598 mg/L
CoCI2-6H20 1.428 gg/L
N%MoOe2H20 7.26 iiA

CUC'2-2H20 0.012 gA
Na2F-DTA-2H20 0.300 nigAL

NaN03 25.50 mg/L

MgS04'7H20
14.70 mg/L

K2W04 1.044 mg/L
NAHCO., 1-5.00 mg/L

The PH ofthemedium willbe adjusted,as necessary,to7.5:1:0.1 using0.1
N NAOH or 100/aHCI.
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APPENDIX I
IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR

To be Completedby Sponsor

1. TestSubstanceIdentity(na= tobeusedinthereport):PFOS (EerfluorooctaneSulfoWcAcidpotassiumSalt

ReferenceStandard(ifapplicable):AnalyticalStandard:N/A

IntmW Standard: 1-1.2-2H-H.H.HPerfluorooetaneSilifonicAcid

TestSubstanceSample Code orBatchNumber: Lot217

TestSubstancePurity(*/oActiveIngredient):98.9 ExpirationDate:-2008

U. TestSubstanceCharactmization

Have theidentity, gmty and compositionorothercharacteristics
whichappropriate:dome ctestsubstazfceandreferencestandardbeen
det=iifiidpriortoitsuseinthisstadyinaccordancewithGLP Standards? Yes No X

M. TestSubstanceStorageConditions

Pleaseindicatetherecommended storageconditionsatWildlifeInternationalLtd.

Ambient room I=Xumtm

Has thestabilityofthetestsubstanceunderthesestorage-condifions
be= determincilinaccordancewithGLP Standards? Yes No X

Otherpertinentstabilityinformation:

IV. TestConcentrations: Adjusttestconcentrationto1000/aa.L
x basedupon thepunty(0/o)givenabove.

Do notadjusttestconcentrationtoI000/o
- &i.Testthematww AM.

V. Toxicityinformation:

Mammal4m: RatLD50 251mg&g - MouseID50 N/A

Aquatic: InvertebrateToxicity(ECAC50) FishToxicity(LC50)

Dohnia magna: 27mpJL Rainbow Trout:IImL,/L

DaWmia magnae 50mga, Fag=d Minnow* 38 nXl

OtherTox3cty Information(mclucbngfindingsofchrome and subchromctests):

-Pleme seeMSDS
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APPENDIX 11

AnalyticalMethod tobe Providedby Sponsor
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