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PFOS: A 96-Hour StaticAcute ToxicityTest withthe
Freshwater Mussel (Uniocomplamatus)

I



ACUTE TOXICITY TO AQUATIC INVERTEBRATES (FRESHWATER
MUSSEL)

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-,potassium salt,CAS # 2795-39-3)

Remarks: The testsubstance isa whitepowder. Sample was takenfrom
3M lotnumber 217. Sample was storedunder ambientconditionspriorto
testing.Puritydeterminedtobe 90.49% by LC/MS, 'H-HMR, 'GF-NMR and
elementalanalysestechniques.

METHOD

Method: The studywas conducted usinga protocolbased on procedures
outlinedinU.S.EnvironmentalProtectionAgency Series850 - Ecological
EffectsGuidelines,OPPTS Number 850.1075; OECD 203:Fish,Acute
ToxicityTest;and ASTM Standard E729-88a, Standard Guide for
Conducting ToxicityTestswithFishes,Macroinvertebratesand
Amphibians.
Test type:Semi-staticRenewal
G LP: Yes
Year Completed: Study completed 1999. Reportcompleted2000
Species: Unio complamatus
Analyticalmonitoring:Test substance concentrationsmeasured by
LCMS at0,48, 96-hours
Statisticalmethods: LCso valuescalculated,when possible,by probit
analysis,moving average method or binomialprobabilitywithnon-linear
interpolationusingthe computer softwareofC.E.Stephan.
Test organism source: Obtainedfrom CarolinaBiologicalSupply
Company, Burlington,NorthCarolina.Carolinacollectedfromthe wild.
Test organism age at study Initiation:Unknown

Test conditions
Dilutionwater:0.45 pm filteredwellwater
Dilutionwater chemistry (duringthe 4-week period
Immediately preceding the test):

hardness: 126 (120-132)mg/L as CaC03

alkalinity: 174 (170-178)mg/L as CaC03
pH: 8.3(8.1-8.5)
TOC: < 1.0mg/L
Conductivity: 321 (310-330)pmhos/cm
Ca/Mg ratio: 35/13.5



Na/Kratio: 21.3/6.62

Lighting:Colortone@50fluorescentlights,intensityapproximately
369 lux.Photopedod of 16-hourslight,8-hoursdarkwitha 30-
minutetransitionperiod.

Stock and testsolutionspreparation: A primarystocksolution
was preparedindilutionwaterat91 mg/L. Itwas mixed for
approximately24 hours priorto use. Aftermixing,the primarystock
was proportionallydilutedwithdilutionwaterto preparethefour
additionaltestconcentrations.Alltestsolutionsappeared clearand
colorless.
Exposure vessels: 25 literpolyethyleneaquada containing
approx@mtely 20 L oftestsolution.The approximatedepth oftest
solutionwas 23.2 cm.
Number of replicates:two
Number of testorganisms per replicate:ten
Number of concentrations:fiveplusa negativecontrol
Water chemistry during the study:

Dissolved oxygen range (0- 96 hours):
5.8- 8.5mg/L (controlexposure)
5.0- 8.6mg/L (79mg/L exposure)

pH range (0- 96 hours)
8.0- 8.4 (controlexposure)
7.9- 8.5 (79 mg/L exposure)

Testtemperature range (0- 96 hours)
21.4-21.80C (controlexposure)
21.8- 23.70C (79mg/L exposure)

Element Basis:Mortality.Musselswithopen shellsand not
resp6ndingtogentleproddingwere considereddead. The
number ofindividualsexhibitingclinicalsignsoftoxicityor
abnormal behavioralsowere evaluated.
Method of calculatingmean measured concentrations:
arithmeticmean

RESULTS
Nominal concentrations: <LOQ, 5.7,11,23,46, 91 mg/L
Measured concentrations: <LOQ, 5.3,12,20,41, 79 mg/L
Element value: 96-hourLC5o= 59 mg/L (51-68mg/L)

StatisticalEvaluation:The LC50 valuesand 95% confidenceintervals
were calculatedwhen possibleby probitanalysi

'
s,the moving average

method or binomialprobabilitywithnon-linearinterpolationusingthe
computer softwareofC.E.Stephan.



AnalyticalMethodology:Analysesoftestsolutionswereperformedat
WildlifeInternationalLtd.usinghighperformanceliquidchromatography
withmass spectrometricdetection(HPLC/MS).When determiningthe
concentrationofthetestsubstanceinthetestsolutions,thesame and
most prominentpeak responseforperfluorooctanesulfonatewas used.
No attemptwas made toquantifyon thebasisofindividualisomeric
components. The LOQ (limitofquantitation)was 0.115mg/L inthisstudy.
The mean percentrecoveryofmatrixfortificationsanalyzedconcurrently
duringsample analysiswas 94.7%. Samples collectedattestinitiationhad
measured valuesfrom73.7% to96.0% ofnominal.Measured valuesior
samples takenat48-hoursrangedfrom 81.2to98.9% ofnominal.
Measured valuesforsamples takenat96-hoursrangedfrom 88.5 to130%
ofnominal.

Summary of nalyticalchemistrydata:

Nominal Test Measured DuplicatedValues at0, 48, Mean Percent of
Concentration, and 96-hours,Respectively,mg/L Measured Nominal

mg/L Concentration,
g/L

Negative Control All< LOO -CLOO -

5.7 5.47,4.93,5.18,5.70,5.24,5.26 5.3 93

11 11.4,10.1,11.2,10.5,10.9,16.4 12 109

23 19.0,16.8,18.7,18.7,22.9.22.4 20 87 1

46 37.2,40.6,37.1. 39.6,48.2,40.5 41 89

91 69.0, 74.7, 81.3, 77.6. 88.2. 85.7 79 87

Biologicalobservationsafter96-hours:Musselsinthenegativecontrol,
the5.3,12 and the20 mg/L.treatmentsappeared healthyand normal
throughoutthetestwithno mortalityorovertclinicalsignsoftoxicity.Five
percentmortalitywas observedat96-hoursinthe41 mg/L treatmentand
90% mortalitywas observedinthe79 mg/L treatment.No abnormal
behaviorwas notedintheseconcentrations.

Cumulative percentmortal
Mean Measured

Test Cone., 24 Hours 48 Hours 72 Hours 96 Hours
mg/L

Neg. Control
0 0 0 0

5.3 0 0 0 0

12 0 0 0 0

20 0 0 0 0

41 0 0 1 0 5

30 40 50 90



Controlresponse:Satisfactory

CONCLUSIONS

The potassiumperfluorooctanesulfonate96-hourLC50 fortheFreshwater
Mussel,Unio complamatus was determinedtobe 59 mg/L witha 95%
confidenceintervalof51-68mg/L. The 96-hourno mortalityconcentration
was 20 mg/L.

Submitter: 3M Corporation,EnvironmentalLaboratory,P.O. Box 33331,
St.Paul,Minnesota,55133

DATA QUALITY

Reliability:Klimischrant(ing1.

REFERENCES

Thisstudywas conductedatWildlifeInternational,Ltd.Easton,MD atthe
requestofthe3M Company.
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GOOD LABORATORY PRAMCE COMEPLLANCESTATEMEENT

SPONSOR: 3M Corporation

TITLE: PFOS: A 96-HourStaticAcuteToxicityTestwiththeFreshwaterMussel(Uniocomplamatus)

WILDLIFE INTERNATIONAL LTD. PROJECT NUMBER- 454A-105

STUDY COMPLETION: AVgust 11,1999

AMENDED REPORT: April26,2000

Thisstudywas conductedm comphancevnth Good LaboratoryPracticeStand@ aspubhshodbytheUS.
EnvironmentalProtectionAgency in40 CFR Parts160 and 792,17August 1989;OECD PrinciplesofGood
LaboratoryPractice,OCDEIGD (92)32,EnvironmentMonogWh No.45, Paris1992;andJapanMAFF, 59
NohSan,NofificationNo. 3850,AgriculturalProductionBureau,10August 1984 withthefollowingacceptions:

The testsubstancewas notcharacterizedm accordancewithfidlGLP compliance;however,the
characterizationwas performedaccordingto3M StandardOperatingProceduresandMethods,and allraw data

-.arebeingmaintainedinthe3M archives.The testsubstanceisbeingrecharactefizedinaccordancewithGLP.

The stabilityofthetestsubstanceunderconditionsof storageatthetestsitewas notdeterminedin
accordancewithGood LaboratoryPracticeStandards.

STUDY DIRECTOR.

6 /66

KurtP,Drona DATE
SeniorBiologist

SPONSOR KPPROVAL..

I'A

SP@nsor IYATE
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QUALITY ASSURANCE STATEMIENT

Tinssbxlywas exanunedforcompliancewithGood LaboratoryPracticeStandardsaspublishedby the
U.S.EnvirorunentalProtectionAgency,40 CFR Parts160 and792,17 August 1989;OECD PrinciplesofGood
LaboratoryPractice,OCDE/GD (92)32,EnvironmentMonographNo. 45, Paris1992;andJapanMAFF,
59 NohSan,NotificationNo. 3850,AgriculturalProductionBureau,10 August 1984. The datesof all
inspectionsand auditsand thedatesthatanyfindingswere reportedto theStudyDirectorandLaboratory
Management were asfollows:

DATE REPORTED TO:

ACnVrrY: DATE CONDUCTED: STUDY DIRECTOR: MANAGENEENT:

Test Substance Preparation May 27,1999 May 27,1999 June 1, 1999

AnalyticalSample Preparation
and Observations May 28,1999 May 29,1999 June 3,1999

BiologicalData and Draft

Report Jime29,1999 June 29,1999 June 30,1999

Analytical Data and Draft
Report June29 and 30,1999 June 50,1999 June 30, 1999

FinalReport August 11,1999 August 11,1999 August 11,1999

Amended Report April20,2000 April20,2000 April24,2000

4-/oo

Timothy A. Sp@inge@,Ph.D. DATE
Manager,Regulatoryand TechnicalSupport
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REPORT APPROVAL

SPONSOR: 3M Corporation

NTLE: PFOS: A 96-HourStaticAcuteToxicityTestwiththeFreshwaterMussel(Uniocomplamatus)

W]ILDLIFE R4TERNAnONAL LTD. PROJECT NUMBER.- 454A-105

STUDY DIRECT

TI

Kurt& Drottar DATE

SeniorBiologist'

MANAGENffi'NT:

HenriO'&tiiW,QPh.D. DAtf,
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SUBBLARY

SPONSOR: 3M Cowation

SPONSOR'S REPRESENTATIVE: Ms. SusanA. Beach

LOCANON OF SRMY, RAW

DATA AND A COPY OF THE Wildlifelatm-nationalU&
FINAL REPORT: Easton,Maryland 21601

WMDLIFE Un-ERNAnONAL

LTD. PROJECT NUMBER: 454A-105

TEST SUBSTANCE: PFOS (PufluorooctamSulfonicAcidPotassiumSalt)

STMY: PFOS: A 96-HourStaticAcuteT("dcityTestwiththeFreshwater
Mussel(Uniocomplamatus)

MEAN IVIEASUREDTEST
CONCENTRATIONS: NegativeControL5.3,12,20,41 and79 mg a.i./L

TEST DATES: ExpmimenW Start- May 28,1999
BiologicalTmnination- June1,1999
ExperimentdTermination- June3,1999

LENGTH OF TEST: 96 Hours

TEST ORGANISM: FreshwaterMussel(Uniocomplamatus)

SOURCE OFTESTORGANISM: CarolinaBiologicalSupplyCompany
Burlington,NorthCarolina27215

AGE OF TEST ORGANME: unknown

b.@@@s OF 20
REPRESENTATIVE MUSSELS:

WET WEIGHT (g): Mean = 76.5; Range = 57.5to93.5
TOTAL LENGTH (mm): Mean = 48.7; Range = 44.6to54.9

96-HouRLc5O: 59 mg &iAL

95% CONFIDENCE LIMITS: 51 and68 mg &iJL

NO-MORTALrrYCONCENTRAnON: 20 mg ai./L

ANffiNDED
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INTRODUC]RION

ThisstudywasconductedbyWildlifeInternationalLtd.for3M CorporationattheWildlifehaemational

Ltd.aquatictoxicologyfacilityinEaston,MarylancLThe in-hfephaseofthetestwas conductedfromMay 28to

June 1,1999.Raw datageneratedby WildlifeInternationalLtcLand a copy ofthefinalreportarefiledunder

ProjectNumber 454A- 105inarchiveslocatedon theWildlifeInternationalLtd.site.

OBJECIM

The objectiveofthissh* was toevaluatetheacutetoxicityofPFOS (PerfluorooctaneSulfonicAcid

PotassiumSalt)tothefreshwatermussel,Unio complamatus,duringa 96-hourexposureperiodunderstatictest

conditions.

EXPERUAENTAL DESIGN

Freshwatermusselswereexposedtoa geometricseriesoffivetestconcentrationsandanegative(cWWon

water)control.Two replicatetestchambersweremaintainedineachtreatmentandcontrolgroup,with10

freshwatermusselsineachtestchamberfora totalof20 freshwatermusselspertestemcentratiorlNominaltea

concentrationswere selectedinconsultationwiththeSponsor,andwerebasedupon*theresultsofanexploratory

rangefindingtoxicityteslNominal testconcentrationsselectedwere5.7,11,23,46 and91mg activehigedient

-(a.i.)/L.The testsolutionswererenewedatapproxunately48 hoursofthetest.New testsolutionswereprepared

andthemusselswere transferredfrom theoldtothenow solutions.Mean measuredtestconcentrationswere

determinedfrom samplesoftestwatercollectedfi-omeachtreatmentandthecontrolgroupatthebeginningofthe

w4 atapproxknately48 hours,andattesttemiinatiorl

FreshwatermusselswereindiscriminatelyassignedtoexposurechambersattestimtmfiorlObservations

ofmortalityandotherclinicalsignsoftoxicityweremade atapproximately6,24,48,72 and96 hoursaftertest

initiation.Cumulativepercentmortalityobservedinthetreatmentgroupswas usedtoestimateorcakulateLC50

valuesat24,48,72 and96 hours.The no-mortalityconcentmtionwas determinedbyvlmalinterpretationofthe

mortalitydata.

ANffiNDED
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MATERLALS AND MEETHODS

Thestudywasconductedbasedontheproceduresoutlinedintheprotocol"PFOS:A 96-HourStatic

AcuteToxicityTestwiththeFreshwaterMusser'. The protocolwas basedon proceduresoutlinedinU.S.

EnvironmentalProtectionAgency Series850 - EcologicalEffectsTestGuidelines,OPPTS Number 850.1075

(1):OECD GuidelineforTestingofChemicals203: Fish,AcuteToxicityTest(2);andASTM StandardE729-

88a,StandardGiddeforConductingAcuteToxicityTestswithFishes,Macroinvertebratesandamphibians

(3).

Tog Substance

The testsubstancewas receivedfrom 3M Corporationon October29,1998 and was assignedWildlife

InternationalLtcLidentificationnumber 4675. The testsubstancewas describedasa wlutepowder Itwas

idenfifiedasFC-95 fromlotnumber217 (T-6295).Informationprovidedby theSponsorindicatedapurityof

98.9%,andanexpirationdataof2008. The testsubstancewas reanalyzedby theSponsorandtheCerfificatcof

AnalysisdatedMarch 9,2000 indicateda purityof 90.490/o.The testsubstancewas storedatambientroom

temperature.

Pnaration ofTestConcentrations

Nominaltestconcentrationswere5.7,11,23,46 and91 mg &i/L,basedon atestsubstancepurityof

90.490/o.Allmaterialswhichcame intocontactwiththetestsubstanceduringpreparationoftestconcentrations

wereconstructedof plasticorstainlesssteelA primarystocksolutionwas preparedinchlutionwaterata

conemuifionof 91 mg a.L/L.The primarystocksolutionwas mixedwithan electricpaddlemixerfor

approximately24hoursto-aidinthesolubffizationofthetestsubstance.Aftermbdn& theprimarystocksolution

was proportionallydilutedwithdilutionwatertopreparethefouradditionaltestconcentrvhons.Alltestsowbons

appearedclearandcolorless.Testsolutionswererenewedon Day 2 ofthetestwithfiwmy preparedsolutions.

TestOr- *

The freshwatermusselUniocomplamatus,was selectedasthetestspeciesforthissb*. Ilm

freshwatermusselisrepresentativeofanimportantgroupofaquaticinvertebratesandwasselectedforuseinthe

testbasedupon commercialavailability.Freshwatermusselsused inthetestwereobtainedfi-omCarolina

BiologicalSupplyCompany, Burlington,NorthCarolina.The identificationofthespecieswas providedby the

supplier-
AMENDED
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Freshwatermusselswereheldatapproximatelythesame temperatureasusedduringthetest.The

musselswereheldforapproximately15dayspriortotesting.Duringtheholdingperiods,themusselsshowedno

signsofdiseaseorstress.The musselswerenotfedduringtheholdingperiodorduringthetest.Duringthe14-

dayholdingperiodprecedingthetest,watertemperaturesrangedfrom20.3to22.2*C. The pH ofthewater

rangedfrom 8.2to8.6and dissolvedoxygenrangedfrom 7.6to8.8mg/L. hmftumentafimandmedxklsusedfor

watermeasurementsaredescribedintheEnidronmentalCondinons sectionoftlusreporlAttestinitiation,the

musselswerecollectedfromt4choldingtankandt=fmted tothetestchambers.
i

The averagetotallength(dmta= from ft tipofthemnbo to thedmW valveedge)of 20

indiscriminatelyselectedmusselsfromthesame lotoftestorganismswas 48.7mm witha rangeof44.6to54.9

rnm The averagewetweightwas 76.5gramswitharange,of57.5to93.5grams.

TestApparatus

Testchamberswere25-Lpolyethyleneaquariacontainingapproximately20 L oftestsolution.The

depthofwaterinarepresentativetestchamber was approximately23.2caL Testchamberswere 1*

positionedinan environmentalchambersettotnaintaina tenipm-ai=of22±2'C. The.testchamberswere

labeledwiththeprojectnumber,testconcentrationand replicate.

DilutionW

The waterusedforholdingandtestingwas fivshwaterobtainedfrom a wellapproximately40 meters

deepIMAW an theWildlifeInternationalLtd.siteThe wellwateris&uww=d asmoderately-hardwater.

The specificconductance,hardness,allmlinity,and pH measurementsofthewellwaterduringthefour-week

periodimmediatelyprecedingthetestam presentedinAppendix I.

The wellwaterwas passedthrougha sandfiltertoremoveparticlesgmaterdm approxfinately25 pan,

and pumped intoa 37,900-Lstoragetankand aeratedwithspraynozzles.Priortouse,thewateragainwas

filtered(0.45pm) toremove microorgwiismand particles.The resultsofperiodicanalysesperformedto

measurethemmulhons of selectedcontaminantsm wellwaterusedby WildlifeInternationalLtd.are

presentedinAppendixK
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EnvironmentalConditions

Lightingusedtoilluminatetheholdingtanksandtestchambersduringholdingandtest3ngwasprovided

by fluorescenttubesthatemittedwavelengthssimilartonaturalsunlight(Colortone*50).A photoperiodof16

hoursoflightand 8hoursofdarknesswas controlledwithanautomatictimer.A 30-minutetransitionperiodof

low lightintensitywas providedwhen lightswenton andofftoavoidsuddenchangesinhotmg. Lightintensity

attestinitiationwas approximately369 luxatthesurfaceofthewater.Lightintensitywas measuredusinga

SPER ScientificLtd.lightmeter.

Temperaturewas measuredineachtestchamber atthebeginningand endofthetestusinga liquid-in-

glassthermometer.Temperaturealsowas measuredcontinuouslyinone negativecontrolreplicateusinga

FulscopeER/C Recorder The targettesttemperatureduringthesft* was 22±20C. Dissolvedoxygen

measurementsweremade on watersamplesfromallreplicatetestchambersofeachtreatmentandthecontrolat

testinitiationand atapproximately24-hourintervalsUmvaftL-r.MeasurementsofpH weremade inone

altemat3ngreplicateofeachtreatn=tgroupand thecontrolattestinitiationand atapproximately24 hour

intervalsthereafter.Hardness,alladinityandspecificconductanceweremeasuredinthedilutionwaterandlow,

nuddleand hightestsubstanceconcentrationsattestinitiationandattesttamfination..

MeasurementsofpH weremade usinga FisherAccmnet Model 915pH meter,anddwived oxygenwas

measuredusinga YellowSpringsbstrummt Model 51B dissolvedoxygen'meterSpecificconductancewas

measuredusinga YellowSpringshmtrumentModel 33 Salinity-Conductivity-Teppamturemeter.Hardnessand

alkalinitymeasurementsweremade by titrationbasedonproceduresinStandardMethodsfortheExamination

ofWater and Wastewater(4).

Observations

Observationswere made to detmmme thenumber ofmortalities.Musselswithopen shellsand not

respondingtogmde prodchngwere considereddead The number ofmchvidualsexlubitingclinicalsignsof

toxicityorabnormalbehavioralsowereevaluateclObservationsw=ma& approximat*6,24,48,72md96

hoursaftertestnutiation.
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StatisticalAnalyses

The 24,48,72 and 96-hourLC50 valuesandthe95% confidenceintervalswerecalculatedwhen possible

by probitanalysis@themoving averagemethod orbinomialprobabilitywithnon-hnearinterpolation(5,6,7)

usingthecomputersoftwareofC.E.Stephan(8).Inthisstudy,LC50 valuescouldnotbecalculatedat@4and48

hoursduetothelackofanadequateconcentrafion-responsepan= However,thebinomialmethodwas usedto

evaluatemortalityat72 hoursandtheprobitmethod was usedtoevaluatemortalityat96hours.Theno-mortality

concentrationwas determinedby visualmterpretafaonofthemortalitydata.

AnglyficalChemiLUX

Water sampleswere collectedatnud-depthfrom eachreplicatetestchamberofeachtreatmentand

controlgroupatthebeginningof thetes@at48 hours(oldsolutions)and attesttmmiin,afiontomeasure

concentrationsofthetestsubstance.The sampleswere collectedinplastic(NalgeneS)bottlesand analyzed

immediatelywithoutstorage.AnalyticalproceduresusedintheanalysisofthesamplesareprovidedinAppendix

M. At testtermination,allremaininglivemusselsweresacrificedforcollectionoftissuesamples'The tissue

-sampleswerecompositedby replicate,frozenand shippedtotheSponsorforpossibleanalysis.

RESULTS AND DISCUSSION

MeasurementofTestConcmtrations

ResWts ofanalysestomeasureconcentrationsofPFOS inwatersamplescollectedduringthetestare

presentedinTableIandintheanalyticalchemistryreport(AppendixIU).Nominalconcentrationsselectedfor

useinthissa* were5.7,11,23,46 and91 mg a.i./L.Samplescollectedattestinitiationhadmeasuredvalues

thatrangedfrom 74 to960/oofnominalvalues.Measuredvaluesforsamplestakenat48 hoirsrangedfmm 81 to

990/oofnominal.Measuredvaluesforsamplestakenat96 hoursrangedfi-om89 to130% ofnominal.When

measuredconcentrationsofthesamplesanalyzedattestinitiation,approximately48hoursandattestt=limfion

wereaveraged,themean measuredconcentrationsforthissh* were5.3,12,20,41 and79 mg a.i./L.Mean

measuredconcentrationswereusedintheestimationorcalculationofLC50 values.

Observationsand Measurements

Measurementsoftemperature,dissolvedoxygen andpH arepresentedinTable2. Temperahm were

withinthe22*20C rangeestablishedforthetest MeasurementsofpH rangedfrom 7.9to8.5duringthetest.On

AMENDED



WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454A-105

-13-

Day I of thetestdissolvedoxygenconcentrationshad droppedas low as 5.0mg/L (57% of saturation).

Consequently,mildaerationwas initiatedtoalltestchambers.Afteraeration,dissolvedoxygenconcentrations

remained;>-5.9mg/L (68% of saturatim)throughoutthetest.Measurementsofhardness,alkalinityand

conductivityarepresentedinTable3.

Dailyobservationsofmortalityandotherclinicalsignsoftoxicityobservedduringthetestareshownin

Table4.Freshwatermusselsin'thenegativecontrol,5.3,12and20 mg ai./Ltreatmentgroupsappearednonnal

andhealthydunng thetestAfter96-hoursofexposure,mortalityinthe41 and 79 mg a.i./Lbwbnent groups

was 5 and90%, respectively.LCSO valuesand95% confide= limitsat24,49,72and96hourswereestimated

orcalculatedfromthemortalitydata,and areshown inTable5.A graphofthecmcentration-responsecurveis

presentedinFigure1.

CONCLUSIONS

The 96-hourLC50 valueforfreshwatermussels(Unio complamatus)exposedto.PFOS was 59 mg

a.i./L.The 95% confidencelimitswere 51 and 68mg a.i./Landtheslopeoftheconcentration-responsecurve

was 10.The 96-hourno-mofti* concentrationwas 20 mg &iJL.

AHEENDED
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TableI

Summmy ofAnalyticalChemistryData

Sponsor: 3M Corporation
Test SubstAmee: PFOS
TestOrganism: FreshwaterMusseL Umo complamatus
DilutionWater-* Well Water

Nominal Test Ssn-mling Measured Nl= Measured PM=t
Concenftfion T *u'nc Concentmfion Concentration Of
(mg ai./L) Rcp@catc, al@,m) L%g ai./L) (mg &i./L) Nominal

NegativeControl A 0 <LQQ- <LOQ
B 0 <LOQ
A 48 <LO
B 48
A 96 <LOQ
B 96 <LOQ

5.7 A 0 5.47 5.3 93
B 0 4.93
A 48 5.18
B 49 5.70
A 96 5.24
B 96 5.26

A 0 11.4 12 109
B 0 10.1
A 48 11-2
B 48 10.5
A 96 10.9
B 96 15.4

23 A 0 19.0 20 87
B 0 16.8
A 48 18.7
B 48 18.7
A 96 22.9
B 96 22.4

46 A 0 37.2 41 89
B 0 40.6
A 48 37.1
B 48 39.5
A 96 49.2
B 96 40.5

91 A 0 69
*
0 79 87

B 0 74.7
A 48 81.3
B 48 77.6
A 96 88.2
B 96 85.7

The limitofquantitation(LOQ) was 0.115 mg ai./L.

AMENI)ED
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Table2

Temperature,DissolvedOxygen and pH of Water intheTestChambers

spmmr 3M Corporation
TestSubstance: PFOS
Ted Organism: FreshwaterMu3ml. Uniocmnpkwwtus
DilutionWater: wallwater
Mean Measured 0 Hour 24 Hours 48Hours(Old) 72 Hours

TestConcentration Tempi D"O D& DO DO
(mga.i./L) Replicatr- (oC) (mg&) pH (MWL) pH (MGIL) EH (mg/L) pH

NegativeControl A 21.4 8.5 8.4 5.8 - 8.2 8.3 8.2 -
B 21.4 8.5 - 6.1 8.0 8.1 - 8.1 8.2

5.3 A 21.5 8.5 9.5 5.7 - 9.2 9.3 8.0 -
B 21.5 8.5 - 6.1 8.0 8.2 - 8.1 8.2

12 A 21.7 8.5 8.4 6.0 - 8.2 8.3 8.1 -
B 21.8 8.5 - 5.6 9.0 8.1 - 8.1 8.2

20 A 21.8 8.5 8.5 5.8 - 8,1 8.3 8.2 -
B 21.8 8.5 - 5.7 8.0 8.2 - 8.2 8.2

41 A 22.5 8.5 8.5 5.4 - 8.2 8.3 8.1 -
B 22.5 8.5 - 5.6..@, 8.0 8.2 - 8.2 8.2

79 A 23.7 9.6 8.5 5.0 - 8.1 8.2 7.8 -
B 23.6 8.5 - 5.2 8.1 8.0 - 7.7 8.1

Temperaturemwmned continuouslyduringthetestrangedfromapproximately21@.0to21-50C..
2 A dwolved oxygenconcenhidm of5.2mgtlrepresents60'Yosaturationat220C infitshwater.
3 Wd aerationwas initiatedtoalltestchmbm.
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Table3

Hardness,AlkalinityandConductivityofWaterintheTestChambers

Sponsor* 3M Corporation
TestSubstance: PFOS
TestOrganism:. FreshwaterMusseL U?docomplamams
DilutionWater. WeRWaa
Mean ;eam=n-ed Sampling
Concentration Time Hardness AUmlini Conductivity

L i./L) Replicate. (Houm) IZ (omhos/cm)%I a. (MWL asCaCO3) (mll asCa 03)

NegativeControl A 0 140 172 300
B 96 132 174 330

5.3 A 0 136 174 300
B 96 136 174 330

20 A 0 144 174 320
B 96 136 178 340

79 A 0 144 178 340
B 0 136 176 350

ANFENDED



Table4

CumWative PercentMortafityandTreatinent-RelaWEffects

BPOMW. 3M Cmpomtion
Ted Subdanoo: PFOS

TedOrgmian: Frodnvdw Munat Untocomplwwtus
Ddation Water Well Water

Mean Meanuvd 6 Hours 24 Hours 48 Hours- 72 Ham 9

Ted C4watmtion No.

(MGALM) Repliede EqmW No. Dm& FirectO No Dead Effects No. Dead Effects No. Dead Effwu No. Dead

N%Wvc Control A 10 0 10 AN 0 10 AN 0 10 AN 0 10AN 0

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

53 A 10 0 10AN 0 10 AN 0 10 AN 0 10AN 0

B 10 0 10 AN 0 IOAN 0 10 AN 0 10AN 0

12 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

20 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

B 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN 0

41 A 10 0 10 AN 0 10 AN 0 10 AN 0 10 AN I

B 10 0 10 AN 0 10 AN 0 IOAN 0 10 AN 0

79 A 10 0 10 AN 3 7AN 3 7 AN 4 6 AN 9

B 10 0 10 AN 3 7AN. 5 5 AN 6 4AN 9

Cumubti"mm*wofdkmdmuml&

ObowvW Effbou.AN - Appom Norrml
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Table5

LC50 Values

Sponsor: 3M Corporation
Tea Substance: PFOS
TestOrganism: FreshwaterMussel Unio complamatus
DilutionWater: WellWater

Lower 95% Upper 95%
Confidence Confidence

LC50 Limits Limits Statistical
Time @2!9ai./L) (mg&i./L) (mgai./L) Method

24 Hours > 79 VisualInterpretation

48 Hours > 79 VisualInterpretation

72 Hoiiri? 79 >41 Binomial

96 Hours 59 51 68 Probit

IConfidencehnutscouldnotbe calculatedwithft mortalitydataobumed.
2 TheUSefUlneSSofthisLC50 isquestionablebecauseaconcentration-effedmlatimsbipwasnotdmmstra@
overareasonablerange(e.g.,-*7 to>63) of deacl

ANTENDED
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Figure1. Concentration-ResponseCurve(96-HourData)
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ANffiNDED
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APPENDIX I

SpecificConductance,Hm-dms, Alkalinityand PH ofWellWaterMeasured
Duringthe4-Week PeriodlimmediatelyPrecedingtheTest

Sponsor 3M Corporation
TestSubstance: PFOS
TestOrgani-.m: FreshwaterMussel Unto complamatus
DilutionWater: WellWater

mean
SpecificConductance 321(N= 4) 310-330

(pmhos/cm)

Hardnbss 126(N = 4) 120-132
(mg/LasCaC03)

A"inity 174(N = 4) 170-178
(mg/LasCaCO3)

pH 8.3(N 4) 8.1-8.5
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APPENDDC]L
AnalysesofPesticides,Organics,MetalsandOtherInorganics

inWildlifeInternationalLtd.WellWater'

ANALYSIS NOPASURED CONCENTRATION

Mimnaneous Measurumuts
TotalDissolvedSolids 286 mg/L
Animonia1-@"en

2
< 0.050 mfpl

TotalOrganicuuwn < 1.0 MIYL
TotalCyiAde < 10.0 WL

Organochlorinesand PCBs
Aldrin < 0.005 PB/-L
AlphaBHC < 0.005 4/-L
BftBHC < 0.005 ilw-L
DeltaBHC < 0.005 PW-LGumna BHC (Undane) < 0.006 Oiv-LChlordane < 0.025 W-LDDD, pp" < 0.006 pfv-L
DDE, pp: < 0.005 AW-L
DDT,pp < 0.008 pfv-LDieldrfii < 0.005 Aiv-L
T7ndmtil A < 0.005 i4/-L
Endos B < 0.005 i*-LEnd fan'sulfate < 0.018 pfy-LEndrin < 0.010 Pi/-L
EndrinAidehyde < 0.005- 41-L
Heptachlor < 0.005 41-L
M6thoxycWor < 0.007 4/-L
HoptachlorEpoxide < 0.005 14,L
Toxaphene < 0.500 PW-LPCW1016 < 020 PW-L
PCB-1221 < 0.260
PCB-1232 < olm
PCB-1242 < 0.720
PCB-1248 < 0.720
PCB-1254 < 0.720
PCB-1260 < 0.720

Metalsand OtherIuorganics
Mum@nymi < 100 PW-L
Arsenic < 25.0 itA-

< 0.50 iLA-
c < 1.0 itA-
caicnit 35.0 MAcc

UTP 3
< 2.0 t4l-L

co < 1.0
< 20.0
< 100
< 10.0

I
< 1.0
< 0.20 PW-L3 < 2.0
< 2.0potaS6UTq3 6.62

sel '
_

< 25.0
sn=R'- < 1.03 21-3
WCYM < 20.0

QST EnviroamentaL GainesviUa Floridafor samples ooBeeW onNovember 3 through November 7,1997.
Anal'=*f -y _Mned by VrdWe lnkmfional Ltd.for& samplec4DUoc*don November 5,1997.
Analym performed by WildlifelatmmfaonalLtd.forsamplescohectodon November 5 thmugh 7,1997.

h "um00

3

ifignem,unx
h4afiganese
merd
moEFenum

n*/-L
4-L
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APPENDIX M

THIEANALYSIS OF PFOS IN FRBHWATER

IN SUPPORT OF

WILDLIFE INTEPNANONAL LTD. PROJECT NO.: 454A-105
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REPORT APPROVAL

SPONSOR- 3M Corporation

TRME: PFOS: A 96-Hour StaticAcuteToxicityTestwiththeFreshwaterMussel
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MANAGEMENT:

KAWI
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Introducti

Freshwatersampleswere collectedfiun an acutetoxicitystudydesignedtodetemimetheeffectsof

PFOS (PerfluorooctaneSulfonicAcid PotassiumSalt)tothefreshwatermussel(Uniocomplamatus).This

studywas conductedby WildlifeInternationalLtd.and identifiedasProjectNo.: 454A-105. The analyses

of thesewatersampleswere performedatWildlifeJntemationalLtd.usinghighperformanceliquid

chromatographywithmass spectrometricdetection(BPLC/MS). Sampleswere.receivedforanalysison

May 28,30 and June 1,1999.'Sampleswere analyzedan eachsamplereceiptday.

TestSubstanceand InternalStandard

The testsubstanceused fortheanalyticalportionof thisstudywas WildlifeInternationalLtd.

identificationnumber 4675. 'Me testsubstancewas usedto preparecalibrationstandardsand matrix

fortificationsamples.

'fheinternalstandardwas receivedfrom 3M Corporationon July2, 1998 and was assignedWildlife

InternationalLtd.idenfificationnumber 4526 upon receipt.Mie-utemalstandard,agranularmaterw,was

idmfifiedas: 1K 1K 2K 2H PerfluorooctaneSulfonicAcid,ChemicalAbsb-adNumber: 27619-97-2.

ne standardwas storedunderambientconditions.

ARAL)tcal

ne methodusedfortheanalysisof thefi-eshwatersampleswas developedatWildlifebftmational

Ltd.andentitled"AnalyticalMethod ValidationfortheDeterminationofPFOS inFreshwater,SgWdter,

and AlgalMedW'. Thismethodologywas includedas AppendixH ofWildlifelnwxnationalLtd.protocol

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

Sampleswere dilutedin a 50% methanol: 50% NANOpure(D water solutioncontibiing

0.100mg 4H PFOS (internalstandard)ALand 0.05% fonnicacid(vtv)so thattheyfellwithinthe

calibrationrangeofthePFOS methodology.

Concentrationsof PFOS in the standardsand sampleswere detenmned by reverse-phasehigh

performanceliquidchromatographyusinga Hewlett-PackardModel 1100 High PerformanceLiquid

Chromatograph(BPLC) witha Peridn-EhnerAPI IOOLC Mass Spectrometerequippedwitha Perldn-
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Elmer TurbolonSpmy ion source. IHPLC separationswere achievedusinga KeystoneBetasflCls

analyficalcolumn(100mm x 2 nun I.D.,3 pm particlesize).The instnunentparametersaresununarized

inTable1. A meffiodflowchartisprovidedinFigureI-

CalibrationCurveandLimitof

Calibrafionstandardsof PFOS preparedina 50% methanol:50% NANOpurcS watersolution

taininiz0.100mg 4H PFOS (internalsUndard)/Land0.05% formicacid(v/v),ranginginconcentration

from 0.00229to 0.0274mg a.i./Lwere analyzedwiththesamples.Linearregressionequationswere

generatedusingpeak arearesponseratios(PFOS :internalstandard)versustherespectiveconcentration

ratios(PFOS :internalstandard)ofthecalibrationstandards.A typicalcalibrationcurveispresentedin

Figure2. 'Me concentrationof PFOS inthesampleswas determinedby substitutingthepeak area

responseratiosintotheapplicablelinearregressionequatim. Representativeionchromatogmms of low

and highcalibrationstandardsarepresentedinFigures3 and 4,m%=fively.

"Me methodlimitofquanttaton(LOQ) fortheseanalyseswas setat0.115mg a.iJL calculatedasthe

productofthe lowestcalibrationstandardanalyzed(0.00229mg a.i./L)and,thedilution&ctorof the

matrixblanksamples(50.0).

MatrixBlankand FortLficationS

Threematnx bink sampleswereanalyzedto&-t== possible,mterference.No interferenceswere

observedator abovetheLOQ duringsamplesanalyses(Table2). A representativechromatogramof a

matrixblankispresentedinFigure5.

Freshwaterwas fordfiedat0.915,45.7and 110 mg a.i.ALand analyzedconcurrentlywiththesamples

to determinethemean proceduralrecovery(Table3). Sample were notcorrectedfbrthe

mean proceduralrecoveryof94.7%. A representativechronutw= ofa matrixfortificationispr=god

inFigure6.

AMENDED
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ExamaleCalculations
Sample number 454A-105-16,nominalconcentrationof5.7mg a.i.ALinfi-eshwater.

InitialVolume:0.100mL

FinalVolume: 25.0mL

DilutionFactor.250

PFOS PeakArea. 596972

InternalStandardPeakArea: 401298

Peak Area Ratio:1.4874

Calibrationcurveequation.

Slope:6.30785

Intercept:0.04889

(Peakarearatio- (Y-intmr-ept))x LS. Concentration
PFOS (ILga.iJL)athwftunumt

SIOPO-1

(1.4974- 0.04889)x 100pg a.i./L

6.30785

22.8pgaiJL

Note:I.S. internalstandard.

PFOS (mg a.i.AL)insample
PFOS (pga.iJL)atkabument x DilutionFactor

10004mg

22.8x 250

1000

5.70mg a.iJL

AMEOED
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PFOS (mg a.i./L)insample
PercentofNominal Concentration x 100

PFOS (mg a.i.AL)nominal

Calculatedrecovery-98.9%

Note:manualcalculationmay dffer.

RESULTS

.SMP-lgA!Wmis
Freshwatersampleswere collectedfrom theacutetomcitystudywiththefreshwatermussel(Unio

complamatus)at testinifmfion,May 28, 1999 (Hour 0),on May 30, 1999 (Hour48),and at test

temiftmdon,June 1,1999 (Hour 96). The measuredconcentrationsofPFOS inthesamplescollqctedat

mifafionof exposureof thetestorganisms(Hour0) rangedfi-om73.7to 96.0% of thenominal

concentrations.Samples collectedatHour 48 had a measuredconcenuafionrangeof .81.2to98.9% of

nominalvalues.Samplescollectedattestwnnination(Hour 96)had a measuredconcentrationrangeof

88.5to 130% ofnominalvalues(Table4). A representativechromatq;mm ofa testsampleisshown in

Figure7.

AMENDED
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TableI

TypicalLC/MS OperationalParameters

INSTRUhffi'NT: Hewlett-PackardModel I100High PerfomianceLiquid
Chromatographwitha Perldn-EhnerAPI IOOLC Mass Spectrometer
eqiuppedwitha Perkin-EhnerTurbolonSprayionsource.Operatedin
selectiveionmonitoringmode (SM.

ANALYTICAL COLUMN: KeystoneBetasilCiscolumn(100mm x 2 nun I.D.,3 pm particlesize)

OVEN TEMPERATURE: 300C

STOP TIME: 10.0minutes

FLOW RATE: 0.220mljminute

MOBELE PHASE: 72.0% Methanol:28.0% NA:NOpuree Water containing0.1% Fonnic
Acid

INJECTION VOLUME: -25.0ILL

PFOS RETENTION TIME: Approxiinaftly6.4n-dnutes

INTERNAL STANDARD
RETENTION TIME: Approxfinately4.4minutes

PFOS MONITORED MASS: 498.6anm

INTERNAL STANDARD
MONITORED MASS: 426.7amu
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Table2

MatrixBLuks AnalyzedConcurmfly DuringSampleAnalysis

SMI.E Measured ConcentrafionOf
Number PFOS'

(454A'105-) Type (mga.i.AL)

MAB-4 MatrixBlank <LOQ

MAB-2 MatrixBlank < LOQ

MAB-3 MatrixBlank < LOQ
The limitofquanfitation(LOQ) was 0.115 mg a.i./Lbasedupon theproductofthelowestcalibration
standard!2!bZ!d 0.00229Mg a.i.2andthedilutionfactorofthematrixblank!!ELles(50.0).

ANEOED
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Table3

MatrixFortificationsAnalyzedConcurrentlyDuringSampleAnalysis

ConcentrationsofPFOS
SampleNumber (mga.i.L) Percent
(454A-105-) Fortified Measured Recovered
MAS-10 0.915 0.780 85.2
MAS-4 0.915 0.952 104
MAS-7 0.915 0.858 93.8

MAS-1 1 45.7 43.7 95.7
MAS-5 45.7 43.5 95.0
MAS-8 45.7 42.7 93.4

MAS-12 110 94.2 85.5
MAS-6 110 113 103
MAS-9 110 106 96.7

Mean = 94.7
StandardDeviation= 6.50

CV' = 6.86
@. N = 9

Note:Resultsand correctionsfornew testsubstancepuritywere generatedusingMacQuan version1.5
softwareand manualcalculations.ValueshavebeenroundedforMarl@,ng oses.2u!p

A 'NDEDAffi
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Table4

Measured ConcentrationsofPFOS inFreshwaterSamplesfrom a
FreshwaterMusselAcuteToxicityTest

Nominal Test Sample sampling PFOS Measured Percent

Concentrafion Number Time Concentrationi of
@Mi a.i./L) (454A-105-) 2LOur.5) LMJa.i.iL@ Nominal

0.0 1 0 < LOQ
"'@'2 0 < LOQ
13 48 < LOQ
14 49 < LOQ
25 96 < LOQ
26 96 < LOQ

5.7 3 0 5.47 94.9
4 0 4.93 85.5
15 48 5.18 89.8
16 48 5.70 98.9
27 96 5.24 90.9
28 96 5.26 91.-2

11 5 0 11.4 96.0
6 0 10.1 84.3
17 48 11.2 94.1
18 48 10.5 88.2
29 96 10.9 91.3
30 96 15.4 130

23 7 0 -19.0 83.3
8 0 16.8 73.7
19 48 18.7 81.8

20 48 18.7 81.8
31 96 22.9 100
32 96 22.4 98.0

46 9 0 37.2 81.4
10 0 40.6 88.9
21 48 37.1 81.2
22 48 39.5 86A
33 96 48.2 105

34 96 40.5 88.5

91 11 0 69.0 75.4
12 0 74.7 81.6
23 49 81.3 88.9
24 48 77.6 84.9
35 96 88.2 96.4
36 96 85.7 93.7

Note: Resultsand con-ectionsfornew testsubstancepuritywere generatedusingNiacQuan version1.5softwareand
manual calculations.Valueshavebeenrounded forreportingpurposes.

The limitofquantitation(LOQ) was 0.115mg a.i./Lbasedupon theproductofthelowestcalibrationstandardanalyzed
(0.00229mg a.i./L)and thedilutionfactorofthematdx blanksamples(50.0).

ANIENDED
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METHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN FRESHWATER

Preparematrixfortificationsamplesby spikingtherq*ite volumeofPFOS stocksolutionsdirectly
mto fi-eshwaterusmg gas-tigbisynngesand ClassA volumetdcflasks.

Ddutr,matnx fortificatonandtestsamplesuto therangeofthecalibrationstandardsby partiallyfillmg
ClassA volumetdcflaskswith50% methanol:50% NANOpwa watersomon containing

0.100mg 4H PFOS (btmmalstandard)/Land 0.05% fonnicacid(v/v).Add theappropriatevolumeof
. leandbringtheflasktovolumewiththedilutionsolveirt.Processthematrixblanksunpleusing

thesame chlutionandWWat volumeasforthelowestfortificatonlevel.Mix wellby severalrepeat
inversions.

AmpuL-desamplesand submitforLC/MS analysis.

Figure1. AnalyticalmethodflowchartfortheanalysisofPFOS infreshwater..@,
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2.00-
0

1.50-

1.00'.

0.50-

0.00 ......

0.000 0.050 0.100 0.;5,0,'0.200 0.250 0.300

Concentmfim(Rado)

Flgure2. A typicalcalibrationcurveforPFOS. Slope 6.30785;Intercept0.04889;r 0.9986.

ANEMED
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Figure3. A representativeionchi 'ogramofa low-lowl(0.00229inga.iJL)PFOS sbmdard.
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Figure5. A representativeI ofamatrixblanksample(454A-105-MAB-2).
The arrowindicatestheretentiontinmofPFOS.
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Fipre 6. A representativechromatogram of a 1.00 mg a.i./Lmatrix fortificationsample

(454A-105-MAS-4).
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F"igure7. A representativechromatogramofa 6.3mg a.i.ALtestsainple(454A-105-16).
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APPENDIX IV

ChangestoProtocol

Thisstudywas conductedm accordancewiththeapprovedProtocolwiththefollowmgchanges:

I. The protocolwas amended to add the proposedexpminientalstartand terminationdates,test
concentrationsandtestsubstancenumber

2. The protocolwas amencl6dtorenew thetestsolutionsat48 hours.

3. The protocolwas amended tospecifythatGLP awaysm ofwellwaw willbe reported

4. The protocolwas amended toreducetheloadingrate.

5. The weightandlengthofdw musselswas detmmiinwbyweighingandmeasuring20 individualsfromam
same lotoftestorganisms.

6. The musselswm-e &tnbuted tothetestchambers.
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APPENDIXVI

ReportAmendment

I. OriginalReport: Pages 1-4,6 and 24

Amendment: The pageswere changedtomcludetheamended reportdate,revlscdpagenumbers,and
new signaturesanddatesduetotheadditionofthereportamenchnentasAppendixVI.

Reason: To reflecttheissuingofanamended reporl

2. OriginalReport: Page 2

Amendment: The compliancestatementwas mvise&

Reason: To clarifyhow thetestsubstancewas charactmized.

3. OriginalReport: Page 9

Amcnchncnt: Informationprovidedby theSpon" reflectingthereanalysisofthetestsubstance,
includingthereanalysisdateand thepurity,was addedtotheTestSubstancesection.

Reason: To reflectthecurrenttestsubstanceinformafionprovidedby thc.Sponsor.

4. Ongmal Report: Entirereport

Amendment: AU testsubstanceconcentrationswerechangedtoieflectthepwityofthetestswastonm
asdeterminedby theSponsorinareanalysisofthetestsubstance(FC-95,Lot217).
Testconcentrationsoriginallywm basedon thereportedpurityof 98.9*/o.The
=tificateofanalysisdatedMarch 9,2000indicatedapurityof90.49"/o.Thmvkm, all
testsubsta= concentrations,includingnominal concentrations,measured
concentrations,andLC50 values,wererecalculatedandreportedasmg &i./Lbasedon
the90.49% purity.

Reason: To reporttheresultsofthetestbasedon thetestsubstanceptv4 of90.490/oatthe
requestoftheSponsor.

AMENDED
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-Continued-

ReportAmenchnent

AMENDMENT SIGNATUWS:

dlla 2

KurtF-Drottar DATE.stu4. Djxpetor

Hemy OvKrucier,Ph.D. DATLF
Dkeetor,AquaticToxicologyandNon-TargetPlants

REVMWED BY:

@/c t9
TiinothyF@p@er, Ph.D. DATE
QualityAssurance

AMENDED
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR STATIC ACUTE TO)GCITY TEST WITH TIIE
FRESHWATER NFUSSEL

PROTOCOL NO.: 454/042199/MUS/SLJB454 AMENDMENT NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 454A- 105

EF'FECTIVE DATE: May 20,1999
AMENDMENT: Page 2

Add: ExperimentalStartDate: 5/28/99
ExperimentalTerminationDate: 6/l/99

Test Concentrations:NegativeControl,6.3,13,25,50 and 100 mg a.i./L
Test Substance No.: 4675

REASON: The above informationwas not known when theprotocolwas signedby the Study
Director.

AMEENDMENT: EXPERINLENTAL DESIGN Page 3

Add: Testsolutionswillbe renewed atapproximately48 hours.New testsolutionswillbe prepared
and themussels willbe transferredfrom theoldto thenew testsolutions.

REASON: Test solutionswillbe renewed at48 hours toimprove thewater quality.

AMENDMENT: DilutionWater,Page 5

Change: Analyses willbe performed atleastonce annuallyto determinetheconcentrationsof

selectedorganicand inorganicconstituentsofthe well water and the resultsofthe
analyseswillbe sununarizedinthe finalreport.

To: Analyseswillbe performed atleastonce annuallyto determinetheconcentrationsof selected

organicand inorganicconstituentsof thewellwater and the resultsof themost recentGLP
compliantanalyseswillbe sununarizedinthefinalreport.

REASON: To specifythatGLP analyseswillbe reported.

a45411051&mendl
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WILDLIFE INTERNATIONAL LTD. Page 2 of2

In
AMENDMENT: TestApparatusPage5

Change: Test chamberswillbe 25-L,polyethyleneaquariafilledwithapproximately15 L of
water

To: Testchamberswillbe25-L,polyethyleneaquariafilledwithapproximately20L ofwater.

REASON: To reducetheloadingrate.

STUDY DIRECTOR DATE

LABORX-TORY MARkdEMENT DATE

sp6NsoR,s REPREsENTATivE DA

a4MIgsiammdl
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DEVIATION TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR STATIC ACUTE TO)UCITY TEST WITH THE
FRESHWATER MUSSEL

PROTOCOL NO.: 454/042199/MUS/SU]3454 DEVIATION NO.: I

SPONSOR: 3M Corporation PROJECT NO.: 454A- 105

DATE OF DEFAC-RO DEVIATION: June1,1999

DEVIATION: The protocolstatesthatvalveheightsand weightsoftheindividualmusselswill
be measuredattheend of thetest.The valveheightsand weightsof 20
representativemusselsfrom thesame lotwere measurecl

REASON: BiologistoversightThe musselsusedinthetestwere shippedtotheSponsorbeforethey
were weighedand measured.The musselsused inthetestand themusselswhich were
weighedandmeasuredwereindiscriminatelyselectedfrom thesame lotoftestorganisms.
Consequently,itis thebestjudgmentof theStudy Directorthatthisdeviationdidnot
adverselyaffecttheresultsofthestudy-

STUDY DIRECTOR DATE

19Z ol
LABORATORY MANAGEMENT DATE

KRD4-Sft\105*dl



PROJECTNO.: 454A-105

WILDLIFE INTERNATIONAL LTD. Page I ofI

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: PFOS: A 96-HOUR STATIC ACUTE T03UCITY TEST WITH THE
FRESHWATER MUSSEL

PROTOCOL NO.: 454/042199/MUS/SUB454 DEVIATION NO.: 2

SPONSOR: 3M Corporation PROJECT NO.: 454A-105

DATE OF DEFACTO DEVIATION: May 28,1999

DEVIATION: The protocolstatesthattocontrolbias,freshwatermusselswillbe randomly
assignedtoexposurechambers attestinitiation.The musselswere actually
in@@ly distributed(arandom numbertablewas notusedtodistributethe
mussels).

REASON: Biologistoversight.ItisthebestjudginentoftheStuclyDirectorthatthisdeviationdid
notadverselyaffecttheresultsofthestudy.

STUDY DIRECTOR DATE

LABORATORY MANAGENEENT DATE

KPM4--uW\105\prC
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PFOS: A 96-HOLJR STATIC ACUTE TO)UCITY TEST
WITH THE FRESHWATER MUSSEL

SPONSO 3M Corporation
EnvironmentalLaboratory
Building2-3E-09
935 Bush Avenue
St.Paul,Minnesota 55144

SPONSOR!S REPRESENTATIVE: Ms. Susan A. Beach

TESTING FACILITY: WildlifeInternationalLtd.
8598 Commerce Drive
Easton,Maryland 21601

STUDY DIRECTO Kurt DrotLar
SeniorAquaticBiologist

LABORATORY MANAGEMENT: Henry 0. Krueger,Ph.D.
DirectorofAquaticToxicology& Non-TargetPlants

FOR LABORATORY USE ONLY

ProposedDates:

Experimental Experimental

StartDate: TerminationDate:

ProjectNo.: q!54A - /0!@-

TestConcentrations:

Test SubstanceNo.: ReferenceSubstanceNo. (ifapplicable):

PROTOCOL APPROVAL

/3

STUDY DIRECTOR DATE

L k&OPY MANAGEMENT DATE0

qbq lqq
SPOVSO-R!SREPRESENTATIVE DATE

PROTOCOLNO. 454/042199/MUS/SUB454 3M LAB REQUEST NO. U2723
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INTRODUCTION

WildlifeInternational,Ltd.willconducta staticacutetoxicitytestwiththefreshwatermusselforthe

Sponsor attheWildlifeInternational,Ltd.aquatictoxicologyfacilityinEaston,Maryland. The studywill

be performed based on proceduresintheU.S. EnvironmentalProtectionAgency Series850 -Ecological

EffectsTestGuidelinesOPPTS Nwnber 850.1075 (1);OECD GuidelineforTestingofChemicals203:Fish,

Acute ToxicityTest(2);and ASTM StandardE729-88a Standard Guide for Conducting Acute Toxicity

TestswithFishes,Macroinvertebratesandamphibians (3).Raw dataforallwork performedatWildlife

International,Ltd.and a copy ofthefinalreportwillbe filedby projectnumber inarchiveslocatedon the

WildlifeInternational,Ltd.site,or atan alternativelocationtobe specifiedinthefinalreporl

PURPOSE

The purposeofthisstudyistodeterminetheacuteeffectsofatestsubstanceon thefreshwatermussel

during a 96-hour exposureperiodunderstatictestconditions.

EXPERIMENTAL DESIGN

Freshwatermussels-willbe exposed to a geometricseriesof atleastfivetestconcentrationsand a

negative(dilutionwater)controlfor96 hours. Two replicatr,testchambers willbe maintainedineach

treatmentand controlgroup,with 10 freshwatermusselsineach chamber fora totalof20 freshwatermussels

pertestconcentration.

Nominal testconcentrationswillbe selectedinconsultatimwiththeSponsor,and willbe basedupon

informationsuch as the resultsof exploratoryrange-findingtoxicitydata,known toxicitydata,physi-

cal/chemicalpropertiesof thetestsubstanceorotherrelevantinformation.Targetconcentrationsneed not

exceed 1000 mg/L orthesolubilitylin-Litofthetestsubstanceinwater(whicheverislower).Generally,each

testsubstanceconcentrationusedinthedefinitivetestwillbe atleast60*/oofthenexthigherconcentration

unlessinformationconcerningtheroncentration-effectcurveindicatesthatadffcrentchlutionfactorwould

be more appropriate.Water samplesfrom each testchamber willbe collectedatspecifiedintervalsfor

analysisof the testsubstance.Resultsof analyseswillbe used to calculatemean measured test

concentrations.

To controlbias,firshwatermusselswillbe randon-Ayassignedtoexposurechambers attestinitiatiom

No otherpotentialsourcesofbiasareexpectedtoaffecttheresultsof thesb*. Observationsofmortality

and otherclinicalsignswillbe made ffimghout the 96-hourtestperiod.Cumulativepercentmortality

PROTOCOL NO. 454/042199/MUS/SUB454 3M LAB REQUEST NO. U2723
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observedinthetreatmentgroups-,Nil]be used tocalculate,when possible,LC50 valuesat24,48,72 and 96

hour intervals.The no-mortalityconcentrationwillbe determined.

MATERIALS AND METHODS

Test Substance

Informationon thecharacterizationof test,controlor referencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The SponsorisresponsibleforprovidingWildlifeInternational,Ltd.

writtenverificationthatthetestsubstancehasbeen characterizedaccordingtoGLPs priortoitsuse inthe

study.IfwrittenverificatimofGLP testsubstancecharacterizationisnotprovidedtoWildlifeInternational,

Ltd.,itwillbe notedinthecompliancestatementofthefinalreport.The attachedform IDENTIFICATION

OF TEST SUBSTANCE BY SPONSOR (Appendix1)istobe used.toprovideinformationnecessaryfor

GLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreesto acceptany

unused testsubstanceand/ortestsubstancecontainersremainingattheend ofthestudy.

Preparationof Test Concentrations

The testsubstancewillbe administeredtothetestorganismdirectlyintodilutionwater.Thisroute

of administrationwas selectedbecauseitrepresentsthemost likelyrouteof exposuretoaquaticorganisms.

TestOrganism

The freshwatermussel hasbeen selectedas thetestspeciesforthisstudy. Freshwatermussels are

representativeof an importantgroup ofaquaticinvertebrates,and have been selectedforuse inthetestat

therequestof theSponsor. Valveheightand weightsoftheindividualmusselswillbe measured attheend

ofthetest.Mussels willbe obtainedfrom acommercial supplierorhatchery,and theidentityofthespecies

willbe verifiedby thesupplier.

Freshwatermussels willbe heldforatleast14 days priortothetestinwaterfrom thesame source

and atapproximatelythesame t=iperatureasusedduringthetest.Any changes inwatertemperaturewin

notexceed 3 'C perday. Freshwatermusselswillbe heldatthetesttemperaturefora minimum of 7 days

priortotestinitiation.Freshwatermusselswillnotbe used inthetestiftheyshow signsofdiseaseorstress

orifmore than 5% dieduringthe7 dayspriortothetest.At testinitiation,thefreshwatermusselswillbe

collectedfrom holdingor acclimationtanksand transferredtothetestchambers. At testterminationall

PROTOCOL NO. 454/042199/MUS/SUB454 3M LAB REQUEST NO. U2723
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remaininglivemusselswillbe sacrificedforcollectionof tissue@amples. The tissuesamples willbe

composited by replicate,frozenand shippedto theSponsor forpossibleanalysis.

DilutionWater

Water used for the holdingand testingof freshwatermusselswillbe obtainedfrom a well

approximately40 metersdeep locatedon theWildlifeIiitemational,Ltd.site.The waterwillbe passed

througha sand filterand pumped intoa 37,800-L storagetankwhere thewater willbe aeratedwith spray

nozzles.-Priortousethewaterwillbe fdtoredto 0.45,vm inordertoremove fineparticles.Water used for

culturingand testingischaracterizedasmoderatelyharcl Typicalvaluesforhardness,alkalinity,pH and

specificconductanceareapproximately:

Hardness,mg/L as CaCO3 145
Alkalinity,mg/L as CaCO3 190
pH 8.1
SpecificConductance,gmhos/cm 330

Hardness,allWmity,pH and sp=fic conductancewillbe measured weekly tomonitortheconsistmcy

ofthewellwater. Means andranges.ofthemeasured parwncteisforthefour-weekperiodprecedingthetest

willbe providedinthe finalreport.Analyseswillbe performedatleastonce annuallytodeterminethe

concentrat.tormofselectedorganicandinorganicconstituentsofthewellwater and resultsoftheanalyseswill

be summarized inthefinalreport.

TestAnar

Test chambers willbe 25-L,polyethyleneaquariafilledwith approximately15 L of water. Test

chambers willbe positionedinan environmentalchamber ortemperature-controlledwaterbathtomaintain

a temperatureof 22 ± 2*C. Testchambers willbe labelledwiththeprojectnumber,testconcentrationand

replicate.

EnvironmentalConditions

Lightingusedtoilluminatethecult= and testchambersduringholding,acclimation,and testingwill

be providedby fluorescenttubesthatcmitwavelengthssunilartonaturalsunlight(e.g.,Colortonell50). A

photopmiod of 16hoursoflightand 8 hoursofdarkwillbe controlledwithan automatictimer.A 30-n3inutc

transitionperiodoflow lightintensitywillbe providedwhen lightsgo on and offto avoidsudden changes

inlightintensity.Lightintensitywillbe measured attestinitiationwitha SPER ScientificLtd.lightmeter

orequivalent.

PROTOCOL NO. 454/042199ftAUS/SU3454 3M LAB REQXJEST NO. U2723
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The targettesttemperaturewillbe 22 2*C. Temperature willbe measured inallreplicatesatthe

beginningand end of thetestusingaliquid-in-glassthermometer.Temperaturealsowillbe measured with

a continuousrecorderina beakeradjacenttothetest.Recordermeasurements willbe verifiedwitha liquid-

in-glassthermometerpriortotestinitiation.

Dissolvedoxygen willbe measured in allreplicatesof the treatrnentand controlgroups at test

initiationand atapproximately24-hourintervalsthereafterusinga Yellow SpringsInstrumentModel 5 1B

dissolvedoxygen meter,or equivalent.Intheeventthatdissolvedoxygen levelsfallbelow 60% saturation,

appropriateactionswillbe takenafterconsultationwiththeSponsor. Measurements ofpH willbe made in

alternatingreplicatesofthe treatmentand controlgroups attestinitiationand atapproximately24-hour

intervalsthereafterusingaFisherAccwnet Model 915 pH meter,orequivalent.Ifa treatmentgroupreaches

100% mortality,dissolvedoxygen,pH, and temperaturemeasurements willbe takenatthenextsampling

interval,thendiscontinued.

Hardness,alkalinity,and specificconductancewillbe mgasured inthedilutionwaterand low,middle

and high testsubstanceconcentrationsattestinitiationand attesttermination.Hardness and alkalinity

measurements willbe made by titrationusingproceduresbased on methods inStandard Methods for the

Examination of Water and Wastewater(4).Specificconductancewillbe measuredusinga Yellow Springs

InstrumentModel 33 Salinity-Conductivity-Temperaturemeter,orequivalent.

BiologicalMeas

Observationsofmortalityand clinicalsignsoftoxicitywillbe made between 0-24hours,and at24,

48, 72 and 96 hours± I hour.Lethalityisdefmed asthelackofvisiblemovement (eg open orgapingshell)

inthemussel aftergentleprodding.Allclinicalobservationswillbe notecl

SmRIing forAngLyticalMeasurements

Water sampleswillbe collectedfrom eachtestchamber atthebeginningofffictest,duringffictest

and atfficend ofthetea w downnine concentrationsofthetestsubstance.Intheeventihgd100% mortality

occursinany breauncntthensamplingofthathwbnent willterminatefollowingthenextsamplinginterval.

Samples willbe collectedatmid-depthfrom each testchamber and analyzediimnediatelyorplacedin an

appropriatestoragecontainer(e.g.,polyethyleneorpolypropylenebottle)and storedunderrefrigerationuntil

analyzed. The sample scheme issummarized below:

PROTOCOL NO. 454/042199/MUS/SUB454 3M LAB REQUEST NO. U2723
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PROPOSED NUMBERS OF VERIFICATION SAMPLES

48 96
ExperimentalGroup 0 Hours Hours Hours

Control 2 2 2

LevelI-Low Concentration 2 2 2

Level2 2 2 2

Level3 2 2 2

Level4 2 2 2

Level5-HighConcentration 2 2 2

Totals 12 12 12

TotalNumber ofVerificationSamples 36

The above numbers of samplesrepresentthosecollectedfrom thetestand do notincludequality

control(QC) samplessuchasmatrixblanksandfortificationspreparedandanalyzedduringtheanalytical

chemistryphase ofthestudy.At thediscretionoftheStudyf)irector,watersamplesfrom one ormore

appropriatetestchamberswillbe collectedand analyzedifan analyticalerrorinsamplingor analysisis

suspected.The reasonfortheadditionalsampleswillbe describedby theStudyDirectorand documented

intheraw dataand finalreport.

AngLyficalChemis

Chemicalanalysisofthesampleswillbe performedby WildlifeInternational,Ltd- The analytical

method used willbe basedupon methodologyprovidedby theSponsor and identifiedinAppendix 11.The

methodologyusedtoanalyzethetea sampleswillbe documaiw intheraw dataand summarizedinthefinal

report.

Data Anal)@5is

When theconcentration-responsepatternallowscalculationof an LC50 value,thedatawillbe

analyzedusingthecomputersoftwareofC.E.Stephan(5).The programwas designedtocalculatetheLC50

valueand the 95% confidenceintervalby probitanalysis,themoving averagemethod,or binomial

probabilitywithnonlinearinterpolation(6,7,8).The LC50 valuewillbe calculated,when possible,using

mortalitydatacollectedat24,48,72 and96 hours.The no-mortalityconcentrationwillbe determined.
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RECORDS TO BE MAINTAINED

RecordstobemaintainedfordatageneratedbyWildlifeInternational,Ltd.willinclude,butnotbe

limitedto:

I. A copy ofthesignedprotocol.

2. Identificationand characterizationofthetestsubstance,ifprovidedby theSponsor.

3. Dates of initiationand terminationofthetesl

4. Testorganism history,holdingand acclimationrecords.

5. Stocksolutioncalculationand preparation,ifapplicable.

6. Observations.

7, Water chemistryresults(e.g.,alkalinityand hardness).

8. The methods used toanalyzetestsubstanceconcentrationsand theresultsofanalyticalmeasurements.

9. Statisticalcalculations,ifapplicable.

10. Testconditions(lightintensity,photoperiod,de.).

11. Calculationand preparationoftestconcentrations.

12. Copy offinalreport.

FINAL REPORT

A finalreportof theresultsofthestudywillbe preparedby WildlifeInternational,Ltd. The report

willinclude,butnotbe limitedto,thefollowing,when applicable:

1. Name and addressofthefacilityperformingthestudy.

2. Dates upon which thestudywas initiatedand completed,and thedefufitiveexperimentalstartand

terminationdates.

3. A statementof compliancesignedby the Sb* Directoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectivesand procedures,asstatedintheapproved protocol,includingallchangestotheprotocol.

5. The testsubstanceidentificationincludingname, chenficalabstractnumber or co& number, strength,

purity,composition,and otherinformationprovidedby theSponsor.

6. Stabilityand solubilityofthetestsubstanceundertheconditionsofadministration,ifprovidedby the

Sponsor.

7. A descriptionofthemethods used toconductthetest.

8. A descriptionofthetestorganisms,includingfficsource,scientificname, age orlifestage,lengths

and weightsof arepresentativegroup oftestorganisms,feedtypes,lightintensityand photoperiod.

9. A descriptionofthepreparationofthetestsolutions.
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10. The methods used toallocateorganismstotestchambers and begin thetest,thenumber oforgaristns

and chambers pertreatment,andthedurationofthetest.

11. A descriptionofcircwnstancesthatmay have affectedthequalityor integrityofthedata.

12. The name of the Study Directorand thenames of otherscientists,professionals,and supervisory

personnelinvolvedinthestudy.

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

and analysisofthebiologicaldataand analyticalchemistrydata,and a statementoftheconclusions

drawn from theanalyses.

14. Statisticalmethods used toevaluatethedata.

15. A graphof theconcentration-mortalitycurveattheend ofthetest

16. The signedanddatedreportsofeach oftheindividualscientistsorotherprofessionalsinvolvedinthe

study.

17. The locationwhere raw dataand finalreportaretobe stored.

18. A statementpreparedby theQualityAssuranceUnit hstingthedatesthatstudyinspectionsand audits

were made and thedatesofany findingsreportedtothe StudyDirectorand Management.

19. Ifitisnecessarytomake correctionsor additionsto a finalreportafterithas been accepted,such

changes willbe made intheform ofanamendrnentissuedby theStudyDirector.'Me amendment will

clearlyidentifythepartofthefinalreportthatisbeingamended and thereasonsfortheamendment,

and wiU be signedby theStudyDirector.

CHANGING OF PROTOCOL

Planned changes to theprotocolwillbe in theform of writtenamendments signedby the Study

Directorand theSponsoes Representative.Amendments wiU be consideredaspartoftheprotocolandwill

be attachedtothefinalprotocol.Any otherchangeswillbe intheform ofwrittendeviationssignedby the

Study Directorand filedwiththeraw data.Allchanges totheprotocolwillbe indicatedinthefinalreport.

GOOD LABORikTORY PRACTICE

This studywiU be conductedinaccordancewith Good LaboratoryPracticeStandardsforEPA (40

CFR Part 160 and/orPart792);OECD Principlesof Good LaboratoryPractice(OCDE/GD (92)32,

EnvirorunentMonograph No. 45);and Japan MAFF (59NohSan, NotificationNo. 3850, Agricultural

ProductionBureau).Each studyconductedby Wildlifebftmational,Ltd.isroutinelyexamined by the

Wildhfe IntemationaLLtd.QualityAssuranceUnitforromphuice withGood LaboratoryPractices,Standard

OperatingProceduresandthespecifiedprotocol.A statementofcompharr-ewithGood LaboratoiyPractices

willbe preparedforallportionsofthestudyconductedby WildlifeIntemationalLtd. The Sponsorwillbe
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responsibleforcompliancewith Good LaboratoryPracticesforproceduresperformed by othexlaboratories

(e.g.,residueanalysesorpathology).Raw dataforallwork performedatWildlifeInternational,Ltd.and a

copy ofthefmal reportwillbe filedby projectnumber inarchiveslocatedon theWildlifeInternational,Ltd.

site,or atan alternativelocationtobe specifiedinthefinalreport.
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APPENDIXI

D)ENTIHCATION OF TEST SUBSTANCE BY SPONSOR

To beCorWkftd by Spmsm

I. TestSubstanceIdentity(name tobe used inthereport):PFOS (PerfluorooctaneSulfonicAcid PotassiumSalt

ReferenceStandard(ifapplicable):AnalyticalStandard: N/A

InternalStandard: l.l.2.2H.H.H.HPerfluorooctaneSulfonicAcid

TestSubstance Sample Code orBatch Nwnber: Lot 217

TestSubstancePurity(0/oActiveIngredient): 98.9 ExpirationDate: 2008

]I. TestSubstancelamactmizatim

Have thekkntity,strm%n and on odffcbmwtaisficstmI su4= 2:
wlichappropriately.

m=
st@ been

ddmnifi6dliriortoitsusem thisstudym aaxrdancevathGLP Smndards? Yes x No

IH. TestSubstanceSWrage Cm&fiom

Pleaseindicatetherecomnxmded stmge cmmons atWildlifeIntmnadonallAd

Ambient

Has thestabilityofthetestsubstanceunderfl= sbrageconditions
bem detmmmed m aaadance vadiGLP SWndards? Yes x No

Offiapm*W stabilityinfmnafial:

IV. TestConcmtrafior)s: AdjusttestcmicmtratimtD 100'/oa.L
x basedWm thepumy Clo)grvm above

Dp notad4g testcm=nft-afimtD 1000/o

V. ToxicityInfonnatim:

&L TesttheniatmialAS IS.

MmmnaharL RatLD50 251mg/kiz MoiwLD50-N/A

Agjafic: hwatebrateToxicityT=O) FishTo)d* (LC50)

DgRbniamagna: 27 ma Rainbow Trout:II mp-IL

Dgphnia magga: 50 mWL Fathead Minnow: 38 mgJL

Od= To)dcityInfamuhm (ichxbg fin&W ofchronicandmbduaic tests):

PleaseseeMSDS
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APPENDIX H
OEM

AnalyticalMethod Providedby Sponsor

Samples willbe analyzedbasedupon proceduresprovidedby theSponsor inthefollowinganalyticalmethods:

1. LiquidChromatography Mass Spectrometry(LCMS) Method forthe Determmation of Perfluorooctane
SulfonicAcid PotassiumSalt(PFOS) InFreshwater,Saltwaterand Algal Medium

A copy oftheabove method willbe maintainedintheraw data.The actualmethodology used toanalyzethetest
samples willbe documented intheraw dataand summmized inthefmal report.
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