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5. Fluorochemicals and Human Health: Studies in an Occupational Cohort

This isa doctoralthesisby Dr. Frank Gilliland(graduatestudentatthe time inthe

Division of Environmental and Occupational Health at theUniversityof Minnesota).

The dissertationconsistsof two studies:1) an analysisof the 1990 fluorochemical

medical surveillancedata of employees who voluntarilyparticipatedin the program at the

Chemolite (Cottage Grove, Minnesota) manufacturing plant;and 2) the second update of

the retrospectivecohort mortalitystudy atthe Chemolite (Cottage Grove, Minnesota)

site.

In 1990, the Cottage Grove fluorochemical medical surveillanceprogram analyzed for

serum totalorganic fluorine.This was considered a proxy for serum perfluorooctanoate

(PFOA) levels.Perfluorooctanoateisthe anion of perfluorooctanoicacid.Gilliland

reportedno significantclinicalhepatictoxicityassociatedwith PFOA levels.However,

the effectof obesity on livertransaminase levelsdecreased as PFOA increased. Gilliland

also reported thatthe effectof alcohol on HDL was reduced as serum PFOA levels

increased. Serum PFOA (i.e.,serum totalorganic fluorine)was positivelyassociated

with estradioland negatively associatedwith freetestosterone.The negative association

between freetestosteroneand PFOA was strongerin oldermen. Thyroid Stimulating

Hormone (TSH) was positivelyassociatedwith PFOA. Gillilandconcluded thatthese

resultssuggested thatPFOA may affectmale reproductivehormones and thatthe liveris



nota significantsiteof toxicityinhumans atthePFOA levelsobservedinthiscross-

sectionalanalysis.Note: These observationsreportedby Gillilandinhisdissertation

havebeen examined inthreesubsequent(biennial)medicalsurveillanceexaminationsof

thisworkforce. Olsen eta]examined 1993 and 1995 fluorochemicalmedical surveillance

datawhich specificallyassayedforperfluorooctanoateintheserum usingmass

spectrometrymethods. The dissertationfindingscouldnotbe replicated.PFOA was

notsinificantlypositivelyassociatedwithestradioland TSH, norwas itnegatively9 4:1

associatedwith freetestosterone(seestudy # 6). Olsen etal examined the 1993, 1995

and 1997 fluorochemicalmedical surveillancedata,measuringspecificallyfor

perfluorooctanoate,and confirmedthelackofclinicalhepatictoxicityinthisworkforce

fortheserum PFOA levelsmeasured (seestudy#8). They were unabletoobserve,as

initiallyreportedby Gilliland,an associationofPFOA tomodulatetheeffectofobesity

on livertransaminaseclinicalchemistrytestsor blunttheeffectthatPFOA may have on

theeffectofalcoholuse withHDL.

Regarding thesecond updateto theretrospectivecohortmortalitystudy,a paper was

publishedin 1993 (seestudy# 4 )which describedtheresultsfrom theGillilanddoctoral

thesis.
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ABSTRACT

Perflucrooctanoicacid(PFOA) has been reportedtobe a nongenctoxic

hepatocarcinogenand reproductivehormonaltoxininrats.AlthoughPFOA is

the M2jor component oftotalfluorineinhumans, littleinformationisavailable

concerninghuman toxicities.The healtheffectsof PFOA were assessed intwo
studiesconductedinoccupationallyexposed workers.The associations

between PFOA and repmducbve hormones, hepaticenzymes, lipoprotains,

hematologyparameters.and loukocytocountswere studiedin115 ma)e

employees. Serum PFOA was positivelyassociatedwithastradioland

negativelyassociatedwithfreetestostemne(TF)butwas notsignificantly

associatedwithfuteinizinghormone. The negativeassociationbetween TF and

PFOA was strongerinoldermen. Thyroidstimulatinghormone and PFOA were

positivelyassociateclPFOA and prolactinwere positivelyassociatedin

moderatedrinkers.The effectofadiposityon serum glutamyiox2Joaceticand

glutamylpyruvictransaminasedecreased as PFOA increased.The inductionof

gamma glutamyitransferassby alcoholwas decreased as PFOA increased.

The offectofalcoholon HDL was reducedas PFOA increaseclA positive

associationbetween fiemoglobin,mean cellularvolume, and leukocytecounts

withPFOA was observed. These resultssuggestthatPFOA affectsmaje

reproductivehormones and thattheliverisnota significantshe oftoxicityin

humans atthePFOA levelsobservedinthisstudy.However, PFOA appears to

modifyhepaticand immune responsestoxenobiotics.A retrospectivecohort

mortalitystudyof2788 majo and 749 femalesworkers employed between

1947-1984 ata PFOA productionplantwas conductecl Overall,therewere no

significantlyincreasedcause specificSMRS. Among men, ton yearsof

employment inPFOA productionwas associatedwitha significantthreefold

increaseinprostatecancer mortalitycompared tono employment inproducfion.

Given thesmallnumber ofpmsiate cancerdeaths and the naturalhistoryofthe

disease,theassociationbetween produdon work and prostatecancer must be

viewed as hypothesisgeneratingand shouldnotbe over interpreted.ffthe

pmstatecancer mortafityexcess isrelatedtoPFOA, the resultsofthetwo

studiessuggestthatPFOA may increasepmstate cancer mortalitythrough

endocrinealterations.
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1-lNrTROOUCTION

Fluorinewasfirstisolatedasanelementin1880byMoisser1.Fiveyearslater

he synthesizedthefirstfluorocarbonsthroughuncontrolledreactionsofcarbort

withelementalfluorine.h was notuntilthelate1930s thatthe controlled

synthesisoffluorocarbonsbecame possible.Inthe1940s,Fhgidaireand DuPont

developed chlorofluorocarbons,thefirsicommerciallyavailablefluomcarbons,for

use inrefrigeration1. Duringthesame periodperiluorocarbons,a subclassof

perfluodnatedorganicfluorocarbonswithuniqueproperties,were first

synthesizedtomeet thespecialneeds ofthe Manhattan pmject2. The

electrochemicalfluorinationmethod forperfluorocarbonproductionmade

commercialproductionofpeffluorocarbonspossibleand opened the doorto
widespread use of ;>erfluorocarbons3.-1.

Fluorocarbonsarewide rangingintheirstructuresand uses. Many commercial

applicationshave been developedforchlomfluorocarboncompounds including

refrigeration,degreasing,aerosoldispensing,polymerization,polymerfoam

blowing,drugs,and reactiveintermediatesorcatalysts.Perfluorocarbons(PFCS)

have extensiveapplicationsbecause oftheiruniquephysicaland chemical

properties.These applicationsincludeuse.as artificialbloodsubstitutes,

computercoolants,polymerssuch as teflon,surfactants,lubricants,foaming

agents,skiwaxes,and inan extensivespecialtychemicalindustrywhich

producesgrtaglz-.tndoilrepellentcoatingsforpaper and c!oth,polymers,

insecticides,and a varietyofconsumer products.Perfluorocarbonsare currerttly

beingtestedas replacementsforchlorofluorocarbonsinindustdajprocessesand
products.

Formany yearsfluomcarbonswere generallythoughttobe nontoxic.

Perfluorocarbonswere consideredtobe particuladynontoxicbecause theywere

chemicallyand physicallyinertand showed low acutetoxicityinanimals4.

Recent epidemiologicaland experimentalstudieshave associatedexposureto

chlorofluorocarbons,a subclassoffluorocarbonspreviouslyclassifiedas

nontoxic,withdirectand indirectadverse human healtheffects.Subsequently,

researchersand regulatorsturnedtheirattentionto thestudyofother

fluomcarbons.The discoverythatone perfluorocarbon,perfluoroocianoicacid



(PFOA),waspresentinmeasurablequantitiesinreside=ofseveralU.S.cities

5-7.therecognitionthatsome perfluorocarbonsincludingPFOA havelonghalf

livesinthe humans aand theobservationsthatPFOA prodbced toxicoffectsin

animals,includinghepatotoxicity,endocrinetoxicity,immunotoxicity,and

carcinogenesis9,has ledtoa r"valuation ofthe toxicpotentialof.

perfluomcarbons,particularlyPFOA, in humans.

Despitewidespread exposuretoperfluorocarbons,littleisknown about their

effecmon human health.h was apparent thatadditionalstudiesdesigned to

exploretheirphysiologiceffectsand potentialadverse healthoutcomes and

conducted inan occupatonalcohortwithhighexposure toPFCA, were

necessary. The 3M Chemolhe PlantlocatedinCottage Grove, Winnesota isone

ofa few PFC productionfacilitiesinthe worid. Biologicalmonitoringdata from

studiesofthe Chemaliteworkforceshowed thatemployees have had high levels

and longdurationsofexposureto PFOA 8-10. Thisoccupatonal cohortprovided

theopportunitytostudytheeffectsofPFOA on humans. The specificgoals and

objectivesofthisstudywere:

GOAL 1)To quantifythe human offectsofperfluomoctanoicacidon the

followingphysiologicparameters:

a)Hormones: freeand bound testosterone,estradiol,lutenwng

hormone, thyroidstimulatnghormone, prolactin,and folliclestimulating

hormone.

b)Serum lipidsand lipoproteins:cholesterol,low densitylipopmtein,

highdensitylipopmtein,and tdglycerides.

c)Hematologicparameters:hemoglobin, mean corpuscularvolume,

whitebloodcellcount,polymorphonuciear leukocytecoum band count,

lymphocytecount,monocyte count,plateletcount,eosinophflcount,and

basophilcount.
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d)Hepaticenzymes:serumglutamicoxaloacetictransaminase,serum

glutamicpynivictransaminase,gamma glutamyttransferase,andalkaline

phosphatase.

OBJECTIVE1:toconductacross-sectionalsludyofproductionworkersto

estimatetherelationshipsbetweentotalserumfluoride,asurrogateassay

forprefluorooctanoicacid,andphysiologicparameters.

GOAL 2)Toquantitythemortalityinanoccupationalcohortwtthlongterm

exposuretoperfluorooctanoicacidproduction.

OBJECTIVF2:toconductaretrospectivecohortoccupationalstudyto

assessthemortalityexpedenceofworkersusingexpectedmortalitybased

onMinnesotamortalityrates.
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2-1Intrneitiction

The presence ofsmallamounts offluorideinhuman blood was recognized in

1856 11.More than loo years later,Taves 5,6 presented evidence thatfluohne

existsintwo majorforms inhumans and animals;ina freeionicstateand ina

covalentlybound organicstate.Priortothisreport,itwas assumed thatfluorine

existedprimarilyas inorganicionicfluorideinbiologicalsystems. Taves,

observationshave sincebeen confirmedby severalotherinvestigators12-16.The

discoverythatorganofluorinecompounds consthLAsthe majodty of fluorinefound

inhumans focused researchon characterizingthese undefined compounds. Guy.

iderytifieda perfluo6natedcompound, ;>erfluorooctanoicacid (PFOA), as a major

cons-@tuentofthe serum organicfluorinetracbon7.17.Perfluomoctanoicacid

(PFOA) isthe onlyorganicfluo6necompound tobe identifiedinhuman serum is.

The recognitionofhuman and animaltoxicitiesassociatedwith
9.19portluomchemicws ,has renewed interestinunderstanding the human health

effectsofperfluamearbons(PFC),particularlyPFOA.

2 Omanic Fluoroebemicats

Organicfluorochemicals,otherwisereferredtoas fluorocarbons,are compounds

composed offluorine,carbon and otherelements such as oxygen, nitrogenand

sulfur.Perfluomcarbonshave structuresanalogous tohydrocarbons, except the

hydrogens areexhaustivelyreplacedby fluorine20.A limitednumber oforganic
24.2Sfluomchemicalsoccurinnature 21-23,however no PFCs occur naturally

The firsireportofthesynthesisofa fluomcarbon was publishedin1890 when

Moissan claimedtohave pu4fiedcarbon letrafluoride.ftislikelyhe isolated

fluomgraphfte,however 1. Pure carbon tetrafluoridewas not obtaineduntil1930

26.Work by Ruffand the Belgianchemist,Swans, inthe late1Sth and early2Mh

centudes laidthefoundationoforganicfluoddechemistry.Midegly and Henne

exiended Swarts'work and reportedthe synthesisofdichlomdlfluormethane,
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C12F2,in193027-Thischlorofluorocarbonwiththetradename Freon12isan

inert,non-toxicrefhgeraritwhich was vastlysuperiortootherrefrigerants

availableinthe1930s. AftercommercialproductionofFreon 12 began in1936,

rapidlybecame a majorindustrialchemical2-21. A number of

choloffluommethanesand chlomfluomethaneshave been produced on a
commerciajscaleinmany regionsoftheworld.These chlorolluorocart)onshave

been used inlargeamounts as aerosolpropellantsand degreasers,inadditionto

theiruse as refrigerants.Currently,theirproductonisbeingreduced as a result

oftheirozone depletingproperties

in1937,Simons and Blockdevelopeda method toproduce laboratoryquantities

ofperlluorocarbons,such as C3F8, C4FlO, cycioC5Flo and cycloc@6Fl22-3. The

analysisofthesecompounds ledtotheunderstandingthatmany ofthestructures

ofsaturatedhydmcart)onscouldbe replicatedintheform ofperfluomcarbons.

Fiesearchinthearea ofperfluorocarbonswas stimulatedby two developments.

First,Plunkettdiscoveredthepolymer,polytetrafluomethylene,orTeflon1.

Second,thedevelopment ofperfluorocarbonchemistrywas stimulatedby the
U.S.efforttodevelop atomicweapons duringWorld War 11under theManhattan

Pmject.The 235U isotopeofuraniumwas requiredforthedevelopment ofatomic

bombs. One method ofuranium isotopeseparationwas gaseous diffusion.The

onlyvolatileuraniumcompound availableforuse inthisdiffusionprocesswas
uraniumhexafluodde,UFS, an extremelyreactivegas.Materialswere needed tor

use as coolants,lubricants,sealersand buffergases inequipment exposed to

thishighlyreactivegas 1.Z 26. Perfluorocarbonspreparedby Simons were found

tobe inertto UF6. Thisdiscoveryledtoa researcheffortdirectedtoward

understandingthepropertiesofa varietyofperfluorocarbonsand developing

commercialmethods forpreparationofperfluomcarbons.The development by

Simons oftheelectrochemicalfluorination(ECF) was a major milestoneinthe

fluomchemicalindustry.Since World War 11therehas been much interestand

work inthisnew branchoforganicchemistrybased on perfluorocarbons.

The use ofSimons'ECF method has allowedthe productionofa wide varietyof

perfluomcarbonsincludingperfluorinatedalkanes,alkenes,ethers,esters,

amides,sulfonamidesand compounds withcyclicand ringstructures2. The 'inert'

perfluomearbonsarecompounds made up ofonlycarbon and fluorine.Thisclass



ofcompoundsrangesfromcarbontetrafluoridetocomplexmultiplering

structuressuch as perfluorodecalin.Perfluo6natedsurfactantsincludecarboxylic

acids,sulfonicacids,and theirderivatives.These compounds form the basisof

an extensivefluorochemicalindustry.A varietyof;>erfluorinatedpolymers and .

elastomersexist.The most widelyused are polytetrafluoroethyiensand Kel-F,a

slastomerofvinyidienefluohdeand hexafluorapropylens.

2-3 Physic;tfProl2erties

Perfluorooclanoicacidisa straightchaineightcarbon carboxylicacidwitha

mole=iar weightof414.1S. The mehing pointofPOFA is59-60*C. Itsboiling

pointis189*C atstandardconditions30. Perfluorooctanoicacidisproduced as a

complex mixtureofbranched chainisomers. Inpractice,alleightcarbon

carboxy(icacidisomersare reforedtoas PFOA. The ammonium sattofPFOA

(APFOA) isthe common industriallyused form ofPFOA. h isa whitecrystalline

powder thateasilybecomes airbome and sublimes at130'C.

Perfluomearbonshave unique chemicaland physicalproperties20.26.31.32.The

importanceofperfluodnationinproducingthese propertiescannot be

overemphasized. Perfluorocarbonsare notjustanother hydmcarbon-like

molecule.Chemically,perfluorocarbonsare remarkablyinerlThey are stableto

boilinginstrongacidsand bases. Very few oxidizingor reducingagents react

appreciablywithperfluorocarbons.Perfluomcarbons thalcontainotherorganic

moleculessuch as nitrogen,Mgen and sulfurwfllparticipateinreactionatthe

siteofthese molecules.For instance.perfluoroctanoylsulfonicacidwdl reactand

form thesuffonamidedertvative.The amide portionofthismolecule can then be

conjugatedwithmany otherorganiccompounds. The perfluorinatedportionof

theselargermolecules remains non-reactive.

Perfluomcarbons are heat stable.They can be heated to greaterthan 250*C

withoutbreakdown. Athightemperatures,greaterthan 400*C, some compounds

willbreakdown. For example, PTFE, breaks down toperfluomisobutyiene(PFIB),

an extremelytoxicgas 1.Because most perfluomchemicals are heatstablethey

are used inhightemperature applications.
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The inertperfluor=rbons areexcellentinsulators.Polymem, such as PTFE,

and inertsPFCS. such as perfluorohexane,areused inelectricajapplications

because oftheirsuperiordielectricproperties.Theirheat stabilityand insulation

propertiesmake perflucrocarbonmaterialstheinsulatorsofchoice20.

Perfluorinatedsurfacesarethemost non-wettableand non-adhesivesurlaces

known 20.26. Flucrochemicalsurfactantsaresome ofthe mosi poter?tsurface

activeagentsyetdiscovered31.Very lowconcentrationsofftuorochemical
surfactantseffeclivelyreduce thesurfacetensionatinterphaseboundaries.

Most penluorocarbonsarepoorlysolubleinbothaqueous and organicsolutions.

They forma group oflluomphiliccompounds, however some perfluorocarbons

withfundonal groupssuch as thesaltsofPFOA, are highlywatersoluble31.32.

Perfluoror-arbanliquidsdissolveoxygen avidly.This uniquepropertyisthe b Is

fortheuse ofperfluomcarbonsas bloodsubstimes 33.

Perfluodnatedcarboxylicand sulfonicacidsaresome ofthestrongestorganic
acids.known31.The pKa ofPFOA is2.534. Thus,when inphysiologicsolutions,

theyexistinprimarilyanionicforms.Tne anionicforms have a strongpropensity

toformcomplex ionpairs*.

Inthepast,some investigatorshave assumed thatthe chemicaland physical

propertiesofmany fluomcarbonsissynonymous withlackofactivityinbiologic

systems-Is-36. However, abundant evidenceexiststhattheirchemicaland

physicalinertnessdoes notimplybiologicinertnessI'-30.37.38..

2-4Synth@sis

Synthesisoffluorocarbonshas been accomplishedusingfourmajormethods;
electrochemicalfluorination(ECF),directfluorination,toleomerization,and

catalyticmethods usinghighvalenceheavy metals.The ECF was developed by

Sirnonsin1941 3. The Simons processistheoldestcommercialtechniqueand

remainsa commercialmethod toobtainmany perfluorocarbons.A solutionof

PemonalcomrmnicationiromJames Johnson.3M Corporation
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organicsubsirateisslOCtrOlyzedinanhydrous HF ata low voh2ge,high current,

nickelanode.The productsoftheseelectrolysiscellreactionsare largely

perfluodnated.The spectrumofmaterialproduced by the ECF process isdefined

by thestartingmaterial.Commercial productsfromthisprocessinclude

perfluomalkanes.perfluoroalkylethers,perfluoroalkenes,perfluorowkylesters,

perfluorotrialkylamines,pemucroc-arboxylicacidsand perfluomsullonicacids2.
ProductsofECF oftenincludea significantproportionofcomplex isomers and

fragmentationproducts.For example,ECF productionofPFOA fromstraight

chainoctanoicacidproduces30% complex branchchain isomers 39.The mixture

ofproductsfromeach ECF runisunpredictablyvariable.These isomericmixes

aredifficufttoseparateand pu6ty-'*.Workers producingPFCs usingECF may
be exposed toa complex mixturethatchanges compositionovertime.

Directfluorinationisanothermethod used toproduceperfluorocarbons.Itisnot

subjectedtotheimpurityproblemsassociatedwiththeECF process.Direct

fluorinationreactsfluorinegas withhydrocarbonsubstrate.Because fluorinegas

isextremelyreadve, directfluorinationisa technicallydifricuftprocessand has

onlyrecentlybeen pilottestedforcommercialproductionoffluomcarbons.

World productionoffluorocarbonsislimitedtoa handfulofcommercial plants.

The 3M CorporationoperatesPFC productionplantsinMinnesota,Illinois,

Alabama and Antwerp,Belgium.A plantinItalyowned by a Japanese and Italian

.-consorbLtm-pfpduces

-
limitedamount offluorocarbons.Perfluorocarbonsarealso

producedinGermany and have been produced,inthe past,intheformerSoviet
Union.

2.5Sources Of Croanic Fluo6de Exnosure

Guy 17 presentedpossiblecandidatesforthe organicfluodneconstituentsof

human bloodbased on observationmade duringtheisolationofPFOA fmm

serum. The organicfluodnewas notlikelytobe a macmmolecule such as a

proteinornucleicacid,because ofitssolubilityinorganicsolventssuch as ether

orchlorofomi/methanol.Itwas notcovalentlybound toalbuminsinceItwas

removed on charcoalatpH 3 atroom temperature.The solubilitycharacteristics

suggestedthatmultiplecompounds existedwithdifferentpolarities.The major



compound was a polarlipidlikeMoleculethatwas identifiedas PFOA. other

lesspolarcompounds appearedtobe present.Thisdatasuggeststhat

flucrocompouncisotherthanPFOA were bound toalbumin.These compounds

were notestersOfCl 3 -18 fattyacidsand were lesspolarthan PFOA.

Perfiuorooctanylsulfonamide(PFOS) and itsderivativecompounds fttthis

descriptionand may be constituentsoftheorganicfluorinetraction.Although

exposureisprobablylow,thepropertiesofPFOS suggestthatitmay accumulate

tomeasurable levels.

incontrasttoionicfluoride,littlehas been reportedconcerningthe organic

fluorinecontentofwaterand beverages.The fluo6necontentofgmund wateris

essentiallyallinionicform. Some fluorochemicals,such as the perfluorinated

carboxylicacidsurfactarttsand theirsalts,aresolubleinwater.Such water

solublecompounds may locallycontaminatesurfaceand ground water near

industrialplantsthatuse thesecompounds. Otherperfluorin2tedcompounds

such as theWkanes, alkenes,and ethersarefluomphilicand areinsolublein

aqueous solutions.AJthoughdataon theoralorganicfluorineintakeislimited,it

isunlikelythatwaterand beverages are significantsourcesoforganicfluorinein

humans.

The criatas a sourceoftheorganicfluorinefound inhuman serum has been the

.subjectofspeculations.s.18.40. Non-pernuorinatedfluomcompounds have found

inbiologicalsystenz,-Maralsshowed-thatfluoroacetatewas the compound

responsiblefortoxicityfrom thepoisonousplantDichapetalumCYMCSUM 41.

Otherinvestigatorshave found plantspeciesthatsynthesizefluomacetate,

fluamcitrate,and monofluorinatedfattyacids.Petersreportedthata few toxic

plantsproduce fluoroacetate42.Fluoroacetateand fluorocitratehave been found

inbeans gmwn inhighfluoridesoil23.Peters21and Lovelace stal.22have

reportedtheoccurrenceoffluorocitrateina few plantsand foods. Inanimals,the

metabolicactivationoffluoroacetateinto(-)-erythro-fluorockmeblocksthe

transportofcitrateintothe mitochond6a and citratebreakdown by aconhass 4z

'43.Otheromega-fattyacidswitheven numbers ofcaeoon atoms are highlytoxic

as a resultofoxidationthatproducesfluomacetate.Fluorocitratealsoundergoes

rapiddefluarinationinratliverinthepresenceofglutathione(GSH) ". Giventhe

lowenvimnmental levels,the infrequentoccurrence,the toxicity,and therapid



metabolismofthesecompoundsinm2mmalianspecies,itisunlikelyth2tthese

monofluodn2ted cornpounds contributesubstantiallytothe organicfluorine

contentinhumans.

Taves measured the organicand inorganictuohns in93 food hems 45. No

significantorganicfluorinewas found inthe testedfoods. Ophaug and Singer

testeda market basket offood.They concluded thattherewas no significant

organicfluorinecontentinfood. Althoughfood and beverages generallydo not

containPFCS, h ispossiblethatthey may be contaminated by fluorochemicaj

packaging materials.Water and grease repellentcoatingsinpackaging material

couldleachintofooditemsinsmallquantities.Thiscould occurwhen materials

thatare notdesigned formicmwave use are used inmicrowave ovens. Studies

have not been reportedthatquantityhuman exposures from food packaging

sources.

Perfluorocarbonsare containedinmany consumer products.Fluorocarbon

surfactantssuch as PFOA, PFOS, and itsderivativesare presentinwindow

cleaningproducts,floorwaxes and polishes,fabricand leathercoabngs and

carpetand upholsterytreatments20. Additionallythese compounds are used to

coatfoodwraps and are incorporatedintoplasticfood storage bags.

Fluorocarbonsare the basisfora new generationof=ss countryskiwaxes.

:Teflonand Teflonrelatedpmducts arewidelyused as lubricants,electrical

insulators,heatand chemicalstablegasketsand liningsand innon-sock

cookware. Fluomalkanes such as perfluomhexane are being evaluatedas CFO

replacements.Ifperfluomhexane orotherfluorocarbonsare used as

replacementsforCFC'S, consumer exposure from aerosolsand otherpmducts

willincreasedramatically.PFC's have severalexperimentalmedicaluses

includinguse as bloodsubstitutes,x-rayand magnetc resonance imaging

contrasiagents". vitreousreplacementand inliquidverttilationtherapeutic

methods 47.Recently,a potentfluomcarbon insecgcidehas been marketed to

controlflreants 48.

Perfluorocarbonshave a varietyofindusidaluses. Teflonand otherpolymers are

used where heatstableand chemicallyinertliners,gaskets and lubricantsare

necessary.Inaddhion.they are used as electricalinsulatorsboth insolidand
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liquidform and used as inertnon-conductiveliquidcoolantsinelectricaldevices

such as Cray supercomputers.Perfluorinatedsurlactantsare importantfire

suppressionmaterials.Perfluorocarbonshave been used tocontrolthe metal

vapors inelectroplatingprocesses and topreventthe releaseoftoxicgases\

from landfills2O.Perfluerocarbonsare being considered to replaceCFC's in many

processes such as refrigeration,polymer loam blowing and buildinginsulation.

New applicationsare being continuallydeveloped forthese unique compounds,

making increased exposure to workers probable.

2-6 Toxicokinetics of PFOA

Since Taves and Guys observations, perfluomcarboxylic acids, PeAuomsuffonic

acids and theirderivativeshave been the subject of numerous toxicokinsticand

toxicodynamic studies inanimals. These studies have focused primarilyon two

compounds, PFO& and perfluorodecanoic acid (PFDA).

Perfluorooctanoicacid or itssaltsare well absort>ed by ingestion.inhalationor

dermal exposure. Absorpton has been studied primarilyin rats.although a

number of other spades have been studied.

Five mais and fivefemale ratswere exposed to airbome APFOA forone hour. In

thisexperiment the nominal airconcentration of ammonium perfluomoctanoate

was 18.6 mgA.-No animals died during the inhalationexposure or the 14 day post

exposure observation period. Pooled serum samples contained 42 ppm of

organic fluorineforma)es and 2 ppm forfemales. Inorganic fluoridecontent was

0.02 ppm for males and 0.01 ppm forfemales 9. Kennedy and Hall38 studied the

inh2lationtoxicityin male ratsof ammonium perfluoroctonate using both single

dose and repeated dose schedules. They found a LCSO of 980 mg/m3 fora 4

hour exposure placing PFOA in the moderately toxicby inhalationcategory.

Followington repeated doses at levels of 1.0,7.6,and 84 mg/m3 blood

ammonium PFOA levelswere obtained. At the 1.0 mg/m3 levelPFOA levels

were 13 ppm, atthe 7.6 mg/m3 levelPFOA levelswere 47 ppm and at 84 mg/m3

levelPFOA levelswere 108 ppm. Therefore itappears that PFOA iswell

absorbed by inhalation.Itshould be noted thatthe exposures were to APFOA

dust the likelyform foroccupationaj exposu're.



Ammonium p-erfluorooctonoateinfood and PFOA administers

'

d by gavage in

propylensglycolorcorn oilvehiclesarewellabsorbed inrats.Inan acuteoral

LOSO study 9.ratsdisplayeda dose dependent spectrum oftoxicitiesincricating

thatPFOA was absorbed afteringeslion.PFOA levelswere not measured inthis

study.Ina subacuteoraltoxicitystudy,ratswere fed PFOA for90 days 9.

Serum concentrationoforganicfluorineshowed a dose response relationshipin

bothsexes. A marked gender differenceinorganicfluorinelevelswas observed.

Males had organicfluohns50 times higherthan females ateach dose level.

Studieshave sincedemonstrated excellentoralabsorptionofPFOA ina variety

ofspeciesincludingrats,mice, guinea pigs,dogs, hamsters and monkeys 9-19

*Of most immediate.relevanceto humans have been stucfiesina small number of

rhesus monkeys 9.Ina 90 day oraltoxicitystudy,monkeys were given3, 10,and

30 mg/kg/day doses ofAPFOA. Inmonkeys althe 3 mg/kg/day dose, mean

serum PFOA was 50 ppm inmales and 56 ppm infemales.At the same dose,

ma)es had 3 ppm and females 7 ppm inliversamples. At 10 mg/kglday doses,

maje monkeys had a mean serum PFOA of63 ppm and females 75 ppm. Uver

levelswere 9 and 10 ppm formales and females,respectively.Because allbut 1

monkey diedatthe 30 and 100 mg/kg/day dose levels,only 1 serum sample from

a male monkey inthe 30 mg/kg/day dose group was available.Inthismonkey the

serum levelofPFOA was 145 ppm. Inthe30 and 100 mg/kg/day dose gmup

.-mean liver.levelswere greaterthan 100 ppm. Thus, the oralmute ofabsorption

May be a significantcontributortothe body burden ofPFOA Inexposed workers.

Dermal absorptionofPFOA has been studiedinratsand rabbits.Ammonium

perfluorooctanosteisa finewhitepowder thatmay come intocontactwithswn

and be absorbed.Inmts dermally exposed toammonium perfluomctonateai4
37dose levels,PFOA was absorbed ina dose dependent fashion . Insingledose

dermal exposure experimentsusing rabbits,PFOA appeared tobe absorbed.

Levelsoffluorinewere not measured, butdose dependent toxicchanges were

noted9. Ina mufti-doseexperiment,ten male and ten female rabbitswere

injecteddermallywitha 100 mg/kg dose ofPFOA on a fiveday a week schedule

fortwo weeks. Totalserum fluorinelevelswere increasedina dose-dependent

fashion.Dose-dependent changes inweightwere noted 49.Fmm thesestudies,
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itappearsthatdermalexposuretothesaftsofFFOA are absorbed inanimals. In

thepast,Chemoliteworkershave been exposed tolargedermal doses of

ammonium perflucrocionate.Itappearsthatdermal exposure may have playeda

significarttroleintheabsorptionofFFOA inthese workers.Upon recognitionthat

PFOA couldbe absorbeddermally,work practiceswere changed and

engineeringcontrolswere adoptedthatreduced dermal exposures.The rolethat

dermal exposurescurrentlyplayinPFOA absorptionatChemolitehas notbeen

wellstudied.

Once absorbed,FFOA enterstheplasma pmbably by diffusingas a neuiralion

pair.Inplasma,PFOA isstronglybound toproteinsinthe serum withmore than

97.5percentinbound form-50.itislikelythatalbumin isthemajor she forhigh
raffinitybinding"7.-',O-@4].There does notappear tobe a sex differenceinprotein

binding50-u. HanhijarvietaJ.have suggestedthatproteinbindingissaturans in

raisw. Usinghuman serum, Ophaug and Singer39 foundthatPFOA was 99%

proteinbound atPFOA levelsup to16 ppm totalfluorine,however. Guy

suggestedthatperfluomcarboxylicacidsbindtoalbuminina similarfashionto

fattyacids24. Thishypothesisisconsistentwiththeresultsofseveralstudies.

Taves observedthattheorganicfractionofserum co-migmted withalbumin
6duringelectrophoresis. DiaJysisand ultraftitrationstucriesobservedthe

retentionoforganicfluodneduringctalysisand ultrafiltration7.17.56. Belisleand

Hagen reportedthatPFOA appeared tobe stronglyproteinbound inhuman

sonims'. Extraction-of.,PFOA- from acidified2wateris.quantitativelycomplete

usinghexane.When PFOA isextractedfrom plasm2.recoveryisonly35

percent.Plasma appearedtocomplex PFOA and PFDA. The partitioningofthe

bound intoorganicphase duringextractionwas more difficuftand necessitated

theuse ofmore polarsolvents.Kievens53 suggested thatCF2 and CF3 groups

complexwithpolargroupsthatare presentintheamino acidsinproteinssuch as

albumin.Inproteinprecipitationstucriesusingbovineserum albumin,PFOA

bound toalbuminatan estimated28 bindingsitesper molecule52.Nordby and

Luckstudiedtheprecipitationofhuman albumin by PFOA- Under acidicpH
conditions,PFOA producedreversibleprecipitationofalbumin 57 by bindingto

highaffinitysites.These studiesdo notruleoutsignific2ntbindingtoother

plasmaproteinsorerythrocytecomponents. instucriesusingserum protein

electmphoresis,theproteinbound organicfluorinewas distdbLAedina diffuse
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pattern6,17suggestingthalPFOA proteinbindingmay be nonspecific.The large

amount bound to albumin may reflectthe abundanc*e of albumin inplasma and

serum.

inrats,PFOA isdistriblrtedto alltissuesstudied except adipose tissue.The

highestconcentrationsofPFOA are intheserum, liver,and kidneys. Ylinen st a].

u studiedthe dispositionof PFOA inmale and femaje ratsaftersingleand 28

day oraldosing. Aftera singledose of50 mg/kg, PFOA was concentrated inthe

serum. Twelve hours afterdosing 40% ofthe PFOA dose was found inthe

serum ofma)es and 10% infemales. Males retained3.5% of the dose inserum

atterl4days. PFOA was retainedintheliverformuch longerthan inserum. In

females,the half-lifeof PFOA inliverwas 60 hours compared to 24 hours in

serum. Inmales the half-lifewas 210 hours inliverand 105 hours inserum. itis

noteworthy thatPFOA was not found inacfiposebssue indetectablequantities.

After28 days of PFOA treatment,PFOA was dist@buted tothe followingsitesin

decending amounts: serum, liver,lung,spleen,brain,and testis.Again, no

PFOA was found inadipose tissue.The distributionof PFO from serum tothe

tissuesoccurred ina dose dependent manner forfemales. In maje rats,the

concentrationsof PFOA intestisand spleen followeda dose dependent trend.

The levelsinmale rat*terumand liverwas the same forthe 10 mg/kg and 30

mg/kg dose gmup,. Johnson and Gibson I'-19studied the distributionof 14C

Icibeledammonium pernuomoctonoate aftera singleivdose In rats.Their

findingswere similartothose ofYlinenetal.The primary shes of distribution

were the liver,kidneys,and plasma. Other sites,includingadipose tissue,had

lessthan 1% of the administereddose. The levelof PFOA Inthe testisofmale

ratswas notreported. As cfjscussedpreviously,the 90 day oraltoxicitystudy In

rhesus monkeys showed thatthe relativeamounts of PFOA inserum and liver

was differentInmonkeys compared to rats.Inthe low dose group of monkeys (3

and 10 mg@kg/day) serum had 5 to 10 times the PFOA levelsfound inliver.

However, at higherdose levels.the PFOA levelswere equallydistributed.

Additionally,no

'

sex cfille,enceswe,,,noted inthe monkeys livorand serum

PFOA levels.

There isno evidence thatpemuorinated compounds includingPFOA are

biotransformedby livingorganisms. Several studies have examined whether
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PFC)A isconjugatedorIncorporatedIntotissueconstftuentssuch as tn'glycerides

orlipids.Ylinenetal.foundno evidenceinWistarr= formetabolismor

incorporationofPFOA intolipids-".AfthoughthelipidcontentinPFOA treated

ratswas differenithanthatinuntreatedrats,Pastoor.etal.didnotfindevidence.

forPFOA incorporationintolipidsorofmetabolism60 Vander Heuval'etal.
showed thatPFOA was notincorporatedintotdacylglycerols,phospholipids,or

cholesterolestersintheliver.kidney,heart.fatpat.ortestisofmaje ortemajo

rats61.No evidencehas been foundthatPFOA isconjugatedinphase 11

metabolism61.KuslikisetaJ.studiedtheformationofactivatedcoenzyme A

(CoA)derivativesofPFOA usingratlivermicrosomes. They foundno evidence

fortheformationofa CoA derivative.

Sex relateddifferencesinthetoxicokineticsofPFOA have been reportedforrais.

The mechanism ofPFCA excretionappearstobe species-dependentsincethese

genderdifferencesarenotseen inmice,monkeys, rabbits.or dogs 9.62.The

half-lifeofPFOA infemaler2tshas been estimatedto be lessthanone day 39,

whereas thehalf-lifeofPFOA inmales isfivetoseven days 34-M. Itisofnote

thatPFOA does notexhibitthisgender difference93. ftishypothesizedthatthe
sex differencesinsensitivitytothetoxicitiesofPFOA are as a resultoftheslower

01 excretionofPFOA inmale ratscompared tofemale rats.Investigatorshave

reportedthatratshave an estrogen-dependentactiverenalexcretionmechanism

torPFOA which can be inhibitedby pmbenecid Sc)--@4.As noted previously,

femaleshave a much shorterhalf-lifethan male rats.The half4ifeinmales can

be reducedby castrationorestrogenadministration.Itcan be reducedtothe

femalehalf-lifeby a combinationofcastrationand estrogentreatment.Estmgen

administratonaloneisalmostas effectiveas thecombinationofc=raton and

estradioltreatmentinreducingthePFOA half-life.Thistreatmentincreasedthe

renalexcretionofPFOA inmale ratstothoseobserved infemale mts. Other

investigatorshave reportedthatthegenderdifferenceinhalf-lifedepends on a

testosteronsmediatedincreaseinPFOA tissuebincring-64.This hypothesisis

consistentwiththe gender differenceintissuehalf-lifecfiscussedpreviously34.

Johnson has suggestedthatthe primarymethod ofexcretioninintactmales is

viathehepatobiliarymute sg-sg.He reportedthatcholestyramineenhanced the

fecaleliminationofcarbon 14 labeledPFOA inmale rats.These datasuggest

therewas biliaryexcretionwithentemhepatc circulationof PFOA, particuladyin



male rats.HowevGr, ina maig worker withhighserum PFOA levelswho was

treatedwithcholestyramine,littleifany change inexcretionof PFOA was noted.

Inthisstudy PFOA was excretedslowlyintheurine.

Inhumans, the half-lifeofPFOA appears tobe extremely longand isnotsex

dependeryt.Ubel and Griffith8 reportedkineticdata forone highlyexposed

worker.Atthe timehe was removed from exposure hisserum organicfluorine

was 66 ppm, 80 percentofwhich was PFOA. Over the next 18 months his

organicfluorineleveldecreased to39 ppm. UrinaryexcretionofPFOA fellfrom

387 micrograms/24 hoursto80 micrograms/24 houm. The declineinorganic

fluo@nelevelswas consistentwithtwo compartment kinetics,witha calculated

half-lifeof2 to5 years.Additionalunpublishedbiologicalmonitoringdata from

threeChemoliteworkersisconsistentwiththe 2 to5 year half-life.Inthe

Chemoliteworkforce,male and femaje workers employed injobs withsimilar

PFOA exposure have increasedPFOA levels.Since men and women with

similarexposures have similarlevels,a largegender differenceinPFOA

toxicokineticsisunlikely.Therefore,the relevanceofthe ratdata inassessing

the effectsof PFOA in h.umans isquestionable.

7.7Toxicedynamics ofPFO

?.7-1Male Renmducgv@ Toxicities

Both PFOA and PFDA have been found toproduce significanttoxicitiesinthe

reproductivesystems ofmaie rodents 19,63-65.The testishas been reportedas

thetargetorgan oftoxicityforboth PFOA and PFDA Additionalevidence

existssuggestingthatthese compounds affectthe functionofthe hypothalamic-

pftuftary-gonadaxis(HPG) 19-65.

Pernuorodecanoicadd, but not PFOA. has been shown topmduce degenerative

changes inratseminiferoustubulesthatcould pmgress totubularnecrosis.Van

Ratelghem etal.reportedthata singleipdose of50 mgag ofPFDA, produced

degenerativechanges inratseminiferoustubules8 days afterinjection66.Similar

butlesserchanges were noted inthe seminiferoustubulesofhamsters and

guineapigstreatedinthe same manner. They reportedno such change in
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treatedmice.BookSt2ffand Moore61didnotobservesimilarchangesinrats

treatedwith20-80mg/kgofPFOK Theyuseda differentstrainofr2isintheir

expedmerttswhich islesssusceptibleto testiculartoxicantsthan those used by

Van Ratelghem et al.Thus, the effectsof perfluomcarboxylic acids on

seminiferoustubulesmay be limitedtoa specificcompound, PFDA. ina specific

strainof rats.The effectsobserved by Van Rafelghem st a].in other spe<@Gs

were not consistentand did not demonstrate a dose-response relationship.In

monkeys treated orallywith PFOA, no compound related histopathologic

changes inthe seminiferous tubules were noted 8.

In a two year ratfeeding study, PFOA treatedanimals were observed to have

increased numbers of Loydig celltumors*. Male and female r2tswere fed PFOA

containingdietsresultingin a mean intake of 1.5 and 15 mg/kg/day. A

siatisticajlysignificantincrease in Loydig celladenomas of 0%, 70/o,and 14% in

the control,low dose, and high dose groups, respectively,was observed at the

end of the two year study. The resultwas statisticallysignificantas a resuh of the

unexpectedly low number of adenomas incontrolanimals. Historically,CD rats

experience a lifetimemean Leydig callincidence of 6.3 percent whh a range of 2

to 12 percent. The high dose group incidence is outside the expected range and

may represent a compound relatedeffect.Although the evidence was not

definftlve,itsuggested thatPFOA may alterthe histologyas wellas the function

of Loydig cellsinr2ts.Penluorcoctanoic acid was not mutagenic in the standard

testsincludingthk Am!ps assay using f@ive.@p@!ciesof Salmonella t),Phimudum and

insaccharomycescgrevisiae Mammalian celltransformation 2SS2yS using

'7C3H 1OT 1/2cellswere also negative b . These data suggest thatPFOA is not a

genotoxic xenobiotic. The increase in Leydig celltumors may be the resuftof an

epigensticmechanism.

The observation thatratsfed PFOA for2 years had an increased incidence of

Leycrigcelladenomas prompted researchers to examine the hormonal effectsof

PFOA in majo rats19.Adult male CD ratswere treated orallywith PFOA in doses

of 1 to 50 mg/kg. Serum estradiollevelswere elevated in the ratstreated wfth

more than 10 mg/kg of PFOA. In the highest dose group estradiolwas 2.7 times

Report:3M RikerLaboratories.Two Year OralToxie-fty/CarcinogenicftyStudyofFC143 InRats
9281CROO12,1983
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greaterthanthe estradiollevelsinpairfed controlgroup rats.Serum testosterons

levelswere significantlydecreased ina dose dependent manner when compared

withad libitumfeedcontrolanimals.No significantdifferenceswere observed

between the highdose ratsand theirpairfed controls,however. No significant

differenceswere notedinserum luteinizinghormone (LH)levels.Additionally,the

accessorysex organrelativeweightsofthe highestgroup were significantlyless

than those oftheirpair-fedcontrols.

Inordertoclahfythesiteof PFOA action,Cook 19 conducted a setof challenge

experimentsinPFOA treatedmts. The resultsofthese experiments demonsiraie

thatthe Wteredtestostemnelevelswere PFOA related.Human chorionic

gonadotmpin (hCG) challengecan be used toidentifyabnormalitiesinthe

stedodogenicpathway. Human chohonicgonadotmpin bindstothe LH receptors

on Leydigcellsand stimulatessex steroidhormone synthesis". Abnormaitties

inLeydigcellfunctioncan be detectedby challengingLeycrigcellswithhCG and

measuring steroidhortnoneproduction.Similarly,abnormalitiesinphuitary

secretionofgonadotmpins can be identifiedusinga gonadotropin releasing

hormone (GNFIH)challengethatstimulatesLH release69. Hypothalamic

dysfunctioncan be identifiedusing a naloxone challengeto stimulateGNRH
70release . inratstreatedwithPFOA for14 days atthe same dose levelas the

initialexperiment,theLeydig cellproductionoftestosteronswas significandy

bluntedafterhCG challengeinthe highestdose group compared toad libitumfed

controls.A small,non-significantbluntng ofthe testoslemne productionin

responsetoGnRH.and naloxone was-observed. FollowingGNRH and naloxons

stimulation,LH levelswere not significantlydifferentinthe treatmentand contml

animals.The hCG challengeshowed thatthe decrease intestostemne inPFOA

treatedratsresultedfrom alteredsteroidogenesisinthe Leydig call.The results

from theGNRH and naloxone stimulationwere not definitive.The resuttswere

compatiblewithan effectatthe pituitarylevelas wellas atthe Leydig celllevel.

Cook etal.examined thesiteatwhich testosteronsstemidogenesis was affected

by PFOA. Progestemns, 17 alpha-hydmxyp mg estem ne and androstenedione

were measured afterhCG challenge.Progesterone and 17 alpha-

hydmxypmgestemne were unaffected.Androstenedions levelswere significantly

decreased inPFOA treatedr2tscompared tocontrols.Given thatthe conversion

of17 alpha-hydmxyprogestemne toandrostenedione by C17/20 lyassis



necessaryforiestosieronesynthesis,theso resultssuggestthatdecreased

testosteroneistheresultofa blockinthisconversion'step.InhCG stimulatedrai

Leyerigcells,the17 alphahydroxyiase/C-17/20lyaseisinhibitedby estradiol.

Taken together,thesedataareconsistentwiththehypothesisthattheelevated

estradiollevelsassociatedwithPFOA treatmentinhibitthe C-17/20 lyassenzyme

and therebydepresstestostemnelevels.Cook etal.suggested thatthe blunted

responseofLH tolowtestosteronemay be mediated,inpart.by elevated
astradiollevels.A subtlehypothalamicorpituitaryeffectmay alsobe present.

however. The mechanism fortheestradiolelevationwas notstucried.

Perfluorodemnoicacidaltersreproductivehormones inmale ratsina fashion

similartoPFOA- Inmale ratstreatedwithdoses ofPFOA rangingfrom 20 to80

mg/kg,givenas a singleipdose,PFDA decreasedplasma androgen levelsina

dose dependent fashion65.Both plasma testosteronsand -@-alpha

dihydrotestosteronewere significantlyreduced.Compared to ad libitumfed

controlratvalues,mean plasma testastemnewas decreased by 88 percentin

PFDA treatedanimalsand DHT was decreased by 82 percentThese changes

were reflectedinaccessorysex organ weightand histology.The changes in

accessorysex organsafter-PFDAadministrationwere found tobe reversedby

testosteronereplacement.The PFDA decreaseinandrogens was the resuftof

decreasedresponsivenessofLeydigcellstoLH. There was no evidencefor

akeredmetabolismoftestosterone.Additionally,plasma LH concentrationsdid

notincreaseappropriatelyinthefaceoflow plasma testostemneconcentrations.

ThissuggeststhatPFDA may afterthenormal feedbackmechanisms ofthe HPG

axis.

h isofinteresttonotethat2,3,7,8tetrachlorodibenzo-p-dioxin(TCOD), which,

likePFOA, isa nongenotoxicratcarcinogen,a peroxisomeproliferators,and an

inducerofP-450 system,has been shown toproduce hormonaj effectsinmale

ratssimilartothose observedforPFOA and PFDA. Moore eta).71stucriedthe

effectofTCDD on slemidogenesisinratLeydigcells.Exposure ofcelltoTCDD

resultedindepressiontestosteroneand 5-alpha-DHTconcentrationswithout

alteringLH concentrationortestosteronemetabolism.Moore concluded that

TCOD treatmentinhibitstheearlyphase ofthesyntheticpathway and the

mobilizationofcholesteroltocytochrome P450scc. However, Moore etc-d.



observed decreased estradiol.TCOD has been shown toincreasethe estrogen

mediated feedbackinhibitionofLH secretion72 Additionally,instucriesusing

MCF-7 breasttumor cells,the antiestrogeniceffectofTCDD was mediated by

afterationsinthe cytochrome P450 metabolismofestradiol73. The decreased

testosteronein ratscould be mediated by the effectof TCDO on Leydig cells

directly,by alterationsintestosteronemetabolism,orthrough increased negative

feedbackatthepituitaryorhypothalamiclevel.Recenty, reportsfrom

occupationalstudiesofTCOD exposed workers have associatedTCOD exposure

with.hormonal alterationsin human males. Egeland et al.74 reported that men

withhigh TCOD levelshad significantlydepressed serum testoslerons levels.

The changes intestosterone were not associated with altered LH values.

Esiradiolvalues were not reported. They concluded that dioxin has a similar

effectsin men and male rodents. The obvservations that PFOA, PFDA. and

TCOD have overlapping spectrums of mdent toxicitiessuggests that pemxisome

proliterators,inducers of the P-450 system and non-genotoxic carcinogens may

alsoajterthe hypothalamic -pituitary-gonadfunctionin male animals.

2.7.2Female Rer)roductiveToxicities

Inthe two year mt feecringstudy, female ratstreated with PFOA were observed

to have an increased number of mammary fibroadenomas compared to control

animals. Allmammary carcinomas occurred incontrolanimals. Hyperplasia of

theovariansimma was observed, but specifichistopathologicalstudies were not

reported*. No Informationisavailableconcerning the effectof PFOA and PFOA

on HPG axisinwomen orfemale animals.

2-7-3Thyroid Toxichigl

Afteredthyroidhormone dynamics have been observed in ratsexposed to PFDA

73'78.A singleip dose of PFDA in ratsresuftsin a rapid and persistentdecrease

inthyroxin(T4) and T3 78. Gutshall reported thatthe decrease in thyroid

hormones occurred as earlyas eight hours aftertreatment and persistentforat

least90 days 72.These changes were associated with a hypothyroid-likestatein

FleporL3M Rker Laboratories.Two Year OralToxicfty/CarrinogenkftyStudyofFC143 inRas
r2alCROO12,1953.

20



thetreatedrats.The afterationsinserum thyroidlevelsoccurtedatdose levels

thaldidnotproduce a hypothyroidsyndrome 78. Animals withdepressed T4

levelswere foundtobe metabolicallyeuthyroid77. Replacement ofT4 resultedin

norrnalfoodintake,butdidnotreversethehypothymid-likesyndrome of

hypothermiaand bradycardia76. ThissuggeststhatPFOA has a marked effect

on cellularmetabolismthatisindependentofitseflecton thyroidhomeostasis.

The low T4 was thoughttobe a resultoftwo mechanisms. First,PFDA readily

displacesT4 fromalbuminwhich resultsinincreasedmetabolicturnoverofthe

hormone. Second, theresponseofthehypothalamic-pftuitary-thyroid(HPT) axis

appearedtobe depressed as assessedby thymtmpin releasinghormone

simulationtestingn. Inthesestudies,theanimalshad increasedlevelsof

thyroidresponsivehepaticenzyme activitiessuggestingthatthePFDA treated

ratswere notfunctionallyhypothyroid.The histologicalappearance ofthethyroid

glandswere unremarkable,althoughtreatedratshad significantlylowerthyroid

weights.TSH levelswere notstudied.No similarstudiesareavailablefor

PFOA. PFOA has been notedtoproducea transientweightlossintreatedrats

30. The hypothyroid-likesyndrome observedinPFOA treatedratshas notbeen

stucfiedinPFOA treated@ats,however. Sincethethyroidhormone effectsof

PFDA do notcause thehypothyroid-likestateinrats,PFOA may altertheHPT

axiswithoutproducingthissyndrome.

2.7.4Hegatic loxieffies

The primarysiteofPFOA toxicityinrodentsistheliver.Peroxisome proliferation

(PP),inductionofenzymes involved in8-oxidationof fattyacids,and inductionof

cytochrome P450 occur aftera singlePFOA dose. Marked hepatomegaly has

been noted coincident to the PP and enzyme induction. Increased liversize was

the resuh of a combination of both hypertrophy and hyperplasia. Cell

hypertrophy predominated afteran initialburstof cellproliferation.The inital

hyperplasiais evidenced by large hepatocytes and markers of DNA synthesis

Areas of increased necrosis in the pe6portal regions have been observed

The relationshipbetween hepatic enlargement peroxisome pmiifer-ation,and

increased i3@-oxidationisunclear. Xenobiotic induced changes in one specific

pemxisomal enzyme are not necessarily linked to changes in other peroxisomal
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enzymes or hepaticenlargement82. Stucrieshave suggested thatxenobiotc

induced hepatomega)y and PP may be relatedtothe endocn*ne statusof

experimentalanimalsorto oxidativestress90.93-81.Adrenal and thymid

hormones may playa roleinperoxisomalproliferation.80-25. Studiesof

ciofibrate,a PP, have shown thatendocrinemanipulationcan mocrityftshepatic

effects.Inadrenalectomizedand thryoidectomizedrats,ciofibrate-induced

hepatomegaly was reduced compared tothe effectincontrolrats83,".

Conversely,inthyroidectomizedorhypophysectomized rats,ciofibrateinduced

peroxisomal3-oxidationenzymes were increasedcompared to normal rats93.

Thoitasseryetal.compared the PFOA-induced hepatomegaly innormal rats,

adrenalectomizedratsand adrenalectomizedratswithcortisalreplacement go.

They found thathepatomegaly was cor*jsoldependent and was primarilya resun

ofhepatocytehypertmphy. Hyperplasticresponses were alsocordsofdependent

and were noted inperipor%ajregionsof theliver.Peroxisomal pmliferaliondid not

depend on cordsofand was observed incerrtdlobularregions.They concluded

that PFOA-induced hepatomegaly and pemxisome proliferationwere separate

pmcesses.

inoralteedingstudies,PFOA and otherPP were reportedtocause increased

hepatomegaly inmales compared tofemales. This differencecouldbe reduced

byexogenous estradioladministrationorcastrationand eliminatedby castration

and estradioladministration". These observationsmay be explainedby an

estrogendependent renalexcretionmechanism ora testostemne mediated

increaseintissuebinding$5,$7. 88

lssemann and Green have cloned a mouse PP activatedreceptor.MPPAR, a

member ofthe nuclearhormone receptorsuperfamilyofligand-acbvated

transcdptionfactorsthatisactivatedby pemxisome proliferators89.This

receptordirecgymecftatestheeffectsofperoxisome pmliferators(PPs).

Tugwood has shown thatPPs activatedPPAR recognizes a specificresponse

uniton the Acyl-CoA oxidassgene promoterina manner similartothestemid

hormone receptor90.The actionofPFOA and otherPPs may be mediated by a

familyofcytosolicreceptorsthatregulategene transcdpton ina manner similar

toothernuclearhormone receptom.
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2.7-5Nonnenotoxic CaMinonene

Ininitation,selection.and promotionexperimentsinrats,PFOA produced an

increasednumber ofhepatocellularcarcinomas 11.12 Severalmechanisms for

PFCA associatednongenotoxiccarcinogenesishave been suggested.

Perfluorooctanoicacidisan archatypajmember ofa uniquesub classofPPs that

arenotmetabolized.Reddy has arguedthatthestructura)lydiverse;>emxisome

proliierators(PP)area distinctclassofnongenotoxiccarcinogensas.Reddy

proposed thatPPs induceoxidativestresswhich resultsinincreasedtumor

formation. Accordingtothistheory,theobservedincreaseinhydrogen peroxide

formationassociatedwithincreasedB-oxidationisnotassociatedwithan

increaseofsimilarmagnitudeindetoxifyingcatalaseactivity". Oxidabyeattack

by hydrogen peroxideand otherreactiveoxygen specieson cellconstituentsand

membranes leadstoDNA damage and increasedcellproliferation.Increased

proliferationinconcertwithDNA damage producesincreasedcalltransformagon

and malignancies.

StudiestestingthetheorythatPFOA inducesHCC by increasingoxidativestress

have leadtoconflidngresults.Takagistal.observed an increaseina-

hydmxydeoxyguanosine inliverDNA fmm ratsexposed toPFOA. They

concludedthatrathepatocyteswere under increasedoxidativestress93

Handleretal.foundno increaseinhydmgen peroxideproductioninirdactWers

exposed toPFOA 94. Lake etal.%iledtofindan associationbetween hepatic

tumor formationand pemxisome proliferation96.Thottasseryetal.observedthat

thePFOA induc@onof3-oxidationwas independent ofadrenalhormone status.

A PFOA associatedincreaseincatalaseWivity depended on cortisol80.

Therefore,the hormonalstatusinanimajsused inexperimentscouldconfound

studiesofoxidativestressand accountfortheconflictingresufts.

2-7-6lmmunotoxicity

Inthe90 day monkey feedingstudy,bone marrow and lymphaidtissuewere a

siteofhistopathology9.Treatedmonkeys inthehighesttwo dose groupswere

observedtohave moderate hypocelluladtyofthebone marrow. Specific
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hiSIOpathologiralfindingswerenotreported.Atrophyoflymphoidfolliciesin

lymph nodes and thespleenwere notedinthesam'e'treatmentgroups. No

follow-upstudiesoftheseobservationshave been reported.StudiesinPFOA

treatedratshave notshown histologicalchanges intheimmune system

7.7Mechanisms ofAction

The mechanism oftoxicityofperfluorinatedsurfactantsmay be mediatedby their

effecton cellmembranes. Olson and Andersen = suggestedthatPFOA may

aftermembrane functionthroughchanges infattyacidcompositionand oxidabon

siatus.Levittand Uss hypothesizedthattheeffectofperfluodnatedsurfactantsis
mediatedby theirafterationofmembrane organizationorfluidity96,97.

Shindo32 reportedthatmiscibilityoffluorocarbonand hydrocarbonsurfactants

depends stronglyon carbon chainlength.A carbon chainlengthgreaterthan

eightcarbonsisnecessaryforimmiscibility.Perfluomcarbonsurfactantswith

eightorfewercarbonatoms are misciblewithhydrocarbonsurfactantswith

carbonchainlengthsup tonine.These observationscouldhave impormm

implicationsforbiologicalsystems thalcontainfluorocarbonsurfactants.Cellular

membranes area phase boundary,usuallybetween a lipidphase and an

aqueous phase. Surlactantswillsegregatetothisphase boundary. Two

iinmisciblesurfaciantsmay formtwo coexistentmonolayers on theinsideand

oumide ofthemembrane whereas rnisciblesurfactantswillform onlyone such

monolayer.The presenceoftwo monolayerswillmaximallyreducethesurface

tensionattheboundary.whereas a singlemonolayer willaftedsurfacetensionto

a lesserdegree.Changes insurfacetensionmay aftermembrane fluidityand

affectitsfunctioninsuch processesas signalrecognitionand transduction.itis

intereslingtonotethatthechange inmiscibilityinShindo'sexperimentalsystem

occurredforfluomcarbonsurfactantswithcarbon chainlengthsgreaterthan

sighlThischange inmiscibilitydepended on hydrocarbonsurfactantchain

lengthas well.

The effectsofPFOA and PFOA on experimentalmembrane systems and cellular

membranes have been investigated.Inouestudiedthe differentialeffectsof

oclanoicacidand perfluomocianoicacidon experimentalcellmembrane
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properties98.The phase transitiontemperatureofdipajmhoylphosphatidyicholine

vesiclesdecreased linearlyas PFOA increasedinconcentrationup toone mM

and then reacha plateau.Thissuggested thatPFOA may form aggregates in

the membrane above a criticalconcentration.Such a phase separationis

observed tooccurinmicelles32. The partitioncoefficientbetween water and the

membranes forPFOA, K - 8910, was largerthan the coefficientforionized

ocianoic acid,K - 135, possiblybecause ofthe differencein hydrophobicity

between hydrocarbon and fluorocarbon chains in aqueous solution. The

differencesbetween the toxicokineticsand toxicodynamics of PFOA and PFOA

may be the resultof theirdifferingmiscibilitieswithcallmembrane surfactants.

Levittand Uss investigatedthe effact of PFOA and PFDA on the plasma

membranes of callsfrom F4 human B-lymphoblastoid celllineusing the dye

memcyanine 540 (MC540) 97. The dye binds to phospholipids that are loosely

packed on the outercellmembrane, but does not bind to highlyorganized lipids

and does not penetrate the membrane of healthy cells99. A large decrease in

MC540 cellsurface binding was observed aftertreatment with sub-lethal

concentrationsof PFOA and PFDA but not other non-perfluodnated fattyacids.

Albumin or serum reduced the change in MC540 binding. This effectmay be a

resultof the strong proteinbinding of PFOA and PFDA by albumin 50.These

observationssuggest that PFOA and PFDA eitherinteractdirectlywith MCSQ

lipidbindingsitesor afterthe structureof the lipidsinthe membranes.

Inexperiments examining functionalchanges in the lymphoblastoid celllines,

Levittand Uss observed thatPFOA and PFDA could cause crirectdamage to

cellsresuftinginthe release of membrane bound cellproteins and

immunoglobulins insoluble form 96. PFDA was significantlymore potent than

PFOA insolublizingproteinsand killingcells.This may be the resultof different

miscibilitiesinthe cellmembrane of these compounds. However, neither PFOA

norPFDA reduces the abilityof surface immunoglobulins to migrate and undergo

7capping afterantigen recognftion 1;. Inthe PFOA concentration ranges that

decreased MC540 binding,PFOA did not affect immunoglobulin migmton and

capping. Capping involvesthe cytoskeletalmediated polar migration of

immunoglobulins withinthe plane of the membrane 100. Apparently, the PFOA
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and PFOA associatedmembrane changes do notaffectmembrane

characteristicsthatareimportantforreceptormigration.

The membrane effectsofPFDA have been studiedingreaterdetail.Pilcheretal.

reportedthata singleinjectionofPFOA inr-atssignificantlyreduced theapparent

number ofB adrenergicreceptorsincardiaccells101.Thischange innumber of

receptorswas reflectedinthediminishedresponseofadenytylcyclase(AC) to

epinephrineinPFDA treatedratcardiaccells.The intrinsicpropertiesofAC were

notaltered.The actionofPFOA was on theepinephrinereceptor.The fattyacid

compositionofthetreatedratcardiaccellmembranes was significantlyaftered

101.Paimitic(16:0)acidwas elevated13 percent,eicosotrienoic(20:3WS) was

elevated71 percent,and docosahexaenoicacid(22*.6w3) was elevated18

percent.Arachidonicacid(20:4)was reducedby 18 percent.Severalother

investigatorshave reportedchanges inmembrane functionfollowingPFDA

exposure.Wigierand Shaw 112demonstratedthatPFOA inactivateda

membrane transportchannelfor2-aminopurineinL 5178 Y mouse lymphoma

cells.Invitroexperimentsreportedby Olson etal.103showed thaterythrocytes

exposed toPFDA exhibiteddecreased Osmotictragiw and increasedfluidity.

Taken together,thesestudiesindicatethatperfluorinatedsurfactantsexerttheir

effectson cellmembranes. The effectsappeartobe limitedtotheouterportion
ofthemembranes as theresultofdifferentialpartitioningwithinthemembrane or

bindingtospecificmembrane constftuents.AlthoughPFOA and PFDA can be

cytotoxicas a resultoftheirdetergentactionon membranes, theirmembrane

effectsatlowerdoses arenotreialedtotheirdetergentaction.From available

data.itappearsthatfunctionalmembrane changes may be limitedtospecific

receptormediated functions.

2 R QccunationalFluorineFxl2osur@sAt Chemolits

Inworkersemployed influorochemicalproductionplants,bloodorganicfluorine

hasfaroutweighedionicfluo@de8.1Z 14,51.56.More than 98 percentofthetotal

fluo6neinthesegroupshas been reportedtobe organicfluorine.Therefore,the

useoftotalfluoridelevels,which consistpredominantlyoforganicfluorine
compounds, isa validsurrogatefororganicfluorineinoccupationallyexposed

groups.InworkersattheChemolhe plant.PFOA has been identifiedintheserum
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ofthese workers and was es-bmatedto account for90 percent of organicfluorine

found intheserum samples 8.Inthiscohortofworkers,totalfluorineisa good

surrogatemeasure forPFOA.

Industrialhygiene measurement offluorochemicalshave been conducted at the

Chemolitsplarrtsincethe 1970s 8.These measurements inciudearea samples,

personalbreathingsamples and surfacewipe samples. In1977, a

comprehensive effortatevaluatingfluorochemicalexposures was conducted at

theChemolite plant.Duringcertainoperationsbreathingzone PFOA

concentrabonswere as highas 165 ppm. Afterextensiveengineeringcontrol

alterations,the plantwas seriallyre-surveyed.Ingeneral,airborneexposures

were below the recommended limitof 0.1mg/m3. However, there was evidence

ofsurfacecontaminationinproductionbuilcrings8. In 1986, airbornePFOA, as

wellas breathingzone samples were lessthan 0.1 mg/m3 based on 8 hour time

weightedaverages.Levelsas highas 1.5 mg/m3 were measured inbreathing

zone samples duringcertainclean-upand maintenance zone samples.

Perfluorobulydcacidwas alsofound,butinmuch lowerconcentrations.Spray

dryeroperatorshad cons..istentlyhigherexposures, even followingextensive

equipment improvements.

n appearsthatairborneexposure toPFOA was low formost workers.Spray dry

'operatorsand workers involvedincioan up and maintenance activitieshave

higherintermittentexposures. Although personalprotectiondevices are required

inhighexposurejobs,worker compliance has not been evajuated.The rolethat

surfacecontaminationplaysinworker exposure has not been defined'. The

mute ofPFOA exposure inworker has not been cleariyidentified.

2.9E-r)idemiologicalEtudies

A retrospectivecohortmortalitystudy ofemployees atthe Chemolite Plantinthe

periodof1948-1978 was conducted by Mandel and Schuman 2.Of the 3,688

male employees

'

who were employed foratleast6 months, 159 deaths were

identified.There was no excess mortalityinthe employees as compared toall

Personalcommnication fromStan Sorenson,3M CorporateMecricalDepanffwrd
personalcoffmnicawn imm StanSorenson,3M CorporateMecricalDepartnvnt
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cause orcause specificmortalityintheU.S.whitemale population.The

subcohortofallchemicaldivisionworkersdidnotshow any allcause orcause-

specificexcess inmortality.

Startingin1976 medicalsurveillanceexaminationswere offeredtoChemolite

employees intheChemical division0.Approximately90 percentofthe workers

participatedintheprogram.No healthproblems relatedtotheexposure to

fluorocarbonswere encounteredinparticiparrts.Seriallyconducted surveillance

examinationshave faed torevealany relationshipbetween bloodlevelsof

organicfluorineand clinicalpathology

2 10 SLimrnary

Animalstudieshave suggestedthattherearefiveareas oftoxicityassociated

withPFOA exposure.These includehepatotoxicity,immune system aiterabons,

reproductivehormone alterations,Leydigcelladenomas, and non-genotoric

hepalocarcinogenic@y.Toxicitystudieshave primarilyused rodents.There is

considerablevariabilitybetween strainsofratsforsome ofthetoxicendpoints

suchas Leydigcelladenomas. Adcritonally.some oftheeffectsseen inmts have

notbeen seen inotherrodentspeciessuch as mice,hamsters orguinea pigs.

The limiteddataavailableon PFOA exposed rhesusmonkeys and occupationally
exoosedworkerssuggeststhatany extrapolationofthe resultsfrom mdent

experimentstohumans requiresmdie inforiiiatonaboiathe mechanism ofPFOA

toxicity.From thisdataitdoes notappearthattheliverisa majorsiteforPFOA

toxicityinhumans. Of greaterhuman healthconcernare the potentialeffectsan

theimmune system and thereproductivehormones.

Inthepasi,workershave been found tohave significantbloodlevelsofPFOA.

Many workershave levelsabove one ppm. These bloodlevelsare50-1000
timesbackgmund levelsinthegeneralpopulation.These levelsmay be high

enoughtoproducetoxiediesinoccupationallyexposed humans. A confident

estimateofriskcannotbe made untilfurtherinformationon theadverse health

effectsofPFOA exposureinhumans isobtained.

Personalcomnwnicationlmm LarryZobel;3M Corporationme(ficalDepannwr4
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bd;zTHODS

q j introduction

The effectsofperfluoro=anoicacid(PFOA) exposure on human healthwere

studiedinemployees ofthe 3M Chemolitsplant(hereafterreferredtoas

Chemolite)locatedinCottage Grove, Minnesota. Two studieswere conducted to

investigateofthe human healtheffectsassociatedwithPFOA exposure. First,

mortalityassociatedwithoccupationalPFOA exposure was studiedusinga

retrospectivecohortdesign. Second, a crosssectionalstudy design was used to

estimatethe relationshipsbetween PFOA exposure and selectedphysiologic

parameters.

A retrospectivecohortstudywas designed toexamine mortalityamong workers.

Ailworkersever employed atthe Chemoliteplantforgreaterthan sixmorrthswere

includedinthe cohort.AJIcauses and cause-specificmortalitywere compared to

expectedmortality.Expected mortalitywas calculatedby applyingsex and race

specificquinquennialage, calendarperiod,and cause-specificmortalityratesfor

the UnitedStatesand Minnesota populationstothe distributionofobserved

person-time104- 'Os.Age adjustedstandardizedrateratioswere calculated106.A

relativerisk(RR) forPFOA exposed workers compared tounexposed worksm

was calculatedusingproportionalhazard regressionmodels 107. "The RR were

stratifiedby gender and adjustedforage atfirstemployment. du@atio--nof

employment and calendarperiodoffirstemploymenl Any significantdifferences

between observed and expected cause-s;>eciflcmortalitywere tobe explored

usingnestedcase controlstucries.Case studieswere completed forcauses of

deathwith5 ormore deaths and standardizedmortalityratesgreaterthan 1.5.

Each deceased individual'srecordwas examined forcommonaftles injob history

inforinationincludingage atfirstemployment, calendar periodofemploymem

yearsinthe Chemical Division,and durationofemploymenl

SelectedphysiologiceffectsofPFOA exposure were studiedusinga cmss

sectionalstudydesign. The relationshipsbetween totalserum fluorineand

biochemicalparameters includingreproductivehormones, hepaticbiochemical

parameters,lipidand lipoproteinparameters,and hematologic parameters,were
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explored.A sample ofthework forceemployed on November 1,1990 was invited

toparticipate.Allemployees inhighexposure jobswe'*reasked toparticipate.A

sample ofworkers employed inlow exposure jobswas frequency matched tothe

age and sex distributionofthehighexposure group. Each participantco

*

mpleted
a questionnairewhich includedmedicalhistoryand informationconcerning

alcohol,tobacco,and medicationuse. The questionnaireisprovidedinAppendix

3-1. Blood was drawn fordeterminationofhematologicand biochemical

parameters.Totalserum fluorine,free(Fr)and bound testoslemne (Bl@.

esiradiol(E).thyroidstimulatnghormone (TSH),folliclestimulatinghormone

(FSH),prolactin(P)and luteinizinghormone (LH)were assayed. The PFOA-

hormone dose-response relationshipforeach hormone was estimated using

linearregressiontechniquesto adjustforthe effectsofage, sex,body mass,

alcoholconsumption.tobacco use,and otherpotentialconfounders. The PFOA-

hortnonedose-response relationshipwas furtherexploredby fittinglinear

multvariatemodels tohormone ratios.Allunique ratiosbetween the seven

hormones were defined.Twenty-one hormone ratioswere calculatedforeach

participant.The prevalenceofhormone valuesoutsidethe laboratoryreference

rangeformen was compared tothe expected prevalenceassuming a normal
distributionforassay values.

3.2Retrospecttv@Cohort Mortaft Study

S.2-1DefinitionOf Th@ Cohort

The Chemolfte facilityopened in1947. Individualswho were employed atthe

Chemoliteplantbetween January 1.1947 and December 31, 1983 were identified

fromcompany records.Workers withfewerthan sixmonths employment were

excluded.InOctober 1951 largescalecommercial PFOA productionfacilities

became operational(Abe 1982). Because largescalePFOA productioncid not

beginuntil1961,a second cohortwithpotentiallysignificantPFOA exposure was

definedas thoseworkers employed between October 1,1961 and December 31,

1983. Subjettswithgreaterthan sixmonths employment were includedinthis

second PFOA cohort.

30



The cohortwas initiallyassembled in1979. Subsequently,the cohortwas

updated toincludenew employees through1983. Pamonnel recordsfor

employees workingpriorto1979 were coded to@demographic hems and work

historyby trainedabstractors.Compute6zed corporatepersonneldatabases were

L4ilizedtoprovideinformationforworkers employed inthe 1979 to 1983 period.

Abstractedwork historyincludedyear offirstemployment, year of last

OMPIOYMGnt, yearsemployed atChemolfte,and months worked inthe chemical

division.Individualjob historieswere not absiractedbecause job titleswere

definedby wage grades and didnotcorrespond to s;>ecificjobs or locationswithin

the plant.

3.2.2Study Datah2sps And Files

A Chemolitecohortdatabase was createdon a VAX computer usingingres

software.Data storedon magnetictape were transferredtothe VAX Duplicate

recordswere identifiedand removed. Missingdata were identified.The Ingress

update functionwas used fordataediting.Finalanalyticfilesforthe Monson

program, SAS programs,and custom programs were constructedusingthe

Ingressreportwriter.

3-2.3Data E-diting

The lngresrelationaldatabaseallowed extensiveinternalconsistencychecks to

be made. Alldateswere checked forplausibility.Those recordswithimplausible,

inconsistent,orimproperlyformatteddates were editedand correctedif

informationwas available.Ftecordsofworkers withfewer than sixmonths

employment were flaggedand excluded from the analyticdata set.A random

checkof50 ofthe364 workers withfewerthan sixmonth employment found no

errorsinclassificatonofemployment length.Extensiveattemptswere made to

obtainallmissingdataitems. Sources ofinformationIncludedplantpersonnel

records,corporatepersonneldatabases,t>enefitrecords,archivedcorporaig

records,plantmedicalrecords,and death certificates.No individualemployees or

nert-of-kinwere contacted.Four employees were excluded from thecohon as a

resultof missingdemographic data hems.
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3 ?,,dYalid2:@onOf-i-n-e-Histn@calCohnrt-l-nfnrmation

1-?A-1 A5r.-ossrTientOf C rnnletenessOf AcceMainrnent

The cohortwas initiallydefinedfrom personnelrecordsstoredatthe Chemolite

plant.Complete recordswere maintainedon allworkers ever employed atthe

plant.Houdy and saladedworkers were incjudedinthese files,as were all

transferred,terminatedand retiredformeremployees. Records forworkers first

employed inthe 1947-1978 periodwere abstractedfrom documents, coded and

computerized.A corporatecomputehzed database was used toupdate the cohort

throughDecember 1,1983. Since insufficientinductiontime had lapsed between

1983 and 1989,no new employees orwork historyinformationwas added tothe

cohortdatabase forthepost1983 periodforthisstudy.

Verifyingtheascertainmentofalleligiblecohortmembers was problematic.The

assumptionthatthe personnelrecordsrepresenteda complete mster was difficult

tocheck because ofa lackofindependent information.Several sources were

used toexcludemajorerrorsinthe enumeration ofthecohorl The historicalplant

hiringpatternbased on senioritydates was compared withthe distributionof

datesoffirstemployment. Qualitatively.dates ofmajor plantexpansion

correspondedtopeaks inthe distributionofdatesoffirstemployment and to

senioritydates. Large increasesinhiringdue tonew plantopenings were

reflectedinpeaks inthedistribwanofstartingdates inthe cohorl A sample of25

annuitybeneficiariesretiredfrom the Chemolits plantwere obtainedfrom the

corporatepersonneloffice.Ail25 were found to be includedinthe enumerated

cohorl

Severalplantpersonnelrecordsystems were randomly sampled. Separate files

were maintainedforactiveworkers,retirees,transferredand terminatedworkers,

and workerswhose employment atChemolits ended priorto 1960. A sample of

recordsforcurrentemployees withstartdates priorto December 31, 1983 was

compared tothe cohort.AJI12 records from the 194-r--1960periodforstartdates

were found inthe cohortdatabase. Of 30 recordssampled from the 1961-1969,

28 (93%) were includedinthecohort.Fiftytwo recordshad startingdates inthe

1970-1978pedod. Of these52 records.fortyseven (90%) were found inthe
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database.Inthe1979.1gsoperiod18of44(41%)recordswereinthedatabase.

Lasty,inthe 1981 through1983 period,36 of37 recordswere intho database

(97%). The low ascertainmentforworkers firstemployed inthe 1979-1980 period

was furtherexamined. Of the 34 workers notinthe cohortdatabase, 16 (47%)

were firstemployed inthe 7/79-1/80period.These omissions occurredinthe

transitionperiodbetween document abstractingand electronicupdatingofthe

cohort.Usingsenioritylists,44 workers currentlyemployed were hiredbetween

1979 and 1980. They representapproximately1% ofthe totalnumber of

individualsinthe workforceand lessthan 0.5% ofthetotalperson time atriskfor

thecohort.Records forretiredworkers were sampled from filescontainingall

workersretiredfromChemolfte. Fortyseven ofthe 48 (98%) sampled records

were presentinthedatabase. A sample ofthefilescontainingthe personnel

recordsofemployees completingemployment before1960 was randomly drawn.

Of the67 selectedrecords,65 (97%) were inthe database. Finally,files

containingrecordsofalltransferted,terminated,ordisabledemployees were

randomlysampled. Of the 120 sampled records,116 (970/o)were presentinthe

cohortdatabase.

3.2.4-2ValidationOf Coho rtInformation

Informationinthe editeddatabase was compared toinformationinthe personnel

records.A random sample of25 recordswas drawn from the personnelfiles.

Database n"ames,'sbcial@@e6jfrtynUtnbeir:@'(SSN),dates of birth(DOB), and dates

ofemployment were Yerifiedagainstrecordinformation.The soleerroroccurred

incodingthe lastdigitofone SSN. Allotherinformationwas correctlyentered

intothedatabase.

The reliabilityofICD8 =cring ofdeath certificatesforunderlyingcause ofdeath

was evaluatedby resubmittinga sample ofdeath certificatesforcocringby the

sarnenosologislThe sample consistedof25 death certificatesfrom 1970 -1989.

No change inthe majorcategoriesofcause ofdeath was noted. Allcancer

deathswere coded concordantly.Withincardiovascularcauses ofdeath,two

certificateswere discordant.

3-2-5VitmiSta us Ascprtpinment
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The vitalstatuswas ascertainedfrom the SocialSecurityAdministration(SSA)

and the NationalDeath Index(NDI).Allindividualswith unknown vitalstatuswere

tracedsuccessfullyand vitalsiaiusdetermined.Vitalstatusdeterminationinthe

1979-1989 periodwas obtainedthroughthe NDI. Death cer6ficateswere

requestedfrom the appropriatestatehealthdepariments forthose individuals

identifiedas,or presumed tobe, deceased. A professionalnosologistcoded the

deathcertificatesforunderlyingcause ofdeath accordingto Intemational

ClassificationofDiseases,8th revision(IC08).Informa@on concerningthe date

and cause oftwo deaths which occurredoutsidethe United Stateswas obtained

fromfamilymembers orotheravailablesources. Date ofdeath and the ICD8

code forthe underlyingcause ofdeathwere enteredintothe database.

12 6 Vpfid2t!cngfVitqlStatusAgcgrtainme

The vitalstatusdeterminationproceduresforthe cohortwas evaluated.

Corporatebenefitrecordswere utilizedas an independent source forvitalstatus

among theretrees.Vitalstatusfrom the database was compared tovitalstatus

incorporaterecords.A listofallretireesinthe 1947-1984 cohortwas sentto3M

benefitsdepartment These individualswere matched to retireeswho had

received3M death benefits.3M recordswere not complete forpedods priorto

-1975.Inthe pri@-1983period,4 deaths in refirseswere identifiedby 3M records.

-ViW status-wascorrectlyascertainedby the SSA matching procedureforonlyone

oftheseretirees.Inthe 1983-1989 period,34 deaths inrebroeswere identifiedin

3M records.The NDI matching procedureascertainedall34 ofthese deaths.

The NDI was notavailablefor1990. 3M re=rds indicatethat8 retireescried

during1990. The incompleteSSA aseartainmeritinthe period1975 to 1983

resultedinextendingthe NDI search toinclude1979 to 1983. All3M ideftfied

deathswere alsoidentifiedinthe subsequent NDI search coveringthe 1979 to

1983 period.

3.2.7Anafvsis

Analyticmethods employed inthisstudywere appropriateforcohortstudies.The

relativeriskwas estimated by calculatingan adjustedstandarcrizedmortwityratio
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(SMR) 105.Thisstudyused bothnationaland Minnesota mortalityratesfor

comparisons. Mortalityforman intheChemolhe cohortwas compared to

expected nationaland Minnesotamortality,adjustedforage, calendarperic@d,sex

and race.The use ofmonalityratesintheruralcountiessurroundingthe plant

were notconsideredtobe stableformany causes ofdeath and were not.used.

Sincelessthanone percentofplantemployees are non-white,white maie and

femalerateswere used forcomparison.Forwomen, onlyU.S.rateswere used

because cause-and calendarpehod-specificMinnesota rateswere notavailable.

SMRs were calculatedforallcause,allcancer,and cause-specificmortality.The

effectsofdiseaselatency,durationofemployment, durationoffollow-up,and

workintheChemical Divisionwere examined usingstratifiedSMR analyses.

Threeadditionalmethods ofanalysiswere used toassess thevalidityofthe SMR

contrasts.The threemethods were:standardizedrateratios(SRR) 106,Mantel
Haenszoladjustedrelativerates(RRMH) 106,and proportionalhazard regression

adjustedRR 107.

Umitedexposuredatawere availablefrom plantrecords.Exposed workerswere

definedas allworkerswho worked for1 month or more inthe chemicaldivision.

Exposed and unexposed workers'allcause,allcancer,and cause-specific

mortalitywas compared usingstratfiedSMRS, SRRs 106,and strafifiedMantel

Haenszelanalysis118-109.Additionally.thesame summary measures were
calculatedcontrastingtheratesforworkerswithatleasttenyearsdurationof

employmerttand thosewithlessthantenyearsemploymiinl

The relativerisk(RR) and 95% Cl fortheRR fordeaths from allcauses,cancer,

cardiovasculardiseases,and selectedspecificcauses were estimatedusinga

proportionalhazard model (PH) 107.109.The timeto everttorcene-ohngwas

definedas timefrom firstemployment toeventor December 31, 1989.InPH

modelsforspecificcauses ofdeath,deathsfrom othercauses were censored at

thetimeofdeath. Exposurewas quantifiedby months ofchemicaldivision

employment. Covahates includedinthemodels were age atfirstemployment,

yearoffimiemploymenl and durationofemployment. The analyseswere

stratifiedby gender.The appropriatenessofthe proportionalhazard assumptions

weretestedusingstratifiedmodels vathgraphicalanalysisoflog(-log(survival))
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versusfollow-uptimerelationshipsand models thattestedthesignificanceofa

productterm between exposureand log(follow-uptime)102-

1-3Cro rgionELIStudyOf PFOA Fxncsed Wc*ers

1-3.1Pnnul2iionr)efinftionAnd Recruitmpnt

Medicalscreeningofworkersemployed attheChemolite plarttoccurs everytwo

years. The generalmedicalscreeningprogram includeda medicalquestionnaire

(Appendix3-1).measurement ofheight,weightand vftwsigns.pulmonary

functionevaluation,udnalysis,serum assays,and hematology incrices.This

screeningprogram offeredan opportunitytoassess thephysiologicoffectsof

PFOA exposure inworkersengaged incommercial productionofa limited

spectrumofPFCS. Of particularinterestwere theeffectsofPFOA. theprimary

fluomchemicalfoundintheserum ofChemolhe workers.(Griffithand Ubel,1980).

ParticipationinthePhysiologicEffectsStudy requiredthe subjects'willingnessto

undergo hormonal and biochemic@Wtesti.ngand tohave an additional15 mi of

blooddrawn fortotalfluodneassay. Inthe cross-sectionalstudy,exposure

classificationwas based on thepotentialforPFOA exposure ina workersjoband

plantlocation.Allworkersengaged inany facetofPFOA productioninthe
.previousfiveyearswere consideredtohave potentiallyhighPFOA exposure.

Th6 jadtdoftideredtohave highexposurepotentialincludedalljobsinthe

productionbuildings(bidg6 and 15),allmaintenance workerswho were assigned
tothePFOA productionareas,and allmanagement jobs requiringphysical

presenceinthe productionbuilding.Plantrecordsand job historyinformationwas

usedtoassignexposurestatustoindividualworkers.A random sample of

workersinjobswithlow exposure.potentialwas frequencymatched totheage

and sex distributionofthe highexposureworkers.Workers withlowexposure

potentialwere definedas thoseassignedtojobsnotinvolvedinthe pmduefion of

PFCs foratleastfiveyears.A rosterofworkersmeeting thelow exposure

potentialwas definedfromplantrecordsand knowledge ofplantpersonnelabota
thelocationofhighexposurejobs.A gender stratifiedsample fromthe groupof

workersinlow exposurejobswithan age (5yearstrata)distributionsimilartothe

exposed group was identifiedand invitedto participate.Ifa workerina jobwith
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low exposuredeclinedtoparticipate,anotherworkerinthesame age and sex

s@ratumwas randomlyselectedand invitedtopartcipate.Inallcases inforrned

consentwas obtained.Participationinthisstudywas voluntary.

Data Collection

3 3-2-1StudyLoos And Files

A rosterofparticipantswas maintainedby theplantoccupationalhealthnurses.A

logforbiologicalsample informationwas completed by the laboratorytechnician.

The dateand timeofample coolectionwas recorded.Qualityassurancesamples

were recordedon a separatelog.Resultsreportedon paper recordswere

maintainedas medicalrecords.Resultsforothertestswere transmitted

electronicallytoa complnedzed databaseand coded as SAS datasets.All

recordswere storedwithemployee medicajrecordsorinthecorporatemedical

officesforconfidentialitypurposes. Printedlaboratoryresultsand questionnaire

datawere enteredintoa SAS dataset.

3.3.2.2Ouestionnalre

Each participantcompleteda medicalqueslionnairepriorto reportingtothe plant
medicaloffice.(Appencrix3-1) Itemsincludeddemographic information.

symptoms, illnesshistoryand diagnoses,and medicationusage. Detailed

questionsconceming tobaccouse and alcoholuse were included.Workers were

notre-contactedtoobtainmissinginformationortocorrectinconsistencies.

Ftesponseswere notvalidated.Two plantoccupationalhealthnursescollected

thequestionnairesand returnedthem tothecorporatemedicaldepartment.Inthe

corporatemedicaloffice,datawere coded and enteredintoa SAS databass.

[:;omory ProcedUres

3@3-2-3-1Height and Weicht
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U Pon reportingtothe plantmedicaloffice.participantshad theirheightand

weightdeterminedby an occupationalhealthnurse. Heightand weight

were measured once on thesame calibratedscale.

-2,1? Blood

@1-22-3 2 1 Drawino And Handlinei

Fourva=ainers ofbloodwere drawn from a singlevenipunctureby a laboratory

technologist.Two 15 mi redtop vacutainersofbloodwere drawn and allowedto

clot.One 10 mi purpletop vaculainerwas drawn forhematology studies.A

speciahypreparedfluorinefree15 ml vaclnainerwas used tocollectblood fortotal

serum fluorinedetermination.Venipunctureswere scheduled tooccur atthe

same time ofday and on the same shiftforeach worker. Allblood was drawn

between 6:30 and 8:00 am. Workers inthe Chemical Divisionofthe Chemolao

plantrotateshiftson a weekly basis.Blood was drawn aftera worker was

assignedto theday shiftforatleast3 days.

Allspecimens were refrigeratedatthe plantpriortotransporttothe appropriate

laboratory.Clottedredtop vawainer specimens were centrifugedfor12 minutes

toseparateserum from callsbeforetransporttothe contractlaboratory.Inorder

torenderthe totalserum fluorinespecimens non4nfecflous,serum fortotal

fluorineassays was etherextractedinthe corporatemocricaldepartment priorto

sencringthe samples tothe 3M Chemical Divisionanalyticlaboratories.

3.3.2.3.2-2Assayfi

Serurrosamples were analyzed fortotalserum fluorine,hepaticbiochemical

parameters,cholesterol,lipoproteins,and seven hormones. Assayed biochemical

parametersincludedserum gildamicoxaloacetictmnsaminase (SGOT), serum

glutamaticpyruvictransaminass (SGPT), gamma glutamyltmnsfemse (GGT),

and alkalinephospatase (AKPH). The followinghormones were assayed: bound

testosterone,freetestosterone,estradiol,prolactin,luteinizinghormone (LH),

follidestimulatinghormone(FSH), and thyroidstimulatinghormone (TSH). EDTA

Preservedwhole bloodsamples underwent routinehematologicanalysisincluding
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complete blood courrtwitherylhrocytoindicesand leukocytedifferentialcellcount

(CBC). Analyseswere done withoutknowledge oftftsubjectstatusor purpose

ofthestudy.

Totalserum fluorinewas determined in3M's Chemical Divisionanalyticlaboratory

usingthesodium biphenylextractionmethod (Venkateswariu,1982). The

accuratedeterminationoftotalfluorineinthepartsper million(ppm) range

requiredspecializedequipment,procedures,and personnel.Assays were

completed ina dedicatedlaboratoryfollowingtestedprotocols.

Upon receiptofextractedserum samples dividedaliqum were tmzen at-70

degrees centigrade.Afterallsamples had been received,batches of15 samples

were assayed on successiveworkingdays. Each batchinciudedhigh and low

qualitycontrolsamples. Each sample was assayed twice. H the crifferencein

assayed valueswas greaterthan 1 ppm, the sample was re-assayed. The total

serum fluorinevaluewas reportedas a mean value and a munded integervalue.

Serum glutamicoxaloacetictransaminase (SGOT), serum gilgamaticpyruvic

transaminase(SGPT), gamma glutamyltransterase(GGT), and alkaline

phospatase(AKPH) were assayed by the UnitedHealthServicesLaboratoryin

AppleValley,Liinnesotausingclinicalcolorimetricassays. CBCs were

determinedusingautomated Cauftercounters.Lightmicmscopy was utilizedfor

Estradiol,prolactin,thyroidstimulatinghormone (TSH).luteinwng.hormone (LH),

and folliclestimulatinghormone (FSH) were assayed by the UnitedHealth

Serviceslaboratoryusingracriolmmunoassay(RIA)and enzyme linked

immunasorbent assay (ELISA). FSH, LH, and prolacfinwere assayed using

AbbottlaboratoriesIMX microparticleenzyme linkedimmunoassays. TSH was

assayed usingLondon Diagnosticschemiluminescense immunometdc assay.

Estr2cgolwas determined using DiagnosticProductsCorporation'sCoat-a-count

assay.
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Testosteronewas assayed by the Mayo Clinicclinicallaboratories.Total

lesiosieronewas determinedby RIA usingproprietaryimmunoglobulins.Free

and bound leslosleronewas determinedusingequilibriumdialysis.111.

:3.2-2@3@2-3Ouality Assurance

Two methods were used toassess theaccuracy and reliabilityofthe laboratory

assays. The laboralohesroutinelyfollowedqualityassurance programs. Three

standards were runwitheach batch. Itthe controlvalues were outside two

standard deviationsoftheintraassay mean value foreach standard.the assay

was repeated. If10 controlswere outside1 standard deviationofthe mean, the

assay was flaggedforreview. The reliabilityofeach ofthese assays was

assessed. For each assay, fivespecimens were randomly selected and splitinto

two ajiquots.The aliquotswere labeledwithdifferentidentifiersensuring thatthe

assays were carriedout ina blindedfashion.Both aliquotswere submitted on the

same day tothe laboratory.The coefficientofvariationwas calculatedforeach

hormone.

3.3.3 Anal

There were two analyticstrategies.First,assay resultswere treatedas

contnuous parameters and modeled using regressionmethods. Models were fit

to-assess-therelationshipbetween assay.resultsand totalfluorine,body man

index,alcoholconsumption, and smoking. Second, hormonal assay resultswere

dichotomized intothose withinthe referencerange and those outsidethe

referencerange. The hormone assay categorieswere based on published sex

specificnormal referencevalues foreach assay. The purpose ofthis

dichotomizationwas to evaluatethe possibilitythathighlysusceptibleincrraduals

may be affectedatlower levelsof exposure and not followthe adjusted dose-

response curve.

The relationshipsbetween totalserum fluorineand the assayed parameters were

estimated by fittinglinearmultivariateregressionmodels to the data. The clinical

parameters and ratiosofselected parameters were firstmodeled as functionsof

nominallycategodzed exposure and covadates. Dependent variablesthatwere

40



not normallydistributedwere approp4iatelytransformed.Totalserum fluorinewas

categorizedintomutuallydistinctcategories.Cutoffvalues forthe catecories

were chosen to assure adequate numt>er'sineach category while maintainingthe

fullesirange ofexposure valuespossible.Accordingly,totalserum fluorinelevel

categorieswere definedasthe following:lessthan I ppm, greaterthan I ppm

tolessthan 4 ppm, 4 ppm to10 ppm, greaterthan 10 ppm to 15 ppm, and greater

than 15 ppm. Ifinsufficientnumbers ofevents occurredwithinindividual

categories,the number ofcategorieswas reduced by combining adjacent

categories.Additionally,models were ftnedwithtotalserum fluorineenteredas a

continuousvariableusinglinear,square,square roottransformations.

Age, body mass index(BMI),alcoholuse and tobacco use were includedinthe

model as potentialconfounders. Age was includedinthe models as both a

categoricalvariableand a continuousvadable. Age was grouped intofourten

year age categories.Age was treatedas a continuousvariableusinglinear,

square,square mot, and logtransformations.BMI was entered inthe models as

a categoricalvariableand as a continuousvariable.BMI categorieswere less

than 25 kgIM2,25-30 kg/m2, and greaterthan 30 kg/m2. Additionally,BMI was

dichotomizedintoobese,*greaterthan 28 kg/m2, and non-obese, lessthan or

equalto28 kg/m2. The cotitinuousvariablewas entered as linear.square,log,

and square transformations.Alcoholuse was categorizedInto3 categories:less

than 1 drinkper day,greaterthan one to3 drinksper day. and non response to

the questionnaireitem. Smoking was categorizedas currentnonsmokers and

currentsmokers. A nonresponse categorywas notincludedsinceonlytwo

individualswere inthiscategory.These two individualswere excludedfrom

anajysesthatrequiredsmoking history.Smoking was quantifiedas cigarettes

smoked per day. Unear, square and square roottransformationsofcigarettesper

day were used inregressionmodels.

The choiceofthe finalmodel was somewhat subjective.For each dependent

variable,othercovariateswere includedinthe finalmodel iftheywere potential

confounders. Other potentialconfounding hormones and biochemicalparameters

were includedinthe models ifthey produced significantchanges ineffect

estimates.

41



Totalserum fluorineand confoundingcovahates were entered Intomodels as

continuousvariables.Significantnonlineardose-resppnse relationshipswere

evaluatedby comparing model fitand parameter estimatesusingcategorical

variablesand continuousvariables.Square,square mot. exponential,and

logarithmictransformationswere used ifthetransformedvariablespmduced

models ofsuperiorpredictivepower as assessed by model fitAlltwo way

interactionsbetween totalserum fluorineand the includedcovariateswere

evaluated.Interactiontermswere includedinthe finalmodel ifthe parameter

estimateforthe iriteracbonterm was significantatthe alpha -.1
.
0 level.

The potentialforsusceptibilitytoconfound the relationshipbetween PFOA

exposure and the assayed parameters was examined by comparing the

observed prevalenceofassay resultsoutsideofthe referencerange withthe

expected prevalence.The prevalenceofabnormal assays was based on

publishedreferencevaluesforthe adultmale US population.Reference ranges

fortestparameters were definedas being within2 standarddeviationsabove or

below the mean valueforthe parameter. The laboratorymaintainslaboratory

and assay specificreferencerange foreach assay. Given thatthe distribta!onof

valuesisappmximately normal,about 2.5% ofindividualvaluesare expected to

fallabove the upper limitand 2.5% below the lowerlim!Lh followsthatthe

prevalencefora hightestis.025. The prevalencefora low valueis.02S. Using

ihese provalences,an expected number oftestsoutsideofthe referencerange

can be defined. A priorihypotheses based upon animal and invitrostudies

definedthe expected directionofthe effeclThe calculationofan observed to

expected ratioallowedtheestimaton ofthe relativeprevalencefora testoutside

ofthe normal range inthe studysubjectsas compared tothe generalpopulation.

The 95% Cl forthe ratiowas calculatedassuming thatthe expected number isa

constantand the observed number isa random variablewitha Poisson

distribution.
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4-.-RESULTS

A I Cross S-ectionalperfluorocarbo-n-physiologicEffects Study

InOctober 1990,atthetimeofthecrosssectionalstudy,the workforce'at

Chemolite consistedof880 salariedand hourlyemployees. There were 50 men

and 2 women inhighexposure potentialjobs.Since therewere only2 women in

thisgrolr,,the studywas restrictedtomajes. Forty-eight(96%) ofthe SO male

workers inhighexposure potentialjobsagreed toparticipate.The exactnumber

oflow exposure workers invitedtoparticipateinthe studywas not recorded.

However, few individualsinthisgroup refusedtoparticipate.Thus, itisestimated

thatover 80% oflow exposure workers participated.

4.1.1Particir)artfChar,2ctedstl=

Since frequency matchingforage was used toselectstudyparticipants,the

overallage disiribubonreflectedthe age distributionofworkers inhigh exposure

potentialjobs (Table4.1.1).Ages ranged from 24 to59 years,witha median age

of37 years and a mean age.of39.2 years.

Table 4.1.2presentsthe alcoholand toba= use profileofthe studyparticipants.

The lightdrinkerscategoryincluded22 participantswho reportedno alcoholuse.

Consumption ofone tothreeounces ofethanolper day was reportedby 20

(18.7%) participants.No participantsreporteddrinkinggreaterthan threeounces

ofethanolper day. Eightworkers (7.0%)did notcomplete thishem ofthe

questionnaire.There were 28 (24.8%) smokers who smoked an average of21.7

cigarettesper day. Smoking statuswas notavailablefortwo workers (1.8%).

The associabon between smoking and alcoholconsumption ispresented inTable

4.1.3.Thirteen(15.3%)of85 nonsmokers and seven (25.0%)of28 smokers

reportedmoderate drinking(p..24).Table 4.1.4cgsplaystheage cristdbutionfor

alcoholand tobaccouse categories.There were no significantdifferencesin

mean ages among smoking ordrinkingcategories.
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Totalfluo6newasnotsignificantlycorrelatedwithage.BMI.alcohol,ortobacco

use (Table4.1.5).BMI and age were correlated(r.@.-.26.P-.005).AJcoholuse

and tobaccouse were notsignifir-antlycorrelated(r..08;p>.7).

SMI ranged from18.8to40.5kg/m2 witha median value of26.3kg/m2 and a

rne2n of26.9kgjm2 (Table4.1.6).Haltofallworkershad BMis between 25 and

30 kg/m2. The mean BMI insmokers was notsignificantydifferentfrom thatof

nonsmokers (Table4.17).The mean BMI formoderate drinkerswas not

significantlydifferentfromthe BMI oflightdrinkers.Smoking statusand BMI were

notsignificantlyassociated(Table4.1.8).There was a significantlinear

relationshipbetweenSMI and age (3..10SE(B)..035).Thisrelationshipwas not

substantiajlyalteredafteradjustingforsmoking status,alcoholuse,and total
serum fluorinelevel.

4-1.2TotalgerurnFlUoHno

The totalserum fluo6nevaluesranged fromzeroto26 witha median valueof

two ppm, a mean of3.27ppm and a standarddeviationof4.68ppm (Table

4.1.9).The inter-assaycoefficientofvariationwas 66% calculatedfrom repeated

assays on crifferentdays.

TworTty-thres(20.0%)ofIIS workershad totalserum fluorinevalueslessthan

one porff.-Thisgroupincluded-eightworkersvaluesreportedas zeroppm (below

the limitsofdetection).Eighty-eightworkers(76.5%)had levelslessthanor

equaltothreeppm. Six(5.2%)of I15 workers had valuesbetween 10 and 15

ppm and five(4.4%)had valuesgreaterthan 15 ppm. Allworkerswithlevels

greaterthantenhad worked inBuilding15,the primaryPFO productionareaat

the Chemolhe Plant.

There were no significantdifferencesintotalserum fluoridemean valuesamong

the SMI, age,alcoholuse and tobacco use categories(Table4.1.10).No

statisticallysignificantdifferencesinmean age between totalfluorinecategories

were observed(Table4.1.11).
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Participantswithlessthan one ppm totalfluorinesmoked the least(16.3)number

ofcigarettesperday (Table4.1.12).Those withone ppm tothreeppm total

fluohnesmoked thegreatestnumber ofcigarettesper day (24-5).This difference

was statisticallysignificant(p<.005).As estimatedina regressionmodel,the

linearrelationshipbetween totalfluodneand smoking status,adjustedforage

and BMI, was smallinmagnitude (3-0.10,SE(B)-0.062,p-.09).Smokers

average totalserum fluorinewas estimatedtobe 0.1 ppm higherthan

nonsmokers. The number ofcigarettessmoked per day was weakly correlated

withtotalserum fluodne(Table4.1.5).

Drinkingstatuswas notassociatedwithtotalfluorine(Table4.1.13).Overall,

eight(7.0%)participantsdid notrespond tothisquestion.Four had lessthan one

ppm totalserum fluorine.

Table 4.1.14presentsthe distributionofBMI inthetotalfluorinecategories

definedpreviously.SMI mean values were notsignificantdifferencesamong the

totalserum fluorinecategories.The [!nearrelationshipbetween SMI and total

fluorine.adjustedforage,smoking, and alcoholuse, was weak and not

significant(8--.016SE(B@-.069,p>.5).

4-1.3Hormone Assa3M

The intra-.*ssaycoefficientofvariation(CV) forthe bound and freetestostemns.

estradiol,TSH, LH, pmlactin,and FSH assays are providedinTable 4.1.15.The

estradiolassay had thehighestCV, 18.3%. The pmlacflnassay had the lowest

CV of3.1%.

Table 4.1.16 presentsthe observed and expected number of hormone assays

outoftheassay referencerange,the observed toexpected (O/E)mtio, and the

95% confidencerimits.The O/E ratiowas significantlygreaterthan one for

estracriol,freetestosterone,bound testostemne and prolacfin.The O/E ratiosfor

LH, FSH, and TSH were notsignificantlydifferentfrom one.

The Pearson correlationcoefficientsamong the seven hormones qss:tyedin

studyparticipantsare presented inTable 4.1.17. As expected,estradiolwas
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correlatedwithtreetest=erone(r..40,p..0001)and boundtestostemne(r-.32.

p..0006).Bound tesiosieronewas correlatedwithfreetestostemne (r..74

p..0001),LH (r..28,pa.003)and FSH (r..16,p..04).LH and FSH were

significantlycorrelated(r-.63,pm.0001).FSH and TSH were significantly

correlated(r..23,p..01).

As shown inTable 4.1.18,totalfluorinewas significantlycorrelatedwfthpmlactin

(r..19.p..045)and TSH (r..26,p..005).Age was negativelycorrelatedwith

estradiol(r.-.25,p..01),freetestosterone(r.-.45,;@-..0001).bound testosterans

(r.-.24,p..01),and prolactin(r.-.19,p..01).Age was positivelyCorrelatedwith

FSH (r..33,p-.0003).As expected,SMI was negativelycorrelatedwithfreeand

bound testostemne(r..-.26,p..005 and r.-.36,p..0001 respectively).BMI was

correlatedpositivelywithLH (r...20,p..03).Alcoholconsumption was

significantlycorrelatedwithFSH (r..-.24p..01).

Bound testostemne ranged from 141 to 1192 ng/dlwitha mean of672 ng/diand

a median of561 ng/di(Table4.1.19).The standarddeviationswere large.The

mean bound testosterons-values were notsignificantlydifferentamong the total

serum fluorinegroups. As expected,themean bound test=emne decreased

significantlyas BMI increased.The mean bound testosteronevalueswere

significantlydifferentamong the age categories(p-.Ol6).

Therewas a significantno-nliFiiir-r-elatio-iiitgpbetween'totW-serum-fluodneand

bound testostemne(ST)inthefinalregressionmodel (Table4.1.20).Bound

lestosterons,which was positivelyassociatedwithboth LH and estradiol,

decreasedas both age and BMI increased.Alcoholand cigaretteuse were

wealdyassociatedwithST. There was a significantinteractionbetween age and

totalserum fluorine.There was a negativeassociationbetween bound

testostemneand totalserum fluorineinyoung workers than inolderworkers. In

workersgreaterthan 45 years of age,totalserum fluodne was associatedvvitha

slightincreaseinBT. The relationshipbetween bound testostemne and tow

serum fluorineispresented forfourdifferentsetsofcova4ate value(Figure2

Dose-responsecurves forbound testosteronewere plottedforyoung, lean

individualsaged 30 withSMis of25, young obese individualsaged 30 withSMis

of35,middleaged leanincrividualsaged 50 with BMis of25, and middle aged
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obese individualsaged 50 withBMIs of35. Each ofthe relationshipsisfor

nonsmoking, lightdhnking men withthe sample mein LH value (5.4mUA) and

mean estradiolvalue(33.4pg/mi).In30 yearoldworkers,bound testosterone

decreased as totalserum fluohneincreasedinboth BMI groups. The dose-

response relationshipfor40 yearoldworkerswas appmximately flat(notshown).

inworkers greaterthan 50 year ofage, ST increasedas totalserum fluorine

increased.

Totalserum fluoridewas notsignificanti

'

y associatedwithfreetestosierone(FT)

(Table4.1.21).WithinBMI categories,freetestostemne was highestinthe less

than25 kg/m2 group and lowestinthe greaterthan 30 kg/m2 category.The

differenceinmean FT among BMI categorieswas statisticallysignificant(P-.03).

There was a significantnonlineardose-response relationshipbetween total

serum fluorineand FT Inthe finalregressionmodel (Table4.1.22).As total

serum fluorineincreased.freetestosteronedecreased. There was a significant

interactionbetween age and iota)serum fluorine.Figure4.2 Illustratesthe

modifyingeffectofage on the totalserum fluorinefreelestosteronerelationship.

The covadatevectors(nonsmoker, lightdrinker,mean LH and estradjol,age-30

and BMI..25or25,age=50 and BMI-25 or35) were the same as used Figure-1.

Lean orobese 50 yearoldmen had low freetestosterons(lessthan 9 no/dl)for

allvaluesoftotalserum fluorine.In30 yearolds,freetestostemne decreased

asymptoticallytoward the 50 year oldvalues. Inthismodet.-a50 yearold,obese,

moderate drinkerwithany totajserum fluorinelevel(thelowerlimitofassay

sensitivitywas appmximately 1 ppm totalserum tuodne) had freetestostemne

below nine ng/cH.

As shown inTable 4.1.23,the estradiolmeans inthe three BMI groups were not

significary#Jydifferent(p-.88). As the age of participantsincreased,mean

estradiollevelsdecreased. Inthe greaterthan 30 to 40 year age gmup, mean

estracriolwas 36.8 pg/mi compared to 25.9 pg/ml inthe greaterthan 50 to 60

yearage group. The age group means were significantlycfiffarerit(p..Ol8).

Therewas a nonsignificantpositiveassociationbetween mean estradioland total

serum fluorine.
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Asshown inTable4.1-24,astracrioiandtotalserumfluorinewerepositively

associatedinthe finalregrosr@onmodel. Totalserum fluorinefolloweda

nonlinearrelationshipwithesiradiol.No interactionterms were statistically

significant.As expected,freetestosteroneand estradiolwere positively

associated(B-.85p..0007).The relationshipbetween totalserum fluorineand

estradiolisillustratedinFigure3. The plottedcurvesdepictthe relationshipfor

lean(25 kgIM2) and obese (3Skg/m2) male workers who were 30 years oldwith

sample mean freetestosteroneand who were nonsmokers and lightdrinkers.As

totalserum fluorineincreasedover the observed range,estracriolincreased

quadratically.Inobese men (BMI-35 kg/m2 )aged 30, estmcriolexceeded 44

pg/miwhen totalserum fluorinewas between 15 and 20 ppm. The highest

estradiollevelswere inyoung, obese smokers who consumed 1 to3 ounces of

ethanolperday.

LH was notsignificantlyassociatedwithserum fluorine,butwas negatively

associatedwithSMI (p-.003)and positivelyassociatedwithsmoldng (p..025),

age,and ST. There was no associationbetween totalserum fluorineand FT.

(Table4.1.25,Table 4.1.26,and Figure4).

FSH was notsignificantlyrelatedtototalserum fluodnelevelsbut was positively

associatedwithage (p-.Ol4) (Table4.1.27.Table 4.1.28).The finalregression

model forFSH isIllustratedinFigureS. The relationshipwas essentiallyfledover

thetotalfluadnemngs.

TSH was positivelyassociatedwithtotalserum fluorineinboth univariateand

multvariateanalyses(Table4.1.29.Table 4.1.30and Figure7).TSH was not

significantlyrelatedtoage, BMI, alcoholuse,smoking, and otherhormones.

Proladn was positivelyassociatedwith totalserum fluorineand smoking (Table

4.1.31.Table4.1.32).Moderate drinkershad a differervtpmlacdn-totalserum

fluorinerelationshipcompared tolightdrinkersand nonrespondents. Figure6

illustratesthe relationshipofprolactinwithtotalserum fluorineand the modifying

effectofalcoholuse. Totalserum fluchnswas weakjy associatedwithproi=in

inlightand moderate drinkers.However. inmoderate drinkers(1-3oztday).

therewas a positiveassociationbetween prolactinand total'serumfluodne.
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The univariatedistributionsofthe21 ratiosare providedinAppendices 4.1 and

4.2.A tableispresentedforeach ofthe 21 ratiosshowing the number of

participants,mean ratiovalue withthestandarddeviation,median ratiovalue,

and the range of ratiovalues ineach ofthe previouslydefinedcategoriesof BMI,

age,alcoholuse,tobacco use,and totalserum fluorine

Correlationsbetween totalserum fluorine(ppm),age (years),BMI (kg/m2),

alcoholuse (oz/day),and cigaretteconsumption (cigarettes/day)and allpossible

ratiosbetween E,freetestostemneTF, TB, and LH are displayedinTable 4.1.33.

The esiradioltobound testostemne ratio(EITB)and esiradioltofreetestosterone

ratio(E/TF)were significantlycorrelatedwithBMI (rm.32.p-.001 and rn.27.

p..004respectively).The estradioltoILrteinizinghormone ratio(E/1-H)was

negativelycorrelatedwithage (r.,-.26,p-.005),and positivelycorrelatedwfthBMI

(r..l8,p..06).The bound testostemnetoluteinizinghormone ratio(TB/LH)

followeda differentpatternas compared toEA-H. The correlalioncoefficient

between TBILM and age -was-.32(pm.001)whilethe coefficientbetween TB/1-H

and BMI was -.14.(p..l3).The freetestosteronetoluteinizinghormone ratio

.(TF/LH)had thesimngestcorrelationwithage (r.-.40,p...0001)butwas not

.significantlycorrelatedwithBMI. The bound testosteronetofreetestostemne

ratio(TBn7) followeda unique pattern.TB/TF was posifivelycorrelatedwithage

(r..24,p..01).and negativelycorrelatedwith BMI

Prolactinratioswithbound testosterone(TB/P),freetestostemne (TFIP),

estradiol(EIP),folliclestimulatinghormone (FSH/P),luteinizinghormone (P/LH),

and thyroidstimulatinghormone (P/TSH) are presented inTable 4.1.34.None of

theprolactin-hormoneratioswere significantlycorrelatedwithtotalserum fluorine

orSMI. Allexcept P/TSH were significantlycorrelatedwhh cigarette

consumptiorl

Table4.l.3Spresents,thePearson correlationcoefficientsforthe bound

testosteronstothyroidstmulatinghormone (TB/TSH) ratio,the freetestosterone

tothyroidstimulatinghormone (TF/TSH), and the estracrioltothyroidstimulating
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hormone (E/TSH).ToW serum fluorineand TF/TSH were negativelycorrelated

(r,.1B,P..05).Allthreeratioswere significantlyand negativelycorrelatedwith

age. TB/TSH and TF/7SH were negativelycorrelatedwithSMI, (r.-.24p..Ol

and r.@.23.p-01 respectively).

The Pearsoncorrelationcoefficientsforthe bound tesiosteronetofollicle

stimul2tinghormone (TS/FSH) ratio,thefreetestostemnetofolliclestimulating

hormone (TF/FSH).and theastradioltofolliclestimulatinghormone (E/FSH) are

providedinTable4.1.36.Age was theonlycovariatethatwas significantly

correlatedwiththethreeratios.

The correlationcoefficientsforselectedratiosbetween pituitaryglycopmtein

hormones,TSH, LH, and LH, arepresentedinTable4.1.37.The thyroid

stimulatinghormone tofolliclestimulatinghormone (TSWFSH), thethyroid

stimulatinghormone tolutainizinghormone (TSH/LH),and the folliclestimulating

hormone tolutsinizinghormone (FSKIH) arepmvided. Age was significantly

correlatedwiththeFSH/LH ratioand theTSHIFSH ratio.AJcoholconsumption

was correlatedwithbothTSHIFSH and TSK/LH.

As shown intheflnalregressionmodels,theTBMF ratioincreasedas tota)serum

fluorineincreased(Tables4.38and 4.39).Alcoholconsumption,cigarette

consumption,estradiol,prolactin,and TSH were notsignificantyrelatedtothe

TB/TF ratioineithermodel. These covariatesdo notsubstantiallyalterthe

estimatedrelationshipbetween totalserum fluo6neand TB/TF ratiowhen

includedintheregressionmodel. The quadraticincreaseoftheTB/TF ratioover

theobservedrangeoftotalserum fluorineisillustratedinFigure4.8.The

covariale3used were:nonsmoker, lessthanone ounce ofalcoholconsumed per

day,30 yearsofage,and a SMI of30 kg/m2.

Table4.1.40presentsthe fullregressionmodel fortheestmcrioltobound

lest=emne ratio(EITB).Totalserum fluorinewas notsignificantlyassociated

withtheE/TB ratio.BMI was a determinantofthe E/TB ratio.Free testostemne

was negativelyrelatedtothe E(rB ratio.
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The fullregressionmodel forestradioltofreetestosieroneratio(E/TF)is

displayedinTable 4.1-41.There was a significarrtposftive*dose-response

relationshipbetween the E/TF ratioand totalserum fluorine.Although the dose-

response relationshipforfreetestosteronewas modifiedby age, the dose-

response relationshipforthe ratiowas not modifiedby age.

As shown inTables 4.1.42,4.1.43and 4.1.44,totalserum fluorinewas not

significantlyassociatedwithEILH and TBA-H, butwas positivelyassociationwith

theTFILH ratio(3-.05,p--.09).Bound testosteronsand FSH were associated

withtheTFA-H ratio(Sm.003.p=.0001)and (3-.33,p-.0001).

Cigaretteconsumption and freetestosteronewere stronglyand significantly

relatedtotheTBIP ratio(3-1.49,p..02and 3-3.93.p..008 respectively)(Table

4.1.45).Cigaretteconsumption and bound testostemne were significarytlyrelated

totheTF/P ratio(B..04.p...03and 8-.002,p..03respectively)(Table4.1.46).

Only cigaretteconsumption was significantlyrelatedto the E/P ratio(13=.l0.

pa.005)(Table4.1.47).

Tables4.48 through4.50 presentfullregressionmodels forthe ratiosofpmlactin

toFSH (P/FSH),pmfacfinto LH (PILH),and pmlacfintoTSH (P/TSH). Ineach of

thethreeregressionmodels totalserum fluorinewas positivelyand significanoy

associatedwiththe prolactin-hormoneratio.Moderate drinkershad a

significantlydifferentratiototalserum fluorinedose-response relationship

compared tothe relabonshipsinlightdrinkerand nonrespondents.

The fullregressionmodels forthe gly=proteinhormone ratiosare presentedin

Table4.1.51to4.1.59.As shown intable4.1.-r,2.totalserum fluorinewas

significantlyrelatedtoTF/TSH (B.-.28,p..03)and bound testosteroneand FSH

were significantlyrelatedtotheTFITSH ratio(B..Ol,p..006 and B..68,P..04

respectively).Tota)serum fluorinewas notsignificantyassociatedwiththe other

glycopmteinhormone ratios.

4-1-5Cholester@ol-Low Density LionDrotain-Hich QenSity Lipcomtein-And

T6gly.aerides
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TableA.1.60providesthecorrelationcoefficientsforserum lipid!s4specifically

cholesterol,lowdens@ylipoprotein(LDL).and high-aensitylipopmtein(HDL),with

totajserum fluo@ne,age,BMI, alcoholconsumption,and cigaretteconsumption.
Totalserum fluorinewas notsignificantlycorrelatedwithcholesterol,LDL HDL@

orthglyce6des.Cholesteroland thgiycerideswere correlatedwithage (r-.25,
P,.008and r..19.p..04,respectively),and SMI (r..19.p-.04and r..27,p..004.

respectively).Cigarettesmoking was positivelyand significantlycorrelatedwith

cholesterol(r-.35,p..0001),LDL (r..28,p..002),and triglyce6des(r..l9,p..04).

HDL was notsignificantlycorrelatedwithany variable,althoughthecorrelation

withalcoholconsumptionwas suggestive(r-.18,p-.06).

Totalfluohnswas notsignificantlyassociatedwithcholesterol,LOL or

thglycerides(Tables4.1.61,Table4.1.62,Table4.1.64).Smoking, age,and

GGT were poshivelyand signifir-antlyassociatedwithcholesterol.Smoking and

prolactinwere positivelyand significantlyassociatedwithLDL Smoking and free

testasteronswere positivelyassociatedand bound testosteronswas negatively

associatedwitht6glycerides.

The finalregressionmodel forHDL, displayedinTable 4.1.63,presentsa

differentpicture.HDL decreased as totalfluorineincreasedinmoderate drinkers.

Inlightdrinkers,therewas a negligiblechange inHDL as totalfluorineincreased.

Self-reportedmoderatealcoholconsumption was positivelyassociatedwithHDL

Additionally,bound testostemnewas positivelyassociatedwithHDL, whiletree

testostemnewas negativelyassociated.

A 1 .6 HepaticPararneters-Serum GltjtamicOxaloaceticTmnsaminase (SGON-

Serim ClutamicPvmic Trar-saminase(SGPT)-AlkglfinePhgsghatase (AKPHI.

Gamma GILnarnylTransferase(GGT).

Table4.1.65presentsthecorrelationcoefficientsbetween the hepatic

parameters,SGOT, SGPT, GGT, AKPH, and totalserum fluorine,age,BMI,

alcoholconsumption,and cigaretteconsumption. The hepaticparameterswere

notsignificantlycorrelatedwithtotalserum fluorine.SGOT was notsignificantly

correlatedwithany oftheparflcipantcharactehstos.SGPT and GGT were

correlatedsignificantlyonlywithBMI (ru.20,p..02 and r..27,p..004
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respec@vely).AKPH was significardycorrelatedwithage, SMI, alcohol

consumption,and cigaretteconsumption.

The correlationcoefficientsbetween the hepaticparameters and cholesterol,

LDL. HDL. thgiycehdes,estradiol,TF, TB, and prolactinare displayed-inTable

4.1.66.SGOT and AKPH were significantlycorrelatedwithprolactin.SGPT was

correlatedwithcholesierofand thglycerides.GGT was correlatedwith

cholesterol,thglycerides,and freetestosterone.As expected,SGOT, SGPT, and

GGT were highlycorrelated(Table4.1.67).AKPH was onlycorrelatedwithGGT.

The SGOT, SGPT, GGT, and AKPH mean values were not significantlydifterertt

among thefivetotalserum nuodne categories(Table4.1-68).SGOT and SGPT

mean valueswere notsignificantlydifferentforSMI, age, alcoholuse. and

smoking (Tables4.1.59to4.1.72). Mean GGT was significantlyhigherinthe

greaterthanthirtyBMI group (p..03).As shown inTable 4.1.72,mean and

median AKPH valueswere significantlyhigherinsmokers compared to

nonsmokers (pn.012).

Tables4.1.73A, S,and C presentthreelinearmultipleregressionmodels for

SGOT. Innon-obese workers (SMI-25).SGOT decreased as totalfluorine

increased.Inobese workers (BMI- 35),the associationbetween totalserum

fluorineand SGOT was inthe oppositecrirecfion.Model 2 includedGGT as a

covahate(Table4.1.73B). The associationbetween totalfluorineand SGOT, as

wellas theeffectmodificationby BMI, were presentafteradjustingforGGT..

When SGPT was includedinthe regressionmodel (Table4.1.73C),the

associationbetween totalfluorineand SGOT was weak and nonsignificant.The

effectmodificationby SMI was no longerpresent.AKPH had littleoffecton the

regressionestimateswhen includedinthe model.

Threelinearmultipleregressionmodels forSGPT are providedinTables 4.1.74

A,S.and C. Innon-obese workers (SMI-25),SGPT decreased as totalfluorine

increased.However,inobese workers (BMI- 35).the associationbetween total

serum fluorineand SGPT was inthe oppositedirection.Uttlechange occurredin

theestimatesafteradjustingforGGT. As seen inTable 4.1.74C, the association

was significant,althoughweaker instrength,afteradjustingforSGOT. The effect
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modificationby SMI was Present.When AKPH was includedinthe model,effect

estimatesdidnotchange significantly.

The finalregressionmodels forGGT, providedinTables 4.75A. B,and C,

presenta differentpicture.GGT decreased as totalfluorineincreasedin

moderatedrinkers.Inlightdrinkers,GGT decreased lesssteeplyas totalfluorine

increased.ControllingforSGOT and SGPT (model2 and 3)didnotsignificantly

altertherelationshipbetween totalfluorineand GGT. Moderate alcohol

consumptionwas positivelyassociatedwithGGT.

Table4.1.76presentsthefinalregressionmodel forAKPH. Innonsmokers, total

serum fluorinewas negativelyassociatedwithAKPH. As thenumber of

cigarettessmoked perday increasedtomore thanfiveper day,AKPH increased

as totalserum fluorineincreased.

A.1.7HernatolocyParameters*Hernoglobin.White Blgod Count

PolyrnomhomuclearLeuko=e Count, Band Count,E-gsinog2bilCount-

LymphocyteCount.Mono2de Count.PlateletCount,And BasophilCount,

Table4.1.77presentsthecorrelationcoefficientsbetween theninehematology

parametersand totalserum fluorine,age, SMI, alcoholuse,and cigarette

consumption.The onlyparameterthatwas significantlycorrelatedwithtotal

serum fluorinewas lymphocytecount(r-.19, ps..04).Monocyte countwas

correlatedwithSMI (rm-.22,pa.04)and alcoholconsumption,(r-.21.pa.03).,All

theparameters,exceptthebasophiland band counts,were stronglyassociated

withcigaretteconsumption.Alcoholconsumption was correlatedwith

hemoglobin,(r.-.20,pm.04),and band count(ru.26,p..005).

The finalregressionmodels forhemoglobin and theerythrocyteindices,mean

corpuscularhemoglobin(MCH) and mean corpuscularvolume (MCV), are

presentedinTables4.1.78,4.1.79,and 4.1.80respectively.Totalserum fluodne

was significantlyassociatedwithhemoglobin..The associationhemoglobin and

MCV were modifiedby smoldng. Insmokers who smoked seven or more

cigarenesperday,hemaglobin and MCV increasedsignificantlyas totalfluorine

increased.Innonsmokers, hemaglobin and MCVdecreased as totalfluorine
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increased.The associationoftotalfluorinewithMCH was modifiedby smoking

and by alcoholuse. The increaseinMCH as totalfluorineincreasedwas
enhanced withincreasedsmoking. Inlightdrinkers,totalserum fluorinehad a

weak associationwithMCH. Inmoderatedrinkers,MCH increasedas total

fluorineincreased.There was a positiveassociationofboth MCH and MCV with

alcoholconsumption.None oftheestimatedassociationsare ofclinically
significarttmagnitude overtherange oftotalfluorinevalues.

The whilebloodcellcount(WBC) increasedsignificantlyinnonrespondentsas

totalfluorineincreasedabove 2ppm. increasedlessinmoderate drinkers.and

increasedtheleastinlightdrinkers(Table4.1.81).As expected,cigarette

smokingintensitywas positivelyassociatedwithWBC. PMN increased

significarrtlyinalcoholuse nonrespondentsas totalfluorineincreasedand

increasedlesssteeplyinmoderatedrinkers(Table4.1.82).Inlightdrinkers.total

serum fluorideabove 10 ppm was associatedwitha decreased inPMN.

Cigarettesmoking was positivelyassociatedwithPMN. As shown inTable

4.1.83,thefinalregressionmodels forband countprovideslittleevidencethat

totalfluorinewas associatedwithband count Moderate alcoholuse was

estimatedtoreducetheband count.Smoking was positivelyassociatedwith

band counl

-Thenegativeassociationbetween totalfluorineand lymphocyte countwas

modifiedby adiposity.alcoholconsumption,and cigarettesmoking (Table

4.1.84).The decreaseinlymphocytecountwas sm2lleras BMI increased.The

decreaseinlymphocytecountassociatedwithtotalfluorineabove 3 ppm was

greaterinmoderatedrinkerscompared tononrespondents.As cigarette

consumptionincreased,thedecrease inlymphocytecount increased.

The positiveassociationbetween totalfluorineand monocyte count(MONO) was

modifiedby adiposityCrable4.1.86).As SMI increased,the associationwith

MONO was weaker Cigarettesmoking and LH were positivelyassociatedwith

MONO. Alcoholconsumptionwas negativelyassociatedwithMONO. The

associationbetween totalfluorineand sosinophilcount (EOS) was negativefor

nonsmokers,butwas positiveas more thantencigarettesper day were smoked
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(Table4.1.86).As smoking increased.the PFOA associateddecrease inBASO

was smaller(Table4.1.88).

The associationbetween totajfluorineand plateletcount (PLAT) was modifiedby

adiposityand cigarettesmoking intensity(Table4.1.87.).Inloan participants

(BMI-25),PLAT increasedas totalfluorineincreased.Inobese participants

(SMI-40),the PLAT decreased as totalfluorineincreased. As smoking

increased,the rateof increaseinPLAT associatedvathtotalfluorineabove 10

PPM decreased.

A 1-8 Summary Of Results

The serum fluorinelevelsinChemolite workers were 20-100 times higherthan

expectedinworkersnotdirectlyinvolvedinPFOA production.Allworkers with

levelsabove 10 ppm fluorinework inPFOA productionareas. Smoking was

associatedwitha smallincreaseinserum fluorine.Age was not associatedwith

serum fluorinelevels.The two women employed inthe PFOA productionareas

had totalserum fluorinelevelssimilarto men.

Alcoholuse, smoking, age, BMI, and hormones had the expected associations

withperipheralleukocytocounts,hematology parameters,cholesterol,HDL, LDL,

and hepa:ficenzymes.

The main hormone resultsare:

1.The number ofmale workers withhormone values outsideofthe

labormoryreferencerange was greaterthan expected forestradiol,free

testostemne,bound lestosterone,and prolactin.

2.Totalserum fluorinewas negativelyassociatedwithfreetestostemne

and positivelyassociatedwithestradiol.No associationwas noted

between totalserum fluorineand LH.

3.ETTF and TB/TF, but not EITB. were positivelyassociatedwithtotal
serum fluorine.

4.EILH and TB/LH were not associatedwithtotalserum fluorine.However,

the relationshipbetween totalserum fluorineand TF/LH was suggestive.
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5.TSH was Positivelyassociatedwithtotalserum fluorine.TF/TSH was

negativelyassociatedwithtotalserum fluorine;TS/TSH and E/TSH were

not.
6.Prolactinand totalserum fluorinewere positivelyassociatedinmoderate

drinkers,butnotinlightdrinkers.

7.P/FSH, P/LH, P/TSH were positivelyassociatedwithtotalserum fluorine.

TEIP, TFIP,and EfP were notassociatedwithtotalserum fluorine

The main hepaticparameterresultsare:

1. The increaseinSGOT and SGPT levelsassociatedwithacripasitywas

enhanced by totalserum fluorine.

2.The inductionofGGT by alcoholwas decreased as totalserum fluorine

increased.
3.The inductionofAKPH by smoking was increasedby increasinglevelsof

totalserum fluadne.

The maincholesteroland lipopmtsinresultsare:

1.Cholesteroland t6glyceridelevelswere notassociatedwithtotalserum

tuodne.
2.LDL was*notassociatedwithtotalserum fluorine.

3.The positiveassociationbetween moderate alcoholuse and HDL levels

was reduced as totalserum fluorineincreased.

The main hematologyparameterand peripheralloukocytocount resultsare:

1.The effectofsmoking on hemoglobin and MCV was enhanced by total

serum fluorine.

2.Totalserum fluorinewas negativelyassociatedwithallperipheral

leukocytocountsexceptPMNs and MONOS, which were poshively

associated.

3.The associationsbetween cellcountsand totalserum fluorinewere

modifiedby smoking,drinking,and adiposity.
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-dP Thp IPgr)QhernotitoRetrosneeliveCohort mortaft Stu@y

A totalof3,537 individualswho were employed atthe Chemol!tL,plantbetween

January 1,1947 and December 31, 1983 were iderctifiedfrom company records.

The cohortconsistedof2,788 (79%) male and 749 (21%) females employees

(Tables4.2.1and 4.2.2).The majorityofwomen (67.3%) neverworked inthe

Chemical Division.Of the 19,309 person years (PY) observed forwomen, 68.8%

occurredinthosewho were never employed inthe Chemical Division.The mean

follow-upforwomen was 25.8 years inthe overallcohort.24.6 years inthe

ChemicalDivision(CD) cohort and 26.4 yearsinthe non-CD cohorl The

distributionoffollow-upperiodswas similarinthe women's CO and non-CD

cohorts.

The women's mean age atfirstemployment was 27.6 years. Sixty-eightpercent

were lessthan30 years oldat employment, 9.7% were olderthan 40 at first

employment atChemolfte.The CO cohortwas slightlyolderthan the non-CO

cohort.The CO and non-CD distributionsoflatencytimes were notstatistically

different(p-.66).The mean durationofemployment forwomen was 8.7 years

and ranged fromsixmonths to41.4 years.The cristributonofyearsof

pmployment was significantlydifferentforCD and non-CO women (p@e-0001).Of

non-CD women, 11.9% were employed formore than twenty years.Of 245

women intheCD cohort,51(21.1%) were employed formore than twenty years.

As shown inTable 4.2.2.the 2,788 men who were ever employed formore than

sixmonths atChemolitecontributeda totalof71,117.7 PY which was about

equallydividedbetween the CO and non-CO cohorts.The mean follow-upforthe

overallmajo cohortwas 25.5 years. The distributionoffollow-upperiodsand

distributionofyearoffirstemployment was similarinthe m;We CD and non.CD

cohons. The average age atdeath was higherinthe male non-C

'

D group, 58.1

years,compared totheCD group,54.2 years. The durationofemployment for

men (mean 13.6years,median 9.8 yeam) was longerthan forwomen. The

distributionofyearsofemployment was significantlydifferentforCD and non-CO

men (p<.0001).-Ofnon-CO men, 25.5% were employed forlongerthan twenty
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years.Of men inthe CD coholl,38.0% were employed forlongerthan twenty

years.

vitalstatuswas obtainedfor100% ofthe women's cohort(Table4.2.3).Among -

the749 women therewere 50 deaths;11 inthe CO cohortand 39 inthe non-CD

cohorl Vitalstatuswas obtainedfor100% ofthe men's cohort.Among the2788

men therewere 346 deaths;148 deathsinthe CD group and 200 inthe non-CO

group. Sixindividualswho had employmerttrecordsthatwere missing

informationwere excludedfrom the cohortand theirvitalslatuswas not

ascertained.Death certificateswere obtainedfor99.5% ofdeaths. Two deaths

occurredoutsidethe U.S.and causes ofdeath were ascertainedby othermeans.

A 2 1 gtnnd2rdi2edMortaiilyR2tins(SMRR)

A@2-1@lSMEs For oman

The numbers ofdeaths,the SMRs and 95% confidenceintervals(CI)among

women inthe 1947-1989 follow-upperiodare shown inTable 4.2-5.The SMRs

forallcauses ofdeath (SMR-.75, 95% Cl .56-.99),and cancer (SMR..71, 95%

Cl .42-1.14)were significantlylowerthan expected incomparison tonational

rates.No associationwas found withdurationofemployment orlatencyfor

deathsfrom allcauses,cancer,and cardiovasculardiseases (Tables4.2.6and

4.Z7).SMRs forCO women and non-CO women are displayedinTable 4.2.8.

The estimatedSMR fortheCD cohortofwomen were lessthan expected. InCD

women, the allcauses SMR was .46 (95% Cl .23,.86)and the cancer SMR was

.31(95% Cl .07,1.05).The SMRs forthe non-CD women were closertounity.

4.2-1.2SMRs For Men

The number of.ma)e deaths,the expected number ofmale deaths based on U.S.

nationalwhitemale rates,and age and calendarperiodadjustedSMRs with

associated95% Cis are presented inTable 4.2.9.The SMR forallcauses (.73.
95% Cl forcardiovascularcfiseases(SMR..71, 95% Cl 60..48),forall

gastrointestinal(GI)diseases(.50,95% Cl .26..87)and forallrespiratory

diseases(.50,95%Cl .27,.86)were significantlylessthan one. None ofthe
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cause-specificSMRs were largenorwere theestimatessignificantlydifferent
fromone. AS shown inTable 4.2.10,theresultswere similarwhen theexpected

numbers ofrnajodeathswas based an Minnesotawhitemaje rates.

Table4.2.11,Table 4.2.12,and Table 42.13 presentadjustedSMRs and 9S% Cl

formales based on Minnesotamortalityratesforthreelatencyintervals10,15,

and 20 yearsrespectively.The threelatencyintervalstheallcauses SMR

rangedtrom.75to.77.For allcancers,SMRs ranged from 1.06to1.12and

were nonsignifir-ant.Among men therewas no associationbetween any cause

ofdeathand durationofemployment (Table4.2.14,Table 4.2-15,and Table

4.2.16).

Table4Zl 7 and 4.2.18displaythe SMRs and 95% Cl forCD and non-CD male

workers.The allcausesSMRs were .69(.59,.79)forthe non CO groupand .86

(.72,1.01)fortheCO group.The SMRs forprostatecancer,based on a

comparisonwithMinnesotapopulationrates,were 2.03 (95% Cl .55.4.59)inthe

Co groupand .58(95% Cl.07,2.09)inthenon-CD cohort.Therewere 4

observeddeathsfromprostatecancer compared to2 expected intheCD group.

The latencyanalysisfornon-CD and CD men arepresentedinTables 4.2.19and

4.2.20.There was no associationsbetween any cause ofdeathand latencyin

eithergroup.

As shown inTable 4.2.21and 4.2.22,male CO cohortmembers withmore than

10 ormore than20 yearsofemployment had SMRs thatwere lessthan one for

allcauses ofdeath,allmalignancy,cardiovascularcriseasesand allrespiratory

diseases.Among male non-CO cohortmembers withmore thantenyearsof

employment ormore 20 yearsofemployment. the SMRs forallcauses,

cardiovasculardiseaseand allrespiratorydiseaseswere significantlylessthan

expected(Table4.2.23and 4.2.24).There was no associationofany cause of

deathwithdurationofemployment atChemolitsineitherCD ornon-CD groups.

4-2-2Standardlz@dR2t@ Ratios(SRRsi

Age adjustedstandardizedrateratios(SRRS) were calculatedforallcauses,all

cancer,and cardiovasculardiseasesmortalitycompahng men employed atthe
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plarnfortenyearsormore tomen employed forlessthantenyears.The SRRs

arepresentedinTable4.2.25.The 95% Clsforallcauses,allcancer,and all

cardiovasculardiseaseswere wideand includeone. Confoundingvariablessuch

as yearoffirstemployment and lengthoffollow-upwere notcontrolledinthis

anajysisdue tosmallnumbers and unstablerateswithinthelargenumber of

strata.

Table4.2.26presentstheage adjustedSRRs forallcauses.allcancers,lung

.cancer.Gi cancer,and allcardiovasculardiseasesmortalitycomparing men ever

employed intheCO withmen neveremployed inthe CD. AllSRRs were slightly

greaterthan one,however, none was statisticallysignificarTL

4.2-3Marftel-RelativeRisks (RRMH)

Age stratifiedRRMH, contras;fingtheratesinmen everemployed intheCD

compared totheratesinmen neveremployed inthe CD. were calculatedforall

causes,allcancer,and allcardiovasculardiseasesmortalityand aredisplayedin

Table4.2.27.The estimatedRR forCO employment versusnon-CD employment

didnotfollowa monotonicpatternand the95% Cls includeone foreach ofthe

threeendpoints.

Table4.2.28presentsthe RRMH formen employed forlessthantenyeam to

thoseemployed formore thantenyears.The allcauses RRMH (2.16,95% Cl

1.52,2.70)inthe30 to39 yearage atfirstemployment stratawas reflacedin
boththe RRMH forallcancers(1.75,95% Cl.95,3.21)and cardiovascular

diseases(3.53,95% Cl 1.68,6.21).The RRMH were notadjustedforimportant

timecova@ates such as theyear offirstemployment.

4.2.4Pron"ional Ha--ardRegressionModel RelativeRiskEstimates

4.2.4.1Prn2grtionalHa--ardModels For Male Workers

Table4.2.29to4.2.36show thefinalproportionalhazard (PH) model fordeath

fromallcauses,cardiovasculardiseases,allcancers,lungcancer,Gi cancer,

pmstatecancer,pancreaticcancer,and diabetesamong the2788 male workers
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everemployed atChemoliteforgreaterthan sixmonths. There was no evidence

forviolationofthe PH assumptions or forsignificarftnonlinearassociations

between theindependentvariablesand mortajity.As expected.age atfirst

employment was positivelyassociatedwithallcauses ofdeath. The RR fora*

one yearincreaseinage atfirstemployment was 1.082 (95% Cl 1.069,1.094).

Year offirstemployment and durationofemployment were negativelyassociated

withallcauses mortality.The hsk ofdeath associatedwithmonths inthe

Chemical Divisionwas smalland nonsignificant

Forcardiovasculardiseasesmonality,the RR fora one year increaseinage at

firstemployment was 1.126(95% Cl 1.069,1.094).Year offirstemployment was

negativelyassociatedwithcardiovasculardiseasesmortality.Time inthe CD

was notassociatedwithdeath from cardiovasculardiseases.

Age atfirstemployment was positivelyassociatedwithcancer mortality.The RR

fora one yearincreaseinage ofemploymerttwas 1.08(95% Cl 1.06,1.10).

Durationofemployment was negativelyassociatedwithcancer. The RR was

.972(95% Cl.96,.99)fora one year increaseinemployment There was no

associationofcancer mortalitywithemployment time inthe CD.

The finalprostatecancer mortalitypmporficnalhazard model formale cohort

-members isshown inTable 4.2.34.Time inthe Chemical Divisionwas posftively

and-significaritfyassociatedwithprostatecancer mortaltty.-The,relativeriskfora

one yearincreaseinCO employment time was 1.13 (95% Cl 1.01.1.43).Age at

firstemployment was positivelyassociatedwithprostatecancer mortalityrisk.A

one yearincreaseInage atfirstemployment was associatedwitha RR of 1.09

(95% Cl.99.1.19).The RR forlungcancer mortalitywas 1.07(95% Cl .03.1.12)

fora one yearincreasein2gG ofemployment. Months inthe chemicaldivision

was notsignificanvyassociatedwithlung cancer mortality.Table 4.2.33shows

thefinalproportionalhazard (PH) model forallGi cancer mortality.The

estimatedRR fora one year increaseinage atfirstemployment was 1.14 (95%

Cl 1.09,1.19).Year offirstemployment. durationofemployment and time

employed inthe CD were not associatedwithGi cancer risk.Age atfirst

employment was positivelyassociatedwith pancreaticcancer mortal4. The

othercovariateswere weakly associatedwithpancreaticcancer riskand were
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notsignificantlydifferentfrom one. A one yearincreaseinage atfirst

employment was positivelyassociatedwithdiabetesmortality(RR m 1.10.95%

ci 1.01,1.19).

-42 A-2 PronnriinnalH2i2rd ModLaISFor F@mate Workers

Table4.2.37,4.2.38and 4.2.39show thefinwPH model fordeath fromall

causes.cardiovasculardiseasesand allcancersamong the749 femalecohort

members. Age atfirstemployment was positivelyassociatedwithallcauses

mortality.The RR forallcauses ofdeathamong women employed fortwo toten

years(3.72)and among women employed for greaterthantenyears(2.33)were

significantlygreaterthantheallcauses mortalityinwomen employed forless
thantwo years.Time intheCO was notrelatedtomortality.The RR fordeath

fromcardiovasculardiseasesassociatedwitha one year increaseinage atfirst

employment was 1.13(1.07,1.18).The yearatfirstemployment, durationof

employment,and timeintheCD were notsignificantlyassociatedwithfemale

cardiovasculardiseasesmortality.The RR fordeathfrom cancerwas associated

withage atfirstemployment A one yearincreaseinage atfirstemployment

increasetheRR fordeathfromcancer (1.09(1.04,1.14).The yearatfimt
employment,durationofemployment, andrime inthechemicaldivisionwere

weaklyand non-significantlyassociatedwithfemale cancer mortality.
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A n PhY@q!ClCgiCEfter"-Tplbles

TABLE 4.1.1AGE DISTRIBUTION IN FIVE YEAR AGE GROUPS
3M CHEMOLITE PLANT, C017AGE GROVE, MINNESOTA

AGE NUMBER PERCENT

21-25 3 2.6

2S-30 is 15.7

31-35 26 22.6

3S-40 22 19.1

41-45 is 15.7

46-50 9 7.8

51-55 13 11.3

56-60 6 52

TOTAL 115 100.0

MEAN 392

SD 8.91

MEDIAN 37

--RANGE 24-Sg
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TABLE 4.1.2DISTRIBUTION OF ALCOHOL AND TOBACCO USE
3M CHEMOLITE PLANT, C077AGE GROVE, MINNESOTA

USE STATUS NUMBER PERCENT

TOBACCO USE

CURRENT SMOKER 28 24.3
NONSMOKER 85 73.9
MISSING VALUES 2 1.8
TOTAL 115 100.0

ALCOHOL USE

-clcz ETHANOL/DAY' 87 75.6
1-3ozETHANOLIDAY 20 17.4
MISSING VALUES a 7.0
TOTAL 115 100.0

'Includes22 nondrinkers
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TABLE 4.1.3THE JOINT DISTRIBUTION OF TOBACCO AND ALCOHOL USE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TOBACCO USE

SMOKER NONSMOKER MISSING TOTAL

ALCOHOL
USE

1oz/day 19(67.9%) 67(78.8%) 1 (50.0%) 87(75.6%)
1-3ozlday 7(25.0%) 13(15.3%) 0 (0'/-) 20 (17.4-/.)missing 2 (7.1%) 5 (5.9%) 1 (SO.Oo/.) 8(7.00/.)

TOTAL 28(100-/.) 85 (10()*/0) 2 (1000/.) 11s (ioo-/.)

se



TABLE 4.1.4DISTRIBUTION OF AGE BY SMOKING AND DRINKING STATUS.
3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA

AGE(years)
N MEAN SD MEDIAN-- RANGE- TEST#

Alcohol
clovd 97 39.9 9.31 37 24-59
i-3cvd 20 37.5 6.95 37 27-SI ';)-.29
missing 8 36.6 8.70 35 27-S4 *pw.17

Tobacco
smoker 28 40.4 7.Sg 39 28-S4
monsrnoker as 39.0 0.3S 37 24-S9 'p-.47
rnesing 2 32.S 3M 32 30-35

TOTAL 115 392 8.91 37 24-Sg

"Studentttest,Prob>T,referencegroups<1oz/day,srnoker
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TABLE 4.1.5PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL
SERUM FLUORINE. AGE BODY MASS INDEX (BMI).

DAILY ALCOHOL USF, AND DAILY TOBACCO CONSUMPTION.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL AGE (yosrs) ISLO(kg/mz) ALCOHOL TUBAC-CO
FLUORINE (ovday) (Cig3wday)
(Pam)

TOTAL DD4 .0002 -.007 .006
FLUORINE

1 .26 -.14 .15
AGE D..Oos

smi
.08 ..04

ALCOHOL
1 .08

TOBACCO
1

68



TABLE 4.1.6BODY MASS INDEX DISTRIBUTION
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

BMI NUMBER PERCENT
(k2/m2)

*15-20 1 0.9

.v2D-25 40 34.8
w2S-30 57 49S
W30-M is 13.0
w3S-" 2 1.8
TOTAL 115 100.0

MEAN ON 26.9

so 3.4

MEDIAN BAM 26.3

RANGE
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TABLE 4.1.7BODY MASS INDEX BY SMOKING AND DRINKING STATUS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

BMI(kg/m2)
N MEAN so MEDIAN RANGE TEST#

Alcohol
,clcvd 87 26.9 3-r%4 26.1
1.3cztd 20 27.2 3.10 27.0 22.8-33.7 *p..71
rnissing a 2S.9 3." 26.1 21.3-30.4

Tobacco
smoker 28 26.6 3.63 26.3 18.8-28.2
nonsmoker as 27.0 2.99 26.6 21.4-M.7 0;)..V
mining 2 26.2 2.87 26.2 24.1-28.2

Total 115 26.9 3.45 26.3 laz4os

*Studenttteslttest;@-value,reterencegroups <1oztday,smoker

-70



TABLE 4.1.8THE DISTRIBUTION OF AGF- ALCOHOL AND TOBACCO USE BY
BODY MASS INDEX *-

3M CHEMOLITE PLANT. COTTAGE GROVE, MINNESOTA

BMI Mg/kg2

TOBACCO USE
-c25 25-30 2030

SMOKER 11(26.8%) 15 (26--"/.) 2(11.8-,4)

NONSMOKER 29(70.7%) 41(71.9%) is(BBZA)

MISSING 1 (2.5%) 1 (1.8%) 0 (0%)

TOTAL 41(100-/.) 57(100%) 17(100-/,)

ALCOHOL USE

cl cz/day 31(75.6%) 43(75.4%) 13(76.4%)

1-3oz/day 6(14.6%) 11(19.3%) 3(17.7%)
MISSING 4 (9.8%) 3 (5.3%) 1 (5.9%)
TOTAL 41(100%) 57(100%) 17(100%)

AGE

c4D years 31(75.6%) 26(49.1%) 6(35.3%)-

3.40years 10(24.4%) 29(50.9%) 11(64.7%)
TOTAL 41(100%) 57 (100%) 17 (100%)

-1testp..005
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TABLE 4.1.10TOTAL SERUM FLUORIDE BY eoay L4ASS INDEX, AGF,
SMOKING AND DRINKING STATUS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

FLUORINE (ppm)
N MEAN SD MEDIAN --RANGE TEST#

BMI
,c2S 41(35.7) 2.8 3.74 2 0-19 Ful.478

25-30 57(49.6) 4.0 S.47 2 0-26 Pa.24

:o3O 17(14.8) 2.1 3.51 1 0-14

AGE
-c3l 21(18.3) 3.7 4.95 2 0-20 Fa.108
31-40 48(41.7) 3.2 4.08 2 0-14 Pam

AL-SO 27(23.S) 32 4.26 2 0-19
51-60 19(lS.S) 3.0 6.42 1 0-26

Alcohol
41OVd 87(7S.8) 3.4 s.is 2 (@-26

1-3cVd 20(17.4) 3.2 2.97 2 0-12
missing 8(7.0) 2.1 2.S3 1 0-6

Tobacco
smoker 28(24.9) 3.6 4.36 2 0-20 pm.66*
nonsmoker 85(75.2) 3.2 4.13 2 0-26
missing 2(l.7) 3.0 424 3 04

TOTAL 3.3 4.97 2 C@-26

#univariateAnova
.*Studentttest,Probr@xT
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TABLE 4.1.11AGE DISTRIBUTION BY TOTAL SERUM FLUORINE
CATEGORY.

3M CHEMOLrrE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)

-el 1-3 31.@10 v,15-26

NUMBER (PERCEWM

AGE

20-25 1 (4.4) (1-5) 0 (0) 1(16.7) 0 (0)

26-30 3(13.0) 10(iS.4) 4(2S.0) 0 (0) 1(20.0)

3143 6(2S.1) 13(20.0) 4(25.0) 2(33.2) 1(20.0)

36-40 4(17.4) 12(18S) S(31.2) 0 (0) 1(20.0)

41-4S 2 (8.7) 13(20.0) 2(12.S) i(le.7) 0 (0)
49-50 0 (0) 7(10.7) 0 (0) i(le.7) 1(20.0)
51-55 6(26.1) a (03) 0 (0) l(IS.7) 0 (0)
56-60 1 (4.3) 3 (4.6) 1 (U) 0 (()) 1(20.0)
TOTAL 23(100) 65(loo) 16(loo) 6(100) 5 (100)

MEAN AGE SD 39.9 39.6 36.0 39.3 41.6

10.2 as 7.5 11.1 10.S
MEDIAN AGE 37 38 35.5 37.S 40

AGE RANGE 2S-59 24-56 27-57 25-54 30-57
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TABLE 4.1.12DISTRIBUTION OF TOBACCO USE BY TOTAL SERUM
FLUORIDE CATEGORY.

3m CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)

cl 1-3 z-@10 2010-15 3,15-26 TOTAL

Tobacco NUMBER(%)

use

Smoker 3(13.0) 16(24.6) 6(37.S) 2(33.3) 1(20.0)28(24.3)

Nonsmoker 19(82.7) 49(75.4) 9(56.2) 4(66.7) 4(80.0) aS(73.9)

Missing 1(4.3) 0(0) i(E.3) o(O) 2(1.7)

Total 23(100) 65(100) 16(loo) 6(100) 5(100) 115(100)

Cigarettes/day

(among smokers)

MEAN 162 24.5* lao 20 20 21S

so 14.0 8.8 9.9 0 10.1

MEDIAN 17 20 20 20 2() 20

RANGE 2-30 7-40 3-30 20 20 2-40

*significwtlydifferentfrom-clppm mean (pc.005)
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TABLE 4.1-13DISTRIBUTION OF ALCOHOL USE BY TOTAL SERUM
FLUORIDE CATEGORY.

3M CHEMOLITE PLANT, C077AGE GROVE. MINNESOTA

TOTAL SERUM FLUORINE (ppm)

-cl 1-3 2.@10 3010-15 2,15-26

ALCOHOL NUMBER (PERCENT)

USE

-clcz/day 17(73.9) 51(78.5) 9(56.3) 5(83.3)
1-3ovday 2 (8.7) 13(M.0) 4(25.0) l(IG.7)
MISSING 4(17.4) 1 (1.5) 3(18.7) 0(0) 0 (0)

TOTAL 23(100) GS(IOO) 16(loo) 6(100) 5(100)
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TABL6 4.1.14BODY MASS INDEX DISTRIBUTION BY TOTAL SERUM
FLUORINE CATEGORY.

3M CHEMOLRM PLANT, COTTAGE GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)

-cl 1-3 31@io

SMI(kgIM2) NUMBER (PERCE@M

P,lS-20 1 (4.4) 0(0) 0(0) O(D) 0(0)

3-20-25 9(39.1) 21 (32.3) B(SO.0) 1(16.7) 1 (20.0)

,v2S-30 5(21-7) 39(60.0) 5(31.2) 4(66.6) 4(80.0)

x3C)-35 7(30.4) 5(7.7) 3(18.8) a(c) a(D)

2,3S-40 0 (0) 0(c) 0(c) 1(16.7) o(O)

p 40 4 1 (4.4) o(O) 0(0) 0(0) 0(0)

TOTAL 23(100) 65(loo) 16(loo) 6(100) 5(100)

MEAN BAM 27.6 26.6 26.3 29.4 26.0

so sa 2.5 3.3 3.7 1.4

MEDIAN 27 26.8 25.7 29.8 2S.s

BMIRARGE 18.840.S 22-r@-M.7 21.4-32.5 24-c-3S.S 24.1-27.6

77



TABLE 4.1.15COEFFICIENT OF VARIATION FOR SEVEN HORMONE
ASSAYS.

3M CHEMOLFTE PLANT, COTTAGE GROVE. MINNESOTA

HORMONE cv

BOUND TESTOSTERONE 10.6%

FREETESTOSTERONE 12.1%

ESTRADIOL 1"%

TSH 10.0%

LH 8.6%

PROLACTIN 3.1%

FSH 5.6%
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TABLE 4.1.16THE OBSERVED VERSUS EXPECTED NUMBER OF WORKERS
WITH HORMONE ASSAYS OUTSIDE THE ASSAY REFERENCE RANGF-

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

OBSERVED EXPECTED OIE* 95% cl-

Estracriol 17 2.8 6.0 (3.6,9.8)
>=44 pg/ml

Testosterone 13 2.8 4.5
bound

<=300 ng/di

Testosterone 11 2.8 3.9 (2.0,7.1)
free

<zg ng/cg

Prolacgn 10 2.8 3.5 (1.8,6.7)
>cl5 ng/mi

LH 3 2.8 1.1 (0.3,3.3)
2-12mU/ml

FSH 1 2.8 .4 (0.1,2-0)
1-12mulml

TSH 1 2.8 .4 (0.1,2-0)
:o.4.6mU/mi

ME -OBSERVED M EXPECTED RATIO
Cl-95% CONFIDENCE INTERVAL
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TABLE 4.1-'17PEARSON CORRELATION COEFFICIENTS BETWEEN SERUM HORMONES.
3M CHEMOLITE PLANT. COTTAGE GIIOVE. MINNESOTA.

EITRA FR
CTIU4-LnLH++ FS"+TE TEST.

ESTRADIOLO
AO .32 .16 .06 -.14P-.0001 pm.0000 P..Oa P-.15

774- --713- .10 -.05FREE
P-.0001TESTOSTERONEI

1 21 .2 .16BOUND
P-.03 P-.0003 P-.04TESTOSTEROHE*

PROLACTINO .15 .004

.63LnUi+*
p-.oooi

FSH*

@Pgwfrig"

onw"ld
#*LO(3 LUTENIZING HORMONE (mLiVmQ
# FOLLICLE STRA"TM 140AMONE (mU/rno
#LOG THYROID STOMULATM HORMONE (mW"

OE3
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TABLE 4.1.18PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL
SERUM FLUOFIIDF, AGE, BODY MASS INDEX (BMI),DAILY ALCOHOL USE,

DAILY TOBACCO CONSUMPTION, AND SERUM HORMONES.
3M CHEMOLRTE PLANT, COTTAGE GROVF-, MINNESOTA

TOTAL AGE (yeam) a mi ALCOHOL TOBACCO
FLUORINE (kWrr,2) (ovday) (cig&tday)

ESTRADIOLO .13 .25 -.01 .05 12
p..16 P0.01 1 P-m-2

FREE .03 -.45 ..26 -.08 os
TESTOMRONE" o..0001 o..005

BOUND .08 .24 -.36 -.is .11
TESTOSTERONEO 00.01 c@n.0001 on.1 I ----

PROLACTINS .19 -.19 -.06 .03 -.16
c@..OAS 0..Ol pa.09

LnLm#* .04 .11 20 -.14 .18
on.03 o..06

FSW -.03 m -.08 ..24 .17
ow.= $)No.(*

LNTSHO .26 .09 ..w
I 22.1s

opgtft
envd
ONOW
**LOG LURENIZWG HORMONE (rnLftO
# FOLLICLE STIMULATING HORMONE (mU/"
#LOG THYROID STIOMLLATING HORMONE (mLi/mQ



TABLE 4.1.19BOUND TESTOSTERONE C77B)BY BODY MASS IND EK, AGE,
SMOKING. DRINKING STATUS AND TOTAL SERUM FLUORIDE

3M CHEMOLrrE PLANT, COTTAGE GROVE, MINNESOTA-

TS(Vdi)

N MEAN SD MEDIAN RANGE TEST#

SMI (KWMZ)
.c2S AO(3S.4) 641 242.9 592 275-1192 FuS.64

2c--30 56(49.6) sss 196.8 Sao 141-954 P.M@006

3-30 17(15.0) 436 172.7 438 2104303

Age
,c3l 20(17.7) 598 232.8 673 278-1192 Fm3.60

31-40 48(42.5) 634 214.1 605 275-1189 P..016

41-50 26(23.0) 512 las.8 498 141-947

5140 19(is.8) 470 226.1 409 210-Vj4

Alcohol
<I*Vd 86(76.1) Sal 212.S 574 210-1192 F.I.23

140z/d 19(16.8) 494 215.1 417 141-1039 pa.27
miuing 8(7.1) 690 272.8 602 409-1101

Tobacco
smoker 27(23.9) 177.7 617 379-1039 Fal.69

non"r 84(74.3) 659 233.0 SSG 141-1102 pa.20
2(l.8) 432 97.6 432 363-601

Total
Fluorine
'elppm Z3(20.4) 584 295.4 438 27S-1192 FwO.39

1-3 64(56.6) 567 2OU m 141-1039 pa.82

31@io IS(13.3) S30 189.3 674 '210-810

3.10.16 6(5.3) Goo 234.6 S93 2"-947

vlS-26 5(4A) am 149.6 eso S17-NO

Total 113(100) sn 220.7 Sel 141-1192

#univariateAnova
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TABLE 4.120 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE IBOUND TESTOSTERONE (ng/cfl)AMONG 112 MALE

WORKERS.
3M CHEMOLITF- PLANT, COTTAGE GROVF, MINNESOTA

Variable SE(B) tvalue

Intercept 1027 190.7 .0001

TotalFluorine(ppm)* -148 672 .05

Age (years) .9 3.3 .009

Age X TotalFluoride' 3 1.6 .04

SMI (kg/M2) -16 5.4 .003

Smoker** 74 45.0 .28

AJeohol(.cloztday)# 89 47.5 .11

Estradiol(pg/ml) 2 1.0 .02

LH (mU/ml) 116 6.1 .004

Prolacdn(ng/mi) 8 4.1 .04

R2s .39
*Squareroottransfortneonoftotw serum fluoridemeasured inppm.
**Referencecategoryisnonsmokem
#Reference categoryismoderate drinkerswho consume 1-3cz ethanoliday.
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TABLE 4.121 FRSS TSSTOS'TERONE (TF)BY BODY L4ASS INDE)@ AGF-.
SMOKING AND DRINKING STATUS AND TOTAL SERUM FLUORIDE.

3M CHEMOLRTE PLANT, COTTAGE GROVF, MINNESOTA

TF(ng/cu)
N(OA) MEAN so MEDIAN RANGE TEST#

SMI kgVM2
as 40(35.4) 17.4 sm 16.7 7.4-45.3 Fu3Za
25-30 56(49.6) 15.1 4.13 15.8 32-23.8 P..03
3.30 17(15.0) 13.7 6.08 13.5 S.6-M.5

Age yeam
<W 20(17.7) 18.7 7.64 16.7 9-14452 F=9.14
31-40 48(42S) 17.0 3.75 17.1 7.4-2237 pu.oool
41-90 26(23.0) 14.1 4.73 14.3 32-232
si-a 19(le.8) iis 3.78 11.5 5.6-19.0

Alcohol
-clazld 86(79.1) is.8 5.36 15.2 5.645.3 F@.i.45
1-3 oVd is(iG.B) 142 4.79 15.3 32-23.9 P-.23
missing 8(7.1) 18.1 6.40 172 11.0-29.7

Tobacco
smoker 27(23S) 16.6 3.71 17.1 8.4-24.3 Fa.95
nonsmoker 84(74.3) 15.4 SA4 1S.3 32-45.3 P-.33
missing 2(l.8) 15.9 -4.45 15.9 12.7-19.0

Totw
Fluctine
41ppm 23(20.4) 16.4 8.4 13.9 6.4-4SJ F=0.13
1-3 64(56.6) 15.6 4A 15.8 32-30.5 pa.97

3k@io 15(132) 152 3.8 15.3 7.1-io.7
2,10-15 6(52) 151 52 17.0 5.6-19.9
3,15-26 5(4A) 152 2.2 14.1 13-1-182

Total 113(100) 15.7 5.4 is 3.2-464

#univariateAnava
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TABLE 4.122 LINEAR MULTIVARLATE REGRESSION MODEL OF FACTORS
PREDICTING THE FIREE TESTOSTERONE VALUE (ng/di)

AMONG I11 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 1 -9E(-B) p-value

iniercept 29.72 4.57 .0001

TotalFluorine(ppm)* -3.56 1.62 .03

Age (years) -.34 .08 .0001

Age X TotalFluoride* .07 .04 .05

BMI (kg/m2) -21 13 .11

Smoker** 1.46 1.03 .16

AJcohol(<Icz/day)# 1.65 1.14 .15

Fztradiol(pg/ml) .10 .03 .003

LH (mU/ml) .18 .15 .20

F12a.39
*Square roottransformationoftotalserum fluoridemeasured inppm.
**Referencecategoryisnonsmokem
#Referencecategoryismoderate drinkerswho consume 1-3oz ethanovday.



TABLE 4.1.23PARTICIPANT ESTRADIOL BY BODY MASS INDEX, AGE,
SMOKING DRINKING STATUS AND TOTAL SERUM FLUORIDE.

3M CHF-MOLRTE PLANT, COTTAGE GROVE, MINNESOTA

ESTRADIOL LOWMI)

N(%) MEAN SD MEDIAN RANGE TEST#

SMI (kWM2)

.c2S 40(3S.4) 34.1 12.91 40 "9 F..13

25-30 56(49.6) 33.2 13.89 33 8-83 pm.se

.!o,30 17(IS.0) 322 12.36 Z7 1&67

.AGE

.c3O 20(17.7) 34.4 10.1s 34 io-ss Fm3-SO

31-40 48(42.5) 36.8 ll.S4 36 1249 pomi.018

41-SO 26(23.0) 31.6 18.48 28 $-a

51-M 19(is.8) 25.9 7.93 24 IS-47

Alcohol
-cIoz/d 66(76.1) 33.0 11.78 33 "S Fa.14

1.3 oz/d 19(is.9) 31.8 16.61 30 8-69 p..?l

missing 6(7.1) 41.1 18.20 40 23-83

Tobacco
sm&or 27(23.9) 36.3 17.40 34 14-83 Fa.13

nonsmokor 64(74.3) .32.S 11.63 32 "S P-Age

missing 2(l.8) '30.S 13." 30 21-40

Total
Fluorine
41 ppm 23(20A) 36.2 13.1 34 1440 Fol27

->-1-3 64(56.6) 31.4 13.6 30 8-63 PS22

15(13.3) 32.8 10.6 34 10-Sa

B(S.3) 38.2 IS.2 3ss 22-66

>15-26 5(4A) 41.2 11.4 42 2rD-SS

Total 113(100) 33.4 132 33 8-M

#univariateAnova
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TABLE 4.124 LINF-AR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE ESTRADIOL VALUE (pg/dl)AMONG 113 MALE WORKERS.

3M CHEMOLITE PLANT. COTTAGE GROVE, MINNESOTA

Variable a SE(s) p-v uesmu@

IntercePt 12.89 12-13 .29

TotalFluorine(ppm)o .03 .01 .03

Age (years) ..22 .15 .14

SM I(kg/M2) Si .34 .14

Cigarettes/day .16 .11 .15

Aj=hol(<Ioz/day)# .09 .11 .98

FreeTestostemne (ng/dl) .85 24 .0007

R2u .24
*Squaretransformationoftota)serum fluoridemeasured inppm.
#Referencecategoryismoderate drinkerswho consume 1-3cz ethanol/day.
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TABLE 4.2SLUTENIZING HORMONE (LH) BY BODY MASS INDEX, AGE,
SMOKING AND DRINKING STATUS. AND TOTAL SERUM FLUORINE

3M CHEMOLITE PLANT, COTTAGE GROVF@ MINNESOTA

LH (MU/Mi)
N(%l MEAN SD -MEDIAN RANGE TEST#

SMI mWkg2

C25 40(35.4) 5.49 3.06 4.60 2.6-21.7 F=G. 19
25-30 56(49.6) 5.84 325 5.15 1.7-23.0 Pa-003
@,,30 17(15.0) 3.72 1.21 3.60 2.0-7.2

Age years
-c3O 20(17.7) 421 2.26 4.45 1.7-10.1 Fa.69
31-40 48(42.S) 5.49 3.14 4.7S 2.4-21.7 po -94
&I-so 26(23.0) 5.33 1.64 5.15 2-r.9.6
51-60 19(16.8) 5.90 4.73 4.10 2.0-23.0

Alcohol
<Ioztd 86(76.1) 5.60 3.34 4.70 1.7-23.0 Fml.24
1-3oVd 19(16.a) 4.69 1.30 421 2-1--10.1 pm-27
missing 69.1) 4.86 1.00 4.05 3.4-62

Tobacco
moker 27(23.9) 6.30 3.7a 5.30 2.6-21.7 F=5.16
nott@rnoker 84(74.3) S.Os 2.71 4-S2 1.7-23.0 pa-025
m"ing 2(l.8) 7.45 2.47 7.4S S.7-9.2

Total
Fluorine
-clppm 23(20.4) S.0 2-1 4A 2-S-9.3 F.O.is
"1-3 64(56.6) 6.6 3.6 4.8 1.7-ZSo pa.se
31@io 15(13.3) 5.1 2.7 4.9 2.0-13.9
:1-10-15 B(S.3) 5.4 0.3 4.9 3.7-7.5
>15-26 5(4.4) 5.3 1.3 5.5 3.7-72

Total 113(100) SA 3.0 4.7 1.7-23.0

#univariateAnova



TABLE 4.1.26LINEAR MULTIVAFTIATE REGRESSION MODEL #1 OF
FACTORS PREDICTING THE LUTENIZING HORMONE- VALUE (mU/mi)

AMONG 113 MALE WORKERS.
3M CHEMOLFTE PLANT. COTTAGE GROVE. MINNESOTA

--Variable 8 SE(z, p-value

Intercept 1.26 .40 .002

TotalFluodne(ppm)* .001 .008 .93

Age (years) .01 .005 .03

SMI (kg/m2) -.02 .01 .15

Smokers** .24 .23 .29

Aicohol(<Icz/day)# .06 .10 .60

Bound Testosterone .001 .0002 .008
(ng/dl)

R2=.28
*logarithmictransformationoflt4enizinghormone (LH).
*0Reference categoryisnonsmokers.
#Reference categoryismoderate drinkerswho consume 1-3 oz ethanouday.
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TABLE 4.1.27FOLLICLE STIMULATING HORMONE (FSH) BY BODY MASS
INDEX, AGE, SMOKING AND DRINKING STATUS, AND TOTAL SERUM

FLUORINE
3M CHEMOLrrE PLANT, COTTAGE GROVE. MINNESOTA

FSH(rnuiml)
N(%) MEAN SD MEDIAN RANGE TE§T#-

BMIMgAg2

42S 40(35.4) 5.02 2.39 4.6 is-10.3 Fol27
25-30 S6(49.6) S.39 2.71 4.S 1.4-14.8 p=29
jp3O 17(15.0) 421 1.75 3.9 1.6-8.3

Age yam
wm 20(17.7) 328 1.86 3.6 1.4-92 F4.72
31-40 48(42.S) 4.W 2.24 4.6 1.6-10.3 pw.014
41-50 26(23.0) 5.95 2.55 4.6 2.1-14.8
51-W 19(16.8) 6.22 3.01 5.0 2.7-14.8

Alcohol
<lcvd 86(76.1) 5.37 2.62 4.6 1.4-14.8 F=3.47
1-3oz/d 19(lG.8) 4.18 1.92 3.9 2.0-9.8 pm-Des
missing 8(7.1) 4M 1.49 4.8 2-64.4

Tobacco
smoker 27(23.9). 5.77 2.46 4.9 2.6-11.9 F-2.so
nonsmoker 84(74.3) 4AS 4.49 42 1.4-14.8 pm.09
M"ng 2(l.8) 6.10 0.42 6.1 SA-6.4

Total
Fluorfne
41 ppm 23(20.4) 4.4 1.95 4.4 I.&IDJ F.O.75
1-3 64(56.6) 5.4 2.75 4.8 1.4-14.8 p=M

3.@io 15(13.3) 4.8 2m 4.9 LI-9.7
@,10-15 6(5.3) 5.4 2.14 4.4 3-r@-8.9
3-IS-26 5(4.4) 4.9 2.36 3.7 2.6-7.7

Total 113(100) 5.1 2.49 4Z 1.4-14.8

#univariateAnova
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TABLE 4.1.28LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE FOLLICLE STIMULATING HORMONE VALUE (mU/mi)

AMONG 113 MALE WORKERS.
13M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 8 SE(S) P-value

Intercept 120 1.62 .46

TotalFluorine(ppm)* .004 .04 .91

Age (years) .08 .02 .0006

SMI (kg/m2) -.04 .05 .41

Cigarettes/day .02 .02 29

AJcohol(<Ioz/day)# .45 .48 .34

TSH (mU/ml)* ..43 .22 OS

LH (mU/ml)" .44 .06 .0001

R2* 48
"logarfthmictransformationoffoiricisstimulatinghormone (FSH).
#Referencecategoryismoderate drinkerswho consume 1-3cz ethanovday.
Ca)ThyroidStimulatingHormone
##LLitenizingHormone



TABLE 4.1.29THYROID STIMULA-NNG HORMONE (TSH) BY BODY MASS
INOM AGE, SMOKING AND DRINKING STATUS, AND TOTAL SERUM

FLUORINF-
3M CHEMOLRTE PLANT, COTTAGE GROVF, MINNESOTA

TSM(mwmi)
N MEAN SD MEDIAN RANGE TEST#

BMI mg&02

<2s 40(3S.4) im 0.66 1.04 0.37-3.14 FaM
2S-30 56(42.6) 1.64 1.01 1038 0.4S-6.80 p..70
2o3O 17(IS.0) 1.72 0.71 iss 0.62-3M

Age yean
W20 20(17M 1.43 Q.Ss 1.42 0-14&2m Fa.47
31-40 48(42S) 1.68 1.04 1.46 0.37-6.80 po.70
41-50 26(23.0) 1.64 0.75 1.34 0.75-3.W
si-so 19(16.8) 1.70 0.74 im 0.62-3.09

Alcohol
<Iovd 86(76.1) I.S7 0.70 1.40 0-1&3.56 Ful.22
1-3oVd 19(16.8) 1.93 1.39 I_ss 0.60-6.80 pm27
missing 89-1) IAO 0.63 1.61 0.37-2.22

Tobacco
smoker 27(23.9) im 0.61 1.37 0.61-3-03 Fe.09
nonwnoker 84(74.3) 1.66 0.92 1.49 OJ7-6.80 po.76
M"no 2(l.9) 126 0.42 128 O.W 1.57

Total
fluorine
-clppm 23(20.4) 1.5 0.64 is 0.3-32 Fa230
30=1-3 64(58.6) 1.$ 0.94 la 0.4-6.8 pa.08
N3-10 1S(132) 1.6 0.67 1.4 O."A
2-10-15 6(Si) 2.4 CZ7 2.S 0.83-3.S
.%16-26 5(4A) 22 1.66 2.1 1.7-3.5

Total 113(100) 1.6 0.85 1A 0-"A

*univariateAnova
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TABLE 4.1.30LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE THYROID STIMULATING HORMONE' VALUE (mU/mi)

AMONG 113 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVF- MINNESOTA

Variable 5 SE(B) _p-valueno@

IntercePt -.190 .465 .68

TotalFluorine(ppm)* .027 .009 .004

Age (years) .006 .005 .29

SMI (kg/m2) -.002 .013 .89

Cigarettes/day -.001 .004 .74

Alcohol(<3oz/day)# -.140 .194 26

FreeTestostemne** .020 .009 .04

FSH## .060 .019 .003

R2=.30
*lo;arithmictransformationofthyroidstimulafinghormone (TSH).
#Referencecategoryismoderate drinkerswho consume 3 oz ethanovday.
" ng/co
##Folliclestimulafinghormone mU/fni
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TABLE 4.1.31PROLACTIN BY BODY MASS INDF-X,.AGE,SMOKING,
DRINKING STATUS, AND TOTAL SERUM FLUORINE

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

PROLACTIN (nwmi)
N(%) MEAN SD MEDIAN RANGE TR=ST#

SMI (kWM2)

as 40(35.4) 9.10 5.13 8.4 2.7-24.3 Fa.69
25-30 56(49.6) 8.71 S.18 7.8 1.2-33.7 p..Sl
:-30 17(lS.0) 7.4S 3.08 72 2-r-13.8

Age
,c3O 20(17.7) 9.63 4.20 S.S 3.9-18.3 F..gs
31-AO 48(42.5) 9.01 sm 8.7 12-33.7 pn.Sl
41-SO 26(23.0) aze S-S2 6.2 2.9-22.5
51-60 19(16.8) 7.16 3.37 6.8 2.5-15.1

Alcohol
-cIoVd 86(76.1) 8.61 4.S7 7.8 1.2-24J Fm.44
1-3oVd 19(16.8) 9.46 a.67 a.7 2.9-33.7 pm.50
missing 6(7.1) 725 2.33 62 43.-10.5

Tobacco
3-Moker 27(23.9) 6.97 3.14 6.8 12-12.8 F=4.18
monsmokor 64(74.3) 9.13 S.is 8.5 2-c-M.7 po.043
mining 2(l.9) ll.GS .9.40 11.7 S.C@-193

Total
Fluortne
@clppm 23(20.4) 7.9 3.19 7S 2-c-18J Fu3.D2
3001-3 64(66.6) 8.5 4.34 8.1 1.2-24.3 p-.02
3@@io 15(13.3) 4.9 1.15 SA 1.4-18.1
z-10-15 6(5.3) 15.1 11.01 9.4 6".7
3-15-26 5(4.4) 8.3 4.16 7.7 3.8-15.1

Total 113(100) 8.7 4.90 7.7 12-33.7

#univafiateAnova
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TABLE 4.1.32LINEAR MULTIVARIATE REGRE@SION MODEL OF FACTORS
PREDICTING THE PROLACTIN VALUE (ng/mi)AMONG 113 MALE WORKERS.

3M CHEMOLITE PLANT, CO-T7AGE GROVE, MINNESOTA

Variable 8 SE(s) p-value

Intercept 7.41 4.14 .07

TotalF-iuorine(ppm) 1.43 .36 .0002

Age (years) -.D4 .05 .41

SMI (kWM2) -.08 13 .53

Cigarettes/day* -.08 .04 .08

Estradiol(pglml) .06 .03 .07

AlcoholUsoo

Ught (<loz/day) 321 1.65 .05

Nonresponse (NR) 2-14 2.69 .43

Ught X totalfluoride -1.67 .77 .03

NR X totalfluoride -1.34 .37 .0006

R2. 22
*#Reference categoryismoderate drinkerswho c-onsume 1-3 oz ethanovday.

Nonrespondants(NR) failedtocompletethealcoholuse questonnaire hems.
Ught X totalfluorideand NR X totalfluorideareinteractionterms foralcohol
categoriesand totalserum fluoride.
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TABLE 4.1.33PEARSON CORRELATION COEFFICIENTS BETWEEN
HORMONE RATIOS AND TOTAL FLUORIDE, AGE, BODY MASS INDEX,

ALCOHOL AND TOBACCO CONSUMPTION
3M CHF-MOLRM PLANT, COTTAGE GROVE, MINNESOTA

TOTAL AGE (Y"ra) IBMJ(kWM2) ALCOHOL TORACCO

FLUORINE (Ovfty) (eigs/day)

(OC)MI
-.01 .0064 .32 .05 .05

EITSO pm.001

.11 .15 .27 .01 .01

EITP c*.15 pa.004

.001 -.26 is .06 .04
0..OOS t@-.06

.002 ..32 -.14 -.01 -.01

TB/LW 00.001 Pa.13

-.09 ..40 ..02 .03 .03

TFILM4.0 on.0001

.16 .24 16 -.12 .09

Tsfrr ow.09 0-.Ol I P-M..Oe

@F-STRADIOL TO BOUND TF-STOSTERONE RATIO
*ESTRADIOL TO FREE TESTOSTERONE
ESTRADIOL TO LMNIZING HORMONE RATIO

*BOUND TF-STOSTF-RONE TO LUTF-NIZING HORL40NE RATIO
+*FREE TF-STOSTERONE TO LUTENMNO HORMONE FLATIO
BOUND TESTOSTERONE TO FREE TF-STOSTEFIONE FTATIO
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TABLE 4.1.34PEARSON COFIRELATIO *N*COEFFICIE* NTS E-m7WEEN
PROLACTIN HORMONE RATIOS AND TOTAL FLUORIDE, AGF- BODY MASS

INDEX, ALCOHOL AND TOBACCO CONSUMPTION
3m CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

70TAL AGE (years)BL41(kg/rn2) ALCOHOL TOBACCO
FLUOPJNE (ovday) (cigs/day)

-.05 -.04 -.13 -.03 24
Ta/Pe pa.cl

..Os .06 22

.03 -.05 .03 .007 25

EIP# ou.008

-.09 .37 .004 -.13 21
FSKFP" on.0001 t@o.I a c@-.02

.11 .24 .09 .15 .22

-Pit-M" c@0.003 ou.1I cw.t*
.07 17 .07 .17 09

P/Tsm-- 1 D..07 D..07

@Free tostmtoronetoprowcfinratio
*Fre*test=orono toprowctinratio
*Esraioi toproladn mlio
"Folidestmulathv hwmons toproLwM rahe
"Pmlacdn toluteniz@ hormorw ratio
++Protactinto#7mid stimulatinghormone ratio
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TABLE 4.1.35PEARSON CORRELATION COEFFICIENTS BETWEEN
THYROID STIMULATING HORMONE RATIOS AND TOTAL FLUORIDE, AGE,

BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION
3M CHEMOLFTE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL AGE (YearS) IJM (kgtm2) ALCOHOL TOBACCO
FLUOFTINE (ovday) (cig3vday)

(pom)
-.13 .23 .24 -.16 .03

TSITSH# P..Dl 0..Dl I:hs.09
-.16 . '@4 .23 -.13 01

TF(RSW ow.05 Da-0002 on.01
-.13 .24 -.C)5 ..05

EirsHo* Z)N..Dl -

#Sound lostosteranetotvaid stimulatnghom,4n* rabo
'Fr" to&Umurame tothyroidstimulatinghormone ratio
*Estmdicttothyroidstimulatinghormone ratio

TABLE 4.1.36PEARSON CORRELATION COEFFICIENTS BETWEEN
FOLLICLE STIMULATING HORMONE RATIOS AND TOTAL FLUORIDE.AGE,

BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION
3M CHEMOLrrE PLANT, C017AGE GROVE, MINNESOTA

TOTAL AGE (y"ra) Bkg (kg/m2) ALCOHOL TOBACCO
FLUOFUNE (OVday) (elga/day)

(ppm)
.07 -.43 -.16 .06 -.06

TBIFSH# po.0001 pa-08

-.01 -.47 .04 .08 -.12
TF/FSW c@-.0001

.04 -.36 .07 .04 ..02
FJFSH@ ow.0001 I I I I

#80und testeslorane to fouicio cumulating hormone ratio
*Free tost=orona to toflicleStimulating hormone ratio
*Estradiol to tollidestmutating hamons rato
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TABLE 4.1.37PEARSON CORRELATION COEFFICIENT8 BETWEEN
PITUITARY GLYCOPROTIEN HORMONE RATIOS AND TOTAL FLUORIDE,
AGE, BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION

3M CHEMOLFTE PLANT, COTTAGE GROVF, MINNESOTA

TOTAL AGE (years)SMI (kg/M2) ALCOHOL TOBACCO
FLUOPJNE (ozfday)(clgwday)

(COM)

.12 -.16 D4 24 -.14
TSWFSHO pa.ce on.01

.09 -.02 .15 .21 -.14

TSHILHO oa.03
-.05 .26 .13 -.14 .05

FILM* cm.003 I I I i

@Thyroid stimulabmghormone to follidestimulatinghomwm ratio

*Thyroidstmulatingharmonotolutenizinghormoneratio
*FoUicisstmulatinghormone tolutenizinghormone ratio
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TABLE 4.1.38LINEAR MULTIVARIATE REGRESSION MODELI OF FACTORS
PREDICTING THE BOUND-FREE TESTOSTERONE RATIO AMONG 112 MAL.E

WORKERS.
3M CHEMOLrrF- PLANT, C07TAGE GROVF-, MINNESOTA

Variable a SE(S) pvalue

Intercept 36.60 6.87 .0001

TotaJFluorine(ppm)* .02 .008 .02

Age (years) .19 .101 .07

SMI (kg/M2) -.48 .244 OS

LH+ .12 .337 .73

FSHO .92 .440 .04

R2= 21
*squaretransformationoftotwserum fluoride
+Uienizinghormone mU/ml
@ foll!cjestmulatng hormone mu/ml
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TABLE 4.1.39LINEAR MULTIVARIATE REGRESSION MODEL2 OF FACTORS
PREDICTING THE BOUND-FREE TESTOSTERONE RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable is SE(B) p-value

Intercept 37.3 6.97 .0001

TctalFluorine(ppm)* .02 .009 .03

Age (years) .2S .097 .009

SMI (kg/m2) -.52 mo .03

LH# .55 271 .05

p2..17
"squaretransformationoftotwserum fluoride
+lltteinizinghannone mU/mi
@ follicisstimuiabnghormone mU/ml
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TABLE 4.1.40LINEARMULTIVARIATEREG;KESSIONMODEL OF FACTORS
PFIEDICTING TI-IEESTRADIOL-BOUND TESTOSTERONE RATIO AMONG 112

MALE WORKERS.
3M CHEMOLTTE PLANT, COTTAGE GROVE, MINNESOTA

Variable SE(S) ;@-value

Intercept .05 .027 .05

TotaJ Fluorine(ppm) .00001 .00001 .74

Age (years) -.0004 .0004 .29

SMI (kg/m2) .002 .0007 .006

Cigarettestday -.00001 .00002 .96

AJcohol(<Ioztday)# .003 .007 .63

Free Testosterone* -.001 .0006 .008

LH+ .0001 .0006 .94

FSHO -.002 .001 .12

TSH++ -.003 .003 .30

Prol=in"* .0001 .0005 .78

R2= 21

#Reference category ismoderate drinkerswho consume 1-3 oz ethanovday.
*ng/dl
+Iuteinizinghormone mU/ml

@ follicjestimulatinghormone mU/mi
++ Thyroid stimulatinghormone (mU/mi)

prolactinngimi
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TABLE 4.1.41LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE ESTRADIOL-FREE TESTOSTERONE RA710 AMONG 112

MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 6 SE(s) tvalue

Intercept 1.31 .880 .15

TotalFluorine(ppm) .002 .001 .03

Age (years) .012 .011 .34

SMI (kg/m2) .048 .026 .07

Cigarettes/day .005 .008 Si

Alcohol(<laztday)# .090 .730 .70

Bound Testosterone* -.001 .0004 01

LH* .012 .035 .73

FSHO -.059 .046 .21

TSH-O+ -.204 .110 .05

Prolacbn*" o27 .018 .15

R2,.22
#Referencecategoryismoderate drinkerswho consume 1-3 oz ethanovday.
0ng/dl
+lLrfieni7inghormone mU/mi
@ folliclestimulatinghormone muftl
++ Thyroidstimulatinghormone (mU/mQ
prolactnngftni
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TABLE 4.1.42LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE ESTRADIOL-LH* RATIO AMONG 112 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 8 p- alue

Intercept 3.07 3.58 .39

TotalFluorine(ppm) .02 .07 .80

Age (years) -.03 .05 .39

BMI (kg/m2) 27 .10 .008

Cigarettes/day .009 .03 .77

AJcohol(.clcz/day)# .37 .90 .68

FreeTestostemne' .13 .10 21

Bound Testosterone* .001 .002 .71

FSHO -.75 .15 .0001

TSH4.* -.39 .42 .35.

Prolacdn" -.03 .07 .72

R2= .34
+estradjoltoJuteni7inghormone (mU/mQ rago-
#Referencecategoryismoderate drinkerswho consume 1-3 oz ethanouday.
tngtdi
@folliclestimulatinghormone mU/mi
++ Thyroidstimulatinghormone (mU/mQ
prolacdnngftl
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TA]BLE 4.1.43LINEAR MUL11VARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BOUND TESTOSTERONE-LH+ RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLTTE PLANT, COTTAGE GROVE. MINNESOTA

Variable SE(S) P-value

lnterceprt 74.46 48.53 .13

TotalFluorine(ppm) 27 .98 .79

Age (years) 29 .62 .64

SMI (kgVM2) -.43 1.35 .75

Cigarettes/day -.15 .44 .73

AJcohol(.clcz/day)* 7M 12-1 .54

Free Testosterone* 5.96 1.01 .0001

estradiol@ -.28 .38 .45

FSHOO -B.SS 2.03 .0001

TSH- -.23 S.69 .97

Prolac:Un*" .11 .9s .90

R2u.43
+bound testosteronetofutenizinghormone (mUhnQ mtio
#Reference categoryismoderate drinkerswho consume 1-3oz ethanovday.
* ng/cs
@ pg/mi
@@folliclestmulafinghormone mU/mi
++ Thyroidstimuwng hormone (mU/ml)
prolactinng/mi
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TABLE 4.1.44LINEAR MULTIVARIATrz REGRESSION MODEL OF FACTORS
PREDICTING THE FREE TESTOSTERONE-LH+ RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA'

Variable 5 SE(B) p-value

Intercept 3.00 1.38 .03

TotalRuorine(ppm) -.05 .03 .09

Age (years) .001 .01 .91

BMI (kg/m2) .07 .04 .08

Cigarettes/day -.007 .01 .58

Alcohol(<loztday)# .30 .36 .41

Bound Testosterone* .003 .0007 .0001

;:-ztradiol@ .001 .01 gi

FSHCQP -.33 .06 .0001

TSH++ .18 17 .30

Pmlacdn** -.05 .03 .08

R2w.46
+freetestosteronstolutenizinghormone (mU/mQ ratio
#Referencecategoryismoderate drinkerswho consume 1-3cz ethanovday.
ng/di

@ pg/ml
@@folliclestmulatng hormone mU/ml
++ Thyroidslimulatnghormone (MU/Mi)
prolactnng/ml
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TABLE 4.1.45LINEAR MUL-NVARIATE REGRESSION M OOEL OF FACTORS
PREDICTING THE BOUND TESTOSTERONF-.PROLACTIN RATIO AMONG 111

MALE WORKEFTS.
13M CHEMOLITE PLANT, COTRAGE GROVE, MINNESOTA

Variable SE(B) P-value

Intercept 60.05 68.04 .38

TotalFluorine(ppm) -.15 1.38 .91

Age (years) .84 .88 .34

SMI (kgIM2) -l.S4 1.92 .42

Cigarettes/day 1.49 S2 .02

Aicohol(.cloz/day)# 13.9 17.2 .42

Estradiol** ..22 .53 .68

FreeTestoslemne 3.93 1.45 .008

Ljq*o -2.23, 2.63 .40

FSHO -2.55 3.50 .47

TSH+ -.95 .80 .24

R2=.17
+-+pg/tnl
#Referencecategoryismoderate drinkerswho consume 1-3cz ethanovday.
ng/di
'luteni7inghormone mU/ml
0 folliclestmulatng hormone mU/mi
+ Thyroidstimulatnghormone mU/ml
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TABLE 4.1.46LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE FREE TESTOSTERONE-PROLACTIN RATIO AMONG 111

L4ALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable B SE(B) P-value

Intercept 2.41 1.76 .17

TotalFluorine(ppm) -.03 .04 .35

Age (years) -.004 .02 .95

BMI (kg/M2) -.004 .05 .93

Cigarettes/day .04 .02 .03

AJcohol(.clozlday)# -.03 .76 .97

Estradiol- -.0001 .01 .99

Bound Testosterons .002 .0001 .03

LHO* -.08 .07 .24

FSH'LB -.12 .09 .21

TSH+ -.18 .21 40

R2= .15

++pg/mi
#Referencecategoryismoderate drinkerswho consume 1-3 cz ethanovday.
ng/di
futeni7inghormone mU/ml
folliclestimulatnghormone mU/rnl

+ Thyroidstimulatinghormone mulml
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TABLE 4.1.47LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE ESTRADJOL-PROLACTIN RATIO AMONG 111 MALE

WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVF-. MINNESOTA

variable SE(OF .2-Value

Intercept 2.65 4.01 Si

TotalFluorine(ppm) .005 .081 .95

Age (years) .01 .05 .80

SMI (kgVM2) .07 .116 .53

Cigarettes/day .10 .036 .005

AJcohol(<loztday)* .86 1.01 .40

Bound Testosterone* -.001 .003 .95

FreeTestostemne .12 .12 .31

LH** -.13 .15 .39

FSHO -.29 .21 .17

TSH+ -.67 .47 .16

R20.16
#Referencecategoryismoderate drinkerswho consume 1-3cz ethanovday.
ng/dl

**lutenizinghormone mU/mi
@ folliclestimulatnghormone mU/ml
+ Thyroidstimulatinghormone mU/mi
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TABLE 4.1.48LINEAR MULTIVARIATF- REGRESSION MODEL OF FACTORS
PREDICTING THE PROLACTIN-FSHO RATIO AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVF-, MINNESOTA

Variable SE(s) p-value

Intercept 2.SS I.S2 .09

TotalFluorine(ppm) .31 .11 .008

AJcohol

low (.clo7Jday) .81 .52 .13

nonresponse(NR) .19 as .82

low X Ruodde -.31 .12 .01

NR X Fluoride -.08 .29 .78

Age (yeam) -.05 .02 .01

SMI (kg/m2) .01 .04 .86

Cigarettes/day -.03 .01 .03

Estradiol++ .02 .01 .06

Bound Testosterone* -.001 .001 .92

FreeTesiostemne .01 .04 .75

LHOO -.07 .05 .15

TSH+ .31 .17 .07

R2--.31
+*pgftl
#Referencecategoryismoderatedrinkerswho consume 1.3czothanovday.

knonizinghormonemu'ffd
0 ldfides*nufatinghormonemLlIM
+ ThymidstimulatinghormonemU/rW
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TABLE 4.1.49LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PFIEDICTING THE PROLACTIN-LH" RATIO AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable B SE(s) p-value

intercept 1.07 1.27 .38

TotalFluorine(ppm) .34 .09 .0003

AJcohol#

low (.c1oztday) .68 .43 .11

nonresponse(NR) .41 .69 s5

low X Fluoride -.35 .09 .0004

NR X Fluoride -.39 .20 .05

Age (years) -.02 .01 .12

SMI (kg/m2) .05 .04 .17

Cigarettes/day -.02 .01 .09

Estradiol++ .003 .009 .76

Bound Testosterons' .001 .0008 17

FreeTestosterone -.04 .03 .30

FSHO -.11 .05 .03

TSH+ .15 .14 .29

R2..31
lLftnWnghormom

.**pgvng
#Referencecattgoryismodemit drink*mwho consuffm1.3cz othanoyday.
*ng/dl
4)falwottknulanghormonemU/rrd
Thyroidstimulatini;hamsonsmLlIrW
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TABLE 4.1.soLINEAR MULTIVARIATE REGRE§SION MODEL OF FACTORS
PREDICTING THE PROLACTIN-TSH+ RATIO AMONG 111 MALE WORKERS.

3M CHEMOLFTE PLANT, COTTAGE GROVF-. MINNESOTA

-variable SE(S) p-vaiue
onam@ -

Intercept 5.06 4.s3 .30

TotalFluorine(ppm) 1.61 .37 .0001

Alcohol#

low(<Iozlday) 4.16 1.67 .01

nonresponse(NR) 3.85 2.72 .16

low X Fluoride -1.76 .38 .0001

NR X Fluoride -2.11 .77 .008

Age (years) -.19 .06 .003

BMI (kg/M2) .11 .14 .43

Cigarettes/day -.06 .04 .14

Estradiol4-+ .03 .04 .46

Bound Testosterone* .008 .003 .02

FreeTestosterone -.35 .14 .01

FSHO Si .20 .01

A2..34
+4 pgvfrj
ivreforencecategoryismoderatedrinkerswho consume 1-3cz othancilday.
ng/dl

@ failds&6mulatinghamorw mLYmi
Thyroidstimulalinghormone mU/tW



TABLE 4.1.51LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BOUND TESTOSTERONE-TSH- RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLRTF- PLANT, COTTAGE GROVE, MINNESOTA

Variable SE(B) e:value

Intercept 559.5 3SO.7 .12

TotalFluorine(ppm) 37.7 109.8 .73

Age (years) -1.1 62 .85

SMI (kg/m2) -9.8 8.9 .27

Cigarettes/day -.66 2.9 .82

AJcohol(<lozlday)* 74.9 78.3 .34

Free Testosterons' 12.5 6.6 .06

Estradiol@ -1.6 2.5 .51

FSHOO 47.1 15.9 .004

LH-* 5.7 122 .64

Proladn** -1.1 62 .85

R2=.29
+bound testasteronetothyroidstimulafinghormone (mU/mo ratio
#Reference categoryismoderade drinkerswho consume 1-3cz ethanol/day.
ngvdi

@ pg/mi
@@folliclestimulatinghormone mU/mi
++ Thyroidstmulatinghormone (mU/mi)

prolacfinnglmi

ii3



TABLE 4.1-52LINEAR MULTIVARIATE REGRESSION MOOF-L OF FACTORS
PREDICTING THE FREE TESTOSTERONE-TSH- RA'NO AMONG 112 FAALE

meWORKE,Q.
3M CHEMOLrrE PUKNT, C07TAGE GROVE, MINNESOTA

Variable 0 SE(S) p-v-alue

Intercept 15.65 6.34 .02

TotalFluorine(ppm) -28 .13 .03

Age (years) -29 .08 .003

SMI (kgIM2) -.01 .19 .94

Cigarettes/day -.03 .06 .65

Al=hol(<Ioztday)# 1.50 1.64 .36

Bound Testosterone* .01 .003 .006

EstradiolO -.01 .05 .80

FSHOO .68 .33 .04

LH++ -.001 .25 .99

Prolacbn** -.18 .13 .17

R2= .37
+freetest=emne tothyroidstmulafinghormone (mU/rnQ r;ato
#Referencecategoryismoderate drinkerswho consume 1-3oz othanovday.
ngtdl

@ pg/mi
@@foflicissUmula6ng hormone mU/m++Thymid stimulatinghormone (mU/mi)

prolacgnng/Mi
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TABLE 4.1.53LINEAR MULTIVARIAT E REGRESSION MODF-L'OF FACTORS
PREDICTING THE ESTRADIOL-TSH* RATIO AMONG 112 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable a SE(S) P-value

Intercept 30-80 16.10 .06

TotalFluorine(ppm) -.425 .31 .18

Age (years) -.53 20 .01

SMI (kg/M2) .32 .46 zo

Cigarettes/day .06 .14 .70

Alcohol(<loz/day)# 2-36 4.00 .55

Free Testosterone* -.28 .46 .55

Bound Tesiosterone' .009 .01 .42

FSHO .81 .81 .31

LH++ 20 .62 .75

Prolacfin*o -.07 .32 .83

R2= .15

+estracrioltothyroidstimulatinghormone (mU/rnQratio
#Referencecategoryismoderate drinkerswho consume 1-3oz ethanovday.
0mg/di
@folliclestimulatinghormone mU/ml
++ thyroidstimulatinghormone (mU/rni)
prolaclinng/mi



TABLE 4.1-54LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BOUND TESTOSTERONE-FSH* RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable B SE(s) p-value

Intercept 101.89 6125 .10

TotalRuodne (ppm) .66 124 .60

Age (years) -.13 .75 .14

BMI (kg/M2) -1.08 1.70 .53

Cigarettestday -.37 ss .50

AJ=hol(<lcz/day)# .29 15.30 .98

FreeTestosterone' 6.87 1.28 .0001

LHOO -7.61 1.93 .0002

Estradiol@ .77 .47 .11

TSH- 8.90 7.03 21

Prolaedn** -.03 1.20 .97

R2=.So
+bound testosteronetofolliclestimulatnghormone (mU/ml)rdo
#Referencecategoryismoderate drinkerswho consume 1-3cz othanoilday.
*ng/di
@Iuteinizinghormone mU/mi
@@estacfiolpgftl
++ Thyroidstmulgng hormone (mU/mQ

prolacdnng/mi
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TABLE 4.1.55LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE FREE TESTOSTERONE-FSH+ RATIO AMONG 112 MALE

WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable a SE(S) p-value

Intercept 4.31 2.01 .03

TotalFluorine(ppm) -.04 .04 .27

Age (years) -.10 .02 .0001

SMI (kgVM2) .06 .06 .28

Cigarettes/day -.02 .02 .31

Alcohol(<lcz/day)# .18 .52 .74

Bound Testosterone* .003 .001 .02

LHOO -.25 .07 .0003

Estradiol@ .03 .04 .27

TSH++ .49 .24 .04

Prolacfin** -.05 .04 .23

R2= .43
+freetestosteronstofolliclestimulatinghormone (mU/mQ rato
#Referencecategoryismoderate drinkerswho consume 1-3 oz ethanovday.
0ng/dl
@Iuteinizinghormone mU/mi
@C&estracfiolpg/mi
*+ Thyroidstmulafinghormone (mU/mi)
proladn nglml
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TABLE 4.1.56LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE ESTRADIOL.FSH- RATIO AMONG 112 MALE WORKERS.

3M CHEMOLRTE PLANT. COTTAGE GROVE. MINNESOTA

Variable -B SE(S) R:value

intercept 6.91 5.69 .23

TotalFluorine(ppm) .006 .006 .34

Age (years) -.19 .07 .008

SMI (kg/m2) .27 .16 .10

Cigareftes/day .03 .05 .57

Aicohol(<1cz/day)# .52 1.42 .71

FreeTestosteroneo .26 .16 .11

Bound Testosterans' -.002 .004 .62

LHO -.49 .18 .009

TSH++ .08 .65 .90

Proladn** .04 .11 .70

R2a .26
+estracrioltojoilicle.stmulatinghormone (mU/mo rauo
#Reference categoryismoderate drinkersWho CONSUMO 1-3 oz ethanovday.
0ng/di
@Iuteirdzinghormone mU/mi
++ Thyroidstimulatinghormone (mU/mi)
prolactinnglml

lie



TABLE 4.1.57LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BOUND TSH-FSH* RATIO AMONG 112 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable SE(S) p-value

intercept .72 .33 .03

TotalRuorine(ppm) .01 .006 .14

Age (years) .002 .004 .59

SMI (kg/m2) .00007 .01 .94

Cigarettes/day -.003 .003 .37

Alcohol(<lozlday)# -.16 .08 .05

Estradiol-1-4 -.001 .003 S6

Bound Testosterone* -.0002 .0002 .28

Free Testosteronee -.01 .009 15

Prolactn"O .002 .007 .73

LMO ..03 .01 .005

R2= .26
++pg/mi
#Referencecategoryismoderate drinkerswho consume 1-3 cz othanovday.
ng/dl
prolacdnngftnl
lldenizinghormone mU/ml

+ thyroidstimulatinghormone (mU/mo tofolliclestimuiatnghormone
(mU/mQ ratio



TABLE 4.1-58LINEAR MULTIVARIATE REGRES'S'ION MODEL OF FACTORS
PREDICTING THE TSH-LH-o RATIO AMONG 112 MALE WORKERS.

3M CHEMOLrrE PLANT. COTTAGE GROVE, MINNESOTA

Variable SE(S) p-value

intercept .32 .25 .21

TotalFluorine(ppm) .006 .005 .21

Age (years) .004 .003 .26

SMI (kg/M2) .008 .007 .27

Cigarettestday -.001 .002 .53

AJcohol(<Icz/day)* -.07 .06 26

Estradiol- -.004 .002 .07

Bound Testosterone* -.0001 .001 .84

FreeTestostemns" .007 .007 .32

Proladn** .001 .005 .91

FSHO -.05 01 .0001

R2u .26
++pgftnl
$Referencecategoryismoderate drinkerswho consume 1-3 cz ethanovday.

ng/cg
**prolacdnngvml
@ folliclestmulatng hormone mu/mi
+ Thyroidstimulafinghormone (mU/ml)toluteni7inghormone (mU/mQ ratio

-1-20



TABLE 4.1.59LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BOUND LH-FSH+ RATIO AMONG 112 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable
-

8 SE(i3) p-value

intercept .60 .43 .17

TotalRuorine(ppm) -.0001 .009 .98

Age (years) .009 .005 .09

BMI (kg/M2) .01 .01 .40

Cigarettestday .0001 .004 .82

AJcohol(.cloz/day)# .04 .11 .71

Estradiol++ .004 .003 .18

Bound Testosterono* .0001 .0002 .18

Free Testostemne* -.004 .01 .78

Prolacfin** -.005 .009 .57

TSHO -.05 .05 .29

R2=.12
++Pg/ML--
#Referencecategoryismoderate drinkerswho consume 1-3oz ethanovday.
ng/di
prolactnngftl
thyroidstimulatinghormone mU/ml

+ ILnenizinghormone (mU/mi) tofolliclestimulatinghormone
(mU/m I)ratio



TABLE 4.1.60PEARSON CORRELA'NON COEFFICIENTS BETWEEN TOTAL
SERUM FLUORIDE, AGE, BODY MASS INDEX (SMI).DAILY ALCOHOL USE,

DAILY TOBACCO CONSUMPTION, AND LIPOPROTEINS
am CHEMOLFTE PLANT, COTTAGE GROVE., MINNESOTA

TOTAL AGE (years) BUI (kgtm2) ALCOHOL T08ACCO
FLUOFUDE (ovday) (cigwday)
fpom)

CHOLESTEROL* .07 .2S is .09 as
c)-m.008 0-.OS om.0001

LDL" .02 .13 .06 -.008 28
--- D-.002

HOLS -.01 .03 -.13 .18 -.09
Pm.06

TFUGLYCEFUDES" .09 .19 .27 .07 .19
1 ow.04 ow.004 I I

.mgvdi -
'low dons4 lipoprotain
#highdensitylipaprotein
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TABLE 4.1.61LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE CHOLESTEROL AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

V2riable s SE(s) p-vaiue

Intercept 107.30 33.00 .002

TotalFluoride(pprn) .52 .67 .44

Cigarettes/day 1.12 .31 .0005

SMI (kg/M2) 1.44 1.01 .16

Age (years) .77 .38 .05

Ajcohol

low (<Ioz/day) -5.50 8.71 .53

nonresponse(NR) -13.53 14.75 .35

GGT (IU/dl)- .41 .12 .001

Bound Testosterene*" .03 .02 .07

$/Fteforrve category is moderate drinkers who consuma 1-3 cz edwal/day.
*garnma gluuvnyt transforass
-ng/di
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TABLE 4.1-62LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE LOW DENSITY LIPOPROTIEN AMONG 111 MALE WORKEFIS.

3M CHEMOLITE PLANT. COTTAGE GROVF- MINNESOTA

Variable 8 SE(

intercept 73.93 32.00 .03

TotalFluodde(ppm) Z2 .65 .73

Cigarettestday .69 .30 .02

BMI (kg/M2) 1.26 .95 ig

Age (years) .37 .37 .32

AJcohol

low(<Ioztday) -3.02 8.33 .71

nonresponse(NR) -10.85 13.93 .43

Prolactin(ng/ml) -1.sg .66 .02

Bound Testosterone(ng/dl) .04 .02 .0071

R2..ig
*Roforar4ocategoryismodamtodrinkerswhoconsunm1-3czstuncliday.

-124



TABLF_ 4.1.63LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE HIGH DENSITY LIPOPROTIEN (HDL) AMONG 111 MALE

WORKERS.
3M CHEMOLITE PLANT, COTTAGR= GROVE, MINNESOTA

Variable a SE(S) value

Intercept 65.00 10.07 .0001

TotalFluoride(ppm) -1.61 .77 .04

Alcohol#

low (<lo7Jday) -9.92 3.51 .006

nonresponse(NR) -6.77 5.73 .24

low X Fluoride 1.62 .80 .04

NR X Fluoride' 2-05 1.63 .21

Age (years) -.004 12 .97

SMI (kg/M2) -.31 .29 .28

Cigarettes/day -.12 .09 .18

Bound Testosterons** .018 oo7 .009

FreeTestostemne" -.77 .28 .008
F12..17
*Referencecategoryismodamto drinkerswho =nsunn 1-3czetwoltday.
*interactiontoms betweentota)fluorideandaJ=hoJ=tegcfy
ngtdl
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TASLS 4.1-64LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE TRIGLYCERIDES AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVF- MINNESOTA

Variable SE(B) tvalue

Intercept -114.50 117.20 .33

TotalFluoride(ppm) 2.38 2.31 .15

Cigarettes/day 2.2B 1.05 .03

BMI (kg/M2) 6.07 3.39 .08

Age (years) 2.32 1.44 .11

A)cohot #

low (<I oztday) -11.48 P-9.4 .70

nonresponse(NA) -19.94 49.03 .69

FreeTestosterons" 7.34 3.37 .03

Bound Testosterone, -.21 .08 .009

freforoncecategoryismoderatedankorswho =nsume 1-3czet=ol/day.
ng/dl
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TABLE 4.1.65PEARSON CORRELATION CCREFFICIENTS BETWEEN TOTAL
SERUM FLUORIDE. AGF- BODY MASS INDEX (SMI),DAILY ALCOHOL US-=,

DAILY TOBACCO CONSUMPTION, AND HEPATIC PARAMT-TERS
3M CHEMOLRTE PLANT, C077AGE GROVE, MINNESOTA

TOTAL AGE (Y"M) SMI fkgtm2) ALCOHOL TOBACCO
FLUORINE (clvday) (eigs/day)

SGOT' 12 -.11

SGFT" oi .01 20 .03 -.11
ow.02

GGTO ..04 .12 27 .15 .03
Da.004

AKPH" -.03 .27 .19 -.10 .26
c*.004 ow.04

*SERUM GLURAMIC OXALOACENC TRANSAMINASE IU/di
SERUM GLLRTAMIC PYRUVIC TRANSAMINASE IU/di

*GAMMA OLLTTALIYL TRANSFERASE PJ/d
"ALKALINE PHOSPHATASF- ILI/di
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TABLE 4.1.66PEARSON CORRELATION COEFFICIENTS BETWEEN HEPATIC
ENZYMES, SERUM HORMONES, AND LIPOPROTEINS

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

graot SGPT GGT AKPH

CHOLESTEROL' .07 25 .19 .09
[)..DOB o.-OS

LDL" .02 13 DS ..Oos

HDL# -.01 .03 -.13

TRIGLYCEFDOES* .09 .19 .27 .07

ESTRADIOL+ -.16 ..04 M -.DM
Dw.09

FREE TESTOMRONE" -.12 -.14 ..23 -.03
DO.OI

BOUND TESTOSTEF;TONE" is -.10 -.12 -.12

PROLACTIW .20 -.15 -.16 .20
P-.03 pw.Dg P-.03

.mg/di
-low densitylimpraftin
*highdensity lipoprotain
*pg/mi
ngldl



TABLE 4.1.67PEARSON CORRELATION COEFFICIE14TS BETWEEN
HEPATIC PARAMETERS

3M CHEMOLITE PLANT. COTTAGE GROVE, MINNESOTA

S -G-0T SGPT GGT AKFH-
sgor .68 .43 .04

P..oooi Pa.0001

TG- PT'* *60PM.Owl
GGT,V

AKPH"
I Pa.02

*SERUM GLIJTAMIC OXALOACENC TRANSAMINASE RJ/di
SERUM GLUTAMIC PYRUVIC TRANSAmiNASE IU/di

$GAMMA GLLJTAWYL TRANSFERASE IU/di
"ALKAUNE PHOSPHATASrm ILI/di
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TABLE 4.1.68SERUM GLUTAMIC OXALOACENC" TRANSAMINASE (SGOT),
GLUTAMIC PYRUVIC TRANSAMINASE (SGPI),GAMMA GLUTAMYL

TRANSFERASE (GGT),AND ALKALINE PHOSPHATASE (AKPH) BY TOTAL-
SERUM FLUORINE

3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

N MEAN so MEDIAN RANGE TEST#

TOTAL SGOT
FLUORINE OU/dQ
<1 PPM 23 22.5 4.1 22 13-29 Fwo.41
>=1.3 es 24.1 8.6 23 10-74
>3-10 16 25.8 14S 22.5 17-77
>10-15 6 25.7 11.3 22-S 17-47
>15-26 5 22.2 S.i 22 14-27

TOTAL 115 24.0 6.9 23 10-77

SGPT
OU/dl)

<1 23 47.7 10.7 46 3"9 Fol.io
"1-3 as 51.3 302 45 4-263 pa.32
>3-10 is 53.0 14.0 SOS 29-40
,010-15 6 732 532 52.5 38-177
>15-26 5 44.6 8.6 42 34-54
TOTAL 115 51.7 26.8 47 4-263

AlkalinePhosphatase
OWCO)

<1 ppm 23 66.1 25.6 as 43-IS3 F.O.43
;,=1-3 es OS.9 19.9 so 36-137 pa.78
;..3-10 16 77.9 20.3 71-S 64-123
>1 0-15 6 872 34.0 75.5 61-193
>15-26 5 89.0 42.1 84 41-153
TOTAL 115 83.3 22-9 so 39-IS3

GGT
(IU/dt)

<1 ppm 23 372 29A 27 6-117 FmO.39
>=1-3 es 32.4 26.7 2S &174 po.81
>3-10 is 35.4 35.4 26 10-158
>1()-IS. 6 38.3 16.7 36.5 19-60
>1 5-26 s 22.2 11.5 20 11-37
TOTAL 115 33.7 27.6 26 -r-174

#univanate Anova
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TABLE 4.1.69SERUM GLUTAMIC OXALOACE71C TRANSAMINASE (SGOI)
BY BODY MASS INDEX, AGE. SMOKING AND DRINKING STATUS

3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA

-SGOT (luidl)
N(%) MEAN SD-MEDIAN RANGE TESTN

smi
,c2S 41(35.7) 24 12.4 22 13-77 Fa.92

25-30 57(49.6) 23 S.8 23 10-42 po.40

)..30 17(14.8) 27 8.1 26 17-47

AGE
430 21(le.3) 25 12.7 23 17-77 Fu.78

31-40 48(41.7) 24 9.1 23 10-74 PE.51

41-50 27(23.5) 22 5.4 23 13-40

SI-60 19(16.S) 26 7.8 23 1447

Alcohol
-clovd 87(al.3) 26 13.5 22 16-77 Fa.61

1-3*Vd 20(18.7) 24 8.0 23 lt).74 P.."

M"ing a 23 4.3 21 19-31

Tobacco
smoker 28(24.8) 24 S.-4 23 13.@n F-.02

nonsmoker 85(75.2) 24 11.0 22 10-42 Pam
mosing 2 20 3.5 20 17-47

TOTAL 115

*uravanate Anova
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TABLE 4.1.70SERUM GLUTAMIC PYRUVIC-TRANSAMINASE (SGPT) ey
BODY MASS INDEX, AGF- SMOKING AND DRINKING STATUS
3M CHEMOLITE PLANT, COTTAGE GROVF-. MINNESOTA

SGPT(ILVdi)
N(%) MEAN so MEDIAN RANGE TEST

smi
42S 4 1(35.7) 49 35.4 41 29-2S3 Fa2.1
25-30 57(49.6) so 14.2 49 4.9S p..12
.o3O 17(14.8) 64 32-8 55 38-177

AGE
40 21(16.3) 42 lis 45 31430 Fu.gi
31-40 4s(41.7) 53 33.6 47 29-263 Fmm--Sl
41-50 27(23.S) 47 15.2 46 4-99
51-60 19(le.5) 57 32.0 50 34-177

Alcohol
'CloVd 87(81.3) 53 2935 47 29-293 Fu.sa
1-3oVd 20(la.7) 47 16.9 46 4-99 P...41Missing a 51 10.9 52 3S-67

Tobacco
smoker 28(24.8) 48 ls2 47 4-90 Fa.76
nonsmoker 85(752) 53 29.6 48 3C@-293 p...39
missing 2 49 2.S.5 49 31-67

TOTAL 115

#univariateAnova
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TABLE 4.1.71GAMMA GLUTAMYL TRANSFERASE (GG-n BY BODY MASS
INDEX, AGE, SMOKING AND DRINKING STATUS

3M CHEMOLFTE PLANT, COTRAGE GROVE, MINNESOTA

GGT (JU/di)
N(%) MEAN SD MEDIAN RANGE TEST#

smi
-c2S 41(35.7) 28 31.1 17 6-174 F-3-c;4
25-30 57(49.6) 34 23.1 Is B-158 p-.03
:b.30 17(14.8) 48 28.6 44 19-117

AGE
,c3C 21(18.3) 32 23.4 25 11-111 - FmlM
31-40 48(41.7) 31 32.7 22 5-174 pm.36
41-50 27(23S) 33 17.2 29 8-72
si-so .19(16.S) 29.3 35 11-117

Alcohol
.4io7Jd 87(81.3) 40 2S.S 3S 8-as F=1.64
i,'4oz/d 20(18.7) 32 2S.3 26 6-174 pj6
missing a 41 50.4 23 12-lSS

Tobacco
smokor 28(24.8) 36 21.3 33 S-89 FN-CZ
nonsmoker BS(752) 32 26.3 25 6-174 pa.46
missing 2 as 103.2 as 12-158

TOTAL 115

#univariateAnova
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TABLE 4.1.73ALINEAR MULTIVARIATE REGRESSION MODEL 1 OF
FACTORS PREDICTING THE SERUM GLLITAMIC OXALOACETIC

TRANSAMINASE (SGO-0 AMONG 111 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 8 SE(i3) _p-value

Intercept 26.71 7.1 .0003

TotalFluorine(ppm) -3.23 1.31 .02

IBMI(kgVM2) -.0004 23 .99

SMI X T. Fluorine* .12 .05 .015

Age (years) -.003 .08 .97

Alcohol

low(<Ioz/day) .70 1.85 .71

nonresponse(NR) -1.10 3.10 .72

Cigarettes/day -.09 .07 .16

Prolactn(nglml) -.37 is .01

R2..17
#Reference category ismoderate drinkerswho cormuffw 1.3cz adwal/day.
interacdonterm bet"en totw "rum fluoride SMI.
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TABLE 4.1.738 LINEAR MULTIVARIATE REGRESSION MODEL 2 OF
FACTORS PREDICTING THE SERUM GLUTAMIC OXALOACETIC

TRANSAMINASE (SGOT) AMONG 111 MALE WORKER$.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable a SE(S) p-value

Intercept 27.71 6.22 .0001

TotalFluorine(ppm) -2.70 1.23 .02

SMI (kg/m2) -.09 .06 .11

SMI X T.Fluorine* .10 .04 .02

Age (years) -.02 .07 .74

Cigarettes/day -.11 .06 .11

AJeohol#

low(<Iex/day) 1.84 1.61 .28

nonresponse(NR) -1.3 2.7 .64

Prolactn(nglml) -.27 .13 .04

GGT (IU/ol)" .13 .02 .0001

F;I;JS
#Roforwrmcategoryismoderatedrinkerswho consuffw1-3 et=ovday.
lnieracliontermbetweentotwserum fluaridoand BMI
Gamma gluulmylnmfomso
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TABLE 4.1.73C LINEAR MULTIVARIATE REGRESSION MODEL 3 OF
FACTORS PREDICTING THE SERUM GLUTAMIC OXALOACENC

TRANSAMINASE (SGOT) AMONG 111 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

V2riable 13 SE(g) p-V21ue

Intercept 120.60 4.0 .002

TotalFluorine(ppm) .63 .78 .42

SMI (kg/M2) -.07 .13 .58

SMI X T. Fluorine' -.03 .03 .34

Age (years) .06 .05 .23

Cigarettes/day -.02 .04 .45

Alcohol#

low (Icioztday) -.65, 1.03 .53

nonresponse(NR) -1.40 1.72 .42

ProlacUn(ng/mi) -.09 .06 29

SGPT (IU/cl)" 24 .01 .0001

R2..74
#Rofof*rm catnory is modamto drinksis who consurro 1-3 otmwi/day.
intoracten term bohv"n total"rum fluoride and SIM
Serumgkitamicpynivicvwulamimse
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TABLE 4.1.74ALINEAR MULTIVARIATE REGRESSION MODEL 1 OF
FACTORS PREDICTING THE SERUM GLUTAMIC PYRUVIC TRANSAMINASE

(SGP'T) AMONG 111 MALE WORKERS.
3M CHEMOLTTE PLANT, COTTAGE GROVE, MINNESOTA

Variable 0 SE(B)

Intercept 58.13 24.26 .02

TotalFluorine(ppm) -15.80 4.58 .0008

BMI (kgVm2) .30 .82 .72

SMI X T. Fluorine* .62 .17 .0004

Age (years). -24 .28 .39

AJeohol#

low (.clcz/day) 5.54 6.36 .39

nonresponse(NR) 1.31 10.63 .90

Cigarettestday -27 23 24

Prolacfln(ngtrnl) -1.18 Si .02

,vRefamr4amuegoryismoderatedrinkerswho comuffw 1.3czod=olday.
intaracoontermbetweentotwserumfluorkisand BMI.
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TABLE 4.1.74BLINEAR MULTIVARIATE REGRESSION MODEL 2 OF
FACTORS PREDICTING THE SERUM GLUTAMIC PYRUVIC TRANSAMINASE

(SGPT) AMONG I11 MALE WORKERS.
3M CHEMOLITF- PLANT, COTTAGE GROVE, MINNESOTA

Variable a SE(B) o-vatue

Intercept 62.09 19.63 .002

TotalFluoride(ppm) -13.70 3.64 .0003

BMI (kg/m2) -.70 .66 .30

SMI X T.Fluorine* S4 .14 .0001

Age (years) -.33 22 .14

Cigareftestday -.027 .18 .14

AJeohol#

low (<loz/day) 10.02 5.09 .05

nonresponse@(NR) .48 8.44 .95

Prolactin(ngtml) -.74 .41 .07

GGT (IU/dl)" .56 .07 .0001

A2.Sl
ireforencecatnoryismoderatedrfnksmwho consumv 1-3cztriano".
Interactiontermbotw"n totw"rum fluorideandSMI
Gamma glutamylftmforno
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TABLE 4.1.74C LINEAR MULTIVARIATE Fiffi@RESSION MODEL 3 OF
FACTORS PREDICTING THE SERUM GLUTAMIC PYRUVIC TRANSAMINASE

(SGPT) AMONG 111 MALE WORKERS.
3M CHEMOLrrE PLANT, COTTAGE GROVE, MINNESOTA

Variable 8 SE(e) p-vatue

Intercept -1825 14.36 21

TotalFluorine(ppm) -6.65 2.61 01

BMI (kg/m2) .30 .45 -51

SMI X T. Fluorine* 27 .10 .007

Age (years) -.23 .16 .14

Cigarettes/day -.001 .13 .99

Alcohol#

low (<Ioztday) 3.55 3.53 .32

nonresponse (NR) 4.39 5.91 .46

Prolacbn(ng/ml) -.11 29 .72

SGOT (IU/cn)- 2.85 .19 .0001

R2@-.7ra
i#Roforoncocategoryismoderatedrinkerswho =nsuffw 1-3cz etwol/day.
lnt&racton term betweentotalserum fluorweand IBM
sorum glutamicexakmmtic Vanumk%aso
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TABLE 4.1.75ALINEAR MULTIVARIATE REGRESSION MODEL 1 OF
FACTORS PREDICTING THE GAMMA GLUTAMYL TRANSFERASE (GGT)

AMONG 111 MALE WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable a SE(B) _p-vaue

lnterr.ept -12.59 22.S2 Sa

TotalFluorine(ppm) -1.93 2.11 .3S

Alcohol

low(<loz/day) -12-37 9.50 .20

nonresponse(NR) -28.13 IS.46 .07

low X Fluorine* I.sg 2.18 .47

NR X Fluodne' 13.90 4.48 .003

Age (years) .29 .30 .33

BMI(kgft2) 1.71 .76 .03

Cigarenes/day .09 .24 .72

R4.is
areforencecategoryIsmoderatedrlr*orswhocon*Uffw1-3czetwovday.
linteractonfamubetweentotalfluorideandajcohclcategory
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TABLE 4.1.75BLINEAR MULTIVARIATE REGRESSION M**ODEL 2 OF
FACTORS PREDICTING THE GAMMA GLUTAMYL TRANSFERASE (GGT)

AMONG 111 MALE WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable SE(S) p-value
ommonomm@ - -M

intercept -58.78 21.55 .008
n
TotalFluoride(ppm) -1.79 1.83 .33

Aicohol#

low(<Ioz/day) -9.04 8.25 .28

nonresponse(NR) -20.08 13.49 .14

low X Fluorine* 1.39 1.90 .47

NR X Fluorine' 12.18 3.91 .002

Age (years) .15 26 .57

SMI (kg/M2) 1.30 .66 .05

Cigarettes/day .01 23 -96

Cholesterol(mg/dl) .15 .06 .02

SGOT (IU/di) 1.18 .24 .0001

R2. jo
xroforon=categoryismodOM4 drinwm wft consurm 1.3 ormouday.
'interactionter= bohveontotalfluame and alcoholcategory
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TABLE 4.1.75C LINEAR MULTIVARIATE REGRESSION MODEL 3 OF
FACTORS PREDICTING THE GAMMA GLUTAMYL TRANSFERASE (GGT).

AMONG 111 MALE WORKERS.
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

Variable s s (8) P-value

Interoept -32.39 18.47 .08

TotalFluorine(ppm) -1.93 I.SO .31

Alcohol

low (<Icz/day) -13.58 7.17 .06

nonresponse(NR) -26.68 11.75 .025

low X Fluorine" .92 1.66 .58

NR X Fluorine" 12.04 3.41 .0006

Age (years) 2s 23 27

SMI (kgIM2) Si .59 .38

Cigarettestday .09 .20 .65

Cholesterol(mg/di) .12 .06 .04

SGPT (IU/cl)-- .59 .07 .0001

R2.M
#Roforoncscategoryismoderatedrinmrswho consunw1-3= oemal/day.
inforac@ontermsbet-,,-ontotalfluarkieandalcoholcategory
S@RJMglUtaMiCPYMNICnnsaminaso
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TABLE 4.1.76LINEAR MULTIVARIATE REGRESSION MODEL 1 OF FACTORS
PREDICTING THE ALKALINE PHOSPHATASE (AKPH) AMONG 111 MALE

WORKERS.
3M CHEMOLFTE PLANT, COTTAGE GROVE. MINNESOTA

variable a SEIB) kvalue

intercept 24.50 15.69 .09

Tcmi Fluodne(ppm) -1.03 .43 .02

Cigarettestday -.06 .22 .79

Cigarettes/dayX Fluadne' m OS .0001

SMI (kg/m2) 1.10 .55 .05

Age (years) .54 .22 .02

Alcohol

low(cloz/day) 5.78 4.90 .24

nonresponse(NR) 8.12 8.13 .32

R2.jl
#Roforomcocategoryismoderatedrinkerswhoconsume1.3czothamovday.
interactontermbetweentotalserumfluorideandcigareft*Wday.
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TABLE 4.1.77PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL
SERUM FLUORIDF- AGE. BODY MASS INDEX (BMI),DAILY ALCOHOL U-SE.

DAILY TOBACCO CONSUMPTION, AND HEMATOLOGY PARAMETERS
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL AGE (yomrs)SMI (kWM2) ALCOHOL TOBACCO
FLUORINE (Cztday)(clgwday)
(Dom)

HEMAGLOSIN' -.07 -.03 .04 -20 .20
C..04 c@0.008

wac- .10 .07 c7 -.07 .70
D..Oool

PMN COUNT* .05 .08 .09 -.10 .64

--
c@-.0001

EOSINOPHILS -.10 .13 .05 .02 .23

LYMPHOCYTES .19 -.05 .04 .15 .28
c@m.04 1 22-002

MONOCYTES .05 .0.4 .22 .21 .32
ow.02 - pm.03 C@m.0004

PLATLETS .10 -.13 -.11 .05 .29
P..002

BASOPHILS .04 -.08 -.02 -.14 -.05

BANDS .26 -.14
ca.005

@whitsbloodcallcount
4 potymorphonuctearloukoc)necount
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TABLE 4.1.78LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE HEMAGLOBIN AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable 8 sE(B) p-value

Intercept 14.51 .67 .0001

TotalFluorine(ppm)* -.002 .0009 .02

AJcohol#

low (<Iovday) .22 @20 .27

nonresponse(NR) .56 .33 .09

Age (years) .001 .009 .88

SMI (kg/M2) 01 .02 .65

Cigarettes/day .01 .007 .20

Cigs/dayX Ruodne2*o .0003 .0001 .0005

Estradial(pg/ml) 01 .006 .07

R4.23
'squworansfonmtcnoftotalRucrido
#Referencecategoryismodoralsdrinkerswho consumw1.3CZothanaliday.
interactiontermbetweencigarettesperdayandsquam ransformationoftotwtuarift
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TABLE 4.1.79LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE MEAN CORPUSCULAR HEMOBLOBIN (MCH) AMONG 111

MALE WORKERS.
3M CHEMOLRTE PLANT. COTTAGE GROVE, MINNESOTA

Variable 8 SE(S) o-value

Intercept 31.65 .95 .0001

TotalFluorine(ppm) .15 .09 .10

Al=hol#

IOW(<IOZ/d2Y) -29 .65 .65

nonresponse (NFI) .03 .01 .02

low X Fluorine -.16 .09 .08

NR X Fluorine -.04 .19 .80

Age (years) .03 .01 .02

BMI (kgVM2) -.07 .03 01

Cigarenes/day .02 .01 .13

Cigs/dayX FluoMe* .006 .003 .03

R2..24
#ReferencecategoryIsmod*raled6rkerswho consurm 1-3cz etwovday.
"interacfionterms;alcoholcategoryby totalfluoride.cigarettesperday by totalfluoride
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TABLE 4.1.1.80LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
pplEDICTING THE MEAN CORPUSCULAR VOLUME (MCV) AMONG 111 MALE

WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVF-, MINNESOTA

able 8 SE(B) e-value

Intercept 8.74 2.SO .0001

TotalFluorine(ppm) -.04 .07 .52

AJeohol#

low (,cloz/day) -.61 .78 .43

nonresponse(NR) -.9s 1.27 .46

Age (years) .11 .03 .002

EIMI(kVM2) -.06 .08 .05

Cigarettes/day .04 .03 21

Cigs/dayX Fluorins' .02 .007 .004

TSH (mU/mi) .38 .35 .29

RL 28
#Referencecategoryismoderatediinkerswhoconsunm1-3czod%anovday.
interacdontaffn;cigarell"perdaybytotwfluoride
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TABLE 4.1.81LINEAR MUL71VARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE WHITE BLOOD CELL COUNT (WBC)- AMONG 111 MALE

WORKERS. -
3M CHEMOLrrE PLANT, COTTAGE GROVE, MINNESOTA

Variable 6 SE(S) c@-value

Intercept 2.87 1.32 .03

ToW Fluorine(ppm) .07 .10 .49

Alcohol#

low(.clcz/day) .46 .33

nonresponse(NR) -1.08 .74 .15

low X Fluorine -.04 .10 .68

NR X Fluorine .59 .21 .006

Age (years) -.007 .02 .64

SMI (kg/m2) .07 .04 .0.5

Cigarettes/day .13 .01

FreeTestostemne(ng/cff) .04 .03 .13

Lme .10 .04 .02

RZ. .67
vacnooo
#Rofofoncscategoryismoderge drinkerswho =nsume 1-3cz*&mnol/day.
lutenizinghormonemU/ml
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TABLS 4.1.82LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE POLYMORPHONUCLEAR LEUKOCUTE COUNT (POLY)

AMONG 111 MALE WORKERS.
3M CHEMOLFTE PLANT, COTTAGE GROVE, MINNESOTA

Variable a SEJB) P-value

Intercept 368 1151

.

75

TotalFluorine(ppm) 16S es .06

A)cohol

low(.clczlday) 746 399 .06

nonresponse(NR) -49 651 .94

low X FluoHne -161 90 .08

NR X FluoHne 370 iss .05

Age (years) 6 14 .66

BMI (kg/m2) 45 33 .17

Cigarettestday 95 10 .0001

LH (mUlmQ++ 79 36 .03

Bound Testosteronse -1.62 .8 .04

FreeTestosterons 84 32 .01

FIZ-.-M
** UAoniZingharmcra'-
#Roftronm ca*gory.itmoderatodrinksmwho consuffw14 cz ee=ovday.
rigvd)
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TABLE 4.1.83LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BAND COUNT (BAND) AMONG 111 MALE WORKERS.

3M CHEMOL[TE PLANT, COTTAGE GROVE, MINNESOTA

variable S E(B) P-Val6e

interoept -11.4 129.6 .93

TotalRuorine(ppm) -3.4 3.2 .30

AJcohol

low (<lozlday) 78.2 40.3 .05

nonresponse(NR) 14.9 67.8 .83

Age (years) 1.0 1.8 .56

13MI(kg/m2) 2.2 4.6 .63

CigarettL*s/day 4.2 1.5 .005

R2..12
#Referencerategaryismoderatedrinkerswho consuma1-3czot=oitday.



TABLE 4.1.84LINEAR MULTIVAFTIATE REGRESSION MODEL OF FACTORS
PREDICTING THE LYMPHOCYTE COUNT (LYMPH) AMONG 111 MALE

WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Variable SE(B) P-vaiue

intercept 2205.6 611.1 .0005

TotalFluorine(ppm) -342.7 125.3 .007

Alcohol#

low(<loztday) -526.6 222.7 .02

nonresponse(NR) -977.1 355.7 .007

lowX Ruorins 189.0 S2.3 .0005

NR X Fluodne 247.9 103.9 .02

Cigarettes/day 34.0 6.9 .0001

Cigs/dayX Fluorine* -3.3 1.45 .02

SMI (kg/M2) 1.58 19.6 .94

SMI X Fluorine" 7.15 4.1 .08

Age (years) -16.1 8.6 .06

Prolactn(ng/mi) 38.5 142 .008

TSH (mU/ml)* 170.4 772 .03

RZ.M
#Referencecategoryismoderatedrink*mwttcconsume1-3ozothamovday.
'intorac@ontermsalcoholcategorybytotwfluoride;cigamttssldaybytotwguoride,

SMI bytotwfluoride.
thyroidsfimulatinghormonemLYrAl
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TABLE 4.1.85LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE MONOCYTE COUNT (MONO) AMONG 111 MALF-

WORKERS.
3M CHEMOLTTE PLANT, COTTAGE GROVE, MINNESOTA

Variable 5 SE(s) -0-value

Intercept 397.4 198.9 .05

TotalFluorine(ppm) 110.4 38.6 .005

Ai=hol*

low(<lcz/day) 132.1 53.8 .02

nonresponse(NR) 40.1 89.1 .66

Age (years) -.37 2.4 .88

BMI (kg/M2) -2.66 7.0 .70

SMI X Fluorine' -4.0 1.42 .006

Cigareftes/day 7.0 1.9 OOD4

LHO 13.9 6.8 .04

R2.M
#Referencecategoryismoderatedrinkerswho consunm1-3czot=cvday.
*interactionterm.SMIbytotalfluorkie.
lutenizinghomionsmU/rW
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TABLE 4.1.86LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE EOSINOPHIL COUNT (EOS)

AMONG 111 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVF, MINNESOTA

Variable SE(B) P-Value

Intercept SO.45 122.30 .68

TotalFluorine(ppm) -7.31 3.35 .03

AJcohol

low (<Ioz/day) -12.10 37.91 .75

nonresponse(NR) 21.79 6225 .73

Age (years) 1.56 1.67 .3S

SMI (kg/M2) 2.10 4.13 Si

Cigarettes/day 3.04 1.69 .08

CigstdayX Fluorine' .62 .35 .08

TSHO 30.1 17.1 .08

R2..Is

#Referencecatopfyismodamto drinkerswho =nsurne 1-3czatmiavday.
Iinteracboniorm.cigarettesperdaybytotwfluorido
CDThyroidstirnuwnghormonemU/rW
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TABLE 4.1.87LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE PLATELET COUNT (PLATE) AMONG III MALE

WORKERS.
3M CHEMOLITE PLANT, COTTAGE GFIOVE, MINNESOTA

Variable B SE(B) g-value

Intercept 264.7 54.8 .0001

TotalFluorine(ppm) 29.8 9.5 .002

AJeohol#

low (<1cz/day) 8.2 13.3 .54

nonresponse(NR) .9 22.5 .97

Age (years) -1.3 .6 .04

BMI(kg/m2) 1.1 1.7 .53

BMI X Fluohne' -1.0 .4 .004

Cigarettes/day 2.7 .6 .0001

Cigs/dayX FlucHne* -.3 .1 .04

Prolactin(ng/ml) 2.6 .03 .09

Bound Testosterone** -.04 .03 .10

R2..28

#Referencecategoryismoderatedrinkerswho consuma 1-3cz othanovday.
'Interactionterms.SMI by totalfluoride.cigarettesperday by totalfluoride.
mg/di
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TABLE 4.1.88LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE BASOPHIL COUNT (BASO) AMONG 111 MALE WORKERS.

3M CHEMOLFTE PLANT, COTTAGE GROVE, MINNESOTA

Variable s SE(s) o-vaiue

Intercept 44.35 !>4.19 .42

T=l Fluorine(ppm)* -.03 .06 .61

Aicohol

low(<loz/day) -1.73 13.61 .90

nonresponse.(NR) -.56 22-54 si

Age (years) -.07 .68 .92

BMI (kg/M2) -.61 1.58 .70

Cigarettestday -.80 S2 .12

CigstdayX Fluo6ne2** .02 .007 .007

Bound Testosterone## -.07 .04 .06

FreeTestasterone## 2.5 1.6 .11

LHO 5.5 1.8 .002

$square&ansfarmagmoftotw"nornfluar;do
$Referencecategoryismoderatedrinksmwho consunw1-3oxodianovday.
*interactionterm,cigarette&perday bytota)fluoride.
songidl
0 lutenizinghormonemLYml
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4 4 Morta&Tphfe--q

TABLE 4.2.1CHARACTERISTICS OF 749 FEMALE EMPLOYEES, 1947-1989.

Chemica) Non chemicw Total
Division Division

number ofworkers 245 504 749

personyears of 6029.0 13280.4 19309.4
observation

mean follow-up 24.9 26.4 2S.8
(years)

mean age at 28.8 2S.9 27.6
employment
(years)

mean yearof 1965.0 1962.8 1963.5
employment
(years)

mean year of 1981.3 1979.2 1979.6
death(years)

mean age atdeath 58.7 54.4 55.4
(years)
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TABLE 4.2.2CHARACTERISTICS OF 2788 MALE EMPLOYEES, 1947-1990.

ChemicW Non cmemicaj
Division Division

number ofworkers 1339 1449 2788

personyears of 33385.3 37732.4 71117.7
observaton

mean follow-up 24.8 26.0 25.5
(years)

mean age at 2S.6 28.9 27.3
employment
(years)

mean year of 1963.8 1962.3 1963.0
employment
(years)

mean yearof .1978.3 1978.1 19782
death(years)

mean age atdeath 54.2 Se.1 56.4
(years)



TABLE 4.2.3VITAL STATUS AND CAUSE OF DEATH ASCERTAINMENT
AMONG 749 FEMALE EMPLOYEES, 1947-1990.

Vitalstatus chemicaj Non memical Total
Division Division

ra. % No. % No. %

Alive 234 95.3 465 91.6 699 93.3

Dead, 11 4.7 39 8.4 so 6.7

Total 245 100.0 504 100.0 749 100

'Twodeathso=urred outsidetMeU.S.witncause ofdeath ascefn@e d tm@m
sourcesotherthandeath certificates.

TABLE 4.2.4VITAL STATUS AND CAUSE OF DEATH ASCERTAINMENT
AMONG 2788 MALE EMPLOYEES, 1947-1989.

Vitalstatus Chemical Non chemical ToW
'@Division Division
No. % No. % No. %

Alive 1191 88.9 1249 86.2 2440 87.5

Dead* 148 11.1 200 13.8 348 12.5

Total 1339 100.0 1449 100.0 2788 100.0

'mo deatnsoccurredoutsidethe U.S.withcause of death ascertainedfrom
sourcesotherthan deathcertificates.



TABLE 42.5 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) AMONG 749 FEMALE EMPLOYEES, 1947-1989.

Cause ofDeath obs Exo SMR 9 1

AJIcauses so 66.74 .7S sr-,-.gg
Cancer 17 23.04 .71 .42-1.14
Gastrointestinal 2 4.54 .05-1.sg
Respiratory 4 4.72 .9s .26-2.43
Breast 3 5.87 Si .10-1.49
GenhW 2 3.37 .59 .07-2.14
Lymphopoiefic 3 2-04 1.47 .30-4.29

Heartdisease 10 12-39 Si .49-1.29
Cerebrovascular 3 3.51 .86 .01-4.80
Gastrointestinal 3 3.41 .88 .18-2.57
Injuries 4 6.23 .64 .17-1.64
Suicide 1 1.78 .56 .01-3.13
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TABLE 4.2.6NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURA-NON OF EMPLOYMENT AMONG FEMALE

EMPLOYEES,
1947-1989.

-Cause otDeatm Obs ExD SMR 95% ci

Duration510 years

Alicauses 50 66.74 .75 .56-.99
Cancer 17 23.04 .71 .42-1.14
Cardiovascular 18 22.00 .82 .48-129

Dumtlon.-olDyears

Allcauses 20 26.62 .75
Cancer 6 9.42 .64 .23-1.39
Cardiovascular 8 10.27 .78 .34-1.54

Abt)reviationsused are:Obs, observed;Exp, expected;Cl,confiden@irtterv@al.
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TABLE 42.7 NUMBERS OF DEATHS AND STANDARDIZED MORTALFTY
RATIOS (SMRS) BY LATENCY AMONG FEMALE EMPLOYEES, 1947-1989.

Cause ofDeath obs Exo- SMR 95% cl

Latency;-.10years

Allcauses 41 56.94 .72 .52-.98
Cancer is 20.93 .76 .44-1.24
Cardiovas'cular 13 19.86 .65 .35-1.12

Latency@olSyears

Allcauses 37 49.37 .75 .53-1.03
Cancer 14 18.25 .77 .42-1.29
Cardiovascular 13 17.79 .73 .39@-125

Latencp2O years

Allcauses 29 39.20 .74 .49@-1.06
Cancer 11 14.47 .76 .38-1.36
Cardiovascular 10 14.67 .68 .33-1.25

Abbreviationsused are-.Obs, observed;Exp, expected;Cl,confidenceinterval.

-462



0 TABLE 42.8 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY ANY EMPLOYMENT IN THE CHEMICAL DIVISION

AMONG FEMALE EMPLOYEES, 1947-1989.

(:ausfotDeath ODS -Exo SMR 95% ci

Not employed in
co

Allcauses 39 43.OS .91 .64-1.24
Cancer 14 15.46 .91 .49--l.52
Cardiovascular 13 13.82 .94 .50-1.61
Heartdisease 8 7.69 1.04 .45-2.05

A)]Gi 2 2.23 .90 .10-3.23
Allrespiratory 2 2.23 .90 .10-3-23
Injuries 3 1.48 2.02 .41-5.90

employedinCO

Allcauses 11 23.69 .46 .23-.83
Cancer 3 8.38 .36 .07-1.05
Cardiovascular 5 8.19 .61 .20-1-43
Heartdisease 2 4.69 .43 OS-1.54

AllGi 1 1.18 .85 .01-4.73
Allrespiratory --1 1.28 .78 .01-4.81
Injuries 1 1.98 Si .51-2.81

Abbreviabonsused are:Obs, observed;F-xp,expected;Cl,confidenceinto al;
CD, ChemicalDivision.
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TABLE 4.2.9NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRs), BASED ON U.S.WHRTE MALE RATES,

AMONG 2788 MALE EMPLOYEES, 1947-1989.

Cause ofDeath obs SMR 95% ci

AJIcauses 347 473.56 .73 .66-.81
Cancer. 103 107.80 .95 .77-1.15
Gastrointesbnal 24 25.94 .93 Sg-1.38

Colon 9 9.11 .99 .45-1.88
Pancreas 8 5.33 1.50 .65-2.96

Respiratory 31 40.53 .76 .52-1.09
Lung 29 38.72 .75 .50-1.08
Prostate 6 5.10 1.18 .43-2.S6
Testis 1 .82 1.22 .02-6.80
Bladder 3 2.20 1.36 .27-3.98

Lymphopoietic 13 11.42 1.14 .54-1.64
Cardiovascular 145 203.31 .71 .60-.84
CHO 110 147.04 .75 .61-.90
Cerebrovascular 10 19.92 .50 .24-.92

AJIGastrointestinal 12 23.99 .50 .26-.87
Ailrespiratory 13 25.89 .50 .27-.86
Diabetes 8 6.53 1.23 .53-2.42
Injuries 38 46.56 .82 .58-1.12
Suicide 17.10 .70 .32-1.23

Abbreviationsused are:Obs, observed;Exp,expected;Cl,conticenfein-terval;
CHD, coronaryand atherosclerotcheartdisease.
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TABLE 42.10 NUMB ERS OF DEATHS AND STANDARDIZED MORTALRTY
RATIOS (SMRs), BASED ON MINNESOTA WHRTE MALE RATES, AMONG

2788 MALE EMPLOYEES, 1947-1989.

-Cau-seofDeath Ot)S Exo SMR 95% Cl

Allcauses 347 450.79 77 .69-.86
Cancer 103 97.29 1.05 .86-1.27
Gastrointestinal 24 26.78 .90 .57-1.33

Colon 9 9.42 .96 .44-i.si
Pancreas 8 5.58 1.43 .62-2.83

Respiratory 31 30.42 1.02 Ml.45
Lung 29 28.94 1.00 .67-1.44

Prostate 6 6.07 .99 .36-2.15
Testis 1 .92 1.09 .01-6.OS
Bladder 3 2.18 1.37 .28-4.01
Lymphopoiefic 13 12.07 1.09 .57-i.s4

Cardiovascular 14S 212.19 .68 SS-.80
CHO 110 159.09 .69 .57-.83
Cerebrovascular 10 24.66 .60 .32-1.02

AllGastrointestinal 12 21.13 .57 .29-.99
Allrespiratory 13 21.75 .60 .32-1.06
Diabetes a S.S2 1.23 S3-2.42
Injuries 38 47.74 .80 .56-1.08
Suicide 12 15.09 .79 .41-1.39

Abbreviationsused are:Obs, observed;Exp,expected,Cl,confidin-c-e-'inte-rval;
CHD, coronaryand atherosderoteheartcrisease.



TABLE 42.11 NUMBERS OF DEATHS AND STANDARDIZED MORTALrry
FLATIOS (SMRS) BY LATENCY, BASED ON MINNESOTA WHRTE MALF-

RATES, AMONG MALE EMPLOYEES, 1947-1989.

LATENCY @!10 YEARS
--Ca-useot Deatm Ot)S Exo SMR 95% ci

Allcauses 299 398.27 .77 .68-.86
Cancer 98 88.71 1.10 .90-1.35
Gastrointestinal 24 24.78 .97 .62-1.44

Pancreas 8 5.20 1.54 .66-3.03
Respiratory 29 28.81 1.01 .67-1.45

Lung 27 27.44 .98 .65-1.43
Skin 3 l.S3 1.96 .39-5.73
ProsMe 6 5.94 1.01 .37-2.20
Bladder 3 1.75 1.72 .34-S.ol
Lymphopoietc 11 10.03 1.10 S5-1.96

Cardiovascular 130 195.91 .66 .55-.79
AllGastrointestinal 8 18.58 .43 .19-.86
AJIrespiratory 11 20.16 .55 27-.98
Diabetes 8 5.37 1.49 .64-2.94
Injuries 21 27.61 .76 .47-1.16
Suicide 11 10.19 1.08 .54-1.93

At)t)reviationsused are:Obs, ooserved;Exp, expe=ec; Cl,contioe-n-c-e'i"-nte-rval;
CHO, coronaryand atheroscieroteheartcrisease.
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TABLE 42.12 NUMBERS OF DEATHS AND STANDARDIZED MORTALrrY
RATIOS (SMRS) BY LATENCY. BASED ON MINNESOTA WHITE MALE

RATES, AMONG MALE EMPLOYEES, 1947-1989.

LATENCY?. 15 YEARS
Cause ofDeath o@b-S Exo SMR 95 /.c-I

AJIcauses 266 344 .77 .68-87
Cancer 90 80.64 1.12 .90-1.37
GastrointestinaJ 24 22-63 1.06 .68-1.51

Pancreas 8 4.72 1.69 .73-3.32
Respiratory 27 26.71 1.01 S7-1.47

Lung 25 25.45 .98 .64-1.45
viaSkin 3 2.33 .47-6.80

Prostate 5 5.73 .87 .28-2.0.4
Bladder i5e.3 i..7w 1.53 .37-4.47
Lymphopoietc 9 8.68 1.04 .47-1.97

Cardiova= tar 119 178.25 .67 -55-.80
AJIGastrointesiinal a 16.17 .49 .21-.97
Allrespiratory 9 18.60 .48 .22-.92
Diabetes 7 4.54 1.54 .62-3.18
lniu6es 23 29.21 .79 -SO-1.16
Suicide 9 7.47 1.21 .55-2.29

@@b-r@e-@i'abonsused are:Obs, observed; Exp, expected; Cl,confide-n-ca-"int-erva);
CHb, coronatyand atheroscieroticheartdisease.
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TABLE 42.13 NUMBERS OF DEATHS AND STANE)ARDIZEE) MORTALrrY
RATIOS (SMRS) By LATF_NCY, BASED ON MINNESOTA WHITE MALE

RATES, AMONG L4ALE EMPLOYEES, 1947-1989.

LATENCY 2:20 YEARS
-Cause ofDeath obs Ext) SMR 95% Cl

Allcauses 216 286.9 .75 .66-.86
Cancer 73 68.74 1.06 .83-1.34
Gastrointestinal 15 19.33 .77 .43-1.28

Pancreas 4 4.06 .99 .27-2.52
Respiratory 25 23.06 1.08 .70-1.60

Lung 23 21.06 1.05 .6rz,-l-57
Skin 2 .98 2.02 .23-7.34
Prostate 5 5.29 .95 .30-2.21
Bladder 3 1.75 1.72 .34-S.01
Lymphopoietic 7 7.01 .99 .39@-2-03

Cardiovascular 99 151.80 1.06 .83-1.34
AllGastrointestinal a 12.90 .62 .27-1.21
AJIrespiratory 9 16.3 .55 25-1.05
Diabetes 7 3.65 1.92 .77-3.95
Injuries 13 19.47 S7 .36-1.14
Suicide 7 5.01 1.40 .56-2.80

Aborevi'alionsused are:Obs, observed;Exp, expectecl;Cl,confidincei-ntervai-,
CHO, coronaryand atheroseleroteheartcrisease.
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TABLE 4.2.14NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTA

WHITE MALE RATES, AMONG MALE EMPLOYEES, 1947-1989.

DURATION 2 5 YEARS
Cause ofDealn Obs F--Xo SMR 95% ci

Allcauses 256 321.20 .80 .7(@-.90
Cancer 80 72.21 1.11 .88-1.38
Gasirointestinal 22 20.21 1.09 .68-1.6S

Colon a 7.10 1.13 .49-2=
Pancreas 7 4.22 1.66 .66-3.42

Respiratory 25 23.72 1.08 .70-1.59
Lung 23 22.10 1.04 .66-1.56

Prostate 4 4.47 .84 .23-2.15
Bladder 2 1.68 1.19 .13-429
Brain 3 2.51 1.20 .24-1.50
Lymphopoietic 6 8.41 .71 .2r-P-1.55

Cardiovascular 114 159.50 .71 .59@-.86
CHD 90 120.20 .75 SO-.92
Cerebrovascular 6 18.44 .33 .12-.71

AllGastrointestinal 7 15.20 .46 is-.95
Allrespiratory 9 IS.30 ss .25-1.05
Diabetes a 4.53 1.77 .76-3.48
Injuries 29 36.60 .79 .53-1.14
Suicide 9 8.81 1.02 .47-1.94

Abbrev-iationsused are:Obs, observed;Exp,expecied;Cl,contidenceinterval;
cmo, coronaryand atheroscleroticheartcrisease.



TABLE 4.2.15NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTA

WHITE MALE RATES, AMONG MALE EMPLOYEES. 1947-1989.

DURATION z 10 YEARS
-Cause ofDeath Obs Exo SMR 95% Ui-

Ailcauses 203 257.30 .79 .66-.91
Cancer 67 59.36 1.13 .87-1.43
Gastrointestinal 20 16.7S 1.19 .73-i.S4

Colon 7 5.92 1.18 .47-2.44
Pancreas 6 3.50 1.71 .63-3.71

Respiratory 22 19.38 1.13 .71-1.72
Lung 20 18.47 1.08 .66-1.67

Prostate 4 4.20 .9s .26-2.44
Bladder 1 1.44 .69 .01-3.IB5
Brain 3 1.89 1.59 .32-4.64
Lymphopoietc 5 6.58 .76 .24-1.77

Cardiovascular 92 132.13 .70 .56-.85
CHD 75 99.75 .73 .57-.92
Cerebmvascular s 15.49 .32 .10-.75

AllGastrointestinW 4 11.96 .33 .09-.86
Allrespiratory 7 13.80 Si .2(@-1.05
Diabetes 8 3.49 2.29 .99-4.51
Injuries 19 23.46 .68 .34-1.22
Suicide 5.88 1.36 .59-2.68

Abbrevirionsused are:Obs, observed;Exp,expected;Cf.confidenceinterval;
CHD, coronaryand atheroscleroticheartcfisease.
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TABLE 4.2.16NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT. BASED ON MINNESOTA

WHITE MALE RATES, AMONG MALE EMPLOYEES, 1947-1989.

DURATION a 20 YEARS
-dau-seofDeatri Obs P-xo SMR 95% ci

Allcauses 10.4 152.36 .68 .56-.83
Cancer 35 37.31 .94
Gastrointestinal 10 10.52 .95

Colon 5 3.77 1.33 .43-3.09
Pancreas 1 2.21 .45 .01-2.52

Respiratory 11 12.69 .87 .43-1.55
Lung 10 12.10 .83 .40-1.52

Prostate 2 2.83 .71 .08-2.55
Bladder 1 .94 1.06 .01-5.91
Brain 1 1.03 .97 .01-5.40
Lymphopoietic 4 3.82 1.05 .28-6.02

Cardiovascular 48 80.6 s8 .19-1.36
CHO 39 61.25 .64 .45-.87
Cerebrovascular 1 9.13 .11 -OD-.61

AllGastrointestinal 2 6.87 .29 .03-1.OS
Allrespiratory 5 8.61 Ss .19-1.36
Diabetes 5 1*94 2-58 .83-6.02
Injuries 2 6.61 .30 .03-1.09
Suicide 3 Z54 i.ia 24-3.4S

Abbreviationsused are:Obs, observed;Exp,expected;Cl,confidenEi-i@nt-erval;
CHO, coronaryand atheroscleroticheartcgsease.
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TABLE 42.17 NUMBERS OF DEATHS AND STANDARDIZED MORTALRTY
RATIOS (SMRS), BASED ON MINNESOTA WHITE MALE RATES, AMONG
1339 MALE EMPLOYEES EVER EMPLOYED IN THE CHEMICAL DIVISION,

1947-1989.

Cause ofDeath obs Exo SMR 95% C)

Allcauses 148 172.96 .86 .72-1.01
Cancer 40 36.31 1.10 .79@-1.50
Gastmintestinal 9 9.77 .92 .42-1.75

Colon 4 3.46 1.15 .31-4.01
Pancreas 4 2.04 1.96 .53-5.01

Respiratory 12 11.26 1.07 .55-1.86
Lung 11 10.70 1.03 .51-1.84

Prostate 4 1.97 2.03 .55-4.Sg
Testis 1 .44 2.2S .03-12.66
Bladder 1 .75 1.33 .02-7.40
Lymphopcietic 5 4.76 1.05 .34-2.45

Cardiovascular 54 76.65 .70 .53-.92
CHD 43 57.74 .74 .54-1.00
Cerebrovasailar 4 8.S3 .47 .13-1.20

AllGastrointestinal a 8.27 .97 .42-1.91
AJIrespiratory 7 7.770 .91 .36-1.87
06t*tes 3 2.55 1.18 .24-3.44
Injuries 31 31.72 .98 .66-1.39
Suicide 10 6.99 1.43 .68-2.63

Abbreviabonsused are:Obs, observed; Exp, expected; Cl,contidegc-e-i"n-te-rval;
CHO. coronaryand atheroscierotcheartcrisease.

172



TABLE 42-18 NUMBERS OF DEATHS AND STANDARDIZED MORTALrrY
RATIOS (SMRS). BASED ON MINNESOTA WHr7E MALE RATES, AMONG
1449 MALE EMPLOYEES NEVER EMPLOYED INTHE CHEMICAL DIVISION,

1947-1989.

Cause ofDeath ObS Ext) SMR 95% Cl

Ailcauses 200 29125 .69 .59-.79
Cancer 63 67.56 .93 .72-1.19
Gastrointestinal is 16.46 .91 .51-1.50

Colon 5 5.79 .89 28-P-.Ol
Pancreas 4 3.37 1.19 .32-3.04

Respiratory 19 25.58 .74 .4S-1.16
Lung 18 24.44 .74 .44-1.16

Prostate 2 3.45 .58 .07-2-09
Testis 0 .43 .00 .00-8.45
Bladder 2 1.45 1.38 .164.99
Lymphopoietic a 6.89 1.16 .50-229

Cardiovascular 91 129.77 .70 .56-.86
CHD 67 93.84 .71 .55-.91
Cerebrovascular 6 12.93 .46 .17-1.01

AllGastrointestinaJ 4 14.56 27 .07-.70
AJ)respiratory 6 16.77 .36 .13-.78
Diabetes 5 4.05 1.24 .40-2.88
Injuries 23 38.28 .60 .38-.98
Suicide 2 9.26 .60 .02-.78

Abbreviationsused are:Obs, observed;Exp,expected;Cl,confidenR"iln-te-rval;
CHD, coronaryand athemscieratehW cfisease.

!t73



TABLE 42.19 NUMBERS OF DEATHS AND STANDARDIZED MORTALRT-Y
RATIOS (SMRS) BY LATENCY, BASED ON MINNESOTA WHITE MALE

RATES, AMONG MALE EMPLOYEES NEVER EMPLOYED IN THE CHEMICAL
DIVISION, 1947-1989.

LATENCY k 15 YEARS
Cause ofDeath obs Exo SMR 95% Cl

AJIcauses 161 216.10 .75 .63-.87
Cancer 56 50.70 1.10 .83-1.43
Gastrointestinal is 14.37 1.05 .59-1.73

Colon 5 5.13 .98 .31-2.28
Pancreas 4 2.99 1.34 .36-3.43

Respiratory 17 16.73 1.02 .59@-1.67
Lung is 15.94 1.00 .57-1-63

Prostate 2 3.86 S2 .06-1.87
Lymphopoietic 5 5.40 .93 .30-2.16

Cardiov:,=lar 75 113.60 .66 .52-.83
AllGastrointestinal 4 9.80 .41 .11-1.05
Allrespiratory 4 12.14 .33 .09-.84
Diabetes 5 2.82 1.77 .57-4.14
injuries 7 11.17 .63 .25-1.29

At)breviationsused are:Obs, observed;Exp, expected;01,confidenceinterval;
CHO, coronaryand atheroscleroticheartdisease:CO. ChemicW Division.
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TABLE 4.2.21NUMBERS OF DEATHS ANO STANDAROIZED MORTALITY
RATIOS (SMRS) By DURATION OF EMPLOYMENT, BASED ON MINNESOTA
WHITE MALE RATES, AMONG MALE EMPLOYEES EVER EMPLOYED IN THE

CHEMICAL DMSION, 1947-1989.

DURATION z!10YEARS
-Cause ofDeath C)bs Exo SMR 95% ci

AJIcauses 90 108.7 .83 .67-1-02
Cancer 27 24.4 1.08 .71-1.58
Gastrointestinal 6 6.92 .87 .22-1.89

Colon 3 2.47 im .24-3.55
Pancreas 2 1.46 1.37 .7S-4.86

Respiratory a 8.16 .98 .42-1.93
Lung 7 7.78 .90 .36-1.86

Prostate 3 1.55 1.94 .39-5.66
LymphopoieVc 4 2.84 1.41 .38-3-61

Cardiovascular 38 54-60 .70 .50-.97
AJIrespiratory 3 5.42 .55 .11-1.62
Diabetes 3 1.51 1.99 .40-5.80
Injuries 7 8.11 .86 .35-1.78

Aboreviationsused are:Obs, observed;Exp, expected;Cl,conficenceinterv;ui,.
CHO, coronaryand atheroscierobeheartdisease;CO, Chemical Division.
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TABLE 4.2.22NUMBERS OF.DF-ATHS AND STANDARDIZ=D MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT. BASED ON MINNESOTA
WHITE MALE RATES. AMONG MALE EMPLOYEES EVER EMPLOYED IN THE

CHEMICAL DIVISION, 1947-1989.

DURATION 2 20YF-ARS
e otDeatri obs Exo SMR 95% rl

mom@

Allcauses 45 6629 .68 .50-.91
Cancer 16 1621 .99 .56-120
Gasirointestinal 3 4.53 .66 .13-1.94

Colon 3 1.61 l.B4 .37-5.38
Pancreas 0 .96 .00 D-3.84

Respiratory 5 5.57 .90 29-2.09
Lung 4 5.31 .75 .2D-1.93

Prostate 2 1.10 1.82 .2D-6.58
Lymphopoietc 3 1.67 1.79 .36-S24

Cardiovascular 18 34.48 .52 .31-.83
AU respiratory 2 3.52 .57 .06-2.52
Diabetes 2 S4 2.37 .27-e.56
Injuries 2 3.27 .61 .07-2.21

Aboreviationsused are:Obs, observec:Exp, expected:Cl,contidenceinterval;
CHD, coronaryand atheroscierotcheartdisease;CD, Chemical Division.



TABLE 4.2.23NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTA
WHITE MALE RATES. AMONG MALE EMPLOYEES NEVER EMPLOYED IN

THE CHEMICAL DIVISION, 1947-1989.

DURATION z!LOYF-ARS
Cause ofDeatm Obs F-XD SMR 95r/.-Ci

Allcauses 113 148.60 .76 .63-.91
Cancer 40 34.43 1.16 .83-1.58
Gastrointestinal 14 9.82 1.43 .78-2.39

Colon 4 3.45 1.16 .31-2.97
Pancreas .4 2.04 1.96 s3-s.ol

Respiratory 14 11.22 125 .68-2.09
Lung 13 10.69 1.22 .65-2.08

Prostate 1 2.65 .38 .01-2.10
Lymphopoietc 1 3.47 27 .01-1.49

Cardiovascular 54 78.31 .69 S2-.90
Allrespiratory 4 8.35 .48 .13-127
Diabetes 5 1.98 2-S2 .81-3.a7
Injuries 4 7.96 .50 0.14-129

Abbreviationsused are:Obs, observed; Exp,expected;Cl,confidenceinterval;
CHO, coronaryand atheroscierotcheartdisease;CD, Chemical Division.
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TABLE 42.24 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRS) BY DURATION OF EMPLOYMENT. BASED ON MINNESOTA
WHITE MALE RATES, AMONG MALE EMPLOYEES NEVER EMPLOYED IN

THE CHEMICAL DIVISION, 1947-1989.

DURATION a 20YF-ARS
-Cause ofDeath Obs Exo SMR 95% Cl

Allcauses 59 86.1 .69 .52-.88
Cancer 19 21.09 .90 .54-1.41
Gastrointestinal 7 5.99 1.17 .47-2.41

Colon 2 2.IS .93 .10-3.32
Pancreas 1 1.25 .80 .01-4.45

F;espiratory 6 7.12 .84 .31-1.83
Lung 6 6.79 .88 .32-1.92

Prostate 0 1.73 .00 .0-2.12
Lymphopoietic 1 2.15 .46 .01-2.58

Cardiovascular 30 46.14 .65 .44-.93
Allrespiratory 3 5.43 .59 .12-1.72
Diabetes 3 1.10 2.74 .55-8.00
Injuries 0 3.34 .00 .00-1.14

Abbreviationsused are:Obs, observed;Exp,expected;C),confidenfein-terval;
CHO, coronaryand atheroscleroticheartcrisease;CO, Chemical Division.
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TABLE 4.2.25AGE ADJUSTED STANDARDIZED RATE RATIOS (SRRS) FOR
ALL CAUSE. CANCER, AND CARDIOVASCULAR MORTALITY BY DURATION

OF EMPLOYMENT. AMONG MALE EMPLOYEES, 1947-1989.

Cause ofdeath SRRO 95%Cl

allcauses .81 .63-1.03

allr-ancers 1.04 .67-1.61

allcardiovetc,iar .91 .62-1.34

Abbreviationsused are:SRR, standardizedrateratio;Cl,confidenceinterval.
lessthan 10 yearsofemploymerttas referentcategory



TABLE 4.2.26AGE ADJUSTED STANDARDIZED R-ATE RATIOS (SRRS) FOR
ALL CAUSF- CANCER, LUNG CANCER. GI CANCER, AND

CARDIOVASCULAR MORTALITY BY EVERINEVER EMPLOYED IN THE
CHEMICAL DIVISION, AMONG MALE EMPLOYEES. 1947-1989.

Cause ofdeath SRRI 95%Cl

allcauses 1.18 (.95,1.47)

allcancers 1.10 (.74.1.65)

lungcancer 1.09 (.67.2.31)

GI cancer 1.16 (.50,2.69)

allcarcriovascular 1.05 (.76,1.48)

Abbreviationsused are:SRR, standardizedrateratio;Cl,confidenceinterval;Gi,
gastrointestnal.
Never employed intheChemical Divisionas referentcategory



TABLE 4.2.27AGE STRATIFIED, YEARS OF FOLLOW-UP ADJUSTED RATE
RATIOS (RRMH) FOR ALL CAUSE, CANCER, AND CARDIOVASCULAR

MORTALRTY BY EVER)NEVER EMPLOYED IN THE CHEMICAL DIVISION,
AMONG MALE EMPLOYEES, 1947-1989.

Ace atemoloyment RRMH* 95%Cl

Allcauses
15-19 years 1.22 (.62.2.40)
20-29 years .95 (.68,1.32)
30-39 years .95 (.611.50)
40-65 years 1.02 (.72-1.44)

AJIcancers
15-19years .95 (.21,4.34)
20-29 years .72 (.38,1.35)
30-39 years 1.10 (.62.1.90)
4045 years .66 (.27,1.60)

AJIcarcriovascular
15-19 years 1.40 (.39.5.03)
20-29 years .86 (.44,1.67)
30-39 years .78 (.44,1.29)
40-65 years_ 1.11 (.73.1.82)

Abbreviatonsusedare:RRMH, Mantel-Haenszelage acrjustedrateratioCl,
confidenceinterval.
Adjustedforyearsoffollow-upand stratfiedby fourage categories.
Never employed intheChemieW Divisionas referentcategory
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TABLE 4.2.28AGE STRATIFIED, YEARS OF FOLLOW-UP ADJUSTED RATE
RATIOS (RRMH) FOR ALL CAUSE. CANCER, AND CARDIOVASCULAR

MORTALITY BY DURATION OF EMPLOYMENT IN THE CHEMICAL DIVISION,
AMONG MALE EMPLOYEES, 1947-1989.

Ace atemoloyment RRMH* 95%Cl

AJIcauses
15-19 years 1.30 (.58.3.28)
20-29 years 1.16
30-39 years 2.16 (1.52,2.70)
40-65 years 1.69 (1.07.2.60)

Allcancers
15-19 years. 2.17 (.40,11.61)
20-29 years .84 (.44,1.Sl)
30-39 years 1.75 (.95.3.21)
40-65 years 2.67 (.995.7.14)

A)lcardiovascular
15-19 years .88 (.25,3.33)
20-29 years 1.38 (.73.2.60)
30-39 years. 3.53 (1-68,6.21)
40-65 years 1.50 .1.81,2.79)

Abbreviationsused are:RRMH, Mantel-Haenszelage acrjustedrateratio;Cl,
confidenceinterval.
Acrjustedforyearsoffollow-upand stabfiedby fourage categories.
lessthan 10 yearsemployment as referentcategory
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TABLE 42-29 PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE ALL CAUSE MORTALITY AMONG 2788 MALE

WORKERS.

Variable 0 SE(S) p-value RR#

Year offirstemployment -.55 .009 .0001 .946

Age atfirstemployment* .079 .006 .0001 1.082

Durationofemployment* -.34 .001 .0001 .967

Months inchemical .001 .001 24 1.001
division

Abbreviationsused are: B,regressionparameter;SE(B),stanc3arderrorofthe
slopeparameter;RR. relativerisk.
relativeriskforone unitchange inindependentvariable
years

TABLE 4.2.30PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE CARDIOVASCULAR MORTALRTY AMONG 2788

MALE WORKERS.

Variable 6 SE(B) p@-value RRO
m@

Year offirstemployment -.075 .016 .001 .928

Age atfirstemployment* .119 .009 .0001 1.126

Duraton ofemploymento .230 .294 .45 .852

Months inchemical .0002 .001 .85 1.00
division-

Abbreviabonsused are: B,regressionparameter-,SE(B),stanclarcierroroftne
slopeparaineter,RR, relativerisk.
relativeriskforone unitchange inindependent variable
years
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TABLE 4.2.31PFIOPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE CANCER MORTALITY AMONG 2788 MALE

WORKERS.

Variable 8 SE@B) p-vaiue RRS

Year offirstemployment -.031 .019 .11 .969

Age atfirstemployment' .078 .011 .0001 1.081

ourabon ofemployment' -.028 .009 .002 .972

Months inchemical .002 .001 .20 1.002

division

At)t)reviationsused are: S.regressionparameter;SE(B), manciarcierrorofme
slopeparameter; RR, relativeris@-
relativeriskforone unitchange inindependentveable
years

TABLE 42-32 PROPOR71ONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE LUNG CANCER MORTALITY AMONG 2788

MALE WORKERS.

Variable a SE(S) p-vaiue RRO

Year offirstemployment -.019 .042 .65 .981

Age atfirstemployment* .070 .021 .001 1.072

Duraton ofemployment* -.062 .133 r>4 .940

Months inchemical -.026 .016 .11 .975
division

Abbreviationsused are:8,regressionparameter;SE(B), standard errorofthe
slopeparameter;RR, relativerisk.
relativeriskforone unitchange inindependent variable
year3
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TABLE 42.33 PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE GI CANCER MORTALITY AMONG 2788 MALE

WORKERS.

Variable 5 SE(S) P-value RR*

Year offirstemployment .015 .035 .71 1.015

Age atfirstemployment* .130 .021 .001 1.139

Durationofemploymento .005 .020 .82 1.005

Months inchemical .001 .002 .56 1.001
division

Abbreviationsused are:(31-,-ZaastrointesbnaJ;8,regressionparameter;SE(B),
standarderroroftheslopeparameter,RR, relativerisk.
relativeriskforone unitchange inindependentvariable
years

TABLE 4Z34 PR OPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE PROSTATE CANCER MORTALITY AMONG 2788

MALE WORKERS.

Variable 5 SE(S) p-value RRO

Year offirstemployment .010 .081 .90 1.011

Age atfirstemployment' .082 .045 .06 1.085

Duraton ofemployment* -.070 .052 .18 .932

Months inchemical .010 .005 .03 1.010
division

Abbreviationsused are: 8,regressionparameter;SE(a),standarderrorofihe
slopeparameter,RR, retailverisk.
relativeriskforone unitchange inindependentvariable
years



TABLE 42.35 PROPORT10NAL HA7-ARD REGRESSION MODEL OF
FACTORS PREDICTING THE PANCFIEATIC CANCER MORTALITY AMONG

2788 MALE WORKERS.

Variable s SE(B) p-value RRID

Year offirstemployment D46 .066 .48 1.047

Age atfirstemployment* .136 .034 .0001 1.146

Durationofemployment* -.012 .035 .73 .988

Months inchemical -.002 .006 .73 .998
division

Abbreviationsused are: 8,regressionparameter;SE(B),stancarcierrorofthe
slopeparameter;RR, relativedsk.
relativeriskforone unitchange inindependentvariable
*years

TABLE 42.36 PRO PORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE-DIABETES MELLRTUS MORTALRTY AMONG

2788 MALE WORKERS.

Variable 8 SE(13) p-value RRO

Year offirstemployment -.40S .221 .06 .667

Age atfirstemployment* .092 D44 .04 1.096

Durationofemployment* .009 .030 .75 1.009

Months inchemical -.001 .004 .76 .999division

Abbreviationsused are: 8,regressionparameter;SE(B),standarderrorofthe
slopeparameter;RR, relativerisk.
# relativeriskforone unitchange inindependentvariable
*years
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TABLE 4.2.37PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE ALL CAUSE MORTALITY AMONG 749 FEMALE

WORKERS.

Vahable a SE(B) p-value RRO

Year offirstemployment -.02 .03 .41 .977

Age atfirstemployment* .08 .02 .0001 1.08

Duraton ofemployment'

2-10 years 1.31 -54 01 3.72
>1 0 years .8s .57 .14 2.33

Months inchemical -.003 .004 .48 .997
division

Abbreviationsused are:8,regressionparameter;SE(B),stanclarcjerrorofthe
slopeparameter:RR, relativerisk.
relativeriskforone unitchange inindependentvariable
years

TABLE 42.38 PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE CAFIDIOVASCULAR MORTALITY AMONG 749

FEMALE WORKERS.

Varia-ble 0 SE(G) p-vaiue RRO

Year offirstemployment -.034 .048 .4a .966

Age atfirstemployment' .119 .024 .0001 1.126

Durationofemploymento -.011 .025 .67 .986

Months inchemical -.015 .017 .37 .985
division

Abbreviationsused are:B.regressionparameter;SE(B),stancarderrorofthe
slopeparameter;RR, relativerisk.
relativeriskforone unitchange inindependent variable
years
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TABLE 4.2.39PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE CANCER MORTALFTY AMONG 749 FEMALE

WORKERS.

Variable s SE(B) p-value RR#
mo@

Year offirstemployment -.043 .053 .42 .958

Age atfirstemployment' .085 .025 .001 1.089

Durationofemployment* -.021 .025 .65 .980

Months inchemical .001 .005 .87 1.001
division

Atoreviationsusec are: 8,regressionparameter:SE(B),stancarderrorottne
slopeparameter;RR, relativerisk.
relativeriskforone unitchange inindependentvariable
years



FIGURE 1.Free testosteroneand totalserum fluorine
1990 3M Chemolitestudy
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Figure2.Bound testosteroneand totalserum fluorine
1990 3M Cheniolltestudy

600.

Soo.
LU
z
0

LLI 400. AGE.W SMI.25

0
AGE=30BM633

LUL2 300.
0- C& AGE.50 SMI-250 c do
z

1.0

AGESSO SM145
0 200.

0 10 2@ 30

TOTAL FLUORINE (ppm)

191



Figure3.Estradioland total3erum fluorine
1990 3M Chemolite study
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Figure4.Lutent7Jnghorrmne and totalserum fluorine
1990 3M Chemolite study
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Figure5.Folilefestimulatinghormone and totalserum fluorine
1990 3M Chemolite study
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Figure6. Prolactinand totalserum fluorine

1490 3M Chemilts study
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Figure7.Thyroidstimulatinghormone and totalserum fluorine
1990 3M Chemollte study
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FigureS.Bound totreetestosteroneratioand totalserum fluorine
1990 3M Chemlite study
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prototypePeroxisomeproliferator.May regulatosteroidogenesisbybindingtoa

member ofa new familyOfCytosolicreceptors(PPAR) belongingtothenuclear

hormone receptorsuperfamilyand tranS2CIivatin;the transcriptionofgenes

involvedinsteroidsynthesis119-121.

PFOA was positivelyassociatedwiththeTSITF and E/TF ratios.PFOA binding

tosex hormone bindinfglobulin(SHBG) may have produced changes inthe

bound tofreetestosteroneratio.However, thiswould resultina change inthe

TB17F thatisintheoppositedirectionto theobserved associationbetween

PFOA and TB/TF. The associationsofPFOA withthese ratiosare consistent

witha mechanism thatinvotyesdecreased productionoftestostemne and

increasedproductionof estradiol.

The HPG axisofoldermen appeared tobe more susceptibleto PFOA compared

tothatofyounger men. No animaldata has been reportedconceming age

relatedsensitivitytothe effectsofPFOA. However, theonset ofLeydig cell

tumors has been reportedtooccurlateintwo year ratfeecfingstudies122. This

findingmay representincreasedsusceptib!14forhormonal alterationsinaged

rats,Furtheranimal researchisneeded todefineany age relatedsusceptibility

factors.

Pmlactinlevelswere positivelyassociatedwithtotalserum fluorideinparticipants

who reportedmoderate drinking(1-3drinkstday).Since the functionofpmlacon

inmen isuncertain,theclinicalsignificanceofsuch an associationIsunclear.

Alcoholingestionisa stimulusforpmiactinsecretion.The mechanism ofthis

effectappears tobe mediated by alterationsincalcium mediated signal

iransductionpathways 123.This suggests thatthe elevationofprolacdn

associatedwithPFOA and alcoholmay be mediated by alterationsincalcium

mediatedeventssuch as transmembrane signaltransductionpathways.

Thyroidstimulatinghormone was positivelyassociatedwithtotalserum fluoride.

Animalstudieshave shown thatperfluomdecanoicaciddepressed peripheral

thyroidhormone levelswithoutproducing a hypothymid response 75,79, ioi. In
the present study, peripheral thyroidhormone levelswere not assayed.

Therefore, itis not possible to assess whether the observed associafion between
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PFOA and TSH couldbe a directhypothalamiceffact.a phu" regulatory

affect,oran effectmediatedby changes inpe@pheralthyroidhormone levels.

insummary, thisisthefirstreportofhertnonalchanges associatedwithPFOA in
humans. The presentfindingsinhumans areconsistentwiththosepreviously

reportedinanimalstudies'g..Tne consistentfindingsincludelow free

testosterone,increasedestradiol,and unchanged LH. Rodent and human

reproductiveendocrinesyslems differgreatly,yetthesuggested effectsofPFOA

aresimilar.Inlightoftheobservedsimilaritiesineffect.itistemptingto

speculatethatPFOA may effectthehumans and rodentsreproductiveendocrine

systemthroughthesame mechanism. A hypothesisthatPFOA altersa calcium

mediatedcellularsignaltransductionpathway,such as theCAMP or inasitol

thphosphatemediatedsecond messenger response,may providea unified

mechanism forthemultiplelociofputativeeffects.

No adversehealtheffectshave been observedinexposed 11.The presentstudy

didnotexamine adversehealtheffects,althoughseveraladverse outcomes

associatedwithhormonalalterationsarepossible.The etiologyofa number of

cancersinciudingadenocarcinomas oftheprostate,endometrium, colon,rectum,
pancreasand breast,have been linkedtochanges inendogenous hormones 124.

Cancersinthisetiologiccategoryinciuds.

9Perfluamocianoicacidisnota genotoxiccarcinogeninstandardassays

However,PFOA isa nongenotoxicmdent carcinogen.Inmts exposured to

PFOA overa two yearperiod,therewas associatedincreaseinLeydigcell

tumors 125. Leycrigcelltumors have been observed inassociationwithother

pemxisome proliferatorsinrats122. tthas been hypothesizedthatchronically

elevatedL.Hproduced testicularneoplasms 10-122. However, inPFOA treated

rats.LH was notelevated.Thismay be due to estmgens feedback inhibitionas

discussed-previously,ordue toinsufficientexperimentalinductiontimele.

Alternatively,anothermechanism may have been operativeInproducingLoydig

celltumors.Exogenous esiradiolproduces Leydigcelltumors inmice 126. High

estradjollevelsareassociatedwithLeydigcelllumars inboth ratsand humans

127.121. The tissuesurroundingthe Leydigcelladenomas alsoproduces

increasedestrogens127.High estradiolmay be a stimulusforLeycrigcell
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proliferabonand tumor formation.Thishypothesisissupportedby the

observationthateslracfiolstimulatesTGF-A secretioninLeydigcellsTGF-A

bindstoEGF receptorsexpressedon Leycrigcells129 and stimulatescell

pm[iferaton.The hormonalchanges associatedwithPFOA may be a

mechanism fornongenctoxiccarcinogenesis.The roleofPFOA inhuman

nongenotoxiccarcinogenesisneeds tobe clarified.

Adequateandrogen levelsarenecessaryformaintenanceof potency,

spermatogenesis,libidoand male reproductiveorgans.Low testosteroneand

highestrogensmay decreaselibido,and fert!Winmajes Im. Decreased male

fertilitymay be one potentaladverseoutcome ofPFOA. The reproductive

toxicityofPFOA has notbeen exiensivelystudied.No studieshave been
conductedinhumans. PFOA was nottoratagenicinrats 9.131,132 gtdv.No, erse

effectson fertilitywere notedforfemaleratsina teralogenesisstudy9. male mts

were notstudied.No otherreproductivestudiesinanimalshave been reported.

Studiesofhuman reproductivefunctionare needed sincehuman reproductive

processesarethoughttobe more sensitivetoxenobioteinsuftscompared to
33otheranimalspecies

9 1.3Chnle!@terot.TdglycL*@d@,cnnd Upt)prot@ins

Cholesterol,t6glyceddes,and LDL were notsignificantlyassociatedwithPFOA.

The lackofassociationofPFOA withcholesterolort6glyceridesisconsistent

withobservationsinexperimentalanimalmodels. No animalstucriesof PFORS

effecton LDL areavailableforcomparison. The are no studiesinhumans
concerningtherelationshipofPFOA withLDL, cholesterol,ortriglyoorides.

Inlightdrinkers,PFOA had littleeffecton HDL levels.Inmoderate drinkers,

increasingPFOA reducedHDL The putativeeffectsofPFOA and alcoholmay

be mediated by alterationofa common HDL regulatoryprocess.The findings

arelimitedby thesmallnumber ofexposed workers,the*rjmitedrange oftotal

fluoridevalues,and the limitationsofthestudydesign.The conclusionand

suggestedmechanism must be consideredpreliminary.
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The mechanism by which PFOA modifiesthealcohol@H

*

DL relationshipcould be

mediatedby alterationsinfattyacidmetabolismorfattyacidbinding.Alcohol

intakeinducesspecificP450 metabolicenzymes incjuding2EI and afterslipid

metabolisml-"4.PFOA inducesa specificP450 Al familyofmetabolicenzymes

and alterslipidmetabolisminrodents.The jointeffectofalcoholand PFOA on

P450 mediated lipidmetabolism could alterHOL dynamics. The primary

structureof PFOA suggeststhatPFOA could affectthe ligandbindingoffatty

acidinhepatocytesand HDLS. The competitionforNEFA bindingshes could

reducetheeffectofalcoholon HOL levels.StudiesofthejointeffectofPFOA

and alcoholon HDL may clarifythe regulatorymechanisms forHDL

The decrease inHDL associatedwithincreasingPFOA levelsmay be ciinically

significant.Ina meta-analysisof12 prospectivestudiesofthe relationship

between HDL levelsand coronaryheartdisease(CHO), Gordon estimatedthat

thechange inCHD riskassociatedwitha one mg/di change inHDL levelis

approximatelythe same as the change inriskassociatedwitha 2-4 mg/di change

inLDL level135.The predicteddrop inHDL fora moderate drinkingparbciparit

witha totalfluorideof20 ppm is30 mgldl. A change ofthisorderof magnitude

may have a measurable impact on theoccurrenceofcardiovasculardisease. in

theretrospectivemortalitystudy,therewas no increaseinmortalityfmm

cardiovasculardisease. However, thereare a limitednumber ofworkers with

totalserum fluohnslevelsof20 ppm ofmore. Any increaseinriskfor

cardiovasculardiseasesamong a smallgmup ofhighlyexposed workers may not

be readilyapparent.ina studyofallChemolite orCD employees. Further

researchisneeded toconfirmand ciarifythe associationbetween PFOA and

HOL level.Futurestudiescouldtesithe hypothesisthatPFOA and alcoholjointly

alterNEFA metabolism resultingina decrease inHDL and an increasein

cardiovascularmorbidityand mortalityrisksforexposed workers who drink

alcohol.

5-1.4HenaticParameters

Changes inSGOT (AST) and SGPT (ALT) appear tobe associatedwithtotal

serum fluoride.throughan interactionwithadiposity.Inobese participants,both

SGOT and SGPT increasedwithincreasingPFOA. However, theredid not
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appearlo be an independerdeffectofPFOA on SGOT afteradjustingforSGPT.
The findingsarelimitedby thesmallnumber ofexposed workers,thelimited

range oftotalfluohdevajues,and thepreviouslydiscussedlimitaiionsofthe

studydesign.The conclusionand suggestedmechanisms must be considered

preliminary.

Compared toSGOT, SGPT isa relativelyspecificmarker forhepaiocyte
131disruption . The lackofassociationofSGOT withPFOA afteradjustingfor

SGPT suggeststhattheliveristheprimarysource forthesmallPFOA

associatedchanges intransaminases.SinceSGPT isa enzyme associatedwith

theER membrane, the increaseinSGPT may have been the resultofPFOA

associatedER proliferation.h may indicatea disruptionintheintegrityof

hepaiocylemembranes which allowsincreasedreleaseofcytosolichepatic

enzymes. The tissuespecificeffectsuggestedforhepatocytomembranes could

be due toa higherhepaticconcentrationofPFOA.

Uver injuryisgenerallyconsideredtobe a muhifactodalprocess. There ifs

evidencethatinteractionsbetween andogenous and exogenous factorsplaya

roleinhopatotoxicftyobserved inworkers.137.The modfica:fionoftheadposity.

SGPT associationby PFOA suggeststhatthemechanisms oftransaminase

elevationmay be linked.Obesityhas been associatedwithelevationof

transaminasesas wellas clinicallyimportanthepatitis13S.139.The observation

thatsome obese individualsevidencelittleadiposityeffectwhileotherobese

individualsdevelophepaticfibrosishas notbeen explained.fthas been

hypothesizedthatmetabolicpolymorphisms orotherhopatotoxinexposure may
playa role140. Animalstudiesand limitedhuman datasuggestthatxenobiotics,

such as certainsolventsand alcohol,may potentiatetheoffectsofother

hepatotoxins141.142. Following-thismodel, PFOA may directlyorincfirecdy

potentiatethehepatotoxiceffectofobesity.

A mhochondrialsiteofPFOA actionmay occur.The mitochondriaplaysan

essentialroleintatmetabolism. Disruptionofmitochondrialfunctioncan produce

impairmentofmitochondriaioxidationoflongchainand medium chainfattyacids.

StudiesoffattyacidmetabolisminPFOA exposed humans have notbeen carried

out VaJproicacid,an eightcarbon branched chainfattyacid(2pmpyl-pentanoic
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acid)thatimpairsmftochondrialfunctionand fattyacidmetabolism,Isan example

ofa hepatotoxicxenobioticofsimilarcart)onrructureto PFOA 113. Commercial

graciePFOA cornainsisomers withc@=on backbones idenbcajto valproicacids_

structure39. The valproate-likeisomers ofPFOA could produce toxicitysimilar

to that ofvalproate.The modificationofthe associationbetween PFOA and the

transaminasesby adipositycould be mediated by disturbancesof mitochonddai

fattyacidmetabolism inhumans.

GGT increasedas alcoholuse increased.The increaseinGGT was smalleras

PFOA increased.Thisassociationwas independent ofchanges inSGOT,

SGPT, and AKPH. Perfluorooctanoicacidmay inhibitthe hepatotoxiceffectsof

alcohol.The GGT-alcoholdose response relationshipisthoughttobe secondary

totheinductionand increasedreleaseofGGT. Increasedserum GGT levels

indicateproliferationofthe endoplasmic reticulumand inductionof cytochrome

P450 system, leakagefrom hepatocytes,or injuryto otherfissues144-147.

Perfluorooctanoicacidmay decrease serum GGT by attiadngcallmembrane

permeability,by reducingthe alcoholmediated inductionofGGT, or by changing

alcoholoxidationpathways and reducingthe productionoftoxicintermediates

such as aestaidehyde.

Perfluorooctanoicacidwas negatvely associatedwithAKPH innon-smoksm. In

workerswho smoke greaterthan fivecigarettesper day, PFOA was positively

associatedwithAKPH. The associationofAKPH withPFOA was independent of

GGT, transaminases,and hormones. Smoking has been reportedto elevate

AKPH 148.The mechanism of this effect is thought to be the resuft of AKPH

inductionby compounds incigarettesmoke. The jointeffectofsmoking and

PFOA could increase the inductionof AKPH.

Insummary, the associationsbetween PFOA and hepaticenzymes are weak and

arenotcl

'

inicallysignificant.Inthe retrospectivemortalitystudy.therewas no

increasedinmortalityassocaftedwithliverdisease. Future studiesofthe effects

ofPFOA may elucidatepossiblemechanisms ofactionofnongenotoxic hepatic

carcinogens.The hepaticenzyme resultsare illustrativeofthe problem of

extrapolatingfindingsobserved inmdent animal models tootherspecies,

includinghumans Inhumans, PFOA does not cause the dramatichepatic
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effectsobservedinmdents. Instead,the observed associationsmay resultfrom

PFOA modificationofthehepaticeffectsofobesity,alcoholconsumption, and

smoking. Each ofthesefactorsare independentlyassociatedwithhepatotoxicity.

Furtherstudiesofthejointeffectsof PFOA and SMI, alcohol,and smoking on

hepaticenzymes are needed.

5.1.5HernatolocyCounts and Pararneters

PFOA was weakly,butsignificantlyassociatedwithhemoglobin levels,MCV, and

MCH. The associationsbetween PFOA and erythrocyteindicesappeared tobe

mediatedthroughinteractionswithsmoking, and ;>ertws alcoholconsumption.

The findingsinanimal studies9-"-10are consistentwitha decrease inred cell

volume and a largerdecrease inred cellnumber. Together,these changes

produce an increaseincellularhemoglobin concentration.The estimated

changes inerythrocytesindicesare notofclinicalsignificanceoverthe range of

iota)serum fluoride.However. thesefindingssuggest thatfurtherstudiesofthe

effectofPFOA on red cellregulationand functionare needed. The findingsare

limitedby thesmallnumber ofexposed workers,the limitedrange oftotalfluoride

values,and the previouslydiscussed limitationsofthe study design.

Pharmacologicaldoses ofandmgens increaseerythrocytenumber and mass but

produce littlechange inMCV orMCH Is'-152.The mechanisms by which

androgens increasehemoglobin appear to.mediatedby modulatingthe

erythmpoietinresponsivenessof mufti-potentialstem cellsand by stlmulating

erythropoletinproduction151.153-155. Inphysiologicdoses, the effectof

testostemneon erythrocyteincricesiscontroversial.Palaciosot a].and

Cunningham etW. reportedthattestasteroneisassoci2tedwitha smallIncrease

inhemoglobin,bLnno change inMCV or MCH 156-157. Mauss etal.reportedno

change inredcellindicesforphysiologiclevelsoftestosterons158.inthe

presentstudy,the testosteronelevelwas not stmngly or significantlyrelatedto

theredcellincrices.Estradiolwas wealdy associationwithHGB but not MCV or

MCH. The effectofphysiologicestradiallevelson the mwe hematological

system ispoorlyunderstood.Telletal.reportedthatthe effectofsmoking on red

cellindiceswas differentinmale than infemale adolescents 159.This suggests

thatestrogenlevelsmay playa roleinthe effeelofxenobictieson red cell
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indices.Taken together,theevidencesuggeststhatthear-sociationbetween

PFOA and erylhrocyteindiceswas notmediatedby the PFOA associated

changes intestosterone,butmay have been mediatedinpartby changes in

estradiol.

Thyroidhormone was associatedwithchanges inHGB and MCV. A decreased
availabilityofthyroxin(T4)to myxedma levelsproducesa mildmacrocytic

anemia inhumans. The increasedcellvolume isdue toajterationsinlipid
depositioninerythrocytemembranes thato=rs duringineffectiveerythropoiesis

160.TSH confounded theassodationbetween PFOA and MCV. Decrease inT4

couldexplainsome oftheincreaseinMCV and TSH. However, PFOA appeared

tohave an independentand oppositeeffecton MCV. Therefore.theassociation

between PFOA and changes inredcellindiceswas probablynotrelatedto

changes inthyroidfunction.

The immune system effectsassociatedwithPFOA presenta complex picture.

As expected,smoking had a strongeffecton loukocytocounts.Smoking

modifiedtheassociationbetween callcouritand PFOA fortotallymphocytes,

eosinophils,plateletsand basophils.However, smoking didnotmodifythe

estimatedPFOA effecton WBC, PMN, band count,or monocyte count. AJeohol

modifiedtheassociationbetween PFOA and cellcountforWBC, PMN, and

lymphocytecount Adipositymodifiedtheassociationbetween PFOA and

lymphocytecount,monocyto count,and plateletcounl Taken together,this

preliminarydatasuggeststhatPFOA isassociatedwithchanges inperipherajy

feukocytecounts.The negativeassociationwithlymphocytecountisconsistent

withthelymphocyteseffectsobserved inprimatestudies.PFOA couldmodulate

cellcountsby alteringtheeffectsofsmoking,alcoholconsumption,and adiposity

on peripheralleukocytecounts.

The magnitudeoftheWBO and PMN associationswere notciinical,lysignificant

froman infectiousdiseaseperspective.IncreasedWBC ispositvelyassociated

withmortalityfrom allcauses,cardiovasculardiseases,cancer and myocardial

infarction161-198.ftisunclearifthe alterationinWBC isa consequence of,orthe

causeof,ongoingpathologicalprocesses. Judgment as totheclinicalrelevance

ofthePFOA associatedchanges inWBC must awah furtherstudy.
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Adipositymodifiedtheassociationbetween cell-countand PFOA formonocytes.

Alcoholand cigaretteconsumption were independent determinantsinthe present

study.Monocyte countshave been reportedtobe low inmassivelyobese

individuals169.The biologicalbasisforthese effectsare notclear.The

univahateand jointeffectsofadiposityand PFOA on monocyle count may a

fruitfularea forfutureresearch.

Inthepresentstudy,thecomplex relationshipsbetween lymphocyte =unt,

PFOA, alcoholuse,cigaretteuse,and body mass may have been the resultof

thedifferentialeffecton T cellsubsets.Inorderto claritythese associations,

specificsubsetsneed tobe measured. The associabon oflymphocyte subsets

withdiseaseendpointshave yettobe cia6fied.The interpretationofthe

observed associationrequiresfurtherresearch.

Smoking was negativelyassociatedwithbasophilcourd. As PFOA level

increased,the smoking effectwas diminished.Tayloretal.reportedan increase

inbloodbasophilsinsmokers compared tononsmokers 170. Walteretal.studied

smokers and nonsmokers and foundthataWe smoking causes degranulation

and lossofbasophils.However, chronicsmoking Isassociatedwithan elevamed

basophilcounl 171-174.No attemptwas made toprohibitsubjectsfrom smoking

priortothe timeofbloodsampling.The negativeassociationobserved Inthli'

studymay reflectrecentsmoking by participantspriorto blood drawing. The

apparentreductioninthe degranulatingeffectofsmoking suggeststhatPFOA

may interactwiththe basophildegranulafflonprocess.

Exposure toPFOA may be associatedwithchanges inimmune functionbeyond

simplechanges incellnumber. The avidoxygen bindingby PFCs may afterthe

effectivenessofperoxidatickillingby PMNS. Cytokinesignalingisimportaritin

immune functionand couldbe afteredby PFOA exposure 173. The response to

antigenbindingdepends upon rearrangement ofmembrane proteins.Changes

inthemembrane physicalcharacteristicsproduced by the poteritsurfactant

actionofPFOA couldalterimmune responses. More research isneeded inthe

areaofPFOA immunotoxicity.The findingsofthe present studyneed tobe

confirmed.Lymphocyte couldbe immunophenotyped using wellestablishedflow
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cytometrymethods 171.
177. The standardimmunctoxicologicassessment deflned

by theNationaJToxicologyProgram 178 should be carriedout forPFOA.

Smoking has been observed toincreaseplateletnumber, survival,adhesiveness,

activation,and aggregationwhen exposed toADP 179-184. Adhesiveness may

change as a resultofthe effectsofsmoking on noneste6fiedf2ttyacids(NEFA).

Smoking increasesNEFA which may compete withPFOA forplateletmembrane

bindingsites.Such competitioncouldajterthesmoking associatedincreasein

plateletcount.This hypothesizedmechanism could be testedby invitro

modelingofplateletfunctioninthe presence ofNEFA and PFOA- The

relationshipbetween obesityand plateletcounthas notbeen wellstudied.BMI

has been reportedto be negativelyassociatedMth plateletcount 185.The

mechanism forthiseffectisnotclear,but may be relatedtochanges inNEFA

associatedwithobesity.Thus, theeffectmodificationofthe PFOA offac by

smoking and obesitymay have resultedfmm a common effecton NEFA-

Changes inplateletcount have been associatedwithriskforcardiovascular

disease 186.187. Directand indirectmechanisms have been hypothesized forthe

observedincreaseindiseaseoccurrence.Thus, PFOA associatedchanges in

plateletcount may be a marker forincreasedcardiovasculardisease 6sk.

Furtherstudy ofpotentialeffectsof PFOA on plateletcount and functionare

needed.
S.1.6 Total Fluorine

Smoking and totalserum fluorinewere weakly associatedinparticipants.The

adjustedestimateforthe differenceinmean fluorinebetween smokers and

nonsmokers was small(0.1ppm) and probablynot ofbiologicalsignificance.

Smoking intensitywas not significantlycorrelatedwithtotalserum fluorinelevels.

h isunlikelythatsmoking affectsthe pharrnacokinetics of serum fluohne or

PFOA- R isunlikelythat smoking was a primary mute forabsorpton of PFOA.

Exposure reductiondoes not need to awah the resultsof haure studies. In

rodents,removal from exposure resultsinthe reversaj of the marked hepatic

responses to PFOA 188. Interventionto reduce the PFOA body burdens of

employees would prevent any potentialadverse effectsin the future. The

reductionof exposure is especiallyimportant since PFOA has an unusually long
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biologicalhalf-life.A significantreductioninbody burden wfllrequireyears of
reducedexposure.

F.17 Mpttir)dolocicAlConsiderations

Sip-s

Giventheoccupationalstudysetting,thevoluntaryparticipation,and the

re-quirementsforbloodsample collection.theoverallparticipationwas

unexpectgdlyhigh.PastmedicalscreeningprogramsatChemolits had

participationratesof60% to70%. The presentstudys participationrate

exceeded 80%. Given thehighparticipation,non-responsebiasislikelytobe
small.

Selectionbiasisan importantvalidityissueforcross sectionajstudies189.Only

activeChemicalDivisionworkerswere includedinthisstudy.Workers not

includedmay have had a differentresponsep2ftem thanthose who were

included.Ifcontinuedemployment depended on responsetoexposureand the

exposurewas associatedwiththeondpointofinterest,then selectionbiasmay

have-occurred.A fincringofthepresentstudywas thatPFOA was associated

withdecreasedfreetestosteroneand increasedestradiol.Ifworkerswho had

highsusceptibilftytotheeffectofPFOA changed jobs,thanthe ovemffslopeof

thedose responsecurvecouldbe underestimated.--Conversely,ifworkers with

lowtestostemneassociatedwithPFOA changed jobslessoften,thentheoverall

doseresponsecurvemay be overestimated.Migrationoutofthe highexposure

jobsisunlikelytobe theresultofsubclinicalchanges inhormone level& AD

currentChemical Divisionemployees who worked inhighexposure jobsoverthe

lastfiveyearswere includedinthesample. Many workerswho had been

amp'loyedinthe highexposurejobs,butwho changed jobswere includedas

participants.The vastmajorityofworkerswho had fsignificantexposure overthe

previousfiveyearswould be includedinthestudysample as thelum-overmte in

Chemolfteemployees was low (threepercentper year)and thestudyincludedall

currentemployees -withappropriatejob histories.Selectionbiasisnota likely
explanationforthefindingsinthisstudy.
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j;1-7 InformgtionPi;;q

No worker was unexposed. The lowestpotentialexposure group had significantly

elevatedlevelsoftotalserum fluorine.Inview of this.theobserved effectsmay

representan underestimate ofthetrueeffect.

Totalserum fluo@newas used as a surrogatevariableforPFOA exposure. The

use oftotalserum fluorinehas been validatedinpast biologicalmonitoringinthe

ChemolftePlantand otherplantsusingPFOA 8. Directmeasuremerft ofPFOA

usinggas chromatographictechniques have been highlycorrelatedwithtotal

serum fluorineinChemolfte workers.Approximately90% oftotalserum fluorine

inChemolitsworkerswas reportedtobe inthe form ofPFOA 8.12. The validityof

usingthissurrogatemeasure was not directlyassessed inthe currentstudydue

tocost.Smallamounts ofPFCs otherthan PFOA may have been presentin

serum. The half-lifeofPFC compounds isdirectlyrelatedtomolecularweight.

Compounds withsixor lesscarbon backbones are likelytobe rapidlyexcretedby

exhalation190.Shortchain PFCs are unlikelytocontributeappredably tototal

serum fluorine.Longer chainPFC, such as perfluorodee2noicacid(PFDA), are

notproduced atChemolite. The hightoxicityofPFDA excludes itfrom

commercic-Japplications$3.77.79.101.102. Longer chain PFC are unlikelyto be a

significantcomponent oftotalserum fluorine.Other organicfluorinecontaining

compounds existinbiologicalsystems and the environment. However, the small

amounts absorbed from the envimnmertt intheform ofdrugs orplantproducts

arerapidlymetabolizedand excreted191.Inorganicfluorinewas nota large

constituentofthe totalfluorinelevels.Serum ionicfluorinelevelsinthe 1-5ppm

rangeare associatedwithdeath inunintentionaloccupationalexposures 192.

Totalserum fluorineisa good surrogatemeasure forPFOA inthiscohorl

The coefficientofvariationfortotalserum fluohnewas 66%. The repeatabilityof

theassay was betterattotalserum fluorinelevelsabove fiveppm. Atthe low

end ofthe spectrum (< 1 ppm), where the assay islimitedby sensitivity,the totaj

senim fluo@nevalues may overestimatethe truevalue. These measurement

errorsare likelytoleadtoan underestimateofthe effectofPFOA on the

physiologicencjpoints.
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Commercial PFOA isa complex mixtureof isomers and related compounds 39.

h isclearthatsiru=rallyretatedcompounds, such as valproicacid,exhibit

toxicityforcertainisomericforms,butnotothers143-123.Itiswidelyrecognized

thatdifferentdrug enantomers have differentpharmacokineticand

pharmacodynamic properties191.Thus, diflerentisomers of PFOA may have

differenttoxicities.Ifone isomer ofPFOA isassociatedwithtoxicity,thenthe use

oftotalserum fluorineortotalPFOA levelscould have produced an under-

estimateofthe truestrengthofassociation.However. inanimal studiesusing

straightchainPFOA, thespectrum oftoxicitesissimilartothose observed in

siudiesusingmixed isomerofPFOA 37.M. a8.194. Furtherresearchisneeded to

claritythe roleofPFOA isomers.

The toxicokineticsofPFOA inhumans aredifferentfrom those observed in

rodents.Extrapol2tingthetissuedistributionof PFOA from animals to humans

may not be valid.No dataexiston the relationshipbetween serum and tissue

PFOA distributionorbody burden inhumans. The use ofserum levelsto

extrapolatetothe concentrationsatthe siteof PFOA actionmay have been

inappropriate.Obtainingpharmacokineticdata inhumans orappropriateanimal

models isan importantarea forfutureresearchefforts.

The temporalvariabilityofphysiologicparameters isrecognized.The uhraridan.

circacrian,and eircannualvariabilityofthe stud ondpointswas notassessed

directly.Instead,bloodsamples were drawn atthe same trne ofday,on the

same shiftforallparticipants.One sample was drawn toestimatemean

parametervalues. Considerablemeasurement errorisinherentinthisprocedure

forhormones withshortpulsatileintervalssuch as LH, FSH, and testostemne.

However, studieshave shown thatone sample isas good as threesamples in

estimatingmean values 195.The use ofa singlesaimpleto estimatemean

hormone levelpmduced random measurement errorand would be expected to

attenuate.the observed relationships.Mean serum values ofthe assayed

hormones may notrepresentthe biologicallyim;>ortaritquantitiesatthe she of

action.

Validatio

'

n studies of self-reported smoking status, using biochomiC@W ma*9r3

such as exhaled carbon monoxide, serum and urinethiocyanate,and serum
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thiocyanate,have shown thatsmokers underreportjheirsmoking 196.Smoking is

ae_socjatedwithchanges inphysiologicparameters such as hematologicaj=unts

197-199,cholesteml200.lipoproteins'-101.202, and hepaticenzymes 1". The

strengthand directionofthe associationbetween self-reponedsmoking

inforrn2tionand these parameters can be used toindirel-dyassess the validityof

thesmoking information203.

Inthisstudy,smoking statusand intensitywas stronglyand significantly

associatedwithfeukocytecount,band count,oosinaphilcount,plateletcount,

and monocyle count. As expected,smoking intensitywas negativelyassociated

withbasophilcount.

No participantreporteddrinkingmore than 3 ounces ofalcoholper day. This

may reflectthe company's success indiscouragingheavy alcoholconsumption in

employees,a reportingbias,or the factthatheavy d6nker-smay not be able to

continueemployment due tothe demands ofChemical Divisionjobs.

Alcohol=nsumption isassociatedwithchanges inphysiologicparameters such

as hepaticenzymes 204,erythrocytemean corpuscularvolume, thgiyceddes,and

highdensitylipoprotein144.As withsmoking, the strengthand directionofthe

associationbetween self-reportedalcoholconsumpton informationand these

parameterscan be used to incrjrectlyassess thevalidityofthe alcohol

information.Increasedserum HDL isassociatedwithmoderate alcoholintake

IA4.205.206.The expected relationshipbetween alcoholintakeand HOL was

observedinthisstudyinindividualswithlow PFOA levels.As expected,there

was a positiveassociationbetween alcoholintakeand t6glycefides.AJcoholhas

a directtoxiceffectupon erythrocytesize,maturation,and number 207.M. The

specificityofMCV is90% inidentifyingalcoholicsfrom socialdrinkerswitha

positivepredictivevalueof 96% 209. Inthe presentstudyalcoholconsumption of

1 to3 drinksper day was associatedwithan increaseinMCV ofthe same order
208as reportedpreviously Alcoholinduces GGT. The senshivityofGGT in

deleclingalcoholuse variesfrom 52% to94%. GGT ishighlynon-specificfor

alcoholconsumption orforhepaticabnormalities1". 210. Heavy dhnking oftwo

tofivedrinksper day over one week or more are necessary toinduceGGT 145-
208 GGT may be the onlycommonly assayed hepaticenzyme to increasewfth
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heavydrinking.A significantpositiveassociationbetween GGT and 3elf-reported

alcoholuse was observed.The presenceofthese P-ssociationsindicatesthatthe

misciassificatonofalcoholuse was unlikelytoproduce a biaslargeenough to

explaintheobserved associations.

Alcoholuse was weaklyassociatedwithhepatictransaminases.SGOT and

SGPT arelesssensitiveindicatorsofalcoholuse thanGGT. Inalcoholinduced

liverdi

'

seass,SGOT may t>eslightlyelevatedand SGPT littlechanged. SGPT

has been shown todecrease insome cases ofalcoholinduced liverdisease211.

Consideringtherelationshipknown toexistbetween alcoholuse,SGOT and

SGPT, littlealcoholassociatedchange intransaminaseswould be expected.

The observedweak associationisnotan unexpectedfindingand therefore

probablydoes notreflectmisclassificationofalcoholuse.

Nonrespondentstothealcoholftemwere crifferentthan respondents.They were

treatedas a separategroup intheanalysissincethedifferencecould notbe
explainedby me,@-suredcovariates.Althoughthepower ofthestudyis

diminishedby treatingalcoholinformationas a nominalcategoricalvariable,the

potentialforbiaswas reduced.

5 1.7-3ConfoundinaBias

Informationon thedurationofemployment inexposed jobswas notcollected.

Plantrecordsdidnotcontainsufficientinformationtoreconstructexposures more

thanfiveyearsinthepasl The durationofexposuremay be an important

determinantofPFOA effecl Durationofemployment may be relatedtoPFOA

levelsincePFOA has thepotentialforbioaccumulation.The durationof

exposuremay have been a confounderforpeptidehormonal ondpairrtsinthis

study.Inmdents,steroidhormonal and hepaticenzyme offe= ofPFOA

expasu
-
reoccuraftertwo weeks ofexposure,whereas peptidehormonal effects

may requirelongerexposures 19.Uydig celltumors may requirea considerable

lengthofexposure orlatencytodevelop 122.

Therearemany compounds incomplex androgen-estmgon system. Th's'prosent

studymeasured onlya few ofthem. Other biologicallyimportantstemid
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horrnonesindude cortisol,androstenedione,dihydroepiandrosilenedionesuffaie

(OHEAS). estrone,esthol.esirogeniccaiechols,and dihydrotestosterone(DHT).

A totalestrogenindexorestrogentotestosteronsratio(EfT)may be more

importantthan assays ofindividualcompounds 212. Sex hormone binding

globulin(SHBG). a major determinantoftheestrogentotestostemne bajance at

the tissue level 213,was notassayed. More researchisneeded tocJaHfythe

potentialroleof these hormones as confounders of the observed associations.

The relationshipforbound testosteronsmay have been confounded by steroid

hormone bindingglobulin(SHBG). Sex hormone binding globulinisan important

determinant oftest=erons and estradiollevelsindifferenttissues as wellas

theirmetabolism 213. Plasma SHGB levelsare posftivelyassociated with

estrogens and negatively associated wfthandrogens 214. Thyroid hormone levels

affectSHBG 215. The ratiosof estradiolto testostemne and testastemne to DHT

may be regulated by SHBG levels213. The association between PFOA and

bound testosteronemay have been, inpart,relatedto estradioland thyroid

hormone changes in SHBG levels. Adult ratsdo not express SHBG 216. The

declineintotaltestostemne observed in ratsisnot the resuftof changes in the

amount or binding charactedste of SHBG. The observed depression of free

testosteronein men isanalogous to changes intotaltestostemne in ratsand is

pmbably not significantlyrelatedto changes inSHGB binding.

Major stresses,such as surgicalprocedures, have been shown to markedly

affecthormones in men 217. h isunlikelythatmajor physical stresses were

associated with PFOA. Therefore, siresswas not a significantconfounder in the

present study.

Shiftworkhas been shown to affecta varietyof physiologic endpoints including

biochemical parameters, hematologic incrices,and hormones 21". Study

participantsrotatedweekly through three shifts.Allsamples were collectedon

theday shiftat leastthree days post shiftchange. Given the rotatingshiftsand

standard day shiftsampling, itis unlikelythatshiftworkand PFOA were

associated. Shiftwork did not appear to be a significantconfounder ofthe

estimated dose response relationships.
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SeveraJdietaryfactorsare determinantsofthe ondpointsconsidered inthis

study.The effectsofdietaryfatand cholesterolon serum lipoproteinsand lipicis

iswidelyappreciated200. Dietaryc;Wories,tat,and carbohydrates affectstemid

hormones 211.220. Dietcan alsoaffectthe metabolism ofsteroidhormones 221-

=2

*

Since itisunlikelythatdietisassociatedwithPFOA, itispmbably not a

confoundingcovadale inthisstudy.

Physicalac@vityaffectsmany physiologicparameters includinghormones ZM,

enzymes 224, lipopmteins 2m, and hematologic indices. For hormones, only

maximal exerciseproduced an effecl No effectwas noted forsubmaximal

physicalactivity.R isunlikelythat many participaritsengaged In maximal

physicalactivity.Therefore, inthisgroup, itisunlikelythat physical activityis a

determinant of the hormonal ondpoints under study. Physica) activitymay effect

HOL levels,but itis unlikelythatphysicalactivitywas associated wfth PFOA.

Therefore,physicalactivitywas unlikelyto be a si;nificantconfounder in this

study.

Medication usage and diseases such as diabetes mellitus are important

determinants forsome of the physiologic parameters measured inthisstudy 123.

195.Questionnaire hems concoming mecricaflonuse and medicat historywere

incomplete and were not validated. PFOA exposure has not been associated

withany medicaj concritions8.Ifthe use of medication or the diagnosis of a

medical conditionthataffectsone of the physiologic endpoints is asscdaled with

PFOA exposure, then confounding may occur. However, no such relationships

have been described.

Inflammatory processes, which are major determinants of WBC, were not

assessed inthisstudy. There is no evidence thatinflammato ry processes are

relatedto totalserum fluorineor serum PFOA. Therefore, these determinants of

le.ukocytocount are unlikelyto confound the estimated relationships.

5-1-7.4AnnlvticModel SpecificationSia-q

The analyticmultivahate approach used inthisstudy assumed that a linear

model with additiveeffectswas an adequate model with which to summarize the
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data.A normal errorterm was used. Similarmodels ofphysiologicvariables

have been extensivelyused inthepastand theirassumptions tested225. The

model formwas partiallydefineda pdoa based on a biologicalhypothesis.The

choice of a finalmodel was based on biologicalknowledge plus best predictive

power. The va@able transformations used were not based on a specific

biologicalmechanism, but instead reflecthe basic form of dose response

relationshipsobserved in nature.

2 1990 Chernolite MortalityStud

5 2 1 Intmduction

This was a retrospectivecohort study of mortalityin workers employed in a

PFOA productionplantforgreaterthansixmonths duringthe periodfrom

January 1. 1947 to December 31, 1989. Completeness of the cohort was

assessed from independent sources. Demographic and work historydata were

collectedfrom plantrecordsand verifiedfrom independent sources where

possible.Cohort members were notindividually=ntacted foradditional

informationon confoundingvariablessuch as smoking. Vitalstatuswas

confirmed for 100% of the cohorl Cause of death was obtained from death

certificatesfor99.6% of deaths and other sources for0.4% of deaths. Cause of

death was coded by ICD-8 catego6es by a nosologisl Reliabilityof death

certificatecoding was assessed by random resubmission of.death certificatesfor

recoding. The concordance was 100% forthree digftICD-8 codes.

5.2.2ParticinantChammLaristics

The 749 women were observed for19,309 person-yeam, had a mean age atfiw

employment of 27 years and mean follow-upof 26 yeam. The number of

expected events given the age and size of the cohort was small. The study had

limitedpower to detect moderate increases in cause-specific monaftiy.

The 2788 men were observed forover 70,000 person years. The mean age at

firstemployment was 27 yeam,the mean length of follow-up was 25 years and a

the mean age of death was 56 years. Non-CD men were older on average than
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CO men and had more person-yearsinthe olderage groups where mortalitywas

thehighest.IniemaJcomparisons were confounded by age as wellas othertime

correlatedfactorssuch as lengthoffollow-up.

F5-2.3MortalityResutts

infemales,6.7% were deceased compared to12.5% inthe males. Given that

themean age alfirstemployment and mean lengthoffollow-upwas similarfor

majes and females,thisreflectsthe expectedsurvivaladvantage ofwomen. For

bothmales and females thepropordon ofdeaths was smallerinthe CO cohort.

Employment intheChemical Divisiondidnot produce a largesurvival

disadvantage.

The allcauses, allcancer,and allcardiovascularmortalityamong women was

lessthanexpected inthe overallcohorl The SMRs were remarkablystable

when stratifiedon tenyear exposure groups,and ten.fifteen,and twenty year

latencyperiods.The allcauses SMR was .75 inthe totalcohort .75 inthose

employed foratleastten yearsorforthose employed longerthan tenyears,and

75 inallthreelatencyperiods.Cardiovasculardiseases and cancer mortality

-followeda similarpattern.

inmales,the allcauses,cardiovasculardiseases,allgastrointestinal.and all

respiratorydiseasesSMRs were significantlylessthan one. The allcauses SMR

was .77usingMinnesota mortalityratesand .73using nationalmtes. The low

SMRs are most likelya resultofthe healthyworker effect(HWE). As expected,

the cancer SMR islessaffectedby the HWE. The allcauses SMRs were .75for

allthreelatencygroups. Latencydid nothave a strong relationshipwiththe

HWE. The allcauses SMR was .80inthe greaterthan fiveyear employment

durationgroup and .68inthe greaterthan 20 year employment group. The low

allcauses SMR inthegreaterthan 20 year durationgmup suggests thatworking

for20 ormore years was associatedwithcontinued selectionbased on good

health.The allciausesSMR decreased withdurationofemployment inone

meta-analysisof retrospectivecohortstudies226 but increased inthe meta-

anajysisby Fox and Collier227.
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The SRRs forWicauses,allcancer,andallcardiovasculardiseasesforlessthat

tonyears employment to more thanten years employment were notsignificantly

differentfrom one. Because the rateswere based on small numbers of events,-

the95% Cl were wide. Due tothe smallnumber ofevents inthe females.SRRs

were not calculated.The SRRs are similartothe SMRs forthe lessthan ton year

employment and greaterthanton year employment groups.

The SRRs forCO versusnon-CD male workers forallcauses, allcancer,and all

cardiovasculardiseaseswere notsignificantand were similartothe SMRS.

Working inthe CD didnotsubstantiallyalterthe ratesofdeath. The small

number ofeventsobserved forrarecauses-ofdeath or specificcauses of death

make itunlikelythatmoderate increasesinratescould be detectedinthiscohort

forthe follow-upperiodthrough1989. More follow-uptme wfllbe needed to

allowsufficientpower todetectmoderate increasesinratesforspecificcauses of

death.

The resultsfrom the adjustedRRMH contrastingthe mortalityratesforall

causes,allcancer,and allcardiovasculardiseases between CD and non-CD

ma)e workers were similartothoseforthe SRRs and SMRS. None ofRRMH

pointestimateswere statisticallydifferentfrom one. The contrastofrates

between lessthantenyears of employmerrtand greaterthan ten years of

employment presenteda differentpicture.Allcause RRMH were significardly

elevatedinthe oldesttwo age groups,whilethe RRMH forcardiovascular

diseaseswas significantlyelevatedinthe 30 tolessthan 40 year age group.The

allcancer RFIMH displayeda trendtoward a statisticallysignificantelevationin

theoldesttwo groups. The RRMH were notadjustedforyear offirst

employment They may have been substantiallyconfounded by changes of

exposure overtimesinceyear offirstemployment. As seen inseveralPH

regressionmodels, year offirstemployment was significantlyassociatedwiththe

mortatifty.Afterage and lengthoffollow-up,calendar time isthe strongesttime

factorassociatedwithmortality189.Hence, itislikelythatthe elevatedRRs for

composite categoriesofcause ofdeath inthe oldestgroups were a resultof

uncontrolledconfoundingby calendarperiod.Given the small number ofevents

instrata,itwas notfeasibletofurtherstratifythe data on year offirtt

employment.
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inthePH regressionanalysis,prostatecancermortalitywas-poshivelyand

significarttlyrelatedtotimeintheChemicalDivision.Ten yearsofemployment in
theCD was associatedwitha 3 foldincreaseinprostatecancermortality

compared tomen neveremployed intheCO. Thistrendwas evidentinthe SMR

anajysissiratifiedby CD and non-CO employment. Thisassociationwas

independentofdurationofemployment and yearoffirsiemployment. As

expected,age atfirstemployment was positivelyrelatedtopmstate cancer

mortalityrate.The interpretationofthisestimatedrelativerateistempered by a

number offactors.The estmates were based on sixpmstate cancerdeaths,four

intheCD cohortand two inthe non-CD cohorl A change ofone case could

significantlyaltertheestimates.Ascertainmentofallprostalecancer deathsmay

have been incomplete.Diagnosismay have been more completeinthe CD

cohort.Giventhatdeathcertificatecause ofdeathinformationisknown tobe

imperfect,misciassificationofone ormore deathscouldoccur.The use of

mortalityas theeventofinterestforetiologicsludiesofprostatecancerisnotthe

beststudyendpointbecause ofthe longnaturalhistoryand low mortalityof

prostatecancer.The majorftyofincidentprostatecancersdo notprogressand

causedeath 221. m. For localizeddisease,an 80% tenyearsurvivalinuntre2ted

patentshave been reported2". Studiesofpmstatecancerincidenceinthis

workforceare needed toclarifythesuggested increaseinprostatecancer risk.

The findingsofhormonalalterationsinPFOA exposed men suggestsa possible

biologicmechanism fortheincreaseinprostatecancermorwfty 231.Incidence

studiesofotherdiseasesthatare hormonallymediated may be indicatedH the

PFOA associatedhormonalchanges areconfirmed.

5-2.A MethoclolocicalConsiderations

5.2.4.1InformationSias

The use ofdeath certficatesto =egorize cause ofdeath imperfect232*=5. The

sizeofthepotentialbiasdepends an the cause ofdeath. Inone studycanceras

a cause ofdeathwas under-reportedby 13% 232. Leukemias and lymphomas

were underreportedin19% ofautopsyconfirmedcases. Colorectalcancers

were underreportedin12% ofcases. Therefore,itappears thatcancerdealhs

were notseverelymisclassified..Allcardiovasculardiseasesas a gmup may
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havebeeninaccurate.Individualdiseasewiththewholemay beseverely

rnisclassificatedand may produce largebiases.For example, specificcauses of

deathinthecardiovasculargroup,such as cerebrovasculardisease,are

inaccuratelydesignatedon death certificates.

Three measures ofPFOA exposurebased on jobhistorywere used inthisstudy.

First,thecohortwas dichotomizedintothosewho everworked inthe CO and

thosewho neverworked intheCO. Second,thenumber ofmonths worked inthe

CD until1985 was used as a continuousparameterforPFOA exposure. Third,

thetotalduratonofChemoliteemployment was used as a continuousparameter

fortheeffectofwork ina plantproducingPFOA among a largenumber of

products.Each ofthesesurrogatevariablesmay produce a differerttspectrum of

misciassificaton.Categorizationofworkersintoeverversus neveremployed in

theCD may notreflectthe biologica)effectivedose ofPFOA- Many CD jobsdo

notentailPFOA exposure.A number ofworkerswere employed intheCD for

shortperiodsinthedistantpasl,Theirexposuremay not have been significant.

Thiscatego@zationmay misclassifyunexposed workersas exposed.

Conversely,PFOA exposurewas widespreadamong Chemical Division(CO)

employeesworkinginjobswithno exposuretoPFOA. No exposure

measurements have been done innon-CD employees. Itispossiblethatnon-CD

employeeshad significantbody burdens ofPFOA. Ifthiswas thecase,exposed

workers-muld..havebeen classifiedas unexposed. Such misclassificationwould

be expectedtobiastheeffectestimatestowardthenull.The months of

employment intheCo was thebestavailableestimateofPFOA dose. Not allCO

jobshave PFOA exposure.The misclassificationproduced by classifying

unexposed workersas exposed couldhave biasedtheestimatetowardthe null.

The use ofdurationofemployment atChemoliteas a continuousexposure

parameterislessspecificforPFOA thantimeinthe CO. Ifanotherxenobictic

exposureintheplanthas modulated diseaseoccurrencerates,the use of

durationmay producelessmisclassificationthanuse ofdurationintheCD.

5.2.4.2Confouncrtmaan@ SelectignBias

The healthyworkereffectstronglyatlectsthevalidityofmany occupational

studies182-2m. h i'sa complex biasthatresults,inpart,from theselectionof
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individualsforemployment who are healthierthan those inthe comparison

population.The HWE isusuallystrongerforcardiovasculardiseases and

respiratorydiseases. Because cardiovasculardiseases mortality unts fora

significantportionofallcauses mortality,the HWE usuallyreduces the allcauses

SMR. The age atfirsiemployment. age atrisk.lengthoffollow-up,and duration

ofemployment arefourtime factorsthatare associatedwithchanges inthe HWE

169.Generally,the HWE diminisheswithage and time.

Collectionofconfounder informationforindividualsisdifficuftinretrospective

cohortmoralitystudies.The presentstudyincludedworkers followedformore

than40 years. h was notfeasibletocollectindividualinformationon such

covahatesas smoking, healthstatus,medicalhistory,or dietaryhabits.The

proportionotworkersatChemolite who smoke has been lowerthan inother

facilitiesowned by thesame corporation.Inrecenthealthmaintenance studies,

theself-reportedsmoking prevalence(25%) islowerthan the s=evade smoking

prevalence.The observalionthatallrespiratorydiseases and lungcancer rates

arelowerthan expected may be the resultofhistoricallylow smoking prevalence.

The low smoking prevalencemay depress theallcauses SMR, allcancer SMR,

and allrespiratorydisease SMR. The use ofinternalcomparison groups may
237reducethissmoking relatedbias

Time factorssuch as age at 6sk,age atfirstemployment, year offirm

employment, and duration of employment are associated with the occurrence of

many diseases 189.The use of an internalcomparison group may reduca certain

selectioneffects,but may not controlconfounding ifthe exposure defined internal

comparison groups have differentdistributionsof these time factom. Although

the mean age at fimtemployment and mean year of firstemployment are similar

inthe CO and non-CO cohorts of men and women, the comparisons of the rates

ofcftseaseare confounded by differencesin the distribldionof age at 6sk. These

time factorsare stmngly correlated,with some being exact linearcombinations of

others.The relationshipbetween measures of exposure and disease occurrence

may be complex functions of these inter-relatedtime factors. Adjustment fortime

factorsmay reduce the effectsof confounding, but may not controlconfounding

2-u Ifthe disease occurrence relationshipisdefined interms ofcumulabve
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exposure,the trueeffectofexposure may be bi&ad toward the nullby

uncontrolledconfoundingdue tothe complex time factors189.

Some workers were exposed tomany otherpotentiallydisease causing

xenobiotics,such as benzene and asbestos,duringtheiremployment at

Chemolits. Adjustmentfortheireffectswas notpossibleinthisstudy. Even if

informationwas available,exposures areoftenhighlycorrelatedmaking the

separationofindividualeffectsimpossible.

5-2.4.4AnalZic Model SpecificationBias

Comparison ofSMRs and RRMH between exposure groups May notbe strictly

valid.However, ifthe distributionofthe person time inthe comparison groups is

notstronglydiscordant,then such a comparison may be useful.Inthe current

study,the person-timedistributionsare differentinthe exposed groups.However,

thedifferencesappear tobe ofa magnitude thatmakes usefulcomparisons of

SMFis possible.

Althoughthe proportionalhazard (PH) model has been used frequentlyforcohort

studiesand clinicaltrials,ithas notbeen widelyused inoccupationalstudies.In

thepast.ithas been suggested thatPoisson regressionwas the analyticstrategy

ofchoicebecause computationalcostswere lessand the conceptualizationof

the model straigtftforward129.However, PH models are now easilyrun with

standardcomputer packages 109.Theirwide applicationinclinicaltrialsand

cohortstudieshas fosteredthe understandingofthe PH models. Poisson

models appear lessfrequentlyinthe literatureand may not be as well

understood.Poison regressionand PH models have theoreticallinksand have

been shown togivesimilarresultswhen used toanalyze the same data set

Cox PH regressionwas chosen as the muftiva@atemodel toemploy inthisstudy.

The validityofthe proportionalhazards assumptions was examined using the

two standardtechniques.The assumptions didnot appear tobe grosslyviolatecl

However, inanalysesinvolvinga smallnumber ofevents,the assessment ofthe

validityofassumptions may be limited.The use ofthe factorsas continuous

variableswas based on lackofstatisticalevidence fora significantnonlinear
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effe'ct.Althoughthissirategyhas been widelyused forcontrolofconfounding,

has notbeen extensivelyvalidaledInsimulationstucries.
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6-SUMMARY -RONCLUSIONS AND PFCOMMEN.D I
ATIONS

Crnsc.SectionpjStt_,dyofthgphysiolonicEffe&sofPEOA

Thiswas a cross-sectionalstudy of selectedphysiologiceffeclsof PFOA, as

quantifiedby totalserum fluorine.Participantswere recruitedfrom workers

employed duringNovember 1990 inthe Chemical Divisionofthe 3M Chemolite

PlantinCottage Gmve, Minnesota. AJIcurrentworkers who were employed in

highexposure jobsat any time duringthe previousfiveyears and an age

maiched sample ofworkers employed inlow exposure jobs were invitedto

participate.

Participantscompleted a corporatemedical historyquestionnaireand had vital

parameters measured by an occupationalhealthnurse. Blood was drawn for

assays oftotalserum fluorine,seven hormones irtvotvedinthe hypothalamic-

pituftary-gonadajaxis,serum lipids,lipoproteins,hepaticfunctionparameters,

and hematology indices.Blood was drawn inthe moming afterworkers were

assigned tothe-dayshiftforat leastthreedays.

inpaststudies,the majodtyoftotalserum fluorinefound inChemolhe workers

was intheform ofPFOA. Thus, totalserum fluo6neisa validsurrogatemeasure

ofPFOA inChemolhe employees. For 93% ofworkers.totalserum fluorine

levelswere 20 timesgreaterthan community and corporatebackground levels.

Findingsinthe currentstudyare consistentwithotherdata suggestingthatPFOA

has a longbiologicalhajf-lifeinboth men and women. The long half-lifeofPFOA

may resultinsignificantbioaccumulationfrom smallfrequentdoses orlarge,

infrequentdoses.

The hormonai findingsfromthisstudyare consistentwiththe hypothesisthat

PFOA depresses thehuman hypothalamic-pituitary-gonadalaxis.The results

show thatlow levelsofserum PFOA (20@LM)depressed freetestostemne and

elevatedMradiot withlittleobserved change inLH levels.Inoldermen, free

testosteronewas depressed below 9 ng/diatserum fluorinelevelsbelow one

ppm (estmated PFOA levelsbelow 1 gM).
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Mean pmlactinlevelswere positivelyassociatedwithPFOA inmoderate drinkers,

bljinotinlightdrinkers.Since the func@on ofprolactininmen isuncertain,the

clinicalsignificanceofthisfindingisunclear.

Mean thyroidslimulatinghormone was positivelyassociatedwithPFOA. Since

peripheralthyroidhormone levelswere notassayed. itwas not possibleto

assess whetherthe observed associationbetween PFOA and TSH was the result

ofa directeffecton the hypothalamus,pituitary,thyroidgland,orperipheral

thyroidhormone metabolism.

Cholesterol,t@glyceddes,and LOL were notsignificantlyassociatedwith PFOA.

PFOA was negativelyassociatedwithHOL inmoderate drinkers.

PFOA was notassociatedwhh the marked hepaticchanges inhumans thathave

been observed inmdents. PFOA appeared toalterthe hepaticresponse to

endogenous factorsand xenobiotics.

PFOA was significantlyassociatedwithhemoglobin levels,MCV, and MCH. The

estimatedchanges inerythrocytesare notofclinicalsignificanceover the range

ofobserved totalserum fluodne.

The changes inloukocytocounts associatedwithPFOA exposure presented a

complex picture.For example, the negativeassociationbetween PFOA and

lymphocyteswas increasedby smoking more than 10 cigarettesper day and

decreased by alcoholuse and adiposity.The magnhude ofthese associations

are notclinicallysignificantfrom an infectiousdisease perspective.However,

elevatedWBC has been associatedwithincreasedallcauses, cardiovascular

diseases,and cancer mortalityas wellas increased incidenceofmyocardial

infarction.

6-2 FR@tmsnectiveCohort Mortaft Study Of The Chemolite Workforce- 1947-

im

Thiswas a retrospectivecohortstudyofmortalityinworkers employed Ina PFOA

productionplant.Allcauses mortalityinboth male and female Chemothe

employees were significantlylessthan expected based on comparisons tothe
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mortalityexpe6ence ofthe Minnesota and UnitedStates population.The SMRs

forseveralothercauses ofdeath includingallrespiratorydiseases were lessthan

expected. Since thehealthyworker effectwas apparentlystronginthe

Chemolitscohort,intemalcomparisons ofSMRs were made between Chemical

Division(CD) and non-ChemicalDivision(non-CD)employees. These

comparisonsdid notsuggest any significantexcesses inmortalityinCD ornon-

CD employees.

Generally,thefindingsfrom thisstudyprovideno evidence thatemployment at

Chemoliteresultsinelevatedmortalityratesfrom any cause. However, pr=ate

cancer mortalitymay be associatedwfthlengthofemployment inthe Chemical

Division.Ten yearsofemployment inthe CD was associatedwitha significant

threefoidincreaseinprostatecancer mortality.There was no association

between prostatecancermortalityand employment (ever/never)inthe Chemical

Division.Given the smallnumber ofdeaths from prostatecancer inthisstudy

and the naturalhistoryofthe disease,the associationbetween employment in

theCD and prostatecancer must be viewed as hypothesisgeneratingand should

notbe overinterpreted.However, the biologicalplausibilityforany association

between CD employmerttand prostatecancer isincreased by animal and human

toxicologicaldatasuggestingan associationbetween PFOA and steroidsex

hormone changes.

§.3Conclusion

Perfluorooctanoicacidwas associatedwithreproductivehormonal changes in

exposed workers. The clinicalsignificanceofthesefindingsareunknown. The

associationsofPFCA wfthhormones, HDL. hematology parameters.prostate

cancer mortalityinmen indicatesthe need forfurtherresearch.

6.4Rp mm@ndations

Research isneeded infiveareas.
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1.An assessmert%ofthe hormonal effectofPFOA Inwomen isneeded. A crow-

sectionalsiudy shouldbe conducted usingspecificctgsaysforPFOA and

accountingfortemporalhormonal variations.

2.The clinicalsignificanceofthe associationsofPFOA withthe physiologic

parameters need clarification.Sincemorbidityfrom diseases such as prostate

cancer isreflectedinmortality,an update ofthe retrospectivemoralitystudy is

needed infiveyears. Morbiditystudiesshouldbe conducted ofendpoints that

may be produced by hormonal changes . Since exposed workers are relatively

young and are limitedinnumber, thefeasibleendpointsfora shortterm morbidity

studyare limited.Poolingofworkersfrom a number ofplantscouldincreasethe

number ofexposed workers and allowendpointswithlower incidencetobe

studied.The morbiditystudyshould be a longterm which would allowthe study

ofendpointsthatoccurat higherfrequencyinolderage groups. Inmen.

endpoinisshould includetheincidenceofbenign prostatichypertrophyand

prostatecancer. The feasibilityofincjudinginflammatorybowel disease and

colorectalcancer as endpointsshould alsobe evaluated. Inwomen. endpoints

shouldincludethe age ofmenopause, the incidenceofosteopomsis and related

fractures,uterinefibmids,and cholelithiasis.Ifthereare a sufficientnumber of

events,ondometdal cancer and inflammatorybowel disease should be

evaluated.Ifthecmss-sectionalhormonal studyinwomen findsno association

between PFOA and hormones, then the morbiditystudycan be limitedto men.

3.Stucriesofreproductiveoutcomes inboth men and women are needed. Ubido,

potency,and lertlityare directlyassociatedwithsteroidhormones levels.The

feasibilityofa retrospectivestudyofreproductiveondpoints ora pmspective

studyoftime-to-pregnancyneeds to be explored.

4.The mechanisms ofactionofPFOA need tobe studiedconcurrentlywith

morbidity.Mechanisticstudiesare needed todefinethe relevance ofanimal

studiesforhumans and providea firmbiologicalbasisforthe findingsofthe

mortality,morbicrity,and reproductionstudies.

Invitroand celllinestudiescould claritythe mechanisms of actionof PFOA on

thepituitarysecretionof LH, FSH, TSH, and prolactin.Pituicyteculturesmay be
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helpfulinevaluatingthedirecteffectofPFOA pituitaryfunction*The effectof

PFC)A on otheraLnoc6neorparacrinefactorssuch as TGF-A, TGF-3, FGF, and

TNF couldalsobe evaluated.Human adiPtOcYtGculturescouldbe used tostudy

theeffectofPFOA on aromalass activity.Additionally,studiesare needed to

clarifythe relationshipbetween PFCA and thetemporalvariabilityofrepmduc@ve

hormones.

S.Studiesareneeded tobetterdefinethePFOA exposure profileofallworkers

employed atChemolite,toascertainthesource oftheirPFOA exposure and

routeofcontinuedabsorptionand tociaritythetoxicokinebosand toxicodynamics
ofPFOA inhumans.
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APPENDIX 2

TABLES OF HORMONE RATIOS BY BODY MASS INDEX, AGE, SMOKING
STATUS, AND ALCOHOL CONSUMPTION
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TABLE A4.1.1 BOUND TESTOSTERONE TO FREE TR=STOSTERONE RATIO
(TB/TF) BY BODY MASS INDE)C. AGE.
SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROV;:. MINNESOTA

TBFTF
N MEAN so MEDIAN RANGE-, TEST#

smi
.c2s AO 372 9.06 37.1 22.3-62-S F.i.A,7
25-30 56 37.6 2-31 37.1 19.3-62.4 pm.23
21= 17 33.3 9.18 312 19.7-S2.4

AGE
-c3l 20 32.A 6.92 31.2 20.0-A3.6 F-.Z39
31-40 AS 37.3 9.37 37.1 19.3-62-6 p-.07
41-50 26 37.1 9.30 38.8 19.7-SS.$
al-W 19 39.9 9.90 32.9 22.3-62.4

Alcohol
-elcizfd as 37.4 9.90 372 19.3-0-6 Fw42-O6
1-30zfd 19 33.9 6.70 222 22.7-4A.i pm.IS
missing 6 38.0 S.70 38.6 26.4-43-S

Tobacco
smoker 27 37.9 7.96 37.2 2S.0-58.6 F-.32
nonsmoker 64 36.7 9.64 36.3 19.3-Me pm.57
missing 2 27-S I.S7 27.S 26.A-28.6

TOTAL 113

#univariateAnova
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TABLE A4.1.2ESTRADIOL TO FREE TESTOSTE;;ONE RATIO (EITF)
BY BODY MASS INDEX, AGE. SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

EITF T#
N MEAN SD MEDIAN RANGE TEST#

BMI .70

-c25 40 2.07 0."
)3

25-30 56 2m o.92 2-17 0.76-5.39.,,30yu,30
3-M 17 2.56 0.98 2-42 I.AA-5.31 T-2M

p-.02

AGE 07

.c3l 20 1.94 Q.SS 1.81 I.AA-3.27 Fol.lo go

31-40 AS 2.25 0.81 2.17 0.77-4.18 p-.32
41-50 26 2.31 120 2.04 0.77-5.39
51-W 19 2-48 1.05 2.42 1.07-5M

Alcohol .08

-clazid as 2M 0.92 2.10 0.74@S.31 F..ol
.98

1.3or/d 19 2.21 o.76 2.21 o.73-4.is P-.92
missing 2.46 1.96 2-09 1.41-5.39

Tobacco 1.01

smoker 27 2.19 0.98 2.06 0.74-5.39 Fe.15
.32

nonsmoker 84 2.27 o.92 L19 0.73-S.31 ;@-.70
missing 2 1.u I.ES-2-11

WOTAL 113

#univariateAnova
*Studentttest,Pmb>T
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TABLE A4.1.3ESTRADIOL TO BOUND TESTOSTERONE FLATIO (E/TB)
BY BODY MASS INDE)@ AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY.
3M CHEMOLITE PL.ANT, COTTAGE GROVE. MINNESOTA

ErrB xioo
N MEAN so MEDIAN RANGE TEST*

smi
-c25 AO 5.8 2.65 5.7 11.8-13.5 F.3.70
2-9-30 56 u 2.73 5-S Z2-13.4 P..03
3b,= 17 8.0 2-91 7.6 3.7-i4,A

AGE
.c3l 20 6.1 1.79 5.2 F-.07
31-0 48 6.4 L76 5.6 11.8-13Z pm.98
41-50 26 GZ 3m 5.0 1.7-14.4

19 6.4 2.76 S.o 2.3-11.6

Alcohol
.Clo7jd 96 6.3 2.90 5.7 12-14.4 Fa.08
1-30YJd 19 6$ 1.98 6.8 3.0-10.5 P..Ss
missing 3 5.5 3.45 5.4 3.9@-13.3

Tobacco
smoker 27 5.9 L73 5.1 11.8-13.5 Fol.01
nonsmoker SA 6.5 2-84 6.0 2.2-13.4 p..32
missing 2 6.9 I_ss 6.9 3.7-14.4

TOTAL 113

ounivariateAnova
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TABLE A4.1.4ESTRADIOL TO LUTENIZING HORMONE RATIO (E/LH)
By BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

EILM
N MEAN -SD MEDIAN RANGE TEST*

BMI
-c25 AC 7.0 3.li 7.3 2.0-16.4 F%2.Sg
25-30 56 7.0 4.29 6.5 1.0-20.6 p.-Ca
3-M 17 u 3.92 9.8 3.3-18.4

AGE
,c3l 20 L7 ASI 7.6 2-1-20.6 F-2.si
31-40 4S 7.0 3.35 7.6
41-50 26 6.A 4.58 5.1
51-M 19 5.9 2.89 6.2

Alcohol
-clez/d as 72 3.95 7.o 1.0-20.6 Fa.04
1-30ztd 19 7.4 4.16 6.7 I.&IG.4 P-.86
missing 8 8.5 3.19 8.7 4-1-15.4

Tobacco
xmokar 27 7.0 4.42 62 1-e-IS.4 Fe.34
naftsmoker 94 7.5 3.77 7.1 1.0-20.6
missing 2 4.7 3.35 4.7

TOTAL 113

#univariateAnova
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TABLE A4.1.5FREE TESTOSTERONE TO LUTENLZING HORMONE RATIO
(rF/LH)BY BODY MASS INDEX, AGE. SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TFILM
N MEAN SD MEDIAN RANGE TEST9

BMI
-c2S 40 3.8 1.74 3.3 1.1-11.3 Fal.47
25-30 so 32 1.74 Z9 0.7-2.1 P-.24
3.@w 17 3.9 1.73 3.4 1.4-7.1

AGE
Wal 20 4A 2-9 19 3.9 F.7.21
31-0 As 3.6 1.43 3.3 3@3 p-.0002
41-50 26 Ls 1.30 2.7 L7
51-W 19 2-5 1.14 7-5 2.5

Alcohol
-cloZ/d 3.A 1.w 32 0.7-11.3 F..06
1-30zfd 19 3J I.A4 u o.7-a.4 p..Bl
missing 8 3.2 1.43 3.6 2.1-62

Tobacco
SMoker 27 3.2 1.34 3.2 1.1-6.9 Fml 20
nonsmoker 64 3.6 IJ7 3.2 0.7-11.3 P-28
missing 2 2-A _u Z3 1.4%U

TOTAL 113

#univariateAnova
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TABLE A4.1.6BOUND TESTOSTERONE TO LUTENIZING HORMONE RATIO
(TBA-H)

BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TS/LM
N MEAN SD MEDIAN RANGE TEST#

BMI
.c25 40 131 57.9 12S 39-298 Fa.79
25-30 56 116 60.6 107 24-288 p-.46
2-M 17 122 43.4 121 55-199

AGE
.c3l 20 147 69.7 136 39-296 Fu4.72
3140 As 133 58.0 131 36-288 p-.004
41-50 26 101 3&7 m 29--163
51-W 19 n 47.6 96 24-206

Alcohol
-clez/d so 122 57.1 121 24-295 Fa.32
1-3azId 19 IIA 5&1 92 29-2M p.S7
missing a 147 612 142 77-2U

Tobacco
wnoker 27 116 SZA 114 41-288 F.-U
nonsmoker 64 125 S&S 121 24-298 P..46
missing 2 64 .34.3 64 39-88

TOTAL 113

#univariateAnova
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TAeLr: A4,i.7THYROID STIMULATING HORMONE TO
LUTENIZING HORMONE RAT40 (rSKA.H)

BY BODY MASS INDEX AGE, SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY.

3M CHEMOLrrE PLANT, COTTAGE GROVE, MINNESOTA

TSTVLH xIO
N MEAN SD MEDIAN RANGE TR=ST#

smi
-CIS 40 32 1.79 32 0.&4.3 F-3.Ao

25-30 ss 3-S "0 3.o 0.4-17.0 P-.02
17 3-U 4.4 1.7-13.S

AGE
-c3l 20 3.7 2.AS 3.1 1.0-9.9 Fu.14
31-40 AS 3.8 3.16 3.2 0.4-17.0 p-.93
41-50 26 3.4 1.89 2-9 C.".3
51-W 3.8 2-43 3.S O.A-1 1.0

Alcohol
.Clcwd Be 3S 2-n 3.1 0.4-11.0 F*2-92
1-3*zfd 19 A.7 4.06 3.2 1.0-17.0 P-.09
missing 3.3 1.74 3.6 O.S-S.$

Tobacco
*Mokor 27 3.0 1.68 7-3 O.A-7.6 FoP-89
nonsmoker 84 4.0 2.89 3.3 0.4-17.0 p..09
missing 2 1.7 0.01 1.7 1.7-1.7

TOTAL 113

#univariateAnova
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TABLE A4.1.eFOLLICLE STIMULATING HORMONE TO
LLJTENIZING HORMONE RATIO (FSR") By BODY MASS INDEX. AGE,

SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

-
FSWLH

N MEAN so MEDIAN RANGE TEST#

smi
025 40 1.0 O.A2 0.9 0.4-2.3 Fm2.$A

2@5-30 56 1.0 OJ7 0.9 0.4-1.9 P-.Oa

30= 17 1.2 0.46 1.1 Q.A-ZD

AGE
w.31 20 o.9 0.4 0.8 O.S-1.9 F.3.0-6

31-40 AS o.9 O.Ag o.9 O.A-1.9 p..03

41-50 26 1.1 0.45 1.0 O.A.1.8

51-W 12 12 0.49 1.1 0.-r-Z,3

Alcohol
-ciovd 86 1.0 0.42 o.9 0.4-2-3
1-30ztd 12 0.9 0.41 0.9 O.A-1.7 F-.48

missing 8 0.9 0.24 0.9 O-rv,-1 a P-.49

Tobacco
smoker 27 1.0 0.40 0.9 OA-1.8

nonsmoker 84 1.0 0.42 0.9 O.A-2-3 F=0.0

missing 2 0.9 0.43 0.9 0.7-1.0 pm.98

TOTAL 113

#univaiiateAnova
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TABLE A4.1.9PROLACTIN TO LUTENIZING HORMONE RATIO (P/LH)
BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOFTOCHEMICAL EFFECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

P/LM
N MEAN SD MEDIAN RANG-E TEST*

smi
-c25 AC 1.84 1.14 im C.MS.39 F..73
2-c-30 56 1.78 1.40 1.46 0.39-9.11 p..49
i-M 17 Z.21 120 1.93 1.184.91

AGE
431 20 2-a 1.70 1.23 1.124.91 Fal-W
31-AD As 1.96 I-Sa 1.97 0.39@-2.11 P=21
41-50 26 1.61 0.93 1.18 0.5&3.70
51-W 19 1.54 0.37 1.39 0.35-3.37

Alcohol
.elo7Jd 86 1.78 1.04 1.61 o-u4j9 Fm3.12
1-3azid 19 2.37 L14 i.7c 0-56-0.11 P..Os
missing a 1.57 0.71 1.47 0.8i@-3.00

Tobacco
smoker 27 I.Z7 0.73 1.12 0.39-L74 FeS.25
nonsmoker 94 7-07 im 1.72 0.35-9.11 p..005
missing 2 1.43 o.78 1.43 O.IW-LOO

TOTAL 113

#univariateAnova
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TABLEA4.1.10BOUND TESTOSTERONE TO THYROID STIMULATING
HORMONE RATIO (fB/TSH)

BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOUTE PLANT, C07TAGE GROVE. MINNESOTA

TSITSM
N MEAN so MEDIAN RANGE TEST#

BMI
ez 40 Soo 331 413 l7D-lU2 Fm2.422-r--30 SG 461 364 329 51-2102 p-.09
31@m 17 296 152 297 87-SB9

AGE
.c3l 20 522 367 410 122-1682 FmZS43140 48 S21 398 421 51-2102
41-SO 26 3se 203 3AS 131-IMS
51-60 19 328 231 286 87-1122

Alcohol
-clczjd as 488 352 353 87-21()2 Fo2.741-30ztd 19 329 210 278 si-wo pm.10missing 8 593 326 4s6 1"1154

Tobacco
wnokor 27 ASS 403 IBA-1195 Fa.07
nonsmoker 94 "0 364 321 51-2102
missing 2 371 is$ 371 231-511

TOTAL 113

#univadateAnova
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TABLE A4.1.11FREE TESTOSTERONE TO THYROID STIMULATING
HORMONE RATIO (rF/TSH)

BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS
1990 PERFLUCFIOCHEMICAL EFFECTS STUDY,

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TFITSH
N MEAN SD MEDIAN RANGE TEST#

snow
smi
-c25 40 13.8 8.62 10.8 3.8-43.7 F.2.43
25-30 56 11.7 7.01 9.7 i.7-M.8 p..09
:,.30 17 9-3 5.05 8.0 2.0-19.7

AGE
,c3l 20 15.8 9.87 10.8 6.1-43.7 FuS.36
31-40 AS 13.,d 7.rx2 11.9 1.7-U.0 p-.002
41-50 26 9.7 4.Ss 6.7 3.7-ZLC
51-60 19 8.1 4,46 7.8 LO-21.3

Alcohol
,cIaztd 86 JZ4 1.65 10.0 LO-43.7 Fm2.48
1-3ozJd 19 9.5 S.10 8.7 1.7-20.7 pe.12missing a 15.3 Qzs 12.3 5.0-33.5

Tobacco
smoker 27 12.5 5.53 11.3 S.C@-27.2 F..12nonsmoker 54 11.9 8.06 9.8 1.7-43.7 pa-73
missing 2 13.7 7.99 13.7 8.1-19.4

TOTAL 113

'--#univariateAnova
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TABLE A4.1.12ESTRADIOL TO TH YROID STIMULATING HORMONE RATIO
(E/TSH) BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EF@FECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

E/TSH
N MEAN SD MEDIAN RANGE TEST#

BMI
-c25 40 26.7 17.73 Z3.i 3.3-108.1 F-.27
25-30 S6 25.4 14.04 21.3 1.6-59.0 p..76

17 23.4 IS.79 18.4 7.7-54.8

AGE
.931 20 27.3 12-00 24.6 2.7-50.0 F-3.21
31-0 48 29S 18.40 223 1.8-108.1 po-03
41-50 26 21.8 13.06 12.0 2@3-52.2
51-W 19 18.2 10.80 16.8 7.8-U.8

Alcohol
-cioztd 86 25.1 13.08 21S 3.3-59.0 F-.S7

1-3oVd 19 22.4 15.30 18.0 1.8-U.2 pe.45
missing 8 37.8 31.81 28.S 10.4-108.1

Tobacco
smoker 27 26.7 IS.13 23.4 10.3-SD.O Fo.20
nonsmoker 84 25.1 is.as 20.7 I.S.109.1 P-.65
missing 2 27.1 19.40 27.1 13.4-0.3

TOTAL 113

#univariateAnava
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TABLE A4.1.13THYROID STIMULATING HORMONE TO
FOLLICLE STIMULATING HORMONE RATIO (TSK/FSH)

is BY BODY MASS INC)EX,AGE, SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY.

3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

TSH/FSH
N MEAN SD MEDIAN RANGE TEST#

BMI
,c25 40 0.39 025 0.34 0.08-1.09 F..39

25-30 56 0.41 0.39 "1 O.Or.-2-u pa.se
.b3O 17 0.44 1.29 0.43 0.15-1.26

AGE
.c3l 20 0.46 031 0." 0.12-1.26 Fa.93

31-40 AS O.AS 0.40 0.35 0.06-2.34 p-.A3

41-50 26 0.37 0.28 0.30 0.09-121

51-60 is am 0.18 ozi 0.06-0.75

Alcohol
-cioztd 86 0.38 026 0.32 .06-1.26 F=S.36
1-3oztd 19 O.Sa O-U 0.39 O.lS-2-U P-.02

missing a 0.40 0.24 0.39 0.0".76

Tobacco
smoker . 27 0.34 1.064 0.26 0.06-0.92 Fm2.39

nonsmoker 84 0.45 228 0.40 0.06-2.34 P-.12

missing 2 0.21 0.05 0.21 0.17-02S

TOTAL 113

univariateAnova
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TABLE A4.1.14FREE TESTOSTERONE To FOLLICLE STIMULATING
HORMONE RATIO (TFIFSH) -

BY IBODY MASS INDEX AGE. SMOKING AND DRINKING STATUS
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TF/FSH
N MEAN so MEDIAN RANGE TEST#

W"NWMN@

BMI
425 40 AZ 2-se 3.6 1.3-15.6 F-1.03
25-30 S6 3.6 2-18 3.0 0.7-11.1 P-.36
30-M 17 4.0 2.96 3.1

AGE
@c3l 20 S.8 3-U 5.0 1.'7-IS.6 F.io.3s
31-Q AS A.2 2.16 3.7 1.7-11.3 p-.0001
41-50 26 3.0 1,62 2.S 0.7-6.6
51-60 19 2.2 1.37 2.0 0.7-6.3

Alcohol
.cloztd 86 2.8 2.60 3.1 0.7-IS.6 F-.oi
1-3CZtd 19 3.9 2.18 3.7 1.3-10.1 po.91
missing a 4.A 1.67 A.7 2.2-7.3

Tobacco
smoker 27 3.5 1.76 3.0 0.7-7-S Fal.14
nonsmoker 94 4.1 2.67 3.S 0.7-IS.6 p-.28
missing 2 2.6 0.91 2.6 2.2-7.3

TOTAL 113

#univariateAnova
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TABLE A4.1.15BOUND TESTOSTEFIONE TO FOLLICLE STIMULATING
HORMONS RATIO rrBIFSH)

13YBC)OY MASS INDEX. AGE, SMOKING AND DFTINKING STATus
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOLITE PLANT, C;OTTAGE.GROVE, MINNESOTA

TF/FSH
N MEAN SD MEDIAN RANGE TEST

smi
-c25 40 155 87.3 138 39-411 F-2.oo
25-30 56 126 67.9 113 23-297 PM.IA
3-M 17 122 7S.7 115 3A-306

AGE
Ir.31 20 182 90.3 184 394'11 F-8.75
314.0 48 154 74.5 141 45-348 P-.0001
41-50 26 101 52.9 91 39@-227
51-W 19 87 S3.2 78 23-264

Alcohol
-clez/d as 133 76-S 120 23-411 F-c.o
1-3oVd 19 133 78.6 112 39-325 p-.98
mlssing a 173 80.5 190 82-303

Tobacco
smoker 27 130 74.4 106 39-32S Fu28
nonsmoker " '- 139 78.5 131 23-411 p-.60
mis3lng 2 72 70.9 72 57-86

TOTAL 113

--.-#utiiyariateAnava
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TABLE A4.1-16ESTRADIOL TO FOLLICLE STIMULATING HORMONE RATIO
(E/FSH) BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOLITE PLANT, C07rAGE GROVE, MINNESOTA

E/FSH
N MEAN SD MED-IAN RANGE TEST#

smi
@c2S AO 9.7 S.Si 6.8 1.3-22.3 F-.so
25-30 56 7.8 5.76 6.6 1.4-29.6 P-.Bl
3-M 17 9.3 7.o4 7.6 2.65-33.1

AGE
421 20 10.8 sio 9.6 3.1-25.o Fm6.oo
3140 48 91 6.01 7.3 1.4-33.1 pm.003
41-50 26 6.9 6.13 4.0 1.3-29.6
51-W 19 4.9 227 4.6 1.5-9.3

Alcohol
,clozjd as 8.1 5.83 6.6 1.3-33.1 Fe.011-3ozId 19 u 4.99 7.1 3.1-19.1 P-.91missing 8 10.9 7.U 23 4.6-29.6

Tobacco
smoker 27 8.1 6.82 4.7 1.4-29.6 F-.13
nonsmoker 94 5.59 7.o 1.3-33.1 p-.72missing 2 5.1 ZS6 S.i 3.2-6.9

TOTAL 113

#univariateAnova
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TABLE A4.1.17THYROID STIMULATING HORMONE TO PROLACTIN RATIO
(TSHIP) BY BODY MASS INDEX. AGE. SMOKING AN&) DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

TSWP
N MEAN SD MEDIAN RANGE TEST#

BMI
425 40 0.22 0.17 0.18 0.06-0-83 F..71
25-30 se 0.2S 0.22 0.19 0.02-1.21 P-.49
31@w 17 0.28 0.19 026 0.07-0.81

AGE
-c3l 20 0.17 0.02 0.15 0.05-0.39 F-1.38
3140 48 0.25 023 0.17 0.02-1.21 P-25
41-SO 26 0.26 0.18 022 0.06-0.93
51-60 19 0.29 0.20 0.20 0.07-0.81

Alcohol
-cloz/d as 0.2A 0.19 0.19 0.04-121 F-2.is
1-307Jd 19 0.29 024 0.17 0.02-1.00 p..is
missing a 0.21 0.08 020 0.0".30

Tobacco
smoker 27 0.29 0.2S 0.21 o.og6.1.21 Fol.00
nonsmoker om 0.18 0.18 0.02-1.00 p-.32
missing 2 0.14 0.08 0.14 0.09-0.30

TOTAL 113

#univahate Anova
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TABLE A4.1.18FREE TESTOSTERONE To PROLACTIN RATIO(TF/P)
By BODY MASS INDEY, AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

-
TF/P

N MEAN so MEDIAN RANGE TEST#

BMI
-c25 40 2-5 1.47 2.2 0.6-7.8 F..lg

25-30, 56 2-3 2.13 1.9 0.5-15.0 p-.&3

,*W 2-1 1.12 2-0 0.&4.617

AGE
w.31 20 2.A 1.67 zo 0.7-7.9 F-.72

31-40 As 2.6 2.27 zi O.S-lS.O p-.54

41-50 26 zi 1.05 LO 0.7-42

51-W 19 2.0 1.19 1.6 0.8-5.6

Alcohol
-clc*Jd 86 2.4 1." 2.0 0.6-iS.O F..ig

1-3oVd 19 2.0 120 1-5 0.5-5.1 p-.37

missing 8 2.6 o.75 2.7 1.5-3.8

Tobacco
smoker 27 32 2.31 Z4 F=9.58

nonsmoker 84 2-1 1.18 1.9 0.5-7.8 p-.OM
missing 2 2-2 2-20 2.2 0.7-3.8

TOTAL 113

#univariateAnova
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TABLE A4.1.19BOUND TESTOST-EFIONETo PROLACTIN RATIOCTB/p)
BY BODY MASS INDEX. AGE, SMOKING AND DRINKING STATUS

1990 PERFLUOFROCHEMICAL EFFECTS STUDY,
3M CHEMOUTE PLANT, COTTAGE GROVE. MINNESOTA

TB/P
N MEAN so MEDIAN FIANGE TEST#

BMI
-c2S 40 87 46.4 92 20-221 F-.6025-30 S6 87 95.0 22-624 P-M3-30 17 68 3LI 67 26-158

AGE
.c3l 20 75 47.1 sa 20-206 Fe-933140 48 96 91.0 79 22-624 P-.48
41-50 26 78 41.6 72 23-163
51-M 19 73 34.4 63 34-158

Alcohol
-cloz/d 86 87 ric 72 20-624 F.i.231-30vd 19 68 49.9 49 22-221 P..27missing a 95 2U 100 55-117

Tobacco
smoker 27 121 122.0 27-624 F-i1.31
nonsmoker 84 73 38.7 so 22-206 P..001missing 2 so 5&8 w 20-100

TOTAL 113

#univariateAnova
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TABLT A4.1.20ESTRADIOL T0 PROLACTIN RATIO (E/P)
BY BODY MASS INDEX AGE, SMOKING ANQ DRINKING STATUS

1990 PERFLUOROCHEMICAL EFFECTS STUDY,
3M CHEMOLRTE PLANT, COTTAGE GROVE, MINNESOTA

EIP
N MEAN SD MEDIAN RANGE TEST#

ami
c25 40 4.7 2.90 4.4 1 Fo.19
25-30 56 5.1 4.88 3.9 1.1-32-5 P-.92
3-M 17 S.i 2-U 4J I.M.7

AGE
-al 20 42 220 4.1 1.1-0.0 Foi.oo
31-0 48 5.7 5.18 4.6 1.1-3" p.m
41-50 26 4.7 3= 4.0 1.1-15.1
51-W 10 4J 2.00 3.7 =-Qg

Alcohol
-tioz/d 5.0 A.1 1 4.1 1.1-22-5 pose
1-3oVd 42 L94 3.1 1.1-13.0 pe.45
missing 8 Gi 4.15 4.6 3.0-15.1

Tobacco
Smoker 27 7.2 5.67 5.2 1.1-= F.1221
nonsmoker 94 A.3 zis 4.0 1.1-10.2 P.L.001
missing 2 4.6 4." 4.6 1.1-9.0

TOTAL 113

#univahateAnova
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TABLE A4.2.3 HORMONE RATIOS BY TOTAL SERUM FLUORIDE:
ESTRADIOL/PROLACTIN (EIP)

THYROID STIMULATING MORMONEIPROLACTIN (TSI-VP)
FOLLICLLE STIMULATING HORMONE/PROLACTIN (FSHJP)

PROLACTINILUTENIZING HORMONE (PA-H)
1990 PERFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

N MEAN so MEDIAN RANGE TEST#
TOTAL

FLUORIDE EIP

-Cl
PPM

23 5.34 2.77 A.&I IAS-10-22 Fm."
ioal-3 64 4.75 4.U 3.77 1.09-32.50 pm.63
*3-10 is S.97 4.65 4.76 AA7.17"
3*lc@-IS 6 3.13 1.06 3.45 1.13-4.07
o-15-26 s S.SS 1.60 9.17 3.11-7.09
TOTAL 113 4.97 3.94 4.04 1.09-32-W

TSHIP
-Cl 23 0.22 0.11 021 0.07-O.AO Fw.40
ipal-3 64 0.24 021 0.17 0.04-1.20 P-.21
3%@ic is 0.29 0.76 0.20 0.07-0.BS
2-10-1s 6 0-24 0.14 0.25 0.02-0.41
a-is-26 5 029 0.09 0.27 0.20-4."
TOTAL 1'13 0.24 0.20 0.10 0.02-1.20

FSHV'P
Ici 23 0.65 OA7 0.60 0.18-254 F"9
3,=1-3 64 0.80 OA2 0." O.IS-V-ll p@A7
3w@l 0 Is 0.97 a." OJT 0.15-2A$
2-IC@-15 6 os2 a.= CA7 0.13-1.04
P,15-26 5 0.66 0.36 0.47 C-'A3-1.13
TOTAL 113 0.76 OA2 0.60 0.13-2-M

paii
-ti 23 1.71 0.65 1.64 0-*Lrv-3.02 Fmi.72
s@al-3 63 i.$S 1.?S 1.37 0.41-4.=
3p3-10 is 1.79 1.20 1.45 0.39-4.00
a-It@-15 6 3.14 3.00 1.86 1.10-9.11
2-IS-25 s is a." 1.33 1.03-2.10
TOTAL. 112 1.97 129 1.62 0-3s-o.ll
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TABLE A4.2.4 HORMONE RATIOS i3yTOTAL SERUM FLUORIC)E:
ESTRADIOLILUTENIZING KORMONE (EA-H)

ESTRADIOL/FOLLICLLE STIMULA*MNG HORMONE(E/FSH)
FOLLICLLE STIMULATING HORMONE/LUTENIZING HORMONE (FSHILH)

1990 PERFLUOROCHEMICAL EFFECTS STUDY.
3M CHEMOUTE PLANT, COTTAGE GROVE, MINNESOTA

N MEAN so MEOTAN RANGE TEST#
TOTAL

FLUORIDE EILM
PPM

,41 22 a." 4.73 2.28
2oul-3 63 6.85 4.01 6.19 C.9S-20.59 P-.45

Is 724 2.74 7.SS 1.96-11m
2010-15 6 721 zis 7.09 4.39-IO.V
*lS-26 5 ?." 2-71 7.c3 6.03-12.70
TOTAL 112 7.34 3.91 7.01 OAK-2o-s9

EIFSH
23 1027 GAS 9.62 1.36-33-12 F.I.00

7.71 5.90 6.10 1-110-29.60 P-041
*3-10 Is 7.74 326 6.89 3.71-IL42
:*10-15 6 8.04 4.24 827 3.WlS.30
,volS-26 5 10.32 6.60 7.03 S.AS-2i.SO
TOTAL 113 a.37 6.41 S." 1-30-33.12

FSHVLH
-el 23 0.91 0.30 0.89 0.42-1.48 F..4iioul-3 63 1.04 CA4 0.94.- *.37-2.2$ P..,73*3-10 is 0.99 0.43 0.91 0.41-1.95
2,10-15 6 1.00 0.50 1.03 C-S3-1.78
*,15-26 5 0.91 om 0-" A-CS-IAO
TOTAL 112 1.00 OAI a." 0.37-2.25
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TABLE A4.2.5HORMONE FLAIIOS 13YTOTAL SERUM FLUORIDF-:
FREE TESTOSTERONEfniyRolo STIMULATING HORMONE (TF/TSH)
BOUND TESTOSTRONE/THYROID STIMULATING HORMONE OSrrSH)

FREE TESTOSTERONEA.UTENIZING HORMONE (TFA-H)
BOUND TESTOSTERONs./LLrrENIZING HORMONE (TSA-H)

1990 PERFLUOROCHEMICAL EFFECTS STuoy -
3M CHEMOUTE PLANT. COTTAGE GROVE. MINNEIOTA

N MEAN so MEDIAN RAN(3E TF_ST#

TOTAL
FLUORIDE TFITSM

PPM
-el 23 12.6 ILS 9s Fen.93a-al-3 12-7 ?.S 11.1 P-o.45*4.10 11.9 ICA 3.2-V2
2,10-13 cz 1.7 7.S 17-C@-m7
a@15-26 5 71 1.9 7.9 4.&9.6
TOTAL 112 12-1 7.S 2.9 1.7-43.7

TSITSM
oti 23 456 330 320 170-1367 FmZ4a-ul-3 479 363 370 51-2102 pa.70w3-10 416 270 401 9s-ilas
:Olt)-15 6 334 296 226 57-900
a-15-26 5 314 49 317 247-370TOTAL 113 451 323 3S3 51-2102

TF/LH
.41 23 &7 2.3 2.3 1.2-11.3 Fu2S
pul-3 64 3.S 1.2 3.2 C.".l pmse*3-10 Is 3.3 1.0 3.3 12-"
31-It@-15 6 3.1 1.33 2-89 1.4."
3015-26 5 3.0 04 &4 li@-LOTOTAL 113 2A 1.7 3.2 0.6-11.3

TBfLm
4ti 23 127 12S 31)-2N Fm.13a-mi-3 64 121 so 114 24-286 pmm,93b3-lo is 115 51 ics 52-234S,10-15 6 lie sa 105 61-al0,15-26. 5 127 21 12S 122-149TOTAL 113 122.1 67.3 lit 24-3-"$
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TA13LE A4.2.6HORMONE RATIOS BY TOTAL SERUM FLUORIDE:
THYROID STIMULATING HORMONEIFOLLICLE STIMULATING HORMONE (TSFi/F

THYROID STIMULATING HORMONE/LUTENIZING HORMONE (TSKILH)
1990 PEFIFLUOROCHEMICAL EFFECTS STUDY,

3M CHEMOLRTE PLANT, COTTAGE GROVE. MINNESOTA

N MEAN SD MEDIAN RANGE TEST#
TOTAL

FLUORIDE TSWFSH

-cl
PPM

23 0.42 0.24 0.40 0.08-0.89 F-OM
2-al-3 64 0.40 0.38 029 0.06-2.U P..,.92
2.@ic Is a." ox ex 0.0&120
3.10-15 6 0.49 am 0.49 O.IMM
*15-25 5 0.49 CL17 0.45 027-0.U
TOTAL 113 0.42 am 0.35 O.Oir@,-2.34

TSKILH
,cl 23 CL." om 0.33 O.Wi.00 F-OM
*=1-3 64 cis 0= 028 p..22
so@ic On U? oil
M-10-15 0.45 CLI$ 0.43 0.22-0.70
1-15-25 0.40 CL37 0.40 0-1".45
TOTAL 113 0.37 OL26 oil 0.04-1.70

TF/FSH
.91 23 4.40 227 &7 I-C.-IS.6 F-.34
3,ul-3 3.77 2.U 3.1 .7-11.1 P-45
P3-10 is &78 1." 3w2 1.7-7J
3.10-15 6 &42 1.93 3.9 J-"
a-15-26 5 3J3 zis &g li-Ls
TOTAL 113
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TABLE 4.1.7aUNEAR MULTIVARIATE REGRESSION MODEL OF FACTORS
PREDICTING THE HEMAGLOSIN AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT. COTTAGE GROVE, MINNESOTA

Varlabi* 0 SE(S) --P!Valuo

lnterr.opt 14.51 .67 .0001

TotalFluorine(ppm)* -.o02 .0009 .02

Alcohol#

low(<Icz/day) .22 .20 .27

nonresponse(NR) .56 .33 .09

Age (years) .001 .009 as
SMI (kg/M2) .01 .02 .65

Cigarettestday .01 .007 .20

Cigs/dayX Fluodne2** .0003 .0001 .0005

Estradiol(pgtml) .01 .006 .07

R2.M
Isquamtranstom3obnoftoW IkioM@
#Refororcecategmismderatedtinkerswhoconv=w 1-3czothanouday.
lmenictiontermbetweencigarettesperdaywW swam tmnsbnr6Mionoftotalfluarkie


