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INTRODUCTION
‘WildlifeInternational,Ltd.willconduct aseven-daytoxicitytestwiththe duckweed,Lemnagibba

G3,fortheSponsorattheWildlifeInternational,Lud.aquatictoxicologyfacilityin Easton, Maryland.The
study willbeperformed basedonproceduresin the U.S. Eavironmental Protection Agency Series850 -

‘EcologicalEffects Test Guidelines OPPTS Number 850.4400(1). Rawdata forall workperformedat

‘WildlifeInternational,Ltd.and acopy of thefinalreportwillbefiledbyproject numberinarchiveslocated

onthe WildlifeInternational,Ltd.site,oratanalternativelocationtobespecifiedinthefinalreport.

PURPOSE
‘The purpose of thisstudy isto determine the toxicity of PerfluorooctaneSulfonicAcid, Potassium

‘Salt(hereafter referred to as PFOS)to duckweed,Lemna gibba G3, understatictest conditions.

. EXPERIMENTALDESIGN
Frondsofduckweed,Lemna gibba G3, willbe exposed to ageometricseries of at leastsix test

concentrationsand a negative (culture medium) controlforsevendays. Nominaltestconcentrationswillbe:

chosen in consultation with the Sponsor based uponinformation such as rangefinding toxicity data,known

toxicityinformationorphysical/chemicalproperties of PFOS. . ‘Targetconcentrations willnotexceed100

‘mg/L orthe solubilitylimitofthetest substance inwater. Generally, eachconcentrationofPFOSusedin

the definitivetestwillbeatleast 50%ofthenexthighertreatment,unlessinformationconcerningthe

‘concentration-effectcurveindicates that adifferentdilutionfactor wouldbemorappropriate.

Uniform, healthy looking plants willberemoved fromthe stockculture for testing. Fiveplants

totalling approximately 15 frondswillbe addedtocach test chamber.Care willbetaken tocsurethatthe

‘numberoffrondsineachtestchamberis approximatelyequal.Three“biological”replicatespertreatment

‘willbetested.Oneormoreadditional “analytical”replicateswillbeincludedinthetest, asneeded,toprovide:

test solutionfor concentration verificationonDays 3, 5and 7 ofthe exposure.An abioticreplicateatthe

‘highestconcentration willbeincluded inthe test and will be sampled on Days3, 5 and7.Inorder tocontrol

‘bias,the position of thetestchambers willbe determinedby indiscriminate drawdaily duringthe exposure.

period. No other potentialsourcesofbias are expected to affecttheresultsofthe study.

Thetestresultswillbecalculatedbasedondirectcountsofthe numbersofduckweedfronds. These:

‘measurements willbe takenon Day3, Day 5andatthe end of thetest. Observationsofchlorosis,break-up

ofduckweed colonies, changesin color, root destructionandother abnormal appearances will alsobe

documented. AnIC10, C50 and IC90values (e.g,the toxicant concentration that produces a 10%,50%
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or 90%reductioninfrondmumber relative to thecontrols)willbecalculatedbasedontotalfrondnumbers

atDays 3, 5 and 7 ofthe exposure period.The 0observedadverseeffect concentration (NOAEC),which

represents the highestconcentrationthatinduces00adverseeffectson plantand frondproduction or

appearance,will be determinedbaseduponevaluationofthe statistics] results,th doseresponsepatie,

andotherobservedeffects.

MATERIALSANDMETHODS

TestSubstance “
Informationonthecharacterizationof est,controlorreference substancesis requiredbyGood

LaboratoryPractice Standards(GLP).TheSpoasori responsible forprovidingWildifs Internationa,Lid.

writtenverificationthat th testsubstancehasbeencharacterized accordingtoGLPspriortisuseinthe

Study: IfwrittenverificationofGLPtestsubstancecharacterization is notprovided to WildlifeIntemational,

Lid,itwillbenoted inthecompliancestatementofthe finalreport.TheattachedformIDENTIFICATION

OFTEST SUBSTANCEBY SPONSOR(AppendixI) i tobeusedtoprovideinformationnecessaryfor

‘GLP compliance. -

“TheSponsor respoasiblefor al information relate tothetest substanceandagrees to acceptany

unusedtestsubstan and/or testsubstancecontainersremaining ofth ead of the study.

‘TestSolutionPreparation . ’

“Thedesired concentrations of PFOSwillbeobtainedbypreparing a singlestocksolutioninmedium

anddilatingthe appropriate volumeofstocksolutionwithmedium.The testsolutionsmayalsobeprepared

‘usingsecondarydilutionsoftheprimarystock,basedupon theconcentrationdesired.

Thetestsubstance willbeadumiristeredtothetestorganisminculturemedium. Thisroutsof

administration wsselectedbecauseit represeatsthemostlikelyrouteofexposure toducked,whichexist

suspendedon awater surfscewith rootsextendingintothewatercolumn.

‘TestOrganism
- “Thetetspecies will be theduckweed,LemnagibbaG3.Thisspcisirepresentativeofan

importantroupoforganisms and was selectedfo ussinth testbaseduponpastuseand easeofhandling

inthelaboratory. Original duckweed plantswillbeobtainedfrom theUnitedStates Departmentof

Agriculture,Washington,D.C. orsmothersuitablesupplier. Stock cultures willbemaintainedinculture
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‘mediumat WildlifeInternational,Ltd.Duckvweedusedintoxicitytestswillbeobtainedfromstockcultures

thathavebeen actively growinginthismedium foratleast 2weeks. .

CultureMedium .

Culturemedium preparedaccordingto Wildlife International, Lid. StandardOperatingProcedures
illbeusedas dilutionwater.Theconcentrationsofthemediumcomponentsareprescatedin Table1.

Stock mutricat solutions willbepreparedbyadding reageat-gradeorbeterchemicalsto Wildife
International,Lid.wellwaterpurifiedby reverse-osmosis. Appropriatevolumesofthe stockmutrient

solutionsvilltheabedilutedwithpurifiedwellwaterto preparethetedium.ThemediumwillbeGitex

sterilized (0.22jum)orautoclaved prior 1useinthetest.ThepHofthemedium shouldbe 5.0%0.1.
Analysesvillbeperformedat least onceannuallytodeterminetheconcentrationsofselectedorganicand

inorgénicconstituentsofthewellwater and resultsofthemostrecent GLPcompliantanalyseswillbe
‘summarizedinthefinal eport.

Specificationsforacceptablelovesofcontaminantshavenotbeen establishedforculturemedium.
However,therearenolevel ofcontaminants reasonably expectedtobepresentinthemedium that are

considered ointerfere withthepurposeorconductof thestudy.

TestApparatus -
‘Testchamberswill be 250.aL. Nalgene®beakerscoveredwithdisposablepetri dishes andcontaining

100mLoftestsolution.The estchamberswilbeindiscriminatelypositionedon ashelfinanenvironmental

chamber. TestchamberswillbeLabeledwiththe projectnumber,testconcentration,andreplicate. :

“Thetestwillbeconductedat25  2°Cundercontinuous warm-white fluorescent lightingatan
intensityof5000+750 hux.Lightintensity willbemeasureda fivelocationssurroundingthetestchambers:

onDey 0ofthetest. Temperaturewillbemeasuredtwicedalyin acontainerofwateradjacentto thetest
Chambersintheenvironmental chamberusing aliquid-in-glassmercurythermometer,

 ThepHdfeachtreatmentandthecontrol willbemeasured a test iniision andtermination ising3
FisherAccumetModel915pHmeterorequivalent. Samplesfor pHmeasurementsef test initiation villbo
collectedfromtheindividual batchesoftestsolutionpreparedforcachtreatmentandcontrolgroup.Attest
termination, pHwillbe measuredinpooledsamplesoftestsolutioncollected from eachof thethreereplicates
ofcachrespectivetreatmentandcontrolgroup.
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‘BiologicalMeasurements:
Growth,definedasanincreaseinthetotalnumberoffronds,willbe assessedonDay3,Day 5and

atthe endof thetest.Additionally,thetotalnumber ofduckweedplantspresentineachtestchamberwill

bedeterminedattesttermination. The numbersofchlorotic, necroticanddead frondswil beenumerated.©
Chloroticfrondsarethosepossessing areasofbleachedcolorprogressingfromgreentoyellow. Necrotic

frondsarethosewithlocalizedregionsofdeadordecayingtissue,usuallysurroundedbyhealthytissue.

‘Frondswithnoapparentlivingtissue,usuallyallbrown, black, white,yelloworclear,willbeconsidered

dead.Theduckweedplantswillbeobservedforthepresenceof rootdestruction(i.c.,deadorshortened roots

in atreatmentgroupcomparedtothecontrols)andbreakupofduckweedcolonies(i¢.,anincreasednumber

offree-floatingindividualfrondsin atreatmentgroupcomparedtothecontrols). Anyotherabnormalities

infrondorplantappearancewillalsobedocumented.

‘Samplingfor Analvtieal Measurements
‘Samplesofthe exposuresolutionswillbecollectedonDays0,3, 5and 7and analyzedfortest

‘substanceconcentrations. Thetermination daysamplesmaybefiltered (0.45jum),as necessary,toremove:

‘plantdebrispriorto analysis. Day 3 and 5 samples willbecollected from the extrareplicate test chamber(s)

includedinthetestto provide samples for that analysisand fromthe abioticreplicates. Sampleswillbe

placedi aappropriatestoragecontainer (6.5, polyethylene,orpolypropylene botle) andvillbeanalyzed
immediately,orstoredunderrefrigerationuntilanalyzed.Thesampleschemeissummarizedbelow:

PROPOSED NUMBERSOFVERIFICATION SAMPLES

[Eeimons|ovo |bus|ows|ow|
Control

SolventControl(if needed)
Level 1-LowConcentration

Level2

Level3
Level4

Level6-HighConcentration

[oe]1»[»|»|
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‘Theabovenumbersofsamplesrepreseatthosecollectedfromthetestanddonotinclude quality
control (QC) samplessuchasmatrix blanksandfortificationspreparedandanalyzed duringtheanalytical
cheanistryphaseofthestudy.

AnalyticalChemistry
Chemicalanalysisof thesamplesvillbeperformedbyWillieInternational, Lid.The analytical

‘methodusedwillbebasedupon methodologyprovidedbytheSponsorand identifiedin AppendixIL. The
‘methodologyusedtoanalyze the testsamples willbedocumentedi therawdata andsummarizedinthefinal
report.

Statist

-Percentinhibitionwillbecalculatedforcach treatmentandcontolgroupusingthe followingformula:

MeanControl - Mean Treatment :
PercentInhibition =FrondNumber FrondNumber X 100

MeanControl Frond Number :

“The Day 71CS0valuewillbedetermined,wheapossible,usinglinear interpolation orothersuitable.
techniques (3) with treatmentresponse (frondmumber)andexposureconcentrationdata. Thepercentages
ofdead,chloroticandnecroticfrondswil becalculatedfor cachtreatmentandcontrolgroupasthe mumber
ofdead, chloroticornecrotic roadstoth total umberof frondspresentin each testchamber.

“Thedatawilbeevaluatedfornormalityand homogeneityofvariances.Ifthese assumptionsaremet,
Dunnett's procedureorthe Bonferronit-test (4) maybeusedtoevaluatethedata. If theassumptionsof
‘normalityand homogeneityofvariancesarenotmet,non-parametricstatisticalmethodssucha theKruskal
‘Wallstest (4)maybeused to evaluat thedata. Anoobservedadverseeffectconcentration (NOAEC)will
bedeterminedbaseduponevaluationofthestatistical results, thedose-responsepatternandoberdbserved
effects (c.5, percent chlorosis,necrosis, ec).

. RECORDSTOBEMAINTAINED
Records to be maintainedfordatageneratedatWildlifeInternational,Ld.willinclude,butnotbe

limitedto:
1. Copyof sigoedprotocol.
2. Mdentificationandcharacterization ofhetestsubstan,ifprovidedbySponsor.
3. Datesofinitiation andterminationofthetest. 004538
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4 Soueofplants.
5. Cultureconditions . pes
6. Growthmeasurements
7. Calculationandpreparation oftestconcentrations. ;
8. Observations.
9. Ifapplicable,themethodsusedtoanalyze test substance concentrationsand th results ofanalytical

‘measurements.
10. Statisticalcalculations.
IL Testconditionsand physical/chemicalmeasuremeats.
12. Copyoffinal report.

FINALREPORT
Afinalreportofth results ofthestudywillbe preparedbyWildif Intentational,Ltd. Thereport

willinclude, butnot belimitedtoth following, whenapplicable:
1. Name andaddressof thefacilityperformingthestudy. -
2. Datesonwhich thestudywasinitiated andcompleted. ItistheresponsibilityoftheSponsorto

providethefinaldate that data arerecordedforchemistry pathologyand/orsupporting evaluations
that maybegeneratedatotherlaboratories. :

3. A statementofcompliancesignedbytheStudy Director addressing any exceptions to Good
Laboratory Practice Standards. -

4. Objectives ndproceduresstatedinthe approvedprotocol,including aaychangesintheoriginal
protocol.

5. Thetestsubstanceidentified byname, cheanical abstracts umberorcodenumber, strength,purity,
andcompositionorother appropriatecharacteristics, if providedby theSponsor.

6. Stabilityandthe solubility ofthetestsubstancesundertheconditionsof administration,ifprovided
bythe Spouse.

7. Adescription ofthemethodsused to conductthe test
8. Adescription ofthotest system, including th sourceofthe testorganismsandthei scientificname.
9. Adescription ofthepreparationofthe estsolutions,methodsusedtoallocateorganisms t th test

= ===chamber}andbegin thetest, numbersoforganismsandchamberspertreatment, anddurationofthe.
oa .

10. Adescription ofal circumstancesthatmayhaveaffected thequality or integity ofthedata
11. ThonameoftheStudy Director,thenamesofothe scicatistsocprofessioaals, odthe names ofall
supervisorypersonnel, involvedinthestudy.
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12. Adescriptionofthetransformations,calculations,oroperationsperformedonthe data, asummary

" ‘andanalysisof thebiologicaldataandanalyticalchemistrydata, andastatementoftheconclusions

drawnfromtheseanalyses.

13. Statisticalmethodsemployedforanalyzingthe data. .

14. The signedanddated reportsofeach of theindividualscientistsorotherprofessionalsinvolvedinthe

study.
15. Thelocationwhereallrawdataandthefinalreportaretobestored.

16. A statementpreparedbythe QualityAssuranceUsitlistingthedatestha studyinspectionsandaudits
‘were madeandthedatesofany findings reportedtothe StudyDirectorandManagement.

17. Ifitisnecessarytomakecorrectionsoradditions to afinalreportafterithasbeen accepted,such

changesshallbemadeintheformofanamendmentissuedbythe StudyDirector. Theamendment

shallclearlyidentifythepartofthefinalreportthatisbeingamended andthereasonsforthe
alteration. AmendmentsshallbesignedanddatedbytheStudyDirector.

CHANGINGOFPROTOCOL -
Plannedchangestotheprotocol willbeintheformofwrittenamendmentssignedbytheStudy

Directorandthe Sponsor's Representative. Amendmentswillbeconsideredas partoftheprotocolandwill

beattachedtothefinalprotocol. Anyotherchangeswillbeintheformofwrittendeviationssigned by the

‘StudyDirector andfiled withthe rawdata.Allchangestothe protocolwillbeindicatedinthefinalreport.

GOODLABORATORYPRACTICES
‘ThisstudywillbeconductedinaccordancewithGoodLaboratoryPracticeStandardsforEPA (40

CFRPart160and/or Part792); OECDPrinciplesofGoodLaboratoryPractice (ENV/MC/CHEM(98)17);

ad Japan MAFF (59 NobSan, Notification No. 3850, Agricultural Production Bureau). Each study

conductedbyWildlifeInternational,Ltd.isroutinelyexaminedbytheWildlife International,Ltd.Quality

AssuranceUnitforcompliancewithGoodLaboratoryPractices, StandardOperatingProceduresandthe

‘specifiedprotocol. AstatementofcompliancewithGoodLaboratoryPracticeswillbepreparedforall

‘portionsofthestudyconductedbyWildlife International, Ltd.TheSponsorwillberesponsiblefor

‘compliancewithGoodLaboratoryPractices forproceduresperformedbyotherlaboratories (c.g.,residue

‘analysesorpathology).RawdataforallworkperformedatWildlife International, Ltd.and acopy ofthe

finalreportwillbefiledbyprojectnumberinarchiveslocatedontheWildlifeInternational,Ltd.site,orat.

‘analternativelocationtobespecifiedinthefinalreport.
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TABLE 1
. M-HOAGLAND'S MEDIUM WITHOUT EDTA OR SUCROSE CONSTITUENTS

Compound “Nominal Concentration

H;BO; 286 mel
ZaS06THO 02 mgL
NaMoQy2H:0 012 mL
CuSO#SH:0 008 mg +
MaClr4H,0 362 mg
KHPO, 068 gL
KNO; 1515 gL

, Ca(NOs)H:0 L180 gL
$ MgSO,7H,0 0492 gL

FeClr6H;0 54 ml
Tastaric Acid 30 mg

"ThepHofthe medium will bsadjusted, as necessary, t 5.0 + 0.1 using 0.1 N NaOF or.
10%HCL.
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APPENDIXI
- IDENTIFICATIONOFTESTSUBSTANCEBYSPONSOR

‘TobeCanpletedbySpoasae
1 Test SubstanceIdentity(aame to beuse inthereport): PEQS (PerfluorooctaneSulfonicAcidPotassiumSalt

ReferenceStandard(f applicable): AnalyticalStandard: _N/A
InternalStanderd:_1,1.2.2H.HHHPerfluorooctaneSulfonicAcid

TestSubstanceSampleCodeor Batch Number:_Lot217
‘Test SubstancePurity(% ActiveIngredient): __ 98.9 ‘Expiration Date: _2008

IL Test SubstanceCharactizton
Hay thedeity ity ancompositioncr other characteristicspyi SSRoh datsree Ys _x Mo

IL TestSubstanesStorage Cendions ©
Pleas indicatethe recomend storageconditions tWile tematicnal,Lid.
Ae Le

Haste substance under these ibabiothe tee dste ngscndiins Ys x No

IV. Test Concztratins: Adjustestcoocetrationt 100% ai
——x__baseduponthe purity (%)given above. |

Doocecomin10 100%

V. ToiciyInformation: 5
Mammglim: + R#LDSO 251mgMouwssLDSO_N/A

Adquiic: Tovertebrate Tricity(EC/LCSO) Fish Tawicity (LCS0)

Daphniamagn:S0mg/l. FatheadMinnow:38mg/l.
Ot Toxicity Inferno(ching fidingsofchronic and subchronic ests:

E— PleasesooMSDS. mn en
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APPENDIXII

AnalyticalMethodProvidedbySponsor

Sampleswillboanalyzedbaseduponprocedures providedbytheSponsorin th followinganalytical

L LiquidChromatographyMass Spectrometry (LCMS)Methodforthe DeterminationofPerfluorooctang Sulfonio Acid Potassium Salt (PFOS)InFreshwater,Saltwaterand AlgalMedium

Acopyoftheabovemethodwillbemaintainedintherawdata. Theactualmethodologyused toanalyzethetestsamplesvillbedocumentedin therawdata andsummarizedinthefinal report.
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 7-DAY TOXICITYTESTWITHDUCKWEED(Lemnagibba G3)

PROTOCOL NO: 454/091799/LEM7D/SUB454 AMENDMENT NO.: 1

SPONSOR: 3M Corporation PROJECT NO.: 454A-111

EFFECTIVE DATE: February 11, 2000 3MLAB REQUEST NO.: U2723

AMENDMENT: CultureMedium, Page 5
Change: The pHofthemediumshouldbe 5.0 +0.1.

Add: ThepH ofthemedium shouldbe7.5 +0.1.

REASON: TochangetestmediumfromHoagland’sto 20XAAPmedium.

AMENDMENT: TABLE 1, Page 11

Remove: Entire table. +

Add: TABLE 1

20XAAP MEDIUM

[— Noaioal Consentrion
MgCly6H,0 2432 mgl
CeCly2H0 880 mg
HBO, 3712 mg
MaCly4H,0 832 mgl
ZaCly 656 pg
FeCly6H,0 3.19 mg
CoCly6H:0 2856 pg
NazMoO,2H:0 1452 pg
CuCly2H,0 0240 pg.
Na;EDTA2H,0 600 mg
NaNO; 5100 mg
MgSO#TH,0 2940 mg
KGHPO, 2088 mg/l

reco, wh sf €04545
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REASON: Tochange testmediumfromHoagland’sto 20XAAPmedium.

LhOo ph
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 7-DAY TOXICITY TEST WITH DUCKWEED (Lemna gibba G3)

PROTOCOL NO: 454/091799/LEM7D/SUB454 AMENDMENT NO.: 2

SPONSOR: 3M Corporation PROJECT NO.: 454A-111

EFFECTIVE DATE: February 22, 2000 3M LAB REQUEST NO.: U2723

AMENDMENT: Page2

Add: Experimental Start Date: March 3, 2000
Experimental Termination Date: March 10, 2000
‘TestConcentrations: Negative Control,13,25, 50, 100, 200and400mga.i/L
‘Test Substance No.: 4675

REASON: Theaboveinformationwas notknownwhen theprotocolwassignedbythe StudyDirector.

BH» 3/2/00
STUDY DIRECTOR DATE
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOURTOXICITYTESTWITHTHEMARINE DIATOM (Skeletonemacostatum)

PROTOCOL NO: 454/091799/SKE96/SUB454 AMENDMENT NO.: 1

SPONSOR: 3M Corporation PROJECT NO.: ‘454A-113

EFFECTIVE DATE: February 28, 2000 3M LABREQUESTNO.: 12723

AMENDMENT: Page 2
<

Add: ExperimentalStartDate:March3, 2000
Experimental Termination Date: March 7, 2000
‘Test Concentrations: Negative Controland4.0mg ai/L.
‘Test Substance No.: 4675

REASON: Theabove information wasnotknownwhen the protocol was signed by the StudyDirector.

AMENDMENT:Experimental Design, Page 3
Change: Themarine diatom, Skeletonemacostatum,willbeexposedto ageometric seriesofsixtest

‘concentrationsandanegative (culturemedium) controlfor96 hours.

To: ‘Themarinediatom,Skeletonemacostatum, willbe exposedto atest concentrationatthelimitof
‘solubility and anegative (culturemedium)controlfor 96 hours.

REASON:Tochangeexperimentaldesign toalimittest. .

AMENDMENT:Experimental Design, Page 3
Change: Testsolutions willbeinoculated with approximately77,000cells/mL Test solutions willbe

inoculated with 10,000 cells/mL.

To: “Testsolutionswillbeinoculatedwithapproximately77,000cells/mL.

REASON: Typographical error.

AMENDMENT: Experimental Design, Page 3
Change: Three “biological”replicates per experimental group willbe prepared for evaluating celldensities.

To: Six “biological”replicatesperexperimentalgroupwilbepreparedforevaluatingcelldensities.

REASON: Tc i design toa limit test.lo change experimental designto a 004548

Reviewedby GhGB 3-1-00
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AMENDMENT:Samplingfor Analytical Measurements,Page7
Change: Day 4 samples willbecompositedsolutionsfromthethreereplicatesremainingattheendofthetest.

To: Day 4samples willbecompositedsolutionsfromthesixreplicatesremainingattheendofthetest.

REASON:Tochange analyticalsamplingbasedonadditionalreplicatesprovidedinthelimittest.

-

( 53Ho 3/2/00
STUDY DIRECTOR DATE
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———— 7STAetn SSB)SENSORSKEPRESENTATIVE DA

©04549


