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ThisreportdocumentsBattelle'sevaluationofthestatisticalqualityand defensibilityof

12 datasourcesofserum perfluomoctanesulfonate(PFOS) levelsfound innon-

occupationalhuman populations.These datawere summarized inthe3M whitepaper,

"PerfluorooctaneSulfonate:CurrentSummary ofHuman Sera,Healthand Toxicology

Data" providedtotheEPA inJanuary,1999.The purposeofthisinitialcollectionof

human non-occupationalserum samplesby the3M MedicalDepartment was to

determinethepresenceorabsenceofPFOS inhuman bloodfrom currentandhistorical

samples. 3M requesteda reviewofthesedata by Battelletodeterminewhat additional

inferencescouldbe obtainedby analysesofthesedata.Battellestatisticiansfeltthatonly

thepooledserum from the18 U.S.bloodbankswas judgeddefensiblefora statistical

analysis.Of thesedata,thegeometricmean PFOS bloodlevelwas 28.2ppb (95%

confidenceinterval23.9-33.3).Regionaldifferencescouldnotbe explainedwithout

additionaldataand analyses.
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ThisreportdocumentsBattellc'sevaluationtoiateofthestatisticalqualityanddefensibilityof
12 datasourcespresentedby 3M staffwho suggestedthatthesedatasourcesmightbe usedto
estimatebloodlevelsofperfluorooctanesulfonate(PFOS) innon-occupationalhuman
populations.Accordingto3M, thesedatawere collectedtohelpaddressthreediscovery
questionsposedtothe3M MedicalDepartment:(1)IsPFOS detectableinindividualhuman
bloodfrom a corpomte-bas'ea3M employeepopulationknown nottohaveworked in3M
fluorochemicalmanufacwfingplants(butknowledgeableaboutfluorochemicals)?(2)IsPFOS
detectableingeneralpopulationpooledbloodsamplesfromdifferentgeographicallocations
acrosstheUr@tedStates?and (3)IsPFOS detectableinhuman bloodwhich would havebeen
collectedpriortotheintroductionofPFOS-basedchemicalsintothemarketplaceofthegeneral
population?Subsequently,Battellewas askedwhetherany furtherstatisticallydefensible
inferencescouldbe derivedfrom thesedata;thisreportaddressesthatquestion.Inthisreportwe
(1)listimportantcharacteristicswhich datasetsmust haveinordertosupportstatistically
defensibleinferences,(2)judgeeachof3M's 12 datasourcesagainstthesecriteria,and (3)
statisticallyanalyzetheavailabledata,where appropriate.

Our findingsfrom thisinitialassessmentofstatisticaldataqualitycanbe summarizedinthe
followingpoints:

o We suggest12 criteriawhich defmc statisticallydefensibledatasources.Of the12 data
sourcespresentedby 3M staf&no sourcewas judgedsufficienton all12 criteria,and only
one source,the1998 pooledserum fromU.S.bloodbanks(datasourceA3),was judged
sufficientforsubsequentstatisticalanalysis.

o The 1998pooledserumbloodbank dataindicatedanationalgeometricmean PFOS blood
levelof28.2ppb witha 95% confidenceintervalof23.9to33.3ppb. Significantregional
differencesareapparentbutcannotbe explainedwithoutadditionaldataand analysis.

Data CharacteristicsforStatistic2iDefensibilill

Inordertomake statisticallydefensibleconclusionsfroma setofdata,sevemlrequirements
must be met regardingdesignofthestudyandimplementationofthedatacouectionefforlEach
oftheserequirementscanbe associatedwithimportantquantitativeasswnptionsunderlyingthe
numericalmodels which uc usedtomake statisticalinferences.Inourassessmenthem, we
consideredthreedifferenttypesofestimationproblemsregardingPFOS bloodlevelswhich one
might want toconsider:(1)temporalchangesinPFOS bloodlevelsoverthepastseveral
decades,(2)spatialtrendsinPFOS bloodlevelsforvariousregionsacrosstheU.S.,and (3)
demographictrendsinPFOS bloodlevelsamong varioussiabpopulaflonsintheU.S.,or
worldwide.Table I summarizes12 statisticalrequirementsfordatadefensibuiiy,and associates
eachwiththethreetypesofestimationproblemslistedabove.Note inthistablethatthefirstfive



Table1.StatisticalRequirementsforDefensibleQuantitativeConclusions

Tv@as Estitnatior
Temporal: Spud&StatisticalRmlrtmentx

@.Che'RUOS -Trehdt1 Detaileddocumentation of the study objectivesand approach, Includingsampling design
(number and types of samplesi,and sampling and chemical analysisprotocols

2. Specificationor-awelldefinedtargetpopulationabout which Inferenceisto be made (e.g.,
the entireU.S.population,or some specifiedsubpopulation)

3. Unbiased date collectionprotocolswhich ensure thatallsamples aredemographically
representativeof the targetpopulation;generallythisimpliesrandom sampling from the
tarnatDopWation

4. Along withPFOS blood levels,accuratecollectionofimportantpredictororexplan@t-ory-
Information,such as demographics likeggplonder, race,ate.

5. Compositingof samples, when done, Isperformed onlyforsamples withinthe same
3ubpopulationso thatknportant potentialdifferencesamong subpopulationsarepreserved in methe resultingdata

S. SamplingIsperforfnedat several(i.e.,at leastthrealpointsin timewhich arespaced at
regulartimeintervals(e.g..everv fivefears)

7. At each pointIntime,sampffig Isperformedcross-sectionallyfrom the entiretarget
populationorsubpopulations

S. Sampling 1,9performed to provide uniform coverage of the entirespatialdoma7in of Interest
le.g.,the entireU.S.)

9. Date Iscollectedboth formultiplelocations(e.g.,regionsor cities)across the spatialdomain
- and tarmuldpleIndividualswithineach location
10. Alldata arecollect*dat approximatelythe sanropointIn time to eliminatethe potentialfor

beconfoundingdue to temporal trends
11. Specific;t-ionof targetsubpopulationswhich arewelldefinedinterms of important

demographic parameters (e.g.,age, gander,race.etc.1and from which sampling israndomly
performed

12. Eitherfixsampling atone tifneand spatiallocation(e.g..city)or ensurethatsamplingforall
denwgfaphic subpopulationsIsperformed ina balanced design across the same times and
locations(i.e.,to eliminatepotentialconfoundlni3due to time orlocation)

pling=time.
for'a"
I
and
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requirementsaremore generalinnatureand applyequallytoallthreetypesofestimation
problems,whilethelastsevenrequirementsapplymore specificallytoa differenttypeof
estima@on problem.

Assessment of 12 Data Sources

On May 12,1998,3M stafffaxedtoBattellea tablelisting12 datasourcestheybelievemight be
used toestimatePFOS bloodlevelsinnon-occupationalhuman populations.Thistablehasbeen
retypedasshown inFigureI.Subsequently,3M staffsenttoBattelleelectronicfileswiththe
PFOS blood datatheyhad available,aswellasassociatedwrittendocuinentationon thedata
sourceswhich theyhad. Based on thisinformation,Battelleattempted,and was partially
successful,toobtainthroughliteraturesearchesmore extensivedocumentationon these12
studies.However, inmany_casesno additionalwrittendocumentationcouldbe found.

Given theinfomationsenttoBattelleby 3M and otherdocumentationBattelleobtainedfrom the
literaturesearch,Table 2 summarizes our assessmentofhow weU eachofthe12 datasources
meets eachofthe12 defensibilityrequirementslistedinTable1. InTable2,a ",/"indicates
thatthe.givendatasourceseems tomeet theassociateddefensibilitycriterion,whilea 'X'
indicatesthatthedatasourcedoesnotmeet thecriterion.Thisassessmentby Battelleisbased
solelyon thewrittendocumentationwe were abletoobtain,eitherfrom 3M ortheliterature
review.Ina largemajorityofcases,no writtendocumentationwas foundand sowe can not
judge whetherthedefensibilitycriteriaaremet by a datasource,ornot. Inthesecases,a "T'is
listedinTable 2. Insome cases,notedas documentationmay have been foundaboutthe
initialstudywhich collectedthebloodsamples,butno documentationwas availabledescribing
how particularsubsampleswere selectedtobe sentto3AL Also,insome caseswejudged thata
givendatasourcewould be appropriateforaddressingjustone" ofestimationproblem(i.e.,
temporalchanges,spatialtrends,ordemographictrends),andso defensibilitycriteriaforother
problemswould notbe applicable.Thesecasesaredenotedby a "-" inTable2. Table3 lists
more detailednotesabouteachofthedatasourcesforthosecriteriawhere sufficientinformation
was found inthewrittendocwnentationtowarrantcomment.



FigureI
Summary ofMean andRange ofPFOS fppb)LevelsinCurrentand HistoricalHuman Popula

AllDataAnalyzedInFebruary- April1998

Populations Dascriationof SamDlo Mean* (p
A. CurrentPopulations(bloodcollectedIn19981

1. Non-occupationallyexposed 3M employees 31 individuals 47
2. Commercial pooled serum samples

lntergenLaboratory 3 samples each with @--100donors 44
Sigman Laboratory 3 samples each with>-100 donors 33

3. Pooledserum from 21 separateU.S. blood banks 3 to 6 pooledsamples perlocationwith 5 to 10 29
(seeFigureI formore daticill donors per sample

B. HistoricalSamples (chronologicalorder)
1. Korean War era U.S. militaryrecruits,1948 to 10 pooled samples with 10 donors per sample N.D.1951
2. Swedish samples. 1957 10 individualsamples 23. Michigan BreastCancer Study, 1969-1971 5 individualsamples 334. Swedish samples, 1971 10 individualsamples 15. MRFIT pooled calibrationsamples, 1976 6 pooled samples with unknown number of 31

donors persample
6. MRFIT pooled calibrationSaMP103, 1980 3 poolad samples with unknown number of 23

donors persample
7. China samples (Linxian,ruralprovince),1984 6 Individualsamples N.D.S. MRHT Individual3aMP103, 1985 3 individualsamples 31S. China samples lshandong, ruralprovincel,1994 6 Individualsamples N.D.
Rounded to nearest ppb
Not deto"od

Note: Thisfigurewas retyped from a fax sentto Battelleon 5112/98 withoutchanging possiblemistakes.
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Table 2. OverallAssessmentofDefensibilityof12 Data Sources

statmic@wniquireniom Al A2 A3 8 .89:@@ S3@ 1 M. :B5 Be -.67.1.B8
1. Detaileddocumentation

'Of *1? 01? /? 1(7 /? /? if? WI? *I?
2. Definedtargetpopulation ? ?

3. Unbiasedsamplingprotocols ? x 7 ? ? ? x x x ?
4. Accurateexplanatory

? ? ? ? ? ?information
5. Appropriatecompositing ? 7 7 ? ?
6. Regularsamplingintime

? ? ? 7

Z Completesamplingateach ? ? ? ? 7 ?time
S. Uniformsamplingacross

? ?space
9- Multiple35MPIOSlocally

? ?
10. Samplingatsame iimo(r,)

? ?
11 . Defined demographic 7 7 7 7 7 7 7 7 7 7 7subpopulations I '
12. Samplingatsame time(3) ? ?andlocation(s) ? ?

Adequatelydesignedand implemented
X - Inadequatelyd"ignod orimplemented
? = Unknown due toinsufficientdocumentation

Not applicabletothisdatasource

Table 3. NotesRegardingDefensibilityof12 Data Sources

Al.:.No"66Upatlbi!My.43iposod.-3Msi@pi6yeis.
1 Detaileddocumentation- The onlydocumentationisinGearyOlson's8/15/98letter
2. Definedtargetpopulation- The targetpopulationwas 3M employeeswithminimaloccupationalexposure
4. Accurateexplanatoryinformation- Some demographicinformationwas collectedand included,such as

age and gender
12. Samplingatsame tima(3)and location3(,s)- The dataappearsto be onlyfrom employeesatthe corporate

center
A2.!ComiMr@Jig4coWd%ibrtim:sai@pi"

1 Detaileddocumentation- The onlydocuimentationisinGearyOlson's8/15/98letter
A3 bloodba6k&

1. Detaileddocumentation- The onlydocumentationisinGearyOlson's8/15/98letter
3. Unbiasedsamplingprotocols- Thereispotentialbiasasa resultofthe50% refusalrate
8. Uniformsamplingacrossspace- The samplesaregeographicallydispermw
S. Multiplesampleslocally-Therearemultipleregionsand multipleindividualswithineachr!glon

Bl!-.;.Korian-.Wiroiv*U.S.:WrFim@
1. Detaileddocumentation- The onlydocumentationisinGoarvOlson's8/15/98letter
2. Definedtargeteopulation The targetpopulationWas U.S.militaryrecruitsfromtheKoreanWar era

82.'iSwOdiih:i"O";..1957.
1. Detaileddocumentation- The onlydocumemationisinGearyOlson's8/15/98letter

B3.:M!S!ftahR"gt.cincer:BuWy;.1969-1971
1. Detaileddocumentation- The onlydocurnantaftonisinGearyOlson's8/15198letter

B4."$*"sh @umpi". .1971.-
1 - Detailed documentation - The only documentation is In Geary Olson's 13115198 letter
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Table 3. NotesRegarding Defensibilityof12 Data Sources(Continued)

05. Mffff pboled@cigbr6tion 1976:'
1. Detaileddocumentation- MRFIT isdocumentedinGearyOlson's8115/98lonerand inmultiplejoumals

includingJAMA, Val.235, No. 6,Feb.23,1976, butsubsamplingfor3M isnotdocumented
2. Definedtargetpopulation--The targetpopulationwas men aged35-57 withmultiplerisksforheart

disease
3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple

scroortings
4. Accurateexplanatoryinformation- Informationaboutthe originalsamplepopulationW83 recorded,butno

informationaboutthepooledcalibrationsampleis,known
06: MRFIT ii66W..cabiit[6iiaiitiow,1980

1. Detaileddocumentation- MRFIT isdocumentedinGearyOlsen's8/15/98letterand inmukiplejournal$
includingJAMA, Vol.235, No.6, Feb.23,1976, butsubsampfingfor3M isnotdocumented

2. Definedtargetpopulation- The targetpopulationwas men aged35-57 withmultiplerisksforheart
disease

3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple
screenings

4. AccurateexplanatoryInformation- Informationabouttheoeig(inalsamplepopulationwas recorded,but no
informationaboutthe pooledcaribrationsamp a isknown

07 CNna.i4rOgg6*.'(tM)dim,.tural.otavin6i).1984.
1 . Detaileddocumentation- Documented inGeary Olson's9/16/98letterand inJournalof theNational

Cancerlnst.,Vol.85,No. 18,Sept 15f1993,butsubsamplingfor3M isnotdocumented
2. Definedtargetpopulation--The targetpopulafionwas alltheresidentsofL:mxianaged 40-69 without

debilitatingdiseasesorpriorasophagealorstomach cancer
3. Unbiasedsamplingprotocols- The sampleappearsto be representativeof thetargatpopula6on
4. Accurateexplanatoryinformation- Informationabouttheoriginalsamplepopulationwas recorded,butno

informationaboutthe individualsampleisknown
'Ba.:'@MRRTindMdUWsirii@l";:lSOS

1. Detaileddocumentation--MRFIT isdocumented inGeary Olson's8/15198letterand inmultiplejournals
includingJAMA, Vol.235,No. 6, Feb.23, 1976, butsuboampringfor3M isnotdocumented

2. Definedtargetpopulation--The targetpopulationwas men aged 35-57 withmultiplerisksforheart
disease

3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple
screenings

4. Accurateexplanatoryinformation- Informationabout-theoriginalramplepopulationwas recorded,butno
informationaboutthe pooledcalibrationsampleisknown

B9. Chkii"mplii'(Shohda;nd',.:itiiid!pr"cie),1994..--
I Detaileddocumentation- The onlydocumentationisinGearyOften's8/16/98letter

The main conclusionfmm ouroverallassessmentofthe 12 datasourcesisthatinmost cases
thereissimply not enough writtendocumentationofthe studydesignand samplingprotocolsto
judge whether theresultingdataarestatisticallydefensible,ornot.Insome cases(e.g.,NMFIT)
documentation isavailableon theoriginalstudyunder which an entiresetofblood samples was
collected,but no documentation isthenavailableon how thesubsampling was performed to send
samples to3M forchemical analysis.IfeithertheoriginalSampling orthesubsamplingwas

biased,thenthedataobtainedby 3M willalsobe biased(i.e.,systematicallytoohigh or toolow).
Given thislackofdocumentation,thereiscurrentlylittle,ifany,justificationforstatistically

analyzing3M's dataand presentingStatisticalconclusions.Poolingthedataacrossstudies(e.g.,
tolook forblood temporal,spatial,ordemographic trends)isnotreconunendod because of the
widely differentstudyobjectivesand targetpopulations2anongthestudies.

Of allthedatasourcesprovidedby 3M, probablythemost defmsibleforstatisticalanalysis
purposesisthedatasetof 1998 pooledscruxnfrom U.S.blood banks (datasourceA3). Although
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detailedwrittendocumentationislacking,itdoesappearthatthesamplesmay havebeen
selectedinan unbiasedmamer, atleastwithina particularbloodbank. We areconcomed with
possiblenon-responsebiaspotentiallyintroducedby thelargenumber ofbloodbanks
(approximatelyhalfof thosecontacted)which declinedtosend3M thesamplestheyrequested.
There arealsopotentialbiasesresulfingfromtheprobablelackofcontrolby eachbloodbank
concerningthedemographicsofthedonorsofthesampleswhichwere sentto3M. However,
recognizingthesepotentialseriousdatadeficiencieswhich limitourabilitytomake valid
inferences,inthenextsectionwe have subjectedtheresultingPFOS bloodleveldatatoa limited
statisticalanalysis.

St,atisticalAnalysisofBloo-dB-ankData

The recentlycollectedand analyzedpooledbloodsamplesfroman independentNfinnesotaand
17 geographicallydispersedRod Crossbloodbankshavebeencombinedtoestimateanationally
representativemean PFOS (ppb)level.However, a varietyofassumptionsarenecessary,
including:

1) Each pooledsampleisrepresentativeoftheregionalpopulation(i.e.,eachmember ofthe
populationhad an equalchanceofbeingrepresentedinthesample).

2) Each pooled sample has a known number ofdonors,and eachdonorisrepresentedequallyin
thesample.

3)The samplingand analyticalmethodsforobtainingserumPFOS levelsisthesame acrossall
samples.

Itisunlikelythatthesamplesobtainedby 3M completelysatisfyalloftheaboveassumptions.
Also,thedatahave thefollowingadditionallimitations:

1) The bloodbanksrepresentonlythosedw donatedblood- i.e.,citieswherethebloodbank(s)
refusedtoparticipatehad no chanceofbeingrepresentedin3M's sample.Furthermore,itis
unlikelythatthesamplesobtainedfromparticipantbloodbanksarerepresentativeofthe
generalpopulationineachgeographicregion.Rather,thesesamplesarerepresentativeof
peoplewho donatebloodtotheRed Cross.

2) Itisunlmown how many donorsam ineachpooledsample,norisitknown how eachdonor
was selected.

3) Most ofthesesamplescame fromRed Crossbloodbanks,soitislikelythosesampling
methods arethesame. The Minnesotasamplesprobablydo nothavesignificantlydifferent
methods. As alloftheanalysiswas performedby 3M, theanalyticalmethodsshouldbe the
same.

Althoughthesedatamay notsatisfyalloftheassumptionsdetailedabove,thefollowingrandom
effectsmodel was used toestimatea nationalgeometricmean PFOS level:

ln(PFOSij)- @L+ Bi-@cjj,where
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ln(PFOS#)representsthenatuml-logtmwfonned PFOS levelassociatedwiththejthpooled
sample from theithBlood Bank, expcu)isthenationalgeometricmen PFOS levelBiisthe
difference(onthenatarallogscale)betweenthemean PFOS levelattheithblood-bankandthe
nationalme=, and eijistheresidualetrorleftunexplainedby themodel (thedifferencebetween
theindividualsample PFOS measurements and themean PFOS levelatitscorrespondingblood
bank). Itisassumed thatBifollowsa normal distributionwithmean zeroand varianceebetween

,2
BloodBanks,and thateiifollowsa normal distributionwithmean zeroand varianceo WitWn BloodBanks.

Table4 providestheestimatesobtainedfrom fittingthismodel tothedate-Table5 liststhe
individualregiongeometricmeans which were found.tofalloutsidethe95% and 99%
confidenceintervalsfortheoverallgeometricmean.

Table 4. Parameter EstimatesforBlood Bank Data

ii.% confidends

Not;onalGoometHc Mean PFOS Level(aOl(pobi 28.2 (23.9,33.3) 122.5,35.4)

02Between BloodBanks [in(pob)ll .095
I -

- - -
I

e WithinBloodBankslim(pob)) .052

Table 5. Regions With GeometricMeans FallingOutsideCoufldenceIntervabforOverall
Geometric Mean

Region. n' ilitild i" -0'* ':99'%ClTn c 0 b :-0. 90% C. titdde
Santa Barbara,CA 3 15.9
Omaha, NE 5 16.2
Billings,MT 3 22.4
Grand Rapids,Mi 3 23.1
Cheyenne, WY 3 23.3

East Orange, NJ 3 23.5

Newark, DE 5 23.9 4F
Anchorage, AK 3 25.3
Las Vegas, NV 3 28.6
Santa Rosa, CA 3 27.3
Corpus C risfi,TX 3 28.9
Kansas City,MO 3 29.6
Davenport. IA 3 31.9
Scottsdale,AZ 3 36.5
Meridian.MS 3 37.5
Minneapolis,MN 6 4S.6
Lafayette,LA 3 45.7
Greenville,SC 3 51.5

The above resultsdemonstratethat12of 18 bloodbankshad geometricme= PFOS levelsthat
felloutsidethe95% confidenceintervalconstractedfortheestimatednationalgeometricmean
PFOS concentration.Thishigh'nwnberofregionalmeans failingsignificantlyabove and below
theoverallmean isa resultof thefactthatthereissignificantvariationbetween thegeometric



mean PFOS concentrationsobservedateachbloodbank. Itispossiblethattherearemeaning&l
factorsthatcan explaina portionofthisvariability.For example,thebloodbanksin
Minneapolis,MN, Lafayette,LA and Greenville,SC may be locatedincloseproximityto
industriesthatapply3M products(suchascarpetmanufactm-ers),whileSantaBarbara,CA,
Omaha6 NE and Billings,MT may be isolatedfromsuchexposuresources.However,
differencesinthedonorpopulationateachbloodbank may be,anotherpossibleexplanationfor
theobservedvariabilitybetweenbloodbanks.To investigatethereasonsfortheseregional
differences,additionaldataanalysiswithmore explanatoryinformationwould be required.

ResaTnWing the 19 Blood Bgnks

3M askedBattelletheiropinionofthestatisticalmeritofresamplingthese18 bloodbanksto
helpevaluatetheuncertaintyinPFOS bloodlevelswithingeographicallocations.Inthecurrent
data,therearevariationsof20 ppb ormore betweentheminimum and maximum PFOS levels
measuredindifferentpooledsamplesfromthesame geographicallocation.

Ifadditionalinformationcanbe collectedfromthebloodbanks,Battellerecommends thatthe
most beneficialdatawould be demogmpbic fiffonnationon thepooledsampleswhich were
previouslysentto3M. We suggestthatitismost importantatthispointintimetobetter
understandthefactorsinfluencingthePFOS bloodlevelvariability.Collectingnew blood
sampleswithoutdemographicinformationwould helpquantifythevariabilityone shouldexpect
fromthe18 localpopulations,butitwouldnothelpexplainthesource(s)ofthatvariability.For
designingefficientfuturesamplingprograms,we needtoknow bow much variabilityto.expect,
butmore importantlythemajorenviroranental,behavioral,nutritionaldemographic,
socioeconomic,cte.factorsthataffectthatvariabilitysothatwe cantrytocontrolthesefactors
(e.g.,stratifyby thesefactors)toobtainmore accuratesiunplingresults.A secondconcernwith
resamplingthese18 locationsisthattheymay constitutea biasedsamplingofthegeneralU.S.
population.By takingmore samplesfromthesecities,we mightbe simplygeneratingmore
precisebuthighlybiasedestimates.

TOTAL P.iO


