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CHRONIC TOXICITY TO THE SALTWATER MYSID

TEST SUBSTANCE

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

Remarks: The testsubstance isa whitepowder. Sample was taken
from 3M lotnumber 217. Sample was storedunderambientconditions
priortotesting.Puritydeterminedto be 90.49% by LC/MS, 'H-HMR, 'gF-
NMR and elementalanalysestechniques.

METHOD

Method: OPPTS 850.1350
Type: Flow-throughchronic
GLP: Yes
Year completed: Study completed 1999. Reportcompleted 2000
Species: Mysidopsisbahia
Supplier:In-housecultures,WildlifeInternational,Ltd.,Easton,MD
Analyticalmonitoring:PFOS measured on days 0, 7,14,21,28,and 35
Exposure period:35 days
Statisticalmethods: Survivaldatawas evaluated(priortopairingand
afterpairing)using2 X 2 contingencytablesto identifytreatmentgroups
thatshowed a statisticallysignificantdifference(p@@0.05)from the negative
controlgroup. Allpontinuous-variabledata(reproductionand growth)
were evaluatedfornormalityusingShapiro-Wilk'stestand for
homogeneity ofvarianceusingBartlett'stest.Analysisofvarianceand
Dunnett'stestwere used toevaluatedifferencesbetween treatmentand
controlmeans. Allstatisticaltestswere performedusinga personal
computer withSPSS/PC Version2.0 or"TOXSTAT Release 3.5"statistical
software.
Test mysids age: < 24-hoursoldattestinitiation
Pretreatment:None

Test conditions:Naturalseawaterdilutedto200/00withwellwater,
0.45@im filtered.
Dilutionwater chemistry (duringthe 4-week period
immediatelypreceding thetest):

Salinity: 20 (20-20)O/oo
TOC: < 1.0mg/L



Stockand testsolutionpreparation:Primarystockpreparedat0.0895
mg/L and mixed forapproximately24 hourspriortouse. Aftermixing,the
primarystocksolutionwas proportionallydilutedwithdilutionwaterto
preparefiveadditionalstocksolutionsat concentrationsof0.0447,0.0224,
0.0112,0.00559,and 0.00280 mg/L. The sixstockswere injectedintothe
dilutermixingchambers (ata rateof4.60muminute) where theywere
mixed withdilutionwater(ata rateof150 muminute) toachievethe
desiredtestconcentrations.

Flow through rate:Approximatelyeleven volume additionsoftest
waterevery24- hours
Stabilityof the testchemical solutions:Extremelystable
Exposure vessels: Priorto pairing,mysids placedinglass
beakers withnylonmesh screen attachedtotwo holeson opposite
sides.Afterreachingsexualmaturity,pairsplacedinglasspetri
disheswithsidesofnylonmesh screen attachedwithsilicone
adhesive.Both pre-paidngand post-paidngexposure vesselswere
placedin9L glassaquariafilledwithapproximately5 L oftest
solution.The depthwas approximately6.2cm priortopairingand
5.5 cm afterpairing.

The testchambers forthe second generationexposure were 2L
beakerswith1L oftestsolutionwhich was dipped outofa test
chamber from the appropriatetreatmentgroup.
Number of replicates:four
Number of concentrations:sixplusa negativecontrol
Number of fishper replicate:Fifteenjuvenilesbeforepaidng,5
pairs(10adults)when possibleafterpairing.
Feeding:Fed livebrineshrimp naup[ii3 orfourtimes perday.Not
fed the lastday ofthe test.
Water chemistry during the study:

Dissolved oxygen range (0- 35 days):
6.0- 6.4mg/L (controlexposure)
5.9- 6.3mg/L (1.3mg/L exposure)

pH range (0- 35 days)
8.2- 8.4 (controlexposure)
8.3- 8.4 (1.3mg/L exposure)

Testtemperaturerange (0- 35 days)
24.5- 25.20C (controlexposure)
24.4- 25.1OC (1.3mg/L exposure)

Method ofcalculatingmean measured concentrations:arithmetic
mean



RESULTS

Nominal concentrations:Bk control,0.086,0.17,0.34,0.69,1.4,2.7
mg/L
Measured concentrations: <LOQ, 0.057,0.12,0.25,0.55,1.3,2.6 mg/L
Element value: 20-daysurvival(pre-pairing)NOEC 0.55 mg/L

35-day (post-paidng)survivalNOEC 0.55 mg/L
35-day reproductionNOEC = 0.25mg/L
35-day growthNOEC = 0.25mg/L
35-day reprod& growth LOEC = 0.55 mg/L

2 nd generationacutesurvivalNOEC = 0.85 mg/L (highest
concentrationtested)

Allelement valuesbased on mean measured concentrations

AnalyticalMethodology: Analyses oftestsolutionswere performed at
WildlifeInternationalLtd.usinghighperformanceliquidchromatography
withmass spectrometricdetection(HPLC/MS). When determiningthe
concentrationofthetestsubstance inthetestsolutions,the same and
most prominentpeak response forperfluorooctanesulfonatewas used.
No attemptwas made to quantifyon the basisof individualisomeric
components. The LOQ (limitofquantitation)was 0.0.0458mg/L inthis
study.The mean percentrecoveryofmatrixfortificationsanalyzed
concurrentlyduringsample analysiswas 92.8.Samples collectedat pre-
testranged from 57.4to99.3% ofnominal. Samples attestinitiationhad
measured valuesfrom 67.1to103% ofnominal.Measured valuesfor
samples takenattestterminationranged from 59.8to 90.0% of nominal.



Summary ofanalyticalchemistrydata:

NominalTest Mean Measured Percentof
Concentration, Measured DuplicateValues at 0,7, 14, 21, 28, 35, Concentration, Nominal

mg/L Days, Respectively,mg/L mg/L

Negative Control All< LOQ - -

0.086 0.0694, 0.0578,0.0478, 0.0619, 0.0606, 0.0614, 0.057 66
0.0554, 0.0509,0.0515, 0.0569,0.0580, 0.0514

0.17 0.125,0.114, 0.0778, 0.125, 0.124, 0.127, 0.0970, 0.12 71

0.112,0.122, 0.128,0.124,0.119

0.34 0.289. 0.286,0.231, 0.197,0.276-10.253, 0.227, 0.25 74

0.212, 0.262,0.271, 0.278, 0.251

0.69 0.562,0.659,0.581.0.450,O.M, 0.542,0.516, 0.55 80

0.528,0.529,0.544,0.556,0.583

1.4 1.23,1.32,1.13,1.20,1.35,1,27,1.23,1.15.1.39, 1.3 93
1.39,1.26,1.20

2.7 2.56,2.79,2.58,2.30,2.54,2.69,allmysids dead 2.6 96

1after14-days exposure

Biologicalobservations
Survival:Allsurvivingmysids appeared normal.Survivalinthe 1.3
and 2.6mg@L treatmentswere statisticallysignificantlydifferent
from thenegativecontrolgroup.
Reproduction: The day offirstbrood releaseinthisstudywas Day
22. Dunnett'stestshowed thatreproductioriwas significantly
reduced inthe 0.55mg/L treatmentgroup when compared tothe
negativecontrol(p @@_0.05).The 1.3and 2.6 mg/L treatmentgroups
were notincludedinthestatisticalanalysisofthereproductiondata
due toa statisticallysignificantdifferenceinsurvival.
Growth: Mysids exposed to PFOS atconcentrations< 0.25 mg/L
showed no statisticallysignificantreductionsinlengthordryweight
(p< 0.05).
Second Generation Acute Exposure: SurvivalinallPFOS
treatmentgroups was > 95% and was notstatisticallydifferentfrom
thecontrols.Allsurvivingmysids inthesecond generation
exposure appeared normalwithno overtsignsoftoxicity.



Percent Survival
Juvenile Adult

Mean Measured Pro-PairingPost-Pairing
Concentration, Survival. Survival,

mg/L Day 20 Day 35

Negabve Control 78 92

0.057 -92 96

0.12 76 90

0.25 82 97

0.65 83 95

1.3 32 57

2.6 0

Second GenerationSurvival

Mean Measured Total Number Percent

Concentrations,mg/L Number Aliveafter Survival
Exposed 96-hours

NegativeControl 71 68 96

0.057 65 63 97

0.12 83 79 95

0.25 62 59 95

0.55 13 13 100

Adult Mysid Growth

Mean Measured Number of Total Dry Weight,
Concentration,mg/L Surviving Length, Mean + SD,

Mysids/Number Mean + SD, mg
Exposed mm

NegativeControl 36139 6.43+ 0.634 + 0.0510
0.0634

0.057 44/46 6.43+ 0.599 + 0.0276
0.07:279

0.12 36/40 6.56+0.105 0.641 + 0.0241,

0.25 36137 6.40+ 0.622+ 0.0227
0.0548

0.55 35/37 6.14+ 0.562+
0.079@4- 0.006f4

1.3 8/14 5.85 +0.178 0.436 + 0.0441



Reproduction

Mean Measured Replicate Number of Number of Mean Number of Overall

Concentration,mg/L ReproductiveDays Yourmj Young/Reproductive Mean + SD
Day

NegativeControl A 70 18 0.257 0.315+
0.092@

B 53 14 0.264

c 70 20 0.286

D 42 19 0.452

0.057 A 60 17 0.283 0.261+
0.087@

B 70 14 0.200

c 70 13 0.186

D 56 21 0.375

0.12 A 70 21 0.300 0.361 +
0.101

B 46 22 0.478

c 64 22 0.407

D 70 18 0.267

0.25 A 70 19 0.271 0.252+
0.072:T

B 56 12 0.214

c 61 21 0.344

D 56 10 0.179

0.55 A 54 3 0.0556 0.0559+
0.0376F

B 56 6 0.107

c 70 3 0.0429

D 56 1 0.0179

1.3 A 22 0 -

B 14 0

c 0 0

D 0



CONCLUSIONS

There were no statisticallysignificanteffectson survival,reproductionor
growth ofmysid shrimp exposed topotassium perfluorooctanesulfonateat
concentrations< 0.25mg/L for35 days. Reproduction,lengthand dry
weightwere themost sensitivebiologicalendpointsinthisstudy.Second
generationmysids exposed to PFOS duringa static96-hourexposure
showed no adverse effects.

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

DATA QUALITY

Reliability:Klfmischranking= 1
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LOCANON OF.STUDY, RAW
DATA AND A COPY OF THE WH&ffe International,Ltd.
FINAL REPORT: Easton,Maryland 21601

WRDLHE INTERNATIONAL
LTD. PROJECT NUMBER: 454A-107

TEST SUBSTANCE: PFOS (PerfluorooctaneSulfonicAcidPotassiumSalt)

STMY:' PFOS: A Flow-ThroughLife-CycleToxicityTestwiththe
SaltwaterMysid(Mysidopsisbahia)

NOMINAL TEST
CONCENTRANONS: NegativeControl,0.086,0.17,0.34,0.69,1.4and 2.7mg a.i./L
MEAN MEASURED TEST

CONCENTRANONS: NegativeControl,0.057,0.12,0.25,0.55,1.3and2.6mg a.i./L

TEST DATES: ExperimentalS= (OECD) - May 26,1999
ExperimentalStart(EPA)- June16,1999
BiologicalTermination- July25,1999
ExperimentalTermination- July25,1999

LENGTH OF FIRST-

GENERANONE)CPOSURE: 35 DUs

TEST ORGANISM: SaltwaterMysid(Mysidopsisbahia)

SOURCE OF TEST ORGANISMS: WildlifeInternational,LtclCultures
Easton,Maryland 21601

AGE OF TEST ORGANISMS: Juveniles<24 hoursold

NOEC: 0.25mg a.i./L
LOEC: 0.55mg a.i./L
MATC: 0.37ES a.i.AL
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INTRODUCRION

Thisstudywas conductedbyWildlifeInternational,LtcLfor3M CorporationattheWildlifeIntmmfionaL

Ltd.aquatictoxicologyfacilityinEaston,Maryland.The in-lifephaseofthetestwas conductedfrom June 16,

1999toJuly25,1999.Raw datageneratedbyWildlifeInternational,Ltd.anda copyofthefinalreportarefiled

underProjectNumber 454A- 107inarchiveslocatedon theWildlifeInternational,Ltd.site.

OBJECRIVE

The objectiveofthisst* was toevaluatetheeffertsofPerfluorooctaneSulfonicAcid PotassiumSalt

(PFOS) onthesurvival,growthandreproductionofthesaltwatermysid(Mysidopsisbahia)underflow-through

testconditions.

EXPERIMENTAL DESIGN

Mysidopsisbahia neonates,lessthan 24 hours old,were exposedto a geometricseriesof sixtest

concentrationsand a negative(saltwater)controlfor35 days.Nominal testconcentr@tionswere selectedin

consultationwiththeSponsor,and-were based.upon known toxicitydata.Nominal testconcentrationswere

0.086,0.17,0.34,0.69,1.4and 2.7mg activeingredient(ai.)/L.Mean measuredtestconcentrationswere

determinedfrom samplesoftestwatercollectedfrom eachtreatmentand controlgroupatthebeginningofthe

test,atweeklyintervalsduringthetestand attesttermination.

Deliveryofthetestsubstancewas initiatedapproximately51 hourspriortotheintroductionoftheneonate

mysidstothetestwaterinordertoachieveequilibriumofthetestsubstanceinthetestchambers.Fourreplicate

testchambers,eachcontainingonecompartmentwith15mysids,weremaintainedforeachtwtrnentandcontrol

group.To beginthetest,neonatemysidswere impartiallydistributedingroupsofoneortwo among glass

beakersuntileachbeakercontained15mysids.The mysidswerethentransferredtothetestcompartments.A

totalof60 mysidswere exposedineachtreatmentand thecontrolgroup.

On Day 20 ofthetest,femaleandmale adultswerepaired,andthereproductionofthepairedmysidswas

monitoredthroughDay 35. Observationsofmortality,clinicalsignsoftoxicity,andreproductionweremade
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daily.At testtermination,thelengthsanddryweightsofallsurvivingfirst-generationnrysidsweremeasureclAU

young producedinthetestwere removed toa separatetestchamber atthesame testconcentrationon a daily

basis.The second-generationmysidswere exposedfor96 hoursunderstatictestconditions.

The no-observed-effect-concentrafion(NOEC) and lowest-observed-effect-concentration(LOEC) were

determinedby examinationofthemortality,growthand reproductiondata.The maximum acceptabletoxicant

concentration(MATC) was calculatedasthegeometricmean oftheNOEC and LOEC.

MATERL4,LS AND METHODS

The studywas conductedbasedontheproceduresoutlinedintheprotocol,"PFOS: A Flow-ThroughLife-

CycleToxicityTestwiththeSaltwaterMysid (Mysidopsisbahia)".The protocol'wasbasedon procedures

outlinedinU.S.EnvironmentalProtectionAgency Series850 -EcologicalEffectsTestGuidelines,OPPTS

.Number 850.1350(1);andAS7M StandardEl 191-90StandardGuideforConductingLife-CycleToxicity

TestswithSaltwaterMysids(2).

TestSubstance

The testsubstancewas receivedfrom3M Corporationon October29, 1998 and was assignedWildlife

International,Ltd.identificationnumber 4675. The testsubstancewas &scribedasawhitepowder. Itwas

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

90.49'/o,and anexpirationdateof2008. The testsubstancewas storedatambientroom temperature.

PEWarationofTestConcentrations

One stocksolutionwas preparedforeachofthesixconcentrationstested.A primarystockwas preparedby

dissolvingthetestsubstanceindilutionwaterataconcentrationof0.0895mg a.i./mL.The primarystockwas

stirredwithanelectricstainlesssteeltop-downmixerforapproximately24 hourstoaidinthesolubdizationot

thetestsubstance.Aftermixing,theprimarystockappearedclearand colorlesswitha foam on thesurface.

Aliquotsoftheprimarystocksolutionwereproportionallydilutedwithdilutionwatertopreparefiveadditional

stocksatconcentrationsof0.0447,0.0224,0.0112,0.00559and 0.00280mg a.i./mL.The sixstockswere

injectedintothedilutermixingchambers(atarateof4.60mL/minute)wheredW weremixedwithchlutionwater
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(ata rateof 150mIJminute)toachievethedesiredtestconcentrations.AR testsolutionsappearedclearand

colorless.

TestOr- ism

Thesaltwatermysid,Mysidopsisbahia(recentlyrenamedAme?icamysisbahia),wasselectedasthetest

speciesforthisstudy.The saltwatermysid isrepresentativeofanimportantgroupofaquaticorganismsandwas

selectedforuseinthetestbasedupon pasthistoryofuseandeaseofculturinginthelaboratory.Mysidsusedin

thetestwere neonateslessthan24 hoursoldand were obtainedfrom culturesmaintainedby Wildlife

International,Ltd.,Easton,Maryland.

Adultmysidswereheldinwaterfromthesame sourceasusedduringthetest.Adultmysidswere fedlive

brineshrimp(Artemiasp.)two or6= timesdailyduringholding.Brineshrimpwereperiodicallyenrichedwith

afattyacidsupplement(ALGAMAC-2000, AquafaunaBio-Marine,Inc.,Hawthorne,California).Duringthe

14-dayholdingperiodprecedingthetest,watertemperaturesrangedfrom 25.0to25.4'C.The pH ofthewater

rangedfrom8.0to8.1,salinityrangedfrom 20 to23%o q)artsperthousand),anddissolvedoxygenrangedfrom

6.gto7.4mg/L. InstrumentationusedforwatermeasurementsisdescribedintheEnvironmentalConditions

sectionofthisreport.

At testinitiation,theneonatemysidswerecarefullycollectedfromtheculturesandtransferredoneandtwo

ata timetoglassbeakers.Mysids thenweretransferredfromthebeakerstothetestcompartments.AR transfers

weremade usinga wide-borepipettebelow thesurfaceofthewater.The mysidswere fedlivebrineshrimp

naupliithreetofourtimesadayduringthetesttopreventcannibalism(excepton thelastday ofthetest).

TestApparatus

A continuous-flowdiluterwas usedtodelivereachconcentrationofthetestsubstanceand a negative

(saltwater)control.A peristalticpump (Cole-ParmerInstrumentCompany, Chicago,IL)was usedtodeliverthe

sixtestsubstancestocksolutionsintomixingchambersassignedtoeachtreatmentgroup.The stocksolutions

wereMuted withdilutionwaterinthemixingchambersinor* toobtainthedesiredtestconcentrations.The

flowofdilutionwatertothemixingchamberswas controlledby rotameters.Rotameterswere calibratedpriorto

testinitiationandatweeklyintervalsthereafterduringthetest.The flowoftestwaterfr6m eachnixingchamber

was splitand allowedtoflowintoreplicatetestchambers.The proportionoftestwaterthatwas splitintoeach
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replicatewas checkedpriortothetestand atweeklyintervalsthereafterduringthetesttoensurethatflowrates

variedby no more than±10% ofthemean forthefourreplicates.

The diluterwas adjustedsothateachtestchamber receivedapproximately11volumeadditions6ftestwater

every24 hours.The deliverypump was calibratedbeforethetestandatapproximatelyweeklyintervalsduring

thetest.The generaloperationofthediluterwas checkedvisuallyatleasttwo timesperdayduringthetestand

onceattheendofthetest.

Priortosexualmaturity,mysidswere heldinonecomparunentplacedineachreplicatetestchamber

(15/compart3nent).The compartmentswere glassbeakerswithnylonmesh screenattachedtotwo holeson

oppositesides.Aftermysidsattainedsexualmaturity,reproductivepairswere placedin reproductive

compartments(onepairpercompartment).The reproductivecompartmentswere glasspetridisheswithsidesof

nylonmesh screenattachedwithsiliconeadhesive.The testcompartmentswereplacedin9-L glassaquariatest

chamberscontainingapproximately5 L oftestsolution.Priortopairing,thedepthofwaterinarepresentative

testcompartmentwas 6.2cm. Afterpairing,thedepthofwaterina representativetestcompartmentwas 5.5cm.

The testchamberswereimpartiallypositionedina temperature-controuedenvironmentalchamber designedto

maintainatemperatureof25±2'C. Testcompartmentswereuniquelyidentifiedand thetestchamberswere

labeledwiththeprojectnumber,testconcentrationandreplicate.The testchambersforthesecondgeneration

exposurewere2-LbeakerswithIL oftestsolutionwhich was dippedoutofa testchamber fromtheappropriate

treatmentgroup.'

DilutionWater

Thewaterusedforculturingandtestingwas naturalseawatercollectedatIndianRiverInlet,Delaware,and

was dilutedtoa salinityofapproximately200/oowithwellwater.Salinitymeasurementsduringthefour-week-

periodinunediatelyprecedingthetestarepresentedinAppendix 1.

The freshly-corectedseawaterwas passedthrougha sand filterto remove particlesgreaterthan

approximately25 gm, andpumped intoa 37,800-Lstoragetankwherethewaterwas aeratedwithspraynozzles.

Priortodeliverytothedilutersystem,thewateragainwas filtered(0.45pm) toremovemicroorganismsand

particles.The resultsofperiodicanalysesperformedtomeasure@ffieconcentrationsofselectedcontaminantsin

saltwaterusedby WildlifeInternational,Ltd.arepresentedinAppendix11.
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EnvironmentalConditions

Lightingusedtoilluminatetheculturesand testchambersduringculturingand testingwas providedby

fluorescenttubesthatemittedwavelengthssimilartonaturalsunlight(Colortone*50). A photoperiodof

16 hoursoflightand8 hoursofdarknesswas controlledwithanautomatictimer.A 30-minutetransitionperiod

of low lightintensitywas providedwhen lightswent on and offtoavoidsuddenchangesinlighting.Light

intensityrangedfrom 623 to815 luxoverthesurfaceofthenegativecontrol,replicateA testchamber.Light

intensitywas measuredweekly,Wing aSPER ScientificModel 840006C lightmeter
f

Temperaturewas measuredineachtestchamber atthebeginningandendofthetestandatweeklyintervals

duringthetestusinga liquid-in-glassthermometer.Temperaturealsowas measuredcontinuouslyinonenegative

controlreplicateusinga FulscopeERIC Recorder.The targettesttemperatureduringthestudywas 25±2*C.

Dissolvedoxygen and pH measurementswere measuredinalternatereplicatesofeachtreatmentand control

groupatthebeginningandendofthetestandatweeklyintervalsduringthetest.Salinitywas measureddailyin

alternatereplicatesofthenegativecontrolandthehighesttreatmentgroupwithsurvivingmysids.-

Dissolvedoxygenwas measuredusinga YellowSpringsInstrumentModel 51B dissolvedoxygenmeter,

andmeasurementsofpH weremade usinga FisherAccumet Model 915 pH metrr.Salinitywas measuredusinga

Bio-Marine,Inc.,Aquafaunarefractometer.

BiologicalObservationsand Measurements

Observationsofthesurvivalandbehaviorofeachfirst-generationmysidwere made dailythroughoutthe

test.The criteriafordeathincludedlackofmovement, absenceofrespiratorymovements,andlackofreactionto

gentleprodding.At thetimeofpairing(Day20),thesexand maturityofeachmysidwas determinedby

microscopicexamination,and,when possible,5 male/femalepairsweremade foreachreplicatetestchamber.

Any immaturemysidsorextrafemaleswerediscardedatthistime.Sexuallymaturemales,whichwereleftover

afterpairingweremaintainedina separatecompartmentwithinthatreplicate.

Aftermysidswerepaired,thenumber ofsecond-generationmysidswerecountedandrecordeddailyuntil

testtermination.Second-generationmysidswere alsoobservedforabnormaldevelopmentandaberrantbehavior.

Aftereachobservation,second-generationmysidswere collectedand exposedatthesame testconcentration

understatictestconditionsfor96 hours.Ifamaleina male/femalepairdied,itwas replacedwithamale,if



WILDLIFE INTERNATIONAL, LTD. PROJECTNO.: 454A-107

-13-

available,fromthepoolofmalesmaintainedinthesame replicate.At testtermination,thesexofeachsurviving

first-generationmysidwas confirmedandthelengthofeachmysidwas measuredusingcalipers.Eachsurviving

first-generationwas thenplacedina dryingovenatapproximately60*C forapproximately24 hours.The dry

weightofeachsurvivingfirst-generationmysidwas thendeterminedusingan analyticalbalance.

StatisticalAnalyses

Statisticalanalyseswere-performedon survivalofthefirstand second-genera@onmysids,thenumber of

young releasedperreproductiveday,andthelengthanddryweightofeachsurvivingfirst-generationmysid.

Survivalwas evaluatedpriortopaiiing(Day 0 throughDay 20)andafterpairing(Day 20 throughDay 35).

Survivaldatawere analyzedusing2 x 2 contingencytablesandtheChi-squaretesttoidentifytreatmentgroups

thatwerestatisticallydifferentfromthecontrolgroup.

The analysesofreproduction(nwnberofliveyoung producedperreproductiveday)andgrowth(dryweights

andlengths)datamcludedthosetreatmentswhichdidnotexhibitastatisticalreduction.insurvival.Analyses

includedtheevaluationofhomogeneityofvariancesusingBartlett'stestandtheassessmentofnormalityusing

theShapiro-Wilk'stest.When datawere deemed normal andhomogeneous,an analysisofvariancetestwasused

todeterminewhetherornotstatisticallysignificantdifferencesexistedamong experimentalgroups.Those

treatmentsstatisticallydifferentfromthecontrolgroupwereidentifiedusingDunnett'stest.The resultsofthe

statisticalanalyseswereusedtoaidinthedeterminationoftheNOEC andLOEC.' The MATC was calculatedas

thegeometricmean oftheNOEC andLOEC. Allstatisticaltestswereperformedusingapersonalcomputerwith

SPSS/PC Version2.0(3)or"TOXSTAT Release3.5"statisticalsoftware(4).

AngL)IicalChemisgy

Priortotestinitiation,two setsofpretestwatersampleswerecollectedfromtwo replicatetestchambersof

boththelow and highleveltreat3nentgroupstodetermineifnominalconcentrationshadbeen achieved.Water

sampleswerealsocollectedfromtwo alternatingreplicateson Days 0,7,14,21,28and35. Watersampleswere

collectedfrommid-depthofthetestchamberandplacedinplastic(Nalgenes)bottles.Sampleswereanalyzedas

soon aspossiblewithoutstorage.Analyticalproceduresusedintheanalysisofthesamplesareprovidedin

AppendixIII.
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RESULTS AND DISCUSSION

MeasurementofTestConcentrations

Resultsof analysestomeasureconcentrationsof PFOS inwatersamplescollectedduringthetestare

presentedinTableIand theanalyticalchemistryreport(AppendixHI).Nominalconcentrationsu@e4inthis

studywere0.086,0.17,0.34,0.69,1.4and2.7mg a.i./L.When measuredconcentrafionsofsamplescollectedon

Days 0,7,14,21,28and35 wereaveraged,themean measuredconcentrationswere 0.057,0.12,0.25,0.55,1.3

and 2.6mg &i.AL,whichrepresented66,71,74,80,93 and96% ofthenominalconcentrations,respectively.

Mean measuredconcentrationswereusedtoexpresstheNOEC, LOEC andMATC. Pretestsamplescollectedto

verifydiluterperformance(AppendixIM werenotusedm thecalculationofmean measuredconcentrations.

PhysicalandChemicalMeasurementsofWater

Measurementsofsalinityinthenegativecontrolandthehighesttreatmentgrouprangedfrom 19to2 1'/oo

throughoutthetest(Table2).MeasurementsofpH rangedfrom 8.2to8.4(Table3) andtemperaturewas

maintainedwithinthe25±2'C rangeestablishedforthetest(Table4). Dissolvedoxygenconcentrations

remained 5.8mg/L (79% ofsaturation)throughoutthetest(Table5).

Survival

A summary ofsurvivalfromtestinitiationtopairingon Day 20 ispresentedinTable6. Ingeneral,all

survivingmysidsappearednormal.After20 daysofexposure,survivalinth@negativecontrolgroupwas 78%.

SurvivalinthePFOS treabnentgroups:g0.55mg a.i./Lrangedfrom75to92% andwerenotstatisticdlydiffmvt

from thenegativecontrol.Survivalinthe1.3and 2.6mg a.i./Ltreatmentgroupswas 32 and0*/o,respectively,

andwas statisticallydifferentfromthenegativecontrol(p!@0.05).

Observationsofsurvivalafterpairing(fromDay 20 totestterminationon Day 35)arepresentedinTable7.

In general,allsurvivingmysidsappearednormal. Survivalinthenegativecontrolwas 92%. Survival

percentagesinthePFOS treabnentgroups-@0.55mg a.i./Lrangedfrom 90 to97% andwere notstatistically

differentfromthenegativecontrol.Survivalinthe1.3mg a.i./Ltreatmentgroupwas 571/oandwas statistically

differentfromthenegativecontrol(p:g0.05).
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on

A summary ofthemean number ofyoung producedperreproductiveday ispresentedinTable 8. Young

productionforindividualtestcompartmentsispresentedinAppendixIV. Foreachfemale,thenumber of

reproductivedayswas definedasthenumber ofdaysthatthefemalewas alivefrom thedayof firstbrbodrelease

ofanyfemaleinthetesttotheendofthetest.The dayoffirstbroodreleaseinthisstudywas Day 22. The mean

number ofyoungproducedperreproductivedayinthenegativecontrolgroupswas 0.315.Reproductionratesin

the0.057,0.12,0.25and 0.55-mga.i./Ltreatmentgroupswere 0.261,0.361,0.2@2and 0.0559young per

reproductiveday,respectively.Duimett'stestshowedthatreproductionwas significantlyreducedinthe0.55mg

a.i./Ltreabnentgroupwhen comparedtothenegativecontrol(p!@0.05).The 1.3and 2.6mg a.i.ALtreatment

groupswerenotincludedinthestatisticalanalysisofthereproductiondataduetoa statisticallysignificant

differenceinsurvival.

Growth

SummariesofthelengthsanddryweightsofthesurvivingadultmysidsarepresentedinTables9 and 10,

respectively.IndividualmeasurementsareprovidedinAppendicesV and VI. The mean.lengthand mean dry

weightinthenegativecontrolgroupwere 6.43mm and 0.63mg, respectively.MysidsexposedtoPFOS at

concentrations!@0.25mg a.i./Lshowedno statisticallysignificantreductionsinlengthordryweight(p> 0.05).

Mysidsexposedto0.55mg a.i./Lshowed statisticallysignificantreductionsinbothlengthand dryweight

(p!@0.05).The 1.3and 2.6mg a.i./Ltreatmentgroupswerenotincludedinthestatisticalanalysesofgrowthdue

toastatisticallysignificantdifferenceinsurvival.

SecondGenerationAcuteEnosure

The resultsofthesecondgenerationexposurearepresentedinTable11.After96-hours,controlsurvival

was 96%. SurvivalinallPFOS treatmentgroupswas @!95% andwas notstatisticallydifferentfromthecontrols.

AR survivingmysidsinthesecondgenerationexposureappearednormalwithno overtsignsoftoxicity.

CONCLUSIONS

There were no statisticallysignificanteffectson survival,reproductionor gtowth of mysid shrimp

(Mysidopsisbahia)exposedtoPFOS atconcentrationsof!g0.25mg a.i./Lfor35days.Reproduction,lengthand
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dryweightwerethemost sensitivebiologicalendpointsinthisstudy.Mysid shrimpexposedto1.3and2.6mg

a.i./Lhadsignificantlyreducedsurvivalincomparisontothenegativecontrol.Mysidsexposedto0.55mg '&i./L

had significantlyreducedreproduction,lengthand dry weightin comparisonto thenegativecontrol.

Consequently,theLOEC, basedon reproduction,lengthand dryweight,was 0.55mg a.i./L.The NOEC was

0.25mg a.i./Land theMATC was calculatedtobe0.37mg a.i./L.SecondgenerationmysidsexposedtoPFOS

duringa static96-hourexposureshowed no adverseeffects.
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Table I

Summazy ofAnalyticalChemist*ryData

Sponsor 3M Corpomdon
TestSubstance:PFOS
TestOrpnism: SaltwaterMysid,Mysidopsisbabia
DflufionWater.-FilteredSaltwater

Nominal Test
Concentration

MeasuredConcentmfion(mg ai./L)(mg a.iJL)

--
a

Day2l' Day 28' Day 357NegafiveControl ILW <LOQ <LOQ <LOQ <-OQ <IOQ<-OQ <LoQ <LoQ <LOQ <I)OQ <LOQ
0.086 0.0694 0.0478 0.0606 0.0554 0.0515 0.05800.0579 0.0619 0.0614 0.0509 0.0569 0.0514
0.17 0.125 0.0778 0.124 0.0970 0.122 0.1240.114 0.125 0.127 0.112 0.128 0.119
0.34 0.289 0.231 0.276 0.227 0.262 0.2780.286 0.197 0.253 0.212 0.271 0,251
0.69 0.562 0.581 0.543 0.516 0.529 0.5560.659 OA50 0.542 0.528 0.544 0.583
1.4 1.23 1.13 1.35 1.23 1.39 1261.32 1.20 1.27 1.15 1.39 1.20
2.7 2.56 2.58 2.54 _4

- -2.79 2.30 2.69
ReplicatesA and C measured

2
ReplicatesB and D measured

3
LOQ - Limitofquantitafionwas 0.0458 mg a.i./L

4
am lee notcollecteddue toI()06/omorwity.
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Table2
SalinityofWater intheNegativeControland HighestTreatmentGroup TestChambers

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

NegativeControl 2.6mg a.i./]L/ 1.3mg a.i./L
DE EMlicate s@@@ (%0-) s4inLty(oko)
0 A 20 20
1 B 21 21

2 c 20 20
3 D 20 19
4 A 20 20
5 B 20 20

6 c 20 20
7 D 20 20

8 A 20 20
9 B 20 20
10 c 20 20
11 D 20 20
12 A 20 20
13 B 20 20
14 c 21 20
151 D 20 20
16 A 20 -20'

17 B 20 20
18 c 20 20
19 D 20 20
20 A 20 20
21 B 20 20
22 c 20 20
23 D 20 20
24 A 20 20
25 B 20 20
26 c 20 20
27 D 20 20
28 A 20 20
29 B 20 20
30 c 20 20
31 D 20 20

32 A 20 20
33 B 20 20
34 c 20 20
35 D 20 20

-T @ Days 15-35,salinitywas measured inthe1.3mg a.i./Ltreatmentgroup due to
100% pnftah u2.in.the2.6mg a.i.ALtreatment
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Table3

pH ofWaterintheTestChambers

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOTgmAsm:. SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

Mean Measured Testpa
TestConcentration

(mgai./L) Replicate 0 7 14 21 28 35

NegativeControl A 8.4 - - - 8.3 -

B - 8.2 - 8.3
c - 8.3 -

D - - 8.3 -

0.057 A 8.4 - - 8.3 -
B - 8.2 - - 8.3
c - 8.3 -
D - - 8.3

0.12 A 8.4 - - 8.3
B - 8.2 - 8.3
c - 8.3 -

D - - 8.3 -

0.25 A 8.4 - - 8.3 -
B - 8.2 - - 8.3
c - 8.3 -

8.3 -

0.55 A 8.4 - 8.3 -

B - 8.2 - 8.3
c - 8.3 - -

D - - 8.3 -

1.3 A 8.4 - - 8.3 -

B - 8.3 - - 8.3
c - 8.3 - -

D - - 8.3

2.6 A 8.4 - -
B - 8.3 -
c - 8.3
D

'Mc&swments discontinueddueto100% mortalip@.
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Table4

Temperature(OC)ofWaterintheTestChambers

Sponsor 3M Corporation
TestSubstance: PFOS

TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater. FgtcrcdSaltwater

Mean Measured TestD!y
TestConcentration

(Mg&iJL) Rcp*atc 0 7 14 21 28 35
NegativeControl Al 25.0 252 24.8 24.9 25.2 25.0

B 25.0 25.1 24.8 24.9 25.2 24.9
c 25.0 25.0 24.6 24.9 25.2 25.0
D 25.0 25.1 24.5 24.9 25.1 25.0

0.057 A 25.0 25.2 24.8 25.0 25.1 24.9
B 25.0 25.3 25.0 25.0 25.1 25.0
c 25.0 252 24.9 25.0 25.1 25.1
D 25.0 25.2 25.0 25.0 25.2 25.0

0.12 A 25.0 25.1 24.8 25.1 25.1 24.9
B 24.9 25.1 24.9 25.1 25.0 24.9
c 25.0 25.2 24.9 25.1 25.0 24.9
D 25.0 25.2 24.9 25.0 25.1 24.9

0.25 A 24.8 25.1 24.7 25.1 25.0 25.0
B 24.8 25.0 24.9 25.1 --25

'
'l 25.0

c 24.9 25.0 24.8 25.1 '25.0 25.0
D 24.9 25.0 24.9 25.1 25.1 24.9

0.55 A 24.9 25.0 24.9 .25.0 25.1 25.0
B 24.7 25.0 24.8 25.0 25.0 24.9
c 24.8 25.0 24.8 25.0 25.0 24.9
D 24.7 25.0 24.8 25.0 25.0 24.9

1.3 A 24.6 24.8 24.4 24.5 24.8 24.8
B 24.7 24.9 24.7 24.5 24.8 24.8
c 24.9 25.0 24.5 24.7 24.9 24.9
D 25.1 25.1 25.1 25.0 25.0 24.9

2.6 A 24.9 25.1 25.0 _2 - -

B 24.8 25.0 -
c 24.8 25.0 25.1 _2

-ITem-paatu
D 24.8 25.1 25.1 2

remeasuredcontinuouslyduringthetestrangedfrom24.5to25.5*C.
2 Measurementsdiscontinueddueto100% mortality.
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Table5

DissolvedOxygen Content(mg/L)ofWaterintheTestChambers'

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrgnnigm: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater
Mean Measured Test,L)!Y
TestConcmtrati6n

(mgai./L) ReplicMk 0 7 14 21 28 35
NegativeControl A 6.1 - - - 6.0 -

B - 6.4 - 6.3
c - 6.2 - -
D - - 6.0 -

0.057 A 6.1 - - 6.0 -
B - 6.3 - - 6.2
c - 6.0 -
D - - 6.0

0.12 A 6.1 - - 6.0
B - 6.1 - 6.3
c - 6.3 - -
D - - 6.0

0.25 A 6.1 - -
B - 6.1 - 6.3
c - 6.2 - -
D - - 5.8

0.55 A 6.1 - 6.0 -
B - 6.2 - - 6.2
c - 6.2 - -
D - - 6.0 -

1.3 A 6.1 - - 6.0 -
B - 6.2 - - 6.3
c - 6.2 - -
D - - 5.9

2.6 A 6.1 - -
B - 6.2 -
c - 6.3
D

A dissolvedoxygenconcentrationof4.4mg/L represents60% saturationat25*C insaltwaterwitha salinityof
20%o.

'Mewurementsdiscontinueddueto100-/.m2@@-
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Table6

SurvivalofJuvenileMysids ExposedtoPFOS
(Day0 ThroughPairingonDay 20)

Sponsor. 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
Ddufion Water Filter@Saltwater

Mean Measured Survivalon Pa 20

TestConcentration
(mgaijl) Replicate No. Afive/No.@Msed TOW PercentSurvival

Neptive Control A 14/15 47/60 78

B 10115
c 14/15
D 9/15

0.057 A 14/15 55160 92

B 13/15

c 15/15
D 13/15

0.12 A 14/15 45/60 75

B lOil5
c 9/15
D 12/15

0.25 A 13/15 49/60 82

B 10/15
c 14/15
D 12/15

0.55 A 11/15 50/60 83

B 13/15
c 13/15
D 13/15

1.3 A 7/15 19/60 32*

B 4/15

c 4/15
D 4/15

2.6 A 0/15 0/60 0*

B 0/15

c 0115
D 0115

Indicatesa@@cant differencefromthenegativecontrolusing2X 2 contin&en2Xtablcl(pLO-05).
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Table7

SurvivalofAdultMysidsExposed toPFOS
(Day20 ThroughTestTerminationon Day 35)

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater. FilteredSaltwater

Mean Measured SurvivalatTestTermination

TestConcentration
(mg&i./L) Replicate No.Alive/No.EUosed Total Percent

NegativeControl A 11/12 36/39 92

B 7/8
c 10/11
D 8/8

0.057 A 12/13 44/46 96
B 12/12
c 10/11
D 10/10

0.12 A 12/12 36/40 90

B 7/9
c 7/9
D 10/10

0.25 A 10/10 36/37 97

B 8/8
c 9/10
D 9/9

0.55 A 7/8 35/37 95

B 10/10
c 10/10
D 8/9

1.3 A 3n 8/14 57*

B 4/4
c 0/0
D 1/3

*Indicatesa siE!Ecantdifferencefromth( 31usinga 2 X 2 lsk 0.05).
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Table8

Mean Number ofYoung ProducedPerRzproductiveDay

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrgqnism: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

Mean Measured Number of Number of Mean Number of
TestConcentration Reproductive Young YoungateFoductive overall

(mga.i.L ETlicate RM Produced paX Mean ± s
NegativeControl A 70 18 0.257 0.315 0.0925

B 53 14 0.264
c 70 20 0.286
D 42 19 0.452

0.057 A 60 17 0.283 0.261 0.0873
B 70 .14 0.200
c 70 13 0.186
D 56 21 0.375,

0.12 A 70 21 0.300 0.361 0.101
B 46 22 0.478
c 54 22 0.407
D 70 18 0.257

0.25 A 70 19 0.271 0.252 0.0723
B 56 12 0.214
c 61 21 0.344
D 56 10 .0.179

0.55 A 54 3 0.0556 0.0559* 0.0376
B 56 6 0.107
c 70 3 0.0429
D 56 1 0.0179

1.3' A 22 0 0.000 0.000 0.000
B i4 0 0.000
c 0 0 0.000
D 11 0 0.000

Thistreatmentgroupwasnotincludedinthestatisticalanalysesofreproductionduetoa statisticallysignificant
differenceinsurvival.
IndicatesasignificantdifferencefromthenegativecontrolusingDunnett'stest(p:50.05).
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Table9

Mean TotalLengthofAdultMysidsattheEnd ofthe35-DayTestPeriod

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater FilteredSaltwater

Mean Measured
Concentration ReplicateMean OverallMean s

ME ai.l,) LeLheate (MM) (MM)
NegativeControl A 6.45 6.43± 0.0634

B 6.34
c 6.46
D 6.48

0.057 A 6.39
B 6.45 6.43t 0.0729
c 6.52
D 6.36

0.12 A 6.55
B 6.65 6.56 0.105
c 6.62
D 6.42

0.25 A 6.48
B 6.38 6.40 0.0548
c 6.36
D 6.38

0.55 A 6.05
B 6.11 6.14*t 0.0794
c 6.16
D 6.24

1.3' A 5.93
B 5.98 5.85± 0.178
c
D 5.65

Thistreatmentgroupwas notincludedinthestatisticalanalysesoftotallengthduetoa statisticallysigmficant
differenceinsurvival.
Indicatesasig@EcantdifferencefromL!Le@ controlusingDunnett'stest@E:50.05).
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Table10

Mean Dry WeightofAdultMysidsattheEnd ofthe35-DayTestPeriod

Sponsor: 3M Corporation
TestSubstance:PFOS
TestOrgnniqrn: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

Mean Measured
Concentration ReplicateMean OverallMean t s
@Ed a.i.LL) @alicate (ME2 f-

Negative Control A 0.599 0.63.4± 0.0510
B 0.706
c 0.596
D 0.636

0.057 A 0.616 0.599 0.0276
B 0.627
c 0.590
D 0.565

0.12 A 0.647 0.641 0.0241
B 0.664
c 0.644
D 0.607

0.25 A 0.644 0.622± 0.0227
B 0.601
c 0.603
D 0.639

0.55 A 0.556 0.562* 0.00624
B 0.558
c 0.563
D 0.570

1.31 A 0.440 0.436 0.0441
B 0.478
c
D 0.390

Thistreatmentgroupwas notincludedinthestatisticalanalysesofdryweightduetoa statisticallysipfficant
differenceinsurvival.
Indicatesa si2i@c4mtdfferencefromtheneg!@vecontrolusingDunnett'stest(p!50.05).
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Table 11

SurvivalofSecond-GenerationMysidsExposed toPFOS
During96-HourStaticExposures

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

Mean Measured No.AliveAfter
TestConcentration Total 96 HoursofExposure Percent

(mgai.U No.E)gosed LObscivations) Survival
NegativeControl 71 68(AN) 96

0.057 65 63(AN) 97

0.12 83 79(AN) 95

0.25 62 59(AN) 9.5

0.55 13 13LAn 100
AN AppearsNormal.
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APPENDIX I

DilutionWater SalinityMeasuredDuringthe
4-Week PeriodImmediatelyPrecedingtheTest

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater: Filtm-edSaltwater

Mean Range

Salinity(OAo) 20 (N 4) 20-20
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APPENDIXE
AnalysesofPesticides,Organics,MetalsandOtherInorganics

inWildlifeInternational,Ltd.Saltwater'
ANALYSIS WASURED CONCENTRATION
Miscelmeous Measurements

TotalDissolvedSolids 23,500 mg/LAmmonia Nitrogen < 0.050 mg@L
TotalOrganicCarbon2 < 1.0 mg/L
TotalCyanide < 10.0 ug/L

OrganoMorines and PCBS
Aldrin < 0.005 lug/LAlphaBHC < 0.005 Ag/LBetaBHC < 0.005 ug/LDeltaBHC < 0.005 A481i,Gamma BHC (Lindant) < 0.006 mg/LChlordane < 0.025 @zgti,DDD, pp' < 0.006 lug/LDDE, pp' < 0.005 mg/LDDT, pp' < 0.008 ug/LDieldrin < 0.005 mg/LPndnsillfan,A < 0.005 kigILEndosulfan,B < 0.005 jug/LEndosulfanSulfate < 0.018 lug/L-Endrin < 0.010 lug/LEndrinAldehyde < 0.005 Izg/LHeptachlor < 0.005 Aig/LMethoxychlor < 0.007 jug/LHeptac.-orEpoxide < 0.005 mg/LToxaphene < 0.500. ug/LPCB-1016 < 0.260 lug/LPCB-1221 < 0.260"' pg/LPCB-1232 < 0.260
PCB-1242 < 0.720 lug/LPCB-1248 < 0.720 lug/LPCB-1254 < 0.720 4g/LPCB-1260, < 0.720 kigIL

Metalsand Other Inorganics
Aluminym' < 100 @ugilArsenic < 25.0 mg/LBeryllium3 < 0.50 mg/LCacirmum3 < 1.0 lu@
Caiciul@l-

3 235 mg/Lct 'UM < 2.0 ug/LCo 7 < 1.0 99/LCopper3 < 20.0 99/LIron < 100 lug/LLead3
< 10.0 A491Lma 3gnestun@ 760 mg/L

Manganese < 4.0

@
m

3 < 0.20 mg/Lio-,Iycqcnum < 2.0
Nickel < 20.0 UB/LPotassiu93 277 MGIL
Selcn,,Um < 25.0 AA91Lsilve < i.0 AlgILSod* 3
. Im 6,010 mg/l,

;@@ey < 20.0 mg/L
=alyses performedbyQST Environmental,Gainesville,FloridaforsamplescollectedonNovember 3 throughNovember 7,

2
1997.

3AnalysesperformedbyWildlifeInternational,Ltd.forthesamplecollectedonNovember 5,1997.
AnalysesperformedbyWildlifeIntemafional,Ltd.forsamplescollectedonNovember 5 through7,1997.
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APPENDIX M

THE ANALYSES OF PFOS IN SALTWATER

IN SUPPORT OF

WILDLIFE INTERNATIONAL PROJECT NO.: 454A-107
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Introduction

Saltwatersampleswere collectedfrom a flow-throughhfe-cycletoxicitystudydesignedtodetermine

theeffectsof PFOS (PerfluorooctaneSulfonicAcid PotassiumSalt)tothesaltwatermysid (Mysidopsis

bahia).Thisstudywas conductedby WildlifeInternationalLtd.andidentifiedasProjectNo.: 454A-107.

The analysesofthesewatersampleswereperformedatWildlifeInteniationalLtd.usinghighperformance

.liquidchromatographywithm (HPLC S).Samples,4ssspectrometricdetection /M were receivedforanalysis

betweenJune 15,1999 and July21, 1999 and were analyzedbetweenJune 15,1999 and July22, 1999.

TestSubstanceand InternalStandard

The testsubstanceusedforthisstudywas WildlifeInternationalLtd.identificationnumber 4675. The

testsubstancewas usedtopreparecalibrationand matrixfortificationsamples.

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

InternationalLtd.idenfificationnumber 4526 upon receipt.The internalstandard,agranularmaterial,was

idenfifiedas: IK IR 2K 2H PerfluorooctaneSulfonicAcid,ChemicalAbstractNumber: 27619-97-2.

'Me standardwas storedunderambientconditions.

AWyfical

The methodusedfortheanalysisofthesaltwatersampleswas developedatWildlifeInternationalLtd.

and entitled"AnalyticalMethod forthe Determinationof PFOS inFreshwater,Saltwater,and Algal

MediurW'.Thismethodologywas includedas AppendixIIofWildlifeInternationalLtd.protocolnumber

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

Samples were dilutedin a 50% methanol: 50% NANOpure@ water solutioncontaining

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

calibrationrangeofthePFOS methodology.

Concentrationsof thePFOS in thestandardsand sampleswere determinedby reverse-phasehigh

performanceliquidchromatographyusinga Hewlett-PackardModel 1100 High PerformanceLiquid

Chromatograph(HPLC) witha Perkin-EhnerAPI IOOLC Mass Spectrometerequippedwitha Perkm-
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Elmer TurbolonSprayionsource. HPLC separationswere achievedusinga KeystoneBetasil.Cls

analyticalcolumn (50nun x 2 mm I.D.,3 pxnparticlesize).The instrumentparametersaresummarizedin

Table1. A methodflowchartisprovidedinFigure1.

CalibrationCurveandLimitofOuanfitation

CalibrationstandardsO@.YFOS preparedin a 50% medmnol:50% NANOpure(D watersolution

containing0.100nig4H PFOS (internalstandard)/Land 0.05% formicacid(v/v),ranginginconcentration

from 0.000915to0.00915mg a.i./L,were analyzedwiththesamples.The same andmostprominentpeak

responseforPFOS was utilizedtomonitorPFOS inallcalibration,qualitycontrol,and studysamples.No

attemptwas made toquantifyPFOS on thebasisof individualisomericcomponents.Linearregression

equationswere generatedusingpeak arearesponsemtios(PFOS :internalstandard)versustherespective

concentrationratios(PFOS: internalstandard)ofthecalibrationstandards.A typicalcalibration.curveis

..presentedinFigure2. The concentrationofPFOS inthesampleswas determinedby substitutingthepeak

arearesponseratiosintotheapplicablelinearregressionequation.Representativeionchromatogramsof

low and highcalibrationstandardsarepresentedinFigures3and 4,respectively.

'Me methodlimitofquantitation(LOQ) fortheseanalyseswas setat0.0458mg a.i./Lcalculatedas

theproductofthelowestcalibrationstandardanalyzed(0.000915mg a.i./L)andthedilutionfactorofthe

matrixblankswnples(50.0).

MatrixBlankand FortificationSample-s

Sixmatrixblanksampleswere analyzedto determinepossibleinterference.No interferenceswere

observedatorabovetheLOQ duringsamplesanalyses(Table2).A representativeionchromatograinofa

matrixblankispresentedinFigure5.

Saltwaterwas fortifiedat 0.0823,0.366and 3.66mg a.i./Land analyzedconcurrentlywiththe

samplestodeterminethemean proceduralrecovery(Table3). Sample concentrationswere notcorrected

forthemean proceduralrecoveryof92.8%. A representativeionchromatogramofa matrixfortificationis

presentedinFigure6.
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ExMple Calculations

Samplenumber 454A-107-3,nominalconcentrationof0.086mg a.i.ALinsaltwater.

Peak AreaRatio= AnalytePeak Area/IntemalStandardPeakArea

ConcentrationRatio ConcentrationofAnalyte/ConcentrationofInternalStandard

InternalStandardConceptrafion:0.100 mg/L

InitialVolume: 0.500 ML

FinalVolume: 25.0mL

DilutionFactor:50.0

PFOS PeakArea: 12963

InternalStandardPeakArea: 145150

PeakArea Ratio:0.08931

Calibrationcurveequation.

Slope:5.76026

Intercept:0.00940

Curve isweighted(1/x).

PFOS (mg a.i./L)atinsh-ument
Peak arearatio- (Y-intercept)

x InternalStandard Concentration
Slope

0.08931 - 0.00940
x 0.100

5.76026

0.001387

PFOS (mg a.i./L)insample = PFOS (mg a.i.AL)atinstnimentx DilutionFactor

= 0.001387 x 50.0

= 0.06935
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PFOS (mg a.i./L)insample
PercentofNominal Concentration- PFOS (mg a.i.AL)nominal X 100

-0.06935
x 100 80.6%0.086

RESULTS

Sample Agalysis

Saltwatersamples were collectedfrom the flow-throughhfe-cycletoxicitystudywith thesaltwater

mysid (Mysidopsisbahia)atpre-test,June 15,1999,attestinitiation,June 16,1999 (Day 0),and weekly

duringthetestthroughtestterminationon July21,1999(Day 35).The measuredconcentrationsofPFOS

inthesamplescollectedatpre-testrangedfrom 57.3to 99.3% ofthenominalconcentrations(Table4).

The measuredconcentrationsof PFOS inthe samplescollectedat initiationof exposureof @letest

organisms(Hour0)rangedfrom67.1to 103% ofthenominalconcentrations(Table5). Samplescollected

at Day 7,Day 14,Day 21 and Day 28 had measuredconcentrationrangesof 45.8*to95.6%,70.5to

99.6%, 57.1to 87.9% and 59.9to 99.3% of nominalvalues,respectively.Sam-plescollectedattest

termination(Day 35) had a measuredconcentrationrangeof 59.8to 90;0% of nominalvalues.A

representativeionchromatograrnofa testsarnpleisshown inFigure7.
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Table 1

TypicalHPLC/MS OperationalParameters

INSFRUMENT: Hewlett-PackardModel I100HighPerformanceLiquid
Chromatogmph witha Perldn-ElmerAPI IOOLC Mass Spectrometer
equippedwitha Perldn-EhnerTurbolonSprayionsource.Operatedin
selectiveionmonitoringmode (SM.

ANALYTICAL COLUMN: KeystoneBawil Clscolumn(50mm x 2 mm I.D.,3 pznparticlesize)

OVEN TENDERATURE: 300C

STOP TIME: 5.00minutes

FLOW RATE: 0.220mljminute

MOBELE PHASE: 72.0% Medmol: 28.0% NANOpureg Waterconmining
0.1% FormicAcid

INJECTION VOLUME: 25.0 p@L

PFOS RETENTION TIME: Approximately3.8to4.5minutes

INTERNAL STANDARD
RETENTION TUAE: Approximately2.6to3.0minutes

PFOS MONITORED MASS: 498.6amu

INTERNAL STANDARD
MONITORED MASS: 426.7mnu
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Table2

MatrixBlanksAnalyzedConcumntly DuringSaxnpleAnalysis

Slmgle Measured Concentrationof
Number PFOS'

(454A-107-) Type (mga.i.AL)

MAB-1 MatrixBlank < LOQ

MAB-2 MatrixBlank < LOQ

MAB-3 MatrixBlank < LOQ

NlAB-4 MatrixBlank < LOQ

MAB-5 MatrixBlank < LOQ

MAB-6 MatrixBlank < LOQ
The limitofquantitation(LOQ) was 0.0458mg a.i.ALbasedupon theproductofthelowestcalibrafion
standard@@W@zed,(0.000915 a.i./L)andthedilutionfitetorofthematrixblanks2m2les(50-2).



WILDLIFE INTERNATIONAL LTD. PROJECTNO.: 454A-107

-39-

Table3

MatrixFortificationsAnalyzedConcurrentlyDuringSampleAnalysis

ConcentrationsofPFOS
SampleNumber (MEa.i./L) Percent
(454A-107-) Fortified Measured Recovered

MAS-1 0.0823 0.0748 90.9
MAS-4 0.0823 0.0828 101
MAS-7 0.0823 0.0673 81.8
MAS-10 0.0823 0.0662 80.4
MAS-13 0.0823 0.0693 84.2
.MAS-16 0.0823 0.0787 95.6

MAS-2 0.366 0.350 95.6
MAS-5 0.366 0.359 98.1
MAS-8 0.366 0.314 85.8
MAS-1 1 0.366 0.303 82.8
MAS-14 0.366 0.360 98.4
NUS-17 0.366 0.287 78.4

MAS-3 3.66 3.29 89.9
MAS-6 3.66 3.54 96.7
MAS-9 3.66 3.39 92.6
MAS-12 3.66 3.88 106
MAS-15. 3.66 3.80 104
MAS-18 3.66 3.98 109

Mean = 92.8
StandardDeviation= 9.19

CV = 9.90
N = 18
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Table4

Measured ConcentrationsofPFOS inPre-testDiluterVerificationSamplesfrom a
I I SaltwaterMysidLife-CycleToxicityTest

Nominal Test Sample Sainpli-n-sz PFOS Measured Percent
Concentration Number Time Concentration of
(mga.i.[L) (454A-107@ (Hours) (ME a.i./L)1.2. Nominal

0.086 PT-1 -24 0.0581 67.6
PT-2 -24 0.0493 57.3
PT-5 -24 0.0627 72.9
PT-6 -24 0.0606 70.5

2.7 PT-3 -24 2.21 81.9
PT-4 -24 2.34 86.7
PT-7 -24 2.56 94.8
PT-8 -24 2.68 99.3

1The limitofquantitation(LOQ) was 0.0458 mg a.i./Lbasedupon theproductofthelowestcalibration
standardanalyzed(0.000915 mg a.i./L)andthedilutionfactorofthematrixblanksamples(50.0).

2 Measured valuesofmatrixblanksandmatrixfortificationsamplesanalyzedconcurrentlywithpre-test
sampleswere <LOQ, 83.0,95.6,100,<LOQ, 93.4,85.0and 106percentofnominalconcentrations
forpre-testIandpre-test2,respectively.
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Table5

Measured ConcentrationsofPFOS inSaltwaterSamplesfrom a
SaltwaterMysid Life-CycleToxicityTest

Nominal Test Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration of
(mga.i./L) (454A-107-) (mga.i./L) Nominal

0.0 11 0 < LOQ -
2 0 < LOQ -
15 7 < LOQ -
16 7 < LOQ -
29 14 < LOQ
30 14 < LOQ
43 21 < LOQ
44 21 < LOQ
55 28 < LOQ
56 28 < LOQ
67 35 < LOQ
68 35 < LOQ

0.086 3 0 0.0694 80.7
4 0 0.0578 67.2
17 7 0.0478 55.6
18 7 0.0619 72.0
31 14 0.0606 70.5
32 14 0.0614 71.4
45 21 0.0554 64.4
46 21 0.0509 59.2
57 28 0.0515 59.9
58 28 0.0569 66.2
69 35 0.0580 67.4
70 35 0.0514 59.8

The limitofquantitation(LOQ) was 0.0458mg a.i./Lbasedupontheproductofthelowestcalibration
standardanalyzed(0.000915mg a.i./L)andthedilutionfactorofthematrixblanksamples(50.0).
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Table5 (continued)

Measured ConcentrationsofPFOS inSaltwaterSamplesfroma
SaltwaterMysid Life-CycleToxicityTest

NominalTest Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration of
(mga.i./L) (454A-107-) (Day) (rnga.i./L)I. Nominal

0.17 5 0 0.125 73.5
6 0 0.114 67.1
19 7 0.0778 45.8
20 7 0.125 73.5
33 14 0.124 72.9
34 14 0.127 74.7
47 21 0.0970 57.1
48 21 0.112 65.9
59 28 0.122 71.8
60 28 0.128 .75.3
71 35 0.124 72.9
72 35 0.119 70.0

0.34 7 0 0.289 85.0
8 0 0.286 84.1
21 7 0.231 67.9
22 7 0.197 57.9
35 14 0.276 81.2
36 14 0.253 74.4
49 21 0.227 66.8
50 21 0.212 62.4
61 28 0.262 77.1
62 28 0.271 79.7
73 35 0.278 81.8
74 35 0.251 73.8

The limitofquantitation(LOQ) was 0.0458mg a.i./Lbasedupontheproductofthelowestcalibration
standardanalyzed(0.000915mg a.i.AL)andthedilutionfactorofthematrixblanksamples(50-0).
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Table5 (continued)

Measured ConcentrationsofPFOS inSaltwaterSamplesfrom a
SaltwaterMysid Life-CycleToxicityTest

Nominal Test Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration of
(m a.i./L) (454A-107-) (m Nominal(29-) A a.i.AL)

0.69 9 0 0.562 81.4
10 0 0.659 95.5
23 7 0.581 84.2
24 7 0.450 65.2
37 14 0.543 78.7
38 14 0.542 78.6
51 21 0.516 74.8
52 21 0.528 76.5
63 28 0.529 76.7
64 28 0.544 .78.8
75 35 0.556 80.6
76 35 0.583 84.5

1.4 11 0 1.23 87.9
12 0 1.32 94.3
25 7 1.13. 80.7
26 7 1.20 85.7
39 14 1.35 96.4
40 14 1.27 90.7
53 21 1.23 87.9
54 21 1.15 82.1
65 28 1.39 99.3
66 28 1.39 99.3
77 35 1.26 90.0
78 35 1.20 85.7

"Me limitofquantitation(LOQ) was 0.0458mg a.i./Lbasedupon theproductofthelowestcalibration
standardanalyzed(0.000915mg a.i./L)andthedilutionfactorofthematrixblanksamples(50.0).
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Table5 (continued)

Measured ConcentrationsofPFOS inSaltwaterSamplesfrom a
I SaltwaterMysid Life-CycleToxicityTest

Nominal Test Sample Sampling PFOS Measured Percent
Concentration Number Time Concentration Of
(mB a.i.AL) (454A-107-) (Day) (mga.i.AL) Nominal

2.7 -'13 0 2.56 94.8
14 0 2.79 103
27 7 2.58 95.6
28 7 2.30 85.2
41 14 2.54 94.1
42 14 2.69 99.6

The limitofquantitation(LOQ) was 0.0458mg a.i./Lbasedupontheproductofthelowestcalibration
standardanalyzed(0.000915mg a.i./L)andthedilutionfactorofthematrixblanksamples(50.0).
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MEETHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN SALTWATER

Preparematrix fortificatiolisamplesby spikingtherequisitevolumeofPFOS stocksolutionsdirectlyi
intofilteredsaltwaterusinggas-tightsyringesandClassA volumetricflasks.

Dilutematrixfortificationandtestsamplesintotherangeofthecalibrationstandardsby partiallyfilling
ClassA volumetricflaskswith50% methanol:50% NANOpureg watersolutioncontaining

0.100mg 4H PFOS (internalstandard)/Land 0.05% formicacid(v/v).Add the
Appropriatevolume ofsmnpleandbringtheflasktovolumewiththeOution
solvent.Processthematrixblanksampleusingthesame dilutionand aliquot

volumeasforthelowestfortificationlevel.Mix wellby several
repeatinversions.

Ampulatesamplesand submitforLCMS analysis.

Figure1. Analyticalmethod flowchartfortheanalysisofPFOS insaltwater.
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Figure2. A typicalcalibrationcurvefbrPFOS. Slope 5.76026;Intercept0.00940;
r 0.9974.Curveisweighted(I/x).
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APPENDIX rV

Spomnsor
'MC

oration
MLsid EEEoduction

TestSubstance: PFOS7p
TestOr SaltwaterMysid,Mysidopsisbahia

vD iIu tio ngawmastemr:: FilteredSaltwater
Mean asured Number of Number of Number of

TestConcmtration Test Reproductive Young Young/Reproductive
(MR &i.@L) ESEcate c Dgs' Produced Dav

NegativeControl A 1 14 3 0.257
2 14 2
3 14 6
4 14 5
5 14 2

0.264
B 1 14 4

2 14 8
3 14 2
4 11 0-

c 1 14 6 0.286
2 14 3
3 14 4
4 14 5
5 14 2

D 1 14 9 0.452
2 14 6
3 14 4

0.057 A 1 14 3 .0.283
2 14 6
3 14 3
4 14 5
5 4 0

B 1 14 2- 0.200
2 14 3
3 14 5
4 14 0
5 14 4

c 1 14 3 0.186
2 14 3
3 14 3
4 14 0
5 14 4

D 1 14 2 0.375
2 14 10
3 14 7
4 14 2

'Me number ofreproductivedaysisthenumber ofdaysthatthefemalewas alivefromfirstbroodreleasetothe
endofthetesl
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APPENDIX IV(Continued)

Mysid PLproduction

3M Corporation
?e2 smur@stance: PFOS
TestOrganism: SaltwaterMysid,Mysidopsisbahia
DilutionWater: FilteredSaltwater

Measured -oMean Num ? Number of Numb
TestConcentration Test Reproductive Young Young/Reproductive

(mga.i./L) l@gficate C2Martment DMI Produc6d Day
A 1 14 6 0.300

2 14 0
3 14 8
4 14 6
5 14 1

B 1 14 7 0.478
2 14 8
3 14 5
4 4 2

c 1 14 7 0.407
2 14 9
3 14 4
4 12 2

D 1 14 9 0.257
2 14 2
3 14 0
4 14 5
5 14 2

0.25 A 1 14 2 0.271
2 14 4
3 14 2
4 14 6
5 14 5

B 1 14 4 0.214
2 14 1
3 14 7
4 14 0

c 1 14 2 0.344
2 5 2
3 14 7
4 14 6
5 14 4

D 1 14 1 0.179
2 14 0
3 14 3
4 14 6
5

The number ofreproductivedaysisthenumber ofdaysthatthefemalewas alivefromfirstbroodreleasetothe
Ofthetest.
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APPENDIX IV(Continued)

Mysid Reproduction

Sponsor: 3M Corporation
TestSubstance: PFOS
TestOrganism: SaltwaterMysid@Mysidopsisbahia
DilutionWater: FilteredSaltwater
Mean Measured Number of Number of Number of
TestConcentration Test Reproductive Young Young/Reproductive

Lmg a.i.U Balicate CM2artinent Do' Produced D
0.55 A 1 14 0 0.0556

2 14 3
3 12 0
4 14 0

B 1 14 0 .0.107
2 14 0
3 14 2
4 14 4

c 1 14 0 0.0429
2 14 0
3 14 0
4 14 3
5 14 0

D 1 14 0 0.0179
2 14 0
3 14 0
4 14 1

1.3 A 1 3 0 0.000
2 11 0
3 8 0

B 1 14 0 0.000

c

D 1 11 0 0.000
ThenumberofMroductiveks isthenumberof@ffsthatthefemalewas alivefrompairingtotheendofthetesl



-55-

APPENDIX V

Mysid TotalLength(mm)

Nega6ve Control 0.57 mg a.i.AL 0.]2mga
Mysid
Number Rep A Rep B Rep C Rep D Rep A Rep B Rep C Rep D Rep A Rep B

1 6.80 6.20 6.50 6.55 6.15 6.35 6.05 6.30 6.25 6.75
2 6.85 6.65 6.85 7.10 6.30 6.20 6.80 6.45 6.7,0 6.60
3 6.30 6.55 6.20 6.35 6.35 6.15 6.55 6.40 6.40 6.55
4 6.45 6.95 6.60 6.10 6.15 6.70 6.70 6.90 6.55 6.80
5 6.30 5.90 6.25 6.40 6.55 6.45 6.45 6.55 6.60 6.45
6@ 6.75 6.10 6AO 6A5 6.90 6.60 6.65 6.45 7.10 6.90
7 6.15 6.00 6.15 6.30 6.20 6.30 6.50 5.90 6.35 6.50
8 6.65 - 6.30 6.55 6.65 6.80 6.70 6.35 6.40 -
9 6.30 - 6.70 6.25 6.30 6.30 5.95 6.25 -
10 6.50 - 6.65 6.40 6.40 6.50 6.35 7.00 -

11 5.85 - - 6.15 6.50 - - 6.55 -

12 - - - 6.50 6.65 - - 6.40 -

Mean 6.45 6.34 6.46 6.48 6.38 6.45 6.52 6.36 6.55 6.65
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APPENDIX V (Continued)

MysidTotalLtno (mm)

Mysid
0.25 mg a.i.AL 0.55mg a.i./L

Number Rep A LRM B Rep C EMD ReE A Uc B Rep C Ee2 D ET A Rcg B

1 6.55 6.25 5.95 6.20 6.05 6.05 6.20 6.20 5.85 5.75
2 6.40 6.40 6.35 6.45 5.85 6.25 6.20 6.45 6.05 6.25
3 6.35 6.30 6.80 6.50 6.10 6.35 5.85 5.95 5.90 5.85
4 6A5 6.15 6.10 6.35 5.90 6.20 6.00 6.10 - 6.05
5 6.50 6.45 6.75 6.75 5.80 6.00 6.10 6.25 - -
6 6.25 6.90 6.20 6.55 6.35 6.20 6.35 6.40 - -
7 6.55 6.35 6.40 6.05 6.30 6.15 6.25 6.10 - -
8 6.70 6.20 6.35 6.80 - 6.60 6.40 6.45 - -
9 6.45 - 6.35 5.75 5.05 6.25 - - -
10 6.60 - - 6.25 6.00
II - - - - - - - - - -
12 - - - - - - - - - -

Mean 6.48 6.38 6.36 6.38 6.05 6.11 6.16 6.24 5.93 5.98
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APPENDIX VI

Mysid Dry Weight(mg)

Sponsor: 3M Corporation
TestSubstum: PFOS

T-'
SaltwaterMysid,Mysidopsisbahia

Dilut.to FilteredSaltwater

NegativeConhol 0.057mg a.i./L 0.12
Mysid RepRep Rep Rep Rep Rp Rp Rep Rep Rep
Number A B c D A B c D A B

1
0.
51 0.57 0.49 0.68 0.53 0.65 0.45 0.59 0.52 0.97

2 0
'
70 0.77 0.78 0.86 0.62 0.50 0.78 0.51 0.71 0.62

3 0.52
0.
70 0.60 0*54 0.58 0.55 0.60 0.46 0.65 0.55

4 0.64 0.86 0.57 0
'
59 0.64 0.69 0.56 0.80 0.70 0.68

5 0.56 0.61 0.51 0.53
0.
92 0.47 0.63 0.57 0.72 0.64

6 0.75 0.75 0.72 0.67 0.79 0.84 0.59 0.52 0.80 0.71
7 0.44 0.68 0.50 0.60 0.51 0.52 0.54 0.46 0.54 0.59
8 0.79 - 0.67 0.62 0.66 0.73 0.71 0.67 0.59 -
9 0.58 - 0.52 - 0.49 0.61 0.49 0.49 0.59 -
10 0.69 - 0.60 - 0.57 0.72 0.55 0.58 0.93 -
11 0.41 - - - 0.50 0.66 - - 0.49 -
12 - - - - 0.69 0.58 0.63 -

mean 0.599 0.706 0.596 0.636 0.616 0.627 0.590 0.565 0.647 0.664
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APPENDIX VI (Continued)

MysidDryWeight(mg)

3M Corpmtion
SPZS-.I@u.:T PFOS

TTt
SaitwatcrMysid,Mysidopisbahia

D IZW*.t.@ FiltcmdSaltwawr

0.25mg a.iJL 0.55mita.i.AL 1.3m
Mysid Rep Rep Rep Rep Rep Rep Rep Rep Rep Rep
Nwnbcr A B c D A B c D A B -

1
0-
72 0.45 0.50 0.61

0.
62 0.50 0.57 0.54 0.36 0.40

2 0.60 0.68 0.62 0.67 -0.51 0.48 0.42 0.66 0.52 0.57
3 0.54 0.62 0.96 0.59 0.54 0.67 0.39 0.52 0.44 0.43
4 0.55 0.53 0.45 0.53 0.45 0.62 0.61 0.69 - 0.51
5

0.
63 0.58 0.71 0.84 0.43 0.57 0.51 0.55 - -

6 0.48 0.79 0.55 0.73 0.71 0.61 0.60 0.60 - -

7
0-
79 0.60 0.51 0.52 0.63 0.54 0.91 0.49 - -

1
0

*
71 0.56 0.67 0.80 - 0.59 0.65 0.52 - -

9 0'67 - 0.56 0.46 0.36 0.48 - - -

to 0.75 - - 0.64 0.59
II - - - - - - - - - -

Me= 0.644 0.601 0.603 0.639 0.556 0.558 0.563 0.570 0.440 0.478
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APPENDIXVEI

Changes toProtocol

Thisstudywas conductedm accordancevaththeapprovedProtocolwiththefollowingchanges:

I The proposedexpcnmentalstartand t=mation dateswereamendedtotheprotocol.

2. AnalysisoffeedforPFOS was deletedby amendment.

3. The proportionofwatersplittoeachreplicatewas notcheckedattheendofthetest.

4. Temperaturewas notmeasuredintheB replicateofthe2.7mg a.i./Ltreatmentgroupon Day 14 ofthetest.

5. Nominal testconcentrationswere 0.086,0.17,0.34,0.69,1.4and 2.7mg a.i./L.
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APPENDIXVIH

PersonnelInvolvedintheStudy

The fohowmg keyWildlifeInternational,Ltd.personnelweremvolvedm theconductormanagement oftlusstudy:

1. Henry0.Kruejer,Ph.D.,E"r, AquaticToxicologyandNon-TargetPlants

2. WillardB.Nixon,PILD.,Manager,AnalyticalChemistry

3. JonA. MacGregor,Scientist

4. Mark A. Mank,LaboratorySupervisor

5. KurtR- Drottar,SeniorBiologist



PROTOCOL

PFOS: A FLO.W-THROUGH LIFE-CYCLE TOMCITY TEST
WITH THE SALTWATER MYSID (Mysidopsisbahia)

US. EnvironmentalProtectionAgency
,,Series850 -EcologicalEffectsTestGuidelines

OPPTS Number 850.1350

3M Lab RequestNo. U2723

Submittedto

3M Corporation
EnvironmentalLaboratory

935 Bush Avenue
St Paul,Minnesota55144

-WILDLIFE INTERNATIONAL LTD.

8598 Commerce Drive
Easton,Maryland21601

(410)822-9600

May 13,1999
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PFOS: A FLOW-THROUGH LUTCYCLE TO)UCrrY TEST
WITH THE SALTWATER MYSID (Mysidopsisbahia)

SPONSOR: 3M Corporation
EnvironmentalLaboratory
935 Bush Avenue
St PauL Minnesota55144

SPONSOR!S REPRESENTATIVE: Ms. SusanA. Beach

TESTING FACILITY: WildlffeInternational,Ltd..
8599 Commerce Drive
Easton,Maryland21601

STUDY DIRECTOR- KurtDrottar
SeniorAquaticBiologist

LABORATORY MANAGEMENT: Henry0. Krueger,Ph.D.
DirectorofAquaticToxicology& Non-TargetPlants

FOR LABORATORY USE ONLY

ProposedDates:

Experimental Experimental
StartDate: TerminationDate:

ProjectNo.:

TestConcentrations:NegativeControl,0.094.0.19.0.38.0.75.1.5and3.0mg a.i./L

TestSubstanceNo.: 4675 ReferenceSubstanceNo. (ifapplicable):4526

PROTOCOL APPROVAL

STUDY DIRECTOR DATE

ORATORY MANAGEMENT DATE

ORI

Sll NSOR!S REPRESENTATIVE DA4

PROTOCOLNO.: 454/051399/MYS-LC/SUB454 3M LAB REQUEST NO. U2723
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INTRODUCRION

WildlifeIntm-nationaLLtd.willconducta flowthroughhfe-.cycletomcitytestwiththesaltwater

mysid,Mysidopsisbahia,fortheSponsorattheWildlifeInternationaLLtcLaquatictoxicologyfacilityin

Easton,Maryland. Tlw st* willbe performedbasedon proceduresintheU.S.EnvironmentalProtection

Agency Series850 -EcologicalEffectsTestGuideh= OPPTS Number 850.1350(1);andAS7MStandard

El 191-90StandardGiddefor Cond@ctingLife-CycleToxicityTests%ithSakwaterWds (2).Raw data

forallwork performedatWdWe International,Ltd.and a copy ofthefinalreportwillbe filedby project

number in=hives locatedm theWHME International,Ltd.site,orata'aalternativelocationtobe specified

inthefinalreporl

PURPOSE

The purposeof thisstudyisto determinetheeffectsof a testsubstanceon the saltwatermysid,

Mysidopms bahia,dunng cbromcexposure.Effectson growth,surrivaland reproductimwillbe evaluated.

EXPERIMENTAL DESIGN

Mysids willbe exposed to a seriesof sixtestconcentrations,a negative(dilutionwater)control

begmmg atthejuvenilestage(<24 hoursold)and contmumg foratleast7 daysafterthemedian b= of first

brood releaseinthecontroltreatment.The testwillnotbe terminateduntilatleast28 days and may be

continuedattherequestoftheSponsor. Testconcentrationswillbe chosen inconsultatimwithfficSponsor

and willbe based upon known toxicitydat& Each testconcentrationwillbe 50% of the,nexthigher

treatment.

Fourreplicatetestchambers willbe used foreachftabnent and controlgroup,and eachtestchamber

willcontainone compartment holding15 mysids. Inordertocontrolbias,mysids willbe indiscriminately

assignedtoexposurechambers attestinitiatiorlNo otherpotentialsourcesofbiasareexpectedtoaffectthe

resultsof thestudy.Mysids willbe indiscriminatelydistributedin groupsof one to threeamong glass

be&crs representmgeachtestcompariment untileach beakercontms 15 mymds. The mysids willthenbe

gentlytransferredmto thetestcompartments. Thus, atotalof60 mysids willbe exposed ineach treatment

and controlgroup.Aftermysidsattainsexualmatanty (umally 10to 14 daysafterthebeginningofthetest),

femaleand male adultmysids willbe pafira and thereproductionofthepaurd mysids willbe monitored.

PROTOCOL NO.: 454/051399/MYS-LC/SUB454 3M LAB REQUEST NO. U2723
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Observationsformortalityand clinicalsignsoftoxicitywillbe made daily The number ofliveyoung

produced by eachpairwillbe counted,recorded,and removed toa separatetestcompartment atthesame test

concentrationon a dailybasis.The young willbe exposed understaticconditionsfor96 hours. The dry

weightand lengthoffirst-generationmysids aliveattheend ofthetestwillbe determined.Data on'survival,

growth,andreproductionwillbe analyzedtodetmnine theeffectsofthetestsubstancem theseparameters.

MATERL4,LS AND MIETHODS

Test Substance

Informationon thecharacterizationof test,controlor referencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The SponsorisresponsibleforprovidingWildlifeIntemationaLLtcL

writtenverificationthatthetestsubstancehas been characterizedaccordingtoGLPs priortoitsuse inthe

study.IfwrittenverificationofGLP testsubstancecharacterizationisnotprovidedtoWildlifeIntemationaL

Ltd.,itwillbe notedintheempliance statemmt ofthefinalreport.The &Adwd form IDENTMCATION

OF TEST SUBSTANCE BY SPONSOR (Appendix I)istobe used toprovideinformationnecessaryfor

GLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceincludingtheretentionof

a reservesample ofthelotor batchofthetestsubstanceused inthisstudy.The Sponsor alsoagreesto

acceptany unused testsubstanceand/ortestsubstancecontainersremainingattheend of thestudy.

E=aration ofTestConcentrations

The testsubstancewillbe admini@ tothetestorganisminwater.Thisrouteof %,dtninitration

was selectedbecause itrepresentsthemost likelyrouteof exposuretoaquaticorganism .

TestOrganis

The nrysid,M)sidopsisbahia,willbe usedinthistest.Thisspeciesisrepresentativeof an important

group of organismsand was selectedforuse inthetestbased upon pastuse and ease of handlinginthe

laboratory.Mysids willbe obtainedfrom WildlifeW=ational, Ltd.cultures.AU mysidsused inthetest

willbe from thesame brood stock.

PROTOCOLNO.: 454/051399/MYS-LC/SUB454 3M LAB REQUEST NO. U2723
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Testswillbeinitiatedwithmysidslessdm 24-hoursoldouveniles).Cultureswillbe maintainedin

arecirculatingsaltwatersystemkeptatapproximately25*C. Saltwaterwillbe filteredthroughabiofilter

andUV sterilizedpriortoenteringtherecirculatingsystealAR mysidswUl beheldinthelaboratoryforat

least14 daysbeforejuvenilesarecollectedfortesting.Mysidswillnotbe subjectedtomore thana 30C

changeintemperatureora3 */,.changeinsalinityinany 12-hourperiodduringthe14 daysbeforetest

initiation.Mysidswillbefedlivebrineshrimpnauphi(Arteimasp.)ad libitumdaily.Brineshrimpwillbe

periodicallyenrichedwithALGAMAC-2000 (fattyadd supplement).Feed(br@ shrimp)providedtothe

niysidswillbe analyzedforPFOS. Excessfoodwillbe removedfromthetestchambersdaily.

Mysidswillbe handledasinfmquentlyaspossiblebutwhen handlingisnecessaryitwillbe done

gently,carefully,andqmckly A siphoncollectorsystemvnU be usedtocorectneonatemysidsdu=tly fi-om

broodtanks.Young mysidswillbe transferredusinglarge-borepipettes.

DilutionWater

Naturalseawatercoll=W atMan RiverInlet,Delawarewillbethesourceofthedilutionwaterused

inthecult= facilityandtestsystealThe seawaterwillbe filteredthroughasandfilterpriortoitsdehvery

toa37,800-Lholdingtank-Thesalinityoftheseawaterwillbe dilutedtoapproximately20 0/.(partsper

thousand)withWildlifeInternationalLtd.weuwaterintheholdingtank 'Me 200/.saltwaterwin beaerated

usingspraynozzlesandfiltered(0.45@m) priortoitsdeliverytothetestsystem.

Salinitywillbe measuredweeklytomonitortheconsistencyofthesaltwater.Means and rangesof

themeasuredparametersforthefour-weekperiodprecedingthetestwillbe providedinthefinalreporl

Analyseswillbe performedtodeterminetheconcentrationsofselectedorganicand inorganicconstituents

oftheseawaterandresultsoftheanalyseswillbe summarizedinthefinalreport.

TestApparatus

A continuous-flowdiluterwillbe usedtoprovideeachconcentrationofthetestsubstanceand a

negative(dilutionwater)control.A syringepump, peristalticpump, or a similardevicewillbe usedto

deliverthetestsubstancetomixingchamberswherethetestsubstancevaU bemixedwithdilutionwater The

flowofchlutionwaterintoeachmixingchamberwillbecontrolledusingmtameters.The rotwneterswillbe

calibratedpriortothetestandverifiedand/orcalibratedatleastonce aweek duringthetest.Aftermixing,

PROTOCOL NO.: 454/051399/MYS-LC/SUB454 3M LAB REQUEST NO. U2723
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testsolutionswillbe splittoeach replicatechamber. The proportionofwatersplittoeachrepheac willbe

chockedpriortothetest,atapproximatelyweekly thm=fter and attheend of thetesttomm thatthese

flow ratesvaryby no more than±10% ofthemean.

The Euter willbe adjustedso thateach testchamber receivesatleast5 volume additionsof test

solutionevery24 hours. Peristalticpumps willbe calibratedpriorto testinitiationand atapproximately

weekly mtervalsth=after and syringepumps willbe calibratedpriortotestuntiation.ne deliveryofthe

testsubstanceto thetestchambers willbegin atleast48 hourspriorto thetestin orderto establish

equilibriumconcentrationsofthetestsubsta=. The generaloperationofthediluterwillbe checkedvmwly

atleasttwo timesperday duringthetest.

Testchambers willbe 9-L glassaquariafilledwithapproxim@ 5 L oftestsolution.Each treaunent

and controlgroupwillhave fourreplicatetestchambers. Testchambers willbe impartiallypositionedinan

environmentalchamber designedtomaintaina tmnperatureof25 ± 2*C. Testchambers willbe labelledwith

theprojectnumber, testconcentrationand replicate.

Priortosexualmaturity,n3ysidswillbe heldinone compartment placedineachreplicatetestchamber

(15/comparftnent).The compartmmts consistofglassbeakerswithnylonmesh screw attachedtotwo holes

on oppositesidesof the beaker.AU attachmentsof thenylon mesh screenand glasswillbe made with

siliconeadhesive.

Aftermysids aaainsexualmaturity(usually10 to 14 days afterthebeginningofthetest),up to5

male and 5 female adultniysidswillbe pairedperreplicatetestchamber. Individualpairswillbe held in

reproductivecompartments (one pairper compartment)placedin each testchamber. The reproductive

compartments willbe glasspetd disheswithsidesofnylon mesh screenattachedwith siliconeadhesive.

Immature and additionalfemaleswillbe discarded.Additionalmale niysidswillbe mmntamed ina separate

testcompartment ofeachreplicatetestchamber. Additionalmales willbe usedtoreplacedeadmales inthe

same replicateduringtheexposure.The testwillnotbe terminatedbefore7 days pastthemedian fi= of

firstbrood releaseinthecontrol(s).The testwiU continueforatleast29 daysand may be extendedlonger

attherequestoftheSponsor.

PROTOCOL NO.: 454/051399/MYS-LC/SUB454 3M LAB REQUEST NO. U2723
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EnvironmentalConditions

Ambient room lightwillbe usedtoilluminatethetestsystems.Fluorescentlighttubes(ColortonelD

50 orequivalent)thatemitwavelengthssimilartonaturalsunlightwillbe controlledby an automatictimer

toprovidea photoperiodof 16hoursoflightand 8 hoursofdarkness.A 15-to30-minutetransitionperiod

willbe providedwhen lightsgo on and offtoavoidsudden changes inlightintensity.Light intensityWill

be measured attestinitiationand atweekly intervalsth=after with a SPER ScientificLtd.lightmeter or

equivalent

The targettesttemperaturewillbe 25 :E2*C. Temperaturewillbe monitored and recorded

continuouslyina negativecontrolusinga FulscopcER/C Recorder(1900 J SeriesModel A) orequivalent

duringtheentiretest Recordermeasurements win be verifiedwitha liquid-in-glassthermometer priorto

testinitiationand atleastweekly thereafter.Temperaturewillalsobe measured ineachtestchamber atthe

beginningand end ofthetestand atweeklyintervalsduringthetestusinga liquid-in-glassthermometer.

Dissolvedoxygen and pH willbe measured atthebeginningand theend of thetestand atweekly

intervalsduringthetestinalternatingreplicatetestchambers of each treatinmtlevel.,In the eventthat

dissolvedoxygen levelsfallbelow 60*/osaturation,appropriateactionswillbe takenift consultationwith

theSponsor. Salinitywillbe measured daily.inalternatingreplicatesofthenegativecontroltreatinmtand

thehighestPF.OS treatmentgroup.IfI001/omortalityoccursinany treatmentthendissolvedoxygen,pH and

temperaturemeasurements willbe made atthattime and then discontinued.Dissolvedoxygen willbe

measured usinga Yellow SpringsInstrumentModel 51B dissolvedoxygen meter or equivalent,water pH

willbe measured usinga FisherAccumet Model 915 pH meterorcquivalm@ and salinitywillbe measured

usinga refractometerorequivalentinstrument.

BiologicalMeasurements

Observationsof=rtahty and clinicalsignsoftoxicityinfn-st-gcnerationmysids willbe made daily.

The criteriafordeathincludelackof movement, absenceof respiratorymovements, and lackofreactionto

gentleproddmg Liveyoung producedineachcompartment willbe counted,recorded,and removed daily.

Live young willbe exposedtothesame concentrationof thetestsubstanceunder statictestconditionsfor

approximately96 hours.At theend ofthetest,thedryweightand totalbody lengthofeach first-gmm-ation
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mysid willbe determined.Observationsofabnormal developmentand abamt behaviorwillbe made for

first-andseemd-generationmysids throughoutthetest.

S=hng forknwyficalMeasurements

Water sampleswillbe rorectedfrom two replicatetestchambers of both thelow and high level

concentrationspriortoexposure.Water samples alsowillbe coucaed from two alternatingreplicatetest

chambers ofeachftatmentgroup and thecontrolatthebegmning ofthetes%atweekly intervalsduringthe

test,and attheend of thetesttodetermineconcentrationsofthetestsubstance.In theeventthat1000/o

mortalityoccursm any treatincn@thensamplmg ofthattreatmentwilltmmmate fouowmg thenext smnplmg

interval.Samples willbe collectedatmid-depthfrom each testchamber,and analyzedimmediately.The

sample scheme isqlmmaiized below:

PROPOSED NUUBMS OF VFRMCANON SAIVH"IM

ExperimentalGroup Pmtm? Day 0 Day 7 Day 14 Day 21 Day 28 End

Control - 2 2 2 2 2 2

LevelI-LowConcentration 2@ 2 2 2 2 2 2

Level2 - 2 2 2 2 .2 2

Level3 2 2 2 2 2 2

Level4 2 2 2 2 2 2

Level5 - 2 2 2 2 2 2

Level6-lEghConcentration 2 2 2 2 2 2 2

Totals 4 14 14 14 14 14 14

Tre-testsamplesvAD becollectedafterconditioningofthediluter.More dw one pro-testsamplinginterval
may berequired,dependingupon theSponwes needs,and additionalsamplingand resultswillbedocumented
intheraw dataandincludedinthefinalreport
bone samplefromtheA andB replicatetestchambers.

TotalNumber ofVerificationSamples- 88

The above numbers of samples representthosecollectedfrom thetestand do not includequality

control(QC) samples such asmatrixblanksand fortifirationspreparedand analyzedduringtheanalytical

chemistryphase ofthestudy.At thediscretionof theStudyDirector,Water samplesalsowillbe collected

from atleastone appropriatechamber whenever amalfunctionisdetectedinany partof thetestsubstance

deliverysystem.
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AngyficalMeasurements

Chemicalanalysisofthe sampleswillbe performedby WildlifehternationalLtd. The analytical

method used willbe based upon methodology providedby the Sponsor and identifiedin Appendix U.

Modificationsmade totheanalyticalmethod willbe documented intheraw dataand describedinthefinal

report

Data AnalyEes

Data tobe analyzedmclude thesurvivaloffirst-generationn3ysids,themunber ofyoung releasedper

reproductiveday,thedry weightand lengthof each first-generationmysid aliveattheend of thetest.if

deemed necessary,clinicalsignsof toxicityin the adultn3ysidsmay alsobe analyzedstatistically.

Concentration-responsecurveswillbe fittedtotheadultsurvival,reproductionand growth data.

To evaluatewhether ornot survivalisaffectedby thetreat:Lnents,2 X 2 contingencytablesand the

chi-squaretestwillbe used on survivaldata(i.e.,numbers of aliveand dead mysids). Analyses of

reproduction(number ofyoung producedper survivingadult)and growth(weightand length)datawillbe

evaluatedfornormalityand homogeneity ofvariances.Ifthedataaredeemed normal with homogeneous

variances,hypothesistestingusinganalysisofvariance(ANOVA) andmultiplemeans tests(e.g.,Dunnett's,

Bonferroni,Scheffe)willbe used. Ifthedatafml the testfornormalityor homogeneity,then data

transformationswillbe triedinan attempttocorrecttheconchtiorlWhen thedatatransformationsfml to

correctfornon-normalityorheterogeneityofvariances,nonparametricprocedureswillbe used to identify

statisticallysignificantchfferencesamong theexperimentalgroups.

The statisticalanalysesofsumval growthand reproductiondatawillaidbitmay notbe exclusively

used in thedeterminationof theno observedeffectconcentration(NOEC) and lowestobservedeffect

c.cmccntration(LOEC). The maxixnum acceptabletoxicantconcentration(MATC) willbe calculatedasthe

geometricmean of the NOEC and LOEC. AU statisticalevaluationswillbe done usingcommerciai,iv

availablecomputer softwareprograms suchas TOXSTAT (3)OR SPSS/PC+ (4).

RECORDS TO BE MAINTAINED

Recordstobe maintainedfordatageneratedby WildlifeInternational,Ltd.willinclude,but not be

limitedto:
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1. A copyofthesignedprotocol.

2. Identificationand characterizationofthetestsubstance,ifprovidedby theSponsor.

3. Datesofinitiationandterminationofthetest

4. Historyofthetesto@rg 'nL

5. Testorganismweightand lengthmeasurementsattheendofthetest.

6. Stocksolutioncalculationandprcpuation.

7. Dailyobservations.

S. Water chemistryresults(e.g.,salinityandpH).

9. Ifapplicable,themethodsusedtoanalyzetestsubstanceconcentrationsandtheresultsofanalytical

10. Statisticalcalculations.

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

12. Calculationandpreparationoftestconcentrations.

13. Copy offinalreport.

FINAL REPORT

A finalreportoftheresultsofthestudywillbepreparedby WildlifeInternational,Ltd.The report

willinclude,butnotbe limitedtothefollowing,when appropriate:

1. Name andaddressofthefacilityperformingthesb*.

2.. Datesupon whichthestudywas initiatedand completed.ItistheresponsibilityoftheSponsorto

providethefinaldatethatdataarerecordedforchemistrypathologyand/orsupportingevaluations

thatmay be generatedatotherla@oratories.

3. A statementof compliancesignedby the StudyDirectoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectivesandproceduresasstatedintheapprovedprotocolincludinganychangesintheoriginal

protocol.
5. The teasubstanceidentification,includingname,chemicalabstractnumberorcodenumber,strength,

purity,composition,andothercharacteristicsprovidedby theSponsor

6. Stabilityandsolubilityofthetestsubstanceundertheconditionsofadministration,ifprovidedby dw

Sponsor.

7. A descriptionofthemethodsusedtoconductthetest.

8. A descriptionofthetestorganisms,includingthesourceofthetestorganimm,scientificna ,age,

lifestage,means andrangesofweightsandlengths,observeddiseases,treatments,holdingproce-

dures,and fwdingregime.
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9. A descriptionofthepreparationofthetestsolutions,themethodsusedtoallocateorganismstotest

chambersandbegn thetest,thenumber oforganismsand chambersperbut3nent,andtheduration

ofthetest

10. A descriptionofcircumstancesthatmay haveaffectedthequalityorintegrityofthedata.

11. The name oftheSh* Directorandthenames ofotherscientists,professionals,and supervisory

personnelinvolvedinthestudy.

12. A descriptionofthetransformations,calculations,and operationsperformedon thedata,a summary

and analysisofthebi6fogicaldataand analyticalchemistrydata,and a statementoftheconclusions

drawn fromtheanalyses.

13. Statisticalmethodsusedtoevaluatethedata.
14. The signedanddatedreportsofeachoftheindrvidualscientistsorotherprofessionalsinvolvedinthe

15. The locationwhereraw dataandfirwreportaretobe stored.

16. A "cmmt preparedby theQualityAssuranceUnithstingthedatesthatstudymspmdons and audits

weremade andthedatesofanyfindingsreportedtotheStudyDirectorand Management.

17. Ifitisnecessarytomake correctionsoradditionstoa finalreportafterithas beenaccepted,such

changeswillbemade intheformofan amendment issuedby theStudyDirector.The amendment'will

clearlyidentifythepartofthefinalreportthatisbeingamended and theremons forthealteration.

Amendments willbesipo anddatedby theStudyDirector.

CHANGING OF PROTOCOL

Plannedchangestotheprotocolwillbe intheform ofwrittenamendments signedby theSh*

DirectorandtheSponsoesRepresentative.Amendments willbe consideredaspartoftheprotocolandwill

beattachedtothefinalprotocol.-Any otherchangeswillbe intheform ofwrittendeviationssignedby the

SU* Directorandfiledwiththerawdata.AR changestotheprotocolwillbe indicatedinthefinalreport.

GOOD LABORATORY PRACNCES

This sbidywillbe conducted in accordance with Good Laboratory Practice Standards forEPA (40

CFR Part160and/orPart792);OECD PrinciplesofGood LaboratoryPractice(ENV/MC/CHEM (98)17)-2

and Japan MAFF (59 NohSan, NofificationNo. 3850, AgriculturalProductionBureau). Each study

conductedby WildlifeInternational,Ltd.isroutinelyexamined by theWildlifeInternational,Ltd.Quality

Assurance Umt forcompliancewith Good LaboratoryPractices,StandardOperatingProceduresand the
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specifiedprotocol.A statementofcompliancewithGood LaboratoryPTacticeswillbe preparedforall

portionsof thestudyconductedby WildlifeInternational,Ltd. The Sponsorwillbe responsiblefor

compliancewith Good LaboratoryPracticesforproceduresperformedby otherlaboratories(e.g.,residue

analysesorpathology).Raw dataforallwork performedatWildlifeIntmmational,LtdLand a COPY ofthe

finalreportwillbe filedby projectnumber inarchiveslocatedon theWildlffclnt=ational,Ltd.site,or at

an alternativelocationtobe specifiedinthefinalreport
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APPENDIXI

U)ENMCATION OF TEST SUBSTANCE BY SPONSOR

TobeCcmplftdbySpm"

1. TestSubstanceIdcntity(name tobe usedinthereport):PFOS(Perfluamod=eSulfonicAcid'PotassiumS

ReferenceStandard(ifapplicable):AnalyticalStandard: N/A

InternalStandard. l.l2.2HJiJ-LHPafluor*octaneSulfonicAcid

Test SubstanceSample Code or Batch Number Lot 217

Test SubstancePurity(0/oActiveIngredient): 99.9 ExpirationDate: 2008

U. TestSubstm= r%jvrictmizafic-m

Have de idcnd and ad3erdmadmisfm
Znootao'npm'mT= sU=M been

kaxrtoitsuseinthisstudyinwcwimw withGLP Stmxlw&? Yes x No

U TestSubstonm SWrap Cm&Wm

Pkm hxkatethercoommendedstorapomditionsatWM& btm@ Ili

Ambient

Has fik-stabiuyofiheteambslmm undertbewstoirwcmfidcw
bom ddmm3inEd inaooomlmcr,widiGLP Stmdm-ds? Yes x No

Odxr pmfinel3tstabilityin@cn:

IV. TestConcenh-d&m: Adjusttatcmm&afim to1000/o&L
x basedupondz purty(I/*)gmm abom

Do notadjusttatamomtrafimtd 1000/0
&L Test the n-t-ial AS LS.

V. TwiciLy information:

NlmmmH=- RatLD50 251 mg&g -Mouse LD50 N/A

AWWV. kmrwn-,ftTodcity(F=O) FL@hTwdcky aOO)

Pa@ghniamagna: 27 ma Rainbow Trout: 11 mgLL

Dapimia magna: 50 m2/L Fadiod hfimow: 38 mg/L

Odxr TomeityInfamubm Cmdidmg fMm ofdr= andmkbrcm ft*

Please see MSDS
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APPENDIX]I

AnalyticalMethod Providedby Sponsor

Samples willbe ana4-zedbased upon proceduresprovidedby theSponsor inthefolkmw analytical
methods:

1. LiquidChromaU)gWby Mass Spectrometry(LCMS) Method forthe Detmmination of
PcrfluorooctamSulfonicAcid Potassium Salt(PFOS) la-Freshwater,Saltwaterand Algal
Medimn

A copy of theabove method wiU be maintainedintheraw data.The wtad mefliodologyused to
analyzethetestsampleswillbe documented intheraw dataand summmizod infficfinalreport.
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