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The objectiveofthisstudyisquantitatethehuman serumeliminationhalflifeof

perfluorooctanesulfonate(PFOS),perfluoroo.ctanoate(PFOA) ,

perfluoroohexanesulfonate(PFOS) andtotalorganicfluorine(TOF). Blood willbe

collectedbiannuallyfrom approximately25 retireed3M Decaturemployeesfora period

of5 years.Upon collectionand analysisofthethirdsample (baseline,6 months and then

12months) andthereafter,an interimdrafthalf-lifeanalysisreportwillbe prepared.
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ABSTRACT

3M manufactures products which containchemical compounds, eitheras intentionalcomponents

or residualimpurities,thathave asa parentmolecule,perfluorooctanesulfonylfluoride(POSF).

These compounds may be expected totransform metabolically,toan undetermined degree,to

PFOS as an end-stage metabolite.Other compounds manufactured by 3M include ammonium

perfluorooctanoate(PFOA) and perfluorohexanesulfonicacid(PFHS). These molecules entera

number of product applications(e.g.,surfactants,food packaging additives,polymers).

The biologicaleliminationratesof fluorochemicalshave been studiedinrats,pregnant rats,

female rabbitsand hamsters. Biologicalhalf-liveshave been calculatedfrom the studiesinrats

and dogs. In addition,thehalf-lifeof serum totaiorganicfluorinein a fluorochemicalworker

was estimatedusing serialcollectionsof serum totalorganicfluorine.These studiesrevealthat

PFOS and PFOA may persistinthe body forprolonged periods,and with continuingexposure,

accumulate over time inbiologicalsystems.To date,theactualeliminationhalf-lifeof

perfluorooctanesulfonate(PFOS), ammonium perfluorooctanoate(PFOA), perfluorohexane

sulfonicacid(PFHS), and totalorganicfluorine(TOF) inhuman serum isnotcompletely

understood. The objectivesof thisstudyare toquantitatetheeliminationhalflifeinhuman

serum of PFOA, PFOS, PFHS, and TOF. These half-liveswillbe calculatedfrom declinesin

serum fluorochemicallevelsin3M Decatur Chemical PlantRetirees.
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INTRODUCTION

3M manufacturesproductswhich containchemicalcompounds, eitherasintentionalcomponents

orresidualimpurities,thathave asa parentmolecule,perfluorooctanesulfonylfluoride(POSF).

These chemicalsinclude:perfluorooctanesulfonate(PFOS),N-ethyl

perfluorooctanesulfonamide,N-ethylperfluorooctanesulfonamidoethanol,N-methyl

perfluorooctanesulfonamidoethanoland chemicalsderivedfrom it,and themixtureofmono-, di-

andtri(N-ethylperfluorooctanesulfonamidoethyl]phosphates.There may be otherprecursor-sin

theworkplace,includingperfluorohexanesulfonylfluoride(PHSF). These moleculesentera

number ofproductapplications(e.g.,surfactants,foodpackagingadditives,polymers).These

compounds may be expectedtotransformmetabolically,toan undetermineddegree,toPFOS

(andPFHS) asan end-stagemetabolite.Potassiumperfluorooctanesulfonate(CgFl70SO2K) is

itself,a surfactantused as a wettingand foaming agentinindustrialand commercial processes.

(Olsen,etal.,1998)

Subchronicstudiesinratsand primatessuggesttheremay be apotentialforcumulativetoxicity

withPFOS over timewith theprimaryeffectrelatedtometabolicwasting..-Thesemoleculeshave

longeliminationhalflivesinbiologicalsystems.Althoughthemechanism oftoxicityisnotfully

understood,toxicitymay be due toan effecton peroxisomeproliferation,fattyacidmetabolism,

membrane function,proteinsynthesisand/ormitochondrialbioenergetics.(Olsen,etal.,1998)

The biologicaleliminationratesoffluorochemicalshavebeenstudiedinrats,pregnantrats,

femalerabbitsand hamsters.Biologicalhalf-liveshavebeen calculatedfrom thestudiesinrats

and dogs.In addition,thehalf-lifeofserum totalorganicfluorineina fluorochemicalworker
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was estimatedusingserialcollectionsofserum totalorganicfluorine.These studiesrevealthat

PFOS and PFOA may persistinthebody forprolonged periods,and with continuingexposure,

accumulate over time in biologicalsystems. To date,theactualeliminationhalf-lifeof

perfluorooctanesulfonate(PFOS), ammonium perfluorooctanoate(PFOA), perfluorohexane

sulfonicacid(PFHS), and totalorganicfluorine(TOF) inhuman serum isnotcompletely

understood.

The objectivesof thisstudy aretoquantitatetheeliminationhalflifeinhuman serum of PFOA,

PFOS, PFHS, and TOF; thesehalfliveswillbe calculatedfrom declinesin serum fluorochemical

levelsin 3M Decatur Chemical PlantRetirees.This informationisnecessaryin orderto:1)plan

the most appropriateperiodicityofmedical surveillanceand 2) guide medical decisionmaking of

workers from fluorocheznicalproductionfacilitieswhen thoseworkers' serum fluorochemical

levelsare determined to be unsafelyelevated.A benefitofthisresearchwil.1be to understand the

naturalhistoryof fluorochemicalexcretion.

LITERATURE REVEEW

AMMONIUM PERFLUOROOCTANOATE (PFOA orFC- 143)

Excretion ratesof PFOA have been observed inmts, and found tobe differentby gender and

routeof excretion.Following singlei.v.doses of 14C-FC-143 (carbonylcarbon labeled)inrats,

Johnson etal,found thatfemales excretedvirtuallyallthe administered 14C withinIday.

Urinaryexcretionformales was about50% ofthedose by day 6 and 83% by day 36. Fecal '4C

excretionforfemales was 1.5% by 3 days and formales was 5.4% by 36 days. (Johnson,etal.,
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1980) Rapid urinaryexcretionof 14C
followingoraldoses of 14C_FC- 143 was alsoshown to

occur inpregnantrats.(Johnson,etal.,1983)

Excretionratesvary by speciesstudied.Excretionof radiolabeledPFOA was studiedinfour

speciesby Dupont in 1988. Excretion asa percentageof administereddose 120 hours after

dosing was inthe followingorder;femalerat,male and female rabbitand male hamster (> 99%);

female hamster (60%); male rat(39%); male and female n-@ce(21%). (Dupont, 1988) Of note,

theadministereddose and routesofexposure and excretionwere not specifiedinthisstudy

report.

Rats and dogs respond tophannacologic interventionsthatchange PFOA excretionrate.In male

ratsadministeredsinglei.v.doses of 14
C-FC-143 (carbonylcarbon labeled)cholestyramine(4%

w/w infeed)increasedcumulative 15 day fecal14C:excretion9.8-foldversuscontrols..Total '4C:l

excretion(fecesplusurine)was alsoenhanced, although lessdramatically(84.3% of dose vs.

71.8% forcontrols).(Johnson,eta].,1980a;Johnson JD, etal.,1984) There isno difference

between the renalclearancesof '4C inmale and female dogs eitherbeforeor afterprobenecid.

Probenecid significantlyreduces PFOA clearancein dogs. Glomerular filtrationratesof PFOA

were simflarinratsand dogs. (Hanhijarvi,etal.,1988)

Eliminationhalf-lifehas been calculatedunder numerous conditionsin ratsand dogs. The results

show the same differentialeliminationrateinratsby gender (i.e.,female > male),as wellas half-

lifedifferencesby routeof exposure and species.Following a singleoraldose of 14C_FC-143

(carbonylcarbon labeled)inmale rats,theplasma half-lifewas 4.8days.(Johnson,eta].,1979)
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Infemaleratsadministeredoralori.v.dosesof 14C_FC_
143 (carbonylcarbon labeled),over 90%

of theadministereddose was recoveredintheurinewithinthe first12 hours.The whole body

eliminationhalf-lifeof PFOA inmale and female ratswas 15 days and lessthan one day,

respectively,followinga single4-mg/kg intraperinealdose. (Vanden Heuval, etal.,1991)

(Johnson,etal.,1983; Johnson, etal.,1980) The half-lifeof PFOA intheliverwas 60 hours for

females and 210 hours for male rats.(Ylinen,etal.,1990) The decreasedexcretionrate(i.e.,

increasedeliminationhalf-life)in males isseen acrossatleasttwo species:rats(asabove) and

dogs. The plasma half-lifeof PFOA was longerinmale dogs (473 to 541 hours)than in females

(202to 305 hours).(Hanhijarvi,etal.,1988)

The eliminationhalf-lifeappearsto be similarinmale ratsexposed toeitherinhalationalor

dermal exposure. Following repeatedinhalationexposures toFC-143 over a two-week period,

blood organicfluoridelevelsin male ratsshowed a half-lifeoffiveto seven days. (Kennedy, et

al.,1986) A blood half-lifeof fiveto seven days was seen followingrepeatedderznalexposures

in male rats.(Kennedy, 1985)

A calculationof the eliminationhalf-lifeof an organicfluorinespecieshas been reportedinthe

human. The half-lifeof totalserum organicfluorinein a fluorochemicalworker who was

removed fr-omfurtherexposure was greaterthan 18 months. This worker had a blood organic

fluorinelevelof 40 partspermillionover theperiodof one year. The worker'sorganicfluorine

levelrose to70 partsper millionforno apparentreason. The worker was thenremoved from the

fluorochemicalproductionareaand hisblood and urinesamples were periodicallychecked for

organicfluorineand PFOA over an 18-month period.A totalof 18 months transpiredbeforethe
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worker'sbloodorganicfluorinelevelhad returnedtoitsbaselineof40 partspermillion.(Ubel,

etal.1980) Otherestimatesofserum fluorochemicalhalf-liveshavebeen calculatedintheone

thousandday range.T Thisanecdotalaccountdoesnotactuallytracktheserum PFOA level,

butrathertheserum totalorganicfluorine(TOF) level.Itwas found throughempiricalmeans

that90% ofthebloodorganicfluorineexistedasPFOA. (Ubel,etal.1980)

PERFLUOROOCTANE SULFONIC ACED (PFOS orFC-95)

Perfluorooctanesulfonicacidappearstopersistinbiologicalsystems,beingexcretedmore

slowlythanPFOA. Singlei.v.doses(mean 4.2mg/kg) of 14C-FC-95 and 0.9% NACL were

administeredtomale rats.By 89 daysafterdosing,30.2% oftheadministered14C had been

excretedintheurineand 12.6% hadbeen excretedinthefeces.(Johnson,etal.,1979)

Pharrnacologicinterventionsdo appeartoincreasetheexcretoryrateofPFOS. -Fecaland total-

excretionof 14C were markedly increasedinmale ratsadministeredCholestyrainine(about2.7

gnvkg perday)and theirdietfollowingsinglei.v.dosesof 14C-FC-95.The resultssuggestthat

therewas significantenterohepaticcirculationofFC-95. (Johnson,etal.,1980a;Johnson,etal.,

1984)

Much lessisknown concerningeliminationhalf-lifeofPFOS thanPFOA; onlyone calculation

oftheelin-@dnationhalf-lifeofPFOS hasbeen attempted.The plasma eliminationhalf-life
of 14C

followingsingleoraladministrationof 14C-FC-95(mean dose4.2mgtkg)tomale ratswas 7.5

days.(Johnson,eta].1979a)
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T Mandel,]. Personalcommunication.
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RESEARCH METHODS

The overallresearchdesign isprospectiveinnature,obtainingmultipleserialblood samples from

retireesthroughoutthecourseofa five-yearperiod.We willtrackthedeclineinseveralserum

fluorochemicallevelsinhumans. The healthoutcomes thatwillbe documented inthisstudyare

thehalf-lifedeterminationsofserum ammonium perfluorooctanoate(PFOA), perfluorooctane

sulfonicacid(PFOS),perfluorohexanesulfonicacid(PFHS),and serum totalorganicfluorine

(TOF).

ELgh-performanceliquidchromatographymass spectrometry/massspectrometrywillbe utilized

toanalyzeallserum samples. The accuracyand reliabilityofthisdevicewillbe thestateofthe

artatthetimeofanalysis.Periodically,splitsamplesfrom one ortwo subjectswillbe utilizedto

assessreliabilityoftheanalysis.

Only individualswho have retiredfrom 3M Decaturchemicalplantfrom theIstofJanuary1995

throughtheIstofJanuary1998,willbe includedinthestudy.Usinginforznationreceivedfrom

theHuman ResourcesDepartmentof3M Decatur,34 individualswere identifiedtohaveretired

duringthistimeperiod.Of the34 individualsidentified,7 havepreviouslybeenenrolledinthe

fluorochemicalmedicalsurveillanceprogram.Four oftheseindividualsparticipatedinthe

medicalsurveillanceprogram in1994butnot 1997;3 individualsparticipatedin 1997 only.We

willattempttoenrollall34 retireesintothestudy.Futureretireeswillnotbe enrolled.

Serum fluorochemicallevelswillbe drawn everysixmonths. Allserum fluorochemicallevels

willbe drawn withina one-month timeframe(i.e.,withinone month ofMarch and September).
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Retirr.eswillbe recruitedtothestudythroughfirst,an introductoryletterand second,a phone

conversationfrom theprincipleinvestigatoror hisdesignee.Subsequenttothefollow-up

telephoneconversationand iftheretireeiswillingtoenterthestudy,a writteninformedconsent

form(AppendixA) and a medicalquestionnaire(Appendix)3)willbe senttotheretireeforhis

review.Once theretir-eesignstheconsentform,completesthequestionnaire,and retumsthe

documents totheprincipleinvestigator,he willbeenteredintothestudyand scheduledforblood

collection.Participationinthestudyisvoluntaryand retireesmay dropoutatany time.

Blood collectionwillbe scheduledbiannually,inApriland October(tonotconflictwithHoliday

and summer vacationtravel).Lettersannouncingbloodcollectiondatesand timeswillbe sent

outtoeachstudysubjectone month priortoeachbloodcollectionmonth. Retireeswillupdate

theirmedicalquestionnaireateachbloodcollection.Allbloodcollectionswillbe.performed

underthesupervisionofthe3M Decaturplantnurse,CathySimpson,RN. Two red-toppedtubes--@-

willbe obtainedfrom eachretiree;the3M OccupationalMedicineServicemethodology for

handlingand shippingoffluorochemicalbloodsampleswillbe appliedtoallblood samples.

Samples willbe analyzedby the3M EnvironmentalLaboratoryoritsdesignatedcontract

laboratory.Retireeswillreceivewrittenreportsoftheirsenun fluorochemicallevelsfollowing

eachblood collectioncycle.

Two methods ofcalculatingtheserum fluorochemicalhalflifewillbe utilized.Inthefirst

method,a one compartment model.willbe assumed and theformula

qt= qo
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willbe utilizedtoestimatethehalflifeofeliminationforPFOS, PFOA, PFHS, and TOF. The

terms q,and qo refertotheserum concentrationsattime tand time 0, tistheelapsedtime;tl.is

what we seek tosolve.

The second method will be used to verifythe first.Italsoassumes a one compartment model.

Each retiree'sfluorochemical levelswill@begraphed on a log-linearscaleas serum

fluorochemicalvs.elapsed time from to(inmonths) and enteredintoa database. Statistical

analysiswillbe perforxnedtodetermine thebest-fitmodel thatdescribesthe slopeof the log-

linearline.(Appendix C)

The slopeof thelog-linearIineisrelatedtotheeliminationconstant(-kl)through theequation

Slope= -k,1(2.303)

Once theeliminationconstantiscalculated,thehalflifecan be calculatedusing therelationship

t@6 0.6931k-el

EliminationhalflivesforTOF,PFOS, PFHS,andPFOA willbedeterznined.(Benez,etal.1985,

Medinsky,etal.1996.)

DISCUSSION

Thereareanumberoflimitationsassociatedwiththestudy,including:

1.The lackofpre-studyserumfluorochemicallevelsinthemajorityofretirees,makingit

impossibletodevelopbaselinelevelsforthemajorityofthestudygroup. The tOvalueswill

thereforeneedtobe theirfirstfluorochemicallevelpost-retirement.
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2. Previous studieshave perfor7nedserum totalorganicfluorinelevelsand not serum testing

specificforserum PFOS or PFOA; comparabilitywith previous work isthereby

compromised.

3. Retireeson medications such ascolestipolor cholestyramine,which can artificiallyincrease

therateof eliminationof fluorochemicalsfrom theblood willartificiallyincreasethe

eliminationinunpredictableways, therebycausing an underestimationof theeliminationhalf

lifein theentirestudy population.

4. Retireesmay unknowingly have medical conditionsthatwilldecreasetheirtoxicant

eliminationrateunpredictably(e.g.,renalfailure,congestiveheartfaflure,cholelithiasis,etc.),

therebycausingan inaccurateestimationof theeliminationhalflifein theentirestudy

population.

For thesereasons,the study willoccur overthe protractedperiodof fiveyearsinsteadof a shorter

time period (i.e.,threeyears). As the only human data plottingtotalorganicfluorinesuggest-f:@ -.

plasma eliminationhalf-lifeof 18 months, a threeyearstudywould allow forverificationof that

estimatesincethreeyearswould be equalto two half-lives.A five-yearstudy,therefore,should

includeover threehalf-livesof elimination,and make itpossibleto use severalyears'datato

calculatetheeliminationhalflife.

The overallresultscollectedin thisstudymay be used inpublicationsor in publicpresentations.

Retireenames or otherindividualdatawillnot be revealedinany publicationor other

documentations intendedforpublicexamination. Individualresultswillbe communicated only

to ther-etiree.Individualresultswillbe consideredconfidentialinformationand willnotbe

disclosedtoanyone outsideof the 3M Medical Department withoutthe retiree'swrittenconsent.
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Qualityassurancewillbe performedpertheguidelinessetforthinthestandardoperating

procedureforthecreation,review,and approvalof3M epidemiologystudyprotocols.

Archivingofstudymaterials,upon completionof thestudy,willbe performedperthestandard

operatingprocedureforthecreation,auditing,reviewand approvalof 3M epidemiologyfinal

reports.

ne studywillbe communicated totheretirees,management,and thetechnicalcommunity.

Communicationstotheretireeswillbe intheform ofa letter,which statestheretiree'svarious

bloodfluorochemicallevels.Theseletterswillbe sentoutfollowingeachblooddraw. -

Connnunicationtomanagement willbe intheformofa writtendocumentwhich willundergo

thereviewprocessassetforthinthestandardoperatingprocedureforthecreation,@auditing,

reviewandapprovalof 3M epidemiologyfinalreports.The communicationtothetechnical

community willbe intheform ofa scientificpaper,whichwillbe submittedtoa relevantpeer

reviewedscientificpublication.
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Appendix A

CONSENT FORM FOR COLLECTION OF BLOOD FOR SERUM
FLUOROCHEMICAL LEVEL HALF-LIFE DETERMINATION

INTRODUCTION
You and yourcolleagueswere involvedinfluorochemicalproductionat3M Decaturpriorto
yourretirement.You areinvitedtoparticipateina researchstudybeingconductedby 3M
OccupationalMedicine Servicesregardingfluorochemicals.Your participationwould involve
donatingone red-toppedtesttubeofbloodapproximatelyeverysixmonths forthenextfive
years.Your bloodwillonlybe testedfortheamount and kindoffluorochemicalsitcontains;it
willnotbe used totestforany othersubstancesordisease.Pleasereviewthisconsentform
carefullyand be sureyour questionsareanswered beforeyou make a decisiontoparticipate.The
plantnursewillbe availabletoprovideyou withadditionalinformationatthetimeofyour
medicalsurveillanceblood donation.

PURPOSE OF STUDY
The purposeofthestudyistodeterminehow much and what typesoffluorochemicalsare
eliminatedfrom thehuman body overtime.

STLTDY PROCEDURES
Your bloodwillbe drawn withone needlestickand requiretwo testtubes.Thiswilloccurabout
everysixmonths forthenextfiveyears.A letterwillbe senttoyou inadvanceinformingyou of
theproperdate,time,and placetoreporttoforbloodcollection.

POTENTLKL RISKS/BENEFITS
The onlydiscomfortyou may feelisfromtheneedlestick.You may alsohave some temporary
redness/bruisingtswellinginthisareaafterbloodcollection."

BENEFITS
Therewillbe no directbenefitfrom yourparticipationinthisstudy.However,theinformation
gainedfrom thisstudywillfurtherhelpusunderstandhuman exposurestofluorochernicals.
Your individualresultsaswellastheoverallresultswillbe communicated toyou only.Your
individualresultswillbe consideredconfidentialinformationand willnotbe disclosedtoanyone
outsidethe3M MedicalDepartmentwithoutyourwrittenconsent.

COMPENSATION
Ifyou sufferinjuryor a medicalconditionthatappearstobe theresultofparticipatinginthis
study,you willbe referredtoanotherhealthcareprofessionalatno costtoyou. Intheeventofa
researchrelatedinjury,compensationwillbe determinedon a caseby casebasisby 3M.
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CONFIDENTIALITY
The overallresultscollectedinthisstudymay be usedinpublicationsorpublicpresentation.
Your name willnotbe revealedinanypublicationorotherdocuments intendedforpublication
examination.Your individualresultswillbe communicated toyou only.Your individualresults
willbe consideredconfidentialinformationand willnotbe disclosedtoanyone outsidethe3M
MedicalDepartmentwithoutyourwrittenconsent.

SUBJECT RIGHTS/AVAI]LAB=Y OF INFORMATION
Ifyou have anyquestionsaboutthestudynow, or later,orintheeventofa researchrelatedinjury
oremergency,contactDr.JeffreyMandel (651-733-8670)orJeanBurtis,R.N. (651-737-7867).
For answerstoquestionsaboutyourrightsinregardtothisresearch,you may contactDr.Larry
Zobel,Chair,3M InstitutionalReview Board at651-733-5181.

VOLUNTARY PARTICE?ATION AND WM-EDRAWAL
Participationinthisstudyisvoluntary.Refusaltoparticipatewillinvolveno penaltyoflossof
benefitstowhich you areotherwiseentitled.You arefreetowithdrawfrom thestudyatanytime
forany reason.The investigatormay stopyourparticipationinthisstudyshoulditbe detemiined
thatcontinuedparticipationmay be detrimentaitoyourhealth.Followingeach serni-annual
bloodcollection,you willreceivea check for$50.00ascompensationforyourtimeand effort.

SUBJECT CONSENT
By signingtheconsentform,IcertifythatIam atleast18 yearsold.IconfirmthatIhave read.
thisconsentform,and thatIhave been givenadequateopportunitytoaskany questionsImay
have aboutthisconsentform orthestudy.IalsoconfirmthatIunderstandthescopeofmy
participationinthisstudy,and thatallofmy questionshave beenansweredtomy satisfaction..I
am signingthisconsentform voluntafily,and Idesiretoparticipateinthestudy.Iunderstand
thatIwillreceivea copy ofthissignedconsentform. I understandthatIwillreceivea check for
$50.00immediatelyfollowingeachserni-annualcollectionofmy blood.

Signature Date

PrintedName

Witness
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Ai)i)endixB

MEDICAL HISTORY OUESTIONNAIRE

Pleaselistthenames oftheALL themedicationsyou takeatleastonce a day.

Pleasecircletheconditionsyou now sufferfrom orhave sufferedfr-ominthelastthreeyears.

KidneyFailure

GallBladderDisease

Hepatitis/Jaundice

CongestiveHeartFailure

LiverDisease

InflammatoryBowel Disease

Crohn'sDisease

PerniciousAnen-da
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1.0 SCOPE ANID APPLICATION

1.1 Scope: This method isfortheextractionofpotassiumperfluorooctanesulfonate(PFOS)
or otherfluorocheinicalcompounds from senun.

1.2 Applicable compounds: Fluorochemical surfactantsorother fluorinatedcompounds.

1.3 Matrices: Rabbit,rat,bovine,monkey, and human serum or otherfluidsas designatedin
thevalidationreport.
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2.0SUMMARY OF METHOD

2.1 Thismethod describestheprocedureforextractingpotassiumperfluorooctanesulfonate
(PFOS) orotherfluorochemicalsurfactantsfromserum,orotherfluids,usingan ion
pairingreagentand methyl-tert-butylether(MtBE). Inthismethod,seven
fluorochemicalswere extracted:PFOS, PFOSA, PFOSAA, ETFOSE-OH, PFOSEA,
M556, and surrogatestandard(see3.0Definitions).Anion pairingreagentisadded to
thesample and theanalyteionpairispartitionedintoMTBE. The MTBE extractis
removed and putontoanitrogenevaporatoruntildry.Each extractisreconstitutedin1.0
mL ofmethanol,thenfilteredthrougha 3 ccplasticsyringeattachedtoa 0.2Am nylon
filterintoglassautovials.

2.2 These sample extractsareanalyzedfollowingmethod ETS-8-5.1 orotherappropriate
methods.

3.0 DEFINITIONS

3.1 PFOS: perfluorooctanesulfonate(anionof potassium salt)C.F,7SO3-

3.2 . PFOSA: perfluorooctanesulfonylamideC,F,,SO2NH2

3.3 PFOSAA: perfluorooctanesulfonylamido(ethyl)acetateC,Fl7SO2N(CH2CH,)CH2CO2-

3.4 ETFOSE-OH: 2(N-ethylperfluorooctanesulfonamido)-ethylalcohol
C,F,:7SO2N(CH2CH3)CH2CH20H

3.5 PFOSEA: perfluorooctanesulfonylethylamideCsF,7SO2N(CH2CH3)H

3.6 M556: CgFl7SO2N(H)(CH2COOH)

3.7 Surrogatestandard:IH-IH-2H-2H perfluorooctanesulfonicacid

4.0 WARNINGS AND CAUTIONS

4.1 Health and safetywarnings

4.1.1 Use universalprecautions,especiallylaboratorycoats,goggles,and gloveswhen
handlinganimaltissue,which may containpathogens.

5.0 INTERFERENCES

5.1 There areno interferencesknown atthistime.

6.0 EOUIPMENT

6.1 The followingequipmentisusedwhileperformingthismethod. Equivalentequipmentis
acceptable.

6.1.1 Vortexmixer,VWP, VortexGenie2

6.1.2 Centrifuge,Mistral1000orIEC

6.1.3 Shaker,EberbachorVWR
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6.1.4 Nitrogenevaporator,Organomation

6.1.5 Balance(±0.100g)

7.0 SUPPLIES AND MATERIALS

7.1 Gloves

7.2 Eppendorf or disposablepipettes

7.3 Nalgene bottles,capableof holding250 mL and 1 L

7.4 Volumetricflasks,glass,typeA

7.5 I-CHEM vials,glass,40 mL glass

7.6 Centrifugetubes,polypropylene,15 mL

7.7 Labels

7.8 Oxford Dispenser- 3.0to 10.0mL

7.9 Syringes,capableof measuring5 RL to 50 liL

7.10 Graduated pipettes

7.11 Syringes,disposableplastic,3 cc

7.12 Syringefilters,nylon,0.2lim,25 mm

7.13 Timer

7.14 Crimp cap autovialsand caps

7.15 Crimpers

Note: Priortousing glasswareand bottles,rinse3 timeswithmethanol and 3 timeswith

water. Rinse syringesaminimum of 9 timeswithmethanol,3 rinsesfrom 3
separatevials.

8.0 REAGENTS AND STANDARDS

8.1 Type Ireagentgrade water,Milli-QTmorequivalent;allwater used inthismethod should
be Milli-Q' waterand may be providedby a l@filli-QTOC PluJ' system

8.2 Sodium hydroxide(NaOH), J.TBaker orequivalent

8.3 Tetrabutylammonium hydrogen sulfate(TBA),Kodak orequivalent

8.4 Sodium carbonate(NaCO,), J.T.Baker orequivalent

8.5 Sodium bicarbonate(NaHC03), J.T.Baker orequivalent

8.6 Methyl-T-ButylEther,Omnisolv,glassdistilledorBIPLC grade

8.7 Methanol, Onmisolv, glassdistilledor BPLC grade

8.8 Serum or blood,frozenfrom supplier

8.9 Fluorochemical standards

8.9.1 PFOS (3M SpecialtyChemical Division),molecularweight = 538

8.9.2 PFOSA (3M SpecialtyChemicalDivision),molecularweight= 499
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8.9.3 PFOSAA (3M SpecialtyChemical Division),molecularweight= 585

8.9.4 ETFOSE-OH (3M SpecialtyChemical Division),molecularweight= 570

8.9.5 PFOSEA (3M SpecialtyChemical Division),molecularweight= 527

8.9.6 M556 (3M SpecialtyChemicalDivision),molecularweight= 557

8.9.7 Surrogatestandard:4-H,perfluorooctanesulfonicacid(I-H,I-H,2-H, 2-H
C,F,3So3H) molecularweight= 428

8.9.8 Other fluorochemicals,as appropriate

8.10 Reagent preparation

NOTE: When preparinglargervolumes thanlistedinreagent,standard,or surrogate
preparation,adjustaccordingly.

8.10.1 10 N sodium hydroxide (NaOH): Weigh approximately200 g NAOH. Pour into a
1000 mL beakercontaining500 mL Milli-Q' water,mix untilallsolidsare
dissolved.Storeina 1 L Nalgene bottle.

8.10.2 1N sodium hydroxide(NaOH): Dilute10 N NAOH 1:10. Measure 10 mL of 10
N NAOH solutionintoa 100 mL volumetricflaskand dilutetovolume using
Milli-Q' water.Storeina 125niLNalgene bottle.

8.10.30.5M tetrabutylanunoniumhydrogensulfate(TBA): Weigh approximately169 g
ofTBA intoa 1 L volumetriccontaining500 mL Milli-(@'water.AdjusttopH
IQ usingapproximately44 to54 mL of10 N NAOH (WhileaddingthelastmL of
NAOH, add slowlybecausethepH changesabruptly).Dilutetovolume with
Milli-Q' water.Storeina 1L Nalgenebottle.

8.10.3.1TBA requiresa checkpriortoeach usetoensurepH = 10. Adjustas
needed using1 N NAOH solution.

8.10.4 0.25M sodium carbonate/sodiumbicarbonatebuffer(NaC03/NaHC03): Weigh
approximately26.5g ofsodium carbonate(NaCO,) and 21.0g ofsodium
bicarbonate(NaHC03) intoa 1 L volumetricflaskand bringtovolume withMilli-
Q' water.Storeina 1L Nalgene bottle.

8.11 Standards preparation

8.11.1PreparePFOS standardsforthestandardcurve.

8.11.2 Prepareotherfluorochemicalstandards,asappropriate.Multicomponent
fluorochemicalstandardsareacceptable(forexample,one working standard
solutioncontaining1.00ppm PFOS, 1.02ppm PFOSA, 0.987 ppm PFOSAA, and
1.10 ppm EtFOSE-OH.)

8.11.3 Weigh approximately100 mg ofPFOS intoa 100 mL volumetricflaskand record
theactualweight.

8.11.4 Bring to volume with methanol fora stockstandardof approximately1000 ppm

(AgIML).

8.11.5 Dilutethestocksolutionwithmethanolfora working standard1 solutionof
approximately50 ppm.

8.11.6 Diluteworking standardI withmethanolforaworking standard2 solutionof
approx.5.0ppm.
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8.11.7Diluteworking standard1 withmethanolfora workingstandard3 solutionof
approx.0.50ppm.

8.12 Surrogatestockstandardpreparation

8.12.1 Weigh approximately50-60mg ofsurrogatestandard1-H,1-H,2-H,2-H,
C,F,3So3H intoa 50 mL volumetricflaskand recordtheactualweight.

8.12.2 Bringtovolume withmethanolfora surrogatestockofapproximately1000-1200

PPM.

8.12.3 Preparea surrogateworkingstandard.Transferapproximately1mL ofsurrogate
stocktoa 10 mL volumetricflaskand bringtovolume withmethanolfora
working standardof100ppm. Record theactualvolume transferred.

9.0 SAMPLE HANDLING

9.1 All samplesarereceivedfrozenandmust be keptfrozenuntiltheextractionisperformed.

9.2 Allow samplestothaw toroom temperaturepriortoextraction.

10.0 OUALITY CONTROL

10.1 SolventBlanks,Method blanksandmatrixblanks

10.1.1An aliquotof1.0mL methanolisusedasa solventblank.

10.1.2Extracttwo 1.0mL aliquotsofMilli-Q' waterfollowingthisprocedureand use
asmethod blanks.

10.1.3Extracttwo 1.0mL aliquotsofthesenun followingthisprocedureand useas
matrixblanks.See 11.1.4.

10.2 Matrix spikes

10.2.1Prepareand analyzematrixspikeand matrixspikeduplicatesamplestodetermine
theaccuracyoftheextraction.

10.2.2Prepareeach spikeusinga sample chosen by theanalyst,usuallythecontrol
matrixreceivedwitheach sampleset.

10.2.3 Expectedconcentrationswillfallinthemid-rangeoftheinitialcalibrationcurve.
Additionalspikesmay be includedand may fallinthelow-rangeoftheinitial
calibrationcurve.

10.2.4Prepareone matrixspikeand matrixspikeduplicateper40 samples,with a
minimum of2 matrixspikesperbatch.

10.3 Continuingcalibrationchecks

10.3.1 Preparecontinuingcalibrationcheck samplestoensuretheaccuracyoftheinitial
calibrationcurve.

10.3.2Prepare,ata minimum, onecontinuingcheckpergroup of 10 samples.For
example,ifa sample set= 34,fourchecks arepreparedand extracted.

10.3.3Prepareeach continuingcalibrationcheck from thesame matrixused toprepare
theinitialcurve.
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10.3.4 The expectedconcentrationswillfallwithinthemid-rangeoftheinitial
calibrationcurve.Additionalspikesmay be includedthatfallinthelow-rangeof
theinitialcalibrationcurve.Thisisnecessaryiftheanalystmust quantitateusing
onlythelow end ofthecalibrationcurve(forexample,5 ppb - 100 ppb,rather
than
5 ppb - 1000ppb)

11.0 CALIBRATION AND STANDARDIZATION

11.1 Prepare matrix calibrationstandards

11.1.1 Transfer 1 mL ofserum toa 15 mL centrifugetube.

11.1.2 Ifmost sample volumes arelessthan 1.0niL,extractstandardswithmatrix
volumes equaltothesamplevolumes. Do notextractlessthan0.50mL of
matrix.Record each samplevolume on theextractionsheet.

11.1.3 VAiilepreparinga totaloftwentyaliquotsin15mL centrifugetubes,niixorshake
between aliquots.

11.1.4 Two I mL aliquots,orotherappropriatevolume,serveasmatrixblanks.
Typicallyusethestandardconcentrationsand spikingamounts listedinTable 1,
attheend ofthissection,tospike,induplicate,two standardcurves,fora totalof
eighteenstandards,two matrixblanks,and two method blanks.

11.1.5RefertovalidationreportETS-84.0 & ETS-8-5.0-V-1,which liststheworking
rangesand theLinearCalibrationRange (LCR) forcalibrationcurves.

11.1.6Use AttachmentD asan aidincalculatingtheconcentrationsoftheworking
standards.See Section13.0tocalculateactualconcentrationsofPFOS in
calibrationstandards.

11.2 To each standard,blank,orcontinuingcheck,add appropriateamount ofsurrogate
working standardfortheconcentrationtofallwithinthecalibrationcurverange5 ppb -
1000 ppb.

11.3 Extractspikedmatrix standardsfollowing12.6-12.16ofthismethod. Use thesestandards
toestablisheach initialcurveon themass spectrometer.
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Table 1
Approximate spikingamounts forstandardsand spikes

Using 1.0mL ofmatrix
Working standard @iL Approx.finalconc.of

(approx.conc.) analyteinmatrix
- - Blank

0.500ppm 10 0.005ppm
0.500ppm 20 0.010ppm

5.00ppm 5 0.025ppm

5.00ppm 10 0.050ppm

5.00ppm 20 0.100 ppm
50.0 ppm 5 0.250ppm
50.0 ppm 10 0.500ppm
50.0 ppm 15 0.750ppm

F-50.0 ppm 20 1.00ppm

12.0 PROCEDURE

12.1 Obtainfrozensamplesand allowtothaw atroom temperatureorina lukewarm
waterbath.

12.2 Vortex mix for15 seconds,thentransfer1.0mL orotherappropriatevolume toa 15 mL
polypropylenecentrifugetube.

12.3 Return unused samplestofreezerafterextractionamounts have been removed.

12.4 Record theinitialvolume on theextractionworksheet.

12.5 Label thetubewith thestudynumber,sample ID,dateandanalystinitials.See attached
worksheetfordocumenting theremainingsteps.

12.6 Spike allsamples,includingblanksand standards,readyforextractionwith surrogate
standardasdescribedin11.2.

12.7 Spike each matrixwith theappropriateamount ofstandardasdescribedin11.1,orTable
I inthatsection,forthecalibrationcurvestandards.Also preparematrixspikesand
continuingcalibrationstandards.

12.8 Vortex mix thestandardcurvesamples,matrixspikesamples,and continuingcalibration
samples for15 seconds.

12.9 Check toensurethe0.5M TBA reagentisatpH 10.Ifnot,adjustaccordingly.

12.10 To eachsample,add I mL 0.5M TBA and 2 mL of0.25M sodium carbonate/sodium
bicarbonatebuffer.

12.11 Using an Oxford Dispenser,add 5 niL methyl-tert-butylether.

12.12 Cap eachsample and puton theshakerata settingof300 rpm, for20 minutes.

12.13 Centrifugefor20 to25 minutesata settingof3500 rpm,oruntillayersarewell
separated.
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12.14 Label a fresh15 mL centrifugetubewiththesame informationasin12.5.

12.15 Remove 4.0mL oftheorganiclayertothisclean15mL centrifugetube.

12.16 Put eachsample on theanalyticalnitrogenevaporatoruntildry,approximatelyI to2
hours.

12.17 Add 1.0mL ofmethanol toeach centrifugetubeusinga graduatedpipette.

12.18 Vortex mix for30 seconds.

12.19 Attacha 0.2gm nylon mesh filtertoa 3 ccsyringeand transferthesample tothis
syringe.Filterintoa 1.5niL glassautovialorlow-volumeautovialwhen necessary.

12.20 Labeltheautovialwiththestudynumber,animalnumber and gender,sample timepoint,
matrix,finalsolvent,extractiondate,and analyst(s)performingtheextraction.

12.21 Cap and storeextractsatroom temperatureoratapproximately4 'C untilanalysis.

12.22 Complete theextractionworksheet,attachedtothisdocument,and tapeinthestudy
notebook or includeinstudybinder,asappropriate.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations

13.1.1CalculateactualconcentrationsofPFOS, orotherapplicablefluorochemical,in
calibrationstandardsusingthefollowingequation:

mL ofstandardx concentrationofstandard(alz/mL)
mL ofstandard+ mL ofsurrogatestandard+ initialmatrixvolume (mL)

FinalConcentration(gghnl)ofPFOS inmatrix

14.0 METHOD PERFORMANCE

14.1 The method detectionlimit(MDL) isanalyteand matrixspecific.RefertoNML report
forspecificMDL and limitofquantitation(LOQ) values(seeAttachments B and C).

14.2 The followingqualitycontrolsamplesareextractedwitheachbatchof samplesto
evaluatethequalityoftheextractionand analysis.

14.2.1Method blanksandmatrixblanks.

14.2.2Matrixspikeand matrixspikeduplicatesamplestodetermineaccuracyand
precisionoftheextraction.

14.2.3Continuingcalibrationchecksamplestodeterminethecontinuedaccuracyofthe
initialcalibrationcurve.

14.3 Refertosection14 ofETS-8-5.1formethod performancecriteria.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample waste isdisposedinbiohazardcontainers,flammable solventwaste isdisposedin
highBTU containers,andused glasspipettewaste isdisposedinbrokenglasscontainers
locatedinthelaboratory.
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16.0RECORDS

16.1 Complete theextractionworksheetattachedtothismethod,and tapeinthestudy
notebook orincludeinthe3-ringstudybinder,asappropriate.

17.0 ATTACHMENTS

17.1 AttachmentA, Extractionworksheet

17.2 AttachmentB, MDL/LOQ valuesand summary

17.3 Attachment C, Calibrationstandardconcentrationworksheet

18.0 REFERENCES

18.1 The validationreportassociatedwiththismethodisETS-84.0 & 5.0-V-1.

18.2 FACT-M-3. 1,"AnalysisofSeniinorOtherFluidExtractsforFluorochemicalsusing
BPLC-ElectrosprayMass Spectrometiy'

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-5.1, "AnalysisofSerum orOtherFluidExtractsforFluorochemicalsusing
BPLC-ElectrosprayMass Spectrometry"

20.0 REviSIONS

Revision Revision
Number Reason For Revision Date

I Section12.21Changed toincludesample storageatroom temperature. 04/02/99
Section12.13Added theshakerspeed.
Section12.17Finalvolume is1.0mL; notadjustedforinitialvolumes
lessthan 1.0mL.
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ExtractionWorksheet ETS-8-4.1

Study SurrogateStd FC-Mix FC-Mix FC-Mix Comments
Matrix approx. ppm approx.0.5pm approx.5 ppm approx.50 ppm
Box # actual ppm actual ppm actual pptn actual PPM
Wk/Day_

DateSpiked/Analyst
ccv
ms_
MSD

Blank Std amount ML
Serum ExtractionMethod Date& Initials
Vortex15 sec.
PipetteMatrix Volume ML
PipetteImL of 0.5M TBA, pH 10.pH Std.#
Pipette2 mL of0.25Na2CO3/0.25M NaHC03 buffer Std.#

Dispense5 mL ofmethyl-t-butylether TN-A-
Shake20 min. Shakerspeed:
Centrifuge20-25min. Centrifugespeed:

Remove a4 mL aliquotoforganiclayer
Puton NitrogenEvaporatOTtodryness Temperature:
Add methanol Volume mL TN-A-
Vortex30 sec.
Filterusinga 3ccB-D syringewitha0.2gm filterintoa 1.5mL autosamplevial
Cont.Cal.Verificationsusedsame matrixasforstdcurve.
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MDL/LOQ valuesforrabbitserum

Compound MDL LOQ LinearCalibrationRange(LCR)
(ppb) (ppb) Approximateconcentrationstobeusedforpreparingthe

StandardCalibrationCurve

PFOS 1.74 5.55 5 ppb - 1000 ppb

PFOSA 1.51 4.79 5 ppb -1000 ppb
PFOSAA 3.46 20.5 5 ppb -1000 ppb

ETFOSE-OH 11.4 36.2 5 ppb -1000 ppb
M556 6.03 19.2 5 ppb -1000 ppb
IPFOSEA 5.71 1 18.2 15 ppb - 1000 ppb
MDL/LOQ valuesinrat,bovine,monkey,andhuman senun,andmonkey plasma were notstatistically
determined.Two curvesineachofthesematriceswere extractedand analyzedwiththerabbitserum
curvestodetermineequivalence.Responsesinthera@bovine,monkey, andhuman were equivalentto
therabbitresponses,therefore,theirMDL andLOQ willbe thesame valuesasdeterminedinrabbit
serum.

PleaseseeLOQ Summary and MDL studyinETS-8-4.0& 5.0-V-1forfurtherinformation.
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Compound: PFOS
Preparedrange LCR from % Recovery RSD

RabbitSerum ofstandards curve Range Range

(ppb)(ng/mL) (ppb)
(ng/mL)

FullRange 0.995-978 24.8-978 83-108 4.67-11.0

Low Curve 4.94-248 4.94-248 85-104 5.34-12.0

High cur-ve 97.8-978 97.8-978 85-106 4.84-9.80

I/X 0.995-978 4.94-978 94-111 4.60-10.5
I I I I

Compound: PFOSA
Preparedrange LCR from % Recovery RSD

RabbitSenun ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 4.93-976 88-103 5.10-14.7

Low Curve 4.93-97.6 4.93-97.6 87-105 9.85-14.7

High curve 24.8-976 24.8-978 93-102 5.08-13.9

I/X 0.993-976 4.93-976 94-103 5.10-14.5

Compound: PFOSAA
Preparedrange LCR from % Recovery RSD

RabbitSerum of standards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.991-974 24.7-974 81-111@ 4.18-10.6

Low Curve 4.92-247 9.74-247 97-107 6.38-21.8

High curve 49.2-974 97.4-974 85-108 4.33-12.5

1/X 0.991-974 9.74-974 95-115 4.11-23.2
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Compound: ETFOSE-OH
Preparedrange LCR from % Recovery RSD

RabbitSerum ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 49.3-976 77-110 11.2-25.5

Low Curve 4.93-97.6 9.76-97.6 97-107 14.1-21.3

High curve 49.3-976 97.6-976 90-109 11.5-19.6

1/X 0.993-493 9.76-976 86-111 11.1-21.2

Compound: PFOSEA
Preparedrange LCR from % Recovery RSD

RabbitSenun ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 24.8-976 96-106 10.1-16.2

Low Curve 4.93-248 9.76-248 91-110 11.8-19.5

High curve 49.3-976 49.3-976 86-106 10.2-18.2

I/X 0.993-976 9.76-976 95-117 10.1-19.1

Compound: M556
Preparedrange LCR from % Recovery RSD

RabbitSerum of standards curve Range Range
(ppb)(nghnl) (ppb)

(ng/mL)

FullRange 0.993-976 24.8-976 88-106 4.82-17.9

Low Curve 4.93-97.6 9.76-97.6 100-105 5.95-18.2

High curve 97.6-976 97.6-976 81-111 5.11-9.74

1/X 0.993-976 9.76-976 97-110 4.77-19.5
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Ion PairStandardCurves- Fluids
Prep date(s): Standard number:
Analyte(s): Equipment number:
Sample matrix: Finalsolventand TN:

Blank fluid/identifier:
Method/revision:
Targetanalyte(s):
FC mix stdapprox. 0.500 ppm:
FC mix stdapprox. 5.00ppm:

FC mix std approx. 50.0ppm:
Surrogate stdapprox. 100 ppm:

Actual concentrationsofstandardsintheFC mix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 All All

Std conc Std conc Std conc Std conc Std conc Stdconc ArWt Finalvol
ughnl ug/mL ug/mL ug/mL ug/mL ug/mL spikedmL ML
0.500 0.507 1 0.532 0.501 0.521 0.501 0.010 1.015
0.500 0.507 0.532 0.501 0.521 0.501 0.020 1.025
5.00 5.07 5.32 5.01 5.21 5.01 0.005 1.010
5.00 5.07 5.32 5.01 5.21 5.01 0.010 1.015
5.00 5.07 5.32 5.01 5.21 5.01 0.020 1.025
50.0 50.1 53.2 50.1 52.1 50.1 0.005 1.010
50.0 50.1 53.2 50.1 52.1 50.1 0.010 1.015
50.0 50.1 53.2 50.1 52.1 50.1 0.015 1.020
50.0 50.1 53.2 50.1 52.1 50.1 0.020 1.025

Calculated concentrationsofstandards in the sample matrix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 Surrogate All

Finalconc Finalconc Finalconc Finalconc Finalconc Finalconc Std conc Ariftspiked
ng/mL nghnl ng/mL ng/mL ng/mL ng/mL ng/mL ML
4.93 5.00 5.24 4.94 5.01 5.13 100 0.005
9.76 9.89 10.4 9.78 9.93 10.2
24.8 25.1 26.3 24.8 25.2 25.8 Surrogate
49.3 50.0 52.4 49.4 50.1 51.3 Finalconc
97.6 98.9 104 97.8 99.3 102 ng/mL
248 251 263 248 252 258 500
493 1 500 524 494 501 513
735 746 782 737 749 766
976 989 1038 978 993 1017-

Validatedranges - approximate concentrations
Serum PFOS PFOSA PFOSAA ETFOSE-OH PFOSEA M556
Rabbit 5.00-1000 1 5.00-1000 1 5.00-1000 1 5.00-1000 5.00-1000 5.00-1000

Bovine Estimatesonly.Use valuesforrabbit.
Rat Estimatesonly.Use valuesforrabbit.

Monkey & Plasma Estimatesonly.Use valuesforrabbit.
Human I Estimatesonly.Use valuesforrabbit.
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3M ENVIRONMENTAL LABORATORY

METHOD

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER

FLUOROCIIEAUCALS IN SERUM EXNIACTS USING

HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8-5.1 Adoption Date:03/01/99

RevisionDate:
q

Author: LisaClemen, RobertWynne

Approved By:
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Group Leader Date
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TechnicalReviewer Date

1.0 SCOPE AND APPLICATION

1.1Scope: Thismethod describestheanalysisof serum extractsforfluorochemicalsurfactants
usingIPLC-electrospray/massspectrometry.

1.2Applicable Compounds: Fluorochemicalsurfactantsor otherfluorinatedcompounds, or
otherionizablecompounds.

1.3Matrices: Rabbit,rat,bovine,monkey, and human serum,or otherfluidsas designatedin
thevalidationreport.
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2.0SUM MARV OF METHOD

2.1 Thismethod describestheanalysisoffluorochemicalsurfactantsextractedfrom serum or
otherfluids,usingHPLC-electrospray/massspectrometry,orsimilarsystemasappropriate.
The analysisisperformedby monitoringa singleioncharacteristicofa particular
fluorochemical,suchastheperfluorooctanesulfonate(PFOS) anion,m/z--499.
Additionally,samplesmay be analyzedusinga tandem mass spectrometertofurtherverify
theidentityofa compound by detectingdaughterionsoftheparention.

3.0 DEFINITIONS

3.1Atmospheric Pressure Ionization(API):The Micromass QuattroH triplequadrupole
systemsallow forvariousmethods ofionizationby utilizingvarioussources,probes,and
interfaces.These includebutarenotlimitedto:ElectrosprayIonization(ESI),Atmospheric
PressurechemicalIonization(APcI),Tbermospray,etc.The ionizationprocessinthese
techniquesoccursatatmosphericpressure(i.e.,notundera vacuum).

3.2ElectrosprayIonization(ES,ESI):a-methodofionizationperformedatatmospheric
pressure,whereby ionsinsolutionaretransferredtothegasphaseviatinychargeddroplets.
These chargeddropletsareproducedby theapplicationofa strongelectricalfield.

3.3Mass Spectrometry,Mass Spectrometer(MS), Tandem Mass Spectrometer (MS/MS):
The API QuattroH triplequadrupolesystemsareequippedwith quadrupolemass selective
detectors.Ionsareselectivelydiscriminatedby mass tochargeratio(m/z)and subsequently
detected.A singleMS may be employed foriondetectionora series(MS/MS) formore
specificfragmentationinformation.

3.4Conventionalvs.Z-spray probe interface:The latestmodels ofNficromassQuattroH
triplequadrupolesystems(post1998)utilizea "Z-spray"conformation.The sprayemitted
from a probeisorthogonaltotheconeaperture.Intheconventionalconformationitisaimed
directlyatthecone aperture,afterpassingthrougha tortuouspathway inthecounter
electrode.Though theconfigurationisdifferent,themethods ofoperation,cleaning,and
maintenancearethesame. However, Z-spraycomponents and conventionalcomponents are
notcompatiblewithone another,butonlywithsimilarsystems(i.e.,Z-spraycomponents are
compatiblewithsome otherZ-spraysystems,etc.)

3.5Mass Lynx Software: System softwaredesignedforthespecificoperationoftheseQuattro
IIItriplequadrupolesystems.CurrentlyMassLynx hasWindows 95 and WindowsNT 4.0
versions.Allversionsaresimilar.Formore detailsseethemanual specifictotheinstrument
(Micromass QuattroIIItriplequadrupoleMassLynx orMassLynx NT User'sGuide).

4.0 WARNINGS AND CAUTIONS

4.1 Health and SafetyWarnings:

4.1.1 Use cautionwiththevoltagecablesfortheprobe.When engaged,theprobe
employs a voltageofapproximately5000 Volts.

4.1.2 When handlingsamplesorsolventswear appropriateprotectivegloves,eyewear,
and clothing.
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4.2 Cautions:

4.2.1 Do notoperatesolventpumps abovecapacityof400 bar(5800psi)backpressure.
Iftheback pressureexceeds400 bar,theHP 1100 willinitiateautomaticshutdown.

4.2.2 Do notrun solventpumps todryness.

5.0 INTERFERENCES

5.1 To minimize interferenceswhen analyzingsamples,teflonshouldnotbe usedforsample
storageor anypartofinstrumentationthatcomes incontactwith thesample orextract.

6.0 EouiPMENT

6.1 Equipment listedbelow maybe modifiedinordertooptimizethesystem.Documentany
modificationsintheraw dataasmethod deviations.

6.1.1 Micromass Quattro11triplequadrupoleMass Spectrometerequippedwithan
electrosprayionizationsource

6.1.2 HP1100 low pulsesolventpumping system,solventdegasser,column
compartment,and autosainpler

7.0 SUPPLIES AND MATERIALS

7.1 Supplies

7.1.1 High puritygradenitrogengasregulatedtoapproximately100 psi(House air
system)

7.1.2 BPLC analyticalcolumn,specificstobe determinedby theanalystand documented
intheraw data.

7.1.3 Capped autovialsorcapped 15 mL centrifugetubes

8.0 REAGENTS AND STANDARDS

8.1 Reagents

8.1.1'Methanol,B?LC gradeorequivalent

8.1.2 Nfilli-Q*mwater,allwaterusedinthismethod shouldbe Milli-Q' wateror
equivalent,and may be providedby a Milli-QTOC Plussystemorothervendor

8.1.3 Ammonium acetate,reagentgradeorequivalent

8.2 Standards

8.2.1 Typicallytwo method blanks,two matrixblanks,and eighteenmatrixstandardsare
preparedduringtheextractionprocedure.SeeETS-84.1.

9.0 SAMPLE HANDLING

9.1 Freshmatrixstandardsarepreparedwith eachanalysis.Extractedstandardsand samples
arestoredincapped autovialsorcapped 15 mL centriftigetubesuntilanalysis.
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9.2 Ifanalysiswillbe delayed,extractedstandardsand samplescanbe reftigeratedat
approximately4' C,oratroom temperature,untilanalysiscanbe performed.

10.0 OUALITY CONTROL

10.1 SolventBlanks,Method Blanks and MatrixBlanks

10.1.1Solventblanks,method blanksand matrixblanksarepreparedand analyzedwith
eachbatchtodeterminecontaminationorcarryover.

10.1.2Analyze a method blankand a matrixblankpriortoeachcalibrationcurve.

10.2 Matrix Spikes

10.2.1Matrixspikesarepreparedandanalyzedtodeterminethematrixeffecton the
recoveryefficiency.

10.2.2Matrix spikeduplicatesarepreparedand analyzedtomeasure theprecisionand the
recoveryforeachanalyte.

10.2.3Analyze a matrixspikeand matrixspikeduplicateperfortysamples,witha
minimum of2 spikesperbatch.

10.2.4Matrixspikeand matrixspikeduplicateconcentrationswillfallinthemid-rangeof
theinitialcalibrationcurve.Additionalspikeconcentrationsmay fallinthelow-
rangeoftheinitialcalibrationcurve.

10.3 Continuing CalibrationVerifications

10.3.1Continuingcalibrationverificationsareanalyzedtoverifythecontinuedaccuracy
ofthecalibrationcurve.

10.3.2Analyze a mid-rangecalibrationstandardaftereverytenthsample,witha minimum
ofone perbatch.

11.0 CALIBRATION AND STANDARDIZATION

11.1 Analyze theextractedmatrixstandardspriortoand followingeachsetofextracts.The
averageoftwo standardcurveswiU be plottedby linearregression(y= my + b),weighted
1/x,notforcedthroughzero,usingMassLynx orothersuitablesoftware.

11.2 Ifthecurvedoesnotmeet requirements,performroutinemaintenanceorreextractthe
standardcurve(ifnecessary)andreanalyze.

11.3 For purposesofaccuracywhen quantitatinglow levelsofanalyte,itmay be necessaryto
usethelow end of thecalibrationcurveratherthanthefullrangeofthestandardcurve.
Example: when attemptingtoquantitateapproximately10ppb ofanalyte,generatea
calibrationcurveconsistingofthestandardsfrom 5 ppb to100 ppb ratherthanthefull
rangeofthecurve(5ppb to1000 ppb).Thiswillreduceinaccuracyattributedtolinear
regressionweightingofhighconcentrationstandards.
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12.0PROCEDURES

12.1 AcquisitionSetup

12.1.1 Clickon startbuttonintheAcquisitionControlPanel.Setup a sample list.Assign
a filenameusingMO-DAY-last digitofyear-samplenumber, assigna method (MS)
foracquiring,and typeinsample descriptions.

12.1.2 To createa method clickon scanbuttonintheAcquisitioncontrolpanel and select
SIR (SingleIon Recording)orMRM. SetIonizationMode asappropriateand mass
to499 or otherappropriatemasses. A fullscanisusuallycollectedalong withthe
SIRS. Save acquisitionmethod. IfMS/MS instrumentsareemployed, additional
production fragmentationinformationmay be collected.See Micromass
MassLynx GUIDE TO DATA ACQLTISITION foradditionalinformationand
MRM (MultipleReactionMonitoring).

12.1.3Typicallytheanalyticalbatchrunsequencebeginswitha setofextractedmatrix
standardsand ends with a setofextractedmatrixstandards.

12.1.4.Samples areanalyzedwith a contiri4ingcalibrationcheck injectedaftereverytenth
sample. Solventblanksshouldbe analyzedperiodicallytomonitor possibleanalyte
carryoverand arenotconsideredsamples butmay be includedas such.

12.2 Using the Autosampler

12.2.1 Setup sample trayaccordingtothesample listpreparedinSection12.1.1.

12.2.2 Set-uptheBP 1100/autosampleratthefollowingconditionsor atconditionsthe
analystconsidersappropriateforoptimalresponse.Record actualconditionsin the
instrumentlogbook:

12.2.2.1Sample size= 10 @tLinjection

12.2.2.2Inject/sample= 1

12.2.2.3Cycle time= 13.5minutes

12.2.2.4Solventramp =

Time MEOH 2.0mM
Ammonium acetate

0.00 min. 40% 60%

8.50niin. 90% 10%
11.0min. 90% 10%

12.0niin. 40% 60%

12.2.2.5Pressthe"Start"button.

12.3 Instrument Set-up

12.3.1 Referto ETS-9-24.0 formore details.

12.3.2 Check thesolventlevelinreservoirsand refillifnecessary.
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12.3.3 Check thestainlesssteelcapillaryattheend oftheprobe. Use an eyepiecetocheck
thetip.The tipshouldbe flatwithno jaggededges. Ifthetipisfound tobe
unsatisfactory,disassembletheprobe and replacethestainlesssteelcapillary.

12.3.4 Set HPLC pump to"On". Set the flow to 10 -500 uL/min or as appropriate.
Observe dropletscoming outofthetipoftheprobe. Allow toequilibratefor
approximately 10 minutes.

12.3.5 Turn on thenitrogen.A finemistshouldbe expelledwithno nitrogenleaking
around thetipof theprobe.Readjustthetipof theprobe ifno mistisobserved.

12.3.6 The instrumentusestheseparametersatthefollowingsettings.These settingsmay
change in ordertooptimizetheresponse:

12.3.6.1Drying gas250-400 liters/hour

12.3.6.2ESI nebulizinggas 10-15 liters/hour

12.3.6.3BPLC constantflow mode, flow rate10 - 500 JiUmin

12.3.6.4Pressure<400 bar(Tbisparameterisnotset,itisa guideto ensurethe
B?LC isoperatingcorrectly.)

12.3.7 Carefullyguidetheprobeintotheopening.Insertprobe untilitwillnot go any
further.Connect thevoltagecablestotheprobe.

12.3.8 Printthetune page,with itsparameters,and storeitin thestudybinderwith a copy
tapedintotheinstrumentlog.

12.3.9 Using thecross-flowcounterelectrodeintheES/MS sourceisrecommended for
theanalysisofbiologicalmatrices. -

12.3.10CIickon startbuttonintheAcquisitionControlPanel(thismay vary among
MassLynx versions,seeappropriateMassLynx USER'S GUIDE). Pressthe start
button.Ensure startand end sample number includesallsamples tobe analyzed.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations:

13.1.4 Calculatematrixspikepercentrecoveriesusingthefollowingequation:

% Recovery Observed Result-Background Result x 100

Expected Result

13.1.5 Calculatepercentdifferenceusingthefollowingequation:

% Difference Expected Conc. -CalculatedConc. x 100
Expected Conc.

13.1.6 Calculateactualconcentrationof PFOS, orotherfluorochemical,inmatrix

(gg/ML):

(ngofPFOS calc.from std.Curvex DilutionFactor) x 1 Mg
(InitialVolume ofmatrix(mL) + mL ofSurrogateStandard) 1000 ng

FinalVolume (mL)
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14.0 METHOD PERFORMANCE

14.1 Method DetectionLimit(MDL) and LimitofQuantitation(LOQ) aremethod,analyte,and
matrixspecific.PleaseseeETS-84.1, Attachment B, fora listingofcurrentvalidated
MDL and LOQ values.

14.2 SolventBlanks,Method Blanks,and Matrix Blanks

14.2.1Solventblanks,method blanks,andmatrixblanksvaluesaremust be below the
loweststandardinthecalibrationcurve

14.3 CalibrationCurves

14.3.1The r'valueforthecalibrationcurvemust be 0.980orbetter.

14.4 Matrix Spikes

14.4.1Matrix spikepercentrecoveriesaremust be within± 30% ofthespiked
concentration.

14.5 Continuing CalibrationVerirications

14.5.1Continuingcalibrationverificationpercentrecoveriesmust be ± 30% ofthespiked
concentration.

14.6 Ifcriterialistedinthismethod performancesectionisn'tmet,maintenancemay be
performed on thesystem and samplesreanalyzedorotheractionsasdeterminedby the
analyst.Document allactionsintheappropriatelogbook.

14.7 Ifdataaretobe reportedwhen performancecriteriahave not been met, thedatamust be
footnotedon tablesand discussedinthetextofthereport.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample extwt waste and fiammablesolventisdisposedinhighBTU containers,and glass
pipettewasteisdisposedinbrokenglasscontainerslocatedinthelaboratory.

16.0 REcoRDs

16.1 Each page generatedfora studymust have thefollowinginforxnationincludedeitherinthe
headerorhand writtenon thepage: studyorprojectnumber, acquisitionmethod,
integrationmethod, samplename, extractiondate,dilutionfactor(ifapphcable),and
analyst.

16.2 Printthetunepage,samplelist,and acquisitionmethod from MassLynx toincludeinthe
appropriatestudyfolder.Copy thesepages andtapeintotheinstrumentrunlog.

16.3 Plotthecalibrationcurveby linearregression,weighted 1/x,thenprintthesegraphsand
storeinthestudyfolder.

16.4 Printdataintegrationsummary, integrationmethod,and chromatograms,from MassLynx,
and storeinthestudyfolder.
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16.5 Summarize datausingsuitablesoftware(Excel5.0)andstoreinthestudyfolder,see
Attachment A foran example ofa summary spreadsheet.

16.6 Back up electronicdatatoappropriatemedium. Record instudynotebookthefilename
and locationofbackup electronicdata.

17.0 TABLES,,DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA: ETS-8-5.1 Datasummary spreadsheet.

18.0 REFERENCES

18.1 FACT-M-4. 1,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
compounds from SeniinforAnalysisUsing BPLC-Electrospray/MassSpectrometry

18.2 ETS-9-24.0,"OperationandMaintenanceoftheMicromass AtmosphericPressure
Ionization/MassSpectrometerQuattroI[[triplequadrupoleSystems"

18.3 The validationreportassociatedwith thismethod isETS-84.0 & 5.0-V-1.

19.0 AFFECTED DOCUMENTS

19.1 ETS-84. 1,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
Compounds from Serum forAnalysisUsing BPLC-Electrospray/MassSpectrometry"

20.0 REvisioNs

Revision Revision
Number. Reason For Revision Date

I Section6.1.2ClarificationofBPI 100 systemcomponents. 04/02/99
Section11.1 Average oftwo curves,notstandardvalues,areused for
plottinglinearregressionand added theI/xweightingofthecurve.
Section12.2.2.4Clarificationofsolventramp.
Section17.1Changed from attachmentB toA.
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Laboratory Study

Study:
TestMaterial:
Mabix/FinalSolvent:
Method/Revision:
AnalyticalEquipment System Number:
InstnunentSoftwareNersion:

Filename:
R-Squared Value:
Slope:
Y Intercept:
DateofExtraction/Analyst:
DateofAnalysis/Analyst

Group Sample# Concentration InitialVol. Dilution FinalConc.

Dose uginil ML Factor

Slope: Taken from linearregressionequation.
Group/Dose: Taken from thestudyfolder.
Sample#: Taken from thestudyfolder.
Concentration(ug/mL): Taken from theMassLynx integrationsummary.
InitialVolume (niL):Taken fromthestudyfolder.
DilutionFactor: Taken from thestudyfolder.
FinalConc. (ug/mL): Calculatedby dividingtheinitialvolume from theconcentration
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1.0 SCOPE AND APPLICATION

1.1Scope: This method isfortheextractionofpotassiumperfluorooctanesulfonate(PFOS) or
otherfluorochemicalcompounds from liver.

1.2Applicable Compounds: Fluorochemicalsurfactantsorotherfluorinatedcompounds.

1.3Matrices: Rabbit,rat,bovine,and monkey liversorothertissuesas designatedin the
validationreport.
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2.0SUMMARY OF METHOD

2.1 This method describestheprocedureforextractingpotassiumperfluorooctanesulfonate
(PFOS) or otherfluorochemicalsurfactantsfrom liver,or othertissues,usingan ionpairing
reagentand methyl-tert-butylether(MtBE). In thismethod, seven fluorochemicalscan be
extracted:PFOS, PFOSA, PFOSAA, ETFOSE-OH, PFOSEA, M556, and surrogate
standard.An ion pairingreagentisadded tothesample and theanalyteionpairis
partitioned into MTBE. The MTBE extract istransferred to a centrifuge tube and put onto a
nitrogen evaporator untildry. Each extractisreconstitutedin 1.0 mL methanol then

filteredthrough a 3 cc plasticsyringeattachedto a 0.2 gm nylon filterinto glassautovials.

2.2 These sample extractsare analyzed following method ETS-8-7.0 or otherappropriate

methods.

3.0 DEFINITIONS

3.1 PFOS: perfluorooctanesulfonate (anion of potassium salt)C,F,7SO3

3.2 PFOSA: perfluorooctane sulfonylamide C,F,7SO2NH2

3.3 PFOSAA: perfluorooctanesulfonylamido (ethyl)acetateCsF,7SO2N(CH2CH3)CH2CO2

3.4 ETFOSE-OH: 2(N-ethylperfluorooctanesulfonamido)-ethylalcohol

C,F,7So2N(CH2CH3)CH2CH20H

3.5 PFOSEA: perfluorooetane sulfonylethylamide C8F,7SO2N(CH2CH3)H

3.6 M556: CBF17So2N(H)(CH2COOH)

3.7 Surrogate standard: IH- 1H-2H-2H perfluorooctane sulfonicacid

4.0 WARNINGS AND CAUTIONS

4.1 Health and Safety Warnings:

4.1.1 Use universal precautions, especiallylaboratory coats,goggles, and gloves when

handling animal tissue,which may containpathogens.

5.0 INTERFERENCES

5.1 There are no interferencesknown atthistime.

6.0 EOUIPMENT

6.1 The following equipment isused while performing thismethod. Equivalent equipment is

acceptable.

6.1.1 Ultra-TurraxT25 Grinder forgrindingliversamples

6.1.2 Vortex mixer, VWI;@ Vortex Genie 2

6.1.3 Centrifuge,Mistral1000 orIEC

6.1.4 Shaker, Eberbach or VV@R
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6.1.5 NitrogenEvaporator,Organomation

6.1.6 Balance(sensitivityto0.100g)

7.0 SUPPLIES AND MATERIALS

7.1 Gloves

7.2 Dissectingscalpels

7.3 Eppendorfordisposablepipettes

7.4 Nalgene bottles,capableofholding250 mL and 1 L

7.5 Volumetricflasks,glass,typeA

7.6 I-CHEM vials,40 mL glass

7.7 Plasticsampule vials,Wheaton, 6 mL (orappropriatesize)

7.8 Centrifugetubes,polypropylene,15mL

7.9 Labels

7.10 OxfordDispensor- 3.0to10.0ml

7.11 Syringes,capableofmeasuring5 gL to50 gL

7.12 Graduatedpipettes

7.13 Syringes,disposableplastic,3 cc

7.14 Syringefilters,nylon,0.2lim,25 mm

7.15 Timer

7.16 Crimp capautovialsand caps

7.17 Crimpers

Note: Priortousingglasswareandbottles,rinse3 timeswithmethanoland 3 timeswithMilli-
Q' water.Rinse syringesa minimum of9 timeswithmethanol,3 rinsesfrom 3 separate
vials.

8.0 REAGENTS AND STANDARDS

8.1 Type Ireagentgradewater,MiRi-QTm orequivalent;allwaterused inthismethod should
be Milli-Q'waterand be providedby a Milli-QTOC PluiTmsystem

8.2 Sodium hydroxide(NaOH), J.TBakerorequivalent

8.3 Tetrabutylammoni= hydrogensulfate(TBA),Kodak orequivalent

8.4 Sodium carbonate(Na2CO3),J.T.Baker orequivalent

8.5 Sodium bicarbonate(NaHC03), J.T.Baker orequivalent

8.6 Methyl-tert-butylether,Omnisolv,glassdistilledorBPLC grade

8.7 Methanol,Oinnisolv,glassdistilledorBPLC grade

8.8 Liver,frozenfrom su@plier

8.9 Dry icefrom supplier

8.10 Fluorochemicalstandards

8.10.1PFOS (3M SpecialtyChemicalDivision),molecularweight= 538
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8.10.2PFOSA (3M SpecialtyChemicalDivision),molecularweight= 499

8.10.3 PFOSAA (3M SpecialtyChemicalDivision),molecularweight= 585

8.10.4 ETFOSE-OH (3M SpecialtyChemicalDivision),molecularweight= 570

8.10.5 PFOSEA (3M SpecialtyChemicalDivision),molecularweight= 527

8.10.6 M556 (3M SpecialtyChemicalDivision),molecularweight= 557

8.10.7 Surrogatestandard:4-H,perfluorooctanesulfonicacid(1-H,1-H,2-H,2-H
C,F13SO3H)molecularweight= 428

8.10.8 Otherfluorochemicals,asappropriate

8.11 Reagent preparation

NOTE: When preparinglargervolumes thanlistedinreagent,standard,orsurrogate
preparation,adjustaccordingly.

8.11.1 10 N sodium hydroxide(NaOH): Weigh approximately200 g NAOH. Pour intoa
1000mL beakercontaining500 niL Milli-Q'water,mix untilallsolidsare
dissolved.Storeina 1 L Nalgene bottle.

8.11.2 1 N sodium hydroxide(NaOH): Dilute10N NAOH 1:10. Measure 10 mL of
10 N NAOH solutionintoa 100 mL volumetricflaskand dilutetovolume using
Milli-Q' water.Storeina 125 mL Nalgenebottle.

8.11.30.5M tetrabutylammoniumhydrogensulfate(TBA): Weigh approximately169 g
ofTBA intoa 1 L volumetriccontaining500 mL Milli-Q"Mwater.Adjustto
pH 10 usingapproximately44 to54 mL of 10N NAOH (WhileaddingthelastmL
ofNAOH, add slowlybecausethepH changesabruptly).Dilutetovolume with
Milli-Q'water.Storeina 1 L Nalgenebottle.

8.11.3.1TBA requiresa checkpriortoeachusetoensurepH = 10. Adjustas
neededusingIN NAOH solution.

8.11.40.25M sodiumcarbonate/sodiumbicarbonatebuffer(NaCO,/NaHCO,): Weigh
approximately26.5g ofsodium carbonate(Na2C03)and 21.0g ofsodium
bicarbonate(NaHC03)into a 1 L volumetricflaskand bringtovolume withNElli-
Q' water.Storeina 1 L Nalgenebottle.

8.12 Standardspreparation

8.12.1PreparePFOS standardsforthestandardcurve.

8.12.2Prepareotherfluorochemicalstandards,asappropriate.Multicomponent
fluorochemicalstandardsareacceptable(forexample,one working standard
solutioncontaining1.00ppm PFOS, 1.02ppm PFOSA, 0.987ppm PFOSAA, and
1.10ppm EtFOSE-OH.)

8.12.3 Weigh approximately100mg ofPFOS intoa 100niL volumetricflaskand record
theactualweight.

8.12.4Bring tovolume withmethanolfora stockstandardofapproximately1000ppm
(gg/ML).

8.12.5Dilutethestocksolutionwithmethanolfora workingstandardI solutionof
approximately50 ppm.
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8.12.6Dilutethestocksolutionwithmethanolforaworkingstandard2 solutionof
approx.5.0ppm.

8.12.7Dilutethestocksolutionwithmethanolfora working standard3 solutionof
approx.0.50ppm.

8.13 Surrogatestockstandardpreparation

8.13.1Weigh approximately50-60mg ofsurrogatestandard1-H,I-H,2-H,2-H,
C,F13So3H intoa 50 ml volumetricflaskand recordtheactualweight.

8.13.2Bring tovolume withmethanolfora surrogatestockofapproximately1000-1200

PPM-
8.13.3Preparea surrogateworkingstandard.Transferapproximately1.0ml ofsurrogate

stocktoa 10ml volumetricflaskand bringtovolume withmethanolfora
working standardof 10-20ppm. Recordtheactualvolume tr=ferred.

9.0 SAMPLE HANDLING

9.1 Allsamplesarereceivedfrozenandmust be keptfrozenuntiltheextractionisperformed.

10.0 OUALITY CONTROL

10.1 Matrix blanksand method blanks

10.1.1An aliquotof 1.0mL methanolisused asa solventblank.

10.1.2Extracttwo 1.0niLahquotsofl@filli-Q'waterfollowingthisprocedureand use
asmethod blanks.

10.1.3Extracttwo 1.0mL aliquotsofliverhomogenate followingthisprocedureand use
asmatrixblanks.Referto11.1.6.

10.2 Matrix spikes

10.2.1 Prepareand analyzematrixspikeand matrixspikeduplicatesamples todetermine
theaccuracyoftheextraction.

10.2.2 Prepareeachspikeusinga sample chosenby theanalyst,usuallya controlliver
receivedwith eachsample set.

10.2.3 Expectedconcentrationswillfallinthemid-rangeoftheinitialcalibrationcurve.
Additionalspikesmay be includedand may fallinthelow-rangeoftheinitial
calibrationcurve.

10.2.4 Prepareone matrixspikeand matrixspikeduplicateper40 samples,with a
minimum of2 matrixspikesperbatch.

10.3 Continuing calibrationverifications

10.3.1Preparecontinuingcalibrationverificationsamplestoensuretheaccuracyofthe
initialcalibrationcurve.

10.3.2Prepare,ata minimum, one continuingcalibrationverificationsamplepergroup
of 10 samples. Forexample,ifa sampleset= 34,fourverificationsareprepared
and extracted.
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10.3.3 Prepareeach continuingcalibrationverificationfrom thesame matrixusedto
preparetheinitialcurve.

10.3.4 The expectedconcentrationswillfallwithinthemid-rangeoftheinitial
calibrationcurve.Additionalspikesmay be includedthatfallinthelow-rangeof
theinitialcalibrationcurve.Thisisnecessaryiftheanalystmust quantitateusing
onlythelow end ofthecalibrationcurve(forexample,5 ppb - 100ppb,father
than5 ppb - 1000ppb).

11.0 CALIBRATION AND STANDARDIZATION

11.1Preparematrixcalibrationstandards

11.1.1Weigh approximately40 g ofliverintoa 250 mL Nalgene bottlecontaining200
mLs Milli-QTmwater.Grindtoa homogeneous solution.

11.1.2 If40 g isnotavailable,useappropriateamounts ofliverand watertoensurea 1:5
ratio.

11.1.3 Referto13.0tocalculatetheactualdensityofliverhomogenate and the
concentrationofsolidlivertissuedispersedin1.0mL ofhomogenate solution.

11.1.5Add I mL ofhomogenatetoa 15mL centrifugetube.Re-suspendsolutionby
shakingbetween aliquotswhilepreparinga totalofeighteenImL aliquotsof
homogeneous solutionin15 mL centrifugetubes.

11.1.6 Two 1 mL aliquots,orotherappropriatevolume,serveasmatrixblanks.

11.1.7 Typicallyusethestandardconcentrationsand spikingamounts listedinTable 1,at
theend ofthissection,tospike,induplicate,two standardcurves,fora totalof
eighteensamples,two matrixblanks,and two method blanks.

11.1.8Refer tovalidationreportsETS-8-6.0 and ETS-8-7.0-V-1 or Attachment B,
which liststheworking rangesand theLinearCalibrationRange (LCR) for
calibrationcurves.

11.1.9Use Attachment C as an aidincalculatingtheconcentrationsoftheworking
standards.Referto13.0tocalculateactualconcentrationsofPFOS incalibration
standards.

11.2 To eachworking standard,blank,orcontinuingverification,add appropriateamount of
surrogateworking standardfortheconcentrationtofallwithinthecalibrationcurverange5
ppb -1000ppb.
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11.3 Extractspikedliverhomogenates following12.14-12-25ofthismethod.Use these
standardstoestablisheach initialcurveon themass spectrometer.

Table 1
Approximate SpikingAmounts forCalibrationStandards

Working Standard [LI Approx.finalconc.of
(Approx.Conc.) PFOS inliver

- Blank
0.50ppm 2 0.005ppm

0.50ppm 4 0.010ppm
0.50ppm 10 0.025ppm
0.50ppm 20 0.050ppm
0.50ppm 40 0.100 ppm

5.0ppm 10 0.250ppm
5.0ppm 20 0.500ppm
5.0ppm 30 0.750
50 ppm 4 1.00ppm

12.0 PROCEDURE

12.1 Obtainfrozenliversamples.

12.2 Cut approximately1 g of liverusinga dissectingscalpel.Thispartoftheprocedureisbest
performedquickly,notallowingthelivertothaw.

12.3 Weigh thesample directlyintoataredplasticsampulevial.

12.4 Record theliverweightinthestudynotebook.

12.5 Returnunused liverportionstofreezer.

12.6 Add 2.5mLs ofwatertosampulevial.

12.7 Grind thesample.Putthegrinderprobeinthesampleand grindforabout2 minutes,or
untilthesample ishomogeneous.

12.8 Rinsetheprobeintothesamplewith 2.5mLs waterusingapipette.

12.9 Take thegrinderapartand cleanitwithmethanolaftereachsample.Referto AMDT-EP-
22.

12.10 Cap thesample and vortexfor15 seconds.Labelthesampulevialwiththestudynumber,
weight,liverID,dateand analystinitials.
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12.11 Pipette1.0mL, or otherappropriatevolume, of homogenate intoa 15 mL polypropylene
centrifugetube.Label thecentrifugetubewith theidenticalinformationas thesampule
vial.Referto attachedworksheetfordocumenting theremainingsteps.

12.12 Pipettetwo 1 mL aliquotsofMilli-Q' watertocentrifugetubes.These willserveas
method blanks.

12.13 Spike allsamples,includingblanksand standardsreadyforextractionwith surrogate
standardas describedinsection11.2.

12.14 Spike each matirx with theappropriateamount of standardas describedin 11.1,or Table I
of thatsection,forthecalibrationcurvestandards.Also preparematrixspikesand
continuingcalibrationstandards.

12.15 Vortex mix thestandardcurvesamples,matrixspikesamples,and continuingcalibration
samples for15 seconds.

12.16 Check to ensure0.5M TBA reagentisatpH 10. Ifnot,adjustaccordingly.

12.17 To each sample,add 1 niL 0.5M TBA and 2 mL ofthe0.25M sodium carbonate/sodium
bicarbonatebuffer.

12.18 Using an Oxford Dispenser,add 5 mL methyl-tert-butylether.

12.19 Cap each sample and put on theshakerata settingof 300 rpm, for20 minutes.

12.20 Centrifugefor20 to25 minutes ata settingof3500 rpm, or untillayersarewell separated.

12.21 Label a fresh15 mL centrifugetubewith thesame informationasin 12.10.

12.22 Remove 4.0mL of theorganiclayerto thefresh15 niL centrifugetube.

12.23 Put each sample on theanalyticalnitrogenevaporatoruntildry,approximately I to2
hours.

12.24 Add 1.0mL to each centrifugetubeusing agraduatedpipette.

12.25 Vortex mix for30 seconds.

12.26 Attach a 0.2 4m nylon mesh filtertoa 3 cc syringeand transferthe sample to thissyringe.
Filterintoa 1.5mL glassautovialor low-volume autovialwhen necessary.

12.27 Label theautovialwith thestudynumber, animal nwnber and gender,sample timepoint,
matrix,finalsolvent,extractiondate,and analyst(s)performingtheextraction.

12.28 Cap and storeextractsatroom temperatureor atapproximately4 'C untilanalysis.

12.29 Complete theextractionworksheet,attachedtothisdocument, and tapeinstudynotebook
or includein studybinder,as appropriate.
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13.0DATA ANAL'VSIS AND CALCULATIONS

13.1 Calculations:

13.1.1 Calculatetheaveragedensityoftheliverhomogenate by recordingeach mass of
tenseparate1.0mL aliquotsofhomogenate.

Average density(mg/mL) = Average mass (mg) ofthealiguots

1.0mL aliquot

13.1.2 Calculatetheamount ofliver(mg) per 1.0mL homogenate (orconcentrationof
dispersedsolidtissuepermL of homogenate suspension)usingthefollowing
equation:

g ofLiver x Average density*ofhomogenate (m-g/mL)
(gofLiver+.gofWater)

referto13.1.1fordetails.

13.1.3CalculateactualconcentrationsofPFOS and otherfluorochemicalsincalibration
standardsusingthefollowingequation:

aL of Standardx Concentration(ag /n-iL)= FinalConcentration(pLg/gormg/kg)
mg Liver/1niL homogenate* ofPFOS inLiver

*referto 13.1.2fordetails.

14.0 METHOD PERFORMANCE

14.1 The method detectionlimit(NIIDL)isanalyteand matrixspecific.RefertoMDL reportfor
specificMDL and limitofquantitation(LOQ) values(refertoAttachments B and C).

14.2 The followingqualitycontrolsamplesareextractedwitheachbatchofsamplestoevaluate
thequalityof the extractionand analysis.

14.2.1 Method blanksand matrixblanks.

14.2.2 Matrix spikeand matrixspikeduplicatesamples todetermineaccuracyand
precisionof theextraction.

14.2.3 Continuingcalibrationverificationsamples todeterminethecontinuedaccuracy
of theinitialcalibrationcurve.

14.3 Refer to section14 of ETS-8-7.0 formethod performancecriteria.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample waste isdisposedinbiohazardcontainers,flammable solventwaste isdisposedin
high BTU containers,and used glasspipettewaste isdisposedinbroken glasscontainers
locatedin thelaboratory.
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16.0RECORDS

16.1 Complete theextractionworksheetattachedtothismethod,and tapeinthestudynotebook
or includeinthe3-ringstudybinder,asappropriate.

17.0 TABLES. DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA, Extractionworksheet

17.2 AttachmentB, MDL/LOQ valuesandsununary

17.3 AttachmentC, Calibrationstandardcalculationand concentrationworksheet

18.0 PEFERENCES

18.1 The validationreportassociatedwiththismethod isETS-8-6.0 & 7.0-V-1.

18.2 AMDT-EP-22, "RoutineMaintenanceofUltra-Tun-axT-25"

18.3 FACT-M- 1.1,"ExtractionofPFOS orOtherAnionicFluorochemicalSurfactantsfrom
LiverforAnalysisUsingBFLC-Electrospray/MassSpectrometry"

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-7.0,"AnalysisofLiverExtractsforFluorochemicalsusingIiPLC-Electrospray
Mass Spectrometry"

20.0 REvisIONS

Revision Revision
Number. Reason For Revision Date
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Study SurrogateStd FC Mix Std FC Mix Std FC Mix Std Comments
Matrix approx. ppm approx.0.5ppm 'approx.5 ppm approx.50 ppm

Box # actual ppm actual PPM actual PPM actual PPM
Wk/Day_

Date Spiked/Analyst
ccv
ms
MSD

Blank LiverHomogenate: Std Liveramount g
LiverExtractionMethod Date& Initials

Spikesurro-gateandStandardmix,Vortex15 sec.
PipetteImL ofLiverSolution
PipetteImL oftO.5M TBA, pH 10. pH Std.

Pipette2 mL of0.25Na2CO3/0.25M NaHC03 Buffer Std.
Dispense5mlof Methyl-t-ButylEther TN-A-
Shake20 min. ShakerSpeed
CentrifuLye20-25min. CentrifuizeSveed
Remove a4 mL aliquotoforganiclayer
Puton NitrogenEvaporatortodryness EvaporatorTemperature
Add 1.0mL ofMethanol TN-A-
Vortex30 sec.

IFilterusinga 3ceB-D syringewitha 0.2@LmSRI fiitet-intoautosamplevial
Cont.Cal.Verificationsusedthesame matrixasforthestandardcurve.
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:L, 7'7

MDL/LOQ valuesforrabbitliver

Compound MDL LOQ LinearCalibrationRange(LCR)
(ppb) (ppb) Approximateconcentrationstobeusedforpreparingthe

StandardCalibrationCurve

PFOS 8.45 26.9 30 ppb - 1200 ppb

PFOSA 3.50 11.1 12ppb - 1200 ppb
PFOSAA 24.6 78.3 30 ppb - 1200ppb
ETFOSE-OH 108 345 60 ppb - 900 ppb*

M556 82.3 262 60 ppb - 1200 ppb
PFOSEA 33.9 108 130 ppb- 1200 ppb

MDL/LOQ valuesinrat,bovine,andmonkey liverwerenotstatisticallydetermined.Two
curvesineach ofthesematriceswere extractedand analyzedwiththerabbitlivercurvesto
determineequivalence.Responsesintherat,bovine,andmonkey livercurveswere equivalentto
therabbitresponses,therefore,theirNML andLOQ willbe assumed tobe equivalenttothose
valuesasdeterminedfortherabbitliver.

RefertoLOQ Summary andMDL studyinETS-8-6.0& 7.0-V-1forftutherinformation
* ETFOSE-OH estimatesonlyforMDL andLOQ. Did notmeetcriteriaforvalidation.
Compound: PFOS

Prepared Range of LCR from Range of :LCR from. Range of LCR from
Liver rangeof average ave curve.-.: low std @:.@l6@viid:: highstd td:high @s.
matrix standards curve curve ,.cur

,
ve..:,,, curve

(ppb)(ng/ffiL)(ppb)(ng/-L) (pOb) (ng/ (ppb)(ng/-L) (ppb (lighiiL) (ppb)(ng/mL) (0@b)

Rabbit 6.19-1237 12 - 1200 12 1200: 6 300 12 -:@00 60-1200 60 - 1200..-.;.

Compound: PFOSA
Prepared Range of LCR fibm Range of L.CR froni.i;Range of LCR froi@n.

Liver rangeof average ave:curve low std low std highstd '.hii4sjij':
matrix standards curve curve.@@..curve curve::t;t curve

(ppb)(ngImL) (ppb)(ng/TnL) (ppb)(ng/mL) (ppb)(ng/mL) .(ppb):,(nitfiiL)- (ppb)(ngirnl)

Rabbit 6.19-1237 12-1200 12 l@200.1 12-300 .12-.300 60-1200 60 1200

Compound: PFOSAA
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std high std highstd

matrix standards curve curve curve curve curve
@ (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (Ppb)(ng/mL)

Rabbit 6.16- 1232
1

12-1200 30-1200 30-900 60-900 N/A N/A
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Compound: ETFOSE-OH
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std highstd high std

matrix standards curve curve curve curve curve
(ppb)(ng/mL) (ppb)(ng/-L) (ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/mL)

Rabbit 6.17- 1235 1 31 -900 31-900 N/A N/A N/A N/A

Compound: PFOSEA
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std highstd highstd

matrix standards curve curve curve curve curve
(ppb)(ng/-L) (ppb)(ng/mL) (Ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL)

Rabbit 6.17-1235 31 -1200 .31 - 1200@.. N/A N/A N/A N/A

Compound: M556
Prepared Range of LCR from Range of LCR from Range of LCR front...

Liver rangeof average ave,.curve, low std low std highstd .highstd

matdx standards curve curve .curve,@. curve curve,,.
(ppb)(ng/-L) (ppb)(ng/InL) (ppb)--(ng/rnL)(ppb)(ng/-L (pob)@'(nghnL) (ppb)(ng/mL) (Vpb).(nerfi4y

;N/A N/A N/ARabbit 6.17-1235 31-1200 N/A
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Ion PairStandard Curves - Tissue

Prep date(s): Standard number:

Analyte(s): Equipment number:

Sample matrix: Finalsolventand TN:
Blank liver/identifier:

Method/revision:
Targetanalyte(s):
FC mix stdapprox. 0.500 ppm:
FC mix stdapprox. 5.00ppm:
FC mix stdapprox. 50.0ppm:
Surrogate stdapprox. 100 ppm:

Actual concentrationsof standardsintheFC mix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 AU AU
Stdconc Std conc Std conc Stdconc Stdconc Std conc Std conc An@t spiked Density
ug/mL ug/niL ug/n2L ug/raL ug/mL ug/mL ug/mL ML 9
0.500 0.500 0.500 0.500 0.500 0.500 0.002 0.167
0.500 0.500 0.500 0.500 0.500 0.500 0.004 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0.010 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0,020 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0.040 0.167
5.00 5.00 5.00 5.00 5.00 5.00 0.010 0.167
5.00 5.00 5.00 5.00 5.00 5.00 0.020 0.167

5.00 5.00 5.00 5.00 1 5.00 5.00 0.030 0.167

50.0 50.0 1 50.0 50.0 50.0 50.0 0.004 0.167

Calculated concentrationsof standards in the sample mafaix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 Surrogate All
Final Final Finalconc Final Final Final Stdconc Std conc Ardt
conc conc ng/g conc conc conc ng/g ng/mL spiked
ng/g ng/g ng/g ng/g nglg ML

5.99 5.99 5.99 5.99 5.99 5.99 100 0.005

12.0 12.0 12.0 12.0 12.0 12.0
29.9 29.9 29.9 29.9 29.9 29.9 Surrogate

59.9 59.9 59.9 59.9 59.9 59.9 Finalconc

120 120 120 120 120 120 ng/mL

299 299 299 299 299 299 0.500

599 599 599 599 599 599
898 898 898 898 898 898
1198 1198 1198 1198 1198 1198

Validatedranges- approxim e concentrations
Liver PFOS PFOSA PFOSAA ETFOSE-OH P@ PFOSEA
Rabbit 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb
Bovine Estimatesonly,usembbitvalues.
Rat Estimatesonly,usembbitvalues.

Monkey Estimatesonly,userabbitvalues.
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1.0 SCOPE AND APPLICATION

1.1Scope: Thismethod isfortheanalysisof liverextractsforfluorochemicalsurfactantsusing
BPLC-electrospray/mass spectrometry.

1.2Applicable Compounds: Fluorochemicalsurfactantsor otherfluorinatedcompounds, or
otherionizablecompounds.

1.3Matrices: Rabbit,rat,bovine,monkey liver,or othertissuesasdesignatedinthevalidation
report.
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2.0SUMMARYOFMETHOD

2.1 This method describestheanalysisoffluorochemicalsurfactantsextractedfrom liverusing
HPLC-electrospray/massspectrometry,orsimilarsystemasappropriate.The analysisis
performedby monitoringa singleioncharacteristicofa particularfluorochemical,suchas
theperfluorooctanesulfonate(PFOS) anion,m/z = 499. Additionally,samplesmay be
analyzedusinga tandem mass spectrometertofurtherverifytheidentityofa compound by
detectingdaughterionsoftheselectedparention.

3.0 DEFINITIONS

3.1Atmospheric Pressure Ionization(API):The Micromass QuattroH triplequadrupole
systemsallowforvariousmethods ofionizationby utilizingvarioussources,probes,and
interfaces.These includebutarenotlimitedto:ElectrosprayIonization(ESI),Atmospheric
PressurechemicalIonization(APcI),Thermospmy, etc.The ionizationprocessinthese
techniquesoccursatatmosphericpressure(i.e.notundera vacuum).

3.2ElectrosprayIonization(ES,ESI):amethod ofionizationperformedatatmospheric
pressure,whereby ionsinsolutionaretransferredtothegasphaseviatinychargeddroplets.
These chargeddropletsareproducedby theapplicationofa strongelectricalfield.

3.3Mass Spectrometry,Mass Spectrometer(MS), Tandem Mass Spectrometer (MS/MS):
The API Quattro][Itriplequadrupolemass spectrometerisequippedwithtwo quadrupole
mass selectivedetectorsanda collisioncell.Ionsareselectivelydiscriminatedby mass to
chargeratio(m/z)and subsequentlydetected.A singleMS may be employed forion
detectionoran ionmay be selectedinthefirstquadrupole,fragmentedinthecollisioncell,
and thesefragmentsmay be analyzedinthesecond quadrupole.

3.4Conventional vs.Z-spray probe interface:The latestmodels ofMicromass QuattroH
triplequadrupole(post1998)utilizea "Z-spray"conformation.The sprayemittedfrom a
probe isorthogonaltotheconeaperture.Intheconventionalconformationitisaimed
directlyatthecone aperture,afterpassingthroughatortuouspathway inthecounter
electrode.Though theconfigurationisdifferent,themethods ofoperation,cleaning,and
maintenancearethesame. However, Z-spraycomponents and conventionalcomponents are
notcompatiblewithone another,butonlywithsimilarsystems(i.e.Z-spraycomponents are
compatiblewithotherZ-spraysystems,etc.)

3.5Mass Lynx Software: System softwaredesignedforthespecificoperationoftheseQuattro
][Itriplequadrupolesystems.CurrentlyMassLynx hasWindows 95 and WindowsNT 4.0
versions.Allversionsaresimilar.Formore detailsrefertothemanual specifictothe
instrument(Micromass QuattroH triplequadrupoleMassLynx orMassLynx NT User's
Guide).

4.0 WARNINGS AND CAUTIONS

4.1 Healthand SafetyWarnings:

4.1.1 Use cautionwiththevoltagecablesfortheprobe.When engaged,theprobe
employs a voltageofapproximately5000 Volts.
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4.1.2 When handlingsamplesor solventswear appropriateprotectivegloves,eyewear,
and clothing.

4.2 Cautions:

4.2.1 Operatethesolventpumps below aback pressureof400 bar (5800psi).Iftheback
pressureexceeds 400 bar,theHP 1100 willinitiateautomaticshutdown.

4.2.2 Do not ran solventpumps todryness.

5.0 INTERFERENCES

5.1 To minimize interferenceswhen analyzingsamples,Teflonshallnot be used forsample
storageor any partofinstrumentationthatcomes incontactwith thesample or extract.

6.0 EouIPMENT

6.1 Equipment listedbelow may be modifiedinordertooptimizethesystem.Document any
modificationsintheraw dataasmethod deviations.

6.1.1 Micromass QuattroR triplequadrupoleMass Spectrometerequipped with an
electrosprayionizationsource.

6.1.2 HP 1100 low pulsesolventpumping system,solventdegasser,column
compartment and autosampler

7.0 SUPPLIES AND MATERIALS

7.1 Supplies

7.1.1 High puritygradeairregulatedto approximately100 psi(houseairsystem)

7.1.2 BPLC analyticalcolumn, specificstobe determinedby theanalystand documented
intheraw data

7.1.3 Capped autovialsorcapped 15 ml centrifugetubes

8.0 REAGENTS AND STANDARDS

8.1 Reagents

8.1.1 Methanol,BPLC gradeorequivalent

8.1.2 Milli-QTmwater(ASTM type1),allwaterused inthismethod shouldbe ATSM
typeI,or equivalent,and be providedby a Milli-QTOC Plussystem or other
vendor

8.1.3 Ammonium acetate,reagentgradeor equivalent

8.1.3.1 When preparingdifferentamounts thanthoselisted,adjustaccordingly.

8.1.3.2 2.0mM ammonium acetatesolution:Weigh approximately0.300 g
ammonium acetate.Pour intoa 2000 mL volumetriccontainercontaining
2000 mL Milli-Q' water,mix untilallsolidsaredissolved.Storeatroom
temperature.
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8.2 Standards

8.2.1 Typicallytwo method blanks,two matrixblanks,and eighteenmatrixstandardsare
preparedduringtheextractionprocedure.RefertoETS-8-6.0.

9.0 SAMPLE HANDLING

9.1 Fresh matrixstandardsarepreparedwith each analysis.Extractedstandardsand samples
are stored in capped autovialsor capped 15 ml centrifugetubes untilanalysis.

9.2 Ifanalysiswill be delayed, extractedstandards and samples may be stored atroom

temperature, or refrigeratedat approximately 4' C, untilanalysiscan be performed.

10.0 OUALITY CONTROL

10.1 Method Blanks and Matrix Blanks

10.1.1 Solventblanks,method blanks,and matrix blanks areprepared and analyzed with

each batch to determine contamination or carryover.

10.1.2 Analyze a method blank and a matrix blank prior to each calibrationcurve.

10.2 Matrix Spikes

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effecton the

recovery efficiency.

10.2.2 Matrix spike duplicates areprepared and analyzed to measure the precision and the

recovery for each analyte.

10.2.3 Analyze a matrix spikeand matrix spike duplicateper fortysamplep. With a

minimum of 2 spikes per batch.

10.2.4 Matrix spike and matrix spike duplicateconcentrationswill fallin the mid-range of

theinitialcalibrationcurve. Additional spike concentrationsmay fallin the low-

range of the initialcalibrationcurve.

10.3 Continuing Calibration Checks

10.3.1 Continuing calibrationverificationsare analyzed to verifythe continued accuracy

of the calibrationcurve.

10.3.2 Analyze a mid-range calibrationstandard every tenthsample, with a minimum of

one per batch.

11.0 CALIBRATION AND STANDARDIZATION

11.1 Analyze the extractedmatrix standardspriorto and following each setof sample extracts.

The average of two standard curves willbe plottedby linearregression(y = mx + b),

weighted I/x,not forced through the origin,using MassLynx or other suitablesoftware.

11.2 Ifthe curve does not meet requirements perform routinemaintenance or reextractthe

standard curve (ifnecessary) and reanalyze.
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11.3 For purposesof accuracywhen quantitatinglow levelsof analyte,itmay be necessaryto
usethelow end of thecalibrationcurveratherthanthefullrangeof thestandardcurve.
Example: when attemptingtoquantitateapproximately10 ppb of analyte,generatea
calibrationcurve consistingof thestandardsfrom 5 ppb to 100 ppb ratherthan thefull
rangeofthecurve(5ppb to1000 ppb).Thiswillreduceinaccuracyattributedtolinear
regessionweighting ofhigh concentrationstandards.

12.0 PROCEDURES

12.1 AcquisitionSet up

12.1.1Setup thesample list.

12.1.1.1Assign a samplelistfilenameusingMO-DAY-last digitof year-increasing
letterof thealphabetstartingwith a

12.1.1.2Assign amethod (MS file)foracquiring

12.1.1.3Assign an BEPLC program (Inletfile)
12.1.1.4Type in sample descriptionsand vialpositionnumbers

12.1.2 To createa method clickon method in theAcquisitioncontrolpanelthen mass
spectrometerheadingsand selectSIR (SingleIon Recording)orNIRM (Multiple
ReactionMonitoring).SetIonizationMode as appropriateand mass to499 or other
appropriatemasses. A fullscanisusuallycollectedalongwith theSIRS. Save
acquisitionmethod. IfMS/MS instrumentsareemployed, additionalproduction
fragmentationinformationmay be collected.Referto Micromass MassLynx
GUIDE TO DATA ACQUISITION foradditionalinformationand MRM.

12.1.3 Typicallytheanalyticalbatchrun sequencebeginsand ends with a setof extracted
matrixstandards.

12.1.4 Samples areanalyzedwith a continuingcalibrationverificationin ectedstandardi
afterevery tenthsample. Solventblanksshouldbe analyzedperiodicallyto
monitor possibleanalytecarryoverand arenotconsideredsamplesbut may be
includedas such.

12.2 Using the Autosampler

12.2.1 Setup sample trayaccordingtothesample listpreparedin Section12.1.1.

12.2.2 Set-uptheBPI 100/autosampleratthefollowingconditionsor atconditionsthe
analystconsidersappropriateforoptimalresponse.Record actualconditionsinthe
instrumentlogbook:

12.2.2.1Sample size= 10 @LLinjection

12.2.2.2Inject/sample= 1

12.2.2.3Cycle time= 9 minutes
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12.2.2.4Solventramp conditions

Time MEOH 2.0mM
Ammonium acetate

0.00min. 40% 60%
1.0min. 40% 60%

4.5min. 95% 5%
6.5min. 95% 5%
7.0min. 40% 60%
9.0mi. 40% 60%

12.2.2.5Pressthe"Start"button.

12.3 Instrument Set-up

12.3.1 Refer to ETS-9-24.0, "Operationand Maintenance of theMicromass QuattroII
TripleQuadrupole Mass SpectrometerFittedwith an Atmospheric Pressure
IonizationSource,"formore details.

12.3.2 Check thesolventlevelinreservoirsand refillifnecessary.

12.3.3 Check thestainlesssteelcapillaryattheend of theprobe. Use an eyepieceto check
thetip.The tipshouldbe flatwithno jagged edges.Ifthetipisfoundtobe
unsatisfactory,disassembletheprobe and replacethestainlesssteelcapillary.

12.3.4 Tum on thenitrogen.

12.3.5 Open thetune page. Clickson operateto initiatesourceblock and desolvation
heaters.

12.3.6 Open theInletEditor.

12.3.6.1SetBPLC pump to"On"

12.3.6.2Settheflowto 10 -500 uL/min or asappropriate

12.3.6.3Observe dropletscoming outof thetipoftheprobe. A fineraistshouldbe
expelledwithno nitrogenleakingaround thetipof theprobe. Readjust
thetipof theprobeifno mist isobserved

12.3.6.4Allow toequilibrateforapproximately10 minutes.

12.3.7 The instrumentusestheseparametersatthefollowingsettings.These settingsmay
change in orderto optimizetheresponse:

12.3.7.1Drying gas 250-400 liters/hour

12.3.7.2ESI nebulizinggas 10-15 liters/hour

12.3.7.3BPLC constantflowmode flowrate10 - 500 @iL/min

12.3.7.4Pressure<400 bar(Thisparameterisnotset,itisa guideto ensurethe
HPLC isoperatingcorrectly.)

12.3.7.5Source blocktemperature150'

12.3.7.6Desolvationtemperature250'
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12.3.8Printthetunepage,with itsparameters,and storeitinthestudybinderwith a copy
tapedintotheinstrumentlog.

12.3.9Clickon startbuttonintheAcquisitionControlPanel(thismay vary among
MassLynx versions,refertoappropriateMassLynx User'sGuide). Ensure startand
end sample number includesallsamples tobe analyzed.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations:

13.1.4 Calculatematrixspikepercentrecoveriesusingthefollowingequation:

% Recovery Observed Result-BackUound Result x 100
Expected Result

13.1.5 Calculatepercentdifferenceusingthefollowingequation:

% Difference ExRected Conc. -CalculatedConc. x 100
Expected Conc.

13.1.6 Calculateactualconcentrationsinmatrix(@ig/g):

(naofPFOS calc.fromstd.Curve x DilutionFactor) x I L!g
(InitialWeightofLiver(2) 1000 ng

FinalVolume (mL)

14.0 METHOD PERFORMANCE

14.1 Method DetectionLimit(MDL) and LimitofQuantitation(LOQ) aremethod, analyte,and
matrixspecific.RefertoETS-8-6.0,Attachment B fora listingofcurrentvalidatedMDL
and LOQ values.

14.2 Solvent Blanks, Method Blanks and Matrix Blanks

14.2.1 Solventblanks,method blanks,and matrixblanksmust be below thelowest"
standardinthecalibrationcurve.

14.3 CalibrationCurves

14.3.1 The r'valueforthecalibrationmust be 0.980orbetter.

14.4 Matrix Spikes

14.4.1 Matrix spikepercentrecoveriesmust be within± 30% ofthespiked concentration.

14.5 Continuing CalibrationVeriflcation

14.5.1 Continuingcalibrationverificationpercentrecoveriesmust be within± 30% of the
spikedconcentration.

14.6 Ifcriterialistedin themethod performance sectionarenotmet, maintenance may be
performed on thesystem and samples reanalyzedor otheractionsas determinedby the
analyst.Document allactionsintheappropriatelogbook.

ETS-8-7.0 Page 7 of 10
Analysisof LiverExtractUsing ES/MS



14.7 Ifdataaretobe reportedwhen perfon-nancecriteriahave not been met, thedatamust be
footnotedon tablesand discussedinthetextofthereport.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample extractwaste and flammablesolventisdisposedinhigh BTU containers,and glass
pipettewasteisdisposedinbroken glas'scontainerslocatedinthelaboratory.

16.0 RECORDS

16.1 Each page generatedfora studymust have thefollowinginformationincludedeitherinthe
headerorhand writtenon thepage: studyorprojectnumber, acquisitionmethod,
integrationmethod, samplename, extractiondate,dilutionfactor(ifapplicable),and
analyst.

16.2 Printthetunepage,samplelist,and acquisitionmethod from MassLynx toincludeinthe
appropriatestudyfolder.Copy thesepagesandtapeintotheinstrumentranlog.

16.3 Plotthecalibrationcurveby linearregression,weighted I/x,thenprintthesegraphsand
storeinthestudyfolder.

16.4 Printdataintegrationsummary, integrationmethod,and chromatograinsfrom MassLynx
and storeinthestudyfolder.-

16.5 Summarize datausingsuitablesoftware(Excel5.0+)and storeinthestudyfolder,referto
Attachment A foran example ofa summary spreadsheet.

16.6 Back up electronicdatatoappropriatemedium. Record instudynotebookthefilename
and locationofbackup electronicdata.

17.0 TABLES. DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA: ETS-8-7.0 Datasummary spreadsheet

18.0 REFERENCES

18.1 FACT-M-2. 1,"ExtractionofPotassiumPerfluomoctanesulfonateor OtherFluorochemical
Compounds from LiverforAnalysisUsing BPLC-Electrospray/MassSpectrometry"

18.2 ETS-9-24.0,"Operationand MaintenanceoftheMicromass AtmosphericPressure
Ionization/MassSpectrometerQuattroIItriplequadrupoleSystems"

18.3 The validationreportassociatedwith thismethod isETS-8-6.0 & 7.0-V-1

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-6.0,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
Compounds from LiverorFluidforAnalysisUsing HPLC-Electrospray/Mass
Spectrometry"
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20.0REVISIONS

Revision Revision
Number Reason For Revision Date

ETS-8-7.0 Page 9 of 10
AnalysisofLiverExtractUsingES/MS



Laboratory Study

Study:

TestMaterial:
Matrix/FinalSolvent:
Method/Revision:
AnalyticalEquipment System NumbC@T:

InstrumentSoftwaTeNersion:
Filename:
R-SquaTed Value:
Slope:
Y Intercept:
Date ofExtTaction/Analyst:
Date ofAnalysis/Analyst:

Liroup Sample# Concentration lnitial.Wt. Dilution FinalCone.
Dose ng/g 9 Factor ug/g

Slope: en from linearregressionequation.
Group/Dose: Taken fromthestudyfolder.
Sample#: Taken fromthestudyfolder.
Concentration(ng/g):Taken ftom theMassLynx integrationsummary.
InitialWt. (g):Takenfrom thestudyfolder.
DilutionFactor:Taken from thestudyfolder.
FinalConc. (ug/g):Calculatedby dividingtheinitialvolume ftomtheconcentration
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