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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

SPONSOR: 3M Corporation

TITLE: PFOS: A 96-Hour Toxicity Test with the Freshwater Alga (Selenastrum capricormutum)

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

STUDY COMPLETION: June 4, 1999
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ThisstudywasconductedincompliancewithGoodLaboratoryPracticeStandardsaspublished by
the USS. Environmental Protection Agency in 40 CFR Parts 160 and 792, 17 August 1989; OECD
PrinciplesofGood Laboratory Practice, OCDE/GD (92) 32, Environment Monograph No. 45, Paris 1992
and Japan MAFF, 59 NohSan, Notification No. 3850, Agricultural Production Bureau, 10 August 1984
with the following exceptions:

Thetest substancewasnotcharacterizedinaccordance with full GLPcompliance; however,the
characterization wasperformedaccordingto 3M Standard Operating Procedures andMethods,andall ras
dataarebeingmaintainedinthe 3M archives.Thetestsubstance isbeingrecharacterizedinaccordance
with GLP

Thestability ofthe testsubstanceunderconditionsofstorageatthetes steWasnotdeterminedin
accordance with GoodLaboratory Practice Standards. Y

STUDYDIRECTOR:
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Kurt R_Drotaar DATE
Seaior Biologist
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‘QUALITY ASSURANCE STATEMENT

‘Thisstudywas examinedforcompliancewithGoodLaboratory PracticeStandardsaspublishedby
the U.S. Environmental Protection Agency in 40 CFR Parts 160 and 792, 17 August 1989; OECD
PrinciplesofGood Laboratory Practice, OCDE/GD (92) 32,Environment Monograph No. 45, Paris 1992;
and Japan MAFF, 59 NohSan,Notification No. 3850, Agricultural Production Bureau, 10 August 1984.
“Thedatesof allinspectionsandaudits andthedates thatanyfindingswerereported tothe StudyDirector
‘andLaboratoryManagementwereas follows:

DATEREPORTEDTO
sce DATECONDUCTED: STUDYDIRECTOR. MANAGEMENT:
InitialTrial 454A-103 -i oaion Fey 18,99 Fay18.199 Fehr 19,199
nS FrayRud, 1999 Fay 1999 Februay24, 199
DutRepotasdDes Mash 9,159 Meh15,199 Marh30,1999
DefinitiveTrial 454A-103A
TestSubstancePreparation Apil 9, 1999 April9, 1999 Apil 12,1999

DnfRemiDe MaylomdlL1% Mayll, 9 oy
Analytical Data and 3fi mi Moy Omi May, 19 Moy.
Four Je, 199 Sot, 199 Je,1999
AmendedRegn AS00  ARR0 A200

iLy Satfoo
Timothy A’ Springer, Ph.D. DATE
‘Manager, Regulatory and Technical Support
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SUMMARY

Ey M Corporation
‘SPONSOR'S REPRESENTATIVE: Ms. Susan A. Beach
LOCATION OF STUDY, RAW 'Wildife International Ltd.
DATAAND ACOPY OFTHE Easton, MD 21601
FINAL REPORT.

WILDLIFE INTERNATIONAL
LTD, PROJECT NUMBER: 454A-103A
TEST SUBSTANCE: PFOS (PerfluoroocataneSulfonicAcidPotassium Salt)
STUDY: PFOS: A 96-Hour Toxicity Test with the Freshwater Alga(Selenastrum capricornutum)
MEANMEASUREDTEST NegativeControl, 5.5,11, 21,44, 86and 179mgaLCONCENTRATIONS:
TEST DATES: Experimental Start - April 12, 1999Expos TerminApa 16,1999 .

Experimental Termination-April 21, 1999
LENGTHOFEXPOSURE: 96Hours .

TESTORGANISM. cshvwater Alga (Selenastrum capricormam
SOURCEOFTEST WildifeIntemational Ltd. ~~,
ORGANISMS: ston, Maryland 21601

CELL DETY
72-HOUR ECS0: 70mg ail,
95%CONFIDENCE LIMITS: 44and 78mgai/L,
96:HOUR ECI0: 49mg ail
95%CONFIDENCELIMITS: 43and SOmgai/L
96:1OUR ECS0: 71mg ail
95%CONFIDENCELIMITS: 66.and73mga.i/L
96:HOURECO0: 137mgai/l
95% CONFIDENCE LIMITS: 105and 153mgai /L
72-HOURNOAEC: 44mgaill
96-HOUR NOAEC A4mgaill,
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SUMMARY (Continued)

"AREA UNDER THEE GROWTH
CURVE
T2HOUR ECS0: 74mgai
95%CONFIDENCELIMITS: 55.and 82 mgai/L

96-HOUREC10: 49mgai/l
195%CONFIDENCELIMITS: 40and 50mg ai/L

96-HOURECS0: 7Imgaill
95%CONFIDENCELIMITS: 67andTamgail
96-HOURECS0: 145 mgaill
95%CONFIDENCELIMITS: 125and 155 mgai/L

T2-HOURNOAEC: H4mgaill
96-HOURNOAEC: 44 mgaill

"GROWTHRATE
72-HOURECS0: 120mg ill .
95%CONFIDENCELIMITS: 103and 132mgai/L

96-HOUREC10: 59mgai/L
95%CONFIDENCELIMITS: . 54and 63 mgai/l i

96-HOURECS0: 126 mgai/l
95% CONFIDENCELIMITS: 115a0d138mgai/L,
96-HOUREC90: >179mgai/l.
95%CONFIDENCE LIMITS: Not Calculable

72-HOURNOAEC: 44mgaill

96-HOURNOAEC: 4amgaill
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INTRODUCTION

This studywasconductedby Wildiie InternationalLtd.for 3M Corporation atthe Wildiife
Intemational Lid.aquatictoxicology facilityinEaston,Maryland. Thein-ifephaseofthetestwas
conductedfromApril 12, 1999toApril21, 1999. Rawdatageneratedby WildlifeInternationalLtd and a.
copyofthe finalreportare filed under Project Number 454A-103A in archives located onthe Wildife
IntemationalLud.site.

OBJECTIVE

The objectiveofthe study was to evaluate the toxicityof PFOS (Perfluorooctane Sulfonic Acid
Potassium Salt) to the growth of the freshwater alga, Selenastrum capricormutum, during a 96-hour
‘exposureperiod.

EXPERIMENTALDESIGN

The freshwater alga, Selenastrum capricormutum, was exposed to a geometric seriesofsix test
concentrationsand anegative(culturemedium)control under static Conditions for 96hours. Three

replicatetestchambersweremaintainedforeachtreatment andcontrolgroup. Oneadditonalreplicate was
alsomaintained foranalyticalsamplingonDay 3ofthetest.Inaddition, one“abiotic”replicate (test
solution withoutalgac)waspreparedforthehighest testconcentration. Nominaltestconcentrations were
selectedinconsultation withthe Sponsor andwerebasedupon the results ofrange finding and definitive
tests. Thenominaltestconcentrationsselected were 5.7,11,23, 46,91and183mgactive ingredient
(aL. Meanmeasuredtestconcentrations weredetermined from samplesof testmedium collectedfrom
eachtreatmentandthecontrol groupatestinitiation,atapproximately72hours,anda testtermination.

Attestinitiation, aninoculumofthealgalcellswasprepared at aconcentrationofapproximately
1.0 X 10°cells/mL. Theconcentrationofalgalcelsintheinoculum wasverifiedand 1.0mLvasaddedto
eachtestchambertoachieve a nominalconcentration of approximately 1.0 X 10°celisnL. Sampleswere
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collectedfromeachreplicatetestchamberatapproximately 24-hourintervalsduringthetestto determine.

cell densities. Celldensitieswere measuredforeachreplicateandwereusedtocalculateareasunderthe

‘growth curveandgrowthrates. Percentinhibitionvalues relativetothecontrolwerecalculated forcach
‘parameter overthe 96-hourexposureperiod. ECSOvaluesbased upon cell densities,areas underthe
growthcurveandgrowthrateswerecalculatedforeach24hourinterval. EC10and EC90valueswere.

calculated, if possible, for the 72 and 96 hour intervals. The no-observed-adverse-effect-concentration

(NOAEC)wasdeterminedbaseduponstatisticalevaluationofthe 72-hourand 96-hourresults.Attheend

‘of the96-hourexposure,algistaticeffectsweredifferentiated fromalgicidaleffects.

MATERIALSANDMETHODS

“Thestudywasconductedaccordingtotheproceduresoutlinedintheprotocol,“PFOS: A96-Hour

Toxicity Test with the Freshwater Alga (Selenastrum capricornutum)”. The protocol was based on
proceduresoutlined inthe U.S.EnvironmentalProtectionAgencySeries850-EcologicalEffects Test
Guidelines, OPPTS Number 850.5400: Algal Toxicity Tiers I and II (draft)(1) and OECD Guidelines for

Testingof Chemicals, 201 Algal, Growth Inhibition Test (2).

TestSubstance : :
The test substance was received from 3M Corporation on October 29, 1998 andwasassigned

‘WildlifeInternationalLtd.identificationnumber4675.Thetestsubstancewasdescribedas a white

powder. It was identified as FC-95 fromlotnumber 217 (T-6295). Information provided by the Sponsor

indicated apurity of 98.9%and anexpirationdateof2008. Thetestsubstance wasreanalyzedbythe
SponsorandtheCertificateofAnalysisdatedMarch9, 2000indicated apurityof90.49%. Thetest

substancewasstoredatambientroomtemperature.

PreparationofTestConcentrations
Nominaltestconcentrationswere5.7,11, 23, 46, 91 and 183mga.i./L,basedon atest substance

purityof90.49%. Allmaterials whichcameintocontactwiththe testsubstanceduringpreparationoftest
‘concentrationswereconstructedofplasticorstainlesssteel. Aprimary stocksolutionwaspreparedinalgal
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‘mediumat a conceatrationof 183mga../L.Theprimarystocksolutionwasstirredwith a magneticstir
plate for approximately24hours10aidinthesolubilizationofthe testsubstance.Afermixing,the
primarystocksolution wasproportionally diluted withalgalmediumtopreparethefiveadditionaltest
concentrations. Allfinal estsolutionsappearedclearandcolorless.

TestOrganism
“The freshwateralga,Selenastrumcapricornutum,wasselectedasth tetspeciesforthis study. The

species isrepreseatative ofanimportant groupoffreshwateralgae,andwas selected for useinthe test
basedupon apasthistoryofuseandcaseofculturinginthe laboratory. Originalalgalcultures were
obtainedfromUTEX - TheCulture CollectionofAlgaeattheUniversityof TexasatAustinandhavebeen
maintainedinculture mediumat WildlifeInternational L1d., Easton,Maryland. Algalcells usedinthi test
wereobtainedfromWildlife IntemationalLd.culturesthathadbeen activelygrowinginculture medium
foratleasttwoweeksprior totestinitiation.Thenegativecontrolorganisms wereexpectedtqexhibit
exponential growthoverthe 96-hourexposureperiod.Exponential growth,definedastheperiodofgrowth
wherethealgalcells aredividingat aconstantrate,isindicatedbythe linearsectionofthe growthcurve
(Figure1). OECDguidelinesrecommendthatcontrolcellgrowthshouldhaveincreasedby afactor ofat
east 16within3days.

CultureMedium
‘The algalcellswerecultured andtestedinfreshwateralgalmedium (3). Stocknutrientsolutions

wereprepared by adding reagent-grade chemicalsto WildlifeIntemationalLtd. wellwaterpurified by
reverse osmosis.Thetestmedium waspreparedbyadding theappropriatevolumesofstocknutrient
solutionstopurifiedwellwater (AppendixI.ThepH ofthemediumwasadjustedto7.5 +0.1using 10%
HCIandthemediumwassterilizedby filtration(0.22 um) prior touse.  Aralyseswereperformedatleast
‘once annuallytodeterminetheconcentrationsofselectedorganic andinorganicconstituentsinthewell
water. Theresultsofanalysesperformedtomeasure the concentrationsofselected contaminantsin well
waterusedbyWildifeInternationalLid.arepresentedinAppeadixII
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TestApparas
Test chambersweresterile, 250-mL polycarbonate Erlenmeyer flasks pluggedwithfoamstoppers

‘andcontained 100mLoftestor controlalgalmedium.Thetest chamberswerelabeled withthe project
‘number, concentration and replicate, and were indiscriminately positioned on a mechanical shaker table in
anenvironmentalchamber designedto maintainthedesiredtesttemperature throughoutthetest.Thetest
chambers wereshake continuouslyat100 rpm.

Environmental Conditions
Test flasks wereheldinancovironmentalchamberata temperatureof24+2°C.Thetemperatureof

acontainerofwater adjacenttothetest flasksintheenvironmentalchamberwasrecordedtusicedaily
duringthetestusing a liquid-in-glassthermometer.

‘Thealgaewere heldundercontinuous cool-white fluorescentlightingthroughout thetest. Thetarget
lightintensitywas4300+430lux. Lightintensitywasmeasuredatthefour comersandthemiddleofthe
shakertabledaly.Lightintensity wasmeasuredusingan SPER ScientificModel 840006lightmeter.

‘The pHof the medium preparedforeachtreatmentandcontrolgroupwasmeasuredattestinitiation
andterminationusingaFisher AccumetModel 915 pH meter. Samples forpHmeasurementattest
initiationwerecollectedfromtheindividualbatchesoftestsolution preparedforeachtreatmentandcontrol
group. Attesttermination,samplesoftestsolution werecollectedfrompooled replicatesofthetreatment
‘andcontrolgroupsforpHmeasurement.

AlgalGrowthMeasurements
Testmedium samples werecollectedfromthetreatmentandcontrolgroupsforthedetermination of

algalcelldensities. Singlesamples were collectedfromeachofthethree “biological”replicates per
treatment andcontrolgroupat 24-hour intervalsduringthe96-hour exposure, andwere counted
immediately. Cellcountswereconductedusing ahemacytometerand microscope. Eachsamplewas

dilutedusinganelectrolytesolution(Isoton®),as needed,to maintaincounting accuracy. Asmallamount
ofcachsamplewasloadedonto ahemacytometerand10gridswerecounted. Themean numberofcells
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pergridwasestimated and this valuewasusedtocalculatethe celldensity ofthesample, Usingthis
technique,theminimum quantifiableclldeasity was 1.0 X 10 cells/mL.

All 96 our cellcountsampleswereexamined microscopically foratypicalcell morphology(e,
changesincellshape,size orcolor). Growthofcllin thereplicatetestchambersalsowasassessedfor
‘aggregationsorflocculation ofcellsandadherenceofthecelstothetestchamber.

‘Statistical Analyses
Celdensities, area underthegrowth curvevalues,growthrates and percentinkibition values were

calculatedusing “The SAS System for Windows",Release 6.12 (4). Arca underthe growthcurvewas
calculated forthecontrolandtreatmeatgroup usingthefollowing formula:

A=(ONY2EHNAN ZN)tH Mor NeNID)

where: A=Area
. N, = Nominalnumberofcells/mLatt, .

N; =Meanmeasured numberofcells/mLat t
N; = Mean measured numberofcells/mLatt;
N.= Meanmeasured numberof cellsimL att,
=timeoffirst measurementafterbeginningoftest(hours)
=timeof second measurementater beginning oftest(hours)

ta = time of n® measurementafier beginningoftest(hours)

Growth ateswerecalculatedforthecontrolandeachtreatmentgroup usingthefollowingformula

Grotto- ON)

where: N, = Meanmeasured numberofcells/mLatt,
N, =Meanmeasured umberofcells/mLat t,
ta =Timeofn®measurementafterbeginningoftest(hours)

Percentinhibition valueswerecalculatedforeachtreatmentgroupasthe percentreductionincell
density,areaunderthegrowth curveandgrowthraterelative to thecontrol replicates.Thefollowing
formulavasused:
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PercentInhibition=MeanCellDensity + MeanCellDensity esos X 100
‘MeanCellDensitycose:

Celldensities,areasunderthegrowthcurveandgrowthrateswereanalyzed statisticallytoestimate

the EC10, EC50 and EC90 values (i.c., the theoretical test concentrations that would producea 10, 50or

90% reduction in each parameter, respectively) and 95% confidence limits at 72 and 96 hours. EC50

valueswerealsocalculatedforthe 24and 48hourtimeintervals. The ECvaluesand 95% confidence

limitswere calculatedbylineayinterpolation using TOXSTAT Version 3.5 (5). Cell densities, areas under

thegrowthcurve and growthrates at 72 and 96hours wereevaluatedfor normality and homogeneityof

variancesusingthe Shapiro-Wilk'stest andBartlett'stest, respectively. Thetreatmentgroupswerethen

comparedto thecontrolusing Dunnett'stest. Resultsofthestatisticalanalyseswereusedtodeterminethe

'NOAECvalues.

AnalyticalChemistry A
Samplesoftestmediumwerecollectedfromthenegativecontrolandeachtreatmentgroupattest

-initiation, atapproximately 72 hoursandat testterminationtomeasureconcentrations ofthe test

substance. Samplesoftestmediumcollectedattestinitiationweretakenfromtheindividualbatchesoftest

solutionpreparedforeachtreatmentandthecontrolgroup. Samplescollectedat 72hourswerecollected

from theadditional “analytical”replicates. Samplescollectedattesttermination were a compositeofthe

remainingreplicatesfor cachtreatmentandthecontrolgroup. Thesampleswereplacedinplastic

(Nalgene®)bottlesandwereanalyzedimmediatelywithoutstorage.Analyticalproceduresusedinthe

‘analysisofthesamplesarepresentedin AppendixIIL

RESULTS AND DISCUSSION

MeasurementofTestConcentrations:
Resultsofanalysesto measureconcentrationsofPFOS inthetestsolutions arepresentedin Table 1

and AppendixIII. Nominalconcentrationsselectedforuseinthisstudywere5.7, 11, 23,46,91and

183mga.i/L. Samplescollectedatthebeginningofthetesthadmeasuredconcentrations thatrangedfrom

82to98%ofnominal. Samplescollectedat 72hoursandtestterminationhadrecoveries thatrangedfrom
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82 10 105%and 90to 103%ofnominal,respectively.Whenthevaluesobtainedfortest niiation, at
72hoursandattestterminationwereaveraged,themean measuredtestconcentrations were5.5,11,21,
44,8620d179mgai JL.

ObservationsandMeasurements.

Measurementsoftemperatureand lightintensityareprescotedin Tables 2 and3,respectively. The
temperaturesrangedfrom23.60 25.8°C and werewithinthe rangeestablishedforthetest(24:2°C). The
lightintensity rangedfrom 3870to 4540 huxandwaswithinthedesiredrange forth test (approximately
3870 104730 hux)(Table3).Measurementsof pH were 7.4 t0 75onDay 0andrangedfrom7.5to 8.4at
96hours(Table 4).ThepHofthe “abiotic”replicateattestterminationwas7.4.

TheeffectofPFOS upon Selenastrum capricornutumwasdeterminedbyevaluating differencesin
celldensities,areas underthegrowthcurveandgrowth rates. Meanvalueswereusedtocalculategrowth
inhibitionforeach24-hourperiod. Mean celldensities, areasunderthegrowthcurve andgrowthratesand

theircorrespondingpercentinhibitionvaluesarepresentedinTables 5,6and7, respectively.Celldensity,
areaunderthe growth curve and growthratevaluesforeach individual replicate arepresentedin
Appendices IV, V and VI, respectively. ECI0, ECS0 and EC90 values and 95% confidence limits
calculatedfor each 24-hourintervalbasedoncelldensity, arca underthe growthcurveand growthrate are

presentedinTables8, 9and10,respectively.

Changesincelldensityindicatedthat exponeatial growthoccurredinthenegativecontrol replicates
(Figure 1). Thecoefficientofvariation forcontrolclldensitywas 4%.Aft 72hoursofexposure,cell

densitypercentinhibitionin the 5.5,11, 21,44, 86 and 179mg a.i/Ltreatmentgroupswas 5.2, -1.9,-5.5,
11,72and 97%,respectively. Dunnett'stestshowedthatcelldensitywassignificantlyreducedinthe 86
and 179 mg .i/Ltreatmentgroupsincomparison to thenegative control (p<0.05). Consequently,the
NOAECfor72hour cell densitywas 44mg ai/L.After 96 hoursofexposure,cell density percent
inhibitioninthe 5.5, 11, 21, 44, 86and 179mga.i/L treatment groupswas 11, -5.1, -18, -12, 77and
99%,respectively. Dunnett'stestshowedthatcelldensity wassignificantlyreducedinthe86and 179mg
a.i/Ltreatmentgroups(ps0.05). Consequently,theNOAECfor96hourcel densitywas44mga.i/L.
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‘After 72 hoursof exposure, areaunderthegrowthcurvepercentinhibition inthe 5.5, 11, 21, 44, 86
and 179mga.i/Ltreatmentgroupswas-2.9, 1.3, -3.8, 5.8, 68and94%, respectively. Dummett’ test
showed thatareaunderthegrowthcurvewassignificantly reducedinthe 86and 179mga.i/Ltreatment
groups(950.05). Consequently,the NOAECfor 72hourarea underthegrowthcurvewas44 img a.i/L.
After96boursofexposure, area under thegrowthcurvepercentinhibition in the5.5,11,21,44, 86and
179mg 2/1treatmentgroupswas-8.5, -3.3, -13, -53,75and 98% respectively. Dunnett'stestshowed

thatareaunderthegrowthcurvewassigaificanlyreducedin the 86and 179mga. treatmentgroups
(950.05). Consequently,theNOAECfor96hourarcaunderthegrowth curvewas 44mg a.i/L.

After72hoursofexposure, growthrate percent inhibition inthe5.5,11,21,44, 86and 179mg
ai/L treatment groups was -1.1, -0.68, -0.72, 3.4, 31 and 82%, respectively. Dunnett's test showed that
growthratewas significantly reduced inthe 86and179mgai/L treatmentgroups (ps0.05).
Consequently,the NOAECfor72hourgrowthraewas44mg a.i/L. After 96hoursofexposure,growth
ratepercentinhibition inthe 5.5, 11, 21,44, 86and 179mga.i/Ltreatmentgroupswas -1.9, -0.84, -3.0
2.0, 27and 79%, respectively. Dunnett'stest showedthatgrowthratewassignificantlyreducedinthe86
and 179 mg a.i/L treatment groups (ps0.05). Consequently, the NOAEC for 96 hour growth rate was
H4mgail.

VisualandMicroscopic Observations
‘After 96 hoursof exposure, therewere10 sigasofaggregation, flocculationoradherenceofthealgae

1thetest flasks inthenegative control or any PFOS treatmentgroup.Inaddition,there werenonoticeable
changesincell coloror morphology whencomparedtothenegative control, although afew cells appeared
enlargedinthe 86and179mga.i/Ltreatment group.

ReversibilityofGrowthInhibition
The 179mga./Ltreatmentgroupwasmaximally inhibitedattheendofthe96-hourexposure

period. Aliquotsofthetestsolution were dilutedwithalgal mediumandculturedforfivedays.Basedon
thegrowth observedinthe recovery phase,theeffectonalgalgrowthwasfoundtoalgistatic. Celldensities
forthe recoveryphase arepresentedinTable 11andar illustratedgraphicallyinFigure3.
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CONCLUSIONS

“Theconclusionsofthisstudy werebasedonthemostsensitiveendpoint measured (i..,celldeasity,
areaunderthegrowth curveand/orgrowthrate). The 72-hourECS0,basedoncelldensity,ias 70mg
a./Lvith95%confidencelimitsof44and 78mga.i/L. The96-hourEC10,basedoncelldensity,was
49mga../Lwith 95% confidence limitsof 43 and 50mg a.i/L. The 96-hour ECS0, based oncelldensity,
was 71mga.i/L vith 95% confidencelimits of66and 73mga./L. The96-hour EC,basedoncell
density,was 137mga../L with 95% confidencelimitsof 105and 153mga.i/L.The72-bourand96-bour
NOAECvalues,basedon celldensity,areaunderthe growth curve andgrowthrate, were 44mga.i/L.
Basedonthepresenceof visible algal growthatrecovery termination, PFOSwasconsidered tobe
algistati,ratherthanalgicidal, attheconceatrationsested.
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5 West, Inc. and D.D. Gulley. TOXSTAT Version 3.5. Copyright 1996. Western EcoSystems
‘Technology, Inc., Cheyenne, Wyoming.
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‘Table |

‘Summary of Analytical Chemistry Data

_—poner. TM CorporationTestSubsance:  PFOS
Test Organism: Freshwater Alga, Selenastrum capricornutumDilution Water: __ Freshwater Algal Medium

“Nominal Sampling Fieasured Viean Measured ==
Concentration Time Concentration" Concentration ofmga il) = aif) ail) Nominal
El)eal) News

” <10Q96 oq
57 0 am 5s 9%7 604

9% 584
n 0 107 u 1007 112

9% 21
2 0 198 2 91

7 23.1 -
% 27

1“ 0 27 “ 9%
2 as :
% 63

9 0 83 8 97 860
% 83

18 0 19 9 872 186
9% m

183 7 150 169 2
%° 188

‘LimitofQuantitation(LOQ)was0.115 mgai./L.
#0-hoursampleswerecollectedfomindividual batchesoftest solutionpreparedfo the treatmentandcontrolattest ition.
JSout sampleswerecollefom theaddon) replicate Gio).
“96-hour sampleswere compositesoftest solution collected fromeach of the threereplicatesper treatment and.contol group.
$72and96 hou samplecollectedfrom theadditional EF) replica (abiotic).
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Table 2

Temperature Measurements
_—
Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: ~~ Freshwater Alga, Selenastrum capricornutum
Dilution Water: __ Freshwater Algal Medium

Temperature (0)
Time ~
fu) Measurement | Measurement 2

o 26 22

1 us u2

2 28 20

3 25.1 253 .

4 258 249

: 5 27 : 24

6 256 u9

7 20 20 E

8 29 208

9 29 239
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Table 3

Light Intensity Measurements

Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: ~~ Freshwater Alga, Selenastrum capricornutum
Dilution Water: Freshwater Algal Mediumnt bebe pre

Test ~

Day No.1 No.2 No.3 No.4 Nos
0 3940 3880 4300 3900 3870
1 3910 an 4440 1610 010
2 4000 4290 4310 4540 4170
3 4120 4400 4350 4160 4240
4 200 3990 3890 4070 4140
5 3910 a120 4180 4200 340
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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Table 4

PH Measurements
———

Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: ~~ Freshwater Alga, Selenastrum capricormutum
Dilution Water, _ Freshwater Algal Medium

‘Mean Measured PH Measurements
Concentration ~~
(mgai/L) 9 Hours! 96 Hours

“Negative Control 75 81

55 74 82

n 75 82

21 75 84

“4 74 83

8 74 78

1 74 75

169 (Abiotic) = : 74
0-hoursamples werecollectedfromthebatchesoftestsolution prepared for the treatmentand
control groups at test initiation.

* 96-hour sampleswerecollectedfrom thepooled replicatespertreatmentandcontrol group.

AMENDED
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‘Table 11

Cell Densities for the Recovery Phase

Se WMC
Tet Substance: PFOS.
Tost Organiom: Freshwater Alg, Selenstrum capricormutam
Dilution Woter:_ FreshwaterAlgal Mediu

Mean Measured Cell Densities (Cells/mL"
‘Test Concentration

(mg ai/l) Dayo Day3 Days

“Negative Control Rep. A. 10,000 1,220,000 6,420,000

179" 1,000 35,000 1,180,000

T Thetreatmentgroupwasdilutedto aconcentrationofthe testsubstance thattheoreticallywould
not inhibit growth. :

:Duetothemethodusedto prepare recoveryphasetestsolutions,initialcelldensities werenot
equivalent throughout the treatment groups.

000635
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Figure 1. Negative ControlAlgalGrowth, ExpressedinCell Deasity,Duringthe96-HourExposure.
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Figure2. Concentration-ResponseCurve,ExpressedinCellDeasity

Mean Cell Density (Cells/mL)

10000000 :
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Figure3-RecoveryPhase ResponseCarve, ExpressedinCel Deasity
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APPENDIX1

Freshwater Algal Medium’

Sponsor. SM Corporation
Test Substance: PFOS
Test Organism:~~Freshwater Alga, Selenastrum capricornutum
Dilution Water: _ Freshwater Algal Medium

“Nominal
Compound Concentration
MsCLO6H0 216 mg
CaCho2H:0 440 mgL
Ry 0185 mg/L
MaCLo4H:0 0416 mg
ZC; 328 gl
FeCle6H:0 01598 mg/L
CoCLO6H:0 128 ug
Na:MoO,#2H:0 726 ug
CuCh92H:0 002 ug
Na;EDTA®2H,0 0300 mg/L
NaNO, 2550 mg

. MgSO TH:0 1870 mg
KHPO, 1044 mg
NaHCO. 150 mel

ThepHvasadjusted107.5 + 0.1 using 10% HCL
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APPENDIX II

AnalysesofPesticides, Organics, Metals and Other Inorganics
in Wildlife International Ltd. Well Water'

ED Conaesseswvcovomumoy
TET . & =
HE A
Sp
Ee : om omBHC. < 0008 gL= os 32— PowEe PolET Pom
BE : ie =

But, Pom
HEE. Pol
BE Po =Bu HE
HotterBoonie 3 0.005 wl

BF PE =
PCB.1221 < 0260 ri
PCB-1232 - 0260 aL
PCB-1242 < 0.720 gLi i mFBH iB =BE Pom oF

cote ngOrrics )
Amaya 3 4 a
i= i 8 EFColca? | EY] mg.
og Bo
f= Peo
Loa? < 1090 wl
Ew Doom a

Fe mF
B= BZ

ME3 AleBemby WaiteIcmstoonlLi.forspi oie onNovember S hough7, 1997.
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APPENDIX Il

‘THE ANALYSIS OF PFOS IN FRESHWATER ALGAL MEDIUM

IN SUPPORT OF

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

effects of PFOS (Perfluorooctane Sulfonic Acid Potassium Sal) to the freshwater alga (Selenastrum
capricornutum). This study was conductedbyWildlife International Ltd. and identified as Project No.:
454A-103A. Theanalysesofthesewatersampleswereperformed atWildlifeInternational Ltd.usinghigh

performance liquid chromatography withmassspectrometric detection (HPLC/MS). =Samples were
receivedforanalysison April12, 15and 16,1999andwereanalyzedoneachsamplereceiptday.

‘TestSubstanceandInternalStandard

Thetestsubstance usedfortheanalytical portionofthis studywas WildlifeInternationalLtd.
identification number 4675. Thetestsubstancewasusedtopreparecalibrationstandardsandmatrix
fortificationsamples.

Theintemalstandardwasreceivedfrom 3MCorporationon July2, 1998 andwasassignedWiklife
IntemationalLid.identification number 4526 uponreceipt. Theinternalstandard, agranularmaterial,was
identified as: 1H, 1H, 2H, 2H Perfluorooctane Sulfonic Acid, Chemical Abstract Number: 27619-97-2.

‘Thestandard wasstoredunderambieatconditions

AnalyticalMethod
“The methodusedfortheanalysisofthe freshwateralgalmediumsampleswasdevelopedat Wildlife

IntemationalLtd.and entitled “AnalyticalMethod Validation for the. Determination ofPFOSin
Freshwater, Saltwater,andAlgalMedia”. ThismethodologywasincludedasAppendix I of Wildlife
Intemational Lid. protocol mumber 454/011299/MVAL/SUB454. It was based upon methodology
providedby3MCorporation.

Sampleswere diluted in a 50%methanol : 50%NANOpure®watersolution containing
0.100mg4H PFOS (intemal standard)/L. and 0.05% formic acid (v/v) so that they fol within the
calibration rangeofthe PFOSmethodology.

Concentrations of PFOS inthestandardsand sampleswere determinedbyreverse-phasehigh
performance liquid chromatography using a Hewlet-Packard Model 1100 High Performance Liquid

000643
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Chromatograph (HPLC)with a Perkin-Elmer API 100LC Mass Spectrometerequipped with a Perkin-
Elmer TurbolonSprayion source. HPLCseparationswereachievedusing aKeystoneBetasil Cio
analytical column (100mm x 2mm LD., 3 um particlesize). Theinstrumentparametersare summarized
in Table1. Amethodflowchartisprovidedin Figure1.

Calibration standards of PFOS prepared in a 50% methanol : 50% NANOpure® water solution
containing 0.100mg4H PFOS (internalstandard) and0.05%formicacid (v/v), ranginginconcentration

from 0.00229to 0.0457mg a.i/L wereanalyzed with the samples.Lincarregressionequations were.
encratedusingpeak area responseratios (PFOS intemalstandard)versustherespectiveconcentration

ratios(PFOS : internal standard)ofthecalibration standards. Atypicalcalibrationcurveispresentedin
Figure2. Theconcentrationof PFOSinthesampleswasdeterminedbysubstitutingthepeakarea
responseratiosintotheapplicable linearregressionequation. Representativeionchromatogramsoflow.
‘andhighcalibration standardsareprescatedinFigures 3and4,respectively.

‘The method limitof quantitation (LOQ)fortheseanalyses wassetat0.115mga.i/L calculatedasthe
productofthe lowest calibrationstandardanalyzed (0.00229 mg ./L)andthedilution factorofthe
matrix blank samples (50.0).

‘Threematrixblanksampleswere analyzedto determinepossibleinterference.Nointerferenceswere
Gbserved atorabovetheLOQduring samplesanalyses(Table2). A representativechromatogramof a
matrixblankispresentedinFigure5.

Freshwater algalmedium wasfortifiedat0.915, 45.7 and 220mg 2:/Land analyzedconcurrently
viththesamples to determinethe mean proceduralrecovery (Table3). Sampleconcentrationswerenot
corrected forthemeanprocedural recoveryof99.1%. Arepresentative chromatogramof amatrix
fortificationisprescatedinFigure6.

000644
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ExampleCalculations

‘Sample number 454A-103A-2, nominal conceatration of 5.7 mg a../L in freshwater algal medium.

Initial Volume: 0.100 mL
Final Volume: 25.0 mL

DilutionFactor: 250
PFOS Peak Area: 164427
Internal Standard Peak Area: 240533
Peak Area Ratio: 0.6436

Calibration curve equation.

Slope: 3.43926
Intercept: 0.03327
Curveis weighted (15x).

eakarea ratio = (Y-intercept)) x 1S. ConcentratiPROS(1gai/L)atinstument = ok252a0(intro)15,Concentration
Slope

(0.6836 ~0.03327) x 100pgai/L
343926

= 189pgaill

Note: LS. = internal standard.

PFOS(ug .i/L)atinstrument xDilutionFactor
PFOS (mgai/l)insample =—oo"RAAT

1000 ug/mg

189x250
a 0006451000
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= ATmgaill

PFOS(mg a.i/L) in samplePercentof Nominal Concentration = 200 CrenLIRBPFOS (mg a.i/L) nominal

Calculated recovery: 82.0%
Note: manual calculation may differ.

: RESULTS

‘SampleAnalysis,
Freshwater algal riedium samples were collected from the acute toxicity study with th freshwater alga

(Selenastrum capricornutum) attest initiation, April 12, 1999 (Hour 0),onApril 15, 1999 (Hour 72), and
at test termination, April 16, 1999 (Hour 96). The measured concentrations of PFOS in the samples
collcted at niiatonofexposureof th testorganisms(Hour0) ranged rom 82.0 0 8.1% ofthe nominal
concentrations, Samples collected at Hour 72 had a measured concentration range of 91.7 to 105% of
nominal values. The Hour-72 abiotisamplewas 81.9%ofthe nominal concentration. Samples collected
attest termination (Hour 96)had a measured concentrationrangeof 90.3 to 102%ofnominal values. The
Hour-96 abiotic sample was 103%ofthe nominal concentration (Table 4). A representative chromatogram
ofa testsample isshowninFigure 7.

000646

AMENDED



WILDLIFE INTERNATIONAL Lr. PROJECT NO.: 454A-103ANO I ssimmenTRIBETNO:SSAA
a1

Table 1

‘Typical LC/MS Operational Parameters
ESINSTRUMENT: Hewlet-Packard Model 1100 High Performance Liquid

Chromatograph with a Perkin-ElmerAPI 100LCMass Spectrometer
equipped witha Perkin-ElmerTurbolonSprayionsource. Operatedin
selective ion monitoring mode (SIM).

ANALYTICAL COLUMN: Keystone Betail Cys column (100 mm x 2 mm LD. 3 pum particle size)

OVEN TEMPERATURE: : 30°C

STOP TIME: 10.0 minutes

FLOW RATE: 0220 mL/minute

MOBILE PHASE: 72.0% Methanol :28.0% NANOpure® Watercontaining0.1% Formic
Acid

INJECTION VOLUME: 2504

PFOS RETENTION TIME: Approximately 6.6 minutes

INTERNAL STANDARD
RETENTION TIME: Approximately 4.5 minutes

PFOS MONITORED MASS: 498.6amu
INTERNAL STANDARD
MONITORED MASS: 4267 amu
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‘Table 2

Matrix Blanks Analyzed Concurrently During Sample Analysis

Sample Measured Concentration of
‘Number PFOS'

(@54A-103A) Type (mgailL)
MAB-1 Matrix Blank <LOQ

MAB2 Matrix Blank <L0Q

MAB-3 Matrix Blank <L0Q

‘Thelimitofquantitation(LOQ)was 0.115mga.i./Lbaseduponthe productofthelowestcalibration
standardanalyzed (0.00229 rig a.i/L)andthedilutionfactorofthe matrixblank samples (50.0)

900648
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Table 3

Matrix Fortifications Analyzed Concurrently During Sample Analysis

“ConcentrationsofPFOS
Sample Number mg ai/L) Percent
(454A-103A7) Fortified Measured Revered
MAS 0915 0884 %6
MAS4 0915 110 120
MAST 0915 102 12

MAS2 457 a3 902
MAS-5 Lo4s7 484 106
MASS toast 414 906

MASA 20 210 952
MAS3B 220 200 91.7
MAS3C 20 209 950
MAS 220 21 101
MAS 220 202 919

Mean = 99.1
Standard Deviation =9.75

ov =98
N=

"Note: Results and corrections for new test substance purity were generated using MacQuan version 1.5
softwareandmanualcalculations. Values havebeen roundedforreporting purposes.

000649
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Table 4

Measured Concentrationsof PFOS in Freshwater Algal Medium Samples from a
Freshwater Alga Acute Toxicity Test

‘Nominal Test Sample Sampling POS Measured, Percent
Concentration Number Time Concentration’ of

(mgai/L) (454A-103A7) (Hours) (mgai/) Nominal
00 T 0 <10Q =

8 7 <10Q -
15 % <10Q ~

57 2 0 an 820
9 7 604 105
1 % 584 101

un 3 0 107 898
10 7 12 96
n 9 121 102

2 4 0 © 198 862
n 7 231 101
18 9% 207 903

46 5 0 27 934
12 7 419 91.7
19 % 463 101

1 6 0 3 910
13 7 0 940
20 9% 83 %5

183 7 0 1 98.1
14 7 186 102
2 9% mn 94.0

183 14A 7 150 819
(Abiotic) 2 9% 188 103

Note: Results and corrections for new est substance purty weregeneratedusing MacQuan version 1.5
software and manual calculations. Values have been rounded for reporting purposes.

"The litof quantitation (LOQ) was 0.115 mg a.iL based uponthe productofthe lovist calibration
standard analyzed (0.00229 mg .i/L)andthe dilutionfactorofthematrixblank samples (50.0).

000650
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METHOD OUTLINEFORTHEANALYSIS OF PFOS
INFRESHWATERALGALMEDIUM

Preparematrixfortification samplesbyspikingtherequisitevolumeofPFOSstocksolutionsdirectly
intofreshwateralgalmediumusinggas-tightsyringesandClass Avolumetricflasks.

i

Dilutematrixfortificationandtestsamplesintotherangeofthe calibrationstandards by partiallyfilling
Class Avolumetric flaskswith 50%methanol:50% NANOpure®watersolutioncontaining

0.100mg 4H PFOS (internal standard)/Land0.05%formicacid(v/v).Add the appropriatevolumeof
sampleandbringthe flaskto volumewiththedilutionsolvent.Processthematrix blank sampleusing
thesamedilution andaliquotvolumeasforthelowestfortification level.Mixwellbyseveralrepeat

inversions.

v
e Ampulate samplesandsubmitforLC/MSanalysis.

Figure1. Analytical methodflowchartfortheanalysisofPFOSinfreshwateralgalmedium.
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Figure2. Atypical calibration curve for PFOS. Slope = 3.43926; Intercept = 0.03327; r = 0.9986.
Curve is weighted (1/x). 000652
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Figure3. Arepresentativeion chromatogram of a low-level (0.00229mga.i/L) PFOSstandard.
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000654

AMENDED



WILDLIFE INTERNATIONAL Lo. PROJECT NO.: 454A-103AWILDLIFE INTERNATIONALLo. snormcrnos assaisa__

——
100 3

90 : : T

w

w .
50 " -

-

"
wl Li Redes TAL rae
TYa
Th WW wm

Figure5S. Arepresentativechromatogramof amatrixblanksample(454A-103A-MAB-1).
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Figure 6. A representative chromatogramof a matrix fortification sample (454A-103A-MAS-1).
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APPENDIX IV

CellDensity forEachReplicatePerTreatmentOverthe96-HourExposurePeriod

EE—TesSubsmce: PROS
Test Orgmio: ~~ Fresater Alga, Selenstramcapricorn
Diluion Weter_ Frebwate Alga Mediu
AColDees Cala

Conocnttion
(mgaill) Replicate 24Hours. 48Hours 72Hours 96Hours

TRC A MOD ID 000 oomB B00 130000 05000 2360000
c 31.000 125000 95000 2640000

ss a 2900 136000 0000 20000005 23000 18000 500000 3.180000
© 35000 134000 25000 2540000

un A 30000 105000 560000 2680000
B 2700 124000 660000 2740000c 31000 134000 aso 320000

2 a 30000 101.000 860000 33400005 26000 132000 450000 3080000- c 2500 128000 0000 3300000
“ A 30000 136000 515000 2300000

B 2000 151.000 0000 3020000c 27000 13500 330000 3420000
“ A 37000 6500 215000 50000

B 18000 7000 136000 760.000
c Zo 6000 162000 470000

m A 1500 3500 21.000 500
B 1800 Zoo ww 30000
c 1000 26000 500 26000

“Toe milcllGeneyofhesockctrwas deridevolumewas SATS] to eachVt
chamber o yield el dasity of approizately 10,00lv at et iio (0 hours).
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APPENDIX V

AreaUndertheGrowthCurveforEachReplicate PerTreatmentOverthe96-Hour ExposurePeriod
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APPENDIX VI

GrowthRatefor BachReplicate PerTreatmentOverthe 96-HourExposure Period
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APPENDIXVII

‘ChangestoProtocol

‘Thisstudy wasconductedinaccordancewiththeapprovedProtocolwiththefollowingchanges:

1. Theprotocolwasamendedtoaddtheproposedexperimentalstartandterminationdates,test
concentrationsandtestsubstancenumber.

2. Theprotocol was amendedtospecify theanalyticalmethod.

3. Theprotocolwasamendedtorepeatth testwith ahigher estconcentration.
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APPENDIXVIII

PersonnelInvolvedintheStudy

‘Thefollowingkeypersonnelwere involvedintheconductormanagementofthisstudy:

1. HenryO. Krueger, Ph.D,,Director,Aquatic Toxicology andNon TargetPlants
2. WillardB. Nixon, Ph.D.,Manager,Analytical Chemistry
3. RaymondL. VanHoven,Ph.D,,Scientist
4. KurtRDrotar,Senior Biologist
5. MarkA.Mank, LaboratorySupervisor
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APPENDIXIX

ReportAmendment
1. OriginalReport: Pages14,6and36

Amendment: Thepageswerechangedtoincludetheamendedreportdate, revisedpage
numbers, andnewsignatures anddates due to the additionofthe report
amendmentasAppendixIX.

Reason: Toreflecttheissuingofanamendedreport.

2. Original Report: Page2

Amendment: Thecompliancestatement wasrevised.

Reason: To clarifyhowthetest substance wascharaclerized.

3. Original Report: Page 10

Amendment: Informationprovidedbythe Sponsorreflectingthereanalysisofthetestsubstance,
includingthereanalysisdateandthepurity, wasaddedtotheTestSubstance
section. -

Reason: Toreflectthe curret testsubstance informationprovidedbytheSponsor.

4. OriginalReport: Entirereport

Amendment: Alltestsubstanceconcentrations werechangedtoreflectthe purityof the test
substanceasdeterminedbythe Sponsorin areanalysisofthetestsubstance (FC-
95,Lot217). Testconcentrationsoriginally werebasedonthereportedpurityof
989%, Thecertificate of analysisdatedMarch'9,2000indicated a purity of
90.49%. Therefore, all test substance concentrations, including nominal
concentrations, measured concentrations, EC values, and NOAEC values were

recalculatedandreportedas mg 2.1L.basedon the 90.49%purity.

Reason: “Toreporttheresults of thetestbasedonthetestsubstancepurityof 90.49%atthe
requestoftheSponsor.
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WILDLIFE INTERNATIONAL LTD. Page 1 of

AMENDMENT TO STUDY PROTOCOL

STUDY TITLE:  PFOS: A96-HOUR TOXICITY TEST WITH THE FRESHWATER ALGA

(Selenastrum capricornutum)

PROTOCOL NO.: 454/110998/SEL-96H1/SUB454 AMENDMENT NO.: 1

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

EFFECTIVE DATE: January 4, 1999

AMENDMENT:  Page2

Add: Experimental Start Date: 2/19/99

Experimental Termination Date: 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 information was not known when the protocol was signed by the Study
Director.

AMENDMENT: APPENDIX II, Page 16 -

Add: Liquid Chromatography Mass Spectrometry (LCMS) Method for the Determination of
Perfluorooctane Sulfonic Acid, Potassium Salt (PFOS) in Freshwater, Filtered Saltwater and

Algal Medium.

REASON: To add the analytical method to be used in the study.

Sort] al9(9

STUDY DIRECTOR DATE

aL aff
LABORATORY (AGEMENT DA

do 6 ond 2/16/19
SPONSOR’S REPRESENTATIVE DATE
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H AMENDMENT TO STUDY PROTOCOL

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

PROTOCOL NO.: 454/110998/SEL-96H1/SUB454 AMENDMENT NO.: 2

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

EFFECTIVE DATE: April 8, 1999
a AMENDMENT: Page2

Change: Experimental Start Date: 2/19/99

H Experimental TerminationDae: 2/23/99
‘Test Concentrations: Negative Control, 6.3, 13,25, 50 and 100mg a.i/L.

Ho To: Experimental Start Date: 4/12/99
‘Experimental Termination Date: 4/16/99

I Test Concentrations: Negative Control,6.3, 13,25, 50, 100and 200 mga.i./L.

REASON: The testwillberepeatedbecausecellcounts werenot madewith ahemacytometerand a
- microscope. An additonal testconcentration was addedinan atempt t obtsin EC90 vlues.

AMENDMENT: EXPERIMENTAL DESIGN, Page 3

H Change: ‘Target concentrations will not exceed 100 mg/L or the solubility limit of the test substancein
ater.

H To: Targetconcentrationswillnotexceed 1000mg/Lorthe solubilitylimitof thetestsubstancein water.

i REASON:Thenewnominalconcentrationsexceed100mgai/L.

u PESAN 2/8177
STUDY DIRECTOR DATE

Ho wdA 4 fo

m Ja Reds Yla1 24
nu SPONSOR'S REPRESENTATIVE DA 000665

H Qf loresby JB. 34prTd
cusatonenents



{

a PROTOCOL

= PFOS: A96-HOUR TOXICITY TEST
‘WITH THE FRESHWATER ALGA (Selenastrum capricornutum)

i US. Environmental Protection Agency
Series 850 - Ecological Effects Test Guidelines

HH OPPS Number 850.5400

‘OECD Guideline 201

mu ML RsNe U3

Submitted to

3M Corporation

Environmental Laborsory
P.0. Box 33331

St. Paul, Minnesota 55133

£ WILDLIFE INTERNATIONAL LTD.

8598 Commerce Drive

Easton, Maryland 21601

(410) 822-8600

000666
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H PFOS: A 96-HOUR TOXICITY TEST

WITH THE FRESHWATER ALGA (Selenastrum capricornutum)

H SPONSOR: 3M Corporation
‘Environmental Laboratory

H P.0. Box 33331

St. Paul, Minnesota 55133

ul ‘SPONSORSREPRESENTATIVE: Ms Susan A. Beach

TESTINGFACILITY: Wilde Intemational Lid
8598 Commerce Drive

Ho ‘Easton, Maryland 21601

STUDYDIRECTOR: Kurt Drottar
Ho

Senior Aquatic Biologist

LABORATORYMANAGEMENT: Henry O. Krueger, PhD.
HH Directorof Aquatic Toxicology & Non-Target Plants

 FORILABORATORYUSEONLY _
mu || Proposed Dates: |

| Experimental Experimental

|] oobme_TommmonDus |

| prec: 4544-103 |
Aes |

|] Test Concentrations: 1
| TestSubstanceNo: ReferenceSubstanceNo, (if applicable): |

= Aor
[1 AN /2/4(78

STUDY DIRECTOR DATE

ml pfye
LAB {TORY {AGEMENT DATE

||
000667
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INTRODUCTION

1 Wildlife Interational Ld. will conduct a 96-hour toxicity test with the freshwater alga,
‘Selenastrum capricomutun ox the Sponsor atthe Wife Intemational Lid. aquatic toxicology facility

1 inEaston,Maryland.Thestudyvillboperformedbasedon procedures intheUSS. Environmental
ProtectionAgency Seies 850 Ecological Effects Test Guidelines OPPTS Number 830.5400 (1) and

i OECD Guideline for TestingofChemicals, 201: Alga, Growth Inhibition Test (2). Rawdata for all
work performedat Wildlife Intemational Lid. and a copyofthefinal reportwill befiledby project

1 umber in archives located on the Wildlife Intemational Ltd. it or at an atemative locationtobe.
specifiinthe ina report.

|| PURPOSE

“Thepurposeoftisstudy istodetermine the toxicity of est substance othefreshwatergreen
un alga, Selenastrum capricornutum, during a 96-hour exposure period.

EXPERIMENTALDESIGN

i “The groenalga, Selenasinumcapricormutum,willbecxposed to ageometricseries ofat least five
{est concentrationsand a egative (culemedium) controlfor 96hours. Targetconcentrationswillnot

|| exceed100 mp/L orthe solubility limitofthetest substanceinwater. Generally,thenominal
concentration ofcachtest substan usodinthedefinitive tetvill beat least S0%ofthenext higher

a ‘reament,unless information conosmin th coneentrtion-cffoctcurveindicates that adiffrent dilution
factorwouldbemoreappropriate.

1 Tes solutions vil be inoculated with 10,000 cclsfmL. Three “biological” replicates per
1 experimental groupvil beprepare forevaluating cell densities.Oneormoreadditonal “analytical”

replicates willbe incuded the test needed, oprovide est solution forconcetration verification
onDay3oftheexposure.Anabiotic replicats ot thehighestconcentration vill be included nthetest

a andvillbe sampledon Day 3 and Day4.Inorder to controlbis,teposition oftheflaskswillbe
detrmined by indiscriminatedrawdiyduring th exposureperiod. Noothe potentialsourcesofbias

i ‘areexpectedtoaffecttheresultsofthestudy.

a “Theresponseofthealgaewillbemeasuredintems ofceldeasity,biomassexpressedas area
undethegrowthcurve, andgrowth te.AnECS0(ic, th theoretical est concentrationthatproduces.

a a 50% reductioninthemeasured parameter)valueforcell deasitywillbecalculatedforcach 24 hour
interval. EC ity, bi10,5050 andEC90valu forcl deity, biomes (50) aodgow rie GOwillbe 000
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n calculated, if possible,atthe 72and 96 hour intervals. Theno observed adverseeffectconcentration

(NOAEC), which sthe highest test concentrationthat induces no adverse inhibitoryeffecton growth,

willbedeterminedrelativetocachparameterat72 and96 hours baseduponevaluationofthestatistical

u results and the dose-response pattern. Attheend of the 96-hour exposure, algistatic effects will be

differentiatedfromalgicidal effectsinthosetreatmentswhich aremaximally inhibited.

ou MATERIALSANDMETHODS

ou intiInformationonthe characterizationof test,controlorreferencesubstancesisrequiredby Good

Laboratory Practice Standards (GLP).“The Sponsor isresponsible for providing WildlifeInternational

|] Ltd writtenverificationthatthetestsubstancehasbeencharacterizedaccording
to GLPspriortoitsuse

inthestudy. IFwrittenverificationof GLP test substancecharacterizationisnotprovidedtoWildlife

ou Intemational Lid., itwillbenotedinthecompliance statementof thefinal report. The attachedform

IDENTIFICATIONOF TEST SUBSTANCE BY SPONSOR (Appendix I) is to be used to provide.

mm information necessaryfor GLPcompliance.

A “The Sponsori responsiblefor ll informationrelated to thetest substance andagrees to accept

anyunusedtestsubstanceand/or testsubstancecontainersremainingaftheendof thestudy.

PreparationofTestSolutions:
ThetestsubstancewillbeadministeredtoSelenastruminanaqueous ‘medium.Thisroute of

administrationwasselectedbecauseit epreseaisthemost likely routeofexposuretoalgae,whichexists.

inaquaticenvironments.

Testsolutionswillbepreparedbydilutingoneormorestocksolutionswithalgalculturemedium

toachievethetargetconcentrations. ‘Stocks will be preparedin algal culturemedium.Allweights,

volumesanddilutions used to preparethetestsolutions.willbedocumentedintherawdata.

TestOrganism
‘The freshwatergreenalga,Selenastrum capricornutum,willbe usedin thistest. Thisspecies.

isrepresentativeofanimportantgroupof algacandwasselected foruseinthetetbasedupon pastuse

andeaseofhandlinginthe laboratory. Stock cultures, obtained from theCulture Collection ofAlgae.

atthe UniversityofTexasatAustinor anothersupplier ilbe maintainedinculturemediumat Wildlife

InternationalLid.for aminimumoftwoweekspriortousein atoxicitytest.Algacusedintoxicitytests

000669
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om willbe inexponentialgrowth phase,which isdefinedastheperiodofgrowthwhenalgalcelsarc

dividingataconstantrte.

|:| Justpriortobeginningthe test,aninoculumofthestock culturewillbepreparedsothatcach
milliliterof inoculum containsenoughoels to providean ital cell density ofapproximately 10,000

ou cell/mLineachreplicate

om Cm etnCulturemedium prepared secording to WldifeIntemational Ltd. Standard Operating Procedures
willbe used asdilution water. Theconcentrationsofthe components in the medium ar presentedin

| Table 1 (3). Stockmutient solutionsvil bepreparedbyaddingreagent-gradechemicalsto Wildlife
International Led.well water purified by reverse-osmosis. Appropriate volumes ofthestocknutrient

om solutionsvill thenbodilutedwithpurified well watertopreparethemedium. “Themediumwill be filter
sterilized (02 amorsutoslaved)prior touse. Thefinal pH ofthemedium shouldbe7.5.4.1. Analy-

o seswill be performedatleas once annually todetermine theconcentrationsof selected organic and
inorganicconstituents ofthe wellwate and resultsofteanalyseswillbesummarizedinthe inal report.

ou Specifications for acceptable levels of contaminants have not been established for culture
‘medium.Howes,ther ar novel of contaminantsreasonablyexpectedtobe preseat in the medium

ol thatareconsideredtointerferewiththepurposeorconductofthestudy.

HH TestApparatus
Test chambers will be sterile, 250-mL polycarbonate Erlenmeyer flasks plugged vith foam

stoppers. Eachtestchamberwillhold 100mLoftestsolution.Testchamberswillbeindiscriminately

mn positionedon amechanicalshakertablein an environmentalchamber andvillbeshaken continuously
at approximately 100 rpm. Test chambers willbe labeled with theprojectnumber, testconcentration,

oH andreplicate

‘EnvironmentalConditions
ol “Test flasks illbe eldat24 +2°Cundercontinuousfluorescent lighting (c..colwhite light

tubes)atanintensityof approximately4300 10% lux. Lightintensity willbe measuredatfive
ol locationsontheshakertabledailyduringthe test. Temperaturewillbemeasuredtwice dalyinthe

environmental chamber usinga liquid-in-glass thermometer.
nm 000570
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“ThepHof cachtreatmentan the control will be measureda est initiationandterminationusing
aFisherAccumetModel 915pHmeterorequivalent. Samples will becollectedfrom thebatchof test

solution prepared at est nition fo cach treatmentandcontrolgroupforthemeasurementofpH. At
testtermination,pHwill be measuredinpooledtestsolution samples collectedfromthethreereplicates
ofcachtreatmentandcontrolgroup.

‘BiologicalMeasurements
‘Celldensitieswillbemonitoredduringthetestbyconductingcellcountsusing 8 hemacytometer

and amicroscope. Onesamplevillbecollectedfrom eachreplicateofth treatmentandcontrolgroups
at approximately 24 hour intervalsduringtheexposureperiod. The sampleswillbe evaluated
immediately. Each samplewillbe dilutedusingan electrolytesolution (Isoton®),asneeded, tomaintain
‘countingaccuracy.Thecelldensityofthesamplewillbecalculatedbasedonthemeannumberofcells :
pergrid.

Samplesoftestsolutionswillbecollectedfromeachreplicatepertreatmentandcontrolgroup
attheendofthetest.Eachreplicate samplevillbeexamined microscopically foratypicalcell
‘morphology(eg. changes inshape,sizeor color). Growthofcellinthe flasksalsowill beassessed
foraggregationsorflocculation of celsandadherenceofthecllstothetestchamber.

Attheendofthetest, algistatieffects,whichresultintheinhibitionofcelgrowth,willbe
differentiated from algicidal effets, which result in the deathofcells. Aliquots (0.5 mL) of test

solutionswillbetakenfromcach replicate testchamberwhere growthismaximallyinhibited.
Maximally inhibited treatments ar thoseinwhich itcannotbe visually determinedif lvealgalcellsare
preseat (eg. absenceofcolor tothe test solution). Thesealiquotswillbecombinedanddilutedwith
algalmedium to aconcentrationof thetestsubstance that theoretically shouldnoteffectgrowth. A
negativecontolwillbe prepare by dilutinga0.5Laliquotfromone negativecontrol replicateto 100
‘mLwithalgal medium. Growth ofthesesubcultureswillbemonitoredforup to 9daystodetermine
whetherinhibitionofgrowth observedduringthe test i reversible. Samplesvil becollctedforcell
counts at recoveayphassinitiation,terminationand atapproximately3-dayintervalsbetweeninitiation
and termination. Therecovery phasemaybeterminatedonce algalgrowthissulfcenttoindicatethat
thealgalcells havefully recoveredfrom effetsductothetestsubstance.Thiswillbedetermined
through visualexaminationoftherecovery test solutions,

000671
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1 ‘SamplesoftheexposuresolutionswillbecollectedonDays 0, 3and 4andanalyzed fo test
substance concentrations. Day 0 samples will be takea from each batchoftest solution prior o their

1 distributionamongthe replicate estchambers.Day 3sampleswillbecollected romtheextra replicate
est chamber(s) included in the test to provide sample for that analysis and rom the abiotic replicates.

|] 1 more than one replicate is included for the Day 3 sample analysis, then the solutions from cach
replicatewillbcomposited toprovid thesamplefor that treatment. Day 4samples willbecomposited

ul solutionsfrom thethree replicatesremainingatthe end ofthetest

1 SamplescollectedonDays 3and 4 maybecentrifugedorfilteredto removealgal cellspriorto
analysis. Samples will be analyzed immediately or placed in an appropriate storage container (c.g,

polypropyleneor polyethylene bot) andstoreduntil analyzed. The sample scheme is summarized

i below:
PROPOSED NUMBERS OF VERIFICATION SAMPLES
erm et

Control |

i Solvent Control (if needed)
l Level 1-LowConsentration

a Level2
Level 3 |

a Levels I

|LLovel 5-High Concentration L111 1

a

a “The aboveumber of samples representthosecollectedfromthetest anddono include quality
control (QC) stmples such as marx blanks and fortifications prepared and analyzed during the

i analytical chemistry phaseofthestudy.

a
000672
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AnalyticalChemistry
Chemicalanalysisofthesampleswillbeperformedby WildlifeInternationalLtd. The analytical

‘method used will be based upon methodology provided by the Sponsor and identified in Appendix IL.

Modificationsmade tothe analyticalmethodwillbe documentedinthe rawdataanddescribedinthe

final report.

StatisticalAnalyses
Bioxnassexpressedas area under the grow curvewillbocalculated orthetreatmentandcontrol

groups using the following formule:
A=(ONDEANINR) HNNNI)

Where:

"A= Arca under the growth curve.
N,= Measurednumbesofccls/mL att,
N; =Measured numberofcellmL att
N, =Measured numberofcells/mL att,
'N, =Measurednumber of cells/mLatt, :
t, = Timeoffirstmeasurementafterbeginningoftest(hours)

1, =Timeofsecondmeasurementafterbeginningof test(hours)

t, =Time of nthmeasurementafterbeginning oftest(hours)

Growthrates(x) willbecalculated forthe treatmentandcontrol groups usingthe following

formula:

IN,InN,
pm —_

tb

1 = Average specific growth rate
N, = Measured numberofcells/mL att,
N, = Measured mumberof celisfmLat
to=Time ofbeginningoftest(hours)
t, =Timeofnthmeasurementafterbeginningoftest(hours)

000673
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A Percent inhibition will be calculated for each treatment group based upon mean cell density, n

‘biomass and growth rate using the: following formula:

i
‘Mean Control - Mean Treatment

‘Percent Inhibition =_ Response Response X 100

i ‘Mean Control Response

EC values will be determined, when possible, using. linear interpolation or other suitable

i techniques with treatment response (i. ocll densities, biomass and growth rate) and exposure

u concentration dataforeach24-hourintervalofthetest.

Ano observedadverseeffectconcentration (NOAEC) will be selectedbased on an evaluation of

|| {hedose-response pattem and th resusof thestatistical analysisusing individualreplicatevalucs of

the cell density, biomass and growth rate. Statistically significant differences between the control and

Mm he treatment groups will be identified using analysis of variance (ANOVA) and a test to compere

treatmentmean responsestothecontrol response.(cg , Dunnett's test or Bonferroni'st-test).Datawill

om boassessedfornormality andhomogeneityofvariancesprior toperforintheANOVA.
Transform-

tions will beused tocorrectanycondition of non-normalityorunequalerorvariances, if possible. i

om asolventcontroli usedinaddition tothenegativecontrol, theirresponseswill becomparedusing

‘Student's t-test. Datafrom thetwocontrolgroupswillbepooled
fortreatment levelanalysesifno

statisticaldifferencesexist.Otherwise, allcomparisons
willbemadeto thesolventcontrolgroup.

Statisial comparisonsfor ANOVAsndhecomparisonofmean responsesvill be caredoutusing

TOXSTAT® V3.5 software (4) or equivalent.

RECORDSTOBEMAINTAINED
RecordstobemaintainedfordatageneratedatWildlife

International Ltd.vil include,butnt

be limited to:

1 Copy of signed protocol.

2. Identificationandcharacterization of thetest substance,ifprovidedby Sponsor.

3. Datesofinitiation andterminationofthetest.

4 Souseofalgae. 000674
5. Culture conditions.
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i 6. Growthmeasurements.

7. Calculationandpreparationoftestconcentrations.

ou 8. Observations.

9. The methods usedtoanalyzetestsubstanceconcentrationsand theresultsofanalytical

["] measurements
10. Statistical calculations.

ou 11. Testconditionsandphysical/chemicalmeasurements.

12. Copyof finalreport.

u FINALREPORT
Afinalreportoftheresultsof thestudy villbepreparedbyWildlifeIntemational Ltd.Thereport.

|| willinclude, but notbe limited tothe following,whenapplicable:

1. Nameandaddressofthefacility performingthestudy.

om 2. ‘Datesupon which thestudywasinitiatedandcompleted, andthedefinitive experimentalstartand

- terminationdates. .

ou 3. Astatementof compliancesignedbytheStudyDirectoraddressinganyexceptionsto Good

‘LaboratoryPractice Standards.

ou 4. Objectivesandprocedures,asstatedinthe approvedprotocol,includingallchangestothe

protocol.
Mm 5. Thetestsubstanceidentification including name,chemical abstract numberor code number,

strength,purity,composition,and otherinformation providedbytheSponsor.

mn 6. Stabilityandsolubilityofthetestsubstance under theconditionsofadministration,ifprovided.

‘bytheSponsor.

7. A descriptionofthe methods usedto conductthetest.

8. Adescriptionofthetestorganisms, includingthe source, scientificname,ageor lifestage, light

intensityand photoperiod.

9. Adescriptionofthepreparationof thetestsolutions.

10. Themethodsusedtoallocateorganismstotestchambers andbegin thetest,
the number of

organismsandchamberspertreatment,andthedurationofthetest.

11. A descriptionofcircumstancesthatmayhaveaffectedthequalityorintegrityofthedata. 000675
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1 12. ThonameoftheStdDirectorandthe namesof otherscieatists,professionals,and supervisory

personnelinvolvedin thestudy.
a 13. A description ofthe transformations, calculations, and operations performed on the data, a

summaryan analysisofthe biologicaldata ndanalyticalchemistry data,anda statement ofthe

a conclusionsdrawfrom thanalyses. Agraphplottingtheconcentrationresponsecurve.

14. Statisticalmethodsused to evaluat thedata.
a 15. Thesigned anddated reports ofeach ofthe individual scientists or other professionals involved

inthe study.
n 16. The locationwhereraw dataand final report are to bestored.

17. Astatementpreparedbythe QualityAssurance Utlistingthedatesthastudyinspectionsand

a itsweremadeand he dates ofany findingsreported tothe StudyDirectorand Management.

18. Ifitisnecessary tomakecomostionsor additionsto a final report afer ithasbeen accepted, such

au changes will be madeintheform ofanamendment issuedbythe StudyDirector. Theamendment

- will lealy identifythepat oftefinal reportthatisbeing amendedandthereasonsforthe

om amendment,andvill be signedbythe StudyDirector

ou CHANGINGOFPROTOCOL
Plannedchangestotheprotocolwill be in the formofwritenamendmentssignedbytheStudy

Hl DirectorandtheSponsar’sRepresentative.Amendmentsvillbeconsideredaspartoftheprotocol and

illbeattache to the inlprotocol. Anyotherchangeswillbe i theformofwriten deviations signed

a bythe StudyDirectorandfledwiththerawdata. All changes totheprotocol illbeindicatedinthe

= final report.

GOODLABORATORYPRACTICES
H “ThisstudywillbeconductedinaccordancewithGoodLaboratoryPracticeStandardsforEPA

(40 CFR Part 160 andlor Part 792); OECDPrinciplesofGoodLaboratoryPractice (OCDE/GD (92)

32, Environment Monograph No. 45); and Japen MAFF (59 NohSan, Notification No. 3850,
Agricultural Production Bureau), Each study conducted by Wildlife Intemational Lud. is routinely

examined by the Wilde Intemational Lid. Quality Assurance Unit for complisncs with Good

Laborstory racic,Standard Operating Proceduresandthespecified protocol. Astatementof

PROTOCOLNO; 454/110998/SEL-96H1/SUB4S4 3M LAB REQUEST NO, U2723
000676
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compliance with Good Laboratory Practices vill be prepared fo all portionsofthe study conducted by
Wildife International Ltd. The Sponsor will be responsible for compliance with Good Laboratory
Practice for procedures performedby other laboratories (e.g. residue analyses or pathology). Raw data
forallworkperformedatWildifeInternationalLid.and acopyof the finalreportwill be filedbyproject
number in archiveslocatedon the Wildlife International Ltd. site of at an altemative location to be:
specified in the final report

000677
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1 RERINCES

1 1 US. Environmental ProtectionAgency. 1996. Series 850-EcologicalEffects Test Guidelines
(drafi), OPPTS Number 850.5400: Algal Toxicity, Tiers I and IL

1 2 OECD Guideline forTestingof Chemicals. 1984. 201: Alga, Growth Inhibition Test.

3 ASTM Standard Guide 1218-90E. 1990. StandardGuide for Conducting Static 96-Hour

1 Toxicity Tests with Microalgae.

4 West, Inc. and D.D. Gulley. 19%. TOXSTATRelease 3.5. Western EcoSystems Technology,
|| Inc. Cheyenne, Wyoming.

a 000678
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a TABLE

FRESHWATER ALGAL MEDIUM CONSTITUENTS

ou Component Nominal Concentration

MECL6H,O0 1216 mg
n CaCl2H,0 440 mg

H,B0, 0.1856mg/L
MaClo4H,0 0416 mg

ou ZC, 328 gl
FeCli6H,0 0.1598 mg/L
CoCl6H,0 1428 ug

i Ne,MoO,2H,0 726 ug
CuCL2H,0 0012 ug
Na,EDTA2H,0 0300 ml
NaNO, 2550 mel

i MgSO,7H,0 1470 mg
KHPO, 1044 mglL

"] NaHCO, 1500 mpl
“The pHofthemedium willbeadjusted, as necessary,t07.5% 0.1using0.1

ua NNaOHor10% HCL

ou 000679
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APPENDIX
1 IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR
Julian

aaba

I TobeCompletedby Sponsor
-

I Test Substance dent (nametobeused nthe report): EQS(PerfluoroostaneSulfonicAcid Potassium Salt

1 Reference Standard (f applicable): Analytical Standard NA
Internal Stands: _1.1.2.2F1HHHPerfluorooctaneSulfonicAcid

1 Test Substance SampleCodeorBatch Number:_ Lot 217

Test Substance Purity (% Active Ingredient): _989 Expiration Dot: 2008

1 IL Test Substance Characterization

Havethe identity, str ity and compositionorothercharacteristics
bydefing D etubatinoandrefrac Standard becn

1 Hetcrminedprior tisuseinthisstudyin accordancewith GLPStandards? YesNo X_

IL Test Substance Storage Conditions
i Pleaseindicatethe recommendedstorageconditionsatWildlifeIntemationalLid.

__Ambietroomtempe
rsee

Has thestabilityof the testsubstanceunderthesestorage condifions
i Heea ee wal CLF Suandards] © Yes___NoX_

1 Other pertinent stability informations —
eeee—————————————

———

IV. Test Conceatrations: Adjust estconcentrationto 100% ni.
1 _X_ based upon thepurity(%)given ebove.

Donot dst st conesmpion to 100%
a1 Test the material AS IS.

|] V. Toxicity Information:

Mammalian: ~~ RatLDS025lmghke  MouseLDSO NA

i Aquatic: InvertebrateToxicity (BC/LCS0) Fish Toxicity (LC50)
EZ 2 .

Ha Diphniamagna: Somg/l Fathead Minnow,38mg/l

Other Toxicity Information (including findingsofchronic and subchronic tests):

ul HemMDS

000680
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APPENDIX I
1 Ansytical Method to be Provided by Sponsor

I

1

I

I

1

1
I 3

I

I

I

I

I

1
I 000681
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