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SUMMARY

SPONSOR: 3M Corporation

SPONSOR'S REPRESENTATIVE: Susan A. Beach

LOCATION OF STUDY, RAW
DATAAND ACOPYOFTHE ‘Wildife International Lid.
FINALREPORT: Easton, Maryland 21601

LTD, PROJECT NUMBER: 454A-108

TEST SUBSTANCE: PFOS (Pecfluorooctane Sulfonic Acid Potassium Salt)

sTupy: PFOS: An Early Life-Stage Toxicity Test with the Fathead
Minnow (Pimephales promelas)

NOMINALTEST
CONCENTRATIONS Negative Control, 014,029,0.57, 11,2.3and 4.6 mgaL.

MEANMEASUREDTEST NegativeControl,0.15,0.30,0.60, 12, 2.4 and 4.6 mgaL.
CONCENTRATIONS:

TESTDATES ExperimentalStart- August 5, 1999
Biological Termination - September 21, 1999

Experimental Termination - September22, 1999

LENOTHOFTEST: 47Dy B .

TEST ORGANISM: FathcadMinnow(Pimephales promelas)

SOURCE OF TEST ORGANISMS: ‘Wildiife International Lid. Cultures
Easton, Maryland 21601

AGEOFTESTORGANISMS: Eggs 24hours old at test initiation.

"NO-OBSERVED-EFFECT-
CONCENTRATION: 030mgaill

LOWEST-OBSERVED-EFFECT-
CONCENTRATION: 060mg ai/l

MAXIMUM ACCEPTABLE
TOXICANT CONCENTRATION 042 mgai/l
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INTRODUCTION

“ThisstudywasconductedbyWildlifeInternational Ltd.for 3M CorporationattheWildlifeIntemational
Ltd aquatiotoicologyfacility inEaston, Maryland. Thein-life phaseofthe testwasconductedfrom August,
1999toSeptember21, 1999. Ravw datageneratedby WildifeInternationalLtd.and acopyofthefinalreportare.

FedunderProjectNumber454A-108inarchiveslocated ontheWildifeIntemationalLtd.site.

v OBJECTIVE

“Theobjectiveofthi studywastoevaluatetheeffects ofPFOSoncarly life-stagedevelopmentofthe:

fathead minnow, Pimephales promelas. Timetohatch,hatching success, survival and growthwereevaluated

duringthe47-daystudy,

EXPERIMENTAL DESIGN

Fatheadminnowembryoswereexposed to ageometricseriesofsixtestconcentrationsand anegative.

(dilutionwater)controlunder flow-throughconditions. Fourreplicate testchambersweremaintainedineach

reatmentandthecontrolgroup.Each testchambercontainedoneincubationcupwith 20embryos, sultingina

totalof 80embryos pertreatment.Theexposureperiodincluded a 5-dayembryo hatchingperiod,and a 42-day

‘posthatch juvenilegrowthperiod.The Sponsorrequestedthatthestudybeextendedpastthenormal 28-day

‘posthatchgrowthperiodtodetermine if survivorshipwouldbeaffected.

‘Nominaltestconcentrationswereselectedi consultationwiththe Sponsor, endwerebaseduponacute:

toxicitydata. Nomina testconcentrationswere 0.14,0.29, 0.57, 11,23and4.6mgactive ingredient (3.1.

Meanmeasuredtestconcentrations weredeterminedfromsamplesof testwater collectedfromeachtreatmentand

{thecontrolgroup tthebeginning ofthe test, onDay4, at weekly intervalsduringthetest, and at test termination.

To startthetest,embryosless than24hoursoldwerecollectedfrom cultures andgroupsof 1 and 2

individuals were impartiallydistributed among incubationcupsuntil cachcupcontained 20embryos.Onecup

asthenplacedincachtreatmentandcontro test chamber. Twice duringthenexttwenty-fourhoursanddily

thereafter,alldeadembryoswerecounted andremovedfrom thecupstoavoidcontaminating viableembryos.All

©01004
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gs that remained were considered viable. Dead embryos continued to be removed daily. After hatching, the
larvaewerecountedandreleasedintoth testchambers,whereexposurecontinueduntil esttermination.

Observationsofmortality andotherclinicalsigns weremadedailyduringthetest. Timetohatch,
hatchingsuccess,growth,andsurvival weremonitoredi eachtreatment andcontrol group. Datawere evaluated
to determinetheno-observed-efect-concentration (NOEC), the lowest-observed-effect-concentration (LOEC)
andthe maximumscceptable toxicantconcentration (MATC).

MATERIALS AND METHODS

“The studywasconductedaccordingtothe proceduresoutlinedintheprotocol, “PFOS: AnEarlyLife-
StageToxicity Testwiththe Fathead Minnow (Pimephalespromelas)". Theprotocol wasbasedonprocedures
outlined in U.S. Environmental Protection Agency Series 850 ~ Ecological Effects Test Guidelines, OPPTS
‘Number 850.1400 (1); OECD Guidelinefor TestingofChemicals, 210: Fish Early-Life Stage Toxicity Test
(2); ASTM Standard 1241-88, SandardGuide forConductingEarlyLife-StageToxicity Tests with Fish 3)
and Standard Evaluation Procedure, Fish Early Life-Stage Test (4).

TestSubstance
‘Thetestsubstancewasreceived from 3MCorporationonOctober29, 1998andwasassignedWildlife

IntemationalLtd. identification number 4675.Thetestsubstancewasdescribedas awhite powder. It was
identified as FC-95 from lot number 217 (T-6295). Information provided by the Sponsor indicatedapurity of
90.49%, and an expirationdateof2008, The test substance was stored at ambient room temperature.

‘PreparationofTest Concentrations

Onestock solution waspreparedforeachofthe ixconcentrationstested. Aprimarystock sluionwas

preparedbydissolving PFOSindilutionwaterat aconceatration of 88.4mga.i/L. Theprimarystocksolution
seas stirredwithanelectri stainlesssteel top-downmixeruntilalthetestsubstance vsdissolved.Theprimary
stocksolutionwas proportionally dilutedwith dilution watertopreparefivesecondary stocksolutions at

concentrationsof44.2, 22.1, 11.0, 5.52and2.76mg a../L. Stocksolutionswere preparedeverythre to four
daysduringth test. Thefivestockswereinjected ntothedilutesmixingchambers (at a ateof 6.0 mLminute)
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‘wheretheyweremixedwithdilutionwater(at arateof 116mL/minute)toachievethedesiredtestconcentrations.

‘Theresultanttestconcentrationswereadjustedforpurityoftheactiveingredientinthetestsubstance (90.49%).

TestOrganism
Thefatheadminnow, Pimephales promelas, wassclectedas the test speciesforthis study. Fathead

‘minnowsarerepresentativeofanimportantgroupofaquaticvertebratesandwereselectedforuseinthestudy

‘baseduponpasthistoryofuseandeaseofculturinginthelaboratory.Fatheadminnowembryosusedinthistest

originated fromcultures maintainedbyWildlifeInternationalLtd., Easton,Maryland.The embryoswere

removedfromspawningsubstratesandexaminedunderthe dissectingmicroscope to selecthealthyspecimens at

‘approximatelythesamestage of development. Embryos collected for useinthetestwere from six individual

‘spawnsandwere lessthan 24hours oldwhenthetestwasinitiated.

‘Newly-hatched larvae were fedlivebrine shrimpnauplii (Artemia sp.) 3timesper dayduring the first 7

dayspost-hatch.OnDays 8through 40post-hatch,allfish werefed livebrineshrimpnauplii 3timesdaily on

‘weekdaysand2times dailyon weekends.Brineshrimpnaupliiwereobtainedby hatchingcystspurchasedfrom

‘BonnevilleArtemiaInternationalInc.,SaltLakeCity,Utah. Fishwerenotfedforatleast 48 hourspriortothe

terminationof thetesttoallow forclearanceof thedigestivetractsbeforeweightmeasurementsweremade. To

ensure thatthefeeding rateperfishremained constant,rationswere adjusted each week fo accountforlosses due.

tomortality. :

The averagewet weightof16fishinthenegativecontrol(Replicate A) measuredatthe endofthe test

was0.16g. Biomass loading (thetotalwet weightofthe fishperliter oftestwater) atthe end ofthe test was

0.062gof fishperliteroftestwaterthat passedthrough hetestchamber during a 24-hourperiod.Instantaneous

loading(thetotalwetweightoffishperliterofwaterinthetank)attheendofthetest was 0.37goffishperliter

oftestwater.

TestApparatus
Acontinuous-flowdiluter wasused to deliver cach concentration of the test substance and a negative:

(dilutionwater)control. Aperistalticpump (Cole-ParmerInstrumentCompany)wasusedtodeliverthesixtest

‘substancestocksolutionsintomixingchambersassignedtocachtreatmentgroup. Thestocksolutionswere.

diluted withwell waterin themixingchambers inorder to obtainthe desired testconcentrations. Theflow of
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dilution water to themixingchambers was controlledbyrotameters. Rotameterswere calibratedprior to test
initiation andatweeklyintervalsthereafter. The flowoftestwaterfromcachmixingchamber wassplitand
allowedtoflowintofourreplicatetestchambers. Theproportion ofthetestwaterthatwassplitintocach
replicate wascheckedpriorto thetest,andat weeklyintervalsthereafier toensurethat flow ratesvariedbyno
morethan +10%ofthemeanofthefourreplicates.

‘Thediluterwasadjustedsothateachtestchamberreceivedapproximately6.0volumeadditionsofest
‘waterevery24hours. Thetestsubstancedeliverypumpwascalibratedbeforethe testand atweeklyintervals
thereafter.Thegeneraloperationofthediluter wascheckedvisuallyatleast two timesperdayduring the test and

atleastonceatthebeginningand endofthetest.

‘Thetest chamberswere9-L glas aquaria filledwith approximately 7L oftestsolution.Thedepthofthe
testwaterin a representativetest chamber wasapproximately 17 cm. Thetestchamberswereimpartially
positionedin atemperature-controlled environmentalchamberdesignedto maintain atemperatureof252°C.
‘Testchamberswere labeledwiththeproject number,testconcentrationand replicate.

‘Theembryo incubationcupswere suspendedinthe water columnofeach testchamber and attached toa
rockerarm.Thereciprocating motion oftherockerarm (approximately2 rpm)facilitatedcirculation oftestwater
aroundtheembryosduringincubation. Theincubationcupswereconstructedfrom glass cylinders approximately
50mmindiameterwith 425umnylonscreenmeshattachedtothebottom with siliconesealant.

‘DilutionWater

‘Thewater usedforculturingandtesting wasfreshwaterobtained from awel approximately40meters
deeplocate on the WildlifeInternationalLtd. site. Thewellwateris characterized asmoderatly-hardwater. The:
specific conductance, hardness, alkalinity,andpH ofthe welwaterduringth four-veek period immediately
precedingthetestarepresentedin Appendix I.

‘Thewellwater waspassedthrough asandfiltertoremoveparticlesgreaterthanapproximately25 am,
andpumpednto a 37,800-L storagetankwhere thewater wasaeratedwithspraynozzles.Prior todelivery tothe
dilutersystem,the wateragainwasfiltered (0.45 jim),thenpassedthrough aUVsterilizer toremove
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‘microorganismsand particles. Theresultsofperiodic analysesperformedtomeasuretheconcentrationsof
selectedcontaminantsinwellwaterusedby Wildife InternationalLd. arepresentedin AppendixIL

EnvironmentalConditions
Lightingusedtoilluminatetheculturesandtest chambersduringculturingandtestingwas providedby

fluorescent tubes that emitted wavelengths similar to natural sunlight (Colortone® 50). A photoperiod of
16hoursoflightand 8hoursofdark wascontrolledwith an automatictimer. A 30-minutetransition period of

Towlightintensitywasprovidedwhen lights weat on andofftoavoidsuddenchanges in lighting.Lightintensity
wasmeasuredatthesurface of thenegativecontrol (replicateA)attes initiation,at testterminationandat
‘weeklyintervalsduring thetest.Lightintensity rangedfrom 58110 619 lux.

‘Temperaturewasmeasuredineachtestchamberatthebeginningandendofthe testandatweekly
intervalsduringthetestusing  liquid-in-glassthermometer.Temperaturealsowasmeasuredcontinuouslyinone
negativecontrol replicateusing a Fulscope ER/C Recorder. Thetarget esttemperature during thestudywas.
25:2°C. ThepH was measuredatthebeginningandendofthetestandatweeklyintervalsduringthetestin

altemating replicatesof cachtreatmentandthecontrolgroup.Dissolvedoxygenconcentrationsweremeasured
daily in alermatingreplicatesofeachtreatmentandthecontrolgroupduring thefrst 7days ofthetest,atweekly
intervalsduring th test, anda tettermination. Hardness,alkalinity andspecificconductanceweremeasuredin
thenegativecontrolandthehighesttreatmentgroupwithsurvivingorganismsatthebeginningof thetest, nce a
‘weekduringth test,andat tettermination.

Measurementsof pH weremadeusing aFisherAccumetModel915 pH meterand dissolvedoxygenvas
‘measuredusing a YellowSpringsInstrumentModel S1Bdissolvedoxygen meter. Specificconductancewas,
‘measuredusing Yellow SpringsInstrument Model 33Salinity-Conductivity-Temperaturemeter. Hardocssand
alkalinity were measured based on procedures in Standard Methods for the Examination of Water and
Wastewater(5)

‘BiologicalObservationsand Measurements
Observationsofmortalityweremadetwiceduringthe fist24hoursoftheembryoexposureperiodand

dailyuntil hatch. Afterhatching, larvaewereobserveddalytoevaluatethenumberofmortalitiesandthemumber
ofindividuals exhibiting clinical signsoftoxicityor abnormalbehaviorduringthe 42-daypost-haichexposure
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period. Fromtheseobservations,hatchingsuccess,timetohatch,and post-hatchgrowthandsurvival were
evaluated. Hatchingsuccesswasestimatedasthepercentageofviableembryosthat heichedsuccessfully. Post-

hatchsurvivalwas estimated asthemumberoflarvaesurviving to tet termination dividedbythe numberof
embryoswhichhatchedsuccessfully. Posthatchgrowthofthefatheadminnowswasevalusteda the conclusion
of the 42-dayposthatchexposure period. Totallengthsforeachsurviving fish were determined using a
digitizingtabletwith the SIGMA SCAN™scientific measurementsystem andwetanddry weights were
measuredusingananalyticalbalance.

‘DataAnalyses

Hatchingsuccess, post-hatchsurvival,wetweight,dyweightandtotallengthofthe juvenile ish were
testendpointsthatwereanalyzedstatistically. Datacollectedduringthi tetwereethercontinuous-verisbledata
(e8, weightandlength) oriscrete-variabledata (c.g,mortalityproportions).

Discrete-variabledatawereanalyzedusing 2 X 2contingencytablestoidentifytreatmentgroupsthat
showedastatisticallysignificantdifference(p<0,05)fromthenegativecontrolgroup.Allcontinuous-variable
datawereevaluatedfornormalityusing Shapiro-Wilk'stestandforhomogeneityofvarianceusingBartlett’ test.
Analysisof varianceandDunnett’ testwereusedtoevaluatedifferencesbetweentreatmentandcontrol means.

‘Theresults ofthestatisticalanalyseswereused toaidinthedeterminationofthe NOEC,LOECand
MATC.TheMATCwasestimatedasthe geometricmeanoftheNOECand LOEC.Allstatisticaltestswere
performedonapersonal computer using TOXSTAT 3. (6)and SPSS/PCVersion 2.0 7) statisticalsoftware.

gee Ga

Priortotes initiation,oneset ofpretestwatersampleswascollectedfromtworeplicatetest chambersof
eachtreatmentgroupandthenegativecontroltoevaluatediluterperformance.On Days0,4,7,14,21,28,35,
42and attest termination, sampleswerecollcted from two altemating replicatetest chambersofeach treatment
andthecontrolgrouptomeasure concentrationsofth testsubstance.Sampleswerecollectedatmid-depthfrom
cachtetchamber. Sampleswerecollectedin30-mL Nalgene® bottles andanalyzedimmediately. Analytical
‘procedures usedin theanalysisofthesamplesareprovidedin AppendixIIL.
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RESULTSANDDISCUSSION

} .

Resultsofanalysesto measureconcentrationsofPFOSinwatersamplescollectedduringthetestare

presentedinTable 1andintheanalyticalchemistryreport (AppendixI), Nominalconcentrationssclectedfor
useinthisstudywere 0.14,0.29,0.57, 1.1, 2.3and4.6mga.i/L. Whenmeasuredconcentrationsofsamples

‘analyzedduringthetestwereaveraged, themeanmeasuredconcentrationswere0.15,0.30,0.60,12,24and4.6
‘mg a.i/L,whichrepresented 107, 103, 105, 109, 104and 100% ofthenominal concentrations,respectively.

MeanmeasuredconcentrationswereusedtoexpresstheNOEC,LOECandMATC.Pre-testsamplescollectedto
‘verifydiluteroperation(AppendixIIT) werenotused tocalculatemeanmeasuredvalues.

Physical and ChemicalMeasurementsofWater
Measurementsofthe specificconductance,hardnessandalkalinity madeonthenegativecontroland

treatmentwaterarepresentedinTable2.Noapparentdifferences intheseparametersexistedbetweenthe

treatmentsandth controlgroup. MeasurementsofpH,dissolvedoxygen,andtemperaturearepresentedin
‘Tables 3, 4, and 5, respectively. Water pH measurements were consistent over time and showednoobvious

differencesbetweencontrolwaterandthetreatmentgroups. MeasurementsofpHrangedfrom8.0 to 8.4.

Dissolvedoxygenconcentrationsremained 27.6mg/L (92% ofsaturation). Alltemperaturemeasurementswere
‘withinthedesiredrangeof25+2°C.

Hatching Success ndTimetoHatch
AllviablefatheadminnowembryoshatchedonDay 4or 5of thetest(Table6). Therewereno apparent

‘differencesbetweenthetimetohatchinthe negativecontrolandthePFOS treatmentgroups.Hatching successin

thenegativecontrolwas 93%.HatchingsuccessinthePFOStreatmentgroupswas >90%.Hatchingsuccesswas

‘notsignificantlydifferentin any PFOStreatmentgroupincomparisontothenegativecontrol(p > 0.05).

‘After 42daysofpost-hatchexposure,survivalinthenegativecontrol was 88%(Table7). Post-hatch.

survival in the 0.15, 0.30, 0.60, 1.2, 2.4 and 4.6 mg a.i./L treatment groups was 79, 81, 66, 5.4, 0 and 0%,

respectively. Analysisofpost-hatch survival data by 2 X 2 contingency tables showed that survival was

significantlydifferentinthe0.60, 1.2, 24 and 4.6mg a/Ltreatmentgroupsincomparison to thenegative
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control p< 0.05). Allfatheadminnowssurvivingto estterminationappearednormalwithno overtsignsof
‘sublethaltoxicity. Fatheadminnowswhichdidnotsurvivegenerallyappearedobeswimmingeratcallypriorto
death (AppendixIV).

Growth
Growthdata foreachtreatmentandthecontrolgrouparesummarizedinTable 8. Theindividual

‘measurementsareprovidedin Appendices V,VI andVIL. Growthwasevaluated atest terminationby measuring
thetotal length,wetweightandyweightofeachsurviving ish.Thestatisticalanalysesofgrowthdatadidnot
include PFOS treatmentgroupswhichhada statistically significant fect on survival. Fatheadminnowsexposed
to BFOSatconcentrationsof 0.15or0.30mg aL for42dayspost hatch showednostatisticallysignificant
reductionsin totallength,wetweightordryweightincomparison tothenegativecontrol(p>0.05)

CONCLUSIONS

Fathead minnows (Pimephales promelas) exposed to PFOS at concentrations $0.30 mg 2/1, for
42dayspost-hatchshowedno statistically sigificant reductionsintimetohatch,hatchingsuccess,survival or
growth. Themostsensitiveendpoint in thisstudy waspost-hatchsurvival. Fatheadmizmowsexposed to PFOS
atconcentrations »0.60mga.i./Lhadstatistically significant differencesinpost-hatchsurvivalincomparison to

thenegativecontrol. Consequently,theLOECforthis study, basedonpost-hatchsurvival, was0.60mga.i/L.
The NOECwas0.30 mga./L andthe MATCwascalculated to be 0.42mg aL.
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Table3

PH ofWaterintheTest Chambers
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12 82 82 82 83 84 80 82 wm

24 2 82 2 - - - - -

4 52 82 - = - - -
Fee A Db A 5_©c A BB©

Messurementsdiscontinueddue 0TORO. oo

: €01015
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Tables
DissolvedOxygenContent (mg/L)of Wotei teTestChambers”

Spor SH Coporsion
TonSubstance: PROS.
Test Organism: FathsdMisa,Pinephaespromelas
DionWter__Well Woter
Nea Measured Tey

Test Crcentrnion 7
a) 0 1 2 3 a 0s 6 7 win ow 3 ew

NemiveCowol 81 80 81 81 80 80 80 82 81 81 82 78 76 80

ois 8180 81 81 80 80 80 32 82 81 82 76 78 80

030 81 m1 82 81 80 80 75 81 82 81 82 76 78 80

060 S180 82 81 m1 80 80 81 81 81 82 78 76 80

12 52 30 sso 80 79 80 82 82 so 82 76 79 82

2 80 80 81 80 S081 80 82 SF - - . = =

6 G1 80 81 81 81 80 80 81 Fo.oo =

Wee A BC 5 A 5_¢ Db A BC A _B_C_
EemBCa
“Messmer iscontinsed doe 100% mil

232
22
®
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Table

Temperature°C)of Waterinthe Test Chambers

“Sponsor 3M Corporation,
TestSubstace: PFO
TestOrgmism: Fathead Minnow, Pimephales promelas
Dilution Water. _ Well Water

TMemMeamred Tey
Test Concentration

(mgail) Replicate. 0 7 14 21 28 35 42 47—gai)| RepleveO70IL B38 4
NegveConrol A ZA 37 247 243 245 247 245 28

B 244 247 267 245 245 247 244 245
C264 247 246 246 265 247 245 25
D245 247 267 245 245 247 245 245

01s A 24 27 207 246 24 U7 25 204
B 265 246 247 246 245 248 26 244
C244 27 247 246 245 247 245 us
D265 247 246 245 245 267 244 244

030 A 244 247 247 246 245 248 24424
B24 247 247 245 245 247 244 244
C244 247 246 245 244 247 2s 244
D245 247 246 245 245 247 244 244

060 A 204 247 246 245 204 246 244 204
B 244 246 245 244 264 247 243 23
C243 246 246 245 244 246 43 244
D243 246 265 244 244 246 264 244

12 A 2s 245 2s 244 24 Aus U3 M3
B 264 246 245 245 245 246 244 244
C244 46 26 25 245 246 244 24
D265 247 246 245 245 246 245 244

24 A 245 247 2 - - - - —-

B 246 247 2 - - - - -

Cc 246 247 2 - - - - —-

D 245 247 2 - - - - -

46 A 245 246 - - - - - —-

B 244 246 -2 - - - - -
c 245 245 -2 - - - - -
D 245 245 = = = — i -rrrBe 2 een

contin Tocoring of npr henegaive somrolreplete A owedGa betrmpertrs renga om240
1025.0°C throughouthe test.

“Measurements discontinued due to 100% morality
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Table 6
Hatching Successof FatheadMimows ExposedotheTest Substance
Te

Ts Substance: PROSTexOrgs Fahd Minnow,Pinhole promelasDior Waar _Well Water
hve me Tod Teme

TesConcern Nameof Number Fear
(wail) Repliwc  EwiBoowd Dol Dey Dad Days Deys Habel  Huhing Sue’

opm Con A = To 0 1 mw 55 x © oo sm
c 2 © 0 0 & =m5 x © oo 2 om

os A Tom oo oz mm 9B x oo os wm< 2 oo 0 2
> » © oo 3

on A 3 oo 0 4 wn =n 08 2 oo oo 1 om
c 2 oo 0 2 omb 3 oo 0 1 wm

00 A » 0 0 0s m7 os8 2 0 0 0 ow
c Fd © 0 0 1 25 » © oo 1

12 A x oo 0» mm =5 x © oo 7 om
c 2 o 0 0 4 om
5 » © oo sm»

24 A 2 oo 0 7 wm El
B 20 oo oo 3 wm
c Fl oo 0 4.b 2 0 oo 2m

.“ A 2 0 0 0 3 um =
8 2 0 0 0 4 wm
c 3 0 0 0 1m5 2 o_o os 1FE ForenFathiog Svs -molEggsTahal X 100Numberof Eggs Exposed

601613
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Table?

SurvivalofFatheadMinnowLarvaeExposedtothe Test Substancefor42Days Post-Hatch

Spr MCepenmien
Text Substance: PFOS
Test Organism: FatheadMinnow,Pimepiales promelas
Dilution Water:_Well WaterLionWt,WWE TeMeanMeasured Total “ApproximateLiveCounts Teplcaie Treatment

Test Numberof (DaysPostHatch) Pent Percent
Concentration Replicsle Larvae 7 14 21 28 35 4 Suvil Suvi
(mgail)

NegativeCoatral A Tm 1h 0 17 6 16 E]
B 1B 15 15 15 15 1s 15 8
c 20 1518 18 U7 78s
D 18 18 18 18 18 17 10%

01s A Bow ows 1s 1s 158 ”
B 1118 1m o1s 1s 15 7
c 1 16 16 1s 0s 1s 79
D 0 1 1 16 15 15 15 75

030 A mooas as 1s 1s 1s 15s “81
B B18 1m 16 16 16 16 8
c 1B 15 15 15 13 ou 6
D Is 15 18 18 16 16 16s

060 A B81 16 16 15 1B 12-6 or
B vo mol ua Be
c 0 19 15 18 13 13 136
D1 18 1816 13 OB 2 8

12 A 8 12 or 7 3 3 2 1 sa
B oon ow 4 2 2 1 s3
c 1810 07 2 1 1 1 56
D 7 6 0 0 0-0 00

24 A 8 0 0 0 0 0 0 00 00
B 1» 0 0 0 0 0 0 00
c 0 0 0 0 0 o 0 00
D 8 0 o o 0 0 0 00

46 A 1 0 0 0 0 0 0 00 00
B 7 0 0 0 0 0 0 00
c 1» 0 0 0 0 0 0 00
D 19 0 0 0 0 0 0 00eaeivecounts madeon Dey 2 rough 21posthatchwere variable Gu to he dificult in counting1rge aumbers of

living ish. ThecountsmadeonDay42wereexact counsof all fishsurviving tthe endofte est
“indicatesignificant diffrence from the negativecontro wing a X 2contingency table(p 5 005)

001019
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Table §

“Total Length,WetWeightandDryWeightofFathead MinnowLarvae
at the Endofthe 42-Day Post-Hatch Observation Period.

Spowsor: 3M Corporation — —
Test Substance: PFOS
Test Organism: Fathead Minnow, Pimephales promelas
Dilution Water: _ Well Water

"Mean Measured “Number of
TestConceotration ~~ Surviving Toil Length um) Wet Weight (mg) Dry Weight (mg)

(gail) Larvae Mean (:SD) Mean (:SD) Mean (:SD)
Negative Control 6 2650721) 158 (9.10) 325 (:120)

01s LC) 266 (:0208) 160(:3.10) 333 (:0900)

030 8 266(:0813) 167(:119) 342(:270)

060" 50 265 (:0399) 166(2113) 15270)
12! ‘ 267(:200) 185 (:338) 354(:666)
24 0 - - -

46 0 - - -

Not analyzed statisticallydue ta significant(p< 0.03)effectonsurvival —

©01020
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APPENDIX 1

Dilution Water Chemistry Parameters Measured During the
4-WeekPeriod Immediately Preceding the Test

Spomsor: 3M Corporation
Test Substance: PFOS
Test Organism: ~~ Fathead Minnow,Pimephales promelas
Dilution Water: __Well Water

Mean Range
Specific Conductance. ~; EINE) 315-330

(uamhos/em)

Hardness 126 (N=4) 124-128
(mg/L as CaCO3)

Alkalinity 120-4) 170-172
(mg/L as CaCO)

oH 8208-4) 82-83

€01021
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APPENDIXIT
AnalysesofPesticides,Organics,MetalsandOtherInorganics

in Wildlife International Ltd. Well Water'

—————————————————————
ANALYSIS MEASUREDCONCENTRATIONA ee CRA ee
Mech RT, oa om
Ry < 188 mo

~~ Bm =z
a iEEmmiLindon) PE =r

Chlordane. < 0025 gL

BR som -Br 8 3Brian, SBE =Ein Sam 4
‘EndosulfanSulfate. < 0018 gLBe Sa iar‘EndrinAldehyde < 0.005 glSg ir
Eo, : 2007 ar
[Si : utREI ue irRE $0 ue irJost $a iar
REE SM itPBI : 0720 a
mgt . - ps

: 24 froEoin) z 030 aLniu? < 78 ar
Sr < ki] 4Sen’ Soa iar
f= R=

Lead < 100 ug

Maps < 5 paNore : ot ar
Be < 38 at
fed < #5 =
Sol = aif =rFl < 3 pA

Ss Som byWis Inston Lo rp se Svan th, 1997.
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APPENDIX II

‘THE ANALYSIS OF PFOS IN FRESHWATER

IN SUPPORT OF

"WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454A-108
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Introduction
Freshwater samples were collected from an carly lfe-stage toxicity study designed to determine the

effects of PFOS (Perfluorooctane Sulfonic Acid Potassium Salt) to the fathead minnow (Pimephales

promelas). This study was conducted by Wildlife International Ltd. and identified as Project No.

454A-108. The analysesofthese water samples were performedatWildlife International Lid. using high

performance liquid chromatography with mass spectrometric detection (HPLC/MS). Samples were

received foranalysisbetween August 4,1999andSeptember21, 1999andweretypicallyanalyzedoneach

‘sample receipt day.

TestSubstanceand InternalStandard
“Thetestsubstanceusedforthisstudywas WildlifeInternational Ltd.identificationnumber4675. The

test substance was used to prepare calibration and matrix fortification samples.

‘The internal standard was received from 3M Corporation on July 2, 1998 and was assigned Wildlife

International Ltd. identification number 4526 upon receipt. Theinternal standard, agranularmaterial, was

identified as: 1H, 1H, 2H, 2H Perfluorooctane Sulfonic Acid, Chemical Abstract Number: 27619-97-2.

“Thestandardwas stored under ambient conditions.

Analytical Method .
‘Themethodusedfortheanalysisofthe freshwatersampleswasdevelopedatWildlifeInternational

Ltd. and entitled “Analytical Method for the Determinationof PFOS in Freshwater, Saltwater, and Algal

Medium”. ThismethodologywasincludedasAppendixII ofWildlife InternationalLtd.protocol number

454/011299/MVAL/SUB454, It was based upon methodology provided by 3M Corporation.

Samples were diluted in a 50% methanol : 50% NANOpure® water solution containing

0.100 mg 4H PFOS (internal standard)/L and 0.05% formic acid (v/v) so that they fell within the

calibration rangeofthe PFOS methodology.

Concentrations ofthe PFOSinthestandardsandsamplesweredeterminedbyreverse-phasehigh

‘performance liquid chromatography using a Hewlett-Packard Model 1100 High Performance Liquid

Chromatograph (HPLC) with a Perkin-Elmer API 100LC Mass Spectrometer equipped with a Perkin-

001025
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Elmer TurbolonSpray ion source. HPLC separations were achieved using a Keystone Betasil Cy

‘analyticalcolumn(50mm x 2mm 1.D., 3pmparticlesize). Theinstrumentparametersaresummarizedin

‘Table1. AmethodflowchartisprovidedinFigure1.

CalibrationCurve and Limit of Quantitation
Calibration standards of PFOS prepared in a 50% methanol : 50% NANOpure® water solution

‘containing0.100mg 4H PFOS (internal standard)/Land0.05%formic acid (v/v),ranging inconcentration

from0.000915to0.00915mga.i./L,wereanalyzedwiththesamples.Thesameandmostprominentpeak
responsefor PFOS wasutilizedto monitor PFOS in all calibration,quality control,andstudy samples. No

attemptwasmadetoquantify PFOSonthebasisofindividualisomericcomponents.Linearregression

‘equationsweregeneratedusingpeakarearesponseratios(PFOS :internal standard)versustherespective

concentration ratios (PFOS internal standard)ofthe calibration standards. A typical calibration curve is

presentedinFigure2.TheconcentrationofPFOSinthesampleswasdeterminedbysubstitutingthepeak

area response ratios into the applicable linear regression equation. Representative ion chromatograms of

low andhighcalibrationstandardsare presentedinFigures 3and4, respectively.

‘Themethod limitofquantitation(LOQ)fortheseanalyseswassetat 0.0458mga.i/L calculatedas

‘theproductofthe lowest calibrationstandardanalyzed (0.000915mga.i./L)andthedilutionfactorofthe

‘matrix blanksamples (50).

‘Matrix Blank andFortificationSamples
Ninematrixblanksampleswereanalyzedtodeterminepossibleinterference. Nointerferenceswere

observedatorabovethe LOQduringsamplesanalyses(Table 2). Arepresentativeionchromatogramofa

‘matrixblank ispresentedinFigure 5.

Freshwater was fortified at 0.0915, 0.915 and 7.32 mg a.i/L and analyzed concurrently with the

‘samplestodeterminethemeanprocedural recovery(Table 3). Sampleconcentrationswerenotcorrected

forthemeanprocedural recoveryof102%. A representativeionchromatogramof amatrixfortificationis

presentedinFigure 6.

001026
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‘ExampleCalculations

‘Sample number 454A-108-3, nominal concentrationof 0.14 mg a. /L in freshwater.

PeakAreaRatio =AnalytePeak Area/Internal Standard PeakArca .
Concentration Ratio = ConcentrationofAnalyte/Concentration ofInternal Standard
Internal Standard Concentration: 0.100 mg/L.
Initial Volume: 0.500 ml.
Final Volume: 25.0 mL
Dilution Factor: 50.0
POS Peak Area: 244330
Internal Standard Peak Area: 2316753
Peak Area Ratio: 0.10546

Calibration curve equation.
Slope: 3.44236
Intercept: 0.00427
Curve is weighted (14%)

Dati Peak area ratio - (V-intercept) .PFOS (mga.i/L)atinstrument= Slope xIntemmalStandardConcentration

0.10546- 0.00427= x 0.100

=000294

PFOS (mg a.i/L)insample = PFOS (mg a.i/L)at instrument x Dilution Factor

=000294 x 50.0

=0147

©019027
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_PFOS (mgai/L)insample
PercentofNominal Concentration= PFOS (mg a.i/L) x 100

0.147=a *100

=105%

v RESULTS

SampleAnalysis
Freshwatersampleswerecollectedfromtheearly life-stagetoxicitystudywiththefatheadminnow

(Pimephales promelas) at pretest, August 4, 1999, at test initiation, August 5, 1999 (Day 0), on

August 9,199 (Day 4), on August 12, 1999 (Day 7) and weekdy throughoutthe test unil test termination
on September 21, 1999 (Day 47). The measured concentrations of PFOS in the samples collectedat pre-

testrangedfrom 91.4 to 105%ofthe nominalconcentrations(Table 4). Themeasuredconcentrationsof

PFOS in the samples collectedat initiationofexposureofthetestorganisms (Hour 0) ranged from 95.5 to

114%ofthe nominal concentrations (Table5). Samples collected at Day 4, Day.7, Day 14, Day 21,

Day28, Day 35 andDay42 hadmeasuredconcentrationranges of93.1 to 116%, 97.0 to 113%, 91.7 to

100%, 102 to 113%, 108 to 119%, 107 to 128% and 101 to 114% of nominal values, respectively.

‘Samples collected at test termination (Day 47) had a measured concentration rangeof95.2 to 111% of

‘nominalvalues. Arepresentative ionchromatogram of atestsampleisshowninFigure7.
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Table 1

‘Typical HPLC/MS Operational Parameters

INSTRUMENT, “Hewlet-Packard Model 1100 High Performance Liquid
Chromatograph witha Perkin-Elmer API 100LC Mass Spectrometer
equipped with a Perkin-Elmer TurbolonSpray ion source. Operated in
selective ion monitoring mode (SIM).

ANALYTICAL COLUMN: KeystoneBetasil Cys columin(50mmx2 mm LD. 3 pumparticlesize)

OVEN TEMPERATURE: 0c

STOP TIME: 5.00 minutes

FLOW RATE: 0.220 mUminute

MOBILE PHASE: 72.0% Methanol :28.0% NANOpure® Water containing
0.1% Formic Acid

INJECTION VOLUME: 2504

PFOS RETENTION TIME: Approximately 4.3 minutes

INTERNAL STANDARD
RETENTION TIME: Approximately3.0minutes

PFOS MONITORED MASS: 498.6 amu
INTERNAL STANDARD
MONITORED MASS: 4267 amu
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Table2

Matrix Blanks Analyzed Concurrently During Sample Analysis

Sample ‘Measured Concentration of .

‘Number PFOS'
(454A-108) Type (mgai/l)
MAB-1 "Matrix Blank <L0Q

MAB-2 ~ Matrix Blank <LOQ

MAB-3 Matrix Blank <L0Q

MAB4 Matrix Blank <10Q

MAB-5 Matrix Blank <LOQ

MAB. Matrix Blank <10Q

MAB7 Matrix Blank <LoQ |

MAB: Matrix Blank <oQ

MAB-9 Matrix Blank <L0Q

“The limitof quantitation (LOQ) was 0.0458 mg a.1/L. based upon the productofthe lowest calibration
standard analyzed (0.000915 mg a.i./L) and the dilution factorofthe matrix blanksamples (50)

©061030
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Table 3

Matrix Fortifications Analyzed Concurrently During Sample Analysis

Concentrations of PFOS —
‘Sample Number (mgai/l) Percent
(454A-108-) Fortified Measured. Recovered
MAS-1 0.0915 0.0908 992
MAS-4. 0.0915 0.0924 101
MAS-7 ~ 0.0915 0.0893 97.6
MAS-10 0.0915 0.0942 103
MAS-13 0.0915 0.0884 96.6
MAS-16 0.0915 0.0886 96.8
MAS-19 0.0915 0.103 13
MAS-22 0.0915 0.0933 102
MAS-25 0.0915 0.0970 106

MAS2 091s 0894 97.7
MAS-S 0915 0.908 99.2
MAS-8 0915 0.899 98.3
MAS-11 0915 0.961 105
MAS-14 0915 0.988 108
MAS-17 0915 0512 997
MAS-20 0915 0.988 108
MAS23 0915 0909 993
MAS26 L015 0933 102

MAS3 73 759 104
MAS-6 732 7.53 103
MAS.9 732 775 106
MAS-12 732 133 100
MAS-15 732 766 105
MAS-18 732 736 101
MAS-21 732 7.51 103
MAS24 732 747 102
MAS-27 132 713 97.4

‘Mean = 102
Standard Deviation= 3.99

CV =391%
N=27
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Tabled

Measured Concentrationsof PFOS in Pretest Diluer Verification Samples from an
EarlyLife Stage Toxicity Test

Nominal Test Sample Sampling PFOS Measured Percent
Concentration Nomber Time Concentration of

(mgai/L) (54A108) (Hours) (mgai/)? ‘Nominal
00 PTL 24 <10Q -

(Negative Control) 2 24 <10Q

014 3 24 0141 101
PT4 24 0147 105

029 PTs 24 0276 952
PT6 2 0265 914

057 P17 2 0565 9.1
PT 2 0361 98.4

11 PT 2 110 100
PT-10 2 109 9.1

23 PTL 24 213 9256
PT 24 am 943

46 PT-13 2 448 974
P14 24 447 972

“Thelimit ofquantitation (LO) was 0.0458 1g a.1/Lbased uponte productofthe lowest calibration
standardanalyzed (0.000915mg iL)andth dilutionfactorofthe matrix blanksamples (50).

* Measured values ofmatrix blanks and matrix fortification samples analyzed concurrentlywith pre-test
sampleswere <OQ, 101, 97.7 and 12 percentofnominal concentrations.

©01032



WILDLIFE INTERNATIONAL Lm. PROJECT NO.: 454A-108

37.

Table 5

Measured ConcentrationsofPFOS in Freshwater Samples from a
Fathead Minnow Early Life-Stage Toxicity Test

TTNommaiTexSample Sampling PFOSMewwedFem
Concentration Number Time Concentration" of

(mgai/L) (4547-108) ©) (gail) Nominal
00 1 0 <10Q =

(Negative Control) 2 0 <10Q z
“1s 4 <10Q z
16 4 <10Q -
2 7 <10Q z
30 7 <10Q z
5 1 <10Q z
“ 1 <10Q z
5 2 <10Q z
54 2 <10Q -
© 2 <10Q z
ot 2 <10Q z
n 3 <10Q E
” 3 <10Q z
5 0 <10Q z
8 «2 <10Q z
9 a <10Q -
% a <L0Q -

os 3 0 0.147 105
s 0 0160 114
1” s G41 100
18 s 0140 10
31 7 0144 103
2 7 0148 105

is 1 0134 957
4% 1 os 9%4
5 2 0153 109
56 2 013 102
6 F 0.160 114
& 2 0158 113
7s 35 ors 123
7% 3s 0173 1s
8 © 0.157 112
8 2 0.160 11s
9s @ 0147 105
96 a 0155 ur

The limit of quantitation (LOQ) was 0.0458 mg a.i/L based upon the productofthe lowest calibration
standardanalyzed (0000915 mg 2/1)an thedilutionfactor ofthematixblank samples (50).
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‘Table § (continued)

Measured Concentrationsof PFOS in Freshwater Samples from a
Fathead Minnow Early Life-Stage Toxicity Test

Nominal Test Sample Sampling "PFOS Measured Fetoent
Concentration Number Time Concentration’ of

(mg ai) (54-108, x) mg ail) Nominal
025 3 0 0287 550

6 0 0277 955
“19 4 0270 93.1
2 4 0289 97
3 7 0292 101
3 7 02% 102
w 1 0269 9238
“ 1 0266 17
57 2 0307 106
5 2 0315 109
a 2 0383 11s
& 2 0341 ns
id 3s 0311 109
I 3s 0325 fre}
8 2 0319 110
kg 2 0313 108
07 a 029 102
% a 016 - 952

057 7 0 [x 100
3 0 0576 101
2 4 6619 109
2 P 0659 116
35 7 0397 105
36 7 0682 113
9 1 0539 946
50 1 0535 939
5 21 0608 107
6 21 058 102
6 2 063 i
0 Py 0617 108
7 3s 0646 113
50 3s 064 13
8 «2 0575 101
90 2 05% 101
9 a1 0345 956

100 a 0583 953
“The limit of quaniaion (LOQ) was 0.0458 mg aL based upon the product of the lowestcalibration

standardanalyzed (0.000915mg2/1) andthe dilutionfactorofthematrixblanksamples (50)
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Table 5 (continued)

Measured Concentrationsof PFO in Freshwater Samples from a
Fathead Minnow Early Life-Stage Toxicity Test

Nominal Test Sample Samping PROS Measured Fefoent
Concentration Number Time ‘Concentration’ of

(mgaill) (454A-108,) ©) (mg ail) Nominal
iT 5 © 11s 108

10 0 113 103
“3 4 121 10
pr 4 125 ns
El 7 113 103
38 7 123 112
51 1 103 96
52 1 110 100
61 21 119 108
« 2 124 113
7 2% 130 118
72 8 131 119
81 3s 130 118
82 3s 131 19
1 2 Li 106
2 «2 1 108
101 a 1s 103
102 a 109 - 9.1

23 n 0 221 96.1
2 0 227 987
25 4 25 110
2 4 246 107
39 7 243 106
0 7 238 103

4s 1 0 436 59.1
1 0 440 957
7 4 479 104
2 4 479 106
a 7 446 970
2 1 476 103

“The Timiofquaniation (LOQ) was 0.0458 mg a1/Lbasedupon the product of theTowestcalibration
standardanalyzed(0.000915 mg2:1)andthe dilution ctrof thematxblanksamples (50).
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METHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN FRESHWATER

Prepare matrix fortification samples by spiking the requisite volumeof PFOS stock solutions directly
intofiltered freshwaterusinggas-tightsyringesand Class Avolumetric flasks.

~ 4

Dilutematrix fortification andtestsamplesintothe range of thecalibrationstandards bypartiallyfilling

Class A volumetric flasks with 50% methanol: 50% NANOpure®watersolutioncontaining
0.100 mg 4H PFOS (internal standard)/L and 0.05%formicacid (v/v). Addthe
Appropriate volume ofsample and bring the flask to volume with the dilution
solvent. Process the matrix blank sampleusingthe same dilution and aliquot

‘volume as for the lowest fortification level. Mix well by several
repeat inversions.

. .

Ampulate samples and submit for LCMS analysis.

Figure 1. Analyticalmethodflowchartforthe analysisof PFOS infreshwater.
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Figure 2. Atypical calibrationcurvefor PFOS. Slope=3.44236; Intercept= 0.00427; £ = 0.9994.
Curveis weighted (1x).
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Figure3. Arepresentativeionchromatogramof low-level (0.000915 mg a../L) PFOS standard.
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Figure4. Arepresentative ionchromatogramof a high-level (0.00915mga.i./L) PFOSstandard.
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FigureS. A representative ion chromatogramofa matrix blank sample (454A-108-MAB-1).
Thearrowindicatestheretention timeofPFOS.
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Figure 6. A representative ionchromatogramofamatrixfortification sample (454A-108-MAS-1).
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Figure 7. A representative ionchromatogramofatestsample (454A-108-3).
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APPENDIXV
Fish Total Length (mm)

Negative Control
Sponsor: 3M Corporation

‘Test Substance: PFOS
‘Test Organism: Fathead Minnow, Pimephales promelas
Dilution Water: Well Water

rmEE ee cceceecgm—Fish Number A B c D
1 ~ 26.0 296 317 278
2 286 26.1 257 216
3 265 283 283 282
4 3L0 309 21.7 304
5 3L1 252 78 251
6 250 262 230 283
7 255 23 286 270
8 27.1 265 263 282
9 272 27 256 206
10 27.1 302 257 229
1 253 184 284 246
2 24 290 152 25
13 246 289 20.1 256
14 268 29.1 237 312
15 212 268 281 245
16 214 - 282 255
17 .o- - 21 207
18 - - - -
19 - - - -
20 = = = =

Replicate Mean 271 27.1 257 260
OverallMean(is) 26.5 (0.721)

Note: Totallengthvalueswereroundedforpresentation. Manual calculationsofmeans and
standarddeviation may differ slightly from those generated using  TOXSTAT®3.5.
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APPENDIXV (Continued)

Fish Total Length (mm)

0.15 mgai/l.

‘Sponsor: 3M Corporation
‘Test Substance: PFOS
Test Organism: Fathead Minnow, Pimephales promelas
Dilution Water: Well Water

—S
‘Fish Number A B C D

1 ~ 29.0 29 219 268
2 262 250 298 257
3 275 263 266 26
4 198 280 27.0 268
5 24 2.1 32.1 252
6 2%3 233 279 253
7 321 269 23.0 20.1
8 279 274 257 21
5 181 307 2338 273
10 239 26.1 27.7 290
1 285 249 23 276
12 295 28.1 21.7 258
13 236 26.1 268 294
14 27.1 20 242 21
1s 278 304 20 300
16 - ~ - a
7 - - 2 -
13 - - ” -
19 - - - -
20 = = = =

Replicate Mean 6 263 “36826
OverallMean (is) 26.6(+ 0.208)

Note: Totallength valueswereroundedforpresentation. Manualcalculationsofmeansand
standarddeviationmaydifferslightlyfrom thosegeneratedusing TOXSTAT®3.5.
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APPENDIX V (Continued)

Fish Total Length (mm)

030mgaisl.
‘Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism:~~ Fathead Minnow, Pimephales promelas
Dilution Water: Well Water

—————Eeesmsmesrgr—
Fish Number A B c D

1 N259 308 278 278
2 27.0 252 272 259
3 194 24.0 29.1 266
4 262 276 250 254
5 280 261 279 33.1
6 257 278 25 270
7 280 29 283 280
8 197 262 283 298
9 295 27 25 281

10 255 263 256 259
11 28.1 282 254 213
12 305 273 - 279
13 210 303 - 304
14 20.6 250 - 23.1
15 273 25.1 - 24
16 - 242 - 28.0
7 - - - -
18 - = -
19 - = - -
20 = = = =

Replicate Mean 255 264 27.1 273
OverallMean (5) 26.6 (03813)

Note: _Totallength values wereroundedforpresentation. Manualcalculationsofmeansand.
standarddeviationmay differslightlyfromthosegenerated using TOXSTAT®3.5.
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APPENDIX V (Continued)
Fish Total Length (mim)

060 mgaill
Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: FatheadMinnow,Pimephales promelas
Dilution Water: _ Well Water

RNSFish Number = 5 CT 5
T 271 302 280 254
2 27 28 290 246
3 25 302 27 211
4 24 253 281 279
5 28 27 23 308
6 270 247 258 259
7 271 289 25 25
3 291 250 250 274
9 284 20 27 256
10 275 269 300 231
il 237 269 251 234
12 313 291 264 22
13 - 263 254 -
14 - - - -
1s - - - -
16 - - - -
17 - - - -
13 - - - -
19 - - - -
20 - = - -

Replicate Mean 263 262 271 %3
OverallMean (45) 265(20399)
Note: Tota length valueswereroundedforpresentation.Manualcalculationsofmeansand
standard deviation may differ slighty from those generated using TOXSTAT®3.5
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APPENDIX V (Continued)
Fish Total Length (mm)

12mgaill,
‘Sponsor: SM Corporation
Test Substance: PFOS
Test Organism: Fathead Minnow, Pimephalespromelas
Dilution Water: _ Well Water

Replicate
FishNumber x £) T 5

T S262 267 287 =
2 21 - = -
3 - - - -
4 - - - -
5 - - - -
6 - . - -
7 - - - Ee
8 - - -
9 - ~ - -
10 - - - -
1 - - - -
2 - - - -
13 - - - -
14 - - z .n
1s - - - -
16 - - - E
17 - - - -
18 - - - -
19 - - - .
20 = = - -

Replicate Mean 247 267 nT -
OverallMean (45) 267202)
"Note: Total length values were roundedforpreseatation. Manualcalculationsofmeans and
standarddeviation maydiffer lightlyfrom thosegenerated using TOXSTAT® 3.5
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APPENDIX VI
Fish WetWeight (mg)

Negative Control
Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism:~~ Fathead Minnow, Pimephales promelas
Dilution Water: _ WellWater

—_— RepliateFish Number x 5 T po)
T = 481 79 841 729
2 2005 1582 1829 2014
3 1489 1876 2062 1645
4 2086 279 1628 250
5 2310 1430 1739 1424
6 129.1 1375 1249 2092
7 1301 824 2104 1650
8 1511 1278 1399 1739
9 1531 1690 1815 787

10 1546 2387 1420 1046
i 1326 645 2156 983
2 275.1 1801 285 1242
13 1355 2022 604 1247
14 1479 1963 1459 2868
1s 1476 1638 1650 499
16 8.1 - 1820 1440
17 - - 774 569
18 - - A -
19 - - - -
20 - ~ = -

Replicate Mean 1612 1685 1520 a4
Overall Mean (25) 158 (49.10)
Note: Total length valueswererounded for prescatation. Manualcalculationsofmeansandstandard
deviation maydiffer slightly rom those generated using TOXSTAT®3.5.
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APPENDIX VI (Continued)

Fish WetWeight (mg)

OlSmgaill
Sponsor: 3M Corporation
Test Substance: PFOS
TestOrganism:~~ Fathead Minnow, Pimephales promelas

Dilution Water: WellWater eee
—Roploae

Fish Number = 5 < Ds
T = 1525 TI80 2001 55
2 1397 1339 2024 1229
3 1666 1244 1604 2047
4 676 1998 1480 1924
5 28 9.0 290.1 1253
6 2059 190 1672 1730
7 2400 1650 366 S84
8 1768 1959 1282 1466
9 558 2008 766 1773

10 1040 180.1 1817 1987
1 1982 1391 700 1775
12 218 2103 1846 1234
13 1030 1550 1867 2021
14 1568 105.0 1356 ms
is 1523 2143 1999 2193
16 - - ~ -
17 - - - -
18 ~ - - -
19 - - - -
20 = -~ - -

Replicas Mean 1603 1566 169 1586
Overall Mean (45) 160 (+310)
Note: Total length valueswere rounded for prescriation. Manualcalculationsofmeansand
standard deviation may diffe slightly from those generated using TOXSTAT®35.
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APPENDIX VI (Continued)

Fish Wet Weight (mg)

030mgai/t
Sponsor: 3M Corporation
Test Substance: PFOS.
Test Organism: Fathead Minnow, Pimephales promelas
Dilution Water: _ Well Water

JEN
Fish Number x 5 T 5

To 14s 2088 2067 1624
2 1616 181.1 2084 1553
3 624 1355 1932 2036
4 1843 1920 1471 1358
5 2037 1656 1856 2618
6 1267 2119 209.1 1642
7 1631 1238 201.7 157.0
8 756 1807 201 1932
9 2563 1929 1265 1783
10 1256 175.1 1454 1240
1 1989 1997 1509 1927
12 2634 2022 - 1516
13 84 246 - 247
14 537 1221 - 656
1s 1898 1063 - 9.0
16 - 1492 - 1792
7 - - - -
18 - - - -
19 - - ~ -
2 ~ - - =

Replicate Mean 52 701 13 1627
Overall Mean (45) 167119)
Note: Total length valueswere roundedforpresentation.Manualcalculationsofmeansand
standard deviation may differ slightly from those generated using TOXSTAT®3.5.
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APPENDIX VI (Continued)

Fish Wet Weight (mg)

060mg ai/l.

‘Sponsor: 3M Corporation
‘Test Substance: PFOS

‘TestOrganism: FatheadMinnow, Pimephales promelas
Dilution Water: __Well Water

mmm REE
‘Fish Number A B C D

1 ~206.7 2237 180.5 1612
2 962 122.1 2254 1256
3 1132 221.0 200.6 85.1
4 1310 160.7 189.0 2013
5 93.3 1033 1749 2727
6 169.8 1411 156.7 1328
7 163.2 2053 1482 1693
8 2315 1306 1725 1753

9 223.1 84.0 2314 1372

10 2012 1529 2360 88.0 3
11 1362 159.4 151.8 859

12 1763 212.0 1773 2518

13 - 177.1 125.1 -
14 - - - -

15 - - - #
16 - - - -
7 - - - -
18 - - - -
19 - - - - :
2 = a = =

Replicate Mean 161.8 161.0 1823 1572

OverallMean (4s) 166(+ 11.3)

Note. Total lengthvalueswereroundedforpresentation. Manualcalculationsofmeansand,
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APPENDIXVI(Continued)
FishWetWeight(mg)

L2mgaill
“Sponsor SM Corporation|
TestSubstance: PFOS
TestOrganism: FatheadMinnow, Pimephales promelas

DilutionWater: _ Well Water
— Ree

Fish Number ry 5 T >
T S173 a 206 -
2 1337 - - -
3 - - - -
4 - - -
5 - - - -
6 - - - -
7 2 - - -
8 - - - -
9 - - -
10 - - - -
1 - - - .
12 - - ee -
13 - - - -
1 - - - -
15 - - - -
16 - - - -
7 r - - -
18 = - - -
19 - - - -
20 - - - .

Replicate Mean 535 TI me-
Overall Mean (25) 185 (2338)
Note: Total leagih values were roundedforpresentation. Manualcalculationsofmeansand
standard deviationmaydiffe slightly rom those generatedusing TOXSTAT®3.5.
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APPENDIX VII

Fish Dry Weight (mg)
Negative Control

‘Sponsor: 3M Corporation
‘Test Substance:  PFOS

Test Organism: FatheadMinnow,Pimephales promelas.
Dilution Water: __Well Water

—Replicate
Fish Number A B C D

1 ~ 303 512 408 388

2 45 327 40.5 24

3 320 399 403 329

4 430 452 336 504

5 45.6 286 37.5 303

5 246 2%2 249 62
7 254 157 476 340
3 315 251 302 370
° 302 368 377 154
10 30.0 457 216 210

1 216 118 436 20.1

12 55.0 39.7 06.5 26.1

13 26.6 378 103 252

1 24 a1 308 25
15 27 308 27 L093
16 194 - 395 299
17 - - 168 us

18 - - - -

19 - - - -

20 = = = =

Ten mTM08a4
Overall Mean (5) 32.5 (+ 1.20)

Note: Total length values wereroundedfor presentation. Manualcalculationsofmeans and

standarddeviation may differ slightly from thosegenerated using TOXSTAT®3.5.
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APPENDIX VII (Continued)

Fish Dry Weight (mg)
01S mgaisl
‘Sponsor: 3M Corporation
“Test Substance:  PFOS
Test Organism: ~~ Fathead Minnow, Pimephalespromelas

Dilution Water: __Well Water
Replicate

Fish Number x 5 T 5
1 ~ 390 23 43.6 39.4

2 215 258 556 262

3 35.1 25.1 336 40.5

4 139 398 276 323

5 46.7 169 619 272

6 415 220 34.0 387

7 493 3438 164 135

8 36.1 411 263 321

9 109 412 146 389

10 194 375 350 46.7

1 443 303 139 383 ;

12 503 453 389 230

13 219 327 38.1 412

14 284 20.7 269 233

15 322 46.6 432 484

16 - - - C-

17 - - - -

18 - - - -

19 - - - -

20 = = = =

ReplicateMean 331 EX 340 340

OverallMean (#5) 33.3 (£0900)

Note: _ Totallengthvalueswere rounded forpresentation."Manualcalculationsofmeans and

standarddeviationmaydifferslightlyfrom thosegeneratedusing TOXSTAT®3.S.
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APPENDIX VII (Continued)

Fish Dry Weight (mg)
030mgai
Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: Fathead Minow,Pimephalespromelas
er———————

—_— ReemFish Number x B CT 5
T = 20 a2 399 1
2 39 373 48 21
3 109 262 401 67
4 400 393 305 27.1
5 3 319 390 514
5 258 25 452 341
7 33 238 441 31
8 156 353 467 397
9 22 238 24 347
10 258 343 22 242
i 27 04 2s 287
12 560 395 - 321
13 182 458 - 501
14 n7 22 - 145
15 a0 201 - 190
16 - 271 - 364
17 - - - ~
13 - - ~ ~
19 - - = >
2 - - - a

Replicate Mean 318 356 380 354
Overall Mean (4) 342270)
Note: Totallengthvalues were rounded forpresentation.Manualcalculationsofmeansand
standard deviation may differ slightlyfrom those generated using TOXSTAT®3.5.
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APPENDIX VII (Continued)

‘Fish Dry Weight (mg)

060mg ail
Sponsor: 3M Corporation
Test Substance: PFOS
Test Organism: FatheadMinnow,Pimephales promelas
Dilution Water, _Well Water

Replicate —
Fish Number A B CT D

T = a9 wT 385 288
2 188 231 463 29
3 21 444 399 158
4 251 327 369 400
5 182 206 351 542
6 330 253 301 26
7 313 1 274 3s
8 486 269 25 358
9 490 143 468 279

10 29 304 491 17.1
il 270 317 296 163
12 598 24 379 511
13 - 24 20 -
14 - - ~ -
1s - - - -
16 2 - - ~
7 - - -
18 Ca - - -
19 - - - -
—
ReplicateMean 1 316 365 308
Overall Mean (+5) 3352270)
Tote: Total length valueswere roundedforpresentation. Manualcalculationsofmeans end
standarddeviationmaydiffer slightlyfrom thosegeneratedusingTOXSTAT®3.5.
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APPENDIX VII (Continued)

Fish Dry Weight (mg)
L2mgaifl
‘Sponsor 3M Corporation
Test Substance: PFOS
Test Organism: ~~ Fathead Minnow, Pimephales promelas
Dilution Water: _ Well Water
memesSE eeeFish Number x 5 T >

T <7 33 342 ne -
2 256 - - -
3 - - - ~
4 - - - -
5 - - - ue
5 - - - -
7 - - -
8 - - - -
9 - - =

10 - - - -
1 - - - -
12 - - E
13 - - - -
1 - - - -
15 - - - Le
16 - - - ha
17 - - - -
13 - - - -
19 - - - -
20 = = z -

Replicate Mean 55 342 26 =
OverallMean (45) 35.4 (£6.66)
"Note: Total length valueswere roundedforpreseataton. Manualcalculationsofmeansand
standard deviation maydiffer lightly rom those generated using TOXSTAT® 3.5.
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APPENDIXVIII
ChangestoProtocol

.
‘Thisstudywasconductedinaccordance withtheapprovedProtocolwiththe folowingchanges:

1. Theprotocolwasamended to addtheproposedexperimentalstatandterminationdats.

2. Thepost-hatchgrowthperiod wasexteadedto 42days.
3. Nominal test concentrativhswere0.14,0.29,0.57,1.1, 2.3 and 4.6mg ai/L.
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APPENDIX IX

Personnel Involved in the Study

ThefollowingkeyWildlifeInternationalLd.persomnlwereinvolved ntheconductormanagementof his
study

1. Heary O. Krueger, Ph.D, Director, Aquatic Toxicology andNon-Target Plants
2. Willard B. Nixon,Ph.D Manager, Analytical Chemistry
3. Timothy Z. Kendall, Supervisor
4. KurtR Drottr, Senior Biologist
5. Jon A. MacGregor, Scientist
6. Mark A. Mank, Laboratory Supervisor
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2.

PFOS: ANEARLYLIFE-STAGE TOXICITY TEST WITH THE
'FATHEAD MINNOW(Pimephales promelas)

SPONSOR: 3M Corporation
Environmental Laboratory
935 Bush Avenue
St. Paul, Minnesota 55144

‘SPONSOR'S REPRESENTATIVE: Ms. Susan A. Beach

TESTNGFACIITY: ‘Widelaternational,Ltd.
8598 Commerce Drive
Easton, Maryland 21601

STUDYDIRECTOR: Kurt Drottar
Senior Aquatic Biologist

LABORATORYMANAGEMENT: Henry O. Krucger, PRD.
Directorof Aquatic Toxicology & Non-Target Plants

FORLABORATORY USE ONLY

‘Proposed Dates:
Experimental ‘Experimental
‘Start Date: ‘Termination Date:

Project No.:

“Test Concentrations: NegativeControl016,031,063,13.2.5 0dSOmgaifl
‘Test Substance No.: 4675 Reference SubstanceNo. (if applicable): 4526

PROTOCOLAPPROVAL

STUDY DIRECTOR DATE

)RATORY MANAGEMENT DATE ©01070

. 6, / 30/99
SPONSOR'S REPRES} DA
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INTRODUCTION
‘Wildlife International, Ltd.will conductanearly life-stage toxicitytestwith fatheadminnow

(Pimephales promelas) for the Sponsor at the Wildlife International, Ltd. aquatic toxicology facility in
Easton, Maryland.Thestudywillbe performedbasedonproceduresintheUS, Environmental Prolection
Agency Series850 - EcologicalEffects Test Guidelines OPPTS Number 850.1400(1);ASTMStandard

[E1241-88 Standard Guidefor ConductingEarlyLife Stage Toxicity Tests with Fish (2);andStandard
EvaluationProcedure, FishEarlyLife-StageTest(3). RawdataforallworkperformedatWildlifeInterna-

‘tional, Ltd. and a copyofthefinalreportwillbefiledbyproject numberinarchiveslocatedonthe Wildlife

International,Ltd.site,oratanalternative locationtobespecifiedinthe finalreport.

PURPOSE
‘Thepurposeofthisstudyistodeterminetheeffectsof a testsubstanceonthe timetohatch,hatching

success, survival, and growth of fathead minnows (Pimephales promelas) during carly Life stage
development.

EXPERIMENTALDESIGN
Fatheadminnow embryoswillbeexposedto aseries ofsixtestconcentrations and a negative

(Dilutionwater)control.TestconcentrationswillbechosenbytheStudyDirectorinconjunctionwiththe

Sponsorbasedonacutetoxicitydata.Each tetconcentration will be S0% ofthe ext higher treatmentlevel.

“Thetestwillbeginwhengroupsofnewly-fetilizedembryosareplacedinincubationcupsand !
exposedtotestsolution. Incubationcups,eachcontaining20embryos,willbeplacedineachoffour

replicatetestchamberspertreatment(totalof 80embryospertrestmentandcontrol). Afterhatching, larvae
‘willbereleasedfromtheincubationcups intothe largertestchamberswhereexposurewillcontinueand

growthandmortality willbe observedover a28-dayperiod.

‘Observations ofthe effectsofthetestsubstanceonhatchingsuccess,growth, andsurvivalwillbe:
‘usedtocalculatethe no observedeffectconcentration(NOEC)andthelowestobservedeffect concentration

(LOEC).The NOECandLOECwillbeusedtocalculatethemaximumacceptabletoxicantconcentration

MATO).
©01071
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4

MATERIALSANDMETHODS

TestSubstance
Informationonthecharacterization oftest,controlorreference substancesisrequiredbyGood

LaboratoryPractice Standards (GLP).The Sponsorisresponsible forproviding Wildlife International, Lid.
‘writtenverification thatthetetsubstancehasbeencharacterizedaccording to GLP priortotsuseinthe
study. IfwrittenverificationofGLPtestsubstancecharacterizationisnotprovidedto WildlifeIntemational,
Ltd,itwillbenotedinthecompliancestatemeatofth finalreport.TheattachedformIDENTIFICATION
‘OFTEST SUBSTANCEBYSPONSOR(Appendix itobeusetoprovide informationnecessaryfor
GLPcompliance.

‘The Sponsarisresponsibleforall informationrelatedtoth testsubstanceincludingthereeation of
areservesampleofthelotorbatchofthetestsubstanceusedinthisstudy.The Sponsoralsoagrees to
accept anyunused test substanceand/ortestsubstancecontainersremainingatthe codofthestudy,

f— a .

“Thetestsubstancewillbeadministered to thetestorganisminwater. Thisrouteofadministration
‘wasselectedbecause itrepresents onepossible routeofexposuretoaquaticorganisms.Thetestsubstance
willbemixeddirectlywithdilutionwater.

TestOrganism
Fatheadminnows (Pimephalespromelas)willbeusedinthistest.Thisspeciesi represcatativeof

animportantgroupoforganisms andwas selectedforuseinthetestbaseduponpast useandeaseof
‘handlinginthe laboratory. Embryosused to startthe estvillbeapproximately 2 to 24-hoursoldand will
beobtained from culturesmaintainedinthelaboratory at WildlifeIntemational,Ltd.or acommercial
supplier

Embryoswillbe removedfromspawningsubstrates usiag a geatl rollingmotion withtheindex
fingerorwith aclean razorbladeandexamined under a microscopetoselecthealthyspecimensi approx-

imatelythesamestage ofdevelopment.Embryosfrom aminimumofthreespawnswillbe combinedand
used to initiatetesting.1fmorethan50% oftheeggsfrom given substrateare fungusedorhavenotbeen
fertilized, 00embryosfrom that substrate willbeusedin thetest. 001072
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‘Newly-hatchedlarvaewillbefedlivebrineshrimpnauplii(Artemiasp.)3timesperday duringthe
frst7 days post-hatch. Thereafter, thyslbefed livebrineshrimpnauplii 3 timesdailyonweekdaysand
atleast 2timesdailyonweekendsuntil thetestis terminated. To casure that th feeding ate perfish remains
constant, theamountoffoodsuppliedto each replicat testchambervil beadjusted on aweeklybasisto
accountforlossesduetomortality. Fishwillnotbefedfor approxianately 48hoursprior tothe termination
ofthetesttoallowthe fish to cleartheir digestivetractsbefore measurementsofweight aremade.
Specificationsforacoeptable levelsof contaminantsin fishdietshavenotbeeaestablished.However,there
aren0 known levels ofcontaminantsreasonablyexpected to be presentinthedie thatareconsideredto
interferewiththepurposeoFconductof the test.

Loading,defined as the otalwetweightof fishperlite of testsolution, willnot exceed0.5gramsof
fishperlite ofsolutionthatpassesthrough achamberin 24hours. Instantancousloadingwillnotexceed
5gramsof fishperltrof est solutionpresentinthetes chamberatanygivea time.

DilutionWater
‘Water usedfortheculturingandtestingoffatheadminnowswillbeobtained from awell

approximately 40metersdecplocatedontheWildlifeInternational,Lid. site.Thewatervillbepassed
through asandfilterandpumpedinto a 37,800-Lstoragetank wherethewaterwil beaeratedwithspray -
nozzles. Priortousethewater willbe ilteredto0.45 uminordertoremove fine particlesandthenpassed

through aUV sterilizerinordertoremove microorganisms. Waterused forculturingandtestingis
characterizedas moderatelyhard.Typicalvaluesfor hardness,alkalinity,pHandspecificconductanceare.
approximately:

Hardness,mg/L as CaCOy 145
Alkalinity, mg/LasCaCOs 10,
pH .
SpecificConductance, pushos/cm 330

‘Hardness, alkalinity,pHandspecificconductancewillbemeasuredweeklytomonitortheconsistency
ofthewelwater. Meansandrangesofthemeasuredparameters fo thefour-wockperiodprecedingthe test
willbeprovidedinthefinalreport. Analysesvillbeperformedatleastonce anmually todeterminethe
concentrationsof selectedorganic andinorganicconstituentsof thewellwaterandresusofthemost recent
‘GLPcompliantanalyseswillbesummarizedinthe finalreport.

601073
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‘TestApparatus
‘A continuous-flow diluterwillbeusedtoprovide cach concentration of the test substanceand a

negative (dilutionwater)control. A peristaltic pumpwillbeusedtodeliverthetestsubstancetomixing
chamberswhere thetestsubstancevil bemixedwithdilution water, Theflow ofdilution waterintoeach
‘mixingchamberwill be controlled using rotameters. Therotameterswill be calibrated priortotestnation
andatapproximatelyweekly intervalsthereafer. Aftermixing,testsolutionswillbe split to cach replicate
chamber, The proportion ofwatersplittocach replicate will be checkedpriortothetestandat

approximatelyweeklyinterval thereaftertoensurethatthese flowratesvarybynomorethan £10%ofthe
‘mean flowrateofthefour replicates.

“Thediluterwil beadjusted sothateachtestchamber receivesatleast § volumeadditionsoftest
solution every24 hours. Peristaltic pumpswillbecalibratedbeforeeachstudyandatapproximatelyweekly
intervalsthereafer, Thedelivery oftestsubstancetotetchambersvillbegin atleast 48hours prior to the
testinordertoestablish equilibrium concentrationsofthe estsubstance. The generaloperationofthedilier
willbecheckedvisually atleas two timesperdayduring thetestandatleastonce at thebeginningandend
ofthetest.

Embryoincubationcupswillbeconstructedfrom glasscylindersapproximately 50mmindiameter,
with 425-um nylonor Teflon®scree attachedtothebottom usingsiliconesealant. Testchamberswillbe
9:glassaquariafilledwithapproximately7Lofwater. Testchambersvillbepositionedin  teperature-
‘controledenvironmentalchamberto maintain temperatureof25 + 1°C. Testchamberswillbelabelled
withprojectnumber,replicateandtestconcentration.

Pavi Conti
‘Ambient room lightwillbeusedto illuminatethetestsystems. Fluorescenttubesthatemit

‘wavelengthssimilartonaturalsunlight (c.g, Colortone® 50)wilbecontrolledbyaaautomatictimerto
provide a photoperiodof 16hours oflightand 8 hoursofdarkness. A 30-minute transitionoflowlight
intensity willbeprovided whenlightsgoonandoffto avoidsudden changesin light intensity. Light
intensityvill be measured a test initiation , atweeklyintervalsduring thetest, andatthe cadofthetest.with

a SPER Scientific Lu. lightmeterorequivalent.

Thetestwillbeconductedatatarget temperatureof25  2°C. Temperaturewillbemonitoredand
recordedcontinuouslyduring th entir estinonecontrolreplicateusing a Fulscope ER/C Recarder (1900
JSeries ModelA)or equivalent. Recordermeasurementswillbeverified with aliquid-in-glassthermomeizr
prior to testinitiation andatlastweeklythereafter.Thetemperaturein cachtestchamberalsovillbe
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measuredusing a liquid-in-glassthermometeratthebeginningofthetest,atweeklyintervalsduringthe est,
andattheendofthetest.

Dissolvedoxygenwillbemeasuredin alternatereplicatesofeach treatmentandcontrolgroup atthe
beginningofthetest,dailyduring thefirst 7daysofthetes,atweeklyintervalsduringthetestand attest
terminationusing aYellowSpringsInstrumentModel S1Bdissolvedoxygenmeter,ofequivalent. Inthe
event thatdissolved oxygen levels fal below 60% saturation, dissolvedoxygenmeasurementsvil bemade
dailyineverytestchamberadappropriate actionswillbetakenater consultation withthe Sponsor.
Measurementsof pHvillbemadein siternatereplicatesofeach treatmeatandcontrolgroupat testinitiation,
at weeklyintervalsduringthetestandattestterminationusing aFisherAccumetModel 915 pHmeter,or
equivalent. IF atreatmentlevel reaches 100% mortality,temperature, dissolved oxygen and pH.
‘measurementswillbetakeaattha time,thendiscontinued.

Hardness, alkalinity, and specific conductance willbemeasuredinthedilution water andinthe
highest treatment level a tetinitiation,atweekly intervalsduring th testandattest termination. Hardness
andalkalinity measurementswillbe madebytitration usingproceduresbasedonmethodsinStandard
Methodsfor the ExaminationofWaterand Wastewater (4). Specific conductancewillbemeasuredusing
aYellow SpringsInstrumentModel 33 Salinity-Conductivity-Temperaturemeter, or equivalent.

‘Procedures
Prior totestinifiation,embryoincubation cupswillbeimpartiallyplacedinglassbeakerscontaining.

dilution water within 3°Cofthetesttemperature. Inordertocontrolbias, groupsofone,twoorthree.
embryos willbeindiscriminatelydistributedamong the cups until eachcontains20embryos. No other
‘potential sourcesofbias areexpectedtoaffect th results ofthestudy.Twoincubationcupswillbe placed
ineachduplicatetestchambertoachieve a totalof40embryosperreplicate and 80embryospertreatment.
Incubationcupswillbeattachedto 8rockerarm andsuspendedinthewatercolumnofthetestchambers.
“Thereciprocatingmotion oftherockeram (approximately 2rmvillfacilitatecirculation of testsolution
aroundtheembryosduringtheincubationperiod.

During the firs dayofexposure,embryosvillbeobserved twiceformortality andeggswithfungus.
‘Thereafter,until hatchingi complete, embryomortalityandthe removal ofdead eambryosandorembryos
withfunguswillbeperformedoncedaily. Afterhatch,larvae willbe countedandreleasedintothetest
chamber. Thetestwill be repeatedif thepercentage of embryosin th control groupthathatchessuccessfully
isless than66%,orif thepost-hatchsurvivalinanycontrolchamber is lessthan 70%.

©01075
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‘Whenhatchinghas reached >909% inthecontrolgroup, larvaewillbereleased the respective test
chambers.Anyunbatehdembryosvill bkeptin theegg cups ntlthey have hatchedor nldeathofthe
embryooccurs. Aferthe tial releaseofthelarvae,the exposurevill continuefor a least 28days.

Dat on time to hach, hatching sucess, survival, an growth (vetweigh,dyweight an totallngth)
will becollecteddurinthetest. Dueto high natural moralitythatarises rom fungal infections during
embryonicdevelopment, allfngusedcbryos that re removedduring the first 24 hoursofincubationwill
beconsidered naturalmortal (D.A.Bea,personalcommuicaton). Daily bscrvationsoffymarta,
unusualbehavior, andoverallappearancewillbemadeduringthe 28-daypost aich growth period.Attest
{crmination,al surviving fishwillberetained formeasurementsofwetweigh,dry weight, and totalIch.

SamplingforAnalyticalMeasurements
Prior to exposurewater samples il becollectedfomtworepicat est chambersof each treatment

Sroupandth negativecontrol. Water samplesalsovillbecoleted fromtwoalternating replicate est
chambersat th beginingofthe test,onDey 4 ofthetest, af approximatelyweekly intervals durinth test,
andatthe cadofthe test 0determi concentrationsofthe testsubstance. Inthe ventthat 100% mortality
occursinany treatment,thensamplingoftharatmentilterminate followingthenxtsamplinginterval
Sampleswillbe collectedat mid-depth from eachtest chamber and analyzedimmediately.Thesample

schemeissummarizedbelow:

PROPOSED NUMBERS OF VERIFICATION SAMPLES _ :
pmimmalGrow__Peit_Duy0 Dud Du? Dwld Dual Dum Ed

Con > 2: 2 2 2 2 2
LodllovConminion 2 2 2 2 2 2 2 2
Lowi 2 2 2 2 2 2 a2 2
Lowi3 2 2 2 2 2 2 a2 2
Leva I SE
Levis 2 2 2 2 2 2 a2 2
LoGHghConomimin 2 2 22 2 2 2 2
Tos Ww aw ww uw
Drsmleillbocll secoin of ites, Merehnrst pin erybe

recived, depending pon he Sponsor ds, nd additonal plingsadels lb osumened nb
usdnlinth ouprt

TodNumberofVeinSpe=112
©01076
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‘Theabove numbersof samplesrepresentthosecollectedfromthetestanddonotincludequality

control (QC)samplessuchasmatrixblanks andfortificationspreparedandanalyzedduringtheanalytical
chemistryphaseofthestudy. At thediscretionoftheStudyDirector,water samplesalsowillbecollected

fromatleastoneappropriatechamber whenever amalfunctionisdetectedinanypartof thetestsubstance

deliverysystem.

AnalyticalMeasurements
Chemical analysisofthesampleswillbeperformedbyWildlifeIntemational,Ltd.The analytical

‘methodusedwillbebased uponmethodologyprovided by theSponsorand identifiedin AppendixII. The

‘methodology usedtoanalyzethetestsampleswillbedocumentedinthe rawdataandsummarizedinthe final

report.

DataAnalyses
“Theendpointsusedtodeterminethestatisticalsignificanceoftoxicant-relatedeffectsonfathead

‘minnowsinclude hatchingsuccess, survivalofjuvenilefish, otallength,wetweight anddryweightof
survivingfish Thedatasetswillbeevaluatedfornormalityandhomogeneityofvariances. Data

transformationswillbeemployed,ifnecessary,tocorrectthedatafor non-normalityorheterogeneous

‘variances.

‘Wheathe datameettheconditions ofnormalityandhomogeneityofvariances,testsforsignificant

differenceswilluse 2 X 2contingencytablesandanalysisofvariance (ANOVA)procedurewithan

‘appropriatemeanstest(e.g, Dunnett'stest,Duncan'stest, Tukey'stest,etc.). Whentheconditionsof

‘normalityandhomogeneityofvariancesarenotmet,andno transformations are successfulincorrectingthe

‘condition,thennonparametricstatisticalprocedureswillbe used.Theresultsofthestatisticalanalyseswill

aidinthedeterminationoftheNOECandLOEC.Themaximumacceptabletoxicantconcentrationwillbe

calculatedasthegeometricmeanoftheNOECandLOEC.

RECORDSTOBEMAINTAINED
RecordstobemaintainedfordatageneratedatWildlifeInternational,Ltd.willincludebutnotbe

limited to: .N €01077
1. Acopy ofthe signedprotocol.
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2. Identificationandcharacterizationof thetestsubstance,ifprovidedby the Sponsor.

3. Dates ofinitiation andterminationofthetest.

4. History ofthetestorganism.

5. Weight and lengthmeasurements.

6. Results ofrangefindingtests,whenapplicable.

7. Stocksolutioncalculationandpreparation. .

8. Observationsmadeduringthetest.
9. Waterchemistrycalculations (c.g,hardnessandalkalinity).

10. Ifapplicable,themethodsusedtoanalyze testsubstanceconcentrationsandtheresults ofanalytical

‘measurements
11. Statisticalcalculations.

12. Testconditionsandphysical/chemicalmeasurements.

13. Calculationandpreparation oftestconcentrations.

14. Copyoffinalreport.

FINALREPORT
Afinalreportof theresultsof the studywillbepreparedbyWildlifeInternational,Ltd.Thereport

willinclude,butnotbelimitedto, thefollowing,whenapplicable:

1. Nameandaddressofthefacility performingthe study.

2. Datesuponwhichthe studywasinitiatedandcompleted. ItistheresponsibilityoftheSponsorto

providethe inaldatsthatdataarerecordedforchemistrypathologyand/orsupportingevaluations
thatmaybegeneratedatotherlaboratories.

3. Astatementofcompliancesignedbythe StudyDirectoraddressing anyexceptionstoGood

LaboratoryPractice Standards.

4. Objectivesandproceduresas statedintheapprovedprotocol,includinganychangesintheoriginal

protocol.

5. Thetestsubstance identification,includingname,chemicalabstractnumberorcodenumber,strength,

purity,composition,andothercharacteristics providedbythe Sponsor.

6. Stability andsolubilityofthetestsubstanceundertheconditionsofadministration,ifprovided bythe

Sponsor.

7. Adescriptionofthemethodsusedtoconductthetest. €619078
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8. Adescription ofthetestorganisms,includingthe sourceof thetestorganisms,scientificname,age,

lifestage,meansandrangesofweightsandlengths,observeddiseasesandtreatments.

9. Adescription ofthepreparationofthetestsolutions,themethodsusedtoallocateorganismstotest

chambers andbeginthetest,thenumberoforganismsandchamberspertreatment,andtheduration

ofthetest.

10. Adescription ofcircumstancesthatmayhaveaffectedthequalityorintegrityofthedata.

11. Thename ofthe StudyDirectorandthenamesofotherscientists,professionals,and supervisory

‘personnelinvolvedinthestudy.

12. Adescriptionofthetransformations,calculations,andoperationsperformedonthedata, asummary

and analysisofthebiologicalandanalyticalchemistry data, and statementoftheconclusionsdraw.
fromtheanalyses.

13. Thesignedanddatedreportsof eachoftheindividualscientistsorotherprofessionalsinvolvedinthe:

‘study,ifapplicable.

14. Statisticalmethods employedforanalyzingthedata.

15. The locationwhere rawdata andfinalreportareto be stored.

16. AstatementpreparedbytheQuality AssuranceUnitlistingthedatesthatstudyinspectionsandaudits

‘weremadeandthedatesofanyfindingsreportedtotheStudyDirectorandManagement.

17. Ifitis necessarytomakecorrectionsoradditionsto afinalreportafterithasbeenaccepted,such

changeswillbemadeintheform ofanamendmentissued by the StudyDirector. Theamendmentwill

clearlyideatifythepartofthe finalreportthatisbeing amendedandthe reasonsforthealteration.

‘Amendmentswillbesignedanddatedbythe StudyDirector.

CHANGINGOFPROTOCOL
Plannedchangesto theprotocolwillbeinthe formofwrittenamendmentssignedbytheStudy

Directorandthe Sponsor'sRepresentative. Amendmentswillbeconsideredaspartoftheprotocolandwill

be attachedtothe finalprotocol. Anyotherchangeswillbeintheformofwrittendeviationssignedbythe

‘StudyDirectorand filedwiththerawdata. Allchangestotheprotocolwillbeindicatedinthefinalreport.

GOODLABORATORYPRACTICES
‘This studywillbeconducted in accordancewithGoodLaboratoryPractice Standardsfor EPA (40

CFR Part160and/or Part792); OECDPrinciplesofGoodLaboratoryPractice(ENV/MC/CHEM(98) 17);
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and Japan MAFF (59 NobSan, Notification No. 3850, Agricultural Production Bureau). Each study

‘conductedbyWildlifeInternational,Ltd.isroutinelyexaminedbytheWildlifeInternational,Ltd.Quality

AssuranceUnit forcompliancewithGood LaboratoryPractices, StandardOperating Procedures andthe

specifiedprotocol. Astatementofcompliance withGoodLaboratoryPractices willbepreparedforall
‘portionsof the studyconductedbyWildlife International, Ltd.The Sponsor willberesponsiblefor

‘compliancewithGood LaboratoryPractioes forproceduresperformedby otherlaboratories (¢.g.,residue.

analysesorpathology). Raw.dataforallworkperformedatWildlifeInternational,Ltd.andacopyofthe

final reportwillbe filedbyprojectnumberinarchives locatedonthe WildlifeInternationalLtd.site,or at

‘20altemativelocationtobespecifiedinthefinal report.

7
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PROTOCOLNO.: 454/061099/FAT-ELS/SUB4S4 3MLABREQUEST NO. U2723



WILDLIFE INTERNATIONAL, LTD

“13

REFERENCES

1 U.S. Environmental Protection Agency. 1996. Series 850- Ecological Effects Test Guidelines
(draft), OPPTS Number 850.1400: Fish Early-Life Stage Toxicity Test.

2 ASTM Standard E1241-92. 1977. Standard Guidefor ConductingEarlyLife-Stage Toxicity
TestswithFishes. AmericanSocietyfor TestingandMaterials.

3 United States Eavironmental Protection Agency. 1986. StandardEvaluation Procedure, Fish
EarlyLife-Stage Test. OfficeofPesticide Programs, Hazard Evaluation Division. EPA 540/9-86-
138.

4 APHA, AWWA, WPCF. 1985. Standard Methods for the Examination ow Water and
Wastewater. 16" Edition, American Public Health Association. AmericanWaterWorks Association.
‘Water Pollution Control Federation, New York.

©01081

PROTOCOL NO.: 454/061099/FAT-ELS/SUB454 3M LAB REQUEST NO. U2723



WILDLIFE INTERNATIONAL, LTD

14.

APPENDIX
IDENTIFICATIONOFTESTSUBSTANCEBYSPONSOR

TobeCornpltedbySponsor
I Test SubstanceIdentity (nametobeuseinthe report): PEOS (Perflucroastane SulfonicAcidPotassium Salt

RefercoceStandard (f applicable): Analytical Standard: NA
Internal Standard:_1.1.2.2HHHHPerluorooctaneSulforieAcid

Test Substance Sample.CodeorBach Number: _Lot217
TestSubstancePurity (% Active Ingredient): _ 98.9 ‘Expiration Date: _2008

IL Test SubstanceCharacterization
Hi the dent sgh,ptymecomposition oer charcisies

propria Substmxeferec stadordbeceeSeSy Yo _x No
IL TestSubstanceSterageConcions

Pleas indicate the ecernmendedstorageconditions ofWifeIntemational,Ld.
Abe
Hasthe stably substance nerthesestage conditionsa Sy Ys x No

IV. TestConoentrations: : Adjsttestconoentaionto 100% aixbeedupantiepriy(4)gvasbon.
Dontast ctcocmicnto10%.aiTestSoroaterial ASS.

V. Tonicity Information:
Mma: RatLDSO  251mg/kg MouseLDSO N/A

Aquatic: Invertebrate Taiciy (EC/LCS0) Fish Toxicity (LCS0)

‘OtherToicyInformation ochling findingsofchronicandsubchronic ests:
BlesseseMsDS0000000000000
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APPENDIXII

‘AnalyticalMethod ProvidedbySponsor

Sampleswillbeanalyzedbaseduponproceduresprovided by the Sponsorinthefollowing analytical

1. LiquidChromatographyMassSpectrometry (LCMS)Methodforthe Determination of
Perfluorooctane Sulfonic Acid PotassiumSalt(PFOS)InFreshwater, SaltwaterandAlgal
Medium

Acopyoftheabovemethodwillbemaintainedinthe rawdata.Theactualmethodologyusedto
‘analyzethetestsampleswillbedocumentedintheraw data andsummarizedin thefinalreport.
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* AMENDMENT TO STUDY PROTOCOL,

STUDY TITLE:  PFOS: AN EARLY LIFE-STAGE TOXICITY TEST WITHTHEFATHEAD MINNOW (Pimephales promelas)

PROTOCOL NO.: 454/061099/FAT-ELS/SUB454 AMENDMENT NO.: 1

SPONSOR: 3M Corporation PROJECT NO.: 454A-108
EFFECTIVE DATE: August 2, 1999

AMENDMENT: Page?

Add: Proposed Dates:
Experimental Start Date: 8/5/99
Experimental Termination Date: 9/6/99

REASON: The above information was not known when the protocol was signed by the StudyDirector.

Off

STUDY DIRECTOR DATE

L. ORY MANAGEMENT DATE

SPONSOR'S REPRESENTATIVE DA

©0108%

clsattnnend Roniomod hras/ad R309


