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Abstract

‘The 3M Company has published several periodic medical surveillance studiesofits

fluorochemical production workers at its Antwerp (Belgium), Cottage Grove (Minnesota)

and Decatur (Alabama) manufacturing facilities. These programs have compared clinical

chemistry results in relation to serum measurementsofperfluorooctanesulfonate (PFOS)

andlor perfluorooctanoate (PFOA). Toxicologically, PFOAis a peroxisome proliferator

alpha receptor (PPAR) agonistandexerts morphological and biochemical effects

characteristic ofPPARa agonists including beta-oxidation of fatty acids, increased

CPY450-mediated reactions, and inhibitionofthe secretion ofvery low-density

lipoproteins and cholesterol from the liver in rats and mice. In worker studies there have

beennoconsistent associations with PFOA and various clinical chemistry measurements.

A weak positive association between PFOA and serum total cholesterol was reported in

‘an analysis ofa the 2000 fluorochemical medical surveillance data for Antwerp and

Decatur employees combined but it was considered a spurious finding based on the

understanding thata hypolipidemic effect would be the hypothesis to be tested from the

toxicological data. A subsequent unpublished brief letter from DuPont reported that total

cholesterol, LDLandtriglycerides, but not HDL, were positively associated with their

employees’ serum PFOA concentrations but the authors urged caution as minimum

variance was explainedin theiranalyses. In lightofthese findings, the purposeofthis

studywas to reanalyze the 2000 fluorochemical medical surveillance male employee

database (n = 552) which included three facilities: Antwerp, Cottage Grove and Decatur

and to stratify the analyses by employees’ self-reported cholesterol lowering medication
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status concentrating on those individuals (n = S06, 92 percent) who reported they were

not taking cholesterol lowering medications.

Using several typesofstatistical analyses (analysisofvariance, analysisofcovariance,

logistic regression and multiple regression using multiplicative models), there was no

evidence that PFOA [adjusted for age, body mass index (BMI) and alcohol] was

statistically significantly (p <0) positively or negatively associated with serum total

cholesterol or LDL (calculated by the Friedwald formula when serum triglycerides were

less than 400 mg/dL) regardlessof cholesterol lowering medication status. Although

HDL was negatively associated with PFOA for the combined three locations, only one

percent of its variance was explained with PFOA and this association was not observed

‘when the data were stratified by location. Thus, the association observed with HDL and

PFOA was likely due to residual confounding between the locations themselves rather

than to any possible causal association with PFOA. For the combined locations, serum

triglycerides were positively associated with PFOA but not consistently by location.

Antwerp, the location with the lowest mean triglyceride and PFOA concentrations,

showed a positive association whereas Cottage Grove, with the highest mean PFOAand

triglyceride levels, showed no association between triglycerides and PFOA. A

hypothesis is offered that the inconsistent associations observed for serum triglycerides

and PFOA might bedueto non-adherence to fasting requirements by night shift

production workers since all sample collections occurred in the moming for production

‘and non-production employee participants. The former would have higher serum PFOA.

concentrations. Also, shift workers, in general, have been reported to have more elevated
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serum triglycerides. To clarify an association, ifany, between PFOA concentrations and

serum triglyceride levels, the methodological questions raised herein merit further

inquiry.

Adjusted for the potential confounding factorsofage, BMI or triglycerides, and alcohol,

the three locations combined did not result in consistent associations with hepatic enzyme

tests. Whereas the individual Antwerp and Cottage Grove locations showed no.

statistically significant associations, weak positive associations were observed in the

multiplicative models between alkaline phosphatase, ALT, and GGT with PFOA

(adjusted for age, BMI or triglycerides, and alcohol) among the Decatur male employee

‘population which could be due to residual confounding as minimum variance was

explained by PFOA in these models. Several epidemiologic research studiesofthe

Decatur workforce have not found statistically significantly increased risks for hepatic

disease (malignant or nonmalignant conditions) using a varietyofdata sources including

episodesofcare, self-reports, and death certificates. Other worker populations and a

‘community-based PFOA-exposed population have also not reported positive associations.

between liver enzyme test results and serum PFOA concentrations.

Few individual thyroid-related hormone (TSH, T4, free T4, and T3) results were out-of-

reference range. Analyses of the multiplicative models predicted these thyroid-related

hormone measurements would be well within their normal reference ranges when PFOA

concentrations varied between 0.005 g/mL (average general population concentration

reported) and 100 pg/mL (high rangeofoccupational measurements historically
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reported). The lackofan association with clinically relevant thyroid testresults has also

been reported in other worker and community-based studies of PFOA whose average

serum concentrations were at or below those reported in the present study.



3M Company
Pages

Introduction

‘The 3M Companyhas published several periodic medical surveillance studies ofits

fluorochemical production workers at its Antwerp (Belgium), Cottage Grove (Minnesota)

‘and Decatur (Alabama) manufacturing facilities (Ubel 1980; Gilliland and Mandel 1996;

Olsen etal. 1998; 1999; 2000; 20033; 2003b). These programs have compared clinical

chemistry results in relation to serum measurementsofperfluorooctanesulfonate (PFOS)

and/or perfluorooctanoate (PFOA).

Serum PFOS concentrations measured in these 3M employeeshavebeen routinely

‘compared with serum total cholesterol levels as adeclineinthe latter has been a

consistent early reliable measureofclinical response reported in laboratory animal

studies (3M Company 2003; Haughom and Spydevold 1992; Seacatetal. 2002; 2003).

No association between PFOS and cholesterol has been observed in these fluorochemical

medical surveillance programs, and is likely dueto thefactthat the serum PFOS.

concentrations measured (average approximately 1 to 2 pg/mL, maximum < 14 ug/ml)

were below those measured in laboratory animals where effects have been reported

(Olsen ctal. 1999; 20033; 2003¢). Among cynomolgus monkeys fed PFOS in the diet for

6 months, statistically significant decreases in cholesterol from predose values occurred

in the high dosegroup (0.75 mg/kg/day)thathad serum PFOS concentrations above 100

‘ppm (Seacat et al. 2002). This serum PFOS concentration in the high dose group.

corresponded to $0 mg/kg and 34 mg/kg cumulative doses inmales and females,

respectively. Seacat et al. (2002) considered this decrease in serum total cholesterol the
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earliest reliable measureofclinical response to PFOS in these cynomolgus monkeys.

Lowered HDL values were also reported in the 0.75 mg/kg/day dose group. However, a

lackofprestudy and interim HDL values ina lower dose group (0.15 mg/kg/day) made

this interpretation more problematic. Ina sub-chronic dietary toxicity of PFOS in rats,

‘Seacatet al. (2003) did not report strong evidence for hepatocellular peroxisomal or

cellular proliferation at the doses tested (0, 0.5 2.0 5.0 and 20 parts per million in dict)

Lowered serum cholesterol was observed although decreased glucose among male

animals at the high dose at 4 weeks (but not at 14 weeks or with females at 4 or 14

weeks) and elevated alanine transaminase levels (ALT) at 14 weeks in males (but not

females) were also reported. The modeofactionfor serum cholesterol reduction is

uncertain but may be due, in part, to PFOS acting as a peroxisome proliferator alpha.

receptor (PPARa) agonist.

PFOA is a PPARa agonist and exerts morphological and biochemical effects

characteristic of PPARa. agonists including beta-oxidationoffaty acids, increased

CPY450-mediated reactions, and inhibition ofthe secretion of very low-density

lipoproteins and cholesterol from the liver in rats and mice (Haughom and Spydevold

1992; DePierre 2002; Kennedy etal. 2003;Xieet al. 2003). These effects resulted in a

reductionofserum cholesterol and triglycerides inratsand mice. Xie etal. (2003)have

shown that severe adipose tissue atrophy occurs upon dietary treatment of mice with

PFOA buts rapidly reversed after terminationoftreatment. Hepatomegaly, however,

was much more persistent after dose termination. Unlike ratsandmice, there was no

reduction in serum cholesterol in cynomolgus monkeys dosed with PFOA (ammonium
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salt) for6 months (Butenhoff etal. 2002). PFOA was statistically significantly positively

associated with triglycerides in the high-dose (30/20 mg/kg) group whose steady state

Serum PFOA concentration was 158 g/mL 10 g/mL (range 20to 467 pg/mL). This

association between PFOA and serum triglycerides was observed in measurements taken

after one monthofdosing at which time the group mean triglyceride level was

significantlyhigherthan control valuesaswell as within group pretreatment values. At

the endofthe study the mean iglyceride was elevated compared to time related controls

but not 10 the animals” pretreatment values. However, only two primates were evaluated

inthe high-dose group at end of study. Inspection of individual values for PFOA serum

concentration and serum triglyceride values did not reveal a meaningful association

between these two parameters (John Butenhoff, personal communication;seeOlsen et al.

2003a).

In worker studies there have been no consistent associations with PFOS or PFOA and

various clinical chemistry measurements (Gilliland and Mandel 1996; Olsenetal. 1998;

1999; 2000; 2003a; 20030). Gilliland and Mandel (1996) did report that PFOA

(measured as the surrogate serum total organic fluorine) may negatively modulate the

effect alcohol has on high-density lipoprotein (HDL) levels and exacerbate the effect that

obesity has on hepatic enzyme tests. However, three subsequent analyses ofthis

employee population that measured specifically for PFOA did not find that it modulated

hepatic responses to either obesity or alcohol consumption (Olsen et al. 2000).



3M Company
Page

Previous analysesofthe most recently published fluorochemical medical surveillance

data conducted at the 3M Antwerp and Decatur facilities (conducted in 2000) primarily

concentrated on PFOS analyses although data were also presented for PFOA. In these

PFOA-specific analyses, Olsen etal. (20033) reported a positive association with serum

cholesterol and triglycerides with PFOA. They atributed this to be a spurious finding

given the toxicological evidence would suggest a hypolipidemic (not hyperlipidemic)

effect, along with the fact that minimum variation was explained in the statistical models

(partial R* for PFOA in the models was <0.01 (cholesterol) and 0.03 (riglycerides),

respectively) used in the analyses. In the same published paper, Olsen et al. (2003a) also

provided a longitudinal analysis of 174 Antwerp and Decatur male employees who

participated in at least twoofthree fluorochemical medical surveillance programs

between 1994 and 2000 and found PFOA to also be positively associated with cholesterol

as well as triglycerides. This association was primarily tributed to 21 Antwerp

employees whose mean serum PFOA levels increased over a six-year period of time from

1.32 ppm 10 2.06 ppm. During the same time period, their mean cholesterol values

increased from 208 mg/dL. to 229 mg/dL and their triglyceride levels increased from 85

mg/dL to 123 mg/dL. Their BMI, however, also increased from 23.4 to 24.3 during this

same time period. No statistically significant associations were reported between PFOA

and cither serum cholesterol or triglycerides for the Cottage Grove male employees who

participated in the 2000 fluorochemical medical surveillance program (Olsen et al.

20034). Analysesofprior fluorochemical medical surveillance programs at Cottage

Grove (1993, 1995 and 1997) showed mean serum triglyceride levels were highest

‘amongtheCottage Grove PFOA production workers with the highest (>= 10 ppm) PFOA
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serum concentrations although controlling for potential confounders did not provide

consistent results as well as the fact that severalofthe observations in the high exposure.

category were repeated measurements from the same individuals.

Based on the possibility ofa positive association between PFOAand serum cholesterol

‘and/or triglycerides that was not supported by laboratory (toxicological) data and was

therefore considereda spurious association (Olsen et al. 2003a), thers have since

provided nonpublished data (Costa 2004; Leonard 2005). Costa (2004) provided cursory

analysesofapproximately 35 Italian fluorochemical production workers and reported a

“slight increaseoftotal cholesterol in workers exposed to PFOA.” There was no

increaseofother lipids, such as wriglycerides, but the fractionofnon-HDL cholesterol

appeared elevated. Costa suggested his findings might be consistent with the hypothesis

that PFOA might influence cholesteryl ester transfer protein (CETP). CETP is a plasma

glycoprotein that facilitates the transferof cholesteryl esters from HDL (apolipoprotein

A-containing lipoprotein)to apolipoprotein B-containing lipoproteins (e.g., LDL)

(Brousseau etal. 2004). InhibitionofCETP has been shown to markedly elevate plasma

levels of HDLand apolipoprotein Al. However, there did not appearto be a decrease in

HDL in the Costa analysis. Several additional caveats also existed in the Costa data

analysisas outlined by Kaplan (2005) including: 1) the Costa data set was a small and

arbitrary collectionof subjects; 2) there were no pre-employmentbaseline lipid levels for

historical reference; 3) concomitant exposure to other chemicals was unknown; and 4)

inadequate adjustment for important confounding factors. In addition, manyofthese:
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individuals were the samesubjectsovertime and no repeated measures analysis was

conducted.

Leonard et al. (2005) have provided to the U.S. EPA an unpublished one page report that

briefly summarized a cross-sectional analysis of 782 male and 243 female (combined

eligible population 1,863) DuPont workers with potential exposure to PFOA at the

Parkersburg, West Virginia facility. Of the 62 clinical chemistry and hematology

‘endpoints measured, Leonard et al. found most were well within normal ranges and not

associated with serum PFOA levels. Measured PFOA concentrations were reported as

high as 10 g/mL (parts per million, ppm) butthe average was less than I ug/ml.

(Leonard, personal communication). No statistically significant associations were

observed for PFOA and serum liver enzymes or any hematology measures and PFOA.

EKGsand C-reactive protein were not associated with PFOA. Statistically significant

‘positive associations were identified for total cholesterol, LDL and triglycerides with

serum PFOA levels adjusted for BMI, alcohol and age in both males and females

although the percent variation explainedwasgenerally low. The potential change in total

cholesterol at the highest serum PFOA level was approximately 10 percent. No effect,

however, was seen in the HDL fraction. Smal, but statistically significant increases in

uric acid and iron were also reported with the highest PFOA blood levels. A suggested

role for PFOA to enhance CETP activity, as discussed by Costa, however, was not

supported by the much larger Leonard et al. analyses since the latter investigators showed

no association between PFOA and HDL. Leonard et al. offered no hypotheses or

suggested causal models (Hein et al. 2002)to explain their observations. Because
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PFOA has beenshownto bind to blood albumin in the rat, monkey and human (Han et al.

2003; Kerstner-Wood et al., 2003), a positive correlation, and not a causal association,

between lipoproteins (binding) and PFOAis a possibility.

Re-examination ofthe Olsen et al. analyses conductedofthe 2000 fluorochemical

‘medical surveillance programattheAntwerpand Decatur facilities (Olsen et al. 2001a;

2001b; 2001c; 2001; 20033)and the Cottage Grove facility (Olsen et al. 2003b)

suggested some limitationsofthese data analyses as they may relateto testing a

hypothesis that PFOA is positively associated with total cholesterol and its fraction, LDL.

First, all male subjects were included in the original analysis regardless of their

cholesterol lowering medication status. A positive association may be masked by

inclusionofsubjects whose serum cholesterol levels have been reduced by medication if

suchan increase was, in part, associated with higher PFOA concentrations. Second, LDL

‘analyses were not restricted to those instances where serum triglycerideswere400mg/dL

orless. The potential for bias steadily increases with higher triglyceride levels

(Nakanishietal. 2000). Third, the Antwerp and Decatur facility study (Olsen etal.

20030) concentrated primarily on PFOS and not PFOA. Both PFOSand PFOA have

been shown to result in hypolipidemia in rats at high concentrations and thus the causal

‘model hypothesized in these earlier analyses concentrated on testing for this effect, not

hyperlipidemia. Olsen et al. (20033) did not show a causal association between PFOS

and lowered cholesterol attheserum concentrations measured in these workers. Direct

‘comparison with PFOA from the Olsen et al. (2003a) report is not possible since the

manyofthe tabular analyses (¢.g., Table 2 of Olsen et al. 2003a) were PFOS-specific.
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Although the employees’ PFOS and PFOA concentrations were correlated, the:

categorical analysesofPFOS did result in overlappingof employees’ PFOA

concentrations. Fourth, there wasnocombined analysis ofthe three manufacturing

facilities, Antwerp, Cottage Grove and Decatur, as the Cottage Grove analysis has

historically been reported separately (Ubel et al. 1980; Gilliland and Mandel 1996; Olsen

etal. 2000; 2003a). Those sites that were combined (Antwerp and Decatur) may have

resulted in unmeasured and/or residual confounding since the two locations were

distinctly different with some potential confounding variables, most especially alcohol

consumption and BMI (Olsen et al. 1999; 20033).

‘With the above limitations in mind, the purposeofthis study was to reanalyze the 2000

fluorochemical medical surveillance program data in order to examine the hypothesis that

PFOA may be positively associated with increased cholesterol, LDL levels and.

triglyceride levels. To address someofthe above limitations, the three manufacturing

facilities were analyzed separately and jointly. Analyses concentrated on those male

employees who self-reported that they were not taking cholesterol lowering medications

in order to minimize any unexplained bias. Because PFOS concentrations were not

previously associated with lowered serum cholesterol (Olsenetal. 2003), it (PFOS) was

not considered an important potential confounding variable in these reanalyses for PFOA.

Three covariates were: age, BMI and alcohol. Age is known to be positively associated

with serum cholesterol. BMI is positively associated with serum triglyeerides (and to

some degree cholesterol) and alcohol consumption (e.g., red wine) has been positively

associated with increased HDL. Inaddition to the lipid variables analyzed, liver enzyme
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‘and thyroid tests were also reanalyzed. Although liver enzymes, in particular gamma

glutamyl transferase (GGT), aspartate aminotransferase (AST) and alanine

aminotransferase (ALT) can be positively associated with heavy alcohol consumption,

liver enzymes can also be due to obesity and dyslipidemia (Collantes et al. 2004; Mofrad

and Sanyal 2003; Ruhl and Everhart 2003) as nonalcohol faty liver discase has,

substantially increased in prevalence in the United States population, as indicated by the

third National Health and Nutrition Examination Survey (NHANES) (Clark et al. 2003).

‘Whereas the majorityofelevated aminotransferase activity in NHANES could not be

explained by alcohol consumption, viral hepatitis or hemochromatosis, unexplained

aminotransferase enzyme elevation was significantly associated with higher BMI, waist

circumference, triglycerides, fasting insulin, and lower HDL (Clark et al. 2003). Clark et

al. (2004) concluded that unexplained aminotransferase elevation was strongly associated

with adiposity and other featuresofthe ‘metabolic syndrome’,andthus may represent

nonalcoholic fatty liver disease. [Note: The metabolic syndrome includes abdominal

obesity, atherogenic dyslipidemia (elevated triglyceride, small LDL particles, low HDL

cholesterol), raised blood pressure, insulin resistance (with or without glucose

intolerance), and prothrombotic and proinflammatory states (Expert Panel 2001).

Clinical identificationofthe metabolic syndrome in men includes any threeofthe

following: waist circumference >40 inches (surrogate BMI >= 30); triglycerides 150

mg/dL; HDL <40 mg/dL; blood pressure 130/85 mmHg; and fasting glucose 110

mg/dL] As they relate to the present study, the NHANES findings indicate BMI and

serum triglycerides are important predictors of liver enzyme values and therefore should

be controlled in any analyses that examinetherelationship between PFOA and liver
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enzyme tests (e.g, ALT, GGT), as was done previously with analyses with serum PFOS

concentrations in this employee population (Olsen et al. 2003a).

Methods

“The following clinical chemistry variables were considered dependent variables for

reanalysisofthe 2000 fluorochemical medical surveillance program data: alkaline

phosphatase (IU/L), gamma glutamy! transferase (GGT, IU/L), aspartate

aminotransferase (AST, IU/L), alanine aminotransferase (ALT, IU/L), total and direct

bilirubin (mg/dL), blood glucose (mg/dL), cholesterol (mg/dL), low density cholesterol

(LDL, mg/dL), high density cholesterol (HDL, mg/dL), and triglycerides (mg/dL).

‘These measurements were performed at Allina Laboratories (St. Paul, MN). LDL was an

indirect calculation using the Friedwald formula [LDL = total cholesterol —

(wiglycerides/s)). Presented in this report are LDL values where serum triglycerides did

not exceed 400 mg/dL. LDL was also calculated when serum triglycerides did not

exceed 250 mg/dl as well as for all triglyceride levels. Results were not substantially

different for LDL regardlessofformula used. Thyroid stimulating hormone (TSH;

WIU/mL); serum thyroxine (T4; ug/dL); free thyroxine (free T4; ng/dL) and serum

triiodothyronine (T3; pg/mL) were also re-examined. These thyroid related hormones

were measured by LabCorp (Kansas City, MO). Thyroid hormone analyses excluded the

five individuals who were already diagnosed with thyroid-related conditions and likely

taking medication. Analyses did not substantially differ with these individuals included.
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Detailsofthe method validation including matrix extraction and analytical measurement

‘procedures used to determine serum PFOA and PFOS can be found elsewhere (see U.S.

EPA docket AR226-1208, AR226-1209, AR226-1210). The analytical method consisted

ofa liquid-liquid extraction procedure followedbyevaporation and reconstitutionofthe

extract residue with 30:70 20 mM ammonium acetate in water:20 mM ammonium acetate

in methanol (v/v). The samples were analyzed by liquid chromatography tandem mass

spectrometry usinga PE Sciex API 3000. The instrumentwasoperated in the multiple

reaction monitoring (MRM) mode under optimized conditions for detection of PFOS and

PFOA for detection of negative ions formed by turbo ionspray ionization. Laboratory

‘analyses were conducted at Tandem Laboratories, Salt LakeCity, UT(formerly

Northwest Bioanalytical Laboratory Inc.). All employee serum values (g/mL) for

PFOA (and PFOS) were above the lower limitofquantitation (LOQ).

Statistical analyses included both univariate and multivariable methods (analysis of

variance, analysisof covariance, logistic regression, multiple regression) using IMP

(Cary, NC) and Stata (College Station, TX) software. Age, BMI and alcohol (drinks per

day) were considered as covariates in multivariable models. For analysis of hepatic

enzyme tests in these models, triglycerides were also considered in place of BMI.

Distributions were examined to assess nommality using nontransformed and transformed

(log, square root, inverse) variables. In general, log transformations improved normality

assumptionsofresponse and explanatory variables and thus multiplicative models were

considered applicable (T. Church, personal communication). For the log transformation

ofalcohol, 0.1 was added to drinks per day to prevent the logof0. Residual plots were
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examined to detect model inadequacies including homoscedasticity. Goodnessoffit

statistics were examined including R* and adjusted R’. Multicollinearity in the models

was assessed by the inverse oftolerance (Variation Inflation Factor). Crude and adjusted

odds ratios for PFOA categorized by deciles were determined via logistic regression

analyses for reference range valuesofthe response variable.

A reviewofthe 2000 CottageGrovedatabase used intheOlsen et al. (2003b) report

found eight male employees had missing BMI and/or alcohol information. For the

present study, a reviewofthe subjects’ Cottage Grove medical records by the plant nurse

provided these data and was generally within two yearsofthe 2000 Cottage Grove

‘medical surveillance program.

Graphical analyses were performed to examine pattems ofassociation (see Appendix A)

for PFOA. Graphs in Appendix A include nontransformed as well as transformed

(natural log) variables. Density ellipsesarealso provided in Appendix A for PFOA. A

density ellipsoidwasconsidered a good graphical indicatorofthe correlation between

two variables. The ellipsoid collapses diagonallyasthe correlation between two.

variables approaches either 1 or -1. The ellipsoid is more circular (less diagonally

oriented)ifthe two variables were uncorrelated.

Results

A total of 196 (95%)ofthe 206 Antwerp male employee participants, 122 (93%)ofthe

131 Cottage Grove male employee participants and 188 (87%)ofthe 215 Decatur male
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employee participants were included in the primary reanalysesof the 2000

fluorochemical medical surveillance program (Table 1). These 506 (92%) participants

represent those who did not self-report taking choleseterol lowering medications.

The mean PFOA concentration was statistically significantly(p < 05) higher among

CottageGrove than either Antwerp or Decatur male employee participants but the

median PFOA concentration for Decatur was somewhat higher than either Antwerp or

Cottage Grove participants (Table 2). [Note: Decatur also hadaslightly higher mean

concentration for PFOS than Antwerp or Cottage Grove employee participants, with the

‘median value approximately twice that of Antwerp or Cottage Grove] Ashasbeen

reported before (Olsen et al. 1999; 20033), Antwerp employees were statistically

significantly younger, had lower BMIs, and consumed more alcohol than their

‘counterparts at Decatur, and inthepresent analysis, also Cottage Grove. Whereas mean

cholesterol and LDL were not statistically significantly different between the three

locations, mean HDL levels were statistically significantly higher among Antwerp

employees whereas their triglyceride and blood glucose levels were significantly lower.

Mean (arithmetic) liver enzyme tests were statistically significantly lower for Antwerp

compared to Cottage Grove and Decatur employees except for total and direct bilirubin.

Antwerp employees had a statistically significantly lower mean TSH than Decatur

employeesandy higher mean T> than the Cottage Grove or Decatur employees. These

‘mean thyroid values, however, were well within the reference range.
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‘The number and percentofemployees by reference points for demographic factors and

clinical chemistry results are presented in Table 3. As expected based on the data

presented in Table 2, there were substantially fewer Antwerp employees (5%) who would

be categorizedas obese (BMI 2 30) compared to Cottage Grove (44%) or Decatur (32%)

employees. More than 40%of Antwerp and Cottage Grove employees reported drinking

1 alcohol beverage per day compared to only 1%ofDecatur employees. Statistically

significant differences between the three locations were seen for blood glucose, HDL,

triglycerides, ALT, and total bilirubin. There was only 1 percentof the Antwerp

employees who were categorizedashavingthe ‘metabolic syndrome’ compared t0 20%

and 13% among the Cottage Grove and Decatur employees, respectively. The present

study definitionofthe metabolic syndrome included any threeofthe following four:

BMI 30; triglycerides> 150 mg/dL; HDL <40 mg/dL; and fasting glucose > 110

mg/dL.

Presented by PFOA quartile ranges arethedata for Antwerp (Table 4), Cottage Grove

(Table 5) andDecatur (Table 6). Quartiles were divided to allow fora defined break in

PFOA concentrations. Among Antwerp employees, the mean value in the first PFOA

quartile was statistically significantly different than the fourth PFOA quartile for PFOA,

PFOS, age, blood glucose, triglycerides and T3. Among Cottage Grove employees, the

‘mean value in the first PFOA quartile was statistically significantly different (higher)

than the fourth PFOA quartile for PFOA and AST. Among Decatur employees, the mean

value in the first quartile was statistically significantly different (lower) than the fourth

PFOA quartile for PFOA, PFOS, ALT, AST/ALT ratio, total bilirubinand T3. The
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AST/ALT ratio is a useful index for distinguishing nonalcoholic fatty liver

(steatohepatitis) disease (AST/ALT less than one) from alcoholic liver discase (AST/ALT

greaterthan one). It should be noted that those locations (Cottage Grove and Decatur)

with the highest obesity (as measured by BMI which is not necessarilyas good ofa

‘measurement as waiship circumference ratio) had the lowest AST/ALT ratio.

‘The 506 employees from the three locations were combined and categorized into PFOA

decilesin Table 7. Mean PFOA decile concentrations ranged from decile 1 0f0.06

g/mL (range 0.007 ~0.13 pg/mL) to decile 10 of 12.15 pg/mL (range 3.71 ~92.03

g/mL) with corresponding median values of 0.06 pg/mL and 4.94 pg/mL, respectively.

“The distributionsofdemographic factors by PFOA decile are presented in Table 8.

Therewas an uneven distributionofemployeesby location inthesedeciles. Ifthere was

aproportional distribution across deciles bylocation,then there would be 39% Antwerp,

24% Cottage Grove, and 37% Decatur employees in each decile. Instead, as seen in

Table 8, there are higher percentages of Antwerp employees in the frst 3 deciles and

lower percentages in the highest two deciles (9:and 10). Likewise, there are lower

percentagesofDecatur employees in the first three deciles and higher percentages in the

upper deciles (six through 10), in particular decile 9. Cottage Grove employees have

higherthan expected percentages in decile 1 and decile 10. Becauseofthese uneven

distributions, mean BMI values are greater in the upper deciles and alcohol consumption

is lower, reflecting the demographic differences seen across the three facilities
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“The mean and median PFOS concentrations by PFOA decilearepresented in Table 9. In

general PFOS concentrations increased by decile but not consistently. Deciles 7 through

10areall statistically significantly higher than deciles 1 through 5.

Presented in tables 10 through 13 are the analysesforcholesterol, LDL, HDL and

triglycerides. Table 10 is the univariate analysis by PFOA decile. Table 11 presents the

‘mean decile values adjusted for age, BMI and alcohol using analysisofcovariance.

Table 12A presents adjusted odds ratios and 95% confidence intervalsofthe deciles by

reference range cutoff points listed in the table using decile 1 as the reference. Odds

ratioswere adjusted for age, BMI and alcohol. Table 12B presents crude and adjusted

(for location) odds ratios and 95% confidence intervals ofthe deciles by reference points

for HDL and triglyceride. Table 13 presents non-adjustedandadjusted PFOA.

coefficients with cholesterol, LDL, HDL and triglycerides adjusted for age, BMI and

alcohol in the multiplicative models. Analyses included alllocationsas well as presented

individually for each location by itself.

Based on the analyses presented in Tables 10 through 13, cholesterol and LDL were not

statistically significantly associated with PFOA whether across the combined three

locations or each location analyzed separately. Adjusted mean HDL levels were lower in

the highest (10®) PFOA decile comparedtodeciles 1 through4 (Table 11). The crude

odds ratio was 3.0 (95%CI 1.2-7.5) for HDL < 40 mg/dL in decile 10 compared to decile

1 (Table 12B). However, thiswasreduced to an adjusted odds ratioof 1.5 (95% CI 0.6-

4.0) when location was considered a covariate. Similar results were observed for
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triglycerides (Table 12B). The adjusted PFOA coefficient in the multiplicative model

for HDL was statistically significant at p = 01 (Table 13) but only explained 1 percent of

the HDL variance in the full model (R = 0.26), which was primarily attributable to BMI

and alcohol. This finding with PFOA was also attributed to the decile disproportionate

distribution of subjects as shown previously with the much greater proportionofCottage

Grove and Decatur employees in the highest two PFOA deciles. Multiplicative models

stratified for eachofthe three locations showed no statistically significant findings

between PFOA and HDL (Table 13).

Mean serum triglyceride levels were highestin decile 10 whether unadjusted or adjusted

(Tables 12A and 12B). Odds ratios for triglyceride levels> 150 mg/dL were highest for

deciles 8 through 10. The multiplicative model for the combined three locations

indicated a statistically significant coefficient (p < 0001) for PFOA (Table 13) which

explained approximately 4 percentofthe varianceofthe response variable. Stratified by

location, however, showed only Antwerp to produce a statistically significant coefficient

although Decatur had a marginal nonstatistically significant coefficient for PFOA (p=

07). No association (p= 38) was found between PFOA and triglycerides for Cottage

Grove in the multiplicative models (Table 18). Cottage Grove had the highest PFOA

concentrationsofthe three locations. As seen in Tables 2 and 3, serum triglyceride levels

were considerably lower among Antwerp than Cottage Grove or Decatur employees.

Presented in tables 14 through 18 are the analyses for alkaline phosphatase, AST, ALT,

AST/ALT ratio, GGT, and total and direct bilirubin. Table 14 is the univariate analysis
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by PFOA decile. Table 15A presents themean decile values adjusted for age, BMI and

alcoholusinganalysisof covariance. Table 1B presents the mean decile values adjusted

for age, triglyceridesand alcohol using analysisofcovariance. Table 15C presents the

adjusted AST/ALT ratios. Table 16presents the percentof employees by PFOA decile

that were above reference range for these liver clinical chemistry tests. Tables 174and

17B present adjusted odds ratios and 95% confidence intervalsofthe deciles by different

reference rangecutoffpoints for ALT and GGT provided in table 16 using decile 1 as

the reference. These odds ratios were non-adjusted (crude), adjusted for age, BMI and

alcohol, and adjusted for age, triglycerides and alcohol. Table 18 presents non-adjusted

and adjusted PFOA coefficientsofthese liver enzymes using either age, BMI and

alcohol or age, triglycerides and alcohol (natural logs) as covariates in the multiplicative

models. Analyses in Table 18 included all locations as well as presented individually for

each location.

Overall, the mean non-adjusted ALT is statistically significantly higher in deciles 9 and

10compared to deciles | through 6 (Table 14) but this association is not evident upon

adjustmentofthe mean values in Tables 15A or 15B. Odds ratiosfor values above the

reference range are only calculated for ALT and GGT (Tables 17A and 17B) because:

these were the only liver clinical chemistry tests that had more than a few employees

outside the reference range (Table 16). There were no statistically significant odds ratios

(non-adjusted or adjusted) for ALT or GGT when compared to decile 1 (Table 174).

Analysis of a lowercutoff reference point (= 40 1U) did not substantially alter the

findings (Table 17B). Analyses did not result in any statistically significant associations
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when all locations were included in the multiplicative models, except for total bilirubin

(negatively associated) (Table 18). Stratified by location, Decatur had marginally

statistically significant positive coefficients for alkaline phosphatase, ALT, GGT and a

negative log coefficient for total bilirubin in the models. The amountofvarianceofthe

hepatic response variables explained by PFOA in these models was minimal ranging

from <1 to3 percent. These hepatic enzyme associations with PFOA were not observed

for the individual Antwerp or Cottage Grove analyses.

Presented in tables 19 through 22 are the PFOA analyses with TSH, T4, free T4 and T3.

‘Table 19 is the univariate thyroid analyses by PFOA decile. The mean TSH value in the

4" decile (3.41 uIU/mL) is influenced by one subject whose TSH value was 65.28

pIU/mL. If removed from analysis, the meanofthe 4 decile became 2.15 uIU/mLand

not statistically significant from any other decile. Table 20 presents the mean values

adjusted for age, BMI and alcohol using analysisofcovariance which includes the outlier

in decile 4. The adjusted decile 10 ofmean free T4 was statistically significantly lower

than thatofthe first decile (Table 20). Table 21 presents the percentofemployees by

PFOA decile that were above reference range for these thyroid tests. Adjusted odds

ratios and 95% confidence intervals are not presented ina separate table becauseofthe

few subjects whosethyroidtests were above or below the reference range as shown in

Table 21. Only twoofthe 18 subjects in Table 21, thathad TSH values above the upper

reference range, had another thyroid related hormone result outofreference range (Table

22). One individual had aT4 value below reference range (with the highest TSH value in

the analysis) and the other was above the reference range for T4 (Table 22). The former



3M Company
Page 2s

was likely a clinically diagnosed hypothyroid individual (subject 45 in Table 22) who

also had a low T4 just abovethereference range. Table 23 presents non-adjusted and

adjusted coefficients (natural log) of PFOA in the multiplicative models. For all

locations combined, there were no statistically significant adjusted coefficients in the

models except for free T4 (negative coefficient for PFOA) and TS (positive coefficient

for PFOA). However, the full multiplicative models (4 independent variables) explained

only § and 2 percentof the varianceoffree T4 and T3, respectively. There were also

positive PFOA coefficients for TS in the individual Antwerp and Decatur locations

(Table 23). Percent variances explained in these models were9 and 7 percent,

respectively. Because so few values were out-of-reference range (Table 21), the results

presented in Table 23 are not suggestiveofclinically relevant findings as the predicted

results from these models (Table 24) were well within normal reference ranges for these

thyroid parameters. Predicted serum PFOA concentrations, up to 100 pg/mL in Table 24,

were $ ordersofmagnitude greater than the average PFOA concentration reported in the

general population (approximately 0.005 pg/mL). As shown in Table 24, these predicted

PFOA concentrations resulted in TSH, T4, free T4, and TS all within their normal

reference ranges.

‘There was no association observed between metabolic syndrome, as categorized in this

study, and PFOA, as shown in Table 24 which presents the numberofpeople defined

with metabolic syndrome and non-adjusted and adjusted (age) odds ratios and 95%

confidence intervals by PFOA decile.
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In addition to the analyses that focused solely on those male subjects who self-reported

they were not taking cholesterol lowering medications as shown in Tables 1 through 24,

other analyses examined those subjects (n = 46) who self-reported cholesterol lowering

medication usage (See Appendix B, Tables BI through B4). These 46 subjects were

significantly older, and had tended to have higher mean BMI, serum glucose,

triglycerides and liver enzyme tests than the S06 subjects who did not report cholesterol

lowering medications. As seen previously, the Cottage Grove and Decatur employees

were significantly more likely to have higher BMI values than Antwerp employees.

Multiplicative models did not indicate, however, PFOA to be associated with the

independent variables presented in Table B4, including cholesterol, LDL, HDL and

triglycerides.

Appendix C (Tables C1 through C9) contains the combined(N = 552) analysesofthe

506 male employees who did not report cholesterol lowering medications (Table 1

through Table 24) and the 46 who did (Tables BI through B4 in Appendix B). Analyses

were not substantially different whether they excluded (Tables 1-24) or included those

employees who self-reported cholesterol lowering medications (Tables C1 through C8).

For cach analysis presented in Appendix C for the 552 male employees, there is a

comparable analysis for those employees who did not take cholesterol lowering

medications. For example, Table C1 is the PFOA decile distribution analysis for all 552

‘employees, regardlessof cholesterol lowering medication status. The 46 employees who

took cholesterol lowering medication are included in the deciles usedforthose employees

who did not take such medication. See Table 7 for the comparable analysis for only
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those employees (n = 506) who did notselfreport cholesterol lowering medications.

Findings did not differ. Presented in Tables C2 and C3 are the odds ratios by decile for

the lipid out-ofreference range values for all male employee participants (N = 552)

regardlessof cholesterol lowering medication status. See Tables 124 and 12B for the

506 employees who did not self-report cholesterol lowering medications. Results were

‘comparable. Table C4 presents the odds ratios by PFOA decile for ALT and GGT values

out-of-reference range for all male employee participants (N = $52) Comparable

analyses for the more restricted subsetof 506 employees who did not take cholesterol

lowering medicationsare found in Table C7. Findings did not differ. Tables C4 through

C6 contain both the non-prescribed (n = 506) and all male participants (n = 552)

regression coefficientsfor the lipid (Table C4), liver enzyme (Table C6), and thyroid

(Table C7) analyses. Analyses from the multiplicative models were not substantially

different whether all male employee participants, or only those who did notselfreport

cholesterol lowering medication usage, are included. The few employees among all

‘participants (n = 552) who had out-of-reference range thyroid tests are presented in Table

C8 (see Table 21 for comparison purposes for the 506 employees who did not take

cholesterol lowering medications). Table C9 (as was previously done in Table 24 for

‘Table 22) are the predicted thyroid test values for the regression model coefficients that

were shown in Table C7. These results in Table C9 again showed that an increase in

serum concentrations of PFOA, as high as 100 g/mL, would not result in out-of-

reference range thyroid clinical chemistry tests.
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PFOA and PFOS serum concentrations were highly correlated among these employee

participantsofthe 2000 fluorochemical medical surveillance program (Appendix A). For

purposesofbrevity, PFOS-related graphs are presented in Appendix D for the 506

employees who self-reported they did nottakecholesterol lowering medications. Also,

found in Appendix E arethecoefficientsfromthe multiplicative models examining the

association for PFOA, as was done previously for PFOA for lipids (Table E1), liver

enzymes (Table E2)and thyroidtests (Table E3) for the combined three facilities

(Antwerp, Cottage Grove, and Decatur)as well as each facility separately. As seen with

PFOA,therewas a positive association with PFOS and triglycerides which is inconsistent

with the known toxicological effectsof PFOS. This association was likely due to the fact

that higher PFOS concentrations were observed amongtheCottageGroveand Decatur

employees than Antwerp employees, the latter had the lower serum triglyceride values.

No association with PFOS and triglycerideswasseen when Cottage Grove and Decatur

employees were analyzed separately as shownin Table EI. A positive association was

observed with triglycerides and PFOS among Antwerp workers only, similar to what has

already been reported for PFOA in this subgroup of workers (Olsen et al. 2003).

Inconsistent findings were observed for ALT and PFOS as there was a statistically

significant negative association with Antwerp employees and a positive association with

Decatur employees (Table E2). Other liver enzyme tests provided no consistent pattems

ofassociation. Thyroid related tests also provided no consistent measuresofassociation

in the multiplicative models presented in Table E3.
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Discussion

Based on an analysis of 506 male participantsofthe 2000 fluorochemical medical

surveillance program offered at the Antwerp, Cottage Grove, and Decatur facilities who

self-reported that they did not take cholesterol lowering medications, therewas no

indication that these employees” serum PFOA concentrations were positivelyor

negatively associated with serum total cholesterol or LDL.

A weak negative association was observed with HDL that was likely due to uncontrolled

(ie. residual) confounding, based on lower HDL values observed among the Cottage

‘Grove and Decatur workers than the Antwerp workers and their markedly different

demographic factors (e.g., BMI). When the analyses were stratified by location, no

statistically significant associations were observed between HDL and PFOA. In another

occupational study, Leonard (2005) did not report an association between HDL and

serum PFOA concentrations. Neither did Emmett (2004) in a community-based study.

To further clarify any possible association with HDL, the A apolipoproteins, which form

the major proteins found in HDL, couldbe measured although this was not part ofthe

present study. Apolipoprotein A-l was not associated with serum PFOA of comparable

concentrations in a small analysisof Italian production workers (Giovanni Costa,

personal communication).

Serum triglyceride levels were positively associated with PFOA but itis likely that tis

association was also due, atleast partially, to residual confoundingas a consequence of

the a disproportionate numberofCottage Grove and Decatur employees with slightly
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higher PFOA concentrations than the Antwerp employees. The same positive association

was also observed between PFOS and serum triglycerides which are entirely inconsistent

given the well-established hypolipidemia reported in PFOS-related toxicological studies

whose concentrations were much higher than the present study (Seacat et al. 2002; 2003).

Ofthe four lipid measurements used in this study, serum triglycerides have

approximately 3 times more intraindividual biological variation than either total

cholesterol, LDL, or HDL (Stein and Myers 1994). Serum triglycerides may also be

influenced by obesity, alcohol intake, and inattention to fasting requirements for blood

collection. We hypothesize that the associations observed for serum triglycerides and

PFOA in these workers might be the consequenceofthe non-adherence to fasting

requirements by some shift production workers and/or the effectofpostprandial

metabolic responses in shift workers. Our explanation follows. First, production workers

would be morelikelyto have higher PFOA concentrations than non-production workers

(e.g, administrative, laboratory, engineers). This has been showntobe the situation at all

three facilities: Antwerp (Olsenetal. 2001¢); Cottage Grove (Olsen et al. 2003b) and

Decatur (Olsen ct al. 2001; 2003). ~ Second, only production workers engage in shift

work. Third, required fasting blood collection occurred only during the morningforall

participants. Fourth, itis conceivable that the night shift production workers, compared

10 day shift production workers as well as non-production workers, could have been less

compliant with fasting requirements as well as consumed caffeinated beverages prior to

their morning blood collection. Fifth, several studies have indicated postprandial serum
triglyceride levels are higher among night shift workers (Al-Naimi et al. 2004; Morgan et
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al. 2003; 1998; Karlsson et al. 2001; Lund etal. 2001; Sopowski etal. 2001). Therefore

ifa subsetofsubjects (production workers with higher PFOA serum concentrations) who

worked night shift were less likely to adhere to the fasting requirements and/or have

‘postprandial metabolic profilesofnight shift workers, then a non-causal positive

association between PFOA concentrations and serum triglycerides could be observed

when all subjects are included in the analysis. Atthe timeofdata blood collection we did

not obtain shift status information and therefore within this database we are unable to

further address this methodological question. Countering this possible hypothesis is the

fact that blood glucose, also requiringa fasting sample, was not associated with PFOA at

any site. However, hyperglycemia has not been consistently associated with nigh shift

workers (Al-Naimietal. 2004; Karlsson etal. 2003). Also, the association between

serum triglycerides and PFOA was not observed atthe Cottage Grove site which had both

production and non-production workers. Nevertheless,a positive association between

serum triglycerides and PFOA was reportedby Leonardetal. (2004) whose study

‘population also consistedofproduction (shift workers) and nonproduction (nonshift

workers) participants. To further clarify possible association,ifany, between workers”

PFOA concentrations and serum triglyceride levels, adjustment for shift work becomes a

methodological necessity in the data analyses.

Adjusted for BMI and/or serum triglycerides, which are important potential confounders

in the analysis of iver enzymesastheyareassociated with the increasingly prevalent

nonalcohol fatty liver disease observed in the United States (Clark et al. 2003), there was.

no indication that the measured liver enzymes (alkaline phosphatase, AST, ALT, GGT
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and total bilirubin) were causally associated with employees’ serum PFOA

concentrations. A weak positive association between alkaline phosphatase, ALTand

‘GGT with PFOA was observed among the Decatur male employes, however, several

epidemiologic research studiesofthis workforce, past and present, have not reported

‘associations with hepatic disease (malignant or nonmalignant conditions) using a variety

ofdata sources including death certificates (Alexander et al. 2003), episodesof care

(Olsen et al. 2004) and self-reports (Alexander and Grice 2006). Neither have other

‘worker populations (Leonard et al. 2004) or a community-based PFOA-exposed

‘population (Emmett 2004) reported positive associations between liver enzyme test

results, liver disease and serum PFOA concentrations measured at or below those

reported in the present study. For example, in the Emmet study (a presentation is

available athttp://www.lhweSstudy.org/index.him), the median serum PFOA

concentration measured in this community-based studywas 0.34 pg/mL. Individuals

older than 60 years had significantly higher levels of PFOA compared to all groups

except those lessthan six yearsofage. There was no relationship between the blood

levels ofPFOA and the results for cholesterol, liverfunctiontests (serum protein,

albumin, bilirubin, serum alkaline phosphatase, AST, ALT and GGT), kidney function

tests (BUN, creatinine) and TSH. Furthermore, there was no relationship between PFOA

serum concentrations and being treated for or informed by a physician that a community

participant had liver disease (cirrhosis, hepatitis, and any other liver condition).

In the present study, there were no consistent associations with TSH, T4, free T4 or T3

with PFOA (or PFOS) across the individual facility locations. For the combined location
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analyses, adjusted PFOA coefficients that were statistically significant were the result of

‘models whose range of predictions for serum PFOA concentrations (up to 100 g/mL)

‘were well-within the normal reference ranges for these thyroid related tests. This was not

‘unexpected as few thyroid-related tests were out-of-reference range. The lackofthyroid

related hormone associations is also consistent with the worker data reported by Leonard

etal. (2004) and apopulation-based study by Emmett (2004) that included thyroid-

related conditions (hyperthyroidism, hypothyroidism, goiter). In rats the presence of

PFOS or fatty acids suchasoleic acid in serum appeared to compete with free T4 for

protein bindings, and their presence in serum resulted in anegative bias in analogfree T4

‘measurements (Tanaka etal. 2005). PFOS, however, did not reduce cither free T4 by

equilibrium dialysis radioimmunoassay (ED-RIA) or the liver response to thyroid

‘hormones [e.g., malic enzyme and uridinediphosphate-glucuronsyliransferase (UGTIA)].

These observations therefore suggested that prior reports of reduced free T4 in the

presence of PFOS may have been artifactsofthe analog methods. It is conceivable this

negative biasofthe assay could also effect measurement ofPFOA.



3M Company
Page 34

References

3M Company 2003. Healthand Environmental Assessment of Perfluorooctane Sulfonic
Acid and Its Salts. US EPA docket AR-226-1486.

Alexander BH. 2001. Mortality studyofworkers employed at the 3M Cottage Grove
facility. Minneapolis (MN):University of Minnesota. US EPA docket AR-226-
1030a018.

Alexander BH, Olsen GW, Burris JM, Mandel JH, Mandel JS. 2002, Morality of
employeesof a perfluorooctanesulphony! fluoride manufacturing facility. Occup Environ
Med 60:722-729.

Alexander BH, Grice M. 2006. Self-reported medical conditions in
perfluorooctanesulfonyl fluoride manufacturing workers. Minneapolis (MN):University
of Minnesota. US EPA docket AR-226.

AlNaimi S, Hampton SM, Richard P, Tzung C, Morgan LM. Postprandial metabolic
profiles following meals and snacks eaten during simulated night and day shift work.
Chronobiol Int 21:937-947.

Brousseau ME, Schaefer EJ, Wolfe ML, Bloedon LT, Digenio AG, Clark RW, Mancuso
JP,Rader DJ. 2004. Effectsofan inhibitorof cholesteryl ester transfer protein on HDL
cholesterol. N EnglJMed 350:1505-1515.

ButenhoffJ, Costa G, Elcombe C, Farrar D, Hansen K, Iwai H, Jung R, Kennedy G,
Lieder P, Olsen G, Thomford P. 2002. Toxicityofammonium perfluorooctanoate in
‘male cynomolgus monkeys after oral dosing for6 months. Toxicol Sci 69:244-257.

Clark JM, Brancati FL, Dichl AM. 2003. The prevalence and etiologyofelevated
aminotransferase levels in the United States. Am J Gastroenterology 98:960-967.

Collantes R, Ong JP, Younossi ZM. 2004. Nonalcoholic faty liver disease and the
epidemicofobesity. Cleveland Clinic J Med 71:657-664.

Costa G. 2004. Letter. US EPA docket AR 226-1868.

DePierre JW. 2002. Effects on RodentsofPerfluoro fatty Acids. (In) The Handbook of
Environmental Chemistry. Part N. Organofluorines. Berlin:Springer-Verlag (ed Neilson
AH). Volume 3, pages 203-248.

Emmett E. 2004. Community C8 Study. Little Hocking Water Service Area. Available
at http//www JhweSstudy.org/indexhim.



3M Company
Page 35

Expert Panel. 2001. Executive Summaryofthe Third Reportofthe National Cholesterol
Education Program (CNCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 285:2486-2497.

Ford ES, Giles WH, Dietz WH. 2002. Prevalence ofthe metabolic syndrome among US
adults. JAMA 287:356-359.

Gilliland FD, Mandel JS. 1993. Mortality among employeesof a perfluorooctanoic acid
production plant. J Occup Med 35:950-954.

Gilliland FD, Mandel JS. 1996. Serum perfluorooctanoic acid and hepatic enzymes,
lipoproteinsand cholesterol: a studyofoccupationally exposed men. Am J Ind Med
129:560-568.

Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C. 2003. Definition of
‘metabolic syndrome. Circulation 109:433-438.

Han X, Snow TA, Kemper RA, Jepson GW. 2003. Bindingofperfluorooctanoic acid to
rat and human plasma proteins. Chem Res Toxicol 16:775-781.

Haughom B, Spydevold O. 1992. The mechanism underlying the hypolipemic effect of
perfluorooctanoic acid (PFOA), perfluorooctane sulphonic acid (PFOSA) and clifibric
acid. Biochm Biophys Acta 1128:65-72.

Hemién MA, Heméndez-Diaz S, Werler MM, Mitchell AA. 2002. Causal knowledge as
a prerequisite for confounding evaluation: an application to birth defects epidemiology
Am J Epidemiol 155:176-184.

Kaplan AM. 2004. Ammonium Perfluorooctanoate. US EPA SEHQ-0904-00373. See
also US EPA docket AR226-1867 and AR226-1868.

Karlsson B, Knutsson A, Lindahl B. 2001. Is thereanassociation between shift work
‘and havinga metabolic syndrome? Results from a population based study of 27,485
people. Occup Environ Med S8;747-752.

Karlsson BH, Knutsson AK, Lindahl BO, Alfredsson LS. 2003. Metabolic disturbances
in male workers with rotating three-shift work. Resultsofthe WOLF study. Int Arch
Occup Environ Health 76:424-430.

Kennedy GL, ButenhoffJL,Olsen GW, O"Comnor IC, Seacat AM, Perkins RG, Biegel
LB, Murphy SR, Farrar DG. The toxicologyofperfluorooctanoate. Critical Rev Toxicol
34:351-384,

Kerstner-Wood, C, Coward L, Gorman G. 2003. Protein bindingofperflurobutane
sulfonate, perfluorohexane sulfonate, perfluorooctane sulfonate and perfluorooctanoate to



3M Company
Page 36

plasma (human, rat, and monkey), and various human-derived plasma protein fractions.
Souther Research Institute. Study 9921.7. US EPA docket AR-226-1354.

Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E, Tuomilehto J,
Salonen JT. 2002. The metabolic syndrome and total andcardiovasculardisease
mortality in middle aged men.

Leonard RC, Green JW, Krecman KH, Reynolds J, ilies PS. 2005. Ammonium
perfluorooctanoate: cross-sectional surveillanceofclinical measuresofgeneral health
status related t0 a serum biomarkerofexposure. Newark (DE):DuPont Haskell
Laboratory for Health and Environmental Sciences. May 31,2005.

Lund J, Arendt J, Hampton SM, English J, Morgan LM. 2001. Postprandial hormone
and metabolic responses amongst shift workers in Antarctica. J Endocrinol 171:557-564.

Mofrad PS, Sanyal AJ. 2003. Nonalcoholic fattyliverdisease. Medscape Gen Med 5:1-
13.

Morgan L, Arendt J, Owens D, Folkard S, Hampton S, Deacon S, English J, Ribeiro D,
Taylor K. 1998. Effectsofthe endogenous clock and sleep time on melatonin, insulin,
glucose, and lipid metabolism. J Endocrinol 157:443-451.

Mukai M, Ozasa K, Hayashi K, Kawai K. Various S-GOT/S-GPT ratios in nonviral liver
disorders and related physical conditions and life-style. Dig Dis Sei 47:549-555.

Nakanishi N, Matsuo Y, Yoneda H, Nakamura K, Suzuki K, Tatara K. 2000. Validity of
the conventional indirect methods including Friedewald method for determining serum
low-density lipoprotein cholesterol level: comparison with the direct homogeneous
enzymatic analysis. J Occ Health 42:130-137.

Olsen GW, Gilliland FD, Burlew MM, Burris JM, Mandel JS, Mandel JH. 1998. An
epidemiologic investigation of reproductive hormones in men with occupational exposure:
0 perfluorooctanoic acid. JOEM 40:614-622.

Olsen GW, Burris JM, Mandel JH, Zobel LR. 1999. Serum perfluorooctane sulfonate
and hepatic and lipid clinical chemistry tests in fluorochemical production employees.
JOEM 42:799-806.

Olsen GW, Burris JM, Burlew MM, Mandel JH. 2000. Plasma cholecystokinin and
hepatic enzymes, cholesterol and lipoproteins in ammonium perfluorooctanoateproduction workers. Drug Chem Toxicol 23:603-620.

Olsen GW, Burlew MM, Burris IM, Mandel JH. 2001a. A cross-sectional analysis of
serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) in relation to
clinical chemistry, thyroid hormone, hematology and urinalysis results from male and



3M CompanyPage 37

female employee participantsofthe 2000 Antwerp and Decatur fluorochemical medical
surveillance program. St. Paul (MN):3M Company. U.S EPA docket AR-226-1047.

Olsen GW, Burlew MM, Burris JM, Mandel JH. 2001b. A longitudinal analysis of
serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) levels in relation
to lipid and hepatic clinical chemistry test results from male employee participantsofthe
1994/95, 1997 and 2000 fluorochemical medical surveillance program. St. Paul
(MN):3M Company. U.S. EPA docket AR-226-1048,

Olsen GW, Schmickler MN, Tierens JM, Logan PW, Burris JM, Burlew MM, Lundberg
JK, Mandel JH. 2001c. Descriptive summaryofserum fluorochemical levels among
employee participantsofthe Year 2000 Antwerp fluorochemical medical surveillance
program. St. Paul (MN):3M Company. U.S. EPA docket AR-226-1030a020b.

Olsen GW, Logan PW, Simpson CA, Burris JM, Burlew MM, Lundberg JK, Mandel JH.
2001d. Descriptive summary of serum fluorochemical levelsamongemployee
participantsofthe Year 2000 Decatur fluorochemical medical surveillance program. St.
Paul (MN):3M Company. U.S. EPA docket AR-226-10302020a.

Olsen GW, Burris JM, Burlew MM, Mandel JH. 20033. Epidemiologic assessment of
‘worker serum perfluorooctanesulfonate(PFOS) and perfluorooctanoate (PFOA)
concentrations and medical surveillance examinations. JOEM 45:260-270.

Olsen GW,Butenhoff JL, Mandel JH. 2003b. Assessment of lipid, hepatic and thyroid
function in relation to an occupational biologic limit valuefor perfluorooctanoate. St.
Paul (MN):3M Company. US EPA docket AR-226-1351.

Olsen GW, Logan PW, Hansen KJ, Simpson CA, Burris JM, Burlew MM, Vorarath PP,
Venkateswarlu P, Schumpert JC, Mandel JH. 2003c. An occupational exposure
assessment ofa perfluorooctanesulfonyl fluoride production site: biomonitoring. AIHA.
Jounal 64:631-659.

Olsen GW, Burlew MM, Marshall JC, Burris JM, Mandel JH. 2004. Analysis of
episodesof care in aperfluorooctanesulfonyl fluoride production facility. JOEM 46:837-
846.

Rickard RW. Re: PFOA Risk Assessment Science Advisory Board. (Letter to Dr. Suhair
Shallal of US EPA.) Newark (DE):DuPont Haskell Laboratory for Health and
Environmental Sciences. June 29, 2005.

Ruhl CE, Everhart JE. 2003. Determinantsofthe associationofoverweight with
elevated serum alanine aminotransferase activity in the United States. Gastroenterology
124:71.79.



3M Company
Page 38

Seacat AM, Thomford PJ, Hansen KJ, Olsen GW, Case MT, ButenhoffJL. 2002.
Subchronic toxicity studies on perfluorooctanesulfonate potassium salt in cynomolgus
monkeys. Toxicol Sci 68:249-264.

Seacat AM, Thomford PJ, Hansen KJ, Clemen LA, Eldridge SR, Elcombe CR, Butenhoff
JL. 2003 Sub-chronic dietary toxicityofpotassium perfluorooctanesulfonate in rats.
Toxicology 183:117-131.

Sopowski MJ, Hampton SM, Ribeiro DC, Morgan L, Arendt J. 2001. Postprandial
triacylglycerol responses in simulated night and day shift: gender differences. J Biol
Rhythms 16:272-276.

Stein EA, Myers GL. 1994. Lipids, lipoproteins, and apolipoproteins. (In) Tietz
‘Textbookof Clinical Chemistry. (eds Burtis CA, Ashwood ER). Philadelphia (PA):
W.B. Saunders Co. pp 1002-1093.

‘Tanaka S, Thibodeaux J, Eastvold M, Bjork J, Ehresman D, ButenhoffJ. 2005.
Measurementofthyroid hormones in rat sera containing perfluorooctanesulfonate(PFOS). Toxicologist 8485-1) 423 (abstract 2066).

Ubel FA, Sorenson SD, Roach DE. 1980. Health statusofplant workers exposed to
fluorochemicals - a preliminary report. Am Ind Hyg Assoc J 41:584-589.

Xie Y, Yang Q, Nelson BD, DePierre JW. 2003. The relationship between liver
peroxisome proliferation and adipose tissue atrophy induced by peroxisome proliferatorsexposure and withdrawal in mice. Biochem Pharmacol 66:749-756.



‘Table 1. Number (percent)ofMale Employees Who Self-Reported Cholesterol
Lowering Medications, By Location, 2000 Fluorochemical Medical Surveillance

Choleseterol Lowering Medication

Location Yes (%) No (%) Total

Antwerp 1005) 196 (95) 206

Cottage Grove 97) 122(93) 131

Decatur 2703) 88 (87 215

Total 468) 50692) 552



“Table2. Mesn, StandardDeviation, MedisnandRangeof PFOA, PFOS, Dernographic Factors nd Clinical Chemistry Results,
By Location, 2000 Fluorochemical Medical Surveillance Program
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Table?
(Continued)

Ante(N=196) Cotage Grove(N=122) [a
Man (SD) Med Range Men (SD) Mol Rage Mem (SD) Med Range

aor 2 ns em Wom wm mu Wn ow am
TowlBil 10 03 10 0423 09 03 08 0423 07 02 07 03s
DirtBil OF 005 01 0004 01 002 01 0002 or 007 01 0007
Si 20 16 17 00M94 24 14 20 0094 28 52 19 00363

Ek 52 14 82 42120 280 11 79 49AL6 8 14 8S 46d
Fees LP 02 LI 0616 LI 01 LI 0818 LI 02 LI 0615
n BP 0 ss Bs 0m maw ns 2 20 se1%

1. Statistically significantly ( <05)differentthanAntwerp2. Sutisticallysignificantly (p < 05) differntthan CotageGrove:
3. Statisticallysignificantly (p < 05) diferentthanDecatur
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Table 7. NumberofEmployees, Mean, 95% Confidence Interval, Median and Range
by PFOA Decile Distribution , 2000 Fluorochemical Medical Surveillance Program

for Antwerp, Cottage Grove andDecatur(N = 506)

PFOA PFOA
Decile N Mean 95% CL Median Range

1 st 006+ 005-007 006 0.007-0.13

9) s1 020° 019-021 019 013-029

3 st 036" 035-037 036 0300.44

4 50 0.551 053-057 054 044-071

5 st 091" 087-094 091 072-110

6 49 126° 123-128 125 111-140

7 50 164° 1.60-1.67 1.63 142-185

8 54 21m 212223 2.18 1.86-2.50

9 49 300 2903.10 296 2513.69

1050 12.15" 721-1710 494 3.71-92.03

1° Statistically significantly (p <.05) different than PFOA decile(s)1,2,3 ... . and/or10



“Table. DistbutionofDemographic Factors by PFOADecl,2000Fuorochemical Medical SurveillanceProgram(N =506)

PFOA cation Age BML BMI>=30  Dinkddy >=Diinkiday 'Decile Awerp Cottage Grove Decatur Mean(SD) Memn(SD) N 00 Mem(SD) N_(9) !
Tose ney 609 Man 2aEy Bey 071 ON 2A Mn
2 BM) BE BEY He 076) 70) 0709 17 GY)
3OMeH NE) Re) WE 26409°° 8 (9 07 00° 15 09)
4 0a BE EH M00) 28H BEH 07 AF 13 Qo) ;
5 o2Ey NE BEY W000 2260 8 aD 0740 16 G2) :
6 AEH Tay NE) WE 24EH Re) 0740 14 @)
7 En) 9 ay Ey WE 26909 10@) 0709 14 ey
5 BE)  NQ) 2566 4140) 27564 170) 06 09° 16 GO)
9 9a Tan WED WO BINT A@) 03 09° 5 a0
00S an BEY 26H DEO WEY 156) 050) 12 Qh

peooo” pent pea”
Sttisically significantly (p< 05) diferent than PFOA decile 1,2,3.. 10
10valueassociatedwith hi square estfo locaton, BMI disebutonand > | rink/day, respectively. :



Table 9. Mean, 95% Confidence Interval, Median and RangeofPFOS Serum Concentrations
by PFOA Decile Distribution, 2000 Fluorochemical Medical Surveillance Program (N = 506)

PEOS
PFOA
Decile N Mean 95% CL Median Range

1 s1 030% 0.15-046 013 0.02264

2s 061%" 0380.84 035 0,025.19

30 81 086° 059-113 052 0.13479

4 50 078° 062-094 058 012-341

ss) 089-710 0.74-1.04 082 006-221

6 49 paghEa 090-133 0.98 0024.22

7.» 127% 1.07-1.48 121 0183.25

gis FAY 1101.73 1.03 020-624

9 49 1.74% 143-206 183 0.124.386

1050 1.58% 123-104 1.06 014-431

11° Statistically significantly(p < .05)different than PFOA decile(s) 1,2, 3 . . . and/or 10



Table 10. Mean and Standard Deviation of Serum Lipid Clinical Chemistry Results by PFOA
Decile, 2000 Fluorochemical Medical Surveillance Program

PFOA Cholesterol LDL HDL Triglycerides
Del Ry SROD ee ED) SED

1 21543) 13739) 5013)" 1492101)"

2 aw) 13733) 203" 12066)

3 20837) 12831) 52014)" 144 (121)"°

4 210 (41) 13234) 50(19)° 147 (101)"°

5 2869) 14135) 4902" 16117)"

6 296) 14141) 4902" 161 (104)"°

7 214 (40) 133 37) 5011)" 154.(106)'

8 216 (43) 136 (40) 47(13) 175 (109

9 2860) 13831) Asan?’ 17493

10 2142) 13235) 8097 214168)"

11° Statistically significantly (p < 05) different than PFOA decile(s) 1,2,3 . .. and/or 10



Table 1. Adjusted” Mean and 95% Confidence Intervals
for Lipid Clinical Chemisry Ress by PFOA Decile

PFOA Cholesiero, DL Hp) TriglyceridesDecile Mean 95%Cl New osc Men oR Nem svc

' 21 was 13 naa 0° 653 14s nein
2 a 922 ns sus si® nse na esas
3 0m 220 us ngs si ast 153% na182
4 20 wm nas so 65 145° 16175
5 a 2628 10 Boise a asst © 133191
6 28 0629 1a Bost a asst 160 131190
7 a mas im nan 50 53 158 128.187
8 as m6 136 ness 41 450 mm 144201
9 om a2 0 Boise a “2 165° 135194
0 216 wm Pa WY aw aw eas

Adjustfor age, BMI and alcohol using analysis ofcovariance
19 Satistcally significantly(p <.05) diffrent than PFOA decile(s 1,23... andlor 10



“Table 124. Adjust OsRatios (0. )and 95% Confidence Interval (95% C1 or Lipid Clinical Chemise Reference Poi,
by PFOADesi,2000Flaorochenical Medical Suillance Program .

PFOA Chol>-200mgd,Chol>=240mgidl, LDL 130mydl,  HDLo-40myidl,  Trghvegrides>=150mgdl.Duile ORT 9%CL OR 0%CI OR’ 0SCL ORT OMCL OR! 99%cl
roe - wo. wo- oo. wo.
2 04 0210 13 osu 07 0316 10432 07 031s
3 09 0420 09 0322 07 0316 05 ots 10 0424
409 0421 11 oar 08 041s 20 0ns4 13 0531
S17 0740 16 0739 140631 10 0420 12 0530
6 10 0422 11 os2s 09 0420 17 0747 17 0740
708 oats 12 0520 07 034s 06 0218 09 0422
510 0422 12 0s29 10s 14 0537 27 1265
0 14 0633 1s 0637 12 0527 09 0324 24 1059

1 0526 10 42s 12 0528 26 1068 24 1058
1. Adjusted forage, BMIand alcohol
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Table 13. Non-adjusted and Adjusted Ln PFOA Coeflicients
for Ln Lipid Clinical Chemistry Result, 2000 Fluorochemical Medical Surveillance Program

Ln PFOA LnPFOA
Non-adjusted Adjusted’
Coeflicient__ SE p value Coefficient SE p value

n Cholesterol

All Locations 0.0059 00060 32 00076 00059 20

Antwerp 00051 00106 63 00130 0009 18

Cottage Grove 0.0034 0.0089 70 00021 00100 83

Decatur 0021 0039 a1 00266 00141 06

LnLDL

All Locations 00012 0.0089 89 00021 0009 81

Antwerp 00037 00157 81 00106 00147 47

Cottage Grove 0.0022 00139 87 00049 00145 73

Decatur 00258 0019 20 00302 00200 13

LaHDL

All Locations -00307 0.0079 0001 00183 00069 01

Antwerp 00057 00136 68 00095 00131 47

Cottage Grove 0.0153 00122 21 00192 00120 1

Decatur 00256 00149 09 00207 00141 14Ti

All Locations 0.0892 0.0185 0001 00711 00169 0001

Antwerp. 00840 00288 004 00980 0.0270 0004

Cottage Grove 00343 0.0316 28 00280 00314 38

Decatur 00715 00400 08 00689 0.0376 07
TT Seedymods Agee TnAge LBM aA



Table 14. MeanandStandard DevistionofHepa Clicl Chemise Result,
oy PFOA Decl, 2000 Mec Fltochemicl Surveillance Program

Tou Dirt .
PFOA AlkPos AST ALT ASUALT ~~ GGT Bilirubin BilirubinDele Mem(SD)  Mem(SD)  Mew(SD)  Memn(SD) Mea (sD) Mean(SD) Mean (5D)

1 6503) 28) 205" 0990.0" 265° 09 ©3) 01° (004)

2 905° 25) 205" 10001" 25018) 09" (3) or (004)

3 eae? %@t mat een wen 10° 0) 01 06
4 6515) 248) 205" 0980.1)" 2820) 09" (03) 01 (004)

seat ne 20st omop® way 0 ©y of oo
6 6619) 26M ne oEn* 2001 09° 03) 01 (006) 4

1 map wa wast omon® san 090 ©) 01 oo)
5 ean ue mae wep wey of 02 or om
5 met WEF 609% 0;mEDU Hawt 07 on ort eon
10 6820 240) sant 093002)" 30016) 0s (03) 01 (008)

14° Statistically significantly (p < 05)different than PFOA decile(s) 1,2, 3... and/or 10.



“Table 5A. AdjustedMeanand 95%Confidence Intervals
for Hepatic Clinical ChemisteyResultsby PFOA Decile Adjusted

Toul Direct '
PIOA Al Phos AST Au gr. Bilinbin_____Dilimbin__
Decile Mean OCT Mean 95%Cl Mean OS%CI Mean 9S%CI Mean 99%CI Mam 95% CI

' 6 elm 2 um 2 253 R23 09 0612 01 009012 .
2 SU sie 25 Ba» 2B 25 93 09 0800 01 009012 '
3 oF see 26% M2 0 263 2 2B 10700R106 01 009012 :
4 6 60 4 ma WM um 3 2M 09 0R0 01 00s
5 oF eer 2 25 2 na 20 1830 09 079095 01’ 010013

Fl 6 en 2 a 29% ax 2 1527 09 078095 01 0080
7 WU ma ua NC was 3 23 09 07094 01 0osol
5 6 em 26% wm 2 263m 2 235 09 0709 0 010013
9 M0 e6Ts 26% 228 MC 3038 WY 239 0808s 01% 007010
0 emu 226 03 3 A308 07509 01 00801 '
Addfor AgeBMI Alcohol wing aabsisofcovariance

Sutsticalysignificantly(p< 05)different than PFOA deil(s 1,2, 3. andlor 10



Table 158. AdjustedMeanand 95% ConfidenceIntervals (95%CIfor Hepatic Clinical Chemisty Results by PFOA Dele

Toul Direct708 n ATL ol o I
Decile Men OCT Mean 9%CI Mean 95%Cl Mean 05%Cl Mean 95% Ci Mean 95% C1

' 6 67 26% 2438 30 234 WF 230 09 08101 01 009012
2 W0 Ss6s 2 2327 30 234 26 02 09 081099 01 009012
3 oF see 26 228 2 253 2 23 10 0%0106 01 0090
] 6 67 24 2a 2 2533 234 09° 08209 01 00801
5 O66 27% 2024 2 33 27 1830 09 08009 01 010013
6 66 GT 22024 2900 2128 A 1527 09 078095 01 0080
7 WG 260 428 NC ;3s 28 B34 090 070% 01 008011
8 6 6 26 228 29 253 2% 234 09 07609 01’ 010013
9 W667 26 2438 36H N39 3H M9 08 068085 008 0070.10
0 Qn au 226 WP 23 2 23 09 007909 01 0m012

4° Statisticallysignificantly (p< 05) differentthan PFOA decile) 1,2,3... andlor10



Table 15C. Adjusted Means and 95% Confidence Intervals (C1)
for AST/ALT Ratios by PFOA Decile

Peon vent scr vest scr

TT 0s osero2 os ossiol

2 098" 0961.02 098 095-102

3 1.00" 0.96-1.03 1.00° 097-103

4 098 095-101 098 094-100

5 097 094-101 095 0.94-1.00

6 1.001% 097-1.04 Lo™® 097-104

7 098 095-101 098 095-101

8 1.00 097-103 1.00% 097-104

9 095% 092-098 095% 0910.98

10 0.943% 091-098 095% 0092-098

aAdjusted forAge,BMIandAlcoholusinganalysisof covariance

b.Adjusted for Age, Triglycerides and Alcohol using analysisofcovariance

"1 Statistically significantly(p < 05)differentthan PFOA decile(s) 1,2, 3... and/or 10



abe 16. Numberand Percent ofHepatic Clinical Chemistry ResultsbyReference Pints,
by PFOA Decl, 2000 Medical luorochemical Surveillance Program v

PEOA  AKPhos>=120 AST>=S0  ALT>=S0  GGT>=50 Toul Direct
Decile NG) Neo Neo Neo Bilirubin >15 Bilirubin>0.4

' om 26) san 62 2 woo
2 0 0 4® 26) CER)
3 0 0 am 500) im oo
4 0 oo 4® S00) 2 @ ow '
s ro 10 30 26) rte oo '
6 10 oo oo 26) te oo
7 lc) lc) 4® 500) re oo
8 0 24) 50) 50) oo 1
° 1 0 704 806) re vo
noe 00 709 am ro oe
pualuet 81 2 3s a6 8 56

“chi squaretet ofsignificance



“Table 17.OddsRatios (O.R.)and95% Confidence Intervals (95% C.1for Hepatic Clinical Chemistry Results,
Ty PFOA Decile 2000 Fuorochemical Medica Sureilance Program '

ATsson Garson
pop mmSBIR rEit
Duk OR. 9%CL OR. 9%CL OR. 0%CL OR. 9mCl OR. 99%CL OR 9sWCL

Wl. We. wo. ol 48) o- wo. wo.
2 06 0224 0s 0230 0s 0232 03 ose 03 oss 03 0si6
506 0224 07 0229 06 0122 os 0220 09 0231 07 22s
4 07 0224 0 m23 06 0124 0s 0230 0s 0227 0s 0229
Sos ome 04 ome 04 omar 03 0si4 03 0013 03 003
6 02 oso or 000s 01 0009 03 aes 03 013 03 oss
7 07 e224 os 0230 0s 0123 0s 0230 09 0231 0s 0229
50s 0227 07 eas 07 022s 0s 0227 07 0226 06 0224
9 13 0442 10 0334 10 0336 1s sas 17 0sse 17 0sss
012 oar Los 07 e226 07 0224 07 0225 04 or7

1. Notadiuted
2. Adis fo age, BMI and alcool
3. Adslforag,vihyeerdesandskool



“Table 178. Odds Ratios (O.R.) and95% Confidence Intervals(95%CL)for Hepatic Clinica Chemistry Rests, i
Ty PFOA Decil, 2000 Flvorochemical Medical Surveillance Program

ATz00 Gordon
POA eeA EUAN
Die OR. 0CL OR. osci OR. 9%CL OR. 9%CL OR. 99%CL OR 9s%Cl
row wo. » i. wo 10 wo.
2 es m4 woos Loan 06 029 06 0219 07 0223
5 es maar os 032s 07 0220 07 0222 0s 0324 07 0222
4 09 032s 0s 0324 09 0324 10 0420 10 oa2s 10 0330
S03 ema 03 od 03 ono 09 032s 0s 0324 08 ons
6 03 oles 02 019 02 0109 05 0217 0s ome 1 0433
713 esa as osu 12 0saa 12 eaa2 12 esas 06 021
514 0637 1s 063 13 0s 07 0220 07 0220 16 0647
9 22 09s6 17 074s 17 014s 1506 16 064s 12 0add
014 063s 12 0s34 09 03a 1606 17 064s 13 036

1 Notsdused
2 Adjusted forae, BM andskool
3. Adjusted forage,viglcerdesandskool



‘Table 18. Non-adjusted and Adjusted Ln PFOA Coeflicients
for Ln Hepatic Clinical Chemistry, 2000 Fluorochemical Medical Surveillance Program

Non-adjusted Adjusted"?
Ln PFOA Ln PFOA
Coefficient _SE p value Coeflicient SE p value

Ln Alkaline Phosphatase

All Locations 0.0155 0.0082 06 00093 0.0081 25
00037 0.0081 65

Antwerp 00025 00137 85 00060 00139 67
00170 00140 22

Cottage Grove 0.0141 00113 21 00127 0017 28
0080 00117 24

Decatur 00394 00191 04 00460 00192 02
00394 00192 04

LnAST

AllLocations  -00018 00086 83 0001 0008 55
00089 00087 31

Antwerp 00048 00137 73 00029 0038 83
00066 00142 64

Cottage Grove 0.0281 00141 05 00258 00146 08
00271 00145 07

Decatur 00205 00200 31 00114 00203 57
00062 00203 76

nALT

All Locations ~~ 0.0402 00143 005 00249 00132 06
00115 00136 40

Antwerp 0012 0020 58 00085 0022 70
00293 00222 19

“Table 18. (Continued)



Non-adjusted Adjusted’?
Ln PFOA Ln PFOA
Coefficient SE p value Coefficient SE p value

LnALT(Cont'd)

Cottage Grove - 0.0131 0.0215 54 0.0096 0.0209 65
-0.0008 0.0208 69

Decatur 0.0954 0.0300 002 0.0704 0.0287 02
0.0581 0.0287 04

0 GGT

All Locations 0.0409 0.0174 02 0.0326 0.0166 05
0.0097 0.0163 55

Antwerp 00170 00307 58 00269 00294 36
-0.0047 0.0295 87

Cottage Grove  -00088 0.0292 76 00198 00286 49
00233 00270 39

Decatur 0.0754 0.0344 03 0.0800 0.0344 02
0.0599 0.0329 07

n Total Bilirubin

All Locations ~~ -0.0406 0.0101 0001 -0.0325 0.0099 001
0.0267 0.0101 01

Antwerp -0.0117 0.0178 51 0.0122 0.0182 50
-0.0093 0.0188 62

Cottage Grove  -0.0060 0.0138 66 0.0098 0.0142 49
00067 00141 64

Decatur -0.0528 0.0203 01 -0.0537 0.0209 01
0.0462 0.0206 03

T. See study methods. Adjusted for Ln Age, La BMI, Ln Alcohol
2. Seestudy methods. Adjusted for Ln Age, Ln Triglycerides, Ln Alcohol



‘Table 19. Mean and Standard Deviation (SD)ofThyroid-Related Clinical Chemistry Result,
by PFOA Decile, 2000 Fluorochemical Medical Surveillance Program

PFOA TSH T FreeT4 hs]
Delle  Mean(SD) Mean (SD) Mean (SD) Mean SD

1 206 (117% 828 (151) LIS (0.157 124 (28)

2 203 (109) 841 (140) LI (015) 24 Qn

3 184 (073) 812 131) LIS (014° 125 (19)

4 341 (907% 804 (151) 112 (0.19) 127 (19)

s 260 (2.63) 79 (137) 1.07 (019) 126 (7)

6 210 (109) 849 (133) L10 (0.13) 28 3)

7 219 (123) 808 (129) 109 (013) 9 @y

8 243 9) 837 (29) 109 O17) 130 @)

9 28 (40) 849 (130) LI0 (0.14) 130 0)

10 241 (2m 797 (133) 1.07 (014% 130 (1)

1° Statistically significantly (p < 05) different than PFOA decile(s) 1,2,3 .... and/or 10



Table 20. Adjusted” Mean and 95% Confidence Intervals
for Thyroid Clinical Chemisiry Results by PFOA Decile

POA Ts 7 FreeTd  —
Dele Mem 9SACI Mam OSGI Mam 9%Cl Men 95%

' 207 ae 82 791866 LIS Ln 12 nga
2 200° 104206 84s sores Ln 1071s ns ngs
5 13 094285 0% 20846 LEY Les 12 ns
4 3 ama soe 28a Ln 108106 126 120133
5 260 esas 798 260835 L070 Lean 126 1204133
6 207" a0 8S sIss9 LI 10114 18 21134
7 a 126306 80° 708M 109 os 129 3135
8 239 Les 840 803876 110 10611 130 124136
9 284 1838 sa s0n880 Ln ors 13 13136
0 201 Las 79 256832 LY lean 19 123136

*Adjusted for Age, BME and Alcoholusinganalysisof covariance
1° Statistically significantly(p<.05)differentthan PFOA deciles 1,2,3 andlor 10



‘Table 21. Number and Percent Subjects Above or Below Reference Points
for Thyroid-Related Clinical Chemistry Results, by PFOA Decile,

2000 Fluorochemical Medical Surveillance Program

ISH IU/mL) _Td(ug/dl) FreeTd(ng/dL) mgd)
PFOA S035 >55 5 2120 00 2183 S60 2181
Decile  N(%) N(%) N(%) N(%) NC) NCO NE) N®%)

1 00 00)  0© 00) 0 10 0 10)

2 12) 000) 00 000) 0 1 0 0

3 00) 000) 12 00 0 00 0 00)

4 12 24 0) 00) 12 1 00) 0(0)

5 00) 4@®) 0© 0 1 00 00) 000)

6 0 1@ 00 00 00 0) 00) 24)

7 00) 24) 00) 00) 00) 0 00 1

3 00) 4® 0@ 00 12 26 00 2@)

9 00) 4®) 0© 00) 00 0@ 00) 00)

01 1@ 00 00) © 00 00 10

paler 63.10 a“ 65 46 - 46
| —— eee

“chi square testof significance



Table 22. Thyroid related hommone tests results by subject when TSH 4.0 IU/mL (ascending
order) and corresponding PFOA (g/mL) concentration. Results out-of-reference range (see
Table 21) are shaded.

Sued ISH 14 FreeTd  T3 PFOA
1 4m 61 113 103 161s
2 406 62 113 106 60225
3 a2 73 os 17 ans
4 arm 82 117 18 3554
5 415 51 om 0 0070
6 421 8s 10 17 oom
7 421 80 08 109 1606
8 42 108 123 16 oo
s 42 8s 103 18s 0081

10 425 64 125 183 0604
no 43 e212 1s 0817
2 4x 67 0% 125 02m
13 as 72 091 112 100
“a0 78 101 13 2143
15 4st 86 113 ta 228
6 471 81 0s Me 01s
74% 82 1m 109 1415
18 4st 63 078 ta 1282
1 4st 78 118 10 tr27
20 4% 78 13 119 0185
21 ss 80 12 128 21%
2 sz 82 08 119 1388
2 520 84 0% 102 0160
4 5% 76 0s 157 1269
2% 53% sa 1m 17 01%
2% sd 80 100 106 4157
27 se1 88 119 12 S184
2 580 ss 08 144 2579
20 588 70 100 135 1625

S57 84 tor 12 1888
3 8 81 109 118 073
2 58 77 om 16 110
3 801 67 om 10 0718
#805 8s 110 13 1525
3% B08 88 125 146 087
% B® ss os 14 4718
37 781 67 0s 134 2080
3% 78 ss 104 102 3670
3 BS 7 MB 100 2343
4 sa 50 123 13 36%
4 MB 54 107 164 0576
4 1878 84 084 123 0725
43 1939 47 085 102 243
44 2304 6s 081 120 2715
45 G528 45 O85 121 047



Table 23. Non-adjusted and Adjusted’ Ln PFOA Coefficients for Ln Thyroid-Related Hormone,
2000 Fluorochemical Medical Surveillance Program

Non-adjusted Adjusted"
Ln PFOA Ln PFOA
Coefficient SE patie Coefficient __SE___pvalue

Lo TSH

All Locations 0.0395 0.0204 05 00360 00207 08

Antwerp 00509 00329 12 00391 00333 24

Cotage Grove 0.0016 ~~ 0.0310 96 0011 00322 73

Decatur 00343 00497 49 00365 00513 48

LaTd

All Locations 0.0037 00054 50 0.0057 00054 29

Antwerp 0002 0009 83 00041 0009 68

Cottage Grove  -00124 0.0072 09 00093 00072 20

Decatur 00012 00126 92 00083 00127 51

Ln Free T4

AllLocations  -00138 00044 002 0017 00043 01

Antwerp 00108 00078 17 00140 00078 07

Cottage Grove -0.0093 0.0058 11 00071 00059 23

Decatur 00138 00103 18 00184 00105 08

LnT3

All Locations 00107 00052 04 00105 00053 05

Antwerp 00222 00077 005 00216 00077 006

Cottage Grove 0.0026 0.0096 79 00006 0009 95

Decatur 00317 00117 008 00 oon 0
1. See study methods. Adjusted for Ln Age, LaBMILnAlcohol



Table 24. Predicted Thyroid-Related Clinical Chemistry Results
Based on Multiple Regression Models for 40 Year Old Male with BMI =28

‘and Drinks 0.5 Alcohol BeveragesperDay.

Predicted Predicted Predicted Predicted
TSH (uU/mL) T4 (ug/L) Free T4 (ng/dL) T3 (ng/dL)

Reference Range (025-55) (45-120) (070-153) (60-181)

PFOA Serum
Concentration
(ug/ml)

0.005 1.58 2 115 ne

001 162 8.19 11s 19

0.10 176 308 11 121

050 187 801 1.09 124

1.00 191 798 1.09 125

5.00 203 7.90 1.06 128

10.00 207 787 1.06 128

50.00 220 7.80 104 131

00.00 226 mm 03 32



‘Table 25. Number (percent), Odds Ratios (O.R.) and 95% Confidence Intervals (95% C.L)
with Metabolic Syndrome, by PFOA Decile,

2000 Fluorochemical Medical Surveillance Program

PFOA Non-adjusted Adjusted"
Decile NG) OR 95%ClL OR. 95%ClL

1 612) 10 - 0) ox

2 4® 06 0224 06 0122

3 1@ 02 0009 02 0010

4 8316) 14 0547 15 0549

5 5310 08 0229 08 0229

6 612 10 0336 10 0335

7 360 05 0119 05 0120

8 6312 09 0332 09 0330

9 6312) 10 0336 110336

10 6012) 10 0335 10 0336

1. Adjustedfor age
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“Table AL. Coreaton Coeficients (sameasTable DI)
Ln Variable La FO) a(PEOS) Latage) BMD. (Alcohol
PFOA 10
PROS 0sseene 10
Age 003 006 10
BMI one 00 0200eer 10

Alcohol 1200 “0.100 “see 026meer 10
Cholesterol 004 008 Distr 000 oor
IDL 000 006 ose 002 ool

HDL “oe 007 “0130 oa3eeee 0370000
Trghoerides 021000 ore ogee odavese “are
Glucose 001 or 02600ee 02s°er Doves
AlkPhos 008 008 008 one “oases
ast 001 000 000 sere “004
ALT one 008 003 oarewee 16tn
ASTALT aise 0.000 005 030mees 07
aot olor 000 oiseer 031ene 0200wee
Toul Bilimkin 0.18400 a3 “008 “aise “002
Direct Biibin ~~ 0.06 0.03 003 “003 “00
SH 009 004 “001 008 002
T 003 0002 “009 005 “oie
FreTd ore 0.06 “see Dagens 008n 00 oo; 100 002 “00

pos
psn
p<. 00door
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Alcohol (Drinks/Day) by PFOA( pg/mL)
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Cholesterol (mg/dL) by PFOA (ng/mL)
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Triglycerides(mg/dL) by PFOA (ug/L)
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Alkaline Phosphatase (IU/L) by PFOA (ug/mL)
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LN AST/ALT by LN PFOA (g/mL)
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GGT (IU/L) by PFOA (g/mL)
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Total Bilirubin (mg/dL) by PFOA (ug/mL)
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Direct Bilirubin (mg/dL) by PFOA (g/mL)
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Appendix B



‘Table BI. Demographic and Clinic Chemistry Comparisons (Mean, Standard Deviation (SD),
Medianand Range) of Employees Who Self-Reported Prescribed Cholesterol-Lowering

Medications (N = 46) Versus Those Who Did Not (N = 506),
2000 Fluorocherical Medical Surveillance Program

Prescribed Not Prescribed
Medication (N=46) (N=506)

Mean (SD) Median Range Mean (SD) Median Range

PFOA 198 212 121 0141030 221 640 110 001-9203

PROS 169° 172 127 0111006 105 097 072 0.02624

Age 490 7 50 3160 0 9 39 206

BMI 28° 45 284 199393 274 46 266 172521

Alcohol 04 06 00 0020 06 09 03 0064

%Anwep 210 - - - EI - -

%Cotiage Grove 20* ~~ - % - : v

% Decatur sv... 7 - - -

Glucose 103° 38 99 5431 91 19 91 31251

Cholesterol ~~ 221 45 217 144-384 24 41 2 105331

LDL 134 40 130 59222 136 36 13 37235

HDL a7 14 4 3190 4913 46 182

Triglycerides 226% 160 194 35792 159 12 128 2479

Alk Phos TH T 3026 6 18 64 21160

AST ms 2s 748 3 7 24 1069

ALT 6 20 2 99 0015 26 6103

GGT 36+ 24 28 10-144 3 2 2 63M

Towl Bilibin 08 02 08 041s 09 03 08 0323



Table BI. (continued)

Prescribed
Lipid-Lowering Not Prescribed
Medication (N=46) (N=506)

Mean (SD) Median Range Mean (SD) Median Range

Direct Bilirubin 0.1 006 0.1 00-03 0.1 0.06 0.1 0.0-0.7

AST/ALT 089 042 082 022222 098 0.12 097 0.70-1.82

TSH 28 31 21 04215 24 34 19 0.03-65.3

T4 8.1 14 79 58-129 82 14 82 42-120

FreeT4 Ll 02 11 0815 11 02 Ll 06-18

3 125 19 23 93-190 27.2% 125 78-300

+p <0 (prescribed vs. non-prescribed)



Table B2. Meanand StandardDeviation (SD) ofPFOA, PFOS, DemographicsandClinical Cheristry
Results by Location by Cholestrol-Lowering Medication Stas

Aner CotageGrove Decatur

Yes No Yes No Yes No
Man (SD) Men (SD) Man (SD) Man (SD) Mem (SD) Man (SD)

PRON LI6 (SH) 102 (06 291 (69 46 (25) 197 (5) 18 (6D)
PROS 125 051) 095 ©97) 076 (©79 08 (09%) 208 QO) 129 (09)
™ ooo 9 ® oo a woo 2 oo
Bi 29 09 27 GO 25 (2 29 GH WT G6 BE (6
Aleobol 07 08 LI (LD) 07 0) 01 en 02 © 01 03
Glos 9% GO 8 aD) 0a) 10 ey le we B04
Cholesterol 232 (8) 218 (41) woe 2G) 2 G0) 2 @)
LoL 2a 1 en ne @n Bo Bo G9 Be GO
HL 2a san 2 oan 4% ay Mayu ao
Trigheerides 195° (129) 120 (83) moo@) wow se am) 1m (10)
AkPhos SQ) 60 (4) moan es ay moan Ban



Table B2 (continu)
Antwerp CoteGone Desaur

Cholesterol.Lowering Med CholssenLowsringMed Chalet owsringMed
Yeu No Yes No Yeu No

Meh (SD) Man (D) Men (SD) Mem (6D) Men (6D) Mem (SD)

ss © BD © nom os ® Toe ws ®
ar 2 3 a soe Moan» oa) Mu ae
ASTAT 1306 12 0H 08 ©) 08 0) 08 ©) 09 ©
Gr x ay» ap Zo Noes Way Bo
TaBlikin 10 03) 10 03) 09 © 09 03 07 ©) 07 ©)
Dibillabin01 00) 01 (©0 01 (0) 01 ©) 01 ©) 01 (©0F
Ts oe) 2 a6 25 09 24 aH 32 Go 28 6)
™ san 82 oan 72 02 9 an 82 0) 8 9
Fem 12 0) 1 0 woen uoen ue ue
™ usoay a9 woe ps Gy woe) ns @)

= 05cholesrolloweringmdcaion(esvenowihmeach locaton



Table 3. Mean,StandardDeviation,Median and Range of PFOA, PFOS, Demographic FactorsandClinical Chemistry Results,
By Location, 2000 Fuorochemsical Medical Surveillance Program, For Employees Prescribed Chalestrol-Lowering Medications

Antwerp (N10) CottageGrove (N-9) Decatur(4-27)
Mem (SD) Median Range Mem (SD) Median Range Mew (SD) Median Range

PFOA LI6 LSS 06 014531 205 67 LSS 0290000 197 152 176 015497
POS 125 091 095 02277 076 07 036 01210 218 201 15% 0151006
Age 0s sass os 7 2 0 48 7 4 6
BM 2390 34 247 2aM2 BS 42 309 Bass 297 46 4 199393
Aeohol 07 08 05 0020 07 07 10 0020 02 04 00 0016
Glew 9% 30 8 SLI 15 13 104 202 106 46 99 031
Chole! 202 38 243 19280 24 38 206 ISL 20 50 26 144384
or. 12M ie 822 16 47 4 HAI 10 35 19 6626
OL 2 as 4s ww on 0 aw wa “ 0 oe un
Trgherides 195 124 179 35463 180 8 193 @294 23 18 20 299
AkPhos SE 20 ss des 7 Bm doa0s 7 10 Wa
Ast. 5 6 wu uw ow 5 2 wa n 9 as 1a
ar 20 9 nea EE I
ASUALT 13 06 12 0622 08 03 08 0413 08 03 07 0212



Table3
(Continued)

Ane(¥-9) CottageGrove(N=0) Decatur(¥=27)
Men (SD) Mod Range Mom (SD) Med Range Man (SD) Med Range

aor 2% Bw ae sm? ow 4 Mas 3 18 B® DBE

TowlBil 10 03 09 0745 09 02 09 0612 07 02 07 04d1

DictBil 01 003 01 0102 09 003 01 0001 01 007 01 0003

SH 19 07 18 0231 25 06 21 1735 32 40 25 0421S

™ 3¢ 17 83 sens 720 12 74 S891 $2 13 80 62290

FeeT4 12 02 12 0945 11 01 10 0813 LI 02 LI 0814

© DSI ms ee 17 16 7 SMI 127 20 13 9%

1. Statisticallysignificantly (p< 05) different than Ancwerp
2. Suisialy significantly( < 05) different than Cottage Grove
3. Sutisicallysignificantly(p< 09) different than Decatur



Table B4. Non-adjusted and Adjusted* Regression PFOA Coefficients
for Lipid Clinical Chemistry Results, 2000 Fluorochemical Results Restricted to Employee

‘Taking Cholesterol-Lowering Medications (N = 46)

Non-adjusted Adjusted®
Ln of Response Ln PFOA Ln PFOA
Variable Coefficient SE p value Coefficient SE p value

Cholesterol ~~ 0.0453 0.0263 09 00501 00292 09

LDL 00253 00494 61 00303 00536 58

HDL 00003 00364 9 00140 00346 69

Triglycerides 00681 0.0968 49 01015 00972 30

Alk Phosphatase 0.0612 0.0420 IS 00533 00420 21
0.0347 0.0428 42

AST 00305 00437 49 00434 0.0475 37
0.0340 0.0469 47

ALT 01040 00672 13 00862 00674 21
0.054% 0.0669 42

GGT 00591 00734 43 00653 00812 43
0.0404 00746 59

Tot Bilirubin -0.0818 0.0356 03 00649 00369 09
0.0623 00361 09

TSH 00928 00904 31 01803 00918 06

T+ 0023 0026 33 00415 00236 09

FreeT4 00219 00197 27 00307 00213 16

i} 00007 0019 72 00041 00207 84

* Ln ofPFOA coefficient adjusted for Ln Age, Ln BMI and Ln Alcohol unlessotherwise (**)
noted
** Ln PFOA coefficient adjusted for Ln Age, Ln Triglyceridesand Ln Alcohol



Appendix C



Table C1 Number of Employees, Mean, 95% Confidence Interval, Median and Range by
PFOA Decile Distribution , 2000 Fluorochemical Medical Surveillance Program for

Antwerp, Cottage GroveandDecatur(N = 552)

PFOA PFOA
Decile  N Mean 95% CL Median Range

1 st 0.06" 005-0.07 006 0007-0.13

2 8 020% 0.19021 0.19 013-029

3 54 036" 035-037 036 030-044

4 ss 055° 0530.55 055 044-071

s 59 0.90% 087-094 038 071-110

6 50 1.26" 123-128 126 111-140

7 54 164° 1.60-1.67 1.63 1.42-1.85

8s 60 2175 212223 216 1862.50

9 3 3g 2903.10 296 2513.69

0 ss Ha 698-1556 494 3.719203

TTStatistically significantly(p <.05) different than PFOA decile(s) 1,2,3 .... and/or10



TableC2. Adjusted OddRatios (O.R.) and 95%Confidence Iva (95% C1 for Lipid Clinical Chemistry Reference Pos,
byPFOADecile, 2000lorochcmical Medical SurveillanceProgram(N - 552)

PFOA Chol 200mg] Cinl>=200muidl  LDL= 10mg]  HDL=40mgidl Trades>= 150mldlDail ORT 9%CL ORT O%CL OR’ 9MWCL ORI SACL OR! 99%C
roe oo 0 wo. wo.
2 04 0200 11 042s 06 0313 140536 08 0420
3 os oss 09 0322 07 03s 04 0113 10 042s
4 10 0422 12 0s30 08 0417 19 0749 140633
S17 0839 16 07as ess 1040 Loess
6 10 0423 12 0s30 08 0417 17 0646 17 0742
7 09 041s 10 042s 07 031s 06 0218 10 042s
801 0s24 1s 0634 10 0522 12 0532 27 1264
9 1s 0735 14 063s 12 0526 09 0323 24 1057

11 0525 10 oa 09 041s 29 1275 27 1263
Adjusted forage, BMIandalcohol
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“Table C4. O4dsRatios (OR) and 95% ConfidenceIntervals(95%C.1 for Hepatic Clinical Chemistry Results,
by PFOA Decile, 2000 Fuorochemnical Medical Surveillance Program (N = 552)

ATson arson.
mor nS aan?
Dui OR. 9%CL OR. 9%CL OR. 9%Cl OR. 9%CL OR. 9%Cl OR svc.
ve oo. wo wo. wo. oo.
2 07 0225 ox 0231 09 aaa 03 0012 02 ool 03 ooi2
3 0s a2 07 0220 06 0122 03 0227 03 0230 07 0227
4 os 0227 07 0227 ox 0227 L036 10 033s 1 ose
S04 ome 03 os 04 omar 04 ole 04 oe 04 ons
6 02 0009 01 0109 or 0009 03 ola 03 0s 03 oss
70s 0227 oo eas 7 0227 09 0332 10 0334 09 023)
5 07 0224 06 0124 0s 0120 07 0224 06 0223 05 ome
9 1 043s 09 0333 10 o3as 17 06ss 20 0764 20 0766

us 0ess 17 ess uo o4ar 07 022s 07 0226 04 or7

1 Notadjusod
2. Adjustedorae, BM andskool
5. Adjustedfoage igyceridesandsco



‘Table CS. Non-adiusted and Adjusted Regression PFOA Coefficients
for Lipid Clinical Chemistry Results, 2000 Fluorochemical Medical Surveillance Program for

Participants Who Did Not Self-Report Taking Cholesterol Lowering Medications (N = 506)and
‘All Participants (N = 552)

Ln PFOA LnPFOA
Non-adjusted Adjusted’

LnCholesterol

All Locations
NotPrescribed 00059 0.0060 32 00076 0.0059 20
All Participants 00083 0.008 15 00099 0008 09

Anwep
NotPrescribed 00051 0.0106 63 00130 00096 18
All Participants 00050 0.0104 63 00121 00094 20

CottageGrove
NotPrescribed 00034 0.0089 70 00021 00100 8
All Participants 0.0045 0.0087 61 0001 00091 58

Decatw
NotPrescribed 0.0221 00139 11 00266 00141 06
All Participants 0.0310 0.0131 02 00348 00133 01

nLDI
All Locations
NotPrescribed 00005 0.0089 96 00021 00091 81
All Participants 0.0018 0.0088 84 00029 00089 75

Anwep
NotPrescribed -00037 00157 81 00106 00147 47
All Participants 0.0041 00156 79 00092 00146 53

CottageGrove
NotPrescribed -0.0036 00138 79 00049 00145 73
All Participants -0.0001 ~~ 0.0140 99 00071 00146 63

Decatwr
NotPrescribed 00258 0.0199 20 00302 00200 13
All Participants 00276 0.0189 15 00204 00191 12



Table C5
(continued)

LnHD)

AllLocations
Not Prescribed 0.0307 ~~ 00079 0001 00183 00069 01
All Participants 0.0295 0.0077 0001 00167 00067 01

Auwerp
NotPrescribed 0.007 00136 68 00095 00131 47
All Participants -0.0030 ~~ 0.0137 83 00078 00130 55

CottageGrove
NotPrescribed 0.0153 0012 21 00192 00120 11
Alparicipanss ~~ -00154 00121 20 00199 001170 09

Decatwr
NotPrescribed 0.0256 00149 09 00207 00141 14
All Participants 0.0200 00140 16 00159 00133 23

LnTriglycerides

AllLocations
NotPrescribed 0.0892 0.0185 0001 00711 00169 0001
All Participants 0.0917 ~~ 00185 0001 00738 00168 0001

Anwep
NotPrescribed 0.0840 00288 004 00980 00270 0004
All Participants 0.0734 0.0294 01 00920 00274 0001

CottageGrove
NotPrescribed 0.0343 00316 28 00280 00314 28
All Participants 0.0317 0.0306 30 00269 00300 37

Decatur____
NotPrescribed 0.071 0.0400 08 00689 00376 07
Al Participants 0.0983 00394 01 00106 00373 01

1. MileRegressionModel LN (pd clinical chemisy) = nrc +LN(8) +LN (BM) + LN (akoho) +LN (PFOA)



‘Table C6. Non-adjusted and Adjusted"? Regression PFOA Coefficients
for Hepatic Clinical Chemistry Results, 2000 Fluorochemical Medical Surveillance Program

(N=552)

Non-adjusted Adjusted"?
Ln PFOA Ln PFOA
Coefficient _SE pvalue Coefficient SE p value

LnAlkalinePhosphatase

NotPrescribed(N=506)

AllLocations 00155 00082 06 00093 00081 25
00037 0.0081 65

Antwerp 00025 00137 85 00060 00139 67
00170 00140 2

CottageGrove 0.0141 00113 21 00127 0ou7 28
00140 00117 24

Decatur 00394 0091 04 00460 0012 02
00394 00192 04

All Participants (N = 552)

AllLocations 00189 00082 02 00117 00080 14
00006 0.0080 45

Antwerp 00082 00139 56 00109 00140 44
00218 00139 12

Cottage Grove -0.0091 0.0115 43 00098 00119 41
00100 00120 40

Decatur 00445 00176 01 00492 00179 01
00429 00181 02



an AST

NotPrescribed(N=506)

All Locations 0.0018 0.0086 83 0.0051 0.0086 55

0.0089 0.0087 31

Antwerp 0.0048 0.0137 7 0.0029 0.0138 83

00066 0012 64
Cottage Grove ~~ -0.0281 0.0141 05 0.0258 0.0146 08

-0.0271 0.0145 07

Decatur 0.0205 0.0200 31 0.0114 0.0203 57
0.0062 0.0203 76

_

All Locations 0.0001 0.0085 92 0.0019 0.0085 82
0.0059 0.0087 50

Antwerp 0.0050 0.0135 Tn -0.0034 0.0135 80

-0.0069 0.0137 62

Cottage Grove ~~ -0.0254 0.0139 07 -0.0240 0.0144 10
0.0250 0.0145 09

Decatur 0.0239 0.0194 2 0.0179 0.0198 37

0.0104 0.0200 60



LoALT

NotPrescribed(N=506)

All Locations ~~ 0.0402 00143 005 00249 00132 06
00115 00136 40

Antwerp 00122 0020 58 00085 0022 70
00293 00222 19

CotiageGrove 00131 00215 54 00096 00209 65
00008 00208 69

Decatur 00954 00300 002 00704 00287 02
00s81 00287 04

All Participants(N = 552)

All Locations 0.0457 00141 001 00316 00131 02
00170 00135 21

Antwerp 00151 00218 49 00118 00219 59
00311 0028 15

Cottage Grove 0.0143 00215 50 00089 00207 67
00134 00215 53

Decatur 01081 00278 0001 00898 00270 001
00691 00274 01



Table C6
(continued)

LnGGT

NotPrescribed(N=506)

All Locations 0.0409 00174 02 00326 00166 05
00097 00163 55

Antwerp 00170 00307 58 00269 00294 36
00047 00295 87

Cottage Grove  -0.0088 0.0292 76 00198 00286 49
00233 0070 39

Decatur 00754 00344 03 00300 00344 02
00599 00329 07

NotPrescribed(N =552)

AllLocations 00454 00170 01 00380 00163 02
00135 00158 39

Antwerp ood 00302 71 00214 00290 46
00097 00286 73

Cottage Grove  -00062 00295 83 0018 00289 53
00290 00278 30

Decatur 0.0851 00319 01 00974 00320 003
00673 00308 03

1. AdjasedforLnAg,LnBM Ln Alcohol
2. AdjustedforLnAge,LnBMI, La Akcbol



‘Table C7. Non-adjusted and Adjusted" Regression PFOA Coefficients for Thyroid-Related
Clinical Chemistry Results, 2000 Fluorochemical Medical Surveillance Program (N = 552)

Non-adjusted Adjusted
Ln PFOA Ln PFOA

—(Coficiem SE pvc___ Codfficiem SF pve
LnTSH

AllLocations
Not Prescribed 0.0395 0.0204 05 00360 00207 08
All Participants 0.0439 0019 03 00400 00201 05

Antwerp.
NotPrescribed 00509 00329 12 00391 00333 24
All Participants 0.0568 ~~ 00319 08 00463 0032 IS

Cottage Grove
NotPrescribed 00016 0.0310 96 oul 032 73
All Participants 0.0031 ~~ 00295 92 00066 00306 83

Decatur
NotPrescribed 00343 0.0497 49 00365 00513 48
All Participants 0.0319 0.0477 50 00328 00490 44

LoT4

All Locations__
NotPrescribed 0.0037 00054 50 00057 0004 29
All Participants 0.0049 00053 35 00072 0002 17

Antwerp
NotPreseribed 0.0022 0009 83 00041 00099 68
All Participants 0.0035 00098 72 00047 00098 63

Cottage Grove
NotPrescribed 00124 00072 09 00093 0002 20
All Participants 0.0149 00072 04 00121 0002 12

Decatur
NotPrescribed 0.0012 00126 92 00083 00127 51
All Participants _0.0015__00150__90 -00057__ 0011663



Table C7
(continued)

LnFreeT4

AllLocations
NotPrescribed 0.0138 0.0044 002 00117 00043 01
All Participants 0.0144 00042 001 00124 00042 003

Antwerp.
NotPrescribed 0.0108 ~~ 00078 17 00140 00078 07
All Participants 0.0113 00077 1S 00139 00078 07

CottageGrove
NotPrescribed  -0.0093 00058 11 00071 0009 23
All Participants 0.0012 00057 04 00091 00057 12

Decatur
Not Prescribed 00138 00103 18 00184 00105 08
All Participants 0.0100 ~~ 0009 30 00146 00098 14

LaT3

AllLocations
NotPrescribed 00107 00052 04 00105 00053 05
All Participants 0.0103 00050 04 0009 00051 05

Amwep
NotPreseribed 0.0222 0.0077 005 00216 00077 01
All Participants 0.0207 0.0076 007 00204 00076 01

Cottage Grove
Not Prescribed 0.0026 0009 79 00006 0009 95
All Participants 0.0012 00092 90 00001 00095 99

Decatw
NotPreseribed 0.0317 0.0117 008 007 ons 02
Al Participants 0.0331 __00108 003 00203 00109 01
1. Adjusted fo La Age, Ln BMI Ln Alcohol



‘Table C8. Number and Percent Subjects Above or Below Reference Points
for Thyroid-Related Clinical Chemistry Results, by PFOA Decile,
2000 Fluorochemical Medical SurveillanceProgram(N = 552)

TSH (ulU/mL) T4 (g/dL) Free T4 (ng/dL) T3 (ng/dL)
PFOA 025 >55 5 2120 070 28 60 281
Dele N(o No Neo) Neo) Neo) Neo Neo) NCO

1 00) 0(0) 00) 00) 0(0) 12 00) 1)

2 1@ 00 00 00 © 1 00 00

3 0 00 1 00 0© 0 00 00

4 1@ 24) 00 00 2 1 0 00

5 0 4M 00 10 10 0 00 00
6 00) 12 00) 0(0) 0(0) 0(0) 00) 24

7 00 26) 0@ 00 © 00 00 1@

3 00) 610) 0© 00) 1 20 00 20

9 00) 4@®)  0© 00) 00) 00) 00) 000)

01 1 00 00 0 0 00) 20)

pvalue 67 03 a1 49 68 47 ui 38



Table C9. Predicted Thyroid-Related Clinical Chemistry Results
Based on Multiple Regression Models for 40 Year Old Male with BMI = 28

and Drinks 0.5 Alcohol Beverages per Day (N = 552)

Predicted Predicted Predicted Predicted
TSH (WIU/mL) T4 (ugidL) Free T4 (ngidL) T3 (ng/dL)

Reference Range (0255.5) (4512.0) 020-153) (60-181)

PFOA Serum
Concentration
(ug/ml)

0.005 157 828 116 19

001 161 824 Lis 120

0.10 177 8.10 12 123

050 189 8.00 1.09 125

1.00 1.94 797 1.08 125

5.00 207 788 1.06 127

10.00 213 7.84 105 128

50.00 227 774 1.03 130

10000 233 71 102 3
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“Table D1. Correlation Coeficints (sameas Table Al)
Lnarable)  Lo®FOA)_ LaPFOS) InAs) LaBMD__Ln(Akohol)
PFOA 10
PROS osseens 10

Age 003 006 10
BMI or 000 0200s 10

Alohol oe 0.100 aise “026000 10
Cholesterol 004 008 ose 000 olor
LoL 000 006 one 00 ool
HDL “geese 007 ie Soazeere 0370000
Trigheerides 02100040 ote ols 0aqrere 0120
Glucose 001 “0130 0260s 02seeee ogre

AlkPhos 008 008 008 one pase
Ast 001 000 000 ose 001
ar one 008 003 odtvese o16tee
ASTALT aise 0000 005 03g0ere oi7eee
Gar a0 100 Ose Pere 0200s
Toul Blinbin ~~ -018%+++ 13 “008 geen 00
Direc Bilinbin ~~ 0.06 2003 “003 003 “00
SH 009 004 “001 008 00
™ 003 oo “009 “008 017000

Freed ase 006 “apes “o170ee 008
nm eee es a aw em
eos“pol
lp onweed oor
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Alcohol (drinks/day) by PFOS (ug/mL)
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Appendix E



Table EI. Non-adjusted and Adjusted Regression PFOS Coeflicients
for Lipid Clinical Chemistry Results, 2000 Fluorochemical Medical Surveillance Program

ON =506)

Non-adjusted Adjusted
Ln PFOS La PFOS
Coefficient SE p value Coefficient’ SE p value

LnCholesterol

All Locations 0.0151 00081 06 00157 00081 05

Antwerp 0.0091 0044 83 0.0049 00128 70

Cottage Grove 0.0151 00130 25 0.0141 00134 30

Decatur 00247 00173 1s 0.0235 003 18

LaLD)

All Locations 0.0153 00120 20 00135 00120 26

Antwerp 00068 0021 75 00137 00194 48

Cottage Grove 0.0115 00198 56 0.0187 00203 36

Decatur 0.0457 0029 07 0.0421 0025 09

LnHDL

All Locations -0.0161 00108 14 00093 00094 33

Antwerp 0.0014 00185 94 0.0020 0017s 91

Cottage Grove  -0.0018 00m 92 00114 0 52

Decatur 0.0242 00186 20 00166 00172 34



Table El. (continued)

LnTriglycerides

All Locations 0.0778 00255 002 0.0752 00230 001

Antwerp 0.1066 00381 006 0.1063 00357 003

Cottage Grove 0.0453 00463 33 0.0393 00455 39

Decatur 0.0416 00501 41 0.0304 00463 51

1. Adjusted for Ln Age, Ln BMI, Ln Alcohol



Table E2. Non-adjusted and Adjusted" Regression PFOS Coefficients
for Hepatic Clinical Chemistry Results, 2000 Fluorochemical Medical Surveillance Program

N=506)

Non-adjusted Adjusted
Ln PFOS Ln PFOS
Coefficient SE pvalie Coefficient SE pvalue

Ln Alkaline Phosphatase:

All Locations 0.0189 002 09 00130! 00110 24
0.0074 0.0109 50

Antwerp 0.0051 0.0185 78 00028! 00186 88
00140 00185 45

Cottage Grove 0.0137 00165 41 00009" 00170 59
0.0091 00171 59

Decatur 0.0405 00238 09 00381! 00237 11
0.0346 00234 14

Ln AST

All Locations -0.0006 oon7 96 0.0008" 00116 97
0.0063 00117 59

Antwerp 0.0356 00183 05 0.0370! 00182 04
004200 00184 02

Cottage Grove 0.0081 0.0210 70 0.0140! 0.0214 51
0.0123 00216 57

Decatur 00111 00250 66 00103! 00247 68
0.0082* 00245 74



Table E2. (continued)

LaALT

All Locations 0.0354 00195 07 003430 00179 06
0.0106 00183 58

Antwerp 0.0490 00295 10 00499) 00293 09
00734 0.0289 01

Cottage Grove 0.0510 0.0311 10 0.0490! 00299 10
0.0409 00310 19

Decatur 0.0927 00376 01 00826! 00351 02
0.0780° 00347 03

GGT

All Locations 0.0534 00237 02 0.0558! 00225 01
0.0251 00217 25

Antwerp 0.0287 00416 49 00260! 00291 S51
0.0088 00389 82

Cottage Grove 0.0417 00425 33 001! 00414 44
00152 00d01 71

Decatur 0.0583 00433 18 00612! 00424 1s
0.0524 00401 19



Table E2. (continued)

Total Bilirubi

All Locations -0.0415 0.0138 003 0.0356! 00136 01
200278 00135 04

Antwerp 0.0344 00240 15 0.0354! 00241 14
0.0324 00247 19

Cottage Grove -0.0142 00201 48 00107" 00206 61
0.0142 0.0205 49

Decatur 0.0531 0.0254 04 00565! 00255 03
0.0525 00250 04

1 Adjusted or Ln Age, Ln BM Ln Aeohal
2 Adjused for Ln Age Li Trighyerides, Ln Alcohol



‘Table E3. Non-adjusted and Adjusted" Regression Coefficients
| for Thyroid Clinical Chemistry Results, ZRFlea Medical Surveillance Program

Non-adjusted Adjusted"
Ln PFOS Ln PFOS

LaTsH

All Locations 0.0227 0.0275 41 0.0232 0.0228 40

Antwerp 00306 0047 49 00369 00446 41

Cottage Grove ~~ 0.0224 0.0442 S51 0.0094 0.0451 83

Decatur -0.0132 0.0620 83 0.0125 0.0626 84

LaT4

All Locations 0.0029 0.0073 69 0.0004 0.0072 95

Antwerp -0.0183 0.0133 17 0.0179 0.0131 18

Cottage Grove 0.0010 00104 92 00067 00105 51

Decatur 0.0101 0.0156 52 0.0062 0.0155 69

LnFreeT4

All Locations 0.0080 00059 18 00064 00058 27

| Antwerp 00207 00105 04 00208 00104 05

| Cottage Grove ~~ 0.0108 0.0083 20 0.0126 0.0082 13

| Decatur -0.0015 0.0129 91 -0.0019 0.0129 88



Table E3. (continued)
|

LoT3

| All Locations 00053 00071 46 00061 00071 39

| Antwerp 00173 00106 10 00186 00104 08

| CottageGrove  -0.0200 00135 14 00190 00138 17

Decatur 00325 00147 03 00304 00146 04

1. AdjustedforLn Age, Ln BMI,LnAlcohol


