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ABSTRACT 

Background: The C8 Health Project was created, authorized, and funded as part of the 

Settlement Agreement reached in the case of Jack Leach, et a/. v E. I. duPont de Nemours 

and Company (No. 01C-608 W. Va., Wood County Circuit Court filed April 10, 2002). The 

settlement stemmed from the perfluorooctanoic acid (PFOA or C8) contamination of drinking 

water in six water districts in two states near the DuPont Washington Works facility near 

Parkersburg, West Virginia. Obiectives: This study reports on the methods and results from 

the C8 Health Project, a population study created to gather data which would allow class 

members to know their own PFOA levels and permit subsequent epidemiologic investigations. 

Methods: Final study participation was 69,030, enrolled over a 13-month period in 2005-2006. 

Extensive data were collected including demographic data, medical diagnoses (both self-report 

and medical records review), clinical laboratory testing, and determination of serum 

concentrations of 10 perfluorocarbons. Here we describe the processes used to collect, 

validate, and store these health data. We also describe survey participants and their serum 

perfluorocarbon levels. Results: The population geometric mean for serum PFOA was 32.91 

nglmL, 500% higher than previously reported for a representative American population. 

Serum concentrations for PFHS and PFNA were elevated 39% and 73% respectively, while 

concentrations of PFOS was present at levels similar to the US population. Conclusions: 

This largest known population study of community perfluorocarbon exposure permits new 

evaluations of associations between PFOA, in particular, and a range of health parameters. 

These will contribute to understanding of the biology of perfluorocarbon exposure. The C8 

Health Project also represents an unprecedented effort to gather basic data on an exposed 

population; its achievements and limitations can inform future legal settlements for populations 

exposed to environmental contaminants. 
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ABSTRACT 

Background: The C8 Health Project was created, authorized, and funded as part of the 

Settlement Agreement reached in the case of Jack Leach, et a/. v E. I. duPont de Nemours 

and Company (No. 01C-608 W. Va., Wood County Circuit Court filed April 10, 2002). The 

settlement stemmed from the petfluorooctanoic acid (PFOA or C8) contamination of drinking 

water in six water districts in two states near the DuPont Washington Works facility near 

Parkersburg, West Virginia. Objectives: This study reports on the methods and results from 

the C8 Health Project, a population study created to gather data which would allow class 

members to know their own PFOA levels and permit subsequent epidemiologic investigations. 

Methods: Final study participation was 69,030, enrolled over a 13-month period in 2005-2006. 

Extensive data were collected including demographic data, medical diagnoses (both self-report 

and medical records review), clinical laboratory testing, and determination of serum 

concentrations of 10 perfluorocarbons. Here we describe the processes used to collect, 

validate, and store these health data. We also describe survey participants and their serum 

perfluorocarbon levels. Results: The population geometric mean for serum PFOA was 32.91 

ng/mL, 500% higher than previously reported for a representative American population. 

Serum concentrations for PFHS and PFNA were elevated 39% and 73% respectively, while 

concentrations of PFOS was present at levels similar to the US population. Conclusions: 

This largest known population study of community petfluorocarbon exposure permits new 

evaluations of associations between PFOA, in particular, and a range of health parameters. 

These will contribute to understanding of the biology of petfluorocarbon exposure. The C8 

Health Project also represents an unprecedented effort to gather basic data on an exposed 

population; its achievements and limitations can inform future legal settlements for populations 

exposed to environmental contaminants. 
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INTRODUCTION 

Perfluorocarbons 

Perfluorooctanoatic acid (PFOA or C8), is one member of the class of man-made 

perfluorocarbon (PFC) compounds. PFOA exists as an alkyl acid (PFOA), an ammonium salt 

(ammonium perfluorooctanoate, APFO), or as a dissociated conjugate base 

(perflurooctanoate, PFO). A closely related PFC is perfluorooctanesulfonate (PFOS, C8 

sulfonate, or C8S). Additional, related PFCs include: C5 (perfluoropentanoic acid, PFPeA), 

C6 (perfluorohexanoic acid, PFHxA), C6 sulfonate (ammonium perfluorohexane sulfonate, 

PFHS), C7 (perfluoroheptanoic acid, PFHpA), C9 (perfluorononanoic acid, PFNA), C10 

(perfluorodecanoic acid, PFDA), C11 (perfluoroundecanoic acid, PFUnA), and C12 

(perfluorododecanoic acid, PFDoA). PFCs are used as plasticizers, wetting agents, and as 

emulsifiers during the manufacture of fluoropolymers including products that impart nonstick 

heat resistance to cookware, or breathable yet waterproof properties to fabrics. PFCs may 

also result from the metabolism or environmental breakdown of fluorinated telomers, including 

chemicals used to coat commercial food packaging, and for stain-resistant treatment for fabrics 

and clothing. PFOA may also be a residual impurity in personal care products. 

PFCs and Health 

PFOA and other PFCs persist in the environment, and are found in ground and surface 

water globally (Yamashita et al., 2008). They are present in blood and other tissues of animal 

species worldwide, including remote regions (Tao et al., 2006). Recent publications have 

extensively reviewed and summarized the known toxicological properties, environmental 

distribution, and potential health concerns related to PFOA (Kennedy et al., 2004; Kudo et al., 

2003; Lau et al., 2007). Animal toxicology studies have suggested potential suppression of 

humoral immunity, neuroendocrine effects, and exposure-related gestational and 

developmental effects. Cumulative evidence from mammalian animal studies has suggested 
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that the liver is an important target organ. Reported hepatotoxic effects include liver 

enlargement, hepatocellular adenomas, and peroxisome proliferation (specifically PPAR-a), 

possibly suggesting a possible non-genotoxic carcinogenic mechanism for PFCs. 

Additionally, combined evidence supports that PFCs generally, and PFOA and PFOS 

specifically, are present in the sera of diverse human populations (Lau et al., 2007). In the US, 

analysis of NHANES samples reported detection of these chemicals in almost all samples, with 

a US-population median of 5 ppb PFOA. Both PFOA and PFOS concentrations were higher in 

the serum of men and those with higher education (Calafat et al., 2007a, Calafat et al., 2007b). 

While potential sources of human exposure continue to be investigated, current, known 

sources of PFOA exposure generally include drinking water, household dust, and food or 

migration from food packaging (in particular commercial and fast-foodltake out packages) and 

cookware (Lau et al., 2007). Occupational studies have shown elevated worker exposures in 

manufacturing processes that use PFOA or PFOS (Emmet et al., 2006; Olsen et al., 2003). 

Human population studies, predominately medical surveillance studies of male 

American workers exposed occupationally to PFOA or PFOS, have reported inconsistent 

findings (Lau et al., 2007). While some studies have reported associations between exposure 

and cancer (bladder and prostate in particular), lipids, liver enzymes, and some thyroid 

hormones, other or follow-up studies have either contradicted earlier findings, or found 

evidence suggesting explanation through confounding parameters (Lau et al., 2007). Maternal 

serum or neonatal cord blood studies have implicated an association of PFOA or PFOS with 

birth weight (Apelberg et al., 2007; Washino et al., 2009), but there are also contradictory 

findings in high-exposure populations (Nolan et al., 2008). The half-life of PFOS and PFOA in 

human sera has been reported as approximately 5 and 3.5 years respectively (Olsen et al., 

2007). 
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In a review process that remains ongoing, the United States Environmental Protection 

Agency (EPA) is considering evidence and classification of PFOA as a likely human 

carcinogen (EPA-SAB-06-006). The PFOA Stewardship Program proscribes PFOA, PFOA 

precursors, and related, higher homologue chemicals from emissions and products by 2015. 

In the European Union, the use of PFOS and derivatives was stopped in 2000 and banned in 

2008, though PFOA use remains largely unregulated (Jensen et al., 2008). 

Oriqin of the C8 Health Project 

The C8 Health Project can be traced to legal actions taken by a local family. A portion 

of this family's farmland was sold to DuPont in 1984, who subsequently converted the land 

parcel into a site to dispose of waste products from PFC manufacturing from their Washington 

Works plant. The family alleged that [the then unknown] chemicals from the landfill were 

responsible for family illness, wildlife death, and the death of almost 300 head of their cattle 

(see Supplemental File, Note 1). The family agreed to a confidential settlement with DuPont in 

2001; associated legal activities, including independently commissioned studies and reports 

filed by government agencies, served to provide environmental data and to heighten local 

awareness of the exposure, coincident with an emerging scientific literature. 

The following points summarize key events in the almost two-decade time-line leading to 

the C8 Health Project: 

Cumulative evidence detected PFOA contamination of water supplies along the mid- 

Ohio River valley. Water pollution was attributed to direct industrial releases from 

DuPont's Washington Works plant into the Ohio River, a principal source of public 

drinking water, and airborne pollution more broadly contaminating water tables and 

aquifer systems, with subsequent well contamination, an important drinking water 

source in a rural community (See Supplemental File, Note 2). 
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August 2001-April 2002: Thirteen plaintiffs filed a lawsuit against DuPont, which was 

subsequently certified as a Class Action, Leach v. €.I. DuPont de Nemours & Co., Civil 

Action No. 01-C-608, filed in Wood County, West Virginia Circuit Court. The "Class" 

was defined as individuals, in West Virginia or Ohio, whose drinking water had been 

contaminated by quantifiable levels of PFOA. 

November 2004: A multi-component $107 million pre-trial settlement between the Class 

and DuPont was reached. Complete settlement terms are part of the public record. 

Key provisions included: 

o A $70 million award for Class members, of which $20 million was required to be 

used for health and education projects; 

o Provision of water treatment technologies to remove PFOA from the water supply 

of the six affected water districts; 

o Formation of an independent panel of three scientific experts to carry out a 

community study and determine if there is a "probable linkn (see Supplemental 

File, Note 3) between PFOA exposure and human disease. 

The settlement broadly outlined terms of agreement but did not detail how they were to 

be satisfied. Post hoc negotiations between settling parties resolved that the health and 

education projects and Class payments would be achieved through a population-wide health 

study of the Class, initially known as the "Settlement Class Health & Education Project" and 

later the "C8 Health Project" (the Project). An independent company, Brookmar, Inc. 

(Brookmar), was created to design, publicize, and implement the Project under court 

supervision. Three epidemiologists (the C8 Science Panel) were appointed to determine the 

presence or absence of what the court termed a "probable link" between PFOA exposure and 

human disease (see Supplemental File, Note 3). In addition to Project data, the C8 Science 
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Panel is to include data from de novo, prospective community studies that they proposed and 

are conducting. 

The Project faced significant implementation challenges, including court and population 

expectations for rapid timelines, and absence of precedent for the likely scale of the 

community project. Project participation was the established route for Class members to 

benefit from the settlement, but neither Class size nor participation was known a priori. 

Accordingly, Brookmar developed procedures to accommodate: rurality; shift workers; eligible 

Class members no longer living in the area; wide range in participant age and mobility; a 

deliberately short survey period; expressed community apprehension regarding data privacy 

and concern about adverse effects on insurability and even employability; and the desire for 

participants to receive personalized information about laboratory results and general 

information about Project findings. The data collection methodology implemented by 

Brookmar, agreed to implicitly or explicitly by counsel for the settling parties, is described 

below. 
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C8 HEALTH PROJECT METHODS 

Eliqibilit v 

Class eligibility was defined by exposure to contaminated water, a combination of 

geographic and concentration criteria, and exposure duration. Key criteria included: 

Exposure to contaminated water from any of six public water districts (2 in West 

Virginia, 4 in Ohio; see Supplemental File, Figure 1) or from private water sources within 

the geographical boundaries of the public water sources which contained 20.05 ppb 

PFOA. 

The ability to document a minimum 12 months of exposure to contaminated water 

between 1950 and December 3, 2004, at either primary residence, place of 

employment, or school. 

Participants supplied documentation demonstrating both their identity and exposure using a 

combination of Court-defined acceptable documents. Brookmar independently verified the 

authenticity of documents with the issuing agency, and identity documentation was examined 

to ensure that participants were enrolled only once. Scanned document copies became part of 

the participant's Project electronic data record. 

Data Components 

Four types of data were collected: a) health survey; b) self-reported anthropometric 

measurements; c) blood sample; and d) medical chart review to validate selected self-reported 

diagnoses. In identifying clinical laboratory tests and selecting diagnoses for validation, priority 

was given to those with potential associations to PFC exposure as reported in the scientific 

literature. Clinical laboratory tests included: serum lipid, immune and inflammatory markers; 

liver, kidney, and thyroid function; complete blood count; serum electrolytes and protein; and 

endocrine function, including insulin and glucose (see Supplemental File, Note 4). Validated 

medical diagnoses included: heart disease; cancers; thyroid disease; neurologic disorders; 
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inflammatory and autoimmune disorders; and pregnancy complications (see Supplemental 

File, Note 5). 

The health survey gathered: demographic data; current and historic residential and 

employment information, including water source and use; personal medical diagnoses, 

treatments including medications, and physical symptoms; family medical history; pregnancy 

history and pregnancy-related outcomes for women; and information about lifestyle and health 

behaviors. Participants also self-reported their own height, weight, and blood pressure. 

Brookmar contracted with a separate company to independently pilot test the survey, and 

revisions were made based on pilot-test findings. The final version of the survey was accepted 

by the settling parties. The survey, a list of the clinical laboratory tests, and the eighteen 

medical diagnoses verified by medical record review are publically available (WVU C8 Health 

Project Data Hosting Website). 

Enrollment 

An independent information technology (IT) company was contracted to build and 

manage informatics solutions that addressed Class security concerns and created a web- 

based mechanism for Project registration and health survey completion. Participants could 

alternatively register in person and use paper-based surveys. After registration and 

completion of the health survey, participants received instructions regarding requirements for 

demonstrating eligibility and making an appointment at a Project data-collection site. Standard 

data quality-assurance techniques for survey data, including a quota for data duplicate entry 

for paper-based surveys and electronic-based logic rules (e.g., limited-answer menus) for web- 

based surveys, were in place for the health survey. 

Data Collection Procedures 

Temporary modular office units were established in each water district, staffed with 

nurses, phlebotomists, and intake personnel, and equipped for venipuncture, blood 



Page 14 of 38 

processing, and short-term record and blood sample storage. Participants could schedule 

appointments between 7:30 a.m. and 7:30 p.m. at the location of their convenience Due to 

both feasibility and participant considerations, fasting was not required for phlebotomy, though 

self-reported fast duration was collected to facilitate interpretation of laboratory results. 

At in-person appointments, participants submitted eligibility documentation and the water 

district indicated by the exposure documentation provided was recorded; this was usually but 

not always the source of greatest exposure. Project staff verified demographic data, current 

residential information, completion of the health survey, and asked participants to report their 

current height, weight, and blood pressure. Participants voluntarily submitted a blood sample. 

Each verified participant received $150 for completing the health survey and an additional 

$250 for providing a blood sample (regardless of sample quantity or quality). The payment 

amount reflected the compensation intentions of the settlement and remuneration for Project 

participation expenses. 

Blood Sample Processing and Laboratory Methods 

Blood samples were obtained and processed at individual data collection sites. Samples 

were drawn into 4 tubes per participant, with a maximum 35 cc for adults and 26 cc for 

children. Tubes were spun, aliquotted, and refrigerated until shipping. For limited-volume 

samples, serum was aliquotted with priority for PFC analysis. Samples were shipped on dry 

ice daily from each data collection site to the laboratory retained to measure serum PFCs. The 

clinical laboratory contracted to perform the clinical chemistry analysis picked up samples daily 

from each data-collection site. Additionally, an aliquot of serum from each participant was 

frozen and subsequently stored in a Project tissue bank. 

Clinical laboratory tests were performed at a large, independent, accredited clinical 

diagnostic laboratory (LabCorp, Inc, Burlington, NC, USA). A customized HL7-interface 

generated immediate, on-site laboratory-specific identification numbers and tube labels, and 
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permitted subsequent electronic transfer of clinical laboratory results directly into the Project 

data system. Clinical laboratory tests and quality assurance were performed in accordance 

with the accreditation standards required of this laboratory. 

The primary laboratory performing PFC analysis (Exygen Research Inc., State College, PA, 

USA) was selected based on its ability to meet FDA guidelines for bioanalytical method 

validation, a lower limit of quantification of 0.5 ngImL, and 96-well-plate-based technology 

allowing for high throughput capability. This was the laboratory of record for a previously 

reported, independently performed study of residents in one water district included in the 

Project (Emmett et al., 2006). The PFOA quantification and validation methodology used by 

this laboratory has been previously detailed (Flaherty et al., 2005). The analytic protocol used 

for the Project was a modification of this methodology. Briefly, the technique used a protein 

precipitation extraction together with reverse-phase high-performance liquid 

chromatographyltandem mass spectrometry. Spectrometric detection was performed using a 

triple quadrupole mass spectrometer in selected reaction monitoring mode, monitoring for the 

individual mlz transitions for each of the 10 PFCs and the surrogate. Results for the 

10 PFCs measured were incorporated into the Project information system through a Windows- 

based program (See Supplemental File, Note 6). 

PFC Quality Assurance 

A two-tiered quality assurance program was implemented consisting of a) evaluation of 

test reliability in the primary lab (intra-lab) with the use of blank samples, samples spiked with 

a known PFC concentration, and participant duplicate samples, and b) use of a second, 

external laboratory (AXYS Analytical Services Ltd., Sidney, BC, Canada) to determine PFC 

concentrations for participant duplicate samples (inter-lab). This laboratory, with the ability to 

monitor 10 individual PFCs and a lower limit of quantification of 0.2 ng/mL, employed analytic 

methods previously described (Kuklenyik et al., 2004; Taniyasu et al., 2005). Briefly, the 
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technique used a solid phase extraction on a weak anion exchange column followed by 

reverse-phase high-performance liquid chromatography/mass spectrometry. Spectrometric 

detection was performed using a triple quadrupole mass spectrometer in selected reaction 

monitoring mode, monitoring individual mlz transitions for each of the target PFCs, the 13c- 

PFOA, 1 3 ~ - ~ ~ ~ ~ ,  and ' 3 ~ - ~ ~ ~ ~  surrogates and the 1 3 c - p ~ 0 A  and 1 3 ~ - ~ ~ ~ ~ ~  instrument 

internal standards. 

To assess method performance at the primary lab, quality control samples in the form of 

two control serum blanks, two lab control spikes in control serum, and two sample duplicates, 

were performed with each batch of 90 samples analyzed. I 3 c - p ~ 0 A  (surrogate) was also 

added to every sample prior to extraction to assess lab preparation. Bulk control blanks and 

spikes were prepared at the primary lab and sent to the sampling sites. They were then blindly 

returned with every shipment of samples for analysis to assess storage, transport, and 

laboratory preparation effects. For these quality control samples, the Project IT system 

generated in-line dummy ID numbers and two sets of lab-ready, bar-coded phlebotomy tube 

labels). Site nurses aliquotted two sets of sample tubes, and both were included as part of the 

standard shipment to the primary laboratory. Based on a per-data collection site sampling 

plan, samples were also automatically identified by the Project IT system for the secondary 

lab. Labels and tubes were generated similarly, as were sample aliquots. Results from quality 

assurance samples were segregated from the main, participant database post hoc by the IT 

company, the only group unblinded to ID numbering. 

During analysis of quality assurance results, a consistent difference between the 

primary and secondary laboratory was detected (approximately 30%) for samples obtained 

during the first four months of the Project. Investigation and additional, targeted intra- and 

inter-lab re-testing confirmed these directional (higher) differences. Per a court filing, Exygen 

discussed the cause as a problem of initially prepared samples used for internal calibration 
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(see Supplemental File, Note 7). Affected samples (approximately 25,000) were retested 

using serum stored in the Project tissue bank; quality assurance testing, including sample 

duplicates and replaced spiked and calibration samples, was also repeated. Retested results 

demonstrated a consistent decrease from initial results and increased consistency with the 

secondary lab. All analytic results presented here include only retested values for those 

affected serum samples. 

For quantitative assessment of quality assurance test results, final test values were 

matched to participant quality assurance values for the primary or secondary lab. Results 

reported as less than the limit of detection (LOD) were treated conservatively and excluded 

from quality assurance analyses. Agreement between two measures was assessed with the 

absolute difference, percent difference (absolute difference between values divided by value 

means), and coefficient of variation (standard deviation divided by mean), which were then 

summarized (mean and median) across the matched-samples results. 

Validation of Select Medical Diagnoses 

Participants self-reporting one of the eighteen targeted diagnoses were asked to 

provide the time and location of diagnosis. After obtaining appropriate record release consent 

(described below), Brookmar requested a copy of supporting documentation from a medical 

record or pathology report from health care providers. Cooperating providers were 

compensated $10 per necessary page. For approximately 36,000 validated diagnoses, the 

following was recorded: self-reported diagnosis; support (confirmation), non-support 

(negation), missing (records not obtained), or substitution (i.e., documentation supported a 

different diagnosis); the alternate diagnosis where appropriate; and type of documentation 

used for verification. Review of medical records and determination of diagnostic verification 

was performed by nurses employed by Brookmar. 

Consentinq Procedures 
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Brookmar required that participants read (and "check" affirmatively) an introductory section 

of the health survey that explained the purpose and procedures of the Project, and risks and 

benefits of participation. This language is publically available as part of the survey tool. All 

participants submitting a voluntary blood sample completed the standard consent and release 

forms of the clinical laboratory contracted for phlebotomy. Brookmar obtained a separate 

consent for the release of medical records necessary for diagnosis validation, which was 

subsequently mailed (along with a cover letter and specific documentation request) to the 

health care provider identified by the participant. 

The Project group at West Virginia University and the C8 Science Panel obtained IRB 

approval, from their own institutions, permitting access to de-identified Project data. With 

assistance from Brookmar, the C8 Science Panel obtained an additional IRB approval allowing 

access to identified data, which facilitates contacting participants for enrollment in follow-up 

studies. 

Implementation 

Following input by the settling parties, Brookmar used multiple avenues to publicize the 

Project. Communications about Project eligibility requirements, enrollment, data collection 

procedures, timeline, and remuneration included a series of open meetings conducted in five 

of the six water districts, Project website messages, a phone bank, and press conferences with 

local media, an important source of information throughout the duration of the Project. 

Brookmar also maintained communication with local health care providers. Meetings 

were conducted to inform the medical community about Project procedures, including medical 

record requests, as well as the information that participants would be provided pursuant to 

their Project participation. 

Efforts to ensure full access for interested participants included multiple sites, 12-hour 

daily appointment availability, and disability accommodation including handicap access and 
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assistance completing the health survey. Brookmar also coordinated remote data collection 

for those otherwise eligible Class members unable to travel to a data collection site (e.g., those 

no longer living in the vicinity). For these participants, eligibility documentation was submitted 

via mail, followed by remote completion of the health survey and a personal telephone 

interview. These remote participants then completed phlebotomy at an identified, local, 

accredited laboratory. Of the total participants, approximately 600 participated via these 

procedures (personal communication, Brookmar). 

Brookmar was unable to accommodate participants cognitively unable to complete the 

survey (or without a representative to accurately complete it on their behalf) or those physically 

unable to travel to a phlebotomy site. Thus these groups are likely underrepresented among 

Project participants. 

Data Analysis and Reporting 

Participants were mailed individualized results for clinical lab tests, including laboratory 

normal ranges and flags for abnormal findings. For severely abnormal values, emergency 

flags triggered a personal communication from Brookmar personnel with advice to seek prompt 

medical attention. Participants also received a report of their PFC values. 

Upon completion of the Project, Brookmar filed an electronic dataset with the Wood 

County Court in May 2008. The dataset included the health survey, clinical laboratory and 

PFC values, an image of eligibility documents, and record of payment. To protect participant 

privacy, the presiding judge subsequently sealed the dataset. A mechanism is currently being 

sought wherein an agency, likely of the federal government, would maintain and make 

accessible a de-identified dataset for public research use. 

The C8 Science Panel is conducting analyses using the Project cross-sectional data 

collected and is also conducting its own independent, environmental and population-based 

studies, also financed by the settlement. For consenting participants, the C8 Science Panel is 
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able to link Project-collected data with follow-up and longitudinal studies. A description of 

ongoing studies is available on the C8 Science Panel's website (C8 Science Panel Website). 

A tissue bank of participant frozen serum was established at West Virginia University in 

which samples are stored, handled, and accessed in a manner consistent with the IRB 

protocol governing the Tissue Bank. The sera can be linked to de-identified Project data, and 

may be used for further studies related to human PFC physiology. 

Brookmar contracted with the West Virginia University School of Medicine to report to 

the general public descriptive summaries of results from the Project. Summary data are 

reviewable at a website established for that purpose (WVU C8 Health Project Data Hosting 

Website). 

The C8 Science Panel and the WVU Project group are preparing and submitting 

analyses of associations between PFCs and health outcomes, intended for peer-reviewed 

journals. These will form part of the evidence that will assist the C8 Science Panel in meeting 

their Court-appointed obligation to determine "probable links" (see Supplemental File, Note 3) 

between PFOA exposure and health outcomes. 

Data Cleaninq 

In the first phase of data cleaning, the IT company ensured that question responses 

were consistent with question "skip patterns" and menu options, as well as ensuring consistent 

coding and formatting for question responses. For the de-identified dataset, text fields were 

scrubbed to eliminate potentially identifying information. In the second phase of data cleaning, 

completed collaboratively by the C8 Science Panel and WVU Project team, continuous 

variables were examined and decision rules were created for outliers and missing values. 

Lab-generated error messages for samples that could not be analyzed were deleted and 

results set to "null". For clinical lab results either lower or higher than the LOD, values were 

replaced with 50% below or above the lower or upper LOD, respectively. 
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Though serum samples were analyzed for 10 PFCs, not all PFCs were detectable in all 

samples tested. Four PFCs (PFHS, PFOA, PFOS, PFNA) were detectable in almost all 

(>97%) samples; for these PFCs, test results reported as less than the LOD were substituted 

with 0.25 ng/mL (50% of the lower LOD of 0.5 ng/mL). Three PFCs (PFHxA, PFHpA, PFDA) 

were detectable in approximately 50% of the samples; results for these PFCs are reported with 

and/or without substitution for values reported as less than the LOD. Three PFCs (PFPeA, 

PFUnA, and PFDoA) were detectable in only a negligible portion of the tested samples, and 

are not reported or included in further analyses. Thus, results reported here include 7 of the 

10 tested PFCs (PFHS, PFOA, PFOS, PFNA, PFHxA, PFHpA, PFDA). 

Estimation of Participation Rates 

Total project participation was estimated by water district as the number of participating 

residents divided by the total contemporaneous population in that water district. Water district 

population was estimated using 2005-2006 Census population estimates for block groups, the 

smallest Census geographic unit that could be accurately identified. Block groups intersecting 

with water districts were determined, and the population of each block group was apportioned 

to the water district based on the ratio of water district area to block group area within each 

block group. The number of participants resident in each water district was based on the 

assigned water district, that for which the participant presented qualifying eligibility documents, 

and self-reported residence at the time of enrollment. Participation estimates for each water 

district was estimated for age and gender strata. 
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RESULTS 

Project enrollment totaled 69,030. Approximately 80% completed registration and the 

health survey online (personal communication, Brookmar). PFC and clinical laboratory 

analyses were available for more than 65,000 participants. While children aged < I 0  years had 

highest proportion without available blood analyses (almost %), laboratory data were 

nevertheless available for more than 3,400 of these children. Consistent with regional 

demography, more than 97% of participants identified themselves as white and educational 

attainment and income levels were lower than national averages. Participants ranged in age 

from 1.5 years to older than 100, with an average age of 39.1k19.9 (standard deviation). (See 

Supplemental File, Table 1 .) 

Twenty-six percent of adults (218 years at enrollment) reported current smoking, and an 

additional 26% reported former smoking. A substantial proportion of children (63.3%) and 

adults (69.1%) lacked a regular exercise program. Further, 39% of children were classified as 

being at-risk or already overweight based on BMI percentile, and 69% of adults were classified 

as overweight or obese based on BMI. However, as BMI calculations were completed using 

self-reported height and weight, they may underestimate actual population proportions. These 

demographic and health risk data are generally consistent with estimates for Appalachia from 

nationally representative data sources (Halverson et al., 2004). (See Supplemental File, Table 

2.) 

At the time of enrollment, most participants reported current residence in Ohio (52%) or 

West Virginia (45%); 63% of participants were resident in a qualifying water district at the time 

of their participation. Average monthly enrollment in the Project was 5,310, with enrollment 

peaking in January 2006 (8,003 participants). The largest proportion of participants qualified 

through Lubeck Public Service District (24.6%), followed by Tuppers Plains (20.4%). (See 

Supplemental File, Table 3.) 
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As shown in Table 1, an estimated 80.3% of the population resident in the water 

districts during the enrollment period participated in the Project, with a slightly higher 

proportion of women compared to men participating. Participation by water district ranged 

from 70.3% of the resident population in Tuppers Plains to almost 95% in the Village of 

Pomeroy. The age groups with the lowest estimated participation were the elderly (>80 years 

of age) and young children (<4 years of age). 

Serum analysis results for 10 PFCs (PFPeA, PFHxA, PFHS, PFHpA, PFOA, PFOS, 

PFNA, PFDA, PFUnA, PFDoA) were available for 66,899 participants. Table 2 summarizes 

the proportion of tested samples with a detectable PFC concentration and the number of 

samples for which 50% of the lower LOD was substituted. 

Table 3 reports population summary statistics for the seven PFCs, stratified by gender 

and age groups. Due to population homogeneity (above), stratification by ethnicity was not 

performed. Patterns by age and gender in the 4 widely detectable PFCs are highlighted in 

Figure 1. For each, median concentrations were higher in males in most age groups. For 

PFOA and PFOS, population median concentrations demonstrated a J-shaped pattern, with 

higher values in younger age groups, lowest values in young- to middle-adult age groups, and 

highest population concentrations in older adult age groups. For PFHS and PFNA, the highest 

population median concentrations were observed in children. 

Project results for four PFCs (PFHS, PFOA, PFOS, PFNA) are compared to results 

from the nationally representative NHANES sample in Figure 2. An important difference 

between NHANES and Project results is the inclusion of children < I2  in the Project, although 

this Project age group is likely to have a minimal impact on overall population results in a 

sample size exceeding 65,000. For all PFCs except PFOS, serum concentrations reported for 

the Project exceeded NHANES results. The largest differences were observed for PFOA, 

where the Project population had more than a 500% (1999-2000) or 700% (2003-2004) larger 
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geometric mean. Smaller but still substantial differences were also observed for PFHS (57.1 % 

[I 999-2000] and 73.6% [2003-20041 larger) and PFNA (1 78% [ I  999-2000] and 39% [2003- 

20041 larger). In contrast, the Project population had a 36.8% (1999-2000) and 7.1% (2003- 

2004) lower geometric mean for PFOS. 

Unadjusted, nonparametric Spearman's rho rank-order correlation analysis was 

performed for 21 pairings (7 PFCs) for the overall population. In general, correlations between 

the PFCs were low. Modest correlations (approximately 30%) were observed between the 

pairings of PFHS-PFOA, PFHS-PFNA, PFOA-PFOS, and PFOS-PFDA. Larger correlations 

were observed between PFHpA-PFOA (approximately 40%), PFHS-PFOS and PFOS-PFNA 

(approximately 50%), and PFNA-PFDA (approximately 60%). There were no discernable 

differences in correlations patterns between adults and children or between genders (not 

shown). (See Supplemental File, Figure 2.) 

Table 4 reports serum PFC concentrations, weighted by age and gender, stratified by 

qualifying water district. Participants in Little Hocking Water Association had the highest levels 

of PFOA, more than 70% higher than the next group, participants with private wells. For all 

PFCs other than PFOA, the 157 participants qualifying through contaminated private wells had 

the highest serum concentrations. Participants in Lubeck Public Service District had the 

highest reported values for PFHxA, PFOS, PFNA, and PFDA. The highest values of PFHS 

were found in participants in the City of Belpre, OH. 

Results for the quality assurance analysis are summarized in Table 5. The highest 

agreements, both intra-lab (within the primary lab) and inter-lab (between the primary and 

secondary lab), were observed for PFHS, PFOA, PFOS, and PFNA. The median intra-lab 

difference for PFOA and PFOS was 5.5% and 4.06% respectively, whereas the median inter- 

lab difference for PFOA and PFOS was 16.7% and 14.01% respectively. The least 
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agreement, either intra- or inter-lab agreement was observed for PFHxA. For PFHpA and 

PFDA, intra-lab but not inter-lab agreement was observed. 
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DISCUSSION 

This unique and large survey resulted from the pretrial Settlement Agreement of a class 

action lawsuit and a Court-supervised health study of a population (n=69,030) exposed to 

sustained environmental contamination with PFOA. The demographic characteristics and 

health behaviors of the participants reflect that of the affected, mostly rural, Appalachian 

communities: predominately white, with lower-than-national-average levels of education and 

income, and higher rates of obesity and other health risk behaviors such as smoking and 

inactivity. Challenges posed by the definition of the Class, specifically the prolonged (50 year) 

exposure period and inclusion of residential, employment, and school-based exposure, 

preclude an exact determination of the total eligible population. However, a reasonable 

approximation suggests that 80% of the current population in affected water districts 

participated in the Project, though 37% of Project participants resided outside an affected 

water district at the time of their Project enrollment. It is probable that a combination of public 

concern about chemical contamination and monetary compensation contributed to 

participation. The high rates of population participation and the high rate (estimated at 80%) of 

online (versus paper survey) enrollment and completion of the health survey in a rural, poor 

area may provide useful lessons for future population surveys. 

As anticipated, study serum concentrations of PFOA, the identified environmental 

contaminant, deviated markedly from those of a representative, national sample in all affected 

water districts. The unadjusted population geometric mean of 28.2 (median 32.91) nglmL was 

6- to 8-fold higher than nationally representative values from the NHANES study. However, 

observations regarding higher-than-national-sample serum concentrations of PFHS and PFNA, 

but lower-than-national-sample concentrations for PFOS, were not anticipated. The 

distribution and pattern of PFHS and PFNA concentrations is not similar to that of PFOA, 

suggesting a possible exposure source other than the facility identified as the source of PFOA 



Page 27 of 38 

exposure. Comparisons between these two studies are interpreted within the context of 

possible differences in laboratory analytic techniques (though both studies used solid-phase 

extraction followed by high performance liquid chromatography-tandem mass spectrometry) 

and measurement accuracy across a broad spectrum of concentrations. 

Discernible gender differences for PFOA serum levels in most age groups are 

consistent with national findings in less-exposed populations. The findings of higher serum 

concentrations of PFCs in children, particularly for PFHS and PFNA, warrant further study. 

While these findings are unadjusted for potential confounders, higher concentrations in the 

youngest age groups is counter to traditional expectations of biologic burden paralleling 

cumulative environmental exposure, and merit further study. 

The observation that the highest population burden of PFOA was found in the Little 

Hocking Water Association district is consistent with water quality measurement reports from 

the affected water districts (many of which are publically available; also see Supplemental File, 

Note 2). However, the population PFOA results for Little Hocking are substantially lower than 

those previously reported in a smaller sample of Little Hocking residents (age and gender 

adjusted mean of 228 reported here vs. 448 nglmL; Emmett et al., 2006). While the reasons 

for these differences are not clear, representativeness of the samples, and study time periods, 

are possible explanations. The same laboratory performed PFOA analysis in each study. 

While the highest serum concentrations of PFOA were observed in Little Hocking, it is 

interesting that higher burdens of other PFCs were found in other water districts. Investigating 

the association between water PFC concentrations and serum PFC concentrations, and 

investigating the distributions of occupational contributions, are beyond the scope of the 

present report. Further work is underway to model occupational, temporal, spatial, and 

temporal-spatial variation in water PFC levels, including differences between public water 

supplies and private wells, and the association with serum PFC levels. 
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Correlations between the different PFCs were generally modest and without discernable 

age or gender patterns. Presently, the meaning of these correlations are unclear and will likely 

need to be interpreted later, within the context of a better understanding of patterns of 

cumulative exposure, environmental accumulation, and physiological metabolism of these 

chemicals across the lifespan. 

Previous studies have reported on the complexity of PFC determination (van Leeuwen 

et al., 2006). While intra-lab measurements demonstrated reasonable stability, inter-lab 

measurements showed larger divergence. It is not surprising that measurements from the 

Project, which at times processed more than 7,000 samples per month, would not achieve the 

same level of accuracy as federally funded projects with smaller sample sizes and smaller 

ranges of exposure. Spearman testing of quality-assurance results demonstrates that rank 

order is highly preserved for intra- and inter-laboratory comparisons. 

The large size of this cohort, together with the broad range of serum PFC values, 

provides unique opportunities for investigating associations between PFCs and human health. 

While the prevalence study design inherently limits causal inference, the Project remains the 

largest and broadest study to date of associations between PFC exposure and human health. 

Subcohorts from this population, to be followed over time, have been identified and the C8 

Science Panel has already begun enrollment in longitudinal studies. A multivariable analysis 

of factors determining PFOA levels in the population has been conducted and submitted for 

publication (Steenland et al., in press 2009). Additional targeted analyses investigating 

associations between PFCs and specific clinical chemistries and disease endpoints are 

already underway and will be reported elsewhere. 
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CONCLUSION 

The data from the 69,030 C8 Health Project participants provide valuable information on 

serum PFC concentration, demographic factors, clinical chemistry and self-reported disease in 

a population with a high participation rate. Ongoing work investigating the inter-relationships 

between them will provide clues about possible etiologic relationships, within the limitations of 

the prevalence study design. In addition, they provide a valuable baseline characterization of 

this population for subsequent, prospective studies. 

The results, therefore, have the potential to improve the current understanding of the 

biology of PFC exposure and are unprecedented among toxic tort settlements, most of which 

simply provide compensation for the Class without attempting to generate useful health and 

exposure data or assess health effects. As an innovative effort to gather data on an exposed 

population, the C8 Health Project can also serve as a model for future legal settlements for 

populations exposed involuntarily to environmental contaminants. 



Page 30 of 38 

REFERENCES 

Apelberg BJ, Witter FR, Herbstman JB, Calafat AM, Halden RU, Needham LL, Goldman LR. 
Cord serum concentrations of perfluorooctane sulfonate (PFOS) and 
perfluorooctanoate (PFOA) in relation to weight and size at birth. Environ Health 
Perspect. 2007; 1 15(11): 1670-6. 

C8 Science Panel Website. 2007. Available: 1 lvav.% i., s + l r  at*t~jm?t i i ~ j g i .  [Accessed 
311 12009]. 

Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Tully JS, Needham LL. 2007. Serum 
concentrations of 11 polyfluoroalkyl compounds in the US population: data from the 
National Health and Nutrition Examination Survey (NHANES) 1999-2000. Environ Sci 
Technol;41(7):2237-2242. 

Calafat AM, Wong LY, Kuklenyik Z, Reidy JA, Needham LL. 2007. Polyfluoroalkyl chemicals in 
the U.S. population: data from the National Health and Nutrition Examination Survey 
(NHANES) 2003-2004 and comparisons with NHANES 1999-2000. Environ Health 
Perspect; I 15(11): 1596-1 602. 

Emmett EA, Shofer FS, Zhang H, Freeman D, Desai C, Shaw LM. 2006. Community exposure 
to perfluorooctanoate: relationships between serum concentrations and exposure 
sources. J Occup Environ Med;48(8):759-770. 

EPA-SAB-06-006. 2006. "SAB Review of EPA's Draft Risk Assessment of Potential Human 
Health Effects Associated with PFOA and Its Salts". Available: 

$, : , iag?eAi l i lr 4 . [Accessed 911 2120081. 
nedy SM, Ellefson ME, Reagen WK, Szostek B. 

2005. Quantitative determination of perfluorooctanoic acid in serum and plasma by 
liquid chromatography tandem mass spectrometry. J Chromatogr; 819:329-338. 

Halverson JA, Harner EJ, Ma L. 2004. "An Analysis of Health Disparities and Access to 
Medical Care in the App an Region: A Report to the Appalachian Regional 
Commission". Available: 
1 112008]. 

Jensen AA, Leffers H. 2008. Emerging endocrine disrupters: perfluoroalkylated substances. Int 
J Andro1;31(2):161-169. 

Kennedy Jr GL, Butenhoff JL, Olsen GW, O'Connor JC, Seacat AM, Perkins RG, Biegel LB, 
Murphy SR, Farrar DG. 2004. The toxicology of perfluorooctanoate. Crit Rev 
Toxico1;34(4):351-384. 

Kudo N, Kawashima Y. 2003. Toxicity and toxicokinetics of perfluorooctanoic acid in humans 
and animals. Toxicol Sci;28(2):49-57. 

Kuklenyik Z, Reich JA, Tully JS, Needham LL, Calafat A. Automated solid phase extraction 
and measurement of perfluorinated organic acids and amides in human serum and milk. 
Environ Sci Technol. 2004;38:3698-3704. 

Lau C, Anitole K, Hodes C, Lai D, Pfahles-Hutchens A, Seed J. 2007. Perfluoroalkyl acids: a 
review of monitoring and toxicological findings. Toxicol Sci;99(2):366-394. 

Nolan LA, Nolan JM, Shofer FS, Rodway NV, Emmet EA. 2008. The relationship between 
birthweight, gestational age, and perfluorooctanoic acid (PF0A)-contaminated public 
drinking water. Reprod Toxicol; 27(3-4): 231-238. 

Olsen GW, Burris JM, Burlew MM, Mandel JH. 2003. Epidemiologic assessment of worker 
serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) concentrations 
and medical surveillance examinations. J Occup Environ Med;45(3):260-270. 

Olsen GW, Burris JM, Ehresman DJ, Froehlich JW, Seacat AM, Butenhoff JL, Zobel LR. 2007. 
Half-life of serum elimination of perfluorooctane sulfonate, perfluorohexane sulfonate, 



Page 31 of 38 

and perfluorooctanoate in retired fluorochemical production workers. Environ Health 
Perspect; I I5(9): 1298-1 305. 

Steenland K, Jin C, MacNeil J, Lally C, Ducatman AM, Vieira V, Fletcher T. Predictors of 
PFOA levels in a community surrounding a chemical plan. Environ Health Perspect. 
[Accepted ; March 2009; Epub in EHP-in-press at: 
http://www.ehponline.org/docs/2009/0800294/abstract.html] 

Taniyasu S, Kannan K, So MK, Gulkowska A, Sinclair El Okazawa T, Yamashita N. Analysis of 
flurotelomer alcohols, fluorotelomer acids, and short- and long-chain perfluorinated 
acids in water and biota. J Chromatogr A. 2005; 1093:89-97. 

Tao L. Kannan K, Kajiwara N, Costa MM, Fillmann G, Takahashi S, Tanabe S. 
Perfluorooctane sulfonate and related chemicals in albatrosses, elephant seals, 
penguins, and polar skuas from the Southern Ocean. 2006. Environ Sci Technol; 
40(24): 7642-7648. 

van Leeuwen SPJ, Karrman A, van Bavel 6, de Boer J, Lindstrom G. 2006. Struggle for quality 
in determination of perfluorinated contaminants in environmental and human samples. 
Environ Sci Techno1;40:7854-7860. 

Washino N, Saijo Y, Sasaki S, Kato S, Ban S, Konishi K, Ito R, Nakata A, lwasaki Y, Saito K, 
Nakazawa H, Kishi R. Correlations between prenatal exposure to perfluorinated 
chemicals and reduced fetal growth. Environ Health Perspect. 2009 Apr;lI7(4):660-7. 

ersity) C8 Health Project Data Hosting Website. 2007. Available: 
t:if~1is0111 ' ~ i :  tcwcj ' ~ 8 i .  [Accessed 3/1/2009]. 

Yamashita N, Taniyasu S, Petrick G, Wei S, Gamo T, Lam PK et al. 2008. Perfluorinated acids 
as novel chemical tracers of global circulation of ocean waters. Chemosphere; 70 (7) 
1247-55. 



Page 32 of 38 
Table 1. Estimated Percent Participation by Water District 
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Table 2. Availability of Detectable Serum Concentrations for PFCs 

a Denominator is total possible samples (66,899) 

PFPeA 
PFHxA 
PFHS 
PFHpA 
PFOA 
PFOS 
PFNA 
PFDA 
PFUnA 
PFDoA 

Numbers of Samples with 
Substitution of 50% of LOD 

(0.25 ng/m L) 
N 
0 
0 

1400 
0 
42 
299 
1551 

0 
0 
0 

Number of Samples with 
Detectable Concentration 

Yoa 

0.0% 
0.0% 
2.1% 
0.0% 
0.1% 
0.5% 
2.3% 
0.0% 
0.0% 
0.0% 

N 
3247 
35574 
65499 
25095 
66857 
66600 
65348 
30996 
5835 
488 

Number Of with 
Concentration CLOD 

O/Oa 

4.9% 
53.2% 
97.9% 
37.5% 
99.9% 
99.6% 
97.7% 
46.3% 
8.7% 
0.7% 

N 
63652 
31 326 
1400 

41804 
42 
299 
1551 

35903 
61064 
6641 1 

?ha 
95.2% 
46.8% 
2.1% 
62.5% 
0.1% 
0.5% 
2.3% 
53.7% 
91.3% 
99.3% 



Table 3. Population Serum Concentrations for 7 PFCs (ngImL) 
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a Substitution with 50% of LOD for values reported as CLOD 

b No substitution for values reported as CLOD 





a Comparison between matched samples for main test results and blinded, duplicate QA samples sent to the primary lab 

b Comparison between matched samples for main test results and blinded, duplicate QA samples sent to the secondary lab 
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Table 5. Summary of Intra- and Inter-Lab Quality Assurance 

PFOS 

PFNA 

PFDA 

Mean 
Median 

N 

Mean 
Median 

N 
Mean 

Median 

22.9 
19.5 
1246 
1.6 
1.4 
566 
0.8 
0.7 

23.2 
19.8 
1243 
1.6 
1.4 
570 
0.8 
0.7 

2.0 
0.7 

1240 
0.2 
0.1 
516 

ppppp- 

0.1 
0.0 

8.4% 
4.1% 
1240 
9.0% 
6.5% 
516 

6.9% 
0.0% 

0.1 
0.0 

1240 
0.1 
0.1 
516 
0.1 
0.0 

22.3 
19.4 
2539 
1.6 
1.4 

1200 

T 
0.7 

22.7 
19.6 
2329 
1.3 
1.2 
409 - 
0.8 
0.6 

3.9 
2.6 

2314 
0.4 
0.3 
371 
0.3 
0.2 

17.4% 
14.0% 
2314 

28.7% 
24.9% 

371 
33.8% 
28.6 

0.1 
0.1 

231 4 
0.2 
0.2 
371 
0.2 
0.2 
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Figure 1. PFC Concentrations %ahfled by Age and Gender 
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Figure 2. Comparison of Geometr~c Means for PFC Serum Concentrations for C8 Health Pro~ect Results vs Two Nabonally 
Representative Samples 
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