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Abstract:

Background: The C8 Health Project was established in 2005 to collect data on

pecflucrooctanoic acid (PFOA, or C8) and human health in Ohio and West Virginia communities

contaminated by a fluoropolymer production facility.

Objective: We assessed PFOA exposure via contaminated drinking waterin a subset of C8.

Health Project participants using private drinking water wells.

Methods: Participants provided demographic information, and residential, occupational, and

medical histories. Laboratory analyses were conducted to determine scrum PFOA

‘concentrations. PFOA monitoring data were collected from 2001 to 2005 in 62 private drinking

water wells. We examined the relationship between drinking water and serum PFOA levels

using robust regression methods. As a comparison to regression models, we used a first-order,
single compartment pharmacokinetic model to estimate the secum-to-drinking water

concentration ratio at steady-state.

Results: The median serum PFOA concentration in 108 study participants using private wells

was 75.7 g/L, approximately20times greater than the US general population levels, but similar

10 local residents drinking public water. Each ug/L increase in drinking water PFOA is

associated with an increase in serum concentrations of 141.5 pg/L. (95% confidence interval

134.9-148.1). The serumto-drinking water concentration ratofor the steady-state

pharmacokinetic model is 114.

‘Conclusions: PFOA contaminated drinking water is asignificant contributor to serum levels in

this population. Regression methods and pharmacokinetic modeling produced similar estimates
of the relationship
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Introduction:

Perfluorooctanoic acid (PFOA,or C8) isa synthetic chemical that s used as a processing.

aid in the manufacture of fluoropolymers. Products made with fluoropolymers possess unique

abilities including oil, stain, grease, and water repellency. These properties ledto the wide

spread use of luoropolymers in a numberofproducts including non-stick cookware, weather and

stain resistant clothing and textiles, building and construction materials, and electronics (Rennec

2001).

The chemical structure of PFOA makes the compound extcemely resistant to

environmental and metabolic degradation. PFOA has been detected globally in the environment

(Lau etal. 2007). is well established that PFOA is readily absorbed via inhalation and

ingestion. Routes ofexposure in the general population emain unclear, although research

Suggests diet is a potentially important source (Trudelct a. 2008). PFOA is detected in the vast

majorityofserum samples from the US and world populations (Lau etal. 2007). Once absorbed,

PFOA is eliminated from the human body very slowly. Estimates of the serum half-life of

PFOA range from 2.3 year in residents of a contaminated community 10 3.8 years in retired.

fuorochemical workers (Bartell et al. 2010; Olsen etal. 2007). Although there issome evidence

that PFOA concentrations are declining in serum, possibly duc to reductions in use, the median

Serum concentrations remain around 4 ug/L in the US population (Calafat et al. 2007s; Calafat et

al. 2007; Olsen et al. 2007). PFOA exposure has been linked 10 a variety of health impacts in

animals including increased cancer risk, adverse reproductive outcomes, and liver damage (Lau

etal. 2007; Lau et al. 2004). Due toa lack of data, health impacts of exposure in humans remain

largely unknown (Steenland et al. 2010).
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In 2003, the US EPA began an enforceable consent agreement process with industry and

other stakeholders to collect additional information for a PFOA risk assessment (US

Environmental Protection Agency 2010). The EPA and DuPont (the makerof Teflon®) entered

a memorandumof understanding (MOU) in November of 2005 as pert of the risk assessment.

Building on an agreement in place between the West Virginia Department of Environmental

Protection and DuPont, the MOU required DuPontto conduct environmental sampling. including

the monitoring of ground and surface waters around their Washington Works facility in

Parkersburg, West Virginia (US Environmental Protection Agency 2004b).

DuPont began using PFOA in the manufacture of Teflon® at their Washington Works

plant in the carly 19505. According (0 data provided by the company, emissions o ai and the

Ohio river reached a maximum in the late 19905 (Emmett et a. 2009; Paustenbach et al. 2007).

‘The company reported a large reduction in these emissions in recent years (US Environmental

Protection Agency 2010b). Previous research indicates tha the primary sourceof exposure for

individuals in the surrounding communities is contaminated ground water that is used for

drinking water (Emmettet al. 2006; Steenlend et al. 2009). The ground water in the area was

‘contaminated via two main toutes: PFOA released into the atmosphere was deposited onto soils

and eventually leached downward into ground water, and PFOA was released directly into the

Ohio River which runs near the facility and is linked tothegroundwater supply (Paustenbach ct

al. 200).

In 2001, a group of residents in communities surrounding the facility fled 2 class-action

Tawsuit against DuPont alleging health damages after PFOA was detected in public drinking

water distict. The resulting setlement established the C8 Health Project, a baseline survey

5
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conducted in 2005-2006t investigate potential links between PFOA and human disease in the

area surrounding the facility (Frisbee etal. 2009).

Previous studies observed a significant association between living in an area with

contaminated pubic drinking water and increased serum PFOA levels usingwaterdistrit evel

data (Emmett et al 2006; Holzereta. 2008; Steenlandet al. 2009;Vieira tal. 2008b). These

Studies are partially ecologic in tht the exposure variable is assigned at the group level while

other variables ar assigned a the individual level (Webster 2000, 2002; Bjock and Stromberg

2002). In particular, the previous studies provide information on serum concentration i relation

t0average exposure for populations serviced by the same water supply, but there is 2 lackof data

investigating th relation between private household well contamination and serum levels. In the

current analyses, we examine the relationship between serum and drinking water PFOA

concentrations using data collected from private drinking water wells contaminated by industrial

emissions. By using private well data, we are able 10 quantify PFOA levels in C8 Health Project

participants” drinking wateratthe individual level. We asses the relationship using standard

regression approaches, nd, for comparison, we also use a pharmacokinetic model to explore the

association between PFOA in drinking water and serum levels. Simple, single compartment,

first-order models have been applied previously to estimate the serum concentation following

exposure from diet and drinking water (Fromme etal. 2007; Vieira et al. 2008b). In the curreat

analyses, we utilize updated tims of pharmacokinetic parameters 10 predict the serum to-

drinking water concentration ratio. We compare the association between drinking water and

serum PFOA concentrations from regression models ( those obtained in pharmacokinetic

analyses.

6
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Methods:

Sudy Population

“The CB Health Project was a cross-sectional study of approximately 69,000 adults

‘conducted by Brookmar Inc. from August 2005 (0 August2006 (Frisbee et al. 2009).

Participants lived in oneofsix public wate districts in West Virginia and Ohio that surround

DuPont's Washington Works facility: Belpre, Lite Hocking, Lubeck, Mason County, Pomeroy

‘and Tuppers Plains-Chester (Figure 1). Data were collected from each participant using

questionnaires and clinical examinations © obiain demographic information and residential,

occupational, and medical histories (Frisbeeetal. 2009). Concentrations of 10 perfluorinated

compounds, including PFOA, were aiso determined in serum samples taken once from cach

participant between August 2005 and August 2006. Detailed analytic methods were described

previously (Kuklenyik et al. 2004). Briefly. serum samples were analyzed using automated

solid-phase extraction coupled 10 reversed-phase high-performance liquid chromatography.

Participants provided informed consent to have their data used for esearch purposes.

Water monitoring was conducted by DuPont in public and private wells surrounding the

‘Washington Works facility beginning in 2001. Private well monitoring reports contained PFOA

measurements as well as the primary use of cach well and the names and addressofcach well’s

owner. These reports are available through the EPA docket EPA-HQ-OPPT-2004-0113 (US

Environmental Protection Agency 2004a). Welinked well monitoring data for 62 private wells

used primarily for drinking water to CB Health Project patiipans based on name and address.

We also identified family members using well water as individuals having the same last name

and address as the well owner fora total of 115 participants. The numberofsamples taken in

* cach well priorto the collection of serum samples varied. Although the majority of wells were

7
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‘sampled just once, 11 of the 62 private wells were sampled multiple times... The Institutional

Review Board of Boston University Medical Center approved this research.

Statistical Analysis

In preliminary analyses we identified several participants with serum PFOA

concentrations or well PFOA concenteations thatwere much greater than the other participants.

For data with outliers, using standard leas squares estimation is both inefficient and biased;

regression coefficients arc pulled toward outliers and estimates of the variance are artificially

inflated which can obscure outliers (Hampel et al. 1986). As such we used robust regression

methods to assess the relationship between serum and drinking water PFOA concentrations.

Robust regression provides stable result by limiting the influence of outliers and is generally

less subject 0bias than standard least squares estimation methods (Hampel etal. 1986). Robust

regressions were performed using Yohia's MM-estimator which possesses high statistical

efficiency and provides stable estimates of regression parameters when data include a relatively

large percentage of outliers (Yohai 1987).

Additionally, because multiple individuals from the same family were included in

analyses, which violates the assumption of independence for linear regression, we used

generalized estimating equations (GEES) in a second setofanalyses o predict serum PFOA

concenraions from drinking water PFOA concentaions. Using GEES, we account fo possible

cesidual within-family correlation and investigate the sensitivity of our results from the robust

regression that include multiple individuals from the same family in the analyses. GEES and

robust regressions were preformed in SAS version 9.1.

8
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‘Age and sex have been previously associated with serum PFOA levels in the population

surrounding the Washington Works facility as wela in other populations (Emmet et a. 2006;
Holzeretal. 2008; Steenland et al. 2009). Additionally. working at the Washington Works plant

and growing one’s own vegelables were linked o increased PFOA levels in serum (Emmett cal

2006; Steeniand et al. 2009). We included these a priori variables in ll statistical models, A

numberofother variables including body weight, bottled water consumption (modeled 2s yes or

no). cigarette smoking, and alcohol consumption, which have been previously linked to serum

PFOA level, were also assessed (Emmett etal. 2006; Steenland et al. 2009). Only the a priori

variables were included in the final models as the others did not materially alter the association

between serum and well PFOA levels (did not cause a change greater than 10% in the predicted

contributionofdrinking water to serum).

For wells with multiple PFOA sampling events, we used the arithmetic average PFOA

concentration in each well 10 predict serum levels in regression models. This method provided an

estimate of the serum-to-drinking water concentration ratio thati readily comparable to the

results of steady-state pharmacokinetic model which assumes that the concentration of PFOA in

drinking water is constant over time (discussed in following section). We also performed an

analysis using time-weighted water concentrations based on a non-steady state pharmacokinetic

model. In main analyses we included all individuals regardlessof how long they hadlivedat

their current residence. We also performed analyses investigating the sensitivityofour resulis to

the residential duration at a particular well. By restricting the sample to long-term residents

(greater than 15 years) we ensure that participants had been exposed to water from a specific
well for a period of time long enough fo their serum levels to have reached steady state.

9
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Pharmacokinetic Models

Regression provides us with an estimate of the change in serum concentrations per unit

change in water concentration, adjusting forother factors. For comparison with th regression

analyses we also predicted the ratoofserum-t0-drinking water PFOA concentration usinga

simple first-order, single compartment pharmacokinetic model. Bartel etal. (2010) previously

demonstrated that the pharmacokinetics of PFOA in humans are consistent with first-order

elimination. Based on data which suggested tha the duration of exposure to PFOA contaminated

drinking water in the study population is on the order of decades (Paustenbach et a. 2007), we

assumed thalevelsof PFOA in serum had reached a seady.-state concentration. The raio of

steady-state serum PFOA concentration. C, (g/L) to water concentration,C.(g/L) was

modeled using the following equation (Bartel 2003)

where fis the fraction of PFOA absorbed, Qi the dalywater intake (Liday), kis the first-order

tate constant for PFOA elimination (day k=0.693/1 whee tis the half-life), and Vy is the

apparent volume of distcibution (L).

Values for ach parameter were obtained rom  teview of available animal and human

PFOA pharmacokinetic data (Table 1). We assumed that 100% of ingested PFOA was absorbed

based on animal data (Butenhoffet al. 2004; Gibson and Johnson 1979: Hundley et al. 2006).

Similar estimate of the fraction of PFOA absorbed in humans tha are highly exposed 0 PFOA

have been used previously (Thompson etal 2010; Trudel et al. 2008). In previous

pharmacokinetic analyses of PFOA (Vieira et al. 2008b), we utilized a serum half-life of 3.8

years (1388 days) based on a small study of retired fluorochemical production workers (Olsen ex

41.2007). Inthe current analyses, we applied & more recent estimate of 2.3 years (#40 days)

10



p12

Page t1of27

based on data from Bartell and colleagues collected in a subsetof C8 Health Project participants

(Bartel et al. 2010). The volume ofdistibution (Ve) is proportionality constant in

‘pharmacokinetic modeling tha relates th total amount of a chemical in the body to the

concentration in plasma. We useda Ve for PFOA of 181 ml/kg and 198 mUkg for males and

females respectively based on results from cynomolgus monkey experiments (Butenhoff etal.

2004). Thompson etal. proposedasimilar Va (170 ml/kg) using data from residents of two

chronically exposed communities around DuPont's Washington Works facility (2010). As the

goal ofour regression analysis was to use the scrum and water data o estimate a sicady state

atio, and not the Vd, we used the Butenhoffestimate from monkeys i the pharamcokinetic

model cather than the Thompson estimate from the same community. We scaled the Vato the

sex and body weightofstudy participants and used the median ofthe study population in

pharmacokinetic models. Because water consumption data were unavailable, we used the EPA's

recommended average tap water intake rate for adults of 1.4 Liday which includes water

consumed from the tap as abeverage or used in the preparation of foods and beverages (US

Environmental Protection Agency 1997)

Results:

Linking well monitoring data to C8 Health Project Participants, we were able to identify

115 individuals using 62 different private wells for drinking water. OF these, 4 (3.5%)

individuals were missing data (PFOA levels in serum: n = I, body weight: n= 2, race: n= 1).
We also excluded vegetarians (n=2) and non-white participants (n=1)a the numbers of cach

were 100 small toadequatelycontrolfor thse variables. Our final sample consisted of 108

participants. Serum PFOA levels ranged from 0.9 to 4751.5 g/L. witha median concentration

n
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0175.7 g/L (mean=171.3 pg/L and standard deviation=499.7 ug/L). As reported previously in

the larger C8 Health Project sample (Steenland et al. 2009), individuals growing their own

vegetables and employed at DuPont had higher median serum PFOA concentrations (Table 2).

PFOA concentrations were higher in older and heavier participants, but differences were not

statistically significant (Table 2).

‘Well locationsand the corresponding average PFOA concentration are shown in Figure

1. The number of participantsusing each well ranged from | to 4. The median PFOA

‘concentration in drinking water wells included in our analyseswas0.2 g/L (mean=0.8 pg/L. and

standard deviation=1.9 ug/L), much greater than the US EPA provisional health advisory level of

0.04 ug/L (US Environmental Protection Agency 2009). There was considerable variability

between wells, with PFOA concentrations ranging from below the limitof quantification

(LOQ=0.006g/L) furthest from the Washington Works facility to 13.3 pg/L closest to the

facility. One sample was reported below the limit of quantification and was assigned the LOQ

0.006 g/L in analyses. Multiple samples were taken in 11 wells which were used by 19study

participants. In general there did not seem to be an overall trend from 2001 10 2005 in the

concentrations of PFOA in private drinking water. Although PFOA concentrations in cach well

appeared to fluctuate by season, these differences may be due (0 seasonal changes in

precipitation. PFOA concentrations measured in 2004 and 2005 for a subset of wells measured

seasonally are shown in Supplemental Material, Figure 1.

Regression Results

‘We examined the shape of the relationship between serum PFOA concentration and

average drinking water PFOA concentrationusinga locally weighted regression smoother

2
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(LOESS) n S-Plus. Visual inspection of a plot of the smoothed data indicated tha the

association between serum and drinking water PFOA levels could be esimated as linear trend
(cata nox shown), as suggested by th pharmacokinetic model (equation 1). We therefore
included the average drinking water PFOA concentration as a linear predictor of non-

transformed serum PFOA concenlrations in regression models. In the adjusted obust regression

models each ug/L. increase in drinking water PFOA concentration was associated with a 141.5

g/L. 95% confidence interval (C1) = 1349-148. increase n serum concenteations. Effect
estimates for other variables included in the model ar presented in Table 3. Growing one’s own
vegetables, male gender, and employment at DuPont were associated with elevated serum PFOA
levels; however, associations did not reach statistical significance at the 0.05 level, The estimated

background serum level in tis population aftr accounting for known sources was 7.4 g/L.
(Table 3). Additionally. we investigated differences inthe serum-to-drinking water
concentration ato in males and females. Staifying by sex we observed very similar ratios in
both sexcs. Accordingly, including an interaction term in models,wedid not observe a
significant (p-value<0.05) sex by water concentration interaction (data not shown).

Robust regression analyses revealed 6 outliers (observations for which th standardized
residual was larger than thee). For thes individual, the predicted values for serum PFOA
concentrations using regression parameters undero over estimated observed concentrations
(standardized residuals 3.0 0.44.5). In analyses using GEE, we observed a small within-
families correlation ofserum PFOA levels of 0.1. Compared to results ofthe robust regression.
‘GEE analyses excluding outliers produced a very similar estimate of effect 5) for each pg/L
increase in drinking water PFOA concentration (3=141.8 pg/L; 95% C1 = 134.3-149.4. When
outliers were included in the GEE, the estimate of the association between serum and drinking,

3
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water PFOA levels was much larger. The inclusionofone participant i particular, with the

highest serum and drinking water PFOA concentrations in the population, increased the estimate

ofeffect 0 232.7 pg/L (95% CI=200.9-264.5). We could not identify a plausible explanation for

hisparticipant's exteme serum concentration using available data (the participant did not report

being employed in the fluorochemical industry). Increased water consumption in this individual

may have resulted in the extreme concentration, however data were not available to evaluate this

hypothesis.

When we restricted to individuals witha residency duration greater than 15 years results

were similar (=140.2 ug/L; 95% CI = 132.1-148.4;1=67). We considered other residential

duration restrictions (2; 5, 10, nd 20 years), but restrictions had lite effect on the magnitude of

the association between serum and drinking water. We also excluded participants who were ever

employed at the Washington Works facility,a these individuals may have had other significant

Sourcesof exposure. Again, the association between drinking water levels and serum was

similar when these individuals were excluded. Additionally, excluding participants who reported

consuming bottled water (N=6) from analyses had lite effect on the magnitude of the

association between serum and drinking water.

Comparisonof Pharmacokinetic and Regression Results

Using the simple steady-state first-order pharmacokinetic model (equation 1) with a

medianVd of 15.000 mL in the study population afer scaling for the body weight and sex of

study participants, we obtained  serum-to-drinking water concentration ratio of 114. This is

similar 0 the estimate derived from regressing serum concentcations vs. water concentrations,

1415.
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Discussion:

‘Serum PFOA concentrations in private well users in theareasurrounding DuPont's

‘Washington Works facility were much greater than those observed in the general US population

end were comparable to what has been observed in the study arca previously (Emmett ct a.

2006: Steenlandet al. 2009; Vieira etal. 20080). Private drinking water wells in the area were.

contaminated with PFOA, with levels in some wells being much greater than those observed in

public drinking water supplies in the same arca which ranged from 0.03 jig/L. in Mason County

103.5 ug/L in Litle Hocking (Bmmet et al. 2006; Steenland et al. 2009). Using private well

data, we had a large number of individual exposure levels and were able to assess a wide range
ofexposuresto PFOA via drinking water.

Results of regression analyses are consistent with strong association between serum

PFOA levels and drinking water PFOA concentrations. There was litle difference in the

association between serum and drinking water PFOA concentration when we limited analyses to
’ 67 individuals that were long-term residents.

“The serum-to-drinking water concentration ato of 141.5 estimated using regression was
similar to atios obtained in previous partially ecologic analyses. In our previous work in the
study area we found serum-to-drinking water concentration ratios in public water districts
ranging from 59 to 411 (Vicira ct a. 2008a). In Little Hocking, Ohio, near the Washington

‘Works facility, Emmettand colleagues estimated a water concentration rato of 105 in an
analysis of public water consumers (Emmet et al. 2006). Additionally, in a small sample of
private wel users (n=6), serum to water concentration ratios ranged from 142 to 855 (Emmett et
al. 2006).

15
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The steady-state serum-to-drinking water concentration atio of 114 obiained from

pharmacokinetic modeling was closeto the estimate ofeffect (141.5) obtained from regression

analyses, suggesting that the pharmacokinetic miodel provides a reasonable estimate. We used a

serum PFOAhal life based on data that Bartell and colleagues collected ina subset of C3

Health Project participants with exposure levels and patternssimilarto the participants in these.

analyses (Bartel et al. 2010). Using the half-life estimate from Olsen et a. (2007) of 3.8 years

increased the serum-to-drinking water rato 10 183. Other pharmacokinetic parameters that we

used were more uncertain, particularly the volume of distribution which was estimated based on

animal data (Butenhoffet al. 2004). A recent study by Thompson et al. estimated a very similar

Vid (170 mike) based on data from community residents (2010). Using the Va from Thompson

produced a similar scrum-to-drinking water concentration ratio of 126. Based on data from sub-

chronic monkey studies however, Washburn t al. (2005) recommend the use of a volume of

distribution a factor of 10 highec than the Butenhoff et a. ratio that we used in analyses

(Butenhoff et al. 2004); using this ratio would have reduced our ratio by an order of magitude.

Further research is needed on the volume of distribution of PFCs in humans. Additionally, in the

absence of consumption data for cach individusl, we used the EPA estimated average daily tap

water consumption value of 1.4 Liday; however, water consumplion in th study population

likely varies (US Environmental Protection Agency 1997). We believe that thdifference in

serum-to-drinking water concentration ratio estimates rom regression and pharmacokinetic

‘models may be explained by these uncertainties.

As reported previously for C8 Health Project participants, we observed a positive

association between serum PFOA levels and growing one’s own vegetables afer adjusting for

water concentration suggesting consuming locally-grown food may be an important source of

16
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‘exposure in this population (Steenland et al. 2009, Bartell et al. 2010). The background serum

PFOA concentration predicted in regression analyses (7.4 pg/L) is greater than background

levels previously reported in the US population (geomelric mean 3.8 ig/L (Calafat etal. 2007b);

arithmetic mean 4.3 g/L (Centers for Disease Control and Prevention, 2007). These results

suggest that there may be other sources of PFOA exposure intheC8 Health Project population
that were not included in the model or that random exposure misclassification may be inflating

the predicted background levels fo this population. Other potentially important sources of PFOA

exposure in this population include water consumption at work, school, or religious and social

organizations frequented by study pastiipants. Although the release of PFOA from the

‘Washington Works facility has been reduced (US Environmental Protection Agency 2010b),
PFOA may sill be present in indoor environments and may contribute an additonal source of

exposure for residents. Data were not available 10 test hypotheses on these exposure sources.
Our analyses ar limited by our steady:state assumption and reliance on a single

‘measurement of serum levels and, in most case, a ingle measurement of drinking water PFOA
levels.For a small numberofindividuals with multiple well measurements, we considered

variability in well measurements in a sensitivity analysis usinga time weighted well

concentration rather than an arithmetic average to predict serum PFOA concentrations (see
Supplemental Material). Although there was some seasonal variability from 2001 0.2005,on
average well PFOA concenteations were fairly stable, and there was no long-term trend during
this time period. Consequently, predicted serum concentrations that accounted for variation in
PFOA concentrations in wellswere similar 0 those oblzined using simple steady-state models
(data not shown).

v7
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Despite these limitations, our analyses have a numberof strengths. We were able to link

drinking water PFOA measurements oa relatively large number of individual study participants

consuming private well water. The extensive questionnaire administered as part of the C8

Health Project allowed us to considera number of potential confounders in the association

between serum and drinking water PFOA levels (including age, sex, growing one’s own

Vegetables. body weight, bottled water consumption, cigarette smoking, and alcohol

consumption). Unlike previous assessments which used water-district-level water samples,

participants drinking water well measurements were used, increasing te variability ofexposure.

measures. Additionally, available residential history information allowedustoconsider

differences in long and short term residents using contaminated wells for drinking water.

Conclusions:

Private drinking water wells in West Vicginia and Ohio communities surrounding the

‘DuPont Washington Works facility are contaminated with PFOA. Concentrations in private

wells are, in some cases, much greater than those observed in area public water istrict. For

private well users, adjusted regression analyses indicate that PFOA levels in drinkingwaterarc a

significant predictor of serum levels. The regression analysis predicteda 141.5 ug/L increase in

serum levels for cach pg/L increase in drinking water PFOA, very similartothe 114 pg/L in

serumfor cach gL. predicted in steady-state pharmacokinetic models, These results may also

be applicable in other arcas with point-source PFOA contamination

18
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Table 1: Pharmacokinetic parameter values and sources.

Parameter Symbol Value Data Source

Waterintake 0  14Uday US EPAI997
Factionof PFOA absorbed” 100% GibsonandJohnson1979
Half-life wh 23years. Barelletal. 2010

840days
Volumeofdisuibution* Vd male 18imikg  Buteohoffetal.2004

Female 198 mig,
multipliedby
individual body weight

* based on animal data
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‘Table 2: Selected population characteristics (number (%)), serum PFOA concentrations (g/L)
(enedian serum concentration and interquartile range (IQR)), and statistical significance of
difference (p-value).

Craracteristic N@® Median serum PFOA (IQR) ~~ p-value
Total Population 108(100%) 75.7 ugll G15-1305)

Male SL@I2%) 822g (459-1643) 010
Female 57(523%) 68.1 ugL@10-11S3)

Grow own vegetables
No 64(593%)  S0Tugl (249-1073) <0001
Yes ETE) 912g (570-1452)

Employed at DuPont
No MEIO%) 67.64 (122-1024) oi
Yes 14(130%)  87.InglL @74-145.1)

Age
=<65 Years 63(83%) 598 ug(206-1159) 035
>65 Years ASET%) B49pg (@9.0-145.1)

Body Weight
=<80kg 50(463%) 635 ug (315-1077) 064
>80kg S8(S37%) 812g GO1-177.4)
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Tible 3: Adjusted robust regression model of serum PFOA pg/L.

Covariate: Bea ©s% Cy

Intercept 74 (9810244)
Well PFOA ug/L. 1415 (134910 1488.1)
Males 188 161039.1)
Age >65Years 42 (24210159)
Grow Own Vegetables 18.4 130381)
Employed at DuPont 59 (24110362)

*The inclusionofother covariates (body weight, bottled water consumption, cigarette smoking.
and alcohol consumption) did not alter the main associations.
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Figure Legend:

Figure 1: Water districts included in the C8 Health Project and the locations of private drinking.

water wells. The average PFOA concentration (ug/L) in each private well is shown.
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‘The time-weighted water concentration C_ computed using the weights a, is given by:

C.=Xac, 6)

“The weight during each time point i give by.

= ((—e mOyR)
o= ( € ¥ “

We included the time weighted PFOA concentration in well in regression models based on these.

equations. PFOA concenirations in each well varied by season, bu in general there did not scem

bea long-emm rend from 2001 to 2005 in the concentrations in cach well; the arithmetic and

time-weighted concentrations were very similar. Consequently, using ether method produced a

similar estimateof the atioofserum to drinking water PFOA concentrations.
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[PD Dissertation]. Davis, CA: Universityof Califormia, Davis.
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Nonatendae pharcinetio
For pricon ive wl ith PFO les tha ried vr te, stay.site mdels
ca provid cust tes of sn PFOA levels Alegh ata ohechanges
PFOA concentrations over time were not collected in all wells, multiple measurements of PFOA

were taken in 11 wells during the study period. We therefore performed another regression

onde in ewe welcncaaionseei met vergesbefor). The
im-wegted cocanrtion ws driv hestadsemel ive by orl
2003):

$10C, (my aonC= et)heTO

where es PROA acento me, Qsi ly wer nk0, Co's
concn of PRON rstiinwt in ie perio Git). she

fraction of PFOA absorbed, k is the first-order rate constant for PFOA elimination (day), and ¥,

ith prt han of fsuion

Bringing the constants out from within the summation, equation 1 the blood concentration (C,) is

given 2s functionofthe constants / ©. k and ) and the time-weighted water concentration

(©

.
c= ac,-Le @wn,5,

.


