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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U2275
3MMedical Department Study: T62857 RegortNo FACT TOX.030Laboratory Reques: Number-U3279FE —
INTRODUCTION AND PURPOSE

CsF1———i—0

o
Perfiucrooctanesutfonate (PFOS)

(CAS Number: 2750.39:3
Chemical Formula: CFO; Molecuar Weight: 498.98
The purpose ofthe analytical phase ofthis study i to detemnine the presence and concentration ofPROS (CFS) in ver and serum spocimenscolected during he study of Cynormcigus morseoraly dosed wih peruorooctanesufonc acd poassum sat (16269)
Test System
Ihe test system species and strain selected was the Cynomlgus rorikey fom Covance ResearchProducts, Inc. ented using acolarag,Ahe inationof eatmen, te Cynomolous monkeys wereYoung ado adult, and weighed spproxately 3-5 kg
Twenty-two male and 22 female Cynomolgus morkeys were used asth tes system nthe presentstudy. Fourgroups oftest animals were estabished according 0 dosage levels Group + conasien ofcontrol Oynomoigus monkeys that dd no ecene the est substance. ol recend he ecuvalenamountof lactose n gelatin capsuies a5 that administered ote Group 4 anmats Groums 2.5, and 4‘were administared dy wih 0.03 ow dose) 0.15 (id dose). and 0 75 (hgh dose) mg especialy. ofT6295 per kg of body weigniday (mhoicay) uated wih fctose in gelatn capsules (see Table | irDosage and Group Charactersics)

Table 1. Dosage and Group Characteristics of Test System in Stuy T-6265.7
aL | DOSAGE LEVEL [bosace rao)

forme[me To
|meen[me ToC[omremom[im ane|[om |tea|ommerwons| tm o]o[ere—48 animal wer ince inne Bassin ser colecian but 4 sims were assigned fr seaiment
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Specimen Collection and Analysis
1th artical phase epost, er 0 ss iescecefn st ils werseioe ShLasaracco rears PPB orm somesvem reresanceGf EIFOSE PLOSA POA PHOSEA SS POS wohorsveerstarclecto ofHomatonspine or.rw repens), Specpesener tasveecle200enHrCosLooe(eseTie cure e050 rayscoineyecnoSeminToesresong compe0dn na
Bospecimensorocongo tin nah ofsionThsemnn hoestod onsSore i Fasesosmaa spesnsoB50BemeSpecicolo hom oa rtis thFou Ke pnwe fezStainsoecmens 85a SOC tl shapes Pe osraeSigpadic a La fez nancy on Ltpcrefog8rr erS20)remrysitswre coca0 pay
Sra an ersales oe exces sigan pin sgt sr mtiorttar (GE)UsSaisvrs homage er15exec cose Serpeep!using high-pressure liquidchromatographyelecirosprayitandem mass spectrometry (HPLC-ESSA) alieoarsthPOS ov wsaoa reirCenton Arabicaaies vs pen
SpecimensCollacto rom Stuy Group1traugh rough 22559,So Spacimane$50 act SesbbsrotSain
SpecimensCollectomthoRecoveryGroupfom 227128 30700:Sera Spacmane-254 pecans 1.50 sacar ersCer Specimenspacmanorrsop+it (8 va py)
-—
SPECIMEN RECEIPT

SpacerswerrecaedomGovan Larstos prodcaly. ing ve if phaseof i sc,omA 199bes eh 20. Sirsaetoreserog weLo rd erasFossrng SeeT
Cand matsuso in or3srarspromod cag TOX30 wero sesfrmComalSoressv ees Ara ot Tot A)oeamareor esos 10ers nw srs MeTeo
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5m Medical Department study: T-6295.7 Report vo. EAcT Tox-030Laboratory Request Number sienodes Deparment suc izes Repro FACTORGnso Rent mon vo
Dose Confirmation Analyses
Doscota rales wareprnlccessoe(1393 1459) cctng onS150 Gung ns dagnaofvsutyeerem SC2) Th dose cormorantertact seaming +me22%
Dose contmatn wasperformacedose13510 an 1409-LEO anointocr Sed SsSayornat rae amen For sachs for se,So 1sPrepared (approximately S000 gig and 400 ug/g) by spiking the dose solution and then diluting andacing st Goad hove 1 5 te. ane mrsyenennnLHPLC EQNSThapamorens params nd ey sooo202sa rdssion arse, The ava dvsvasesser BSeaeconcann Haseweeas
_
MATERIALS AND METHODS

Chemical Characterization

Tal 2 rsensnlmatongrrcastration of nest sustance winnehaseSyaSterSnood ce Se De
Table2.Gharactrtzaton ofTest ard Analy! Rfrenc Substances in Sud ACT T0030

KPFOS Possum. KPFOSPotassium THPROSEa |een| ein,|[Em ovencm svemencro| Snare][mmo 7wan | eae [wwET I Ce r=[omen|ToTmTaw

Rese sameof ve acl eric sisircevion 507 Ln ares or 10Rs 5heseSekonesfn 21S
Method Summaries
Folig.ret destionf retest noc setngsynaof iss oy205125 Dotto orion of amare se iostrenaman© etn rset ars eofpssyrope nshesscatresswreewirePeeteCranstonmanos cats cooeriesBEve pte by raseroaod Th reoeeeoS.raccom fom Core ts San oemcra meSrey ofre 04nodSoo semennt(osSERA
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3n Medical Department Study: T-6295.7 Report No. FACT Tox-030laboratory RequestNumber-Uzsrs3M Medial Department Stay: T2657 Report No FACT T0030Laboratory Recuest Namber 2275
Proparatory Mathods:
+ ETS8-60, SxvoctonofPotassiumPerfusroctanesuloateo othrForochamica Compoundsrom Liverfor Analysis usingHPLC Secrosprayihioss Specter.

Liversampleswere homogenized inwate.An luotofeach homogenate was spk wiTHPFOSandexacted using anonarg oxtactan procedure.Anonpov sosaurtss23ded(0nesample and he anataparwaspained no VIBE.Towexcacrrnranseredtoacentige ube and pul ontoa nitrogen evaporator ulcy. Each execs wasecon in 1.0Lof melranl an assed rough a 6.2 um ion11 cageedisposable las syinge lo Gassatcsamplervis
+ ETS841, Extrcion ofPotassium Perfucrooctanesuonateor tr FirocherricatCompoundsfrom Serum or Ansyss Using HPLC.EectospreyMossSpecoomeny:

Serasampleswere spiked vithTHPOS and extracted sing anonping extraction procedure20on-paing reagentwasadded th samp andteanayie an po wes partiones cosh.The MBEextracwas removed and put ono  irogen svapralrntdry. ath sveteeconsituiedn 1.0L of mehancl and passed hough .0.2 1myon king5 co.3posable lastesyinge lo gas aucsampler vis
Anatyical Methods:
+ ETS.7.0, “Ansys of PotassiumPerorooctanesufonateorotherFucrochermcasi LiverExtracts Using HPLC Elctosprayiass Speckometny”
+ ETS8:5.1, “AnayssofPotassium Peruaroocanesuonate or Over Fsochemcalin SerumExact Using HPLElecosprayiiass Specvomery”

The analyseswereperformedby monitoring oneo more procucons selectedromasingeorimaryion characters of partir uotaehemicalving 147LCESMNS. For amie.moleclrion499, elected5ho primaryon or FOS. (Co 50) snot,wos fapemenc toProdiion 99(FSO) The characersicon59was manioredor coarsaie ana
Analytical Equipment
The actual anaytca ecupment stings used inh present analytical hseof his sty varied igntycuring actualdatacaection. Theflown  epresaniae of 1s sees veed Gury cect)Phaseofts suc
Liquid Chromatagraghs HewettPackard Series 1100Lind Ghomatogeasn systemAnaytcal cou: Keystone Bets” Ca 2x50 mm (3m)Coumn temperature: AmbientNoble phasecomponentComponentA mi ammonium acotatein waterComponent 5: metanclFlow ate: 00 umnIecton voume: 10,1Solvent Gradent 10 mutes
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3m Medical Department Study: T-6205.1 Report No. FACT Tox-030Lazoracory Request Number97sOM Modal Onprent Say Ta2657 Reso FACT Toxo[Srstb
Sita tonsFi1048for 10minIncrasa 0955 ovr 4 mines5610545fo mitsReknio 0%ovr0snesia1048 or 35mn

ass Spectrometer tomas APIMss SpacersQt I Tile Guang systemSoftware: Mass Lynx™ 3.2Conavotagn sorCation Ga Ener: 40-600ode: Bceupro NogaSorta Blk Tonpersare 150% 10°CSocios spyAras Te,aka Resco nin (MF)
Tabla. NogavonsWonkoredin FACT T0X030

[oemeeracsT prs oar | rover onan |

Deviations
sndborca nat a antichasof is sty progress madproms weeovtiaad amoro abyssEar mena wes sec wi cormonoseenoeroc vere wan Dovaions mnrg toc snd bedsrnrsRescoso Taba 1)

DATA QUALITY OBJECTIVES AND DATA INTEGRITY
Th towing data cust ciocives(000sware cto ah rocfori
+ Linearity: The coefficient of determination () equal toor greater than 0.98
+ LimitsofQuantitation (LOG):TheMethod Detection Limit (MDL) for PFOS is: 12 ppb for sem97615 ple ThaLOGIcut nowtsop scons a+ uplcatuAccapable Praciion: rcsasrosieown 20%+ SlkaAccapiabi Recoveries: 70-130%
+ Contato Manods: demisonpe maysany sing  cntrsry mets3conferoo,mona9oo ds ban+ Dmansiraionof Spectcy: pac bodamsiaed oycromatorooncrin meona mass spocostOnSeacrcson
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DATA SUMMARY, ANALYSES, AND RESULTS
Data city ectsovearyraof iss vines bo 313rotFACTTOXG50(ss each By ve ti ceeS
Summary of Quality Control Analyses Results
* Linearity: The coefficientofdetermination (©)of the standard curve was 20.985,+ Callan Standards: Quartofv ares res wes ose net erosionSsCoadrrS59ump semenSomeeoie-UTS10rhefacmene orSams sxcptas asd 1 Sion ive HoneeSIOPbnGeachadopovce sour ne Hove meres ioweswi pack arse aes1 rspt p00saul ai Fargetmav eh Sonny fecesyeeale Oocaons SangergscocopeteeeedesoeClantonofsen say as tego paresoo1ealie apa aon ote eos?+ Limits of Quantaion (OC: The L0G scat oes scetassnr noolrtonCiGla 3.2senceSooee tvmer areorcseehomSoosaltos00 fnman corssnp cee

Table. Dotaminsionof POS LOGI 0X30 Anayees

+ Blanks: Arsoro blown sitouation or comme of ies. ToSaasrtscacaonogcote essoIeysr hossms+ DuplcatsRcepabi Precision: sion wos ctor ty ays NSISDnworian
+ Mati Shes Mate ses sn mati spi pcosercivoch settsmsul Ti perverthoriorconcertina SesED Er wercorescationonhe hts Feo Soy 0aen0sk wa asraad 04 em we wsFs Be ne+ SpielAccopabl Recousries: Sie rovers £504 of species mrssnesSmaSoke pepe ere. Won rscnn otssetere

Use of Sumogates he surogete THPFS) vasseosaris sacs THPEOStorron kees rsenEESSolsso of cna etek sen Sr530%fo a me 0henre ee lS
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3m Medical Department Study: T-s295.7 Report No. FACT Tox-030Laboratory Request Number u3930SM Medal DeparmentSy T2657 Resort No. FACT Toxo20Lara Roast nom ving
Assuming spike ocovr tudesom susenda of endogenous aneeco. data aeuaa030%,Thevoid of asmoion ro kennyoeea
‘Summary of Sample Results+ Samplesfom Control AnimaleLow eves of PFOSwere fen cecenesa nd rohe Conr anim These vss wisSocalve rs Pssenanna.
+ Samples romDosadAnimas: n gear, PROS eels fun no sar adver of hefstanalnceasedwit Gos ro. FOStlsessed pm seatferencesbetween male ndemle PROS lees wart absences onles hanla igre FOS levis  e ariespon Grpms oneoreGoalsrested Araceae dE
EeeSTATISTICAL METHODS AND CALCULATIONS
Satsical methodsersiid1tecaclatanofmeans an standard devatons. Soo Atachment ©foexample cacotons usa 0Genre0od andso sore sts pens
ET seeeeSTATEMENT OF CONCLUSION

Under he condionsofie presentanataph ofis sy, PFOSwas loi nn sora ansTerSamiofGroups 2.3, an ils. Tn Can roc. | rir resmrsPROS. POS evel reas 3s coro tases sohfcom drones senna scornPFOS evel erenol served1 sora. HoweverCrocs 4 (0h Gov)mals hot olypps pesovis ner amesvanGros 4 ome,
Dot uatycbjocivesfor analpha ofis sty uted i Lasooor FACTTOX 530 (ae Atachmant Byers mt wi sexo coes  coat

IE EEREEmsmereeeeemeemeeeeemsemememeerereeseeeeesmeLIST OF ATTACHMENTS
+ AachmantA Gon Matix Craaceztion nd Doss Contato Anas+ AtachmantB: Protocoland OviSummary
+ Atachmont C: Exvacton and Anaya etna
+ Atachmont: Data Summary Tables
+ AtachmontE: Data Sreadshets
+ tachment: Example Cautions
+ Atachmont G: normCntcatoo nayses
+ Atachmont : Reson SgrarePage
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ATTACHMENTA
(CONTROL MATRIX CHARACTERIZATION AND DoSE CONFIRMATION ANALYSES
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am Medical Department Study: T-6295.7 R Severs No. FACT Tox-o30aboratory RequestNumber Uraye3MMetalDepartmentSoy:T:62657 ReportNo FACTToxa30
Laboratory Request Number-U2279

ATTACHMENTB
PROTOCOL AND DEVIATION SUMMARY

Table 1DeviationSummary or FACT T0X.030
[omar1owes orccoumenceETTE ve eree | RT TA SErTTR ve[Er|[ereen————|73 vi TEtadbyfoearwpRaian 320095,321/86,32399,324%, ‘Novegativeimpacton thestudy—1ixweightedcurvesimprovedim sig pnd 259.477199,4111190,4/1296, theprecisionandaceuracyofanalysis.FOGPession 2s spaced in heproteus. 17195. 5/1999.52299,6999. 6/1499.

ee roe wr25039 3153091 | oom en aSecon variedmatheivewas ot 19%,520%.102695, 121/00, |ensarocontinuedaccuracyoftheanaiyses.TheQCprovidedby.ee @ gutsaves 32400,42700 hecaibratonchecks isufficientandthecataquaitywi nolbe.Soarsocas
NosoFiroTomswrenEeCCR evEET onSe|rad CTETS70 | ESE TORR TI | ase som Pe102785 Ve,54,Vin rovesmone ee sya aor[EERE| semen [memesoieSor ras Nori TossSesspet358Eere dl I |vindtis rep £75540 ovron cys OREEEntRoose GC va mr sarst mie
Tecre sinsver sins CCHndoa or or ore onSercs ca sre od SOTve.Jame.32m vu vos. |SLE 673 samsless an0.5mi.wereextracted.

RmegQSLdn | J ras ysweyssh, Sow ier HokeEE evdei |eroras Pon
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3m Medical Department Study: T-s295.7 Report No. FACT Tox-030EmrTekmley ROBB 1aboracory Request her nuissmn ProtocolEAGTTON335

Study Title

26-Week Capsule Toxicity Study with
Perfluorooctane Sulfonic Acid Potassium Salt (T-6295) in

Cynomolgus Monkeys

PROTOCOL

Author .Lisa Clemen

Date:
January 25, 1999

Performing Laboratory3M Environmental Technology & Safty Services3M Environmental Laboratory935 Bush AvenueSt.Paul, MN 55106

Laboratory Project Identification
FACT-TOX-030
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3m Medical Department Study: T-6255.7 Repore No. FACT TOX-030laboratory Request Number UzsrsProtocol FACTTOX030

Study Identification

26-Week Capsule Toxicity Study with
Perfluorooctane Sulfonic Acid Potassium Salt (T-6295) in

Cynomolgus Monkeys

Test Material Perfluorooctane sulfonic acid potassium salt(T6295)

Sponsor 3M Toxicology Services - Medical Department3M Center, Building 220.2E-02
St. Paul, MN 55144-1000

Sponsor Representative Andrew Seacat, Ph.D.3M Toxicology Services
‘Telephone: 612-575-3161
Facsimile: 612-733-1773

Study Director Kristen Hansen, Ph.D.
3M Environmental Technology andSafetyServices
Building 2-36-09
SS17T8-6018

Study Location(s)
In vivo Testing Facility ‘Covance Laboratories, Inc.3301 Kinsman BoulevardMadison, Wisconsin $3704
Analytical Testing Laboratory 3M Environmental LaboratoryBuilding 2.3E.09

935 Bush Avenue
St Paul, MN 5106

Proposed Study Timetable
Study Initiation Date January 25, 1999
Study Completion Date January 25, 2000

SM Environmental Laboratory Pagezots
3M Environmental Laboratory Nab Pres



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number 03370Protocol FACT.TOX030
1. Sruov
Twenty-six week capsule toxicity study with potassium perfluorooctane sulfonic acid (T-6295) incynomolgus monkeys.

2. Purpose
This analytical study is designed to determine levels of potassium perfluorooctanesulfonate(PFOS) in the liver and serum of cynomolgus monkeys. Additional tissues or fluids may beanalyzed. The inlife porionofthis study was conducted at Covance Laboratories, study #6329-223,

3. REGULATORY COMPLIANCE

‘This study will be conducted in accordance with the United States Environmental ProtectionAgency Good Laboratory Practices Standards, 40 CFR 792. withthe exception tha analyse ofthe test material mixture for concentration, solubility, homogeneity, and stability will not beconducted, and is the responsibility of the Sponsor,

4. QuALITY Assurance

The 3M Environmental Laboratory Quality Assurance Unit will review the protocol and auditstudy conduc, data, and final report to determine compliance with Good Laboratory PracticeStandards and with 3M EnvironmentalLaboratory Standard Operating Procedures.

5. TestMaTeRAL
5:1 Refer to Covance Laboratory protocol fo study #6329-223,

6. CONTROL MATRICES

6.1 Identification Monkey liver and serum and/or rabbit liver and serum, traceabilitynumbers will be recorded in the raw data and included in the fina reper
6.2 Source Covance Research and/or Sigma Chemical
6.3 Physical Description Monkey liver and serum and/or rabbit liver and serum
6.4 Purity and Stability Not applicable
6.5 Storage Conditions Frozen at -20 °C %10°Cor-55°C+10°C
6.6 Reserve Matrix A portion of the control matrix will be retained in the archives for aslong as the quality of the preparation affords evaluation, but not longer than ten yearsfollowing the effective date of the final test rule if applicable).
6.7 Disposition Matrices will be retained per GLP regulation. Certain matrices (feces,urine, and blood) may be disposed afer QAU verification.

WMEnvironmental Laboratory Page dots
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3m Medical Department Scudy: T-6295.7 Report No. FACT TOX-030laboratory RequestNumber UssrsProtocol #FACT-Tox.020
6:8 Safety Procautions Refer to MSDS for chemicals used. Wear appropriatelaboratory air, and follow adequate precautions for handling biological materials andpreparing samples for analysis.

7. RerEReNceMATemIAL
7.1 Identification Potassium perfluorooctancsulfonste (PROS). ot #s 171, 215, or 217(equivalent los)
7.2 Source 3M Specialty Chemicals
7.3 Physical Description Whit powder
7.4. Purity and Stability Responsibility of the Sponsor
7.5 Storage Conditions Room temperanure
7.6 Reserve Material A reserve sample from cach batch of PFOS used in this study wilbe retained as long as the quality of the preparation affords evaluation, but no longerhan ten years following the effective date of th final tet rule (if applicable)
7.7 Disposition Unused reference material wil be reained for use by the 3MEnvironmental Laboratory and willbe discarded when the quality of preparation nolonger affords evaluation
7.8. Safety Precautions Refer to MSDS for chemicals used. Wear appropriatelaboratory tie, and follow adequate precautions for handling biological materials andpreparing samples for analysis.

8. TesrSvsrem
Cynomolgus monkeys were useda th test system, and were maintained and dosed as describedin Covance protocol #6329-223. Group I control animals did not receive the est substanceGroups 2.3, and 4 received the test substance daly for 26 weeks, a concentrationsof 0.09. 0.5,and 2.0 mg/kg/day, respectively. Refer to Covance protocol #6339-223 for tabula presentationof data. Two animals each from Groups 1, 3, and4 were designateda recovery animals andwere allowed at least a 13 week, which may be extended, recovery period after cessation oftreatment
9. SPECIMENAND SAMPLE RecEIPT
The 3M Environmental Laboratory will receive homogeneity samples fo dose analysis andspecimens ofthe following body issues and Muids from the ndicaied points inthe sady. Allspecimens willbe packed on dry ce for shipping.

WM Environment Laboratory Page oto
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3n Medical beparement Study: T-295.7 A—Laboratory mequect moma aisProcolACTTona0

Body tissue/fluid
Expected # of
specimens

Serum - all animals 7 days prior to treatment 616 from main.Lotwn Sudvery twoweeks during esiment|24 ssdional fromecon —
Urine and feces ~ recovery animals Day zeroofrecovery 24 urine.

6,30, and 90 (with a potential 180)| 24 fecesdoef means
[Civer—allanimals | After terminationof the sta [a

Total number of test animals: 32Tota numberof cone) anime: 12
Specimens sent to 3M Environmental Laboratories will be received and tracked according toapplicable Standard Operating Procedures.

10. PREPARATORY METHODS

10.1 FACT-M-1.0, Extacion of Potassium PerucroctansuonateorOtherAnionicFluorochemical Surfactant from Liver for Analysis Using HPLC-Electrospray/MassSpectrometry
10.2 FACT-M-3.1, Extraction of Potassium Perfluorooctanesulfonate or Other

Fluorochemical Compounds from Serum or Other Fluid for Analysis Using HPLC-Electrospray/Mass Spectrometry
10.3.1 preparatorymethodsote ha these ise shovesus,an amendment hisprotocol will be written. Any deviations from these methods will be documented andtudes with me sy dos

11. ANALYTICAL METHODS

11.7 FACT-M-2.0, AnalysisofFluorochemicals in Liver Extracts Using HPLC-ElecrosprayhiasSpeen
71.2 FACT-M-4.1, Analysis of Potassium Perfluorooctanesulfonate or OtherFluorochemicals in Serum or Other Fluid Extracts Using HPLC-Electrospray/MassSpecwometry
71.3 Ifanalytical methods other than those listed above are used, an amendment to thisrotocol willbe writen. Any deviationsom esemeshobewilorcoeded with me sty

a Environment assy Pagesors
34 Environmental Laboratory 2029 aged



3m Medical Department Study: T-5295.7 Report No. FACT TOX-030laboratory Request Number-U2275Protocol #FACT.TOX.030

12.DATA QuaLITY OssEcTIVES
The number of spikes/duplicates, us of surrogates, and information on other data qualityindicators are included in the analytical methods. In addition, the following criteria will be met:

12.1 Linearity #2098
12.2 Limits ofdetection/quantitation

12.2.1 Method Detection Limit (MDL) for PFOS
a) Sem: I2ppb
b) Liver: 15ppb

12.2.2 Practical Quantitation Limit (PQL) ~ Equal to the lowest standard in thecalibration curve
12.3 Duplicate acceptable precision < 30% for the method
12.4 Spike acceptable recoveries 70% - 130%
72.5 Use of confirmatory methods Indeterminate samples will be re-analyzed using aconfirmatory method. If aconfirmatory method is used, an amendment to thisprotocol will be written.
12.6 Demonstrationofspecificity Chromatographic retention time, mass spectraldaughter ion characterization.

13.5U8-CONTRACTEDANALYSIS .
73.1 All analyses as deuiled in this protocol will be performed at 3M EnvironmentalLaboratories, Building 2-36-09, 935 Bush Avenue, St. Paul, MN 55106,
73.2 An amendment to this protocol will be written if analyses are performed atlaboratories other than the 3M Environmental Laboratory.

14.STATISTICAL ANALYSIS
Averages and standard deviations will be calculated. The statistical methods that will be used aredescribed below:

14.1 Data transformations and analysis Data will be reported as the concentration(weightweight or weight'vol)ofPEOS or metabolite per tissue or fluid
14.2 Statistical analysis Statistics used may include regression analysis ofconcentrations over time, and standard deviations calculated for the concentrationswithin each dose group. If necessary, simple statistical tests, such as Students t test,‘may be applied to evaluate satisical difference.

9M Environmental Laboratory. Page6of9
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sm Medical Deparement Study: T-6295.7 Report No. Fact 7ox-030laboratory Request Number 07975Protocol 4FACT:TOR.030

15. Reponr
A ceport of the results of the study wil be prepared by 3M Environmental Laboratory. The reportwill nclude, but not be limited t, th following, when applicable

15.1. Name and address of the facility performing th study
75.2. Dates upon which the study was iniiated an completed
75.3 A statement of compliance by the Study Directo addressing any exceptions to GoodLaboratory Practice Standards
75.4 Objectives and procedures as sated inthe approved protocol, including any changesin he original protocol
75.5 The test substance identification by name, chemical abstracts number or code number,strength, purity. and composition or othe appropriate characteristics provided by.ihe Sponsor
15.6 Stability and the solubility of th test substances under the conditions ofadminiscation if provided by he Sponsor
75.7 A description of the methods usedto conduc the es(s)15.8 A description of the est system
75.9. A description of any circumstances that may have affected the qualityo the integrityof the daa
75.10 The name of the Study Director and th names of other scientists, professionals, andsupervisory personnel invalved in the study
15.11 A description of the transformations, calculations,o operations performed on thedata, asummary and alysis of the analytical chemistry data, and  saement of heconclusions drawn from tre analyses
75.72 Statistical methods used t evaluate the daa,if applicable
75.13 The signed and dated reports of cachofthe individual scientists or othr professionalsinvolved in the study, if pplicable
75.14 The location where raw daa and the final report ae 10 be sored
15.15 A statement repased by the Quality Assurance Uni listing the date that studyinspections and audits were made, and th dats of any findings reported 10 the StudyDirector and Management

itis necessary to make corrections or addition to a final report afer it has been accepted, thechanges wil be made i the form of an amendment issued by the Study Director. Theamendment wil clearly identify the partofthe inal report tha i being amended, te reasons forthe amendment, and will b signed by the Study Director.

aM EnvironmentalLaboratory Page rors
3M Environmental Laboratory 223) sate



i Medica) Dopassaens seudy: 5-sass.s vpSasoracory pegs BELSe
16.LOCATION OF RAW DATA, (RECORDS, AND FiNAL REPORT
Original data, or copies thereof, will be available at 3M Environmental Laboratory to facilitateSui ofheyGo rosreprseeleon compte, 18Ftdi plein serhives of SEEomaboor spmeregulation, and as established by 3M Environmental Laboratory Standard Operating Procedures.

16.1 The following raw data and records will be retained in the study folder in thestudylproject archives according to 3M Environmental Laboratory Standard OperatingFc
76.1.1 Approved protocol and amendments
16.1.2 Study correspondence

16.13 Shing ors
16.14 Ran ds
76.1.5 Approved final report (original signed copy)
16.1.6 Electronic copies of data

16.2 Toe (lowing spainnd wil be sind separ om sy olderneorb 6 1EnonLoeSerieFrit
1621 Taincrs
1622 Catron ecorts
16.2.3 Instrument maintenance logs

162.0 Sans Opera Bsus,Een ries od hods
17. SPECIMEN RETENTION

Specimens will be maintained in the laboratory specimen archives for a periodoftime asspecified by regulation or as long as the quality of the preparation affords evaluation, but notlonger than ten years following the effective dateofthe final test rule (if applicable), and as
established by 3M Environmental Laboratory Standard Operating Procedures.

18.PROTOCOL AMENDMENTSAND DEVIATIONS
Planned changes 10 the protocol willbe in the form of writen amendments signed by the StudyDior ant he Spores eae.Arend beng Se 2PIE i ht odrloesea eon. AryStchs1neFmofDn id wi on

oH Ennmeras amos Famous
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-02275Protocol SFACT-TOX.030

19.ATTACHMENTS

19.1 AttachmentA Preparatory and analytical methods

20.SIGNATURES

a Z, ZAndrew Seacat, Ph.D. Sponsor Representative Dae

Valorfe — 1/27/78
Kristen Hansen, Ph.D., 3M Environmental Laboratory Study Director Date

3M Environmental Laboratory Pagesar9
3M Environmental Laboratory 2423 rie



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-Uz275

GLP Study

Protocol Amendment

Study Number: FACT Tox-010  Covenes, 4324-223

StudyTitle: A uk Capunly Torcily Shay with, #05 in Cypomgas Mankegs

Study Director: Kris Hansen

Amendment Date: 03]aseg Amendment Number: |_—_—
This amendment modifies the following portion of the protocol:
Sechion 10 Fupurchg Hebuds and Sechinn 11 Arslgheal Matheds

These sechoms lab FACT MAL and Farm as fhe serum exhachon and
analyheal methads. The methods hare bun wpdaled to £75: 5.40
ona E15 8:50. Thee wpdoled method will be wed fe he remaining
serum exhachons and andes

Approved by:

ATYSudy Director Date

3M Environmental Laboratory 2s 3y per



3m Medical Department Study: T-5285.7 Report No. FACT Tox-c30Laboratory Request Numper-uzeas

Study Title
26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid

Potassium Salt (PFOS, T-6295) in Cynomolgus Monkeys

PROTOCOL AMENDMENT NO. 2

Amendment Date:"April 5, 1996

PerformingLaboratory3M Environmental Technology & Safety Services
3M Environmental Laboratory

935 Bush Avenue
St. Paul, MN 55106

Laboratory Project Identification
ET&SS FACT-TOX-030

LIRN U2279

WM Environmental Laboratory
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am Medical Department Study: T-6285.7 Report No. FACT Tox-030Laboratory Request Number gras
Protocol FACT-TOX.030

“amendment 2
This amendment modifies the following portion(s) of theprotocol:

1. PROTOCOL READS: In amendment 1, section10Preparatory Methods and Section 11Analytical Methods were updated to ETS-8-4.0 and ETS-8-5.0 as the revised serumextaction and analytical methods. + oe dain
AMEND70READ: These methods were revised on 4/26/99 to ETS-8-4.1 and ETS-8-5.1‘which will be used for all future analyses.

REASON: The methods were revised for clarification and to include linear regression, 1/x
‘weighting for initial curves.

Amendment Approval

A 7/30,Lida od hrSeacat Ph, Sponsor Representative Bate

foto flo — 2/7/35
Kris J. Hansen Ph.D., Study Director Date

WM Environmental Laboratory
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2m Medical Department Study: T-6255.7 Report No. Face Tox-030Laboratory meget Mozart 820

Study Title
26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid

Potassium Salt (PFOS, T-6295) in Cynomolgus Monkeys

PROTOCOL AMENDMENT NO. 3

‘Amendment Date:
June 03, 1999

Performing Laboratory3M Enviromentecg&ooSeis
3M Environmental Laboratory555 vee

St. Paul, MN 55106

Laboratory Project Identification
[ET&SS FACT-TOX-030

LIRN U2279

F———
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20 Medical Department seu: 1-6295.7 tapos No. pact Tox-o010Laborasoly Reguect MembersPresFACTO0%0verano
This amendment modifies the following portion(s) of the protocol:

1. PROTOCOL READS: Section 10 Preparatory Methods and Section 11 Analytical Methods list
FACT-M-1.0 and FACT-M-2.0 as the liver extraction and analytical methods.

AMENDTOREAD:These methodswere revised on 06/03/99 to FACT-M-1.1 and FACT-M-
2.1 which will be used for all future analyses.

REASON: The methods were revised for clarification and to expand on the listof targeta

Amendment Approval

( India J Rue? /3(19
Andrew Seacat Ph.D., Sponsor Representative Date.

4 4 4s 7195
Kris J. Hansen Ph.D., Study Director Date

Menino
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-02275

Study Title
26-Week Capsule Toxicity Study with PerfluorooctaneSulfonic Acid Potassium Salt (T-6295) in Cynomolgus Monkeys

PROTOCOL AMENDMENT NO. 4

Amendment Date:
April 25,2000

Performing Laboratory3M Environmental Technology & Safety Services3M Environmental Laboratory
935 Bush Avenue

St.Paul, MN 55106

Laboratory Project identification
FACT Tox-030

ET&SS LRN-U2279

3MEnvironmentalLaboratory
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3m Medical Department Study: T-8295.7 Report No. FACT T0X-030aboratory Bequest NumbersTe ee SED8577
Amendment Number 4

This amendment modifies the following portion(s)of the protocol:

1. PROTOCOL READS:
The sponsor for the present study was identified as Andrew Seacat, Ph.D.AMEND 10 READ:
The role of sponsor for the present study was reassigned to John L.Butenhoff,Ph.D. as of the date of signature approval of this protocol amendment.
Reason:
To ensure that the study director does not also carry the duties of study sponsor, the‘sponsor role was reassigned. In this manner, personnel responsibilities andworkload are more evenly balanced.

2. PROTOCOL READS:
On page 2 of the protocol, Kris Hansen is identified as the study director for theanalytical phase of the study.PeterThomford is also identified as a study director,but for the in-life phase of the study (see Covance Laboratories Protocol6329-223).

AMEND 10 READ:
On page 2 of the protocol, Andrew Seacat will be identified as the study director,Kris Hansen wil perform the duties of the principal analytical investigator, and PeterThomford wil be identified in the final report as the principal in-iife investigator as ofthe date of signature approval of this protocol amendment.

Reason:
The original study design identified two study directors; one for the in-fife phase ofthe study and one for the analytical phase of the study. The role of study directorhas been reassigned in an effort to ensure compliance with Good LaboratoryPractice Standards that outline study personnel requirements.

3. PRoTocoL reaps:
10. Preparatory Methods:

10.1 FACT-M-1.1, “Extraction of Potassium Perfluorooctanesutfonateor Other
Fluorochemical Compounds from Liver for Analysis Using HPLC-Electrospray/Mass Specirometry*AMEND TO READ:

10. Preparatory Methods:
10.1 ETS-8-6.0, “Extraction of Potassium Perfluorooctanesulfonate or OtherFluorochemical Compounds from Liver for Analysis Using HPLC-

Electrospray/Mass Spectrometry”
Reason:
The method was revised to include extractions of other tissue types and the use ofmethyl-tert-butyl ether (VIBE) instead of ethyl acetate in the extraction process.

4. PROTOCOL READS:
11. Analytical Methods:

aM Environment Laboratory
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5m Medical Department Study: T-6295.7 Report No. FACT Tox-030Laboratory Request Nummernaar
Protocol LAN-U2279

Amendment Number 4
11.1 FACT-M-2.1, “Analysis of Fluorochemicals in Liver Extracts Using HPLC-Electrospray/Mass.Spectrometry”AMEND TO READ:

11. Analytical Methods:
11.1 ETS-8-7.0, “Analysis of Potassium Perfluorooctanesulfonate or OtherFluorochemical Compounds in Liver Extracts. Using HPLC-

Electrospray/Mass Spectrometry”
Reason:
The method was revised to include curves plotted by linear regression weighted 1/xand a reduced cycle time from 13.5 minutes to 9.0 minutes.

5. ProtocoL reaps:
8. Test System

Refer to the Covance protocol #6329-223 for tabular presentation of data. Twoanimals each from Groups 1, 3, and 4 were designated as recovery animals andwere allowed at least a 13 week, which may be extended, recovery period after
cessation of treatment.AMEND To READ:

8. Test System
A tabular presentation of the test system data will be included in the final reportfor this project (FACT Tox-030). Four animals each (two/gender) from Groups 1,3, and 4 were designated as recovery animals and were observed for a recoveryperiod after cessation of treatment until study cut-off on March 7.2000 (Week80). The observation and analysis of the recovery group ll animals beyond thecut-off date of this study will be reported in a new long-term recovery study.Reason:

Additional animals were assigned to the recovery group following approval of theprotocol for FACT Tox-030. A new study will report the long-term recovery of theremaining animals from recovery group ll (mid-dose group).

6. ProTocoL reads:
9. Specimen and Sample Receipt: [Sample Receipt Table]

Expected # of Specimens:
‘Serum-all animals: 616 from main study, 24 additional from recovery
Urine and feces-recovery animals: 24 urine, 24 fecesLiver-al animals: 44
Collected:
Urine and feces-recovery animals: Day 0, 6, 30, 90 (potential 180)
Total number of test animals: 32

aM Envinmenta Laborstry
3M Environmental Laboratory 4 Je



3m Medical Department Study: T-s355.7 Report No. FACT Tox-030Laboratory Regusst NermarorzeeYB btocot LARC2537
Amendment Number 4

AMEND TO READ:
9. Specimen and Sample Recelpt: [Sample Receipt Table]

# of Specimens:
Serum-~all animals: 516 from main Study, 280 additional specimens fromrecoveryLiver-all animals; 42 (eight specimens via biopsy from recovery group)Total number of test animals: 32
Total number of animals: 48 (12 animals in control group)
Note: 4 animals were not assigned to a study group. Day 0 serum specimenswere collected. Specimens of body tissues and fluids other than serum and liverspecimens will be collected and received from Covance Laboratories(6329-223,Study T-6295.7).

Reason:
Additional animals were assigned to the recovery group following approval of theprotocol for FACT Tox-030. The recovery period has been extanded for the recoverygroup. Specimen collection figures shown are through the end of the study 3/07/00,

Amendment Approval

ZL 2 CZorip 9fomre
Toh Butenhofl, PD. Spoor Represemais Dae

( mdi 2 W . Soca Y(2? [2000
Andrew Seacat, Ph.D. Incoming Study Director Date

ee —2- 200KristenJ. Hansen, PhD. Owgorng Sud Dirsior Toate

S/Y rvDale Bazan, Library Manager The

aM Erviormontat Laboratory
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-uz27s

Study Title26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid Potassium Salt (T-6295) in
Cynomolgus Monkeys

PROTOCOL AMENDMENT NO. 5

Amendment Date:
August 14,2000

Performing Laboratory
3M Environmental Technology &Safety Services

3M Environmental Laboratory
935 Bush Avenue

St. Paul, MN 55106

Laboratory Project Identification
ET&SS FACT-TOX-030

Covance #6329-223
LIMS #02279

3M Environmental Laboratory
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In Medical Deparcment stacy: 1-6295.7 a —taboraoly sequent Nope038Frotocol 105030amendments
Tia sandman nls hollowing soriont) of heros

1. PROTOCOL READS: 2. PURPOSE: This analytical study is designed to determine levels ofpotassium perfluorooctanesulfonate (POS) in the liver and serumofcynomolgus‘monkeys.Additional tissues or fluids may beanalyzed.

AMENDTO READ: Add that select feces samples will be analyzed for PFOS at Centre.

REASON: Feces saps vec ddd afer the inl pret was wis
2. PROTOCOL READS: STUDY Locarions(race 2): Analytical Testing Laboratory: 3MEnvronmenial Larner

AMEND TO READ: 3M Environmental Laboratory and Centre Analytical LaboratoriesInc.(Centre), 3048 Research Drive, State: College, PA 16801

REASON: Any of feces se ssigned to Cee, in sition to the asses of atersie se SH Evianmene Lobo
3. PROTOCOL READS: SECTIONS 10. PREPARATORY METHODS, 11. ANALYTICAL METHODSAND 12. DATA QUALITY OBJECTIVES

ANENG 70 READ: Add to these sions the mos ume version of “Deemiation ofFluorochemical Residues in Monkey/Rat Feces by LC/MS/MS," Centre method number00M-023-003, with ar. LOQ in feces of 10 ng/g. The method will incorporate an initalPomogenzzion sey immeiniy at adding he srvson soans om 2 lRogers, 1s Sw Lt Commis diesen ft sperm te ne
RESON: To speity he valid meted to be used fr css smal sons withanalytical limits. NOTE: LC/MS/MS is an abbreviation for “liquid chromatography/massSecretseso

4. PROTOCOL READS: SECTION 10,PREPARATORY METHODS AND 11. 3M ANALYTICALMetros

AMEND 70 Read: Chane to spiy hat the mst cunt version of te methods iseoot
REASON: To specify that the most appropriate version of the preparatory and analyticalmethods should be used during the courseof the study.

Ermantabs
34 Savi ronmental Laboratory rss



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number 03370Protocol TOX-030Amendment 5
S. PROTOCOL READS: The amended Protocol (Amendment #4) states that Kris J. Hansen, Ph.D.is the Principal Analytical Investigator for the entire study.

AMEND TO READ: Add Enaksha Wickremesinhe, Ph.D. as the Principal Ln-tfe,Investigator at amiCentre for feces analyses. Bealyhiar af fe
REASON: To specify the PAI at Centreforfeces analysis.

6. PROTOCOL READS: SECTION 16. Locamon oF Raw Dara, Recoros AND FiNaLReports
AMEND TO READ: Add that Centre wil forward al original study-specific raw data to 3MEnvironmental Laboratories, together with copiesof appropriate facility-specific raw dataapplicable to this study. Centre will maintain a copyofthe applicable study-specific rawdata, protocol and analytical report in the Centre archives, as well as all originalfacilityrecords.
REASON: To specify the archival requirement for the portion of the data developed byCentre,

7. PROTOCOL READS: SECTION 17. SPECIMEN RETENTION

AMEND TO READ: Add that after the analytical report on feces is signed by the studydirector, all feces specimens of this study will be retumed to 3M EnvironmentalLaboratory.These specimens may then be discarded by written direction of the study director.Specimensof serum and urine may also be discarded by written direction of the study director after theanalytical report for the 3M Environmental Laboratory analyses is signed by thestudydirector
Reason:
To specify the handlingofall biological fluids, and to define when the quality assuranceverification is considered complete

34 Environmental Lasaratory
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-0301aboratory Request Number-02275

Study Title
26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid Potassium Salt (T-6295) in

Cynomolgus Monkeys

PROTOCOLAMENDMENT NO. 6

Amendment Date:
September 11, 2000

Performing Laboratory3M Environmental Technology & Safety Services .3M Environmental Laboratory
935 Bush Avenue

St. Paul, MN 55106

Laboratory Project Identification
ET&SS FACT TOX 030
Covance #6329-223
LIMS #U2279

a Environmental Lasaratory
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3m Medical Department Study: T-s295.7 Report No. FACT Tox-030laboratory Request Number 03335Protocol TOX 030
Amendment 6

This amendment modifies the following portion(s) of the rotacol:
1. PROTOCOL READS:

8.TEST SYSTEM: Groups 2, 3, and 4 received the test substance daily for 26 ‘weeks, atconcentrationsof 0.02, 0.5, and 2.0 mg/kg/day, respectively.

AMEND TO READ:
Groups 2, 3, and 4 received the test substance daily for 26 weeks, at concentrations 0£0.03,0.15, 2nd 0.75 mglkg/day.
Reason:
Test substance doses were changed afer protocol was written. The Covance protocol reflectsthe actual dosesof test substance that were given.

PROTOCOL READS:
The amended protocol (Amendment Number 4, section 2. states: On page 2ofthe protocol,Andrew Seacat will be identifiedasthe study director, Kris Hansen will perform the duties ofthe principal analytical investigator, and Peter Thomford wil be dented 1 the fins esasa the principal in-life investigator asofthe dateofsignature approval ofthis protocolamendment.
AMEND TO READ:
Peter Thomford will remain as the Covance Study Director for the purposeofissuing theCovance final report for the in-life phase of thestudy.
Reason:
Study directorship was not relinquished by Covance for the in-life phaseof the study, sincethe animal experimental phase was completed before Amendment Number 4 wae sos,

Amendment Approval

pln 7 Ef ryfe
John L Butenhoff. PH.D.. Sponsor Representative Date

Concliin J Se seoAndrewSeacat, PhD. Study Drees Dae

WM Environmental Laboratory
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Protocol TOX-030
Amendment?

Study Title

26-week Capsule Toxicity Study with Pecfluorooctane Sulfonic Acid Potassium Salt(T6295) in Cynomolgus Monkeys

Protocol Amendment No. 7

Amendment Date:

September 14, 2000”

Performing Laboratory
3M Environmental Technology and Safely Services3M Envizonmental Laboratory

935 Bush Avenue: St Paul, MN 55106

Laboratory Project Identification
ET&SS FACT-TOX-030

‘Covance #6329.223
LIMS #U2279

!
|

i

|

3M Environmental Laboratory TTT TR



3m, MedRABBeparememit StOUNTARY 7 yp 884 9; Report No. FACT T0X-030'1¥BBratory Request Numbeo. 32273 ou

toxpi
Amendment Approval

A 7s
John L. Butenhoff, Ph.D., Sponsor'sRepresentative Date
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3m Medical Department Study: T-6295.7 Report No. FACT Tox-030Laboratory Request Namber usesSMMedicalDepartment Suey: T2957 ResoriNo. FACTTox030LasorsteyRoques mooring
ATTACHMENTC
EXTRACTION AND ANALYTICAL METHODS
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-Us31e

3M ENVIRONMENTAL LABORATORY

. METHOD
EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER.FLUOROCHEMICAL COMPOUNDS FROM LIVER FOR ANALYSIS USING HPLCELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8-60 Adoption Date: 0114g

Revision Date: Nit
Author: Lisa Clemen, Robert Wyme

Approved By:

IN Toe ar fogLaboratory Manager © Date

Lit toe 2/119Group Leader Dac

x bi Boman, ¢iliilsTechnical Reviewer Date

0 Score Ap ArrLicATION
1-1 Scope: This method is for the extractionofpotassium perfluorooctanesulfonate (PFOS) orother fluorochemical compounds from liver.
1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds.
1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other tissues as designated in thevalidation report
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2.0 SUMMARY oF MeTHOD
21 This method describes the procedure for extracting potassium pecfluerooctanesulfonaie(PROS) or other fuorochemical surfactants rom liver, or othr issues, using an ion pairingreagent and methy/-feri-butyl ether (VIBE). In this method, seven flaorochetnicalseon beextracted: PFOS, PEOSA, PFOSAA, EIFOSE-OH, PFOSEA, M556, and surrogatestandard. An ion pairing reagent i added to the sample and the analyte jon pairpartitioned into MIBE. The MIBE extract is transferred to a centrifuge tube and put onto anitrogen evaporator until dry. Each extract is reconstituted in 1.0 ml. methanol then.filtered through a 3 cc plastic syringe attached to 20.2 um nylon filte ino glass autovials
22 These sample extracts are analyzed following method ETS-3-7.0 or other appropriatemethods.

3.0 Derrvmions
3.1 PFOS: perfluorooctanesulfonate (anionof potassium sali) C.F,SO,
32 PFOSA: perfluorooctane sulfonylamide CyF,,SO,NH,
33 POSAA: perfluorooctane sulfonylamido (cihyl)acetateC.F.SO,N(CH.CH,)CH,CO,
34 EFOSE-OH: A(N-cthylperfluoraoctane sulfonamido)-cthy! alcoholC.F,SON(CH.CH,)CH,CH,0H
35 PFOSEA: perfluorooctane sulfonyl ethylamideC,F,SON(CH,CH,)
3.6 MSS6: CF,SO.N(H)(CH,COOH)
3.7 Surrogate standard: 1H-1H-2H-2H perfluorooctane sulfonic acid

4.0 WARNINGS AND CAUTIONS
4.1 Health and Safety Warnings:

411 Use universal precautions, especially laboratory coats, goggles, and gloves whenhandling animal tissue, which may contain pathogens.

SOIvvemeemences 0000000051 There are no interferences known at this time.

SOFouewewr00000000000006.1 The following equipment is used while performing this method. Equivalent equipment isacceptable.
6.1.1 Ulira-Turrax T25 Grinder for grinding liver samples
6.1.2 Vortex mixer, VWR, Vortex Genie 2
6.1.3 Centrifuge, Mistral 1000 or [EC
6.1.4 Shaker, Eberbach or VWR
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6.1.5 Nitrogen Evaporator, Organomation
6.1.6 Balance (sensitivity 0.0.10 g)

7.0 SUPPLIES AND MATERIALS
71 Gloves
7.2 Dissectingscalpels
73 Eppendorfordisposablepipettes
74 Nalgene bottles, capableofholding 250 mL and 1 L75 Volumetric flasks, glass, type A
7.6 1-CHEM vials, 40 mL glass
7.7 Plastic sampule vials, Wheaton, 6 mL (or appropriate size)
7.8 Centrifuge tubes; polypropylene, 15 mL.
79 Labels
7.10 OxfordDispensor ~3.0to 10.0 ml
7.11 Syringes, capableofmeasuring 5 uL to 50 uL.
7.12 Graduated pipettes
T.13 Syringes, disposable plastic, 3 cc
7:14 Syringe filter, nylon, 0.2 um, 25 mm
715 Timer
7.16 Crimp cap autovials and caps
7.17 Crimpers
Note: Prior to using glassware and bottles, rinse 3 times with methanol and 3 times with Milli-Q7 water. Rinse syringes a minimum of9imes with methanol, 3 rinses from 3 separatevials.

80 RercevtsavoStaoams
81 Type | reagent grade water, Milli-Q™ or equivalent; all water used in this method shouldbe Milli-Q™ water and be providedby a Milli-Q TOC Plus™ system
82 Sodium hydroxide (NaOH), LT Baker or equivalent
83 Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent
84 Sodium carbonate (N,CO,), 1.T. Baker or equivalent
85 Sodium bicarbonate (NaHCO),LT.Bakeror equivalent
86 Methyl-tert-butyl ether, Omnisolv, gla distilled or HPLC grade
87 Methanol, Omnisolv, glass distilled or HPLC grade
88 Liver, frozen from supplier
89 Dry ice from supplier
810 Fluorochemical standards

810.1 PFOS (3M Specialy Chemical Division), molecular weight = 538
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8.10.2 PFOSA (3M Specialy Chemical Division), molecular weight = 499
8.10.3 PFOSAA (3M Specialty Chemical Divisicn), molecular weight = 585
8.104 EFOSE-OH (3M Specialty Chemical Division), molecular weight = $70
8.10.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.10.6 M556 (3M Specialty Chemical Division), molecular weight = 557
8.10.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid (1-H,1-H, 2-H, 2HC\F,SOH) molecular weight = 428
8.10.8 Other Auorochemicals, as appropriate

811 Reagent preparation
NOTE: When preparing larger volumes than listed in reagent, standard, or sumogatepreparation, adjust accordingly
B11 10 sodium hydroxide (NaOH): Weigh approximately 200 g NaOH, Pour into a1000 mi. beaker containing S00 mL Mll-Q™ water, mix until al salds aredissolved. Store ina | L Nalgene bore.
811.2 1 N sodium hydroxide (NaOH): Dilute 10N NaOH 1:10. Measure 10 mL of10 N'NaQH soluion into a 100mL volumetric flask and dilute to volume usingMill-Q™ water. Store in a 125 mL. Nalgene botle.
8:11:3 0.5 M tetrsbutylammonium hydrogen sulfte (TBA): Weigh approximately 169 gOf TBA into 2 | L volumetric containing 500 mL Mill-Q™ water, Adjust toPH 10 using approximately 44 to 54 mL of 10 N NaOH (While adding the last mL.of NaOH, add slowly because the pH changes abruptly). Dilute to volume withMilli-Q water. Store ina1 L Nalgene botle

8113.1 TBA requires a heck prior to each use to ensure pH = 10. Adjust asneeded using | N NaOH solution.
8.11.4 0.25 M sodium carbonate/sodium bicarbonate bur (Na,CO/NaHCO,): Weighapproximately 26.5 ¢ofsodium carbanate (Na,CO,) and 21.0.g ofsodiumbicarbonate (NaHCO) into a 1 L volumetric lak and bring to volume with Mili-Q water. Store ina | L Nalgene boule.

812 Standards preparation
8.12.1 Prepare PFOS standards for the standard curve.
812.2 Prepare other fluorochemical standards, as appropriate. Multicomponentfluorochemical standards are acceptable (for example, one working standardsolution containing 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.987 ppm PFOSAA, and1.10 ppm EEFOSE-OH.)
8.12.3 Weigh approximately 100 mg of PFOS into 100 mL volumetric flask and recordthe actual weight
8.12.4 Bring to volume with methanol foa sock standardofapproximately 1000 ppm(ng/mL).
8.12.8 Dilute the stock solution with methanol for a working standard 1 solution ofapproximately 50 ppm
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812.6 Dilute the stock solution with methanol fora working standard 2 solution ofapprox. 5.0 ppm
8.12.7 Dilute the stock solution with methanol fora working standard 3 solution ofapprox. 0.50 ppm.

813 Surrogate stock standard preparation
813.1 Weigh approximately 50-60 mgof sumogate standard 1-H,1-H, 2-H, 2.H,CF1SO,H into a SO mi volumetric flask and record the actual weight.8132 Bring to volume with methanolfor a surrogate stock ofapproximately 1000-1200ppm.
813.3 Prepare a surrogate working standard. Transfer approximately 1.0 mi of surrogatestock (0 a 10 ml volumetric flask and bring to volume with methanol for 3working standardof 10-20 ppm. Record the actual volume transferred.

9.0 SAMPLE HANDLING
S11 All samples are received frozen and must be kept frozen until the extraction fs performed
10.0 QuALITY ConTror
10.1 Matrix blanks and method blanks

10.1.1 An aliquot of 1.0 mL methanol is used as a solvent blank.
10.1.2 Extract two 1.0 mL aliquotsofMilli-Q™ water following this procedure and useas method blanks.
10.1.3 Extract two 1.0 mL aliquots of liver homogenate following this procedure and useasmatrix blanks. Refer to 11.1.6.

10.2 Matrix spikes
10.2.1 Prepare and analyze matrix spike and matrix spike duplicate samples to determinethe accuracyof the extraction.
10.22 Prepare cach spike using a sample chosen by the analyst, usually a control liverreceived with cach sample set
1023 Expected concentrations will fallin the mid-rangeofthe initia calibration curve,Additional spikes may be included and may fall in the low-range of the initialcalibration curve.
10.2.4 Prepare one matrix spike and matrix spike duplicate per 40 samples, with aminimum of2 matrix spikes per batch

10.3 Continuing calibration verifications
10.3.1 Prepare continuing calibration verification samples to ensure the accuracyoftheinitial calibration curve.
10.3:2 Prepare, at minimum, one continuing calibration verification sample per groupof 10 samples. For example, ifa sample set = 34, four verifications aré preparedand extracted.
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10.3.3 Prepare each continuing calibration verification from the same matrix used toprepare the inital curve
10.3.4 The expected concentrations will fall within the mid-rangeofthe initialcalibration curve. Additonal spikes my be included that fll i the low-range ofthe initial calibration curve. This is necessaryif the analyst must quantitate usingonly the low endofthe calibration curve (for example, 5 ppb ~ 100 ppb, ratherthan 5ppb ~ 1000 ppb).

1.0 CALIBRATION AND STANDARDIZATION
11.1 Prepare matrix calibration standards

HLL Weigh approximately 40gofliver into a 250 mL Nalgene bottle containing 200mLs Milli-Q™ water. Grind to a homogeneous solution,
11.1.2 £40 gisnot available, use appropriate amountsofiver and water to ensurea 1:5ratio.
11.1.3 Refer 10 13.0 to calculate the actual densityofliver homogenate and theconcentration of solid iver tisue dispersed in 1.0 mLof homogenate solution.
TLLS Add 1 mLofhomogenate to a 15 mL centrifuge tube. Re-suspend solution byshaking between aliquots while preparing a totalof eighteen | mL aliquots ofhomogeneous solution in 15 mL centrifuge toes
11.1.6 Two 1 mL aliquots, or other appropriate volume, serve as matrix blanks
11.1.7 Typically use the standard concentrations and spiking amounts listed in Table I, atthe endof his section, to spike, in duplicate, two standard curves, fora total ofeighteen samples, two matrix blanks, and two method blanks
11.18 Refer to validation reports ETS-8-6.0 and ETS-8-7.0-V-1 or Attachment B,sehich lists the working ranges and the Linear Calibration Range (LCR) forcalibration curves
11.1.9 Use Attachment C as an aid in calculating the concentrationsof the workingstandards. Refer to 13.0 to calculate actual concentrationsof PFOS in calibrationstandards.

11.2. To each working standard, blank, or continuing verification, 3dd appropriate amount ofsumogate working standard forthe concentration 0 fall within thecalibration curve range $PP ~ 1000ppb.
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11.3 Extract spiked liver homogenates following 12.14-12.25ofthis method. Use thesestandards to establish each inital curve on the mass spectrometer

Table1
Approximate Spiking Amounts for Calibration Standards

Working Standard Wl Approx. final conc. of
(Approx. Conc.) PFOSinliver

00pm| | Gos030 ppm [aT ootopm: 0.50 ppm. 10 [| 0025ppm |0.50 ppm 20 0.050 ppm
00pm[80|0100ppm[Sopem 7 10 0.250 ppm[S0mm[3% TT 0sooppm[Som 0.750 pom.Som7% 100ppm

120 Procepure
12.1 Obuain frozen liver samples, :
122 Cut approximately|gofliverusingadissectingscalpel. Thispart of the procedure is bestperformed quickly, not allowing the liver o thaw,
12:3 Weigh the sample directly into a tared plastic sampule via.
12.4 Record the liver weight in the study notebook.
125 Retum unused liver portions to freezer.
126 Add 2.5 mLs of water to sampule vil,
12.7 Grind the sample. Put the grinder probe inthe sample and grind for about 2 minutes, oruntil the sample is homogeneous
12.8 Rinse the prose ino the sample with 2.5 mLs water usinga pipette
12.9 Take the grinder apart and clean it with methanol afer each sample, Refer to AMDT-EP-22.

12.10 Cap the sample and vortex fo 15 seconds. Label the sampule vial with the study number,weight, liver ID, date and analyst initials.
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12:11 Pipette 1.0 mL, or other appropriate volume,ofhomogenate nto a 15 mL polypropylenecentrifuge tube. Label the centrifuge tube with the identical information as the sampulevial. Refer 10 attached worksheet for documenting the remaining steps
12.12 Pipette two | mL aliquotsofMill-Q™ water to centrifuge tubes. These will serve as‘method blanks.
12.13 Spike all samples, including blanks and standards ready for extraction with surrogatestandard as described in section 11.2.
12.14 Spike each matirx with the appropriate amountofstandard as described in 11.1, or Table |of that section, or the calibration curve standards. Also prepare matrix spikes andcontinuing calibration standards.
12.15 Vortex mix the standard curve samples, matrix spike samples, and continuing calibrationsamples for 15 seconds.
12.16 Check to ensure 0.5 M TBA reagent is at pH 10. If not, adjust accordingly.
12:17 To cach sample, add | mL 0.5 M TBA and 2 mLofthe 0.25 M sodium carbonate/sodiumbicarbonate buffer. .
12.18 Using an Oxford Dispenser, adé S mL methyl-tert-buty] ether.
12.19 Cap cach sample and put on the shaker at a seting of 300 rpm, for 20 minutes,
12:20 Centrifuge for 20 10 25 minutes at a settingof 3500 rpm, or unil layers are well separated.
12.21 Label a fresh 15 mL centrifuge tube with the same information as in 12.10.
12.22 Remove 4.0 mLofthe organic layer to the fresh 15 mL centrifuge tube.
12:23 Put cach sample on the analytical nitrogen evaporator until dry, approximately 1 102hours.
12.24 Add 1.0 mL 10 each centrifuge tube using a graduated pipette.
12.25 Vortex mix for 30 seconds.
12:26 Atiach a 0.2 um nylon mesh fille 0 a3 cc syringe and transfer the sample o this syringe.Filter into a 1.5 mL glass autovial or low-volume autovial when necessary
12.27 Label the autovial with the study number, animal number and gender, sample timepoint,matrix, final solvent, extraction date, and analysi(s) performing the extraction
12.28 Cap and store extcacts at room temperature ot at approximately 4 °C unil analysis
12.29 Complete the extraction worksheet, attached to this document, and tape in study notebookor include in study binder, as appropriate.
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10 DATA AnaLYSIS AND CatcuaTions
13.1 Calculations:

13.1.1 Calelate the average deni of he iver homogenate by recordin cach mass often separate 10m aliquotsoforogenic
Averagedensity (mg/mL)= Average mass (ng ofthe alquos

° 1.0 mL aliquot

13.1.2 Calculate the amountof liver (mg) per 1.0 mL homogenate (or concentration ofdispersed slid issu per mL ofhomagense suspension wins Foon
of Liver x Average density*ofhomogenate (mg/mL)(8or ver + of Wat
* refer to 13.1.1 for details.

13.1.3 Calculate actual concentrationsofPFOS and other fluorochemicals incalibrationstandards wing he Tolowing sun
dof Standard x Concenation(ug mL = Fina] Concentration (us or mk)mg Liver/ | mL homogenate® of PFOS in Liver

“refer to 13.1.2 for details.

140 Merion Pensomasc
14.1 The method detection limit (MDL) isanalyte and matrix specific. Refer to MDL report forspecific MDL and limitof quantitation (LOQ) values (refer to Attachments B. and C).1432 The following quality control samplesae exacted with ach bathofsamples to evatutehe quality of the exacion and sys.

142.1 Method blanks and mt blanks,
142.2 Mati spike and matspikedoplictssamples todetermine acurscy andprecisionofth exacion
14:23 Continuing calibration verification smpis to determine the continued accuracyofthe ini calibration curve

14.3 Refer to section 14 of ETS-8-7.0 for method performance criteria.

5.0 POLLUTION PRevexTION AND Waste Masacengsr15:1 Sample waste is disposed in biohazard containers, Oammable solvent was» disposedgh BTU containers, id used las ipee wast Gsposcd 1 broken sos somaserslocsed inthe labors.
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16.0 RECORDS
16.1. Complete the extraction worksheet attached to this method, and tape in the study notebookor include in the 3-ring study binder, as appropriate.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 Attachment A, Extraction worksheet
17.2 Atachment B, MDL/LOQ values and summary
173 Atachment C, Calibration standard calculation and concentration worksheet

BOReeemences 00000000
18.1 The validation report associated with this method is ETS-8-6.0 & 7.0-V-1
18.2 AMDT-EP-22, “Routine MaintenanceofUltra-Turrax T-25"
18.3 FACT-M-1.1, “Extraction of PFOS or Other Anionic Fluorochemical Surfactants fromLiver for Analysis Using HPLC-Electrospray/Mass Spectrometry”

19.0 AFFECTED DOCUMENTS
19.1 ETS-87.0, “Analysis of Liver Extracts for Fluorochemicals using HPLC-ElectrosprayMass Spectrometry”
200 Revisions
Revision RevisionNumber, Reason For Revision Date
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MDL/LOQ values for rabbit liver
[Compound| MDL|LOQ| Linear Calibration Range (LCR) ](Pb) | (ppb)|Approximate concentrationstobeusedforpreparingthe |

| Standard Calibration Curve |PFOS | 845 | 69|30ppb 1200ppb 1[PFOSA T7350 |ILI| 12ppb=1200 ppb.PFOSAA [246 | 78.3 | 30ppb 1200ppb
ECFOSE-OH| 108 _| 345 | 60ppb 900 ppb™ 1M556 823 | 262|60ppb— 1200ppbPFOSEA 3391 108 | 30ppb- 1200ppb
MDL/LOQ values in rat, bovine, and monkey liver were not statistically determined. Twocurves in eachof thesematrices were extracted and analyzed with the rabbit liver curves todetermine equivalence. Responses in the rat, bovine, and monkey liver curves were equivalent tothe rabbit responses, therefore, their MDL and LOQ will be assumed to be equivalent to thosevalues as determined for the rabbit iver. A
Refer to LOQ Summary and MDL study in ETS-5-6.0 & 7.0-V-1 for further information* EGFOSE-OH estimates onlyfor MDL and LOQ. Did not meet eieria for validationCompound: PFOS

r Prepared| Rargear [CRfiom| Ranges [CRfrom | Wangeol LCR fomLoe | ongeol | vege avec| lowsd  lowsd | hghed  hghsdmarx | sundards| curve curve curve curve curvetoon opt|oo) ogmts on cum | oo mpm) oon topnts| my pris_ py gts

Compound: PFOSAf Prepared | Rangeol  LCRfom| Rangeor TOR Tom | Ranger LCRTom| Live | angel | wens  aecne| lowsd  lowsd | mrad highsmam | soni | cine cue are | ame ame |Ley tmts | op) ogy om cont | om mints utyons | eo tints opm|Rabe [619-1297 [12-200 12-200| 12-30 12-300

Compound: PFOSAA
i Prepared | Rongeol  [CRiiom| Rargeolr  CCRTom| Famgeor LCR Form| Ler | mmseor| wvenge aves| lowad  lowsd | hgtad  ghowman | sundards| cue ame ame | ame ameLootog | on rgmts co)oprmts | eostoms omy opts | commits mts

AtschrentB:MDLILOQ Values ETS.8.60 Page 12016Exwacion of FOS from Liver
3M Environmental Laboratory Page-ss”



3m Medical Department Study: T-6295.7 Report No. FACT Tox-030laboratory RequestNumber 03575

Compound: EtFOSE-OHI Fried | Rargeal [CRfom| Tomgeor [CR om | Karger or TCR| ve | oer| wense means| lows dowsd | hpved gad |mars| suntacts| “cue sre glee | and TREor lpm | oo pets om) gmt | my mts omy mms| eomts snes|Rabbit | 617-1235| 31.90 3i.s00 | na a Na Na |
Compound: PFOSEA

Fiepued| Tanger ToRfom| Rangeor TOR Tom | Tames TCTLoo | meal| wee weame| ows owns | ged me|max | sania| cunt ane ame | de me(0 ogy|on msm cps|on pnts nents| sotsp
| Rabbit 617-1235 |- 31-1200 31-1200 NA NA NA NA

Compound: M556T Ppa| Ramgest  CCRfom| Famiest [Rom| Romper CCRve | anger| avenge weane| load owsd | mews onama | saniards | curve ave ame | ldme  dmeoo mms| ry os pnts| ot mts fs|mms tats
[Rave [617-1235| 31-1200 60-1200 Nia NA
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3M ENVIRONMENTAL LABORATORY

MeTHOD

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHERFLUOROCHEMICALS IN LIVER EXTRACTS USING
HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-87.0 Adoption Date: 0 [22.19%

Revision Date: Ni
Author: Lisa Clemen, Glenn Langenburg.

Approved By:
a

7 1p 2/5)
Taboratsry Manager Dae

JAN 3/14/39Group Leader Dae

On 4 Cree othifyyTechnical Reviewer Dae

Loscoreavpaerncamos 000000000
1.1 Scope: This method is for the analysisofliver extracts for fluorochemical surfactants using.HPLC-electrospray/mass spectrometry.
1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated ‘compounds, orother ionizable compounds
1-3 Matrices: Rabbit, rat, bovine, monkey liver,orother tissues as designated in the validationreport.
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2.0 SUMMARY oF MeTHOD
2:1 This method describes the analysis of fucrachemical surfactants extracted from liver usingHPLC-electrospray/mass spectrometry, or similar system as appropriate. The analysis sperformed by monitoringasingle jon characteristic ofa particular fluorochemical, such 2sthe perfluorooctancsalfonate (PFOS) anion, m/z = 499. Additionally, sampics may be.analyzed using 2 tandem mass spectrometer to further verify the idenity of a compound bydetecting daughter onsofthe selected parent ion.

3.0 Deenvimions
3.1 Atmospheric Pressure Ionization (AP): The Micromass Quatro I triple quadrupolesystems allow for various methodsofionization by utilizing various sources probes, andinterfaces. These include but are not limited to: Electrospray Ionization (ESI), AtmosphericPressure chemical lonization (APcl), Thermospray, etc. The ionization process in thesetechniques occurs at atmospheric pressure (ic. not under a vacuum)
32 Electrospray lonization (ES, ESI): a method of ionization performed at aumosphericpressure, wherby ions in solution are transferred to the gas phase via tiny charged droplets,These charged droplets are produced by the applicationof a sirong electrical field.
3.3 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer (MS/MS):The API Quattro I riple quadrupole mass spectrometer is equipped with two quadrupolemass selective detectors and a collision cell. Tons are selectively discriminated by macs tocharge ratio (m/z) and subsequently detected. A single MS may be employed for iondetection or an ion may be selected in the first quadrupole, fragmented in the collision cell,and these fragments may be analyzed in the second quadrupole
3.4 Coventional vs. Z-spray probe interface: The latest modelsofMicromass Quatro Iftriple quadrupole (post 1998) uilze a “Z-spray” conformation. The spray emited from aprobe is orthogonal to the cone aperture. In the conventional conformation i is simeddirectly at the cone aperture, ater passing through a tortuous pathway in the counterelectrode. Though the configuration is different, the methods ofoperation, cleaning, andmaintenance are the same. Howaver, Z-spray components and conventional components arcnot compatible with one another, but only with similar systems (i.e. Z-spray components arecompatible with other Z-spray systems, etc.)
3.5 Mass Lynx Software: System software designed for the specific operationof these Quattrotriple quadrupole systems. Currently MassLynx hes Windows 95 and WindowsNT 4.0versions. All versions are similar. For more details refer to the manual specific to theinstrument (Micromass Quattro I triple quadrupole MassLynxorMassLynx NT User'sGuide).

41 Health and Safety Warnings:
41.1 Use caution with the voltage cables for the probe. When engaged, the probeemploys a voltage of approximately 5000 Volts.

£15370 Page 20110Analysis of Liver Exact Using ESAS
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41.2 When handling samples or solvents wear appropriate protective gloves, eyewear,and Clothing

42 Cautions:
42.1 Operate the solvent pumps below a back pressure of 400 bar (S800 psi). If the backpressure exceeds 400 bar, the HP1100 will initiate automatic shutdanny
4.2.2 Do not run solvent pumps to dryness,

50 InTeRrEmeNces
$1 To minimize intecferences when analyzing samples, Teflon shall not be used for samplestorage or any part of instrumentation that comes in contact with the sample or extract.

60 Fournier _
61 Equipment listed below may be modified in order to optimize the system. Document anymodifications in the raw data as method deviations.

6.1.1 Micromass Quattro I1 triple quadrupole Mass Spectrometer equipped with anclectrospray ionization surce
61.2 HPLIOO low pulse solvent pumping system, solvent degasser, columncompartment, and suosampler

7.0 Supeuies ano MATERIALS
71 Supplies

7.11 High purity gradeai regulated to approximately 100 ps (house air system)
7.1.2 HPLC analytical column, specifics to be determined by the analyst and documentedinthe raw dats
7.13 Capped awovials or capped 15 ml centrifuge tubes

£0 REAGENT AxD STANDARDS
81 Reagents

8.1.1 Methanol, HPLC grade or equivalent

8.1.2 Milli-Q™ water (ASTM type I, all water used in this method should be ATSMspe 1 or equivalent, andbeprovided by & MillQ TOC Plos systema athvendor
8.13 Ammonium acetate, reagentgradeor equivalent

813.1 When preparing diferent amounts than those listed, adjust accordingly.
8.1.3.2 2.0 mM ammoniumacetatesolution: ‘Weigh approximately 0.300 g.ammonium scetate, Pour into a 2000 ml. solumeurc coments coring

2000 mL Milli-Q™ water, mix until all solids are dissolved. Store at roomtemperature
a) Page 30ri0Asis of Lvs Exe Using ESAS
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82 Standards
82.1 Typically two method blanks, wo matrix blanks, and eighteen matrix standards areprepared during the extraction procedure. Refer 10 ETS-8.6.0

9.0 SaweLe HanbLING
9:1 Fresh matrix standards are prepared with cach analysis. Extracted standards and samplesare stored in capped autovials or capped 15 mi centrifuge tubes antl analysis.
92 Ifanalysis will be delayed, extracted standards and samples maybestored at roomtemperature, or refrigerated at approximately 4° C, until analysis can be performed.
10.0 Quatity ConTroL,
10.1 Method Blanks'and Matrix Blanks

10.1.1 Solvent blanks, method blanks, and matrix blanks are prepared and analyzed witheach batch to determine contamination or carryover.
10.12 Analyze a method blank and amatrix blank prier to each calibration curve.

10.2 Matrix Spikes
10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effect on the.recovery efficiency.
10.2.2 Matrix spike duplicates are prepared and analyzed to measure the precision and therecovery for each analyte.
10.23 Analyze a matrix spike and matrix spike duplicate per forty samples. With aminimum of2 spikes per batch,
10.2.4 Matix spike and matrix spike duplicate concentrations will fal in the mid-range ofthe initial calibration curve. Additional spike concentrations may’ fal in the low.range of the initial calibration curve,

10.3 Continuing Calibration Checks
10.3.1 Continuing calibration verifications are analyzed to verify the continued accuracyof the calibration curve.
10.3.2 Analyze a mid-range calibration standard every tenth sample, with a minimum ofone per batch.

11.0 CALIBRATION AND STANDARDIZATION
111 Analyze the extracted matrix standards prior to and following cach setof sample extractsThe averageoftwo standard curves will be plotted by linear regression (y = mu = by,weighted 1x, not forced through the origin, using MussLyn or other surtable software.
11:2 Ifthe curve does not meet requirements perform routine maintenance of reextract thestandard curve (If necessary) and reanalyze.

£TS.8.70 Page dof 0Analysis ofLiver Exact Using ESIMS
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11.3. For purposes of accuracy when quantitating low levelsofanalyte, it may be necessary touse the low endof the calibration curve rather than the full rangeofthe standard curveExample: when attempting to quantitate approximately 10 ppbofanalyte, generate acalibration curve consisting ofthe sandards fom ppb to 100 pb athe hay efrange of the curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linearregression weightingofhigh concentration standards.

12.0 PROCEDURES. -

12.1 Acquisition Setup
12.14 Set up he sample is

12.1.1.1 Assign a sample lis filename using MO-DAY-last digitofyear-increasing{eter ofthe alphabet stating with
12.1.1.2 Assign a method (MS file) for acquiring
12.1.1.3 Assign an HPLC program (Inlet file)
12.1.1.4 Type insample descriptions and vial position numbers

12:12 To rete a method click an method i the Acquisition contol panel then massSpectrometer headings and select SIR (Single lon Recording) or MRM (MultipleReaction Monitoring). Set lonization Mode as appropriate and mass to 499 or otherappropriate masses. A full scan is usualy collected tong 4th te STR. Saveacquisition method. If MS/MS instruments arc employed, additional product ionfragmentation information maybecollected. Refer (0 Micromass MowryGUIDE TO DATA ACQUISITION for additional information and MRM.
12.1.3 Typically the analytical batch run sequence begins and ends with a set of extracted. mar standards
12:14 Samples re analyzed with a continuing calibration verifcation injected sindardater every tenth sample. Solvent blanks shou oe analysed periods bymonitor possible analy carryover and re not considered samples bot ay beincluded ss such,

122 Using the Autosampler
12:20 Set up sample tray secocing 1 the sample st prepared in Section 12.1.1
12.22 Set-up the HP1100/autosampler at the following conditions or at conditions theanalyst considers appropriate fo opimal response. Record sual conditions ntheinstrument loghonk

12.221 Sample size = 10 ul injetion
122.22 njcysample= 1
12.223 Cycle ime =9 minutes

ersaro PesaroArty of Live Exe Using E53
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12.2.4 Solvent ramp conditions
|Time 20mM

Ammonium acetate
om
[Lomin 177405 160% |

. aSmin | 05% [seSSmn ow|
CT 7——
om 60%

12.2.2 Press the “Start” buton.
123 Instrument Setup

12.3.1 Refer to ETS-9-24.0, “Operation and Maintenance of the Micromass Quattro IITriple Quadrupole Mass Spectrometer Fitted with an Atmospheric PressureTonization Source,” for more decal.
12.32 Check the solvent level in reservoirs and refl if necessary.
12.3.3 Check the stainless seel capillary at the end ofthe probe. Use an eyepiece o checkihe tip. The ip should be Nat with no jagged edges. 11 he tip fs oun tgunsatisfactory, disassemble the probe and replace th stainless sce capi fan.
12.3.4Tum on thnitvogen.
12:35 Open the tune page. Clicks on operate to inate source block snd desolvationheaters.
12.3.6 Open the Inlet Editor

123.6.1 Set HPLC pump to “On”
12.3.6.2 Set the flow to 10- S00 ulmioas ppropriate12.3.6.3 Observedropletscoming outofthe tpof theprobe. Afine mist should beexpelled with no itrogen leaking around th i of ihe probe. Reatyustthe tp ofthe probe ino mists observed
12.3.6.4 Allow to equilibrate for spproximately 10 mints.

12.37 The instrument uses these parameters at th folowing stings. These settings maychangei order to optimize he response
12.3.7.1 Drying gas 250-400 liters hour
123.7:2 ESI nebulizing gas 10-15 liters hour
12.3.7.3 HPLC constant low mode flow rae 10 - 500 wLmin12.3:7.4 Pressure <400 bar (This parameter i not se, it i guide o ensure theHPLC is operating comely)
12.375 Source block temperature 150°
123.76 Desolation temperature 250°

ersar0 Fase garioAlyseLiverExust Using ESAS
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12.3.8 Print the tune page, with ts parameters, and store it in the study binder with a copytaped into the instrument log,
123.9 Click on stan button in the Acquistion Control Panel (this may vary amongMassLynx versions, refer to appropriate MassLynx User's Guide), Ensure start andend sample number includes all samples to be analyzed

13.0 DATA ANALYSISANDCALCULATIONS
13.1 Calculations:

13.1.4 Calculate mateix spike percent recoveries using the following equation
% Recovery = Observed Result- Background Result x 100

Expected Result
13.15 Calculate percent difference using the following equation:
%Difference= ExpectedCone,- Calculated Cone, x 100Expected Cone.

13.1.6 Calculate actual concentrations in matrix (ug/g):
(2 of PFOS calc. from std, Curve x Dillion Factor) x ug

(Initial Weight of Liver (0) 1000 ng.Final Volume (mL)
14.0 METHOD PERFORMANCE.
14.1 Method Detection Limit (MDL) and Limitof Quantitation (LOQ) are method, analyte, andmatrix specific. Refer to ETS-8-6.0, Attachment B for a lising of current validated MDLand LOQ values
14.2 Solvent Blanks, Method Blanks and Matrix Blanks

142.1 Solvent banks, method blanks, and matrix blanks must be below the loweststandard in the calibration curve.
143 Calibration Curves

14.3.1 The £ valuefor the calibration must be 0.980 or beter.
14.4 Matrix Spikes

14.4.1 Matrix spike percent recoveries must be withia + 30%of the spiked concentration.
145 Continuing Calibration Verification

14.5.1 Continuing calibration verification percent recoveries must be within = 30%of thespiked concentration.
14:6 If riteria listed in the method performance section are not met, maintenance may beperformed on the system and samples reanalyzed or otheractions as delemmined by theanalyst. Document all actions in the appropriate logbook

ETS.870 Page Tarl0Ansys ofLiver Ets Using SIMS
3M Environmental Laboratory Pager



3m Medical Department Study: T-625.7 Report No. FACT TOX-030Laboratory Request Number-02375

14.7 Ifdata are to be reported when performance criteria hve not been met, the data must befootnoted on tables and discussed inthe textof te repor
50 POLLUTION PREVENTION AND WASTE MANAGEMENT
15:1 Sample exiract waste and flammable solvent is disposed in high BTU containers, and gloospipette wast is disposed in broken glass containers located in th laboratory.
60 Reconos

16.1. Each page generated fora study must have the following information ineuded either in heheader or hand writen on the page: study or projec number, acquisition mediod.integration method, sample name, extraction date, dition factor(if a3plicabie). andanalyst
16:2 Print the tune page, sample lst, and acquisition method from MassLyn to include in theappropriate study folder. Copy these pags and tzpe into the insirument runlog.
16.3 Plot the calibration curve by linea regression, weighted 1, then print these graphs andstore in the study folder ;
16.4. Print data integration summary, integration method, and chromatograms from MassLynxand sore in th study folder.
165 Summarize data sing suitable software (Excel 5.04) and store in the study folder, refer (0‘Actachment A foran example ofa summary spreadsheet.
16.6 Back up electronic data to appropriate medium. Record in study notebook the file nameand locationof backup electronic dat.

2.0 TABLES. DIAGRAMS, FLOWEHARTS, AND VALIDATION DaTA17.1 Aachment A: ETS-8.7.0 Data summary spreadsheet
18.0 Reerrences
18.1 FACT-M-2.1, “Extractionof Potassium Perfluorooctancsalfonate or Other FluorochemicalCompounds from Liver for Analysis Using HPLC.ElectrosprayMass Spectromerry®
18.2 ETS-9-24.0, “Operation and Maintenance of the Micromass Atmospheric PressureTonization/Mass Spectrometer Quarto I riple quadrupole Systeme:
183 The validation report associated with this method is ETS-$-6.0 & 7.0-V-1

180AeecrepDocwwents19.1 ETS-8:6.0, “Extraction of Potassium Perfluorooctanesulfonate or Other FluorochermicalCompounds from Liver or Flid for Analysis Using HPLC-Electrospray/MaseSpectrometry”
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200 Revisions
Revision J Revision
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Laboratory Study #

Suey:
Tes Material
MaixFinal Solvers.
MethodRevision:
Analyical Equipment System NumberInstrument SofwareVersionFilename
ReSqured Valu:
Slope:
¥ marcept
Date ofExsctioniAnaiysrDuc ofAmlysiAnalst

5 LLwoJZoTT]GroupiDose: Taken fom the ray folderSample: Taken rom the study folder‘Concentration (ng): Taken rom he Massty negraon summary.nil We. (): Taken fom the say folderDilution Factor: Taken from the study folder.Final Conc ug: Caeutdbydividing the nis volume from he cancentation
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3M ENVIRONMENTAL LABORATORY

MeTHOD
EXTRACTION.OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHERFLUOROCHEMICAL COMPOUNDS FROM SERUM FOR ANALYSIS USING HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8-4.1 Adoption Date: 03/01/99

Revision Date: 4/27/93

Author: Lisa Clemen, Glenn Langenburg.

Approved By:

1) 11 Yo “fir /ssLaboratory Manager Da
pVode fo 4/24/99Group Leader Dae

laf gueTechnical Reviewer Date

0 Score AnD AppLiCATION
L1 Scope: This method is for the extraction ofpotassium perfluorooctanesulfonate (PFOS)or other fluorochemmical compounds from smu
12 Applicable compounds: Fluorochemical surfactantso other fucrinated compounds
13 Matrices: Rabbit, rat, bovine, ‘monkey, and human serum or other fluids as designated inthe validation report
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20 SUMMARY OF METHOD
2.1 This method describes the procedure for extracting potassium perfluorooctanesulfonate(PFOS) or other fluorochemical surfactants from serum, or other fluids, using an ionpairing reagent and methyl-tert-butyl ether (VIBE). In his method, seven.fluorochemicals were extracted: PFOS, PFOSA, PFOSAA, EtFOSE-OH, PFOSEA,M56, and surrogate standard (sce 3.0 Definitions). An ion pairing reagent is added tothe sample and the analyte ion pair is partitioned into MBE. The MBE extract isremoved and put onto a nitrogen evaporator until ry. Each extract i reconstutcd in 1.0mL of methanol, then filtered through 2 3 cc plastic syringe attached (0 a 0.2 jum nylonfilter into glass autovials.
22 These sample extracts are analyzed following method ETS-8-5.1 or otherappropriatemethods.

20 DesviTIons _ —
3.1 PFOS: perfluorooctanesulfonate (anionofpotassium salt) C,F SO;
32 PFOSA: perfluorooctane sulfonylamide CyFSO,NH,
33 PFOSAA: perfluorooctane sulfonylamido (ethyl)acetateC.F,SO,N(CH,CH,)CH,CO;
34 EtFOSE-OH: 2(N-ethylperfluorooctane ‘sulfonamido)-ethy] alcoholCF,,SO,N(CH,CH,)CH,CH,0H
35 PFOSEA: perfluorooctane sulfonyl ethylamideC,F,SO,N(CH,CH)H
3.6 M556: C,F,SO,N(H)(CH,COOH)
37 Surrogate standard: 1H-1H-2H-2H perfluorooctane sulfonic acid

4.0 WARNINGS AND CauTiONS
41 Health and safety warnings

4.1.1 Use universal precautions, especially laboratory coats, goggles, and gloves when
handling animal tissue, which may contain pathogens.

i
5.1 There are no interferences known at this time.
60 Equipment —
61 The lollowing equipment is used while performing this method. Equivalent equipment isacceptable.

6.1.1 Vortex mixer, VWR, Vortex Genie 2
6.1.2 Centrifuge, Mistral 1000 or [EC
6.1.3 Shaker, Eberbach or VWR.

ETS Page 20f1sExtscionof FOS fom Serum
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6.1.4 Nitogen evapora, Organommaion
615 Balance (+0100)

10 Sureuies avoMassie
7 Cloves
72 Eppendorfordisposabepipettes
73 Nalgene bottles, capableofholding 250 mL and | L
74 Volumetric flasks, glass, type A

7.5 I-CHEM vials, glass, 40 mL glass
7.6 Centrifuge tubes, polypropylene, 15 mL
7.7 Labels ©

7.8 Oxford Dispenser — 3.00 10.0 mL.
79 Syringes, capableof measuring 5 KL to 0 pL.
710 Graduated pipes
711 Syringes,disposableplastic, 3cc
7.12 Syringe ies, nylon, 02 um, 25 mm
3 Timer
744 Crimp cap utovilsandcaps
15 Crimpers
Note: Prior to using glassware and bottles, rinse 3 times with ‘methanol and 3 times with

Milli-Q™ water. Rinse syringes a minimum of9 times with methanol, 3 rinses from 3separ vin
£0 Reagents AnD STANDARDS
8.1 Type reagent grade water, Milli-Q™ or equivalent; all water used in this method should52 MII-G wate and maybeprovidedoy 3 ML ToC Brass nets8:2 Sodiumhydroxide (NaOK), ITBaer or equivalent
83 Tetrabutylammonium ‘hydrogen sulfate(TBA), Kodak or equivalent84 Sodium carbonate (N&,CO), .T. Baker or equivalent
85 Sodium bicarbonate (NaHCO), J.T. Baker or equivalent
8.6  Methyl-T-Butyl Ether, Omnisolv, glass distilled or HPLC grade
8.7 Methanol, Omnisolv, glass distilled or HPLCgrade
88 Serum or blood, frozen fromsupplier

59 Fluarochemical standards
8.9.1 PFOS (3M Specialty Chemical Division, molecular weight = 53689:2 PFOSA (3M Specialy Chemical Divison), molecular weigh - 499

ersaas Poe areExvacin ofPROS om Sern
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89.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 535
8.9.4 EWFOSE-OH (3M Specialty Chemical Division), molecular weight = 57089.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.9.6 MSS6 (3M Specialty Chemical Division), molecular weight = 557
8.9.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid(1.H, 1-H, 2-H, 2.1C.F,,SO,H) molecular weight = 428
8.9.8 Other fluorochemicals, as appropriate

810 Reagent preparation
NOTE: When preparing large volumes than listed in reagent, standard, or surrogatepreparation, adjust accordingly.
8.10.1 10N sodium hydroxide (NaOH): Weigh approximately 200 g NaOH. Pour into a1000 mL beaker containing 500 mL Milli-Q™ water, mix until al solids are.dissolved. Store ina 1 L Nalgene bottle.
8.10.2 | N sodium hydroxide (NaOH): Dilute 10 N NaOH 1:10. Measure 10 mL of 10N NaOH solution nto 2 100 mL volumetric flask and dilute to volume usingMilli-Q water. Store ina 125 mL Nalgene bottle.
8103 05 Mtetabutylammonium hydrogen sulfate (TBA): Weigh approximately 169 gOf TBA intoa | L volumetric containing 500 mL Mill-Q™ water. Adjust 10 pil10 using approximately 44 to 54 mL of 10 N NaOH (While adding the last mt. ofNaOH, add slowly because the pH changes abruptly). Dilute to volume withMilli-Q™ water. Store ina 1 L Nalgene bole

8103.1 TBA requires acheck prior to each use to ensure pH = 10, Adjust asneeded using 1 N NaOH solution
810.4 0.25 M sodium carbonate/sodium bicarbonate buffer (Na,CO,NaHCO,): Weighapproximately 26.5 gof sodium carbonate (N2,CO,) and 21.0 gof sodiumbicarbonate (NaHCO) into a I L volumetric flask and bing to volume with MilliQ™ water. Store ina | L Nalgene bottle.

811 Standards preparation
8.11.1 Prepare PFOS standards for the standard curve,
8.11.2 Prepare other fluorochemical standards, as appropriate. Multicomponentfuorochemical standards are acceptable (for example,oneworking standardsolution containing 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.957 ppm PFOSAA, and1.10 ppm E(FOSE-OH.)
8.11.3 Weigh approximately 100 mgof PFOS into a 100 mL volumetric flask and recordthe actual weight
8.11.4 Bring to volume with methanol for a stock standard of approximately 1000 ppm(ng/mL).
8.11.5 Dilute the stock solution with methanol for a working standard 1 solution ofapproximately 50 ppm.
8.11.6 Dilute working standard | with methanol for a working standard 2 solution ofapprox. 5.0 ppm.

ETS841 PagedorisExtraction of PFOS from Serum
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8.11.7 Dilute working standard | with methanol for working standard 3 solution ofapprox. 0.50 ppm.
812 Surrogate stock standard preparation

8.12.1 Weigh approximately 50-60 mgof surrogate standard 1-H, 1H, 2.H, 2.H,‘CiF,)SO,H into a 50mL volumetric flask and record the actual weight,
8.12.2 Bring to volume with methanolforasurrogate stockofapproximately 1000-1200ppm.
8123 Prepare a surrogate working standard. Transfer approximately | mLof surrogatestock 10.2 10 mL volumetric flask and bring to volume with methan! for 1,‘workingstandardof 100ppm. Record the actual volume transferred.

S0sameeMaownse 0000000000000
91 All samples are received frozen and must be kept frozen until the extraction is performed.92 Allow samples to thaw 10 room temperature prior to extraction.
10.0 QuaiTy CONTROL, .
10.1 Solvent Blanks, Method blanks and matrix blanks

10.1.1 An aliquot of 1.0 mL methanol is used as a solvent blank.
10.1.2 Extract two 1.0 mL aliquots of Milli-Q™ water following this procedure and use.

as method blanks.

10.13 Extract two 1.0 mL aliquotsof the serum following tis procedure and use asmatrix blanks. See 11.14,
10.2 Matrix spikes

102.1 Prepare and analyze matrix spike and matrix spike duplicate samples to determinethe accuracyofthe extraction.
10.2:2 Prepare cach spike usingasample chosen by the analyst, usually the control‘matrix received with each sample set.
10.2.3 Expected concentrations will fall in the mid-range of the initial calibration curve.Additional spikes may be included and may fall in the low-rangeof the initialcalibration curve.
10.24 Prepare one mati spike and matrix spike duplicate per 40 samples, with aminimum of2 matrix spikes per batch.

103 Continuing calibration checks
103.1. Prepare continuing calibration check samples to ensure the accuracy of the initialcalibration curve.

103.2 Prepare, at a minimum, one continuing check per group of 10 samples. Forexample,if a sample set = 34, four checks are prepared and extracted.
103.3 Prepare each continuing calibration check from the same matrix used to prepare.the inital curve.
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10.3.4 The expected concentrations will fall within the mid-rangeofthe initialcalibration curve. Additional spikes may be included that fal in the low-range ofthe initial calibration curve. This is necessary i the analyst must quantiae usingonly the low endofthe calibration curve (for example, 5 ppb - 100 ppb, ratherthan
5 ppb - 1000 ppb).

11.0 CALIBRATION AND STANDARDIZATION
ILI Prepare matrix calibration standards

11.11 Transfer | mLofserum to a 15 mL centrifuge tube.
11.1.2 If most sample volumes are less than 1.0 mL, extract standards with matrixvolumes equal to the sample volumes. Do not extract less than 0.50 mL ofmatrix. Record each sample volume on the extraction sheet,
11.1.3 While preparing a totalof twenty aliquots in.15 mL centrifuge tubes, mix or shakebetween aliquots.
11.1.4 Two 1 mL aliquots, or other appropriate volume, serve as matrix blanks.Typically usethestandard concentrations and spiking amounts listed in Table 1,at the end of this section, to spike,in duplicate, two standard curves, for total 67eighteen standards, two matrix blanks, and two method blanks.
TLLS Refer to validation report ETS-8-4.0 & ETS-8-5.0-V-1, which lists the workingranges and the Linear Calibration Range (LCR) for calibration curves,
1116 Use Attachment D as an aid in calculating the concentrationsofthe workingstandards. See Section 13.0 to calculate actual concentrations of POS incalibration standards.

11:2 To each standard, blank, or continuing check, add appropriate amount fsurrogateworking standard for the concentration to fall within the calibration curve range 5 ppb -1000 ppb.
113 Extract spiked matrix standards following 12.6-12.16 of this method. Use these standards10 establish each initial curve on the mass spectrometer.
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Table 1
Approximate spiking amounts for standards and spikes

Using 1.0 mLofmatrixWorking Fan Fops a
voor]S300ppm 2000pSpm C025 ppmS®ppm [To] o0s0pmSoom 7 BLT
00pm[5 ozopm |

3$0 pom 5730pom$0 0m 5 Tom

Lopeocepure000000000
12.1 Obtain frozen samples and allow to thaw at room temperature or in a lukewarmVeto
122 Vortex mix for 15 seconds, then easter 1.0 mLo othe pproprst volume 0:3 15 ml.pole omafogs in
123 Retum unused samples to fczer ae extraction amounts ha been removed,
124 Record the initial volume on the extraction worksheet125 Label the whe withthe study number, samp 1D,date snd anys nls. See attachedworksheet for documenting the: remaining steps.126 Spik lt sampies, including banks and sndands, ready or cxracion wth sumogateShindand as dese1
12:7 Spike cach mati with the propriate amount of standard as described in 11.1, os Tablein ht secon, for he calbraton curve andsnde. Noo pecpuns meh sosooContinaing cateranon samings
128 Vortex mix the standard curve samples, mate sike samples, and continuing calibrationSamples Tor 15 seconds
12.9 Check to ensure the 0.5 M TBA reagent is at pH 10. If not, adjust accordingly.12.10. To cach sample, add | mL 0.5 M TBA and 2 mL of 0.5 sodium comonteoadiomSeaton bie
12.11 Using an Oxford Dispenser, add § mL methyl-terr-buty] ether.1212 Capeachsample and put on th shakerat settingof 00 rm, or 20minutes
12.13 Centrifuge for 20 to 25 minutes atasettingof3500 rpm, or until layers are well—
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12.14 Label a fresh 15 mL centrifuge tube with the same information as in 12.5,
12.15 Remove 4.0 mLofthe organic layer to this clean 15 mL centrifuge tube.12.16 Put each sample on the analytical nitrogen evaporator nil dry, approximately | 0.2hours.
12.17 Add LO mLofmethanol to each centifuge ube using a graduated pipet
12.18 Vortex mix for 30 seconds.
12.19 Attach a 0.2 um nylon mesh filter to a 3 cc syringe and transfer the sample to this.syringe. Filter into a 1.5 mL glass autovial or low-volume autovial when necessary.
12.20 Label the autovial with the study number, animal number and gender, sample timepoint,matrix, final solvent, extraction date, and analysi(s) performing the extraction.
1221" Cap and store extracts at room temperature or at approximately 4 °C until analysis.12.22 Complete the extraction worksheet, atached to this document, and spe in he studynotebook or include in study binder, asappropriate.

13.0 DATA AvaLysIS AND CALCULATIONS
131 Calculations

13.1.1 Calculate actual concentrations of PROS,o other applicable flsorochemical, incalibration standards using th following equation
nLof standard concentrationof standard (er -

mL ofstandard + mLofsurrogate standard + initial matrix volume (mL)

Final Concentration (g/mL) ofPFOS in matrix

140MevwooPemeomwance 000000000000014.1 The method detection limit (MDL) is analyte and matrix specific. Refer to MDL reportfor specific MDL and limitofquantitation (LOQ) values (sec Attachments B and C).142 The following quality contol samples are extracted with each batchof samples toevaluate the qualityof the extraction and analysis.
14.21 Method blanks and matrix blanks.
142.2 Matrixspikeand matrix spike duplicate samples to determine accuracy andprecision ofthe extraction
14.2.3 Continuing calibration check samples to determine the continued accuracyof theinitial calibration curve.

14.3 Refer to section 14 of ETS-8-5.1 for method performance criteria.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT.
151 Sample waste is disposed in biohazard containers, flammable solvent waste fs disposed inhigh BTU containers, and used glass pipette wast i disposed 1m broken glass conamerslocated inthe laboratory.

Ersat Page sarisExeacion of POS from Sear
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16.0 Recoros
16.1 Complete the extraction worksheet attached to this method, and tape in the studynotebook or include in the 3-ring study binder, a appropriate.

17.0 ATTACHMENTS
171 Attachment A, Extraction worksheet
17.2 AttachmentB,MDL/LOQ values and summary
17.3 Attachment C, Calibration standard concentration worksheet

180Reegmences 00000000018.1 Thevalidation feport associated with this method is ETS-8-4.0 & 5.0-V-1.
18.2 FACT-M-3.1, “AnalysisofSerum or Other Fluid Extracts for Fluorochemicals usingHPLC-Electrospray Mass Spectrometry”

19.0 AFFECTED Documents see19.1 ETS-8-5.1, “Analysis of Serum or Other Fluid ExtractsforFluorochemicals usingHPLC-Electrospray Mass Spectrometry”
20.0 Revisions
Revision RevisionNumber Reason For Revision Date1 Section 1221 Changed to include sample storage at room temperature. 04/02/09Section 12.13 Added the shaker speed.

Section 12.17 Final volume is 1.0 mL; not adjusted for initia volumesless than 1.0 mL.

ETS PagedorisExtacionof FOS fiom Serum
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_ rrr_rr_
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rr1 ——rrorSSArSyI SE EST rTI 7 rr. EX ESEE ——eSStEy

TTTT rrrrFSRS,WSsWarrrrSS———
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MDL/LOQ values for rabbit serum
‘Compound MDL LOQ|LinearCalibrationRange (LCR) 1

(ppb) | (ppb)|Approximate concentrations to be used for preparing the |
| Standard Calibration Curve }[FOS [T7555 [soob- 10000[PFOSA| 151 | 4.79[3ppb-1000ppb |[FFOSAR3.66120 |sorb To00 po[EFOSE-O [11.4 |36715pob- 1000350[N55 160 T1572 [soph Toonpmy[PFOSER171152 spp -ToomppsMDLLOQ ales bovine, many, 8ase,3ryFosSorertermined. Tuocus in cachof thst rice wie cupid mtssw oeves 0 Gterminecquslence. Responses hr, bovine, nbn a meheabi responses neton, the ML endLO will ie momeeeteSalebiden

Please se LOQ Summary and MDL say in ETS-840 & 50.1 fr fsther norton.
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Compound: PFOS
Prepared ange| [CRfrom | %Resovery| TDRabbitSerum| of sandsrds | curve Range Range} pb) (ngiml)| (ppb) || (ng/mL)

[iw eon|om |[sworeTn[om| [van]0
Compound: PFOSA

Prepared ange| LCRfrom | %oResovery| SDRabbit Serum| of standards | curve Range RangeBY) (gm)| Gb)
(ng/mL) =

Low Curve 493-976 985-147

[moran vn won|| mo]
Compound: PFOSAA

Prepaedrange| LCRfom | % Recovery| RSDRabbit Serum| of standards curve. Range | Range
(ppb) (ng/mL) (ppb)

(ng/mL)

ieee |r
Higheve | 02.9% | onaom| sam | esis

AtachmentB:MDLILOQ Surry ETSd.01 Page 20114Exracionof PFOS from Serum
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Compound: EFOSE-OH
Prepared range| LCR fiom| %Recovery| RSDRabbit Serum| ofstandards | curve Range Range |pb) (ng/mL)| (ppt) || (ng/mL) |

Full Range | 0993-976 m0 | nas |

Compound: PFOSEA ©
Prepared range| LCR om| %ResoveryRabbit Serum| ofsundards | curve Range
pd) (ng/mL)| ppb)

(g/mL)
|Full Range | 0953-976 10.1162

[ere | re| non| ew |ee]
Compound: Mss6

Prepared range|LCR fom | % Recovery| RSDRabbit Serum | of standards curve Rage | Range| Gob) wml)| oot) |(ng/mL) |

[arene| wee |Tore | aan | ow|
Ux | owen |omon[emo|ams|

tachmentB:MDLALOQ Summary ETS.41 Page 130014ExicionofPOS fom Serum
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Ton Pair Standard Curves - FluidsPrep date(s): Standard number:Analyte(s: Equipment number:Sample matrix: Final solvent and TN:
Blank Muid/identifier:Methodrevision:Targetanalytes):

FC mix std approx. 0.500 ppm:FC mix std approx. 5.00 ppm:FC mix td approx. 50.0 ppmSurrogate std approx. 100 ppm:
Actus concentrations ofstandards in the FC mixPFOS— PFOSA PEOSAA EWOSE PFOSEA MSs AT irSdcone Scone Sucons Scone Sidcone Sueonc| Ami FiouvolmL ugml  ugml sgl ugml | pikedmt me0500 T0507 T0537 | osr oer CL 1[oeCEL LX0CY 2 2EC TT AY0ST Sa sersso oon aeI$5[oTA TS eso To[ogee Toone]0 Sy TSTooat ra00 Soi Ts | otae
Calculated concentrationsof standards in the sample matrixFROST FROSK  FROSAR  EOSE FROSER SSS SarreFicone Fron Fraone Fog Tao ron SIO Amispikedown ognl ngel mgm agen eer AT |an smTneen alIe TE wy 1HT sumegee|eTaeyRanehoTee |ISaTesiim = LS | ——)5698 038 S798 iorT|

Validated ranges - approximate concentrations

Sooo] 500 00Bovine Ems rly Ui ae forbesFre pre| mtsobileTr |Verke, & Fim|Esmeouy Ui vieforman mens Cavsey

ARachment C: fon Par Standaré Curves ETS Page aor 16Exmacionof PEGS from Serum
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3M ENVIRONMENTAL LABORATORY

METHOD

ANALYSIS QF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHERFLUOROCHEMICALSIN SERUM EXTRACTS USINGHPLC-ELECTROSPRAY/MASS SPECTROMETRY

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

Revision Date: 4/2/71
Author: Lisa Clemen, Robert Wynne :

Approved By:

0g71) “ze,Eee0/2¢Laboratory Manager Dae

Coote fh S/26195
Group Leader

Date

Aad Chime oyfafprTechnical Reviewer Date

0 SCOPE AND APPLICATION
1.1 Scope: This method describes the analysisofserum extracts for fluorochemical surfactantsusing HPLC-electrospray/mass‘spectrometry.
1:2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds, orother ionizable compounds.

1.3 Matrices: Rabbit, rat, bovine, monkey, and human serum, or other fluids as. designated inthe validation report
Word 695 E1s.8.51 Page toroAnalysis ofSerum Extract Using ESIMS
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ZOsumwamvorMewon0000000000000002.1 This method describes the analysis of fluorochemical surfactants extracted from serum orther fluids, usingHPLCclectrospray/mass spectrometry,o similar system as appropriate.The analysis is performed by monitoring asingle ion characteristic ofa particularfluorochemical, such as the perfluorooctanesulfonate (PFOS) anion, mze 499.faditionally, samples may be analyzed using a tandem mass spectrometer to further veritythe identity ofa compound by detecting daughter ionsof the parent jon
3.0 Desiimions ee3-1 Atmospheric Pressure Ionization (APY): The Micromass Quatro I rple quadrupolesystems allow for various methods ofionization by utilizing various sources, probes. andinterfaces. These include but are not limited to: Electrospray lonization (ESD, AtmosphericPressure chemical fonization (APcl), Thermospray, etc. The ionization process in theretechniques occurs at atmospheric pressure (ic. not under a vacuum).
3:2 Electrospray lonization (ES, ESI): a methodofionization performed at atmosphericpressure, whereby fons in solution ar transferred 0 the gas phase vi tiny charged dropletsThese charged droplets are produced by the application ofa strong electrical fiid
3:3 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer (MS/MS):The API Quattro If triple quadrupole systems are equipped with quadrupole mass selectivedetectors. Tons are selectively discriminated by mass to charge ratio (mz) and subsequentlydetected. A single MS may be employed for ion detection or a series (MS/MS) for morespecific fragmentation information
34 Conventional vs. Z-spray probe interface: The latest modelsof Micromass Quattro IIiiple quadrupole systems (post 1998) uilize a “Zspray” conformation. The spray emittedfrom a probe is orthogonal to the cone aperture. In the conventional conformation i 1s aimeddirectly at the cone aperture, after passing through a tortuous pathway in the counterelectrode. Though the configuration i different, the methodsof operation, leaning, andmaintenance are the same. However, 2-spray components and conventional components arenot compatible with one another, but only with similar systems (1c. Z-spray components arecompatible with some other Z-spray systems, et.)
3:5 Mass Lynx Software: System software designed for the specific operation of these Quattro1 triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT 4.0versions. All versions are similar. For more details sce the manual specific to the instrument(Micromass Quatro II tiple quadrupole MassLym or MassLynx NT User's Guide)

4.0 WARNINGS AND CAUTIONS
41 Health and Safety Warnings:

11 Use caution with the voltage cables for the probe. When engaged, the probeemploys a voltageof approximately 5000 Vols.
1:2 When handling samples or solvents wear appropriate protective gloves, eyewear,and clothing

ETS Page 2079Analysis ofSerum Extract Using ESS
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42 Cautions:
4.21 Do not operate solvent pumps above capacityof 400 bar (5800 psi) back pressure.

Ifthe back pressure exceeds 400 bar, the HP1100 will initiate automatic shutdown.

422 Do not run solvent pumps to dryness

50 InerrereNces
51 To minimize interferences when analyzing samples, teflon should not be used for samplestorage or any partofinstrumentation that comes in contact with the sample or extract

60 Boutpment
6.1 Equipment listed below may be modified in order to optimize the system. Document any

‘modifications inthe raw data as method deviations.

6.1.1 Micromass Quattro II triple quadrupole Mass Spectrometer equipped with an
electrospray ionization source

6.1.2 HP1100 low pulse solvent pumping system, solvent degasser, column
compartment, and autosampler

2.0 SUPPLIES AND MATERIALS.
7.1 Supplies

7.1.1 High purity grade nitrogen gas regulated to approximately 100 psi (House air
system)

7.1.2 HPLC analytical column, specifics to be determined by the analyst and documented
in the raw daa.

7.13 Capped autovials or capped 15 mL centrifuge tbes

8.0 REAGENTS AND STANDARDS
81 Reagents

8.1.1 Methanol, HPLC grade or equivalent
8.1.2 Milli-Q™ water, all water used in this method should be Milli-Q™ water or

equivalent, and may be provided by aMilli-Q TOC Plus system or other vendor

81.3 Ammonium acetate, reagent grade or equivalent
82 Standards

8.2.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards are
prepared during the extraction procedure. See ETS-8.4.1

9.0 SAMPLE HANDLING _
9.1 Fresh matrix standards are prepared with cach analysis. Extracted standards and samples

are stored in capped autovials or capped 15 mL centrifuge tubes unl analysis

ETses1 Page 309Anlyis ofSerum Exar sing ESS
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9.2 If analysis will be delayed, extracted standards and samples can be refrigerated atapproximately 4° C, o at room temperature, uni anly&i can be pesfomc
100 QuaLITY Control
10.1 Solvent Blanks, Method Blanks and Matrix Blanks

10.1.1 Solventblanks, method blanks and matrix blanks are prepared and analyzed withexch baich to determine contaminationo carmyover
10.1.2 Analyze a method blank and amatrix blank prior to each calibration curve

10.2 Matrix Spikes

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effect on the
recovery efficiency.

10.2.2 Matrix spk duplicates are prepared and analyzed to measure the precision and he
recovery for each analyte.

10.2.3 Analyze a maiix spike and matrix spike duplicate per forty samples, wih a
‘minimumof 2 spikes per batch.

10.2.4 Mati spike and mati spike duplicate concentrations wil fl inthe mid-range ofthe initial calibration curve. Additionalspike concentations may fall in te Jon.rangeof the intial calibration curve.
103 Continuing Calibration Verifications

10.3.1 Continuing calibration verifications sre analyzed to verify the continued accuracyof the calbration curve.
10.3.2 Analyze a mid-range calibration standard after every tenth sample, with a minimumofont per batch

LOCaummamoxasoStasoseozamox11.1 Analyze the extracted matrix standards prior to and following eachsetof extracts. The
average oftwo standard curves will be plotted by linear regression (y =my +b), weighted
1/x, not forced through zero, using MassLynx or other suitable software,

11:2 Ifthe curve does not meet requirements, perform routine maintenance of retract hestandard curve (f necessary) and candle
11.3 For purposes of accuracy when quantitating low levelsofanalyte, it may be necessary touse the ow end ofthe calibration curve rather han the fll range of the tandand sumeExample: when atemping to quantiac approximately 10 ppb ofanaiyi, sonorecalibration curve consistingof the standards from 5 ppb to 100 ppb rather than the full

rangeof the curve (5 ppb to 1000 ppb). This will reduce inaccuracy atiributed to linear
regression weightingofhigh concentration standards.

Esa Page sorAnsys of Scum Exe Cio ESS
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2.0 PROCEDURES

121 Acquisition Setup
12.1.1 Click on start button in the Acquisition Control Panel. Set up a sample list Assign2 filename using MO-DAY-last digitofyear-sample number, assign a method (MS)for acquiring, and type in sample descriptions.
12.1.2 To create a method click on scan button in the Acquisition control pancl and selectSIR (Single [on Recording) or MRM. Set Ionization Mode as appropriate and mass10.499 or othr pproprial masses. Afull can 1 wally Soca ng wonSIRs. Save acquisition method. If MS/MS instruments are employed, additional‘product ion fragmentation information may be collected. SeeMicromass

MassLynx GUIDE TO DATA ACQUISITION for additional information andMRM (Vulple Reaction Monitoring)
12.13 Typicallythe analytical batchunsequence beginswith et ofextracted matrixstandards and ends with et ofeased mak Sandavés
12.1.4 Samples are analyzed with a continuing calibration check injected after every tenthsample. Solvent blanks should be analyzed periodically to monitor possible analytecarryover and are not considered samples but may be included as such.

122 Using the Autosampler
12:21 Setup sample ay acsorting othe sample st prepace in Section 12.1.1
12:22 Set-up the HP 100 autosampler atthe following conditionso at condions hesnalyst considers appropriate fo optimal response. Record scual condtions theinsirument logbook

12.2.2.1 Sample size = 10 LL injection

12222 njecusample = 1
12.2.2.3 Cycle time = 13.5 minutes

122.24 Solvent amp -
Time MeOH 2.0mMAmmonium cette

[o00min[ww [oomTSO min] 50% 0%
Omi 90% | 10% |(20min[a9| oon]

12.2.2.5 Press the “Start” button.

123 Instrument Setup
12.3.1 Refer to ETS-9-24.0 for more details.

12:32 Check the solvent level in esrvors and refi necessary

Eres: ge sofAry of Sram Expos Using ES
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12.3.3 Check the stainless steel capillary at the end of the probe. Use an eyepiece to checkthe tip. The tip should be flat with no jagged edges. L£thetipis found to beunsatisfactory, disassemble the probe and replace the stainless sieel capillary.
12.3.4 Set HPLC pump to “On”. Set the flow to10 - 500 uL/min oras appropriate.Observe droplets coming outof the tip ofthe probe. Allow 10 equilibrate forapproximately 10 minutes.
12.3.5 Tum ott the nitrogen. A fine mist should be expelled with no nitrogen leakingaround the tipof the probe. Readjust the tipof the probe if no mist is observed.
12.3.6 The instrument uses these parameters at the following setings. These settings maychange in order to optimize the response:

1236.1 Drying gas 250-400 liters/hour
12.362 ESI nebulizing gas 10-15 litershour
12.3.6.3 HPLC constant flow mode, flow rate 10 - 500 wLimin
12.3.6.4 Pressure <400 bar (This parameter is not set, it is a guide to ensure the.HPLC is operating comectly,)

12.3.7 Carefully guide the probe into the opening. Insert probe until it wil not go anyfurther. Connect the voltage cables to the probe.
12.3.8 Print the tne page, with its parameters, and store it in the study binder with a copytaped into the instrument log.
12.3.9 Using the cross-flow counter electrode in the ES/MS source is recommended forthe analysisof biological matrices.
12.3.10Click on start buton in the Acquisition Coniol Panel (this may vary amongMassLynx versions, sec appropriate MassLynx USER'S GUIDE). Press the startbutton.” Ensure start and end sample number includes all samples to be analyzed

3.0 DATA ANALYSIS AND CALCULATIONS
13.1 Calculations:

13.14 Calculate matrix spike percent recoveries using the following equation:
% Recovery = Observed Result = und Result x 100

Expected Result
13.1.5 Calculate percent difference using the following equation:
%Difference= ExpectedCone.-CalculatedConc. x 100Expected Conc,

13.1.6 Calculate actual concentrationofPFOS, or other fluorochemical, in matrix
(ng/mL):

(08 of PFOS calc, from std. Curve x Dilution Factor) x lug(niial Volumeofmarx (mL) + mLof Surrogate Standard) 1000 ng
Final Volume (mL)

ETS851 Page 609Analysis of Serum Extract Using ESMS
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140 MeTuop PeRroRvance
14.1 Method Detection Limit (MDL) and LimitofQuantitation (LOQ) are method, analyte, andmatrix specific Please sce ETS-5.4.1, Atachment B, or ating of somen wcMDL and LOQ values,
14.2 Solvent Blanks, Method Blanks, and Matrix Blanks

14.2.1 Solventblanks, method blanks, and matrix blanks values are must be below thelowest standard in he calibration ve
143 Calibration Curves

14.3.1 The £ value for the calibration curve must be 0.980 of better.
144 Matrix Spikes _

14.4.1 Matrixspikepercent recoveriesaremustbewithin £ 30% ofthe spiked
concentration.

145 Continuing Calibration Verifications
14.5.1 Continuing calibration verification percent recoveries must be + 30%of thespikedconcentration

14.6 If criteria listed in this method performance section isn't met, maintenance may beperformed on the system and samples reanalyzed or other actions as determined by theanalyst. Documental aeionintne sppropre logbook
14.7 16data ar 0 be reported when performance eierahave not been me, the daa must befootnoted on abies and discussed in he txt of he epor.
15.0 POLLUTION PREVENTION AND WASTE ManaGeveNT
15.1 Sample extract waste nd flammable solvent is disposed mn high BTU conaimers, and ginsPipete wast is disposed in broken lass container ocsied rhe boron

l60Recorps~~000000000000016.1 Each page generated fora study must have the Following information included ether im heheader or hand written on the page: study or project number, acquisition method,
integration method, sample name, extraction date, dilution factor(if applicable), andanaiya

16:2 Pint th tune page, sample ist, and acquisition method from MassLyn to include in theappropriate study folder. Copy these pages and tape into the instrument runlog.
16.3 Plot the calibration curve by linear regression, ‘weighted 1/x, then print these graphs andstore in the sudy folder
16.4 Print data integration summary, integration method, and «chromatograms, from MassLynx,and store in the study folder.

Eras Page 0r0Ary ofSem Eva Using ESS
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165 Summarize data using suitablesoftwar (Excel 5.0) and store in the study folder, seAttachment Aforan exampleofa summary spreadsheet
16.6 Back up electronic data to appropriate medium. Record instudy notebook the file nameand locationofbackup electronic data

17.0 TABLES. DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 Attachment A: ETS-8-5.1 Data summary spreadsheet.

18.0 Rererences
18.1 FACT-M-4.1, “Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochermicalcompounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry
18.2 ETS-9-24.0, “Operation and Maintenanceofthe Micromass Atmospheric PressureTonization/Mass Spectrometer Quattro II triple quadrupole Systems”
18.3 The validation report associated with this method is ETS-8-4.0 & 5.0-V-1

19.0 AFFECTED DOCUMENTS
19.1 ETS-8-4.1, “ExtractionofPotassium Perfluorooctanesulfonate or Other FluorochemicalCompounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry”
woRevsiovs
Revision RevisionNumber, ReasonFor Revision Date1 Section 6.1.2 ClarificationofHP1100system components. 04/02/99Section 11.1 Averageoftwo curves, not standard values, are used forplotting linear regression and added the 1/x weighting of the curve.Section 12.2.2.4 Clarificationofsolvent ramp.

Section 17.1 Changed from attachment B to A.

ETS8s1 Pages of9Analysis ofSerum Extract Using ESMS
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Laboratory Study #

sndy.
Texhaeral:
Marina Solvent:
MetvodReviion: +
Anlyica Equipment Sytem Number:Instrument SafvareVcsion:Filename
ReSqunred Vale
Sloe
Fpo—
DatofExtacionAralysDateof Ansysisanalyse
Croup| Sampleh| Cancemiaon AVAL Fir ConeFl il ell a

Soper Taken fom ner gsionqoGroupDose: Taken fom he sy fer.Samples: Taken fom ce sud folderConcentration (sm): Taken rom he Mas ye negation srry.Til Volume (mLy: Tken for he sud flrDilton Factor: Taken fom he sy folderFinal Con. (spmL) allt by dividing he nisl volume fom the conccasion
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3M ENVIRONMENTAL LABORATORY=LNVIRONMENTALLABORATORY ~~~

MeTHOD

EXTRACTION-OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHERFLUOROCHEMICAL COMPOUNDS FROM SERUM FOR ANALYSIS USING HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-84.0 Adoption Date: 3/,/})

Revision Date:
Author: Lisa Clemen, Glenn Langenburg

Approved By:

J > 7/3 3/4/54
Laboratory Manager’ Date

Yidow Hn 3/1/99
Grdup Leader Date

Yur ill
Technical Reviewer Date

10scoreawpApeyicamon 0000000000000
L1 Scope: This method is for the extraction of|potassium perfluorooctanesulfonate (PFOS)or other fluorochemical compounds from serum.
12 Applicable compounds: Fluorochemical surfactants or other fluorinated compounds.
13 Matrices: Rabbit, ra, bovine, monkey, and human serum or other fluids as designated inthe validation report

Word 97 $8.1 ETS8.40 Page or13Extacion of PROS from Serum
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2.0 SUMMARY OF METHOD.

2.1 This method describes the procedureforextracting potassium perfluorooctancsalfonateFOS)o other ucrochemical surfactant from erurs wing non paring sensor and5.0mLof methyl-tert-butyl ether (MtBE). In this method, seven fluorochemicals wereextracted: PFOS, PFOSA, PFOSAA, EtFOSE-OH, PFOSEA, M556, andsurrogatestandard (sce 3.0 Definitions). An ion pairing reagent is added to the sample and theanalyte on pir s patton ino MBE. The MISE exact is ormoved acd po omy amitogen evaporator antl dry. Each extrac i reconsinuted n 1.0 mi of eninel, hofiltered through a 3 cc plastic syringe attached to.a 0.2 um nylon filter into glassauovials.
3.0 DEFINITIONS

3.1 PFOS: perfluorooctanesulfonate (anion of potassium salt) CsF1nSOy
32 PFOSA: perfluorooctane sulfonylamide CyFy7SO;NH;
3.3 PFOSAA: perflucrooctane sulfonylamido (éthyl)acetateCaF17SO:N(CH:CH3)CH;CO»34. EFOSE-OH: 20%thylperfuoroctan sulfonamido-ehyl alcohol

CsF17SO;N(CH,CH;)CH:CH,OH

3.5 PFOSEA: perfluorooctane sulfonyl ethylamide CyF,SON(CH:CHy)H
3.6 M556: CyF1;SON(H)(CH,COOH)

37 Sumogate standard: 1H-1H.2H.28 peflucrooctane sulfonic acid
40 Warnes ann Cavrions
41 Health and safety warnings

4111 Use universal rections, specially laboratory cos, goggles, and gloves whenhanding anima issu, which may conan puhogens
50 InreRreRexces
5.1 There are no interferences known at this time.

60 Eouevex
6.1 The following equipment is used while performing this method. Equivalent equipment isaccepiabl

61.1 Vortex mixer, VWR, Vortex Genie 2
6.12 Cenifuge, Misial 1000or EC
6:13 Shaker, Ekerbach or VR
6.14 Nirogenevaporator, Organormation
615 Balance (01008)

ersa0 [Suvscon ofROS fom Serum
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7.0 SUPPLIES AND MATERIALS
71 Gloves
72 Eppendorfordisposablepipettes
7.3 Nalgene bottles, capable of holding 250mL and 1 L
74 Volumetric flasks, glass, type A
7.5 L-CHEM vials, glass, 40 mL glass
7.6 Centrifuge tubes, polypropylene, 1S mL
77 Labels
7.8 Oxford Dispenser—3.010 10.0 ml
79 Syringes, capable of measuring 5 pL to SO UL
7.10 Graduated pipettes
7.41 Syringes, disposable plastic, 3 cc:
7.12 Syringe fikers, nylon, 0.2 um, 25 mm
713 Timer
7.14 Crimp cap autovials and caps
7.5 Crimpers
Note: Prior t0 using glassware and bottles, inse 3 times with methanol and 3 times withMilli-Q™ water. Rinse syringes a minimum of9 times with methanol, 3 rinses from 3separate vials,

8.0 REAGENTS AND STANDARDS
81 Type Lreagent grade water, Mill-Q™ or equivalent; all water usd in this method shouldbe Milli-Q" water and may be provided by a Milli-Q TOC Plus™ system
82 Sodium hydroxide (NaOH), J.T Baker or equivalent
83 Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent
84 Sodium carbonate (Na:COy), 1.T. Bakerorequivalent
8.5 Sodium bicarbonate (NaHCOy), J.T. Baker or equivalent
86 Methyl-T-Butyl Ether, Omnisolv, glass distilled or HPLC grade
87 Methanol, Omnisolv, glass distilled or HPLC grade
88 Serum or blood. frozen from supplier
89 Fluorochemical standards

8.9.1 PFOS (3M Specialty Chemical Division), molecular weight = 538
8.9.2 PFOSA (3M Specialy Chemical Division), molecular weight = 499
8.93 PFOSAA (3M Specialty Chemical Division), molecular weight = S85
8.9.4 EWFOSE-OH (3M Specialty Chemical Division), molecular weight = 570
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8.9.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.9.6 MS56 (3M Specialty Chemical Division), molecular weight = 557
89.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid (1-H,1-H, 2-H, 2-HCaF1:SO3H) molecular weight = 428
8.9.8 Other fluorochemicals, as appropriate

810 Reagent preparation
810.110N sodium hydroxide (NaOH): Weigh approximately 200 g NaOH. Pour no a1000 mL beaker containing S00 mL Milli-Q"™ water, mix until all solids aredissolved. Store ina I L Nalgene bole.
8.102 1 N sodium hydroxide (NaOH): Dilute 10N NaOH 1:10. Measure 10 mL of 10N NaOH solution into a 100 mL volumetric flask and dilute to volume usingMilli-QM water. Store in a 125mL Nalgene bole.8103 0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weigh approximately 169¢ofTBA into a | L volumetric containing 500 mL Milli-Q" water. Adjus to pH10 using approximately 4410 54 mL of 10 N NaOH (While adding the last mi. ofNaOH. add slowly because the pH changes abruptly). Dilute to volume withMilli-Q™ water. Store ina | L Nalgene bottle.

8.10.31 TBA requires a check prior to cach use to ensure pH = 10. Adjust asneeded using | N NaOH solution.
8.10.4 0.25 M sodium carbonate/sodium bicarbonate buffer (Na:COYNaHCOy): Weighapproximately 26.5 g of sodium carbonate (NaCO,) and 21.0 g of sodiumbicarbonate (NaHCO) into a I L volumetric flask and bring to volume with Mili-Q™ water. Store ina | L Nalgene bortle.

811 Standards preparation
8.11.1 Prepare PFOS standards for the standard curve
8.11.2 Prepare other fluorochemical standards, as appropriate. MulticomponentMuorochemical standards are acceptable (for example, one working standardsolution containing 1.00 ppm PFOS, 1.02 ppm PFOSA. 0.987 ppm PFOSAA. and1.10 ppm EFOSE-OH.)
8.11.3 Weigh approximately 100 mg of PFOS intoa 100 ml volumetric flask and recordthe actual weight.
8.11.4 Bring (0 volume with methanol for a stock standard of approximately 1000 ppm(ug/ml).
8.11.5 Dilute the stock solution with methanol for a working standard | solution ofapproximately 50 ppm.
8.116 Dilute working standard | with methanol for a working standard 2 solution ofapprox. 5.0 ppm.
8.11.7 Dilute working standard | with methanol for a working standard 3 solution ofapprox. 0.50 ppm.
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812 Surrogate stock standard preparation
8.12.1 Weigh approximately 50-60 mg of surrogate standard 1-H, 1-H, 2-H, 2-H,CoF1xSO:H into a 50 ml volumetric flask and record the actual weight,
8.12.2 Bring to volume with methanol fora surrogate stock of approximately 1000-1200

ppm.
8.123 Prepare a surrogate working standard. Transfer approximately | miof surrogatestock 0. 10 ml volumetric ask and bring to volume ih methanol for 3‘working standard of 100 ppm. Record the actual volume transferred,

9.0 SAMPLE HANDLING — —_—
9.1 All samples arereccived frozen and must be kept frozen until the extraction is performed.

100 QuaLITy Control,
10.1 Method blanks and matrix blanks

10.1.1 Extract two 1.0 ml aliquots of Milli-Q™ water following this procedure and useas method blanks.
10.12 Extract two 1.0 mL aliquots of the serum following this procedure and use asmax blanks. Sec 111.4

102 Matrix spikes

10.2.1 Prepare and analyze matrix spike and mati spike duplicate samples to determinethe accuracy of (he traction,
10.22 Prepare each spike using a sample chosen by the analyst, usually the controlmai received with cach sample se
10.2.3 Expected concentrations will fl i the mid-range ofth iil calibrasion curveAddon pikes may be included and may 31 he low 13nge of ie milcalibration curve
10.2.4 Prepare one malix spike and mati spike duplicate per 40 samples, with a

‘minimum of2 matrix spikes per batch.
10.3 Continuing calibration checks

10.3.1 Prepare and anlyze continuing calibration check samples to ensure the accuracyofthe inital calibration curve. I the percent cffrence between the iii) curveand he continuing check differ by >30%, re-amalyze samples analyzed afer thefast acceptable check
103.2 Prepare one continuing check per group of 10 samples. For example,if a sampleset 34,fourchecks ae prepared and extrac.
103.3 Prepac cach continuing calibration check from th same mir used to prepareihe nital curve
10.3.4 The expected concentrations fall within the mid-range of the initial calibrationcurve” Additional spikes may be included tha ali the ow range of the init
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calibration curve. This is necessary if the analyst must quantitate using only thelow end of the calibration curve(for example. 5 ppb— 100 ppb, rather than5 ppb 1000 ppb)

ILL Prepare matrix calibration standards
ILL Transfer | mLofserum toa 15mLcentrifuge tube.
11.1.2 If most sample volumes are less than 1.0 mL, extract standards with matrixvolumes equal to the sample volumes. Do mot extract less than 0.50 mL ofmatrix. Record each sample volume on the extraction sheet
11.1.3 While preparing a total of twenty aliquots in 15 mi centrifuge tubes. mixor shakebetween aliquots.
11.1.4 Two 1 mL aliquots,or other appropriate volume, serve as matrix blanks.Typically use the standard concentrations and spiking amounts listed in Table 1, atthe end of this section, to spike, in duplicate, two standard curves, for& total ofeighteen standards, two matrix blanks, and two method blanks.
11.1 Refer 0 validation report ETS-84.0 & ETS-8-5.0-V-1, which lists the workingranges and the Lincar Calibration Range (LCR) for calibration curves
11.16 Use Attachment Das an aid in calculating the concentrations of the workingstandards. See Section 13.0 to calculate actual concentrations of PFOS incalibration standards.

11.2 To each standard, blank, or continuing check, add appropriate amount of surrogateworking standard for the concentration to fall within the calibration curve range 8 ppb-1000 ppb.
11.3 Extract spiked matrix standards following 12.6-12.16 of this method. Use these standards0 establish each initial curve on the mass spectrometer.
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Table 1
Approximate spiking amounts for standards andspikes.

Using 1.0 ml of matrix
Working suandard WL | Approx. final conc. of
(approx. conc.) analyte in matrix

[0500ppm | 20 0.010 ppm

[50pm | 20 0.100 ppm
50.0 ppm S [0250ppm|

500mm130| 00pm]_— ss
120 Procepure
12.1 Obain frozen samples and allow fo thaw,
122 Vortex mix for 15 seconds, then transfer 1.0 mL or other appropriate volume to a 15 mL.

polypropylene centrifuge tube.

12.3 Return samples to freezer after extraction amount has been removed.
124. Record the volume on the extraction worksheet.
12.5 Label th tube with the study number, sample ID, date and analyst initials. See attachedworksheet for documenting the remaining steps.
126 Spike all samples including blanks and standards, ready orextraction with surrogateStandard as described in 11.2.
12.7 Spike each matrix with the appropriate amount of standard as described in 11.1, or TableLin that section. for the calibration curve standards. Also prepare mairix spikes andcontinuing calibration standards.
128 Vorex mix the standard curve samples, matrix spike samples, and continuing calibrationsamples for 15 seconds
129 To cach sample, add 1 mL 0.5 M TBA and 2 mLof 0 25M sodium carbonate/sodiumbicarbonate buffer.
12.10 Using an Oxford Dispenser, add 5 mL. methyl-rert-buty] ether.
12.11 Cap each sample and put on the shaker for 20 minutes
12.12 Centrifuge for 20 to 25 minutes at approximately 3500 rpm. until layers are wellseparated
12.13 Remove 4.0 mL of the organic layer to aclean 15 mL centrifuge tube. Label this freshtube with the same information as in 12.5.
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12.14 Put each sample on the analytical nitrogen evaporator until dry, approximately | to 2hours.
12.15 Add 1.0 mL or other appropriate volume of methanol to each centrifuge tube using agraduated pipette. Methanol volume to add equals the inital volume of sample eed forthe extraction.
Note: If the initial volume is less than 0.500mL th final methanol volume will equal 1.0 mL.1216 Vortex mix for 30 seconds.
1217. Attach 2.0.2 um nylon mesh filter to. 3 cc syringe and transfer the sample to this syringe.Filter into a 1.5 mL glass autovial or low-volume autovial when necessary.
12:18. Label the autovial with the study number, animal number and gender, sample timepoirt,matrix, final solvent, extraction date, andanalyst(s) performing the extraction.
12.19 Cap and store extracts at approximately4 °C until analysis.
12.20 Complete the extraction worksheet, attached o this document, and tape in the studynotebook or include in study binder, as appropriate

13.0 DATA ANALYSIS AND CALCULATI
13.1 Calculations

13.1.1 Calculate actual concentrations of PFO, or other applicable fluorochemical, incalibration standards using the following equation
mL of standard x concentration of standard (ug /mL) =mLofstandard + mL of surrogate standard + initial matrix volume (mL)

Final Concentration (ug/L) of POS in matrix

14.0 METHOD PERFORMAN
14.1 The method detection limit (MDL) is analyte and matex specific. Refer to MDL reportfor specific MDL and limit of quantitation (LOQ) values (see Attachments B and Cy
14.2 The following quality control samples are extracted with cach batch of samples toevaluate the quality of the extraction and analysis.

14.2.1 Method blanks and matrix blanks.
14.2.2 Matrix spike and matrix spike duplicate samples to determine accuracy andprecision of the extraction.
14.2.3 Continuing calibration check samples to determine the continued accuracyof theinitial calibration curve.

5.0 POLLUTIONPREVENTION AND WASTE MANAGEMENT
15.1 Sample wastei disposed in biohazard containers, flammable solvent waste is disposed inhigh BTU containers. and used glass pipette waste is disposed in broken glass containerslocated in the laboratory.
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160 Recorps
161 Complete the extraction worksheet attached to this method, and tape i the scudynotebook or include in the 3-ring study binder, as appropriate.

Doamamens 000000000017.1 Auachment A. Extraction worksheet
17.2 Auachment B, MDL/LOQ values and summary
17.3 Autachment C, Calibration standard concentration worksheet

Bopemmses 0000000000000018:1 The validation report associated with this method is ETS-8.4.0 & 5.0-v.1,

19.0 ArrECTED Documents
191 ETS-8-5.0, "Analysis of Serum or Other Fluid Extracts for FluorochemicalsusingHPLC:Electrospray Mass Spectrometry”

WoRevgos 0000000000000Revision RevisionNumber ReasonForRevision Date
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MDL/LOQ values for rabbit serum[Compound| MDL [ LOQ [Linear Callbratin Range (LCR)| (ppb) | (ppb) | Approximate concentrations to be usedforpreparing theL | Standard Calibration CurvePROS 476 | 15215ppb- 1000 ppb 1PROSA 289 | 9.19[5 ppb 1000ppb[PFOSAA 12.94 5.33 [5 ppb- 1000 ppb[EFOSE-OH 41915 ppb-1000ppb
[M556 T7126 | 402 15opb- 1000 ppb. 1[ProsEA 11.1] 35.4 [5pob- 1000ppbMDLILOQ values in ra. bovine, monkey,and human serum were mot statically deformed Toscurves in each of these three matrices were extractedand analyzed with the rabbis serum curves rodetermine equivalence. Responses in the ra, bovine, and monkey were equivalent 1 the sabsfesponses. therefore, their MDL andLOQwillbe the same values a determined in rabbi serum

Please see Attachment C (LOQ Summary) and MDL study in ETS-8-4.0 & 5 0-V-1 for furtherinformation.

fon Pairing Extraction of Fluorochemicals from Serum and Analysis by APUMS(MS)Summary Table: Limits of Quantitation

10Q Low std High std.[eros IT AlTam 152 I 251 1002PRs ATeTy seo]FEA AI TeenTacoErOSEOH"| AIThar aie 1 soo] 1000[PrOSER ai Ths 402 250. 1 1000M36 TT A CX 250 I 1000MDL 2nd LOG we esimates only for EFFOSE OF
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Compound: PFOSAAFepsed | Romper Ton| Torro LER eTscum| meal | wens eee| oad oe | ad on| ny |e oe | hae vn
[Roi [10-550 [100-038 250-598 | 430-30 omni| mom ns
Compound: ESE.r Popes| Roper Ron| Reree TERT  eTeR[san | fr | ST WRIT EE| | sn,| So Tre | nae a
Rte 100-100 | 100-1000 00.100| 500-100 100-10 | 300. 1000 sor o
Compound: ProsEnpena [reer ERT| Te TR eosum| oot| chm eee| oe ew | boy onero | a,| or ee| Md wa |
wove | 100-100 [ 100-10 250-100| 500-250 st0-50| 10.108 sora
Compound: sssPapued | Rerseor CERT| Toreer TER |e Cosom |e | See WW Rw | re er || om | ae [| ete | te me |
wove | 100100 | 100-100 350-100 | 500-100 sm. 10| 1m. som oe. om

Ansan5:40LLOQ Ensaio J.ExsionsfFOSoS
3M Environmental Laboratory To 110 PageTOZ



5m Medical Departmen Study: T-5295.7 Report wo. FACT Tox-030Laboratory Request MapesRS

Ton Pair Standard Curves - FluidsPrep dat: Sindard numberAnat Equipment orb:Sample mart: Finlsovensond T:Blank RidndenditinMethodrevsonsTarges amareFCmie std appore. 0300 gmsFC mix id spores SpeenFC mix tdapeeen S00 omSurrogaestdapprox 100 pos
Actual concentrationsofstandards nthe FC mixFrOS “FOS FROSAA HOSE" PFOSK VET ATTSion Saco Shon Show Sen sew| Ab misnl al Sgt Sour See See|am re
-0300 050710532 TTT0S0l T0521 sor |. 0010 7 101s 7}|-9300 _ 0307~i"0532 TI0s01sa 0501 | 0020 1025 Cf390 SoSR TS0Lsa To 301 0.005. L010,300s07 sa TTS isa so 0010 1015300 SOUTTsnTTTTSelsal sor I) 1.025,1-300 T7S0.1TTTs32 TT Sor [saiTso 000s oi”|--300. "so. TT Ts3g OL sa S00 i 0010 iots1300S00ssa Tso)TsS00 0015" 71.020,00g THe es
Calculated concentrations of standards inthe sample matrixTEGS ROSA Frome BOS posetPrac Toe Fie ane fmm i TE is
ea eam nn TalSree |TESTE SE {| ]323 300TTSeT aemGTSE Final conc: {928 Se TTI TTT Tenor agit28 CaTeTe—_2 a S009%7S00 TTTUSTTaneoem3OL1 TSIY TC25 [neemdT9006i ae

Validated ranges pprosimate concentrations
[Serum| pros PFOSA OSAA___EFOSE-OH___PFOSEA M556.

250-1000EE EeeaeLe ]RatTEqimatesonly_Usevaluesforrabbit 3Monkey
Human

Abner. on Po Snot Caves ETS ge 101Euacion P08 homSer
3 Snvironmenzal Laboratory oe uy Pagers



3m Medical Department Study: T-6295.7 Report No. FACT Tox-030laboratory Request Number-U3375

3M ENVIRONMENTAL LABORATORYSE NVIRONMENTALLABORATORY~~~

METHOD
ANALYSISOF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHERFLUOROCHEMICALSIN SERUM EXTRACTS USING.HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8.5.0 Adoption Date: >/, jj;

Revision Date:
Author: LisaClemen, Robert Wynne

Approved By:

| Lo /Se IVAS,Laboratory Manbger Dae

J 24/9Group Leader Dac

Af Corse 2/1]%;Techical Reviewer Dae

10 Score anp ArrLicATION
1.1 Scope: This method is for the analysis of extracts from serum for fluorochemical surfactantsusing HPLC-electrospray/mass spectrometry
1:2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds, orother ionizable compounds.

1:3 Matrices: Rabbit, at, bovine, monkey, and human secu, or other fluids a designated inthe validation report
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20suwwamvorMemoo 00000000000002:1 This method describes the analysis of florochemical surfactants extracted from sera,using HPLC-electrospray/mass spectrometry, or similar system as appropriate. Theanalysis is performed by monitoringasingle ion characteristic ofa particularfluorochemical, such as the potassium perfluorooctanesulfonate (PEOS) anion, m/z= 499.Samples may also be analyzed using an APHES/MS/MS system to further verifycompound identification.

0Deewmoss 0000000000003.1 Atmospheric Pressure Ionization (AP): The Micromass Quattro I systems allow forvarious methods of ionization by utilizing various sources, probes, and interfaces. Theseinclude but are not imited to: Electrospray lonization (ESI), Atmospheric Pressure chemicalTonization (APcl), Thermospray, ctc. The ionization process in these techniques occurs atatmospheric pressure (i.¢. not undera vacuum).
32 Electrospray lonization (ES, ESI): a method of ionization performed at atmosphericpressure, whereby ionization occurs through the production of tiny charged droplets in astrong electrical field.
3.3 Mass Spectrometry, Mass Spectrometer (VS), Tandem Mass Spectrometer (MS/MS):The AP Quattro I systems are equipped with quadrupole mass selective detectors. lons areselectively discriminated by mass to charge ratio (mz) andsubsequently detected. A SingleMS may be employed for ion detection or a series (MS/MS) for more specific fragmentationinformation.
3.4 Conventional vs. Z-spray probe interface: The latest models of Micromass Quattro IIsystems (post 1998) utilize a Zspray” conformation. The spray emitted from 2 probe isorthogonal to the cone aperture. In the conventional conformation it is aimed directly a thecone aperture, after passing through a tortuous pathway in the counter electrode. Though theconfiguration is different, the methodsofoperation, cleaning, and maintenance are the same.However, Z-spray components and conventional components are not compatible with oneanother, but only with similar systems (i.c. Z-spray components are compatible with someother Z'spray systems, etc.)
3.5 Mass Lynx Software: System software designed for the specific operation of these QuattroI systems. Currently MassLynx has Windows 95 and WindowsNT 4.0 versions. Allversions are similar.” For more details see the manual specific to the instrument (Micromass‘Quatro IT MassLynx or MassLynx NT USER'S GUIDE).

4.0 WARNINGS AND CAUTIONS
41 Health and Safety Warnings:

41.1 Use caution with the voltage cables for the probe. The probe employs a voltage ofapproximately 5000 Volts.
41.2 When handling samples or solvents wear appropriate protective gloves, eyewear,and clothing
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4.2 Cautions:

42.1 Do not operate solvent pumps above capacity of 400 bar (S800 psi) back pressure.If the back pressure exceeds 400 bar, the HP1100 wil initiate automaticshutdown,
422 Do not run solvent pumps to dryness.

5.0 INTERFERENCES

51 To minimize interferences when analyzing samples, teflon should not be used for samplestorage or any part of instrumentation that comes in contact with the sampleor extract.

6.0 EQUIPMENT

6.1 Equipment listed below may be modified in order to optimize the system,
6.11 Micromass Electrospray Mass Spectrometer
6.1.2 HP1100 low pulse solvent pumping system and autosampler

2.0 SUPPLIES AND MATERIALS
7.1 Supplies

7.1.1 High purity grade nitrogen gas regulated to approximately 100 psi (House airsystem)
7:12 HPLC analytical column, specifics to be determined by the analyst
7.1.3 Capped autovials or capped 15mi centrifuge tubes

8.0 REAGENTS AND STANDARDS
81 Reagents

8.1.1 Methanol, HPLC grade or equivalent
8.12 Milli-Q™ water, all water used in this method should be Milli-Q™ water orequivalent, and may be provided by a Milli-Q TOC Plus system or other vendor
8.1.3 Ammonium acetate, reagent grade or equivalent

8.2 Standards

82.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards areprepared during the extraction procedure. See ETS-84.0.

9.0 SawPLE HanpLING
9-1 Fresh matrix standards are prepared with each analysis. Extracted standards and samplesare stored in capped autovials or capped 15 ml centrifuge tubes und analysis
92 If analysis will bedelayed,extracted standards and samples can be refrigerated atapproximately 4° C until analysis can be performed.
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10.0 QuaLITY CONTROL
10.1 MethodBlanks and Matrix Blanks

10.1.1 Analyze a method blank and a matrix blank prior to each calibration curve.
10.2 Matrix Spikes

10.2.1 Analyzeamatrix spike and matrix spike duplicate per forty samples. Withaminimum of 2 spikesperbatch
10.2.2 Expected spike concentrations will all in the mid-range of the initial calibrationcurve. Additional spike concentrations may fall in the low-range of (he mpcalibration curve.
10.23 See Section 13 to calculate percent recovery.

10.3 Continuing Calibration Checks

103.1 Analyze a mid-range calibration standardaftrevery tenth sample. Ia significantchange (x 30%) in peak area occurs, relative to the inital Standard curve. stop therun. Only those samples analyzed before the last acceptable calibration standard.will be used. The remaining samples must bereanalyzed.
10.32 See Section 13 10 calculate percent difference.

110 CALIBRATIONANDSTANDARDIZATION
111 Analyze the extracted matrix standards prior to and following each setof extracts, Themean of twostandard values, at each standard concentration. willbe plotted by learregression (for the calibrasion curve using MassLynx or ther suitable software
11.2 The ¢ value for the data should be 0.980orgreater. Lower values may be acceptable at thediscretion of the analyst and spproval of the Project Lead:
TL3 If the curve does not meet requirements, perform routine maintenance or reextract thestandard curve (if necessary) and reanalyse
114. For purposes of accuracy when quantiaing low levels of analyte, i may be necessary touse the low end ofthe calibration curv rather than the full range of the stancrd cure.Example: when attempting to quantitate approximately 10 ppb of analyte, seneracecalibration curve consisting of the standards from 5 ppb to 100 ppb rather than the fullrange of the curve (5 ppb to 1000 ppb). This will reduce iniceuricy anributed to linearregression weighting ohigh concentration standards.
12.0 Procepures
12.1 AcquisitionSetup

12.1.1 Click on sar buton in the Acquisition Control Panel. Set up a sample ls. Assignfilename using MO-DAY.-Iat digit of year-sample number, assign a method (MS)for acquiring, and type in sample descriprons.
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12.1.2 To ereate a method click on scan bution in the Acquisition control panel and selectSIR (Single fon Recording) or MRM. Set Ionization Mode as appropriate and mass10.499 or other appropriate masses. A full scan i usually collected along with theSIRs. Save acquisition method. If MS/MS instruments are employed, additionalproduct ion fragmentation information may be collected. See MicromassMassLynx GUIDE TO DATA ACQUISITION for additional information andMRM (Multiple Reaction Monitoring).
1213 Typically the analytical batch run sequence begins with a setof extracted matrixstandards and ends with a setof extracted matrix standards.
12.1.4 Samples are analyzed with a continuing calibration check injected after every tenthsample. Solvent blanks should be analyzed periodically to monitor possible analytecarryover and are not considered samples but may be included as such.

12.2. Using the Autosampler
122.1 Set up sample tray according to the sample list prepared in Section 12.1.1.
12.22 Set-up the HP1100/autosampler at the following conditions or at conditions the.analyst considers appropriate for optirnal response. Record actual conditions in theinstrument logbook:

12.221 Sample size = 10 iL injection with a sample wash
12222 Injectsample = |
1222.3 Cycle time = 13.5 minutes
12.224 Solvent ramp =

Time MeOH 20mM
Ammonium acetate

000min_| __a0% 60%
7.5 min 0% ion|

HiominTo0%10m |
(iSmin TT s0% |60%]

1222.5 Press the “Start” button.
12.3 Instrument Set-up

12.3.1 Refer to ETS-9-24.0 for more details.
12.3.2 Check the solvent level in reservoirs and refill if necessary.
12.3.3 Check the stainless steel capillary at the end of the probe. Use an eyepiece to checkthe tip. The tip should be flat with no jagged edges. If the tip is found to beunsatisfactory, disassemble the probe and replace the stainless sel capillary.
123.4 Set HPLC pump to "On". Set the flow to 10 - S00 uL/minoras appropriate.Observe droplets coming out of the tip of the probe. Allow to equilibrate forapproximately 10 minutes

ETS8.50 Page 50r9AnslysisofSerum Extract Using ESS
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1235 Tum on the itcogen. A fine mist should be expelled with no nitrogen leakingaround the tp of the probe.
12:36 The instrument uses these parameters at the following settings. These settings maychange in order (0 optimize the response:

12.3.6.1 Drying gas 250-400 liersrhour
123.6.2 ESI nebulizing gas 10-15 litershour
12.3.6.3 HPLC constant flow mode flow rate 10 - 500 uLimin
123.64 Pressure <400 bar (This parameter is not set, it is a guide to ensure theHPLC is operating correctly.)

12.3.7 Carefully guide the probe into the opening. Insert probe until it will not go any.further. Connect the voltage cables to the probe
123.8 Record tune parameters in the instrument log,
12.39 Using the cross-flow counter electrode in the ESMS source is recommended forthe analysis of biological matrices.
12:3.10Click on star button in the Acquisition Control Panel (this may vary amongMassLynx versions, sec appropriate MassLynx USER'S GUIDE). Press the startbutton. Ensure start and end sample number includes all samples 10 be analyzed.

13.0 DATA ANALYSIS AND CaLcuLATIONS
13.1 Calculations:

13.1.4 Calculate matrix spike percent recoveries using the following equation
%Recovery= Observed Result - Background Result x 100

Expected Result
13.15 Calculate percent difference using the following equation
%Difference = Expected Conc. Calculated Cone, x 100

Expected Conc,
13.16 Calculate actual concentration of PFOS, or other fluorochermical, in matrix (ug/mi:

(0g of PEOS calc. from std, Curve x_ Dilution Factor) x | ug(Initial Volume of matrix (mi) + ml of Surrogate Standard) 1000 ngFinal Volume (mL)
4.0 METHOD PERFORMANCE

14.1. Method Detection Limit (MDL) and Limitof Quantitation (LOQ) are method, analyte. andmatrix specific. Please sec ETS-8-4.0, Attachment B, for a listing of current validatedMDL and LOQ values.

ETS850 Page 60f9Analysis ofSerum Extract Using ESS
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14.2 Method Blanks and Matrix Blanks

14.2.1 Method blanks and matrix blanks will be analyzed with each sample set forpossible contamination or caryover. Values are expected to oll elo he lowestStandard inthe calibration curve
14.3 Matrix Spikes

143.1 Matrix spikes are analyzed with each sample set and the percent recoveries areexpected to all within + 30% of the spiked concentration
14.4 Continuing Calibration Checks

14.4.1 Continuing calibration checks are analyzed at a minimum ofafterevery 10 samples.with each sample set. The percent recoveries are expected to fall within 30% ofthe spiked concentration.
14:5 If any criteria listedi the method performance section isn't met, maintenance may beperformed on th system and samples reanalyzed or othr actions as cetermined by theanalyst. All aiion will be documented in the nsirument rung the menses og, oron the summary sheet with the sample resuls.

15.0 POLLUTION PREVENTION AND WASTE ManaGEMENT.
15.1 Sample extract waste and flammable solvent is disposed in high BTU containers, andglasspipette waste is disposed in broken glass containers located in the sboratory
160 Recoros mm——16.1. Store chromatogramsin the studyorproject folder. Each chromatogram must have thefollowing information included either in the header or hand written on the chromatogram:study of project number, acquisition method, integration method, sample name. ext eiondate, dilution factor f applicable), and analyst
16:2 Plot calibration curve by linear regression and stor in the sudy folder
16.3 Print sample list from MassLynx and tap int the instrument unlog
16.4. Print daa integration summary from MassLynx and tape nto the instrament unlog165 Copy instrument runlog pages, including instrument parameters and sample results, andstore in appropriate study folder
16.6 Summarize data using suitable software and store in the study folder.
16.7 Back up electronicdaa to appropriate medium, Record in stdy notebook the ile nameand location ofbackup electronic data

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA17.1 Attachment B: ETS-8-5.0 Datareporting spreadsheet,
172 The validation report associated with this method is ETS-8-40 & 5.0-V-1
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18.0 REFERENCES
18.1 ETS-9-24.0, “Operation and Maintenance of the Micromass Atmospheric Pressareonization/Mass Spectrometer Quatro If Systems”

19.0 AFFECTEDDocuments
19.1 ETS-8-4.0, “Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochemical‘Compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry
200 Revisions
Revision RevisionNumber, ReasonForRevision Dae
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AttachmentA

Laboratory Study #
sway
Test Maris:
MatixFinal ScentMetodRevision:Avalyical Equipment Sysem Number:Insirument Softare VersionFilename
RSquared Valu
Sipe
¥ inercep
Dae of Exraction/Analysi:Date ofAnvil:

| 5isGroun/Dase: Taken fom the sud oderSamole: Taken fom to std oderConcentration (wg): Take rom theMassLyn nterion summaryInitia Volume (mLy. Tocn rom he stud folderDilution Factor: Token fom the sud folderFinal Cone. (vemL1; Calculated by didn the iil volume rom the concenrion
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3M ENVIRONMENTAL LABORATORYSERIALLABORATORY~~

MeTrOD
EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER ANIONICFLUOROCHEMICAL SURFACTANTS FROM LIVER FOR ANALYSIS USINGHPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-1.0 Adoption Date: 5/2. [7

Revision Date: 1/4
Author: Lisa Clemen

Approved By:

al) Sle /eLaboratory Manager Date

frida th sigGroup Leader Dac

Sie A Cima s/22/avTechnical Reviewer
Date

1.0 Score Anb ArpuicaTioN
1.1 Scope: This method is for the extraction of Potassium Perfluorooctanesulfonate (PFOS) orother fluorochemical surfactants from liver.
1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds.
1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other livers as designated in thevalidation report.

Microsoft 7.0.1/95 FACT-M-1.0 Page 1 of8
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2.0 SUMMARY OF METHOD
2.1 This method describes how to extract potassium perfluorooctancsulfonate (PFOS) or otherAluorochemical surfactants from liver using ion pairing reagent and 5.0 mLs of ethy]acetate. An ion pairing reagent is added to each sample and partitioned into thy! acetate.Four mLsofextract is removed to a centrifuge tube and put ontoa nitrogen evaporatoruntil dry. Each extract s reconstituted in 1.0 mL methanol then filtered through s 3 ccplastic syringe attached 10.3 0.2 um filter nto glass autovials

30 Derinimions29Deeveoons
31 None

4.0 WARNINGS AND CAUTIONS41HealthandSafetyWarnings ————4.1 Health and Safety Warnings:
41.1 Use universal precautions when handling animal livers, they may containpathogens.

50 INTERFERENCES
SI There are no known interferences at this time.

60 Equipment
6:1 The following equipment is used while carrying ou this method. Equivalent equipment isacceptable.

6.0.1 Ulra-Turrax T25 Grinder for grinding liver samples
6.1.2 Vortex mixer, VWR, Vortex Genie 2
6.13 Centrifuge, Mistral 1000 or [EC
6.04 Shaker, Eberbach or VWR
6.15 Nitrogen Evaporator, Organomation
6.16 Balance

7.0 SuPpLIES AND MATERIALSIOSurutesaxoMavemnas0071 Gloves
7.2 Dissecting scalpels
7.3 Eppendorfor disposable pipettes
74 Nalgene botles, capableofholding 250 mL and 1 L
75 Glass, type A, volumetric flasks
7.6 40 mL glass CHEM vials
7.7 Plastic sampule vials, Wheaton, 6 mL,
7:8 Polypropylene centrifuge tubes, 1S mL
79 Labels

FACT-M-1.0 Page2of8Extraction of PFOS from Liver
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7.10 Syringes, capableofmeasuring 10 ul to 50 uL.
7.11 Glass,type A, volumetric pipettes
7.12 Graduated pipers
7.13 Electronic pipenor, Eppendorfor equivalent
7.14 Timer
7.15 Disposable plastic 3 ce syringes
7.16 Filters, nylon syringe filters, 0.2 ym, 25 mm
7.17 Crimp cap autovials
Note: Prior to using glassware and botes, rinse 3 times with methanol and 3 times with Milli-QP water. Rinse syringesaminimumof 9 times with methanol, 3 rinses from 3 separatevials.

8.0 REAGENTS AND STANDARDSSOReAcentsanoStasoarss 000000000000081 Reagents
8:14 Sodium Hydroxide (IT Baer or equivalen), (NAOH) 10N: weigh approximately200grams NaOH. Pour into a 1000 mL beaker containing 500 liters (L) Milli-Qwater, mix until all solids are dissolved. Store ina | L nalgene bottle.
8.1.2 Sodium Hydroxide (1T Baker or equivalent), (NaOH) IN. Dilute 10N 1:10.Measure 10mLof the 10N NaOH solution into a 100 mL volumetric flask anddilute 10 volume using Milli-Q™ water. Store ina 125 mL nalgene bottle
8:13 Teuabutylammonium hydrogen sulfate (Kodak or equivalen, (TBA) 0.5M: Weighapproximately 169 grams ofTBA into 2 | L volumetric containing 500 L Milli-Qwater. Adjust 0 pH 10 using approximately 64 mL 10N NaOH and dilute tovolume with Milli-Q™ water. Add NaOH slowly while adding the last | mL. ofNaOH because the pH changes abruptly. Store ina | L nalgene boule

8.1.3.1 TBA requires a check prior to each use to ensure pH = 10. Adjust asneeded using IN NaOH solution.
8.1.4 Sodium carbonate/Sodium Bicarbonate Buffer (1.T. Baker or equivalen),(Na,CO/NGHCO,) 0.25M: Weigh approximately 26.5g ofsodium carbonate(Na,CO,) and 21.0g ofsodium bicarbonate (NaHCO) into a | L volumetric flaskand dilute to volume with Milli-Q™ water. Store ina | L nalgene bottle.
8.1.5 PFOS (3M Specialty Chemical Division), molecular weight = 538
8.16 Ethyl Acetate, Omnisolv, glass distilled or HPLC grade
8.1.7 Methanol, Omnisolv, glass distilled or HPLC grade.
8.1.8 Liver and control liver, received frozen from testing laboratory.
8.1.9 Milli-Q™ water, all water used in this method should be Milli-Q™ water and maybe provided by a Milli-Q TOC Plus system.

82 Standards
82.1 Prepare PFOS standards for the standard curve,

FACT-M-10 Page 3 of8
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8.2.2 Weigh approximately 100 mg of PFOS into a 100 mL volumetric flask and recordthe actual weight.
8:23 Bring to volume with methanolfo a stock standardofapproximately 1000 ppm(g/mL).
8.2.4 Dilute the stock solution with methanolfor aworking standard 1 solution ofapproximately 50 ppm.
8.2.5 Dilute the stock solution with methanol for a working standard 2 solution ofapprox. 5.0 ppm
8.2.6 Dilute the stock solution with methanol for a working standard 3 solution ofapprox. 0.50 ppm.

9.0 SavpLe HanoLing
91 Alllivers are received frozen andmustbe kept frozen until th extraction s performed.

10.0 QuaLITY Control
10.1 Matrix Spikes

10.1.1 Prepare and analyze matrix spike and matrix spike duplicate samples to determinethe accuracyofthe extraction.
10.12 Prepare each spike using liver chosen by the analyst, usually a control liver.
10.13 Expected concentrations will fall in the mid-rangeofthe initial calibration curve.

102 Continuing Calibration Checks
10.2.1 Prepare and analyze continuing calibration check samples to determine thecontinued linearityofthe initial calibration curve.
1022 One check is prepared per groupof ten samples. For example, if a sample set = 34,four checks are prepared and extracted.
10.2.3 Prepare each continuing calibration check from the same liver homogenate used toprep the inital curve.
10.2.4 The expected concentration wil fall within the mid-range ofth initial calibrationcurve.

110 CALIBRATION AND STANDARDIZATIONALOCAUBRATIONANDSTANDARDIZATION
11.1 Prepare Liver Homogenate to Use for Standards

11.1.1 Weigh approximately 40 gof iver into a 250 mL Nalgene bottle containing 200mLs Milli-Q™ water. Grind to a homogeneous solution.
11.12 1740 gis not available, use appropriate amounts of iver and water in keeping with21:5 ratio
11.13 See section 13.0 t0 calculate the actual densityof iver.

FACT-M-10 Page dofExtraction of PFOS from Liver
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11.1.4 Add I mLof homogeneous solution to a 15 mL centrifuge tube.Re-suspendhomogeneous solution by shaking between aliquots while preparing a total ofsixteen | mL aliquotsofhomogeneous solution in 15 mL centrifuge tubes.
11.1.5 Two 1 mL aliquots serve as matrix blanks. Use the standard concentrations and‘spiking amounts listed in table 1 to spike, in duplicate, two standard curves foratotal of fourteen samples.

- Table 1
Approximate Spiking Amounts for Calibration Standards

Working Sande WT Ro arena
(Approx. Conc.) PFOS in liver

oh]SS0ppm|30 00s0pm00pm 40 0Xo0pm[50mmTT 0250 ppm[StenTm 7500 por0mm150 07s0pmIT— 500 pom
1LL1 See section 13.0 to calculate actual concentrationsofPFOS in calibration standards.

11.2 Extract spiked liver homogenates following 12.14-12.24of this method. Use thesestandards to establish each initial curve on the mass spectrometer.

12.0 ProcepunesTTTe12.1 Obtain rogen vr samples. spent sso, mrefhTv smo or poked oictra,
12:2 Cut approximately 1 g of liver using adissecting scalpel
12.3 Weigh the sample directly into a tared plastic sampule vial.

12.4 Record the liver weight in the ‘study notebook.

12.5 Label the sampule vial with the study number, weight, liver ID, date and analyst initials.
12.6 Add 2.5 mLs of water to sampule vial.

127 Grind the sample. Put the grinder probe in he sample and grind for shout 2 mimes oruntil the sample is homogeneous.

12.8 Rinse the probe nto the sample with 2.5 ms water usinga pipet
12.9 Take the grinder apart and clean it with ‘methanol after each sample. Follow AMDT-EP-22,

12.10Cap the sample and vortex for 15 seconds,

FACT-M-1.0 Page Sof8
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12.11 Pipette | mL. homogenate into a 15 mL polypropylene centrifuge tube. Label he cencifugetube with the identical informationa the sampule vial. (See Worksheet for documentingthe remaining steps.)
12.12 Spike liver homogenates with the appropriate amount of PFOS standard as described insection 11.1 or Table |
12.13 Pipette two | mL aliquots ofMilli-Q™ water to centrifuge tubes. These will serve asinstrument blanks
12.14Add | mL 0.5 M TBA and 2 mLofthe 0.25 M sodium carbonate/sodium bicarbonate.buffer.
12.15 Using a volumetric pipette, add 5 mLs ethyl acetate.
12.16 Cap cach sample and put on the shaker for 20 minutes.
12.17Centrifuge for 20 10 25 minutes, until layers are well separated. Set power on the. centrifugeto approximately 3500 rpm.
12.18 Remove 4 mLs of organic layer, using a § mL graduated glass pipette, to aclean 15 mL.centrifuge tube. Label this fresh tube with the same information as in 12.5,
12.19 Put each sample on the analytical nitrogen evaporator until dry, approximately 2 to 3hours.
12:20 Add 1.0 mLof methanol to each centrifuge tube using a graduated pipette.
12.21 Vortex mix for 30 seconds.
12.22 Attach 2 0.2 ym nylon mesh filter 10a3 cc syringe and transfer the sample to this syringe.Filter into 1.5 mL glass autovial.
12.23 Label the autovial with the study number, animal number and gender, sample timepoint,matrix, final solvent, extraction date, and analyst(s) who performed the extraction,
12.24Cap and hold for electrospray mass spectrometry analysis.
12.25 Complete the worksheet and tape to pageofstudy notebook.

13.0 DATA ANALYSIS AND CALCULATIONS130DaraAvaLysisawpCatcotamons13.1 Calculations:
13.1.1 Calculate the densityofliver (mg) in 1.0 mL homogenate using the followingequation:

Bof Liver x Average weightoften | mL aliquots (me)(of Liver + gofWater)

FACT-M-LO Page6 orsExtractionof PFOS from Liver
3M Environmental Laboratory 3/20 aeTH



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U3379

13.1.2 Calculate actual concentrationsofPFOS in calibration standards using thefollowing equation
LofStandard x Concentration (ug /mL) = Final Concentration (ug/g or mg/kg)‘mg Liver’ I mL homogenate OfPFOS in Liver

“Average weight of live in solution as determined in 13.1.1, by weighing ten |mL homogenatesofapproximately 40 mg liver in 200 mLof Milli-Q water.

14.0 METHOD PERFORMANCE
14.1 The method detection limit is equal tohalfthe lowest standard.in the calibration curve.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed in‘high BTU containers, and used glass pipette waste is. disposed in broken glass containerslocated in the laboratory. :

16.0 Recorps16.1Completetheexvaciionworkshes sds TeTeoe16.1 Complete the extraction worksheet and tape into the study notebook

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 The validation report associated with this method is FACT-M-1.0 & 2.0-V-1

18.0 REFERENCES

18.1 AMDT-EP-22, “Routine MaintenanceofUlra-Turrax 1-25

19.0 AFFECTED DOCUMENTS19.40 FACT-M-2,“AnalysisofLheBrenepee19.1 FACT-M-2, “AnalysisofLiver Extracts for Fluorochemicals using HPLC-ElectrosprayMass Spectrometry”

200 RevisionsWORevisions0000000000000Revision RevisionNumber. Reason For Revision Date
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Extraction Worksheet for FACT-M-1
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3M ENVIRONMENTAL LABORATORYSSSRONMENTALLABORATORY ~~~

MeTHOD

ANALYSIS OF FLUOROCHEMICALS IN LIVER EXTRACTS USING
HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-2.0 Adoption Date: 5/3.,/27

Revision Date: 10j4
Author: Lisa Clemen

Approved By:

‘
BD Jp SetsLaboratory Manager Dae

Verto Hoo Setsy
Group Leader Bae

Aa A Chin 5/23/92
Technical Reviewer Date

10 Scope AND APpLICATION1.1Scope:This method is fortemootsoFemo aTTo ep1.1 Scope: This method is for the analysisofextracts of liver or other tissues for fluorochemicalsurfactants using HPLC-electrospray/mass spectrometry.
1.2 Applicable Compounds: Potassium perfluorooctanesulfonate, anionic fluorochemicalsurfactants, or other ionizable compounds.

1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other livers as designated in thevalidation report

Word 7.0.1/95 FACT-M-2.0 Page 1 of8
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2.0 Sumwary oF MeTHoD
21 This method describes the analysis of fluorochemical surfactants exacted fom iver wongHPLC-slectrosprayimass spectrometry. The analysis is performed by monitoring singlefon characteristic ofa particular fluorochemical, such a5 th potassiumperluorooctanesulfonate (PFOS) anion, M/Z= 499. Samples may also be screened toverify compound identification.

3.0 DermiTions
3.1 None.

40 WARNINGS AND CAUTIONS
41 Health and Safety Warnings:

41.1 Use caution with the voltage cable for the probe. When the voltage cable i pluggedinto the probe DO NOT TOUCH THE PROBE, there i risk ofelectrical shee:
42 Cautions:

42.1 Do not run solvent pumps above capacityof 400 bar (5800 ps). Ifpressure goes‘over 400 bar, the HP1100 will initiate automatic shutdown.
42.2 Do not run solvent pumps to dryness.

50 InTeRreReNcesa
$1 Teflon should not be used for sample storage or any part of instrumentation frat comes incontact with the sample or extract.

6.0 Equipment6.1 Equipment listedbelowmaybe shamedhoreeer61 Equipment listed below may be changed in order to optimize the system
6.1.1 Micromass Electrospray Mass Spectrometer
61.2 HP1100 low pulse solvent pumping system and autosampler

7.0 SUPPLIESANDMATERIALSun swpplis71 Supplies
71.1 Nitrogen gas refrigerated liquid, regulated to approximately 100 psi7.1.2 HPLC column, specifics to be determined by the analyst.7.1.3 Capped autovials or capped 15 mL centrifuge tubes.

8.0 REAGENTS AND STANDARDS30ReacentsavoStanoamos 000000000000081 Reagents
8.1.1 Methanol, HPLC grade or equivalent.

Word 7.0.1/95 FACT-M20 Page20f8Analysis of Liver Extract Using ESIMS
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812 Milli-Q water, all wate used inthis method should be Mil-Q™ water and maybe provided by a Milli-Q TOC Plus system,
8.1.3 Ammonium acetate, HPLC grade or equivalent.

82 Standards
821 Typically one HO blank, one liver blank, and seven liver standards are preparedduring the extraction procedure. See FACT-M.1

9.0 SamPLE HANDLING
9:1 Fresh liver standards arc prepared with each analysis. Extracted standards and samples arestored in capped autovials or capped 15 mL. centrifuge tubes until analysis
92 Ifanalysis wil be delayed, extracted standards and samples may be refrigerated until‘analysis can be performed.

10.0 QuawiTy ConrroL
10.1 Matrix Blanks and Method Blanks

10.1.1 Analyze a methodblank and matrix blank prior to each calibration curve.
10.2 Matrix Spikes

10.2.1: Analyze a mateix spike and matrix spike duplicate with each analysis
10.2.2 Expected concentrations will fall in the mid-rangeof the intial calibration curve,Additional spike concentrations may fallin the low-rangeof the inital calibrationcurve.
10.2.3 See section 13 tocalculate percent recovery.

103 Continuing Calibration Checks
10.3.1 Analyze amid-range calibration standard after every tenth sample. Ifa significantchange (= 30%) in peak area occurs, relative to the initial standard curve. stop therun. Only those samples analyzed before the last acceptable calibration standardwill be used. The remaining samples must be reanalyzed,
10.32 See section 13 to calculate percent difference.

10.4 System Suitability
10.4.1 System suitability (e.g. peak area, retention time and peak shape, etc.) will beassessed for each run.

110 CALIBRATION AND STANDARDIZATIONTL Analyzethe extractedliverstandards sry osog For11.1 Analyze the extracted liver standards priorto and following each setof extracts. The meanof two standard values, at cach standard concentration, will be plotted by linear regressionfor the calibration curve using MassLynx or other suitable software

FACT-M20 Page 3 of8Analysis of Liver Extract Using ES/MS
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11.2 The ¢ value for the data should be 0.98 or greater. Lower values may be acceptable at thediscretionof the analyst.
11.3 Ifthe curve does not meet requirements, perform routine maintenance or reextract thestandard curve (ifnecessary) and reanalyse.

12.0 PROCEDURES
12.1 Acquisition Sét up

12.1.1 Click on star buton in the Acquisition Control Panel. Set up sample lst. Assigna filename using letter-MO-DA Y-last digit.of year-sample number, assign a method(MS) for acquiring, and type in sample descriptions.
12.1.2 To create a method click on scan button in the Acquisition control panel and selectSIR. Setlonization Mode as appropriate and massto 499 or other appropriate.

masses. A scan isusually collected along with the SIRs. Save method.
12.1.3 Typically the sample list begins with the first setofliver standards 2nd ends withthe second set of standards
12.1.4 Samples are analyzed with a continuing calibration check injected after every tenthsample. Solvent blanks should be analyzed periodically to monitor possible analytecarryover and are not considered samples but may be included as such,

122 Using the Autosampler
12.2.1 Set up sample tray according to the sample list prepared in section 12.1.1
12.2.2 Set-up the HP1100/autosampler at the following conditions or at conditions theanalyst considers appropriate for optimal response. Record actual conditions in the

instrument logbook:

12.2.2.1 Sample size = 10 uL injection with a sample wash

12.2.2.2 Injecvsample = 1
12.2.2.3 Cycle time = 15 minutes
12.2.2.4 Solvent ramp =

Time MeOH 20mM
Ammonium acetate

00min | 45%1 55% |
[75min 50%[tow|
[COminT7790%| to% |

Note: In this instrument configuration, the run must be set up on the electrospray
software witha“Waiting for inlet stan” message before the “Stat” button is
pressed on the HP Workstation.

12.2.2. Press the “Start” button.

FACT-M-2.0 Page4of8
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12.3 Instrument Sep-up
12.3.1 Refer to AMDT-EP-31 for more details.
12.3.2 Check the solvent level in reservoirs and refill if.‘necessary.
12.3.3 Check the stainless steel capillary at the end ofthe probe. Use an eye piece to checkthe tip. The tip should be flat withno jagged edges. If the tip is found to beunsatisfactory, disassemble the probe and replace the stainless steel capillary.
12.3.4 Set HPLC pump to “On. Set the flow to10 - 500 uL/minoras appropriate.Observe droplets coming outofthe tipof the probe. Allow to equilibrate forapproximately 10 minutes.
12.3.5 Tum on the nitrogen. A fine mist should be. expelled with no nitrogen leakingaround the tip of the probe.

12.3.6 The instrument uses these parameters at the following settings. These settings‘maychange in order to optimize theresponse:

123.6. Drying gas 250-400litershour
12.3.6.2 ESI nebulizing gas 10-15 liters/hour
123.63 LC constant flow mode flow rate 10 - 500 uL/min123.6.4 Pressure <400 bar (This parameter is not set it 5 guide to ensure theinstrament is operating correctly)

12.3.7 Carefully guide the probe into the opening. Insert probe until it will not go anyfurther. Connect the voltage cables to the probe.
12.3.8 Record tne parameters in the instrumentlog.
12.3.9 Using the cross-flow counter electrode in the ES/MS source is. recommended forthe analysis of biological matrices.

12.3.10 Click on start button in the Acquisition Control Panel. Press the start button at0pof sample lst. Ensure sar and end sample number inclades al samples 10 beanalyzed.

13.0 DATA ANALYSIS AND CALCULATIONS131Calcolatonss13.1 Calculations:
13.1.1 Calculate matrix spike percent recoveries using the following equation:
% Recovery = Observed Result - Background Result x 100

Expected Result
13.12 Calculate percent difference using the following equation:
% Difference = Expected Conc. - Calculated Conc. x 100Expected Conc.

FACT-M-2.0 Page Sof8
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13.13 Calculate actual concentration of PFOS anion in totalliver (me)

(errsmince fromstd curve’
ofliver used for analyLoeedtransis J Totalmassoffiver 3)1000 ug/1mg

14.0 METHOD PERFORMANCE
14.1 The method detection limit is equal to at least three times the baseline noise in the matrixblank.

142 The practical quantitationlimit is equal to the lowest standard in the calibration curve,

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
151 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed inhigh BTU containers, and glass pipette waste is disposed in broken glass containers. Allcontainers are located in the laboratory.

160 ReconpslO0Recoros000000000016.1 Store chromatograms in the study folder. Each chromatogram should have the followinginformation included either inth header or hand written on the chromatogram: studynumber, sample name, extraction date, and dilution factor(ifapplicable).
16.2 Plot calibration curve by linear regression and store in the study folder.
16.3 Print sample lst from MassLynxand tape into the instrument runlog
16.4 Print data integration summary from MassLyn and tape into the instrument runlog.
16:5 Copy instrument runlog pages, including instrament parameters and sample results, andtape into appropriate study notebook
16.6 Summarize data using suitable software and store in the study folder.
16.7 Back up electronic data to appropriate media. Record in study notebook the file name and.location of backup electronic data

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 Attachment A: FACT-M-2 Data reporting spreadsheet

17.2 The validation report associated with this method is FACT-M-1.0 & 2. 0-V-1.

18.0 REFERENCESWoRersmences000000000018.1 AMDT-EP-31, “Operation of VG Platform Electrospray Mass Spectrometer”
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19.0 AFFECTED DocumexTs
19:1 FACT-M-1.0, “Extraction of Potassium Perfluorooctanesulfonate from Liver for AnalysisUsing HPLC-Electrospray/Mass Spectrometry”

200 Revisions
Revision - RevisionNumber Reason For Revision Date
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Laboratory Study #

Study
TestMateria
MatricFinal Solvent
MenodRevison: ~~
Analytical Equipment System Numbers
InsiumentSoftware Version:
Filename
ReSqusred Value:
Siope:
¥intercep
DaeofExtracton/Analyt:Dateof AnaysisAnalyst

Concentration Dilation Final Conc.

_ 1—BN | BN ]Group/Dese: Taken from the sudy folderSamples: Taken from the sudy older
‘Concentration (ugmLy: Taken fom the MssLyn integration summary.Initial Volume (mL): Taken rom he study folder.Dilution Factor: Taken fio the stdy folder.Final Conc. (ug/L): Calculated by dividing the ntl volume from the concentration
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METHOD

EXTRACTIONOF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER
FLUOROCHEMICAL COMPOUNDS FROM LIVER FOR ANALYSISUsiNG

HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-1.1 Adoption Date: 0526/98

Revision Date: 06319
Authors Lis Clemen,GlennLangenburg

Approved By:
, ,

| ) [dr </3/59Cabana Manager Bic

22 lev L/1199
aLeader Dic

Zin A in §Alita gwReviewer Bate

ASRAeA
1.1 Scope: This method is for the extraction of potassium perfluorooctanesulfonate (PFOS) orother fluorochemical compounds from liver.

1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds.
1.3 Matrices: Rabbit, rat, bovine, and monkey liverorother liver as designated in the validationprow

Meatans — Page o13Exccionof$08 fom Lvs
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20 Suvsaey os Merion
2.1 This method describes the procedure for ‘extracting potassium perfluorooctanesulfonate(PFOS) or other fluorochemicals from liver homogenate using an ion pairing reagent and5.0 mlofethyl acetate. In this method, seven fluorochemicals were extracted: PFOS,PFOSA, PFOSAA, EtFOSE-OH, POAA, PFOSEA, and FC-807 monoester (see 3.0Definitions). An ion pairing reagent is added to the sample and the analyte ion pair isPationed nt lil Sete. Four ml ofexes re remitans ohPI‘evaporator until dry. Each extract is reconstituted in 1.0 mlofmethanol, then filteredthrough a 3 ce plastic syringe attached to a0.2 um nylon filter into glass autovials.

30 Desnumons
3.1 PFOS: perfluorooctanesulfonate (anionofpotassium salt) C,F,,SO,”

3.2 PFOSA: perfluorooctane sulfonylamide CF,;SO,NH,

3.3 PFOSAA: perfluorooctane sulfonylamido(ethylacetate.CF,SO,N(CH,CH,)CH,CO;
3.4 EtFOSE-OH: 2(N-ethylperfluorooctane sulfonamido)-ethyl alcohol

C4F;SO,N(CH,CH,)CH,CH,0H

3:5 POAA: perfluorooctanoate (anionofammonium salt) C.F,,COO'
3.6 PFOSEA: perfluorooctane sulfonyl ethylamide C,F,,SO,N(CH,CH,)H
3.7 FC-807 monoester C,F,SO,N(CH,CH,)CH,CH,0-PO,H)
3.8 Surrogate standard 1H,1H,2H,2H perfluorooctane sulfonic acid

40 WagesaspCaurions

Randing amie sve ep cont oman
50 tereRemmacrs
5.1 There are no known interferences at this time.

60 Fou
6.1 Thefollowing equipmentsused wil sayingout his mend. Equivalent cosipmentope

6.1.1 UlinTurawithT25 grinder aacimenforgrinding ispersingemusifying61.2 Vortex mixer, YWR.,Vor Genie3
6.1.3 Centrifuge, Mistral 1000 or [EC
6.1.4 Shaker, Eberbach or VWR
G15. Nitrogen evaporator, Organomaion61.6 Balance, (£01005)
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U2273

7.0 SUPPLIES AND MATERIALS
7.1 Gloves
72 Eppendorfor disposable pipettes
73 Nalgene bottles, capable of holding 250 ml and 1 L
7.4 Wheaton 6 ml Plastic Sampule Vials
75 Glass, type A, volumetric flasks
7.6 40 ml glass I-CHEM vials
7.7 Polypropylene centrifuge tubes, 15 mi
78 Labels
7.9 Syringes, capable ofmeasuring 5 kL to 50 pL
7.10 Glass, type A, volumetric pipettes
7.11 Graduated pipettes
7.12 Electronic pipettor, Eppendorfor equivalent
7.13 Timer
7.14 Disposable plastic 3 cc syringes
7.15 Filters, nylon syringe filters, 0.2 um, 25 mm
7.16 Crimp cap autovials
Note: Prior to using glassware and bottle, rinse3 times with methanol and 3 times with MilliQwater. Rinse syringes a minimum of9 times with methanol, 3 rinses from 3 separatevials,

8.0 REAGENTS AND STANDARDS
8.1 ASTM Type I reagent grade water, Milli-Q™ or equivalent; all water used in this methodshould be Milli-Q" water and may be provided by a Milli-Q TOC Plus™ system,
82 Sodium hydroxide (NaOH), J.T Baker or equivalent
83 Tetrabutylammonium hydrogen sulfate (TBA), Kodak or equivalent
84 Sodium carbonate (N2,C0,), 1. Baker or equivalent
85 Sodium bicarbonate (NaHCO), J.T. Baker or equivalent
86 Ethyl acetate, Omnisolv, glass distilledorHPLC grade
87 Methanol, Ormnisolv, glass distilled or HPLC grade
88 Liver tissue, frozen from supplier
8.9 Control matrix or blank matrix for standards, QC checks, blanks, etc
8.10 Fluorochemical standards

8.10.1 PFOS (3M Specialty Chemical Division), molecular weight = 538
8.10.2 PFOSA (3M Specialty Chemical Division), molecular weight = 499
8.10.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585

FACTM.L.1 Page3of15Extacion ofPFOS from Lives
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8.10.4 EXFOSE-OH (3M Specialty Chemical Division), molecular weight = 571
8.10.5 POAA (3M Specialty Chemical Division), molecular weight = 431
8.10.6 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.10.7 FC-807 monoester (3M Specialty Chemical Division). FC-807 is 2 mixture oftriester, diester, and monoester fluorochemical components. The monoester‘molecular weight = 650
8.10.8 Surrogate Standard: 4-H, perfluorooctans sulfonic acid (1-H, 1-H, 2.H,2-HC.F,SOH) molecular weight= 428
8.10.9 Other fluorochemicals,asappropriate

811 Reagent preparation
811.1 10Nsodium hydroxide (NAOH): Weigh spprosimatly 2006 NaOH, Pour iio1000 mi beaker containing 500 ml Milli-Q" water, mix until al sods aredissolved. Store ina 1 L Nalgene bole.
811.2 1 N sodium hydroxide (NaOH): Dilute 10N NaOH 1:10. Measure 10 ml of 10NNaOH solution into a 100 ml volumetric flask and dilute to volume using Milli-Q™water. Store in a 125 ml Nalgene bortle
8:11:3 05 M teabutylammorium hydrogen sulfte (TBA): Weigh approximately 169gramsof TBA into a 1 L volumetric containing 500 mi Milli-Q™ water. Adjust toPH 10 using approximately 44 to 54 ml of 10N NaOH and dilate to volume with.Milli-Q™ water. While adding the last few mis of NaOH, add slowly because thePH changes abruptly. Store in a | LNalgene bottle.

8.1.3.1 TBA requires a check prior to each use to ensure pH = 10. Adjust asneeded using IN NaOH solution.
811.4 0.25M Sodium carbonate/sodium bicarbonate buffer (Na,CO,NaHCO,): Weighapproximately 26.5 gofsodiumcarbonate(Ne.CO,) and 21.0 gofsodiumbicarbonate (NaHCO,) intoa 1 L volumetric flask and bring to volume with Milli-Q™ water. Store ina | L nalgene bottle.

812 Standards
8.12.1 Prepare PFOS standardsforthe standard curve.
8.122 Prepare other fluorochemical standards,asappropriate. Multicomponentfluorochemical standards are acceptable (c.g. one working standard solutioncontaining 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.987 ppm PFOSAA, and 1.10 ppmEXFOSE-OH.)
8.12.3 Weigh approximately 100 mg of PFOS into a 100 ml volumetric flask and recordthe actual weight.
8.124 Bring to volume with methanol for a stock standardof approximately 1000 ppm(g/m).
8.12.5 Dilute the stock solution with methanol for a working standard 1 solution ofapproximately 50 ppm.

FACTM.LL Page dof 15Extaction of PEOS from Liver
3M Environmental Laboratory 5+ 140 ageirr



3m Medical Department Study: T-s295.7 Report No. FACT TOX-030laboratory Request Number Uzs75

8.12.6 Dilute the stock solution with methanol for2 ‘working standard 2 solution ofapprox. 5.0 ppm.
8.12.7 Dilute the stock solution with methanol for a working standard 3 solution ofapprox. 0.50 ppm.

8.13 Surrogate stock standard preparation
8.13.1 Prepares surrogate stock standard. Weigh approximately 50-60 mg ofsurrogatestandard 1-H, 1-H, 2-H,2-H, C,F,,SO,H into a 50 ml volumetric flask and record theactual weight.
8.13.2 Bring to volume with methanolfor asurrogate stockofapproximately 1000-1200pom.
8.13.3 Prepare a sumogate working sandard. Transfer approximately 0.5 ml of surrogatestock to & 50 ml volumetric flask and bring to volume with methanol for a workingstandard of 10-20 ppm. Record the actual volume transferred.

814. Liver homogenate preparation -
Note: Thefollowingprocedure will be much easier to perform with frozen liveriss. Prevent issuefrom thawing: keep stored on ic uni excising a portion ofi

8.14.1 Weigh 40 gofblank or control liver into a 250 ml Nalgene bottle containing 100
mls Milli-Q™ water. Record the actual weightof liverand total volumeof waterused. Grind the liver intoa finely dispersed homogenate with an Ultra-Turrax T25grinder (high speed for approximately 3 minutes or until sufficientlyhomogenized). Rinse grinder with an additional 100 mlofMilliQ™ water, tobring the total volumeofwater added to 200 mi.

8.14.2 To determine the concentrationof the blank liver homogenate, transfer ten 1.0 mlliquorsof the homogenate o tared polypropylene tubes, and weigh each liquoron balance. The average densityofthese aliquots is determined and then the
concentration (gof liver/mlofhomogenate) can be calculated as follows:

8.14.3

{lgrams (g) of liver] + [grams (g)ofwater]}

8.14.3 Prepare sample livers as described in 8.3.1, but weigh out 1 gofliver, homogenize
with 2.5 mlof MilliQ™ water, and rinse with another 2.5 mlofMilliQ™ water.Use Wheaton 6 ml plastic sampule vials or appropriate receptacle. Rinse grinder
unit after every sample with water and then with methanol. Label vialsappropriately including study number, sample ID, liver weigh, date, and analyst.Record all weights nd volumes used. (Do 101 perform 8.3.2for the sample ferhomogenates).

FACTALLL Page SarisExvscion of FOS from Liver
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9.0 SAMPLE HanpLING
9-1 Alllivers are received frozen and must be kept frozen until the extraction is performed.
LoouwmvCovmor
10.1 Matrix blanks and method blanks

10.1.1 Extract iwo 1.0 ml aliquots ofthe iver homogenate (prepared in 8.14.1-2)followingthisprocedure and use as matrix blanks. See Section 11.1.3
10.1.2 Extract two 1.0 ml aliquotsofMill-Q™ water following this procedure and use asmethod blanks.

10.2 Matrix spikes
102.1 Prepare and analyze matrix spike and marix spike duplicate samples to determinethe accuracyofthe extraction.
10.2.2 Prepare each spike using liver chosen by the analyst, usualy the control iverreceived with cach sample set.
10.2.3 Expected concentrations fal in the mid-rangeof the initial calibration curveAdditional spikes may be included and may fal in the low-ange of the malcalibration curve,
10.2.4 Prepare one matrix spike and one matrix spike duplicate per 40 samples, with a.minimumof 2 matrix spikes per batch

10.3 Continuing calibration checks
103.1 Prepare and analyze continuing calibration check samples to ensure the accuracy ofthe inital calibration curve. I£ he percent difference between the inital curve cngthe continuing check differ by >30%, reanalyze samples analyzed after the 1stacceptable check
10.3.2 Prepare ane check per groupoften samples. For example, ifa sample set = 34,prepare and extract four checks.
10.3.3 Prepare each continuing calibration check from the same blank liver homogenateused to prepare th initial curve
10.3.4 The expected concentrations fal within the mid-rangeofthe inital calibrationcurve. Additional spikes may be included that fallin the low-range ofthe initialcalibration curve. This is necessaryifthe analyst must quantitate using only thelow end ofthe calibration curve (e.g. 10 ppb ~ 100 ppb, rather than 10 ppb. 1000pb).

11.0 CALIBRATION AND STANDARDIZATION
ILI Prepare liver homogenate standards

1.1.1 Transfer | ml aliquotsofblank/control liver homogenate prepared in 8.14.1-2 to 15mi centrifuge tubes.
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11.1.2 he volumes of sample iver homogenates sre limite, extract standards with nerhomogenate volumes cqal th sample vor Bo moseesaoF vahomogenate Record thesump vom on mo roonract clon1113 While pearing a lof wenlqofer homogenate in 15 ml centifgetubes, oorSke bein soso
11.14 Tuo 1 ml,or appoprstesiquots,serv as mati blanks, Typical use thestandard concentrations and spiking amounts listed in Table 1 (at the endofthisction) o spike, m dupa, to anda cues, fr sas Chern OFtsnd tw man la
111 Refer othe validation reports FACT-M-L1V-1 and FACT-M-2.4.Y-1 which ihe workin anges and ines Calration Rage (Lek) or nneranes baie?
11.1.6 Use Attachment Das an aid in calculating the concentrations of theworkingstandards. See Secon 13.010 clea sto conspireoormion sanduds

11.2 To each standard, blank, or QC check, add appropriate amount of surrogate workingstandard for the concentration to fall within the calibration curve range 10 ppb ~ 1000 ppb.113 Extract siked liver homogenate siandards folowing 126-1216 of his method, Use theStandards 1 establish ah mil curv on te pa
TET

Approximate Spiking Amounts for Standards and Spikes |Using 10 miof LiverWorking Sanda RS TTT
- (Approx. Conc.) PFOS in liver

OWgpr | Gon0500pm [To| oo0pm050m | 30 0060p]OS00pem|dTomopm |00pm To o3mpm
Ta00 ppm500 pp C500 3pm00pm [4iz05m |S50mwm |6 Tsopm

20 Proceounes
12.1 Obtain frozen iver samples and harmogenias=deseribed 8.107.12.2 Vertex mix homogenste for 15 seconds, then transfer 0mo ther appropri volume to215 ml polypropylene centrifuge tube.

12:3 Retum liver homogenate samples to freezer after extraction amount has been removed.
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12:4 Record the liver Homogenate volume on the extraction worksheet. The final methanolvolume will equal the initial homogenate volume. For example, i I mi of homogenate istransferred for extraction, then the final reconstitution methanol volume equals 1 on-
12.5 Label the tube withthe study number, liver ID, date, and analyst initial. See attachedworksheet for documenting the remaining steps.
126 Spike blank liver homogenate aliquots with the appropriate amount of standard asdescribed in Section 11.1 or Table in that section for the calibration curve standards,Also prepare matrix spikes andcontinuing calibration standards.
12.7 Spike all samples, including blanks and standards, ready for extraction with surrogatestandard as described in Section 11.2,
12.8 Vortex mix the standard curve samples, matrix spike samples, and continuing calibrationsamples for 15 seconds.
129 To cach sample, add 1 ml 0.5 M TBA and2 mlof the 0.25 M sodium carbonate/sociumbicarbonate buffer.
12.10Using a volumetric pipette, add 5 mi ethyl acetate.
12.11 Cap each sample and put on the shaker for 20 minutes.
12.12 Centrifuge for 2010 25 minutes at approximately 3500 rpm, until layers are well separated.
12.13 Transfer 4 ml of organic layer, using a § ml graduated glass pipette, to a clean 15 mlcentrifuge tube. Label this fresh tube with the same information as in 12.5,
12:14 Put cach sample on the analytical nitrogen evaporator until dry, approximately 2 to 3hous.
12.15 Add 1.0 ml or appropriate volume of methanol to cach centrifuge tube using a graduatedpipette. Methanol volume equals the initial volume ofliver homogenate used for theextraction.
12.16 Vortex mix for 30 seconds.
12:17 Attach 0.2 um nylon mesh filter to a3 co syringe and transfer the sample to this syringe.Filter into a 1.5 ml glass autovial (or low-volume autovial when necessary).
12.18 Label the autovial with the study number, animal number and gender, sample timepoint,matrix, final solvent, extraction date, and analyst(s) who performed the extraction
12.19Cap and store extracts at approximately 4° C until analysis.
12:20 Complete the extraction worksheet, attached to this document, and tape to pageofstudynotebook or include in study binder, as sppropriate
13.0 DATA ANALYSIS AND CALCULATIONS
13.1 Calculations:

13.1.1 Calculate actual concentrationsof PFOS,orother appropriate luorochemical, incalibration standards using the following equation:
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2]of Standard x Concentationof Standard (ug/ml) ___‘Concentration of Blank Liver Homogenate (g/m) (sce 8.143)
Final Concentration (ug/g) of PFOS in Liver

See Attachment Dfor a sample form to calculate the concentrations of standards.
14.0 METHOD PenroRMANCE
14.1 The method detection limit (DL) is analyte and mairix specific. Refer to MDL report forspecific MDL andlimitof quantitation (LOQ) values (see Attachments B and C)
142 The following quality control samples are extracted with each batchof samples to evaluatethe qualityofthe extractionandanalysis,

14.2.1 Method blanks and matrix blanks
14.22 Matrix spike and matrix spike duplicate samples to determine accuracy and,precisionofthe extraction
14.2.3 Continuing calibration check samples to determine the continued accuracyoftheinital calibration curve. :

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed inhigh BTU containers, and used glass pipette waste is disposed in broken glass containerslocated in the laboratory.

16.0 Reconps emt16.1. Complete the extraction worksheet atached to ths method, and tape into the srudynotsbook or include into study binder, as appropriste.

20 Arracuments
17.1 Auachment A, Extraction worksheet
17.2 Atachment B, MDL/LOQ values
17.3 Attachment C, LOQ summary
17.4. Atiachment D, Calibration standard concentration worksheet

18.0 Rererexces
18.1 The validation reports associated with this method are FACT-M-1.1 and 2.1-V-1.
19.0 AFFECTED DocumEnTs
19.1 FACT-M-2.1, “AnalysisofLiver Extract for Fluorochemicals using HPLC-Electrospray.Mass Spectrometry”

FACTALL Page sof 1sExuacion ofPROS fom Liver
3M Environmental Laboratory rol 145 Pagar



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-0227

Womewwoss 0000Revision RevisionNumber, ReasonForRevision Date1 Validationof method 10 include 7fluorochemicals, new APIMSIMS) 08101198systems, monkey liver cross validation, improvements tion pairingextraction, MDL study, updates in record keeping andstoring policesetc
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Study#. Surrogate Std. FC Mix Sid FC Mix Sd FC Mix Sid Comments.Mates Toon. pom| approx.05ppm| pron. pom | apron. 20 pmBox# actial ppm factual ppm| actual pom | actual pomw, Aw, aw, Aw |AnalysuDate
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MDLILOQ values for Rabbit Liver:
| Compound MDL [LOQ |Linear Calibration Range (LCR) 1(ppb) | (ppb) | Approximate Concentrations tobeusedforpreparing the| Standard Calibration Curve
PFOS 11.8 37.4138 ppb — 1000ppb. iPFOSA 6.06 19.3 20 ppb— 1200 ppb
PFOSAR [557
EtFOSE-OH T87_| 190ppb = 1800ppb
FORA

[PFOSER 162 S17[62 ppb Ta00ppp(Vonoester nv|v|oostevodiama oe be ames
MDL/LOQ values for Rat Liver:
Compound| MDL| LOQ|Linear Calibration Range (CCR)

(Pb) | (ppb)| ApproximateConcentrationstobeusedforpreparing the |Standard Calibration Curve |PFOS 78.7 | 62ppb — 1200ppb.
| PFOSA
| PFOSAA wv. n/v_| 62ppb-1200 ppb[EFOSE-OR |v
FOAL
LE
MDL/LOQ values for Monkey Liver:

[Compound| MDL | LOQ| Linear Calibration Range (LCR) ]| ®pb)|pb)| Approximate Concentrations to be usedforpreparing the |Standard Calibration Curve[BrosTv[soppb-ta0opm |PFOSA | 274 28 ppb — 1200ppb.
PROSAR | wv

[EWFOSE-OR wv |v |55pb 1200p
POAA nv. /v_| 120 ppb — 1200ppb.[PFOSEA | wv | wv | 120 ppb 1200py

v= Not valid. Upon analyzing the dat, value did not pass the criteria st for this characterization,Until further analysis is compiied, use the LCR to determine the range of Samiaconcentrations for calibration curve preparation.
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3M ENVIRONMENTAL LABORATORY

METHOD

ANALYSIS OF FLUOROCHEMICALS IN LIVER EXTRACTS USING
HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-2.1 Adoption Date: 05/26/98

Revision Date: 06[03112
Author: Lisa Clemen

Approved By:

D fe </3/55
TCaboratory Manager Dae

A fn Hon L/1/55Group Leader Date

(sa 4 (dime. Lio§¢Technical Reviewer Dae

L0_ SCoPE AND APPLICATION
1.1 Scope: This method is for the analysisofextractsofliver or other tissues for fluorochemicalsurfactants using HPLC-electrospray/mass spectrometry.
1.2 Applicable Compounds: Potassium perfivoroostanesalfonate, anionic fluorochemicalsurfactant, or otherionizable compounds
1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other livers as designated in thevalidation report
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20sumwagvorMetwoo 0000000000000
21 This method describes the analysis of fluorochemical surfactants extracted from liver usingHPLC-electrospray/mass spectrometry. The analysis is performed by monitoring a singleion characteristicof a particular luorochemical, such as the potassiumperfluarooctanesulfonate (PFOS) anion, M/Z= 499. Samples may also be screened toverify compound identification.

3.0 DeriniTions
3.1 Atmospheric Pressure Ionization (AP): The Micromass platform systems allow for‘various methodsof ionization by utilizing various sources, probes, and interfaces. Theseinclude but are not limited to: Electrospray Ionization (ESI), Atmospheric Pressure chemicalTonization (Pel),Thermospray, etc. The ionization process in these techniques occurs atatmospheric pressure (i.¢. not underavacuum)
3.2 Electrospray lonization (ES, ESI): a method of ionization performed at atmospheric:pressure, whereby ionization occurs through the production of tiny charged droplets in astrong electrical field.
3.3 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer (MS/MS):The API platforms are equipped with quadrupole mass selective detectors. lons areselectively discriminated by mass to charge ratio (m/2) and subsequently detected. A singleMS may be employed for ion detectionoraseries (MS/MS) for more specific fragmentationinformation.
3.4 Conventional vs. Z-spray probe interface: The latest modelsofMicromass platformsystems (post 1998) utilize a “Z-spray” conformation. The spray emitted from a probe isorthogonal to the cone aperture. [n the conventional conformation it is aimed diretly a thecone aperture, afte passing through a tortuous pathway in the counter electrode. Though theconfiguration is different, the methodsofoperation, cleaning, and maintenance are the same.However, Z-spray components and conventional components are not compatible with oneanother, but only with similar systems (i.e. Z-spray components are compatible with other Z-spray systems, etc.)
3.5 Mass Lynx Software: System software designed for the specific operation of these platformsystems. Currently Mass_Lyn has Windows 95 and WindowsNT 3.1 versions. All versionsare similar. For more details sce the manual specific to the instrument (Micromass PlatformIl or Quattro II MassLyn or MassLynx NT USER'S GUIDE).

4.0 WARNINGS AND CAUTIONS.
4.1 Health and Safety Warnings:

4.1.1 Use caution with the voltage cables for the probe. The probe employs a voltage ofapproximately 5000 Volts
4.1.2 When handling samples orsolvents wear appropriate protective gloves, eyewear,and clothing.

Word 70.195 FACT:M21 Page 2019Analysis of Liver Extract Using ESIMS.
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42 Cautions:
4.2.1 Do not run solvent pumps above capacityof 400 bar (800 psi). I€pressure goesover 400 bax, the HPL100 wil initiate automatic shutdown.
4.22 Do not run solvent pumps to dryness.

5.0 InTEReERENCES.
5.1 To minimize interferences when analyzing samples for perfluorooctanoate(POAA), teflonshould not be used for sample storage or any partof instrumentation that comes in contactwith the sample or extract.

6OEoueweNr0
6.1 Equipmentlisted below may be modified in order to optimize the system.

6.1.1 Micromass Electrospray Mass Spectrometer
6.1.2 HP1100 low pulse solvent pumping system and autosampler.

7.0 SUPPLIES AND MATERIALS
7.1 Supplies

7.11 High purity grade nitrogen gas regulated to approximately 100 psi,
7.1.2 HPLC column, specifics to be determined by the analyst.
7.1.3 Capped autovials or capped 15 mL centrifuge tubes.

8.0 REAGENTS AND STANDARDS
81 Reagents

8.11 Methanol, HPLC grade or equivalent.
812 ASTM, Type I water, Milli-Q™ water, all water used in this method should beMilli-Q™ water and may be provided by a Milli-Q TOC Plus system.
8.1.3 Ammonium acetate, reagent grade or equivalent.

82 Standards
82.1 Typically one method blank, one matrix blank, and ten matrix standards are

prepared during the extraction procedure. See FACT-M-1.1

92.0 SAMPLE HanpLinG
9.1 Fresh matrix standardsare prepared with each analysis. Extracted standards and samplesace stored in capped autovials or capped 15 mL centrifuge tubes until analysis
9.2 If analysis will be delayed, extracted standards and samples may be stored at roomtemperature or refrigerated at 4° C until analysis can be performed.

FACT:M21 Page 3of9Analysis ofLiver Extract Using ESMS
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100QuauryCovror00000000010.1 Matrix Blaoks and Method Blanks
10.1.1 Analyze a method blank and matrix blank prior to each calibration curve

102 Matrix Spikes
10.2.1 Analyze amatrix spike and matrix spike duplicate with each analysis. With aminimum of2 spikes per batch.
10.2.2 Expected concentrations will fall in the mid-rangeofthe initial calibration curve.Additional spike concentrations may fall in the low-rangeofthe nical calibrationcurve.
10.2.3 See section 13 10 calculate percent recovery.

10.3 Continuing Calfbration Checks
103.1 Analyze a mid-range calibration standard after every tenth sample. Ifa significantchange (= 30%) in peak area occurs, relative lo the initial standard curve, stop therun. Only those samples analyzed before the last acceptable calibration standardwill be used. The remaining samples must be reanalyzed.
10.3.2 See section 13 to calculate percent difference.

1.0 CALIBRATION AND STANDARDIZATION
11.1 Analyze the extracted matrix standardspriorto and following each setofextracts. Theaverageof two standard curves will be plotted by linear regression (y = my + b), not forcedthrough zero, using MassLynx or other suitable software.
11.2. If the curve does not meet requirements, perform routine maintenance or reextract thestandard curve(ifnecessary) and reanalyze.
11.3 For purposesof accuracy when quantitating low levels of analyte, it may be necessary touse the low endof the calibration curve rather than the full rangeof the standard curve.Example: when attempting to quantitate approximately 10 ppbof analyte, generate acalibration curve consisting of the standards from 5 ppb to 100 ppb rather than the fullrange of the curve (S ppb to 1000 ppb). This will reduce inaccuracy attributed to linearregression weightingofhigh concentration standards.

12.0 Procepures
12.1 Acquisition Set up

12.1.1 Click on start button in the Acquisition Conteol Panel. Set up a sample list. Assigna filename using MO-DAY-lastdigit ofyear-sample number, assign a method (MS)for acquiring, and type in sample descriptions,
12.1.2 To create a method click on scan button in the Acquisition control panel and selectSIR (Single fon Recording) or MRM. Set lonization Mode 3s appropriate and mass0 499 or other appropriate masses. A full scan is usually collected along with theSIRs. Save acquisition method. If MS/MS instruments are employed, additionalproduction fragmentation information may be collected. See Micromass.

FACTM2.1 Page dof9Analysis ofLiver Extract Using ESMS
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‘MassLynx GUIDE TO DATA ACQUISITION for additonal information andMRM (Multiple Reaction Monitoring).
12.1.3 Typically the sample lst begins with the first set of liver standards and ends withthe second setof standards.
12.1.4 Samples are analyzed with a continuing calibration check injected after every tenthsample, Solvent blanks should be analyzed periodically to monitor possible analytecamyover and are not considered samples but may be included as such.

12.2 Using the Autosampler
12.2.1 Set up sample ray according to the sample list prepared in section 12.1.1
12.2.2 Set-up the HP1100/autosampler a the following conditions or at conditions theanalyst considers appropriate for optimal response. Record actual conditions in theinstrumen logbook:

12.2:2.1 Sample size = 10 pL injection with a sample wash
12.2.2.2 Injectsample = | .
12.2.2.3 Cycletime = 13.5 minutes
12.2.2.4 Solvent ramp =

Time MeOH | 20mM
| Ammonium acetate

000min_| 40% 50%
SOmin_| 90% 10%

[TLOmin | 90% | 10%
20min | a0% | 50%

12.2.2.5 Press the “Start” button.

123 Yostrument Sep-up
12.3.1 Refer to ETS-9-24.0 for more details
12.3.2 Check the solvent level in reservoirs and refi ifnecessary.
12.3.3 Check the stainless steel capillary at the end ofthe probe. Use an eye piece to checkthe tip. The tip should be lat with no jagsed edges. Ifthe tp is foundtobeunsatisfactory, disassemble the probe and replace the stainless steel capillary.
12.3.4 Set HPLC pump to “On”. Set the flow to 10 - 500 uL/min or as appropriate.Observe droplets coming outofthe tip ofthe probe. Allow to equilibrate forapproximately 10 minutes
12.3.5 Tum on the nitrogen. A fine mist shouldbe expelled with no nitrogen leakingaround the tip ofthe probe. Readjust the tipofthe probeifno mist 1s cbserved
123.6 The instrument uses these parameters at the following setings. These settings maychange in order to optimize the response:

FACTM-21 Page 5 09‘Analysis ofLiver Extract Using ESMS
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12.3.6.1 Drying gas 250-400 itershour
123.62 ESI nebulizing gas 10-15 liters/our
123.63 LC constant flow mode flow rate 10 - 500 uL/min
12.3.6.4 Pressure <400 bar (This parameter is not set, itis guide to ensure the

instrumenti operating correctly.)
12.3.7 Carefully guide the probe into the opening. Insert probe until it will not go any

further. Connect the voltage cables to the probe.
12.3.8 Print the tune page, with its parameters,and store it in the study binder with a copy

taped into the instrument log.
12.3.9 Using the cross-flow counter electrode in the ES/MS source is recommended for

the analysisofbiological matrices.
123.10 Click on start button in the Acquisition Control Panel. Press the start button at

topofsample list. Ensure stat and end sample number includes all samples to be
analyzed.

3.0 DATA ANALYSIS AND CALCULATIONS.
13.1 Calculations:

13.1.1 Calculate matrix spike percent recoveries using the following equation:
% Recovery = Observed Result - Background Result x 100

Expected Result
13.1.2 Calculate percent difference using the following equation:
% Difference = Expected Conc. - Calculated Cone. x 100

Expected Conc.
13.1.3 Calculate actual concentrationofPFOS anion in total liver (me):
(ma Sadan)

ofliver usedforanalysisSBOE EN xTotal massofiver(p)1000ug/ Img,

14.0 METHOD PERFORMANCE
14.1 Method Detection Limit (MDL) and Limitof Quantitation (LOQ) are method, analyte, and

matrix specific. Please see ETS-8-1.1, Attachment B, for a listing ofcurrent validated
MDL and LOG values.

141 142 SolventBlanks, Method Blanks, and Matrix Blanks
14.1.1 Solvent blanks, method blanks, and matrix blanks values are must be below: the

lowest standard in the calibration curve.
142 Calibration Curves

14.21 The £ value for the calibration curve must be 0.980 or better
FACTM-21 Page 609

Analysisof Liver Extract Using ESMS
34 Environmental Laboratory & 157 pestis



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U2275

143 Matrix Spikes
14.3.1 Matrix spike percent recoveries are must be within = 30%ofthe spikedconcentration

14.4 Continuing Calibration Verifications
14.4.1 Continuing calibration verification percent recoveries must be + 30% of te spikedconcentration.

14.5 Ifcriteria listed in this method performance section isn't mes, maintenance may beperformed on the system and samples reanalyzed or other actions as determined by theanalyst. Document al actions in the appropriate logbook.
14.6 1f data are 10 be reported when performance criteria have not been met, the data must befootnoted on tables and discussed inthe ext ofthe report.

15. POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed inhigh BTU containers, and glass pipette waste is disposed in broken glass containers. Allcontainers are located inthe laboratory.

160 Reconos erate sree16.1 Each page generated forastudy must have the following information included either in theheader or hand writen on the page: study or project number, acquisition method,integration method, sample name, extraction date, dilution factor (i applicable, andanalyst
16.2 Print the tune page, sample lst, and acquisition method from MassLynx to include in theappropriate sudy folder. Copy these pages and tape into the instrament ranlog.
16:3 Plot the calibration curve by linear regression, weighted 1/x, then print these graphs andstore inthe study folder,
16.4. Prin data integration summary, integration method, and chromatograms, from MassLyns,and store in the study folder
165 Summarize daa using suitable software (Excel 5.0) and store inthe study folder, sceAttachment A for an example of summary spreadsheet
16.6 Back up electronic data to appropriate medium. Record in study notcbook the ile nameand location ofbackup electronic data.

12.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 Attachment A: FACT-M-2.1 Data reporting spreadsheet

FACT:M2.1 Page 7079Analysis of Liver Extract Using ESIMS
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180Rerewesces
18.1 FACT-M-L.1, “Extractionof Potassium Perfluorooctanesulfonate or Other Fluorochemical‘compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry
18.2 ETS-9-24.0, “Operation and Maintenanceofthe Micromass Atmospheric PressureTonization/Mass Spectrometer Quattro I triple quadrupole Systems”
183 The validation report associated with this method is FACT-M-L1-V & 2.1.V-1

19.0 AFFECTED DOCUMENTS
19.1 FACT-M-L.1, “Extractionof Potassium Perfluorooctanesulfonste from Liver for AnalysisUsing HPLC-Electrospray/Mass Spectrometry”

200 Revisions _
Revision RevisionNumber, Reason For Revision Date1 Section 6.1.2 Clarification ofHP1100 system components 03/04/99

Section 11.1 Averageof wo curves, not standard values, re used for
plotting linear regression.
Section 12.2.2.4 Clarificationofsolvent ramp.
Section 17.1 Changed from tachment B to A.

FACTM.2.1 Page 809AnalysisofLiver Extract Using ESIMS
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3M ENVIRONMENTAL LABORATORY

METHOD

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER
FLUOROCHEMICAL COMPOUNDS FROM SERUM OR OTHER FLUID FOR ANALYSIS

USING HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-3.1 Adoption Date: 04/22/98

Revision Date: 10 [o1(8
Author: Lisa Clemen, Glenn Langenburg

Approved By:

y ’ he1/7 /ho a
Labordiory Manager Dae

Vck he 1/25/98
Group Leader Date

ise A (hirer. 9/23/92
Technical Reviewer Date

0 SCOPE AND APPLICATION
1.1 Scope: This method is for the extraction ofpotassium perfluorooctanesulfonate (PFOS)or other fluorochemical compounds from serum or other fluid.
12 Applicable compounds: Fluorochemical surfactants or other fluorinated compounds.
1.3 Matrices: Rabbit, rat, bovine, and monkey serum, rat whole blood, and rat milk curd.
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2.0 SUMMARY OF METHOD
21 This method describes the procedure for extracting potassium perfluorooctanesulfonate(PFOS) or other fluorochemicals from serum, blood, or milk curd using an ion pairingreagent and 5.0 mlof ethyl acetate. In this method, seven fluorochemicals were

extracted: PFOS, PFOSA, PFOSAA, EXFOSE-OH, POAA, PFOSEA, and FC-807‘monocster (see 3.0 Definitions). An ion pairing reagent is added to the sample and theanalyte ion pair is partitioned into ethyl acetate. Four ml of extract are removed and putonto a nitrogen evaporator until dry. Each extract s reconstituted in 1.0 mlofmethanol,then filtered through a 3 cc plastic syringe attached (0 a 0.2 um nylon filter into glassautovials.

opemvmoss 00000000
3.1 PFOS: perfluorocctanesulfonate (anionofpotassium salt) C,F SO;
32 PFOSA: perfluorooctane sulfonylamide CF,,SONH,
33 PFOSAA: perfluorooctane sulfonylamido (ethyDacetateC.F,SO,N(CH,CH,)CH,CO;
3.4 EXFOSE-OH: 2(N-ethylperfluorooctane sulfonamido)-cthyl alcohol

C.F»SON(CH,CH,)CH,CH,0H
35 POAA: perfluorooctanoate (anionofammonium salt) C,F,,COO"
3.6 PFOSEA: perfluorooctane sulfonyl ethylamide C,F.,SO,N(CH,CH,JH
37 FC-807 monoester C,F,,SO;N(CH,CH,JCH,CH,0-PO,H)
38 Surrogate standard: 1H-1H-2H-2H perfluorooctane sulfonic acid

4.0 WARNINGS AND CAUTIONS
41 Health and safety warnings

4.1.1 Use universal precautions, especially laboratory coats, goggles, and gloves when
handling animal tissue, which may contain pathogens.

50 InterrereNces ——eee
5.1 There are no known interferences at this time.

6.0 EQuipmENT ee emsi————
6.1 The following equipment is used while performing this method. Equivalent equipment isacceptable

6.11 Vortex mixer, VWR, Vortex Genie2
6.1.2 Centrifuge, Mistral 1000 or [EC
6.1.3 Shaker, Eberbach or VWR
6.1.4 Nitrogen evaporator, Organomation
6.1.5 Balance (0.1005)

FACTM3.1 Page 20017ExtractionofPOS rom Serum or Ot Fluid
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7.0 SUPPLIES AND MATERIALS
71 Gloves
72 Eppendorfor disposable pipettes
7.3 Electronic pipettor, Eppendorf or equivalent
74 Graduated pipettes
75 Nalgene bottles, capableofholding 250 mL and 1 L
7.6 Volumetric flasks, glass, type A ,
7.7 Volumetric pipets, glass, typeA
78  I-CHEM vials,glass, 40 mL glass
7.9 Crimp cap autovials
7.10 Centrifuge tubes, polypropylene, 15 mL
711 Labels :
712 Syringes, capableof measuring 5 uL to 50 uL
7.03 Syringes, disposable plastic, 3 cc
7.14 Syringe filters, nylon, 0.2 ym, 25 mm
7.15 Timer
Note: Prior to using glassware and bottles, rinse 3timeswith methanol and 3 times with

Milli-Q™ water. Ririse syringes a minimum of times with methanol, 3 rinses from 3separate vials,

80REAGENTSANDSTANDARDS
81 Type reagent grade water, Mill-Q"™ or equivalent; ll water used in his method shouldbe Milli-Q™ water and maybe providedby a Milli-Q TOC Plus™ system
82 Sodium hydroxide (NaOH), J.T Baker or equivalent
83 Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent
84 Sodium carbonate (N3,CO,), J.T. Baker or equivalent
85 Sodium bicarbonate (NGHCO,), J.T. Baker or equivalent
86 Ethyl acetate, Omnisoly, glass distilled or HPLC grade
87 Methanol, Omnisoly, glass distilled or HPLC grade
88 Serum or blood, frozen from supplier
89 Control matrix or blank matrix for purpose of standards, QC checks, blanks, etc
810 Fluorochemical standards

8.10.1 PFOS (3M Specialty Chemical Division), molecular weight = 538
8.102 PFOSA (3M Specialty Chemical Division), molecular weight = 499

FACT:M:3.1 Page 30017Exuaction of PFOS from Serum or Other Fluid
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8.10.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585
8.10.4 EXFOSE-OH (3M Specialty Chemical Division), molecular weight = 571
8.10.5 POAA (3M Specialty Chemical Division), molecular weight = 431
8.10.6 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.10.7 FC-807 monoester (3M Specialty Chemical Division). FC-807 is a mixtureoftriste, diester, and monoester fluorochemical components. The monoestermolecular weight = 650
8.10.8 Surrogate standard: 4-H, perfluorooctane sulfonic acid (1-H, 1-H, 2-H,2-HC,F,SO,H) molecular weight = 428.
8.10.9 Other fluorochemicals, as appropriate

811 Reagent preparation
8.11.1 10Nsodium hydroxide (NaOH): Weigh approximately 200 8 NaOH. Pour into a

1000 mL beaker containing 500 mL Milli-Q™ water, mix until all solids are
dissolved. Store ina 1 L Nalgene bottle.

8.11.2 1 N sodium hydroxide (NaOH): Dilute 10 N NaOH 1:10. Measure 10 mL of
10N NaOH solution into a 100 mL volumetric flask and dilute to volumeusing.
Milli-Q™ water. Store in a 125 mL Nalgene bottle.

8.11.3 0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weigh approximately 169 g
ofTBA into a 1 L volumetric containing 500 mL Milli-Q" water. Adjust to pH.10 using approximately 4 to 54 mL of 10 N NaOH and dilute to volume with
Milli-Q™ water. While adding the lastmL of NaOH, add slowly because the pHchanges abruptly. Store in 1 L Nalgene bottle
8113.1 TBA requiresacheck prior t cach use to ensure pH = 10, Adjust as

needed using | N NaOH solution.
8.11.4 0.25 M sodium carbonate/sodium bicarbonate buffer (N2,CO,/NaHCO,): Weigh

approximately 26.5 g ofsodium carbonate (N2,CO,) and 21.0 gofsodium
bicarbonate (NaHCO) into a 1 L volumetric flask and bring to volume with Milli-Q™ water. Store ina 1 L Nalgene bottle.

812 Standards preparation
8.12.1 Prepare PFOS standards for the standard curve.

8.12.2 Prepare other fluorochemical standards, as appropriate. Multicomponentfluorochemical standards are acceptable(for cxample, one working standard
solution containing 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.987 ppm PEOSAA, and
1.10 ppm E{FOSE-OH.)

8.12.3 Weigh approximately 100 mg ofPFOS into & 100 ml volumetric flask and recordthe acral weight
8.12.4 Bring to volume with methanol for a stock standardofapproximately 1000 ppmGaim).
8.12.5 Dilute the stock solution with methanol for a working standard 1 solution ofapproximately 50 ppm.
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8.12.6 Dilute the stock solution with methanol for a working standard 2 solution ofapprox. 50 ppm.
8.12.7 Dilute the stock solution with methanol fora working standard 3 solution of‘approx. 0.50 ppm.

8.13 Surrogate stock standard preparation

8.13.1 Weigh approximately 50-60 mgofsurrogate standard 1-H,1-H, 2-H, 2.H,CiF,,SO,H into a 50 ml volumetric flask and record the actual weigh.
8.132 Bring 0 volume with methanol fora surrogate stockof approximately1000-1200 ppm.
8133 Prepare a sumogate working standard. Transfer approximately 0.5 ml ofsurrogate stock to a 50 ml volumetric flask and bring to volume with methanol

for a working standard of 10-20 ppm. Record the actual volume transferred.

20 SAuPLE HanpLNG
91 All samplesare received frozen and must be kept frozen until the extraction is performed.

00 QuaLITY CorrroL
10.1 Matrix blanks and method blanks

10.1.1 Extract two 1.0 mL aligusts ofth appropriate matsx (serumo blood, with blood
samples diluted 1:1 with Milli-Q™ water) following this procedure and use as.matrix blanks. See 11.14.

10.1.2 Extract two 1.0 ml aliquotsofMilli-Q™ water following thisprocedure and use as
‘method blanks.

102 Matrix spikes
10.2.1 Prepare and analyze matix spike and matrix spike duplicate samples o determinethe curacy ofthe extraction.
10.22 Prepare cach spike usingasample chosen by the analyst, usually the contro!matrix recived with each sample st.
10.2.3 Expected concentrations will alin the mid-rangeofth inital calibration curveAdditional spikes may be included and may fall nthe low-range of he initialcalibration curve
10.2.4 Prepare one matrix spike and matrix spike duplicate per 40 samples, with a

‘minimum of2 matrix spikes per batch.
103 Continuing calibration checks

10.3.1 Prepare and analyze continuing calibration check samples to ensure the accuracyofthe inital calibration curve. Ifthe percent difference between the inital curveand thecontinuing check diffe by >30%, re-analyze samples analyzed afer thelast acceptable check.
10.3.2 Prepare one check per groupof ten samples. For example,if a sample set = 34,

prepare and extract four checks.
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10.3.3 Prepare cach continuing calibration check from the same matrix used to prepare:the initial curve.
10.3.4 The expected concentration will fal within the mid-range of the intial calibrationcurve. Additional spikes may be included that fal in the low-angeof the initialcalibration curve. This is necessaryifthe analyst must quantitate using only thelow end of the calibration curve (for example, 5 ppb ~ 100 ppb, rather than5 ppb.- 1000 ppb).

1.0 CALIBRATION AND STANDARDIZATION
111 Prepare matrix calibration standards

Note: Blood coagulates in air; therefore, minimize air contact until dilution. At thispoint, add TBAandbuffer to each centrifuge tube as in step 12.9, then add 1.0 mL.ofthe diluted matrix sample to each tube.
11.1.1 Transfer | mLofserumor 1 mLofblood (blood is diluted 1:1 with Milli-Q™water) to 2 15 mL centrifuge tube. The blood issimilarin composition to milkurd and can be used in placeofmilk curd for standard curves when extractingthat matrix.
11.1.2 Ifmost sample volumes are less than 1.0 mL, extract standards with matrixvolumes equal to the sample volumes. Do not extract below 0.50 mLofmatrix.Record the sample volume on the extraction sheet
11.1.3 While preparing a total of twenty aliquois in 15 mi centrifuge tubes, mix or shakebetween aliquots.
11.1.4 Two | mL aliquots, o other appropriate volume, serve as matrix blanks.Typically use the standard concentrations and spiking amounts listed in Table I,at the endofthis section, to spike, in duplicate, two standard curves, for a total ofeighteen standards and two matrix blanks
11.15 Refer to validation reports FACT-M-3.1-V-1 and FACT-M-4.1-V-1, which listthe working ranges and the Linear Calibration Range (LCR) for calibrationcurves.
11.1.6 Use Attachment D as an sid in calculating the concentrationsof the workingstandards. See Section 13.0 0 calculate actual concentrations of PFOS incalibration standards.

11.2 To cach standard, blank, or QC check, add appropriate amountofsurrogate workingstandardforthe concentration to fall within the calibration curve range $ ppb -1000 ppb.
11.3 Extract spiked matrix standards following 12.6-12.16of this method. Use these standards10 establish each initial curveon the mass spectrometer.

FACT:M3.1 Page sof 17Extraction of PFOS from Serum or Other Fld
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Table 1
Approximate spiking amounts for standards and spikes

using 1.0 mi of matrix

(approx. conc.) analyte in matrix

1-1Bam |
[ostopm[To|0tspem |
[ostoppm| 20|00lopm |

[Sooppm 5 omspm |
50pm |0 oo0s0pem |

[sooppm[5|0250pm |

Table
Approximate spiking amounts for standards and spikes

using 0.5 ml of matrix

(approx. conc) analyte in matrix
—TTsm |

[ostoppm| 10 ootopem |
502 pom

Sooppm5 | 000mm |
[S00pemTO 0.100ppm
[So0pm35|o0as0pem |

[Soomm[5 0s00pm |

[00pm| 70 | T00ppm |

120proceoure
12.1 Obtain frozen samples and allow to thaw.

122 Vortex mix for 15 seconds, then transfer 1.0 mL or other appropriate volume to a 15 mL
polypropylene centrifuge tube. For blood samples, remove 0.5 mL and dilute to 1.0 mL
‘with Milli-Q™ water. As soon after diluting as possible, pipet diluted blood into TBA-
‘buffer mixture shown in step 12.9andmix well.

123 Rerum samples to freezer afer extraction amount has been removed.
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124 Record the volume on the extraction worksheet. The final methanol volume equals thevolume transferred from the sample. For example,if 0.5 mL is removed for a bloodsample, the final methanol volume will equal 0.5 mL.
12.5 Label the tube with the study number, sample ID, date and analyst initials. See attached

worksheet for documenting the remaining steps.

12.6 Spike each matrix with the appropriate amountofstandardasdescribed in 11.1 or TableLor 2 in that section for the calibration curve standards. Also prepare matrix spikes and
continuing calibration standards.

12.7 Spike all samples, including blanks and standards, ready for extraction with surrogate.
standardasdescribed in 11.2.

12.8 Vortex mix the standard curve samples, matrix spike samples, and continuing calibration
samples for 15 seconds.

12.9 To each samplZ, add | mL 0.5 M TBA and 2 mL of 0.25 M sodium carbonate/sodium
‘bicarbonate buffer.

12.10 Usinga volumetric pipette, add § mL ethyl acetate.
12.11 Cap each sample and put on the shaker for 20 minutes.

12.12 Centrifuge for 20 to 25 minutes at approximately 3500 rpm, until layers are wellseparated.
12.13 Transfer4 mLof organic layer, using a 5 mL graduated glass pipette, (0 a lean 15 mL.

centrifuge tube. Label this fresh tube with the same information as in 12.5.

12.14. Put cach sample on the analytical nitrogen evaporator until dry, approximately 2 to 3
hours.

1215 Add 1.0 mL or other appropriate volumeofmethanol to each centrifuge tube usinggraduated pipette. Methanol volume to add equals th initial volumeofsample used for
the extraction.

12.16 Vortex mix for 30 seconds.

12.17 Autach 20.2 um nylon mesh filter to a3 ce syringe and transfer the sample to thissyringe. Filter intoa LS mL glass autovial or low-volume autovial when necessary.
12.18 Label the autovial with the study number, animal numberand gender, sample timepoint,

‘matrix, final solvent, extraction date, and analyst(s) performing the extraction.
12.19 Cap and store extracts at approximately4 °C until analysis.
12.20 Complete the extraction worksheet, attached to this document, and tape in the studynotebook or include in study binder, 3s appropriate
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5.0 DATA ANALYSIS AND CALCULATIONS
13.1 Calculations

13.1.1 Calculate actual concentrationsofPFOS, or other applicable fluorochemical, incalibrarion standards using the following caution
mL ofstandard x concenraion of standard(ugJ -FL ofstandard + mL.of sumogate standard + mal maT vole (i)

Final Concentration (g/mL)of PFOS in matrix

140MevHoDPERFORMANCE 0000000000000
14.1 The method detection limit (MDL) is analyte and matrix specific. Refer to MDLreport

for specific MDL and limitofquantitation (LOQ) values (see Attachments B and©).
14.2 The following quality control samples are extracted with each batchof samples to ensure

the qualityof the extraction and analysis.

14.2.1 Method blanks and matrix blanks

14.2.2 Matrix spike and matrix spike duplicate samples to determine accuracy and
precisionofthe extraction

14.2.3 Continuing caliration check samplestodetermin the continued accuracy oftheinitial calibration curve

150 POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample wasteis disposed in biohazard containers, flammable solvent waste is disposed inhigh BTU containers, and used glass pipette waste is disposed in broken glass containerslocated in th laboratory,

60 Reconps
16.1 Complete the extraction worksheet attached to this method, and tape in the study

notebook or include in study 3-ring binder, as appropriate.

7.0 ATTACHMENTS
170 AtachmentA,Extactionworksheet
17.2 Attachment B, MDL/LOQ values

17.3 Attachment C, LOQ Summary

17.4 Attachment D, Calibration standard concentration worksheet

5.0 Reeenences
18.1 The validation reports associated with this method are FACT-M-3.1 & 4.1-V-1.
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190arecrepDocymess 0000000000000
19.1 FACT-M-4.1, “AnalysisofSerum or Other Fluid Extracts for Fluorochemicals usingHPLC-Electrospray Mass Spectrometry”

00RevsioNs0000000000000Revision Revision
Number - ReasonForRevision Date1 Validation of method to include 7 fluorochemicals, an additional matrix, 07/01/98new APUMS(MS) systems, monkey serum cross validation,improvements to ion pairing extraction, MDL study, updates in recordkeeping and storing policies, etc.
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Study # Sample FC-Mix FC-Mix FC-Mix | Dateand
‘Number approx. 0.5 ppm | approx. ppm| approx. 50 ppm| Initials forachal pom | actu pom| scat pom| Shorseus ww, Py aw Comments
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MDL/LOQ values for Rabbit Serum:
Compound |MDL | LoQ LinearCalibrationRange(LCR)

(ppb) | (ppb)|Approximate concentrations to be usedforpreparing the |
| Standard Calibration Curve |

[PROS |T38 439[Sppb-tovopep |
[PEOSAR [285- [9.05[10pm—Todopp |

Monoester | 149 | 248 |MDLsd LOQ sessiraieoy No Vala WOT was ermine rom| MDL study. Any quantation performed for monocstr wil be an| stmt only. Pes reer to PACT M31 & 4.1.1 for specifics |
MDLILOQ values for Rat Serum:
‘Compound|MDL LOQ[LinearCalibration Range (LCR)

(ppb) | (ppb)| Approximate concentrations tobeusedforpreparing the| Standard Calibration Curve
[PFOS [27[403 10 ppb 1000355 ]

Monoester | 149 |248 |DLsnd LOQ se simates oly No valid MBL wis eerinabie omMDL sud. Any auantiation peromed or moneesr wil be an| csimae only. Plese tefe 0 FACT-M.1 & &1-v1 for specifics
MDL/LOQ values for Bovine Serum:
Compound|MDL |LOQ| Linear Calibration Range (LCR)

(ppb) (ppb)|Approximate concentrations to be used for preparing the
Standard Calibration Curve

[FFOS [701 [670|ssppo-to00pee[PFOSA 1504 [160|Z5ppb=1000ppp |

[POAA Tags [iss |Isppo—t000pppPEOSER
Monoester ©] 248 | MDL andLOQareestimates only. No valid MDL was determinable fromMDL stdy. Any quaatiaton performed fo monecse wil o an

No data is available for MDL or LOQ in Monkey Serum. Use validated Linear Calibration Rangeinstead
Plesse see Attachment: C (LOQ Summary) and MDL study in FACT-M-31 & 4.1-V-1 for specifics.

AvschmentA;Exacion worksheet FACTM1 Page 12017Exacion ofFOS fom Seam or Otter Fluid
3M Environmental Laboratory Fo 122 BaggTed



3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-02275

MDL/LOQ values for Monkey Serum:
Compound [MDL | LOQ| Linear Calibration Range (LCR) 1

| (Pb) | (ppb)| Approximate concentrations to be used for preparing the || Standard Calibration Curve |
138 4.39 | MDL and LOQ are estimates only. No valid MDL was determunabie fromMDL study. Any quantistion performed for PFOS willbe an timateonly. Please eer o FACT-M.3.1 & 4.1-V.1 for specific |FFOSA [223 [7:09 | MDL andLOQreestimates only. No vid MDL vs Geermirsbie omMDL sy. dayqinprtomed or POSA wll an cate || only. Please reer to FACT-ML31 & $1-V11 for specificPFOSAA |288 | 904 | MDL nd LOQur ctmates oly No valid MDLne determinable ForMDL study. Ay auactiaion performed ox PEOSA will br a ssn,

{ only. Pleasereferto FACT-M-3.1 & 4.1-V-1forspecifics.EFOSE-OH| 390 | 124 |MDL ndLOQare xtimates oly No valid MDL wat ceermimable Fors] MDL study. Any quanstaion performed for EIFOSE. OF wibe anestimate only. Pless ele to FACTM-3 1 & &.1.V-1 for specificsPOAA TT [137 |MDL nd LOQ sr etmates oly. No valid MDL was deerminsble For| MDL study. Any quaniaton performed for POAA will be am etimte || ony. Pease refer0FACT-ML3.1 & .1-V- for specifics
| PFOSEA 1.09 I 3.48 | MDL and LOQ are estimates only. No valid MDL was determinable from.| MDL study. Any quaniaian performed or PFOSEA-OF willbe an| | ctimte only. Pease refero FACT-M.1 8 4.1.V-1 for specificsMonoester | 149 | 238 |MDLsndLOQ se ssimaie rly. No vai MDL wa detommnsb rom || | MDL dy. Asy guano pesto or EFOSE Ot wie snestimate only. Please refer fo FACT-M-3.1 & 4.1-V-1 for specifics. |

MDL/LOQ values for Rat Whole Blood:
‘Compound|MDL LOQ | Linear Calibration Range (LCR)

(ppb) | (PPD) | Approximate Concentrations to be used for preparing the
Standard Calibration Curve

[PFOS [1251596 [5 ppb- 1000 ppb ]PFOSA 565 [t0ppo-t000ppy
[PFOSAA [173 [550 [55 ppb— 1000ppb
EFOSE-OH | 789 | 25.1 | MDL 2rd LOQ are estimates only. No valid MDL was deserminabi rom| ||0 may, ReyquntaionpertomedioEOS.ft wi benestima only. Plewse refer to TACTM-. & $+ for spits.

POAA 473 [15115 ppb- 1000 ppb.
PFOSEA | 242 50ppb — 1000ppb

Monoester | 580 | 185 | MDL ndCOQare ctmarcs only No valid MBL wis eerminable om| MDL study. Any quantitation performed for monoesterwillbe an1 } csimae only. Plesse refer to PACTM-3.1 & $1.1forspecifics.
Please see tachment C (LOQ Summary) and MDL study in FACT-M-3.1 & 4 1.V-1 fo specifics.
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Compound: PFOSASei Fees | Tomer To| Re TCT | Re Io
| au| rem| Mw se |Sent | eis mens |ison|win mie
[raw [500-1070 [500-160 sso-t0m| 500-251 wa [89-1670 89-1000

Soro 300-100 asim| some wn |moi samme
[fn[500-107| 500-10 _soaiom| om sor m1 0 |se3-170 sma
Von| 500-107| 500-10 swam | 51s ma [mee
‘Compound: PFOSAA.So ne | Torr To| Ter ToT| Ter TORTTm | reget| iat Soe| oven owt’ | pn omme| re| a| SI | es omen | wi) ine| oS iRa [0-110 | 530-1500 to| 530-200 T0420| Tor 160 3 io

To [sme [sms ww|sm Toa| ne 1am
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Compound: EtFOSE-OHSo Rang esr Cot Roary | eT
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Compound: POAA[So Paps ogee Coon| Feear oRT|Reer—[mo | er| en ome| owns’ | oea| ele| hecones|wis compen | oie oS|wie di
Rabbit 501-1480| 513-1510 25.8-1000| 5.13-258 wa [102-1510 wa

Bovine | 501-1 s-1s10 a-ia0| 513m 533-2| errs moi

| Monkey SO1-1480| 513-1510 102-1000| 513-102 513-102 | 102-1510 258-1000

Compound: PFOSEASo ae | Topo TOR Ree CRT ETO| et| ww em| ees ew | ve aow| nw | Ee Sn| eps | ovum)tions| envepet) oes|osm _ ony
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Ton Pair Standard Curves - Fluids
Prep date(s): ‘Standard number:

Analyte(s): Equipment number:
Sample matrix: Final solvent and TN:

Blank fuid/identifer:Methodseevision:
Target analyte(s):
FCmixstd approx. 03500 ppm: Wise
FCmix stdapprox. 5.00 ppm: WIR640
FCmix sd approx. 50.0 pm: W398.639
Surrogate sta approx. 1771 ppm: W398.605
Actual concentrations of standards n the FCmix
PROS FFOSA FEOSAR EWOSE- POA PROSEA Momwesis AT A

ox r
Scone Sdcomc Suconc Scone Scone Sdconc Scone Amt Falwl wml spel wel wml ugmh  upml  spiedml  Velome

pr
[To3wT0507Tos Tumor sw omar[eso | abo ois]0300 0307[0337|0301 | 03%|0s | oso | oom tons |[Sw sor[sw[so[seo gm sorToms tol]S00[sor[smTso [sm sar[sor | ool | tors

S00 sor S32 | sor |seTsai[sor] oom tos |
I J C1 1

[Ceo[ser [5s[sor[ss[sir sr|oo 105]
[C300 Se [ss[01S|sar] soi | oo to |
Como I Sor[52 |sot | 5[sar| sor |oo 1 1055]Calculated concentrations of standards fathe sample matrix

TFOS  PFOSK  FROSAX  EWOSE FORA PFOSEA Mame Supe ATFail Fc Fim Amon flan Pulm Saom Soa Amik
mL

OENS1OY EO
[376 T7588 | lod | 57% | 993| joa | vu | T
EsTas a6 Toa | asa | ass| 208 | Surrogate
3 00S Ta S00 S13| #04 | Famalconc|
O76 [TORY loa ors 993|tz| 978 | ngmi
EC ©NN JO N+J J 1os A}
7 Tso 1S TeTRTs ae
735 Tie 77

fo—iy 5 81

Validatedranges - approximate concentrations
[SemTT[TPFOS  T PFOSA_ _PROSAA__EWOSE-ON_FOAA__PFOSEA |f—rT [5-100 ppb |10-1000ppb|10-1000ppb | 10-1000ppb | 10-750pp | 35-1000ppb|

[Rat 10-1000ppb|25:1000ppb|10-1000ppb| 50-500pob | 5-1000ppn | 510000p0 |
[Fonkey [Estimatesonly |Usevalvesfor[Rabb |——1 [|
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METHOD

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER
FLUOROCHEMICALS IN SERUM OR OTHER FLUID EXTRACTS USING

'HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: FACT-M-4.1 ‘Adoption Date: 4/22/98

Revision Date: 1011-15
Author: Lisa Clemen, Glenn Langenburg

Approved By:

D [95 Asp
Toboatory Marager Bue

Yh b. - 9/21/98
Group Leader Date

So hi nie. 424) ai Dae

L0 Score vp Areuication
1.1 Scope: This method i or he anatyts ofexacts from sero blood for aoroahamicalsutactants wing HPLC-slchospraymass speemomey.
1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds, or

other ionizable compounds.

1.3 Matrices: Rabbit, rat, bovine, or monkey serum and rat whole blood or milk curd.

Werds0.195 Factiva ——oy ofSeu FdEsc Using ESAS
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20SummaRvoFMeTMOD 000000000
2.1 This method describes the analysis of fluorochemical surfactants extracted from serum,‘whole blood, or milk curd using HPLC-¢lectrospray/mass spectrometry, or similar system2s appropriate. The analysis is performed by monitoring a single ion characteristic ofaparticular fluorochenical, such as the potassium perfluorooctanesulfonate (PFOS) anion,M/z= 499. Samples may also be analyzed using an APUMS/MS system to further verifycompound ideitification.

Mpeevmoss 00000000000
3.1 Atmospheric Pressure Ionization (API): The Micromass platform systems allow for‘various methodsof ionization by utilizing various sources, probes, and interfaces. Theseinclude but are not limited to: Electrospray Ionization (ESI), Atmospheric Pressure chemicalTonization (AP),Thermospray, etc. The ionization process in these techniques occurs atatmospheric pressure (i.¢. not underavacuum).
3.2 Electrospray Ionization (ES, ESI): a method of ionization performed at atmosphericpressure, whereby ionization occurs through the productionoftiny charged droplets in a

strong electrical field
3.3 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer (MS/MS):

‘The API platforms are equipped with quadrupole mass selective detectors, lons are
selectively discriminated by mass to charge ratio (mz) and subsequently detected. A single
MS may be employed for ion detection or series (MS/MS) for more specific fragmentationinformation.

3.4 Conventional Vs. Z-spray probe interface: The latest modelsofMicromass platformsystems (post 1998) utilize a “Z-spray” conformation. The spray emitted from aprobe isorthogonal to the cone aperture. In the conventional conformation it is aimeddirectly at thecone aperture, ater passing through a tortuous pathway in the counter electrode. Tough theconfiguration is different, the methodsofoperation, cleaning, and maintenance are the same.However, Z-spray components and conventional components are not compatible with oneanother, but only with similar systems (i.¢. Z-spray components are compatible with other Z-spray systems, etc.)
3.5 Mass Lynx Software: System software designed for the specific operationof these platformsystems. Currently MassLyn has Windows 95 and WindowsNT 3.1 versions. All versionsare similar. For more details see the manual specific to the instrument (Micromass Platform

lor Quattro If MassLynx or MassLynx NT USER'S GUIDE)

4.0 WARNINGS AND CAUTIONS
4.1 Health and Safety Warnings:

4.1.1 Use caution with the voltage cables for the probe. The probe employs a voltage ofapproximately 5000 Volts.
4.1.2 When handling samples orsolvents wear appropriate protective gloves, eyewear,and clothing,

Word 60.195 FACTM.4.1 Page20r9Analysis ofSerumor Fluid Extract Using ESMS
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42 Cautions:
4.2.1 Do not operate solvent pumps above capacityof 400 bar (5800 psi) back pressure.Ifthe back pressure exceeds 400 bar, the HP1100 will initiate automatic shutdown.
42.2 Do not run solvent pumps to dryness.

5.0 INTERFERENCES
5.1 To minimize interferences when analyzing samples for perfluorooctanoare(POAA), teflon

should not be used for sample storage or any part ofinstrumentation that comes i contact
‘with the sample or extract.

Sopouewesr0000000000
6.1 Equipment listed below may be modified in order to optimize the system.

6.1.1 Micromass Electrospray Mass Spectrometer
6.1.2 HPL100 low pulse solvent pumping system and autosampler

7.0 SUPPLIES AND MATERIALS
71 Supplies

7.11 High purity grade nitrogen gas regulated to approximately 100 psi
7.1.2 HPLC analytical column, specificsto be determined by the analyst
7.13 Capped autovials or capped 15 mi centrifuge tubes

8.0 REAGENTSANDSTANDARDS ~~~
81 Reagents

8.1.1 Methanol, HPLC grade or equivalent
8.1.2 Milli-Q water, all water usedin this method should be Milli-Q™ water and may

be provided by a Milli-Q TOC Plus system
8.1.3 Ammonium acetate, reagentgradeor equivalent

82 Standards
82.1 Typically one method blank, one matrix blank, and ten matrix standards are

prepared during the extraction procedure. See FACT-M-3.1

9.0 SAMPLE HANDLING.
9.1 Fresh matrix standards are prepared with each analysis. Extracted standards and samples

arestored in capped autovials or capped 15 ml centrifuge tubes until analysis.
92 Ifanalysis will be delayed, extracted standards and samples can be refrigerated at

approximately 4° C uniil analysis can be performed.

FACTM.41 Page 309
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10.0 QuaLITY ConTROL
10.1 Method Blanks and Matrix Blanks

10.1.1 Analyzeamethod blankandamatrix blank prior to each calibration curve.
102 Matrix Spikes

10.2.1 Analyze a matrix spike and matrix spike duplicate per forty samples. With aminimum of 2 spikes per batch.
10.2.2 Expected spike concentrations will al in the mid-rangeofthe inital calibrationcurve. Additional spike concentrations may fallin the low-range ofth initialcalibration curve.
10.2.3 See Section 13 to calculate percent recovery.

10.3 Continuing Calibration Checks
10.3.1 Analyze amid-range calibration standard aftr every tenth sample. Ifa significantchange (& 30%) in peak area occurs, relative to the inital siandard curve, stop therun. Only those samples analyzed before the last acceptable calibration standardwill be used. The remaining samples must be reanalyzed.
10.3.2 See Section 13 to calculate percent difference.

11.0 CALIBRATION AND STANDARDIZATION
ILI Analyze the extracted matcix standards prior to and following each se of extracts. Themean oftwo standard values, at cach standard concentration, willbeplotted by linearregression (for the calibration curve using MassLynx or other suitable software.
112 The # value for the data should be 0.980 or greater. Lower values may beacceptable at thediscretion ofthe analyst and documented approval ofthe Project Lead.
113 Ifthe curve does not meet requirements, perform routine maintenance of reexiract thestandard curve(if necessary) and reanalyze.
11.4. For purposesofaccuracy when quantitating ow levelsofanalyte, it may be necessary touse the low end ofthe calibration curve rather than th full rangeof the standard curve.Example: when attempting to quantitate approximately 10 ppbof analyte, generate acalibration curve consisting of the standards from 5 ppb to 100 ppb rather than the fullrangeofthe curve (5 ppb 0 1000 ppb). This will reduce inaccuracy atibuied to linearregression weightingofhigh concentration standards.

12.0 ProcEDURES
12.1 Acquisition Set up

12.1.1 Click on start button in the Acquisition Control Panel. Set up a sample ist. Assigna filename using letier-MO-DAY-last digit of year-sample number, assign a method(MS) for acquiring, and type in sample descriptions.
FACTM.A1 Page dorAnalysis ofSerum or Pid Exact Using ESS

3M Environmental Laboratory +E/f/ Eager



3m Medical Department Study: T-6295.7 Report No. FACT T0X-030
laboratory Request Number-U2273

12.1.2 To create a method click on scan button in the Acquisition control panel and select
SIR (Single Ion Recording). Set Ionization Mode as appropriate and mass to 499 or
other appropriate masses. A full scan isusuallycollected along with the SIRS.
Save acquisition method. I MS/MS instruments are employed, additional product
on fragmentation information may be collected. Se Micromass MassLynx
GUIDE TO DATA ACQUISITION for additional information and MRM (Multiple
Reaction Monitoring).

12.1.3 Typically the analytical batch run sequence begins with a setof extracted matrix
standards and ends withasetofextracted matrix standards.

12.1.4 Samples are analyzed withacontinuing calibration check injected after every tenth
sample. Solvent blanks should be analyzed periodically to monitor possible analyte
carryover and are not considered samples but may be included as such.

12.2 Using the Autosampler
12.2.1 Set up sample tray accordingto the sample lit prepared in Section 12.1.1.
12.2.2 Set-upthe HP1100/autosampler at the following conditions or at conditions the

analyst considers appropriate for optimal response. Record actual conditions in the
instrument logbook:
12.2.2.1 Sample size = 10 kL injection with a sample wash
122.22 Injecusample = 1
12.2.2.3 Cycle time = 15 minutes
12.2.2.4 Solvent ramp =

Time 20mm
Ammonium acetate

[0.00min [45% 5%

[0min[700%1 i0% |

Note: In this instrument configuration, the run must be set up on the clctrospray software.
‘with a “Waiting for inlet start” message before the “Start” button is pressed on the
HP Workstation.
122.25 Press the “Start” button.

123 Instrument Set-up
123.1 Refer to FACT-EP-3.0 for more details.
12.3.2 Check the solvent level in reservoirs and refillif necessary.
12.3.3 Check the stainless steel capillaryatthe endofthe probe. Use an eyepiece to check

the tip. The tip should be flat with no jagged edges. Ifthe tip is found to be
unsatisfactory, disassemble the probe and replace the stainless steel capillary.

FACT:M41 Page Sof
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12.3.4 Set HPLC pump to “On. Set the flow to 10 - 500 uL/min or as appropriate.Observedroplets comingout ofte tp of theprobe. Allow 10 cqumibentor‘approximately 10 minutes.
12.3.5 Tum on the nitrogen. A fine mist should be expelled with no nitrogen leaking

around the tipof the probe.

12.3.6 The instrument uses these parameters at the following settings. These settings may.
changein order to optimize the response:

1236.1 Dryinggis 250-400 ershour
12.3.6.2 ESI nebulizing gas 10-15 liters/hour
12.3.6.3 HPLC constant flow mode flow rate 10 — 500 uL/min
12.3.6.4 Pressure <400 bar (This parameter is not set, it is 2 guide to ensure the

HPLC is operating correctly.)

12.3.7 Carefully guide the probe into the opening. Insert probe until it will not go any
further. Connect the voltage cables to the probe.

12:38 Record tune pacameers in he insrament log.
12:39 Using he cross-flow counter lectrode inthe ESMS source i recommended fo

the analysisofbiological matrices.

12.3.10Click on start button in the Acquisition Control Panel (this may vary among
MassLynx versions, see appropriate MassLynx USER’S GUIDE). Press the startbutionat tp ofsample14. Eneure statand end sample number incloaes ai
samples to be analyzed.

12.0 DATA ANALYSIS AND Cat coLaions
13.1 Calculations:

13.1.4 Calulate matix spike percent recoveries usin th following equation
% Recovery = Observed Resul- Background Result x 100- Expected Result

13.1.5 Calculate percent difference using the following equation:
% Difference = ExpectedConc.-CalculatedCone, x 100Exposed Cone

13.1.6 Calculate actual concentrationofPFOS, or other fluorochemical, in matrix (ug/ml):
(00PFOS cle. rom sd Curve x Dilution Factor) x Lugiil Volumeofmais m+ ml ofSuogateSndart) 00075

Final Volume (mL)

140 Merion Pencommance
14.1 Method Detection Limit (MDL) and Limit of Quantitation (LOQ) are method, analyte, and

‘matrix specific. Please see FACT-M-3.1, Attachment A for a listing of current validatedVDL 228 L0G vals
Facts Paesors
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142 Method Blanks and Matrix Blanks
14.2.1 Method blanks and matrix blanks will be analyzed with each sample set forpossible contamination or carryover. Values are expected to fal below the loweststandard in the calibration curve.

14.3 Matrix Spikes
14.3.1 Matrix spikes are analyzed with each sample set and the percent recoveries are‘expected to fall within + 30%ofthe spiked concentration.

144 Continuing Calibration Checks
14.4.1 Continuing calibrationchecksare analyzed at a minimumofafter every 10 sampleswith each sample set. The percent recoveries are expected to fall within & 30% ofthe spiked concentration.

145 Ifany criteria listed in the method performance section isn't met, maintenance may beperformed on the system and samples reanalyzed or other actions as determined by theanalyst. All actions will be documented in tie instrument runlog, the maintenance log, oron the summary sheet with the sample results.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample extract waste and flammable solvent s disposed in high BTU containers, and glasspipette waste is disposed in broken glass containers located in the laboratory.

60 Recorns
16.1. Store chromatograms in the study or project folder. Each chromatogram must have thefollowing information included either in the header or hand written on the chromatogram:study or project number, acquisition method, integration method, sample name, extractiondate, dilution factor if applicable), and analyst.
162 Plot calibration curve by linear regression and store in the study folder.
163 Print sample list from MassLynx and tape into the instrument runlog,
16.4. Print data integration summary from MassLynx and tape into the instrument runlog
16:5 Copy instrument runlog pages, including instrument parameters and sample results, andstore in appropriate study folder.
16.6 Summarize data using suitable software and store in the study folder.
167 Back up electronic data to appropriate medium. Recordinstudy notebook the file nameand location of backup electronic data.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.0 Attachment A: FACT-M-4.1 Data reporting spreadsheet
17.2 The validation report associated with this method is FACT-M-3.1 & 4.1-V-1.

FACT:M4.1 Page 70f9AnalysisofSerum or Fuid Extract Using ESMS
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am Medical Departmen: Scudy: T-6295.7 Report No. FACT T0%-030Laboratory RequestNumber 03279
SM Medial Deparment Sucy: 62957 Report No. FACT Tox030Laborato Redes umber sare

AmtachmentF
EXAMPLE CALCULATIONS

FormuiaUsed for Sera Analyses in Study FACT TOX.030
AR (g/mL) DEX SC FV (ml) x 10g_= pg/mL. xPC = Reported Conc ug)Vn) 000mg
Calculation Used for Group 3, Week 1, Animal ID 105505M

287ngimL x 1009275 x Im x 10pg = 5.32 ugimL x 0.864 =4.60 pg/mL.OSE Tong

AR— Analytical result from MassLynx summaryDF— Dilution cor
'SC—PFOS salt correction constant (0.9275)
FV—Final extract volume (1.0 mL unless otherwise noted)
[EV—Volumeofsera extracted
PC—PFOS purity comestion factor (86.4%)

Formula Used fo Liver Analyses in Study FACT TOX.430
AR (gf) deur (1) xSCX DF *_L0ug. = gig x PC = [PROS] spe ug)Same 000mg
™ curveisassumedtobe: 1 gliver

SHH

Calculation Used for Group 3, Week 27, Animal ID 105510M
SHnge x lySmL_ x09275x 100% 10ug =488 uyx0864422ugly06S Wong

AR— Analytical result from MassLynx summary
9 curve—Densityofthe liver standard curve, assumed to be 1g liver/ S ml water2 sample—Densityofhe lver sample (1g ample 3 mL. 1,0)
'SC—PFOS salt comection constant (0.9275)
DF— Dilution factor
PC—PFOS purity correction factor (86.4%)
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-0227
WMMedicalDepartment Sucy:T:62057 Repent No. FACT Toxa30

LaboratoryRequest Number-U2279—_— TTATTACHMENTG
INTERIM CERTIFICATE OF ANALYSES

WMEnvironmental Laborscry Page Gt
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INTERIM CERTIFICATE OFANALYSIS
Revision1(9/7/00)

Centre Analytical Laboratories COA Reference #:023-0184
3M Product: PFOS,Lot 217

Reference#: SD-018
Purity: 86.9%fone TT SpetonTf

Fhppearnce 1 Wii Crysalline Powder |Conformsoe [rou|Metal P/MS)a enteraloe. } pies3 ope 3 Smt4. Potassium’ 4. 6.849 wriwt%3 fo § SerIE § ims5 Eom 3[Foals mmpuiyORY[ymTomy
(LEMS) rr a
nl er,[ResidualSolves(TGA)| NonDeeied |[PuybyDSC 7 Not ApplicableorganicAnions (IC)fe Jre bpmIg TaniT 5 San& Nie : SovxZI. % Shrmmx7._Sulfate* 7. 8.76 wtiwt%‘Organic Acids® (IC)= © atm[Ea bi hiiI gnom LnTeSl I Teomeivieeon | 1 iissTo TORomEmeIge |) aes§ fo DoDemavher | roaI §oRmmanReml |) mesies HE onillI rt

ExactCopyofOriginalCOA023-018A a Calls Page 1of3
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-Uz279

INTERIM CERTIFICATE OFANALYSIS
Centre Analytical Laboratories COA Reference #: 023-018A

Date of Last Analysis: 08/31/00

Expiration Date: 08/31/01

Storage Conditions: Frozen <-10°C

Re-assessment Date: 08/31/01

"Purity = 100% - (sumofmetal impurities, 1.45% +LC/MS impurities,8.41%+norganicFluoride, 0.59%+NMR impurities, 1.93%+organic acid impurities, 0.38%+POAA,033%)
Total impurity from all tests = 13.09%
Purity = 100% - 13.09%=86.9%

“Potassium is expectedinthis salt form and is therefore not considered animpurity.

Purity by DSC is generally not applicable to materialsof low purity. No endotherm wasobserved for this sample.

“Sulfur in the sample appears to be converted to SO and hence detected using theinorganic anion method conditions. The anion result agrees well with the sulfurdetermination in the elemental analysis, lending confidence to this interpretation. Basedon the results, the SO is not considered an impurity.
TFA Trifluoroacetic acid
HFBA  Heptafluorobutyric acid
NFPA Nouofluoropentanoic acid
PFPA Pentafluoropropanoic acid

“Theoretical value calculations based on the empirical formula, CiF S05"(MW=538)

‘This work was conducted under EPA Good Laboratory Practice Standards (40 CFR. 160).

coauzs018a Page20r3
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2m Medical Department Study: 7-6295.7 Report No. FACT Tox-030laboratory Request wumper-Uzi7s

INTERIM CERTIFICATE OFANALYSIS
Centre Analytical Laboratories COA Reference #: 023-0184

LC/MS Purity Profile:

mp wweoo ———rmFr0raoora]Cwma

Note: The C4 and C6 values were calculated using the C4 and C6 standard calibration
curves, respectively. The CS value was calculated using the average response factors
from the C4 and C6 standard curves. Likewise, the C7 value was calculated using the
average response factors from the C6 and C8 standard curves.

Prepared By:
David S. Bell Date
Scientist, Centre Analytical Laboratories

Reviewed By: ee
John Flaherty Date
Laboratory Manager, Centre Analytical Laboratories

conomaien Pasaona
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U3375

INTERIM CERTIFICATE OFANALYSIS
Revision1(9/7/00)

Centre Analytical Laboratories COA Reference #: 023-0188
3MProduct: PFOS, Lot 171

Reference #: SD-009
Purity: 86.4% .

fF same7 Speffatons |Rew
Fu 7 =[Apeamnee | itsCyl Powder |Conformsdenicaion
ERCP

1 Catcum L 0017wma%2. Magnesium 2 0007wis3. Sodhum 5 LISSwins
4. Potassium’ 4. 6.552 wiiwt%5. Nickel 5. 0003wih%& Lon § 0004wir
7._Manganese 7._<0.001wt./wt.% |

ToT: Tmt TOS
al pay 5Goh | eeReed Compound—FOAL

[ResdalSolvers(TGA)||NoneDetected][PuiybyDSC [NoApplic]Trorginic Anions IC)
© Clore L 001swm2. Fuoride 2 Ozman5. Bromide 5. 0040wi5 Nite 5 000mm5. Nie 5 0.006 wn6. Phosphate § 0007 win
7. Sulfate 7.882wt/wi%OrgansAcids ICY

| 7 Ea LL Dlwmnn2 FRA 2 tw| 3. HFBA 3. <01wtwi%| nwa 025ww[ElementalAralyeie1. Carbon 1 TheoreticalValue=17.8% L now| 2 Hydrogen 2 Theoretical Valie - 0% 2 09min5. Niwogen 5 Theoretical Valve 0% 5 Lewimosu 4 Theoretical Vale - 595% 5101wen5._Fluorine 5. Theoretical Value = 0% 5. S04win

coA023-0188 ‘Bact Copyof Original Page Lof3
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U2275

INTERIM CERTIFICATE OFANALYSIS
Centre Analytical Laboratories COA Reference # 023-018B

Date of Last Analysis: 08/31/00

Expiration Date: 08/31/01

Storage Conditions: Frozen <-10°C

Re-assessment Date: 08/31/01

"Purity = 100% - (sum of metal impurities, 1.39% +LC/MS impurities,
10.60%+Inorganic Fluoride, 0.27%+NMR impurities, 1.00%* POAA, 0.30%)

“Totalimpurityfrom all tess = 13.56%
Purity = 100% - 13.56% = 86.4%

“Potassium is expectedinthis saltformand is therefore not considered an impurity.

*Purity by DSC is generally not applicable to materialsof low purity. No endotherm was
observed for ths sample.

“Sulfur in the sample appears to be converted to SO4 and hence detected using the
inorganic anion method conditions. The anion result agrees well with the sulfur
determination intheelemental analysis, lending confidence to this interpretation. Based
on the results, the SOx is not considered an impurity.

TFA Trifluoroacetic acid
HFBA  Hepafluorobutyric acid
NFPA Nonofluoropentanoic acid
PFPA Pentafluoropropanoic acid

“Theoretical value calculations based on the empirical formula, CyF;SOyK" (MW=538)
‘This work was conducted under EPA Good Laboratory Practice Standards (40 CFR 160).

coauzs.0isB Page 2013
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3m Medical Department Study: T-6295.7 Report No. FACT TOX-030laboratory Request Number-U2273

INTERIM CERTIFICATE OFANALYSIS
Centre Analytical Laboratories COA Reference #: 023-0188

LOMS Purity Profile:

[ Mwpariy TT wem%
es ie
ese
eTew

ie |
CC wr ee

Note: The C4 and C6 values were calculated using the C4 and C6 standard calibration
curves, respectively. The CSvaluewascalculated using the average response factors
from the Cé and C6 standard curves. Likewise, the C7 value was calculated using the
average response factors rom the C6 and C8 standard curves.

Prepared By:
Davids. Bell Dae
Scientist, Centre Analytical Laboratories

Reviewed By: _John Flaherty Dae
Laboratory Manager, Centre Analytical Laboratories
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