
Corporate Occupations Medicine 3M Cane, Bing 2203005
- pemiEe™  AR226-0473651733 5066 Fox

3M 5. Fluorochemicals and Human Health: Studies in an Occupational Cohort

“This is a doctoral thesis by Dr. Frank Gilliland (graduate student at the time in the
DivisionofEnvironmental and Occupational Health at the University of Minnesota).
The dissertation consists of two studies: 1) an analysis of the 1990 fuorochemical

medical surveillance data of employees who voluntarily participated in the program at the

Chemolite (Cottage Grove, Minnesota) manufacturing plant; and 2) the second update of
the retrospective cohort mortality study at the Chemolite (Cottage Grove, Minnesota)

site

In 1990, the Cottage Grove fluorochemical medical surveillance program analyzed for

serum total organic fluorine. This was considered a proxy for serum perfluorooctanoate

(PFOA) levels. Perfluorooctanoate is the anionofperfluorooctanoic acid. Gilliland

reported no significant clinical hepatic toxicity associated with PFOA levels. However,
the effectof obesity on liver transaminase levels decreased as PFOA increased. Gilliland
also reported tha the effectof alcohol on HDL was reduced as serum PFOA levels

increased. Serum PFOA (i.e. serum total organic fluorine) was positively associated

with estradiol and negatively associated with free testosterone. The negative association

between free testosterone and PFOA was stronger in older men, Thyroid Stimulating
Hormone (TSH) was positively associated with PFOA. Gilliland concluded that these
results suggested that PFOA may affect male reproductive hormones and that the liver is
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notasignificant ste of toxicity in humans a the PFOA levels observed in this cross-

sectional analysis. Note: These observations reported by Gilliland in his dissertation
have been examined in three subsequent (biennial) medical surveillance examinations of

this workforce. Olsen et al examined 1993 and 1995 fluorochemical medical surveillance

data which specifically assayed for perfluorooetanoate in the serum using mass

spectrometry methods. The dissertation findings could not be replicated. PFOA was

not significantly positively associated with estradiol and TSH, nor was it negatively

associated with free testosterone (see study#6). Olsen et al examined the 1993, 1995

and 1997 fluorochemical medical surveillance data, measuring specifically for

perfluorooctanoate, and confirmed the lack of clinical hepatic toxicity in this workforce

for the serum PFOA levels measured (see study #8). They were unable to observe, as

initially reported by Gilliland, an association of PFOA to modulate the effect of obesity

on liver transaminase clinical chemistry tests or blunt the effect that PFOA may have on

the effect of alcohol use with HDL.

Regarding the second update to the retrospective cohort mortality study, a paper was

published in 1993 (see study # 4 ) which described the results from the Gilliland doctoral

thesis.
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ABSTRACT

® : Perfluorooctanoic acid (PFOA) has been reported to be anongenotoxichepatocarcinogen and reproductive hormonal toxin in ats, Although PFOA isthe major component of total fuoring in humans, litle information is available©oneeming human toxicities. The health effects of PFOA wars assessed in twostudies conducted in occupationally exposed workers. The associationsbetween PFOA and reproductive hormones, hepatic enzymes, ipcproeins,hematology parameters, and laukocyte counts ware studied in 115 maleemployees. Serum PFOA was positively associated with estradiol andnegatively associated with ras testosterone (TF) but was not signifcantlyassociated with luteinizing hormone. The negative association between TF andPFOA was strongar in older men. Thyroid stimulating hormone and PFOA worepositively associated. PFOA and prolactin ware positively associated inmoderate drinkers. The sffact of aciposiy on serum glutamyl oxaloacstic and *glutamyl pyruvic transaminase decreased as PFOA increased. The induction ofgamma glutamyl transferase by alcohol was decreased as PFOA increased,The effect of alcohol on HDL was reduced as PFOA increased.A positiveassociation between hemoglobin, mean cellular volume, and leukocyte counts® With PFOA was observed. These results suggest that PFOA affects malereproductive homanes and that the iveris not a significant site of toxicty inhumans at the PFOA levels observed in this study. Howaver, PFOA appears tomodify hepatic and immune responses to xenobiotics. A retrospactive cohortmorality study of 2788 male and 749 females workers employed between1847-1884 at a PFOA production plant was conducted. Overall thers wera nosignificantly increased cause specific SMRs. Among men, ten years ofemployment in PFOA production was associated with a significant tho foldincrease in prostate cancer mortalty compared to no employmnt in production.Given the small number of prostate cancer deaths and the natural historyof the(lsease, the association between production work and prostate cancer must beviewed as hypothesis generating and should not be over interpreted. f theprostate cancer morality excess is related to PFOA, the resus of the twostudies suggest that PFOA may increase prostate cancer mortaitythroughendocrine afterations.
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Fluorine wes first isolated as an element in 1860 by Moisser '. Five years later
he synthesized the first fluorocarbons through uncontrolled reactions of carbon
with elemental fluorine. It was not until the late 1930s that the controlled
synthesis of fluorocarbons became possible. In the 1940s, Frigidaire and DuPont
developed chlorofluorocarbons, the first commercially available fluorocarbons, for
use in refrigeration '. During the same period perfluorocarbons, a subclass of
perfluorinated organic fluorocarbons with unique properties, were first
synthesized to meet the special needsof the Manhattan project 2. The
electrochemical flucrination method for perfluorocarbon production made
commercial production of perflucrocarbons possible and opened the door to
‘widespread use of perfluorocarbons 3.4,

Fluorocarbons are wide ranging in theirstructures and uses. Many commercial
applications have been developed for chiorofluorocarbon compounds including
refrigeration, degreasing, aerosol dispensing, polymerization, polymer foam
blowing, drugs, and reactive intermediates or catalysts. Perfluorocarbons (PFCs)
‘have extensive applications because of their unique physical and chemical

® properties. These applications include use as artificial blood substitutes,
computer coolants, polymers such as teflon, surfactants, lubricants, foaming
‘agents, ski waxes, and in an extensive specialty chemical industry which :
produces grease and oil repellent coatings for paperand cloth,polymers,
insecticides, and a variety ofconsumer products. Perfluorocarbons are currently
being tested as replacements for chlorofluorocarbons in industrial processes and
products.

For many years fluorocarbons were generally thought to be nontoxic.
Perflucrocarbons were considered to be particularly nontoxic because they were
chemically and physically inert and showed low acute toxicity in animals 4.
Recent epidemiological and experimental studies have associated exposure to
chlorofluorocarbons, a subclass of fluorocarbon previously classified as
nontoxic, with direct and indirect adverse human health effects. Subsequently,
researchers and regulators turned their attention to the study of other
fluorocarbons. The discovery that one perfiuorocarbon, perfiucrooctancic acid
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(PFOA), was present in measurable Quantities in residents of several U.S.citieso #7, the recognition that some perfiuorocarbons including PFOA have long halt
lives in the humans ® and the observations that PFOA prodiced toxic effects inanimals, including hepatotoxicity, endocrine toxicity, immunotoxicity, and
carcinogenesis °, has led to a re-evaluation of the toxic potential of
perfluorocarbons, particularly PFOA, in humans.

Despite widespread exposure to perfluorocarbons, little is known about their
effects on human health. tt was apparent that additional studies designed toexplore their physiologic effects and potential adverse health outcomes andconducted in an occupational cohort with high exposure to PFCs, were
necessary. The 3M Chemolite Plant located in Cottage Grove, Minnesota is oneof a few PFC production facilties in the world. Biological monitoring data from
‘studiesofthe Chemolite workforce showed that employees have had high levelsand long durations of exposure to PFOA &10. This occupational cohort providedthe opportunity to study the effects of PFOA on humans. The specific goals and
objectives of this study were:

GOAL1) To quantify the human effects of perflucrooctancic acid on the® following physiologic parameters:

a) Hormones: free and bound testosterone, estradiol,lutenizinghormone, thyroid simulating hormone, prolactin, and folice stimulating
‘hormone.

b) Serum lipids and lipoproteins: cholesterol, low densitylipoprotein,
high density lipoprotein, andtriglycerides.

©) Hematologic parameters: hemoglobin, mean corpuscularvolume,
‘white blood cell count,polymorphonuciear leukocyte count, band‘count,tymphocyte court, monocyte count, platelet count, eosinophil court, and
‘basophil count.

2
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©) Hepatic enzymes: serum glutamic oxaloacetic transaminase, serumoe Siam py arseminas, gamma amt Farle, an seaine
phosphatase.

QRIECTIVE1: to conduct a cross-sectional study of production workers to
estimate the relationships between total serum fluoride, a sumogate assay
for prefluoroocianoic acid, and physiologic parameters.

GOAL 2)To quantity the mortality in an occupational cohort with long term
‘exposure to perfiuorooctancic acid production.

OBJECTIVE2: to conduct a retrospective cohort occupational study to .
assess the mortality experience of workers using expected mortality based
‘on Minnesota mortality rates.
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2BEVIEWOFTHELITERATURE

21ntroduction

The presence of small amounts of fluoride in human blood was recognized in1856 1. More than 100 years later, Taves 5 presented evidence that fluorinexsts in two major forms in humans and animals; in a free ionic state and in acovalently bound organic state. Prior 1 this report, it was assumed that fluorineexisted primarilyas inorganic ionic fluoride in biological systems. Tavs'observations have since been confirmad by several other investigators 1216, Thediscovery that organofiuorine compounds constitute the majority of fuorine foundin humans focused research on characterizing those undefined compounds. Guy.identifieda perfuorinated compound, parfuorooctanoic acd (PFOA), as a major
constituent of the serum organic fluorine fraction 7-17. Perflucrooctanoic acid(PFOA) is the only organic fluorine compoundto be identified in human serum 8.‘The recognition of human and animal toxicities associated with
perfluorochemicals * 1, has renewed interest in understanding the human health® effects of perfluorocarbons (PFC), particularly PFOA.
20min '

Organic fluorochemicals, otherwise referred to as fluorocarbons, are compoundscomposed of fluorine, carbon and other elements such as oxygen, nitrogen andsulfur. Perfluorocarbons have structures analogous to hydrocarbons, except thehydrogens are exhaustively replaced by fluorine 2, A limited number of organicfluorochemicals occur in nature 21-2, however no PFCs occur naturally 24.25,

The first report of the synthesis of a fluorocarbon was published in 1830 whenMoissan claimed to have purified carbon tetrafiuoride. It is ikely he isolatedfluorographite, however 1. Pure carbon tetrafluoride was not obtained until 1930#. Work by Ruff and the Belgian chemist, Swarts, in the late 16th and earty 20thcenturies laid the foundation of organic fluoride chemistry. Midegly and Henneextended Swarts’ work and reported the synthesis of dichlorodifiuormethane,
— a
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® CizF2, in 1830 27. This chiorofluorocarbon with the trade name Freon 12 is an
: ine, non-toxic refrigerant which was vastly superior1o other refrigerants

available in the 1930s. After commercial production of Freon 12 began in 1836,
rapidly became a major industrial chemical 2 2. A numberof

- cholorflucromethanes and chioroflucroethanes have been produced on a
‘commercial scale in many regions of the wortd. These chiorofluorocarbons have
been used in large amounts as aerosol propellants and degreasers, in addition to
theiruse as refrigerants. Currently, their production is being reduced as a result
of their ozone depleting properties 2.2,

In 1937, Simons and Block developed a method to produce laboratory quantities
of perflucrocarbons, such as C3Fg, C4F10. CycloCsF10 and cycioCsF12 23, The
‘analysis of these compounds led 10 the understanding that many of the structures
of saturated hydrocarbons could be replicated in the form of perfiuorocarbons.
Research in the area of perfluorocarbons was stimulated by two developments.
First, Plunkett discovered the polymer, polytetrafiuoroethylene, of Teflon .
Second, the development of perfluoracarbon chemistry was stimulated by the
USS. effort to develop atomic weapons during World War ll under the Manhattan
Project. The 235U isotope of uranium was required for the development of atomic

® bombs. One method of uranium isotope separation was gaseous diffusion. The
only volatile uranium compound available for use in this diffusion process was

+ uranium hexafluoride, UF, an extremely reactive gas. Materials ware needed for
use as coolants, lubricants, sealers and buffer gases in equipment exposed to
this highly reactive gas *2 25. Perfluorocarbons prepared by Simons wers found
10 be inert to UF. This discovery led to a research effort directed toward
understanding the propertiesof a variety of perfluorocarbons and developing
commercial mathods for preparation of perfiuorocarbons. The development by
Simonsof the electrochemical fluorination (ECF) was a major milestone in the
fuorochemical industry. Since World War If there has been much interest and
workin this new branch of organic chemistry based on perflucrocarbons.

The use of Simons’ ECF method has allowed tha production of a wide variety of
perfluorocarbons including perfluorinated alkanes, alkenes, ethers, esters,
amides, sulfonamides and compounds with cyclic and ring structures 2. The nent”
perfluorocarbons are compounds made up of only carbon and fluorine. This class
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of compounds ranges from carbon tetrafluoride to complex multiple ring® structures such as perlluorodecalin, Perflucrinated surfactants include carboxylicacids, sultonic acids, and their derivatives. These compounds form the basis ofan extensive fiuorochemical industry. A variety of perfluorinated polymers andelastomers exist. The most widely used are polytetrafiuorosthylene and Kel-F, aslastomar of vinyldiene fluoride and hexafluoropropylane.

2.3 PhysicalProperties

Perflucrooctanic acid is a straight chain sight carbon carboxylic acd with amolecular waight of 414.16. The melting point of POFA is 59-60°C. hs boiling
poirt is 189°C at standard conditions *. Perfluorooctanoic acid is produced as acomplex mixture of branched chain isomers. In practice, al eight carboncarboxylic acid isomers are refered to as PFOA. The ammonium sat of PFOA(APFOR) is the common industrially used form of PFOA. I is a whits crystallinepowder that easily becomes airbome and sublimes at 130°C.

Perfluoracarbons have unique chemical and physical properties 20.26. 31.32, Theimportance of perfluorination in producing these properties cannot be[) overemphasized. Perfluorocarbons are not just another hydrocarbon-iikemolecule. Chemically, perfiuorocarbons are remarkably inert. They are stable toboiling in strong acids and bases. Very few oxidizing or reducing agents react -appreciably with perfluorocarbons. Perfluorocarbons that contain other organic:molecules such as nitrogen, oxygen and sulfur will participate in reactionatthesiteof these molecules. For instance, perfluoroctanoyl sulfonic acid will react andform the sulfonamide derivative. The amide portion of this molecule can then beconjugated with many other organic compounds. The perfiuorinated portion ofthese larger molecules remains non-reactive.

: Perfluorocarbons are heat stable. They can be heated to greater than 250°Cwithout breakdown. At high temperatures, greater than 400°C, some compoundsvill breakdown. For example, PTFE, breaks down to perfuoroisobutylene (PFIB),an extremely toxic gas *. Because most perfiuorochemicals are heat stable theyare used in high temperature applications.

6
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: The inert perfiuorocarbons are excellent insulators. Polymers, such as PTFE,o and inenis PFCs, such as perfluorohexane, are used in electrical applications. because of their superior dielectric properties. Their heat stability and insulation! properties make perfluorocarbon materials the insulators of choice 29,

Perlluoninated surfaces are the most non-wetable and non-adhesive surfacesknown 2. Fiuorochemical surfactants are some of the most potent surfaceactive agents yet discovered 2". Very low concentrations of fiuorochemicalsurtactants effectively reduce the surface tension at interphase boundaries,

Most perfluarocarbons are poorty soluble in both aqueous and organic solutions.‘They form a group of fuorophilic compounds, however some peruorocarbonswith functional groups such as the salts of PFOA, are highly water soluble 3 32,Perfluorocarbon liquics dissolve oxygen avidly. This unique property is the basisforthe use of perfluorocarbons as blood substitutes .

Perfluorinated carboxylic and sulfonic acids are some of the strongest organicacids known 2". The pKa of PFOA is 2.5 3. Thus, when in physiologic solutions,hey existin primariy anionic forms. The anionic forms have a strong propensity® 10 form complex ion pairs”.

In the past, some investigators have assumed that the chemical and physicalpropertias of many fuorocarbons is synonymous with lack of activity in biologicsystems 35.38, However, abundant evidence exists that their chemical and: physical inertness does not implybiologic inertness 19. 30.37.38,

2.4Synthesis

: Synthesis of fucrocarbons has been accomplished using four major methods;electrochemical fuorination (ECF), direct fluorination, teleomerization, andcatalyle mathods using high valence heavy metals. The ECF was developed bySimons in 1841 2. The Simons process is the oldest commercial technique andremains a commercial methodto obtain many perflucrocarbans.A solution of
Sr———

personal communication from James Johnson, 3M Corporation
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| organic substrate is slsctrlyzed in anhydrous HF ata low voltage, high curren,® nickel anode. The products of thesa electrolysis cel reactions aro largely
perfuorinated. The spectrum of material produced by the ECF process is definedby the starting material, Commercial products from this process includeperfluoroalkanes, perfuorcalkyl ethers, perfiuroakenss, perfluoroalky esters,perfluorotrialkyl amines, perfluorocarborylic acids and perluorosulfonic acids 2,| Products of ECF often includ a significant proportion of complex isomers and! fragmentation products. For example, ECF production of PFOA from straightchain octanoic acid produces 30% complex branch chain isomers , The mixtureof products from each ECF run is unpredictably variable. These isomeric mixesare dificut to separate and pury . Workers producing PFCs using ECF mayb6 exposed to a complex mixture that changes compositionover time.

Direct fuorination is another method used to produce perfluorocarbons. is notsubjected to the impury problems associated with the ECF process. Direct :fuorination reacts fluorine gas with hydrocarbon substrate. Because fluorine gasis extramely reactive, direct fuorination is a technically difficult process and hasonly recently been pilot tested for commercial production of fluorocarbons.
® World production of fuorocarbons is limited to a hand of commercial plants.The 3M Corporation operates PFC production plants in Minnesota, llinois,Alabama and Antwerp, Belgium. A plant in Haly owned by a Japanese and halianconsortiumproduces fimited amount of fuorocarbons. Perfluorocarbons are alsoproduced in Germany and have been produced, in the pas, in the former SovietUnion.

2.5SourcesOfOrganic Fluoride Exposure

| Guy 17 presented possible candidates for the organic fluorine constituents off ‘human blood based on observation made during the isolation of PFOA fromserum. The organic fluorine was not likely to be a macromolecule such as ai protein or nucleic acid, because of its solubility in organic solvents such as etherof chloroform/methanol. It was not covalently bound to albumin since ft wasremoved on charcoal at pH 3 at room temperature. The solubilty characteristicssuggested that multiple compounds existed with cifferent polarties. The major
8
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compound was 2 pola ipid like molecule thet was identified as PFOA. Oghero less polar compounds appeared to be present. This cata suggests thatfluorocompouncs other than PFOA were bound to albumin. These compouncs| were not estersof C13.. 1 fatty acids and were less polar than PFOA,Perfiuorooctany! sulfonamide (PFOS) and is derivative compounds fi thisdescription and may be consttuents of the organic fuorine fraction. Athoughexposure is probably low. the properties of PFOS suggest that t may accumulate' 10 measurable levels.

In contrast to ionic fuoride, ltl has been reponed concerning the organicfuerine content of water and beverages. The fluorine coment of ground watar isessemially al in ionic form. Some fluorochemicals, such as the perfuorinatedcaroxylc acid surtactants and their sals, are soluble in water. Such watersoluble compounds may locally contaminate surface and ground water nearindustrial parts that use these compounds. Other perfluorinated compounds£ch a5 the alkanes, alkenes, and ethers are fluorophilic and ar insoluble inaqueous solutions, Although data on the oral organic fluorine intakeis limited, itis unikely that water and beverages are significant sources of organic fsoring inhumans.

° The dist as a soursofthe organic fluorine found in human serum has bean theSubject of speculation &.& 1%. 4, Non-perfuorinated fuorocompounds have foundin biologicalsystems.Marais showed that fluoroacetate was thecompoundresponsible for toxicity from the poisonous plant Dichapetalum cymosum 41,Other investigators have found plant species that synthesize fuoroacetate,fuorocitrate, and monofiuorinated fatty acids. Petars reported that a fewtoxicplants produce fluoroacetate 4, Fluoroacetate and fluorocitate have beanfoundin beans grown in high fluoride soil 2, Peters 21 and Lovelace et al. Z havereported the occurrence of fluorocitrate in a few plants and foods, In animals, themetabolic activation of fuoroscstate ito ()-erythro-fuoroctrate blocks theIransport of citrate into the mitochondria and citrate breakdown by econitase 42.“2. Other omega-fatty acids with even numbers of carbon atoms are highly toxic292 result of oxidation that produces flucroacetate. Fluorocitrate alsoundergoesr2pid defluorination in rat liver in the presence of glutathione (GSH) “. Given thelow environmental levels, the infrequent occurrence, the toxicity, and the rapid
~
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| ‘metabolism of these compounds in mammalian species, i is unlikely that these
o monofiucrinated compounds contribute substantially to the organic fluorine

content in humans.

Taves measured the organic and inorganic fluorine in 83 food items 45, No.
significant organic fluorine was found in the tested foods. Ophaug and Singer
tested a market basket of food. They concluded that there was no significant
erganic fluorine content in food. Although food and beverages generally do not
contain PFCs, itis possible that they may be contaminated by fluorochemical
packaging materials. Waterand grease repellent coatings in packaging material
could leach into food items in small quantiles. This could occur whan materials
that are not designed for microwave use are used in microwave ovens. Studies
have not been reported that quantity human exposures from food packaging
sources.

Perfluorocarbons are contained in many consumer products. Fiuorocarbon. surfactants such as PFOA, PFOS, and its derivatives are present in window
cleaning products, floor waxes and polishes, fabric and leather coatings and
carpet and upholstery treatments 2°, Additionally these compounds are used too ‘coat food wraps and are incorporated into plastic food storage bags.

! Fluorocarbons are the basis for a new generationofcross country ski waxes.
Teflon and Teflon related products are widely used as lubricants, electrical
insulators, heat and chemical stable gaskets and linings and in non-stick
cookware. Fiuoroalkanes such as perfluorohexan are being evaluated as CFC
replacements. If perfiuorohexane or other fluorocarbons are used as
replacements for CFC's, consumer exposure from aerosols and other productswil increase dramatically. PFC's have several experimental medical uses
including use as blood substitutes, x-ray and magnetic resonance imaging

! contrast agents , vitreous replacement and in liquid ventilation therapeutic
methods . Recently, a potent fluorocarbon insecticide has beenmarketedtocontrol fire ants 40,

Perlluorocarbons have a variety of industrial uses. Teflon and other polymers areused whers heat stable and chemically inert liners, gaskets and lubricants arenecessary. In addition, they are used as electrical insulators both in solid and
nT

: ¢03200



® | liquid form and used as inert non-conductive liquid coolants in electrical devices
: such as Cray supercomputers. Perflucrinated surfactants are important fire

suppression materials. Perfluorocarbons have been used to control the metal
vapors in electroplating processes and to prevent the release of toxic gases\
trom landfills. Perflucrocarbons are being consideredto replace CFC's in many

processes such as refrigeration, polymer foam blowing and building insulation.
New applications are being continually developed for these unique compounds,
making increased exposure 10 workers probable.

i {netics of PFO

: Since Taves and Guy's observations, perfluorocarboxylic acids, pefucrosulfonic
acids and their derivatives have been the subject of numerous toxicokinetic and
toxicodynamic studies in animals. These studies have focused primarily on two

; compounds, PFOA, and perfluorodecanoic acd (PFDA).

A Perfluorooctanoic acid of its salts are well absorbed by ingestion, inhalation or
dermal exposure. Absorption has been studied primarily in rats, although a

® number of other species have been studied.

! Five male and five female rats were exposed to airbome APFOA for one hour. In
this experiment the nominal air concentration of ammonium perflucroociancate
was 18.6 mgA-No animals died during the inhalation exposure or the 14 day post
exposure observation pariod. Pooled serum samples contained 42 ppm of
organic fluorine for males and 2 ppm for females. Inorganic fluoride content was.
0.02 ppm for males and 0.01 ppm for famales %. Kennedy and Hall 3 studied the
inhalation toxicity in male rats of ammonium perfiuoroctonate using both single
dose and repeated dose schedules. They found a LC50 of 980 mg/m3 fora 4

! hour exposure placing PFOA in the moderately toxic by inhalation category.
Following ten repeated doses at levels of 1.0, 7.6, and 84 mg/m3 blood

‘ammonium PFOA levels were obtained. At the 1.0 mg/m3 level PFOA levels
were 13 ppm, at the 7.6 mg/m? level PFOA levels were 47 ppm and at 84 mg/m3
foval PFOA levels wera 108 ppm. Thersfore it appears that PFOA is well
absorbed by inhalation. It should be noted that the exposures were to APFOA
dust, thelikelyform for occupational exposure.
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® Ammonium perfluoroocionoats in food and PFOA administered by gavage in
propylens glycol of com oi vehicles are wall absorbed in rats. In an acute oral
LDs0 study 5, rats displayed a dose dependent spectrum of toxicities indicating
that PFOA was absorbed after ingestion. PFOA levels were not measured in this
study. In a subacute oral toxicity study, rats wera fed PFOA for 90 days °.
Serum concentration of organic fluorine showed a dose response relationship in
both sexes. A marked gender difference in organic fluorine levels was observed.

! Males had organic fluorine 50 times higher than females at each dose level.

| Studies have since demonstrated excellent oral absorption of PFOA in a variety
! of species including rats, mice, guinea pigs, dogs, hamsters and monkeys 9. 15,

Of most immediate relevance to humans have been studies in a small number of
rhesus monkeys °. In a 90 ay oral toxicity study, monkeys were given 3, 10, and

: 30 mg/kg/day doses of APFOA. In monkeys at the 3 mg/kg/day dose, mean :
| serum PFOA was 50 ppm in males and 56 ppm in females. At the same dose,
| males had 3 ppm and females 7 ppm in liver samples. At 10 mg/kg/day doses,
: male monkeys had a mean serum PFOA of 63 ppm and females 75 ppm. Liver

levels were 9 and 10 ppm for males and females, respectively. Because all but 1
® monkey died at the 30 and 100 mg/kg/day dose levels, only 1 serum sample from

! a male monkey in the 30 mg/kg/day dose group was available. In this monkey the
serum level of PFOAwas 145 ppm. In the 30 and 100 mg/kg/day dose group
—mean liver levels were greater than 100 ppm. Thus, the oral route of absorption
‘may be a significant contributor to the body burden of PFOA In exposed workers.

Dermal absorption of PFOA has been studied in rats and rabbits. Ammonium
perfluorooctanoate is a fine whitepowder that may come into comact with skin
and be absorbed. In rats dermally exposed to ammonium perfluoroctonate a 4

! dose levels, PFOA was absorbed in a dose dependent fashion ¥. In single dose
dermal exposure experiments using rabbits, PFOA appeared to be absorbed.
Levels of fluorine were not measured, but dose dependent toxic changes were
noted ®. In a muti-doss experiment, ten male and ten female rabbits were
injected dermally with a 100 mg/kg dose of PFOA on a five day a week schedule
fortwo weeks. Total serum fluorine levels wers increased in a dose-dependent
fashion. Dose-dependent changes in weight were noted 4%. From these studies,

12
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| t appears that dermal exposure to the salts of PFOA are absorbed in animals. In
oe the past, Chemolite workers have been exposed to large dermal doses of

‘ammonium perflucrocionate. i appears that derma exposure may have played a
significant role in the absorption of PFOA in these workers. Upon recognition that
PFOA could be absorbed dermally, work practices were changed and
engineering controls were acopted that reduced dermal exposures. The role that
Germal exposures curentlyplay in PFOA absorption at Chemolits has not been
wel studied.

! Ones absorbed, PFOA enters the plasma prabably by diffusing as a neutral ion
pair. In plasma, PFOA is strongly bound to proteins in the Serum with mors than
97.5 percent in bound form 52. Itsfikelythat albumin is the major site for high
affinity binding 7-34). There does not appear to be a sex difference in protein
binding 5% Hanhijarvi et al. have suggested that protein binding is saturable in
rats %. Using human serum, Ophaug and Singer ® found that PFOA was 99%

| protein bound at PFOA levels up to 16 ppm total fluorine, however. Guy
i suggested that perfluorocarboxylic acids bind to albumin ina similar fashion to

fatty acids 24. This hypothesis is consistent with the results of several studies.
Taves obsarved that the organic fraction of serum co-migrated with albumin

® during electrophoresis ©. Dialysis and ultrafiltration studies observed the
! retention of organic fluorine during dialysis and ultrafiltration 7 17.56. Belisle and

Hagen reported that PFOA appeared 10 ba strongly protein bound in human
serum $1. Extractionof PFOA from acidified water is quantitatively complote
using hexane. When PFOA is extracted from plasma, recovery is only 35
percent. Plasma appearad to complex PFOA and PFDA. The partitioningof the
bound into organic phase during extraction was more difficult and necessitated
the use of mare polar solvents. Kievens = suggested that CF2 and CF3 groups
complex with polar groups that are present in the amino acids in proteins such as

: albumin. In protein precipitation studies using bovine serum albumin, PFOA
bound to albumin at an estimated 28 binding sites per molecule 2. Nordby and
Luck studied the precipitation of human albumin by PFOA.Under acidic pH
conditions, PFOA produced reversible precipitation of albumin 57 by binding to
high affinity sites. These studies do not rule out significant binding to other
plasma proteins or erythrocyte components. In studies using serum protein
electrophoresis, the protein bound organic fluorine was distributed in a diffuse
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® | pattem & 17 suggesting that PFOA protein binding may be nonspecific. The large
: amount bound to albumin may reflect the abundance of albumin in plasma and

sorum. »

Inrats, PFOAis distributed to al tissues studied except adipose tissue. The
highest concentrations of PFOA ara in the serum, liver, and Kidneys. Yiinen et al.
4 studied the disposition of PFOA in male and female rats after single and 28
ay oral dosing. Aftera single dose of 50 mg/kg, PFOA was concentrated in the
serum. Twelve hours after casing 40% of the PFOA dose was found in the
serum of males and 10% in females. Males retained 3.5% of the ose in serum
after 14 days. PFOA was retained in the liver for muchlonger than in serum. In
females, the half-life of PFOA in liver was 60 hours compared to 24 hours in

i serum. In males the half-life was 210 hours in liver and 105 hours in serum. tis
noteworthy that PFOA was not found in adipose tissue in detectable quantities.
After 28 days of PFOA treatment, PFOA was distributed to the following sites in
decending amounts: serum, live; lung, spleen, brain, and testis. Again, no
PFOA was found in adipose tissue. The distribution of PFO from serum to the
tissues occurred in a dose dependentmanner for females. In male rats, the

o concentrations of PFOA in testis and spleen followed a dose dependent trend.
The levels in male rat'serum and liverwas the same for the 10 mg/kg and 30
mg/kg dose group. Johnson and Gibson 5% $9 studied the distribution of 14C.
labeled ammonium perfiuorooctonoate after a single fv dose in rats. Their
findings were similar to thoseof linen et al. The primary sites of distribution

| were the liver, Kidneys, and plasma. Other sites, including adipose tissue, had
less than 1% of the administered dose. The level of PFOA In the testis of male
rats was not reported. As discussed previously, the $0 day oral toxicity study In
thesus monkeys showed that the relative amounts of PFOA in serum and liver
was diferent in monkeys compared to rats. In the low dose group of monkeys (3
nd 10 mg/kg/day) serum had 5 10 10 times the PFOA levels found In liver.
However, at higher dose levels, the PFOA levels were equally distributed.
‘Additionally, no sex differences were noted in the monkeys liver and serum

| PFOA levels.

: There is no evidence that perfluorinated compounds including PFOA are
| biotransformed by living organisms. Several studies have examined whether
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® | PFOA Is conjugated of Incorporated Into tissue consthuents such as triglycerides
or lipids.  Yiinen et al. found no evidence in Wistar rats for metabolism or
incorporation of PFOA into lipids. Athough the lipid content in PFOA treated
rats was cifferent than that in untreated rats, Pastooret al. did not find evidence
for PFOA incorporation into pics of of metabolism 80 Vander Heuval et al.
showed that PFOA was not incorporated into triacylglycerals, phospholipics, or
cholesterol esters in the liver, kidney, hean, fat pat, of testis of male or female
rats ©. No evidence has been found that PFOA is conjugated in phasa Ii
metabolism ©. Kusiikis et al. studied the formation of activated coenzyme A

! (Co) derivatives of PFOA using rat liver microsomes. They found no evidence
i forthe formation of a CoA derivative.

Sex related differences in the toxicokinetics of PFOA have been reported for rats.
‘ The mechanism of PFOA excretion appears to be species-dependent since these

gender differences are not seen in mice, monkeys, rabbits, or dogs * ©2, The
haltiife of PFOA in female rats has been estimated to be less than one day 3,
whereas the half-life of PFOA in males is five to seven days 3%. Ht is of note
that PFDA does not exhibit this gender difference &. 1 is hypothasized that the
sex differences in sensitivity10 the toxicities of PFOA are as a result of the slower

oo | excretion of PFOA in male rats compared to female rats. Investigators have
teported that rats have an estrogen-dependant active renal excration mechanism
for PFOA which can be inhibited by probenecid 52:4, As noted previously, .
females have a much shorter hall-Ife than male rats. The haltife in males can
be reduced by castration or estrogen administration. can be reduced to the

: female half-fe by a combination of castration and estrogen treatment. Estrogen
administration alone is almost as effective as the combination of castration and

. estradiol treatment in reducing the PFOA half-ife. This treatment increased the
renal excretion of PFOA in male rats to those observed in female rats. Other

! investigators have reported that the gender difference in half-life depends on a
testosterone mediated increase in PFOA tissue binding $4. This hypothesis is
consistent with the gender difference in tissue half-life discussed previously 3,
Johnson has suggested that the primary method of excretion in intact males is
via the hepatobiliary route 5% 9. He reported that cholestyramine enhanced the
fecal elimination of carbon 14 labeled PFOA in male rats. These data suggest
there was biliary excretion with enterohepatic circulation of PFOA, particularly in
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| mals rats. However, in a male worker with high serum PFOA lovals who was.
o treated with cholestyramine, tle il any change in excretion of PFOA was noted.

In this study PFOA was excreted slowly in the urine.

In humans, the hall-Ife of PFOA appears to be extremely long and is not sex
dependent. Ubel and Gritth # reported kinetic data for one highly exposed
worker. At the time he was removed from exposure his serum organic fluorine
was 66 ppm, 80 percent of which was PFOA. Over the next 18 months his
organic fluorine level decreased 10 39 ppm. Urinary excretion of PFOA fell from
367 micrograms/24 hours to 80 micrograms/24 hours. The decline in organic
fluorine levels was consistent with two companment kinetics, with a calculated
halife of 2 10 5 years. Adcitional unpublished biological monitoring data from
three Chemolite workers is consistent with the 210 5 year halt-ife. In the
Chemolite workforce, male and female workers employed in jobs with similar
PFOA exposure have increased PFOA levels. Since men and women with
similar exposures have similar levels, a large gender difference in PFOA.
toxicokinetics is unlikely. Therefore, the relevance of the rat data in assessing
the effects of PFOA in humans is questionable.

@ To ics of PFO .

|
Both PFOA and PFDA have been found to produce significant toxicttes in the
reproductive systems of male rodents '% 63. 65, The testis has been reported as
the target organ of toxicity for both PFOA and PFDA 9., Additional evidence
exists suggesting that these compounds affect the function of the hypothalamic
phuitary-gonad axis (HPG) 15-85,

Perfluorodecanoic acid, but not PFOA, has been shown to produce degenerative
changes in rat seminiferous tubules that could progress to tubular necrosis. Van
Raelghem et al. reported that a single ip dose of 50 mg/kg of PFDA, produced
degenerative changes in rat seminiferous tubules 8 days ater injection ®. Similar
but lesser changes wers noted in the seminiferous tubules of hamsters and
guinea pigs treated in the same manner. They reported no such change in
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| treated mice. Bookstat! and Moore ® did not observe similar changes in rats.
oo treated with 20-80 mg/kg of PFDA. They used a differant sirain of rats in their

axperiments which is less Susceptible 10 testicular toxicants than those used by
Van Rafelghem et al. Thus, the effects of perfluorocarboxylic acids on
seminiferous twbules may be limited10 a specific compound, PFDA, in a specific
strain of rats. The effects observed by Van Rafelghem at al. in other species
ware not consistant and did not demonstrate a dose-response relationship. In
monkeys treated orally with PFOA, no compound related histopathologic
changes in the seminiferous tubules ware noted ®.

Ina two year rat feeding study, PFOA treated animals wre obsarved to have
increased numbers of Leydig cell tumors”. Male and female rats ware fod PFOA
containing diets resulting in a mean intake of 1.5 and 15 mg/kg/day. A
statistically significant increase in Leydig cell adenomas of 0%, 7%, and 14% in
the control, low dose, and high ose groups, respectively, was observed at th
and of the two year study. The result was statistically significant as a result of the
unexpectedly low number of adenomas in control animals. Historically, CD rats
‘experience a itetime mean Leydig call incidence of 6.3 percent with a range of 2
10 12 percent. The high dose group incidenca is outside the expected range and

® may representa compound related effect. Although the evidence was not
definitive, t suggested that PFOA may alter the histology as well as the function

| of Leydig calls in rats. Perfluorooctancic acid was not mutagenicin the standard
tests including the Ames assay using five species of Salmnella typhimurium and

| in Saccharomyces cerevisiae S. Mammalian cell transformation assays using
C3H 10T 172 cells were also negative &7. These data suggest that PFOA is not a
genotoxic xenobiotic. The increase in Leydig cell tumors may be the result of an
epigenetic mechanism.

‘The observation that rats fed PFOA for2 years had an increased incidence of
Leydig cell adenomas prompted researchers to examine the hormonal effects of

| PFOA in male rats '°, Adult male CD rats were treated orally with PFOA in doses.
0 110 50 mg/kg. Serum estradiol levels were elevated in the rats treated with
more than 10 mg/kg of PFOA. In the highest dose group estradiol was 2.7 times

i Report: aM Riker Laboratories. Two Year Oral Toicty/Carcinogenicty Study of FC143 n Ratsi #281CRO012,1583
7
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o | greater than the estradiol levels in pair fed control group rats. Serum testosterone
: levels ware significantly decreased in a dose dependent manner when compared

with aq libitum feed control animals. No significant differences were observed
between the high ose rats and their pair fed controls, however. No significant
differences were noted in serum luteinizing hormone (LH) levels. Additionally, the
accessory sex organ relative weightsof the highest group were significantly lass
than those of their pair-fed controls.

In order to clarify the site of PFOA action, Cook '® conducted a set of challenge

experiments in PFOA treated rats. The resuls of these experiments demonstrate
that the altered testosterone levels wer PFOA related. Human chorionic
gonadotropin (NCG) challenge can be used to identify abnormalities in the

| steriodogenic pathway. Human chorionic gonadotropin binds to the LH receptors
on Leycig calls and stimulates sex steroid hormone synthesis ©. Abnormalities
in Leycig cell function can be detected by challenging Leydig cells with hCG and
measuring steroid hormone production. Similarly, abnormalies in pituitary
secretion of gonadotropin can be identified using a gonadotropin releasing
hormone (GnRH) challenge that stimulates LH release ®. Hypothalamic

° dysfunction can be identified using a naloxone challenge to stimulate GnRH
release 7°. In rats treated with PFOA for 14 ays at the same dose level as the
inital experiment, the Leydig cell productionoftestosterone was significantly
blurted after hCG challenge in the highest dose group compared to ad libtum fed
controls. A small, non-significant bluntingof the testosterone production in
response to GnRH and naloxone was observed. Following GnRH and naloxone
stimulation, LH levels were not significantly diferent in the treatment and control
animals. The hCG challenge showed that the decrease in testosterone in PFOA
treated rats resulted from altered steroidogenesis in the Leydig call. The results
from the GnRH and naloxone stimulation were not definitive. The resutts were
‘compatible with an effect at the pituitary level as well as at the Leydig call level.
Cook et al. examined the site at which testosterone steroidogenesis was affected
by PFOA. Progesterone, 17 alpha-hydroxyprogesterone and androstenedione
were measured after hCG challenge. Progesterone and 17 alpha-
hydroxyprogesterone were unaffected. Androstenedione levels ware significantly
decreased in PFOA treated rats compared to controls. Given that the conversion
of 17 alpha-hydroxyprogesterone to androstenedione by C17/20 lyase is
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necessary for testosterone synthesis, these results suggest that decreasedoe testosterone is the result of a block in this conversion'step. In hCG stimulated ratLeydig cells, the 17 alpha hydroxylase/C-17/20 lyass is inhibited by estradiol,Taken together, these data are consistent with the hypothesis that the elevatedestradiol levels associated with PFOA treatment inhibit the C-17720 lyase enzymeand thereby depress testosterone levels. Caok et al. suggested that the bluntedresponse of LH 1o low testosterone may be mediated, in part, by elevatedestradiol lovels. A subtle hypothalamic or pituitary effect may also be present,however. The mechanism for the estradiol elevation was not studied,

Perfluorodecancic acid alters reproductive hormones in malo rats in a fashionsimilar to PFOA. In male rats reated with doses of PFDA ranging from 20 to 80mo/kg, given as a single p dose, PFDA decreased plasma androgen levels in acose dependent fashion . Both plasma testosterone and 5-alphadihydrotestosterone wer significantly reduced. Compared to adlibitum fedcontrol rat values, mean plasma testosterone was decreased by 88 percant inPFDA rated animals and DHT was decreased by 62 percent. These changeswere reflected in accessory sex organ weight and histology. The changes inaccessory sex organs atter PFDA administration were found to bofeversadby® testosterone replacement. The PFDA decrease in androgens was the result ofdecreased responsiveness of Leydig cells to LH. There was no evidence forahered metabolism of testosterone. Additionally, plasma LH concentrations didnot increase appropriately in the face of low plasma testosterone concentrations,This suggests that PFDA may alter the normal feedback mechanisms of the HPGaxis.

i Iti of interest to note that 2,3,7,8 tetrachiorocibenzo-p-cioxin (TCDD), which,{ike PFOA, is a nongenotoxic rat carcinogen, a peroxisome proliferators, and aninducer of P450 system, has been shown to produce hormonal effects in maleratssimilarto those observed for PFOA and PFDA. Moore etal, 7! studied thei effectof TCDD on steroidogenesis in rat Ley cels. Exposure of cel to TCDD! resulted in depression testosterone and 5-alpha-DHT concentrations‘without’ altering LH conceniration or testosterone metabolism. Moore concluded that: TCD treatment inhitits the early phase of the synthetic pathway and thei mabilization of cholesterol to cytochrome P4S0scc. However, Moors ef al,
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observed decreased estradiol. TCDD has been shown to increase the estrogen
: mediated feedback inhibition of LH secretion 72 Accitihally, in studies using

MCF-7 breast tumor cells, the antiestrogenic effect of TCDD was mediated by

aiterations in the cytochrome P450 metabolism of estradiol ™. The decreased
testosterone in rats could be mediatedbythe effectof TCDD on Leydig cells
directly, by alterations in testosterone metabolism, or through increased negative
feedback at the pituitaryor hypothalamic level. Recently, reports from
occupational studies of TCDD exposed workers have associated TCDD exposure
‘with hormonal alterations in human males. Egeland et al. 7 reported that men
with high TCDD levels had significantly depressed serum testosterone levels.

The changes in testosterone were not associated with altered LH values.
Estradiol values were not reported. They concluded that dioxin has a similar

effects in men and male rodents. The obvservations that PFOA, PFDA, and

TCDD have overlapping spectrums of rodent toxicities suggests that peroxisome

proliferators, inducers of the P-450 system and non-genotoxic carcinogens may
also alter the hypothalamic -pituitary-gonad function in male animals.

A

® In the two year rat feeding study, female rats treated with PFOA were observed
10 have an increased number of mammary fibroadenomas compared to control

animals. All mammary carcinomas occurred in control animals. Hyperplasiaof
the ovarian stroma was observed, but specific histopathological studies were not

reported *. No information is available concerning the effect of PFOA and PFDA

on HPG axis in women or female animals.

23 Thvoid Toc

Altered thyroid hormone dynamics have been observed in rats exposedto PFDA

787. A'single ip dose of PFDA in rats results in a rapid and persistent decrease
in thyroxin (T4) and T3 8. Gutshall reported that the decrease in thyroid
hormones occurred as early as eight hoursafter treatment and persistentforat

least 80 days 7. These changes were associated with a hypothyroid-like state in

sponoh AkerLaororis. Two Year Oral ToxctyCarcoganictySudy of F140 n Ri
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® the treated rats. The alterations in Serum thyroid levels occurred at ose levals
that did not produce a hypothyroid syndrome 7°. Animals with depressed T4
levels were found to be metabolically euthyroid 7. Replacement of T4 resulted in
normal food intake, but did not reverse the hypothyroid-iike syndrome of
hypothermia and bradycardia 7%. This suggests that PFDA has a marked effect
on cellular metabolism that is independent of ts efect on thyroid homeostasis.
The low T4 was thought to be a result of two mechanisms. First, PFDA readily
displaces T4 from albumin which results in increased metabolic tum over of the
hormone. Second, the response of thehypothalamic pituitary-thyroid (HPT) axis
appeared 1o be depressed as assessed by thyrotropin releasing hormone
simulation testing 7. In these studies, the animals had increased levels of
thyroid responsive hepatic enzyme activities suggesting that the PFDA treated
rats wore not functionally hypothyroid. The histological appearance of the thyroid
glands were unremarkable, although treated rats had significantly lower thyroid
weights. TSH levels were not studied. No similar studies are available for
PFOA. PFOA has been noted to produce a transient waight loss in treated rats
, The hypothyroid-ike syndrome observed in PFDA treated rats has not been
studied in PFOA treated rats, however. Since the thyroid hormone effects of

o PFDA do not cause the hypothyroid-iike state in rats, PFOA may alter the HPT
‘axis without producing this syndrome.

z ic Toxic

‘The primary site of PFOA toxicity in rodents is th liver. Peroxisome proliferation
(PP), induction of enzymes involved in B-oxidation of fatty acids, and induction of
cytochrome P450 occur after a single PFOA dose. Marked hepatomegaly has
been noted coincident to the PP and enzyme induction. Increased liver size was
the result of a combination of both hypertrophy and hyperplasia. Cell
hypertrophy predominated atter an initial burst of cell proliferation. The initial
hyperplasia is evidencedby large hepatocytes and markers of DNA synthesis %,

: Areas of increased necrosis in the periportal regions have been observed 3".

‘The relationship between hepatic enlargement, peroxisome proliferation, and
increased B-oxidation is unclear. Xenobiotic induced changes in one specific
peroxisomal enzyme are not necessarily linked to changes in other peroxisomal
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® enzymes or hepatic enlargement &2. Studies have suggested that xenobiotic.

induced hepatomegaly and PP may be related to the endocrine status of

experimental animals or 10 oxidative stress ¥ 8346. Adrenal and thyroid

hormones may play a role in peroxisomal proliferation. -%. Studies of

clofibrate, a PP, have shown that endocrine manipulation can modify its hepatic

effects. In adrenalectomized and thryoidectomized rats, clofibrate-induced

hepatomegaly was reduced compared to the effect in control rats 5.84,
Conversely, in thyroidectomized or hypophysectomized rats, clofibrate induced
peroxisomal B-oxidation enzymes were increased compared to normal rats £2,
Thonassery et a. compared the PFOAvinduced hepatomegaly in normal rats,
adrenalectomized rats and adrenalectomized rats with cortisol replacement 8.

They found that hepatomegaly was cortisol dependent and was primarily a resutt
of hepatocyte hypertrophy. Hyperplastic responses were also cortisol dependent
and were noted in periponial regions of the liver. Peroxisomal proliferation did not ~~
depend on cortisol and was observed in centrilobular regions. They concluded

that PFOA-induced hepatomegaly and peroxisome proliferation were separate

processes.

o In oral feeding studies, PFOA and other PP were reported to cause increased

hepatomegaly in males compared to females. This difference could be reduced

by exogenous estradiol administration of castration and eliminated by castration
and estradiol administration 4. Theseobservations may beexplainedby an
estrogen dependent renal excretion mechanism or a testosterone mediated
increase in tissue binding 5:87. 88

Issemann and Green have cloned a mouse PP activated receptor, mPPAR, a

member of the nuclear hormonereceptor superfamily of ligand-activated

transcription factors that is activated by peroxisome proliferators #9. This.

receptor directly mediates the effects of peroxisome proliferators (Ps).
Tugwood has shown that PPs activated PPAR recognizes a specific response
unit on the Acyl-CoA oxidase gene promoter in a manner similaro the steroid
hormone receptor %. The action of PFOA and other PPs may be mediated by a
family of cytosolic receptors that regulate gene transcription in a manner similar
10 other nuclear hormone receptors.
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In initiation, selection, and promotion experiments in rats, PFOA produced an
increased number of hepatocellular carcinomas "+52 Several mechanisms for
PFOA associated nongenotoxic carcinogenesis have been suggested.

Perfiuorooctanoic acid is an archetypal member of a nique sub class of PP that
are not metabolized. Reddy has argued that the structurally diverse peroxisome
prolferators (PP) are a distinct class of nongenotoxic carcinogens ®, Reddy
proposed that PPs induce oxidative stress which results in increased tumor
formation. According to this theory, the obsarvad increase in hydrogen peroxide
formation associated with increased B-oxidation is not associated with an
increase of similar magnitude in detoxifying catalase activity ®. Oxidative attack
by hydrogen peroxide and other reactive oxygen species on cell constituents and
membranes leads to DNA damage and increased call proliferation. Increased
proliferation in concert with DNA damage produces increased cll transformation
and malignancies.

® Studies testing the theory that PFOA induces HCC by increasing oxidative stress
have lead to conflicting results. Takagi at al. observed an increase in 6-
hydroxydeoxyguanosine in fiver DNA from rats exposed to PFOA. They
‘concluded that rat hepatocytes were under increased oxidative stress .
Handler et al. found no increase in hydrogen peroxide production in intact vers
exposed to PFOA . Lake et al. failed to find an association between hepatic

tumor formation and peroxisome proliferation %. Thottassery et al. observed that
the PFOA induction of G-oxidation was independent of adrenal hormone status.
A PFOA associated increase in catalase activity depended on cortisol 9,
Therefore, the hormonal status in animals used in experiments could confound

: studies of oxidative stress and account for the conflicting results.

226 -

Inthe 30 day monkey feeding study, bone marrow and lymphoid tissue were a
site of histopathology °. Treated monkeys in the highest two dose groups were.
observed to have moderate hypocellularity of the bone marrow. Specific
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o histopathological findings were not reported. Atrophy of lymphoid follicles in
: lymph nodes and the spleen were noted in the samé treatment groups. No

follow-up studies of these observations have been reported. Studies in PFOA
treated rats have not shown histological changes in the immune system °.

2.2.7MechanismsofAction

The mechanism of toxicity of perfiuorinated suractants may be mediated by their
effect on cell membranes. Olson and Andersen suggested that PFOA may
alter membrane function through changes in fatty acid composttion and oxidation
status. Levitt and Liss hypothesized that the effect of perfiucrinated surfactants is
‘mediated by their alteration of membrane organization or fluidity 5. 7,

Shindo 2 reported that miscibility of fluorocarbon and hydrocarbon surfactants
depends strongly on carbon chain length. A carbon chain length greater than
eight carbons is necessary for immiscibility. Perfluorocarbon surfactants with
eight or fewercarbon atoms are miscible with hydrocarbon surfactants with
carbon chain lengths up to nine. These observations could have important

® implications for biological systems that contain fluorocarbon surfactants. Cellular
membranes are a phase boundary, usually between a lipid phase and an
aqueous phase. Surfactants will segregate to this phase boundary. Two
immiscible surfactants may form two coexistent monolayers on the inside and
outside of the membrane whereas miscible surfactants will form only one such
‘monolayer. The presence of two monolayers will maximally reduce the surface
tension at the boundary, whereas a single monolayer will affect surface tension to
alesser degree. Changes in surface tension may after membrane fluidity and
affect ts function in such processes as signal recognition and transduction. It is
interesting to note that the change in miscibility in Shindo's experimental system
occurred for fluorocarbon surfactants with carbon chain lengths greater than
sight. This change in miscibility depended on hydrocarbon surfactant chain
length as well.

The effects of PFOA and PFDA on experimental membrane systems and cellular
membranes have been investigated. Inoue studied the differential effects of
octancic acid and perfluorooctancic acid on experimental call membrane
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o properties 5. The phase transition tamperature of dipalmitoyiphosphatidyicholine

vesicles decreased linearly as PFOA increased in concentration up 10 one mM

and then reach a plateau. This suggested that PFOA may form aggregates in

ihe membrana above a crilcal concentration. Such a phase separation is

observed to occur in micelles 22. The partion coefficient between water and the

membranes for PFOA, K = 8910, was larger than the coafficiart for ionized

ocianoic acid, K = 135, possibly because of the difference in hydrophobicity
between hydrocarbon and fluorocarbon chains in aqueous solution. The
ifferences between the toxicokinatics and toxicodynamics of PFOA and PFDA
may be the result of thei differing miscibilties with call membrane surfactants.

Levitt and Liss investigated the effect of PFOA and PFDA on the plasma
membranes of calls from F4 human B-lymphoblastoid call line using the dye
merocyanine 540 (MC540) 7. The dyebinds to phospholipids that are loosely
packed on the outer cell membrane, but dos not bind to highly organized lipids
and does not penetrate the membrane of healthy cells *°. A large decrease in

MCS40 cell surtace binding was observed atter treatment with sub-lethal
concentrations of PFOA and PFDA but not other non-perfluorinated fatty acids.

® Albumin or serum reduced the change in MC540 binding. This effect may be a
result of the strong protein binding of PFOA and PFDA by albumin 2. These
observations suggest that PFOA and PFDA either interact directly with MC540
lipid binding sites oralterthe structure of the lipids in the membranes.

In experiments examining functional changes in the lymphoblastoid cell lines,
Levitt and Liss observed that PFOA and PFDA could cause direct damage to
cells resulting in the release of membrane bound cell proteins and
immunoglobulins in soluble form 96, PFDA was significantly more potent than

PFOA in solublizing proteins and king cels. This may be the result of different
miscibilies in the cell membrane of these compounds. However, neither PFOA
nor PFDA reduces the abilty of surface immunoglobulins to migrate and undergo
capping after antigen recognition %7. Inthe PFOA concentration ranges that
decreased MC540 binding, PFOA did not affect immunoglobulin migration and
capping. Capping involves the cytoskeletal mediated polar migration of
immunoglobulins within the plane of the membrane '%°. Apparently, the PFOA
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® | and PFDA associated membrane changes do not affect membrane
characteristics that are important for receptor migration.

“The membrane effects of PFDA have been studied in greater detail. Pilcher et al.

reported that a single injection of PFDA in rats significantly reduced the apparent
numberof B adrenergic receptors in cardiac cells ©'. This change in number of
receptors was reflected in the diminished response of adenylyl cyclase (AC) to
epinephrine in PFDA treated rat cardiac cells. The intrinsic properties of AC were
not altered. The action of PFOA was on the epinephrine receptor. The fatty acid
composition of the treated rat cardiac cell membranes was significantly altered
191, palmitic (16:0) acid was elevated 13 percent, eicosotriencic (20:3 we) was

elevated 71 percent, and docosahexaenoic acid (22:6 w3) was elevated 18

percent. Arachidonic acid (20:4) was reduced by 18 percent. Several other

investigators have reported changes in membrane function following PFDA

exposure. Wigler and Shaw 12 demonstrated that PFDA inactivated a

membrane transpor channel for 2-aminopurine in L 5178 Y mouse lymphoma
cells. In vitro experiments reported by Olson et al. '® showed that erythrocytes

‘exposed to PFDA exhibited decreased osmotic fragility and increased fluidity.
o ‘Taken together, these studies indicate that perfluorinated surfactants exert their

effects on cell membranes. The effects appear to be limited 10 the outer portion
of the membranes as the result of differential partitioning within the membrane or

binding to specific membrane constituents. Although PFOA and PFDA can be
cytotoxic as a result of their detergent action on membranes, their membrane

effects at lower doses are not related to their detergent action. From available

data, it appears that functional membrane changes may be limitedto specific

receptor mediated functions.

2.8OccupationalFluorineExposuresAtChemalite:

In workers employed in fluorochemical production plants, blood organic fluorine
has far outweighed ionic fluoride ® 12 14.51. 56, More than 98 percent of the total

fuorine in these groups has bean reported to be organic fluorine. Therefore, the
use of total fluoride levels, which consist predominantly of organic fluorine

compounds, is a valid surrogate for organic fluorine in occupationally exposed
groups. In workers at the Chemolite plant, PFOA has been identified in the serum
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® of these workers and was estimatedto account for 80 percent of organic fluorine
found in the serum samples ®. In this cohort of workers, total fluarin is a good
surrogate measure for PFOA.

Industrial hygiene measurement of fluorachemicals have been conducted at the
Chemolits plant since the 1870s ®. These measurements include arsa samples,
personal breathing samples and surface wipe samples. In 1977, a
comprehensive for at evaluating fluorochemical exposures was conducted at
the Chemiite plant. During cartain operations breathing zone PFOA
concentrations wera as high as 165 ppm. After extensive engineering control
alterations, the plant was serially re-surveyed. In general, airbome exposures
were below the racommanded limit of 0.1mg/m3. However, thers was evidance
of surface contamination in production buildings ®. In 1986, airborne PFOA, as
wall as breathing zone samples were less than 0.1 mg/m based on 8 hourtime~~ *
‘weighted averages. Levels as high as 1.5 mg/m3 were measured in breathing

zone samples during certain clean-up and maintenance zone samples.
Perfluorobutyric acid was also found, but in much lower concentrations. Spray
dryer operators had consistentlyhigher exposures, even following extensive

o equipment improvements. ©

Iappears that aitbome exposure to PFOA was low for most workers. Spray dry
‘operators and workers involved in clean up and maintenance activities have
higher intermittent exposures. Although personal protection devices are required
in high exposure jobs, worker compliance has not been evaluated. The role that
surface contamination plays in worker exposure has not been defined’ . The
route of PFOA exposure in worker has not been clearly identified.

2.8 Foicemigogizal Se

Aretrospective cohort mortality study of employees at the Chemolite Plant in the
period of 1948-1978 was conducted by Mandel and Schuman ®. Of the 3,688
male employees who were employed for at least § months, 159 deaths were
identified. There was no excess morality in the employees as compared to al

personal communication from Stan Sorenson, 3M Corporat Medical Deparment
personal communication rom Stan Sorenson, 3M Corporate Medical Deparment
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° | cause or cause specific mortality in the U.S. white male population, Thesubcohort of all chemical division workers dic not show any all cause or cause-specific excess in mortality.

Starting in 1976 medical surveillance examinations were offered to Chemoliteemployees in the Chemical division *. Approximately 90 percent of the workersparticipated in the program. No health problems related to the exposure tofuorocarbons were encountered in participants. Serially conducted surveillanceexaminations have failed o reveal any relationship between blood levels oforganic fluorine and clinical pathology * .

2.10Summary

Animal studies have suggested that there are five areas of toxicity associated :with PFOA exposure. These include hepatotoxicity, immune system afterations,reproductive hormone alterations, Leydig cell adenomas, and non-genotoxichepatocarcinogenicty. Toxicity studies have primarily used rodents. Thers isconsiderable variabiity between strains of rats for some of the toxic endpointssuch as Leydig cell adenomas. Additionally, someofthe effects seen in rats have® ot been sean in other rodent species such as mice, hamsters or guinea pigs.The limited data available on PFOA exposed rhesus monkeys and occupationallyexposed workers suggests that any extrapolationof the results from rodentexperiments to humans requires mara information about the mechanism of PFOAtoxicity. From this data it does not appear that the fiver is a major site for PFOAtoxicity in humans.Ofgreater human heath concern ars the potential effects onthe immune system and the reproductive hormones.

In the past, workers hava bean found 10 have significant blood levels of PFOA.Many workers have lovels above one ppm. These blood lavels are 50-1000times background leves in the general population. Thess levels may bo highenough to produce toxicities in occupationally exposed humans. A confidant9stimato of risk cannot be made nil further information on the adverse heatheffects of PFOA exposure in humans is obtained.

"personal communication trom Lary Zobel; Corporation Medical Deparimant® ~28
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o AMETHODS

. "

The effects of perfiuorooctancic acid (PFOA) exposure on human health were
studied in employaes of the 3M Chemolite plant (hereatter referred to as
Chemolite) located in Cottage Grove, Minnesota. Two studies were conducted to
investigate of the human health effects associated with PFOA exposure. First,
mortality associated with occupational PFOA exposure was studied using a
retrospective cohort design. Second, a cross sectional study design was usad to
estimate the relationships between PFOA exposure and selected physiologic
parameters.

A ratrospactive cohort study was designed to examine mortality among workers.
All workersever employed at the Chemolits plant for greater than six months were
included in the cohort. All causes and cause-specific mortality were compared to
expected morality. Expected morality was calculated by applying sex and race
specific quinquennial age, calendar period, and cause-specific mortality rates for

o the United States and Minnesota populations to the distribution of observed
person-time 194 195, Age adjusted standardized rate ratios were calculated 106. A
relative risk (RR) for PFOA exposed workers compared to unexposed workers

* was calculated using proportional hazard regression models 197. The RR were
stratified by gender and adjusted for ageatfirst employment, duration of
‘employment and calendar period of first employment. Any significant differences
between observed and expected cause-specific morality were 10 be explored
using nested case control studies. Case studies were completed for causes of
death with 5 or more Ceaths and standardized mortality rates greater than 1.5.
Each deceased individual's record was examined for commonaties in job history
information including age at first employment, calendar period of employment,
Years in the Chemical Division, and duration of employment.

Selected physiologic effects of PFOA exposure were studied using a cross
sectional study design. The relationships between total serum fluorine and
biochemical parameters including reproductive hormones, hepatic biochemical
parameters, lipid and lipoprotein parameters, and hematologic parameters, were

® ~ 2
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o explored. A sample of the work force employed on November 1, 1990 was invited
to participate. All employees in high exposure jobs were asked to participate. A

sample of workers employed in low exposure jobs was frequency matched to the

age and sex distribution of the high exposure group. Each participant completed

a questionnaire which included medical history and information concerning
alcohol, tobacco, and medication use. The questionnaire is provided in Appendix

3-1. Blood was drawn for determination of hematologic and biochemical

parameters. Total serum fluorine, free (FT) and bound testosterone (BT),
estradiol (E), thyroid stimulating hormone (TSH), follicle stimulating hormone

(FSH). prolactin (P) and luteinizing hormone (LH) were assayed. The PFOA-
hormone dose-response relationship for each hormone was estimated using

linear regression techniques to adjust for the effects of age, sex, body mass,

alcohol consumption, tobacco use, andother potential confounders. The PFOA-

hormone dose-response relationship was further explored by fitting linear

multivariate models to hormone ratios. All unique ratios between the seven

hormones were defined . Twenty-one hormone ratios were calculated for each

panicipant, The prevalence of hormone values outside the laboratory reference
range for men was compared to the expected prevalence assuming a normal

o distribution for assay values.

2.2RetrospectiveCohortMortality Study

2.2.1DefintionOfTheCohort

“The Chemolite facility opened in 1947. Individuals who were employed at the

Chemolite plant between January 1, 1947 and December 31, 1983 wers identified

from company records. Workers with fewer than six months employment were
excluded. In October 1951 large scale commercial PFOA production facilities

became operational (Abe 1982). Because large scale PFOA production did not
begin until 1951, a second cohort with potentially significant PFOA exposure was
defined as those workers employed between Octobor 1, 1951 and Dacember 31,
1983. Subjects with greater than six months employment were included in this
second PFOA cohort.

® | oe
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o “The cohort was initially assembled in 1979. Subsequently, the cohort was

° updated to include new employees through 1983. Personnel tacords for
employees workingpriorto 1879 were coded for demographic items and work
history by trained abstractors. Computerized corporate personnel databases were
utiized to provide information for workers employed in the 1979 to 1983 period.
Abstracted workhistory included year of first employment, year of last
smployment, years employed at Chemolits, and months worked in the chemical
division. Individual ob histories were not abstracted because job titles were
defined by wage gradss and cid not comespond to specific jobs o locations within
the plant.

2.22StudyDatabasesAndFiles

A Chemolite cohort database was created on a VAX computer using Ingres
software. Data stored on magnetic tape were transferred to the VAX. Duplicate
records were identified and removed. Missing data were identified. The Ingress
update function was used for data editing. Final analytic files for the Monson
program, SAS programs, and custom programs were constructed using the

o Ingress report writer.

1.2.3DataEditing

The Ingres relational catabase allowed extensive intemal consistency checks to
be made. All dates were checked for plausibility. Those records with implausible,
inconsistent, of improperly formatted ates were edited and corrected if
information was available. Records of workers with fewer than six months
‘employment were flagged and excluded from the analytic data set. A random
check of 50of the 364 workers with fewerthan six month employment found no
mors in classification of employment length. Extensive attempts were made to
obtain all missing data items. Sources of information Included plant personnel
records, corporate personnel databases, benefit records, archived corporate
records, plant medical records, and death certificates. No individual employees or
next-of-kin were contacted. Four employees were excluded from the cohort as a
esut of missing demographic data ems.

® l _
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Jo
2.241AssessmentOfGompletenessOfAsceniainment

‘The cohort was initially defined from personne records stored at the Chemolite
plant. Complete records were maintained on all workers ever employed at the
plant. Hourly and salaried workers were included in these files, as were all
transferred, terminated and retired former employees. Records for workers first
employed in the 1947-1578 period were abstracted from documents, coded and
computerized. A corporate computerized database was used 10 Update the cohort
through December 1, 1983. Since insufficient induction time had lapsed between
1983 and 1989, no new employees or work history information was added to the
cohort database for the post 1983 periodfor this study.

Veritying the ascertainment of all eligible cohort members was problematic. The
assumption that the personnel records represented a complete roster was difficult
to check because of a lack of independent information. Several sources ware
used to exclude major errors in the enumeration of the cohort. The historical plant
hiring pattern based on seniority dates was compared with the distribution of

® dates of first employment. Qualitatively, dates of major plant expansion
correspondedto peaks in the distribution of dates of first employment and to.
seniority dates. Large increases in hiring due to new plant openings ware
feflected in peaks in the distributionofstarting dates in the cohort. A sample of 25
annuity beneficiaries retired from the Chemolite plant were obtained from the
corporate personnel office. All 25 were found to be included in the enumerated
cohort.

Several plant parsonnel record systems were randomly sampled. Separate files
were maintained for active workers, retirees, transferred and terminated workers,and workers whose employment at Chemolite ended prior to 1960. A sample of
records for cumant employees with start datespriorto December 31, 1983 was
compared 1o the cohort. All 12 records from the 1945-1960 periodfor start dates
were found in the cohort database. Of 30 records sampled from the 1961-1969,
28 (93%) were included in the cohort. Fifty two records had starting dates in the
1570-1578 period. Of these 52 records, forty seven (30%) were found in the

32
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o | database. In the 1975-1980 period 18 of 44 (41%) records were in the database.
Lasty, inthe 1981 through 1983 period, 36 of 37 records were in the database
(67%). The low ascenainment for workers first employed in the 1875-1380 period

: was further examined. Of the 34 workers not in the cohort database, 16 (47%)
were first smployed in the 7/75-1/80 pariod. Thess omissions occurred in the
transition period between document abstracting and electronic updating of the
cohort. Using seniority lists, 44 workers currently employed were hired btween
1978 and 1980. They represent approximately 1%of the total numberof
individuals in the worklorce and less than 0.5% of the total person time at risk for
the cohort. Records for retired workers were sampled from files containing all
workers retired from Chemolite. Forty seven of the 48 (38%) sampled records
were present in the database. A sample of the files containing the personnel
records of employees completing employment before 1960 was randomly drawn.
Of the 67 selected records, 65 (97%) wers in the database. Finally, les :
‘containing records of all transferred, terminated, or disabled employees were
randomly sampled. Of the 120 sampled records, 116 (7%) were present in the

| cohon database.

® £242 VaR .

Information in the edited database was compared to informationinthe personnel
records. A random sample of 25 records was drawn from the personnel fies.
Database names, social Security numbers (SSN), dates of birth (DOB), and dates
of employment were verified against record information. The sole error occurred
in coding the last digit of one SSN. All ther information was correctly entered
into the database.

The relabilty of ICD8 coding of death certificates for underlying cause of death
was evaluated by resubmiting a sample of death certificates for codingby thesame nosologist. The sample consisted of 25 death certificates from 1970 -1989,
No change in the major categories of cause of death was noted. All cancer
deaths were coded concordanily. Within cardiovascular causes of death, twocertificates were discordant.

32.5VitalStatusAscenainment
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® The vital status was ascenained from the Social Security Administration (SSA)
and the National Death Incex (NDI). Allindivicuals with unknown vital status were
traced successfully and vital status determined. Vital status determination in the
1875-1989 period was obtained through the NDI. Death certificates were
requested ffom the appropriate state health depanments for those individuals
identified as, or presumed to be, deceased. A professional nosologist coded the
eath cenificates for underlying cause of death according to Intemational
Classification of Diseases, 8th revision (ICD). Information concerming the cate
and cause of two deaths which occurred outside the United States was obtained
from tamily members or other available sources. Date of death and the ICD8
‘code for the underlying cause of death were entered into the database.

——_—— ,

The vital status determination procedures for the cohort was evaluated.
Corporate benefit records were utilized as an independent sourcefor vital status
among the retirees. Vital status from the database was compared to vital status
in corporate records. A list of all retirees in the 1947-1984 cohort was sent to 3M

[) benefits department. These individuals were matched to retirees who had
received 3M death benefits. 3M records were nat complete for periodspriorto
1975. Inthe pre-1983 period, 4 deaths in retirees were identified by 3M records.
Vitalstatus was correctly ascantained by the SSA matching procadursfor only one
of thes retirees. In the 1983-1989 period, 34 deaths in ratirees ware identified in
3M records. The NDI matching procedure ascertained all 34 of these deaths.
‘The NDI was not available for 1990. 3M records indicate that 8 retirees died
during 1990. The incomplete SSA ascortainment in the pariod 1975 to 1983
fesuted in extending the NDI search to include 1979 to 1983. All 3M identified
deaths were also identified in the subsequent NDI search covaring the 1979 to
1883 period.

227Analysis

Analytic methods employed in this study were appropriate for cohort studies. The
relative risk was estimated by calculating an adjusted standardized mortality ratio
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: | (SMR) 1%. This study used both national and Minnesota mortality rates for

o comparisons. Mortality for man in the Chemolte cohort was compared to
expected national and Minnesota mortality, adjusted for age, calendar period, sex
and race. The use of morality rates in the rural counties surrounding the plant
wera not considered to be stable for many causes of death and were not used.
Since less than ane percent of plant employees are non-white, white male and
female rates wers used for comparison. For women, only U.S. rates were used
because cause- and calendar period-specific Minnesota rates were not available.
SMPs were calculated for all cause, all cancer, and cause-specific monality. The
effects of disease latency, duration of employment, duration of follow-up, and
work in the Chemical Division were examined using stratified SMR analyses.

Three additional methods of analysis were used to assess the validityof the SMR
contrasts. The three methods were: standardized rate ratios (SRR) '%, Mantel
Haenszel adjusted relative rates (RRMH) °%, and proportional hazard regression .

adjusted RR 197,

Limited exposure data were availabe from plant records. Exposed workers were
defined as all workers who worked for 1 month or more in the chemical division.

® Exposed and unexposed workers’ all cause, al cancer, and cause-specific
mortality was compared using stratified SMRs, SRR 1°, and stratified Mantel

Haenszel analysis 19% 199, Additionally, the same summary measures were

calculated contrasting the rates for workers with at least ten years duration of
employment and those with less than ten years employment. ~

‘The relative risk (RR) and 85% Cl for the RR for deaths from all causes, cancer,
cardiovascular diseases, and selected specific causes were estimated using a
proportional hazard model (PH) *®"- 1%, The time to event or censoring was.
defined as me from first employment to event or December 31, 1988. In PH
models for specific causes of death, deaths from other causes were censored at
the time of death. Exposure was quantified by months of chemical division
employment. Covariates included in the models were age at first employment,
year of first employment, and duration of employment. The analyses were
stratified by gender. The appropriateness of the proportional hazard assumptions.
were tested using stratified models with graphical analysis of log (-og(survival))
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o | versus follow-up time relationships and models that tested the significance of a
product term between exposure and log(follow-up me) 199: 1°,

2.3CrossSectionalStudyOfPFOAExposedWorkers:

2.3.1Population DefinionAndRecruitment

Medical screening of workers employed at the Chemolite plant occurs every two
years. The general medical screening program included a medical questionnaire
(Appendix 3-1), measurement of height, weight and vital signs, puimonary
function evaluation, urinalysis, serum assays, and hematology indices. This
screening program offered an opportunity to assess the physiologic effects of
PFOA exposure in workers engaged in commercial production ofa limited
spectrum of PFCs. Of particular interest wera the effects of PFOA, the primary
fuorochemical found in the serum of Chemolite workers. (Griffith and Ubel, 1980).

Participation in the Physiologic Effects Study required the subjects’ willingness to
undergo hormonal and biochemical testing and to have an addtional 15 mi of

® blood drawn for total fluorine assay. In the cross-sectional study, exposure
classification was based on the potential for PFOA exposure in a workers job and
plant location. All workers engaged in any facet of PFOA production in the
‘previous five years were consideredto have potentially high PFOA exposure.
The jobs Eonisidered to have high exposure potential included all jobs in the
production buildings (bldg 6 and 15), all maintenance workers who ware assigned
tothe PFOA production areas, and all management jobs requiring physical
presence in the production building. Plant records and job history information was
used to assign exposure status to individual workers. A random sample of
workers in jobs with low exposure potential was frequency matched to the age
‘and sex distributionofthe high exposure workers. Workers with low exposure
potential were defined as those assigned to jobs not involved in the production of
PFCsforat least five years.A roster of workers meeting the low exposure
potential was defined from plant records and knowledge of plant personnel about
the location of high exposure jobs. A gender stratified sample from the group of
workers in low exposure jobs with an age (S year strata) distributionsimilarto the
exposed group was identified and invited to participate. If a worker in a job with
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| low exposure declined to participate, another worker in the same age and sex
o stratum was randomly selacted and invited to participate. In all cases informed

consent was obtained, Participation in this study was voluntary.

2.3.2DataCollection

2.3.2.1StudyLogsAndFiles

A roster of paricipants was maintained by the plant occupational health nurses. A
log for biological sample information was completed by the laboratory technician.
The date and time of ample coolection was recorded. Quality assurance samples
were recorded on a separate log. Results reported on paper records were
mairtained as medical records. Results for other tests wers transmitted

. electronically to a computerized database and coded as SAS datasets. All ’
records were stored with employee medical records of in the corporate medical
offices for confidentiality purposes. Printed laboratory results and questionnaire

: data were entered nto a SAS dataset.

® dasa emma
Each participant completed a medical questionnaireprior10 reporting to the plant
medical office. (Appendix 3-1) hems included demographic information,
‘symptoms, lines historyanddiagnoses, and medication usage. Detailed
questions concerning tobacco use and alcohol use were included. Workers were
not re-contacted to obtain missing informationorto correct inconsistencies.
Responses were not validated. Two plant occupational health nurses collected
the questionnaires and returned them to the corporate medical depanment. In the
corporate mecical office, data were coded and entered into a SAS data base.

1.3.2.3 Laboratory Procedures:

| 23231HeightandWeight
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Upon reporting to the plant medical ofce, participa had their height ang® weight determined by an occupational health nurse. Height and weightwere measured once on the same calibrated scale.

23232Blood

232321DrawingAndHanding

Four vacutainars of blood were crawn from asingle venipuncture by a laboratorytechnologist. Two 15 mi red top vacutainers of blood were drawn and allowed toclot. One 10 mi purple 19p vacutainer was drawn for hematology studies, A
specially prepared fluorine freo 15 mi vacutainerwas used to callect blood for totalserum fluorine determination. Venipunciures were scheduled fo occur at thesam time of day and on the same shift for each worker. All blood was drawnbetween 6:30 and 8:00 am. Workers in the Chemical Division of the Chemoliteplant rotate shifts on a weekly basis. Blood was drawn afteraworkerwas. assignedto the day shif for at least 3 days.

Al specimens wera refrigerated at the plant prior to transport tothe appropriateo laboratory. Clotted red top vacutainer specimens were centrifuged for 12 minutes10 separate serum from calls before transport to the contract laboratory. In ordarto render the total serum fluorine specimens noninfectious, serumfor total
fluorine assays was ether extracted in the corporate medical departmentprior tosanding the samples to the 3M Chemical Division analytic laboratories,

232322Assays

Serum samples were analyzed for total serum fluorine, hepatic biochemicalparameters, cholesterol, lipoproteins, and seven hormones. Assayed biochemicalparameters included serum glutamic oxaloacelic transaminase (SGOT), serumgltamatic pyruvic transaminase (SGPT), gamma glutamyl transferase (GGT),and alkaline phospatase (AKPH). Th following hormones were assaysd: boundtestosterone, free testosterone, estradiol, prolactin, teinizing horman (LH),folice stimulating hormone(FSH), and thyroid stimulating hormone (TSH). EDTApreserved whole blood samples underwent routine hematologic analysis inducing
_m®
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o | complete blood count with erythrocyte indices and leukocyte differential cell count

(CBC). Analyses wers done without knowledge of te subject status or purpose
of the study.

Total serum fluorine was determined in 3u's Chemical Division analytic laboratory
using the sodium biphenyl extraction method (Venkateswartu, 1962). The
‘accurate determination of total fluorine in the parts per million (ppm) range
required specialized equipment, procedures, and personnel. Assays were
completed in a dedicated laboratory following tested protocols.

Upon receipt of extracted serum samples divided aliquots wers frozen at -70
degrees centigrade. After all samples had been received, batches of 15 samples
were assayed on successive working days. Each batch inciuded high and low
quality control samples. Each sample was assayed twice. fi the difference in
assayed values was greater than 1 ppm, the sample was re-assayed. The total
serum fluorine value was reported as a mean value and a rounded integer value.

Serum glutamic oxaloaceti transaminase (SGOT), serum glutamatic pyruvic
® transaminase (SGPT), gamma glutamyl transferase (GGT), and alkaline

phospatase (AKPH) were assayed by the United Health Services Laboratory in
Apple Valley, Minnesota using clinical colorimetric assays. CBC were
determined using automated Coutter counters. Light microscopywas utilized for
diMferential counts;~~~ mimes oe

Estradiol, prolaciin, thyroid stimulating hormone (TSH), luteinizing hormone (LH),
and folicte stimulating hormone (FSH) were assayed by the United Health
Services laboratory using radioimmunoassay (RIA) and enzyme linked
immunosorbent assay (ELISA). FSH, LH, and prolactin were assayed using
Abbott laboratories IMX microparticle enzyme linked immunoassays. TSH was.

° assayed using London Diagnostics chemiluminescense immunometric assay.
Estradiol was determined using Diagnostic Products Corporation's Coat-a-count
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| Testosterone was assayed by the Mayo Clinic dlinical laboratories. Total
® testosterone was determined by RIA using proprietary immunoglobulins. Free

and bound testosterone was determined using equilibrium dialysis.

22.2323Quality Assurance.

Two methods were used to assess the accuracy and reliability of the laboratory
assays. The laboratories routinely followed quality assurance programs. Three

standards were fun with each batch. Ifthe control values were outside two

standard deviations of the intra assay mean value for each standard, the assay
was repeated. If 10 controls were outside 1 standard deviation of the mean, the
assay was flagged for review. The reliability of each of these assays was
assessed. For each assay, five specimens were randomly selected and split into

two aliquots. The aliquots were labeled with different identifiers ensuring that the

assays were carried out in a blinded fashion. Both aliquots were submitted onthe
‘same dayto the laboratory. The coefficientofvariation was calculated for each

hormone.

°

There were two analytic strategies. First, assay results were treated as
continuous parameters and modeled using regression methods. Models were fit

10-assess the relationship between assay results and total flucrine, body mass.
index, alcohol consumption, and smoking. Second, hormonal assay results were

: dichotomized into those within the reference range and those outside the

reference range. The hormone assay categories were based on published sex
‘specific normal reference values for each assay. The purpose of this
dichotomization was to evaluate the possibility that highly susceptible individuals

may be affected at lower levels of exposure and not follow the adjusted dose-
response curve.

The relationships between total serum fluorine and the assayed parameters were
estimated by fitting linear multivariate regression models to the data. The clinical
parameters and ratios of selected parameters were first modeled as functions of

nominally categorized exposure and covariates. Dependent variables that were
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® not normaly distributed were appropriately transformed. Total serum fluorine was
categorized into mutually distinct categories. Cutoff values for the categories

were chosen to assure adequate numbers in each category while maintaining the

fullest range of exposure values possible. Accordingly, total serum fluorine level

categories were defined as the following: less than 1 ppm,greaterthan 1 ppm

toless than 4 ppm, 4 ppm to 10 ppm, greater than 10 ppm to 15 ppm, and greater

than 15 ppm. If insufficient numbers of events occurred within individual

categories, the numberof categories was reduced by combining adjacent

categories. Additionally, models were fitted with total serum fluorine entered as a
continuous variable using linear, square, square root transformations.

Age, body mass index (BMI), alcohol use and tobacco use were included in the
model as potential confounders. Age was included in the models as both a

categorical variable and a continuous variable. Age was grouped intofour ten

year age categories. Age was treated as a continuous variable using linear,

‘square, square root, and log transformations. BMI was entered in the models as.
a categorical variable and as a continuous variable. BMI categories were less.

than 25 kg/m, 25-30 kg/m?, and greater than 30 kg/m2. Additionally, BMI was
o dichotomized into obese, greater than 28 kg/m2, and non-obese, less than or

‘equal to 28 kg/m2. The cofttinuous variable was entered as linear, square, log,

and square transformations. Alcohol use was categorized into 3 categories: less

than 1 drinkperday, greater than one to 3 drinks per day, and non response to

the questionnaire item. Smoking was categorized as current nonsmokers and

current smokers. A nonresponse category was not included sinceonly two
individuals were in this category. These two individuals were excluded from

analyses that required smoking history. Smoking was quantified as cigarettes

smokedper day. Linear, square and square root transformations of cigarettes per

day were used in regression models.

The choiceofthe final model was somewhat subjective. For each dependent
variable, other covariates were included in the final model if they were potential

confounders. Other potential confounding hormones and biochemical parameters
were included in the models if they produced significant changes in effect

estimates.
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® | Total serum fluorine and confounding covariates were entered into models as
continuous variables. Significant nonlinear cose-response relationships were
evaluated by comparing model it and parameter estimates using categorical
Variables and continuous variables. Square, square root, exponential, and
logarithmic transformations were used if the transformed variables produced
models of superior predictive power as assessed by model fi. All two way
interactions between total serum fluorine and the included covariates were
evaluated. Interaction terms were included in the final modelif the parameter
estimate for the interaction tarm was significant at the alpha =.10 lev.

The potential for suscepibiltyto confound the relationship between PFOA
exposure and the assayed parameters was examined by comparing the
observed prevalence of assay results outside of the referanca range with the
expected prevalence. The prevalence of abnormal assays was based on
‘published reference values for the adult male US population. Reference ranges
for test parameters were defined as being within 2 standard deviations above or
below the mean valu for the parameter. The laboratory maintains laboratory
and assay specific feferance range for each assay. Given that the distribution of

® values is approximately normal, about 2.5% of individual values are expected to
fall above the upper imit and 2.5% below the lower limit. tt follows that the
prevalence for a high testis .025. The prevalence fora low value is .025. Using
these prevalences, an expectad number of tests outside of the referance range .
can be defined. A priori hypotheses based upon animal and in vitro studies
defined the expected direction of the effect. The calculation of an observed to
expected ratio allowed the estimation of the relative prevalence foratest outside
of the normal range in the study subjects as compared to the general population.
The 85% Ci for the ratio was calculated assuming that the expected numberis a
constant and the observed number is a random variable with a Poisson
distribution.
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° 4 BESULTS

: 4.1CrossSectionalPerluorocatbonPhysiologicEtec Study

In October 1990, at the time of the cross sectional study, the workforce at
Chemolite consisted of 880 salaried and hourly employees. There were 50 men
‘and 2 women in high exposure potential jobs. Since there were only 2 women in
this group, the study was restricted to males. Forty-eight (36%) of the 50 male
workers in high exposure potential jobs agreed to paricipate. The exact number
of low exposure workers invited to participate in the study was not recorded.
However, few individuals in this group refused to participate. Thus, it is estimated
that over 80% of low exposure workers participated.

4.1.1PanicicanCharacteristics

Since frequency matching for age was used to select study participants, the
overall age distribution reflected the age distribution of workers in high exposure
potential jobs (Table 4.1.1). Ages ranged from 24 to 59 years, with a median age

o of 37 years and a mean age of 35.2 years.

Table 4.1.2 presents the alcohol and tobacco use profile of the study participants.
‘The light arinkers category included 22 participants who reported no alcohol use.
Consumption of one to three ounces of ethanol per day was reported by 20
(18.7%) participants. No panicipants reported drinking greater than three ounces
of ethanol per day. Eight workers (7.0%) did not complete this item of the
questionnaire. There were 28 (24.8%) smokers who smoked an average of 21.7
cigarettes per day. Smoking status was not availablefortwo workers (1.8%).
‘The association between smoking and alcohol consumption is presented in Table
4.1.3. Thirteen (15.3%) of 85 nonsmokers and seven (25.0%) of 28 smokers.
reported moderate drinking (p=.24). Table 4.1.4 displays the age distribution for
alcohol and tobacso use categories. Thers were no significant differences in
‘mean ages among smoking or drinking categories.
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o Total fluorine was not significantly correlated with age, BML, alcohol, of tobacco
use (Table 4.1.5). BMI and age were correlated (r«:26. p=.005). Alcohol use
and tobacco use were not significantly comelated (r=.08: p>.7).

BMI ranged from 18.8 10 40.5 kg/m? with a median value of 26.3 kg/m2 and a
mean of 26.9 kg/m? (Table 4.1.6 ). Hall of all workers had BMis between 25 and
30 kg/m2. The mean BMI in smokers was not significant different from that of
nonsmokers (Table 4.17). The mean BMI for moderate drinkers was not
significantly diferent from the BMI of light drinkers. Smoking status and BMI were
not significantly associated (Table 4.1.6). There was a significant linear
relationship between BMI and age (8.10 SE(8)=.035). This relationship was not
substantially altered after adjusting for smoking status, alcohol uss, and total
‘serum fluorine level.

4.1.2TotalSerumFluorine

The total serum fluorine values ranged from zero to 26 with a median value of
two ppm, a mean of 3.27 ppm and astandard deviation of 4.68 ppm (Table

o 4.1.9). The inter-assay coefficient of variation was 66% calculated from repeated
assays on different days.

“Twenty-three (20.0%) of 115 workers had total serum fiuorine values less than
one ppri. This group included eight workers values reported as zero ppm (below
the mits of detection). Eighty-eight workers (76.5%) had levels less than or
equal to three ppm. Six (5.2%) of 115 workers had values between 10 and 15
ppm and five (4.4%) had values greater than 15 ppm. All workers with levels
greater than ten had worked in Building 15, the primary PFC production area at
the Chemoite Plant.

‘There were no significant differences in total serum fluoride mean values among
the BMI, age, alcohol use and tobacco use categories (Table 4.1.10). No
statistically significant differences in mean age between total fluorine categories
were observed (Table 4.1.11).
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® | Participants with less than one ppm total fluorine smoked the least (16.3) numberof cigarettes per day (Table 4.1.12). Those with one ppm 1o three ppm totalfluorine smoked the greatest number of cigarettes per day (24.5). This differencewas statistically significant (p<.005). As estimated in a regression model, thefinear relationship between total fluorine and smoking status, adjusted for ageand BMI, was small in magnitude (3=0.10, SE(8)=0.062, p=.09). Smokers.
average total serum fluorine was estimated to be 0.1 ppmhigher than
nonsmokers. The number of cigarettes smoked per day was weakly correlatedwith total serum fluorine (Table 4.1.5).

Drinking status was not associated with total fluorine (Table 4.1.13). Overall,eight (7.0%) participants did not respond to this question. Four had less than oneppm total serum fluorine.

Table 4.1.14 presents the distribution of BMI in the total fluorine categoriesdefined previously. BMI mean values were not significant difierences among thetotal serum fluorine categories. The linear relationship between BMI and totalfluorine, adjusted for age, smoking, and alcohol use, was weak and not® significant (Bx-.016 SE(8)=.069, p>.5).

4.1.3HormoneAssavs

‘The intra-assay coefficient of variation (CV) for the bound and free testosterone,estradiol, TSH, LH, prolactin, and FSH assays are provided in Table 4.1.15. Theestradiol assay had the highest CV, 18.3%. The prolactin assay had the lowestCVol 3.1%.

Table 4.1.16presents the observed and expected number of hormone assaysout of the assay reference range, the observed to expected (OE) ratio, and the95% confidence limits. The O/E ratio was significantly greater than one forestradiol, free testosterone, bound testosterone and prolactin. The O/E ratios forLH. FSH, and TSH wers not significantly different from one.

The Pearson comelation coefficients among the seven hormones assayed instudy participants ars presented in Table 4.1.17. As expected, estradiol was
® = 45
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o comslated with fre testosterons (r=.40, p=.0001) and bound testostaron (r=.32,
P=.0006). Bound testosterone was comelated with free testosterone (r=.74
P=.0001), LH (t=.28, pe.003) and FSH (r=. 16, p=.04). LH and FSH ware
significantly comelated (r=.63, p=.0001). FSH and TSH wers significantly
comelated (1=.23, pe.01).

As shown in Table 4.1.18, otal fluorine was significantly correlated with prolactin(12:19, p=.045) and TSH (r=.26, pe.005). Age was negatively comelated with
estradiol (1-25, pe.01), free testosterona (ra-.45, p=.0001), bound testostaron(1=24, p=.01), and prolactin (re-.18, p=.01). Age was positively correlated withFSH (1=.33, p=.0003). As expected, BMI was negatively correlated with free andBound testosterone fo.26, pm.005 and r--.36, p=.0001 raspocivaly). BMI wascomelated positively with LH (r=.20, p=.03). Alcohol consumption was
significantly correlated with FSH (re-.24 pm.01).

Bound testosterone ranged from 141 10 1152 ng/dl with a mean of 572 ng/dl anda median of 561 g/d! (Table 4.1.15). The standard deviations were large. Themean bound testosterone values ware not significantly citferont among the total
® serum fluorine groups. As expected, the mean bound testosterone decreased

significantly as BMI increased. The mean bound testosterone values were
significanty difierant among the age categories (p=.016).

‘There was a significant nonlinearrelationship betweentotalserum fluorine and
bound testosterone (BT) in the final regression model (Table 4.1.20). Bound
testosterone, which was positively associated with both LH and estradiol,decreasedas both age and BMI increased. Alcohol and cigarette use wersweakly associated with BT. There was a significant interaction betwoen age andtotal serum fluorine. There was a negative association between boundtestosterone and total serum fluorine in young workers than inolderworkers. Inworkers greater than 45 years of age, total serum fluorine was associated withasight increase in BT. The relationship between bound testosterone and totalserum fluorine s presented for four diferent sets of covariate value (Figure 2).Dose-response curvesfor bound testosterone were plotted for young, leanindividuals aged 30 with BMis of 25, young obese individuals aged 30 with BMis.of 35, middie aged lean individuals aged 50 with BMI of 25, and middle aged
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o obese individuals aged 50 with BMIs of 35. Each of the relationships is for
nonsmoking, light drinking men with the sample mean LH value (5.4 mUA) and
‘mean estradiol value (33.4 pg/mi). In 30 year old workers, bound testosterone
decreased s total serum fluorine increased in both BMI groups. The dose-
response relationship for 40 year old workers was approximately flat (not shown).
In workers greater than 50 year of age, BT increased as total serum fluorine
increased.

Total serum fluoride was not significantly associated with free testosterone (FT)
(Table 4.1.21). Within BMI categories, ree testosterone was highest in the less
than 25 kg/m? group and lowest in the greater than 30 kg/m? category. The
ditierence in mean FT among BMI categories was statistically significant (p=.03).

‘There was a significant nonlinear dose-response relationship between total .
serum fluorine and FT in the final regression model (Table 4.1.22). As total
serum fluorine increased, free testosterone decreased. There was asignificant
interaction between age and total serum fluorine. Figure 4.2 llustrates the
modifying effect of age on the total serum fluorine free testosterone relationship.

® ‘The covariate vectors (nonsmoker, light drinker, mean LH and estradiol, age=30
and BMI=25or25, age=50 and BMI=25 or 35) were the same as used Figure-1.
Lean or obese 50 year old men had low frse testosterone (less than 9 ng/di) for
all values of total serum fluorine. In 30 year olds, free testosterone decreased
asymptotically toward the 50 year old values. In this model, 50 year old, obese,
moderatecrinkerwith any total serum fluorine level (the lower limit of assay
sensitivity was approximately 1 ppm total serum fluorine) had free testosterone
below nin g/dl.

As shown in Table 4.1.23, the estradiol means in the three BMI groups were not
significantly differant (p=.88). As the age of participants increased, mean
estradiol levels decreased. In the greater than 30 10 40 year age group, mean
estradiol was 36.8 pg/ml compared to 25.9 pg/ml in thegreater than 50 to 60
year age group. The age group means were significantly differant (p=.018).
There was a nonsignificant positive association between mean estradiol and total
serum fluorina.
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As shown in Table 4.1.24, estradiol andtotal serum fluorine were positively
® associated in the final regression model. Tetal serum fluorine followed a

nonlinear relationship with estradiol. No interaction terms were statistically
significant. As expected, free testosterone and estradiol were positively
‘associated (0.85 p=.0007). The relationship between total serum fluorine and
estradiol is lustrated in Figure 3. The plotted curves depict the relationship for
lean (25 kg/m?) and obese (35 kg/m?) male workers who were 30 years old with
sample mean free testosterone and who were nonsmokers and light drinkers. As
total serum fluorine increasedover the observed range, estradiol increased
quadratically. In obese men (BMI=35 kg/m? ) aged 30, estradiol exceeded 44
pg/ml when total serum fluorine was between 15 and 20 ppm. The highest
estradiol levels were in young, obese smokers who consumed 1 to 3 ounces of
ethanol per day.

LH was not significantly associated with serum fluorine, but was negatively
associated with BMI (p=.003) and positively associated with smoking (pw.025),
age, and BT. There was no association between total serum fluorine and FT.
(Table 4.1.25, Table 4.1.26, and Figure 4).

® FSH was not significantly related to total serum fluorine levels but was positively
associated with age (p=.014) (Table 4.1.27, Table 4.1.28). The final regression

- model for FSH is illustrated in Figure 5. The relationship was essentially fiat over
the total fiuorin range.

‘TSH was positively associated with total serum fluorine in both univariate and
multivariate analyses (Table 4.1.29, Table 4.1.30 and Figure 7). TSH was not
significantly related 0 age, BMI, alcohol use, smoking, and other hormones.

Prolactin was positively associated with total serum fluorine and smoking (Table
4.1.31, Table 4.1.32). Moderate drinkers had a different prolactin-total serum
fluorine relationship compared to light drinkers and nonrespondents. Figure 6
ilustrates the relationship of prolactin with total serum fluorine and the modifying
effect of alcohol use. Total serum fluorine was weakly associated with prolactin
in light and moderate drinkers. However, in moderate drinkers (1-3 oziday),
there was a positive association between prolactin and total serum fluorine.
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o 4.1.4Hormone Ratios “

The univariate distributions of the 21 ratios are provided in Appendices 4.1 and
42. Atable is presented for eachof the 21 ratios showing the number of
paricipants, mean ratio value with the standard deviation, median ratio value,
and the range of ratio values in each of the previously defined categories of BMI,
age, alcohol use, tobacco use, and total serum fluorine

Correlations between total serum fluorine (ppm), age (years), BMI (kg/m2),

alconol use (02/day), and cigarente consumption (cigarettes/day) and all possible
ratios between E, free testosterone TF, TB, and LH are displayed in Table 4.1.33,
‘The estradiol to bound testosterone ratio (E/TE) and estradiol o free testosterone
ratio (E/TF) were significantly correlated with BMI (=.32, p=.001 and r=.27,
p=.004 respectively). The estradiol to Iteinizing hormone ratio (E/LH)was
negatively correlated with age (r=-26, p=.005), and positively correlated with BMI
(r=:18, p=.06). The bound testosterone to luteinizing hormone ratio (TB/LH)
followed a different pattem as compared to ELH. The correlation coefficient
between TB/LH and age was -.32 (p=.001) while the coefiicient between TBILH

® and BMI was -14, (p=.13). The free testosterone to luteinizing hormone ratio
(TF/LH) had the strongest correlation with age (fa-.40, p=.0001) but was not
significantly correlated with BML. The bound testosterone to trae testosterone.
ratio (TB/TF) followed a unique pattem. TB/TF was positively correlated with age
(t=.24, p=.01), and negatively correlated with BMI (fa-16,p=.08).

Prolactin ratios with bound testosterone (TB/P), free testosterone (TF/P),
estradiol (E/P), follicle stimulating hormone (FSH/P), luteinizing hormona (PALH),
and thyroid stimulating hormone (P/TSH) are presented in Table 4.1.34, None of
the prolactin-hormone ratios were significantly correlated with total serum fluorine
orBMI. All except PITSH ware significantly correlated with cigarette
consumption.

Table 4.1.25 presents the Pearson correlation coefficientsfor the bound
testosterone to thyroid stimulating hormone (TB/TSH) ratio, the frea testosterone
10 thyroid stimulating hormone (TF/TSH), and the estradiol to thyroid stimulating
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homnone (E/TSH). Total serum fluorine and TF/TSH ware negatively comelated® (t=-.18,p=.05). All three ratios were significantly and negatively correlated with
age. TB/TSH and TF/TSH were negatively correlated with BMI, (fe-.24p=01
and re-23, p=01 respectively).

The Pearson correlation coefficients for the bound testosterone to follicle
stimulating hormone (TB/FSH) ratio, the free testosterone to follicle stimulatinghommons (TF/FSH), and the estradiol to follicle stimulating hormone (E/FSH) areprovided in Table 4.1.36. Age was the only covariate that was significantly
correlated with the three ratios.

The correlation coefficients for selected ratios between pituitary glycoprotein
hormones, TSH, LH, and LH, are presented in Table 4.1.37. The thyroid
stimulating hormone to follicle stimulating hormone (TSH/FSH), the thyroid .
stimulating hormone to luteinizing hormone (TSH/LH), and the folliclestimulating
hormone to luteinizing hormone (FSH/LH) are provided. Age wassignificantly
correlated with the FSH/LH ratio and the TSH/FSH ratio. Alcoholconsumption
was correlated with both TSH/FSH and TSHALH.

® As shown in the finel regression models, the TE/TF ratio increased as total serum
fluorine increased (Tables 4.38 and 4.39). Alcohol consumption,cigarette
‘consumption, estradiol, prolactin, and TSH were not significantly related to the
TB/TF ratio in either model. These covariates do not substantiallyalterthe
estimated relationship between total serum fluorineandTB/TF ratio whenincluded in the regression model. The quadratic increase of the TB/TF ratio overthe observed range of total serum fluorine is illustrated in Figure 4.8. The
covariates used were: nonsmoker, less than one ounce of alcohol consumed perday, 30 years of age, and a BMI of 30 kg/m2.

Table 4.1.40 presents the full regression model for the estradiol to bound
testosterone ratio (E/TB). Total serum fluorine was not significantly associated
with the E/TB ratio. BMI was a determinant of the E/TB ratio. Freetestosteronewas negatively related to the E/TB ratio.
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® The full regression model for estradiol to free testosterone ratio (E/TF) is
displayed in Table 4.1.41. There was a significant positive dose-responserelationship between the E/TF ratio and total serum fluorine. Although the dose-response relationship for free testosterone was modified by age, the dose-response relationship for the ratio was not modified by age.

As shown in Tables 4.1.42, 4.1.43 and 4.1.44, total serum fluorine was notsignificantly associated with ELH and TB/LH, but was positively association wihthe TF/LH ratio (6~-.05, p=.09). Bound testosterone and FSH were associatedWith the TF/LH ratio (B=.003, p=.0001) and (B=-.33, p=.0001).

Cigarerte consumption and fres testosterone were strongly and significantlyrelated 0 the TB/P ratio (0a1.48, p=.02 and B=3.93, p=.008 respectively) (Tavie41.45). Cigarette consumption and bound testosterone wars significantly related10the TF/P ratio (8.04, p=.03 and B=.002, p=.03 respectively) (Table 4.1.45).Only cigarette consumption was significantly related to the E/P aio (Ge.10,P=.005) (Table 4.1.47).

Tables 4.48 through 4.50 present full regression modes for the ratios of prolactin® 10 FSH (P/FSH), prolactin to LH (P/LH), and prolactin to TSH (P/TSH). In each ofhe three regression models total serum fluorine was positively and significantly+ associated with the prolactin-hormone ratio. Moderate drinkers had asignificantly ditierant ratio total serum fluorine dose-response relationship‘compared to the relationships in light drinker and nonrespondents.

The full regression modes for the glycoprotein hormone ratios are presented inTable 4.1.51 10 4.1.59. As shown in table 4.1.52, total serum fluorine wassignificartly related to TF/TSH (B--.28, p=.03) and bound testosterone and FSHware significantly related to tho TF/TSH ratio (G=.01, p=.006 and Be.68, pe.0&respectively). Total serum fluorine was not significantly associated with the otherglycoprotein hormane ratios.

son Dens . pest
Inolvcerides.
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o ‘Table 4.1.60 provides the correlation coefficients for serum lipids, spacifically
cholesterol, low density lipoprotein (LDL), and high density lipoprotein (HDL), with
total serum fluorine, age, BMI, alcohol consumption, and cigarette consumption,
Total serum fluorine was not significantly correlated with cholesterol, LDL. HDL,
or triglycerides. Cholesterol and triglycerides were correlated with age ( re.25,
$=.008 and r=.19, p=.04, respectively), and BMI (r=. 19, p=.04 and r=.27, pe.004,
respectively). Cigarstte smoking was positively and significantly comelated with
cholesterol (r=.35, p=.0001), LDL (r=.28, p=.002), and triglycerides (r=.19, p=.0d).
HDL was not significantly correlated with any variable, although the correlation
with alcohol consumption was suggestive ( re.18, p=.06).

Total fluorine was not significantly associated with cholesterol, LDL or
triglycerides (Tables 4.1.61, Table 4.1.62, Table 4.1.64). Smoking, age, and
GGT were positively and significantly associated with cholesterol. Smoking and *
prolactin were positively and significantly associated with LDL. Smoking and free
testosterone were positively associated and bound testosterone was negatively
associated with triglycerides.

°o ‘The final regression model for HDL, displayed in Table 4.1.63, presents a
ditierent picture. HDL decreased as total fluorine increased in moderate drinkers.
In ight drinkers, there was a negligible change in HDL as total fluorine increased,
Sell-reported moderate alcohol consumption was positively associated with HDL.
Additionally, bound testosterone was positively associated with HDL, while free
testosterone was negatively associated.

4.1.6HepaticParameters:SerumGlutamicOxaloaceticTransaminase(SGOT),

GammaGlutamylTransferase(GGT),

Table 4.1.65 presents the comelation coefficients between the hepatic
parameters, SGOT, SGPT, GGT, AKPH, and total serum fluorine, age, BMI,
alcohol consumption, and cigarette consumption. The hepatic parameters were
not significantly correlated with total serum fluorine. SGOT was not significantly
comelated with any of the pariicipant characteristics. SGPT and GGT were
comelatedsignificantly only with BMI (r=.20, p=.02 and r=.27, p=.004
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respectively). AKPH was significarty correlated with age, BM, alcohol
® cmmpion an arene consump.

The correlation coefficients between the hepatic parameters and cholesterol,
LDL. HDL. triglycerices, estradiol, TF, TB, and prolactin are displayed in Table
4.1.66. SGOT and AKPH were significantly correlated with prolactin. SGPT was
corelated with cholesterol and triglycerides. GGT was correlated with
cholesterol, triglycerides, and free testosterone. As expected, SGOT, SGPT, and
GGT were highly comelated (Table 4.1.67). AKPH was only correlated with GGT.

‘The SGOT, SGPT, GGT, and AKPH mean values were not significantly diferent
‘among the five total serum fluorine categories (Table 4.1.68). SGOT and SGPT
mean values were not significantly cifferent for BMI, age, alcohol use, and
smoking (Tables 4.1.69 10 4.1.72) . Mean GGT was significantly higher in the
greater than thirty BMI group (pw=.03). AS shown in Table 4.1.72, mean and
median AKPH values were significantly higher in smokers compared to
nonsmokers (p=.012).

Tables 4.1.73 A, B, and C present three linear multiple regression models for
@ SGOT. In non-obese workers (BMI=25), SGOT decreasedas total fluorine

increased. In obese workers (BMiw 35), the association between total serum
 fuorine and SGOT was in the opposite direction. Model 2 included GGT as a
covariate (Table 4.1.73 B). The association between total fluorine and SGOT, as

wellas the effect modification by BMI, were present after adjustingfor GGT.
When SGPT was included in the regression model (Table 4.1.73 C), the
association between total fluorine and SGOT was weak and nonsignificant . The
effect modification by BMI was no longer present. AKPH had lite effect on the
regression estimates when included in the model.

Thro linear multiple regression models for SGPT are provided in Tables 4.1.74
A B,and C. In non-obese workers (BMI=25), SGPT decreased as total fluorine
increased. However, in obese workers (BMi= 35), the association between total
serum fluorine and SGPTwas in the opposite direction. Little change occurred in
the estimates after adjusting for GGT. As seen in Table 4.1.74 C, the association
was significant, although weaker in strength, after adjusting for SGOT. The effect
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‘modification by BMI was present. When AKPH was included in the model, effect
® estimates did not change significantly, -

The final regression models for GGT, provided in Tables 4.75 A. B, and C,
present a different picture. GGT decreased as total fluorine increased in
moderate drinkers. In light drinkers, GGT decreased less steeply as total fluorineincreased. Controlling for SGOT and SGPT (mods!2 and 3) did not significantlyater the relationship between total fluorine and GGT. Moderate alcohol
consumption was positively associated with GGT.

Table 4.1.76 presents the final regression model for AKPH. In nonsmokers, totalserum fluorine was negatively associated with AKPH, As the number of
cigarettes smoked per ay incrsased to more than five per day, AKPH increased
as total serum fluorine increased.

4.1.7HematologyParameters:Hemoglobin,WhiteBloodCount,
EamomhanudearLeukoosteCount.BandCourt,EosingoniCourt,
LymohocyteCount,MonocyteCount,PlateletCount,AndBesoohilCourt,

® Table 4.1.77 presents the correlation coefficients between the nine hematologyparameters and total serum fluorine, age, BMI, alcohol use, and cigarette
‘consumption. The only parameter that was significantly correlated with total
serum fluorine was lymphocyte count (re.13, p=.04). Monocyte count was
comelated with BMI (r=-.22, pe=.04) and alcohol consumption, (fa-.21, pe.03). Allthe parameters, except the basophil and band counts, were strongly associatedWith cigarette consumption. Alcohol consumption was correlated withhemoglobin, (r=-.20, p=.04), and band count (f=.26, pe.00S).

The final regression modelsfor hemoglobin and the erythrocyte indices, meancorpuscular hemoglobin (MCH) and mean corpuscular volume (MCV), arepresentedin Tables 4.1.78, 4.1.79, and 4.1.80 respectively. Total serum fluorinewas significantly associated with hemoglobin... The association hemoglobin andMCV were mocified by smoking. In smokers who smoked seven or morecigarertes per day, hemaglobin and MCV increased significantly as total fluorineincreased. In nonsmokers, hemaglobin and MCVdecreased as total fuorine
_ 54
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increased . The association of total fluorine with MCH was modified by smoking
® ana by alcohol use. The increase in MCH 2s total fluorine increased was

ennanced with increased smoking. In light drinkers, total serum fluorine had a
weak association with MCH. In moderate drinkers, MCH increased as total
fuorine increased. There was a positive association of both MCH and MCV with
alcohol consumption. None of the estimated associations are of clinically
significant magnitude over the range of total fluorine values.

‘The white blood cell count (WBC) increased significantly in nonrespondents as
total fluorine increased above 2ppm, increased less in moderato drinkers, and
increased the least in light drinkers (Table 4.1.81). As expected, cigarette
smoking intensity was positively associated with WBC. PMN increased
significantly in alcohol use nonrespondents as total fluorine increased and
increased less steeply in moderate drinkers (Table 4.1.82). In light drinkers, total
serum fluoride above 10 ppm was associated with a decreased in PMN.
Cigarette smoking was positively associated with PMN. As shown in Table
4.1.83, the final regression models for band count provides litle evidence that
total fluorine was associated with band count. Moderate alcohol use was
estimatedto reduce the band count. Smoking was positively associated with

® band count.

+The negative association between total fluorine and lymphocyte count was
‘modified by adiposity, alcohol consumption, and cigarette smoking (Table
4.1.84). The decrease in lymphocyte count was smalleras BMI increased. The
decrease in lymphocyte count associated with total fluorine above 3 ppm was
greater in moderate drinkers compared to nonrespondents. As cigarette
consumption increased, the decrease in lymphocyte count increased.

The positive association between total fluorine and monocyte count (MONO) was: modified by adiposity (Table 4.1.85). As BMI increased, the association withMONO was weaker Cigarette smoking and LH were positively associated withMONO. Alcohol consumption was negatively associated with MONO. The
association between total fluorine and eosinophil count (EOS) was negative for
nonsmokers, but was positive as more than ten cigarettes per day were smoked
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(Table 4.1.86). As smoking increased, the PFOA associated decrease in BASO® was smaller (Table 4.1.88).

The association between total fucrine and platelet count (PLAT) was modified by
adiposity and cigarette smoking intensity (Table 4.1.87.). In lean participants
(BMI~25), PLAT increased as total fluorine increased. In obese participants
(BMI=40), the PLAT decreased as total fluorine increased. As smoking
increased, the rate of increase in PLAT associated with total fluorine above 10
ppm decreased.

4.1.8SummaryOfResults

The serum fluorine levels in Chemolite workers were 20-100 times higher than
‘expected in workers not directly involved in PFOA production. All workers with
levels above 10 ppm fluorine work in PFOA production areas. Smoking was
associated with a small increase in serum fluorine. Age was not associated withserum fluorine levels. The two women employed in the PFOA production areas
had total serum fluorine levels similar to men.

® Alcohol use, smoking, age, BMI, and hormones had the expected associations.
with peripheral leukocyte counts, hematology parameters, cholesterol, HDL, LDL,

+ and hepatic enzymes.

‘The main hormone results are:
1. The number of male workers with hormone values outside of the

laboratory reference range was greater than expected for estradiol, free
testosterone, bound testosterone, and prolactin.

2. Total serum fluorine was negatively associated with free testosterone
and positively associated with estradiol. No association was noted
between totalserum fluorine and LH.

3. E/TFand TB/TF, but not E/TB, were positively associated with total
serum fluorine.

4. E/LH and TB/LH were not associated with total serum fluorine. However,
the relationship between total serum fluorine and TF/LH was suggestive.

PY _ 5%

€03246



® §. TSH was positively associated with total serum fluorine. TF/TSH was
negatively associated with total serum fluorine; TBITSH and E/TSH were
not.

6. Prolactin and total serum fluorine were positively associated in moderatedrinkers, but not in light drinkers.
7. PIFSH, PILH, PITSH were positively associated with total serum fiuorine.TB/P, TF/P, and E/P were not associated with total serum fluorine

The main hepaticparameter results are:

1. The increase in SGOT and SGPT levels associated with adiposty was
enhanced by total serum fluorine.

2. Th induction of GGT by alcohol was decreased as total serum fluorine *increased.
3. The induction of AKPH by smoking was increased by increasing levels oftotal serum fluorine.

® ‘The main cholesterol and lipoprotein results are:

1. Cholesterol and triglyceride levels were not associated with total serum
fuorine.

2. LDL was not associated with total serum fluorine.
3. The positive association between moderate alcohol use and HDL levelswas reduced as total serum fluorine increased.

The main hematology parameter and peripheral leukocyte count results are:

1. The effect of smoking on hemoglobin and MCV was enhanced by totalserum fluorine.
2. Total serum fluorine was negatively associated with al peripheralleukocyte counts except PMNs and MONOS, which were posiivalyassociated.
3. The associations between cell counts and total serum fluorine were‘modified by smoking, drinking, and adiposity.
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A total of3,837 individuals who were employed at the Chemolie plant betweenJanuary 1, 1347 and December 31, 1383 were identified from company recorcs,The cohort consisted of 2.788 (79%) male and 749 (21%) females employees(Tables 4.2.1 and 4.2.2). The majority of women (67.3%) never worked in theChemical Division. Of the 18.208 person years (PY) observed for woman, 68.8%cocured in those who were never employed in the Chemical Division. The meanfollow-up for women was 25.8 years in the overall cohort, 24.6 years in theChemical Division (CD) cohor, and 26.4 years in the non-CD cohort, Theclstibutonof follow-up periods was simiiar in the women's CD and non-CDcohorts.

The women's mean age at frst employment was 27.6 years. Sixy-sight percentwere less than 30 years old at employment; 9.7% wer older than 40 at firsemployment at Chemalte. The COD cohort was slightly olderthan the non-CDcohort. The CD and non-CD distributions of latency fimes were notstatisticallyo ifleant (9-68). The mean duration of employment for women was 8.7 yearsand ranged from six months 10 41.4 years. The distribution of years ofemployment was sighificanty diferent for CD and non-CD woman (5<.0001). Ofnon-CO women, 11.8% were employed for more than twenty years.Of 245women in the CD cohort. §1(21.1%) were employed for moro than twenty years.
As shown in Table 4.22, the 2.788 man who ware evar employed for mre than#5 months at Chamoiite contributed a total of 71,117.7 PY which was aboutequally divided between the CD and non-CD cohorts. The mean follow-up for thegvarall malo cohort was 25.5 years. The distribution of follow-up periods andistibution of year of frst employment was similar in the male CD angnon-CDcohorts. The average age at death was higher in the male non-CD group, 58.1Jo4rs, compared!o the CD group, 54.2 years. The duration of employment for{pen (mean 13.6 years, mecian 9.8 years) was longer thanforwoman, Theistibiion of years of employment was significantly cifferant for CD angnon-comen (p<0001). Of non-CD man, 25.5% wera amploya for longer thantwerty
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® years. Of men in the CD cohort, 38.0% were employed for longer than twenty
years. -

Vital status was obtained for 100% of the women's cohort (Table 4.2.3). Among
the 749 women there were 50 deaths; 11 in the CD cohort and 39 in the non-CD
‘cohort. Vital status was obtained for 100% of the men's cohort. Among the 2788
men there were 348 deaths; 148 deaths in the CD group and 200 in the non-CD
group. Six individuals who had employment records that were missing
information were excluded from the cohort and thirvital status was not
ascenained. Death certificates wera obtained for 99.5% of deaths. Two deaths
occured outside the U.S. and causes of death were ascertained by ther means,

£21StandiarsizedMortality Ratios(SMS)

421.1SMRForWomen

The numbers of deaths, the SMRs and 95% confidence intervals (CI) among
‘women in the 1947-198 follow-up period are shown in Table 4.2.5. The SMRs
for all causes of death (SMR=.75, 95% C1 .56-.99), and cancer (SMRw.71, 95%

® C1.42-1.14) ware significantly lower than expected in comparison to national
rates. No association was found with duration of employment orlatencyfor
deaths from all causes, cancer, and cardiovascular diseases (Tables 4.2.6 and
42.7). SMRs for CD women and non-CD woman are displayed in Table 4.2.8.
The estimated SMRfor the CD cohort of woman wera less than expected. In CD
women, tho all causes SMR was .46 (95% CI .23,.86) and the cancer SMR was.
31 (85% C1.07,1.05). The SMR for the non-CD women were closerto unity.

42.1.2SMBsForMen

The number of male deaths, the expected number of male deaths based on U.S.national white male rates, and age and calendar period adjusted SMRs withassociated 85% Cls are presented in Table 4.2.9. The SMR for all causes (.73,
95% CI 66,.81). for cardiovascular diseases (SMR=.71, 95% C1 60..48), for allgastrointestinal (Gi) diseases (.50,95% C1 .26..87) and for all respiratorydiseases (50.85% CI .27..86) were significantly less than one. Noneof the
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cause-specific SMRs were large nor were the ‘estimates significantly ditferent® from one. As shown in Table 4.2.10, the results were similar ‘when the expected
numbers of male deaths was based on Minnesota white male rates.

Table 4.2.11, Table 4.2.12, and Table 4.2.13 present adjusted SMRs and 95% C|for males based on Minnesota mortality rates for three latency intervals 10, 15,2nd 20 years respeciively. The three latency intervals the all causes SMA
ranged from .75 10.77. For all cancers, SMRs ranged from 1.06 10 1.12 andwere nonsignificant. Among men there was no association between any cause
of death and duration of employment (Table 4.2.14, Table 4.2.15, and Table4216).

Table 4.2.17 and 4.2.18 display the SMRs and 95% Cl for CD and non-CD maleworkers. The all causes SMRs were .69 (.59,.79) for the non CD group and .86 .(2.1.01)for the CD group. The SMR for prostate cancer, based on a
‘comparison with Minnesota population rates, were 2.03 (95% CI .55,4.59) in the- CD group and .58 (95% CI 07.2.0) in the non-CD cohort. There were 4
observed deaths from prostate cancer ‘compared to 2 expected in the CD group.
‘The latency analysis for non-CD and CD men are presented in Tables 4.2.19 ando 42.20. There was no associations between any cause of death and latency ineither group.

As shown in Table 4.2.21 and. 4.2.22, male CD cohon members with more than10or more than 20 years of employment had SMRs that were less than one forall causes of death, all malignancy, cardiovascular diseases and all respiratory
diseases. Among male non-CD cohort members with more than ten years ofemployment or more 20 years of employment, the SMR for allcauses,
cardiovascular disease and all respiratory diseases were significantly less thanexpected (Table 4.2.23 and 4.2.24). There was no association of any cause ofdeath with duration of employment at Chemolite in either CDornon-CD groups.

422StandardizedRateRatios(SARS)

Age adjusted standardized rate ratios (SARs) were calculated for all causes, allcancer, and cardiovascular diseases mortality comparing men ‘employed at the

— 6
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® plan for ten years or more to men employed for less than ten years. The SARs
are presented in Table 4.2.25. The 95% CIs for all causes, all cancer, and ail
cardiovascular diseases were wide and include one. Confounding variables such
as year of first employment and length of follow-up were not controlled in this
analysis due to small numbers and unstable rates within the large number of
strata.

Table 4.2.26 presents the age adjusted SRR for all causes, all cancers, lung
cancer, GI cancer, and all cardiovascular diseases mortality comparing men ever
employed in the CD with men never employed in the CD. All SRRs were slightly

greater than one, however, none was statistically significant.

42.3Mantel: RelativeRisks (RRMH)

Age stratified RRMH, contrasting the rates in men evar employed in the CD
compared to the rates in mennever employed in the CD, ware calculated for all
causes, all cancer, and al cardiovascular diseases mortality and are displayed in
Table 4.2.27. The estimated RR for CD employment versus non-CD employment

® did not follow a monotonic pattern and the 85% Cls include one for each of the
thre endpoints.

+ Table 4.2.28 presents the RRMH for man employed for less than ten years to
those employed for mora than ten years. The all causes RRMH (2.16, 95% CI
1.52, 2:70) in the 30 10 39 year age at first employmentstratawas reflected in
bath the RRMH for all cancars (1.75, 85% CL.95,3.21) and cardiovascular
diseases (3.53, 95% Cl 1.68,6.21). The RRMH were not adjusted for important
time covariates such as the year of first employment.

2.4 Progen 8 Relative Fisk Est

241 Progerti E

Table 4.2.29 to 4.2.36 show the final proportional hazard (PH) model for death
from all causes, cardiovascular diseases, all cancers, lung cancer, GI cancer,
prostate cancer, pancreatic cancer, and diabetes among the 2788 male workers
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ever employed at Chemalit for graater than six months. There was no evidence® | for violation of the PH assumptions o for significarit nonlinear associationsbetween the independent variables and mortality. As expected, age at first
‘employment was positively associated with all causes of death. The RR foraone year increase in age at first employment was 1.082 (85% CI 1.069,1.084).Year of first employment and duration of employment were negatively associatedwith all causes mortality. The risk of death associated with months in the
Chemical Division was small and nonsignificant.

For cardiovascular diseases mortality, the RR for one year increas in age atfirst employment was 1.126 (95% CI 1.069,1.084). Year of first employment wasnegatively associated with cardiovascular diseases mortality. Time in the CDwas not associated with death from cardiovascular diseases.

Age at frst employment was positively associated with cancer mortality. The RRfor one year increase in age of employment was 1.08 (85% CI 1.06,1.10).Duration of employment was negatively associated with cancer. The RR was872 (85% C1.96,.99) for a oneyearincrease in employment. There was no® association of cancer mortality with employment time in the CD.

The final prostate cancer mortality proportional hazard model for male cohortmembers is shown in Table 4.2.34. Time in the Chemical Division was posiively“and significantly associated with prostate cancer mortaltty:—The relative risk for aone yearincreasa in CD employment time was 1.13 (95% C11.01,1.43). Age atfirst employment was positively associated with prostate cancer monalty risk. Aone year increase in age at first employment was associated with a RR of 1.08(85% C1.85,1.19). The RR for ung cancer monaity was 1.07 (85% C1 .03,1.12)fora one year increase in age of employment. Months in the chemical divisionwas notsignificanty associated with lung cancer mortally. Table 4.2.33 showsthe final proportional hazard (PH) model for all Gi cancer mortality. Theestimated RR for a ono year increase in age at first employment was 1.14 (85%C11.09,1.19). Year of first employment, duration of employment and timeemployad in the CD were not associated with GI cancer risk. Age at firstemployment was positively associated with pancreatic cancer mortality. Theother covariates were weakly associated with pancreatic cancer risk and ware
— 62
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® not significantly different from one. A one year increase in age at first
employment was positively associated with diabetes morality (RR = 1.10, 95%

. Ci1.01,1.19).

4.2.4.2 PropgnionalHazardModelsForFemaleWorkers

Table 4.2.37, 4.2.38 and 4.2.39 show the final PH model for death trom all
causes, cardiovascular diseases and all cancers among the 749 female cohort
members. Age at frst employment was positively associated with all causes
monaltty. The RR for all causes of death among women employed for two to ten
years (3.72) and among women employed for greater than ten years (2.33) were
significantly greater than the all causes mortality in women employed for less
than two years. Time in the CD was not elated to mortality. The RR for death
from cardiovascular diseases associated with a oneyear increase in age at first
employment was 1.13 (1.07,1.18). The year at first employment, duration of
employment, and time in the CD wera not significantly associated with female
cardiovascular diseases mortality. The RRfordeath from cancer was associated
with age at first employment. A one year increasa in age at first employment

® increase the RRfor death from cancer (1.09 (1.04,1.14). Theyearat first
employment, duration of employment, and tim in the chemical division were
weakly and non-significantly associated with female cancer mortality.
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“TABLE 4.1.1 AGE DISTRIBUTION IN FIVE YEAR AGE GROUPS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

-
AGE NUMBER PERCENT—_ TE eer

21.25 3 26
26-30 18 18.7
31.35 26 226bi = ro= n bed
46-50 9 78
51-55 13 1n3
56-60 6 52
TOTAL 15 100.0

o MEAN 382
SD 891

MEDIAN 37 -
RANGE  _ 2489

ove-

° o
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® TABLE 4.1.2 DISTRIBUTION OF ALCOHOL AND TOBACCO USE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

USE STATUS NUMBER PERCENT

TOBACCO USE

CURRENT SMOKER 28 243

NONSMOKER 85 739
MISSING VALUES 2 18

TOTAL 15 100.0

ALCOHOL USE :

<10z ETHANOL/DAY* 87 756

1-30z ETHANOUDAY 20 17.4

MISSING VALUES 8 7.0
® TOTAL 15 100.0

“Inciudes 22 nondrinkers
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o “TABLE 4.1.3 THE JOINT DISTRIBUTION OF TOBACCO AND ALCOHOL USE‘3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

TOBACCO USEsomcme ewe ow
ALCOHOL

USE

<loz/day 19 (67.9%) 67 (78.8%) 1(50.0%) 87 (75.6%)
1-3c2/day 7 (25.0%) 13 (15.3%) 0 (0%) 20 (17.4%)missing 2 (7.1%) 5 (5.9%) 1(50.0%) 8(7.0%)

TOTAL 28 (100%) 85(100%) 2 (100%) 115(100%)TTT Tew romw wees
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® TABLE 4.1.4 DISTRIBUTION OF AGE BY SMOKING AND DRINKING STATUS.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

— mE
N MEAN SD MEDIAN RANGE _ TEST#— NN MEAN SD MEDAN RANGETests

AlcoholSoe 7 ms sm waspr nn F ERa vou am o% FRx
TobaccoToa 2 wd om om muNese & 0 ix» ORE,no : BEF uS
ToTAL mz ww zs
—————————————————————
“Studentt test, Prob>T, reference groups <1. oz/day, smoker
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® - TABLE 4.1.5 PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL
SERUM FLUORINE, AGE. BODY MASS INDEX (BMI),

DAILY ALCOHOL USE, AND DAILY TOBACCO CONSUMPTION.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

ETITT
wm [ree
memTTTTT]

° — 68
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8 TABLE 4.1.6 BODY MASS INDEX DISTRIBUTION
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

BMI NUMBER PERCENT
(kg/m?)

sm 3 os
amas © 2s
sas 5 ws
aa03s 1 no
ass 2 18

ToTaL ws 1000

MEAN 80 2s
0 34 :

MEDIAN Bl 23
RAGE 108405
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® TABLE 4.1.7 BODY MASS INDEX BY SMOKING AND DRINKINGSTATUS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
_ — BMi(kgim?) ——N MEAN SD MEDIAN RANGE TEST#——————=—__C0AN__RANGETESTs
Alcohol -<tozd & 269 354 261 18s40s1.30218 20 272 a0 20 2817 pupmassing ® 253 3s 261 213304
Tobacco
smoker 2 268 3.8 263 18822nonsmoker & 270 239 268 214337 psymasing 2 22 287 %2 201282
Total 11s 288 34s 263 188408-_—
“Studentttest, ttest p-value, reference groups <1oz/day, smoker

°
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® TABLE 4.1.8 THE DISTRIBUTION OF AGE, ALCOHOL AND TOBACCO USE BY
BODY MASS INDEX

3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA

BMI mg/kg?

<2 25.30 >30
ECE—
sworeR nese) sas 208%)
NONSMOKER oo ame 156824)
MssiNG 1 sw Ir 0 on

Toma 41 100%) 7000%) 17 00%)

ALCOHOL USE

<r aartay nose) ams ns
13 aattry sorasn) (82%) 307m)
MISSING 4 (98%) 3 (53%) 1 (5.9%)

Tora «1 100%) 70100) 17 00%)
AGE

® ip 1 se) 28 401%) asa
opus 060 209%) ea

Tota a1 100%) 57 (100%) woo)

“test p=.005

n
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o TABLE 4.1.10 TOTAL SERUM FLUORIDE BY BODY MASS INDEX, AGE,SMOKING AND DRINKING STATUS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

' — FLUORINE (ppm)NC) MEAN SD MEDIAN RANGE  TEST#

BMI
25 awn 2s am 2 019 Fara23 sss 40 so 2 oa RSL3% won 2 3s i xn
AGE
a 2083) 37 ass 2 020 FuiosSido aun 32 ios 2 ou Fuseas may 33 iz 2 oi50 ies 30 we i oz
Alcohol
ow ose as 515 2 0% pgSe mre 32 257 2 oimating wo 21 25 i oe
Tobaccomor 282s) as 38 2 0:0 pussnensmoer 85052) 32 oa 2 o26masig 200 3% a 3 os

o TOTAL ns 33 . 2 026
hnwanaeAnova

“Student t fest, Prob>T
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o TABLE 4.1.11 AGE DISTRIBUTION BY TOTAL SERUMFLUORINE
CATEGORY.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)Te
EE

AGE2x tw an cm en eowo mn wen mn ome
31385 626.1) 13 (200) 425.0) 22) 1200)so ime nes ima em iebo er eR Awo J hn Um wn cewu mn dew om em oSse es sum van oMm anTw nom wee wim sm 1

® wwe ww ms ometnt ww wn me ame senImmoemm ee ee
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® . TABLE 4.1.12 DISTRIBUTION OF TOBACCO USE BY TOTAL SERUM
FLUORIDE CATEGORY.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)

eeeen oa= reve=
Smoker 3(13.0) 16(24.6) 6Q375) 2333) 1(200) 28(243)
Nonsmoker 19(827) 43(75.4) 9(562) 4(66.7) 4(80.0) 85(73.8)
Missing 1043) 0(0) 1(63) 00) 0(0) 2010

Total 23(100) €5(100)  16(100) 6(100) 5(100) 115 (100)

Clgarettes/day
-

(among smokers)
MEAN 163 245° 18.0 20 20 215

® —a 2 2 2 2 =me moe ew mR
“significantlydifferentfrom <1 ppm mean (p<.005)
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® TABLE 4.1.13 DISTRIBUTION OF ALCOHOL USE BY TOTAL SERUMFLUORIDE CATEGORY.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
TOTAL SERUM FLUORINE (ppm)

<1 13 2310 21015 215-26
ALCOHOL NUMBER (PERCENT)

USE
<evdsy 17S) 51088) 9(563) s@3) 5100)1Werday 2 (87) 1300) “@s0) 1067) ° ©MISSING 4(17.4) 108) 308m 0 ° ©

TOTAL 230100) 65 (100) 16100) (100) 5100)-_—
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. TABLE 4.1.14 BODY MASS INDEX DISTRIBUTION BY TOTAL SERUMo FLUORINE CATEGORY.
3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

TOTAL SERUM FLUORINE (ppm)<t 13 2210 51015 sss— 13 310 ios iss
BMIGamd) NoMGER PERCE)fe "wo I oe 0 I)sas Se) m@y sma 10s rongs2s30 SEN SEO se aes) «mon2303s 00 san spay o@ 003540 ° © om 00 108m omots wa oo) 00) ° 0mTora OW woo wi spon som
wens 27s 2s 23 24 2000 5 28 23 a7 14re z 2s 27 PY 26BMRAMGE 188405 2507 24925 25955 arr

o

7
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) TABLE 41.15 COEFFICIENT OFVARIATION FOR SEVEN HORMONEASSAYS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
——e

HORMONE ov
BOUND TESTOSTERONE 108%
FREE TESTOSTERONE 121%

ESTRADIOL 183%
TSH 100%
w seu
PROLACTIN 31%
FSH seuFW sew

n
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o TABLE 4.1.16 THE OBSERVED VERSUS EXPECTED NUMBER OF WORKERSWITH HORMONE ASSAYS OUTSIDE THE ASSAY REFERENCE RANGE3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
-_—

OBSERVED EXPECTED OF" ss% cre
_—_—mm

Estradiol 1” 28 60 (3658)>=é4 pg/ml
Testosterone i) 28 4s 268.1)bound
<=300 gic

Testosterone 1" 28 3s (207.1)re
<=8 g/l

. Prolactin 10 28 35 (186.7)>=15 ng/ml
LH 3 28 11 ©3339212mUmi

® FSH 1 28 “4 ©1.20)112 mimi
TSH 1 28 “4 ©0120>4.6 mum

-_—

OIE - OBSERVED TO EXPECTED RATIOC15% CONFIDENCE INTERVAL
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o 5 TABLE 4.1.18 PEARSON CORRELATION COEFFICIENTS BETWEEN TOTALSERUM FLUORIDE, AGE, BODY MASS INDEX (BMI), DAILY ALCOHOLUSE,: DAILY TOBACCO CONSUMPTION, AND SERUM HORMONES.3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

i TE
emo | a[az]=|=]

oes | |a| | on| |
moueme [gon| |=| |. =our [=]Ta [a]

:
33 24[=[ez =[2[|

® ow [me[ww]=]Gpg/mi -

rm meme umBumesionoemATES
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C03270



® TABLE 4.1.19 BOUND TESTOSTERONE (TE) BY BODY MASS INDEX, AGE,
SMOKING, DRINKING STATUS AND TOTAL SERUM FLUORIDE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA.

Blog/d)NOW MEAN SD” MEDIAN RANGE TEsTs
BMI (gm)2s oso en aes sz Zum Fass220 SUH ss dees se dee bes= Wse 4% m7 48 noes
Age
a Zon se zs en zene FaseSido en ee mer em pens poeas Z@0 sz dws a8 iesis Wes a0 zer  w8 Hos
Alcoholpr meen sm 22S sw zonm Faxpir) wes) is ner a7 eam oFmesg sw so meh sa dee
Tobaccosmoker 2@mY 2 m7 er weaom Faeonoar  WOAZ) $8 230 6 dans easing we a2 Te 2 ek

o Total
Fluorineapm Bog sm 2:4 as zEne Fos3 sen sm wes Sr iis em© seh THs D0 183 sn noonSion S63 em mis Sm - seedSisz San) se wes de Gres
Total 113(100) 572 2207 561 141-1182

VovarasAnos
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® ~ TABLE 4.1.20 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUNDTESTOVIERONE (ng) AMONG 112 MALE
. 3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Intercept 1027 190.7 0001
Total Fluorine (ppm)* 148 672 05
Age (years) 9 33 008
‘Age X Total Fluoride" 3 16 04
BMI (kgim2) “16 54 003
‘Smoker** 7 45.0 28
cohol (<1 oz/day)e 89 415 a
Estradiol (pgm) 2 10 02
LH (mum) 116 61 004

o Prolactin (ng/m 8 41 04
Rea 39
“Square root transfomationoftotal serum fluoride measured in ppm.

| Treen Hey & moanerswho consume1: xetanclay.
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® TABLE 4.1.21 FREE TESTOSTERONE (TF) BY BODY MASS INDEX. AGE,~ SMOKING AND DRINKING STATUS AND TOTAL SERUM FLUORIDE.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Find)
N(%) MEAN SD MEDIAN RANGE  TEST#

BMI kg/m?by WO ve ez er ress pasZo suse wy on ia imp= CCIEA
Age years
a BON Ww Te 167 ssuss peneeo Gen we 3m Wi eas eaa3 man wy in 13 engE+ wes Ws am ns sans
Alcoholce sme Ss sa ms sews psSew stes lez im 15 IEE3 FeEER A EE
Tobaccomow mma 168 an ma seas Fassnar sas) Jed fm 53 MaH3 fessmeng 208 155 dé wy BS

o Total
Fluorineammo 20 8 ed ws cess FamiF ages ss a5 15a Sas op210 Way 2 3a 3 ian:Stats 653’ 8s 52 13 feesga sa wa 3 ub am

Total 113(100) 157 54 1% 32453

Vora Anos
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® TABLE 4 122 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE FREE TESTOSTERONE VALUE (ng/al)AMONG 111 MALE WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA
—EEEre—
Intercept 28.72 4.57 0001
Total Fluorine (ppm)* -3.56 1.62 03
Age (years) -34 08 0001
Age X Total Fluoride* 07 04 05
BMI (kg/m2) -21 13 Bil‘Smoker 148 103 16 RAeohol (<toziday)t 1.65 114 as
Estradiol (pgm) 10 0 003
LH (mU/mi) 18 15 20

° a
“Square root transformation of: total serum fluoride measured in ppm.“Reference category isnonsmokers.#Reference category is moderate drinkers who consume 1-3 ozethanolday.
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® TABLE £.1:23 PARTICIPANT ESTRADIOL BY BODY MASS INDEX, AGE,‘SMOKING DRINKING STATUS AND TOTAL SERUM FLUGHIRE.3M CHEMOLITE PLANT, COTTAGE GROVE, MINESor
wee ————————NOY MEAN SD MEDIAN _ RANGE TESTE
BMI oom)2s £650 ur pe a ss Fun£5 suse m2 nm 8 ss a5 CECT SS 4
AcE0 ZID Ma ss ou es pasS140 fs ses as 3% 5E [asa5 w@mo ws ne 8 ry53 Wes xs yes we
Alconoldesl wmoen mo nm x sesSek wes na wm 8 so 7masing si) a dan B00 2%
Tobaccofear, TE 8 me om oe pgrewncr 43) 23 a 3 se assing a9 ws na 8 5%o Total
FluorineSpm m0 sz rg Hus Ruzi agen 3a 1a 3 sa OFzw Wea m3 ge % nmSalts g63 wz is2 ays 2%Jisze Fer Rt © xsTom need sme nz =» on

“Faas Ars
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o TABLE 4.124 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE ESTRADIOL VALUE (po/cl) AMONG 113 MAL%WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESGTApL —E— —T ae
intercept 12.89 1213 29Total Fluorine (ppm)* 03 0 03Age (years) -22 as aeBMI (kim?) 5 3 14Cigarettesicay a6 a asAHeohol (<tcziday)w 08 a 08Free Testosterone (ng/ct) 85 2¢ .0007

Ree 24
spars transtomation of total serum fluoride measured in porn.#Referenca category is moderate cinkers who consureg 5 ar ethanolcay.

“7
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® TE28 LUTENIZING HORMONE (Li) BY BODY MASS INDEX, AGE.SMOKING ANO DRINKING STATUS, AND TOTAL SERUM PLUGGING2M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA
TmTem ——————NCO MEAN SD" MEDIAN RANGE TesTs
BMI mong?
a QE59 se a0 80 26217 ang33 suse sa 3% $5 7m0 poKi ns) 3m 1% ECT Vr
Age yurEE) 2070 am 228 “5 101 rug3140 saws se 33 5 aay 0a0 s@0 sx wo oss 5550sie wie 5:0 4% “0 2670

Alcohol
.cto ®o6H se am 40 1780 FaraMak sen oe wm a2 a3ienmissing or) as. 150 “5 Ses:

Tobaccomoar me 630 ag $20 26217 Fusereno 84743) 508 371 42 ramp posmissing wd Te 5G 4s 570%® Total
Fluorine
apm maa so 21 4 2583 Fa=i uses se 3s 2 ame ue3 way gr 27 $20s1015 63 54 03 & 377s152 seq 53 13 55 3772Total me) sa 30 7 rz
“FonerAno

-88
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® TASLE ¢.1.26 LINEAR MULTIVARIATE REGRESSION MODEL #1 OFFACTORS PREDICTING THE LUTENZING HORMONE. VacuE acumAMONG 113 MALE WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
I———

Intercept 126 “0 02Total Fivoine (pom)* 001 08 FYAge (years) o1 005 0
BMI (md) 02 ot asSmokers™ 2 2 2Alcohol (ctaa/daye 0 a0 0Sound Testosterone 001 0002 008(ng)

Rte 28lgaltihmic vansiormation of nenizing hormane (Lt),o =" Reference categoryisnonsmokers,#Releence ciegrys moderate drkers who consume 1-3 oz atanolcay.

°
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o TABLE 4.1.27 FOLLICLE STIMULATING HORMONE (FSH) BY BODY MASSINDEX, AGE, SMOKING AND DRINKING STATUS, AND TOTAL SERUATFLUORINE3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
eumNT EDIAN RAN E577—— FC MEAN SD WEDIAN RANGE_TESTH

BMimgag?
2 wy sz 23 48 18103 Fug2% ses) 53 27 45 lus ma= wise aan 17s 39 kas
Age ursa 2077 ass 186 38 ess Ram3140 sz ise 22¢ 48 18103 ponaso sao ses 255 6 2asis Wes ez ar so 27s
Alcohol<iat soen 537 28 48 aus Fooies sen ane 182 39 2095 possmissing a) 438 143 48 Zee
Tobacco
wor Z@e) sm 248 49 2ems Famronsmoker (43) 488 a 42 lus posmating 08 610 042 €1 Shee® Tom
Fluorine
pm 200 44 188 44 1803 FugC58 es 54 27 48 ews mse310 WI) 48 22 43 Zierfers] sss) se 23 44 3583Siz se 43 23 7 2677

Total no sa 240 45 tensTrE———————

%0
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o EisNEAR MULTIVARIATE REGRESSION MODEL OF FAGTORSPREDICTING THE FOLLICLE STIMULATING FORMONE val (Umi)AMONG 113 MALE WORKERS.12M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTARR.S—— —
Intercept 120 1.62 46Total Fiuorine(ppm)* 004 4 ElAge (years) 08 2 0008BMI (kg/m2) 04 05 aCigarenesicay 02 3 20Alcohol(<1cz/day)w as “8 4TSH (mUm® 43 2 05
LH (mumps “ 06 0001
Readso JSgarithmic transformation of folic stimulating hormone (FSH).Eneterence category is moderate drinkers who consume 1 30 ethanolcay,@Mhyroid Stimulating Hormone,##Lutenizing Homans

° "
|
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® TABLE £129 THYROID STIMULATING HORMONE (TSH) BY BODY MASSINDEX, AGE, SMOKING AND DIUKINGSTATUS, AND TOTAL SERUMFLUORI3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTAen —wmw———NOY MEAN S0™ MEDIAN mance TESTSBMI mong2 oases oss 1 03a pia
2% suse) ed 101 1008 ousgm 3S
fey wise) 172 on 1S okazAge yun<0 2070 1a oss 2 omam  p,
3140 82s is jr 46 owes 37
as 220 ve ors 13 oressi wes 170 074 18 oatsAlcohol<toad Brey as orm 40 omass gl
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o TABLE 4.1.30 LINEAR MULTIVARIATE REGRESSION MODEL oF FACTORSPREDICTING THETHYROID STIMULATING HORMONE"VALUE (mUsmi)AMONG 113 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA

Intercept -190 465 68

‘Total Fluorine (ppm)* “027 009 .004

Age (years) 006 .005 29

BMI (kg/m?) -.002 013 89
Cigareties/day -.001 004 74
Alcohol (<3oz/day)# ~140 194 26 :
Free Testosterone** .020 .009 04
FSH 080 019 003Zrmeews
R2e 30

® logarithmic transformation of thyroid stimulating hormone(TSH).#Reference category is moderate drinkers who consume 3 ozethanol/day.
-stimulating hormone mU/mi

® =
| .
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o TABLE 4.1.31 PROLACTIN BY BODY MASS INDEX, AGE, SMOKING,DRINKING STATUS, AND TOTAL SERUM FLUORINE3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTAEE—
NO) MEAN SD MEDIAN RANGE Tests

BMI2 sy a 513 84 2723 Fuge30 Seg) a7) FH 3 my Of0 se) 74s 308 2 28
Age
<0 20070 em 420 85 3513 rug3140 wes oor 530 8 wwy ofaso 220 8a 5:2 82 2smsse wes 71 337 6 2siss
Alcohol
“oz ren as = 78 12200 Feu1362s 18068 9s oe 87 asmy igmissing a) 728 23 69 Qos
Tobaccosor 229) esr 314 6 12128 Fursroosmokar 84043) 813 518 85 2smr oolmissing 28) ries odo 17 Soies
Total
FluorineSem mes 7s 310 5 ase rug= seen es a 8 223 ogi) 18) 43 135 88 1dier101 3 81 wor 94 ss:71528 sien a 46 77 assyTotal nao a7 40 77 12aFora Aor

_ sa

03283



® TABLE 4.1.32 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE PROLACTIN VALUE (ng/mi) AMONG 113 MALE WORKERS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
embeFmvam—_— Sem eveme

Intercept 741 a4 07
Total Fluorine (ppm) 143 36 0002
Age (years) 04 05 a1
BMI (kg/m?) -08 3 5

Cigarettes/days -08 04 08
Estradiol (pg/ml) 06 03 07

Alcohol Uses
Light (<102/day) 321 1.65 05
Nonresponse (NR) 214 269 “3

® LightX total fuoride 167 mn 03
NR X total fluoride “134 a7 0008_—
R2. 22
#Reterence category is moderate drinkers who consume 1-3 oz ethanoliday.{onrespandaris (NR) alled to complete the alcohol use questionnaire. moms.Light X total fluoride and NR X tota fluoride are interaction forms for aicerunycategories and total serum fluoride.

® oo"
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TABLE 4.1.33 PEARSON CORRELATION COEFFICIENTS BETWEENHORMONE RATIOS AND TOTAL FLUORIDE, AGE, BODY MASS Not,ALCOHOL AND TOBACCO CONSUMPTION3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
TOERGEGmm Sw hel RIEOROrToRRSS—FLUOAE Oh Amy ovateam

=me [TERTmwei

oun [Te Toa =|=EPS FO ESI apwe |TG=mm

(@ESTRADIOL TO BOUND TESTOSTERONE RATIOESTRADIOL T0 PREE TESTOSTERONEESTRADIOL TO LUTENZING HORMONE RATIO4B0UND TESTOSTERONE TG LUTENZING HORMONE RATIO$2FREE TESTOSTERONE 10 LUTENIZNG HORMONE HAS[) "BOUND TESTOSTERONE TO FREE TESTOSTERONE RATIO.

9%

C3285



o ASHE 34 PEARSON CORRELATION COEFFICIENTS BeTweenPROLACTIN HORMONE RATIOS AND TOTAL FLUORIDE, AGE, BODY MASSINDEX, ALCOHOL ANDTOBACCO CONSUMPTION3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA
OE ROEGRTBWag ALCOROT TORRFLiGAKE “ore Whom ACor Clguiay)

=EC I a=
=P |= rE eeen II Iesr II WS aype LoTai[oTsee |TGTT

@Fres testosterone to prolactin ratioFoe esosieron 1 preci ress+EStadiol to proetn ulFolic stmiiaing hormone to prolactin aio“Prolacino ann nermons es+<Prolacilo yr simaiaing romana rato
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|
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®
TABLE 4.1.35 PEARSON CORRELATION COEFFICIENTSBETWEENTHYROID STIMULATING HORMONE RATIOS AND TOTALFLUORIDE, AGE,BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

FLUORINE OST BM (pm) (ox/day) (clgweay)

ne] TET Teremon:IIC I
erin[2T&T =SeepaneeransoeEr ks

TABLE 4.1.36 PEARSON CORRELATION COEFFICIENTS BETWEENFOLLICLE STIMULATING HORMONE RATIOS AND TOTALFLUORIDEAGE,BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA° or ser —FLUORINE ET 5Cm) (oxday)  (cigwaay)
- 43mew|7TETTTTes II I a2ern[> ea = =SerrSop rocerET

° oT
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o TABLE 4.1.37 PEARSON CORRELATION COEFFICIENTS BETWEENPITUITARY GLYCOPROTIEN HORMONE RATIOS AND TOTAL FLUORIDE,AGE, BODY MASS INDEX, ALCOHOL AND TOBACCO CONSUMPTION3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

RYGHNE anid 3 (oxday) (cigacay)

ia
=:—[a-we |FE|Pw]PErymneaen

° ®

. | .
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TABLE 4.1.38 LINEAR MULTIVARIATE REGRESSION MODEL1 OF FACTORSPREDICTING THE BOUND-FREEWOERONE RATIO AMONG 112MALEWC S.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
— EF wn —T Vas
Intercept 36.60 6.87 0001
Total Fluorine (ppm)* £02 .008 02
Age (years) 19 A101 07
BMI (kg/m?) -48 244 05Lhe az 237 7

FsHo $2 440 ou
R2e 21
“square transformation of total serumfluoride+lutienizing hormone mU/m|
@ follicle stimulating hormone mU/mi

® 0
|
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o FADE129 LINEAR MULTIVARIATE REGRESSION MODEL2 OF FACTORSPREDICTING THE BOUND-FREEWORKER TONE RATIO AMONG 112 MALERKERS.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
 —S—  —TD) TET

Intercept a3 6.97 0001Total Fluorine (ppm)* 02 008 03Age (years) 25 097 008BMI (kg/m?) 52 250 03we 55 271 05
Rea 17
"square transformation of total serum fluoride“luteinizing hormone mUjmi@ follicle stimulating hormone mU/mi

—01

*
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TABLE 4.1.40 LINEAR MULTIVARIATE ECRESSION MODEL OF FacToRg
PREDICTING THE ESTRADIOL.800NS AESTOSTERONE RATIO AMONG § 2MALE WORKERS.SM CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA— EE

T EvalieIntercopt 05 027 05Total Fluorine (ppm) 00001 00001 74Age (years) -.0004 0004 29BMI (kg/m?) “002 0007 006Cigareties/day -.00001 -00002 6Alcohol (<toz/dayp 003 007 £Free Testosterons® -001 0006 008LHe 0001 -0008 5FsHe ~002 001 azTSH ~003 003 30® Prolactin®" 0001 -0005 782a 21
#Relerence category is moderate drinkers who consume 1-3 oz ethanolay,
“n
izing hormone musmi@ olicle stimulating hormone mum)£5 mhyroid simuiating hormane (mim)“prolactin ng/mi

102
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® TABLE 41.41 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THEESTRADIOL FREE TESTOSTERONE RATIO AMNAS 1SMALE WORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
PR  —E— Cl— Bvaie
Intercept 131 880 as
Total Fluorine (ppm) “002 001 03
Age (years) 012 on a
BMI (kgm?) 08 028 07

Cigarattes/day 005 008 51
Alcohol (<10z/day)# 080 730 0
Bound Testosterone* ~001 0004 ot

LHe 012 03s 7
FsHO -089 046 21

o TSH -204 110 05
Prolactin 027 018 a5
Rta 22
#Reference category is moderate drinkers who consume 1-3 oz.ethancliday.1
<lutienizing hormone mUmi@ folicte stimulating hormone mum+ Thyroid stimuiating hormone (mimi)* prolactin ng/mi

° -
|
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o TABLE 4.1.42 LINEAR MULTIVARIATE FI=SRESSION MODEL OF FACTORS
PREDICTING THE ESTRADIOL-LH+ RATIO AMONG 112 MALEWORKERS,

3M CHEMOLITEPLANT, COTTAGEGROVE,MINNESOTAarable
ValueIntercept

3.07 3.58 39Total Fluorine (ppm) 02 07 80Age (years)
~03 05 39BMI (kgim2) 27 10 008Cigarettes/day 009 03 BadAlcohol(<1oz/day)s 37 80 68Free Testosterone" 13 10 21BoundTestosterone* 001 .002 onFSHe

-75 15 0001TSH
-39 42 35o Prolactin® -03 07 2

R2x 34
estradioltoutenizinghormone (mU/mi) ratio#Reference category is moderats. drinkers who consume 1.3ozethanolday,
LI
@follicle stimulating hormone mU/mi++ Thyroid. ‘stimulating hormone(mU/mi)** prolactinng/ml

|
104

.
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® PRED eS LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORS. PREDICTING THE BOUND TOSTRONE-LH® RATIO AMONG 112 MALE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

BE  . — —Bvaie
tercapt 74.48 4853 3
Total Fluorine (ppm) 27 58 7
Age (years) 29 £2 84
BMI (kg/m?) 43 135 7sCigarstiesiday -15 “ 78
Alcohol (<1oz/day)# 755 121 54 :Free Testosterone" 536 1.01 0001

esvaciol® -28 EY as
FsHo® 265 203 “0001o TSHe -23 569 87
Prolactin® mn 85 s0 2
Thea4Bound testosterone to Iutenizing hormone (mUm) ratio#heterence categoryismoderate drinkers who consume 1-3 ozethanolcay.er
@ pa/mi©@lolicie stimulating hormone mimi+ Thyroid stimulating hormone (mUimi)+ prolactin ngmi

®
10s

:
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[J TABLE 41.44 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE FREE TESTOSTERONE-LH- RATIO AMONG 112 MALE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

1. E—: )S—
Intercept 300 1.38 03
Total Fluorine (ppm) 05 03 09
Age (years) 01 ot El
BMI (kg/m?) 07 Ea 08

Cigarenes/day ~007 0 58
Aeohol (<Toziday 20 36 a
Bound Testosterone 003 0007 0001

Estradiol® 001 0 81
FsHe® -33 06 0001

® TSHe a8 ar 30
Prolactin® -05 03 08
_—
Ra 45
fee testosterone o lutenizing hormone (mU/mi) ratio#Relerencecategoryis moderate drinkers who consume 1-3 02 ethanoliday.“rg
@Symi©falicle stimulating hormone mum£7 Thyroid stimulating hormone (mUimi)+ prolactin ngmi

° *
I
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® TEfi 45 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUNDTESTOSTERONE-PROLACTIN RATIO AMONG 111MALE WORKERS.13M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA
— EEee
Intercept 60.05 68.04 38Total Fvorine (ppm) 15 138 51
Age (years) 84 88 34
BM (im?) 1.54 1.82 aCigaraesitay 1.49 2 0
Alcohol (<1oz/day)# 138 172 42

Estradiol -22 53 68
Free Testosterone * ass 1.45 08
LH" -223 263 40o FSHO 255 aso «7
TSH+ -85 80 24
R2e 17
++pgml
#Relerencecategoryis moderate drinkers who consume 1-3 ozethanolday.fret
* lutenizing hormone mU/ml
@ foliicle Stimulating hormone mU/mi+ Thyroid stimulating hormone mUmi

°
07
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o® PASC es LINEAR MULTIVARIATE Recession MODEL OF FACTORSPREDICTING THE FREETESTOSTERONSPROCARI, RATIO AMONG 171MALE WORKERS,2M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA—e
yvalueIntercept 241 1.76 a7Total Fluorine (ppm) -03 04 35Age (years) ~004 02 05BMI (kg/mz) -004 05 83Cigarettesicay 04 02 0Alcohol (<1cz/day)s -03 78 7Estradiol+ -0001 o EYBound Testosterone * 002 0001 3LH -08 07 24o FSHO 12 09 21Tse -18 21 4Ree 15

spoil earence category is moderate drinkers who consume 1. oz ethanoliay.
oa

+= lutenizing hormone mi@ olicle stimulating hormane mm+ Thyroid stimulating hormone mum

°
108

|
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¢ TRE sanorier
SM CHEMOLITE PLANTCORTASE GROVE, MINNESOTA

— EE
intercept 265 «01 51
Total Flcrine (ppm) 005 081 85
Age (vears) 0 05 80
BMI (kg/m?) or 16 53
Cigareties/day 0 038 005
Alcohol (<toziday)t 8 101 “0
Bound Testosterone" -001 003 95. Free Testosterone * 2 a2 3
Le -13 as 39o Fue 2 2 a7

TSHe -67 47 a6
R2x 16
erencecategoryis moderat drinkers who consume 1-3 oz ethanaliay.| Ep,+ Thyraid stimuiating hormone mUmi

°
ES)

|
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® TABLE 4.1.48 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSSEeS eewort—_— ry
Intercept 256 152 09
Total Fluorine (ppm) 31 1 008Alcshol #

low (<tczday) 8 2 a3
nonresponse (NR) 19 85 82
low X Fluoride -31 12 01
NRX Fluoride -08 29 78

Age (years) ~05 £02 01BMI (kgim2) 01 04 86
Cigarettes/day -03 01 03@ Estradiole+ 2 01 06Bound Testosterone ~001 001 2 .Free Testosterone * 01 04 Ed]
LH

~07 05 15
TSHe

31 a7 07
TT

ren cog mcrar wrrn 1.9. emanccay,+o Lanizing hormone mum
Sesimag mesmnt

i
—10

J
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® FAD tS LINEAR MULTIVARIATE REGRESSION MODEL OFFACTORSEro FEATCori NS MALE ORGSJ
—

P-value
Intercept 1.07 127 38
Total Fluorine(ppm) 34 09 0003Alcohol #

low (<1,o2/day) £8 43 a
nonresponse (NR) 41 69 55
low X Fluoride ~35 09 0004
NR X Fluoride -39 20 05Age (years) 02 01 12

BMI (kg/m2) 05 04 a7
Cigarettes/day -02 01 08® Estadio 03 009 7
Bound Testosterone® 001 0008 a7
Free Testosterone * -04 03 -30
FSH®

-11 05 £03’ TSHe
15 4 29

EEa—Tidunising hormone
rnctor moshtars wo corse 1. eatin.emer

“mn
®

} . 03300



® TABLE 4.1.50 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSCRTSATE AoneHh CES—
P-value

Intercept 5.06 4.83 30
Total Fluorine (ppm) 1.61 37 0001
Alcohol #

low (<102/day) 4.16 1.67 01
nonresponse (NR) 38s 272 16
low X Fluoride “1.76 38 0001
NR X Fluoride “2.11 77 008

Age (years) ~19 08 003BMI (kg/m2) a 14 43
Cigarettes/day -.06 04 14o Estradiols+ 03 04 45Bound Testosterona* 008 003 02
Free Testosterone * 35 14 01
FSHe

51 20 01

©Eenctr mtnwr13 rt,

[{|

!
H2

®|
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® TABLE 4.1.51 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUND TESTOSTERONETSH- RATIO AMONG 112 MALE
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Intercept 5505 3607 a2
Total Florine (ppm) 377 100.8 7
Age (years) a 62 5
BMi (kg/m?) 28 8s 27

Cigarettes/day -86 29 82
Alcohol (<1eziday)e 749 783 EN
Free Testosterone® 125 6s 06

Estradiol® 1.6 25 5
FsHo® 471 159 004® Lhe 57 122 4

Prolactin® “1 62 5
Rex 29
3Aosnd testosterons to thyroid stmuiating hormone (mum) ratio#Relerence category is moderate drinkers who consume 3 ethanoliday.
Ente stimulating hormone muiyaSimlaing homens (Ui)

® |
173

|
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® PRED TING TEFREETST ONE Tons RATS mab FATS
3M CHEMOLITEPLANT,COTTAGE GROVE, MINNESOTA

Cwmsswvw —
Intercept 15.65 634 02
Total Fluorine (ppm) -28 a3 03

Age (years) -29 08 .003

BMI (kg/m2) -01 19 84

Cigarettes/day -03 06 £5

Alcohol (<10z/day¥ 1.50 1.64 36

Bound Testosterone* 01 003 006

Estradiol® -01 05 80

FH 8 ES 04
LHe -001 25 89

R237 -
+Hree testosterone to thyroid stimulating hormone (mU/mi) ratiofees category is moderate drinkers who consume 1-3 oz ethanoliday.

Smee stimulating hormone mU/m-+ Thyroid ‘stimulating hormone (mU/mi)* prolactin ng/ml

a4

®
1 . €03303



o® TABLE 4.1.53 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE ESTRADIOL-TSH RATIO AMONG 112 MALE WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
CC Vamble 8 SE vam —
Intercept 3080 16.10 08
Total Fluorine (ppm) -425 31 18
Age (years) -53 20 0
BMI (g/m?) a2 a5 50

Cigarettes/day 06 14 70
Aeohol (<toziday)# 236 400 55
Free Testosterone” -28 45 55
Bound Testosterone” 009 01 a2
FsHe 8 81 a

® LHe 20 £2 75
Profactin® 07 EY £8a
Rea 15
sestradiol to thyroid stimulating hormone (mUimi) ratioi fResit categoryismoderate crinkers who consume 1-3 oz ethanoliday.“ng
@felice stimulating hormone mU/mi+ thyroid stimulating hormone (mUjm)* prolactin ng/mi

® 11s
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o TABLE 41.5¢ LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUND TESTOSTERONE-FSH* RATIO AMONG 112 MALEWORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
—Ember—vale

Intercept 101.89 §125 10
Total Fluorine (ppm) £6 124 £0
Age (years) 13 7s 14
BMI (kg/m?) “1.08 170 53
Cigarettes/cay -a7 55 50
Alcohol (<toz/dayp 2 15.30 98
Free Testosterone" 6.87 128 0001
Hee 761 183 0002

Estadiol@ Ed «7 Ell
° Tse 830 7.03 21

Prolactin" -03 120 87E08120 er
Rea 50
;bound testosterone to folite stimulating hormone (mum) ratio£eferenca category is moderate cinksrs who consume 1-3 oz ethanolicay.“nl
@luteinizing hormone mU/mi@@estradiol pg/ml+ Thyroid stimulating hormone (mum)* prolactin ng/ml

— 16

€03305



® TABLE 4.1.55 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE FREE TESTOSTERONE:FSH+ RATIO AMONG 112 MALEWORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA
VerneBsnpane——_— SEG) pave

Intercept an 201 03
Total Fluorine (ppm) -04 04 27
Age (years) -10 02 0001
BMI (kg/m?) 08 08 28

Cigarettes/day 02 02 31
Alcohol (<1oz/day)t 18 52 E2
Bound Testosterone 003 001 02
Hee -25 07 0003

Estadiol® 03 04 27
® Toe “ 2 o

Prolactin® 05 04 23e050400 23 00
Ree 43
sree testosterone to folicle stimulating hormone (mU/mi) ratio#Reference category is moderate drinkers who consume 1-3 oz ethanoliday.* g/dl
@luteinizing hormone mU/mi
@@estraciol pg/mi++ Thyroid stimulating hormone (mUimi)* prolactin ng/mi

° Tur

€03306



® TABLE 1.56 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE ESTRADIOL-FSH RATIO AMONG 112 MALE WORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA
EEE Emm—EE aE

Intercept 691 569 23
Total iuorine (ppm) 008 006 34
Age (years) -19 07 008

BMI (kgm?) 27 16 a0
Cigarettes/day 03 05 7
Alcohol (ctoziday)# 52 1.42 n .
Free Testosterone” 2s 6 nn
Bound Testosterone* -002 004 2
we -49 18 009
Toho 08 85 50

® Prolactin 04 a 70eee oe 0m on
Res 26
estradiol to follicle stimulating hormone (mU/mi) ratio£etetence categary is moderate inkers who consume 1-3 oz ethanaliday,a
@luteinizing hormone mum4 Thyroid stimulating hormone (mum)+ prolactin ng/ml

®
Tis
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® TABLE 4.1.57 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUND TSH.FSH RATIO AMONG 112 MALE WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
Venable 5 sem vam—

Intercept Ek] 33 03
Total Florine (ppm) on 006 a4
Age (years) 002 004 58
BMI (km) 00007 01 8
Cigarettes/day -003 003 a7
Alcohol (<1cz/day)# -16 08 05

Estradiol ~001 003 56
Bound Testosterone -0002 0002 28
Free Testosterone* -ot 009 a5

Prolactin" 002 “007 7
® He -03 01 005=03 on 005

Ree 26
spol
#Reforence category is moderate crinkers who consume 1-3 oz ethanolday.“gid
* prolactin ngmi
@ utenizing hormone mU/mi+ thyroid stimulating hormone (mUmi) to folicle stmulating hormone(mUimi ratio

119
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® TABLE 41.58 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE TSH.LH+ RATIO AMONG 112 MALE WORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESGT.
Em—vale
Intercept a2 25 21
Total Flvorine (ppm) 008 00s 21
Age (years) 008 003 25
BMI (kg/m?) 008 007 27

Cigarettesiday -001 002 5
Alcohol (<1cz/day)e ~07 06 2 .Estadiol ~008 002 07
Bound Testosterone® ~0001 001 8
Free Testostarona* “007 007 a2

Prolactin" 001 005 0® FSHO 05 01 0001wT—Rex 26
spamEyer category is moderate arnkers who consume 1-3 oz ethanoliay,fed
* prolactin ng/mi@ lolicle stimulating hormone mum+ Thyreid stimulating Homans (mum) to ltenizing homens (mum) rato

20
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o TABLE 4.1.58 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE BOUND LH-FSH* RATIO AMONG 112 MALE WORKERS3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA

ee 5 sm paw—_— SEG pale
Intercept 60 43 a7

Total Fluorine (ppm) ~-.0001 008 98

Age (years) 009 005 09
BMI (kg/m2) 01 01 40

Cigareties/day 0001 004 82
Alcohol (<1caiday)t o aM ”

Estradiol 004 003 18

Bound Testosterone® 0001 .0002 18

Free Testosterone” -.004 01 78
® Prolactin®* -.005 008 57

TSH® -.05 C05 29He sv es 2
R212
spol ____ Losiete, category is moderate drinkers who consume 1-3 ozethanol/day.i
* prolactin ng/ml
@ thyroid stimulating hormone mU/mi
+ lutenizing hormone (mU/mi) to follicle stimulating hormone(mum ratio

®
“121
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® TABLE 41.60 PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL‘SERUM FLUORIDE, AGE, BODY MASS INDEX (BMI), DAILY ALCOHOL USE,DAILY TOBACCO CONSUMPTION, AND LIPOPROTEINS3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA
OE ReeAEoTo mre —lignbe CEOSRm Acer CovameeTeTaTaT=Ta2wo |eeeTm a]|e[eeaTa]

Seensty locortannh Gerry looprtan

122
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° TORENTATEnecnessio wopeLor pucrons3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

Vane Smee—P-value

Intercept 107.30 33.00 .002

Total Fluoride (ppm) 52 £7 44

Cigarettes/day 1.12 31 0005

BMI (kg/m?) 1.44 1.01 16

Age (years) ” 8 osKesha
low (<102/day) -5.50 an 53

nonresponse (NR) -13.53 14.75 35
GGT (urd) 41 a2 001

® Bound Testosterone** 03 02 07a8BEso nerarin,

o | Tz

| ’ ©03312



® ESRRITpeopess oom, or morons3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA
WembleyB-value

Intercept 73.83 32.00 03
Total Fluoride (ppm) 22 £5 73
Cigarettes/day 8 30 02
BMI (kg/m?) 126 95 19
Age (years) 37 37 32

low(<1oz/day) -3.02 8.33 n
nonresponse (NR) -10.85 13.93 43Fn as wm om

BoundTestosterone(ng/d) 04 02 0071

® icto resem rtemn

ae
®
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o PRCAEIATeSse ssion oomor actors
aM CHEMOLITE PLANT CORTAGE GROVE, MINNESOTA

CC Vamabe SEB vam ——_— SE raw
Intercept 65.00 1007 0001
Total Fluoride (ppm) 161 7 04
Alcohol #

ow (<toziday) 0.92 ast 008
nonresponse (NR) 6.77 573 24
low X Fluoride 162 80 04 :
NR X Fluoride “208 183 21

Age (years) ~008 a2 7
BMI (kg/m?) -31 29 28

o Cigarettes/day -12 0 - ag
Bound Testosterone™ 018 007 009
Free Testosterone” “7m 28 008Ty ————=——00
Be eT Footer.

—zs
®

. €02314



® TABLE 4.1.66 PEARSON CORRELATION COEFFICIENTS BETWEEN HEPATICENZYMES, SERUM HORMONES, ANDLIPOPROTEINS3M CHEMOLITE PLANT, COTTAGE (GROVE, MINNESOTA
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o TABLE 4.1.67 PEARSON CORRELATION COEFFICIENTS BETWEENHEPATIC PARAMETERS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
Stor seer Gar ARP —

Swor TTTeSTemeT=)“0orm TTTee[®
er1 TTTE
mL TT
SERUM GLUTAMIC OXALOACETIC TRANSAMINASE 1d!“SERUM GLUTAMIC PYRUVIC TRANSAMNASE Rid£GAMA GLUTAMYL TRANSFERASE 101SSAALINE PHOSPHATASE tad
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® TABLE 4.1.68 SERUM GLUTAMIC OXALOACETIC TRANSAMINASE (SGOT),SIFAMIC PYRUVIC TRANSAMINASE (SGPT)GAMMA GLUTALESTRANSFERASE (GGT), AND ALKALINE PHOSPHATASE (KPH) ba TTL‘SERUM FLUORINE2M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA
N__ MEAN SD MEDIAN maNGE tests

ToSebimance vests
FLUGAINE oor<1 pom 2 25 “ 2 BE Roa13 ss 201 PY = [CSC2340 1s 238 1s 25 gz>10-15 6 27 "3 2s po>15.26 5 22 53 2 zrTOTAL ns 200 as =n 1077 .

sept
aa 2 a a we paSe13 a 513 a0 5 2053:10 1 0 Ho ss za10-15 ¢ R282 ms ag>15.26 5 “s 8s «@ 3054® TOTAL 1s 517 2s a an

Alkaline PhosphataseQuay .<1 ppm 2 as S55 5 Lim pagSei3 es as 0s ® sway oo23:10 1s 78 23 ns sem10-15 6 @2 ao 55 eras>1526 5 m0 an 8 easTOTAL ns ®3 29 © asus
GGT
«ud<1 ppm 2 372 254 2 817 Fuog313 & 224 27 2 S74 pg5310 18 54 354 2 ous>1015 5 383 167 %5 eso>1526 5 22 1s 20 narTOTAL ns 27 228 2 S174

wa Ay

30°
|
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TABLE 4.1.69 SERUM GLUTAMIC OXALOACETIC TRANSAMINASE (SGOT)BYBODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
Tmseta ————————NCO MEAN SD MEDIAN RANGE  TEsTH
BM2 asm a 24 2 BT fs#0 suse x £2 1 oe od5 wes 5 a x» 7
Aceey 208 127 2 FeA$id Sonn 5 2 ln ofas n@my 2 si 2 1405% wes 7s a 7
Alcoholcad een x as 2 BT fgGad 28H a I 2 on ofmating ® 2 a Hi 131
Tobacco
She B80 04 2 pmsnaramcker

=o masing 2 El 3s 20 2 a
TOTAL 1s
——————————————
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® TABLE 4.1.70 SERUM GLUTAMICPYRUVICTRANSAMINASE (SGPT) 8YBODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
wwe ——NO) MEAN SD MEDIAN RANGE TEST—nC) MEAN SD MEDIAN RANGETEST

BMI
2s aes 6 4 « 3am Fay3 Susy so 12 5 455 peiz30 a8 6 2s ss 77
AGE
30 2083 @ ns «© 380 Fas3140 sn 8 338 a 328 peas omy a 182 prs 5ssis ies 57 20 Ey rr
Alcahol
cee mms ms a 2260 FussSwe 2087) 47 ies © as ja]mesg 8 st 109 2 567
Tobacco
moar 2828) 48 152 a “50 Fa76nonamoker 85752) 53 28 a 028 polamasog 2 ] 25 ® 3&7

o TOTAL 11s

Wnvarate Anoia
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TABLE 4.1.71 GAMMA GLUTAMYL TRANSFERASE (GGT) BY BODY MASSINDEX, AGE, SMOKING AND DRINKING STATUS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

GGT (Ud
Nes) MEAN SD MEDIAN RANGE_ TEST#

BMI

AGE

Alcohol
:

TobaccoBor om oz om es® missing. 2 es 02 8s 12158
TOTAL 15

———
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® BEBE torsos or
SCHONFONTCOTASEAMA MORKERE,

i Intercept 26.7 74 0003

i Total Fluorine (ppm) -323 131 02
| BMI (kg/m?) ~.0004 23 99

! BMIXT. Fiuorine® a2 05 015
Age (years) -.003 .08 87

| ‘Alcohol #

low (<1cz/day) 70 1.85 n

. nonresponse (NR) -1.10 a10 72

Cigarettes/day -09 07 16
® | Prolactin (ng/mi) a7 a5 01

I rT
I

i
I

|
|

®
13s
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® TABLE 4.1.738 LINEAR MULTIVARIATE REGRESSION MODEL 2 OFPRNTESERUM slut Soni3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
7. ———

Inercept am 622 0001
Total Fluorine (ppm) -2.70 123 02
BMI (kg/m?) 00 08 RTI
BMIXT. Fluorine* 10 04 02
Age (years) -02 07 74

Cigarettes/day =11 06 a1
Acohol#

low (<10z/day) 1.84 161 28
‘nonresponse (NR) -1.3 27 64oo Protactn (gm) zr 1 04

GGT (Iu/dn™ a3 £02 0001| Emaon a ooheansopan CorBl Ri

|

Tas0

| . €03322



®
TRArat DRAnesONo0EL2 0
SHCHEMOLTE FLATEOTACEChEMOIS:

Yamal 8 Em vas—P-value

Itarcapt 12060 40 002
Total Fivorine (ppm) 8 78 «2
BMI (kgm?) -07 a3 58
BMIXT. Fvorine® -03 03 En
Ago (years) 06 05 2

Cigarettesiday -02 08 as
Alcohol #

low (<tziday) -65 1.03 5
® nonresponse (NR)~~ -1.40 172 42

Prolactin (ng/ml) -09 08 2
SGPT (Ura) 24 0 0001

= Sarum guia pynv ransamase

® wr
. } €03323



o
FACTORSPREDICTINGTr SETATE BECAESSIoN MooSAmASE(SGPT) AMONG 111 MALE WORKERS.

3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

.———
inercept se13 2026 o
Total Fluorine (ppm) -15.80 4.58 0008

BMI (kg/m?) 30 82 7
BMI XT. Flucrine* £2 a7 0004

Age (years) -2¢ 2 a
Alcohol #

cr
low (<10z/day) 554 6.36 39

nonresponse (NR) 1.31 10.63 80

Cigarettes/day -27 23 24® Protactin (ngim) “118 5 02
Fo
ETSirtosome 13 oz manly.

o
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02324



* nAnr(SGPT) AMONG 111 MALE WORKERS.
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

CT Vermble __——B SEm vane—

Intercept 62.09 19.63 002

Total Fluoride (ppm) 13.70 3.64 0003

BMI (kg/m?) -70 66 30
BMI XT. Fluorine® 54 14 0001

Age (years) -33 22 14

Cigarettes/day -027 18 4

Alcohol #

3 low (<1c2/day) 10.02 5.09 05

nonresponse (NR) 48 8.44 95
o Prolactin (g/m) 74 41 07

GGT (urn) 56 £07 0001

J

rn er se.En

®
139
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® TORE ki L740 LINEAR MULTIVARIATE REGRESSION MODEL 3 OFFACTORS PREDICTING THE SERUM GLUTAMIC PYRUVICTRANSAMINASE(SGPT) AMONG 111 MALE WORKERS,IM CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
TEre—P-value

Intercept “1825 14.36 21
Total Fluorine (ppm) “65 261 01
BMI (kg/m?) E 45 51
BMIXT. Fluorine® 27 10 007
Age (years) -23 16 4

Cigarenies/day ~001 13 9
cohol #

low (<1oz/cay) ass 253 a2
nonresponsa (NR) 430 591 45° Prolactin (ng/mi) 1 29 72SGOT(Iu 285 19 0001

Sarum glam cxaassate

®
“140
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® TABLE4.1.75A LINEAR MULTIVARIATE REGRESSION MODEL 1 OF} FACTORS PREDICTING THESa SLUTAMYLTRANSFERASE (GGT)
3M CHEMOLITE PLANT, COTTAGE ‘GROVE, MINNESOTA

Vee Epa—_— SW va
Intercept -12.59 22.62 58
Total Fluorine (ppm) -1.83 211 36

Alcohol #

low (<10z/day) -12.37 9.50 20
nonresponse (NR) -28.13 15.46 7
low X Fluorine* 1.59 2.18 47
NR X Fluorine* 13.90 448 003

Age (years) 29 -30 33
BMI (kg/m?) 171 76 0a

o Cigarettes/day 09 24 72

a

PY —141
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® TABLE 4.1.758 LINEAR MULTIVARIATE REGRESSIONMODEL 2 OFFACTORS es aSLUTAMYLTRANSFERASE (GGT
3M CHEMOLITE PLANT, COTTAGE (GROVE, MINNESOTA

EEE
P-value

Intercept -58.78 21.55 .008
Total Fluoride (ppm) “1.79 1.83 233
Heahol #

low (<1oz/day) 9.04 82s 28
nonresponse (NR) -20.08 13.49 14
low X Fluorine* 1.39 1.90 47
NRX Fluorine® 12.18 ast 002

Age (years) 15 26 57
BMI (kg/m2) 1.30 66 05

® Cigarettes/day 01 23 96
Cholesterol (mgt) as 06 02| seoT(ue) 11s 24 0001
mE
potSmee hsee1952 Fanaley.

er
® |
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®
WEEEssa sorsuomi ARAA BRR nero

CC Varmble 8 SEB pvame—

Total Fluorine (ppm) 1.63 1.60 31

Alcohol #

low (<10z/day) -13.58 797 08

low X Fluorine* 82 1.66 58

NRX Fluorine” 12.04 3.41 0008

Age (years) 25 23 27

® BMI (kg/m?) 51 59 38

Cigarettes/day 09 20 65
Cholesterol (mg/d) 12 08 04

SGPT (Iu/d)™ 59 07 0001

mes

HERS eerk.SEE
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o TABLE 4.1.76 LINEAR MULTIVARIATE REGRESSION MODEL 1 OF FACTORSPREDICTING THE ALKALINE PORATASE (AKPH) AMONG 111 MALE

3M CHEMOLITE PLANT, COTTAGE GROVE,MINNESOTA

CC Vamble FF SEB van—P-value

Intercept 24.50 15.69 .09

Total Fluorine (ppm) -1.03 43 02

Cigareties/day -06 22 79
Cigarettes/day X Fluorine® 2 05 0001

BMI (kg/m2) 1.10 55 05
Age (years) 54 22 02
Alcohol #

low (<10z/day) 578 4.90 24

nonresponse (NR) 8.12 8.13 32

® nnctr eer drwsen15.0erineaten ooreeme13ca

° a
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TABLE 4.1.77 PEARSON CORRELATION COEFFICIENTS BETWEEN TOTALSERUM FLUORIDE. AGE. BODY MASS INDEX (BM), DAILY ALCOHOL USE,DAILY TOBACCO CONSUMPTION, AND HEMATOLOGY PARAMETERS3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

Te TETeePm Terr [EeeTeesmamaw| |TeEeeccLT Tm= 3® ernEan ~
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o TABLE 4.1.78 LINEAR MULTIVARIATE REGRESSION MODEL OF FACTORSPREDICTING THE HEMAGLOBIN AMONG 111 MALE WORKERS.3M CHEMOLITE PLANT, COTTAGE GROVE. MINNESOTA
CT emme BF Sem vam
Imercept 14.51 £7 0001
Total Flvorine (ppm)* -002 -0008 02
Neato #

low (<taziday) 2 20 27
nonresponse (NR) 56 33 09

Age (years) 001 009 88
BMI (kg/m?) 0 02 £5

Cigarettes/cay 0 007 20
Cigs/day X Fluorine2" 0003 0001 0005

® Estradiol (pgm) 0 008 07
em — —care transformationof total fuorideReference caioger is moderais drinkers who consume 1-3 oz ethanoliday.=irtaracion ermbetweenCgaretespar dayand squareSansiormasen ofitalfuoride

° — 6
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. REEREREIBRn emessouions oracroneMALE WORKERS,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
—ee

or
low (<1o2/day) -29 65 £5
nonresponse (NR) 03 01 02
lowX Fluorine ~16 09 08
NRX Fluorine ~04 19 80

Age (years) 03 01 02
BMI (kgm) -07 03 01o Cigarettes/day 02 01 a3
Cigsiday X Fuorine® 006 -003 03
i
= ey a ter

o
BR
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® AHSTEMEANCORPOgiSo P28 0F FACTORS
aM CHEMOLITE PLANT COTTAGE GROVE, MINNESOTA

Enable ame—P-value

intercept 874 250 0001
Total Fluorine (ppm) 04 07 52
Aeonol #

low (<10z/day) -61 78 4
nonresponse (NR) -95 127 48

Age (years) mn 03 “002 :
BMI (kg/m?) -06 08 05
Cigarettesiay 04 03 21
Cigs/day X Flucrine® 02 007 004

o TSH (muri) EY 35 2

nine caus modusdinarhocorn 1:30 spareninaractonlem;Creteperdayby il sone

° “us
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¢ FREEICHIEHERSIUAT recession ope or LESM CHEMOLITE PLANT, COTTAGE GROVE. MiNNESOTA
mR

Intercept 287 132 oa
Total Fluorine (ppm) 07 10 49
Alcohol #

low (<toz/day) “ 4s a3
nonresponse (NR) -1.08 74 15
low X Fluorine ~04 -10 68
NR X Fluorine 59 21 006

Age (years) -007 E 84
BMI (kg/m?) 07 04 05

o Cigarettes/day 13 01 *.0001
FreeTestosterone(ng/dl) 04 03 13
we 10 04 02
lyinnsceasesmocarte cinkars who conus 1:3 x shane,

®
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° orSS ERE eS
3M CHEMOLITESLANT,COTTAGEGROVE. MINNESOTA

CC Varable 8 Em) pvep-value

Intorcapt 368 151 5
Total Fluorine (ppm) 165 88 08

Alcohol #
low (<10z/cay) 748 399 0
nonresponse (NR) «© 651 54
low X Fluoring “161 0 08
NRX Fluorine 370 185 05

Age (vears) 6 1" 56
BMI (kgm?) 4 33 a7

o Cigarettes/day ES 10 0001
LH (mUrmipe+ ™ E 0
Bound Testosterone” 1.62 8 04 :
Free Testosterone * 8 32 o
rs

UTESotras dirk whre 19.6 party,

PY — 150

€03336



. TTEeeontOren
3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

ee Em vam
Intercept “11.4 129.6 83

Total Fluorine (ppm) -34 32 30

Alcohol#

ow (<toziday) 72 “3 05
nonresponse (NR) 149 67.8 .83

Age (years) 1.0 18 56

BMI (kg/m?) 22 46 £3

Cigarettes/day 42 15 005

I,

o

® -151
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o aEP
SM CHEMOLITE PLANT,COTTAGE GROVE, MINNESOTA

CC VarebleBEM)pvawe

Intercept 2205 611.1 0005
Total Fluorine (pm) 327 1253 007
Alcohol #

low (<10zday) 5266 2227 02
nonresponse (NR) 877.1 385.7 “007
low X Florine 188.0 523 0005
NRX Fluorine 247.9 1039 02

Cigareies/day 40 63 0001
Cigs/day X Fluorine” 23 145 02

® BMI (kg/m?) 1.58 19.6 54

BMIX Flvorine® 7.15 41 8
Age (years) “16.1 [3 08
Prolactin (n/m) 5 142 008
TSH (murmiye 1704 772 03
RE 35
EnSe

° _ 182
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®
TACiTEMONTECOURT (MONO) AMONG111MALE

aM CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA

— Venable B__SE®)_____pvawe

Intercept 97.4 198.9 05

Total Fiuorine (ppm) 10.4 386 005

Aeohol #
low (<162/cay) 132.1 sas 02

nonresponse (NR) 40.1 89.1 56

Age (years) -a7 24 88 .

BMI (kgym3) 266 70 70

’ BMI X Fluorine” “0 1.42 006

Cigarettesiday 70 19 0004

® we 139 68 04

en camryemaiar who corn 1 abla.
EERE

® Toss
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® TABLE 4.1.66 LINEARMULTIVARIATESESRESSoNHOE. OF FACTORS,

SUCHEMOLITE PLANT, COTTAGEGROVE MINNESOTA
J1

Intercspt 50.45 122.30 8
Total Fluorine (ppm) 731 335 03
Acohol # .

low (<1oz/cay) “12.10 3791 5
nonresponse (NR) 21.78 6225 7

Age (years) 156 1.67 35
BMI (gm?) 210 413 £

Cigarettesicay 304 169 08
Cigs/day X Flucrine® 82 35 08

® TSH 304 17 08
ed
mmo,sm hoconeume 19.2 amano.
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° TACSaeARG111 MACE
aM CHEMOLITE PLANT,GO TAGE GROVE, MINNESOTA

Emme5SEB paw

Intercept 264.7 54.8 0001

Total Fluorine (ppm) 29.8 85 002

Aehal #
low (<102/day) 82 133 54

nonresponse (NR) 9 25 7

Age (years) “1.3 5 04

BMI (kg/m?) 1.1 1.7 53

. BMIX Fluorine 1.0 “4 004

Cigarettes/day 27 8 0001

® Cigs/day X Fluorine” -3 a 04

Prolactin (ng/ml) 28 03 09

Bound Testosterane** -04 £03 10 -

%________________________

fe oa onespo tybyi Rr.

® — 155
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¢ FESS eonoriors3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
meFmvame—

Intercept “3s S419 «2
Total Fluorine (pom)” -03 06 El
Alcohol #

low (<tozicay) “473 13.61 0
nonresponse (NR) -.56 254 5

Age (years) -07 58 2
BMI (kgm?) -81 1.58 7

Cigarettesiday -80 52 a2
Cigs/day X Fluorine?" 02 007 007

Y Bound Testostarone## -07 04 06
Free Testosterone 25 16 mn
we ss 18 002—

ey enLETrn 132aritaracionam,Courtspar day by toPuce.
@ anzing homane mui

® Tiss

|
€02342



4.4Mortality Tables

TABLE 4.2.1 CHARACTERISTICS OF 749 FEMALE EMPLOYEES, 1947-1985.
TT Creme Nencwmed TemDivision Division—Division Den
umber of workers 245 504 748

person years of 6029.0 13280.4 19309.4observation
mean follow-up 246 264 258(years)
mean age at 288 263 276employment
(years)

mean year of 1965.0 19628 1963.5employment
(years)

o ‘mean year of 1981.3 1979.2 1979.6death (years)
mean age at death 57 544 55.4(years)
-_—
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TABLE 4.2.2 CHARACTERISTICS OF 2788 MALE EMPLOYEES, 1947-1950.
TT Chm feowmea Tew

Division Division—__NSS
number of workers 1339 1449 2788

person years of 333853 7732.4 nzobservation
mean follow-up 248 260 255tears)
mean age at 256 289 273employment[2
mean year of 19638 18623 1963.0employment
wears)
mean year of 19783 1578.1 15782® death (years)
meanageadeah 542 581 S64
(ears)
eees———————————————

I
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" TABLE 42.3 VITAL STATUS AND CAUSE OF DEATH ASCERTAINMENTAMONG 749 FEMALE EMPLOYEES, 1847-1950.
VisasChemicalNon chemi TemDivision DivisionI a
Aive 234 853 485 916 699 gaa
Dead" 1M 47 wm ea 0 67
Total 245 1000 504 1000 749 100

“7IWo Geaihs occuredGutetheU.S.wiltCauseofGealh BSErEnea Tomsources other than death certificates.

TABLE 42.4 VITAL STATUS AND CAUSE OF DEATH ASCERTAINMENTAMONG 2788 MALE EMPLOYEES, 1947-1389,
TTVialsas  Cremied  Nonenemial TomDivision Divisiono We %N —e——
Aive 1191 889 1249 862 2440 g75
Dead" 148 111 200 138 as 125
Total 1339 1000 1449 1000 2788 100.0
"Two Gealhs occurred Gutsie The U.S.wi CauseofGoats ESceranea Tom‘sources other than death certificates.
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TABLE 4.2.5 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRs) AMONG 749 FEMALE EMPLOYEES, 1947-1989.

a
All causes 50 66.74 75 .56-.99Cancer 17 23.04 n 421.14Hee © BF #3Respiratory 4 472 95 26243Breast 3 5.87 51 .10-1.49
Genital 2 3.37 59 .07-2.14

Hear disease 10 12.39 81 49-129Cerebrovascular 3 3.51 86 014.80Gastrointestinal 3 3.41 88 18-257Injuries. 4 6.23 64 17-1.64Suicide 1 1.78 56 01-313BR181

° | -
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TABLE 4.2.6 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRS) BY DURATION OF EMPLOYMENT AMONG FEMALEEMPLOYEES,
1847-1989.

Tameolbem Obs Bo SMA smmOiSaseolben Obs Bo SVR mC
Duration £10 years
Al causes 50 6674 75 ss.09Cancer 7 2304 7 aieCardiovascular 18 2200 2 saz
Duration >10 years
Al causes 20 2652 75 devsCancer 6 5.42 Bs 23139Cardiovascular 8 1027 78 aise

AEbreviations Used are: OBS, G5s6rved: Exp, expecisd; CT, ConTiaanca aml.
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o TABLE 4.2.7 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRs) BY LATENCY AMONG FEMALE EMPLOYEES, 1847-1989.
StLomeolDeh Ob Ee ww mmo
Latencys10 years
All causes 41 56.94 72 .52-.98Cancer 16 20.93 76 44-124Cardovascuiar 3 ss 85 sigs
Latency»15 years
All causes 37 49.37 75 531.03Cancer 14 18.25 7 42-129Cardiovascular 13 17.79 73 38-125
Latencys20 years
All causes 29 39.20 74 49-1.06Cancer 1 14.47 76 .38-1.36Cardiovascular 10 14.67 £8 33-125

“AErevatons Used are: Ob, GEsered Ep, swpecied CT comioarnca Tama,

|
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® TABLE 4.2.8 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRs) BY ANY EMPLOYMENT IN THE CHEMICAL DIVISIONAMONG FEMALE EMPLOYEES, 1947-1989.

CED Om En SA—mo—Seo Ok Bp WW wor
Not employed in
co

Al causes 30 4305 8 e126Cancer 14 15.48 sn asimCardiovascular 13 13.82 84 .50-1.61Heart disease 8 7.69 1.04 45-2.05All GI 2 223 80 -10-323All respiratory 2 223 90 10-323Injuries 3 1.48 2.02 .41-5.90
employed in CD

-
All causes 1 2369 46 23-83Cancer 3 8.38 36 .07-1.05Cardiovascular 5 8.19 81 20-143Heart disease 2 4.69 43 05-154AGI 1 1.18 85 014.73Al respiratory 1 1.28 78 014.81® Injuries 1 138 51 51-281
Abbreviations used are: Obs, Observed; Exp, expecied; TT, confidenceinterval;CD, Chemical Division.
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® TABLE 4.2.9 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRs), BASED ON U.S. WHITE MALE RATES,AMONG 2788 MALE EMPLOYEES, 1847-1989,

All causes 347 473.56 73 .66-.81Cancer 103 107.80 95 T7115Gastrointestinal 24 25.94 93 55-1.38Colon 9 an 99 .45-1.88Pancreas 8 5.33 1.50 -65-2.96Respiratory 31 40.53 76 .52-1.09Lung 29 38.72 75 501.08Prostate € 5.10 1.18 43-255Testis 1 82 12 026.80Bladder 3 2.20 1.38 27-3.98Lymphopoietic 13 11.42 1.14 541.84Cardiovascular 145 203.31 n -60-.84CHD 110 147.04 75 61-90Cerebrovascular 10 19.92 50 24-92All Gastrointestinal 12 23.99 50 26-87All respiratory 13 25.89 50 27-86Diabetes 8 6.53 123 53-2.42Injuries 38 46.56 82 581.12Suicide 12 17.10 70 “32123® EECSCHD, coronary and atherosclerotic heart disease.

!
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o TABLE 4.2.10 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMR). BASED ON MINNESOTA WHITE MALE RATES, AMONG.2788 MALE EMPLOYEES, 147-1989.
CameoTDean Ob Ee SR ——smo—a. ==Al causes M7 5079 7 69-86Cancer 103 97.29 105 86127Gastrointestinal 2 2678 50 57-133Colon 9 s.é2 96 44181Pancreas 8 5.58 14 ‘82283Respiratory 31 3042 102 eresLung 2 2854 100 67.144Prostate 6 6.07 99 362.15Testis 1 52 109 o1sosBladder 3 218 137 28401Lymphopoietic 13 1207 108 5718Cardiovascular 145 21219 58 58-80CHD 10 is909 £8 57-83Cerebrovascular 10 2486 £0 32-102Al Gastrointestinal 12 21.13 57 25-99All respiratory. 13 2175 80 -32-1.06Diabetes 8 6.52 123 S242Injuries 8 47.76 80 561.08Suicide 2 1508 7 41-139® SeceCHD, coronary and atherosclerotic heart disease.

I

i

:
65

€03351



® TABLE 42.11 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY.RATIOS (SMRs) BY LATENCY, BASED ON MINNESOTA WHITE MALERATES, AMONG MALE EMPLOYEES, 1947-1985.
LATENCY 2 10 YEARSCawseolDean Obs Ew SMA mmO—ee Oe Bo  SWRoeT

Al causes 209 39827 77 68-86Cancer E] 8871 10 80135Gastrointestinal 2 2478 87 eesPancreas 8 5.20 154 66303Respiratory 2 2881 101 714sLung 27 27.44 9% E5143Skin 3 1.53 1% 38573Prostate 6 594 1.01 37.220Bladder 3 175 172 esoLymphopoietic n 1003 110 sigeCardiovascular 130 195.91 66 £5.79All Gastrointestinal 8 1858 Q 19-86Al respiratory. 11 2016 55 27-38Diabetes 8 5.37 149 e294Injuries 21 2751 76 47118Suicide kl 10.13 108 se1s3
“ASBreviauonsUsed are: Obs, observed:Exp, expecied:Cl, comiaenca Teal:® CHD, coronary and atherosdierotic heart disease.

PY -166

: €0Z352



® TABLE 42.12 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SAS) BY LATENCY, BASED ON MINNESOTA WHITE VALERATES, AMONG MALE EMPLOYEES, 1947 1586.
LATENCY>15 YEARSCEmeeDmn Oh Ee SW ——mo—Lemoleh Ok Be SW mmor—

Al causes 268 344 7 eseCancer £] 8064 2 gisGasvoimesinal 24 26 106 BistPancreas 5 472 18 73amRespiratory 27 2671 10 EaLing 25 2545 38 erasSkin 3 123 2m asmProstate 5 s7 87 saoBladder 3 Tis 18 rearLymphosoletic 5 ses 10 lasyCartiovaseuar ns 1782s 5 ssoAl Gasvoimesinal | 8 1817 4 2gAl respiratory s 1850 4 225Diabetes 7 454 15 g23asInjuries 23 2021 75 sarisSuicide 5% 747 121 5522s
EBSaviaons ves iret Obs. heared: Exp. expected: CT omiaancs Tama;® CHD, coronary and atherosclerotic heart disease.

|
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® TARGA 13 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMR) BY LATENCY, BASED ON MINNESOTA WHISE WALTRATES, AMONG MALE EMPLOYEES, 1947-189,
LATENCY 2 20 YEARSSeolen OR me sm —mre—

All causes 216 2869 75 66-85Cancer 73 68.74 106 B3tas‘Gastrointestinal 15 19.33 77 32gPancreas < 405 $9 27.0%Respiratory 25 23.08 108 701gLung 2 21.06 105 easySkin 2 98 202 2373Prostate 5 529 95 3022Bladder 3 175 172 34sLymphopoietic 7 7.01 98 39203Cardiovascular E] 15180 106 sare :Al Gastrointestinal 8 1250 £2 27aAl respiratory 9 163 55 25105Diabetes 7 365 182 TrasInjuries 13 1947 67 36114Suicide 7 501 140 3520
EDTeVRIonSUSA are:Obs SEs:5,SRpecid;ClSonam,fidence interval;

® CHD, coronary and atherosclerotic heart disease.
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o TABLE 4.2.14 NUMBERS OF DEATHS AND STANDARDIZED MORTALMTyRATIOS (SMRS) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES, 1947-1085.
DURATION > 5 YEARSCeuseolDeah Obs Bo sw —smior—eo»Bp SVR emo

Al causes 256 32120 80 70-90Cancer 8 7221 1 881.38Gastrointestinal 2 2021 108 estesCalon 8 7.10 113 4322Pancreas 7 422 185 663.42Respiratory 25 272 108 70153Lung 2 210 104 ge1l5sProstate 4 a7 84 23215Blacder 2 1.68 119 342gBrain 3 251 120 24150Lymphopoietic 6 841 nn 26155Cardiovascular 114 158.50 7 59-86CHD 0 12020 7 60-92Cerebrovascular 6 18.44 a3 2-71Al Gastrointestinal 7 1520 a 18-95Allrespiratory 9 1630 55 25105Diabetes’ 8 453 177 sadeInjuries 2 3680 79 53114o Suicide s 8.81 102 artes
Epmeraons used ar: Obs, beeed:E57,oxpeciad; O, confoenca ema;CHD, coronary and atherosdierotic heart issass.
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o TABLE 4.2.15 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMRs) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES, 1947-1989.

DURATION 2 10 YEARS
CauseolDeah Obs Exo SMA Ss%OISamet oe Be SWRA SROT

Al causes 203 25730 79 68-91Cancer 6 se 113 871.43Gastrointestinal 20 675 119 318sColon 7 552 1.18 472.44Pancreas 6 350 mn £3371Respiratory 2 1938 113 71172Lung 20 18.47 1.08 £6167Prostate 4 420 35 26244Bladder 1 144 ‘69 ‘013.85Brain 3 189 158 224i :Lymphopoetic 5 658 7 20177Cardiovascular 2 1:21 7 56-85CHD 7 9975 n 57-82Cerebrovascular 5 1548 22 10-75Al Gastrointestinal 4 11.96 = 08-86Al respiratory 7 1380 51 201.05Diabetes 8 3.49 229 93451o Injuries 19 23.46 68 34122Suicide 8 588 1.36 59-268
“Abbreviations used are:OBS, Gbseved: Exp, expected; Cl, confidence Tmamval; ©CHD, coronary and atherosclerotic heant disease.
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¢ TABLE 42.16 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMPs) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES, 147-1988,
DURATION 2 20 YEARSCeseolDen Om Bo SwR sewerOm Bp SVR memo

Al causes 104 152.36 58 56-83Cancer 35 3731 Se £51.30Gastrointestinal 10 1032 85 48-175| Colon 5 37 133 43.308Pancreas 1 221 45 01-252Respiratory 1 1289 87 43155Lung 10 1210 8 40-152Prostate 2 28 71 08-255Bladder 3 54 108 01-591Brain 1 103 7 01-540Lymphopoietic 4 382 1.05 286.02Cardiovascular @ 806 58 18136CHD a 6125 4 45-87Cerebrovascular 1 9.13 a1 00-51: Al Gastrointestinal ~~ 2 687 29 031.05Al respiratory 5 881 38 18-13Diabetes 5 156 258 £36.02Injures. 2 [4 30 031.08o Suicide 3 254 118 243.45
omensUsa wre: Ob. GEserved;Exp. expected;Cl,ConTancs mal;‘CHD, coronary and atherosclerotic heart disease.
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® TABLE 4.2.17 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SPs). BASED ON MINNESOTA WHITE MALE RATES, AMONG1339 MALE EMPLOYEES EVER EMPLOYED IN THE CHEMICAL DIVISION,1947.1585.
SS0mmole OW Ew SR memo
Al causes 1s 172s6 8 72100Cancer © agar 10 7845Gasrointestinal 9 577 2 2aColon 4 36 115 SiarPancreas 4 206 1s 53801Respiratory 12 on: J SieLing 1 W070 103 SteedProstate Pi 157 203 sassTests i 4 228 gasesBladder 1 7513 oraLympnopoietic 5 476 105 sagesCardovasular si 7ees 70 saeCHD a sn 74 StooCarebrovascuar 4 85 omAlGastoinesinal ~~ 8 827 7 aisAl respiratory L717 7m 91 3gDiabetes 3 255 138 2434sInjuries a 372 58 Beas® Suicide 10 698 18 ss2es
“Ereviationssed are: Obs,observed: Exp,expect;OlGriGancaoval, ©CHD, coronary and atherosclerotic heart disease:
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® TABLE 4.2.18 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMPs). BASED ON MINNESOTA WHITE MALE RATES, AMONG1443 MALE EMPLOYEES NEVER EMPLOYED IN THE CHEMICAL DIVISION,1947-189.
CavseoiDean Obs Ew SMR SHOT —Ameo ea Ow Bo SWR Sewer

Al causes 200 29125 £9 59-79Cancer 63 6756 53 721.19‘Gastrointestinal 15 16.46 91 51-150Colon 5 579 8 28201Pancreas 4 337 119 323.04Respiratory 19 2558 74 45116Lung 18 2444 74 44116Prostate 2 3.45 58 ‘07-209Tests 0 4-0 ‘008.45Bladder 2 1.45 1.38 [164.99Lymphopoietic 8 6.89 136 50-229 .Cardiovascular 9 12977 70 56-86CHD &7 5384 71 55-91Cerebrovascular 6 1293 a 7-101All Gastrointestinal 4 1456 27 07-70All respiratory 6 1677 36 113-78Diabetes 5 405 124 402.88Injuries Ed 3828 £0 36-98o Suicide 2 926 5 ‘02-78
“AbbreviationsUsed are: Os. Gbserved;Exp,expeciad:Cl,GonfaancsTamval;‘CHD, coronary and atherosclerotic heart disease.
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® TABLE £2.19 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMPs) BY LATENCY, BASED ON MINNESOTA WHITE MALE.RATES, AMONG MALE EMPLOYEES NEVER EMPLOYED IN THE CHEMICALDIVISION, 1947-1989.

LATENCY 2 15 YEARSCaseoDeah Obs Bo SVR seor——_— SWRA wwe
All causes 161 216.10 75 63-87Cancer 56 50.70 110 831.43‘Gastrointestinal 15 1437 1.05 581.73Colon 5 5.13 98 31-228Pancreas 4 2.99 1.34 -36-3.43Respiratory 17 16.73 102 581.67Lung 1% 15.94 1.00 571.63Prostate 2 386 52 061.87Lymphopoietic 5 5.40 83 -30-2.16Cardiovascular 7 113.60 66 52-83All Gastrointestinal 4 9.80 41 11-105All respiratory 4 1214 33 05-84Diabetes 5 282 1.77 574.14Injuries. 7 117 £3 25129

“AbbreviaionsUsed are: Os, GESenved; Exp. SXpRcedi Cl,‘ConiGence inerval;CHD. coronary and atherosclerotic heart disease; CD, Chemical Diviaion.

124

-_ : €03350



® TABLE 4.2.21 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMPs) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES EVER EMPLOYED IN THE

CHEMICAL DIVISION, 1947-1989.

DURATION 2 10YEARSTCameoen Ow Bo SWAT mmLosseolDesd OW Ew SVR wewor
All causes 20 108.7 83 -67-1.02Cancer 27 244 1.08 7141.58‘Gastrointestinal © 62 87 20kColon 3 247 12 243sPancreas 2 1.46 137 754.86Respiratory 8 8.16 98 421.93Lung 7 7.78 90 .36-1.86Prostate 3 1.55 1.84 355.66Lymphopoietic 1 284 141 3836Cardiovascular 38 54.60 70 50-97 °All respiratory 3 5.42 55 1141.62Diabetes 3 1.51 1.99 .40-5.80Injuries 7 8.11 86 351.78

“ASbrevions Used are: Ob, OEServad: Exp. expected; CT, Contanca mamal;CHD, coronary and atherosclerotic heart disease; CD, ChemicalDivision.
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® TABLE 4.2.22 NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (Sis) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES EVER EMPLOYED IN THECHEMICAL DIVISION, 1847-1585.
DURATION 2 20YEARS

TCauseolDean Obs Exo SMA S5%CILaseolDeah Ops Ew SMR SRWOI
Al causes 4 6629 £8 50-91Cancer 1% 1621 8 S120Gastrointestinal 3 483 66 13184Colon 3 161 184 37.538Pancreas 0 96 20 0-384Respiratory. 5 557 90 29209Lung 4 531 75 20183Prostate 2 110 182 20658Lymphopoietic 3 167 179 36524Cardiovascular 18 34.48 52 31-83Al respiratory 2 352 57 e252Diabetes 2 84 237 2745Injuries 2 327 81 07-221

“ABbrevialons Used are: Obs, Observed: EXp, expected; Cl, configence Tmiamal;CHD, coronary and atherosclerotic heart disease; CD, Chemical Division.
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TABLE 4.2.23 NUMBERS OF DEATHS AND STANDARDIZED MORTALITY
RATIOS (SMRs) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTA
WHITE MALE RATES, AMONG MALE EMPLOYEES NEVER EMPLOYED INTHE GHEMICAL DIVISION, 1647-1985.

DURATION » 1ovEARS
TCaEolesn Ok Eo swwo

Al causes 113 148.60 76 63-91
Cancer 40 34.43 1.16 831.58

Gastrointestinal 14 9.82 1.43 782.39
Colon 4 3.45 1.16 31-297
Pancreas 4 2.04 1.96 .53-5.01

Respiratory 14 11.22 125 .68-2.09
Lung 13 10.69 122 .65-2.08Prostate i 288 3% oreoCympnopoietc i Sa 27 Gas

Cardiovascular 54 78.31 69 52-90Ki respratony s 03s 8 gaz
Diabetes 5 1.88 252 .81-3.87
Injuries. 4 7.96 50 0.14129

“Abbreviations used are: Obs, observed; Exp, expeciad; CI, confidence imerval;
° ‘CHD, coronary and atherosclerotic heart disease; CD, Chemical Division.
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TABLE 4.2.2¢ NUMBERS OF DEATHS AND STANDARDIZED MORTALITYRATIOS (SMPs) BY DURATION OF EMPLOYMENT, BASED ON MINNESOTAWHITE MALE RATES, AMONG MALE EMPLOYEES NEVER EMPLOYED INTHE CHEMICAL DIVISION, 1947-1985.
DURATION 2 20YEARSTaseoiDean Obs Bo SWRA osmT—mote Oo Bo SVR emer

Al causes 59 86.1 8 52-88Cancer 19 21.08 80 satanGastrointestinal 7 559 17 a7241Colon 2 215 8 033Pancreas 1 125 80 014sRespiratory 6 712 8 3113Lung 6 679 8 321s .Prostate 0 173 00 0212Lymphopoietic 1 215 48 01358Cardiovascular £4 4614 £5 44-93Al respiratory 3 543 5 272Diabetes 3 110 274 5800Injuries 0 334 0 00114
“Abbreviationsused are: Obs, OBSENed:Exp,expecied;Cl,ConTigence Trisrval;® | CHD, coronary and atherosclerotic heart disease; CD, Chemical Division.
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TABLE 4.2.25 AGE ADJUSTED STANDARDIZED RATE RATIOS (SRRs) FORALL CAUSE, CANCER, AND CARDIOVASCULAR MORTALITY BY DURATIONOF EMPLOYMENT, AMONG MALE EMPLOYEES, 1947-1989._—
Causeofdeath snr osct—CousecldeshSAR eswor
al causes: & 531.03
all cancers 1.08 sen
al cardiovascular S213-_

Abbreviations used are: SRR, standardized rate ratio ; Cl, confidence interval,less than 10 years of employment as referent category
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: TABLE 4.2.26 AGE ADJUSTED STANDARDIZED RATE RATIOS (SARs) FOR
ALL CAUSE, CANCER, LUNG CANCER, GI CANCER, AND

CARDIOVASCULAR MORTALITY BY EVERNEVER EMPLOYED IN THE
CHEMICAL DIVISION, AMONG MALE EMPLOYEES, 1847-1988.

eee —ereeeeeeme
Cause of death SRR" 95%C!—CauseolceahSRR eswol
all causes 118 (951.47)
all cancers 1.10 (-74,1.65)

lung cancer 109 (67231)
Gl cancer 1.16 (.50,2.69)

all cardiovascular 108 (761.48)=0 .
Abbreviations used are: SRR, standardized rate ratio ;Cl, confidence interval; GI,gastrointestinal.
* Never employed in the Chemical Division as referent category
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® TABLE 4.227 AGE STRATIFIED, YEARS OF FOLLOW-UP ADJUSTED RATERATIOS (RAvy.) FOR ALL CAUSE, CANCER, AND CARDIOVASCULARMORTALITY BY EVERNEVER EMPLOYED IN THE CHEMICAL DIVISION,AMONG MALE EMPLOYEES, 1847-1988.
-—

Ageat employment Russ” s5%CH
All causes

15-19 years 122 (62,2.40)20-29 years 35 (8.1.32)30-38 years 95 (611.50)4045 years 102 (72-144)Al cancers
15-19 years 5 (21,43420-29 years 72 (38135)30-38 years 110 (62.130)405 years 6 (27,1560)Al cardiovascular
15-19 years 1.40 (35,5.03)20-29 years 8 (44167)30-39 years 78 (44,129)2045 years 111 (73.182)

Avbreviations used are: RR, Mantel-Haenszel age adjusted rate ratio; CI,confidence interval,
* Adjusted for years of follow-up and stratified by four age categories.Never employed in the Chemical Division as referent category
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TABLE 4.2.28 AGE STRATIFIED, YEARS OF FOLLOW-UP ADJUSTED RATERATIOS (Ruy) FOR ALL CAUSE, CANCER, AND CARDIOVASCULARMORTALITY BY DURATION OF EMPLOYMENT IN THE CHEMICAL DIVISION,AMONG MALE EMPLOYEES, 1947-1989.reer——————ee—
Age at employment RRM" 95%ClAgostomploymentRRvr  eswei
Al causes

15-19 years 1.30 (.58, 3.28)20-29 years 1.16 (.81, 1.65)30-39 years. 216 (1.52, 2.70)40-65 years 1.69 (1.07, 2.60)Al cancers7519 years 217 (40, 11.61)20-29 years 84 (44, 1.51)30-39 years 1.75 (.95, 3.21)40-65 years 267 (.9985,7.14)All cardiovascular
15-19 years .88 (.25,3.33)20-29 years 1.38 (.73, 2.60). 30-39 years i 353 (1.68, 6.21)40-65 years 1.50 .81, 2.79)

o Abbreviations used are: RRyw, MantehHaenszel age adjusted rate ratio ; OI,confidence interval.
* Adjusted for years of follow-up and stratified by four age categories.less than 10 years employment as referent category
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TABLE 4.2.29 PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE ALL CAUSE MORTALITY AMONG 2788 MALE

WORKERS.

T__Vamable8 SEB) pvalieRRL—e 3 SEW FW We
Year of first employment -55 008 0001 846

Age at first employment® 079 006 0001 1.082
Duration of employment" -34 001 0001 967

Months in chemical 001 001 24 1.001division
“AbbreviationsUsed are: B, regression parameter;SE(G),Standardenor oT Tie |
slope parameter; RR, relative risk.
# relative risk for one unit change in independent variable
“years

TABLE 4.2.30 PROPORTIONAL HAZARD REGRESSION MODEL OF
FACTORS PREDICTING THE CARDIOVASCULAR MORTALITY AMONG 2788‘MALE WORKERS.

arial i P-value RR?VeeFSF)pve RR
Year of first employment -.075 016 001 528

Age at first employment® 19 009 .0001 1.126

Duration of employment” 230 294 45 852
Months in chemical .0002 001 85 1.00dor

ADbrevialons Used are: B, regression parameter; SE(B), Standard error oe
slope parameter; RR, relative risk.
# relative risk for one unit change in independent variable
*years
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TABLE 42.31 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE CANCER MORTALITY AMONG 2788 MALEWORKERS.
vee 5 SE® pvame RR—ree 8 SW) evawe RAF

Year of frst employment -031 o19 a 69
Age at frst employmert® 078 on 0001 1.081
Duration of employment” -.028 EY 002 S72
Months in chemical 002 001 20 1.002Gvision

“obreviauons used re:B, legression parameter; SEB), Sanda Gar oTResiops parameter; RR, relative risk.
#relate risk for one unit change in independent variable“years

o TABLE¢.2.32 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE LUNG CANCER MORTALITY AMONG 2788MALE WORKERS.
Vembl8SE®) pane Re—_—ree 0 SFO) pale WAV

Year of ist employment ~019 042 5 S81
Age atfirst employment” 070 2 001 1072
Duration of employment” -.062 a33 ot 840
Months in chemical -026 16 mn 75Gvision

“AbbreviationsUsedwe 8.regressionparameter;SED],Sandraerror oTTe—slope parameter; RR, reaiiva risk.#relative risk for one unit change in independent variableyears
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TABLE 4.2.33 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE GI CANCER MORTALITY AMONG 2788 MALEWORKERS.
(I=TR—EFSER) paws mR

Year of frst employment 015 38 7 1.015
Ago at first employment” 130 021 01 1
Duration of employment® 005 20 Fo 1.008
Months in chemical 001 002 56 1.001division
“ASbrevatonsUsed we: Gl, GaSTomesinal B. regTession Parameter,SEO, :Sunda error of the slope parameter AR, reltvd rok.#relative risk for one uni change in indepéncent vanasleyears

® TABLE 4.234 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE PROSTATE CANCER MORTALITY AMONG 2788MALE WORKERS.
ame Sm pam—e BF SEG) pve Ame

Year of frst employment. 010 081 0 1011
Age atfist employmert® 082 45 0 1.085
Ouraton of employment” 070 052 a8 22

| Months in chemical o10 008 0 1.010division
| “ASbreviatonsUsed we: B, regressionparameter;SEB), SEGREorTT —! $1098 parameter: AR, relative isk.# relative risk for ona uni change in independant variable“years
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o |
TABLE 4.235 PROPORTIONAL HAZARD REGRESSION MODEL OFi FACTORS PREDICTING THE PANCREATIC CANCER MORTALITY AMONG; 2788 MALE WORKERS.

| me 5 SEm vam Re—wae 5 SED www Aw
Vewolfistemployment 046 085 a8 1.067
Age atfistemployment® 136 034 0001 114s
Duatonof employment” -012 035 7 ses
Months in chemical 02 00s ES) ED)division

Tobreviatons Used are: 8.gression parameter; SEE),SanaaSarSTEslope parameter; AR, relative risk.
relative risk for one unit change in independent variable“years

® TABLE 4.2.36 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTINGTHEDIABETES MELLITUS MORTALITY AMONG2788 MALE WORKERS.
TS ST—Yerble BF SEG) pvawe Rw

Yewolfrstemployment 408 221 06 567
Ago atfirst omployment® 092 ou 04 1.096
Duration of employment” 009 030 5 1.008
Moris in chemical ~001 004 76 99division

“ASbreviatons sed wa: 8, regression parameter; SE(B), SERGE orTHslope parameter; AR, relative isk.#relative risk for one unit changs in independent variable“years
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TABLE 4.2.37 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE ALL CAUSE MORTALITY AMONG 74 FEMALEWORKERS.
CCVammbeBb SE® pale Re— 5 SEM) PvaWe RAF
Year of first employment -.02 0 a 77
Age atfirst employmert® 08 02 0001 1.08
Duration of employment*
210 years 131 5 01 arn>10years 5 5 a4 233
Months in chemical -003 004 “8 897division

“FbieviaiionsUsed are: B, regression parameter; SE(G), Sandaigerror oT Feslope parameter; RR, relative risk.
# relative risk for one unit change in independent variable
“years

TABLE 4.2.38 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE CARDIOVASCULAR MORTALITY AMONG 749FEMALE WORKERS.
eee5 SERpvae RE—rate 0 SEB) pvale RAF

i Year of first employment -.034 048 48 966
| Age atfirst employment 119 024 0001 1126
i Duration of employment” ~~ -.011 025 £7 986

Months in chemical -015 07 a7 85division

“RSbieviations Used wre: G, regression parameter; SED), Standard error oT Heslope parameter; RR, relative risk.# relative risk [or one unit change in independent variable“years
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® TABLE 4.2.3 PROPORTIONAL HAZARD REGRESSION MODEL OFFACTORS PREDICTING THE CANCER MORTALITY AMONG 749 FEMALEWORKERS.
Vee 5 SEM pvameRA ——_— Eh pve RR

Year of first employment -.043 053 “2 958
Age atfirst employment” 085 025 001 1.089
Duration of employment” -.021 025 85 80
Months in chemical 01 005 87 1.001division

“ASGreviations Used are: B. regression parameter; SE(G). SAGES Sor STE—slope parameter; RR, relative risk. .# relative isk for one unit change in independent variable“years
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FIGURE 1. Free testosterone and total serum fluorine1990 3M Chemlite study
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|
|: Figure 2 Bound testosterone and total serum fluorine| 190 3M Chemollte study
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Figure 3. Estradiol and total serum fluorineRSG Cremorie sud
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Figure 4. Lutenizing hormone and total serum fluorine1990 3M Chemollte study
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Figure 5. Follicle stimulating hormone and total serum fluorine
1850 3M Chemolite study
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Figure 6. Prolactin and total serum fluorine
1990 3M Chemolite study
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Figure 7. Thyroid stimulating hormone and total serum fluorine1950 3M Chemllte study
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Figure 8. Bound to free testosterone ratio and total serum fluorine1950 3M Chemolite study
“

“°
£ws#

£2 wu
5225
35
2 ow ——— AGE=30 BMI=30 NS LD

® #
%

° 10 20 30

TOTAL FLUORINE (ppm)

187

. | co €03382



o prototype peroxisome prolferator, may regulate steroidogenasis by binding to a
membar of 2 naw family of cytosolic receptors (PPAR) belonging to the nuclear
hormone receptor superfamily and transactivating the transcription of genes.
involved in steroid synthesis 115-121,

PFOA was positively associated with the TB/TF and E/TF ratios. PFOA binding
10 sex hormone bindint globulin (SHBG) may have produced changes in the
bound to free testosterone ratio. However, this would resutt in a change in the
TBITF that is in the opposite direction to the observed association between
PFOA and TB/TF. The associations of PFOA with these ratios are consistent
with a mechanism that involves decreased production of testosterone and
increased production of estradiol.

The HPG axis of older men appeared to be more susceptible to PFOA compared
10 that of younger men. No animal data hes been reported conceming age

! related sensitivity 1o the effects of PFOA. However, the onset of Leydig cell
i tumors has been reported to occurlateintwo year rat feeding studies 12, This

finding may represent increased susceptibility for hormonal alterations in aged
® rats. Further animal research is needed to define any age related susceptibility

| factors.

Prolactin levels were positively associated with total serum fluoride in participants
who reported moderate drinking (1-3 crinks/day). Since the function of prolactin
in men is uncertain, the ciinical significance of such an association is unclear.
Alcohol ingestion is astimulus for prolactin secretion. The mechanismofthis
effect appears to be mediated by ahterations in calcium mediated signal

I transduction pathways 2. This suggests that the elevation of prolactin
associated with PFOA and alcohol may be mediated by alterations in calcium
mediated events such as transmembrane signal transduction pathways.

‘Thyroid stimulating hormone was positively associated with total serum fluoride.
Animal studies have shown that perfluorodecancic acid depressed peripheral
thyroid hormone levels without producing a hypothyroid response 75:73. 101, Jn
the present study, peripheral thyroid hormane levels were not assayed.
Therefore, it is not possible to assess whether the observed association between
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® PFOA and TSH couid boa direct hypothalamic offact, a ptutary regulatoryeffect, or an effect mediated by changes in peripheral thyroid hormone loves.

In summary, this is the first report of hormonal changes associated with PFOA inhumans. The present findings in humans are consistant with those praviouslyreported in animal studies '5.. The consistent findings include low freetestosterons, increased estradiol, and unchanged LH. Rodent and humanreproductive endocrine systems difer greatly, yet the suggested effects of PFOAare similar. In ight of the observed similarties in effect, ft is tempting tospeculate that PFOA may effect the humans and rodants reproductive endocrinesystem through the same mechanism. A hypothesis that PFOA alters a calciummediated celular signal transduction pathway, such as the AMP or inositoltriphosphate mediated second messenger response, may provide a unified .mechanism for the multiple loci of putative effects.

No adverse health efects have been observed in exposed °. The present study| cid not examine adverse health effects, although several adverse outcomesassociated with hormonal alterations are possible. The etiology of a number of® cancers including adenocarcinomas of the prostate, endometrium, colon, rectum,| pancreas and breast, have been linked 10 changes in endogenous hormones 124.i Cancers in this etiologic category include.

! Perfluorooctanoic acid is not a genotoxic carcinogen in standard assays ®.However, PFOA is a nongenctoxic rodent carcinogen. In rats exposured to. PFOA overa two year period, there was associated increase in Leycig celltumors 12, Leydig cell tumors have been observed in association ‘with other| peroxisome prolferators in rats 12. It has been hypothesized that chronicallyelevated LH produced testicular neoplasms *. 2. However, in PFOA treatedF215, LH was nct elevated. This may be ue to estrogens feedback inhibition asdiscussed previously, or due to insufficient experimental induction time 3,Atematively, another mecharism may have been operative In producingLeydigcell tumors. Exogenous estradiol produces. Leydig cell tumors in mice 126, HighSetradiol levels are associated with Leydig cel tumors in both rats and humans127.124, The tissue surrounding the Leydig cell adenomas also producesIncreased estrogens 127. High estradiol may be a stimulus for Leydig cell
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o proliferation and tumor formation. This hypothesis is supportedby theobservation that estradiol simulates TGF-a secretion in Leydig cells TGF-abinds to EGF receptors expressed on Leycig cells '2 and stimulates cellprolfeation. The hommonal changes associated with PFOA may be amechanism for nongenctoxic carcinogenesis. The role of PFOA in humannongenotoxic carcinogenesis needs to be clarified

Adequate ancrogen levels are necessary for maintenance of potency,spermatogenesis, libico and male reproductive organs. Low testosterone andhigh estrogens may decrease libido, and fertility in males 130, Decreased malefarilty may be one potential adverse outcome of PFOA. The reproductivetoxilty of PFOA has not been extensively studiad. No studies have beenconducted in humans. PFOA was not teratogenic in rats 5. 131. "32. No adverseeffects on fertility were noted for female rats in a teratogenesis study 5. Male ratsore not sudiad. No other reproductive studies in animals have been raportad,Studiesof human reproductive function are needed since human reproductiveprocessas are thought to be more sensitive to xenabiotc insults comparedto1 other animal species 1%,

® 5.0.3Cholesterol, Triglycerides.and Lipoproteins.

Cholesterol. tigycerides,and LDL wera not significantly associated with PFOA.The lack ofassociation of PFOA wih cholesterol or triglycerides fs consistentwih observations in experimental animal models. No animal studies of PFOA'sefect on LDL ara available or comparison. The are no studies in humangoncoming the relationship of PFOA with LDL. cholesterol, or tighycoridos,I
Inlight rinkers, PFOA ha ite sfiect on HDL levels. In moderatedrinkers,increasing PFOA recuced HDL. The putative effects of PFOA and aloofmaybe mediated by alteration ofacommon HDL regulatory process, Thefindingsars imited by the small numbor of exposed workers, the imited range of totfluoride values, and the imitations of the study design. The condenandSuggested mechanism must be considered preliminary.
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o The mecharism by which PFOA modifies the aicohol:HDL relationship could be' mediated by alterations in fatty acid metabolism or fatty acid binding. Alcoholintake induces specific P4S0. metabolic enzymes including 2E1 and afterslipid| metabolism 134, PFOA induces a specific P450 At family of metabolicenzymes.
and alters lipid metabolism in rodents. The joint effect of alcohol and PFOA onP450 mediated lipid metabolism could alter HDL dynamics. The primarystructure of PFOA suggests that PFOA could affect the ligand binding of fattyacid in hepatocytes and HDLS. The competition for NEFA. binding sites couldreduce the effect of alcohol on HDL levels. Studies of the joint effect of PFOA| and alcohol on HDL may clarify the regulatory mechanisms for HDL.

The decrease in HDL associated with increasing PFOA levels may be clinicallyi significart. In a meta-analysis of 12 prospective studies of therelationship| between HDL levels and coronary heart disease (CHD), Gordon estimated that{ he change in CHD risk associated with a one mg/dl change in HDL level isapproximately the same as the change in risk associated with a 2-4 mg/d changein LDL level 1%, The predicted rop in HDL fora moderate drinking participant| with a total fluoride of 20 ppm is 30 mg/dl. A changeofthis order ofmagnitudeo may have a measurable impact on the occurence of cardiovascular disease, Ini the retrospective mortality study, there was no increase in mortality fromcardiovascular disease. However, there are a limited number of workers with "total serum fluorine levels of 20 PPM of more. Any increase in risk for
cardiovascular diseases among a small group of highly ‘exposed workers may not. be readily apparent in a study of all Chemolite or CD employees. Further
research is needed to confirm and clarify the association between PFOA and' HDL level. Future studies could test the hypothesis that PFOA ang alcohol jointly| alter NEFA metabolism resulting in a decrease in HDL and an increaseincardiovascular morbidity and mortality risks for exposed workers who drinkalcohol.

5.1.4 HeoaticParameters

Changes in SGOT (AST) and SGPT (ALT) appear to be associated with totalserum fluoride through an interaction with adiposity. In obese participants, bothSGOT and SGPT increased with increasing PFOA. However, there tienot
®
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appear0 be a1 independent effect of PFOA on SGOTafter adjusting for SGPT.® The findings are limited by the small number of exposed workers, the limitedrange of total fluoride values, and the previously discussed limitations of thestudy design. The conclusion and suggested mechanisms must bs consideredpreliminary.

Compared to SGOT, SGPT is a relatively specific marker for hepatocytedisruption 12%, The lack of association of SGOT with PFOA ater adjusting forSGPT suggests that the liver is the primary source for the small PFOAassociated changes in transaminases. Since SGPTis a enzyme associated wihi ihe ER membrane. the increase in SGPT may have been the resut of PFOAassociated ER prolferation. t may indicate a disruption n the intagrty ofhepatocyte membranes which allows increased release of cytosolic hepaticenzymes. The tissue specific efiect suggested for hepatocyte membranes couldbe dus to a higher hepatic concentration of PFOA.

Liver injury is ganerally considered to be a multifactorial process. There isevidance tha interactions betwsen endogenous and exogenous factors pay a4 10 in hepatotoxicity observed in workers 157. The modificationof the adiposty-® SGPT association by PFOA suggests that the machanisms of transaminaseelevation may be linked. Obesity has been associated with elevation oftransaminases as wall as clinically important hapatits 138 135, The observationthat some obese individuals evidence litle adiposity efiect while other obeseindividuals develop hepatic fibrosis has not baen explained.H has boanhypothesized that metabolic polymorphisms or other hepatotoxin exposuremayPlaya ole 1%. Animal studies and limited human data suggest that xenobiotics,such as certain solvents and alcohol, may potentiate the effects of otherhepatotoxins 141.12, Following his model, PFOA may directly orindirectlyPotantiate the hepatotoxic effact of obesity.

A mitochondria site of PFOA action may occur. The mitochondria plays anessential role in fat metabolism. Disruption of mitochondrial function canproduceqppeimert of mitochondrial oxidation of long chain and medium chain faty acids,Studies of fatty acid metabolism in PFOA exposed humans have not been.carriedout. Velproic acid, an eight carbon branched chain faty acid (2 Propy-pentancic
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® | acid) that impairs mitochondrial function and fatty acid metabolism, is anexample| of 2 hepatotoxic xenobiotic of similar carbon structure 10 PFOA 199, Commercial: | grade PFOA comains isomers with carbon backbones identical to valproicacidsi structure 29. The valproate-like isomers of PFOA could produce toxicity similar! to that of valproate. The modification of the association between PFOA and the
transaminases by adiposity could be mediated by disturbances of mitochondrialfatty acid metabolism in humans.i
GGT increased as alcohol use increased. The increase in GGT was smaller asPFOA increased. This association was independent of changes in SGOT,| SGPT, and AKPH. Perflucrooctancic acid may inhibit the hepatotoxic effects of’ alcohol. The GGT-alconol dose respons relationship is thought to be secondary; fo the induction and increased release of GGT. Increased serum GGT levels.| indicate proliferation of the endoplasmic reticulum and induction ofcytochrome: P450 systam, leakage from hepatocytes, or injuryto other tissues are,Perfluorooctanoic acid may decrease serum GGT by altering call membranepermeability, by reducing the alcohol mediated induction of GGT, or by changing| aleahol oxidation pathways and reducing the production of toxic intermediateso ! such as acetaldehyde.

Perflucrooctancic acid was negatively associated with AKPH in non-smokers. Inworkers who smoke greater than five Cigaraties per day, PFOA waspositivelyassociated with AKPH. The association of AKPH with PFOA was independent ofGGT, transaminases, and hormones. Smoking has been reported to elevateAKPH 4, The mechanism of this effect is thought to be the result of AKPHinduction by compounds in cigarette smoke. The joint effect of ‘smoking and| PFOA could increase the induction of AKPH.

In summary, the associations between PFOA and hepatic enzymes are weakandare not clinically significant. In the retrospective mortality ‘study, there was noincreased in monalityassocaited with liver disease. Future studies of theeffects©f PFOA may elucidate possible mechanisms of action of nongenotoxic hepaticcarcinogens. The hepatic enzyme results are illustrative of the problem ofextrapolating findings observed in rodent animal models to otherspecies,including humans 14%. In humans, PFOA does not cause the dramatic hepatico
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effects observed in rodarts. Instead; the observed associations may rest from® PFOA modification of the hepatic afects of obesity, alcohol consumption, angsmoking. Each of these factors are independently associated withhepatotoxicity.Furher studies of the jeint ffocts of PFOA and BMI, alcohol, and smoking onhepatic enzymes are needed.

£.1.5HematologyCountsandParameters.

PFOA was weakly, but significantly associated with hemoglobin levels, MCV, angMH. The associations betwean PFOA and erythrocyte indices appeared to.bemediated through interactions with smoking, and perhaps alcoholconsumption,The findings in animal studies ® 159 are consistent with a decrease in red cellvolume and a larger decrease in red cell number. Together, thesechangesproduce an increase in celular hemoglobin concentration. The estimatedchanges in erythrocytes indices are not of ciinical significance over the range of{otal serum fluorice. However, these findings suggest that further stucies of theeffect of PFOA on red cell regulation and function are needed, The findings arelimited by the small number of exposed workers, the limited range of total fluoridevalues, and the previously discussed limitations ofthe study design.
® Pharmacological doses of androgens increass erythrocyte number and mass butproduce litle change in MCV or MCH 11.52, The mechanisms by whichandrogens increase hemoglobin appear to mediated by modulating theEninropoietn responsiveness of multipotential stem cells and by.stimutatingenhropoietin production 181 18-185, 1 physiologic doses, the effect oflestesterone on erythrocyte indices Is controversial. Palacios et al, andCunningham et a. reported that testosterone is associated with a small Increasein hemoglobin, but no change in MCV or MCH 156. "57. Mauss et al. reported nochange in red cell ncices for physiologic levels of testostarone 150, In tnepresent study. the testosterone level was not strongly or significanty related tohe rad cal incices. Estradiol was weakly association with HGB but not MCV orMCH. The effect of physiologic estraciol lavels on the male hematologicalSystem is poorty understood. Tell et al. reported that the effect of smoking on redcellindices was different in male than in female adolescents 15%. This suggestshat estrogen levels may play a role in the efec of xenobiotics on regcell
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® indices. Taken together, the evidence suggests that the associationbetweenPFOA and enihrocyte indices was not mediated by the PFOA associchanges in testosterone, bur may have bean mediated in part by changes inestradiol.

Thyroid hormone was associated with changes in HGB and MCV, Adecreasedavailabilty of thyroxin (T4) to myxedma levels produces a milgmacrocyicanemia in humars. The increased cell volume is de to alterations inlipigdeposition in erythrocyte membranes that occurs during inefiectiveerythropoiesis,'¥%. TSH confounded the association betwoen PFOA and Moy. Decrease in Tgcould explain some of the increasa in MCV and TSH. However, PFOAappeared10 have an independant and opposite efect on MCV. Therefore, theassociationbetween PFOA and changes in red cel incices was probably not related tochanges in thyroid function.

The immune system effects associated with PFOA present a complex picture,As expected, smokinghad a strong effect on leukocyte counts, Smokingmodified the association between call count and PFOA for toral lymphocytes,o eosinophils, platelets and basophils. Howaver, smoking did not modify theestimated PFOA efact on WBC, PMN, band count, or monocyte coun, Alcoholmodified the association batwaen PFOA and cell count for WEG, PMN, andlymphocyte count. Adiposity modified the association betwen PFOA andmphocyts count, monocyte count, and platelet count. Taken together, thispreliminary data suggests that PFOA is associated with changes in peripheralyleukocyte counts. The negative association with lymphocyte count is consistantvith the lymphocytes effects obssrved in primate studies, PFOA could modulatecell counts by altering the effects of smoking, aicohol consumption, and adiposityon peripheral leukocyte counts.

The magritude of the WBC and PMN associations were not clinically significantfrom an infectious disease perspective. Increased WEG fe Positively associatedwith mortally trom al causes, cardiovascular diseases, cancer and myocardialinfarction 61168. is unclear if the alteration in WBC 1s consequence of, or thecause of, ongoing pathological processes. Judgment as to the clinical relevanceofthe PFOA associated changes in WBC must await furtherStudy.®
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|
o Adiposity modified the association between call-count and PFOA for monocytes.Aleshol and cigarette consumption were independent determinants in the presentstudy. Monocyte counts have been reported to be low in massively obeseindividuals 1%. The biological basis for these effects are not len.Theanate and joint effects of adiposity and PFOA on monocyte coun mayahitul area for future research,

In the present study, the complex relationships between lymphocyte count,PROA, alcohol use, cigarette use, and body mass may have pass the resut ofihe ditrential effect on Tcell subsets. In order to clay theseassociations,specific subsets need to bo measured. The association of lymphocyte subsetsin disease endpoints have yet 0 be clarified. The interpretation of theobserved association requires further research,

Smoking was negatively associated with basophil cour, As PFOA levelincreased, the smoking effect was diminished. Taylor of a), reported an increasein blood basophils in smokers comparedto nonsmokers 17°. Water et al, stugied! Smokers and nonsmokers and found that acute smoking causes degranuiationo , andloss of basophils. However, chronic smoking Is associated wy an elevatedI basophil court. 1774, No attempt was mace to prohibit subjects from smokingprior to the time of blood sampling. The negative association obsarved in this| Study may reflect recent smoking by participants priorto blood drawing. Theapparent recuciion in the degranuiatig effect of smoking suggests that PFOAmay interact with the basophil degranulation process,
Exposure to PFOA may be associated with changes in immune function beyondsana changes in cal number. The avid oxygen binding by PFCs mayatter theefectivaness of peroridatic kiling by PMN, Cytoking signaling is important in{mmune function and could be attered by PFOA exposure 175. The response toantgen binding depends upon rearrangement of membrane Proteins. Changesinthe membrane physical characteristics prociucod by the potent surfactantction of PFOA couldalte immune responses. More rasweres is needed in therea of POA immunotoxiciy. The findings of the present Study nesd to beconfimed. Lymphocyte could be immuncphenotyped using well established fiow
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® cytometry methods 176.177, The grangany immunotoxicologic assessment definesthe National Ticology Program 178 shoud be carried ut for prs.
Smoking has been observed to increase plete number, survival,achesiveness,2eivaion and ag0regaton when exposed 1o ADP 15184. AcheghvenmcsmayChange a5 & 165ul of he fects of smoking on nonesterified tary aie;(NEFA),Smoking increases NEFA wich may compet wih PFOA for paces membranepag ses, Such competion could aath smoking associated mepenrinPlatelet court. This hypothesized mechanism could bo tested by in ypeodelng of platelet function in the presence of NEFA and PROX. rsreskenship basen obesty and istelt court has nt been wll tes, Evnas een report 10 bo negatively associated with platelet count 1. spaonarian fr ti ofc isnot cea, but may be elated o changes in mae25ceciatad wh obesity. Thus, tre affect macfcation of te POR apesbySmoking and obesity may hava resulted from a common sffec on NpsChanges in platelet count hava bean associated with re forcardiovascular. disease 1817. Direct and inciract mechanisms have aor, hypothesized for the; Sbservad incraass in disease occurance. Thus, PFOA assomaray changes in® | platelet count maybo a marker for increased cardiovascular disease risk.Further study of potential effects of PFOA on patelet count anc ung are| needed.

4.1.6TotalFluorine

i Smoking and total serum fluorine ware weakdy associated in paricipants. The| sted estimate for the diferanc in moan fucrine between ameyeand' Sores was small (0.1 pom) and probably not of bilogial signeance,meking intensitywas not significantly correlated with totes sep fuorine levels.is unlikely that smoking atfecs the pharmacokinetics of sop fuoring orPFOA. tis uniikey that smoking was a primary routs for absorption of PFOA,
Exposure reduction oes not need awat the resus of aure studies. In. recat 18Moval 19m axposura results in th reversal ofthe mareshepatici emtorees 10 PFOA 8. Intervention  recuce the PFOA body sumsene oyj eapiyees would prevent any potential acherse efecs nthe an.Theeduction of exposure i especially important since PFOA nag unusually long° |
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bilogical halife. 4 significant recuction in body burden wil require years ofo rine per,
£17MethodologicalConsiderations

| 5.171SelectionBias

| Given the occupational stucy seting, the voluntary paricipation, ang thepequiements fo blood sample collection the overall participation was, unespecadly high. Past medical screening programs at Chemolte hagparicipation rates of 60% 10 70%. The prasant study's paricpationrate| £xcoedad 80%. Given the high participation, non-response bias iy fikely to besmall

| Selaction bias is an important validity issu for CT0sS sectional studies 189, Onlyactive Chemical Division workers wers included in this. study. Workers notincluded may have had a diferent raspons pattem than those who wereincluded. If continued employment depended on response 1s Xposure and thepapas was ass0citad with the endpoint of inorast, then seloction biasmay® tvs occured. A ising of he presentsuc was that PFOA was asstih decraasod 60 tastostorone and incraased estradiol, If workers who hadigh suscepibilty o the effect of PFOA changed jobs, then the overal slope of} the dose response curve could be underestimated. - Conversely, if workers withf low testosterone associated with PFOA changed jobs loss. often, then the overall| ose response curve may bo overestimated. Migration out of th high exposureJobs s unikely to bs the resultofsubclinical changes in hormone levels. Allcumant Chemical Division employees who worked in high exposure jobs over the, 125tve yoars waro included in the sample. Many workers Who had beenemployed in the igh exposure jobs, but who changed jobs were included asparticipants. The vast majority of workers who hag significant exposure over theprevious ive years would be included in the stugy sample as the tum-over rate inChemolte employees was low (three percent per, Year) and the study inciuded allCument employees with appropriate job histories. Selection bias is not a likelyexplanation for the incings in this stucy,

°
-210

gi
€03393



® 5.1.22 formation Bias
No worker was unexposad. The lowest potential exposure group had significantlylovated loves ol otal serum fluorine. In view of this, he cbserved effacs mayrepresent an underestimate of the true effect,

Tetal sarum fluorine was used as a surogate variable or PFOA exposure, Theusa of total serum fluorine has been validated in past biological monitoring in theChemolte Plant and othe plant using PFOA ®. Direct measurement of PEOU5i0 ga chromatographic techriquas have bean highly correlated wih tote)Serum fuerine in Chamoite workers. Approximately S0%oftotal sarum flgrinein Ghamaiito workars was reported to be inthe form of PFOA. 12, Trg validity ofusing this surrogate measure was not directly assessed in the currant stdy due |{o cost. Small amounts of PFCs ther than PFOA may hav boen prasant nserum. The halt-ifo of PFC compounds is directly related to molecular weight,Compounds with six or less carbon backbones are likely to ba rapidly exerasegbyexhalation 1°. Short chain PFCs are unlikely to contribute appreciably to totalserum fluorine. Longer chain PFC, such as perfluorodacanoic acid (PFDA), are® not produced at Chemolite. The high toxicity of PFDA excludes it fromcommercial applications &3.77.75. 101.182, |gngar chain PFC areunlikelyto be asignificant componentoftotal serum fluorine. Other organic fluorinecomainingcompounds exist in biological systems and the environment. However, the smamounts absorbed from the environment i the form of drugs or lant productsare rapidly metabolized and excreted 19". Inorganic fluorine was not a largeconstituent ofthe total fluorine levels. Serum onic fluorine levels in the 1.5 pomrange are associated with death in unintentional occupational exposures 192,Total serum fluorine is a good surrogate measure for PFOA in his cohort,
The coefficient of variation for otal serum fucring was 66%, The repeatability ofthe assay was better at total serum fluorine lovels above five PPM. At the lowend of the spectrum (< 1 ppm), where the assay is limited by sensitivity, the totalSerum fluorine values may overestimate the rue value. These measurement“vor are likely 10 ead to an underestimate of the effect of PFOA on thephysiologic endpoints.
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® Commercial PFOA is a complex mixure of isomers and refated compounds 39,is clear tha structural retated compouncs such as valproic ace, exonexif for ceniai isomeric forms, but no thers 14-18 1 i wicely recognizedihat diferent drug enantomers have diferent pharmacokinetic angpharmacodynamic properies *'. Thus diferent isomers of PFOA may haveGiterent toicies. If ce isomer of PFOA is associated with toicty, ran tneuseottota serum fluorine or total PFOA loves could have produced an uncer.estimate of the rye srangth o association. Howaver, in animal studiesusingSaint chain PFOA, the spectrum of oxiies issimilarto thos observedSues using mixed isomar of PFOA 9.30.8. 84 Funtnar research i nosgey ©clarify the role of PFOA isomers.

The toxeokinaic of PFOA in humans are ifrant from thos observed inodants. Extrapolatng the sua distribution of PFOA from animals to humansPe nora valid. No cata eist on the relationship between serum ang iasgPFOA distibution or body burden in humans. The uso of serum lovely tofxraplata to the concartratons at the sito of PFOA action may have beninappropriate. Obtaiing pharmacokinetic cata i humans or appropriate animal® models is an important area for future rassarch efforts,
The temporal variabilty of physiologic paramaters is recognized, Theultrarician,Greadtan, and citcannual varabityofthe suc endpointswas notassesseddirectly. Instead, biood sampleswere drawn atthe same time of day, on theSam shit for all participants. One sample was drawn fo estimate meanoeeeter values. Considerable measurement oor is inharont in ths procedurei for hormones with short puisatie intorvals such as LH, FSH, angtestosterone,: Hower, studies have shown that one sample is as good as throes samples instimaling mean values 1%. The use of a single sample to estimatemeanHomans lava produced random measurement error and would be expected toMenate the observed rolationships. Mean serum valuss of theassayedHomanes may no reprsent the biologically important quanitey atthe site ofaction.

Validaion studies o self-reported smoking statu, using biochemical markers46h 2s exhaled carbon monoxide, serum and urine thiocyanate, anaserum°
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® thiocyanate, have shown that smokers underreport their smoking 196 Smoking isassociated with changes in physiologic parameters such as hematological counts197199, cholesterol 2%, lipoproteins 2-252, and hepatic enzymes 48. Thestrength and direction of the association betweon sallreported smoking! information and these parameters can ba used to indirectly assess the validity ofthe smoking information 299,

| In his study, smoking status and intansity was strongly and significantlyi associated with laukocyte count, band court, sosinophil count, platelet coun,and monocyte court. As expected, smoking intensity was negatively associated| with basophil count,

No participant réported drinking mora than 3 ounces of alcohol per day. Thismay reflect the company’s success in discouraging heavy alcohol consumption inemployess, a reporting bias, or the fact that heavy drinkers may not be able tocontinue employment due to the demands of Chemical Division jobs.

Aleohol consumption is associated with changes in physiologic parameters sucho as hepatic enzymes 2% erythrocyte mean corpuscular volume, triglycerides, andhigh dansiy ipoprotein '44. As with smoking, the strength and direction of theassociation between self-reported alcohol consumption information and these- -parameters can be used to indirectly assess the validity of the alcoholinformation. Increased serum HDL is associated with moderate alcohol intake144.205.2%, The expected relationship between alcohol intake and HDL wascbserved in this study in individuals with low PFOA levels. As expected, therevas a positive association between alcoho intake and triglycerides. Alcohol hasa direct toxic effect upon erythrocyte size, maturation, and number 207.208 Thespecificity of MV is 30% in identifying alcoholics from social drinkers with apostive predictive value of 6% 2%. In the present ‘study alcohol consumption of| 1 103 drinks perdaywas associated with an increase in MGVof the same orer; 2s reported previously 2%, Alcohol induces GGT. The sensitivity of GGT ini detecting alcohol use varies from 52% 0 94%. GGT is highly non-specific foraleshol consumption or for hepatic abnormaliies "4-210, Heavy drinkingof two10 fe drinks per day over one week or mare are necessary to induce GGT 146,2%. GGT may be the only commonly assayed hepatic enzyme to increase with° Tas
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heavy inking. A significant positive association between GGT andself-reportag® Sr8 vas Share. Toe sesence of cn essonnsnamisclassificatonofaiconol use was unlikely to produce a bias large enough toexplain the observed associations.

Alohal use was weakly associated with hepatic transaminases. SGOT angSGPT are less sensitive indicators of alcohol use than GGT. alcohol inducedliver disease, SGOT may be slightly elevated and SGPT rtp changed. SGPTnas been shown to decrease in some cases of alcohal induced Iver disease 211,Considering the relationship known to exist between alcohol use, SGOT angSGPT ite alcohol associated changs in transaminases would be expected.The observed weak association is not an unexpected finding and thereforeprobably does not reflect misciassification of alcohol use,
Nonrespondents to the alcohol item were different than respondents. They werelreated as a separate group in the analysis since the differance could not beexplained by mezsured covariates. Afthough the power of the study isdiminished by treating alcohol information as a nominal categorical variable, the® potential for bias was reduced,

5.1.2.3ConfoundingBias.

Information on the duration of employment i exposed jobs was not collected.Plant records did not contain sufficient information to reconstruct exposures morethan ive years in the past. The duration of exposure may be an importantdeterminant of PFOA effect. Duration of employment may be related to PFOAlevel sinca PFOA has the potential for bioaccumulation, The duration of2XPosure may hava bean a confounder for peptide hormonal endpoints in this.Suudy. In rodents, stercid hormonal and hepatic anzyme etfacts of PFOAXPASLIe occurafter two weeks of exposure, whereas Peptide hormonal effectsmay requite longer exposures '. Leydig call tumors may require a considerablefength of exposure or latency to dovelop 122,
Thera are many compounds in complex androgen-estrogen system. Tha presantstudy measured only a fow of them. Other biologically important steroidPY
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o hemanes includ corisol, ancrostenedione, dihyarospianarostsnadionssultate(OHEAS). estrone, estriol, estrogenic catachals. and dihycrotssiostarane (OH).total estrogen index or estrogen o tesostarone ratio (E/T) may bg marsimporant than assays of individual compounds 212, Sex hormone bindingglobulin (SHBG). a major determinant of the estrogen to testostorons balance atthe tissue lovel 25, was not assayed. More research is neoded 10 clarity thepotential role ofthese hormones as confounders of the observedassociations,
The reatonstip for bound testosterone may have bean confounded by steroidhormone binding globulin (SHBG). Sex hormone binding globuin fo ar importantdeterminant oftotostorone and estraol loves in cifarent issugs ae well asIneir metabolism 1. Plasma SHGB lovals aro positively associated uly,i rogers and negatively associated with androgens 2, Thyroid hommanelevels; fect SHBG 21. Tha ratios of astral to tstostaron and testostarns to DHT| may be regulated by SHBG levels 213, The association botween PFOA andbound testosterone may have baen, in par, elated to estradiel ang thyroidhormone changes in SHBG levels. Adult rats do not express SHE #1.Thedecline in total testosterona observed in rats is not the resut of changes in theo | amount or binding characteristic of SHBG. The observed depression of rwz testosterone in men is analogous to changes in total testosterone in rats and isprobably no significantly related to changes in SHG bing,

Major stresses, such as surgical procedures, have been shown to markedlyaffect hormones in men 217, 1 js unlikely that major physical stresseswereosocated with PFOA. Therefore, stress was nota significant cofounder in thepresent study.

Shiftwork has been shown to affect a variety of Physiologic endpoints includingbiochemical parameters, hematologic indices, and hormones 218,Studyparicpants rotated weekly through three shits. Allsampies wers collected onhe day shita east three days post shift change. Given the rotating shifts andTandard day shift sampling, tis unilkely tha shiftwork and PFOAweroS=Sociated. Shifiwrk did not appear to be a significant confounger of theestimated dose response relationships.
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o Several dietary factors are determinants ofthe snapoints considered in thisstudy. The effects of ietary fat and cholesterol on serum lipoproteins and lipics.is widely appreciated 2°. Dietary calories, fat, ang ‘carbohydrates affect steroig.hormones 2% 22%. Diet can ais affect the metabolism of steroid hormones 221.2. Since is unlikely that dit is associated with PFOA, is probably not aconfounding covariate in this study.

Physical activity affects many physiologic parameters including hormones 223,enzymes 24, lipoproteins 209, ang. hematologic indices. For hormones, onlymaximal exercise produced an effect. No effect was noted for submaximalphysical activity. ts unlikely that many participants engaged in maximalPhysical activty. Therefore, in this group, i is unlikely tha physical activity is adeterminant ofthe hormonal endpoints under study. Physical activity may effectHDL levels, but ts unlikely that physica activity was associated with PFOA, ~~Therefore, physical activity was unilkely to be a significant confounder in thisstudy.

Medication usage and diseases such as diabetes melitus are imponanteteminants forsome of the physiologic parameters measured 1 this stugy 199.® "*%. Questionnaire tems concaming medication use ang ‘medicat history wereincomplete and wera not validated. PFOA exposure has not bogn‘associatedwth any medical conditions %. the use of medication or the diagnosisof amedical condition that affects ono of the physiologic andpoint is associated withPFOA expasure, then confounding may occur, Howovar, no such relationshipshave been described,

Inflammatory processes, which are major determinants of WBC, were notassessed in this study. Thers is no evidence that inflammatory processes araelated to total serum fuoring or serum PFOA, Thersfore, these determinants ofleukocyte count are unlikely 10 confound the estimated relationships,
4174AnaivicModelSoecification Bias

The analytic mulivariate approach used inthis Study assumed that a linearmodel with active offocts was an adequate model ith which to summarize the®
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3 data. A normalerrorterm was used. Similar models of physiologic variableso "ave been extensively used in the past and their assumptions tested 225 The[modal form was partial dsfined a prior based on a biological hypothesis, Thechoiceof a final model was based on biological knowledge plus bestpredictivepower. The variable transformations used were not based on a specieDlological mechanism, bust instead reflect the basic form of dose responserelationships observed in nature,

£21990 ChemoiiteMortality Study

£21Introduction

This was a ratrospactive cohort study of mortality in workers employed in aPFOA production plant forgreater than six months during the period fromJanuary 1, 1947 to December 31, 1989. Completeness of the cohonwasassessed from independant sources. Demographic and work history cata werecollected ftom plant records and verified from independent sources.wherepossible. Cohort members were not individually contacted foradditionalinformation on confounding variables such as smoking. Vital statuswas® confimed for 100% of the cohort. Cause of death was obtained fromdeathcentcates for 89.6% of deaths and other sources for 0.4% of death, Cause ofdeath was coded by ICD-8 categories by a nosologist, Reliability of deathcertificate coding was assessed by random resubmission of death certificates forfecoding. The concordance was 100% forthree digit I0D-8 codes,
£22PanticioantCharacteristics

The 749 waman wers observed for 19,309 person-years, had a mean age at firstemployment of 27 years and mean follow-up of 26 years. The number ofiapected events given the age and size of the cohort was smal, Thy study hadimited power to detect moderate increases in cause-specific mortalty.
The 2788 man ware observed for over 70,000 person Years. The mean age atfirst employment was 27 years.the mean langth of follow-up was 25 years and a10 Mean age of death was 56 years. Non-CD men wore order on average than®
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® CD men and had more person-years in the cer age SroupS where monaity wasthe highest. Intemal comparisons were confounded by age as well as other timecorrelated factors such as length of follow-up.

5.2.3 Monaliy Rests

In females, 6.7% were deceased compared to 12.5% in the males. Given thatthe mean age at first employment and mean length of follow-up was similar formales and females, this reflects the expected survival advantage of women,Forboth males and females the Proportion of deaths was smaller in the CD cohort,~ Employment in the Chemical Division did not produce a large survival’ disacvantage.

: The all causes, all cancer, and all cardiovascular montality ameng womenwas| less than expected in the overall cohort. The SMRs Were remarkably stablewhen stratified on ten Year exposure groups, and ten, fifteen, and twenty year| latency periods. The all Causes SMR was .75 in the total cohort, .75 in those! employed for at least ten years or for those employed longer than ten years, and® 75 in all three latency periods. Cardiovascular diseases and cancermonalityfollowed a similarpattern.

In males, the all ‘causes, cardiovascular diseases, all gastrointestinal, and allrespiratory ciseases SMR were significantly less than ane, Thea causes SMRwas .77 using Minnesota mortality rates and .73 using national rates, The lowSMRs are most likelya result of the healthy worker effect (HWE). As‘expected,Ihe cancer SMR is less affectedby tha HWE. Tho all causas Ste wars 75 forall three latency groups. Latency did not have a strong relationship withtheHWE. The all causes SMR was 80 in thegraator than iveyear employmentduration group and .68 in the greater than 20Year employment group. The lowall causes SMR in the greater than 20 year duration 9roup suggests thatworkingfor20 or more years was associated with continued selection based on goodhealth. The all causes SMR decreased with duration of ‘employment in onemeta-analysis of retrospective cohort studies 26 -butincreased in the meta.analysis by Fox and Collier 27,
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The SARS for all causes, al cancer, nd al Cardiovascular diseases for lass tha
o on Years amployment 0 mors than tan yaare employment were not significant

ciferont rom ane. Because the ratas were based on small numbers of ayes,
i he $5% Cl ware wide. Dus 1 the smal mamper of Vents in the females, SRR
| oot not caleulated. Tho SARs ars simiar to the Shing for the less than ten year
| employment and greater than tan year employment groups,

The SARs for CD versus non. male Wes for all causes, all cancer, ang a
cardiovascular diseases ware not significant and were similar to the Sms,

| Working in the CO did not substantial ar the rates of death. The smanumber of everts observedforrare causes of death of specific causes of daar
make 1 unlikely that moderate incraases in args ©2uld be detected in this conor
forthe follow-up period through 138s, pong follow-up time wil be needed toallow sutfciant power to detect moderate increases in rates for specific causes of
death.

| The results from the adjusted RRyg contrasting the mortality rates for gfcauses, al cancer, and all cardiovascular dsoases between CO and non.cpmall Workers wero simiarto thosefor the SA and SMR. Non of RRygy
o Do estimates wero statistical diferent from one, The contrast of ratesDetwean less than ten years of employment and greater than ten years ofemployment presented a difirant picture, Al 258 RRMH were significant,elevated in the oldest two age groups, why the RRMH for cardiovascularliseases was significartly elevated in the 39 101ess than 40 year age group, The

ail cancer RAMH cispiayed a trend towapg 2 statistically significant elevation in
he oldest two groups. The AR were not adjusted for year of firsyemployment. They may have been substantially confounded by changes of
SXPOSUIE over tim since year of irs; employment. As seen in severa) py
regression models, year of first ampioymen; was significantly associated with the
mortatity. After age and length of follow-up, calendar time is tne strongest time
factor associated with monality 8%, Hence, jt is kely that the elevated Rgfor
Somposie categories of cause of dea n he oldest groups werea resun of
hoontrolled confounding by calendar periog, Given the small number of everys
in rata, it was not feasible to fyrney siratity the data on year of irgyemployment.
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® Inthe PH regression analysis, prostate cancer monaity was postively angsignificantly related t time in the Chemical Division. Ten years of employment inhe CD was associated with 2 3 fold increase in prostate cancermonalityCompared omen never employed in the CD. This trend was evident in tne SMRanalysis siratifed by CD and non-CD employment, This association wasindependent of uration of employment and year of first smpioymen, Aeexpected, age at first employment was positively related to prostatecancerronal rate. The interpretation of thi estimated relative rate is tempered by aumber of factors. The estimates wers based on six prostare cancer deaths, fourin ihe CD cohort and wo in the non-CD cohort. Achange of one case couldSiificanty alter the estimates. Ascenainment of all prostate cancer deaths mayhave been incomplete. Diagnosis may have been mora complete in the CDcohar. Given that death certificate cause of ceath information is known 10 beimperiect, misciassifcation of one or more deaths could occur, The use ofmenaly as the evento interest for etiologic studies of prostate cancer is not thebest study endpoint because of the long natural history and low mortality ofprostate cancer. The majorty of incident prostate cancers do not Progress andcause daath 24.225, For localized disease, an 80% tan year survival in untreatedo patients have been reported 22. Studies of prostate cancer. incidence in this| werklorce are needed to cary the suggested increase in prostate cancer risk.Th findings of hormonal alterations in PFOA exposed man suggests a possiblebiologic mechanism for the increase in Prostate cancer mortality 2, Incidencei studies ofothardiseases that are hormonally mediated may bo indicated if thePFOA associated hormonal changes are confirmed,
52.4MethodologicalConsiderations
52.43 Information Bias

The uso of death cartiicates to categorize causs of death imperfect 22238, Tne£26ofthe potential bias depends on the cause of death. In ong studycanceras5 cause of death was underreported by 13% 22, Leukormias ang lymphomaswere underreported in 19% of autopsy confirmed cases. Colorectalcancerswere undarmoported in 12% of cases. Therefore, it appears that cancer daathsere not severely misclassified: All cardiovascular diseases as 5 group may
220
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o have bash inaccurate. Individual disease with the whole may be severelymisclssifcated an may proces large biases. For example, spacitc causes ofdeath in thecardiovascular group, such as cerebrovascular disease, arginaccurately designated on death certificates.

Thves measures of PFOA exposure based on job history were use in thisstugy.First, he coor was dichotomized to thos who ever worked in the Cp,angose who never worked i the CD. Secon, the number of moriths worked theCb unl 1985 was used 25 a continuous parameter for PFOA exposure, Thirg,he total duration of Chemolito employment was used as a contingousparameterforthe eect of work n a plant prociucing PFOA among a large numberofproduc. Each of hese sumogate variables may produce a diferent specuofmisclassification. Categorization of workers ino ever versus never employedinhe OD may na reflec the biological elective cose of PFOA. Many Op jobs doov enti PFOA exposure. A number of workers were employed in the Gp orshon periods in the distant past. Their exposure may not have beon significant,| This categorization may misclassity unexposed workers as exposes,| Conversely, PFOA exposure was widespread among Chemical Divison(cD)® employees working in obs with no exposure to PFOA. No exposuremeasurements have been dons in non-COD employees. Ht is possible that non-Cpemployees had significant boc burdens of PFOA. this was the case, exposedi poners would have been classified as unexposed. Such misciassification megI be expectedto bias the effect estimates toward the nul, The months off mp oyment in the CD was the best availble estima of PFOA dose. Not all GpJobs have PFOA exposure. The miscassifcation procuced byclassifyingTre posed WCIKEr as exposed could have biased the estimate toward the nul,The useof duration of employment at Chemolte as a continuous.exposureParameter is less specifc for PFOA than time in the CD. If anther xenobiotici posure inthe plan has modiated disease occurrenc rates, the use of| curation may produce less misciassifiation than uss of curation in the CD.
£242ConfoundingandSelectionBias

The healhy worker effect strongly affecs the validity of many occupationalSucies 85.23, 1s a complex bias that results, in par, from he selection of
°
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® individuals for employment who are healthier than those in thecomparisonpopulation. The HWE is usually stronger for cardiovascular diseases angrespiratory diseases. Because cardiovascular diseases mortality accounts for asignificant portion of all causes monalty, the HWE usually reduces the allcausesSMR. The age at first employment, age at risk, length of follow-up, ang durationof employment are four time factors that are associated with changes in the HWE1%. Generally, the HWE diminishes with age and time.

Collection of canfounder informationforincivicuals is difficut in retrospectivecohort mortality studies. The present study included workers followed for morethan 40 years. It was not feasible to collect individual information on suchcovariates as smoking, health status, medical history, or dietary habits. Theproportion of workers at Chemolite who smoke has been lower than in otherfaciities owned by the same corporation. In recent health maintenancestudies,the self-reported smoking prevalence (25%) is lower than the Statewide smokingprevalance. The observation that al respiratory diseases and lung cancer ratesare lower than expected may be the result of historically low smoking prevalence.The low smoking prevalence may depress the all causes SMR, all cancerSMR,® and all respiratory disease SMR. The use of intemal comparison groups mayreduce this smoking related bias 27,

‘Time factors such as age at risk, age at first employment,year of first
employment, and duration of employment are associated with the occurrence ofmany diseases 1%. The use of an intemal comparison group may reduce certainselection effects, but may not control confounding if the ‘exposure defined internalcomparison groups have diferent distributions of thesa fime factors, Althoughthe mean age at first employment and mean year of first employment are similarin the CD and non-CD cohorts of men and women, the ‘comparisons of the ratesofdisease are confounded by differences in the distribution of age at risk. Thesetime factors are strongly correlated, with some being exactlinearcombinations ofothers. The relationship between measures of exposure and disease occurrencemay be complex functions of these inter-related time factors. Adjustment for time| factors may reduce the effects of confounding, but may not control confounding| 4 1 the disease occurrence relationship is defined in terme of cumulative
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o 6XpOSLIS. he 110 effct of exposure may bo bidsad toward the nui byuncontrolledconfounding cus to the complex time factors 185,

Some workers wera exposed to manyotherpotentially disease causingxenobiotics, such as benzene and asbestos, during their employment atChemie. Adjustment fr their fiects was not possible in this study. Even ifinformation was available, exposures ars often highly correlated making theseparation of individual effects impossible.

Comparison of SMRs and RRMH between exposure groups may not bestrictlyvali, Howaver, fhe distribution of the parson time in the comparison groups i: not strongly discorcant, then such a comparison may be useful. In the current| 1d. the person-time distributions are iferent in the exposed groups, However,the differences appearto be of a magnitude that makes useful comparisons ofSMR possible.

® Athaugh the proportional hazard (PH) model has been used raquartly for conortstudies and clinical tials, ft has not been widely used in occupational studies, Inihe past, has been suggested that Poisson regressionwas the analytic srategyof choice because computational costs were less and the conceptualization ofthe model straight forward, However, PH models are now easily un withStandard computer packages 1%. Their wide application in cincal rials andcohort studies has fostered the understanding of the PH models. Poissonmodels appear less frequently in the erature and may not be as wellunderstood. Poison regression and PH models have theoretical lnks and havebeen shown to give similar results when used to analyze the same data set 189,Cox PH regression was chosen as the multivariate model to employ In tisway.The vali of the proportional hazards assumptions was examine using theWo standard techniques. The assumptions did not appear to be grossly violated.However, in analyses involving a small number of events, the assesementof thevaidity of assumptions may be limited. The use of the factors as continuousvanables was based on lack of statistical evidence for a significant nonlinear
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o | effect. Although this strategy has been widely used for control of confounding, ithas not been extensively validated in simulation studies.
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® £.SUMMARYCONCIUSIONSANDRECOMMENDATIONS

This was a cross-sectional study of selected physiologic effects of PFOA, asquantified by total serum fluorine. Participants were recruited from workers
employed during November 1890 in the Chemical Division of the 3M Chemolite:Plant in Cottage Grove, Minnesota. All current workers who were employed inhigh exposure jobsa any time during the previous five years and an age
matched sample of workers employed in low exposure jobs were invited to
panicipate.

Panicipants completed a corporate medical history questionnaire and hadvitalparameters measured by an occupational health nurse. Blood was Grawn forassays of total serum fluorine, seven hormones involved in the hypothalamic.pituftary-gonadal axis, serum lipids, lipoproteins, hepatic function parameters,
and hematology indices. Blood was drawn in the moming ater workers were
assigned 10 the day shift for at least threedays.

® In past studies, the majority of total serum fluorine found in Chemolite workers
was in the form of PFOA. Thus, total serum fluorine is avalid sumogate measure
of PFOA in Chemolite employees. For 93% of workers, total serum fluorine
levels were 20 times greater than ‘community and corporate background levels.
Findings in the current study are consistent with other data suggesting that PFOAhas a long biological haltife in both men and women. The long halt-ife of PFOAmay result in significant bioaccumulation from small frequent dosas or large,
infrequent doses.

The hormonal findings from this study are consistent with the hypothesis thatPFOA depresses the human hypothalamic-pituitary-gonadal axis. The resultsshow that low levels of serum PFOA (204M) depressed free testosteroneandelevated estradiol with little observed change in LH levels. In older men, freetestosterone was depressed below 9 ng/dl at serum fluorine levels belowonePPM (estimated PFOA levels below 1 HM).
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® Mean prolactin levels were Positively associated with PFOA in moderate drinkers,but not in light drinkers. Since the function of prolactin in men Is uncertain, thecinical significance of this fining is unciear,
Mean thyroid stimulating hormone was Positively associated with PFOA. Sinceperipheral thyroid hormone levels were not assayed, it was not Possible to1 assess whether he obsarved assaciaion between PFOA and TSH was the resultof a direct effect on thehypothalamus, pituitary, thyroid gland, orperipherali thyroid hormone metabolism.

| Cholesterol, triglycerides, and LDL wera nt significantly associated with PFOA.PFOA was negatively associated with HDL in moderate drinkers.

| PFOA was not associated with the marked hepatic changes in humans that have¥ been observed in rodents. PFOA appeared to alter thehepatic response to| endogenous factors and xenobiotics.

PFOA was significantly associated with hemoglobin levels, MCV, and MCH. The® estimated changes in erythrocytes are not of clinical significance over therangeof observed total serum fluorine.

The changes in laukocyte counts associated with PFOA exposure presented acomplex picurs. For example, the negative association between PFOA andlymphocytes was increased by smoking more than 10 cigarettes per day anddecreased by alcohol use and adiposity. The magnitude of theseassociationsare not clinically significant from an infectious disease perspective, However,' elevated WBC has been associated with increased all causes, cardiovascularciseases, and cancer mortality as well as increased incidence of myocardialinfarction.

1990

This was a retrospective cohort study of mortality in workers employed in a PFOAKg Production plant. All causes monality in both male and female Chemolite: employees were significantly less than expected based on comparisons to theo
226
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o | morality experience of the Minnesota and United States population. The SMRsfor several other causes of death including al respiratory diseases were less thanexpected. Since the haalthy worker effect was apparently strong in theChemolits cohor, intemal comparisons of SMRs were made between ChemicalDivision (CD) and non-Chermical Division (non-CD) employees. Thesecomparisons did not suggest any significant excesses in mortality in CD or non-CD employees.

Genarally, the findings from this study provide no evidance that employment atChemie results in elevated moralty rates from any cause. However, prostate‘cancer monality may be associated with langth of employment in the Chemical. Division. Ten years of employment in the CD was associated with a significantthrea fold increase in prostatecancer mortality. There was no associationbetween prostate cancer morality and employment (ever/never) in the ChemicalDivision. Given the smal number of deaths from prostate cancer in his studyand the natural history of the disease, the association between employment in| the CD and prostate cancer must be viewed as hypothesis generating and should' not be over interpreted. However, the biological plausibility for any associationo between CD employment and prostate canceris increased by animal and humantoxicological data suggesting an association between PFOA and steroid sex.hormone changes.

£.3Conclusion

Perfluoraoctancic acid was associated with reproductive hormonal changes inexposed workers. The clinical significance of these findings are unknown, Theassociations of PFOA with hormones, HDL, hematology parameters, prostatecancer monalty in men indicates the needforfurther research,

8.4Recommendations.

Research is needed in five areas.
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1. An assessment of the hormonal effect of PFOA In women is needed, A cross.® sectional study should be conducted using specific assays for PFOA ang‘accounting for temporal hormonal variations.

2 The cinical significance of the associations of PFOA with the physiologic: parameters need clarification. Since morbidity from diseases such as prostatecancer is reflected in moray, an update ofthe retrospective morality study isi needed in five years. Morbidity studies should be conducted of ncipoints that| may be procuced by hormonal changes. Since exposed workers are olativalyi young and are limited in number, the feasible endpoints for a short term morbictystudy ars limited. Pooling of workers from a number of plants could increase thenumber of exposed workers and allow endpoints with lower incidence to bestudied. The morbidity study should be a long term which would allow the studyof endpoints that occur at higher frequency inolder age groups. In men,endpoints shoud include the incidence of benign prostatic hypertrophy andi prostate cancer. The feasibility of including inflammatory bowel disease andeolorectal cancer as endpoints should also be evaluated. In women, endpoints.should include the age of menopause, the incidence of osteoporosis and relatedfractures, uterine fibroids, and cholsiithiasis. If there are a sufficient number of® avert, endomatrial cancer and inflammatory bows! disease should beevaluated. Ifthe cross-sectional hormonal study in women finds no associationbetween PFOA and hormanas, then the morbidity study can be limited to men, "*
3: Studies of reproductive outcomes in both men and women are needed. Libido,potency, and fertiity are directly associated with steroid hormones levels. Thefeasibly ofa retrospective study of reproductive endpointsor a prospectivestudy of time-to-pregnancy needs to be explored.

4 The mecharisms of acton of PFOA need to be studied concurranty withmorbidity. Mechanistic studies are needed to define the relevance of animalstudies for humans and provide a firm biological basis for the findings of themertality, morbidity, and reproduction studies.

In vito and cell line studies could clarity the mechanisms of action of PFOA onthe pituitary secretion of LH, FSH, TSH, and prolactin. Pituicyte cultures may be
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® holphlin evaluating the irect effec of PFOA pituitary function. The offect ofPFOA on other autocrine or paracrine factors such as TGF-2, TGF-5, FGF, angTNF could also be evaluated. Human adiptocyte cutures could be used tostudyhe efect of PFOA on aromataso activity. Additionally, stucies are neo fo.cary the lationship between PFOA and the temporal variabiy of reproducivehormones.

§: Studies are needed tobatter define the PFOA exposure profis of all workersemployed at Chemalte, to ascertain the sourceof their PFOA exposars anroute of continued absorption and to clarify the toxicokinetics and toxicodynamicsof PFOA in humans.
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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 A4.1.3 ESTRADIOL TO BOUND TESTOSTERONE RATIO(EB)BY BODY MASS INDEX. AGE, SMOKING AND DRINKING STATUS1990 PERFLUGROCHEMICAL EFFECTS STUDY,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
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TE ESTRADIOL TO LUTENZING HORMONE RATIO (E11o BY BODY MASS INDEX. AGE. SMOKING AND DRINKING SA.1980PERFLUOROCHEMICAL EFFECTS STUDY,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
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® TABLE A4.1.6 BOUND TESTOSTERONE Jo LUTENIZING HORMONE RATIO
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TABLE A4.1.12 ESTRADIOL TO THYROID STIMULATING HORMONERATIO(E/TSH) BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS1990 PERFLUOROCHEMICAL EFFECTS STUDY,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
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TABLE A4.1.13 THYROID STIMULATING HORMONE TO
® FOLLICLE STIMULATING HORMONE RATIO(TSH/FSH)
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TABLE A4.1.15 BOUND TESTOSTERONE TO FOLLICLE STIMULATINGo HORMONE RATIO (TB/FSH)
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TABLE A4.1.16 ESTRADIOL TO FOLLICLE STIMULATING HORMONE RATIO(E/FSH) BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS1930 PERFLUOROCHEMICAL EFFECTS STUDY,3M CHEMOLITE PLANT, COTTAGE GROVE, MINNESOTA
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TABLE A4.1.18 FREE TESTOSTERONE TO PROLACTIN RATIO (TF/P)o BY BODY MASS INDEX, AGE, SMOKING AND DRINKING STATUS1980 PERFLUOROCHEMICAL EFFECTS STUDY.
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TABLE AL1.13 BOUND TESTOSTERONE TO PROLACTIN RATIO (Tare)® BY BODY MASS INDEX. AGE, SMOKING AND DRINKING STATUS.1990 PERFLUOROCHEMICAL EFFECTSSTUDY,
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TALEhes HORMONE aoTALTp PASORIDE:FREE STERONE/THYROID LATING HORMON (TF/TSH)
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0) P-value

Intercept 14.51 87 0001
Total Fluorine(ppm)* ~.002 0009 02
Alcohol #

low (<1oz/day) 22 20 27
nonresponse (NR) 56 33 09Age (years) 001 009 88BMI (kg/m?) 01 02 £5 :Cigareties/day 01 007 20

Cigs/day X Fluorine2** "0003 0001 0005
Estradiol (pg/mi) 01 008 07
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