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IWRODUCRION

WildlifeW=afion4 Ltd.vnuconductafour-daytoxicityteavnththefreshwateralga,Anabaena

j7os-aquae,fortheSpmsorattheWgdhk bkmatima ld aquabctoxicologyfacilityinEastce,Marylancl

The sb* willbeperformedbasedon proceduresin theU.S.EnvironmentalProtectionAgency Series850-

EcologicalEffectsTest GuidelinesOPPTS Number 850.5400: Algal Toxicity,YlersI and H (draft)(1).

Raw dataforallwork performedatWil&dc International,LtdLand a copy ofthefinalreportwillbe filed

by projectnumber inarchiveslocatedon theVtrildhfcIntcmtionaL LtcLsite,oratan altm=tlvelocationto

be specifiedinthefinalreporl

PURPOSE

The purposeofthissu* istodeterminethetoxicityofPerfluorooctaneSulfonicAcid,Potassium

Salt(h=after referredtoasPFOS) tothefirshwateralga,Anabaenaflos-aquae.

EXPERIMENRAL DESIGN

The freshwateralga,Anabaena flos-aquae,vaU be exposed to a geometricseriesof six test

concentrationsanda negative(culwm mc&um) controlfor.96bom. TargetconcentrationsvaU notexceed

100 mg/L orthesolubilityIiimtofthetestsubstanceinwater.Generally,thenomina.1concentrationofewh

testsubstanceusedinthedefinitivetestwillbe atleast50% ofthenexthigherbw=ent, unlessinformation

cmcmning theconccatrauon-effiztcurvemdwates dua achffcrcntddutlonfactorwould be mm appropriate.

Testsolutionswillbe ino@ with10,000ceKs/mL Three"biologimrreplicatesper=Pmimcnw

group willbe preparedforevaluatingcoU densities.One ormore additional'analytical.replicateswin be@

includedin thetest,-asneoded@to providetestsolutionforconcentrationverification.on Day 3 of die

exposure.Am abioticrephcateatfficbighestconcentrattonvaR be mcluded m thetestand willbe sampled

on Day 3 andDay 4. Inordertocontrolbias,thepositionoftheflaskswillbe &t=ained by ind@@to

draw dailyduringtheexposureperioclNo otbcrpotentialsourcesofbiasareexpectedtoaffirttheresults

ofthestudy.

The responseof thealgaewillbe measured in termsof CeU density,biomass expressedas areawider

thegrowth curve,and growth rate.An EC50 (i.e.,thetheoreticaltestconcentrationthatproducesa 500/o

reductioninthemeasuredparameter)valueforcelldensitywillbe calculatedforeach 24 hourmterval

ECIO, ECSO andEC90 valuesforcelldensity,biomass(EbC) and growth rate(FC) willbe calculated,if
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WILDLIFE INTERNATIONAL, LTD

-4-

possible,atthe72 and 96 hourintervals.The no observedadverseeffectconcentration(NOAEC), which

isthehighesttestconcentrationthathxhww no adverseinln'bitoryeffecton growth,willbe &Immiined

relativetoeachparameterat72 and 96 hoursbasedupon evaluationofthestatisticalresultsand thedose-

responsepattern.At theend ofthe96-hourexposure,algistaticeffectswillbe differentiatedfrom gilgicidal

effectsinthosetreatmentswhich aremaxibmuy inhibitcd

MATERIALS AND METHODS

TestSub

Informationon the huactaizadon oftest,controlorreferencesubstancesisrequiredby Good

LaboratoryPracticeStandards(GLP).The SponsorisresponsibleforprovidingWild[deht=ttonal IAi

writtenverificationthatthetestsubstancehas beendwadmizod accordingtoGLPs priortoitsuseindie

sb*. IfwrittenverificationofGLP testsubstancedwwtmintion isnotprovidedtoI&rildhfeIntem&onaL

LtdL,itwillbenotedinthecompliancesw=int ofthefmd report-ne attachedformIDENTMCATION

OF TEST SUBSTANCE BY SPONSOR (AppendixI)istobe usedtoprovideinformationneccss@@qfor

GLP compliance

The Sponsorisresponsibleforallinformationrelatedtothetestsubstanceand agreestoacceptany

unusedtestsubstanceand/ortestsubstancecontainersremainingattheend ofthestiidy.

TestSolution)LrM

The desiredconcmtrafionsofPFOS willbe obtainedby preparinga singlestocksolutioninmeffiun

anddilutingtheappropriatevolume ofstocksolutionwithme&unl The testsolutionsmay alsobe prepared

usingsecondarydilutionsoftheprimarystock basedupon theconcentrationdesired

PFOS willbe adm@@ tothetestorganisminalgalmc&um. Thisrouteofadministrationwas

selectedbecause.itrepresentsthemost likelyrouteofexposuretoalgae,whichexistswpendedinawater

column.

TestOromism

The testspecieswillbe thefirshwateralga,Anabaenaflos-aquae.Thisspeciesisrepresenftfiveof

an importantgroupofalgaeandwas selectedforuseinthetestbasedupon pastuse andeaseofhandlingin

thelaboratory.Stockcultures,obtainedfrom theCultureCollectionofAlgae attheUniversityofTexasat
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Austmoranothersupplier,van be mamftinedinculturemc&um atWildlifeIntmuabonaLLtdLfora

rninimilmoftwoweekspriortouseinatoxicityteslAlgaeusedintoxicitytestswillbeinexponential

growth phase,which isdefinedasdw periodofgrowth when algalcellsarechvidingata constantrate.

Justpnor tobeginningthetcs%an inocuhraofthestockculturewillbepreparedsodW eachmilliliter

of inoculum containsenough edb tc)provide an initialceU densityofapproximately 10,000 CeLs/mL inewh

replicate.

Culture Moditun

Culture modiun prepared according to Virildlifebtm-national Ltd.Standard Operating Procedures

willbe used as dilufm water. The concmtrations ofthecomponents inthe medimn arepresentedin Table

1 (2). Stock mitrientsolutionswillbe prepared by adding reagent-gra& or betterchemicalsto Vtrildlife

InternatLonaLLtd. well water purifiedby revmw-osmosls. Appropriate volumes of the stock nutrient

solutionswillthen be dilutedwith purifiedwell water to prepare the medium The medium willb@ filter

stmilized(0.22 pm) or autoclavedpriorto use. Analyses willbe performed at leastonce amuauy to

determine the concentrationsof selectedorganic and inorganicconstituentsofthe well water and resultsof

the most recentGLP compliant analyseswillbe swmnuized in thefinalreport-

Specificationsforacceptablelevelsof contaminants have notbe= establishedforculturemc&unl

However, there = no levelsof contaminants reasonably expected to be presentin the me&mn thatare

considered to interf= with thepurpose or conduct of die study.

Test ARparatus

Test chambers willbe steffle,250-mL po@ycarbonate Erlmmeyer flasksplugged with foam stoppers

and containing 100 mL of test solutiorl The test chambers will be mdisamminately positioned on a

mechanicalgmkertablem amc[Lvironnentalchamber and willbe shaken continuouslyatapprom=tely 100

rpnl Test chanibm willbe labeledwith the projectnumber, testconcentration,and replicatr--

Environmental Conditions

Tea flaskswillbe heldat24 rc under continuous=i-wwte fiwmscmt B&fing atan intensity

of 2200:kIOO/o IwL Light intensitywillbe measured atfiveImabons sunvmding the testflaskson Day 0
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ofthetest Tempm-au= vnU be measured tw= dady inacontainerofwateradjacenttothete.stflasksinthe

environmentalchamber usinga liquid-in-glassthermometer.

The pH ofeachtwtinmt and cmtrolgroupwillbe =&wed attestuntiationandtermmtion using

a FL-,haAm=et Model 915 PH meterorequivalentSamples forpH measurementattestkitiationwillbe

collccw from theindividualba oftestsobiuonpreparedforeachft=tmentand controlgroup. At test

tamunhon, pH willbe measuredinpooledsamplesoftestsolutioncollectedfrom eachoftheduw replicates

ofeach respectivebwbnent"and controlgroup.

BiologicalMeasurements

CeH densitieswillbe monitoredduringthetestby conductingcellcountsusingahemacytometer and

a microscope.One samplewillbe collectedfrom each replicateofthetreatmentand controlgroups at24-

hourintervalsdurmg thecqxn= penod- 'Me sampleswillbe heldatapproxmuftly4*C untilceU counts

canbe performed.Each smnplewillbe dilutedusingan electrolytesolutimgsaton(t),asneeded,toWaintilin

countingaccuracy.A smallamount of each samplewillbe loadedontoa hemacytometerand thetotal

number of ceusin 10 grids.wiube counte& Ile celldensityofthesample willbe calculatedbasedon the

mean number ofceuspergrU Usingthistechnique,therniniTniTmquantifiableccU.densityis1000 ocUshnL

Samples oftestsolutionswillbecollectedfrom each oftheffim replicatespertreahnentandcontrol

group attheend ofthetesl Thm sampleswillbe pooledwithintheirrespectivetreatments,and subsamples

willbe removed and maminw microscopicallyforatypicalcellmorphology(eg.,changesincellshape,size

orcolor).Growth ofceusintheflasksalsowillbe assessedforaggregationsorflocculationsofceus and

adherenceoftheceM tothetestchamber.

At theend of thetest,algistaticeffects,which resultintheinhibitionof cellgrowth,win be

diff=nhatedfromalgicidaleffmts,whichresultinthedeathofceM. Aliqwts (0.5mL) oftestsolutionwill

be takenfrom eachreplicateofthosetreatmentgroups where growth ismaximally inhibited.MaxkwUy

inhibitedtreatmentsarethoseinwinchitcannotbe visuallydetm=od iflivealgalceusarepresent(e.g.,

absenceof colortothe= solution).These aliquots willbe pooledby concentrafionand cwuted with

untreatedculturemedium toa concentrationofthetestsubsu= thattheoreticallyshouldnotaffectgrowdl

A negativecontrolwillbe preparedby dilutinga 0.5-mL aliquotfrom one negativecontrolreplicateto 100
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mL withculbm me&um. Growth of dme subcultureswillbe monitoredfora maximum of 9 daysto

detem3inewhetherinhibitionofgrowthobservedduringthetestisreverm'ble.-Sampleswillbe collectedfor

cellcountsatrecoveryphaseimtmtton,termmt:tonandatapproximately3-daymtenals betv@ initiation

andtermination.The recoveryphase may be terminatedonce algalgrowth issufficienttoindicatethatthe

algalcellscollectedfi-omthetreatmentgroupshave fifflyrecoveredfrom effectsdue tothetestsubstance.

This willbe determinedduxnighvisualexaminationoftherecoverytestsolutions.

Snpling forAnabgicalMeasurements

SamplesOfdkCeq)w= solutionswillbecollectedon Days 0,3 and 4 and analyzedfortestsubstance

macmtrations.Day 0 sampleswillbetd= fromeachbatchoftestsolutionpriortotheir&tnbution among

dke rephcatetestchambers.Day 3 sampleswillbe collectedfromtheektrareplicatetea chamber(s)included

inthetesttoprovidesmnple forthatanalysisandfrom dieabioticreplicates.Ifmore dm onereplicateis

includedfortheDay 3 s=ple analysis,thenthesolutionsfrom eachreplicatewillbe compositedtoprovide

thesampleforthatbutment Day 4 sampleswillbe compositedsolutionsfrom the0=. replicates

remainingattheend ofthetest.

Samples collectedon Days 3 and 4 may be cmbffiged or fdteredto remove algalceuspriorto

analysis.Samples willbe analyzedimmediatelyor placedin an appropriatestoragecontainer(e.g.,

polypropyleneorpolyethylenebottle)and storeduntilanalyzed.The sample scheme issummarized below:

PROPOSED NUMBERS OF VEREFICANON SAWLES

EVerimental Group Day 0 Day 3 Day 4

Control

SolventControlCifneed4

LevelI-Low Concentration

Level2

Level3

4

Level5

Lcvel6-IfighConcentration 1 21 21

Totals 8 9 9

'Includesabioticsamples.
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The abovenumbers ofsamplesrepresentdme collectedfrom thetestand do notincludequality

control(QC) samplessuchasmatrixblanksand fortificabonspreparedand anah,=dduringtheanalytical

chemistryphaseofthesb*.

AMIY-dc-al

ChemicalanalysisofthesampleswLU be perfomiedby Wildlifekwusbonal U& The analytical

method usedwillbe basedwm methodologyprovidedby theSponsorand identifiedinAppendix IL

Mo&ficationsmade totheanalyticalmethod vaU be &mm=tod inft raw dataanddescribedinthefinal

report.

StatisticalAialym

Biomass expressedasareaunderthegrowthcurvewillbe calculatedforthehwtinentand control

groupsusingthefollowingformula:

A = ((NI-N.)/2Xtl)+((N,+N2-2N.Y2)(t2--ti)+-.-4@(Ni+N.72N.)/2Xt.-ti.1)

Where:

A = Areaunderthegrowthcurve
N, = Measurednumber ofceUs/mL att.
Ni =Mwmtd numberofceWmL atti
N2 =Mm%ued numberofceUdmL att2
N. =Mmsured numberofc"mL att.
ti= Time offirstmeasurementafterbeginningoftest(houn)
t2 = Time ofsecondmcas=mwt afterbc&ning oftest(hours)
t.= Time ofnthmmmirement afterbeginningoftest(hours)

Growth rates(u)wdl be calculatedfordieuratnentandcontrolgroupsusingthefollowingformula:.-

InN. -lu14,

to

14 Average spedfic growth rate
N, = Measured number of ccUs/mL atU
Nn = Measurednumber ofcelLs/mLatt,
to= Time ofbeghmingoftest(hours)
= Time ofnthmeasurementafterbeginningoftest(hours)
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Percentinhibitionwillbe calculatedforeachbzabnent groupbasedupon mean celldensity,biomass

and growth rateusingthefollowingformul&

Mean Control-Mean Treatment
Percentbihibition EMonse &MQM x 100

Mean ControlResponse

EC valueswillbedetermined,when possible,usinglinearinterpolationorothersuitableWchniques

withU=t3nentresponseCLeca dcmties,biomass and growthrate)and cqmm concentrationdatafor

each24-hourkiwval offfictesl

A no observedadverseeffectconcentration(NOAEC) willbe selectedbasedon an evaluationofthe

dose-responsepatternand theresultsofthestatisticalanalysisusingindividualreplicatevaluesofthecell

density,biomassandgmwth rate.Stafi@y sigdficantdiffereacesbetweenthecontrolanddietreatm=t

groupswillbe idendfiedusinganalysisof variance(ANOVA) and a testto comparc ftutinent-mean

responsesto thecontrolresponse(e.g.,Du=ctt!s testor Bonferroas t-test).Data willbe assessedfor

normalityand homogeneityofvariancespriortoperformingthe-ANOVA. Transfonnafionswillbe usedto

correctanyconditionofnon-normalityorunequalerrorvariances,ifpossible.Ifa solventcontrolisused

inadditiontothenegativecontroltheirresponseswillbe compared usingStadent'st-testData from the

two controlgroupswillbepooled'for13reatinentlevelanatypcsifno statisticaldifferencesexisl Otherwise,

allcomparisonsvnffbe made tothesolventcontrolgroup. StatisticalcomparisonsfortheANOVA and the

comparisonofmean responseswillbe carriedoutusingTOXSTATO V3.5 software(4)orequivalent.

RECORDS TO BE MAMAINED

Records tobe mamwned fordatageneratedatWildlifeInteimtionaLLtd.willinclude,butnotbe

limitedto:

1. Copy ofsignedprotocol.

2. Identificationand dwactcrizationofthetestsubstance,ifprovidedby Sponsor.

3. Datesofinitiationandtmm-iin@onofthetesl

4. Source of algae.

5. Cultureconditions.

6. Growth measurements.
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7. Calculationand preparationoftestconcentrations.

8. Observations.

9. Ifapplicable,de methods used toanalyzetestsubstanceconcentrationsand theresultsofanalytical

measurements.

10. Statisticalcalculations.

11. Testconditionsand physical/chemicalmeasurements.

12. Copy offtd reporl

]NNAL REPORT

A finalreportoftheresultsofthesh* willbepreparedbyWildlifelntemtionalLtdLThe report

willinclude,butnotbe limitedtothefollowing,when applicable:

1. Name and addressofthefacilityperformingtheSh*.

2. Dateson which theshi4 was initiatedand completed.Itistheresponsibilityof theSponsor to

providethefinaldatethatdataarerecordedforchemistrypathologyand/orsupportingevaluations

thatmay be generatedatotherlaboratories.

3. A statementof compliancesignedby theSh* Directoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectivesand proceduresstatedintheapproved protocolincludingany changes intheoriginal

protocol.

5. The testsubs== idcntlficdby chc=cal abstractnumber or codenumber, strength,purity,

composition,and othercharacteristicsprovidedby theSponsor.

6. Stabilityand solubilityofthetestsubstancesunderffieconditionsofadministration,ifprovidedby

theSponsor.

7. A descriptionofthemethods used toconductffictest

8. A descriptionofthetest*sten4 includingthesourceofthetestorg=Llms andtheirscientificname.

9. A descriptionofthepreparationofthetestsolutions,methods usedtoallocateorgmiism tothetest

chambers and beginthetest,numbers of organismsand chambers pertreatinen@and durationof the

test.

10. A descriptionofcircumstances thatmay have affocw the qualityor integrityof the dat&

11. The name oftheStudyDirectorand fficnames ofotherscientists,professionals,and supervisory

personnelinvolvedinthestudy.
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12. A descriptionofthehinsformations,calculations,oroperationsperformedon thedata,a summary

and analysisofthebiologicaldataand analyticalchemistrydata,and a statementoftheconclusions

drawn fromdicseanalyses.

13. Smfisticalmethodsemployedforana4-zingthedata.

14. The signedanddatedreportsofeachoftheindividualscientistsorotherprofessionalsinvolvedindie

15. The locationwhereraw dataand finalreportaretobe stored.

16. A --.t prvamd by theQualityAssuranceUnitlistingthedatesthatsu* inspectionsandaudits

were made andthedatesofanyfinchngsreportedtotheSt* Directorand Managcmmt

17. Ifitisnecessarytomakr.correctionsoradditionstoa finalreportafterithas bow accepted,such

changesshallbe made indieform of an amendment issuedby dm Sb* lhrector.Tim amcndmen t

shallclearlyidentifyfficpartof thefinalreportthatisbeingamended and dw.reasonsforffic

alteration.Amendments shallbe signedand datedby theStudyDirector

CELANGRNG OF PROTOCOL

PWmed changestodw protocolwillbe intheformof writtenamendments signedby the Study

DirectorandtheSpmsoes Representative.Amendments willt@tconsideredaspartoftheprotocolsad will

be attachedtothefinalprotocolAny otherdmges willbe intheformofwrittendeviationssignedby the

Sh* Directorandfdodwiththeraw data.Alldiangestotheprotocolwillbe indicatedm the&W report.

GOOD LABORATORY FRACRICES

Thissb* willbe conductedin=arda= withGood LaboratoryPracticeStandardsforEPA (4.0

CFR Part160 and/orPart792);OECD PrinciplesofGood LaboratoryPractice(ENV/MCICBEM (98).17);.

and JapanMAFF (59.NohSan,NotificationNo. 3850,AgriculturalProductionBureau).Ea& sb*...

conductedby WildlifelawnationalLtd.isroutinelymammed by theVFddhfcIntemtions.LLtd.Quality

AssuranceUnitforcompliancewithGood LaboratoryPractices,StandardOperatingProceduresand the

specifiedprotocolA statementof compliancewithGood LaboratoryPracticeswillbe preparedforall

portionsof thesb* conductedby WdcUifeInternational,Ltd. The Sponsorwillbe responsiblefor

...-compliancewithGood LaboratoryPracticesforproceduresperformedby otherlaboratories(eg.,residue

analysesorpathology).Raw dataforallwork performedat)hrddhfe.lntemationalLtd-and a copyofthe

finalreportwillbe filedby pmjoctnumber inarchiveslocatedon theWildlifeInternational,Ltd.site,orat

analternativelocationtobespecifiedinthefinalreport.
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TABLE I

FMHWATER ALGAL MMIUM CONSTITUENTS

Componcnt Nominal Cowentmtion

Mgcl:rOH20 12.16 M&IL

CaCli-2H20 4.40 mgtl:

H3BO3
0.1856mg/L

bba2-4H20 0.416 mg(L

ZnCI2 3.28 g/L

FcCI3-6H20 0.1598mg/L

CoCie6H20 1.428 gIL.

Na2MoOe2H20. 7.26 g/L

CUC12!2H20
0.012 g/L

Na2EDTA-2H20 0.300 mA

NaNO3 25.50 mg/L

MgSOe7H20 14.70 mg/L

K2BPO4
1.044mg/L

NaHCO3 15.QO MA

The PH oftbcmc&un willbe Aust4 asnecemary@to7.5:k0.1using0.1N

NAOH or l(r/oHCL

PROTOCOL NO.: 454/091799/ANA96/SUB454 3M LAB REQUEST NO. U2723
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APPE@DIXI

IDENTMCA'NON OF TBT SUBSTANCE BY SPONSOR

-TobcCmVlftdbySpmsx

L TestSubstanceldcatity(name tobeusedinthereport):PFOS (PcrfluoroodmcSulfonicAcidPotassiumSalt

ReferenceStandard(ifapplicable):Anabdcal StandarcL-N/A

L2tmug Standard. 1.12.21LH.FLH PcrfluorooctamSulfonic

TestSubstanceSample Code orBatrhNmbcr Lot 217

Test SubstancePtirity(1@/9Activebgreffient): 98.9 ExpirationDate: 2008

R TcstSubst=Chmmdmizafim

Have dr.idmfity,smm xmt lccmposomorodxrdmradmlgbmd& . ym
I pw-jdiv 9 sodrcf=mgmdardbemy

xxrtD itsusemthissk*in aoomda=w& GLP Stmdards? x No

HL TestSubsta= StW4F C03MM

pkmi themmmnmded &W maddim atWM& Tnk"&cnal Ld

Ambiat

Hasthestabiuyofdketeambs=m undrr&= stww oondidcw
bom ddmmin6d inacomdmce withGL2 Stmdards? ---LYCS x No

odff pa6xmt stabryifamaficm.

IV. TestCanecoftwiaw. Adjustteaemomhafim toIWI. ai
x basedWm fficpurityClo)Fm abom

Do nota43SttUlCMCMhZfiMtD 10(r/.
-&i TcsttbemakdalAS IS.

V.- TmiciLybftnadm-

ManmiaHm- RatLD50 251mg&g MousrLD50 N/A

AWatic. kmtbmto TodciiyWAJC50) FishTcDd&Y(100)

Dohma maena: 27 mil Rainbow Trout-,IIM-FJLL- - ' -

Da hm FatheadMinnow: 38 MGIL2__@amagm: 50 mg!L

Odxr TadcityWamafim Cm&xhog ffidw ofdronicandmbchtdc tc&).

PleaseseeMSDS
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APPENDIXII

AnalyticalMethod Providedby Spon@"

Samples willbe mmlyzw based upon procodum providedby theSponsorinthefollowinganalytical
methods:

Uquid Ckmatography Mass Speammetry (LCMS) Modidd for.dwDetennination

OfPffffimrooetamSuMai@'idd Pdassim Salt(PFOS) InF'rc*watcr,S'dtwater
*and AlgalMedimn

A copy of dieabove method willbe mainwned infficraw datil llc actudmethodologyused to
analyzethetestsampleswM be domm=tod m theraw dataandsummmized.inthe&W reporl

PROTOCOL NO.: 454/091799/ANA96(SUB454 3M LAB REQUEST NO. U2723
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AMENDMENT TO STUDY PROTOCOL

STUDY TINE: PFOS: A 96-HOUR T03aCrrY TEST Wrffl TBE FMHWATERALGA (Anabma
flos-aquac)

PROTOCOL NO: 454/091799/ANA96/SUB454 AMENDMENT NO.: I

SPONSOP@. 3M Company
PROJECRNO.: 454A-110

EFFECrm DATE: Febnuoy23,2000 3M LAB REOUEST NO.: U2723

AMENDMENT: Page2

Add: ExperimentalStartDate: Febniary25,2000

ExperimentalT=dnation Date:Febmary 29,2000
TestConcentrations:NegativeControL39.5,61.0,92.5,145,225.and345 mg&i./L
TestSubstanceNo.: 4675

REASON: The aboveinformationwas notknown when theprotocolwas siped,bytheSh* Dh=wr.

AMENDMENT: EncrimentalDesim Paite3

Change: Targetconcentrationswillnotexceed100mg/L orthesolubilitylimitofthetestsubstanceinwater.

To: TargetconcentrationswillnotexceedLOOOmg/L orthesolubilitylimitofthetestsubsw= inwater.

REASON: Nominaltestconcentrationsexceed 100 mg/L.

STUNYDIR CROR DATE

. D h-?@oo
LAYM RY MANAGEMEENT DAYE

p ATIVE

o2.J.3-co


