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INTRODUCRIO

Wd"e Inter@omd,IAd.willconductafive-daytoncitytestvaththefreshwaterdiatnai,Navicula

pelliculosa,fortheSponsorattheWildlifebtanationalLtd.aquatictoxicologyfacilityinEaston,

MarylancLThestudywillbeperformedbasedonproceduresintheU.S.EnvironmentalProtectionAgency

Series850 -EcologicalEffectsTestGuidelinesOPPTS Number 850.5400(1).Raw dataforallwork

performedatWildlifeInt=wowLL Ltd.anda copyoffficfinalreportwillbe filedby projectnumber 'm

archiveslocatedontheW"jldlffchite=tiomd@IA& site,oratanalternativelocationtobespecifiedinthefinal

reporl

PURPOSE

The purposeofthissui4 istodeterminethetoxicityofPeffluorooctaneSulfonicAcid,Potassiun

Salt(hereafterrefaredtoasPFOS) tothefreshwaterdiatom,Nawcula pelliculosa.

EX]PERE%4ENTAL DESIGN

The fi-eshwaterdiatom@Natdculapelliculosa,willbe exposedto a geometricseriesof sixtest

concentrafionsandanegative(cultureme&um) controlfor96 hours.Targetconcentrationswillnotckbeed

100mg/L orthesolubilitylimitofthetestsubstanceinwater.GenemUy, thenomitfalconcmtrationofeach

testsubstanceusedinthedefinitivetestwillbe atleast50% ofthenexthighcrtreatment,unlessinfmmfion

cmcm=g theconcentration-effectcurvemdwates thata chffcrcntcWutLonfactorwouldbe mom appropnate.

Testsolutionswglbekowlatodwith10,000celWmL Three'biological"rcphcatesperapaime"

groupwillbepreparedforevaluatingcelldensities.One ormore additional'analyficarreplicateswillbe

mc4udad inthewst,as needed,to providetestsolutionforconcentrationverificationon Day 3 of the".

OPOIS=. An abioticreplicateatthehighestconcentrationwillbe includedinthetestandwillbe sampled.'

on Day 3 andDay 4. Inordertocontrolbias,thepositionoftheHa&s wiU be&tm@M byMobhM

draw"ly dunng theexposurepenocl No otherpotenualsourcesofbiasareexpectedtoaffecttheresults

ofthesbi4.

The responseofthealgaewillbe measuredintermsofceUdensity,biomassexpressedasam under

thegrowthcurve,andgrowthrate.An EC50 (i.e.,thetheoreticaltestconcentrationthatproducesa 5001*

reductioninthemeasuredparameter)valueforcelldensitywillbe calculatedforeach24 hourinterval

ECIO,EC50 andEC90 valuesforcelldensity,biomass(EbC)andgrowthrate(FC) willbeczlculated,if

PROTOCOL NO.: 4541091799/NAV96/SUB454 3M LAB REQUEST NO. U2723
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possible,atthe72 and 96 hour intervals.The no observed adverseeffectconcmitration(NOAEC), which

isffielu&cst W concwtrafion&at inducesno a&cm inhlitorycffccton growth,willbe determmed

relativeto eachparameterat72 and 96 hours based upon evaluationof thestatisticalresultsand thedosc-

responsepatterm At theend ofthe96-hourexposure,al&6taticeffbcftwillbe &ff=ntia todfrom algicidal

effectsinthosetreatmentswluch = maximally inhibited.

MATERIAM AND METHODS

Test Sub

Informationon the of U%% controlor referencesubstmm isrequu-odby Good

LaboratoryPracticeStandards(GLP). no Sponsorn responsibleforprovidingWddffz IntemationaLIA&

writtenverificationthatthetestsubstancehas be= chwacknzed accordingtoGLPs priortoitsuse inthe

Sh*. IfwrittenverificationofGLP testsubstm= isnotprovidedtoVtrddhfelnwmabona

Ltd.,itwillbe notedimthecompliancestatementof theEmalreport The wadrd form IDFNMCAIION

OF TEST SUBSTANCE BY SPONSOR (Appendix I)istobe used toprovideinformation:nemsmy for

GLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreestoacceptany

unused testsubstanceand/ortestsubstancecontainersremaining attheend ofthest@dy.

TestSolutionE=aration

The desiredconcentrationsofPFOS willbe obtainedby prepwing a singlestocksolutioninmedimn

and dilutingtheappropnatevolume ofstocksolutionvathme&unl lU testsolutionsmay alsobe prepared

usingsecondarydilutionsoftheprimary stock,based UPM dw concentrationdeswe&

ThetestsubftcewiUbeadminis@ tDdm testorgmisminalgalnzdium Ms routeof

adm4n;strationwas selectedb=use itrepresentsthe most likelymute of exposuretoalgae,which exist

suspended ina watercolium

Test Organism

The testspecieswillbe thefreshwaterdiatorai,Naviculapelliculosa.This speciesisreprescritative

of an importantgroup ofalgaeand was selectedforuse inthetestbased upon pastuseand caseofhandling

inthelaboratory.Stockcultures,obtainedfrom theCultureCollectionofAlgae attheUniversityof Texas
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atAustinoranothersupplier,willbemaintainedinculturemedium atWildUe Int@onaL Ltd.fora

oftwo weekspriortouseinatoxicitytest.Diatomsusedintodciiytestswillbe inacponential

growthphase,wtuchisdefinedastheperiodofgrowthwhen algalceusarechvidingata constantrate.

justpnortobeginningdw tes@aninoruh= ofthestockculturewillbe preparedsothateachmdhhux

Ofinomd= containsenoughocustoprovideanmdid celldensityofapprom=tely 10,000mUshnL ineach

replicate.

Culture
Culturemedimn preparedaccordingtoWildlifeInternational,Ltd.StandardOperatingProcedures

willbeusedasdilutionwater.The concentrationsofthecomponentsinUr medium arepresentedinTable

1 (2).Stocknutrientsolutionswillbe preparedby addingreagent-gradeorbetterchemicalstoWildlife

intemationalLtd.wen waterpurifiedby reverse-osmosis.Appropriatevolmnesof fficstocknutnent

solutionswillthenbe dilutedwithpurifiedweuwater topreparethemedium- The medium will& filter

stmifized
ormed atleastonce annuallyto(0.22@m) ormwdaved priortouse.Analyseswillbe perf

determinetheconcenfimuonsofselectedorganicandinorganicconsiatuentsofthewellwaterand =Wts of

themostrecentGLP compliantanalym willbe summulzed inthefinalreporl

Spedficationsforacceptablelevelsofcontaminantshavenotbom establishedforculturemediuni.

However,thereareno levelsofcontaninantsreasonablyexpectedtobe presentinthemo&um thatare

consideredtokterf= withft purposeorconductofthestudy.

TestAMaratus
Testchamberswillbesterile,,250-mL polycarbonateErlenmcYcrflaskspluggedvnthfoam stoppers

andconummg ioomL oftestsoiuttorlThe testchamberswillbe indisaiminatelyposidonedon a

mechanicalshakertableinanenvironmentalchamberandwillbe shakencontinuouslyatapproxim@y 100

rpal Testchamberswillbelabelledwithft projectnumber,testconcentrationapa_rep tre..

EnvironmentalConditions

Testflaskswillbe-heldat24:L.20C undercontinuousC601-wtuteflwrm=t hghtingatanintensity

of4300:h10% IwL Lightintensitywillbe measuredat"fivelocatlonssurroundingthetestflaskson Day 0
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ofthetest Temperaturewillbe measured twicedailyina =teih= ofwater acenttothetestflaslcsinthe

mviro=ental chamberusinga cahbrat4 hand heldm=ury thermometer.

The pH ofeach tutment and controlgroup willbe measured attestinitiationand terminatingusing

a FisherAocumet Model 915 PH meteror equivalentSamples forpH measurement attestinitiationwillbe

collectedfrom themchvidualbaum of testsohitim preparedforeachumunmt and controlgroup. At test

termmaton, pH vaU be measuredm pooledsamplesof testsolutioncollectedfrom eachofthe6= replicates

of eachrespectiveuratmcnt and controlgroup.

BklggicalMeasurements

Celldensitieswillbe monitoredduringdw testby conductingcellcountsusinga hcmacytometerand

a microscope. One sample willbe collectedfrom each replicateof the treatmentand controlgroups at

approximate24-hourintervalsduringtheexposure period.The samples willbe evaluatedimmediatelyor

willbe heldinthedark atapproximately40C untilcellcountscanbe performed.Each sample willbe diluted

usingan electrolytesolution(Isotoa4D),as needed,tomaintaincountingaccuracy.A smallamount ofeach

sample willbe loadedontoa hcmacytometcr and thetotaln=ber ofccus in10 gdds willbe counted.The

celldensityof thesample willbe calculatedbased on themean number of cellsper grid-

Microscopicexaminationof alpe willbe made toassesschanges ingrossmorphology. Algae will

be observedto
.
assesschangesincellshape,cdl color,andaggregation(clunping)ofthecells.Observations

willbe used todeterminewhed= u=t3n=t-relatedeffectsincludethosechanges ingrossmorphology.

Simp-hLngforAngly-fic-alMmswmcat--s
Samples ofthecqmm solubm vaU be conectedon Days 0,3 and 4 and =4-md fortestsubstance

Day 0s=pleswiUbetim fimea&batchoftatsolufionpfiortothdr&tnb.udonmnong
thereplicatetestchambers. Day 3 samples willbe collectedfrom theextrareplicatetestch=ber(s) included

inthetesttoprovidesample forthatanalysisand fi-omfficabioticreplicates.Ifmore dm one irip.licateis

includedforft Day 3 smnple aaabrsis,d= thesobitionsfi-omeachrepheatewiU be compositedtoprovi&

thesample forthattmtment. Day 4 samples willbe compositedsolutionsfrom thethreereplicates

remainingattheend ofthetest
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A = ((NI-NXXtl)+((Ni+Nr2N@)/2)(t2-ti)+.-.4@(Nt+N.-2NX)(U-ti-i)

Where:

A = Area underthegrowth curve
N, = Measured number ofcelLs/mLatt,
N, =Mwsured number ofwWmL atti
N2 =Mwsmrd nmnber ofcelldml at t2

N. =Measured nmnber of ceUshnL atit@
t,= Time offimtmeasurement afterbcghmiag oftest(boum)

t2 = Th= c@f'dwmd mcasw=cnt aft bc&ning oftest(hours)
t@= Time ofnthmeasurement afterbegkming of test(hours)

Growth rates(p)willbe calculatedforthetmtmcnt zmd controlgroupsusingthe,followingformuLL

InN,-InNo

u - to

12 Averap specificgrowthrate
N. = Measured number ofceWmL atU

N. = Measured number ofcclls/mLatt@
to= Time ofbeginningoftest(hours)
t@= Tin2cofnthmeasurement afterbcpming of test(hours)

Percentinhibitionwillbe calmaatodforeachtwuncat groupbased upon mean celldensity,biomass

and growth rateusingthefollowingformula:

Mean Control- Mean Treatment
PercentInlu-bition &RMM x 100

Mean ControlResponse

EC valueswiU be &ftrmined, when possible,usinglinearintmWIation orothersuitablewchniques

with treatmentresponse(Le.celldensities,biomass and growth rate)and exposm-c concentrationdatafor

each 24-hour intervalof thetesl

A no observedadmw effectconcentration(NOAEC) willbe selectedbased on.anevaluationofthe

dose-responsepatternand theresultsofthestatisticalanalysisusingindividualreplicatevaluesofthecell

density,biomass andgrowthrate.StafisticaUysignif@ differcnm bdwom thecontroland dw U=tncnt

groupswillbe identifiedusinganalysisof variance(ANOVA) and a testto compare treatmentmen

PROTOCOL NO.: 454/091799/NAV96/SUB454 3M LAB REQUEST NO..U2723
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responsestothecontrolresponse(e.g.,DunnetestestorBonferroni'st-test).Datawillbe assessedfor

normalityandhomogeneityofvarianm prortoperformingtheANOVA. Transformationswillbeused.to

correctanyconditionofnon-mrmalityorunequalerrorvariances,ifpossible.Ifa solventcontrolisused

inadditiontothenegativecontroltheirresponseswillbecomparedusingSWdenes t-testData fromthe

twocontrolgroupswillbepooledforbuftnentlevelanalysesifno statisticaldifferencesexistOthawise,

allcomparisonswinbemade tothesolventcontrolgroup.S=sticalcompmu= fordc ANOVA andthe,

comparisonofmean responseswillbecarriedoutusingTOXSTAI* V3.5 software(4)orequivalent

RECORDS TO BE MAINTAINED

Recordstobe maintainedfordatageneratedatW"ddlifeIntmnatLonaLLtd.vaR include,butnotbe

limitedto:

I. Copy ofsignedprotocol

2. ldcnfificationand chmwtmizationofthetestsubstance,ifprovidedby Sponsor.

3. Datesofinitiationandterminationofthetesl

4. Sourceof algae.

5. Cultureconditions.

6. Growth measurements.

7. Calculationandpreparationoftestconcmbldons.

8. Observations.

9. Ifapplicable,themcffiodsusedtoana@ymtestsubstanceconcentrationsandtheresultsofanalytical

measurements.

10. Sufisticalcalculations.

11. Testconditionsandphysical/chemicalmommm=ts.

12. Copy offinalreporl

FINAL REPORT

A finalreportofd2C results ofthesb* willbepreparedbyWildlifekWrnationaLLtcLThereport

willinclude,butnotbe limitedtothefollowin&when applicable:

I. Name andaddressofthefacilityperformingthesh*.

PROTOCOL NO.: 454/091799/NAV96/SU]3454 3M LAB REQUEST NO. U2723.
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2. Dates on which dc su* was initiatedand completed. Itis fficresponsibilityof the Sponsor to

providethefinaldatethatdatauc recordedforchemistrypathologyand/orsupportingevaluations

thatmay be generatedatotherlaboratories.

3. A statement'ofcompliancesignedby the Stx* Directoraddressingany o=ptiont -to Good

LaboratoryPracticeStandards.

4. Objectivesand proceduresstatedin theapproved protocolkchuhng any changes in the original

protocol

5. Ile testsubstanceidenfifiedby name chemicalabsbid munber orco& number, strength,puity,

composition,and otherchuacteristcsprovidedby theSponsor

6. Stabilityand solubilityofthetestsubstancesunder theconditionsof on,ifprovidedby

theSponsor.

7. A descriptionofthemethods used toconductthetesl

8. A descriptionofthetestsysten3,=Iudmg thesourceofthetestorganisms and theirscientlficname

9. A descriptionof thepreparationofthetestsolutions,methods used toallocateorganisms tothetest

chambers and beginthetes@numbers oforganisms and chambers pertreatment,and durationofthe

test

10. A descriptionof circumstancesthatmay have affectedthequalityorinteg* ofthedata.

11. The name of theSb* Directorand the names of otherscientists,professionals,and supervisory

personnelinvolvedinthesh*.

12. A descriptionof ffictransformations,calculations,oroperationsperformed on thedata,a smmmy

and analysisofthebiologicaldataand analyticalchemistrydata,and a statementoftheconclusions

drawn from these analy=.

13. Su&dcal methods employed foranabzing thedata.

14. The signed and dated reportsof each of the individualscientistsor ofl= professionalsinvolved in dw

study.

15. The locationwhere raw data and finalreportaretobe store&

16. A AaWment Prepared by tbcQuality Assurance Unit hsbng theddm thatStudY MSPMUWS and audits

were made and thedatesof any findingsreportedtotheStudy Directorand Management

17. ffitisnecessarytomake correctionsor additionsto a finalreportafterithas been accepted,such

changes shallbe made intheform of an amendment issuedby theSbxly Director.The amendment

PROTOCOL NO.: 454/091799/NAV96/SUB454 3M LAB REQUEST NO. U2723
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shallclearlyidentifythepartof thefinalreportthatisbeingamended and thereasonsforthe

alteration.Amendments shallbesignedanddatedby theSbidyDirector

CHANGING OF PROTOCOL

Plannedchangestotheprotocolwillbe intheformofwrittenamendmentssignedby theSh*

Directoranddw SponsoesRqmmtafive. Amendments willbeconsideredaspartoftheprotooolandwill

be attachedtothefinalprotocolAny otherchangeswillbe intheformofwrittendeviationssignedby the

Sb* Directorandfiledwiththeraw data.AJIchangestodw protocolwillbe hidicatedinthefinalrepc)it

GOOD LABORATORY PRACRICES

Thissb* willbe conductedinaccordancewithGood LaboratoryPracticeStandardsforEPA (40

CFR Pan 160and/orPart792);OECD PrinciplesofGood LaboratoryPractice02qV/MC/CHEM (98)17);.

and JapanMAFF (59 NohSan,NotificationNo. 3850,AgriculturalProductionBureau).Eachsu*

conductedby WildlifeEat=ahonaL LtcLisroutmelyexaminedby theWddhfe figmuationd,LTCLQuality

AssuranceUnitforcompliancewithGood LaboratoryPractices,StandardOperatingProceduresand the

specifiedprotocol.A statementofcompliancewithGood LaboratoryPracticeswillbe preparedforall

portionsofthesh* conductedby W-ddhfeInW=tionaL Ltd. The Sponsorwillbe responsiblefor

compliancewithGood LaboratoryPracticesforproceduresPerformedby otherlaboratories(e.g.,residue-

analysesorpathology).Raw dataforallwork performedatWildlifeInt=ationaLLtd anda copyofdo

finalreportwillbe filedby projectnumberinmrbves ImaW on theWildlifeIntcmtionaLIA& site,orat

an altm-nativelocationtobespecifiedinthefinalreport.

PROTOCOL NO.: 454/091799/NAV96/SUB454 3M LAB REQUEST NO. U2723
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TABLE I

RZESHWANR ALGAL MMIUM WrrH SIUCA CONSTrrUEM

Component Nominal Concentration

MgCI2-6H20 12.16 mg/L

CaCl:e2H20 4.40 mg/L

H3B% 0.1856 mg/L

I&CI2-4H20 0.416 mg/L

ZUC12 3.28 -@gIL

Fea3-6H20 0.1598 mg/L

COC12-6H20 1.428.gIL
Na2MoOe2H20 7.26 g(L

CuCI2-2H20 0.012 g/L

Na2EDTA-2H20 0.300 mg(L

NaNO3 25.50 mg/L

MgSOe7H20 14.70 h*/L

K2BPO4 1.044 mg/L

NaHCO3 15.00 mgtl

Na2SiO3-9H20 20.0 mg/L

Na2SeO3-5H20 0.010 ME&

The pH ofthemedium willbe adjusted,asne=sary, to7.5 0.1 us@ng 0.1

N NAOH or 10*/oHCL

PROTOCOL NO.: 4541091799/NAV96/SUB454 3M LAB REQUEST NO. U2723
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APPENDDCI

iDE=cAnoN OF TEST SUBSTANCE PY SPONSOR

Tobe Compkbdby Spa=

I. TestSubstanceidentity(name tobe used inthereport):PFOS (PcrfluamoctaneSulfonicAcid PotassimnSalt

ReferenceStandard(ifapplicable):AnalyttealStandud. -N/A

latmw Standard- 1.l2-2HJiRH PerflaomoctaneSulfonicAci

Test SubstanceSample Code orBatch Number-. Lot 217

TestSubstancePm* ('/oActiveIngredient): 98.9 ExpirationDate:. 2008

R TestSubstm=

HavegrOcofty.,@saYZ e Icomposifimorodw dimicomistics
NdikhappWa

tmt
andrcfmt= swadardbem

dd=3ffi8dfrkrtoksim indisswdy inaoo=Lmm vvithGLP Sbndards? ----@yes x No

IEL TestSdxta= StorapCaiM=

Pkmindi de =omm=L-d staw coodw= atWWM bkmWiaW W

Ambient

HasThestabkyofdc tatmbstmw uoder&= staw =dticw
bernddeanit)idinaccordmxewidiGIY Staodards7 Yes x No

odwmfinatswmuyinf@on

IV. TestC4nceoftafi=: Adjusttug cmcwbzdon tc)1000/o&L
x basedWm de purity('/o)giN= abovr-

Do nc)tadjust= conomhzfim to1000/o
-&L TestthematerialALI-S.

V. Twi&y kbmafim-

NiammaUam- RatLD50 251 mg&g -MouseLD50 N/A

Aquatic: kvawxzw TodcityW-A.C50) FishTodcity(LOO)

DaMhm@a mama: 27 mpJL Rainbow Trout:I mg)L

DaRhm L FatheadMinnow: 38 mpJL@a magna: 50 mgL

otbr.rTmcdy kfamatam (m&xbqg fimm ofchmm andmbcbmm tcsts):

PleaseseeM5DS

PROTOCOL NO.: 454/091799/NAV96/SU]3454 3M LAB REQUEST NO. U2723
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APPENDIX ]I

AnalyticalMethod Providedby Sponsor

Samples willbe'analy7M basedupon proceduresprovidedby theSponsor inthefollowinganalytical
mediods: -

I. Liqmd Chromatogwby Mass Spmtromtry (LCMS) Method -fortheDeterminationof
PerfluomoculiqSulfonicAcid PoUssium Salt,(PFOS)InFreshwater@Saltwaterand AW
Mc&mn

A copy of theabovemethod willbe maintainedin theraw data. The actualmethodology used to
ana@y= thetestsampleswillbe docwnented intheraw dataand n=mafized inthefinalreport

PROTOCOL NO.: 454/091799/NAV96/SUB454 3M LAB REQUEST NO. U2723
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AMENDMIENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR TO)UCITY TEST WITH THE FRESHWATER DIATOM
(NaWculapelliculosa)

PROTOCOL NO: 454/091799/NAV96/SLM454 AMYNDMEENT NO.: 1

SPONSOR: 3M Corporation PROJECrNO.:'454A-112

EFFECTIVE DATE: Febniw 23,2000 3M LAB REQUEST NO.: U2723

AMEENDMENT: Page 2

Add. ExperimentalStartDate: February25,2000
ExperimentalTerminationDate: February29,2000
TestConcentrations:NegativeControL70.0,92.5,125,167,225,300 and395 mg a.i./L
TestSubstanceNo.: 4675

REASON: The above informationwas notknown when theprotocolwas signedby theStudyDirector.

AMEENDMIENT: ExRerimentalDesi Page3

Change: Targetconcentrationswin notexceed100 mg/L orthesolubilitylimitofthetestsubstanceinwater.

To: Targetconcentrationswillnotexceed1000 mg/L orthesolubilitylimitoft@itestsubstanceinwater.

REASON: Nominal testconcentrationsexceed 100 mg/L.
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR TO)UCITY TEST WITH THE FRESHWATER DIATOM
(NaWculapelliculosa)

PROTOCOL NO: 454/091799/NAV96/SUB454 AMENDMENT NO.: 2

SPONSOR: 3M Corporation PROJECR NO.: 454A- 112

EFTECRIVEDATE: Februarv2g,2000 3M LAB REOUEST NO.: U2723

AMENDMENT: Biological-MeasurementsPage 6

Add: At theendofthetestal&taticeffects,which resultinfficinhibitionofcellgrowth,willbe diffenmfiated
fromalgicidaleffects,which resultinthedeathofceus.Aliquots(0.5mL) oftestsolutionwillbetaken
from eachreplicateofthosetreatmentgroupswhere growthismaximallyinhibited.Maximallyinhibited
treatmentsarethoseinwhich itcannotbe visuallydeterminediflivealgalcellsuc present(e.g.,absence
ofcolortothetestsolution).These aliquotswillbepooledby concentrationand dilutedwithuntreated
culturemedium toa concentrationofthetestsubstancethattheoreticallyshouldnot affectgrowth.,A
negativecontrolwillbe preparedby dilutinga 0.5-mL aliquotfrom onenegativecontrolreplicateto100
ML withculturemedium. Growth ofthesesubcultureswillbe monitoredfora maximum of9 daysto
detmmmc whetherinhibitionofgrowthobservedduringthetestisreversible.Samples willbe @oll@cted
forcellcountsatrecoveryphase initiatior@terminationand atapproximately3-dayintervalsbetween
initiationand termination.The recoveryphasemay be terminatedonce algalgrowth issufficientto
indicatethatthealgalcellscollectedfrom thetreatmentgroupshave fidlyrecoveredfrom effectsdue to
thetestsubstance.Thiswillbe determinedthroughvisualexaminationofthe'kecoverytestsolutions.

REASON: To add a recoveryphase totheprotocol.
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