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Ninety-fourSumitomo3M employeesparticipatedinavoluntary,cross-sectionalserum

fluorochemicalassessment.Three groups of employees were examined. Sagamihara

Plantproductionemployees (n= 32)were involvedintheinspectionand convertingof

finishedgoods. Sagamihara Plantmanagement employees (n= 32) were involvedin

primarilynon-productionwork activities.Tokyo Head Officeemployees(n= 32) are

generallynotoccupationally-exposedtofluorochemicals.Allbuttwo ofthe94

participantswere mate employees. Among the Sagamihara Plantproductionemployees,

thehighestserum perfluorooctanesulfonate(PFOS), perfluorooctanoate(PFOA) and

perfluorohexanesulfonate(PFHS) levelswere 0.628ppm, 3.6ppm and 0.117 ppm,

respectively.Serum levelsfortheSagamihara PlantManagement and Tokyo Head

Officewere,on average,under0.01ppm (PFOS), 0.03ppb (PFOA) and 0.025ppm

(PFHS)Serum levelsof PFOS forSaganiiharaPlantmanagement and Tokyo Head Office

employees were similarto levelsseen ina smallgroup ofUS 3M Center employees who

were not occupationallyexposed toPFOS. Serum PFOS levelsof Sagamihara Plant

productionemployees were below thoseofworkers atthe3M Antwerp and Decatur

plants.
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PROTOCOL FOR SERUM FLUOROCHEMICAL DETERMINATION
IN 3M SUMITOMO EMPLOYEES

ABSTRACT

3M manufactures productswhich containchemicalcompounds, eitherasintentional

components or residualimpurities,thathave asa parentmolecule,perfluorooctane

sulfonylfluoride(POSF).Thesecompounds may be expectedtotransformmetabolically,

toan undetermined degree,toPFOS asan end-stagemetabolite.Another compound

manufactured by 3M includesammonium perfluorooctanoate(PFOA).These molecules

entera number ofproduct applications(eg.,surfactants,food packaging additives,

polymers).

3M Sumitomo inJapan processesmany of thesecompounds intoproducts for

distributionand sale.Fluorochemicalapplicationsare alsoinvestigatedin 3M

Sumitomo laboratories.

The purpose ofthisstudyistomeasure serum fluorochemicallevelsinselected

employees ofthe 3M Sumitomo population.The specificfluorochemicalstobe

measured includeperfluorooctanoicacid(PFOA) and perfluorooctanesulfonate(PFOS).



RESEARCH METHODS

Approximately 110 employees willbe invitedtoparticipateinthisnon-randomized

cross-sectionalstudy;allsubjectsare volunteers.Thirtyindividualsare involvedin the

processingand formulationvariousforms ofpure fluorochemicalsintofinished

productsfordistributionthroughoutAsia.Approximately20 individualsareactively

involvedinlaboratoryfluorochemicalresearch.Approximately60 managerial

employees,considerednon-occupationallyexposed tofluorochemicals,willalsobe

invitedtoparticipate.

Informationconcerning respondents'age,gender,and occupationwillbe obtained

from 3M Sumitomo Human Resourcesforreview with theserum fluorochemical

results.

The studydurationwillbe appr-oximatelythrreweeks.Writteninforznedconsentwill

be obtainedfrom allstudysubjectsinJapanese (Appendix A).Each subjectwillbe

involvedforabout 15 - 20 minutesand willdonatetwo lO mL bloodsample.Should

any emvlovee com cationsariseasa consequence ofphlebotomy,physiciansPli

associatedwith 3M Sumitomo willtreatthem. .

Once the bloodsamples are obtained,theywillbe frozenindry iceand sentby 3M

Center inSaintPaul viaFederalExpress.At the 3M CenterMedical Clinic,serum wfll

be separatedby centrifugationand senttothe 3M EnvironmentalLaboratoryfor

analysis.Standard electrosprayHPLC MS/MS willbe used todeterminethe

fluorochemicalcontentofallserum samples.Serum willbe analyzedforthe presence

and amount of PFOA and PFOS. Resultswillbe reportedtothePrincipalInvestigatorin

partsperbillion(ppb).The PrincipalInvestigatorwillinfonn 3M Sumitomo employees



oftheirFFOSandFFOAlevelsafterresultsandabriefexplanationarebetranslatedinto

Japanese.

The PrincipalInvestigatorwillforwardtheresultstotheappropriateCo-investigator

forstatisticalanalysis.Descriptivestatisticsperformed willincludegroup mean

fluorochemicalleveland standarddeviationofthemean, and rangeofserum

fluorochemicallevels.CozTelationand regr-essionanalyseswillbe performed utilizing

informationobtainedconcerningage,gender,and occupation.

RESULTS

A fornutlreportoftheresearchfindings,includingdataanalysis,willbe submittedto

the3M MedicalDirectorand InstitutionalReview Board attheconclusionofthestudy.

The protocolwfflbe amended onlywithapprovalofthe3M InstitutionalReview Board.



AFPENL)IXA - CONSENT FORM

CONSEN'RFOIL%4FOR COLLECTION OF BLOOD FOR SERUM FIUOROCHEMICA
LEVEL DFTERMINATION

INTROL)UCTION
You and your colleaguesare involvedinfluorochemicalproduction,research,or
management at3M Sumitomo. You are invitedtoparticipateina researchstudybeing
conducted by 3M CorporateOccupationalMedicine regardingfluorochemicals.Your
participationwould involvedonatingtwo red-toppedtesttubesofblood.Your blood
willonly be testedfortheamount PFOA, PFOS, and itsprecursorsitcontains;itwillnot
be used to testforany other substancesor disease.Pleasereview thisconsent form
carefullyand be sureyour questionsare answered beforeyou make a decisionto
participate.A 3M Sumitomo representativewillbe availabletoprovideyou with
additionalinformationatthetime ofyour blooddonation.

PURPOSE OF STUDY
The purpose ofthe studyistodeterminethepresenceand amount ofperfluorooctanoic
acid(PFOA),perfluorooctanesulfonate,and itsprecursorsinyour serum.

STUDY PROCEDURES
Your blood willbe drawn with one needlestickand requiretwo testtubes.Illiswillbe
a one-timeblood donation.

POTENTIAL RISKS/BENEFrrS
The risksofvenipunctureincludepainon needleinsertion,bleedingunder the skin,
discolorationfrom bleedingunder thesldn,and discomfortfrom blood clotfir@g
(hematoma) ifbleedingunder thesidnoccurs.

BENEFITS
There willbe no directbenefitfrom your participationinthisstudy.However, the
informationgained from thisstudywillfurtherhelp us understandhuman exposuresto
fluorochemicals.Your individualresultsaswellastheoveraffresultswfflbe
communicated toyou only. Your individualresultswillbe consideredconfidential
inforznationand wfllnot be disclosedtoanyone outsidethe 3M Medical Department
withoutyour wtittenconsent.

COMPENSANON
No financialcompensation willbe forthcomingasa resultofparticipatinginthisstudy.
Ifyou sufferinjuryor a medicalcondition'thatappears tobe the resultofparticipating
inthisstudy,you willbe refertedtoanotherhealthcareprofessionalatno costtoyou.
Inthe eventofa researchrelatedinjury,compensation willbe determined on a caseby
case basisby 3M.



CONFIDENTIALITY
The overallresultscollectedin thisstudymay be used in publicationsor public
presentation.Your name willnotbe revealedinany publicationor otherdocuments
intendedforpublicationexamination.Your individualresultswillbe communicated to
you only.Your individualresultswillbe consideredconfidentialinformationand will
not be disclosedtoanyone outsidethe3M Medical Department without your written
consent.

SUB-IJECTRIGHTS/AVAILABILnY OF INFORMATION
Ifyou have any questionsabout thestudynow, or later,or inthe eventofa research
relatedinjuryor emergency, contactDr.JeffreyMandel (651-733-8670) orjean
Burris,R.N.(651-737-7867). Foranswers toquestionsaboutyour rightsinregardto
thisresear-ch,you may contactDr. LarryZobel,Chair,3M InstitutionalReview Board at
651-733-5181.

VOLUNTARY PARnCIPAnON AND WRMDRAWAL

Participationinthisstudyisvoluntary.Refusaltoparticipatewillinvolveno penaltyof
lossofbenefitstowhich you areotherwiseentitled.You arefreetorefusetoparticipate
forany reason.The investigatormay stopyour participationinthisstudyshould itbe
determined thatcontinuedparticipationmay be detrimentaltoyour health.

SUBJECT CONSENT

By signingtheconsent form,IcertifythatIam atleast18yearsold.Iconfn-rnthatI
have read thisconsent forzn,and thatIhave been given adequate opportunitytoask
any questionsImay have aboutthisconsentform orthestudy.Ialsoconfm thatI
understandthescope ofmy participationinthisstudy,and thataflofmy questions
have been answerrd tomy satisfaction.Iam sign@ thisconsentform voluntarily,and
Idesiretoparticipateinthe study.IunderstandthatIwillreceivea copy ofthissigned
consent fonn. Iunderstand thatIwillnotreceiveany financialcompensation for
participatinginthisstudy.

Signature Date

PrintedName

Witness



FinalReport
Epidendology,220-3W-05

MedicalDepartment
3M Company

St.Paul,MN 55144

Date: September 3, 1999

Title:DeterminationofSerum FluorochemicalLevelsinSumitomo 3M Employees

Study StartDate:March, 1999

IRB Approval Date:January 20, 1999

PrincipalInvestigator: Jean Burris,RN, NTH'

Co-Investigators: Geary W. Olsen,DVM, PhD'
JeffreyH. Mandel,MD, NVH'
John C. Schumpert,MD, NTH'

StudyDirector: JeffreyH. Mandel MD, NDH

Study Sponsor. 3M Medical Department
3M Company
220-3W-05
St.Paul,MN 55144

1. OccupationalMedicine,MedicalDepartment,3M Company, 220-3W-05, St.Paul,
MN 55114



Introduction

3M manufacturesproducts,whichcontainchemicalcompounds,eitherasintentional

components or as manufacturingresiduals,which, have as a parentmolecule,

perfluorooctanesulfonylfluoride(POSF). These compounds may be expectedto

transformmetabolically,to an undetermineddegree,toPFOS as an end-stagemetabolite.

Another compound manufacturedby 3M includesammonium perfluorooctanoate

(POAA). These compounds entera number ofproductapplications(e.g.,surfactants,

polymers,and food packagingadditives).

Sumitomo 3M inJapan processesmany of thesecompounds intoproductssuch as fire

protectionproductsand surfaceprotectionproductsfordistributionand sale.Other

potentialfluorochemicalapplicationsarealsoinvestigatedinSumitomo 3M laboratories.

Purpose

The purpose of thisinvestigationwas toestimatepotentialfluorochemicalexposureto

Sumitomo 3M employees, usingtheserum component of blood as an exposure measure.

Methods

94 Sumitomo 3M employees participatedina voluntary,cross-sectional,fluorochemical

serum measurement. Itisassumed thatserum fluorochemicalsmeasured represent

occupationalexposures,althoughwe have notincludedfluor-ochemicalairmeasurements

from the Sagamihara plantin thisassessment.Employees ranged inage from 31-67.

These employees came from threejob exposuregroups as describedin apersonal

communication with S.Yamana. These groupswere definedas:Sagamihara Plant

productionemployees (n=32)involvedintheinspectionand convertingoffinished

goods. These workers were alsoinvolvedwithcompounding, usingchemicalsmade

from POSF, and formulationofproductscontainingadditionalfluorochemicals.The

nextgroup includedSagamihara Plantmanagement employees (n=32) working primarily

atthesame siteas theSagantiharaPlantproductionemployees. There was no regular

handlingoffluorochemicalsintheirusualwork capacities.The lastgroup included

management employees from theTokyo Head Officewho aregenerallynot



occupationallyexposed tofluorochemicals(n=30). Allbuttwo ofthe94 participants

were male employees.

Each studyparticipantdonated two 10 cc tubesof blood. Blood was collectedbetween

March 17 and 19, 1999. The blood was centrifugedtwicefor15 minutes at3000 RPM

immediatelyafterdrawing to obtainserum. The serum was shippedfrozentothe3M

Medical Clinicin St.Paul,Minnesota where itwas distributedtotheappropriate

laboratoriesforanalysis.Following analyses,individualswere notifiedoftheirresultsby

confidentialletter.

Laboratory Analysis

Individualserum was analyzedforsevenfluorochemicalcompounds usinghigh-pressure

liquidchromatography electrospraytandem mass spectrometrymeasurement

(LC/MS/MS). NorthwestBioanalytical(NWB) SaltLake City,Utah analyzedfiveofthe

fluorochemicalcompounds. They analyzedtheserum forperfluorooctanesulfonate

(PFOS), perfluorooctanesulfonamide(PFOSA), n-ethylperfluomoctanesulfonamido

acetate(PFOSAA), perfluorooctanoate(POAA), and perfluorohexanesulfonate(PFHS).

NWB conductsallstudieswithintheguidelinesoftheUS FDA Good Laboratory

Practice,theOECD Principlesof Good LaboratoryPracticeand theJapaneseNTHW

Good LaboratoryPracticeStandardOrdinance forNonclinicalLaboratoryStudieson the

Safetyof Drugs (OrdinanceNo. 21,PAB NotificationNo. 424).The 3M Environmental

Technology and ServicesLaboratoryanalyzedtheserum forperfluorooctanesulfonamido

acetate(M556) and n-methylperfluorooctanesulfonamidoacetate(M570).

Northwest Bioanalytical'svalidatedLC/MS/MS provideda lowerlimitofquantitation

(LLOQ) inpartspermillion(ppm) of0.0314(PFOS),0.001(PFOSA), 0.00223

(PFOSAA), 0.00527 (POAA), and0.00261(@FHS).

3M EnvironmentalTechnology & ServicesLaboratoryprovideda lower limitof

quantitation(LLOQ) inpartspermillion(ppm) forM556 thatrangedfrom 0.01-0.025

ppm, and M570 thatranged from 0.01-0.05ppm.



Data Analysis

Data were analyzedusingstandardstatisticalsoftwareprograms. Comparisons of

arithmeticmeans was done usingstudent'sttest.A statisticallysignificantdifferencein

one of themeans was setatp = .05or less.

Results

PFOS

Table I summarizes theserum PFOS, POAA and PFHS valuesfortheSumitomo 3M

employees.Twenty-four PFOS valueswere reportedbelow thelower limitof quantitation

(0.0314ppm). Twelve (38%) of32 Sagamihara plantmanagement employees had values

lessthanthelowerlimitofquantitation(<LJ-OQ). The rangeofPFOS fortheremaining

20 employees inthisgroup was 0.032-0.057ppm. Descriptivestatisticsand t-testswere

calculatedusingtheLLOQ value(0.0314ppm) forthoseindividualswho had values

below theLLOQ

Fortypercentof theTokyo Head Officeemployees had PFOS values<LLOQ. The range

of measurable PFOS was 0.033-0.0967ppm fortheremainingemployees. The

remainingstatisticswere calculatedusingtheLLOQ value(0.0314ppm). PFOS was

quantifiablein all32 Sagamihara Productionemployees. The arithmeticmean valuewas

0.135ppm (range:0.0475-0.628ppm) which was significantlydifferent(p<0.05)thanthe

mean PFOS valueforemployees inboth theTokyo Head Officeand Sagamihara Plant

managers group.

POAA

As per Table I thelower limitofquantitationforPOAA was 0.00527 ppm. Three ofthe

94 employees had a POAA valuereportedlessthanthelower limitof quantitation.One

of theseemployees was from theSagamihar@Plant management and two were from the

Tokyo Head Office.The midpointbetween zeroand theLLOQ was utilizedin

calculatingthestatisticsforPOAA. The mean POAA valuefortheSagamihara

Productionemployees was 0.201ppm thatwas significantlydifferent(p<0.05)thanthe

mean POAA valuesfortheTokyo Head Officeand Sagamihara Plantmanagers group.



PFHS

As perTable I fourteenpercentof employees had PFHS valuesreported<LLOQ

(0.00261ppm). Ten were employees from theSagamihara plantmanagement group and

threewere from theTokyo Head Office.The midpointbetween zeroand theLLOQ

(0.0013ppm) was utilizedtocalculatetheunivariatestatisticsfortheSagamihara plant

management group. The arithmeticmean valueforthisgroup was 0.00626 ppm with a

rangeof0.0027-0.0241ppm. Again,thearithmeticmean PFHS (0.020ppm) forthe

Sagamihara Productionemployees was significantlydifferentthantheotherexposure

groups(p<0.05).

PFOSAA,PFOSA

We chose notto statisticallyanalyzePFOSAA and PFOSA because of thelargenumber

of employees who had serum valuesreportedbelow thelower limitof quantitation.

Eighty-fourpercentof allSumitomo 3M employees had PFOSAA valuesreportedbelow

thelower limitof quantitation(0.00223ppm). Fifteenof 94 employees had a PFOSAA

valuereportedbetween 0.00247 and 0.0133ppm.

The lower lin-dtof quantitationforPFOSA is0.001 ppm. Four of the94 employees had a

detectablelevelof PFOSA. These valuesranged from 0.00241-0.0068ppm.

M556, M570

We chose notto statisticallyanalyzeM556 and M570 because of thelargenumber of

employees who had serum valuesreportedbelow thelower limitofquantitation.Only

one Sumitomo 3M employee had a quantifiablelevelofM556 (0.0032ppm).

Ninety-threepercentof allemployees had M570 valuesreportedbelow thelower limitof

quantitation.The average M570 valuefortheseven employees withquantifiablelevels

of M570 was 0.007 ppm. The range was 0.00311-0.0144ppm.



Discussion

Ninety-fourSumitomo3M employeesparticipatedina voluntary,cross-sectionalserum

fluorochemicalassessment.Thirty-twoemployees were identifiedasSagamihara Plant

productionemployees involvedintheinspectionandconvertingof finishedgoods,doing

some compounding, usingchemicalsmade from POSF, anddoing some formulationof

productscontainingotherfluorochemicals.Thirty-twoemployeeswere describedas

Sagamihara Plantmanagement employees who work primarilyatthesame siteasthe

SagamiharaPlantproductionemployees.Finally,30 management employees from the

Tokyo Head Officewho arenotusuallyexposedtomanufacturedfluorochemicals

participatedintheassessment.

Employees describedashavingthehighestexposuretoPOSF chemistryhad PFOS levels

threetimeshigherthanemployees inboth theSagamiharaplantmanagement group and

theTokyo Head Office.The mean serum PFOS levelforplantproductionemployees

was 0.135 ppm (range:0.0475-0.628ppm) compared tomean PFOS valuesof0.0403

ppm (range:0.0319-0.0566ppm) forSagamiharaPlantmanagement employees and mean

PFOS of0.0523ppm (range0.033-0.0967ppm) forTokyo Head Officeemployees.

Serum fluorochemicallevelsinSumitomo 3M employees canbe compared toserum

levelsr-ecentlymeasured in3M employees occupationaflyexposedtofluorochemicalsin

facilitiesoutsideofJapan(Table2). Serum fluorochemicallevelswere measuredin

employees at3M DecaturAlabama aspartofan on goingmedicalmonitoringprogram in

1997. Since 1980 theDecaturplantistheprimarylocationoftheproductionofcertain

fluorochen-iicalsthatmay ultimatelybe measured intheserum asPFOS. Arithmetic

mean serum PFOS levelsin1997 were 1.96ppm (range0.10-9.93ppm).I Outsidethe

UnitedStates3M manufacturesPFOS relatedmaterialsatitsAntwerp,Belgium facility.

Arithmeticmean serum PFOS levelsinAntwerp employeesin1997 were 1.5ppm

(range:0.1-4.8ppm).

In 199.831 3M Centeremployees inSt.Paul,Minnesotawere testedforserum PFOS.

Allwere corporatestaffordivisionmanagers. None had worked influorochemical



production.Employees rangedinagefrom 37-62 years.Arithmeticmean PFOS was

0.047ppm (range:0.028-0.096ppm). Both thearithmeticmean and rangeforthisgroup

aresimilartothearithmeticmean and rangePFOS oftheSagamiharaPlantmanagement

(mean--0.0403;range--0.0319-0.0566)and Tokyo Head Office(mean--0.0523;

range--0.033-0.0967).

Conclusion

Ninety-fourSumitomo 3M employeesparticipatedina voluntary,cross-sectionalserum

fluorochemicalassessment.Serum levelswere highestforSagan-iiharaProduction

employees. This isthesame group where thereispotentialforgreateroccupational

fluorochemicalexposure,althoughindustrialhygienemeasurements were notpartofthis

assessment.Serum levelsofPFOS forSagamihara Plantmanagement and Tokyo Head

Officeemployees were similartolevelsseenina smallgroup ofUS 3M Center

employees who were notoccupationallyexposedtoPFOS. PFOS levelsarewellbelow

levelsfound inworkersatplantsiteswhere POSF chemistriesareproduced (Decatur,

Antwerp). None oftheselevelswould be expectedtobe associatedwithhealthproblems

based on our currentunderstandingofthesecompounds.



Table I

Serum FluorochemicalLevelsinSumitomo 3M Employees

PFOS (ppm) POAA (ppm) PFHS (ppm)
LLOQ=0.0314 LLOQ--0.00527, LLOQ=0.00261

SaganiiharaPlant Mean 0.135 0.201 0.020
Production Employees Median 0.0919 0.0496 0.010
N=32 StdDev 0.131 0.6265 0.0283

Range 0.0475-0.628 0.0189-3.600 0.00287-0.117
Sagandham Plant -Mean 0.0403 0.0117 0.00626
Management Median 0.0385 0.0096 0.0047
N=32 StdDev 0.0071 0.0091r% 0.0054

Range 0.0319-0.0566 0.00264-0.059 0.0027-0.0241
Tokyo Head OMce Mean 0.0523 0.0126 0.0048
N=30 Median 0.046 0.01195 0.0038

StdDev 0.0191 10.00618 10.003
Range 0.033-0.0967 0.00264-0.029 10.0013-0-016

Table 2

Mean Serum PFOS Leveh

3M Center Decatur Antwerp Saganiihara Saganiihara Tokyo Head
1998 1997 1997 Production PlantMgmt Office
N=31 N=84 N=65 N=32 N=32 N=30

Mean PFOS 0.047 1.96 1.48 0.135 0.0403 0.0523
(ppm)
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