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Attachments To April 21, 2000 Letter to C. Auer from W. Weppner

(Medical Surveillance and Epidemiology)

FinalReports

1. AnEpidemiologic Investigation ofClinical Chemistries, Hematology and Hormones in
Relation to Serum LevelsofPerfluorooctanesulfonate in Male Fluorochemical
Production Employees. [Included is a 3M reportofmedical surveillance data. Also

included is a published paper from this 3M report.)

2. Fluorochemical Exposure (Serum) Assessment of (3M) Decatur Chemical and Film
Plant Employees. [Includedare a 3M study protocol and report.]

3. Mortality StudyofEmployees at 3M Plant in Decatur, Alabama [Includedis a
UniversityofMinnesota final report.]

4. Determination of Serum Fluorochemical Levels in Sumitomo 3M Employees
[Included are a 3M study protocol and final report.]

5. AnalysisofSelected Decatur Employee Serum for Sulfonic and Carboxylic
Fluorochemicals [Included is a 3M technical report.]

6. Fluorochemical Control Study [Included is a 3M reportofmedical surveillance data.]

7. Working Memorandum on Data Quality Assessment [Included is a Battelle
Laboratory memorandum regarding the mean and rangeofperfluorooctanesulfonate sera
sample data collected by 3M from current and historical human populations.)
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: Corporate Health Physics 3M Center 220-202
Corporate Occupational Medicine PO Box 33220
Comm de Seon 5,BlMN51830020 D
3M Medical Department

3M An Epidemiologic Investigation of Clinical Chemistries, Hematology and Hormones
in Relation to Serum Levels of Perfluorooctane Sulfonate in Male Fluorochemical
Production Employees

Following reportsofthe findingof organic fluorine in sera samples, a fluorochemical

medical surveillance program began at 3M's Decatur manufacturing facility in the late

1970's. The surveillance program has generally consistedofannual or biannual tests of

clinical chemistries, pulmonary function, blood counts and a biomonitor of

fluorochemical exposure. A total organic fluorine measurement was routinely done until

1993. This measures the amount of fluorine that was covalently bound to carbon in the

serum sample. When test data were available, a company physician reviewed each

employee's results. These physicians did not, and have not, found abnormalities in

individuals that they felt were related to fluorochemical exposure. That is, medical

conditions, medications and lifestyle factors adequately explained the laboratory.

‘abnormalities (which one expects to find in this typeofprogram.)

Beginning in 1994, the 3M Decatur (Alabama) plant medical surveillance program

incorporated a serum measurementofperfluorooctane sulfonate (PFOS) and

perfluorooctanoate (PFOA). Total organic fluorine was not measured. A formal report

was writtenofthe aggregate analyses conductedofthe medical surveillance clinical

program data for the Decatur (Alabama) and Antwerp (Belgium) employees who

voluntarily participated in 1994, 1995 and 1997. The findings from this aggregate
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analysis suggested that, among these participating Antwerp and Decatur male

fluorochemical production employees, significant hematological, clinical chemistry and

hormonal abnormalities were not associated with serum PFOS levels up to 6 ppm. It was

not possible to derive inferences from the few employees with serum PFOS levels > 6

ppm. Limitationsof this study include its cross-sectional design, the voluntary

‘participation rates, the few subjects exposed at the highest levels, and the lower levels of

serum PFOS measured among these employees compared to those estimated to cause

effects in laboratory animals. Resultsof the hepatic and lipid clinical chemistry tests

‘were published in the JournalofOccupationalandEnvironmental Medicine

(199941:799-806). In the Springof2000, medical surveillance will again be offered to

3M fluorochemical production employees at the Antwerp and Decatur manufacturing

sites.
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ABSTRACT

3M manufactures products which contain chemical compounds, either as

intentional components or residual impurities, that have as a parent molecule,

perfluorooctane sulfonyl fluoride. These chemicals include: perfluorooctane sulfonate

(PFOS), N-ethyl perfluorooctanesulfonamide, N-ethyl perfluorooctanesulfonamido

ethanol, N-methyl perfluoroctanesulfonamido ethanol and chemicals derived from it, and

the mixture of mono-, di- and tri [N-ethyl perfluorooctane sulfonamidoethyl] phosphates.

‘There may be other precursors in the workplace. These molecules enter a number of

product applications (e.g., surfactants, food packaging additives, polymers). These

compounds may be expected to transform metabolically, to an undetermined degree, to

PFOS as an end-stage metabolite. Potassium perfluorooctane sulfonate (CsF170SO:K")

is, itself, a surfactant used as a wetting and foaming agent in industrial and commercial

processes.

‘Subchronic studies in rats and primates suggest there may be a potential for

cumulative toxicity with PFOS over time with the primary effect related to metabolic

wasting. Although the mechanism of toxicity is not fully understood, toxicity may be

due 0 an effect on peroxisome proliferation, fatty acid metabolism, membrane function,

protein synthesis and/or mitochondrial bioenergetics.

Medical surveillance has been routinely performed on 3M fluorochemical

production workers (in Decatur, Alabama and Antwerp, Belgium) with potential exposure:

to PFOSand/orto perfluorinated precursors that may metabolically degrade to PFOS.

‘The purpose of this study was to provide an analysis of the hematology (hematocrit,

hemoglobin, redbloodcells, white blood cells and platelet count), clinical chemistries.
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(alkaline phosphatase, gamma glutamyl transferase, aspartate aminotransferase, alanine

aminotransferase, total and direct bilirubin, blood urea nitrogen, creatinine, glucose,

cholesterol, low density lipoproteins, high density lipoproteins and triglycerides) and

hormonal parameters (cortisol, dehydroepiandrosterone sulfate, estradiol, follicle

stimulating hormone, 17-alpha hydroxyprogesterone, luteinizing hormone, prolactin, sex

hormone binding globulin, free testosterone, bound testosterone, and thyroid stimulating

hormone) in relation to serum PFOS as determined by high performance liquid

chromatography mass spectrometry methods. These relationships were assessed in

fluorochemical production employees from two time periods, 1995 (N = 178) and 1997

(N= 149).

Descriptive simple and stratified analyses, Pearson correlation coefficients,

analysis of variance and multivariable regression wereusedto evaluate for possible

associations between PFOS and each hematological and clinical chemistry test and

hormonal assay. ~ Age, body mass index, current alcohol consumption (drinks per day)

and cigarette use (cigarettes smoked per day) were potential confounding factors that

were considered in the analyses. Multivariable regression models were fitted with PFOS

analyzed as a continuous variable using linear as well as non-linear transformations in

order to maximize the possibility of finding associations between PFOS and the

parametersofinterest.

Four categorizations of serum PFOS levels were assessed in relation to the

response variables: 0 - < 1 ppm | - <3 ppm; 3 - <6 ppm: and 2 6 ppm. In 1995, mean

serum PFOS levels by category were 0.49 ppm, 1.82 ppm, 4.12 ppm and 8.17 ppm,

respectively. In 1997, mean serum PFOS levels by category were 0.52 ppm, 1.78 ppm,
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3.87 ppm and 7.20 ppm, respectively. For both years, 95 percent of the employees’

serum PFO levels were below 6 ppm. Although the two plant populations differed by

age, body mass index and alcohol consumption, no consistent associations, by both plant

locations and year, were observed between the clinical chemistries, hematology and

hormone parameters and the employees’ serum PFOS levels.

‘The findings from this study suggest that, among these Antwerp and Decatur male

fluorochemical production employees, significant hematological, clinical chemistry and

hormonal abnormalities are not associated with serum PFOS levels up to 6 ppm. It is not

possible to derive inferences from the few employees with serum PFOS levels 2 6 ppm.

Limitations of this study include its cross-sectional design, the voluntary participation

rates, the few subjects exposed at the highest levels, and the lower levels of serum PFOS

measured among these employees compared to those that caused effects in laboratory

animals.
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INTRODUCTION

3M manufactures products which contain chemical compounds, cither as

intentional components or residual impurities, that have as a parent molecule,

perfluorooctane sulfonyl fluoride. These chemicals include: perfluorooctane sulfonate

(PFOS), N-cthyl perfluorooctanesulfonamide, N-ethyl perfluorooctanesulfonamido

ethanol, N-methyl perfluoroctanesulfonamido ethanol and chemicals derived from it, and

the mixture of mono-, di- and tri [N-ethyl perfluorooctane sulfonamidoethyl] phosphates.

‘There may be other precursors in the workplace. These molecules entera number of

product applications (e.g., surfactants, food packaging additives, polymers). These

compounds can be expected to be transformed metabolically, to an undetermined degree,

10 PFOS as an end-stage metabolite [Gibson et al., 1983]. Potassium perfluorooctane

sulfonate (CsFi7OSO;K") is, itself, a surfactant used as a wetting and foaming agent in

industrial and commercial processes.

Potassium perfluorooctane sulfonate is readily absorbed by ingestion [Johnson

and Ober, 1979; O'Malley and Ebbens, 1980]. Ninety five percentof a single oral dose

of [!C] PFOS administered to male rats was absorbed within 24 hours [Johnson and

Ober, 1979].

After a single, 24-hour occluded dermal exposure to PFOS at a dose of 5000

mg/kg, total serum organic fluorine concentrations were 10.3 and 0.9 ppm for male and

female albino rabbits, respectively [O'Malley and Ebbens, 1980]. Twenty eight days

after dosing, total serum organic fluorine concentrations had risen to 130.2 and 128.0

‘ppm for male and female albino rabbits, respectively. On the other hand, no quantifiable
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organic fluorine could be detected 28 days after a single, 24 hour occluded dermal

exposure to a 0.06% solution of PFOS in water at doses of 0, 0.003, 0.06, and 0.3 mg.

PFOS solution/kg, respectively, to 3 male and 3 female albino rabbits per dose group

(Glaza, 1995].

Once in the body, PFOS concentrates primarily in the liver of rats [Johnson et al.,

1979]. Eighty-nine days aftera single intravenous dose (mean 4.2 mg/kg) of

radiolabeled PFOS, mean tissue concentrations (ig PFOS equivaleng tissue) were:

liver, 20.56; plasma, 2.21; kidney, 1.09; lung, 1.06; spleen, 0.51; bone marrow, 0.46; red

blood cells, 0.45; adrenals, 0.41; testes, 0.36: skin, 0.35; muscle, 0.29; subcutaneous fat,

0.20; eye, 0.16; abdominal fat, < 0.08; and brain, <0.05. Johnson et al. [1979] observed

that 30.2 percent of the dose 89 days after administration had been excreted in the urine

and 12.6 percent in the feces. Analyses of the urine, feces and tissues have suggested

that PFOS is not metabolized (Johnson et a., 1984]. The plasma half-life was calculated

tobe 7.5 days aftera single oral dose of radiolabeled PFOS (mean dose, 4.2 mg/kg) in

solution to three male rats [Johnson and Ober, 1979).

‘There appears to be significant enterohepatic circulation of POS with both

urinary and fecal excretion (Johnson et al., 1979; 1980; 1984]. Tn male rats,

cholestyramine administered in the feed decreased the retention of radiolabeled PFOS in

liver, plasma, and red blood cells, 3.8, 7.7 and 6.0 fold, respectively, and increased its

elimination via feces 9.5 fold after the rats were given intravenous radiolabeled PFOS

(mean dose, 3.4 mg/kg) [Johnson et al., 1980; 1984]. There was a lower clearance rate

of "Cin the urine compared to control animals because of the increased rate of fecal

elimination. Cholestyramine is a bile acid sequestrant that acts by binding bile acids in
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the intestinal tract. This reduces bile acid resorption and its retum to the liver. Decreased

flow of bile acids in the enterohepatic circulation results in increased conversion of

hepatic cholesterol into bile acids. This results in adecline in hepatic cholesterol

concentration and the stimulation of low density lipoprotein (LDL) receptor synthesis,

which subsequently produces a decline in serum LDL cholesterol levels.

Upon acute exposure, PFOS was moderately toxic by oral administration (Gabriel,

1976; Dean et al., 1978; Rusch and Rinehart, 1979], but not dermal [O'Malley and

Ebbens, 1980]. There have been two acute oral toxicity studies reported (Gabriel, 1976;

Dean etal., 1978]. In the more recent study POS was suspended in a 20% acetone/80%

com oil mixture and administered orally by gavage levels to 5 male and $ female rats per

group at the following dosages: 100, 215, 464 and 1000 mg/kg [Dean et al., 1978).

Animals were observed for 14 days. The acute oral LDS0 values (95% confidence limits

in parentheses) were male rats, 233 (160 - 339) mg/kg; female rats 271 (200 -369) mg/kg:

combined male and female rats; 251 (199 - 318) mg/kg. Clinical signs included diarrhea,

hypoactivity, decreased limb tone, ataxia, comeal opacity, ptosis, piloerection, prostration

and tremors. In the previous study, PFOS was administered in water and the LDS0 in the

rat was determined to be 1.25 - 2.50 g/kg (Gabriel, 1976]. Gabriel's results appear to be:

inconsistent with subsequent toxicity studies.

In an acute inhalation toxicity study [Rusch and Rinehart, 1979), a series of one-

hour inhalation exposures in rats at exposure concentrations of PFOS at 24.09, 7.05, 6.49,

4.88, 2.86, 1.89 and 0.0 mg/L produced 100 percent mortality at the highest level and

partial mortality (10 - 80%) at all other PFOS levels. Observations included dyspnea,

tremors, convulsions, hypersensitivity, hypoactivity, excessive salivation and lacrimation
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and general poor condition. The LCS0 was determined to be 5.2 mg/L (95% Cl = 4.4 -

6.4 mg/L).

PFOS has been shown to be a potent inducer of hepatic peroxisomes and fatty

acid beta-oxidation in the rat [Ikeda et al, 1987) and mouse [Sohlenius et al., 1993].

After feeding male rats for two weeks with a powdered chow containing 0.02% PFOS,

hepatic catalase, fatty acyl-CoA, camitine acetyl transferase and camitine palmitoyl

transferase increased by 1.74, 4.90, 6.84 and 1.69 fold, respectively, compared to control

animals [Tkeda et al, 1987). PFOS also induced cytochrome P-450 activity. Male mice

administered perfluorooctane sulfonic acid at a concentration of 0.05% weight/weight in

the diet for S days resulted in weight loss and increased peroxisomal fatty acid beta-

oxidation, peroxisomal catalase activity, Q-hydroxylation of lauric acid, cytosolic

epoxide hydrolase activity and cytosolic DT-diaphorase activity [Sohlenius et al., 1993].

Haughom and Spydevold [1992] fed 0.02% perfluorooctane sulfonic acid in the

dict for 7 - 14 days to male Wistar rats which resulted in increased liver weight, liver

triacylglycerol, liver free cholesterol and decreased liver cholesterol ester as well as

decreased serum cholesterol and triacylglycerol levels. There was reduced cholesterol

synthesis from acetate, pyruvate and hydroxymethyl glutarate but no reduction in

synthesis from mevalonic acid in the hepatocytes from the treated rats. The activity of

liver hydroxymethyl glutaric acid-Co-A reductase (HMG-CoA) and acyl-CoA cholesterol

acyltransferase (ACAT) was reduced. Haughom and Spydevold [1992] suggested that the

hypolipidemic effect of perfluorooctane sulfonic acid may be due to downregulation of

HMG-CoA reductase and ACAT with enhanced fatty acid oxidation in the liver. This

would subsequently reduce very low density lipoprotein (VLDL) production by the liver.
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Recently, Nabbefeld et al. [1998] tested the hypothesis that PFOS and other

fluorocompounds may act as peroxisome proliferators by displacing fatty acids from liver

fatty acid binding protein (L-FABP). 10 uM PFOS caused a66 percent reduction of the

fluorescently labeled fatty acid analog 11-(S-dimethylaminonapthalenesulfphony))-

undecanoic acid from L-FABP in vitro. Comparable results were observed for bovine

serum albumin. These findings demonsirated that PFOS has a high affinity for fatty acid

carrie proteins and can displace the endogenous ligand.

Results from three subchronic studies have been reported [Goldenthal et al.,

19784; 1978b; 1979]. PFOS was fed in the diet of Charles River CD rats at0 (control),

30, 100, 300, 1,000 and 3,000 ppm for90 days [Goldenthal et al., 19784]. At the 300,

1,000 and 3,000 ppm dosage level, all rat diedpriorto scheduled termination. Toxicity

signs included emaciation, convulsions, ocular and anogenital discharges, increased

sensitivity to extemal stimuli and reduced motor activity. Histopathology showed

compound-related lesions which included hepatic hypertrophy and necrosis, thymic and

splenic follicular atrophy, bone marrow hypocellulaity and atrophy of mesenteric lymph

nodes, small intestinal vill and skeletal muscle. Among the 100 ppm dose group there

was weight loss, elevated plasma creatinine phosphokinase, alkaline phosphatase, blood

glucose and blood urea nitrogen, decreased hemoglobin, hematocrit, erythrocyte and

leukocyte counts, hepatic enlargement and necrosis, and stomach discoloration and

hemorrhage. Among the 30 ppm dose group there was weight loss, clevated plasma

glutamate-pyruvate transaminase and plasma glutamate oxalacetate transaminase, and

liver discoloration.
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Ina subchronic (90 day) study [Goldenthal et al, 1979], two male and two female

hesus monkeys per group received 0 (control), 10, 30, 100 and 300 mg/kg/day of PFOS

by oral gavage. ~All animals (except controls) died within 20 days and timing was related

to dosage. Monkeys treated with 300 mg/kg/day died between the second and fourth day.

Monkeys treated with 100 mg/kg/day died between the 3 and 5 day. Monkeys treated

at 30 mg/kg/day died between the 7" and 10” day and those treated at 10 mg/kg/day died

between the 11 and 20 day of the study. Signs of toxicity at each dosage level were

comparable and included anorexia, diarrhea, decreased activity, emesis, weight loss,

marked weakness, prostration, and general body tremors. There were no consistent

histopathologic changes with exposure. Adrenal changes, including congestion,

hemorrhage and lipid depletion of the adrenal cortex, were observed in all dose groups.

An additional subchronic rhesus monkey study was subsequently initiated at much

lower dosages [Goldenthal, 1978b). PFOS was administered by oral gavage to two male

and two female monkeys at dosages of 0, 0.5,1.5 or 4.5 mg/kg/day for 90 days. Animals

treated at the 4.5 mg/kg/day dosage level died or were sacrificed in extremis by the

seventh week with signs of gastrointestinal toxicity comparable to those observed in the

previous rhesus monkey study by Goldenthal et al. [1978al. Also, in the 4.5 mg/kg/day

dose group, mean serum cholesterol levels declined from 183 mg/100 mi 0 99 within 30

days. SGOT increased from 36 0 95 wl and alkaline phosphatase decreased from 1088 to

590 ul. SGPT remained unchanged. Histopathology showed compound-related

‘marked diffuse lipid depletion of the adrenals as well a diffuse atrophy of the pancreatic

exocrine cells. Animals inthe 0.5 mg/kg/day and 1.5 mg/kg/day dosage groups survived

0 the end of the study. Occasional diarrhea, anorexia and emesis were observed. There
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was a decrease in serum alkaline phosphatase and inorganic phosphate in the 1.5

mg/kg/day group and a slight decrease in alkaline phosphatase in the 0.5 mg/kg/day group

at the end of 90 days. Histopathology was unremarkable in both dosage groups.

Ao observable adverse effect level (NOAEL) was not identified from any of the

above three subchronic (90 day) studies. The results from these three subchronic studies

suggest there may be a potential for cumulative toxicity over time with the primary toxic

effect related to metabolic wasting. This may be due to an effect on peroxisome

proliferation, fatty acid metabolism, membrane function, protein synthesis and/or

‘mitochondrial bioenergetics.

To date, there are no data regarding the chronic toxicity and carcinogenicity of

PFOS. PFOS was not observed to be mutagenic in several Salmonella typhimurium

strains with or without metabolic activation [Jagannath and Brusic, 1978]. PFOS was

negative in an in vivo mouse bone marrow micronucleus assay [Murli, 1996].

‘There have been two teratology studies conducted with PFOS. Oral

administration, via com oil, of PFOS at doses of 0, 1, 5 and 10 mg/kg/day to pregnant rats

during days 6 - 15 of gestation resulted in fetuses with what was initiallyreportedas

teratogenic changes in the eye. (Gortner et al., 1980]. These fetal lens abnormalities

were subsequently interpreted to be artifacts of the tissue sectioning process. Matemal

body weights in the high dose group were significantly reduced but no significant

treatment-related teratogenic or embryotoxic effects were reported. In the second

teratology study, PFOS was administered in com oil by oral gavage to groups of 25

pregnant rats on days 6 - 15 of gestation at doses of 0, 1,5 and 10 mg/kg/day [Wetzel et

al., 1983]. Matemal body weights and food consumption at 5 and 10 mg/kg/day were
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significantly reduced comparedto the control animals. Two female rats in the high dose.

group died before day 20. Clinical signs in surviving dams included hunching, thinness,

alopecia, rough haircoat and anorexia. Treatment-related effects, primarily occurring in

the high dose group, included increase resorptions and fetal death, decreased fetal body

weight, delayed skeletal ossification, cleft palate, subcutaneous edema and

eryptorchidism,

During the past 15 to 20 years there have been several endeavors designed to

ascertain the health and exposure status of workers involved with fluorochemical

production at the company’s Decatur, Alabama and Antwerp, Belgium plants. Medical

surveillance has been routinely conducted of fluorochemical production workers at both

plants. Medical surveillance activities analyzed for total serum organic fluorine levels

until themid-1990's when serum PFOS determination, quantifiable by liquid

chromatography mass spectrometry, became incorporated in the biennial medical

surveillance examinations. However, we are aware of one occasion in 1979 where the

serumof 5 Decatur employees was measured for PFOS by electron capture gas

chromatograph and microwave plasma detection methods [Central Analytical Laboratory,

1979). Total serum organic fluorine levels for these five employees were 10.1, 5.7, 9.4,

11.8 and 4.1 ppm. The percent of PFOS found was 60%, 70%, 80%, 55% and 65% of

the total serum organic fluorine levels, respectively. In 1981, selected clinical

chemistries and hematology values of Decatur employees in the chemical plant were

compared to those results of employees in the adjacent 3M film plant (Roach, 1982;

‘Schuman, 1982]. There were no significant correlation coefficients between total serum

organic fluorine and gamma glutamyl transferase, serum glutamic oxaloacetic
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transaminase, serum glutamic pyruvic transaminase, alkaline phosphatase, cholesterol,

hemoglobin or red blood counts. However, this analysis was limited in scope (no dose

response analysis), did not analyze specifically for PFOS, and did not account for several

potential confounding factors. Another research initiative into the health status of

Decatur employees wasaretrospective cohort mortality study (1961 - 1991) conducted of

former and current employees who had worked at least one year at the Decatur plant

[Mandel and Johnson, 1995). Vital status was determined for 99.7% of the 1,957 cohort

‘members who had worked in the chemical and film plants. A total of 74 deaths were

identified compared to 117.7 expected (U.S. rates). Among male employees who had

worked only in the Decatur chemical plant, there were 32 deaths compared to 44.1

expected. There were no specific causes of death that had significantly elevated

standardized mortality ratios. Because of its more recent construction in the 1970's,

there has not been a retrospective cohort mortality study conducted of employees at the

Antwerp plant.

‘The purpose of this report is to provide an aggregate analysis of the

hematological, clinical chemistry and hormonal parameters, as measured in the medical

surveillance examinations of Antwerp and Decatur employees in two separate time.

periods, in relation to the workers” serum PFOS levels. Although female employees also

participated in these medical surveillance examinations, their actual numbers were too

few to provide meaningful statistical analysis.

METHODS

PFOS Production

Page 13 001083



PFOS production began in Antwerp in 1976 and in Decatur in 1961. In general,

perfluorinated chemicals are produced via an electrochemical process: a solution of

organic substrate is electrolyzed in anhydrous hydrogen fluoride ata low voltage (Simons

and Bryce, 1954). Basically, the products of this electrolysis cell reaction are highly

fluorinated compounds with the end-product defined by the starting material. Products

‘manufactured at these two plants include: Scotchgard™ brand fiber, leather and carpet

protector; Light Water™ brand aqueous film forming foam (AFF); Scotchban™ paper

treatment; Kel-F™ brand plastic and Fluorel™ brand elastomers.

Subject Selection

General medical surveillance occurs biennially for employees at both of these.

plants. Participation is voluntary with approximately 100 Antwerp and 250 Decatur

employees eligible for surveillance. A total of 88 Antwerp employees participated in the

medical surveillance examinations in the Spring, 1995 and 90 Decatur employees

participated in the Fall, 1994. In the Fall of 1997, a total of 149 employees (Antwerp =

65: Decatur= 84) participated in medical surveillance examinations. For purposes of

brevity, these time periods will be referred to as 1995 and 1997. Altogether, 61

employees participated in both examination years (1995 and 1997). This lower number

was due 0 a large tumoverofemployees at both plant locations during 1996-1997. For

ach time period the surveillance consisted ofa medical questionnaire, measurement of

height, weight and blood pressure, standard clinical chemistry and hematology tests, and

determination of serum PFOS levels.
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In 1995, several hormones were also analyzed for male employees who were

judgeda priori to have had likely PFOS exposure (ic., those working in or in the

immediate vicinity of the PFOS production arca). Of the 88 Antwerp employees, 50 had

hormone measurements. Of the 90 Decatur employees, 38 underwent hormone

measurements.

PFOS Analysis

In 1995 the analysis for serum PFOS was conducted by 3M'S Environmental

Technology Services in St. Paul, Minnesota. The method used tetrabutylammonium to

ion-pair with PFOS in serum. The ion-pairs were then extracted with ethyl acetate. The

abstraction product was then analyzed using high performance liquid chromatography-

thermospray mass spectrometry [Johnson et al, 1996]. In 1997 the serum samples were

analyzed by TurbolonSpray liquid chromatography/mass spectrometry using selected ion

monitoring in the negative ion mode by Advanced Bioanalytical Services, Inc. [Anderson

etal, 1997a; 1997b]. The lower limit of quantitation was 0.1 g/mL for PFOS.

Laboratory Analyses

For both time periods, the United Laboratory Services (St. Paul, Minnesota)

performed the standard hematological and clinical chemistry tests. These included the

following hematological tests: hematocrit (percent), hemoglobin (gm/dl), red blood cells

(RBC, 1000/mm’), white blood cells (WBC, 1000/ mm’) and platelet count (1000/

mm’); and the following clinical chemistry tests: alkaline phosphatase (IU/L), gamma

glutamy transferase (GGT. IU/L), aspartate aminotransferase (AST, IU/L) formerly
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known as serum glutamic oxaloacetic acid (SGOT), alanine aminotransferase (ALT,

IU/L) formerly known as serum glutamic oxaloacetic transaminase (SGPT), total and

direct bilirubin (mg/d), blood urea nitrogen (BUN, mg/dl), serum creatinine (mg/dl),

glucose (mg/dl), cholesterol (mg/dl), high density cholesterol (HDL, mg/dl) and

triglycerides (mg/dl). Low density lipoprotein (mg/dl) was calculated as the following:

LDL = [cholesterol - HDL - (tryglycerides/s)].

Eleven hormones were assayed in 1995: cortisol, dihydroepiandrosterone sulfate

(DHEAS), estradiol, follicle stimulating hormone (FSH), 17 alphahydroxyprogesterone

(17-HP), free testosterone, total testosterone, luteinizing hormone (LH), prolactin,

thyroid stimulating hormone (TSH) and sex hormone binding globulin (SHBG). All but

SHBG (Endocrine Science Reference Laboratory, Tarzana, CA) were analyzed at the

University of Minnesota’s Endocrinology Laboratory.

Cortisol was assayed using a fluorescence polarization immunoassay (Abbott

TDx). Radioimmunoassays (RIA) were used for DHEAS (Pantex), estradiol (modified

Pantex), 17-HP (modified CIS) and total testosterone (Diagnostic Product Corp. Coat-A

Count). Free testosterone was determined using equilibrium dialysis. LH, FSH and

prolactin were assayed using a microparticle enzyme immunoassay (Abbott Imx). TSH

‘was determined using a chemiluminescence immunometric assay (Nichols). SHBG was.

assessed via a radioimmunoassay after chromatographic sample purification (Endocrine

Science Reference Laboratory). Bound testosterone was calculated as total testosterone

less free testosterone.

Data Analysis

Page 16 001086



Descriptive simple and stratified analyses, Pearson correlation coefficients,

ANOVA and ordinary multivariable regression were used to evaluate associations

between PFOS and cach hematological and clinical chemistry test and hormonal assay.

Age, body mass index, current alcohol consumption (drinks per day) and cigarette use

(cigarettes smoked per day) were potential confounding factors that were considered in

the analyses. For stratified analyses, employees were divided into four PFOS categories:

0-1ppm, 1 - <3 ppm, 3 - <6 ppm and > 6 ppm in order to determineifan effect existed

at the highest serum PFOS levels. Other categorical cutoff points were also used which

provided similar results. For multivariable regression analyses, PFOS and the potential

confounders of age, body mass index (BMD), alcohol use and cigarette use were examined

as continuous explanatory variables in the models. Multivariable regression models were

fitted with PFOS analyzed as a continuous variable using linear as well as non-linear

transformations (quadratic, square, square root and inverse) in order to maximize the

possibility of finding associations between PFOS and the dependent variableof interest.

Linear and nonlinear relationships were examined by residual diagnostics using

studentized and Cook's distance values. Natural log transformations of the dependent

variables were performed, when necessary, to normalize variables and to enhance model

fit. Traditional stepwise selection procedures were also employed (selection in and out

of model was set at p = 0.1) as well as taking into account other covariants thatmaybe on

the biologic pathway of effect [Greenland 1989). We did not examine changes in

measured PFOS between the two time periods because the estimated half-life of PFOS is

atleast two years. Study results were analyzed using the SAS System [1990].
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Analyses are presented by plant, year and the three major groups of participants:

all employees who participated in each year (1995: N = 178; 1997: N = 149); only those

employees (N = 61) who participated in both years; and only those employees (N = 88)

who participated in the hormone measurements in 1995.

RESULTS

‘The distribution of employees, by serum PFOS exposure categorization, is

presented in Table 1. Whereas 20 percent of the Decatur employees had exposures at > 3

ppm for both years, this proportion in Antwerp went from 25 percent in 1995 to 13

percent in 1997. For both years 95 percent of the measured serum PFOS levels were

below 6 ppm. There were no PFOS measurements > 6 ppm in Antwerp in 1997.

‘The overall mean values of PFOS, demographic, serum chemistry and

hematological parameters for both locations, as well as each location separately, are

presented in Tables 2 and 3, respectively. In particular, the Antwerp male employee

population was significantly younger than Decatur, had lower body mass indices and

higher self-reported daily consumption of alcohol. In addition, theirclinical profiles

were also different for several tests. The Antwerp employees had lower mean alkaline

phosphatase, creatinine, glucose and triglyceride values and higher total bilirubin, HDL

and hematocrit values.

Presented inTable 4 are the Pearson correlation coefficients between PFOS and

the selected parametersofinterest by both locations combined, each location separately,

and by year of examination. In 1995, variables that were significantly (p <.05)

correlated with PFOS for both locations combined included total bilirubin, white blood
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cells and platelets. Although creatinine was not significantly correlated when both

locations were examined, it was negatively correlated with PFOS in Antwerp but

positively correlated in Decatur. In 1997, variables that were significantly correlated

with PFOS for both locations combined were BMI ALT, direct bilirubin, cholesterol,

LDL and hematocrit. In addition, GGT and triglycerides were significantly positively

correlated with PFOS among only Antwerp employees.

Provided in Table 5 are the mean, median, standard deviation and range of the

covariates and the clinical chemistries and hematological parameters by four levels of

PFOS categorization (0-< I, 1 -<3,3 <6 and>6 ppm) for both years. Several

observations are noteworthy. First, the mean for the > 6 ppm PFOS category was one

order of magnitude higher than the lowest PFOS category (0 - < I ppm) for both years.

Also, the means of the four PFOS categories were significantly different from each other.

Second, the youngest employees had the lowest serum levels of PFOS. Third, there was

only one variable, total bilirubin, which had significant (p < 05) Ftests for differences in

‘means in both years of analysis. Besides total bilirubin, the onlyother variable in which

the mean of the higher levels of PFOS exposure (3 - < 6 ppm or > 6 ppm) was

significantly different from the lowest category level of PFOS exposure (0- < 1 ppm) was

for WBC's in 1995. This was not observed in 1997. The lowest mean platelet count was

observed at the highest PFOS exposure category in both years although the mean platelet

counts by PFOS categories were not significantly different from each other.

Provided in the next two tables are the mean, median, standard deviation and

range of the covariates and the clinical chemistries and hematological parameters by the

four levels of PFOS categorization for each plant for 1995 (Table 6) and 1997 (Table 7).
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In 1995 (Table 6) in Antwerp only, alcohol consumption was associated with higher

PFOS levels. Mean serum creatinine levels declined in Antwerp but increased in Decatur

employees. Antwerp employees in the 3 - < 6 ppm PFOS category smoked more

cigarettes and had higher WBC levels. In 1997, Antwerp employees in the lowest PFOS

exposure category were significantly younger than their counterparts. Antwerp

employees in the higher PFOS category levels had higher mean alcohol consumption

levels. Mean cholesterol, LDL and triglyceride levels trended upwards by PFOS

exposure categories for Antwerp employees.

Linear and nonlinear relationships between PFOS and the dependent variables of

interest, taking into account the potential confounding affects of age, BMI, alcohol and

cigarettes, resulted in numerous analyses. For purposes of brevity, linear regression

models are presented in Table 8 which show the effect that the parameter of interest,

PFOS, has on the various dependent variables, adjusted for age, body mass index, alcohol

and cigarette use. These covariates were analyzed as continuous variables. In the case of

serum creatinine and total bilirubin, a quadratic (PFOS + PFOS?) analysis provided the

best statistical model of the data adjusted for the four potential confounders. The natural

log transformation of total bilirubin, GGT and glucose provided the best fit for these

response variables. PFOS was significantly associated (p <.10) in both years for only

one clinical parameter: total bilirubin. PFOS was associated in one of the two years for

the following variables: direct bilirubin, creatinine, cholesterol, LDL, HDL, hematocrit,

hemoglobin and platelet count

‘Those variables that were observed to be associated in at least one year in the

regression models in Table § are separated by plant location and year in Table 9. After
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separate analyses by employee population, only two variables, total bilirubin and HDL,

remained significantly (negatively) associated with PFOS for at least one plant location

for both time periods. Total bilirubin showed a significant negative association with

PFOS (quadratic relation) for employees at the Decatur plant in both years. There were

no significant associations among the Antwerp population between PFOS and total

bilirubin. HDL was significantly negatively associated with PFOS in Antwerp in both

1995 and 1997 but was not significantly associated with PFOS in Decatur in either year.

As for inconsistent associations observed in Table 8, direct bilirubin was not significantly

associated with PFOS in either plant location (Table 9). The quadratic association for

PFOS with creatinine was observed in Antwerp in 1995 and Decatur in 1997 but not in

Antwerp in 1997 or Decatur in 1995. Cholesterol (and LDL) was observed to be

positively associated with PFOS only in Decatur in 1997. Hematocrit and hemoglobin

were associated with PFOS only in Decatur in 1997. Platelet counts were observed to

be significantly negatively associated with PFOS only in Decatur in 1995.

Traditional stepwise regression modeling techniques were also used as well as

testing models with variables that would be considered on the biological pathway of

effect for any dependent variable. The associations (or lack thereof) from these analyses

were similar to what has been presented in Tables 8 and 9. For purposes of brevity these

analyses are not shown.

To further understand the association between total bilirubin and PFOS, scatter

plots are presented for both time periods and by location in Appendix A. In addition,

unconjugated bilirubin was also calculated (total bilirubin -direct) and these scatter plots

are presented in Appendix B. Table 10 is a summary of these scatter plots from both
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Appendices. The strongest associations appeared to be quadratic in nature primarily for

the Decatur location and the percent of variability explained ranged between 3 (1995

data) and 7 percent (1997 data). The linear component of the quadratic was negative in

direction. The upward trend appeared to occur around 6 ppm PFOS where the data are:

sparse. These simple linear and quadratic models were not influenced byany one

employee according to residual diagnostics.

To further understand the possible association between HDL and PFOS, scatter

plots are presented for both times and by location in Appendix C. Both locations

combined resulted in significant negative linear and nonlinear (quadratic) associations in

1995 although the percent of variability explained in these models ranged between 3 and

5 percent. No significant associations were observed for each plant location in 1995.

‘There were no significant negative associations between HDL and PFOS in 1997 for

cither the combined locationsoreach separate plant ste.

Provided in Tables 11 through 14 are the analyses restricted to the 61 employees

who participated in surveillance in both years. Table 11 provides the mean values for

ach parameter for the employees who participated in both exams compared to those who

participated in only one of the two years. Overall, there were few differences. The

mean age of the 61 employees was lower than that of the 1995 employees who didn’t

participate in 1997. Conversely, the mean age of the 61 employees was higher than that

of the 1997 employees who didn’t participate in 1995. Cholesterol and LDL were

significantly higher in the 61 participants in 1997. Tables 12 and 13 present the mean

values by plant location for 1995 and 1997, respectively. Of these 61 employees, 27 were

from Antwerp and 34 from Decatur. OF noteworthy importance are the differences
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between the 27 Antwerp employees and their fellow employees in 1997 (Table 13). The

27 Antwerp employees had significantly higher mean PFOS exposures, were

significantly older, had greater BMI's and higher cholesterol values. Multivariable:

regression analyses for the 61 employees are presented in Table 14. The only significant

association with PFOS appeared to be with serum creatinine (quadratic) in 1995.

Regardless of plant location, mean PFOS levels were higher for those employees

who were selected for hormone measurements in 1995 (Table 15). This was expected as

these employees were selected with the a priori belief that their serum measurements.

would be higher due to their workplace experience. For example, of the 42 employees

in 1995 whose serum PFOS levels were > 3 ppm, 76% had hormone measurements.

Presented in Table 16are the mean values for PFOS, demographic, serum

chemistries and hematology for those employees who had hormone measurements

comparedto those employees who did not in 1995. Those employees who had hormone

‘measurements were younger, higher users of alcohol (Antwerp only) and cigarettes (both

locations). and had lower serum creatinine (Antwerp only) and higher WBC levels (both

locations). The latter observation is confounded by cigarette smoking as among non-

smokers, those selected for hormone measurements had a mean WBC of 6.24 compared

106.03 for non-selected employees (p =.36). Among smokers, those selected had a mean

‘WBC of 8.69 compared to 8.06 for non-selected employees (p = 23). ~ All other clinical

parameters were comparable, by PFOS exposure categories, between subjects who had

hormone measurements and those who did not in 1995 (Tables 17 and 18).

‘The Pearson correlation coefficients between PFOS and the hormones tested

‘among the 88 employees were the following: cortisol (07), DHEAS (-.13), estradiol
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(09), FSH (06), 17-hydroxyprogesterone (-04), LH (03), prolactin (06), SHBG (11),

free testosterone (-.06), bound testosterone (.06), TSH (01). None were statistically

significant.

Presented in Table 19 are the mean, median, standard deviation and range of the.

various hormones by the four PFOS categories: 0- <I ppm, 1 - <3 ppm, 3 - <6 ppm and

26 ppm. Several observations are noteworthy. First, the mean age of the lowest PFOS

exposure category was 10 years less than that of the highest exposure category. Therefore

it was not unexpected to observe that the mean DHEAS, 17-HP, free testosterone and

bound testosterone levels of this lowest exposure category were greater than the means of

the higher PFOS exposure categorizations. Adjusting for the differences in age (as well

as the other three potential confounders) in the regression models (Table 20) resulted in

no significant associations between PFOS and the hormones analyzed, except for

estradiol. With estradiol, a quadratic model provided the best fit of the data and both

PFOS terms were significant. Upon residual diagnostics it was determined tht this

estradiol model was influenced by one specific employee (employee A). The influence of

employee A is best seen in Figures 1 and 2 which are simple scatter plots of both the

linear and quadratic fits of estradiol and PFOS, with and without employee A,

respectively. Employee A had a 12.83 ppm serum level of PFOS which was the highest

value recorded in 1995. His estradiol value was 92 pg/dl (see upper right hand comer of

Figure 1). Employee's A estradiol value was also influenced by the fact that his body

mass index was 33 kg/m’. Exclusion of this employee resulted in a nonsignificant

quadratic equation. The variability (R?) of the data explained went from 7.6 percent to 2.1

percent upon exclusion ofthis employee. The slope of the linear equation changed from
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positive to negative although it was nonsignificant in both Figures 1 and 2. Finally, it

should be noted that the estradiol models in Table 20, with and without employee A, did

predict the known positive assocation between estradiol and body mass index.

DISCUSSION

We conducted two cross-sectional analyses of surveillance data to examine the

associations between serum PFOS levels and several hematological, clinical chemistry

and hormonal parameters in male fluorochemical production employees. For both years,

95 percent of the measured serum PFOS levels were below 6 ppm. Because the Antwerp

and Decatur employees were dissimilar by age, body mass indices and self-reported

alcohol use, we conducted combined as well as separate analyses by plant location.

These three demographic differences likely explainwhy the Antwerp employees had

lower mean serum levels of alkaline phosphatase, HDL, triglycerides and blood glucose

[Davern and Scharschmidt, 1993; Lewis, 1994; Friedman, 1998; Fu, 1998; Wolf, 1998].

In the present study, alkaline phosphatase, GGT, AST and ALT values were not

significantly associated with the measured serum PFOS levels. This was an apriori

question due to the fact that PFOS: 1) is a peroxisome proliferator in the rat (Ikeda et al.,

1987; Sohlenius et al, 1993]; 2) resulted in slight to marked increases in plasma

‘glutamic oxalacetic and pryuvic transaminase levels in a 90 day study of rats fed diets

‘which contained PFOS at 100 ppm along with hypertrophy and liver necrosis observed at

histopathology [Goldenthal, 19784}; and 3) increased SGOT and decreased alkaline:

phosphatase levels in monkeys after administration, by oral gavage, for 30 days of doses.

of 4.5 mg/kg/day of PFOS [Goldenthal, 1978b]. On the other hand, SGPT values
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remained constant and no histopathologic abnormalities were noted in the livers of these.

‘monkeys which died by the 7" week of the study. No significant liver enzymatic or

histopathology changes occurred in monkeys in the 0.5 and 1.5 mg/kg/day dose groups.

We did observe a quadratic association with total bilirubin among only the

Decatur employees. We do not suspect this is a biological association because the

bilirubin levels were within the normal reference range. Also, the percent variability

explained of total bilirubin by PFOS in the regression models was low. The Antwerp

employees’ total bilirubin levels weresignificantlyhigher than the Decatur

employees'levels. We offer several possible explanations for this observation. First, we

suspect there may be a greater prevalence of Gilberts syndrome [Lidofsky and

Scharschmidt, 1993; Friedman, 1998] among the Antwerp employees. In 1995, 15 (17%)

Antwerp employees had total bilirubin values > 1.2 mg/dl compared to 3 (3%) Decatur

employees’ levels. In 1997, there were 9 (15%) Antwerp and 2 (29%) Decatur

employees with total bilirubin values > 1.2 mg/dl. However, there was not a

‘concomitant decline in bilirubin conjugation (i.., direct bilirubin levels) as might be

expected among individuals diagnosed with Gilbert's syndrome. Nevertheless, exclusion

of these possible Gilbert's syndrome employees still resulted in higher mean total

bilirubin values among the Antwerp employees in both years. Secondly, there were four

Antwerp employees who self-reported hepatitis A histories and one employee self-

reported a history of Hepatitis B. Fish and shellfish consumption is likely much greater in

Antwerp than Decatur due to its vicinity near the North Atlantic. Third, bilirubin is a

tetrapyrrole that is an end-product of heme degradation [Lidofsky and Scharschmidt,

1993]. Bilirubin levels may be increased due to disorders of bilirubin metabolism, liver
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disease and obstruction of the bile ducts. Other hematological and clinical chemistry

results did not suggest these conditions existed among the Decatur employees. Fourth,

post-collection procedures may result in error. Total bilirubin determination may be

falsely depressedif hemolysis is present because of increased absorbence in the blank

[Kaplan and Pesce, 1984). Bilirubin is also sensitive to and destroyed by light and heat.

We are uncertain whether these factors could have contributed to the lower total bilirubin

levels in the Decatur samples in both years. Finally, the linear component of the

‘quadratic association observed among Decatur employees is negative in direction in

relation with their measured PFOS levels. That is, total bilirubin levels declined with

increasing PFOS levels. We would expect a positive association if PFOS impaired

bilirubin conjugation. The trend upwards in the quadratic appears to occur at levels 6 ppm

and higher where the data are sparse. We conclude that the association observed among

only the Decatur employees is unlikely to be related to serum levels of PFOS.

We did observe a positive association between serum PFOS and serum cholesterol

levels in the 1997 time period forDecatur employees. This result is unlikely to have a

biological explanation as PFO is a known peroxisome proliferator in the rat and was

shown to have hypolipidemic properties in thesus monkeys (Ikeda et al. 1987; Sohlenius

etal., 1993; Goldenthal 1978b; 1979]. Rhesus monkeys fed PFOSat 4.5 mg/kg in their

chow had serum cholesterol values reduced from 183 mg/L to 99 mg/L within 30 days.

Rhesus monkeys fed 1.5 mg/kg in the chow had cholesterol levels reduced from 195

mg/kg to 111 mg/kg within 90 days [Goldenthal 1978b). As for HDL, although the

multivariable analyses were suggestiveof a negative association between HDL and PFOS
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in Antwerp (but not Decatur), the scatter plots presented in Appendix C do not support

the notion of a biological association between PFOS and HDL.

It should be noted that total organic fluorine levels, primarily consisting of

perfluorooctanoic acid (PFOA, C:FisCOO'), aseven carbon perfluorinated carboxylic

acid, were reported to reduce the effect that alcohol has on HDL levels among higher

exposed male PFOA production workers in Cottage Grove, Minnesota [Gilliland and

Mandel, 1995). However, this finding was not observed in subsequent analyses of these

employees (Olsen et al, unpublished findings). This observation by Gilliland and

Mandel was testable in the present study as both Antwerp and Decatur employees had

measurable quantities of PFOA. We did not observe a significant negative modulation of

the effect of alcohol consumption on HDL levels among Antwerp and Decatur employees

with higher serum PFOA levels although their serum levels were approximately 3 to 5-

fold less, on average, than that reported in Cottage Grove employees [Olsen et al, 1998],

‘The Antwerp and Decatur employees were exposed to PFOA, not in its actual production,

but rather in its use as a surfactant in the production of fluoropolymers. In 1995 the

mean serum PFOA level among the Antwerp and Decatur employees combined was 1.46

ppm (range0 - 13.20 ppm) and in 1997 the mean serum level was 1.57 ppm (range 0.1 -

11.10). Stratified by plant location, the 1995 and 1997 mean serum PFOA levels were

1.19 and 1.78 ppm in the Antwerp employees and 1.72 and 1.40 ppm in the Decatur

employees, respectively.

‘The multivariable regression models showed a negative association between

PFOS and platelet counts at PFOS levels above 6 ppm in 1995 and this trend was also

apparent, although to a lesser extent, in 1997. Nevertheless, platelet levels were well
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within the normal reference range in both time periods. This association is not supported

by a90 day subchronic toxicity study which showed no decline in platelet counts for

monkeys fed 0.5, 1.5 or 4.5 mg/kg for up to 90 days [Goldenthal, 1978b]. Mean platelet

counts among the 1.5 mg/kg/day and 0.5 mg/kg/day dose groups were 226 and 231

(10%cmm) compared to 218 in the control group [Goldenthal, 1978b). There were no

platelet counts reported in the 90 day rat study although at the end of3 months of study

there were slight to moderate decreases in hemoglobin, hematocrit and erythrocyte counts

observed for male and female rats in the 100 ppm dose group [Goldenthal, 19782). No

consistent associations were observed between PFOS and hemoglobin, hematocrit or

RBC values in the present epidemiologic investigation. In a prior subchronic rhesus

monkey study that was aborted early due to all animals died by the 20" day, mean platelet

counts were 203, 219, 136, 172 and 185 for the 300 mg/kg/day, 100 mg/kg/day, 30

‘mg/kg/day, 10 mg/kg/day and control groups, respectively [Goldenthal, 1979].

After controlling for age, a confounder for male testosterone hormone levels [Dali

etal., 1981; Griffin and Wilson, 1994], we observed no significant associations with

serum PFOS measurements. We did observe a quadratic association between estradiol

and PFOS. Upon further examination, this finding was influenced by one particular

employee who had the highest PFOS level but was confounded by the individual's large

body mass index. Exclusion of this employee resulted in nonsignificant findings. Thus,

any interpretation with estradiol is difficult because of the influence this one employee

has on the statistical analyses.

It should be noted that perfluorooctanoic acid (PFOA), at approximately 50- 100

ppm levels in serum, enhances the aromatase conversion of testosterone to estradiol in the
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rat [Cook et al., 1992; Biegel etal., 1995]. However, PFOA production workers in

Cottage Grove with serum levels up 10 30 ppm appeared not to have altered serum

estradiol levels [Olsen et al, 1998]. Again, like HDL, this was a testable hypothesis

among the Antwerp and Decatur employees although their serum PFOA levels were

lower than Cottage Grove employees. We did not observe any significant positive.

association between estradiol and serum PFOA levels in these Antwerp and Decatur

employees.

Several methodological issues should be considered in evaluating the results from

this study. First, the cross-sectional design does not allow fora direct analysis of the

temporality of an association. Second, the voluntary participation rates in medical

surveillance were not ideal as among eligible employees we had 88 and 65 percent

participation in Antwerp for 1995 and 1997, respectively, but only 35t0 40 percent in

Decatur for both years. Third, given the suspected long half-life of PFOS (at least two

years), it maybe conceivable that there may be some biological accommodation to the

effects of PFOS which would minimize the possibilityoffinding an association. Fourth,

itis known in laboratory animals that PFOS concentrates primarily in the liver. Serum

‘measurements of PFOS may not adequately reflect body burden. Fifth, the two cross-

sectional analyses cannot be viewed as independent populations as 61 employees were

studied in both years. This was due, in part, to a large moverof employees at both

plants between examinations. Sixth, there could be measurement error in important

confounding variables. Analysis of the data of the 61 subjects who participated in both

‘years showed that there was excellent correlation for the confounding factors of BMI (r =

92, = 0001), self-reported aspects of alcohol consumption (r = .88, p = 0001) and
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cigarette smoking (r= 79, p = 0001). As expected, these 61 employees” serum PFOS

levels for the two years werehighly correlated (r = 92, p= 0001). Seventh, the quality

of medical surveillance data, prior to its use for studying an a priori hypothesis, can often

be evaluated by whether known positive associations are observed. In this regard, we

observed various expected associations including cigarette smoking and elevated white

blood cell counts and large body mass indices associated with elevated liver transaminase

levels [Olsen ct al, 1991; Bums et al., 1997). Finally, the pulsatile nature of some of the

hormones studied (e.g, FSH, LH, testosterone) has resulted in prior recommendations

that mean hormone measurements should be the result of pooled blood from multiple.

samples taken at short intervals [Goldzieher et al., 1976). In our study multiple samples

were not feasible because of the low probability of employees voluntarily giving three

serum samples over a 45 -60 minute period of time.

In summary, we conducted two cross-sectional analyses and did not observe:

consistent associations by plant locationortime for several hematological parameters,

serum chemistries and reproductive hormones with measured serum PFOS levels in male.

fluorochemical production employees. Ninety-five percent of the employees had serum

PFOS levels below 6 ppm. Our findings suggest that, among these Antwerp and Decatur

male fluorochemical production employees, significant hematological, clinical chemistry

‘and hormonal abnormalities were not associated with serum PFOS concentrations less

than 6 ppm. Any inferences derived from the few employees with serum PFOS levels > 6

ppm would be tenuous, at best. Limitations of this study include ts cross-sectional

design, the voluntary participation rates, the few subjects exposed at the highest levels,
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and the lower levels of serum PFOS measured among these employees compared to those

that caused effects in two speciesoflaboratory animals
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Distributionof EmployeesbyYear,Locationand PFOS ExposureLevel (ppm)
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Table 3

Mean Values of POS, Demographic, Serum Chemistry and Hematologic Parameters for Antwerp.
and Decatur, 1995 and 1997 Examinations

1995 Data 997 Data
Variable Antwerp Decatur Antwerp Decatur
PFOS (ppm) 193 244 148 1.96

Age 37 4s Fees “

BMI 290 292 235% 300

Cigarettes 47% 79 55 66

Alcohol 1340 02 LI 01

Alk Phosphatase~~75%** 97 Torx 87

Gor a 48 26+ 36

AST 2* 29 27 2

ALT 44 41 31 34

Total bilirubin 086+ 058 080%* 058

Direct bilirubin~~ 022 021 ois 012

BUN 170% 148 149 14.1

Creatinine [2 11 09% 10

Glucose reer 92 sree 98

Cholesterol 214 218 206 215

LDL 138 136 134 137

HDL Sauer I 50% a

Triglycerides TER 187 pees 192
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Table 3
(continued)

1995 Data 1997 Data.
Variable Antwerp Decatur Antwerp Decatur

Hematocrit azo 46 46+ 45

Hemoglobin 154 152 154 153

RBC 49 50 s1 51

MCH 3a 307 305 304

MCHC 29% 334 Bae 37

mvc 957% 918 9L6* 90.0

WBC Gave 75 65 64

Platelets 24 229 237% 217

*p<.05 **p<Ol *p<.00l
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Tabled
Comeliion Coeficients Between PFOS and Selected Varisbles by Location andYear of Examination

—_isbu —__wotDmVariable oh Locations _Anwerp Dect Both Locations _Amwerp_ Decatur
ge ry 10 ot 2 ar “0

Aloha! © 25 0 0 ao on
BMI 0 1 0s 1s 2 »

Cigaretes 1 1 08 0 0 -08
BUN “os 0 on on 5 or

Creatinine 0 aw 08 2 2
Glucose on nn 0 0 3
Alkaline Phosphatase 06 0 06 o © 0
Got o o 0 0 2 06

° ast 0% 0% 002 0 ” 01
38aB
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Tabled
(continued)

1995 Dats. 1997 Data.
Variable Boh Locations _Anwerp Decatur Both Locafons Antwerp Deca
ar “or 03 “os 6 m 16

Toul Bilirubin 15 13 or 13 2 or
Dirct Bilirubin 03 5 3 Et 13 1

Cholesterol © 0 08 2s" a 1
LoL o 0 o 2” 0 ”

HDL. ar a 2 0 05 00s
Trgheedes 04 u “10 10 a -o1

Hematocrit 0 0 0003 6° 0s EY

Hemoglobin 01 05 0 15 -0s 0

RedBlood Cells -03 -n on 1 -15 -10
8 Men o a 0 ou ” 08BB
»
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Tables

Mean, Median, Standard Devition (SD)ofMen snd Range of PFOS, Demographic, Serum Chemists and Hematologicalfor Antwerp and DecaturEmployeesCombined, 1995 (N=178) nd 1997 (N=147)

1995 Duss 1997 DaaPrOS*
pm) Mean Median sp Range Mean Median sp Range

PEOS(ppm)
0-<lppm oa" 0s 027 wom 052 0s 027 010-0971-<3pom 182! 1m 0s 100-201 178" 164 036 102.2893-<6ppm. an 397 081 300.580 3% aso 070 309-53026pom. 817 2 2 606-28 120 668 159 605-93Fave= 3219, p<0001 Fualue =367.6,p <.0001

Asem)
0-<1ppm 3 3 8 21-58 3 wu u 2a.1-<3ppm ao a 9 25-60 pe a ° 2%.03-<6ppm “© “© 7 2.55 a «2 5 32.5126pm 45 5 7 37-56 «2 as i 2.5Fualue=37.p=02 Fualue=5.1,p=002
238BB
*



Tales (continued)1995Daa 1997 Datapros
opm) Mean Metin SD Range Mean Medion sn Range

Alcohol rinks)
0-<lppm 08 06 09 00-36 03 ot 08 0-431-<3ppm os 01 07 00.36 03 ot 03 0-503.<6ppm 12 03 19 00.60 10 ot 1s 0.7126m 07 00 1 0029 02 ot 02 01-08Fualoe=40.p=.009 Fualue=18,p=.15

BMI Gm’)
0-<tppm 25 28 42 wmemz m0 29 a9 01-4171-<3ppm 77 263 ss we-e7 27 264 57 181.485S<opm 29 250 38 mews my 29 as 191-36026ppm 77 24 2 26m0 Ws 27 a0 261-32Fualie=37,p=.02 Fualue=21,p=.10

Cigars(erday)
0-<1ppm 26 00 61 00-250 a7 00 94 0-401-<3pm 68 00 13 00400 82 00 13 0-403<6ppm 106 80 24 00-400 al 00 83 0-30260m 04 00 i 00.30 60 00 14 0-30Fralue=45,p= 003 Fualie=15,p=2

238BB
<4



Table (continued)
1995 Das 1997 Datapros -—pm) Men Mein sp Range Mean Medion sn Range

Buy
0-< ppm 165 1s 3s 1-2 14s 140 28 90-2101-3ppm 154 150 Wo 80-260 142 140 32 60-260Icom 16s 160 37 100.230 150 150 29 90-20026pm 151 140 2 100-210 1s 120 a 90-190Fualue=1Lp=36 Fualue=05,p=067

Creatinine
0-< ppm 10 10 02 01-16 09 09 or 06-121-3pm io 0 02 07-16 09 09 or 07133-<6ppm 09 09 02 07.12 09 09 ol 07°1126pm 1 12 03 06-16 10 09 02 08-14Fralue=23,p=08 Fralue=04,p=078

Glusose
0-<ipm 8 5s 15 6-170 ss ” 58.1781Sppm 86 8 2 60-260 9 8 » 65-303-<6ppm 5 5 Ir 6-114 95 ® 2 71926pm 4 5 1s 7010s » a 7 50-97Fralue=09,p=44 Fualie=06,p=59

°
2
BB
o



Table$ conned)
1995 Dats 1997 Daapros

opm) Mean Median Range Mean Median » Range

AlainProsphasse
0-<1ppm 5 7 2 31-158 ” ”» 1" 9.13Spm » 8 7 0.191 & » 2 163-<6ppm I 8 21 52.124 7 I 2 29.12026pm 5 8 2 6-13 8 8 1 6-11Fualue=13.p=28 Fuilie=117,p=32

sar
0-<1ppm a 3 ES 16-155 El 2 2 10-182Spm a 36 3 29 3 2 5 10-1793-<opm © » 1s 2180 ES 7 1 Bo26ppm 5 3 is 3.79 3 5 2 17-48Fualue=05.p=71 Fualie=11,p=34

Ast
0-<1ppm 7 2 Io 15-96 2 2 7 13-53Spm » Fl 2 1450 2 2s 7 15.563.<6ppm 3 2% 5 13 3 z 7 14.4326pm 3 3 . 2%.4 » El 3 2-3Fualue-18,p= 14 Fualue=05,p=67
S32BB
°



“Table continued)
1995 Dats 1997 Dua

pros
opm) Mean Median s» Range Mean Median s» Range

ar
0-<1opm a “ 0 2.118 3 0 un 5-0
Spm ps «2 21 15-183 3 » 16 108
3-<6ppm py a 7 0-59 5 51 1s us
26pm st a " EE a ki 10 25.49

Fualue=10,p=38 Fualue=09,p=46

ToulBilin
0-<1pm oss om 050 os-20 om 060 00 030-230
1-Spm 066! 060 00 on-ls0  o6r 060 021 030-130
3-<6ppm Ir 060 0% owl 06 030 031 od0-1%0
26pm 076 070 03 050.120 oss 050 0% odo

Falue =44,p=005 Fualoe=29,p=.04

Direc Bilinsin
0-<ipm 02 020 00s 0-00 ous 010 007 010-040
1-Spm 021 020 006 010.040 012 010 004 010-020
3-<6ppm 021 020 004 020% on 010 00 010-02
6pm 020 020 00 010030 010 010 00 010-010

Fualuc=06,p= 55 Fvalue=35,p=.02
SS85
83



Table’ Contin)
1950s 199700eros

ps Men Mein sp Range Mew Metin SD mnge
Cholesinl

odpm a as I) 108 197 © 10sLown dl an © as 216 215 2 lesSpm au 3 3 oem 29 oe BisonSem nm 1 % em 2 5 BdeFalie=0.1,p=06 Fualie=43,p=006

oy
0-<tppm 10 ww a vas 1 i uo ssvom i 1 oo wou a 1 Baim3 omm 1» 13 p i i% 1 in ueSom 1 13 2 550 py is ® 0Fualie=02,p 287 Fuahe=37,p=01

mo0-<tpom 9 2 n 31-6 “© P i 1-2LSm i on 3 fe i is wo ue3 Zon is i it Foe i a wo Beerm i i 5 Mel o % i wwFralie=20,p=00 Fale LLp=31°
2 ToigeridesgRo-<tpm 1 9% wae 1s wwe smBl Sm ia » we 156 lm wsi is 12 ® aan ie mm asiSom 12 isi 5 aw 20 BB wowFale LLpa3s Fraie=05.p=67



Table § (continued)
1995 Data 1997DaaPROS -(pm) Mean Median sp Range Mean Median sD Range

Hematocr
0-<t ppm a a 2 51 a 6 2 0-521-3 ppm 6 ba 3 3.52 as 6 3 3.533-<6ppm a a 2 as i“ “ 3 39-5026pm a a 2 la a5 “ 2 2aFralue=24,p=07 Fuale=21,p=11

‘Hemoglobin
0-<tpom 155 155 01 180-167 155 155 08 ws.L-Sppm 152 152 10 130-174 154 155 09 B333-6ppm iss 153 08 136-174 150 17 10 15.16726pm 155 154 01 17-162 151 150 07 ia1-i62Fulue=22,p=10 Fralve= 18,p=15

RBC
0-<tppm 50 50 03 43-57 51 52 03 43.591-Gppm 19 49 03 43057 50 51 03 410553-<6ppm 50 50 02 pre) 50 50 03 4405726pm 50 ko 05 40-57 50 ks 03 47.55Fualie=04, p=.75 Fualue=14, p=25

8Ss
8



Table§(continued)
1995Data 1997DaaPROS. EE —(opm) Mean Median sp Range Mean Median sp Range

Mei
0-<l ppm as 2 16 27.343 304 303 1s 26.3011pm 09 09 14 264.343 306 03 12 267.3383-<6ppm 2 313 1s 20-336 02 312 19 262.32026pm 312 305 2 22.369 05 05 EXFualue=09,p=45 Fralue=06, p=65

Matic
0-<tppm 31 32 01 319-347 36 36 0s 32.391-3ppm 32 31 06 317.345 ns 36 05 318.3463-<6ppm al 326 01 313.343 ns 3s 07 320-344260m 31 33 06 322.340 39 3 05 34.36Fualue=02,p=90 Fualie=07,p=56

Mev
0-<tppm ot 9s 52 85.106 %0 0 aa 5-1001-Gppm 92 9 43 50.104 91 9 36 81-993-<6ppm % % 48 81104 % ot 52 50.976pm 94 92 97 85115 % 91 57 81-96Fualue=11, p=35 Fualuc=06, p=59
2°S8

§
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Table 6

Mean, Median (Med), Standard Deviation (SD)of Mean and Range of PFOS,Demographic, Serum Chemistries and Hematological Values by Plant Location, 1995

- ve%DWa
PFOS* Antwerp : Decatur
(ppm) Mean MedSD Range MeanMed SD Range

PFOS0<1 046! 045 029 000-090 060' 063 019 025-088
1 <3 169! 150 057 100-290 189' 189 0.58 100-291
3 <6 396 370 079 300-560 431' 423 082 311-580
26 817" 850 192 610-990 817" 690 320 606-1283

Flue= 241.0, p= 0001 Falue=114.5,p= 0001

Age0 <1 36 36 7 2-52 0 39 1 29.58
1<3 36 349 25-60 46 46 7 30-58
3 <6 373 7 mes “4 47 26.55
26 0 3 6 3a 48 41 7 42-56

Fralue =05,p=71 Fualue=20,p=.12

Alcohol
0 <1 10 07 10 00-36 01 00 03 00-09
1<3 10 08 09 00-36 02 00 04 00-20
3 <6 20 13 22 00-60 04 00 09 00-34
26 17 14 LL 07-29 00 00 00 00-0.

Fualue=29, p=.04 Fualue= 11,p=.37

BMI
0 <1 241 243 24 179-281 301 280 53 228-387
<3 243 238 24 196-316 296 283 62 223-607

3 <6 231 230 33 179-314 270 275 34 191-325
26 237 247 28 206-258 307 302 16 294-330

Fualue=09, p=47 Fualue=11,p=.35
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Table6
(continued)

PFOS Antwerp Decatur
(opm) Mean Med SD Range Mean Med SD Range

Cigarettes
0<1 30 00 70 0-25 14 00 38 0-13
1 <3 4100 70 0-23 83 00 129 0-40
3 <6 918 75 90 0-25 125 00 157 0-40
26 1000 17 0-3 0 00 0 0-0

F=3.1,p=.03 Falue=23,p=.09

Alkaline Phosphatase
0<1 7575 16 31-104 96 9 29 47-158
1 <3 7366 19 49-108 98 95 27 49-191
3 <6 79 78 20 32-2195 95 9 18 8-124.
26 741 6-8 9% 91 27 73-136

Falue =05,p=.69 Falue =0.1,p= 98

GGT
0 <1 39 29 2 16-111 SS 41 4 21-155
1<3 4830 S8 12-293 46 40 24 2-118
3 <6 3 34 1 2.55 47 48 16 21-80
26 3012 3 8.3 5249 20 30-79

Fualue=07, p=.55 Fralue=05,p=.71

AST
0 <1 6 23 13 15-9 239 19s

<3 2726 14 14-9 29 27 10 17-85
3 <6 23 2 5 13.3 2726 5 21-37
26 3035 6 26-37 Mom» 7 8.83

Fualue=09, p=.45 Fralue =09,p= 44

001126



Table6
(continued)

PFOS Antwerp. Decatur
(ppm) Mean Med SD Range Mean Med SD Range

ALT
0<1 46 a2 18 2-18 ss 41 24 37-18
1 <3 4s 40 18 26-12 47 42 2 18-183
3 <6 0 39 6 30-32 4 2 9 30-5
26 S038 28 29.8 $2053 8 41-59

Fualue=07, p=.59 Fralue =08, p= 49

TotalBilirubin
0 <1 096 080 055 040-290 065 060 0.16 040-090
1<3 083 080 026 040-130 057 050 028 020-150
3 <6 075 070 030 030-140 051 050 018 020-100
26 093 090 025 070-120 063 065 010 050-070

Fualue=12, p=31 Fualue =0.7, p=.54

Direct Bilirubin
0 <1 023 020 006 020-040 020 020 000 020-020
<3 022 020 004 020-030 020 020 006 010-040

3 <6 021 020 003 020-030 020 020 004 020-030
26 020 020 000 020-020 020 020 008 010-030

Fralue=07, p=.55 Fualue=04, p= 74

BUN
0 <1 170 170 36 120-260 148 150 27 110-210
1<3 167 160 38 110-260 147 140 40 80-240
3 <6 173170 38 100-230 152 150 31 100-230
26 173 210 64 100-210 135 135 006 130-140

Fvalue=0.1,p= 95 Flue=02,p= 87

Creatinine
0 <1 10 09 02 08-16 LI LI 02 07-13
1<3 0909 01 07-L1 LI Ll 02 09-16
3 <6 09° 09 01 07-10 LI Ll 01 08-12
26 08 08 02 06-09 13 13 02 12-16

Fvalue =4.7, p=004 Fralue =38,p= 01
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“Table 6

(continued)

PFOS Antwerp Decatur
opm) Mean Med SD Range Mean Med SD Range

Glucose
0 <1 83 83 8 66-103 90 86 28 66-170
1 <3 82 81 13 60 -126 93 89 25 67-260
3 <6 80 82 9 66-101 89 89 14 66-114
26 7 ” 2 71-74 93 2 12 83-105

Fvalue=1.3,p=.29 Fvalue =0.1,p=.94

Cholesterol
0 <1 220 219 S50 100 -340 215 208 39 154-276
1 <3 206 211 49 118-315 221 218 39 132-300
3 <6 217 215 30 178 - 266 209 213 42 128-278
26 23 221 16 208 - 240 206 206 47 160 - 251

Fvalue =06, p= 61 Falue= 0.5, p=.69

LDL
0 <1 140 138 45 29-261 139 130 38 79-192
1 <3 131 124 46 4-220 136 136 36 62-234
3 <6 143 139 27 99-189 131128 41 65-190
26 144 136 20 130-168 139 142 42 95-178

Fvalue =0.4, p=.76 Fualue=0.1, p=.94

HDL
0 <1 56 57 13 31-94 43 41 9 31-59
1 <3 53 51 13 33-79 45 44 12 26-94
3 <6 50 49 11 31-74 39 39 9 23-51
26 53 49 7 48-61 39 39 5 34-46

Fvalue=1.1, p=235 Fvalue=14, p=.25

Triglycerides
0 <1 ur? 93 98 41-622 167 151 94 62-307
1 <3 105 75 65 41-368 191 146 114 61-651
3 <6 126 112 64 34-278 199 198 99 78-413
26 129 116 52 85-187 135 153 48 64-168

Fvalue=03, p=.81 Fvalue =0.5, p=.67
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Table 6
(continued)

PFOS Antwerp Decatur
(ppm Mean Med SD Range Mean Med SD Range

Hematocrit
0 <1 aa 2 ws 46 4s 2 43.50

<3 46 47 2 a5 as as 3 38-52
3 <6 8 47 2 as 46 46 3 41-52
26 4748 1 d6-48 46 46 2 44-49

Fale= LS, p=23. Fualue=03, p= 83

‘Hemoglobin
0 <1 IS5 155 08 140-167 155 154 07 145-164
1<3 152 153 07 138-166 S01 ISI LI 130-174
3 <6 156 156 05 146-167 153 153 10 136-174
26 154 154 06 148-160 155 156 08 147-162

Fualue=14, p= 26 Fualue=07, p= 58

RBC
0 <1 49 50 03 43-57 SI 51 02 48-55
1<3 49 49 02 43.54 49 49 03 43-57
3 <6 50 50 02 47-53 50 49 03 46-55
26 47 49 06 40-52 52 51 04 48-57

Falue= 09, p= 46 Fualue=1.1,p=.35

MCH
0<1 3Ls 313 1S 277-343 307 307 16 287-335
1<3 312 310 12 295-343 307 309 LS 264-331
3 <6 315 319 12 290-333 309 312 17 260-336
26 330 325 37 296-369 299 304 12 282-307

Fualue= 14, p=.25 Fualue=04, p= 74

MCHC
0<1 329 330 06 319-345 338 339 06 329-347
1<3 329 328 06 317-338 333 333 05 319-345
3 <6 328 327 07 313-342 334 334 06 321-343
26 326 324 05 322-31 335 334 03 333-340

Fualue =04, p=.78 Fualue =22, p=.10
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Table6
(continued)

PFOS Antwerp Decatur
(ppm Mean Med SD Range Mean Med SD Range

Mev
0<1 9% 9 5 85-106 91 90 4 85-99
<3 95 95 3 90-104 92 93 4 0-1003 <6 9% 97 4 88-14 92 92 5 si.

26 100 9% 12 91-5 8 9% 3 5-9
Fualue=18, p=.16 Falue =08, p=.50

WBC
0 <1 59 57 13 41-94 68 69 LI 50-901<3 61 61 13 38-88 75 70 22 36-155
3 <6 75° 69 25 41-133 77 74 19 49-11526 65 64 02 64-67 74 714 04 69.78

Fualue=45, p= 006 Fralue=05, p=.72

Platelets0 <1 24 222 42 159-309 233 246 35 162-271
1<3 22 20 41 153-318 233 25 50 122-3673 <6 BT 234 52 12-34 218 204 34 172-287
26 162 15136 132-202 202 194 56 143-277

Evalue=26, p=.06 Fale= 10, p= 40

“Sample sizes:
ECOS Level Antwerp Decatur
0 <lppm 34 1
I<3pm 32 59
3 <6ppm 19 16
26ppm 3 4

88 %

1. Significantly different (p < 05, Bonferroni (Dunn) t-test) than the remaining three PFOS
exposurecategories.
2. Significantly different (p <.05, Bonferroni (Dunn) t-test) than the 0 - < | ppm and the 1 -<3 ppm categories.
3. Significantly different (p < 05, Bonferroni (Dunn) t-test) than the 0- < | ppm category.4. Significantly different (p < 05, Bonferroni (Dunn) t-test) than the 3- < 6 ppm category.
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Table7

Mean, Median (Med), Standard Deviation (SD) of Mean and Range of PFOS,Demographic, Serum Chemistries and Hematological Values by Plant Location, 1997

1997 Data
PFOS* Antwerp Decatur

(ppm) Mean Med SD Range Mean Med SD Range

PEOS
0-<1 046! 037 027 010-094 060' 0.59 026 0.10-0971-<3 L189! 179 061 102-289 L71' 153 052 104-285
3-<6 387' 366 0.59 322-483 387 351 081 309-530
26 - - - - 720' 668 159 605-993

Fvalue= 1953, p = 0001 Falue =218.1, p=.0001

Age0-<1 2 28 6 21-50 B49 me
1-<3 37 31 9 u.6 45 45 8 31-62
3-<6 37 31 3 32.40 45 44 4 36-5426 SL - 2 45 9 29.5

Fvalue= 10.4,p= 0001 Flue =0.5, p=.69

Alcohol
0-<1 08 05 10 00-43 02 01 04 01-201-<3 L007 LI 00-50 01 01 01 01-03
3-<6 22° 14 23 00-71 01 01 01 01-0326 =. - 02 01 03 01-08

Fvalue=43, p=.02 Fvalue =038, p=.49

BMI0-<1 29 219 21 202-283 293 289 49 224-417
1-<3 242 239 28 181-304 300 290 60 202-4853-<6 236 249 31 192-283 300 293 30 254-360
26 - oo - 308 207 40 261-362

Falue=20, p=.15 Flue =02,p= 91
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Table7

(continued)
PFOS —Awwep____Demw
(ppm) Mean Med SD Range Mean Med SD Range

Cigareties
0-<1 42 00 67 0-20 53 00 11.6 0-40
1-<3 73 20 81 0-20 87 00 130 0-40
3-<6 5 00 78 0-20 33 00 90 0-30
26 - - - - 60 00 134 0-30

F=13,p=28 Fvalue=08, p=.51

AlkalinePhosphatase
0-<1 69 68 14 49-110 86 84 16 55-132
1-<3 74 74 16 41-113 88 83 26 41-163
3-<6 64 59 2 29-120 85 83 15 61-109
26 - - - - 88 84 18 65-114

Fvalue=15, p=.22 Fvalue=0.1,p=.96

GGT
0-<1 21 17 10 10-50 36 32 25 13-142
1-<3 34 24 34 10- 144 37 n 33 13-179
3-<6 25 22 10 14-43 31 28 15 13-71
26 - - - - 33 37 12 17-48

Fvalue =2.5,p=.09 Fvalue=0.2,p=.91

AST
0-<1 27 26 7 17-53 26 25 7 13-48
1-<3 27 25 7 15-48 26 25 17 18-56
3-<6 25 24 4 19-30 25 23 9 14-43
26 - - - - 29 28 3 26-34

Fvalue =0.2,p =.80 Fvalue=04,p=.77

001132



Table7
(continued)

PFOS. Antwerp Decatur
(opm) Mean Med SD Range Mean Med SD Range

ALT0-<1 00025 12 13-60 3 31 1 17-571-<3 33 16 13-87 328 16 10-893-<6 28 23 10 14-46 303 2a 17-8226 So - 414510 25-49
Fvalue=06,p=.58 Fale=09, p= 45

Total Bilirubin0-<1 090 080 046 040-230 063 060 030 030-1401-<3 068 070 023 030-130 056 050 0.18 030-1003-<6 079 070 040 030-130 051 050 016 030-090
26 . - - 058 0.50 024 040-100

Fvalue=23,p=.11 Falue=10,p=41

DirectBilirubin
0-<1 016 020 008 010-040 0.13 010 006 010-030
1-<3 013 010 005 010-020 0.11 0.10 003 010-0203-<6 014 010 005 010-020 0.11 010 003 0.0-020
26 . CT - 010 010 000 0.10-0.0

Fvalue=22,p=.12 Fvalue= 1.3, p=.28

BUN0-<1 143 140 21 110-190 147 140 33 90-210
1.<3 152 150 26 100-200 135 135 35 60-2603-<6 160 160 27 120-200 143 140 30 90-190
26 ME - 138 120 41 90-190

Falue=2.1, p=.13 Fualue=07, p=_56

0-<1 09 09 01 07-12 10 10 01 06-121-<3 09 09 01 07-13 10 10 01 07-133-<6 09 09 01 08-11 10 10 01 07-11
26 . - - 10 09 02 08-14

Fvalue =03,p=76 Falue=02,p= 89
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Table7
(continued)

PFOS Antwerp Decatur
(opm) Mean Med SD Range Mean Med SD Range

Glucose
0-<1 81 8 10 63-14 93 91 2 58.174
1-<3 79 78 9 65-100 102 89 47 75-3033-<6 84 85 8 74-9 103 93 30 79-192
26 - So - 89 88 7 80-97

Fvalue =08,p= 47 Fvalue =05,p= 67

Cholesterol
0-<1 193190 41 110-277 204 208 38 145-2771-<3 213 205 48 116-365 218 226 39 152-290
3-<6 28 223 38 192-321 230 230 23 197-28026 on - 29 238 26 186-250

Fvalue=29,p=.07 Fvalue=20, p=.13

LDL0-<1 122 114 35 57-205 127 133 33 50-1781-<3 43134 42 67-290 139 135 35 61-193-<6 147 141 24 11-195 149 144 25 113-196
26 - = - 145 156 26 103-164

Fvalue=30, p= 06 Fvalue=16,p=.19

HDL0-<1 S150 12 19-74 2 4 9 26-591-<3 48 46 10 34-68 42 4 10 28-693-<6 SL 50 10 39-69 4s 4510 32.6226 - So - 40 38 4 37.45
Fvalue =08, p=.47 Falue =05,p= 67

Triglycerides
0-<1 99 92 41 38-175 200 128 219 46-1209
1-<3 1295 SB 44-290 185 147 124 63-533-<6 10 122 88 65-362 179 183 98 45-39426 PE - 20 191 8 149-352

Fvalue=29, p=.06 Fvalue=0.1,p=.95
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Table7
(continued)

POS Antwerp Decatur
(ppm) Mean Med SD Range Mean Med SD Range

Hematocrit
0-<1 47 413 a. 46 45 2 40-501.<3 46 47 3 40-53 46 46 3 39.51
3-<6 46 45 3 42.50 44 44 2 39.48
26 a - 454 2 pew

Fualue=07, p=51 Fralue=16, p=.18

Hemoglobin
0-<1 156 155 08 142-170 154 154 07 135-1691-<3 154 156 10 133-173 154 155 09 135-173
3-<6 152 147 10 140-167 148 147 10 125-16526 - LY - 151 150 08 141-162

Fualue=07, p= 48 Fualue=17, p=.18

RBC0-<1 5152 04 46-59 SI S103 43-571-<3 50 S103 41-55 51 51 03 42-553-<6 49 48 04 44-57 50 50 03 45-54
26 Se - 50 49 03 47-55

Fualue=17, p=.19 Fualue=04, p=.78

McH0-<1 304 304 13 279-335 303 302 18 276-3411-<3 306 305 09 292.328 306 306 14 267-3383-<6 309 34 14 288-327 297 305 22 262-329
26 So - 305 305 21 275-334

Fvalue=09, p= 40 Fualue=10,p= 41

MCHC0-<1 334 334 05 322.340 338 387 05 328-3491-<3 333 332 05 318-341 338 338 05 327-346
3-<6 334 335 05 324-343 336 339 08 320-34426 0 - 339 339 05 334-346

Fualue= 06, p=.54 Falue=06, p=.62
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Table7
(continued)

PFOS Antwerp Decatur
(ppm) Mean Med SD Range Mean Med SD Range

Mev
0-<1 91 91 4 84-100 9 8 5 83.101
1-<3 92 92 3 87.9 91 90 4 81-9
3-<6 93 95 5 86-97 88 8 5 80-926 So . . 0 91 6 81-9

Fvalue= 13,p=.29 Fvalue=09,p= 45

WBC
0-<1 60 57 13 38-88 63 59 16 40-103
1-<3 71 68 22 44-132 67 66 16 38-101
3-<6 64 60 18 42-100 61 61 13 40-89
26 oo . 62 71 15 42.74

Fvalue =2.6,p= 08 Fale=08,p=.51

Platelets
0-<1 237 232 SS 126-406 215 207 SO 106-363
1-<3 243 232 48 151-359 209 210 48 124-323
3-<6 215 225 41 147-263 224 219 50 159-316
26 oT . - 199 191 58 146-295

Fvalue=LLp=35 Evalue=03,p=80

*Samplesizes:
FCOS Level Antwerp Decatur
0-<lppm 31 29
1-<3ppm 25 38
3-<6ppm 9 12
26ppm 0 5

65 84

1. Significantlydifferent (p< 05, Bonferroni (Dunn) t-test) than the remaining three
PFOS exposure categories.
2. Significantly different (p < 05, Bonferroni (Dunn) t-test) than the 0 - < I ppm and the
1-<3 ppm categories.
3. Significantly different (p < 05, Bonferroni (Dunn) t-test) than the 0 - < 1 ppm
category.

001136



Table §

Multivariable Regression of Serum Chemistries and Hematological Parameters - Examinationof the
Effect of PFOS Adjusting for Age, Alcohol, BMI and Cigarettes,

‘Antwerp and Decatur Data Combined,
1995 and 1997 Examinations

Alkaline Phosphatase
1995 Data 1997 Data

Parameter SE. b value Parameter SE pValue
Intercept 5299 1.14 0001 40.87 9.60 0001
PFOS 032 089 7 0.19 103 86
Age 008 020 68 04s [3 ol
Alcohol 5.43 153 0005 209 161 20
BMI 104 034 002 069 034 04
Cigarettes 0.85 015 0001 049 015 002

R’=.26 AdjR'=24 RP=.19 AdjR?=.16

InGGT
1995 Data 997 Data

Parameter SE p value Parameter __SE b value
Intercept 2.3816 0.2711 0001 2.0471 02592 0001

PFOS 00032 00217 88 0.0178 00280 53
Age 0.0040 0.0048 Aa 0.0036 0.0049 a1
Alcohol 0.0605 00373 a1 0.0747 00438 09
BMI 00372 00082 0001 0.0365 0.0091 0001
Cigareties 0.0076 0.0038 05 0.0030 00042 48

R*=.14 AdjR*=.12 R’=.15 AdjR’=.12

AST
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 1262 552 02 2325 3.50 0001
PFOS 042 044 35 Em 038 m
Age 0.0005 0.10 9 0.07 007 29
Alcohol 0.70 076 36 040 059 50
BMI 054 017 002 023 012 07
Cigarettes 0.11 008 4 007 006 20

R*=.08 Adj R*= 05 R'=04 Adj R?=.00]
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‘Table 8 (continued)

ALT
1995 Data 1997 Data

Parameter SE Dvalue Parameter __SE p valueIntercept 28.54 9.46 003 11.60 6.78 0PFOS. 0.09 0.76 0 0.97 073 19Age 0.18 017 28 0.19 0.13 14Alcohol 0.16 130 9 031 L14 79BMI 0.96 029 001 100 024 0001Cigarettes 0.14 013 28 2009 oll 40
R*= 08 AdjR’= 05 R=13 AdjR?=.10

In Total Bilirubin
1995 Data 1997 Data

Parameter SE D value Parameter __SE D valueIntercept 0.2742 0.1958 16 0.1395 0.1945 41PFOS 0.0984 00368 008 0.1620 00515 002
PFOS? 0.0086 0.0039 03 0.0188 0.0070 009Age 0.0052 0.0035 14 0.0015 00037 70Alcohol 0.0738 0.0268 007 0.1220 00327 0003BMI 00273 00059 0001 00097 0.0068 16Cigarettes 00158 0.0028 0001 200054 00031 09

R'=32 AdjR’= 30 Ri=.18 AdjiR= 14

Direct Bilirubin
995 Data 1997 Data

Parameter SE D value Parameter __SE D valueIntercept 0.2196 0.0259 0001 0.1929 0.0264 0001PFOS 00009 00021 68 00061 0.0029 03Age 0.0006 0.0005 17 0.0002 00005 69Alcohol 0.0074 0.0036 04 0.0106 0.0045 02BMI 00012 0.0008 13 00017 0.0009 01Cigarettes 0.0007 ___0,0004 06 00009 00004 05
R*=.06 AdjR*=.03 R’=.14 AdjR*=.11
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Table 8 (continued)

BUN
995 Data 1997 Data.

Parameter SE. D value Parameter __SE b value
Intercept 18.64 1.94 “0001 13.22 147 0001PFOS 002 015 1 0.08 0.16 60
Age 0.03 003 39 0.08 0.03 005
Alcohol 037 027 a7 0.50 025 05
BMI 005 0.06 42 007 005 20
Cigarettes 0.08 03 004 -005 002 05

R’=.08 AdjR=.05) R¥=.09 Adj R= 06)

Creatinine
1995 Data 1997 Data.

Parameter SE pvalue Parameter __SE D value
Intercept 0.5744 0.0779 0001 0.9478 0.0602 0001
PFOS 00223 00146 13 00302 00159 06

PFOS? 0.0033 00016 04 0.0055 0.0022 01
Age 0.0059 00013 0001 0.0027 0.0012 002
Alcohol -0.0260 0.0106 0 00242 00101 02
BMI 0.0086 0.0023 0003 00022 00021 30
Cigarettes 0.0005 0.0011 65 00019 00010 05

R'=29 AdjR= 27 R*=.16 AdjR*=.13

InGlucose
1995 Data 1997 Data.

Parameter SE. p value Parameter __SE D value
Intercept 3.8943 00732 0001 3.8597 0.0919 20001
PFOS 00039 00058 51 0.0014 0.0098 39
Age 0.0045 0.0013 0006 0.0025 0.0017 15
Alcohol 0.0026 00101 9 0.0068 0.0154 66
BMI 0.0143 00022 0001 00195 00032 0001
Cigarettes 0.0003 0.0010 78 00013 00015 39

R’=31 Adj R= 29) R’=.30 Adj R= 27
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‘Table 8 (continued)

Cholesterol
1995 Data 1997 Data

Parameter _SE pvalie Parameter SE D valueIntercept 190.1 221 0001 1555 190 0001PFOS 099 177 58 4.66 204 0Age 074 039 06 139 036 0002Alcohol 0.40 304 90 7.50 318 02BMI 0.04 067 95 -040 067 55Cigareties 0,18 031 36 -008 030 80
R?=.02 AdjR7= 00 Ri=.17 AdjR*= 14)

LDL
1995 Data 1997 Data.

Parameter _SE b value Parameter SE D valueIntercept 135.26 2027 0001 114.69 17.06 0001PFOS 0.50 1.61 76 401 182 03Age 0.58 0.36 11 104 032 002Alcohol 3.33 278 2 429 284 13BMI 6.67 061 28 109 060 07Cigarettes 0.52 028 01 002 028 95
R'=05  AdR'=.02 R'=13  AdiR=.10

HDL
1995 Data 1997 Data

Parameter SE D value Parameter __SE D valueIntercept 70.82 573 0001 66.71 4.52 0001PFOS -L17 046 01 022 049 65Age 0.11 0.10 21 012 009 17Alcohol 3.53 079 0001 201 076 009BMI -063 017 0004 095 016 0001Cigarettes 0,17 008 003 016 007 03
R*=28 AdjR*= 26 R*=29 AdjR*=.26
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‘Table 8 (continued) !

Triglycerides
1995 Data 1997 Data.

Parameter SE D value Parameter __SE p value
Intercept -10329 45.97 03 “18799 58.18 002

PFOS -L78 3.68 63 033 628 9%
Age 154 082 06 137 LiL 2
Alcohol 0.43 632 95 14.68 982 14
BMI 671 139 0001 10.06 205 0001
Cigarettes 2.70. 064 0001 187 094 05

R=24 AdjR?= 22 R=.23 AdjR= 20

Hematocrit
1995 Data 1997 Data

Parameter SE bvalue Parameter __SE D value
Intercept 48.01 136 0001 46.73 128 0001

PFOS 0.06 oll 57 025 [a 07
Age 0.0005 002 9 0.03 002 20
Alcohol 0.10 019 58 015 022 0.50
BMI -008 0.04 06 001 005 075
Cigarettes 0,05 002 007 004 002 0

R*= 08 AdjR7= 05 R= 08 Adj R*= 04

Hemoglobin
1995 Data 997 Data.

—Parameter SE pvalue Parameter SE pvalueIntercept 15.78 045 10001 15.43 043 0001
PFOS -002 0.04 53 008 005 07
Age 0.004 0.008 57 0.006 001 46
Alcohol 0.02 0.06 7 001 007 85
BMI 0.03 001 06 0.008 002 59
Cigareties 0.02 0.006 0 002 0.007 03

R*=.06 Adj R?=.03 R’=.06 Adj R?=.03
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Table 8 (continued)

RBC
1995 Data 1997 Data.

Parameter _SE value Parameter SE D value
Intercept 4.8766 0.1559 0001 5.1416 0.1626 0001
PFOS 00026 00123 8 00208 0.1756 24
Age 00022 00028 a 00068 0.0031 0
Alcohol -00323 00213 13 00U1 00274 69
BMI 0.0069 0.0047 14 0.0089 0.0057 12
Cigareties 0.0006 0.0022 7 00025 00026 35

R'=.04 Adj R*=.01 R*=.06 Adj R= 02]

MCH
1995 Data 1997 Data

Parameter _SE. p value Parameter __SE D value
Intercept 32.292 0725 0001 30.062 0.706 0001
PFOS 0.015 0058 79 0.047 0076 54
Age 023 0013 08 0028 0013 04
Alcohol 0.189 0.099 06 0.095 0.119 a3
BMI 0.093 0022 0001 0.035 0025 16
Cigarettes 0.0347 0010 001 0.046 0011 0001

R’=20 AdjR’=.18 R*=.13 Adj R*=.10

MCHC
1995 Data 1997 Data

Parameter SE. D value Parameter SE b value
Intercept 328525 0.3341 10001 330100 02675 0001

PFOS 00015 0.0266 96 00092 00289 75
Age 0.0097 0.0059 a1 00101 0.0051 05
Alcohol 0.1121 0.0458 02 0058 0.0451 19
BMI 20.0006 00100 95 0.0072 0.0094 45
Cigarettes 0,004] 00047 39 0.0016 00043 h)

R?=.07 AdjR*=.05 R*=.07 AdiR*=.04
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Table 8 (continued)

Mev
1995 Data 1997 Data.

Parameter SE. D value Parameter __SE D value
Intercept 98.29 229 0001 90.91 1.98 10001

PFOS -003 0.18 88 009 021 67
Age 0.04 004 33 0.06 004 1s
Alcohol 0.88 031 o 049 033 14
BMI 028 007 0001 0.12 007 08
Cigareties 0.12 003 0005 013 003 0001

R'=23 AdjR*= 21 Ri=.15 AdjR*=.12]

Platelets
1995 Data 1997 Data

Parameter SE p value Parameter __SE D value
Inercept 272.49 2337 0001 260.92 2527 0001
PFOS 337 186 07 291 273 2
Age 0.88 041 04 025 048 61
Alcohol 4.80 320 14 237 426 58
BMI 0.04 070 95 073 0.89 a
Cigarettes 021 033 052 -030 041 46

R*=.06 AdjR*=.03 R*=.03 Adj R?= 00

WBC
1995 Data 1997 Data.

Parameter SE p value Parameter __SE p value
Intercept 3.9538 08120 0001 5.1296 0.6927 0001

PFOS 0.0893 0.0646 7 00048 00748 95
Age 0.0214 00144. 14 00139 00132 30
Alcohol 0.0860 0.1111 a4 02471 0.1169 04
BMI 0.0492 00244 05 0.0045 0.0244 86
Cigarettes 0.1009 0011s 000] 0.0878 00111 0001

R*=36 AdjR*= 34 R'=133 Adj R= 31
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Table 9

Multivariable RegressionofTotal Bilirubin, Direct Bilirubin, Creatinine Cholesterol, LDL, HDL,Heamtocrit, Hemoglobin and Platelets- Examination of the Effect of PFOSAdjusting for Age, Alcohol, BMI and Cigarettes, by Location, 1995 and 1997

In Total Bilirubin - Both Locations

1995 Data 1997 Data
Parameter SE Dvalue Parameter __SE p valueIntercept 0.2742 0.1958 16 0.1395 0.1945 a7PFOS 00984 00368 008 0.1620 00515 002PFOS? 0.0086 0.0039 03 0.0188 0.0070 009Age 0.0052 0.0035 14 0.0015 0.0037 70Alcohol 0.0738 00268 007 0.1220 0.0327 0003BMI 00273 00059 0001 00097 0.0068 16Cigaretles 0.0158 0.0028 0001 0.0054 0.0031 0
Ri=.32 Adj R?= 30 RP=.18 AdjR’=.14

In Total Bilirubin - Antwerp Only

1995 Data 1997 Data
Parameter SE D value Parameter __SE p valueIntercept 0.0776 0.0475 85 “03130 05586 0.58PFOS. 0.0473 00575 4 02157 01779 23PROS? 0.0035 00072 63 00336 00385 39Age 0.0062 0.0055 21 -00036 0.0081 66Alcohol 0.0398 00316 21 0.0826 0.0441 07BMI 00115 00161 48 00114 00222 61Cigarettes 0.0176 ___ 0.0056 002 00102 00074 7R'=.15  AdjR'=.08 R'=.l4  AdR=.05

In Total Bilirubin - Decatur Only

1995 Data 1997 Data.
Parameter SE pvalue Parameter SE b valueIntercept -04462 03154 16 0.9486 0.2932 002PFOS 00862 00509 09 0.1160 00578 05

PFOS? 0.0081 0.0048 10 0.0144 0.0072 05Age 00128 0.0048 ol 00134 0.0046 005Alcohol 00045 0.0828 59 0.1708 0.1607 29BMI 00179 0.0068 ol 00045 0.0073 54Cigarettes -00117___ 0.0031 0004 00031 00032 33
R'=29 AdjR’=24 R=.17 Adj R?=.10]
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Table 9
(continued)

HDL - Both Locations

1995 Data (N = 178) 1997 Data(N = 149)Parameter __SE D value Parameter SE D valueIntercept 70.82 573 0001 66.71 4.52 0001PFOS -L17 046 or 022 049 65Age 0.11 0.10 21 or 0.09 17Alcohol 3.53 079 0001 201 0.76 009BMI 063 017 0004 0.95 0.16 0001Cigarettes 0.17 0.08 003 0.16 007 03R'=28  AdR'=26 R'=28  AdiR'=26

HDL-AntwerpOnly

1995 Data (N = 86) 1997 Data (N = 63)Parameter SE b value Parameter SE b valueIntercept 73.44 12.69 0001 57.30 1212 0001PFOS -155 073 04 2.26 117 06Age 001 017 9 043 017 o1Alcohol 331 098 001 278 099 007BMI 087 050 09 082 048 10Cigarettes 0.19 017 28 045 0.16 007
R*=.16 AiR =.11 R?=28 AdjR= 21

HDL-DecaturOnly

1995 Data (N=85) 1997 Data (N = 83;Parameter SE D value Parameter SE D valueIntercept 66.35 9.42 20001 69.17 701 0001PFOS 075 0.60 2 017 050 73Age 0.14 014 32 001 oll 96Alcohol 4.71 248 06 3.07 387 43BMI 049 021 02 0.90 018 0001Cigarettes 0,16 009 0 0.04 008 61
R=.14 AdjR*=.09 R'=27 Adj R= 22
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Table 9
(continued)

Platelets - Both Locations

1995 Data 1997 Data.
Parameter SE b value Parameter __SE D valueIntercept 27249 2337 0001 260.92 2527 0001PFOS 337 186 07 291 273 29Age 0.88 041 04 025 048 61Alcohol 4.80 320 14 237 4.26 58BMI 0.04 0.70 95 073 089 alCigarettes 021 033 S52 030 041 46
R= 06 AdjR?=.03] R¥=.03 Adj R?= 00

Platelets. AntwerpOnly

1995 Data 1997 Data.
Parameter __SE D value Parameter SE D valueIntercept 294.81 48.19 0001 25821 66.58 0003PFOS 257 277 36 -199 644 76Age 035 065 60 0.41 091 65Alcohol 3.65 374 33 0.87 542 87BMI 223 191 25 -L16 2.65 66Cigarettes 0.82 065 21 0.70 090 44
R'=.06 Adj R?=.00 R’=.02 Adj R= 00

Platelets,DecaturOnly

1995 Data 1997 Data.
Parameter SE p value Parameter __SE D valueIntercept 353.90 39.04 0001 225.66 42.96 0001PFOS 6.08 2.50 02 275 3.09 38Age 1.99 059 001 -0.16 0.69 82Alcohol 5.36 10.14 60 8.45 2.70 72BMI 0.64 084 45 0.14 110 20Cigarettes 035 040 38 019 047 69.
R'=19  AGR=.14 R'=01  AdR=.00
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Table 9
(continued)

Creatinine - Both Locations

1995 Data 1997 Data
Parameter _SE D value Parameter SE D value

Intercept 0.5744 00779 0001 0.9478 0.0602 0001PFOS. 00223 00146 3 00302 00159 06
PFOS® 0.0033 0.0016 04 0.0055 0.0022 01
Age 0.0059 0.0013 0001 0.0027 0.0012 002Alcohol 0.0260 0.0106 0 00242 00101 02
BMI 0.0086 0.0023 0003 0002 00021 30Cigarettes 00005 0.0011 65 -00019 00010 05

R'=29 AdjR*=27 R’=.16 AdjR*=.13

Creatinine - Antwerp Only

1995 Data 1997 Data
—— Parameter SE pvalue Parameter SE pvalueIntercept 0.7319 0.1382 0001 0.8600 0.1430 0001
PFOS 00324 00195 10 00453 00455 2
PFOS* 0.0008 0.0024 74 0.0074 0.0099 46
Age 0.0044 0.0019 02 0.0033 0.0021 11
Alcohol ~~ -00055 00107 61 00142 00113 21
BMI 0.0037 0.0055 50 00012 00057 8
Cigarettes 0.0017 0.0019. 36 0.004 00019 04

R’=.20 Adj R*=.14, R'=.14 Adj R?= 05

Creatinine - Decatur Only

1995 Data 1997 Data.
—Paameter SE pvae  Paameter SE paleIntercept 0.8641 0.1300 0001 1.1363 0.1021 0001

PFOS -0.0093 0.0206 65 00430 00201 04
PFOS? 0.0036 0.0019 07 0.0067 00025 009
Age 00032 0.0020 1 0.0006 0.0016 7
Alcohol 0.0082 0.0336 81 0.1133 00559 05BMI 0.0032 00028 26 00038 0.0026 14
Cigarettes 00030 0.0013 02 0.0034 00011

003
R'=.23 AdjR’=.18 R*=.27 AdjR?= 22
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Table 9
(continued)

Cholesterol - Both Locations

1995 Data 1997 Data
Parameter SE p value Parameter __SE p value

Intercept 190.1 21 0001 155.5 19.0 0001
PFOS 099 177 58 4.66 204 0
Age 074 039 06 139 0.36 0002
Alcohol 040 304 20 7.50 3.18 0
BMI 0.04 067 95 040 067 55
Cigarettes 0.18 031 56 0.08 030 80

RP=.02 AdjR*= 00 R'=.17 AdjR = 14)

Cholesterol - Antwerp Only

1995 Data 1997 Data
__ Pammeter SE pvalue  Pammeter SE pvalue
Intercept 62.17 4372 16 93.11 49.20 06
PFOS 122 251 Kk 237 474 62
Age 2.60 059 0001 254 067 0004
Alcohol LI3 339 74 749 3.98 06
BMI 228 1.73 19 078 195 9
Cigareties 0.8 059 7 -023 066 7

R'=25 AdjR*= 20 Rf=33 AdjR?= 27

Cholesterol-DecaturOnly

—1995Daa —1997Data
Parameter SE p value Parameter __SE p value

Intercept 304.27 3314 0001 207.01 3155 0001
PFOS -1.03 219 64 426 227 06
Age -105 051 4 048 051 35
Alcohol 2116 888 02 19.54 17.41 27
BMI 103 73 17 -78 081 34
Cigarettes 0.40 033 23 011 35 as

RI=14  AGR=09 RP=07 AR =0l
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Table 9
(continued)

LDL
1995 Data 1997 Data.

Parameter SE p value Parameter __SE b value
Intercept 135.26 2027 0001 114.69 17.06 0001
PFOS 0.50 161 76 401 182 03
Age 0.58 036 it 1.04 032 002
Alcohol 333 278 2 429 284 13
BMI 6.67 061 28 109 0.60 07
Cigareties 0.52 028 01 002 028 95

R*=.05 AdjR*= 02 R'=.13 AdjR?=.10

LDL-AntwerpOnly

1995 Data 1997 Data
Parameter SE pvalue Parameter __SE p value

Intercept 12.14 4144 7 40.88 242 34
PFOS 024 238 92 150 4.08 7
Age 215 0.56 0003 22 058 0003
Alcohol 3.04 321 35 412 343 2
BMI 204 164 2 048 168 78
Cigarettes 0.35 056 53 026 057 65

R¥=20 AdjR?=15) R'=29 Adj R= 23]

1995 Data 1997 Data
Parameter SE. D value Parameter __SE D value

Intercept 218.24 3058 0001 160.50 28.17 0001
PFOS 1.06 1.96 59 355 203 08
Age 079 046 Ka 020 045 65
Alcohol 22.95 804 006 -1268 2872 66
BMI “138 067 4 127 072 08
Cigarettes 0.65 030 03 013 031 61

R'=.20 AdjR’=.15 R*=.07 Adj R= 01
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Table 9
(continued)

Hematocrit-BothLocations
1995 Data 1997 Data

Parameter SE pvalue Parameter __SE p value
Intercept 48.01 1.36 0001 46.73 128 0001
PFOS 006 0.11 57 025 014 07
Age 0.0005 002 98 0.03 002 20
Alcohol 0.10 0.19 58 015 022 0.50
BMI -008 0.04 06 001 005 075
Cigarettes 0.05 002 007 004 002 04

R*=.08 Adj R?= 05 R= 08 AdjR*= 04

Hematocrit-AntwerpOnly

1995 Data 1997 Data
Parameter SE D value Parameter __SE b value

Intercept 44.00 230 0001 4563 3.63 10001
PFOS. 006 013 63 029 035 a
Age 0.06 003 06 004 0.50 37
Alcohol 0.12 018 51 0.06 030 ET
BMI 002 009 80 -002 014 89
Cigarettes 0.05 003 14 001 00s 29

R?=.08 Adj R? = 03 R*= 01 Adj R?=.00

Hematocrit-DecaturOnly

1995 Data 1997 Data
Parameter SE p value Parameter SE p value

Intercept 45.56 262 0001 45.69 1.95 0001
PFOS -005 017 9 028 014 05
Age 001 0.04 89 005 003 00
Alcohol 0.56 0.68 41 -152 108 16
BMI 002 0.06 7 008 005 an
Cigarettes 0,08 003 004 0.06 002 006

R’=.10 AdjR’= 04 R*=.19 AdjR’=.13

001150



Table 9
(continued)

Hemoglobin-BothLocations

1995 Data 1997 Data.
Parameter SE b value Parameter __SE b value

Intercept 15.78 045 0001 15.43 043 0001
PFOS 0.02 0.04 53 0.08 005 07
Age 0.004 0.008 57 -0.006 001 46
Alcohol 0.02 0.06 7 001 007 85
BMI 003 001 06 0.008 002 59
Cigarettes 0.02 0.006 0 002 0007 03

R*=06 Adj R= 03 R’=.06 Adj R?= 03]

‘Hemoglobin-AntwerpOnly

1995 Data 1997 Data.
Parameter SE D value Parameter SE D value

Intercept 14.72 074 0001 1532 LIS 0001
PFOS 0.008 0.04 86 0.10 ol 40
Age 002 001 02 002 002 33
Alcohol 0.04 0.06 51 002 009 81
BMI 0.007 003 81 0.01 005 81
Cigarettes 0.005 001 61 -0,006 002 20

R*=.08 AdjR?=.02] R*=.03 Adj R= 00

"Hemoglobin- Decatur Only

995 Data 1997 Data
Parameter SE D value Parameter SE D value

Intercept 15.87 090 0001 15.58 071 0001
PFOS 0.03 0.06 6 0.10 005 07
Age 0.004 001 7 0.02 001 £2
Alcohol 0.22 023 35 047 039 23
BMI 0.02 002 2 002 002 25
Cigarettes 0,02 0009 o1 002 0.008 004

R’=.10 AdjR*= 04 R’=.17 AdjR=.12

001151



Table
(continued)

Direct Bilirubin - Both Locations

1995 Data 1997 Data
Parameter SE. D value Parameter __SE p value

Intercept 0.2196 0.0259 0001 0.1929 0.0264 0001
PFOS 00009 00021 68 00061 00029 03
Age 0.0006 0.0005 a7 00002 0.0005 69
Alcohol 0.0074 0.0036 04 0.0106 0.0045 02
BMI 00012 00008 13 00017 0.0009 07
Cigarettes 0.0007 0.0004 06 00009 0.0004 05

R*=.06 AdjR’=03 R’=.14 AdjR’= 11

Direct Bilirubin - Antwerp Only

1995 Data 1997 Data.
Parameter SE. p value Parameter __SE p value

Intercept 0.1794 0.0461 0002 0.1963 0.0813 02
PFOS 00034 00026 21 00077 0.0079 33
Age 0.00004 0.0006 95 00017 0.0011 13
Alcohol 0.0102 0.0036 006 00112 0.0066 10
BMI 0.0017 00018 36 0.0006 0.0032 84
Cigarettes 00016 ___0.0006 0009 -00017 00011 12

R’=.17 AdR'=.12 R'=.14 Adj R*= 06

Direct Bilirubin - Decatur Only

1995 Data 1997 Data,
Parameter SE D value Parameter __SE D value

Intercept 0.1972 0.0478 0001 0.1205 0.0347 10008
PFOS 0.0025 00032 4 00038 0.0025 13
Age 0.0012 0.0007 oll 0.0014 0.0006 02
Alcohol -00114 00128 37 00042 00191 8
BMI 00016 0.0011 13 0.0018 0.0009 0
Cigarettes 0.0001 ___0,0005 9 00004 00004 2

R*=.07 AdjR*= 02 R’=.15 AdjR?=.10

001152
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Table 11

Mean Values of PFOS, Demographic, Serum Chemistry and Hematologic Parameters for Antwerp
and Decatur Combined Locations, 1995 and 1997 Examinations

for Employees Who Participated and Did Not Participate in Both Years

1995 Data 1997 Data
Both Years Only 1995 Both Years Only 1997

Variable N=6l) (N=17) (N=6) _ (N=88)
PFOS (ppm), 240 208 234 134

Age El a2 ar 38

BMI 271 263 273 269

Cigarettes 54 61 52 68

Alcohol 08 06 04+ 04

Alk Phosphatase~~ 87 86 7 80

GGT 4“ 4“ Ed 27

AST 2 2 26 26

ALT 46 46 3 32

‘Total bilirubin 071 on 065 069

Direct bilirubin ~~ 0.21 022 013 013

BUN 162 157 146 143

Creatinine 10 10 10 10

Glucose 86 87 9 89

Cholesterol 212 213 225%xx 201

LDL 142 134 Laser 128

HDL 50 a 46 4s

001154



Table 11
(continued)

1995 Data 1997 Data.
Variable Antwerp Decatur Antwerp Decatur

Triglycerides 139 157 167 149

Hematocrit 45 a7 46 46

Hemoglobin 150 155 153 154

RBC 49 50 50 5.1

MCH 308 312 308% 302

MCHC 32 31 36 36

Mve 9 9% oar %

WBC 66 70 65 64

Platelets 26 227 28 24

*p<.05; *p<.OL; *+*p<.00l
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Table 12

Mean Values of PFOS, Demographic, Serum Chemistry and Hematologic Parameters
for Antwerp and Decatur, 1995 Examinations

for Employees Who Participated and Did not Participate in Both 1995 and 1997

Antwerp Decatur
Both Years Only 1995 Both Years Only 1995

Variable ™N=21)  (N=61) N=34)  (N=56)
PFOS (ppm) 230 176 248 242

Age 3 37 ar 46

BMI 240 29 206 290

Cigarettes 54 43 54 94

Alcohol 17% 10 or 02

Alk Phosphatase 75 75 9% 9%

GGT 46 39 4 50

AST 2 25 30 29

ALT a3 as 48 a7

Total bilirubin 091 084 054 059

Directbilirubin~~ 023 022 019 021

BUN 177 167 150 150

Creatinine 09 09 LL 11

Glucose 78 8 92 92

Cholesterol 209 216 230% 209

LDL 133 140 150+ 128

HDL 56 53 46 a2

001156



Table 12
(continued)

___1995Daa ___1997Daa
Varigble Anwerp Decatur Antwerp Decatur

Triglycerides 100 12 170 197

Hematocrit 46 a aan 46

Hemoglobin 153 15 1480 154

RBC 49 49 49° 50

MCH 312 31s 305 308

MCHC 30 328 34 334

Mve 95 % ot 2

WBC 64 63 68+ 78

Platelets 22 25 230 28

*p<.05; **p<Ol *+*p<.001

001157



Table 13

Mean Values of PFOS, Demographic, Serum Chemistry and Hematologic Parameters
for Antwerp and Decatur, 1997 Examinations

for Employees Who Participated and Did not Participate in Both Years

Antwerp Decatur.
Both Years Only 1997 Both Years Only 1997

Variable ON=27)  (N=38) N=34)  (N=50)
PFOS (ppm) 233% 088 235 1.69

Age 37x 30 4s 4“

BMI 244 238 295 209

Cigarettes 59 52 47 79

Alcohol 10 07 ol 02

Alk Phosphatase 72 69 85 88

GGT 3 21 41 32

AST 27 26 26 2

ALT 32 30 3 34

Total bilirubin 077 081 0.56 059

Direct bilirubin~~ 0.14 0.16 012 oll

BUN 152 146 14.1 140

Creatinine 09 09 10 10

Glucose 80 81 103 95

Cholesterol 224n0x 192 26+ 208

LDL 148 123 143 132

HDL 51 49 43 2

001158



Table 13
(continued)

995 Data 1997 Data
Variable Antwerp Decatur Antwerp Decatur

Triglycerides 125 101 201 185

Hematocrit 46 6 4s 46

Hemoglobin 15.5 154 152 154

RBC 50 51 49% s.1

MCH 308 304 309 300

MCHC 334 33 37 338

mvc 92 91 or 89

WBC 68 63 64 65

Platelets 241 234 218 217

*p<0S; **p<.Ol; *p< 001

001159



Table 14

Multivariable Regression of Serum Chemistries and Hematological Parameters - Examination of the
Effect of PFOS Adjusting for Age, Alcohol, BMI and Cigarettes,

Antwerp and Decatur Employees (N = 61) Who Participated in Both the
1995 and 1997 Examinations

Alkaline Phospatase
1995 Data 1997 Data.

Parameter SE. D value Parameter __SE b value
Intercept 55.23 222 02 45.74 2207 04
PFOS. 171 177 34 046 171 79
Age 042 043 33 033 037 37
Alcohol 534 247 04 2.93 236 2
BMI 070 067 30 062 061 31
Cigarettes 0.82 034 02 076 032 0

Ri=24 AdiR*=.17 Ri=.15 AdjR?=.07

InGGT
1995 Data 1997 Data.

Parameter SE D value Parameter __SE D value
Intercept 2.5359 0.5561 0001 2.5660 0.5965 0001
PFOS 00028 00443 95 00357 00461 44
Age 00078 00107 47 00095 0.0010 35
Alcohol 0.0795 0.0619 20 0.0673 0.0638 30
BMI 0.0469 00167 007 0.0463 00165 007
Cigarettes 0.0023 0.0084 9 00025 0.0087 71

R'=.14 AdjR*=.06) R’=.14 Adj R= 07

scot
1995 Data 1997 Data

Parameter SE pvalue Parameter SE pvalue
Intercept 15.27 1119 18 21.68 6.80 002
PFOS 040 089 65 022 053 7
Age 017 022 a2 0.001 oll 99
Alcohol 101 125 42 047 73 52
BMI 024 034 41 017 0.19 38
Cigareties 026 017 13 007 0.10 49

R7=.08 Adj R*= 00 R'=.03 Adj R=.00

001160



Table 14
(continued)

sGpT
1995 Data 1997 Data

Parameter SE b value Parameter SE pvalue
Intercept 26.32 1783 15 15.34 13.86 27
PFOS 003 1.42 98 027 107 20
Age 0.20 034 57 -034 023 14
Alcohol 0.13 1.98 95 022 148 88
BMI 105 054 06 Lis 0.38 004
Cigarettes 0.25 027 3s 004 020 8

R*=.10 AdjR7=.02 R'=.18 AdjR?=.11

InTotalBilirubin
1995 Data 1997 Data

Parameter SE p value Parameter __SE p value
Intercept 0.7086 03971 08 03739 03996 35

PFOS -00874 00806 28 0.0202 0.0308 51
PFOS? 0.0081 0.0068 24 0.0014 0.0026 58
Age 00030 00073 69 0.0072 0.0068 29
Alcohol 0.0344 0.0436 43 0.1045 0.0426 0
BMI 00319 00LIS o 00182 00112 1
Cigareties 0.0130 0.0060 03 00105 00058 08

R'=.23 AdiR'=.14 R*=.19 AdjR?=.10]

DirectBilirubin
——— 1995Data —1997Daa
Parameter SE p value Parameter SE D value

Intercept 02579 0.0469 0001 0.1711 0.0462 10005
PFOS 00027 00037 47 00026 0.0036 47
Age 00019 0.0009 04 0.0004 0.0008 60
Alcohol 0.0049 00052 35 0.0089 0.0049 08
BMI 0.0010 0.0014 49 0.0021 0.0013 10
Cigareties _-0.0005 0.0007 50 -0.0008 0.0007 2

R’=.13 AdjR?= 05 RP=.14 Adj R?=.07

001161



Table 14
(continued)

BUN
1995 Data 1997 Data

Parameter SE pvalue Parameter SE pvalue
Intercept 18.33 362 0001 14.06 3.00 0001
PFOS -009 029 as 029 024 2
Age 001 007 87 007 005 16
Alcohol 0.59 040 15 0.18 033 59
BMI 0.04 011 a 0.12 0.09 a8
Cigarettes 0.15 005 007 003 004 55

R*=.16 AdjR’=.09 R'=.08 Adj R= 00

Creatinine
1995 Data 1997 Data.

Parameter SE p value Parameter __SE b value
Intercept 0.5185 0.1308 0002 08785 0.1333 0001
PFOS 00515 00264 06 0.0168 00103 1
PFOS? 0.0068 0.0022 004 0.0005 0.0009 57
Age 0.0073 0.0024 004 0.0036 0.0023 12
Alcohol 00100 00143 49 00266 00142 07
BMI 0.0099 00038 ol 00030 00037 a3
Cigarettes 00003 0.0019 8 00028 00020 15

RP=.49 AdjR*= 43 R*=.18 Adj R*=.09

InGlucose:
1995 Data 1997 Data

Parameter SE D value Parameter SE D value
Intercept 3.7479 0.1311 0001 34111 02013 0001

PFOS 00017 00103 87 0.0036 00156 82
Age 0.0008 00025 4 0.0063 0.0034 07
Alcohol 0.0050 0.0145 7 0.0005 0.0215 9%
BMI 0.0236 0.0039 0001 0.0306 0.0056 0001
Cigarettes 0.0023 00020 26 00051 00029 09

R= 46 Adj R= 41 RP=.48 AdjR*= 43

001162



Table 14
(continued)

Cholesterol
995 Data 1997 Data

Parameter SE p value Parameter SE D value
Intercept 184.37 3459 0001 179.50 38.87 0001
PFOS “LIS 276 68 375 301 2
Age 137 067 04 073 065 27
Alcohol 272 385 48 6.57 416 12
BMI 024 104 81 009 107 94
Cigarettes 0.82 052 12 0.07 057 20

R’=.13 Adj R*= 05 R*=.09 AdjR*= 01

LoL
1995 Data 1997 Data.

Parameter SE. p value Parameter __SE p value
Intercept 115.89 3035 10004 150.88 34.90 0001
PFOS 036 238 38 268 2.70 33
Age 126 058 88 044 058 4s
Alcohol 374 335 21 381 373 31
BMI 061 091 51 “120 096 2
Cigarettes 0.72 045 2 0.10 05 85

R=15 AdjR*= 07 R*=.07 Adj R= 00

HDL
1995 Data 1997 Data

Parameter __SE. D value Parameter __SE D value
Intercept 75.25 1101 0001 68.22 891 0001

PFOS 0.68 086 44 033 069 63
Age 00005 021 9 ot 0s 47
Alcohol 2.31 121 06 2.10 095 03
BMI 0.86 033 ol 097 025 0002
Cigarettes 030 017 08 012 013 3

RP=25 Adj R=.18 RP=34 AdjR*=28

001163



Table 14
(continued)

Triglycerides
1995 Data 1997 Data

___ Puameter SE pualue  Paameter SE pvalue
Intercept 89.52 66.79 19 19805 8202 02
PFOS 378 532 48 7.03 635 21
Age 072 129 58 087 137 53
Alcohol -1.93 743 80 3.28 877 a
BMI 7.50 200 0004 1126 226 0001
Cigarettes 1.40 LoL 17 073 119 54

R*=.26 AdjR’=.19 R'=138 AdjR’= 32

Hematocrit
1995 Data 1997 Data

Parameter __SE. D value Parameter __SE p value
Intercept 50.87 215 0001 46.61 2.56 0001

PFOS 003 017 8 020 020 3
Age 005 004 19 0.04 004 38
Alcohol 0.00 024 20 031 027 26
BMI 0.13 006 04 002 007 7
Cigarettes 0,05 004 21 006 004 a4

R’=.20 AdjR7=.13 R*=.10 Adj R= 02]

‘Hemoglobin
1995 Data 1997 Data

Parameter __SE D value Parameter __SE p value
Intercept 17.00 072 0001 15.55 088 0001
PFOS 002 0.06 70 0.07 007 33
Age 001 001 36 001 001 44
Alcohol 0.002 0.08 9% 005 009 61
BMI 006 002 o1 001 002 70
Cigarettes 0.003 001 19 002 001 12

RP=.18 AdjR=.10] R'=.07 AdjR*= 00

001164



Table 14
(continued)

RBC
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 5.21 022 0001 502 030 0001
PFOS 0.002 0018 8 0.003 0.024 88
Age -0.003 0.004 55 0.003 0.005 53
Alcohol 0.006 0025 81 0.025 0033 a4
BMI 0.007 0.007 28 0.004 0.008 64
Cigarettes 0.005 0.004 18 0.005 0.004 28

R*=.06 AdjR?=.03 RP =.04 AdjR7=.04

MCH
1995 Data 1997 Data.

Parameter SE D value Parameter __SE b value
Intercept 3297 125 0001 3113 143 0001
PFOS 005 010 60 0.11 [or 31
Age 001 002 61 0.004 0.024 85
Alcohol 0.04 014 79 0.06 0.15 mn
BMI 0.07 004 07 0.007 0039 36
Cigarettes 0.04 002 06 007 002 00;

R’=.18 AdjR?=.10 R*=.19 AdjR’=.12

MCHC
1995 Data 1997 Data

Parameter SE p value Parameter __SE b value
Intercept 33.55 053 0001 3340 050 0001
PFOS 0.03 004 55 0.005 0039 8
Age 001 001 20 0.005 0.008 55
Alcohol 0.08 006 18 0.10 005 07
BMI 0.02 002 a7 0.001 0014 92
Cigarettes 0,02 00) o1 0003 0.007 69

R¥=.18 AdjR*=.10 R’=.09 AdjR= 01
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Table 14
(continued)

Mev
1995 Data 1997 Data

Parameter SE b value Parameter __SE D value
Intercept 98.33 359 0001 92.85 382 0001
PFOS 009 029 6 0.28 030 34
Age -007 007 34 0.02 006 6
Alcohol 030 040 45 0.19 041 65
BMI 0.15 oll 18 -0.03 ol 8
Cigarettes 0,19 006 003 020 006 0008.

R'=27 AdjR’= 20 R'=.22 AdjR’=.15

Platelets
1995 Data 1997 Data

Parameter SE p value Parameter SE D value
Intercept 295.55 37.09 0001 392.12 4822 0001
PFOS 3.96 296 19 384 373 31
Age 084 071 24 231 081 006
Alcohol -10.54 413 ot 6.59 5.16 21
BMI 0.54 Liz 63 -185 133 a1
Cigarettes 0.78 063 2 082 070 25

R'=.19 AdjR?= 11 R*=21 AdjR’=.14)

WBC
1995 Data 1997 Data.

Parameter SE p value Parameter SE p value
Intercept 3.10 119 ol 4.46 136 002
PFOS 003 009 7 004 oll 70
Age 0.002 0023 93 0.007 002 75
Alcohol 007 0.13 62 021 ols 15
BMI 0.10 004 007 0.06 004 0
Cigareties 0.12 002 0001 oll 002 0001

Ri=43 AdjR*= 38 R’=40 AdjR’= 34
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Tabi 16
(continued)
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Table 17

Mean, Median (Med), Standard Deviation (SD) of Mean and Range of PFOS,
Demographic, Serum Chemistries and Hematological Values

for N = 88 Employees, Antwerp and Decatur Combined,
who Had Hormone Measurements, 1995

PFOS
(opm) MeanMedSD Range

PFOS
0-<1 068' 075 021 037-090
1-<3 196' 196 062 1002.90
3-<6 415" 397 085 3.00-5.80
26 867' 850 285 6.06-12.83

Falue = 121.3, p = 0001

Age
0-<1 327 325 63 210430
1.<3 387 390 84 250-580
3-<6 390 390 76 260540
26 430 420 78 370560

Fvalue=24,p= 08

Alcohol
0-<1 14 LL 12 0036
1-<3 06 02 08 0036
3-<6 14 05 20 0060
26 09 00 13 0029

Fvalue=2.1, p=.11

BMI
0-<1 245 245 24 204280
1-<3 279 262 72 196.607
3-<6 47 242 42 179325
26 275 294 49 206330

Fvalue=2.1, p=.10

001171



Table17
(continued)

PFOS
(ppm) Mean Med SD Range

Cigarettes
0-<1 60 00 105 00250
1-<3 7700 112 00350
3-<6 1L6 120 118 00-400
26 06 00 13 0030

F=18, p=.16

BUN
0-<1 170 160 31 140-220
1-<3 158 150 38 80-260
3-<6 170 170 38 100-230
26 144 140 40 100210

Fvalue=11,p=35

Creatinine
0-<1 L010 01 0811
1-<3 1009 02 07-16
3-<6 09 09 01 0712
26 LL 12 04 0616

Fualie=27,p=05

Glucose
0-<1 2 8 7 709
1-<3 8 84 29 62260
3-<6 8182 12 6612
>6 87 83 16 71105

Fvalue=08, p= 52

Alkaline Phosphatase
0-<1 82 82 14 66103
1-<3 88 8 25 49.146
3-<6 85 82 20 3202
26 88 74 29 63.136

Fualue=03, p= 84

001172



Table17
(continued)

PFOS
(ppm Mean Med SD Range

GGT
0-<1 38 28 27 2311
1-<3 S341 49 2203
3-<6 939 1s 2180
26 48 49 19 279

Fvalue=09, p= 44

AST
0-<1 325 23 17:9
1-<3 0027 14 14%
3-<6 235 24 6 1337
26 3130 4 2637

Fualie=12,p=31

ALT
0-<1 52 48 21 36-108
1-<3 48 43 24 25183
3-<6 2 4 7 3059
26 5457 20 298

Fvalue=L1, p=.36

Total Bilirubin
0-<1 086 070 045 0.40-200
1-<3 067 065 028 020-130
3-<6 065 060 031 020-L40
26 068 070 015 0500.90

Fualue=12, p=.30

DirectBilirubin
0-<1 022 020 004 020030
1-<3 020 020 005 010030
3-<6 022020 004 020-030
26 022 020 004 020030

Fualue=06, p=63

001173



Table 17
(continued)

PFOS
(ppm) Mean Med SD Range

Cholesterol
0-<1 213207 33 180-290
1-<3 20 227 42 144315
3-<6 27 214 29 171270
26 200 208 34 160-240

Fvalue =0.5,p= 69

LDL
0-<1 129 128 22 106-177
1-<3 136 146 39 65.228
3-<6 139135 29 84.190
26 129 130 29 95472

Fvalue=03,p=.85

HDL
0-<1 257 12 36
1-<3 S046 15 2894
3-<6 46 48 12 2374
26 4546 10 3461

Fvalue=06, p=_64

Triglycerides
0-<1 1577 121 167 41-622
1-<3 163 129 118 41.651
3-<6 156 138 97 34.413
26 128 151 52 64-187

Fvalue=0.1,p=94

Hematocrit
0-<1 4748 2 4449
1-<3 46 46 3 3952
3-<6 a7 41 2 Bs
26 47 48 1 4549

Fvalue=23, p= 08

001174



Table 17
(continued)

PFOS
(pm) MeanMedSD Range

Hemoglobin
0-<1 156 158 05 146161
1-<3 152 153 09 130-17.1
3-<6 156 156 07 138174
26 155 154 07 148.162

Falue=18,p=.16

RBC
0-<1 49 50 03 4352
1-<3 49 49 03 4357
3-<6 50 50 02 4654
26 50 52 07 4057

Fvalue=04, p=.74

MCH
0-<1 320 317 LI 308339
1-<3 308 308 14 273332
3-<6 312 318 Ls 260.333
26 31302 34 282.369

Fualue=19, p=.14

MCHC
0-<1 329 331 08 319345
1-<3 330 31 07 317345
3-<6 329 328 07 313342
>6 31333 08 322340

Fualie=02, p=.93

Mev.
0-<1 97 95 5 92106
1-<3 93 93 4 8ni0l
3-<6 95 95 5 8I-104
26 9 91 12 sss

Fualue=19, p=.13
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Table 17
(continued)

PFOS
(ppm) Mean Med SD Range

WBC
0-<1 67 65 18 44.94
1-<3 7369 22 3615S
3-<6 7775 23 41133
26 7169 06 6478

Fvalue=07, p=.59

Platelets
0-<1 243230 43 189-300
1-<3 234 227 44 153365
3-<6 29 230 50 132344
26 77182 29 143.205

Fvalue=27, p=05

1. Significantly different (p < 05) than the remaining three PFOS exposure categories.
2. Significantly different (p <.05) than the 0- < | ppm PFOS category.
3. Significantly different (p <.05) than the 1 - <3 ppm PFOS category.
4. Significantly different (p <.05) than the 3 - < 6 ppm PFOS category.
5. Significantly different (p < 05) than the > 6ppm PFOS category.

‘Sample sizes:
PEOS Level Both Locations Antwerp Decatur
0-<Ippm 10 9 1
1-<3 ppm 46 21 2
3-<6 ppm 2 18 9
>6ppm s 2 3

88 50 38
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Table 18

Multivariable Regression of Serum Chemistries and Hematological Parameters
in Relation to PFOS Adjusting for Age, Alcohol, BMI and Cigarettes,

Antwerp and Decatur Data Combined, For Those Employees
‘Who Had Hormone Measurements in 1995

Alkaline Phosphatase

Varigble Parameter SE D value
Intercept 64.57 1523 001
PFOS 0.002 Lil 99
Age 013 030 66
Alcohol 4.17 175 02
BMI 0.60 039 13
Cigarettes 0.60 020 004

R'=22  AdR=.17

InGGT

Variable Parameter SE p value
Intercept 1.9570 04203 0001
PFOS 0.0077 0.0301 80
Age 00157 0.0084 07
Alcohol 0.1043 0.0484 03
BMI 00341 00107 002
igarettes 0.0096. 0.0056. 0

R*=.20 AdjR?=.15

AST

Variable Parameter SE value
Intercept 16.13 9.90 1

PFOS 0.13 7 86
Age 0.006 020 98
Alcohol 1.02 114 3
BMI 051 025 04
Cigarettes 020 013 a3

R?=.08 Adj R?=.02
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Table 18
(continued)

ALT

Variable Parameter SE p value
Intercept 25.19 1422 08
PFOS 0.12 104 90
Age -0.04 028 89
Alcohol 020 164 90
BMI 095 036 ol
Cigarettes 020 019 29

R*=.10 AdjR’=.04

In Total Bilirubin

Variable Parameter SE p value
Intercept 0.6133 02726 03
PFOS, 00885 00518 09
PFOS? 0.0073 0.0048 13
Age 00025 00054 64
Alcohol 0.0235 0.0309 45
BMI 00270 0.0068 0002
Cigarettes 00162 0.0036 000)

R’=39 AdjR= 34

Variable Parameter SE. D value
Intercept 0.225 0.0335 0001
PFOS 0.001 0.002 64
Age 0.0007 0.0007 31
Alcohol 0.004 0.004 26
BMI 0.002 0.0009 005
Cigarettes 0.0003 ___ 0.0004. 44

R*=.09 Adi R*=.03
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Table 18
(continued)

BUN

Variable Parameter SE D value
Intercept 1873 272 0001
PFOS 0.10 020 60
Age -0.05 005 35
Alcohol 037 031 24
BMI 0.003 007 97
Cigarettes 0.05 004 14

R?=.08 AdjR*=.02

Creatinine

Variable Parameter SE p value
Intercept 0.5031 0.1178 0001
PFOS 00488 00223 03
PFOS? 0.0051 00020 01
Age 0.0086 00023 0004
Alcohol 00119 00133 38
BMI 0.0090 0.0029 003

Cigarettes -00017 00016 28
R*=.37 AdjR’=32

InGlucose

Variable Parameter SE. p value
Intercept 3.8241 0.1090 0001
PFOS 00029 00079 a1
Age 0.0051 00022 02
Alcohol -00052 00125 68
BMI 0.0166 0.0028 0001
Cigarettes 0.0018 0.0014. 2

R'=.42 Adj R*= 38,
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Table 18
(continued)

Cholesterol

Variable Parameter SE D value
Intercept 198.04. 26.88 20001
PFOS 283 197 15
Age 126 054 02
Alcohol 132 309 67
BMI 073 0.68 29
Cigarettes 007 035 85

R?=.09 AdjR*=.03

LDL

Varisble Parameter SE » value
Intercept 152.37 23.90 20001
PFOS 045 174 80
Age 070 048 14
Alcohol 5.58 275 05
BMI -L19 061 05

Cigarettes -059 032 07
R’=.14 AdjR*= 08

HDL

Variable Parameter SE » value
Intercept 77.68 8.51 0001

PFOS 0.66 062 29
Age 031 017 07
Alcohol 2.68 098 008
BMI 066 022 003
Cigarettes 007 ol 56

R'=32 AdjR7=.28
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Table 18
(continued)

Triglycerides

Variable Parameter SE D value
Intercept 17852 7197 02
PFOS 789 526 14
Age 422 144 005
Alcohol 9.90 828 24
BMI 607 183 001
Cigarettes 3.17 095 001

R'=32 AdjR’=28

Hematocrit

Varisble Parameter SE p value
Intercept 48.03 1.66 0001
PFOS 0.05 or 0
Age 0.02 003 48
Alcohol ~~ -0.003 0.19 9
BMI 0.10 004 0
Cigarettes 0.04 002 05

R’=.12 Adj R= 06

Hemoglobin

Variable Parameter SE D value
Intercept 15.76 0.58 0001
PFOS 002 0.04 67
Age 0.04 007 28
Alcohol 001 001 58
BMI -003 001 03
Cigarettes 0.009 0008 25

R?=.09 AdjR*=.03
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Table 18
(continued)

MCH

Variable Parameter SE D value
Intercept 33.52 105 0001
PFOS 004 008 59
Age 0.006 002 79
Alcohol 0.11 012 35
BMI 0.10 003 0003
Cigarettes 003 001 03

Ri=24 AdjR?=.20]

MCHC

Variable Parameter SE p value
Intercept 32.87 0.50 0001

PFOS -0001 037 98
Age 0.008 001 42
Alcohol -008 0.06 19
BMI 00006 001 96
Cigarettes 0,01 0007 008

R=.07 AdjR’=.02

Mcv

Variable Parameter SE p value
Intercept 10197 3.36 0001
PFOS 0.14 025 56
Age 0.04 007 53
Alcohol 0.56 039 15
BMI -031 009 0005
Cigarettes 0.12 004 0007

R'=28 AdjR’=.23
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Table 13
(continued)

RBC

Variable Parameter SE p value
Intercept 4.673 0214 10001
PFOS 0.009 0016 58
Age 0.005 0.004 28
Alcohol 0.026 0025 29
BMI 0.006 0.005 24
Cigarettes 0,002 0.003 48

R'=.08 AdjR?=.02

Platelets.

Variable Parameter SE p value
Intercept 320.83 3221 0001
PFOS 673 236 006
Age 0.94 0.64 1s
Alcohol 695 3.70 06
BMI -126 082 13
Cigareties 0.43 043 32

R*=.18 AdjR?=.13

WBC

Variable Parameter SE p value
Intercept 3.24 132 02
PFOS. -003 0.10 74
Age 007 003 01
Alcohol 0.03 0.15 82
BMI 003 003 42
Cigareties 0.09 002 0001

R’=35 AdjR*= 31
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Table 19

Mean, Median (Med), Standard Deviation (SD) of Mean and Range of PFOS,‘Hormonal Measurements for N = 88 Employees, Antwerp and Decatur Combined, 1995

PFOS
(ppm) Mean Med SD Range

Cortisol
0-<1 193 175 7.0290
1-<3 177 180 72 10420
3-<6 204 230 72 70310
26 170 190 62 9.0230

F=17,p=.18

DHEA-S
0-<1 388%° 358 168 88-605
1-<3 2424210 95 69460
3-<6 316 318 106 90-530
26 194 190 19 176-215

F=83,p=.0001

Estradiol
0-<1 67.1 670 128 500-87.0
1-<3 603 590 152 350-10.0
3-<6 60.5 610 101 4208.0
26 648 650 187 470.920

F=08,p=.49

ESH
0-<1 38 35 15 2060
1-<3 56 40 42 10260
3-<6 56 40 39 20180
26 66 60 34 30120

Falue=08,p=0.48

17-Hydroxyprogesterone
0-<1 170 164 41 121245
1-<3 Bl 123 52 53204
3-<6 150 153 52 65-245
>6 19 98 4590-197

Fvalue =2.4,p= 08
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Table 19
(continued)

PFOS
(ppm) Mean Med SD Range

LH
0-<1 38 40 09 2050
1-<3 46 40 30 10210
3-<6 46 50 19 2090
26 48 50 13 3060

Fvalue=03, p= 81

Prolactin
0-<1 135 130 70 60290
1-<3 118 110 50 30300
3-<6 134100 79 50390
26 136 100 63 9.0240

Fvalue=05,p=67

SHBG
0-<1 09 09 03 0513
1-<3 10 09 04 0419
3-<6 10 09 03 0417
26 12 13 06 0621

F=1lp=35

Freetestosterone
0-<1 205 202 52 102282
1-<3 162° 161 33 8927.1
3-<6 177 182 32 122252
26 175 177 20 153205

Falue=4.5,p= 006

Boundtestosterone:
0-<1 739° 757 175 5281094
1-<3 580% 589 110 278-762
3-<6 676° 659 171 410-1039
26 T7216 462-883

Falue =52, p=.003
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Table 19
(continued)

PFOS
(ppm) Mean Med SD Range

TSH
0-<1 19 14 13 0645
1-<3 10 15 14 0581
3-<6 Is 14 08 0534
26 20 16 12 0738

Fualie=06, p= 62

Sample sizes:
POS Level Both Locations ___ Antwerp __ Decatur
0-<Ippm 10 9 1
1-<3ppm 46 21 25
3-<6ppm 27 18 9
26ppm 3 2 3

88 30 38
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Table 20

Multivariable Regression Analysis of Hormones in Relation to PFOS
Adjusting for Age, Alcohol, BMI and Cigarettes,
Antwerp and Decatur Data Combined, 1995

Cortisol

Varigble Parameter SE p value
Intercept 27.13 484 0001

PFOS 027 035 4s
Age 0.10 0.10 31
Alcohol 1.56 0.56 006
BMI -025 012 04
Cigarettes 0.01 0.06 81

R'=22 AdR’=.17

DHEAS

Varigble Parameter SE p value
Intercept 499.17 76.98 10001
PFOS 295 563 60
Age 530 154 0009
Alcohol 17.8 8.84 05
BMI -182 195 35
Cigarettes 225 101 03

R'=28  AdiR=2¢

Estradiol

Variable Parameter SE p value
Intercept 53.56 9.76 0001
PFOS 382 185 04
PFOS® 0.44 0.17 01
Age 0.13 019 S51
Alcohol 2.42 1.10 03
BMI 057 024 0
Cigarettes 0,07 013 58

Ri=18 AdjR’=.12]
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Table 20
(continued)

Estradiol (without employeeC)

Variable Parameter SE p value
Intercept 53.43 9.84 0001
PFOS 356 239 4
PFOS? 040 028 a5
Age 0.13 0.19 1
Alcohol 2.43 Li 03
BMI 056 025 03
Cigarettes 0.69 013 60

R*=.13 Adj R=.06

ESH

Variable Parameter SE p value
Intercept 3.64 279 20
PFOS 002 020 91
Age 0.14 006 0
Alcohol 004 032 89
BMI 0.13 007 07
Cigarettes 0.005 004 90

R*=.10 Adj R*= 05,

17-Hydroxyprogesterone:

Variable Parameter SE p value
Intercept 306.10 3269 0001
PFOS 004 236 99
Age 2.13 067 002
Alcohol 0.76 3.68 84
BMI 347 082 0001
Cigarettes 0.79 042 01

R’=33  AdjR’=.28
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Table 20
(continued)

LH

Variable Parameter SE pvalue
Intercept 565 186 003
PFOS 00s 013 69
Age 0.02 0.04 69
Alcohol 0.24 021 26
BMI 0.03 005 56
Cigarettes 0,03 002 21

R=.04 AdjR?=.02

Prolactin

Variable Parameter SE » value
Intercept 16.67 399 0001
PFOS 034 029 25
Age 0.15 008 07
Alcohol 175 046 0003
BMI 0.004 0.10 97
Cigarettes 0.14. 005 01

R*=31 Adj R?= 27

SHBG

Varigble Parameter SE D value
Intercept 0.03 024 89

PFOS 0.005 002 7
Age 002 0005 0001
Alcohol 0.005 003 86
BMI 0.005 0.006 40
Cigarettes 0.004 0.003 19

R=28 Adj R*= 23
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Table 20
(continued)

FreeTestosterone

Variable Parameter SE » value
Intercept 27.37 2.57 0001
PFOS. 0.02 019 90
Age 0.14 005 o
Alcohol 0.11 030 69
BMI -0.19 0.06 005
Cigarettes 0,01 003 68

R*=.19 AdjR’= 14

Bound Testosterone

Varigble Parameter SE p value
Intercept 993.88 10093 0001
PFOS. 691 7.28 35
Age 243 206 24
Alcohol 7.41 1137 52
BMI -1143 252 0001
Cigarettes 1.22 13 3s

R'=28  AdR'=23

TSH
Varigble Parameter SE D value
Inercept 0.873 0.826 29
PFOS 0.004 0.060 95
Age 0.003 0016 85
Alcohol 0.078 0.095 4
BMI 0.096 0.021 0001
Cigareties 0,011 0011 32

RP=23 AdjR*=.18
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e1cuRe1

Scatter Plot of Estradiol and PROS, Both Locations Combined, 1995
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Estradiol +59.7222 + 0 57198 PFOS
Summary of it

Asquare 0.00735RSquare Adj 000413Root Maan Square ror 1374017Mean of Response 61.3636¢‘Observations (or Sum Wats) a

Analysis of VadanceSource OF  SumofSquares  MeanSquae  FRatioModel 1 120226 120226 06368Emor 8 16236.138 188792 ProboFC Tota 2 16358364 04271

ParameterEstimates
Tom Estimate SEM  tRmo  ProbapIntercept 59722236 2505093 2365 <oo0PFOS 05719843 0716766 080 Gari
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Scatter Plot of Estcadiol and PROS, Both Locations Coninbed, 1995Euasoigypros Without Enploes A
T0000
100000 .
so000 |
woo | LAT

§ momo at el .i Lifer .0000 | TNA
Lhe,

soo {2 0 Seal
Be“000 EA

0.000
000 2000 4000 6000 8000 10090 12000 14060Pros

—PolynomialFit degroen2
— nearFt

PolynomialFitdogree=z
Estradiol = 65.8620-3.10563 PFOS+0.4755 PFOSY2

Summaryof Fit
Asquare 0020852RquareAd] “000277FootMean Square Eror 13.4025Maan of Response s101149Observations (or SumWats 17

Analysisof VadanceSource OF SumofSuss  MeanSqure  FAatoNodal 2 slog 158320 08ersEror o 15080349 T0647 ProneTow a 15408985 o4ts0

ParamaterEstinatosTom Estimate SwEror thse PaboyIntocapt eset 4o7eiiz 1817 '<o0e)FFOS 3105693 23491 43 or079PROS? 03TsaT2 ozmeia 13s 0218)

001193



Une Fi
Estado «620271 - 0 26861 PFOS.

Summary of Fit

ASquare 0.002356Square Adj -0.00938Roo Mean Square Error 1344737Meanof Response 6101149Observations (or Sum Wats) I

Analysisof Variance
Sourco OF  SumofSquares  MeanSquare  FRatioModel 1 36.295 36295 0.2007Emor 8s 15370504 180832 ProbaFTotal 86 15406.989 0.6553

ParameterEstimates
Tom Estate SUEm  tRao ProbstIntercept 62027060 2688488 2305 <o001PROS 0368607 0822768 045 06583
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APPENDIX A

‘Total Bilirubin and PFOS Scatter Plots
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Seatac Plot of Total 8ilicubin and F605, Both Locations Compined, 1955
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ASquare 0081674RSaquare Adj 0040773Root Mean Square Error 0359009Maan of Response 0718648‘Observations (or Sum Wats) 7

Analysis of Variance
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Parameter Esimates
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Scattec Plot of Total Bilicubin and pos, Antwecp, 1995TosBin8 PFOS
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ASquare 0027505Square Ad) 0004623Root Mean Square Error 0407635Msan of Response 0863636Observations (or Sum Wats) a

Analysis of Variance
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ASquare Ag) 0010065Foot Mean Square Error 0247508Mean of Response 0575281Observations (or Sum Wats) 8

Analysis of Variance
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Scattac Plot of Total Bilicubin and PROS, Both Locations Combined, 1997
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Analysis of Variance
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Scattec PIO of Total Bilicubin and POS, Antwecp. 1997
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Scattec Plot of Total Bilicubin and PROS, Antwecp, 1997

Total Bunn By PFOS.
250

200

FREY

2
I
——

050

00 200 400 600 800 1000
Pros

—near Fit
—— Polynomial Fit dogroe=2

Unear Fit
“Total Bliubin = 0.8517- 0.03647 PFOS

‘Summary of Ft
RSquare 0014291Square Adj 0.00161Root Mean Square Error 0.385334Moan of Response. 0.796875‘Observations (or Sum Wats) a

Analysisof Vadance
Source. OF  SumofSquares  MoanSquare  F RatioModel 1 0.134670 0.13467 0.8089Emor 62 92050080 0148482 ProboFCota & 5:33%3750 0.3468

Paramate Estimates
Tom Estimate SUEor  tAato  ProbsiInterospt 08516990 0075259 1132  <0001PFOS 003474 0038471 095 03468

PolynomialFitdegree=2
“Total Bilirubin = 0.9635 - 0.22847 PFOS + 0.0462 PFOSA2

Summaryof Fit
ASquare o0steasRSquare Ad] 0.020761 001206



RootMeanSquareError 0381007Mean of Respanse 0.796875Observations (or Sum Wats) C3

Analysis of Variance
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Scatter Plot of Total Bilirubin and PFOS, Decatur, 1997
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eroue 1
Scatter Plot of Estradiol and PFOS, Both Locations Combined, 1995Cons 705
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Scatter Plot of Estradiol and PROS, Both Locations Cominbed, 1995
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APPENDIX B

Unconjugated Bilirubin and PFOS Scatter Plots
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Scattec Plot of Unconjugated Bilicubin and PROS, Both Locations Combined,Unconpugated bikrubin By PFOS 1995
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Scatter Plot of Unconjugated Bilicubin and PROS, Antwerp, 1995
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Scattec Plot of Unconjugated Bilicubin and PFOS, Antwecp, 1997
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Scattec Plot of Unconjugated 8ilicubin and PFS, Decatur, 1997
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APPENDIX C

HDL and PFOS Scatter Plots
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Scatter Plot of OL Cholesterol and PROS, Both Locations Combined, 1995
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Scattec Plot of HDL and 90S. Antwerp, 1995
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Scatter Plot of HDL and PROS, Decatuc 1995
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Scatter Plot of HOL and PROS, Both Locations Canbined, 1997
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Scattec Plot of DL and PROS, Ancueco, 1997
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Scatter Plot of HOL and PEOS, Decatuc, 1995
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Serum Perfluorooctane Sulfonate and Hepatic
and Lipid Clinical Chemistry Tests in
Fluorochemical Production Employees

Geary W. Olsen, DVM, PhD he 3M Company manufactures prod-

desnith, Burs, AN. IaH es netorl somone 5
Jeffrey H. Mandel, MD, MPH dul impurities. tht have 35 8
Larry R. Zobel, MD, MPH precursor molecule _perfluorooctane

sulfonyl fluoride (CgF,,SO,F). Work-
The 3M Company manufactures fluorochemicals, which have as @ place exposure may occur by inhala-

precursor perfluorooctane sulfonyl fluoride (CoF,SO,F). These com- tion, ingestion, and dermal routes.
pounds maybe expected to transform metabolically, to an undetermined These fluorochemicals may transform
degree, to perflucroactane sulfonate (PFOS, CoF;,S0;”) as an end- metabolically. toan undetermined de-
stage metabolite. Subchronic studies in rats andprimatesindicate a gree, to_perfluorooctane sulfonate
potential for cumulative toxicity with PFOS with the primary effect (PFOS; CFpSO5”) as an end-stage.
related to metabolic wasting with hypolipidemia as a consistentfinding. metabolite. Potassium _perfluo-
Biennial medical surveillance has been offered to the company’s rooctane sulfonate (CyF,;SO5"K”) is
fluorochemical production workers located in Decatur, Alabama, and itselfasurfactant used as awetting and
‘Antwerp, Belgium. In 1995, the mean serum PFOS level, as measured foaming agent in industrial and com-

by high-performance liquid chromatography mass spectrometry, for 178 BU To,
‘male employees was 2.19 parts per million (ppm; range, 0.00 fo 12.83 POIs Bannaso spnserseprt
ppm), and in 1997, for 149 male employees, it was 1.75 ppm (0.10 to Te y In the plasma of rate?
9.93 ppm). Our analyses suggest that among these production employ- Tres pears beseman on
ees, there were no substantial changes in serum hepatic enzymes, CF es"oPFOS with
cholesterol,or lipoproteins associated with PFOSlevels less than 6 ppm. 0 ania ind fous excretion 3
It was not possible to derive inferences from thefew employees who had yin decreased the reten-
serum PFOS levels = 6ppm. These results maybe due to the lower levels [7 "0 yioibeled PROS in the

of serum PFOS measured among these production employees, compared 00 4 ach hd increased its
10 those suspected to cause effects in laboratory animals. a

Sudies in rats and primates sugges
there is cumalative toxicity wih
PFOS.* Lowered serum total cho-
letra levels apper to be an carly
consistent finding, with cumulative
toxicity resuling in metabolic vast
ing and limatdly death. Although
the mechanism of oxic in labora
tory ails 5 ot Fly understood,
it may be due to an eff on fay
li umpon snd meabolim, mem.oe Ml Depren, Compn 5. Fol nlaGS!ts Co TSrr

Come5 Anon Cote ofOcipions sd Eneedn pd
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800 PFOS, Hepatic Enzymes, and Cholesterol + Olsen et al

Voluntary biennial medical sur. reduction was due 0 large mover that were considered in the analyses.
veillance of fluorochemical produc- of employees at both plant locations For stratified analyses, employees
ion employees has been routinely during 199 and 1997. The surveil: were divided into four PFOS catego-
performed since thela 1970s at lance consisted of 4 medical ques. ries (010 <1 ppm. | 10 <3ppm. 3 (0
3WP's Decatur. Alabama. and An. tionnaire: measurement of height. <6 ppm. and 6 ppm) to detemmine
werp. Belgium. locations. Total se. weight. and bloodpressure: standard whetheran effect could be detected at
rum organic fluorine levels were an- clinical chemistry and hematology the highest serum PFOS levels. Other
alyzed nil the mid-1990s when tests: and determination of serum categorical levels were used that pro-
serum PFOS determination, quantifi- PROS levels. vided similar results,For mulivarisble
able by high-performance liquid regression analyses, serum PFOS and
«chromatography mass spectrometry. PFOS Analysis the potential confounders of age. BMI.
became available. The purpose of In 1995. the analysis for serum alcohol use. and cigarete we were
his study was (© provide a cross. PFOS was conducted by 3M's Envi examined as continuous and caegori-
sectional analysisofthe medical sur- ronmental Laboratory in St. Paul. cal explanatory variabis in the mod-
veilance data in relation to the em. Minnesota. The methodused tetabu. cls. Multivariable regression models
ployees' serum PFOS levels. tylammorium (0 on-pair with PFOS were fitted, with PFOS analyzed a5 a

in serum.'” The ion-pairs were then continuous variable, using linear as
extracted with ethyl acetate. The ab- well as nonlinear transformations in

Methods straction product was then analyzed order to maximize the possibility of
i y using high-performance liquid chro- finding. associations between PFOSFiuorochemical Production Imtoaphy herp ss pec. 0d dependent vile of met

Fluorochemical production began trometry. In 1997, the serum samples Natural log transformationsofthe de-in Decatur in 1961 and Anwerp in were analyzed by liquid chromatog. pendent. variables were performed,1976. In general, perfluorinated  raphy/mass spectrometry, using se. when necessary, to. normalize vari
chemicals are produced via an elec- lected ion monitoring in the nega- ablesand to enhance model fit. Tradi-wochemical process: a solution of tive-ion mode.'* tional stepwise selection proceduresorganic substrate is elecuolyzed in werealsoutilized (selection inandout
anhydrous hydrogen fluoride at a Laboratory Analyses ofmodel was set atP = 0.1), aswell
low voltage." The products of this For both time periods and plant astaking into accountothercovariates
electrolysis cell reaction are highly locations, United Laboratory Services that maybeonthebiologic pathway of
fluorinated compounds, with the (St. Paul, MN) performedthestandard effect.’ Wedidnot examine changesend-product defined by the starting hematological and serum chemisiry in measured PFOS between the twomaterial. Potentialforworkplace ex- tess. These included the following: time periods because the estimatedposure to those fluorochemicals that alkaline phosphatase (IU/L), gamma. halfife of PFOS in the serum is be-
metabolizetoPFOS can occur in the glutamy] transferase (IU/L), aspartate lieved to range between 1000 and
electrochemical cell. the reactor, aminotransferase (IU/L), alanine ami- 1500days(J. H. Mandel, MD. unpub-mixing. drumming, and packaging notansferase (IUIL), toal and direct lished data based on 4 years of serum
areas, as well as in the plant's quality bilirubin (mg/dL), cholesterol (mg/ measurementsofthree retirees, 1998).
assurance and research and develop dL), low-density protein (mg/dL), Study results were analyzed using the
‘ment laboratories. high-density cholesterol (HDL: mg/ SAS System.”

. dL)and triglycerides (mg/dL). Clinical
Subject Selection Cremremem ad sem

Voluntary fluorochemical medical PFOS determinations were performed
surveillance examinations are of- on ovemight fasted blood samples. Results
fered biennially to approximately The distribution of employees. by
200 Antwerp and 300 Decar pro. Daa Analysis serum POS exposure categorize:
duction employees. In 1995. a total Descriptive, simple, and suatfied tion. is presented in Table 1.
of 178 male employees (Antwerp: analyses, analyses of variance, and or. Whereas 20% of the Decatur em-
n= 88: Decawr: n = 90) partci- dinary multivariable regression were ployees had exposuresat =3 ppmfor
pated in the medical surveillance ex. used to evaluat associations between both years. this proportion in Ant-
aminations. In 1997. 149 male em PFOS and each hematological and wep declined from 25% in 1995 to
ployees (Antwerp: n = 65: Decatur: clinical chemistry est. Age. body mass 135 in 1997. For both years. 95% of
n= 84)participated. (There were 100 index (BMI: kgm). current alcohol the employees’ serum PFOS levels
few female employees (0 include in consumption (rinksperday). andcig were below 6 ppm. There were no
the data analysis. Sixty-one employ- ate we (cigaretes smoked per day) PFOS. measurements =6. ppm in
ees participated in bath years. This were potential confounding factors Antwerp in 1997.
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emer————————eeeterte———t———eTate1

Distribution of Employees, by Year, Location, and Partucrooctans Slfonate (FOS) Exposure Level (in parts permiion ip)
100500a 1997 oma

Atmpioyees nwo Oscar MGmposees  Anwers  acsir
mos ow nw aw aw aw owdin 8m ww nu ww a amaledmn ws 2m%ss & os se a %awsemm sw w= 6 wm oan uw 5 ow onom oh TT os on 8 nor

To mm wm ww ww es ws woTL. O . .S.O..JOU.J.ON. .20.
WET (cul bilinbin. that had significa
Mean Values of PFOS, Demographic, Serum Chemistry, and Hematologic {P< 05) k veis fer dint InParameters forAntwerpand Decatur, 1995 and 1997 Examinations means in both years of analysis.Pn onoats Staification by plant location andnt TOM ville year did not result inuate Avtwer, Deca Antwerp Deca Ggnifican: findings for oral bliinPGS.pom Ts 24 148 1% or direct bilirubin (Table 4). Third,sgn EL EA eliont ey: Bt of 28 mained constant (1999) or increasedpratapionobad eon he a (1997) with higher PFOS categoryA ww © a levels, although the HDL mean val-I J : ues trended lower among those em-ast z= a oz = loyees withthe Highest PROS ene.A Ge ‘ss ow oss goraaions Suaificaton by plant© inion, mje 02 on ae om location and suneillance year didCholesterol, mg/dL. 214 28 208 as not result in significantly differentSa WE mW eaeiwn He 5 = a PFOS categories (Table 5. Finally,rrrmaa it hould be noid tht employees 1“ihymasrsA hartsps: GaT oar gay Ne WINES POS ctegry re{oa AST, para arintanslaras: ALT, antemantras T+ i 3dvs O1der and hd higher BMIs than didLOL. low-density poprotein: HOL, high-density poprotein. ‘employees in the lowest PFOS cate-

gory. Furthermore, in 1997, the employees with =6 ppm serum PFOS
‘The mean values for PFOS, demo- covariates and hepatic enzymes, cho- levels were only from Decatur (Ta-sraphic, and liver and lpi test re. lesterol, nd lipoproteinby our lev. ble Di thus the analyses may besults. by location, are presented in els of PFOS categorization Oto <1. confounded because Decaur em.Table 2. The Antwerp male em- 110 <3, 3to <6, and =6 ppm) for  ployees were generally older andployee population was significantly the combined poputions for each heavier than Antwerp employees.younger than that at Decatur, had surveillance year. (Hematology and For example. in 1997 the mean HDLlower BMIs, and had higher self- other clinical chemistry data were level for the =6 ppm group was 40.reported daily consumption of alco- unremarkable and are not shown) mg/dL (Table 3). However. thisHol In addition, their clinical profiles Several observations are noteworthy. mean value was solely from Decaturwere different for several tests. For First, the mean for the =6 ppm employees.both time periods, the Antwerp em. PFOS category was one order of Lineaandnonlinear relationships

ployees had lower mean alkaline magnitude higher than the lowest between PFOS and the dependentphosphatase and rilyceride values PFOS category (0 10 <1 ppm) for variables of intrest, taking ito ac.and higher total bilirubin and HDL both years. Also. the means of the count the potential confounding af-vals. four PFOS categories were signifi. fects of age. BMI. alcohol. and cig.Table 3 lists the mean. median. cantly different from cach other. Sec. aretes revuled in many. analysessandurd deviation. and range of the ond. there was only one variable. Tol bilirubin showed 5 signiheant
001243



802 PFOS, Hepatic Enzymes, and Cholesterol + Olsen et al

TABLE 3
Mean, Median, Standard Deviation (SD) of Mean and Range of PFOS, by Demographic and Serum Chemmistries forAntwerp.and Decatur Employees Combined, for 1995 {n = 178) and 1997 (n = 147)

1995Data 1097 Data
PROS" (opm) Mean Medan 50 Range Moon Medan SO Range

TRG,pom ~ ~ — —0t0<1 049" 050 027 00000 0S 052 027 01010097To<3 182 177 0% 10281 178 16 0% 102102831< 412) 397 081 300058 IE 35% 070 30010530= BIT 773 25%  606to128 720° 688 153 6051093Falve=3219.P < 00001 Fvalus = 367.6, P <0.0001
Age,yoursOto<1 ar 3 8 21058 3 @ on 21108210<3 a « 9 sos a a s 201063t0<6 © © 7 6055 2 5 21054= 3 a 7 STs a by 5 2052Falue = 37.7 = 002 Fave=5.1.7=0.002‘cohol, drinksperdayOto<1 08 os os 03s 0s 01 os 0w4s103 os or or 03s 0s o1 os 010503t0<6 12 03 13 01060 10 or 18 007126 07 0 11 ow29 02 01 02 0108Fualue = 40, =0.09 Fualue=18,P=0.15BM kg/m
0io<1 285 248 42 1790387 280 249 43 iwer10<3 217 63 58 196167 27 24 57 181104853t0<6 249 20 38 17Sww®S 273 279 44 191103602 27.7 204 42 20630 08 207 40  81t032Falue = 37.7 = 002 Fuaive=21.7=010Cigartts,no.porday.Blo<t 26 00 64  oowamo 47 00 es oto10<8 68 00 13 00400 82 00 m3 todo3t0<6 108 80 124 000400 41 00 83 0103026 04 00 11 00030 60 00 134 01030Fvalve = 48,P = 0003 Falve=1.5,P=028Alkaline phosphatase, UL
oto<1 0 nz swiss 77 sw 91013210<8 8 8 2 Soe 8 no» ito 1633106 8 Bs 2 212s 76 nz 2810120= 8s 8 2 &to1s 8 8 1 6510114Fave = 13,F = 028 Fae=12.P=032Gar, UL
0to<i o a» 15s 28 2 = 100142To<3 a © 3 21020 36 FI 1010179Sto<6 0 1s 2080 28 Zu 1071= a 31s Bom ® EA 11048Fuaive = 05.P =071 Fae=1.1.P=034AST UL
Gio<1 2 sm 10% 21 2 7 131053To<3 2 ® 12 1% 28 25 7 1510563t0<6 2 2 5 By 25 x 7 1404326 fi 3 3 6 B04 2 2 3 261004Fae = 18,F = 014 Fave=05,P=067ATL
oto<i ® 8 ome 3 En R060T0<3 “© 2 2 Bois 3 3 1s 1010883to<s 2 a 7 Wloss 3 ER 1082= 51 © ar Boe a s 0 251048Fave = 10,P =038 Fale=09,P=046. bitin, mg/aL
oto<1 [3 070 050 040129 07 08 040 03010230To<3 06% 080 0X 0201S 067 060 021 03001303108 08# 080 028 001d 06 050 031 0401130= 076 O70 02 006120 0% 050 02 04010100Fvalve = 4.4.7 = 0005 Fvalue=29,7-004
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Continued

1005 outa 1007 outa
POSGo Mam Medan So Fangs Mean Medes$5 ange© sin moa.re 02 om 00s omwow oi 00 00 owses a5 OX om otbwak oi ol bh  ownem305 a3 Ok om omwas} oi ol 5% owned& G0 0% 00 owwam ol oi am  olowes. Frain = 08.5 + 058 Frain=35.5 +002i Chola,mya.
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TSTone3 ansSricanty aif (< 0.0, Boraror Dur test orth onof he thrPROS cages.Meansscantyafar 2 < 0.05 BorierontDue 66)Fon th ma of 3 <1 Ps FEO Sag.* aan SgacantySwan 2 < 0.05. Briar ir 168 Fon hmeof <3pe PEGS coon.

quadratic association with PFOS for rable analyses (data not shown) were below6ppm. Because the Ant-Decaturemployees.Thats, tol bil: showed no. consistent associations werp and Decaur employees. wereirubin levels inially declined but between PFOS and HDL. For both dissimilar by age, Bs. and elf.subsequently increasedwithincreas- plans combined, HDL levels were reported alcoholuse,we conducteding PFOS levels. This association significantly negatively associated combinedaowella separateanly-was not observed in the Anwerp (nearly) with PFOS in 1995, afler sce by plant location. These threeemployee population. which had adjustmentforpossibleconfounding demographicfactors explain, at leastHigher foal bilirubin evel. In 1997, factors. but thi was not observed in pariah: why the Antwerp employserum cholesterol levels were posic 1997. ces had lower mean serum trighycer-tityassociated (nea)wihse. po des andhigherHDL levels thanthe
' rumPFOS,after adjustmentforpo- Discussion Decatur employees." 2?tential confounding factors among We conductedtwocross-sectional Clnialhepa enzyme ess wereDecatur employees(data notshown). analysesof surveillancedata to ex- notassociatedwith the employees:This association wasnotobserved amine the associationsbetweense. serum PROS. levels. This wet an

with serum PFOS and cholesterol in rum PFOS levels and several hema- important question to address be-1995 among Decaur employeesor ologicalandclinicalchemistrytess cause PROShasbenreported (1)10in cither time period with the Ant. in male fluorochemical production be &_ peroxisome. proferstor. in
werp employees. Stratificationofthe employees. For both years, 95% of  rais®'’; (2) to result in increaseddata by plant (Table 5) and muliva- the measured. serum PROS. levels plasma iver lansaminase ess in 8
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TABLE 4
Mean, Median (Med), Standard Deviation (SO) of Mean and Range of PFOS, and Total and Direct Biirubin Levels. by Yearand Plant Location

Antwers Decatur
Pros pom) Mon Med $0 Regs Mem Med SO Fangs
wow — —T iru, mal
der 0% 080 055 002% 08 080 06 0400008Toss 08 08 02 04001 05 0% om 02150sss 075 070 03  O0Nwid 051 0s ot 0201610026 0% 0% 025 07612 06 08 010  0s0w0nFualve =12.7 = 031 Fuse=07.7=0540. bitin, mora
Got 028 02 006 020040 02 02 om 02002Tos 02 02 00  0X0% 020 02 008 010100403s 021 020 003 02003 02 02 00 020103=e 020 020 0m 020020 02 02 om 010103Fualue = 07,7 = 055 Fae=0.4.7=0741967 Duta

T irubi, moje
oer 0% 08 0d 04002 063 080 030  0%widTs 06 070 023 0X1 0% 050 018 0310sss 075 070 040 01 051 050 O16 03015090BS = ro Zz 0% 050 02  oadio1e0Fave =23P =011 Fale=10.7=041

©. binbin, gia
Gw<t 01 02 008 0100040 03 00 008 0101003010 01 Of 005 01002 O01 010 00 0101002305s 01 010 00s 00K02 O01 010  0@ 010102i i - = = 01 010 000 01016010Fave = 22.p = 012 Fae=13.7=028

Testa Temebye — —

subchronic rat study’; and (3) to Comparable percentages also exisied at 4.5 mgkgiday had mean serum
increase serum aspartate aminotrans- in 1997. We are uncertain whether cholesterol values that decreased from
ferase and lower alkaline phospha- postcoliecton factors, including he- 183 mg/dL. to 99 mg/dl. within 30
tase levels in a subchronic rhesus molysis, light, and heat, could have days.’ Rhesus monkeys administered
monkey study.® contributedtothe differences in total 1.5 mg/kg/day had mean cholesterol
There appears to be significant bilirubin levelsbetweenthe Antwerp levelsthatdecreasedfrom 195 mg/dL

emterohepatic circulation of PFOS and Decatur employees.’® Unfortu to 111 mg/dL within90days. A no-
with bothurinaryand fecal excretion nately. toal bilirubin was not ana. observable-effect level was seen for
in the rat** Although we observed a Iyzed in two subchronic thesus mon. the 0.5 mg/kg dose group at 90 days.
quadratic relation between PFOS and key studies, which resulted in death Serum PFOS measurements were not
foul bilibin in our mulivarisble ofal animals in the 4.5 mglgidsy determined in these rhesus monkeys.analyses with the Decatur employee ~~PFOS dose group or higher." On- However,data froma recent cynomol-population, interpretation of these going toxicology studies in rats and gus monkey dose-range-finding study
data is difficul, given the narrow primates should provide additional suggested that hypolipidemia may be
range of PFOS serum levels associ-  perspecives regarding any biologi- initially associated with serum PFOS
ated with the total bilirubin values. cal effect between PFOS and biliru- levelsinth range of 1000200ppm.”
Interestingly. the Antwerp employ. bin levels. Haughom and Spydevold suggested
ces” total bilirubin levels were signif- Our data do not suggesta reduction that the hypolipidemic effect of PFOS
icantly higher than the Decatur em- in total serum cholesterol with PFOS maybedue to reduced liver activity of
ployees’ levels. We suspect there at the serum levels measured among hydroxymethyl glutaric acid-CoA re-may be a greater prevalence of Gil- theseproduction employees.PFOS isa ductase and. acyl-CoA. cholesterol

bert’s syndrome" among the Ant- peroxisome proliferalor in the at. and acyliransferase. with enhanced fattywerp employees. In 1995. 15 (17%) hypolipidemia has been consistently acid oxidation inth liver” Nabbefeld
Antwerp employees had total biliru- observed in subchronic atand primate et al observed that PFOS has a highbin values 21.2 mg/dL. compared toxicology studies." Rhesus mon- affinity for the fatty acid carrier pro-
with three (3%) Decatur employees. keys tha had been administered PFOS teins albumin and 1faty acid-binding
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|" protein in vivo. This could pondally Tiswas due, inpar 0. large tm. assedwith clevatedIver ransar-i alter faty acid transport, biochemistry, overofemployees at both plants be-  inaselevels.225and mebolism, which conceivably tweenexaminations. Six, here coud In summary, ou findings suggestcould thenlead 0 adecreas in cho be measurement ero i imporant (ht among these Anlwernond hess.lesterol esterification and. metabolic confounding variables. Analysisofthe tur male fluorochemical productionwasting." data of the 61 subjects who partici- employees, there were no substantialSeveral methodological issues paed inbhyears showed Ui Dre changes in Ser nepaie omenshouldbe consideredin evaluating the Was excellent colton fo he on. chateserl, or poeta ens
resultsfromourstudy. First,thecross- foundingfactorsofBMI (r = 92,P= ated with PFOS levels less than 6sectional designdocsnot allow fora 0.0001), self-reported aspects of alco pom. It is not possible to derivedirect analysisofthe temponly ofan Fol consumpion (+ = 58, P = erences fram hs on coplomieassociation. Second,the volumary par. 00001). and claret smoking ( = min sen ones pp eeiipuion res in ihe Morochemical 19,P = 00001) As cxpecte hese one afin sty elmmedical suveilance were not ideal 61 employee scrum PROS lvls o Somos pt esmonthe ligble fuorochemicalpro- the2years wre highly comsied (1 seni aes ong oeduction employes. Thi. the serum 52. 7 = 0.0001) Tht ress id nor Fas 1% AMEth emlevels of PFOS tht were mesared Gif fom those of the ene dy Pas Brann oes os 5may be below the Noll evel in population. Finally. th. qulty of om,ros TEISUSdamong theseborsry anima Four POS con. mil sulle das. por 0 fs S701 es MPA Mil hoesscnt primary in the ive of ab. ue for suing an api ypoes.  PooCaortory amas Serum messurements can fen be evil by whetherof PROS may not adequately reflect known posive associations are obbody burden Fil. the two cross served. In his regard,wedid observesections] analysescannotbeviewedas various expected association. such a+ Acknowledgmentindependent populations. Sixty-one cigaretc smokingandSeated whe Theaubars radtuly scksowce heemployeeswere studied in both years. blood cel counts and lage BMI. sskrs of si been
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