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February 11, 2005

E-MAIL AND FEDERAL EXPRESS

Dr. Sue Shallal

U.S. Environmental Protection Agency
EPA Science Advisory Board Staff (1400F)
1200 Pennsylvania Avenue, N.-W.
Washington, DC 20460

Re:  Science Advisory Board Perfluorooctanoic Acid Risk Assessment (PFOA)
Review Panel: Comments And Additional Information For Review Prior To
February 22-23. 2005 Public Meeting

Dear Dr. Shallal:

We serve as class counsel for a class of tens of thousands of individuals who have
consumed or are consuming PFOA-contaminated drinking water in the West Virginia and Ohio
communities near a manufacturing facility owned by E.I. duPont de Nemours and Company in
Wood County, West Virginia, where DuPont has used PFOA since the 1950s (the "DuPont
Plant"). On behalf of those individuals, we are hereby submitting information for consideration
by the Science Advisory Board Perfluorooctanoic Acid Risk Assessment (PFOA) Review Panel
(the "Panel") in connection with its upcoming review of USEPA's January 4, 2005, "Draft Risk
Assessment Of The Potential Human Healths Effects Associated With Exposure To
Perfluorooctanoic Acid And Its Salts" (the "Draft Risk Assessment").

According to the Federal Register Notice published January 12, 2005, we understand that
written comments on the Draft Risk Assessment will be accepted until the public meeting on
February 22-23, 2005. However, during the January 25, 2005, public teleconference to discuss
the agenda for the upcoming meeting, including "additional information needs" of the Panel,
several Panel members asked about the ability of the Panel to consider information not
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referenced in the current Draft Risk Assessment, including new information that may have been
generated or otherwise became available after the date USEPA completed its current draft. (In
that regard, we note that the current Draft Risk Assessment indicates that it is "based on
information available to the agency as of June 2004." (OPPT-2003-0012-839)) We understand
that USEPA agreed that the Panel could consider such additional information. Thus, although
we reserve the right to submit additional, more detailed written comments before the February
22-23, 2005, meeting, we thought it might be helpful to identify for the Panel some of the
relevant information that is available but not referenced within the current Draft Risk
Assessment. We have provided a brief summary of some of the data below, and have attached
copies of some of the available documents to assist the Panel’s review of the information before
the public meeting later this month. Citations also are provided, where available, to indicate
where the documents (and related information) can be located within either of two public dockets
created by USEPA relating to PFOA: AR-226 and OPPT-2003-0012.

L. ADDITIONAL HUMAN HEALTH EFFECTS/EPIDEMIOLOGY DATA IS
AVAILABLE.

. In addition to the findings of elevated cholesterol and triglyceride levels among
3M PFOA workers referenced in the Draft Risk Assessment, (Draft Risk
Assessment, at 13-21), there have now been similar findings reported among both
Italian PFOA workers, (see Exhibit 1; AR-226-1865-69, 1886; and OPPT-2003-
0012-813-817), and among the PFOA workers at the DuPont Plant in West
Virginia (see Exhibit 2; AR-226-1899). This data became available after the June
2004 date referenced in EPA's Draft Risk Assessment and should be considered
for purposes of the Draft Risk Assessment. Because of these cholesterol findings,
the Panel also should consider the results of the much earlier research DuPont
conducted on myocardial infarction ("MI") and coronary heart disease ("CHD")
rates among workers at the DuPont Plant in West Virginia, (see, e.g., Exhibit 3;
AR-226-1448, 1462, 1465, 1495-96), along with the results of a recent survey of
health conditions among residents of the communities surrounding the DuPont
Plant, in which significantly elevated incidences of angina, MI, and stroke (among
other conditions) were reported among the community residents exposed to PFOA
in their drinking water (see Exhibit 7Y). The earlier MI and CHD data for the
DuPont Plant in West Virginia should also be reevaluated in light of the data

v Although this new community study data was recently submitted to USEPA for inclusion

in the USEPA’s public dockets for PFOA, it had not yet been posted to the dockets at the time of
this submission.
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recently released by DuPont (referenced below) indicating that all of the workers
at the DuPont Plant, including the workers that DuPont considered "unexposed"
or "controls" for purposes of its earlier, internal MI and CHD studies, most likely
were also significantly exposed to PFOA. (See, e.g., Exhibit 13)

With respect to liver effects, the Draft Risk Assessment references the 3M PFOA
worker studies in which the authors suggest negative findings with respect to
liver effects. (Draft Risk Assessment, at 13-21). There is, however, a paper
available in the EPA public docket (but not referenced in the current Draft Risk
Assessment) that raises questions about the accuracy of those findings and
concludes that liver effects are, in fact, indicated by the data. (See Exhibit 4;
OPPT-2003-0012-249/250) The Draft Risk Assessment also does not reference
the much earlier research by DuPont that investigated liver enzyme levels among
its workers at the DuPont Plant in West Virginia. (See, e.g., Exhibit 5; AR-226-
1457/1462) This data also should be reevaluated in light of the data recently
released by DuPont (referenced below) indicating that all of the workers at the
DuPont Plant, including those that DuPont considered "unexposed" or "controls"
for purposes of its earlier, internal liver studies, most likely were also significantly
exposed to PFOA. (See, e.g., Exhibit 13)

There is no reference in EPA's Draft Risk Assessment to the reproductive issues
and elevated incidence of cancer reported in a recent study of hundreds of people
living in the communities near the DuPont Plant in West Virginia where they are
exposed to PFOA-contaminated drinking water. (See, e.g., Exhibit 6; AR-226-
1714-1716; and OPPT-2003-0012-607/677/836) More detailed data from this
study has become available since June of 2004, including an analysis of certain
types of cancer claims submitted by workers at the DuPont Plant, including
prostate cancer claims, which should be considered by the Panel in connection
with the Draft Risk Assessment and its current discussion of prostate cancer
findings among 3M PFOA workers. (See, e.g., Exhibit 7; OPPT-2003-0012-836;
and AR-226-1893/4) In addition, the reproductive health issues raised by male
employees at the DuPont Plant in West Virginia in 1984 may be of interest,
although not referenced in the current Draft Risk Assessment. (See Exhibit 8)

There is no reference in the current Draft Risk Assessment to the study designed
by DuPont in 1981 to determine whether exposure to PFOA among workers at the
DuPont Plant in West Virginia was "causally related" to adverse pregnancy
outcomes among children born to those workers, nor to the results DuPont
obtained that same year indicating a statistically significant increase in birth
defects among the children born to those employees. (See Exhibit 9, at
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EID106200 (concluding that a finding of 2 malformations in 10 live births would
be a "statistically significant excess") and EID090083 (referencing 2

malformations among 5 live births to PFOA-exposed workers at the DuPont Plant
in West Virginia)).

. In connection with the cancer discussion provided in the current Draft Risk .
Assessment and EPA’s position on the relevance to humans of three tumor types
observed in PFOA rodent studies, the Panel should consider the findings of the
FIFRA Scientific Advisory Panel from December of 2003 when considering key
aspects of EPA’s position in this regard. (See Exhibit 10) The minutes from that
SAP meeting are publicly available at
(http://www.epa.gov/oscpmont/sap/2003/december9/meetingminutes.pdf) and
may be useful in evaluating these issues, particularly with respect to the
applicability of USEPA’s arguments to children.

IL ADDITIONAL HUMAN BIOMONITORING DATA IS AVAILABLE.

. Since the June 2004 date referenced in the Draft Risk Assessment, new
information has become available confirming significantly elevated levels of
PFOA in the blood of individuals living in one of the communities exposed to
PFOA-contaminated drinking water near the DuPont Plant in West Virginia. This
data confirms levels of PFOA as high as 128 ppb in non-occupationally-exposed
residents exposed to PFOA through contaminated drinking water, where the
average level of PFOA in the drinking water over the last several years has been
approximately 0.5 ppb. (See Exhibit 11; AR-226-1441-71/1863-64/1 870-71; and
OPPT-2003-0012-725/26) Residents of this particular community were included
in the recent community study referenced above in which elevated incidence of
cancer, angina, MI, stroke, and reproductive issues (among others) were reported,
as were residents of communities exposed to even higher levels of PFOA through
their drinking water (some over 4 ppb in the water), for which blood data is not
yet currently available. Additional information is also available indicating similar
levels of PFOA in the blood of residents near the same DuPont Plant who
consumed water from private wells with levels of PFOA between 0.12 ppb to 0.17
ppb. (See Exhibit 12¥) Given this data indicating levels of PFOA in the blood of
residents of a community exposed to PFOA in their drinking water that are

2/

= Although provided to USEPA earlier this month, USEPA had not yet posted the
information to public docket AR-226 or OPPT-2003-0012 at the time of this submission.
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significantly higher than the general population PFOA blood levels referenced in
the Draft Risk Assessment, the Draft Risk Assessment should be revised to
incorporate consideration of the risks to such exposed subpopulations.

Since the June 2004 date referenced in the Draft Risk Assessment, additional
PFOA blood data also has become available for the workers at the DuPont Plant
in West Virginia that should be considered in connection with the Draft Risk
Assessment. This data seems to confirm that the average level of PFOA in the
blood of workers at the DuPont Plant who were directly exposed to PFOA
through their job duties is 494 ppb and the average level of PFOA in the blood of
the workers at the same plant who should not have had any such direct
occupational exposure to PFOA is 114 ppb. (See Exhibit 13; AR-226-1884/85)
This data also seems to confirm that PFOA was found as high as 963 ppb in this
same group of workers who should not have had any direct occupational exposure
to PFOA at the DuPont Plant. (See id.) This new data should be considered in
conjunction with the recent blood data from one of the neighboring residential
communities where over 120 ppb PFOA was found in the blood of residents
exposed to drinking water containing, on average, less than 1 ppb of PFOA, (see
discussion above), and in conjunction with a blood model developed by DuPont
that estimates that the level of PFOA in the blood of the residents who are
drinking water from one of the other nearby communities with over 4 ppb PFOA
in the water would be approximately 1000 ppb. (See, e.g., Exhibit 14; AR-226-
1478) This new blood data should be considered in connection with the Panel’s
review of the Draft Risk Assessment.

[II. INFORMATION ON CUMULATIVE TOXICITY OF PERFLUORINATED
CHEMICALS IS AVAILABLE.

W0359689.1

The Current Draft Risk Assessment does not consider risks from PFOA in context
with the cumulative risks from exposure to similar perfluorinated chemicals,
which are often also present where PFOA is found. Information is available
concerning such cumulative risks and should be considered by the Panel in
connection with its evaluation of the current Draft Risk Assessment. (See, e.g.,
Exhibit 15; AR-226-1532) In fact, USEPA itself nominated the entire

class of perfluorinated compounds to the National Toxicology Program for a
class-study of the "hazard/risk across [the] entire structural class." (Exhibit 16)

In response, the NTP Interagency Committee for Chemical Evaluation and

Coordination ("ICCEC") recently recommended various toxicological studies of
the class. (Id)
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As requested in the Federal Register Notice, we have enclosed 35 copies of this submission for
distribution to all Panel members for review in advance of the February 22-23, 2005, public
meeting. As mentioned above, we hereby reserve our right to submit additional written
comments to the Panel before that meeting. In the meantime, we request the opportunity to
provide oral comments during the February 22-23, 2005, public meeting. Thank you.

/Ver@ly yours,

/ —

obert A. Bllott

RAB/mdm

Enclosures

cc: Dr. Charles M. Auer (w/ encls.)
Dr. Jennifer Seed (w/ encls., by e-mail)
Mark J. Garvey, Esq. (w/ encls.)
R. Edison Hill, Esq. (w/ encls.)
Larry A. Winter, Esq. (w/ encls.)
Gerald J. Rapien, Esq. (w/ encls.)
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Sl DuPont Haskell Laboratory
i 5/@. 07 o "003 7 ; for Health and Environmental Sciences

Elkton Roed, P.0. Box 50
September 17, 2004 - Newark, DE 19714-0050
’

Via Federal Express g EH'Q - % 0- 3 7 S

Document Processing Center (Mail Code 7407M)
Room 6428
Attention: 8(e) Coordinator

Office of Pollution Prevention and Toxics :

U¥.S. Environmental Protection Agency, ICC Building
<3201 Constitution Ave., NW
;-.washington, DC 20460 lf'f_v e HETT A S aem mg
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-Dear 8(e) Coordinator:
i

Ammonium Perfluorooctanoate
8EHQ-0381-0394

Coi

e
Lui

This letter is submitted “For Your Information” to supplement the letter of September 7, 2004
submitted by Mr. Edward E. Shea, representing MIC Specialty Chemicals, Inc. (Attachment ).
Overall, the letter and accompanying trip report are an accurate reflection of the proceedings of
the meeting held at the Inn at Montchanin Village on August 20-21, 2004. Our conclusions from
the meeting are summarized as follows:

1. No effects were observed on the general health of the workers at the Miteni plant.

2. No changes in clinical chemistry parameters were observed with the exception of an
apparent slight alteration of serum lipid levels that correlated with exposure. The cause
and biological significance of this observation is unclear and requires further analysis.

3. Although the observed changes appear to be correlated with exposure, it does not
demonstrate a causal association with exposure to these substances.

4. Average serum levels of PFOA were higher in the Miteni workers than have been reported
for occupational exposure, and significantly higher than levels reported in the general
population.

For the sake of completeness, we are submitting with this letter a copy of the data slides that
summarize DuPont’s preliminary analysis of the serum lipid data (Attachment II). We note that
3M actually led the initial analysis of the Miteni data including the 37 blood parameters
mentioned in Dr. Costa’s trip report. After seeing the preliminary analysis of the serum lipid data,
DuPont subsequently undertook an independent statistical analysis of the serum lipid data only,
and presented our preliminary analysis at the August 20-21 meeting. With respect to the data
referenced in Mr. Shea’s letter we note the following:

1. In Table 1 it should be noted that analyses of the sera of the “PFOA-exposed” group also
revealed the presence of PFOS (perfluorooctanoic sulfonate). Dr. Costa confirmed that
the plant worked with both perfluorinated compounds. The average serum PFOA
concentration was ~ 16 ppm with a range of 0.04-92 ppm and for serum PFOS the
average was ~ 0.5 ppm with a range of 0.06-3.3 ppm. It should be noted that no analyses
for these same perfluorinated compounds was undertaken for the sera of workers in the
non-PFOA/non-PFOS area (“Non-PFOA” group).

[l
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2. There are a number of caveats that are germane to the interpretation of the data in
addition to the fact that workers were exposed to both PFOA and PFOS; notably:

a. The dataset consists of a small and arbitrary collection of subjects (~35
employees).

b. There are no pre-employment/baseline lipid levels for historical reference in the
study population,

c. Concomitant exposure to other chemicals in the plant is an unknown variable.

d. Serum lipids are well known to be affected by many different factors including
family history, diet, and lifestyle; data on these factors were not available for
inclusion for analysis.

3. There was a strong correlation observed between PFOA and PFOS levels. Therefore, we
analyzed the relationship between the various serum lipids with respect to three

dependent variables: total perfluorinated compound (the sum of PFOA + PFOS), PFOA
alone and PFOS alone.

4. The data have been analyzed in terms of a linear model; however, other models may fit

the data better. In general, there is no a priori reason to expect a linear dose-response
relationship in a biological system.

As indicated in Mr. Shea’s letter, DuPont has additional ongoing studies that may enable a
broader interpretation of this small study in the Miteni workers. Notably, we are conducting a
study, “Ammonium Perfluorooctanoate: Cross-Sectional Surveillance of Clinical Measures of
General Health Status Related to a Serum Biomarker of Exposure and Retrospective Cohort
Mortality Analyses in a Polymer Production Plant™ of over 1,000 employees at our ‘Washington
Works plant. Currently we are analyzing the data and expect to issue a final report by year’s end.
In addition, we are evaluating the effects of perfluorinated compounds on the activation of
various nuclear receptors, e.g., PPARa, in an effort to better understand the biological activity of
this class of chemicals. Finally, we are exploring the hypothesis that hyperlipidemia prolongs
retention of PFOA in the serum, thus accounting for the observed correlations.

A copy of the final report(s)/manuscript(s) for the DuPont studies will be submitted to the
Agency when available.

Sincerely,

[ Wit s JQ (.

A. Michael Kaplan, Ph.D.
Director — Regulatory Affairs and Occupational Health

AMK/RWR/P]G:clp
(302) 366-5260

Attachments: (I) “Mr. Edward E. Shea’s TSCA Letter, September 7, 2004
(II) “DuPont Statistical Analysis of Serum Lipid Data of Miteni Workers”
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WiNDELS MArX LANE & MITTENDORF, LLP
156 WEST 56TH STREET
Edward E. Shea New Yorgk, NY. 10019

NEW BRUNSWICK, NJ

TEL: (212 237-1000 -
212-237-1140 PRINCETON, NJ

FAX: (212 262-1215 STAMFORD, CT
eshea@windelsmarx.com o

BONITA SPRINGS, FL

9pp. AR226-1865

Septemwer /7, zuus

TSCA Confidential Business Information Center (7407M) m

EPA East - Room 1428 3 1
U.S. Environmental Protection Agency d )
1201 Constitution Avenue, N.W. 2 -
Washington, DC 20004-3302 CONTA] NS NE3 CBt

Ladies and Gentlemen: &

We represent MIC Specialty Chemicals, Inc. Pursuant to Section 8(e) of the
Toxic Substances Control Act (TSCA), we submit on behalf of our client a copy of a report dated
August 23, 2004 to Miteni S.p.A by Dr. Giovanni Costa of the University of Verona describing a
meeting with 3M and du Pont to discuss biological monitoring of Miteni workers exposed to
perfluorooctanoic acid (PFOA). A Department Manager of our client received a copy of the
memorandum on August 23, 2004 during an overseas trip.

Miteni is an Italian company which manufactures PFOA in Italy. Our client
imports PFOA purchased from Miteni into the United States.

In general, the information described in the enclosed report appears to be
favorable and our client does not know that any information in the report indicates a substantial
risk. However, our client is not in a position to make that determination and, therefore, decided
to make the submission on a precautionary basis. Our client advises that the enclosed
information is the only information which it has about the biological monitoring described in the

| If you have any questions, please call me at 212-237-1140. %
A AV
EI«?s;mg . Edward E. Shea ; =
e o Ko T

ME 2771902y
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Verona, 23.08.2004

Spett.
Direzione
MITENI S.p.A.
Trissino (VI)

Report on the meeting held on Friday 20™ and Saturday 21" 2004 at the Inn at
Mentchanin Village (Wilmington, USA) with 3M and DuPont delegations.

1. Participants:

- John Butenhoff  3M, toxicologist

- Geary Olsen 3M, clinical epidemiologist

- Larry Zobel 3M, occupational health physician
- Peter Gillies DuPont, expert in lipid metabolism
- John Green DuPont, statistician

- Gerald Kennedy Dupont, toxicologist

- Robin Leonard DuPont, epidemiologist

- Robert Rickard  DuPont, toxicologist

- Giovanni Costa  Miteni, occupational health physician

2. Background

On August 9™ I have been invited by G. Olsen (3M) to participate in this meeting,
organised jointly with P. Gillies (DuPont), aimed at discussing the results of the analysis of
the data collected by me at Miteni plant in Trissino, conceming the workers of the PF

department.
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As it was been agreed last year in the ambit of the APME-APFQ ad hoc toxicological
working group, I have started a scientific collaboration with them aimed at evaluating the data
related to the periodical, biological monitoring of Miteni workers exposed to PFOA.

Despite the small number of workers involved (compared to 3M and DuPont workers),
such data were considered very helpful in understanding any possible interaction of PFOA
with human physiology, as such cohort of workers has been checked regularly since 1979 by
annual medical examinations, integrated by several blood and urine analysis. In the case of
3M workers, some workers (on voluntary basis) have been checked occasionaly (1993, 1996,
2000), whereas DuPont did not carry out regular checks of such kind in the past, but it is now
carrying on a general examination of more than 400 workers, the results of which are due by
the end of this year.

Therefore, the statistical analysis of Miteni data was considered very useful for checking
whether or not any pre-clinical adverse effect could de detected, in order to better address the
checks of larger groups at 3M and DuPont plants, and for further more detailed investigations
on some specific biological parameters.

So, in December 2003 (after discussion and agreement with Miteni general management
in the meeting held in Frankfurt on November 21*) I sent G. Olsen the first database of the
biological monitoring of Miteni workers (in anonymous format) and, in February 2004, on
occasion of the SOT Conference held in Baltimore, I had a first meeting with them and other
3M and DuPont experts (see my report dated 29.03.04 and abstract below) for a preliminary
analysis of the data.

Thereafter, we decided to integrate the dataset with some more specific analysis
concerning the lipids metabolism, that I collected during the periodical, annual blood check
carried out in Spring this year.

Consequently, two months ago I sent G. Olsen and P. Gillies two updated datasets (still
in anonymous format), one concerning the biological data available since 1987 of all exposed

workers to PFOA , and the second one concerning the last blood analysis carried out in Spring
2004.
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3. Preliminary results of the statistical analysis

The analysis of the. first database was aimed at evaluating any possible abnormality of
biological parameters, occurred in the last 17 years, in relation to the PFOA blood levels
measured in the last 4 years (2000-2003); the second one was aimed at comparing exposed
and non-exposed workers to find out any difference that could be statistically associated to
PFOA exposure.

The statistical analysis, carried out by means of appropriate statistical programs by
DuPont expert statisticians, confirmed the negative results for almost all the 37 blood
parameters considered: in particular no significant effects were detected as concemns
haematology, proteins metabolism, immunology, liver, kidney and prostate function.

Only some slight effects on lipids metabolism were detected, which deserve further
analysis and proper interpretations.

In fact, a slight increase of total cholesterol in workers exposed to PFOA was observed,
which also appeared to show an increasing trend associated with the highest blood PFOA
levels.

Table 1 shows the comparison of exposed and non-exposed workers and the slight
significant increase of total cholesterol in exposed workers. There is no increase of other
lipids, such as tryglicerides in particular, but the fraction of “Non-HDL Cholesterol” seems
that concerned.

Figure 1 shows the positive correlation between total cholesterol and PFOA blood levels
in the last 4 years (when PFOA was measured): a slight association between PFOA blood
level and total cholesterol concentration seems to be consistent over the years. Figure 2 shows

the same trend as concerns “Non-HDL Cholesterol”.



Prof. Giovanni Costa
. - Medico Chirurgo

Specialista in Medicina del Lavoro

Cattedra di Medicina del Lavoro

Universita degli Studi di Verona
P.zal. Nogarola, 15 - 37131 VERONA

‘R (045) 533877
C.F. CST GNN 47M11 DO25A
P.IVA 0237309023 8

Table 1: Comparison of the main lipid components in exposed and non-exposed workers to

PFOA
Endpolints Manufacturing Ares P-value
Non -PFOA PFOA

Serum Liplds

Total Chalesterol 2144 23329 0.03
HDL Cholesterol 53t 51+2 0.37
LDL Cholesterol 133 £3 146 £ 8 0.09
Non-HDL Cholesterol 160 + 4 18210 0.03
Non-HDL/HDL 3302 39103 0.09
Total Triglycerides 141 12 169119 022
Demographic Characteristics

Age 395110 407 1.5 0.53
BMI 253103 257 %05 0.52
Alcohol Consumption 027 £ 0.02 0.36 £ 0.04 007

Values are expressed as the mean  + SEM for approximately n=94 non -PFOA workers
and n =35 PFOA workers.

Data are from a 2004 sample collection
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Figure 1: Correlations between Total Cholesterol (log) and PFOA (log) levels in the 4 years
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In the light of these findings, G. Olsen (3M epidemiologist) reviewed the 3M datasets
related to their surveys carried out in 1993, 1996 and 2000, and a preliminary analysis
concerning cholesterol levels appears to be in agreement with the Miteni data.

In other words, it seems that PFOA (probably only at high blood concentrations) can
interfere with metabolism of Cholesterol, in particular by increasing the fraction of “Non-
HDL Cholesterol”.

Such findings need a precise interpretation, also because they are in contrast with the
animal experimental data (rats), where PFOA causes a decrease of cholesterol levels. That can
be related to interspecies differences in drug metabolism, which are also raised for the
different findings in carcinogenicity (it is carcinogen in rats, but not in primates and humans).

In order to elucidate better the possible mechanisms underlying such effect P. Gillies,
DuPont expert on lipid metabolism, made an updated review of the current knowledge on
lipids metabolism, trying to make some hypothesis about possible mechanisms. According to
his analysis, such effect cannot be mediated by a PPARalfa mechanism (as suggested for rats),
bur it is probably due to an interference with a protein (CEPT) able to transfer of cholesterol
in blood and liver. He is going to have a deeper insight on such matter both by further
discussion with the best academy experts on lipids and by a bio-molecular study concerning

the nuclear receptors for such protein.
4. Communication and regulatory aspects.

Robert Rickard (DuPont) said that is going to have a FYI (“For your information™)
meeting with EPA next Wednesday, August 25™,

According to the TSCA 8e rules he has to report to EPA any new data concemning
possible toxicological characteristics of PFOA DuPont may know, with particular reference to
human health.

He exposed his agenda, which includes an updating of the recent toxicological studies

carried out at the Haskell Lab concerning the exposure of rats and mice to linear, branched
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and mixed (linear/branched) PFOA, as well as the presentation of some ongoing studies,
dealing with the health examination of more the 400 workers at DuPont “Washington™ plant
in West Virginia, and the review of epidemiological data conceming mortality in general
population of West Virginia. G. Olsen and L. Zobel (3M) will also communicate their
epidemiological data concerning 3M workers at Decatur and Antwerp plants.

In such agenda he would like to mention also some findings related to the data on lipid
metabolism mentioned above, related to Miteni workers, keeping anonymous the source of
data. In particular, he would like to report the positive findings of a long lasting medical
surveillance of workers exposed to PFOA, showing no effects on general health and also on
biological parameters, concerning the main target organs and functions, except for a mild
possible interference with lipid metabolism, which deserves further analysis.

So, he asked me whether he can report such data, in particular he would like to show
one or two charts related to the lipid parameters (such as figures 1 and 2) in his presentation,
without mentioning the source and the name of Miteni, and without giving EPA any written
document.

As I replied that I could not deal with such request, but he must ask and get the formal
permission from Miteni Management, due to the short time available he asked me to pass you

such request in order to get your response (whatever it is) as soon as possible.
With kind regards

Prof. Giovanni Costa
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Abstract of my report dated 29.03.04 concerning the meeting of the APME-APFO
ad hoc toxicology groupo, held in Baltimore on March 24.03.04.

5.2. Workers.

The Chairman noted that most of the companies represented in the WG had
commenced or were about to embark on a blood level monitoring programme in their
current employees (Asahi Glass has just started it and asked me some advice concerning
the parameters to be collected from the workers). He encouraged all companies to share
their data in the way that Miteni and 3M had done in the past, and he also asked me to co-
ordinate the outcomes for the APME group; I gave him my willingness for that.

As also Asahi Glass is sending its sample to the German lab already used by
Solvay, I suggested that all European should join this lab, provided that it is quite reliable,
in order to limit the factors that can confound the results.

As concemns our data, I informed the group that we analysing them with reference
to the interaction with lipid metabolism in collaboration with Geary Olsen (3M) and Peter
Gillies (DuPont); see the enclosed report of the meeting held at Marriott hotel on
Wednesday moming with G. Olsen and J. Buthenoff (3M) and P. Gillies and G. Kennedy
(DuPont).

G. Kennedy confirmed that DuPont is starting its biomonitoring according to the
protocol he circulated to the group in the last week. On Wednesday evening I have been
invited for a dinner by Larry Jansen (Lawyer) and Robert Rickard (Science Director) of
DuPont for exchanging information about the workers’ biomonitoring (see attached report).

Attachment 1.
Meeting with G. Olsen and J. Butenhoff (3M toxicologists), Peter Gillies and J.
Kennedy (DuPont toxicoloEists)

On Wednesday 24" moming, I had a 3-hour meeting with with 3M and DuPont
toxicologist to discuss the preliminary findings of the data collected in MITENI workers
and concerning the possible interference of PFOA with lipid metabolism.

G. Olsen have carried out a preliminary statistical analysis of the biochemical data
related to year 2002 and 2003, which showed some possible slight effects on HDL and
LDL cholesterol. -

P. Gillies (DuPont expert on lipids) described the meaning of the different blood
lipid components and their possible interaction with PFOA.

After a long discussion and a careful analysis of the present data, it has been
convened to add further data to the dataset, in particular those related to the ongoing
biomonitoring which is due to end by April. In this survey further analysis of lipids and
proteins (LDL.Cholesterol, APO-A2, APO-B, reactive C-protein) have been added in order
to clarify better such interaction.

So, 1 agreed in sending them such new data by the end of April and then start a
deeper statistical analysis.

The results are expected to be sent to a toxicology journal for publication by the
end of the year.
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CEIVFD DuPont Haskell Laboratory
o IBET ope for Health and Environmental Sciences
Elkton Road, P.0. Box 50
January 10, 2005 oez/ ST B0 SS Newark, DE 19714-0050
’ Wi t i 4
Via Federal Express AR226- 1 899
Document Processing Center (Mail Code 7407M) QE H? “OIoS 0394y
Room 6428

Attention: 8(e) Coordinator
Office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency

1201 Constitution Ave., NW wNT A‘Ns NO CB\

Washington, DC 20460

Dear 8(e) Coordinator:

8EHQ-0381-0394
Ammonium Perfluorooctanoate

¥r o0t

2N

This letter is to inform you of the results of the analyses completed to date of the comparison of
the serum PFOA levels with the results of the blood and urine medical analysis. Approximately —
60 parameters have been analyzed. This sampling is part of an ongoing study, “Ammonium o

= mo
Perfluorooctanoate: Cross-Sectional Surveillance Of Clinical Measures of General Health Status &
Related to a Serum Biomarker of Exposure and Retrospective Cohort Mortality Analysesina ¢
Polymer Production Plant” of over 1,000 employees at our Washington Works plant. All w4
participants have received their individual exposure levels for serum PFOA and their personal test

results. What we are reporting are the results of the grouped analyses of the health outcomes that
are completed.

=

Median serum PFOA level of employees who work with PFOA was approximately 0.5 ppm with

a maximum of approximately 10 ppm. Median serum PFOA level of employees that do not work
with PFOA was approximately 0.1 ppm. The vast majority of parameters measured were within
normal reference ranges and were not associated with seram PFOA levels. There were
statistically significant but modest increases in some cholesterol fractions (total, and LDL) and

triglycerides in the highest seram PFOA exposure group (> 1000 ppb). Serum PFOA levels did
not affect HDL cholesterol or C-reactive protein (CRP) levels. As expected, age, body mass index
(obesity), and alcohol consumption were also contributors to increases in cholesterol fractions

and triglycerides. Other factors, such as genetics and lifestyle, also play a role, but have not been

taken into account. There were statistically significant but slight increases in serum uric acid and
iron with the highest concentrations of serum PFOA. These and other sporadic changes in clinical

laboratory parameters may be spurious and unrelated to serum PFOA. The study, based on about

60 blood and urine tests, found no correlation between liver function and exposure to PFOA, no
correlation between blood counts and exposure to PFOA, and no correlation between any cancer
markers measured and exposure to PF

OA with respect to prostate cancer, leukemia, or multiple
myeloma.

L

EL. du Pont de Nemours and Company EXHIBIT 2




s

In a study that examines as many data points as this one, it is not unusual to find statistically
significant associations given the normal variations observed in the general population. Because
the data are a one time “snapshot” of both the clinical laboratory and the exposure level data, it is
unclear what factor(s) may account for the observed statistical associations. Therefore, both the

cause and biological significance of these observed changes are unclear and require further
analysis.

A copy of the final report of the larger ongoing study referred to above will be submitted to the
Agency when available,

Sincerely,

P it brte

A. Michael Kaplan, Ph.D.
Director — Regulatory Affairs and Occupational Health

AMK/RWR/RCL:clp
(302) 366-5260
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STUDY OF MYOCARDIAL INFARCTION

AT WASHINGTON WORKS PLANT

This study was conducted to evaluate the incidence of
cases of myocardial infarction among male wage and salary roll
employees at the Washington Works Plant from 1956 to 1973. Dr. Y. L.
Power, Plant Physician, requested the investigation because some
workers had complained that the occurrence of heart attacks among

employees seemed excessive.

DESIGN AND METHODS

A éompﬁter search of the morbidity files in Wilmington
produced a list of cases for this retrospective study. A case is
defined as any male employee who suffered a first myocardial in-
farction (M.I.) between January 1, 1956, and December 31, 1973.
This definition includes persons who recovered from an acute M.I.
and those wﬁo diéd suddenly from coronary heart disease. Persons
who had left work>for any reason were considered potential propositi
during only those years in the study period when they were active
employees. Females were excluded from the study, as they represent
a group too small in size for statistical analysis.

Additional data concerning plant population statistics

and occupational profiles for each case were obtained from records

at Washington Works. (
A
Sixty-one cases of M.I. were observed during the eighteen-
year period. A breakdown by age capegorizatigp within three-year

\ ¥
periods for salary roll and for wage roll men is presented in

Table I.
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Age-specific Du Pont Company rates for male wage roll
and salaried personnel were used to compute the expected number
of M.I.'s at Washington Works. Again, three-year time periods
were selected for this determination. It would not have been
sufficient to have referred to the 1973 figures, nor to have
averaged or otherwise aggregated the rates over the eighteen years,
because a trend toward lower incidence in the Du Pont Company has
occurred in recent years. The Company rates are shown in Table II.
The observed number of myocardial infarctions at Waéhington Works
and the numbér of cases predicted accordihg to Company statistics
are presented in Table III for wage roll and for salary roll

employees.

ANALYSIS

No excess incidence of M.I. is evident amohg the male
wage roll employees. The expected number of M.I.'s is 34.0; 32
were observed. One notices that the number of cases has been in-
creasing ovef the years at Washington Works. One éuggested explana-
tion is that with an increasing percentage of employees over the
age of fifty, both at Washington Works Plant aqd’in the Company
(Table IV), more M.I.'s are to be expected.

Among salaried employees, the observed incidence of
myocardial infarction is significantly higher than the expected
number, under the assumption that cases folloﬁ a Poi;;on distri-
bution: ;g=¥,1.'é were obser&ed} 21.5 is the expected number
(P2 .06). The high overall incidence is largelf the result of
elevated rates in recent years. In;the period from 1971 to 1973,

the difference between observed and predicted.numbers is great:
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P

12 observed cases versus 5.3 expected cases (P = 0.008) whereas
in the preceeding years no differences between observed and ex-
pected numbers were significant. (P > .10 for all comparisons).

Further investigation of occupation reveals that the
high frequency of M.I. cases among salaried employees is seen
largely in foremen. Twenty of the twenty-nine cases occurred
among the population of foremen at Washingtoe Works: 8 were
mechanical foremen, 9 were production foremen, 2 were laboratory
foremen, and 1 was a yard and transportation foreman. Approximately
thirty-five percent of the salaried men at the plant are foremen.
Since the age distribution of foremen is comparable to that of all
salaried employees at Washington Works, one would expect that only
10 of the observed M;I.'s would present in this occupational class
(35% of 29), compared to the 20 which occurred among foremen.

The foremen studied range in age at onset of the attack
from 35 to 65 years. Both the mean andAthe median number of
years of experience as foremen prior to M.I. is 9.0. The range
is 1 week to 25 years. | A

Patrolmen, a group representing three percent of the
Washington Works populaeion, also showed a somewbatlelevated~in~
cidence of M.I. Four cases were observed among patrolmen, whereas
the expected number is 1.4 (3% of 29). The age at onset for these
patrolmen, however, ranges from 55-59 years, thls*xs older than the
median age at onset for the entire group, whlch is about 50 years.
This consideration explains the increased incidence among patrolmen.

Distribution of M.I. cases ameng employee work classifications is

Presented in Table V.
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SUMMARY
This study examines incidence of myocardial infarction
among male employees at Washington Works over an eighteen-year
period. Using Du Pont Company rates as the referrent, it~was
found that no excess of M.I. cases occurred among wage roll persons,
whereas among salaried men, elevated morbidity rates obtain. The
target group among salaried employees is foremen. Increased inci-
dence in this group cannot be explained by their age distribution.
One asks, then, if some aspect of the work routine is a causal link
in the develdpment of coronary heart disease, or if some personal
characteristic which predisposes one to become a foreman is a risk
indicator for M.I. As a result of the findings of this study, the /
Biostatistics Group in Wilmington will explore the possibility of//
a Company-wide investigation of morbidity among foremen.
WTO,
MAUREEN'T.'OTBERG
Biostatistician
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TABLE I
AGE DISTRIBUTION OF M.I. CASES BY THREE-YEAR
PERIODS AT WASHINGTON WORKS, 1956-1973

Male Wage (Number of Employees)
Age 1956-58 1959-61 1962-64 1965-67 1968-70 1971-73 Total

20 ) ' ' 0
20-24 . 1 1
25-29 | 0
30-34 | 2 2

35-39 2 o 3 L 6
40-44 2 1 3
45-49 1 1 2 3 1 8
50-54 1 1 3 1 6
55-59 1 3 4
60-64 o 2 2
Total 1 6 4 6 8 7 32

Male Salary (Number of Employees)

Age 1956-58  1959-61  1962-64 1965-67 1968-70 1971-73 Total
20 : - : 0
20-24 - _' 0
25-29 | 0
30-34 B! 1
35-39 ' 1.. o ' 1
10-44 ' S 1 2 3
15-49 _ 3 o ' 2 1 6
50-54 1 1 2 . 1 2 7
55-59 1 ) 1 1 7 10
60-64 . .. .. . S - 1 1
fotal 0 5 3 4 5 12 29
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TABLE II

Age-Specific Du Pont Company Rates,

Per 100,000,

of MI Cases

WAGE - MEN

Age 1956-58 | 1959-61 | 1962-64 | 1965-67 | 1968-70 | 1971-73

20 0.0 0.0 0.0 0.0 0.0 0.0
20-24 0.0 0.0 0.0 5.1 12.4 0.0
25-29 4.0 0.0 6.0 4.2 11.7 4.5
30-34 18.6 21.3 34.4 10.6 15.8 0.0
35-39 88.7 117.7 114.6 55.8 111.8 86.2
40-44 178.2 282.7 254.9 191.2 242.0 183.6
45-49 484.7 384.0 358.4 385. 4 372.9 422.5
50-54 707.9 812.1 630.7 674. 4 565. 3 648.2
55-59 883.3 962.5 713.8 895.9 919.6 804. 4
60-64 940.8 910.3 857.4 989.7 | 1,064.9 | 1,169.8

*TOTAL 280 357 259 267 275 271
SAIARY - MEN

Age 1956-58 | 1959-61 | 1962-64 | 1965-67 | 1968-70 | 1971-73

20 0.0 0.0 0.0 0.0 0.0 0.0
20-24 0.0 0.0 0.0 0.0 0.0 0.0
25-29 0.0 0.0 0.0 0.0 7.0 0.0
30-34 6.2 13.8 56.4 8.3 7.6 20.5
35-39 57.9 84.0 68.8 116.9 43.5 64.9
40-44 247.2 184.4 237.7 175.2 206.4 180.0
45-19 458.7 451.7 450.7 342.7 312.4 343.4
50-54 703.9 683.1 552.3 645.5 459.9 476.2 —
55-59 | 1,001.0 | 1,007.1 936.7 849.8 776.5 707.0
60-64 | 1,327.9 903.3 | 1,165.6 | 1,024.2 | 1,141.0 972.5

 *POTAL 354 330 331 303 271 215

*nge-adjusted rate
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TABLE III

OBSERVED NUMBER OF M.I. CASES AT WASHINGTON

WORKS AND EXPECTED NUMBER OF M.I. CASES,

BASED ON DU PONT COMPANY MORBIDITY

Male Wage ‘

1956-58  1959-61  1962-64  1965-67 1968-70 1971-73. Total
Observed 1 6 -4 6 8 7 32
Expected 2.2 . 3.8 4.9 6.0 8.2 - 8.9 34.0

Male Salary

1956-58  1959-61 1962—64 1965-67  1968-70 1971-73 Total
Observed 0. 5. 3% 40 5)3 12 2 29
Expected 1.5 2.5 3.5 3.9 4.8 5.3 21.5

€ETETLAIT



TABLE IV

Age Categorization of Male Employees at

Du Pont Company-and Washington Works, 1956-1973

DU PONT COMPANY
WAGE AND SALARY COMBINED*

Age 1956-58 | 1959-61 | 1962-64 |1965-67 | 1968-70 | 1971-73
< 50 203,712 | 181,142 | 186,413 |205,110 | 197,957 | 183,441
2 50 44,287 49,733 .| 58,954 67,960 72,259 | . 74,020
$ = 50 18% 22% 24% 25% 27% 29%

, WASHINGTON WORKS .
WAGE AND SALARY COMBINED*

Age | 1956-58 | 1959-61| 1962-64 | 1965-67] 1968-70 | 1971-73
£ 50 - 3,136 4,421 4,712 5,528 6,370 6,031
Z 50 151 322 526 744 1,000 1,225
$ > 50 4% 7% 10% 123 14% 17%

*Each number represents the cumulative mid-year
~population for the three-year period.
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TABLE V

OBSERVED NUMBER OF M.I. CASES BY OCCUPATION
AND EXPECTED NUMBER OF M.I. CASES, BASED ON
OCCUPATIONAL DISTRIBUTION AT WASHINGTON

WORKS, MALE SALARIED EMPLOYEES

$ OF SALARIED OBSERVED EXPECTED
EMPLOYEES AT NUMBER NUMBER
OCCUPATION WASHINGTON WORKS OF M.I.'S OF M.I.'s*
Foremen 35% 20 10.2
Supervision through
Management - 23% 3 6.7
Specialists 2% 1 1.4
Analysts, Accountants 3% 0 .9
Engineers 22% 0 6.4
Clerical 10¢% 0 2.9
Patrgimen . 3% 4 .9
Draftsmen 2% 1 1.4

TOTAL 29

*expected humber = $ x 29
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STUDY OF MYOCARDIAL INFARCTION INCIDENCE AND
CORONARY HEART DISEASE MORTALITY RATES AT
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SUMMARY

M. T. O'Berg studied myocardial infarction (MI)
incidence at Washington Works from 1956 to 1973. Her study
found a slight excess of MI among male salary roll employees.
The excess was largest for the period 1971 to 1973 in which
11 MI's were observed compared to only 5.3 expected (p < 0.04).
Salary roll's MI excess appeared to be largely confined to
foremen (see O'Berg's August 1975 report: Study of Myocardial
Infarction at Washington Works Plant).

The following report updates the earlier study so
as to include the years 1974 through 1977. Expected numbers
were based on the plant's population and on Company rates.

For the years 1956 through 1977, ninety-one MI's
were observed compared to 77.8 expected among male Washington
Works employees. Wage roll had 56 MI and expected 48.7, and
salary roll had 35 MI and expected 29.1. These differences
were not statistically significant.

There was a statistically significant excess of MI
among male wage roll employees for the period 1974 to 1977.
During this period, male wage roll had 24 MI's compared to
only 14.7 expected (p < 0.05). However, for several reasons
this excess was not thought to be occupationally related.
For instance, wage roll showed no significant excesses prior
to this period, and salary roll showed no excess during this
period. In general, when data are examined over several
relatively short time intervals, chance fluctuations in

rates will often produce an excess in at least one of these
intervals.

To further investigate corcnary heart disease (CHD)

risks at Washington Works, four additional studies were
undertaken.

e Matched-pairs case-control study of MI,
1956-1978: exposure was defined by work
area and salary level.

e Plant-wide cohort study of CHD mortality,
1957-1977: active and pensioned employees
were studied.

e CHD death case-control study, 1957-1978:
exposure was defined by work area and salary
level; non-CHD deaths were used as controls.

® C(Cross-sectional study of current Teflon®

area workers' blood pressues: non-Teflon®
area workers were used as controls.
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Overall, these studies suggest that:

The risk of having an MI is significantly higher
among Washington Works foremen than among the
plant's other salaried employees. This result
was to be expected, since Du Pont foremen in
general have higher risks of MI than do other
salaried employees. The MI excess among foremen
may result from other risk factors such as smok-
ing, stress, educational level, socioeconomic
status, or coronary-prone behavior.

The risk of CHD death is no higher among foremen
than among other salaried employees.

There were no excesses of CHD deaths among wage
or salary roll workers.

Teflon® area workers show no excess risks for
MI, CHD death, or high blood pressure.

Workers from other areas of the plant show no
significant excesses of MI cases or CHD deaths.
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BACKGROUND

In August of 1975, M. T. O'Berg studied the
incidence of myocardial infarction (MI) at Washington Works.
This was a plant-wide cohort study of active employees from -
1956 through 1973. The study had been requested by Dr. Y. L.
Power because some workers had expressed concern that too
many workers were having heart attacks. The study revealed
that male salary roll workers had experienced a slight excess
of MI's. Expected numbers were based on Company-wide MI
rates, The excess was the largest for the period 1971
through 1973. Furthermore, the excess among male salaried
workers appeared to be largely confined to foremen.

The earlier study had several limitations. It did
not examine MI incidence by specific areas within the plant;
and, being an MI incidence study, it d4id not follow workers
beyond their pension date. The conclusions concerning excess
risks in foremen were tenuous since the results were based

on a crude method that did not lend itself to formal statis-
tical hypothesis testing.

In 1979, PP&R Department asked that the earlier
study be updated. Some people at Washington Works still were
concerned that the plant's MI incidence might be excessive,
particularly among Teflon® area workers. Consequently,

case-control studies of MI cases and coronary heart disease
(CHD) deaths were also initiated.

During the MI study update, data were concurrently
being collected for a liver function study of the plant's
Teflon® area workers. Blood pressures and work histories
collected in the liver function study were used in the pres-
ent CHD study as a further check on Teflon® area workers'
risks of coronary heart disease.
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OBJECTIVES

(1) To update an earlier plant-wide cohort study of MI
at Washington Works.
(2) To study MI incidence and CHD mortality by specific work

area within the plant. Teflon® was to be the work area
of special interest.

{3) To compare blood pressures of workers currently working

in the Teflon® area to blood pressures of workers who
never had any Teflon® area experience.
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METHODS

1. Overall design

An historical cohort design was used to study MI
incidence and CHD mortality rates at Washington Works.
Observed numbers of cases/deaths were compared against
expected numbers based on overall Company rates.

MI cases occurring within certain work areas or
salary levels were studied by matched-pairs case-control
methods. CHD deaths by work area or salary level were
studied by unmatched case-control methods in which con-
trols were all deaths from causes other than CHD.

Blood pressures of workers currently working in the
Teflon® area were compared to blood pressures of workers
having no Teflon® area experience. Blood pressures were

also compared by specific Teflon® area job and by blood
organic fluoride level.

2. Cohort study of MI incidence and CHD mortality

a. Cohort definition

The Washington Works cohort included all male
employees who were on the Plant's June 30 payroll
rosters during any year between 1956 (1957 for the CHD
mortality study) and 1977. The cohort excluded employees
from the Engineering Department.

b. Company population counts

. Population counts by plant, sex, age, pay class,
and year are kept for the whole Company in Wilmington. These
counts are derived from each plant’'s payroll roster as of
June 30 of each year.

c. Company MI file: source of MI cases

Ever since 1956, Medical Division has kept a
company-wide file of first MI's. The Company-sponsored
accident and health insurance (A&H) and life insurance plans
are the mechanisms by which MI cases are reported. All

employees are covered by the life insurance plan, and about
97 percent are covered by AsH.

Only workers with a confirmed MI are admitted to
this file. Case confirmation is based on reviewing clinical
histories, electrocardiograms, laboratory findings, and
autopsy reports. Sudden deaths are also admitted to the

-
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file, unless there is evidence that the cause of death was

not an MI. The file contains only first MI's that have
occurred among active employees.

From counts of MI's and yearly populaticns, Company
MI rates can be computed. Lists of MI cases by plant, pay
class, sex, and year can be easily extracted from this file.

d. Company mortality file: source of CHD deaths

Ever since 1957, Medical Division has kept a file
of all deaths among active and pensioned employees. The
Company-sponsored life insurance plan is the mechanism by
which deaths are reported to this file.

Cause of death is ascertained from death certifi-
cates or from the Company's "proof of death"” statement that
must accompany each beneficiary's claim. A death certificate's
cause of death is sometimes corrected when additional data
indicate that the certificate is in error.

From this file company-wide mortality rates by
. cause of death can be computed. Lists of deaths by plant,

pay class, sex, year, and cause of death are easily extracted
from this file.

e. Statistical methods
{1) Comparison groups

The observed numbers of MI cases and CHD deaths
at the plant were compared to the expected numbers based
on overall company rates for male emplovees. Expected
numbers were adjusted for Company-plant differences in
age and pay class distributions.

(2) Person-years and follow-up

Person-years of observation for active employees
were computed from mid-year counts of the plant's
population. Lists of pensioned employees were used to
compute person-years for the plant's pensioners.

For the MI study, follow-up began in 1956 and
ended in 1977. It included only the plant's active
employees.

The CHD study's follow-up began in 1957 and ended
in 1977. It included both active and pensioned employees.
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Both MI and CHD studies dropped Washington Works'
employees from follow-up once they transferred out of the
pPlant or once they quit prior to qualifying for a pension.

(3) Expected numbers and age adjustment

The study group's expected numbers of MI's and CHD
deaths were based on overall Company rates. The Company's
pay class-, age-, and time period-specific rates were
multiplied by the corresponding person-years for the
study group. This multiplication gave an expected
number for a particular pay class, age, and time period.
Expected numbers from all pay classes, ages, and time
periods were summed to arrive at an overall expected
number of MI's and CHD deaths for the study group.

This method weights the overall expected number by
the number of person-years in each pay class, age, and
time period. It is called the indirect method of adjust-~
ment. It adjusts for between-group differences in pay
class, age, and time periods.

(4) Testing for statistical significance

Standardized incidence ratios (SIR) were computed
for MI's as the ratio of the observed to the expected
number of MI's. Standardized mortality ratios (SMR) were
computed for CHD deaths as the ratio of the observed to
expected number of CHD deaths. Tables of the cumulative
Poisson probability distribution were used to test for
significant differences between observed and expected
numbers. Significance tests were two-tailed, and signi-
ficance was judged at the 0.05 probability level.

Case-control studies of MI cases and CHD deaths
a. Definition of MI cases and matched controls

The Company's computerized MI file was searched for
all confirmed MI cases occurring among the Plant's active
male employees from 1957 through 1978. MI's occurring

among the Engineering Department employees were excluded
from the study.

For each MI case, one control was randomly selected
from lists of employees who were working at the plant
during the case's attack year. The control selected had
to match the case's sex, age (+ 2 years), and pay class.
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b. Definition of CHD deaths and their controls

CHD deaths are all CHD deaths occurring among the
plant’s active and pensioned employees during the years
1957 through 1978. Engineering Department employees
dying of any cause while assigned to the plant were
excluded from the study.

Controls for the CHD deaths were all plant deaths
from causes other than coronary heart disease.

CHD deaths and their controls were extracted from
~ the Company's computerized mortality file.

c. Work history

The plant was divided into eleven work areas/
divisions:

Lucite®

Zytel®

Filaments

Power and Services
Technical-Research
Utility Pool
Teflon®

Butacite®

Delrin®

Color and Processing
Mechanical

Salary roll employees assigned to an area/division
were divided into four categories:

foreman

supervision above foreman
technical

laboratory

In addition, the category of unassigned supervision

(supervision not assigned to a product area/division) was
formed.

Work histories were then assembled from individual
employee records and transferred to code sheets (appen-
dices A & B). Most records showed the plant area and the
dates in which the employee had worked in the area. Very
few records were detailed enough to show the worker's
exact job within an area. All Washington Works jobs that
appeared on the plant's records since the worker was
first hired were transferred to code sheets.-
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Personnel records of employees who had quit, pen-
sioned, transferred to other locations, or who had died
many years ago often could not be found at the plant.
Out of the MI study's 103 matched pairs, 9 of the MI
cases and 14 of the matched controls had no work records.
For the CHD death study, 13 of the 54 CHD deaths and 26
of the 80 non-CHD deaths had no work records.

A small committee of the plant's long-service
employees and retirees met to reconstruct from memory
the work histories for those study subjects with missing
records. The committee consisted of four current
employees and one pensioner, all of whom had long service
at the plant. They were able to supply the remaining
work histories (without dates) for all of the remaining
MI matched-pairs, for 12 of the 13 CHD deaths, and for 23
of the 26 non-CHD deaths. One CHD death and four non-CHD

deaths could not be remembered as ever having worked at
the plant.

d. Definition of exposure

To study MI/CHD risks for a given work area, such
as Teflon®, exposure was defined as ever having worked in
that area prior to the MI/CHD attack .date. Likewise,
when MI/CHD risks for a specific salary level such as
foreman were studied, exposure was redefined as ever
having worked at that level prior to the MI/CHD attack
date. A separate analysis was done for each work area
and salary level listed above (section 3.c).

e. Statistical methods

For the MI and CHD case-control studies, odds ratios
and chi-square tests were computed.

The odds ratio for the matched-pairs MI study was
computed by taking the ratio of the two discordant pairs.
That is, the number of pairs in which the case was
exposed and the control was not exposed was divided by
the number of pairs in which the control was exposed and
the case was not. Under the null hypothesis, the expected
value of the odds ratio is 1. The significance of this

odds ratio's departure from 1 was tested by McNemar's
chi-square test.

In the CHD case-control study, CHD deaths and non-
CHD deaths were first categorized by 10-year age groups.
An age-adjusted odds ratio and summary chi-square were
then computed by the Mantel-Haenszel method. The odds
ratio is defined as the odds of a CHD death having been
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exposed divided by the odds of a control having been
exposed. For a given age group, the odds of a CHD death
having been exposed is the number of exposed CHD deaths
divided by the number of never exposed CHD deaths.

Significance tests were two-tailed, and signifi-
cance was judged at the 0.05 probability level.

Blood pressure study of Teflon® area workers

Blood pressures of Teflon® area workers were avail-~
able from an earlier liver function study of these workers.

a. Selection of Teflon® area workers

The initial group consisted of 96 Washington Works
employees who were in one of the following Teflon® area
jobs as of October, 1979: ‘

TFE process operator

FEP process operator

TFE service operator

FEP service operator

Laboratorian; monomer operator; Teflon® area
engineer, chemist, or foreman.

This group included 78 workers who had been tested earlier
in the year for blood fluoride levels.

Only TFE/FEP process and service operators were
considered to have had significant potential for exposure
to ammonium perfluorooctancate (C-8). Monomer operators,
semi-works laboratorians, and Teflon® area foremen were
kept as a separate comparison group since they worked in

the Teflon® area but had only limited C-8 exposure
potential.

The number in this group was later dropped to 88
since eight workers had not worked in the Teflon® area
prior to their most recent blood pressure readings. These
eight workers were added to the nonexposed group (i.e.,
the control group).

For these 88 employees, J. F. Doughty gathered
detailed Teflon® area work histories from plant records

and from personal interviews. Work histories were copied
to code sheets (Appendix C).

b. Selection of non-Teflon® area control group

The control group consisted of a 10% systematic
sample of all active Washington Works employees who, as

- 10 -
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of August, 1979, had never worked in the Teflon® area.

Mechanics and laboratorians were excluded from the con-
trols since their exposure potentials could not be well
documented.

[N

The group was selected in the following manner.
Dr. Y. L. Power pulled every tenth record from the
Plant's alphabetized medical files for active employees.
These workers' names were then given to J. F. Doughty.
From plant records and through personal interviews,
Doughty obtained these workers' work histories. Workers
who had ever worked in the Teflon® area or who had worked
as mechanics or laboratorians were then dropped from the
list. The remaining workers constituted the control
group. Eight more workers were later transferred from
the exposed to the control group because these eight had

had no potential C-8 exposure prior to their most recent
blood test.

c. Medical data

As a part of routine physical examinations, each
worker's blood pressure had been recorded. From plant
medical records, each study subject's first recorded
blood pressure, plus any other blood pressures taken at
the time that SMA-12 tests were done, were copied to
code sheets (Appendix D). The subject's current height,
weight, age, smoking status, and whether he was taking
antihypertensive drugs were also recordegd.

d. Blood flioride levels

Prior to this study, blood organic fluoride levels
" had been measured on 78 of the plants's Teflon® area
workers. Most of the workers tested had had potential
C-8 exposure. Blood pressure readings were grouped and
analyzed according to blood organic fluoride decile.

e. Statistical methods

Workers' most recent blood pressures were studied
by exposure status, by specific Teflon® area job, and by
blood organic fluoride decile. Analyses were based on
(1) test means and (2) the proportion taking antihyper-
tensive drugs or falling into the highest blood pressure
decile. The highest decile was defined as the range in
which the top ten percent of all control and exposed
groups’ test values lay. On the average, then, one would
expect that ten percent of the control group's and ten

percent of each exposed group's values would fall into
this decile.

- 11 -
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Group differences in proportions and in mean blood
pressures were studied by analysis of covariance and
least significant difference tests. This analysis

adjusted for any group Qifferenses in age, sex or the

Quetelet index (weight 5 height®). Two-tail tests were

performed, and significance was judged at the 0.05 prob-
ability level.

- 12 -
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RESULTS

Plant-wide incidence of MI: cohort approach

Expected numbers of MI cases were based on the
person-years distribution among the plant's male, active

employees (table 1) and on the Company's MI incidence rates
for the years 1956-77.

The 91 observed MI's at Washington Works were
slightly greater than the 77.8 expected for the period 1956-
77 (table 2). Although this difference was not statistically
significant (two-tail p = 0.16), the difference was large
enough to warrant further investigation. Table 3 indicates
that the excesses were primarily limited to the period 1974-
77 for wage roll and to the period 1971-73 for salary roll

employees. These two excesses were statistically significant
{p < 0.04).

Notice that although the male salary group showed
an excess for the 1971-73 period, it showed no excess for the
succeeding four-year period (table 3). This up-and-down
pattern suggests that salary roll's MI excess during the
1971-73 period was a chance event that was not causally
related to occupational factors.

Furthermore, since wage roll showed a significant
excess for the most recent period but not for earlier

periods, the circumstances suggest that this excess was also
a chance event.

Case-control analysis of MI: exposure defined by salary level

When exposure was defined as ever having worked as
a foreman, a significantly (p < 0.01) elevated odds ratio of
5.33 was found (table 4) The foremen's odds ratio was high-
est for the periods 1964-70 and 1971-78 (table 5).

A significantly (p < 0.01) decreased odds ratio
of 0.0 was found when exposure was defined as ever having
worked as a salaried technical person (table 4). When
exposure was defined as ever having worked as unassigned
supervision, a significantly (p < 0.01) decreased odds ratio
of 0.28 was found. The odds ratio for supervision above

foreman was less than 1 (0.5), but not significantly
(p > 0.20).

- 13 -
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Case~control analysis of MI: exposure defined by work area

When exposure was defined by work areas, none of
the work areas showed odds ratios that were significantly
different from 1 (table 6). Only the Technical-Research area
had a high odds ratio (1.91) that approached statistical
significance (0.05 < p < 0.10). The odds ratio for the
Technical-Research area was high only for the periods 1957 to
1963 and 1971 to 1978 (table 7).

Case-control analysis of MI: exposure defined as being a
foreman in a given area

The odds ratio of 7.00 for Mechanical area foremen
was significantly (p < 0.05) greater than 1.00 (table 8).
The odds ratio of 6.00 for Zytel® foremen approached statis-
tical significance (0.05 < p < 0.10). When workers with
mechanical foreman experience were excluded from the analysis,
the odds ratio of 4.50 for non-Mechanical area foremen was
statistically significant (p < 0.05).

Plant-wide mortality from coronary heart disease:
cohort approach

The 48 CHD deaths observed were slightly less than
the 56.5 expected for the period 1957-77 (table 10). Both

wage and salary rolls experienced less than the expected
number of CHD deaths.

The expected numbers of CHD deaths were based on
the person-year distribution among the plant's active and

pensioned male employees {table 9) and on the Company's CHD
mortality rates.

Case-control analysis of CHD mortality: exposure defined by
salary level

The odds ratio of 1.34 for foremen was not sig-
nificantly (p > 0.25) greater than 1 (table 11). All other
salary level definitions of exposure gave odds ratios that

were less than but were not significantly (p > 0.25) differ-
ent from 1.

Case-control analysis of CHD: exposure defined by work area

When exposure was defined by work area, none of the
resulting odds ratios were significantly different from 1
(table 12). Delrin®, with a ratio of 2.56, had the highest
odds ratio of all areas, but it was not statistically sig-
nificant (p > 0.10). Teflon®, Lucite®, and Technical-Research

areas had the lowest odds ratios (0.86, 0.87 and 0.63, respec-
tively).

- 14 -
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The odds ratio for Mechanical foremen (table 12,

last entry) was 2.63 but was not statistically significant
{(p > 0.25).

Blood pressures in Teflon® area workers

There were no significant (p > 0.10) differences
between Teflon® area workers and controls, or among the
blood organic fluoride deciles, with respect to any of the
blood pressure indices studied. These indices included mean
systolic and diastolic blood pressures (tables 13 and 15)
and the proportion of workers either taking antihypertensive

drugs or fallinhg into the highest blood pressure decile
(tables 14 and 16).

- 15 -
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DISCUSSION

There was no evidence that working in the Teflon®
area increased the worker's risk of coronary heart disease.
The MI incidence and CHD mortality odds ratios for Teflon®
(1.20 and 0.86, respectively) were well within the bounds of
random variation. There were no significant differences in
blood pressures between Teflon® area workers and their

controls. Nor were there significant blood Pressure differ-
ences between jobs within the Teflon® area.

Statistically significant excesses of MI were
observed among male wage roll workers for the period 1974 -
1977 and among male salary roll workers for the period 1971 -
1973. These excesses are thought to be due to the multiple
comparison problem. That is, any epidemiologic study of
this size presents the investigator with a large number of
potential comparisons. A long series of comparisons will,
with high probability, result in some comparisons testing
significant, even in the absence of any causal associations.
The significant excesses observed in wage and salary workers
occurred only in isolated time intervals and showed no
consistent trends with time. Consequently, these excesses
provide no evidence of being occupationally related.

The high MI odds ratios for foremen and Mechanical
area foremen are probably not related to occupational expo-
sures. The patterns of disease that were actually observed
contrast sharply with the patterns expected if a toxic agent
in the workplace were responsible. For instance, one would
expect the toxic agent to be confined to a few specific areas
of the plant. 1Its effects would be felt only among employees
from these areas. Furthermore, such an agent would not be
expected to affect foremen without also affecting other
workers below foreman. To find plant-wide excesses among
foremen but not among other wage roll workers suggests
that the excesses are not occupationally related.

Plant-wide both wage and salary roll workers
experienced less than the expected number of CHD deaths.
And unlike the MI odds ratio for foreman, the CHD death odds

ratio for foreman was only slightly elevated and was not
statistically significant.

The differences in results between the MI case

and the CHD death analyses could have been due to several
factors:
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Foremen may have shown unusally good survival
fcllowing an MI.

There may have been differences in CHD risks
between active and pensioned foremen. For
instance, pensioned foremen were no longer under
the stresses of their jobs. Relatively lower
CHD risks among pensioned formen could have
diluted the higher risks among active employees,

Foremen may have had unusually high mortality
rates from causes other than CHD. The use
of non-CHD deaths as controls for the CHD

case-control study may have biased the estimates
of risk.

- 17 -

[ _ N

EID584178



The high MI odds ratio for foremen and the low odds
ratio for supervision above foremen were consistent with
results from four previous studies:

(1) Pell and D'Alonzo (1963) studied acute
myvocardial infarctions among male Du Pont
employees for the years 1956 through 1961.
They divided employees into five groups based
on economic level and job responsibility.
Having done this, they found that the group

-primarily representing foremen and clerical
supervisors had the highest MI rates in the
Company (4.0 per 1000/year). The lowest MI
rates were found in two groups. The first
group (2.5 per 1000/year) represented
higher level salesmen, nonsupervisory profes-
sional personnel, administrators, and super-
visors above foremen. The second group (2.2
per 1000/year) represented executives such
as plant managers, district sales managers,
laboratory directors, and division managers.
Wage roll employees, who comprised skilled,
semi-skilled, and unskilled production
workers, had MI rates (3.2 per 1000/year)
that fell between the rates for first line
supervision and higher level supervision.

{(2) Hinkle (1968) of Cornell University Medical
College studied the seven-year MI experience
of 270,000 male employees of the Bel)
Telephone System. He found that foremen
had a higher MI rate (4.52 per 1000/year)
than workmen (4.33 per 1000/year), supervisors
(3.91 per 1000/year), general managers (2.8S5

per 1000/year), and executives (1.85 per
1000/year).

(3) Lee and Schneider (1958) found that cardio-
vascular disease prevalence rates were lower

among executives than nonexecutives of com-
parable age.

(4) Hoar (1980) has recently issued a preliminary
report on MI incidence, cancer incidence, and
mortality among foremen in the Du Pont Com-
pany. Her study found that a foreman's risk
of having an MI was 2 to 3 times higher than
expected based on a group of non-supervisory,
non-sales salaried employees. This excess
was restricted to foremen with high school
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educations or less. Foremen also experienced
significant excesses of lung cancer, of CHD
mortality, and of overall mortality.

- 19 -~
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The MI odds ratio for foremen may be high because
MI risk factors were not distributed equally among all seg-
ments of the workforce. These risk factors might include:

cigarette smoking

diet

blood pressure

serum lipids

family history of coronary heart disease
prior history of diabetes.

psychologic and social variables

Recently, considerable attention has been given to
psychologic and social risk factors for CHD. Jenkins (1976)

has broken down these factors into several bro

(1)

(2)

ad categories:

Sociologic indices

Many sociologic indices have at one time
or another been correlated with coronary heart
disease risks. These include education,
income, marital status, sex, race, obesity,
physical activity, and social class. The
effects of these factors should have been
partially neutralized by the process of
selecting matched controls. However, educa-
tion may still have been a confounding factor.
Hinkel (1968) found that MI incidence was
higher among Bell System employees without
college degrees than among employees with
college deqrees. 1If Washington Works foremen
were less likely to have been to college
than were other salaried employees, then maybe
the MI rate should have been higher among
foremen than among other salaried employees.

Stress

Using different indices of stress, many
studies have suggested that stress is related
to the risk of coronary heart disease. Sources
of stress that have been previously implicated
include work overload, role conflict, job
ambiquity, job responsibility for people as
opposed to responsibility for things, life
changes, social mobility, and status incon-
gruity.

- 20 -
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(3)

Role conflict occurs when a person is
caught between two groups of people who demand
different kinds of behavior or who expect that
the job should entail different kinds of
behavior or function (Kahn, 1974).

Status incongruity is defined as the
condition of possessing simultaneously the
identifying markings of different social
classes. It can be identified by discrepancies

. among levels of education, income, occupation,

quality of housing, and organizational member-
ship. "Status incongruity is evidence that
certain aspects, but not all, of a person's
situation have moved upward (or downward) in
status level during his own lifetime."
(Jenkins, 1976).

Foremen may be more apt to experience
role conflict, status incongruity, or other
sources of stress than are other workers.
Thus, excess stressg may be one reason why
foremen have a higher coronary heart disease
risk than other workers do. Since cigarette
smoking is one way of coping with stress,
cigarette smoking may be more common among
highly stressed workers and may contribute to
high CHD risks in foremen.

Coronary-prone behavior

Persons with certain behavior patterns
have been found to have higher coronary heart
disease risks than persons not exhibiting
these patterns. These coronary-prone behavior
patterns have been designated as type A. Type
A behavior is a behavior style characterized
by an excessive degree of aggressiveness,
ambitiousness, competitiveness, and time
urgency. The reciprocal of type A behavior
is type B. Depending on the age group,
coronary heart disease risks are 2- to 7-fold
higher in type A than in type B individuals.

To the extent that foremen are more

likely to exhibit type A than B behavior, they

may be more prone to developing coronary heart
disease.

- 21 -
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(4)

Anxiety and neuroticism

Coronary heart disease has been asso-
ciated with a variety of expressions of
anxiety, depression, psychophysiologic com-
plaints, general nervousness, and with
symptoms such as sleep disturbance,

fatigue,
and emotional drain.

- 22 -
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TABLE 1: PERSON - YEARS DISTRIBUTION
AMONG WASHINGTON WORKS' MALE ACTIVE EMPLOYEES, 1956-77

_Age Male Wage Male Salary
L 20 57 1
20-24 ) 2,844 658
25-29 6,517 | 1,649
30-34 6,931 1,812
35-39 5,314 1,984
40~-44 3,622 1,948
45-49 2,493 1,769
50-54 1,721 1,342
55-59 1,029 852
60-64 465 382
TOTAL 30,993 12,397
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Table 9:

Age

1-20
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Total

PERSON-YEARS DISTRIBUTION AMONG WASHINGTON WORKS'
MALE ACTIVE AND PENSIONED EMPLOYEES, 1957-77

Male Wage

54
2728
6309
6766
5205
3544
2457
1753
1083

619
190
42
10
0

0

30,760

Male Salarz

1
626
1599
1761
1923
1905
1746
1347
872
486
202
76
26

2

0

12,572

EID584193



Table 10: OBSERVED AND EXPECTED NUMBERs (@) OF COROMARY
HEART DISEASE DEATHS AMONG WASHINGTON WORK'S
ACTIVE AND PENSIONED EMPLOYEES, 1957-77.

Observed Expected SMR
Male Wage 26 33.2 0.8
Male Salary 22 23.2 6.9
Total - 48 56.5 0.9

(a) Expected numbers were based on the Du Pont Company's
coronary heart disease mortality rates for the years
1957-76. pPlant pPopulations were determined from yearil
payroll rosters for active employees and fron lists o

pensioned employees.
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APPENDIX A: MI STUDY CODE SHEET FOR WORK HISTORIES

ayclass (1 = wage, 2 = salary):

ate hired (month/year): /

ame (last, first initial, middle initial) :

ex (1 = male, 2 = female): )
Case/Centrol Status /Date / Case #
S #:

irth Date (month/year): /

resent or past Teflon area jobs or mechanic-type jobs (0 = no; 1 = yes) :

>tential present or past C-8 exposure (0 = no 1 = yes):

ist chronologically all plant jobs:

c-8
Potential Date in Date out
ob (0=none; l=some) Job code (mo./yr.) (mo. /yr.) Comments

EID584201



APPENDIX B: CHD STUDY CODE SHEET FOR WORK HISTORIES

'yclass (1 = wage, 2 = salary):

:te hired (month/year): /

——— e

me (last, first initial, middle initial):

x (1 = male, 2 = female):

Date died: '
#:
rth Date (month/year): -/ __ _ Cause code:
esent or past Teflon area jobs or mechanic-type jobs (0 = no; 1 = yes):
tential present or past C-8 exposure (0 = no 1 = yes):
st chronologically all plant jobs:
Cc-8
Potential Date in Date out
b {(0=none; l=some) Job code {mo./yr.) (mo./yr.) Comments

EID584202



APPENDIX C: (-8 STUDY CODE SHEET FOR WORK HISTORIES

yclass (1 = wage, 2 = salary):

te hired (month/year): /

me (last, first initial, middle initial):

x (1 = male, 2 = female):

Current C-8 exposure
# (0 = no; 1 = yes):
Org. F =
rth Date (month/year): Y A Inorg. F =

esent or past Teflon area jobs or mechanic-type jobs (0 = no; 1 = yes) :

tential present or past c-8 exposure (0 = no 1 = yes):

aber of jobs listed below (list all Teflon area and/or mechanic jobs):

C-8
Potential Date in Date out
o) (O=none; l=some) Job code (mo. /yr.) (mo. /yr.) Comments

EID584203
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Page 2
Liver Toxicity in Fluorochemical Workers

An analysis of medical surveillance data on employees exposed to perfluorooctanoate (PFOA)
and perfluoro octane sulfonyl (POFS)-based chemicals in the workplace has been published by
3M Company (Olsen et al. 2001). The study is in the U.S. Environmental Protection Agency
{EPA) PFOA administrative record as AR226-1047.

POFS-based chemicals may transform, to an undetermined degree, to perfluorooctanesulfonate
(PFOS) in the body. The study reports that the more heavily exposed workers, as indicated by
elevated PFOA and PFOS serum levels, have higher serum liver enzyme concentrations,
suggesting liver damage. The study also performs a multivariate analysis that includes lifestyle
and demographic factors that are known to be associated with elevated liver enzyme levels and
concludes that it s these factors that are responsible for the indications of liver damage rather
than PFOA/PFOS exposure. Unfortunately, Olsen et al. (2001) included independent variables
in the analysis that are correlated and, therefore, are not truly independent. Thus, the
multivariate analysis violates the assumptions of the statistical method used and, as will be
demonstrated herein, the analysis cannot be used to support the conclusion that elevated liver

enzyme levels in these workers are attributable to factors other than PFOA/PFOS exposure.

In this cross-sectional study, serum PFOA, PFOS, and total organic fluoride (TOF) levels were
measured as indicators of exposure to fluorinated chemicals. The study reports the results of
testing for clinical chemistry, thyroid hormone, hematology, and urinalysis parameters for male
and female employees working production and nonproduction jobs in the 3M Antwerp and
Decatur fluorochemical plants. Since PFOA and PFOS are known liver toxins, measurements of
serum concentration for four liver enzymes plus total and indirect bilirubin measurements, were
measured as indicators of liver damage. Data on lifestyle and demographic parameters,
commonly associated with liver and kidney effects, were also included for each worker, e.g.
alcoholic drinks per day, a known risk factor for liver disease. The data were stratified by plant,
sex, and production versus nonproduction jobs. These three category variables are correlated

with PFOA/PFOS serum levels since PFOA/PFOS exposure is higher in the Decatur versus the
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Antwerp plant, in men versus women, and in production versus nonproduction jobs. These
categories are used in the study to separate workers according to the magnitude of their exposure

and will be referred to as “‘exposure categories” in this report.
Univariate Analvsis ~ Comparisons Across Exposure Groups

The Olsen et al. (2001) study first presents several univariate analyses directly comparing data
across the exposure categories described above. The data show that workers have high liver
enzyme levels if they work in the Decatur versus the Antwerp plant, if they are production versus
nonproduction workers, and if they are men rather than women. In each case, the group with
higher PFOA/PFOS exposure has higher levels of each liver enzyme suggesting liver damage
associated with PFOA/PFOS exposure. Statistical testing of the data was done only between
plants with the Decatur workers significantly higher than the less heavily exposed Antwerp
workers for liver enzymes in men and for three of four enzymes in women. Since the individual
data were not provided in the study report, statistical testing of data across sex and job type

cannot be done for the present report.

Significant differences between these exposure groups were also observed for variables related to
thyroid function. For example, the highest value for TSH, a indicator of possible thyroid

impairment, is in Decatur male production workers, the most heavily exposed group.

There were other notable differences between groups including those relating to lipid metabolism
and several lifestyle and demographic parameters. For example, employees of the Antwerp plant
consumed significantly more alcohol than those in the Decatur plant (1.1 versus 0.1 and 0.5
versus 0.1 drinks/day) for male production workers and female workers, respectively. Thus,
alcohol intake runs counter to the usual association with liver damage, indicating the observed

differences in liver enzymes between plants could not be explained by this lifestyle factor.
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The data presented in Olsen et al. (2001) consisting of direct comparisons across exposure
groups indicates the likely presence of liver and thyroid effects associated with PEOA/PFOS

exposure in these workers.

Univariate Analysis - Comparison by Quartiles

An additional univariate analysis was conducted by separating the data based on serum
PFOA/PFOS quartiles. The quartiles were defined based on PFOS levels, but that designation
effectively separates the data by serum PFOA level as well since serum PFOA and PFOS levels
are highly correlated in these workers. The quartile PFOA, PFOS, TOF, and ALT data for
Decatur male production workers, the most heavily exposed group, are shown in Table 1 below.
For these workers, quartile 4, the most heavily exposed quartile, is significantly elevated relative
to the other three quartiles for the liver enzyme ALT. Other than the three exposure parameters
(PFOA, PFOS, and TOF), and the liver enzyme ALT, no other measured variable was
significantly different between any of the quartiles. Moreover, inspection of all the study data
including clinical chemistry, thyroid, hematology, and demographic/lifestyle data provides no
hint of any differences between quartiles that could account for an elevated liver enzyme value

other than the differences in the exposure parameters—PFOA, PFOS, and TOF serum levels.

Table 1
Decatur Male Production Workers
Mean Serum PFOA/PFOS/TOF Concentration (ppm) and Serum ALT

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(N=40) (N=40) (N=41) (N=40)
PFOA 1.2434 1.82° 242" 3.88'23
PFOS 0.55%34 1.01'34 1.74124 3.224%3
TOF 1.34234 2.20"4 343124 5.75"%3
ALT’ 334 32¢ 334 4423

"Mean is significantly different {P<0.05, Bonferroni (Dunn) t test) from the mean of the 1 Quartile
*Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 2™ Quartile
*Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 3™ Quartile
*Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 4™ Quartile
>Concentration unit is [U/L

=
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Quartile analysis tor the groups exposed to lower PFOA and PFOS levels, such as the Antwerp
plant workers, nonproduction workers, and female workers, did not produce statistically
significant indications of a dose response for liver effects, possibly because splitting the worker
groups into quartiles reduced the number of subjects per group by four, making the statistical

detection of group differences more difficult.

When all the workers from both plants were included in a quartile analysis, the indications of
liver toxicity in the most heavily exposed quartile persisted with an additional liver enzyme,
alkaline phosphatase, significantly elevated in the highest two quartiles. The data are shown in
Table 2 below. Since the number of subjects in each quartile is considerably larger, the
statistical power of the analysis is improved. Alcohol consumption was significantly lower in

quartile 3 and 4 compared to quartile 1 and was again not associated with liver toxicity.

Table 2
Decatur and Antwerp Male Production and Nonproduction Workers

Mean Serum PFOA/PFOS/TOF Concentration (ppm) and Serum ALT/Alk Phos
Quartile 1 Quartile 2 Quartile 3 Quartile 4
(N=105) (N=105) (N=106) (N=105)
PFOA 0.54%34 1.21134 145" 2.70"3
PFOS 0.27%% 0.60"* 1.19"% 2.69"%3
TOF 0.62%34 1.40'3* 212124 4413
ALT? 26* 28 28 33!
Alk Phos’ 614 67 69! 70

TMean is significantly different (P<0.05, Bonferroni {Dunn) t test) from the mean of the 1% Quartile
*Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 2 Quartile
*Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 3“t Quartile

Mean is significantly different (P<0.05, Bonferroni (Dunn) t test) from the mean of the 4" Quartile
*Concentration unit is TU/L

Univariate analysis—Values Exceeding Normal Range by PFOA/PFOS Quartiles

An additional quartile analysis on all workers was performed reporting the number of workers in

each exposure quartile with serum liver enzyme concentrations above the reference range

T
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(normal value range). This value is an indicator of how many workers are manifesting clinically
recognizable liver damage as opposed to those who may be experiencing more subtle effects. As
with the previous umivariate analyses the results were stratified by exposure category, i.e. by

plant, by sex. and by production versus nonproduction job (Table 3).

For male production workers in the Decatur plant, the most highly exposed Q4 group, a greater
number of workers had elevated serum levels than the other three quartiles for AST, ALT, GGT,
and total liver panel. In the less heavily exposed Antwerp plant, Q4 male production workers
were elevated relative to the other quartiles only for GGT. Looking across all four liver enzymes
in Table 3, the number of workers exceeding reference range values is higher for men than
women, for production versus nonproduction jobs, and for workers in the Decatur plant versus

the Antwerp plant.
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In summary, the quartile analysis presented in the 3M report clearly indicates a dose response for
serum liver enzyme concentrations across serum PFOA/PFOS quartiles and between the
exposure categories (sex. job type, and plant location) that are surrogates for exposure to
PFOA/PFOS. Furthermore, the liver enzymes levels for a number of study subjects exceeded the
upper bound of the normal range, indicating clinical liver toxicity. Even considering only the
values exceeding the normal range, a dose response for the across exposure variables and
categories is apparent. The statistical analyses presented by Olsen et al. (2001) and an inspection
of demographic and lifestyle variables that might explain the elevated liver enzyme levels fails to
provide any potential cause for the observed dose response other than exposure to PFOA/PFOS.
Therefore, based on these univariate analyses one would conclude that exposure to PFOA/PFOS
is likely to be causally associated with elevated serum liver enzyme levels resulting from liver

toxicity in these worker populations.

Multivariate analysis

The Olsen et al. (2001) study dismisses the findings of the univariate analysis based on the
results of a multivariate study that purports to demonstrate that the univariate results are due to
“confounding factors™ and not to PFOA/PFOS exposure. Olsen et al. (2001) states the

following.

"However, after adjusting to the employees’ individual liver function values by potential
confounding factors including age, BMI, number of alcoholic drinks per day, cigarettes
per day and serum triglyceride values, we found no association between liver function
values and PFOS or PFOA. We therefore suspect the univariate associations were

influenced by known confounders of liver function analyses.”

In a subsequently published journal paper reporting on the same data reported in the Olsen et al.
(2001), Olsen et al. (2003) also dismisses the elevated liver enzymes in a similar fashion.

"Adjusting for potential confounding factors, there were no substantial associations between

? Te
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hepatic enzymes and the employees’ serum PFOS concentrations." The more recent paper does

not show the details of the multivariate analysis on which it bases these conclusions.

Olsen et al. (2001) reported using multivariate regression to test for associations between various
markers of liver toxicity, such as liver enzyme levels in serum, and various potential causal
factors. The potential causal factors included PFOA, PFOS, or TOF serum level, and various
lifestyle and demographic factors. The markers of liver toxicity, such as an individual serum
liver enzyme, were the dependent variables and the potential causal factors were the independent
variables in the analysis. The primary problem with this analysis is that the independent
variables included in the regression equations are not independent. Each of the multivariate
regression analyses that are presented in Olsen et al. (2001) contains independent variables that

are highly correlated and not independent.

The multivariate analysis reported in Olsen et al. (2001) is a linear model fit by the “least square”
method. The least square method makes strong assumptions about the structure of the data under
study. When these assumptions are violated, the least squares method may completely
misrepresent the data and the conclusion suggested by the results may not be correct. Regression
diagnostics can be used that reveal these violations of the assumptions. Olsen et al. (2001) did
not report the use of regression diagnostics and their analysis obviously violated many of the

requirements of the statistical procedure employed.

A well-known requirement in conducting a multivariate linear regression is that the independent
variables be truly independent of one another. This means that there must be no intercorrelation
between any two explanatory variables (the technical term for this is collinearity). If this
intercorrelation exists, computations are inaccurate, coefficients are unstable and their standard
error is large. When there is a strong linear relation between predictors in a regression analysis,
the precision of the estimated regression coefficients declines and conclusions are inaccurate
(Fox and Monett 1997). If this occurs, as in this case, the regression analysis is faulty and

cannot be used to draw conclusions.
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Unfortunately. the Olsen et al. (2001 ) study apparently paid little attention to the requirement
that independent variables be independent. For example, the study used the following nine
independent variables, many of which would be expected to be highly correlated, in the

regression analysis for serum ALT, one of the serum liver enzymes reflecting liver damage.

PFOA
Production/nonproduction job
Antwerp/Decatur plant

Age

BMI

Cigarettes/day

Alcoholic drinks/day

Years worked

Triglycerides

For this regression on ALT, the primary purpose of the analysis is to determine whether the
variability in serum PFOA levels explains some of the variability in serum ALT levels and may,
therefore, be causally related to it. This is done by testing the coefficient of serum PFOA in the
regression equation to determine if it is significantly different from zero. The P value for the
coefficient of the serum PFOA obtained by Olsen et al. (2001) was 0.13. Since a P value of less
than 0.05 is generally required for such a variable to be considered as significantly different for
zero, the analysis was judged to have not yielded a significant association between serum PFOA

and ALT levels. However, that conclusion is flawed.

The inclusion of another variable in the analysis that is correlated with serum PFOA violates the
assumptions of the analysis and invalidates any conclusion regarding the significance of an
association between PFOA and ALT. The variable that is correlated with serum PFOA is the
plant location variable (Decatur or Antwerp). The PFOA serum levels in Decatur workers are
roughly twice that of Antwerp workers because the exposure is higher in the Decatur plant.

Since the Antwerp/Decatur variable was intercorrelated with the PFOA level, the coefficients on

10 T
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which the Olsen ¢t al. (2001) study based its conclusions can be expected to be unstable, have
large standard errors, and be inaccurate. Intercorrelated variables such as the Antwerp/Decatur
variable should not have been included in the analysis. This could have been avoided if standard
diagnostic methods that are used to run regression models when colinearity may exist should
have been used. If these precautions had been taken, the PFOA variable might well have been

found to be a predictor of serum ALT.

The same problem exists for the multivariate regression on GGT. If standard methods had been
used, PFOA or PFOS may have been judged to explain a significant portion of the variability for
this enzyme as well. The problems with the ALT and GGT regressions are the most significant
as far as determining whether perfluorinated chemical exposure to the Antwerp and Decatur
worker populations have resulted in significant liver toxicity. There are other examples of
intercorrelated independent variables in the many multivariate regressions that were done for this

study. For example, years worked and age will also be to highly correlated variables

When there are many potential predictors, standard variable selection techniques can be used that
reduce the predictors to an optimal subset. They can include interaction terms (e.g. alcoholic
drinks/day*age) as predictors and they assess their significance in the model.

Also, if the insignificant predictors are kept in the model along with the significant predictors,
this will decrease the model fit i.e. artificially compromise (decrease) the effect of the significant
variables in explaining the data and lead to incorrect conclusions. A way to avoid chance
findings in regression analysis is to run a “cross validation” check. This is done by splitting the

data in half to validate the conclusions made from one half to the other or, in this case, by fitting

a model to the data for workers from each plant location separately.

Conclusion

The major finding of both the Olsen et al. (2001) and (2003) studies is that there are no
indications in the Decatur and Antwerp 3M worker populations of hepatotoxicity. This finding
depends entirely on the results of multivariate regressions to invalidate the positive statistical

findings of the univariate analysis described above. Had the standard statistical procedures been
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properly used in conducting the regression analysis, the assessment of the results of the
univariate analysis likely would not have dismissed the unavoidable conclusion that liver toxicity

exists in these workers.
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September 20, 1978

PERSONAL AND CONFIDENTIAL

"TO:  W. A. BOWER

FROM: Y. L. POWER, M.D.

A review of the medical records of eleven operators"
and eighteen laboratorians who have had long-term exposure to
C-8 was undertaken.

As you would anticipate, a great variety of illnesses
and physical findings were found; but I do not believe any of
these are caused by exposure to C-8. Some of the illnesses
found are two heart attacks and five employees with high blood
pressure. One questionable case of skin cancer was found
during an employee's physical examination in 1976. No further
mention of this possible tumor could be found.

Minor elevations of many blood tests did occur in
larger-than-anticipated numbers and are listed separately.
With the exception of one person, all of the elevations were
borderline and not indicative of disease. One of the liver
function tests (SGOT) is most frequently elevated in the
operator group. However, no liver diseases were found. Many
of the laboratorians also work with Perclene, which is a known
hepatatoxin.

In conclusion, I could find no unusual health prob-
lems occurring in the group of people studied, with the
exception of borderline elevation of liver function tests.

Since it has been previously determined that C-8 is an hepata-
toxin, it is possible that C-8 may be causing very minimal, and’
certainly not clinically apparent, toxic effects to the liver. .
Because the total number of records reviewed is small (31), I
do not believe any findings of this study are statistically
valid.
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PERSONAL AND CONFIDENTIAL

% OPERATORS $ LABORATORIANS ANTICIPATED LEVEL
WITH ABNORMAL WITH ABNORMAL FROM STUDY 1976
LAB TEST TESTS ** TESTS (% WITH ABNORMAL TESTS)
* SGOT 60 11.2 14.21
* Alkaline
Phosphatase 30 16.7 6.84
Albumin 10 16.7 1.58
Uric Acid 10 5.6 4.21
Cholesteral. 30 0 1.05
BUN 30 11.2 3.68
Glucose 10 27.8 1.58
Calcium 10 0 0
Total Protein 10 0 0
* Bilirubin 0] 11.2 1.05
LDH 0 11.2 1.58

* Liver function tests.
** Only 10 operators had liver function test done.
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(Ref. Letter from RDR to PGG, 1/23/79)

information to analyse the data statistically, we received a tab-
ulation of the Dispensary Visits and Disability Wage incidents in
the exposed and control groups (Attachment V). These data were

broken down by body systems. We were also informed of the number
of employees in sach group who had abnormal liver function tests.

In response to our request to the plant for additionai

o ] pc:térnod a “"chi-square” test to test the significance
of differences betwsen the exposed and control groups. The at-
tached table shows only those differences that wers found to be

statistically significant. . :

In the category, "Allergic, Endocrine, and Metabolic*®
disorders, a significantly higher incidence was found in the
cxposed group for both Dispensary Visits and Disability Fage
incidents. This was attributed in the report to a higher number
of diabatics in the exposed group. '

- - The exposed group also showed ziqnl!iélntly higher numbers
for "mental and psychoneurotic® disorders and for disorders of
"skin and cellular tissues.® . :

The control groﬁp, on the other hand, bad considerably.
more Disability Wage incidsnts for circulatory diseases, 23 com-
pared to 5. This differcnce is highly significant (P< 0.001).

Explanations for these differences cannot be found from O
the avajlable data. It would be helpful to find out what specific 5
diagnosis within these genaral categories accounted for the §
differonces betwaen the two groups. ’ =
o
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Although the humber
function tests was
pared to 1), the difference is not
(P<0.05). Nevertheless,
group Eay be at.an excess
continued survejillance
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of employees with abnormal liver

notably higher in the exposed group (6 com-

statistically significant
the data do suggest that the axpossd
risk of dlv.lopgnq

would be advisable.

liver disease, so
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Manager
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PERSONAL & CONFIDENTIAL
August 28, 1979

Y. L. POWER, M.D.
MEDICAL SUPERINTENDENT,
PP&R DEPARTMENT
PARKERSBURG, W. VA.

STATUS REPORT ON WASHINGTON WORKS LIVER FUNCTION SURVEY AND
CORONARY HEART DISEASE MORTALITY STUDY

B. W. Karrh asked me to look into the liver function test
results for workers with C-8 exposure, and Y. L. Power: asked me to
examine myocardial infarction cases and deaths at the Planrt.

S. Pell and R. M. Shepherd agreed that these items should be in-
vestigated.

@Ja{|ﬂ'€"u

My preliminary results suggest that C-8 exposed workers
may possibly have positive liver function tests more often than
the plant population as a whole, and that the number of active
wage roll employees;™ having myocardial “infarctions from 1974
through 1977 was somewhat higher than-was expected based on
Company-wide experience. As a consequence of these preliminary
findings, the following steps are being taken:

(1) Liver function survey

- ¥, L. Power is having every tenth active
X “ employee's most recent SMA-12 test results
R photocopied and sent to me. Included on
r»\g\\\\w each worker's SMA-12 sheet will be name,
o the date the blood chemistries were done
and the worker's age.? OK

- G. A. Ploeger is gathering exposure history
records for every worker selected by Y. L.
Power above (over 220 workers). These ex-

BfNﬁ posure histories will contain the worker's

U&g name, social security number, birth date,

M _sex, ass, date hired, dates in
and out of the Teflon area, and the job
titles held during each period spent in
Teflon area.

66£100d[V
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- Ploeger and Power will construct a list of
everyone who is currently potentially'exposed
to C-8. SMA-12's and exposure histories for
these workers will be sent to me. Ploeger
and Power estimate that it will be two to
three weeks before all SMA-12's and exposure
histories can be supplied. .

(2) Coronary heart disease mortality’

“* ;i = R. Dyer is seeing if it is possible to con- Cj/ﬁLi
Y struct a list of pensioners who were receiving

a pension in 1957. If he can make such a list,

he should also be able to make lists for the

years 1958-1978, in which case we could study

coronary heart disease mortality among active

and pensioned employees.

A2

MEDICAL DIVISION

W E?M
W. E. Fayelweather

Epidemiologist

4

WEF :msd

00¥100d1V

EID080215



LIVER FUNCTION STUDY OF WASHINGTON WORKS EMPLOYEES EXPOSED TO C-8
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Summarx

Dr, Y. L. Power assembled biochemical data on some
recent: Washington Works employees. Based on a crude analysis
of these data, the results suggested that certain workers with
potential ammonium perfluorooctanocate (C-8) exposure might be
showing liver effects. Also, several unpublished animal studies
have shown that C-8 produces liver damage when it is given at
moderate or high doses. As a consequence of these findings, a
more detailed assessment of C-8's health effects in Washington
Works employees was undertaken.

Data from routine blood tests were collected and
compared among groups of Teflon® area and non-Teflon® area
workers. SGOT, LDH, AP, and bilirubin were studied, since
these tests are generally good for detecting liver disease.
Within the Teflon® area, C-8 eéxposure groups were defined by
work history and by blood organic fluoride level.

These data provided no conclusive evidence of an
occupationally related health problem among workers exposed
to C-8. Although initial analyses suggested that there might
be liver effects attributable to C-8 exposure, further analyses
did not support this position.

Background

The Teflon® area consists of two divisions: the
Teflon® Polymers Division and the Teflon® Copolymers Division.
The Teflon® Polymers Division produces tetrafluoroethylene
(TFE) and hexafluoropropylene (HFP) monomers and Teflon® poly-
mers. These polymers are made by batch processes. Ammonium
perfluorooctancate (C-8) is a dispersing agent added to nearly

all of the polymer processes. The monomers do not contain
C-Sc

The Teflon® Polymers Division makes three types of
polymer products: fine powder, dispersion, and granular. More
C-8 is used for dispersion than for fine powder products. '
Granular products use less C-8 than do dispersion products.

Two continuous driers remove nearly all the C-8 from fine
powder, and washing and drying processes remove essentially
all of the C-8 from granular products. Dispersion products
contain roughly 0.3 percent C-8 based on golids.

The Teflon® Copolymers Division produces four copoly-
mers, all of which contain TPE. Three of these copolymers are
made by batch processes. The fourth, Tefzel®, is made by a
continuous process. C-8 is added as a dispersing agent for
all of the copolymers except Tefzel®. Fluorinated ethylene
propylene (FEP), the major copolymer, makes up about 60 percent
of the copolymer produced. FEP consists of TFE and hexafluoro-
propylene (HFP).

EID102511
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The FEP polymerization process also generates an in
situ dispersing agent. In June, 1976 the plant began adding C-8
dispensing agent to increase the reaction rate. This change
reduced the amount of time needed for the process and also reduced
the amount of in situy dispersing agent that was formed. However,
some in situ dYEpersxng agent is still formed in all FEP batches.

Until the FEP polymer reaches the humid heat treating
ovens, it contains in situ as well as Cc-8 dispersing agent.
FEP polymer is very dusty. So, in the processing steps between
the FEP polymerizers and the ovens, there is significant poten-
tial for exposure to C-8 and in situ dispersing agents. FEP
dispersion products contain in situ dispersing agent and about
0.1 percent C-8 based on solids.

In situ dispersing agent.is not well characterized.
It is believed to be a mixture of homologs of low molecul ar
weight TFE - HFP compounds, some with acid end groups. On a
weight basis it is less surface active than C-8. '

Several unpublished animal toxicity studies done at 3M
Corporation and at Du Pont have found that moderate and high
dose levels of C-8 produced liver damage. Both reversible and
irreversible liver damage, elevated liver enzyme tests, and
enlarged livers were found. Study results depended on the dose
level, exposure route, sex and species tested.

Dr. Y. L. Power assembled biochemical data on some
current Washington Works employees who had had company physical
examinations in 1978. Based on a preliminary analysis of these
data, the results suggested that certain workers with potential
C-8 exposure might be showing liver effects.

As a consequence of the Previous animal studies of C-8
and of Dr. Power's Preliminary findings, a more detailed assess-
ment of C-8's health effects in Washington Works employees was
undertaken.

Study Objective

The objective was to determine whether occupational
éxposure to C-8 adversely affects liver functions as measured
by blood levels of glutamic oxaloacetic transaminase (SGOT),
lactic dehydrogenase (LDH), alkaline phosphatase (AP), and
bilirubin.

Note: These blood tests are neither 100% sensitive nor 100%
specific for detecting liver disease. There are a number of
circumstances under which the test may give false positive or
false negative results. These circumstances are discussed at
the end of the paper under Liver function tests: limitations.
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Methods
l. General design

Recent blood test results for SGOT, AP, LDH, and
bilirubin were studied by specific Teflon® area job and by
blood fluoride level.

2. Selection of study groups

The initial group consisted of 96 Washington Works
employees who were in one of the following Teflon® area jobs
as of October, 1979:

e TFE process operator
e FEP process operator
® TFE service operator
® FEP service operator

® Laboratorian; monomer operator; Teflon® area
engineer, chemist, or foreman. .

This group included 78 workers who had been tested earlier in
the year for blood fluoride levels.

Only TFE/FEP process and service operators were con-
sidered to have had significant potential for exposure to C-8.
Monomer operators, semi-works laboratorians, and Teflon® area
foremen were kept as a separate comparison group, since they
worked in the Teflon area but had only limited C~8 exposure
potential.

The number in this group was later dropped to 88,
since 8 workers had not worked in the Teflon® area prior to
their most recent blood test. These 8 workers were added to
the nonexposed group.

For these 88 employees, J. F. Doughty gathered
detailed Teflon® area work histories from plant records and
from personal interviews. Work histories were copied to code
sheets (table 1),

3. Selection of a nonexposed control group

The control group consisted of a 10% systematic sample
of all active Washington Works employees who, as of August, 1979,
had never worked in the Teflon®area. Mechanics and laboratorians
were excluded from the controls, since their exposure potentials
could not be well documented.

EID102513

08000049M



The group was selected in the following manner:
Dr. Y. L. Power pulled every tenth record from the plant's
alphabetized medical files for active employees. These workers'
names were then given to J. F. Doughty. From plant records and
through personal interviews, Doughty obtained these workers®
work histories. Workers who had worked in the Teflon® area or
who had worked as mechanics or laboratorians were then dropped
from the list. The remaining workers constituted the control
group. Eight more workers were later transferred from the
exposed to the control group, because these 8 had had no poten-
tial C-8 exposure prior to their most recent blood test.

4. Biochemical blood tests

As a part of routine physical examinations, each
worker's blood is tested for 12 biochemical markers. These 12
tests are called the SMA-12.

From plant medical records, every SMA-12 on the
exposed and control workers was copied to code sheets (table
2). All SMA-12 tests had been performed by the same laboratory
and by the same methods. Very few SMA-12's had been done
before 1974-75. Every worker's most recent SMA-]2 had been
done since 1977. Only tests pertaining to the liver were
studied. These included the SGOT, AP, LDH, and bilirubin.

5. Blood fluoride levels

Prior to this study, blood fluoride levels had been
measured on'78 of the plant's Teflon® area workers and on 25
Wilmington office workers. Blood fluoride measurements had
been made at Jackson Laboratory by the 3M (bomb) method. Most
of the workers tested at the plant had had potential C-8 expo~-
sure. Liver function test results were analyzed according to
blood fluoride levels.

6. Statistical methods

SMA-12 results were studied by exposure status, by
specific Teflon® area job, and by blood fluoride decile.
Analyses were based on (1) test means and (2) the proportion
falling into the highest liver function test decile. The
highest decile was defined as the range in which the top 10
percent of all control and exposed groups' test values lie.
On the average, then, one would expect that 10 percent of the
control group's values would fall into this decile. Unless
stated otherwise, test values were from the worker's most
recent SMA-12,

Group differences in biochemistry test means were studied by
analysis of covariance and least significant difference tests
(LSD). This analysis adjusted for any group differences in age
Or sex. The statistical significance of differences in propor-
tions was assessed by Fisher's exact test. Two-tail tests were
performed, and p-values less than 0.10 were reported.
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Results
l. Test validation

. Dr. Y. L. Power provided preliminary data on the SMA-12
results for 1978 (table 3). These data showed that the plant
population as a whole had an unusually large percentage of
eletated SGOT's. SGOT's were elevated in 19 percent of the
workers whereas elevations would only have been expected in
about 5% based on random statistical variation. AP, bilirubin,
and LDH tests showed plant-wide elevations in 8, 4, and 3
percent of the workers, respectively.

The large, plant-wide elevations in SGOT's suggested
one of two things, Either workers in many different areas were
affected, or the plant's SGOT test was in error.

Dr. Power took two steps to validate the SGOT test.
First, he took blood samples from about 100 workers and sent
half of each blood sample to the standard laboratory (General
Consultants, Inc.) and the other half to an Upjohn Laboratory
to be tested. When the results of the standard laboratory were
plotted against the results of Upjohn (figure 1), the two
laboratories were correlated. High SGOT's at the standard

laboratory were high at Upjohn, and low SGOT's at the standard
were low at Upjohn.

However, at all SGOT levels the standard laboratory's value was
higher than Upjohn's. Furthermore, about 16 percent of the
standard laboratory's values were "abnormal,"” whereas none from
Upjohn fell in the "abnormal®™ range.

Dr. Power also had the standard laboratory use a second
method (manual enzymatic) to reanalyze samples that showed
elevated SGOT's by the first method (automated colorimetric).

In the 22 retested samples, only one sample was found to be
elevated by the second method (table 4). When the results of
the first method were plotted agaznst the second, the results
were correlated (figure 2).

The interlaboratory and intermethod comparisons sug-
gested that ,

® SGOT's measured at the standard laboratory by the
‘standard method were systematically higher than the
true blood levels.

e By the standard method the standard laboratory's
observed range for "normal® SGOT values was con-

siderably higher than the stated normal range.

e Valid SGOT level comparisons can be made between
exposed and nonexposed groups, provided that test

EID102515

780000J4aM



-6 -

means or the proportion falling into the highest
test decile are used. Since SGOT levels were
correlated between laboratories and between
methods, valid between-group comparisons are
possible. v

2. Liver tests by job

TFE process workers' mean SGOT of 45 was higher than
the control group's mean of 39. FEP service and process
workers' mean AP's of 101 and 81, respectively, were higher
than the control group's mean of 64.  These differences were
Statistically significant at the 0.05 probability level (table
5). Similarly, FEP process and FEP service workers had sig-
nificantly (p<0.05) larger proportions of the AP values falling
into the highest AP decile (table 6).

There were no other significant differences between
Teflon® area workers and controls with respect to SGoOT, AP,
bilirubin, or LDH.

3. Liver tests by blood fluoride level

The mean SGOT for the highest blood organic fluoride
decile was significantly higher than the mean for the lower
nine deciles (52 vs 40, respectively). However, when the data
were broken down into individual organic fluoride deciles, the
data did not show a typical, steadily rising dose-response
curve (tables 7 and 8). 1In fact, the second and third highest
mean SGOT's were found in the first and third deciles.

AP, LDH, and bilirubin showed no unusual elevations
when compared by organic fluoride decile. Likewise SGOT, AP,

LDH, and bilirubin showed no relationship to inorganic fluoride
levels.

4. Blood fluoride level by job

TFE process operators were Ooverrepresented in the
two highest organic fluoride deciles. TFE process operators
made up about one third of the 78 workers tested for blood
fluorides. But when the 16 workers from the two top organic
fluoride deciles were listed by Teflon® area, 12 of these

workers had been TFE process operators at the time they were
tested (table 9).

Four others had worked as TFE process. operators within
1 to 2 years prior to the time they were tested. The number of
years of working with C-8 or of working in the Teflon® area did
not appear to be related to organic fluoride level (table 9).
In fact, the third highest organic fluoride level was measured
in a worker having less than 3 Years experience with C-8.
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levels. TFE process operators usually have more service than
TFE service operators,

Blood inorganic fluoride level and Teflon® area
assignment appeared to be unrelated. The highest inorganic
fluoride levels oc:urred in TFE and FEP process operators,
monomer operators, and semiworks laboratorians (table 10).
Wilmington office workers' blood fluoride levels have been
included for comparison; their levels should represent the

norm for workers who are not occupationally exposed to fluorides
(table 11). '

5. Liver tests by job: differences between before and
after exposure

Very few workers had liver tests that were done before
and after exposure began. Since the workers having both before
and after tests may have been a select group, the results of
these comparisons should be treated with caution.

The before and after C-8 exposure comparisons weakly
suggest that FEP process and FEP service workers' AP levels may
have risen following C-8 exposure (table 12). This result
supports the earlier observation that FEP workers' most recent
AP levels were higher than the control mean. However, these
two observations are not independent.

TFE process and TFE service operators showed no unusual
before and after differences with respect to SGOT, AP, LDH, or
bilirubin. The result does not support the earlier observation
that SGOT was elevated in TFE process workers.

All "after" tests were based on the worker's most
recent physical examination. For exposed workers, the "before"
tests were based on the worker's most recent physical examina-
tion prior to moving into the C-8 exposed job. In the control
group, the "before" tests were based on the worker's physical
examination immediately prior to his 1979 physical.

Discussion:

Based on the data above, there is no conclusive evidence

of an occupationally related health pProblem among workers exposed
tO C-Bo

Some of the SGOT data suggested that there might be
a liver effect among certain C-8 exposed workers. The mean
SGOT for the TFE process operators was significantly (p<0.05)
higher than the non-Teflon® area control mean. TFE process
operators as a group had considerably higher organic fluoride
blood levels than other Teflon® area workers. Workers in the
highest organic fluoride decile had a significantly higher mean
SGOT than workers in the lower nine deciles.

EID102517

¥80000d9M



However, in other respects SGOT showed poor correlation
with organic fluoride level and with C-8 exposure.

e Teflon® area workers with little or no C-8
exposure had a mean SGOT that was nearly as
high as the TFE process operators' mean. Since
Teflon® area workers with little or no C-8 expo-
sure also had the lowest blood organic fluoride
levels, their elevated SGOT could not realis-
tically be caused by C-8 exposure.

® Workers from the third lowest blood organic
fluoride decile had an SGOT mean that was
nearly as high as the top decile's mean.

Other puzzling findings were that neither AP, LDH,
nor bilirubin means were elevated among TFE operators. If a
patient truly had a chemically induced liver disease, one would
expect one or more of these other blood tests to be elevated.

Mean AP was significantly (p<0.05) higher among FEP
service and FEP process operators. Yet none of the other blood
tests were elevated among these workers, and AP did not corre-
late with blood organic fluoride levels. )

It seems very unlikely that a single material would
raise only SGOT levels in one worker group and raise only AP
levels in another worker group. More likely explanations for
the SGOT and AP eleveations are:

e The elevations resulted from chance events and
were not causally related to C-8 exposure.

@ Certain unmeasured confounding factors such as
alcohol consumption or drug use may have influ-
enced the blood test results.

It is also possible, however remote, that occupational
exposures to other toxic materials were responsible for the
observed elevations. For instance, acute and chronic exposure
to inorganic fluorides can produce osteomalacia, a bone disease.

This bone disease is often associated with elevated levels of
serum AP.

Liver function tests: 1limitations

Bilirubin, SGOT, AP, and LDH assess different compo-
nents of a liver's health and function. Only serum bilirubin
is a true liver function test. SGOT, AP, and LDH are actually
enzymes that are normally present at moderate levels in the
serum. They may attain higher levels after various types of
liver damage have occurred. SGOT and LDH leak out of damaged
liver cells and into the blood stream. Elevated AP levels,
on the other hand, appear to result from damaged liver cells
synthesizing and releasing more enzyme.
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When assessing positive and negative test results,
several points should be kept in mind:

The liver has a large functional reserve and a
great capacity to regenerate itself after it has
been damaged. Studies have shown that within about
a week after having removed over 80 percent of a
rat's liver, one can find a liver of essentially
normal weight and function. Consequently, mild and
sometimes moderate liver injury often may not be

accurately reflected by changes in liver function
tests.

Some liver functions are much more sensitive to
injury than others. Thus, some liver functions

(and function tests) may show changes while others
do not.

There is no one single test or procedure that
effectively measures the total function of the
liver.

There is no direct quantitative correlation between
the amount of liver cell injury and the height of
serum enzyme levels. However, higher levels are
generally found with more severe injury.

If the serum enzymes are measured sometime after
the acute insult or injury, the initial rise may
have been missed. Thus, nérmal or low serum
enzyme levels may be found as a consequence of

a decreased functioning liver cell mass. Simi-
larly, certain types of cirrhosis are associated

with only slightly elevated or even normal SGOT
levels.

SGOT, AP, and LDH may be elevated from causes

other than liver damage. For instance, most of

the AP present in normal serum is derived from

the bone. High levels of AP occur in patients

with bone diseases characterized by osteoblastic
activity. These include rickets, osteomalacia,

and healing fractures. Growing children and
pregnant women in the third trimester have elevated
serum AP levels.

SGOT and LDH may also be elevated in patients
during episodes of acute myocardial infarction,
cardiac arrhythmias, congestive heart failure,
pericarditis, and pulmonary infarction.

There are other enzyme tests that are more sensi-
tive to certain types of liver disease than are

SGOT, AP, and LDH. One of these is gammaglutamyl
transpeptidase (GGT). This enzyme is elevated in
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the serum of almost all patients with hepatobiliary
disorders. It is the most sensitive test for
alcoholic liver disease.

® A liver test's sensitivity can be defined as the
ability to correctly identify persons who have
liver disease. Specificity can be defined as
the ability to correctly identify persons who
do not have liver disease. Sensitivity and
specificity have not been adequately studied
for liver function tests.

"While a large amount of information is available concerning
biochemical measures of acute hepatic injury, we have limited
data about the effects of chronic lesions on the biochemical
tests and on the sensitivity of these tests in detecting chronic
injury or the sequelae of acute injury" (Guidelines for the

Detection of Hepatotoxicity Due to Drugs and Chemicals. NIH
Publication No. 79-313. Oct. 1979. pPP. 33-34).
® Liver function tests are most useful if they can
be used serially to assess health before, during,

and after exposure. So-called "abnormal” values
for one individual may be "normal® for another.

Normal/abnormal dichotomy vs the continuous approach

The basis for classifying a liver test value as normal
or abnormal can be either functional or statistical. On a func-
tional basis, any value could be considered normal if there
were no increased risk associated with it. On a statistical
basis, a normal value could be any one that fell within the
limits in which X percent (e.g., 95%) of the population fell.

There is a major disadvantage to classifying continuous
measurements as normal or abnormal: it oversimplifies a com-
Plex problem. Disease and health 1lie along a continuum. For
instance, even within the central 95% of the total range of
blood pressures, there is a gradient such that persons at the
upper end are at a greater risk of coronary heart disease or
stroke than those at the lower end. A similar situation may
also hold for liver function tests. Thus, analyses based on
group means most often use the data more efficiently than
analyses based on the percent "abnormal”.

A possible theoretical advantage to the dichotomous
approach is that it might be more sensitive to "outliers",
values on the high side of normal, than is an analysis of
means. However, in animal toxicity studies practically all
statistical analyses of biochemical tests are based on means
rather than on the proportion above or below a certain value.
Furthermore, the number of experimental observations needed to
detect a real effect is considerably less when the analysis is
based on means than when it is based on proportions (all else
being equal and assuming an underlying continuous variable).
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TABLE 1:
C-8 STUDY CODE SHEET FOR WORK HISTORIES

Payclass (1 = wage, 2 = salary):
Date hired (month/year): /

Name (last, first intitial, middle initial):

Sex (1 = male, 2 = female): Current >-8 exposure
(0 = no; 1 = yes):
Org. F =
SS #: Inorg. F =

— —— | —— ——— —— — r—  —— ——

Birth date (month/year): /

Present or past Teflon area jobs or mechanic-type jobs (0 = no; 1 = yes):

Potential present or past C-8 exposure (0 = no, 1 = yes):

Number of jobs listed below (list all Teflon area and/or mechanic jobs):
c-8

Potent ial Date in Date out
Job (O=none; l=some) Job code (mo./vyr.) (mo./yr.) Comments
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TABLE 4: SGOT RESULTS FROM TWO DIFFERENT METHODS
PERFORMED AT THE SAME LABORATORY (GENERAL CONSULTANTS, INC.)

Standard sMA-12 (1) Alternate Method (2)
Subject” Date SGOT_(normal = 10-50) SGOT_(normal = 0-27)
1 11/12/79 60* 19
2 11/14/79 58* 17
3 11/26/79 150* 42*%
4 11/27/79 60* 18
S 12/10/79 55* 21
6 12/10/79 54* 14
7 12/10/79 51%* 15
8 12/10/79 60* 15
9 12/10/79 62* ) 19
10 12/10/79 55* | 13
11 12/11/79 54* 14
12 12/11/79 55* 17
13 12/11/79 63* 19
14 12/11/79 57+ 23
15 12/11/79 85* 23
16 12/12/79 73* 21
17 12/18/79 52* 15
18 12/20/79 82* 24
19 12/26/79 57* 15
20 12/28/79 89* 24
21 12/31/79 60* ' 19
22 12/31/79 5% 27

(1) Automated colorimetric method
(2) Manual enzymatic method

*Abnormally high based on limits set by the laboratory
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TABLE 5: AGE AND BLOOD CHEMISTRY'2)MEANS BY occupATIONAL Group P

Group

Control (no 'reflonO( Techanic or
laboratory work) ¢

FEP process
FEP service
TFE process
TFE service

Monamer operator, semi-works
laboratorian, foreman

(a) Based on most recent SMA-12 as of October, 1979

Group
Size

80

13

25

25
22

&

38

49
37
45
37
47

39

37
41
45*
35
44

%

64

8l*
101*
64
.59
69

0.7

0.5
0.6
0.5
0.5
0.7

(b) Based on job title at the time of the worker's most recent SMA-12

154
146
158
160
151

(c) Ten percent sample of current wage roll employees plus eight workers

currently exposed to C-8 but who had never worked in Teflon® at the
time of their most recent physicals.

* Significantly (p<0.05) higher than the control group after adjusting
(by analysis of covariance) for age.
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- TRABLE 6: BLOOD CHEMISTRY ‘2) By oocupaTIQNAL Group (P),
* PROPORTION OF TEST VALUES FALLING INTO THE HIGHEST DECILE

Proportion in Highest Decile

Mean

Group ' Group Size Age SGoT AP Bili LDH
Control 80 38 0.10 0.05 0.18 0.10

{no Teflon®, mechanifc)

or laboratory work)
FEP Process 13 49 0.08 0.31* 0.0 0.08
FEP Service 3 37 0.0 0.67¢ 0.0 0.0
TFE Process 25 45 0.20 0.12 0.08 0.12 .
TFE Service 25 37 0.04 0.12 0.0 0.16
Moncmer operator, semi-works

laboratorian, foreman 22 47 0.23 0.14 0.18 0.09

(a) Based on most recent SMA-12 as of Octaober, 1979,
(b) Based on job title at the time of the worker's most recent SMA-12.

(c) Ten percent sample of current wage roll employees plus eight workers
currently exposed to C-8 but who had never worked in Teflon® at the
time of their most recent physicals.

* Significantly (p<0.05) higher than the control group by Fisher's exact
test (two tail).

Y

EID102526

£60000d9Mm



TABLE 7: WORKERS GROUPED BY ORGANIC FLUORIDE DECILES ~ BIOCHEMISTRY TEST MEANS

or(@) 0F'®)  Mean No. of Mean No. Of Yrs. Mean  Mean Mean Mean Mean
Decile Group Size Limits Years in C-8 in Teflon Age SEOT AP Bili LDH
1 6 0.08-0.30 5 12 0 46 69 0.7 184
2 8 0.35-0.45 2 17 49 40 67 0.7 131
3 9 0.47-0.69 9 " 18 47 49 67 0.6 166
4 7 0.70-1.17 5 7 4 34 713 0.5 16l
5 8 1.31-1.80 7 12 4 40 71 0.5 165
6 8 1.81-2.30 6 11 4. 36 68 0.6 -154
7 8 2.33-3.55 10 14 45 37 64 0.5 152
8 8 3.70-4.64 9 16 4 3 72 0.5 152
9 8 4.84-6.66 15 18 47 39 62 0.5 149
10 8 6.84-21.69 14 18 47  s52* 63 0.5 169

*Significantly (p<0.05) higher than the mean of the lower 9 deciles. The data
were age-aajusted by analysis of covariance before camparisons were made.

() OF = organic fluorice
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TABLE 9: ’I'EFILN AREA WORKERS WITH THE 16 HIGHEST ORGANIC FLOURIDE LEVELS

Blood
Organic
Flouride
Worker Age Years in C-8 Years in Teflon® Level Job
A 50 20.5 23.4 21.69 TFE process
B 59 23.8 25.8 20,81 TFE process
C 36 2.8 4.1 16.89 TFE process
D 60 23.2 23.9 14.38 TFE process
E 53 4.0 22.3 9.63 TFE process
F 48 23.4 23.4 8.89 TFE process
G 42 2.6 4.8 6.91 TFE process
H 35 13.4 14.6 6.04 TFE process
I 49 21.7 23.9 6.66 TFE process
till 10/78
J 53 20.3 20.3 5.90 TFE process
K 44 16.1 17.2 5.64 TFE process
till 11/77
L 56 24.5 24.5 5.61 TFE process
M 42 14.8 17.5 5.29 TFE process
: till 5/77
N 37 5.6 13.6 4.97 TFE process
till 10/78
(o] 42 11.8 20.4 4.96 FEP process
P LY 3.2 3.2 4.84 TFE service

EID102529
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'TABLE 10: TEFLON AREA WORKERS WITH THE 16 HIGHEST
BLOOD INORGANIC FLUORIDE LEVELS

Years in Years in Blood Inorganic

Age c-8 Teflon® Fluoride Level Job

35 4.0 12.5 0.42 TFE process

48 19.9 23.1 0.41 TFE process

51 7.8 25.8 0.40 Monamer

58 11.3 26.3 0.39 FEP process

49 3.5 3.5 0.39 Semiworks laboratorian
53 1.8 24.0 0.38 . Monamer

53 20.3 20.3 0.37 " TFE process

61 11.8 22,3 0.37 FEP process

42 11.5 13.8 0.34 TFE process

26 3.2 3.2 0.31 TFE service

30 0.7 3.0 0.29 TFE process

56 0.4 29.7 0.28 Monamer

35 4.8 4.8 0.27 TFE service

24 3.1 3.1 0.26 TFE service

35 4.3 11.7 0.25 TFE service

51 2.6 2.6 0.24 Semiworks laboratorian

EID102530
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TABULATION
OF
BLOUD SAMPLES FROM WILMINGTON
PERSONNEL (25 TOTAL)

TABLE 11:

ppm (by aifference)

Inorganic F Organic F

Total F

Sample

AN OA VO AVNOUNR VNOVOND OO~
ONOAFMOOO0O0OO0O0OWVWOMANOA~OOO~
. L] . L] » . . L L] L] L) . L] L) * L . L] . . L] * * . .
COOO00OOPOOO9PgOO00000000000
AQAVONRNNIIINECONMANVOLYOOANNAW
HOMAAMANNMAAN ~AOAOAAAAANAM
L] . L . L . . L] L] L] L] L] L) . L] L] . L] . L ] » L] L] L]
000000000000 00000000000
DVEHMOMMNMNITOND DVDOANDOVOOVMANM
NAANNNANMANANAODAALSNANMN N O~
. * * . L] - . L L] L) L] . * L] . L] L] L] L] L] L L] . L] -
000000000000m000000000001
x

QA ONMNO-DNOANNM PN N O~ O~
R R A N N A R L e A= o=

AAAAAAA

‘*Values obtained 3/15/79.

Resample and recheck of this person's blood

on 6/13/79 showea the following

Recheck #92

WEF000098

Organic F
0.24

0.09

Inorganic F

Total F
0.33

EID102531



TAELE 12: MEAN DI{'g;ZRENCES IN SGOT AND AP RESULTS WHEN THE FIRST TEST 1S

BEFORE
1s AFTER () Exposure (€)

Group
Group _size 2@
Control 45 - 3.3
FEP process operator 3 +11.7
FEF service operator 2 + 8.0
TFE process operator 2 - 3.0
TFE service operator 7 - 0.4

(a) Most recent SMA-12 prior to starting C-8 exposure job

(b) Most recent (primarily 1979) SMA-12
(c}

(d) Second test minus first test

NG INTO A C-8 EXPOSURE JOB AND THE SECOND TEST

- 4.7
- 4.0
+ 7.5
- 11.5
- 8.1

C-8 exposures ranged fraom 5 months to five years between tests

EID102532
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WEF000100

FIGURE 1:

INTERLABORATORY COMPARISON OF SGOT DETERMINATIONS
1
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WEF000101

FIGURE 2:

INTRALABORATORY COMPARISON OF SG

OT DETERMINATIONS
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CANCER PREVALENCE IN SUBJECTS
EXPOSED TO PERFLUOROOCTANONIC ACID (PFOA)

James Dahlgren MD!, Ayman B

1. UCLA School of Medicine.

ABSTRACT

Pertlunmactanoaic Acid (PEOAY is > man-made perfluomoctanct
“homical also rfrred 1o 28 C6 PFOA b koy mgredient agent in the
Ponduction of Tetlon & and other Dunrochemical products and iz

bioy and b bows. There has been e chromie
cxpasure 10 PEOA of the sexhlems hear a plank using PFOA and orher

Nuonnated comtaminanty.

Our aim was ¥ compare cancer disscibution and cancer prevalence
rates in o PEDA-expasc) population tresidentss o tha of the indusiry
camest peyisiny it frnm an accapational cxposed populnion and
finafiy 10 ke poncral population (SEERY. We porfoemed 2
Questionnaite on SH) residents living acar 2 PFOA using
Manutactuning plant operared by opast. Cancer egistry daa finee
the PEOA exposed Dupoat workers was made availsble through
stiscovery in pending fitigation against Depot and was not previeusty
e availabk io the eciatific community for review. The SEER dae
o3t used for compacisan 10 the genersl population

The nverall cances prevakence rate is higher in the PEOA-xposcd
Population when eompare to the general paputation. Comparison of
cancer prevalence Ries fe the indusiry cancer eegisiry daia, resident
a1 andl SEER is shown in Table ).

Our findings indicate tht the PFOA exposed residential population
20 PEOA-cxprsed workers have ehevated cancer prevalence (Table
E). Prostate cancer in the residents was peaportionakely chevared
smang young males. Cervia xnul Vcring cancar rates in woman wen:
alsn higher in the reshdent poputation comparsd ta the U.S, guneral
porolation.

The distributicn of concets in the reshkehts and woskers is dilforeat
than expected, OF pole are the findings of clevated prevalince raies of
atypical cancers such o5 Non-Hodghia's bymphoma, Leukentia. and
Multiple Mycloma.

R

ST PR

2. Comprehensive Health Screening Services.

INTRODUCTION

+ PFOA 18 3 mam-made periluosonctancd chemical
= Referred 10 a5 C
~ Key ingredient agvnt m the production of Teflon®
— Hopersisient and bieaccemultes

* Documented chronic txpaswre to PFOA of msidents near CA plont
=+ Table }

* Exulence in animal studics that PFOA are responsible for muliiph:
adverse healih cffects

* Human epidemiologreal studies neported sanisticaity signifieant
prevalence of cancet in the prosiaie, knincy., badder. colon. am
others

* Report resuhts of seif-reported cancers i resideras near g C8 plant
— SEER US, cancer rares.

* Reswdent cancer prevalence rate sigmiliconily higher thon U.S. mte
* PFOA caposed worker cancur prevalenee rate higher than U.S. i

~ Similar cancer rates amd cancer disinbulion

=+ Residens
— Workers
* Review of cancer regisiy farms used 1n Dupont caneer study reveals
odditional 9 breast cancers, 7 eevivwenne cancers, & 25
melanomas.
=+ Exlra cancers not added to Dupont Worker data in Toble 2

— Numbers are conservative

+ Recalt Bias?
This data suggests that exposure 1 PFOA may atter cancer —* Unlikely with comeer. alf confinmed
digtsibution in exposed populations {workers and residents) amt may « Selcetion bias

be an imponast risk fackor fox on excem nf cance cases.

* Cohorl was not scictcd on basis of iliness
= Cohort was recruited From the entire community
* Litigant Bias?
* No sabistically sigruficant Sifference i itigan)'s versus.
nonliligants (Allred 1995}

Ibrahim MD'*3, Raphael Warshaw?,

Harpreet Takbar MPH®

3. Dahlgren Medical Group

Mauterials sud Metheds

* Residents were reeruited by invitation via radio, TV and ewspaper
nlverfisements to participale in the siudy

 Questioanaires were peeformed on 599 subsects

* All subjects are members of 3 class action lawsait filed sgaunat a
local company thef tses PFOA m their production process

« Class members have C§ wakr fevels of 0.05 i/ or greatee

+ Inctusion: subjects cxposed lo PFOA contuminaicil water for at hotst
onc yeor .

= Cancer dats on PFOA expased workers vbininol through discavery
in Yitigation against Dupom

« Cancer prevakence fates for the generat U 5. population obtamed
from SEER website

Cenclusions

+ PFOA significantly 3hers eances distribution and prevalenes in
<xposed populations tworkers and rcsidents)

* PFOA apprars o be a risk factor responsible for an excess of cancer
in the near ncighbars of » PEOA using plans

* PFOA increases cancer tisk in humans.

Results
t Dupont Worker S
TABLE R, e o - : =
J 18 552
Aren PFOA Levsls Location Households Papulation* B 2 552
lpph} Brain 8 552 1 45%)
1 1.7-4.3 Little Hocking, Ohio 4200 11760 rnast 8 03, 229
gryntitnd 1 103 1 I X T MOCT I
3 WV 7 6366 Cind Retm |32 | 3 40%] 1 1
2z 0438 Lubeck 3700 e i2 2 o] 170 1 158 |
- e, 1 835
3 025037 | Tuppers Pleins, Ohio 4800 13440 E&%+ 29 382 | 82
T | 0oE0.13 | Beipre, OV 5000 6800 oy 352
aukamip | 16
B 0.06-0.1 Mason, WV 4200 11760 ot r 352 T V7
upg. 64}
3 0.060.07 | Pomeroy, Ohio 1000 2600
Aynlnma [ 1]
7 1050 Dupont, Washington NA 2200 Nn Hdakng
2 14
3 1.751.87 Plastics NA 700 Crainy - E?
5 GE ach 2 ) X
—— enticuine |8 %
9 0.05-8.6 (] ';mm Wells WVA & 658 150 F‘; o 3 i nx Xt
imaled as 28 people pee houschold caraL 1 309 ] =

* Bused ua Tl Camcer Cownts.

* Based nn SEER Firse Malignont Primary

Figure 2. Overview of Washington W erks Plant

CsolMNOribury (.0746 e
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DISTRIBUTION OF CANCER IN SUBJECTS EXPOSED TO
PERFLUOROOCTANATE (PFOA) COMPARED TO THE GENERAL
POPULATION
James Dahlgren MD', Ayman B Ibrahim MD" 2

Raphael Warshawz, Harpreet Takhar MPH?

1L.UCLA School of Medicine 2 James Dahlgren Medical 3.Comprehensive Health Screening Services

Abstract:
Introduction:

Perfluorooctanate (PFOA) is a man made chemical used in many products.

Objective: To compare cancer distribution and cancer prevalence rates in a PFOA-
exposed population to that of the general population, of a non-exposed population and to

identify risk factors.

Methods: Data was collected from 301 females and 296 males with a documented
PFOA-Exposure (C8) > 0.05 ug/L in drinking water using standard questionnaire. Data
from an historical control group (337 subjects) were used for comparison purposes.
SEER prevalence data also was used for comparison with General Population (GP).
Categorical data were compared using Fischer Exact test and a logistic regression model

was used to identify risk factors.

LE 5954



Results: Overall cancer prevalence is higher in the PFOA-exposed population when
compared to the general or the control population. There were 60 cancer diagnoses in
54/599 (9.02 %) subjects in the PF OA.-exposed population, whereas there was 1 1/337
(3.26%) in the non-exposed control group respectively, Exact test, [OR = 4.04, 95 % CI
2.18- 7.49, (P = 0.000)] whereas in the US general population the overall cancer rate was
(2.08.%). There is a proportionate prostate cancer increase, [9/296 (3.04%), (1.16%)] in
the PFOA- exposed population vs. the GP and a proportionate increase in lung cancer
[7/599 (1.17%) and (0.09 %)], and bladder cancer [4/599 (0.67%), (0.11%)}. The logistic
regression model indicates that age [(Odds Ratio [OR] 1.07 + 0.008, [95 % [CI] 1.04 to
1.08, P = 0.0001], exposure status (PFOA expoéed- population vs. control population)
[(OR 6.12 + 2.43, P =0.0001, [CT] 2.81 to 13.31], are statistically significant independent

predictors of having cancer. (Overall final model R2=0.16, P = 0.0001).

Conclusions: The overal] cancer prevalence rate is higher in the PFOA-exposed
population when compared to either the historical control or to the general population,
with a six-fold increase in the likelihood of having cancer in the PFOA-exposed
residents’ population. The overall distribution of cancers in this cohort remarkably
deviated from expected. This data suggests that PFOA exposure alters cancer distribution
and is an important risk factor for excess of cancer cases and cancer proportionate

ncrease.
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PERFLUOROOCTANONIC ACID (PFOA) EXPOSURE IS ASSOCIATED WITH
HIGHER RATES OF REPRODUCTIVE SYSTEM NEOPLASIA.
James Dahlgren MD', Ayman B Ibrahim MD"?,
Raphael Warshaw?, Harpreet Takhar MPH>

LUCLA School of Medicine 2 James Dahlgren Medical 3.Comprehensive Health Screening Services

Abstract:
Introduction: Persistent environmental endocrine disruptive chemicals like PFOA are

suspected to increase estradiol functions.

Objective: To describe reproductive system cancer distribution/cancer prevalence rates
in female and male populations exposed to PFOA and compare it to female/male general

population (GP).

Methods: Data was collected from 301 females and 296 males with a documented
PFOA-Exposure (C8) > 0.05 ug/L in drinking water using standardized questionnaire.

SEER prevalence data were used for comparison. Two additional subjects had incomplete

questionnaires.

Results: The most prevalent cancer sites in females were uterine/cervix (11/301, 3.64%),
breast (6/301, 1.99%) and colon/rectum (4/599, 0.67%). When compared to the GP, there
isa proportionate excess of uterine/cervical cancer [11/301 (3.64%), and (0.06 %)] and

breast cancer [6/301 (1.99%), and (0.87 %)] in study population vs. GP. The prevalence

rates for all sites combined were 0.15 for females between 45-54 years of age compared

LE 5956



to 0.04 in the same age females in the GP. Overall age-specific prevalence rates of all
cancer sites combined among the female population in the study group was (0.13 vs. 0.09
in GP). There were (9/96, 3.04%) prostate cancer cases in the PFOA-exposed population.

whereas in the GP, prostate cancer rate was (1.16%).

Conclusions: Reproductive system neoplasm’s prevalence rates are higher in the PFOA-
exposed population when compared to the general population. Overall age-specific
prevalence rates of all cancer sites combined among the PFOA exposed female
population is higher than its corresponding rates in GP as well as in males. This data

suggests that PFOA increases the risk of reproductive organ cancer.
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TAFT, STETTINIUS & HOLLISTER LLP

NORTHERN KENTUCKY OFFICE cn.ev:;_:;n:l,’ggx Ec::ncs
ITE 340
1717 DIXIE HIGHWAY 200 PUBLIC SQUARE
COVINGTON, KENTUCKY 41011-4704 425 WALNUT STREET, SUITE 1800 CLEVELA2N12, z(-)::xz’sa 4:114-2302
608-331-2838 -241-
FAY: Brs e s CINCINNATI, OHIO 45202-3957 FAX: 2162413707
COLUMBUS, OHIO OFFICE
DAYTON, OHIO OFFICE 513-381.2838 21 EAST STATE STREET
SUITE 900 FAX: 513.381-0205 COLUMBUS, OHIO 43215-4221
110 NORTH MAIN STREET . it 614-221-2838
DAYTON, OHIO 45402-1786 FAX:614-221-2007

937-228-2838 www.taftlaw.com
FAX: 937-228-2816

ROBERT A. BiLoTT
(513) 357-9638
bilott@taftlaw.com

January 7, 2005
FEDERAL EXPRESS
Dr. Charles M. Auer Oscar Hernandez
USEPA USEPA
1201 Constitution Avenue, N.W. 1201 Constitution Avenue, N.W.
Room 3166A Room 6220A
Washington, DC 20004 Washington, DC 20004
Mary Ellen Weber Jennifer Seed
USEPA USEPA
1201 Constitution Avenue, N.W. 1201 Constitution Avenue, N.W.
Room 5124A Room 6334A
Washington, DC 20004 Washington, DC 20004
Mary Dominiak
USEPA
1201 Constitution Avenue, N.W.
Room 44108

Washington, DC 20004

Re:  PFOA Human Health Effects Study; Cancer Data

Ladies and Gentlemen:

In response to USEPA's request for available information regarding the potential threat to
human health or the environment from PFOA, we previously forwarded to you preliminary
abstracts/summaries of data generated in connection with a survey of adverse health effects
among individuals exposed to PFOA-contaminated drinking water in communities near E.I
duPont de Nemours and Company's Washington Work Plant in Wood County, West Virginia
(see, e.g., OPPT-2003-0012-607, OPPT-2003-0012-677, and AR-226-1714-16). Asa
supplement to those previous submissions, we have enclosed a copy of several slides from a
presentation that was made to the public in Hong Kong during the November 2004 International

W0350205.1



Dr. Charles M. Auer
Oscar Hernandez
Jennifer Seed

Mary Ellen Weber
Mary Dominiak
January 7, 2005
Page 2

Conference on Environmental and Public Health Management: Persistent Toxic Substances.,
The slides summarize some of the reproductive effects data generated from the survey of the
community near DuPont's Washington Works Plant in West Virginia. As with the prior study
data, we request that you include this information in AR-226, OPT-2003-0012, and the

appropriate IRIS database for PFOA.
@y b/
Enclosures

Rﬂiloﬁ
cc:  IRIS Submission Desk (w/ encls.)

Mark J. Garvey, Esq. (USEPA) (w/ encls.)
R. Edison Hill, Esq. (w/ encls.)

Larry A. Winter, Esq. (w/ encls.)

Gerald J. Rapien, Esq. (w/ encls.)

RAB/mdm

W0350205.1
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TAFT, STETTINIUS & HOLLISTER LLP

NORTHERN KENTUCKY OFFICE

CLEVELAND, OHIO OFFICE
SUITE 340

3500 BP TOWER

1717 DIXIE HIGHWAY
COVINGTON, KENTUCKY 41011-4704 425 WALNUT STREET, SUITE 1800 CLEszOSAZ%?ggKS)Qﬂ:’:iZSOZ
606-331-2838 . 216-241-2838
e CINCINNATI, OHIO 45202-3957 FAX: 218-241-3707
COLUMBUS, OHIO OFFICE
DAYTON, OHIO OFFICE 513-381-2838 21 EAST STATE STREET
SUITE 900 . COLUMBUS, OHIO 43215-4221
110 NORTH MAIN STREET FAX: 513-381-0205

614-221-2838

DAYTON, OHIO 45402-1786 FAX:614-221-2007

$37-228-2838

www. taftiaw.com
FAX: 937-228-2816

ROBERT A. BILOTT
(513) 357-9638
bilott@taftiaw.com

February 7, 2005

FEDERAL EXPRESS

Dr. Charles M. Auer Oscar Hernandez

USEPA USEPA

1201 Constitution Avenue, N.W. 1201 Constitution Avenue, N.W.
Room 3166A Room 6220A

Washington, DC 20004 Washington, DC 20004

Mary Ellen Weber Jennifer Seed

USEPA USEPA

1201 Constitution Avenue, N.W. 1201 Constitution Avenue, N.W.
Room 5124A Room 6334A

Washington, DC 20004 Washington, DC 20004

Mary Dominiak

USEPA

1201 Constitution Avenue, N.W.

Room 44108

Washington, DC 20004

Re:  PFOA Human Health Effects Study: Cancer Data

Ladies and Gentlemen:

In response to USEPA's request for available information regarding the potential threat to
human health or the environment from PFOA, we previously forwarded to you preliminary
abstracts/summaries of data generated in connection with a survey of adverse health effects self-
reported among individuals exposed to PFOA-contaminated drinking water in communities near
E.I. duPont de Nemours and Company's Washington Works Plant in Wood County, West
Virginia (see, e.g.,, OPPT-2003-0012-607, OPPT-2003-0012-677, OPPT-2003-0012-836, AR-
226-1714-16, and AR-226-1893-94). As a supplement to those previous submissions, we have
enclosed a copy of several tables providing more detailed summaries of the age-adjusted, self-
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reported cancer data from the PFOA community health study. (Exhibit 1) An article explaining
the study and the cancer results in more detail has been peer reviewed and accepted for
publication. The article is expected to be published this summer. Also enclosed are charts
summarizing some of the other adverse health effects reported in the same community study.
(Exhibit 2). An article explaining these results has recently been completed and is being
submitted for peer review and publication. In addition, we have enclosed documents recently
released by one of the public water suppliers to the community at issue, which discuss the
increasing levels of PFOA being detected in that particular public water supply. (Exhibit 3) As
with the prior PFOA community study data, we request that you include this information in AR-
226, OPT-2003-0012, and the appropriate IRIS database for PFOA.

RAB/mdm
Enclosures
cc: IRIS Submission Desk (w/ encls.)
Mark J. Garvey, Esq. (USEPA) (w/ encls.)
R. Edison Hill, Esq. (W/ encls.)
Larry A. Winter, Esq. (w/ encls.)
Gerald J. Rapien, Esq. (w/ encls.)
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Table A. Stand.rdized Prevalence Ratio (SPR) comparing observed disease rate per
100.000 armony a residentially PFOA-exposed population to the expected disease rate of

the general U.S. population controlling for age and gender.

Number
diseased Observed
Disease or in exposed Rates Expected Rates’
Symptom Type group (per 100.000) (per 100.000) SPR crr
Cardiovascular
problems* 170 30.088 7.019 4.29 3.47-529*
Clronic bronchitis 113 22.114 6.145 3.60 2.92 -4.44*
Kidney disease 21 3,757 1,665 2.26 1.45-351*
Shortness of breath
on stairs 323 57,270 27.994 2.05 1.70 - 2.46*
Asthma 105 20,669 11,369 1.82 1.47 -2.25*
Thyroid problems 82 15,589 10,019 1.56 1.22-198*
Diabetes 56 9,947 6.457 1.54 1.16 - 2.05*
High blood
pressure 186 33,096 ; 28,077 1.18 097-143
Liver problems 19 3.754 3.728 1.01 0.64 - 1.59

“Expected rates are from NHANES 2001 - 2002 using sampling weights to calculate an unbiased estimate

of national rates while adjusting for non-response. survey design and sampling technique while giving an

accurate estimate of sampling error.
b
Confidence Interval

‘Includes ML, Stroke. Angina
*Statistically significant (p<0.05)
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January 2005 Supplemental Notice ot Contamination rage lot 3

January 2005 Supplemental Notice of Contamination

In June, 2004, the Little Hocking Water Association (“‘Little Hocking™) sent out a Notice
reminding our members that drinking or otherwise using water contaminated with C8 may pose health
risks. Consistent with our efforts to keep our members apprised of C8 developments, we want to
share some important recent information.

Little Hocking’s November 2004 Sampling Results

The most recent sampling results of Little Hocking’s water (collected on November 29, 2004,
which Little Hocking received on January 12, 2005) show that levels of C8 in our water supply continue
to rise. Levels of C8 in samples taken from Little Hocking’s production wells are as high as:

18.6 parts per billion (ppb) in production well no. 5;

3.90 ppb in production well no. 3;
9.89 ppb in production well no. 2; and
9.03 ppb in production well no. 1.

By comparison, the highest level reported in our June 2004 Notice of Contamination was 10.10 ppb in
well no. 5. Please remember that Little Hocking has not used well no. 5 since 2002. However, due to
sunken barges at the Belleville Locks and Dam, the Ohio River is dropping to abnormally low levels. If
the low river level causes Little Hocking’s production capacity to diminish, it may be necessary to
activate well no. 5 in order to meet minimum water demands. Should using well no. 5 become

necessary for any reason, Little Hocking will provide a public notification so you have the option of
taking additional precautions.

The level of C8 in water entering our distribution system has been measured as high as 7.2 ppb.

Little Hocking’s current C8 levels are either very close to or exceed C8 “safe levels” used
by at least one state — Minnesota.

Minnesota’s Safe Level for C8

Minnesota currently regards 7.0 parts per billion (ppb) as the maximum concentration of C8 in
water that poses little or no risk to health. Unlike West Virginia’s CATT-established protective
screening level of 150 ppb, Minnesota’s value takes into consideration exposure routes other than
drinking water.

Even though Minnesota’s level is more protective than the West Virginia-established screening
level, Minnesota’s value does not address higher exposures during childhood and effects on the elderly.
For example, if childhood exposures are considered, Minnesota’s “safe level” would drop below 7
ppb.

The U.S. Environmental Protection Agency (“EPA”) Draft Risk Assessment for C8
In another current development, on January 12, 2005, EPA released its “Dratt Risk Assessment
of the Potential Human Health Effects Associated With Exposure to Perfluorooctanoic Acid and Its Salts

[C8]” (“Draft Risk Assessment™). While the Draft Risk Assessment does not establish a safe level for

EXHIBIT 3
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(8, at least one organization - the Environmental Working Group (“EWG”) - has taken the position that
the Draft Risk Assessment dramatically underestimates human health risks associated with C8

exposure. As one example, EWG points out that the Draft Risk Assessment discounts cancer risks by
ignoring data linking C8 to various cancers (i.e. mammary, testicular, pancreatic, and liver).

Little Hocking wants to be sure you are aware of both the Draft Risk Assessment and EWG’s
questions about its protectiveness. The Draft Risk Assessment can be found on the Internet at:
http://www .epa.gov/opptintr/pfoa/pfoarisk.htm. EWG’s analysis can be found at:
http://ewg.org/issues/PFCs/20050112/scienceanalysis.php.

DuPont’s Worker Study

On January 11, 2005, DuPont announced results of a recent health study it conducted of more
than 1,000 DuPont Washington Works employees. In the study, DuPont observed an approximate 10
percent increase in “bad cholesterol” (LDL) and a rise in triglycerides among some of the highest C8-
exposed individuals. According to the EWG website, the DuPont cholesterol finding “is the fourth in a
string of studies conducted since 1994 pointing to excess risks for stroke and heart attack among
workers exposed to [C8].” DuPont’s press release states that “[t]he study data did not indicate that
PFOA was or was not the cause of the increases in serum cholesterol and triglycerides.”

Little Hocking’s Current Actions

Considering the above information and the rising levels of C8 in our water, Little Hocking will
seek immediate — within weeks, not months — action by DuPont to address these risks and uncertainties.
Little Hocking maintains its longstanding position that C8 does not belong in its water.

Little Hocking remains committed to securing a resolution to the C8 issue. Until the issue

i1s resolved, Little Hocking believes that the information in this Notice will help our members to make
more mformed decisions about C8.

To keep you apprised of the status of the issue, we will continue to post updated information on
our website at www littlehockingwater.org. You can also contact us for additional information:

Little Hocking Water Association, Inc
Attn: Robert L. Griffin

3998 State Route 124

P.O. Box 188

Little Hocking, OH 45742

(740) 989-2181

Please share this information with your medical advisors or other public health advisors and with all
other people who drink Little Hocking’s water, especially those who may not have received this notice
directly (for example. people in apartments, nursing homes, schools. and businesses). You can do this by
posting this notice in a public place or distributing copies by hand or mail.

Little Hocking thanks you for your patience as we work toward a resolution of this issue.

hup://www littlehockingwater.org/January%202005%20water%20notice.htm 2/272005
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Very Truly Yours,
Little Hocking Water Association, Inc.

By

Robert L. Griffin, PE
General Manager

http//www littlehockingwater.org/January%202005%20water%20notice.htm 2/2/2005
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January 31, 2005
NEWS MEDIA RELEASE

IMPORTANT NOTICE:

WATER USE REDUCTION ADVISORY

ALL CUSTOMERS OF THE LITTLE HOCKING WATER ASSOCIATION ARE ASKED TO
VOLUNTARILY REDUCE THEIR WATER USE ON A TEMPORARY BASIS IN ORDER
TO REDUCE THE WATER DEMAND ON THE SYSTEM.

THE SUNKEN BARGES AT THE BELLEVILLE LOCKS AND DAM HAVE CAUSED THE
LEVEL OF THE OHIO RIVER TO DROP DRAMATICALLY. THE RIVER LEVEL IS
LOWERING THE WATER TABLE AND REDUCING OUR WELLFIELD’S CAPACITY TO
PRODUCE WATER. CONSEQUENTLY, WE ARE HAVING PROBLEMS MEETING THE
WATER DEMANDS OF THE SYSTEM. UNLESS THE WATER DEMAND IS
SUFFICIENTLY REDUCED, WE WILL NEED TO ACTIVATE WELL NO. 5 TO MEET
OUR CUSTOMERS’ CURRENT DEMAND FOR WATER.

WE HAVE AVOIDED PUMPING WATER FROM WELL NO. 5 INTO THE DISTRIBUTION
SYSTEM BECAUSE OF WELL NO. 5°S HIGHER LEVEL OF C-8 .AS DISCUSSED
DURING OUR PUBLIC MEETING IN FEBRUARY 2002; ON OUR WEBSITE; IN OUR
CONSUMER CONFIDENCE REPORTS; AND IN RECENT NOTICES TO OUR MEMBERS,
C-8 WAS DISCOVERED IN OUR WELLS IN JANUARY, 2002. WELL NO. 5 HAS THE
HIGHEST C-8 LEVELS OUT OF ALL OF OUR PRODUCTION WELLS. OUR LATEST
NOTICE IS ATTACHED FOR YOUR CONVENIENCE.

WE WANT TO AVOID USING WELL NO.5 SO WE ARE ASKING ALL CUSTOMERS
OF THE LITTLE HOCKING WATER ASSOCIATION TO VOLUNTARILY REDUCE
THEIR WATER USE ON A TEMPORARY BASIS. IF WATER DEMAND IS NOT
SUFFICIENTLY REDUCED AND RIVER LEVELS CONTINUE TO DROP, WELL NO. 5
WILL HAVE TO BE USED. HOWEVER, WE WILL USE WELL NO. 5 AS SPARINGLY AS

POSSIBLE AND ONLY UNTIL OUR WELLFIELD CAN RETURN TO NORMAL
OPERATION.

THANK YOU FOR YOUR COOPERATION.

http://www httlehockingwater.org/Conserve WaterNoticeJanuary2005.htm
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C-8 Results for Little Hocking Distribution System
Little Hocking Water Association
Washington County, Ohio

Sample Location I Sample Date I PFOA ug/L C-8 ug/L

SR 339 Booster Station 1/22/02 1.81

Bartlett County Corner 1/22/02 1.94
Torch Booster Station 1/22/02 1.850
Porterfield Community Building 1/22/02 1.690
Porterfield Community Building 3/26/02 2.62
Porterfield Community Building 4/23/02 1.93
Porterfield Community Building 4/23/02 1.55
Porterfield Community Building 10/16/02 4.29
Porterfield Community Building 2/26/03 2.33
Porterfield Community Building 5/28/03 2.54
Porterfield Community Building 8/29/03 3.73
Porterfield Community Building 12/17/03 1.5

Porterfield Community Building 2/24/04 433
Porterfield Community Building 5/28/04 3.64
Porterfield Community Building 9/16/04 5.39
Porterfield Community Building 11/29/04 6.92 7.20

http://www littlehockingwater.org/DistributionSystem _Asof Nov2004.htm
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AEDACTED

ALIEGATION OF SIGNIFICANT ADVERE FEACTION .
TOXIC SUBSTANCES CONTROL ACT (TSCA) SCTION 8 (c)

INzme of 2ilecer IYear of Birth * |Date of receipt of allegation at site
! 1959 | G-I — ¥/5d

{Job title or descriprtion|Sex ~ "lLocation of plant receiving allecation
| i @or | i

|_EwGiniig | | Parkezssore wv

|Sigrature ICate of OccurancelStreet address, city, state, zZip

: : ‘/é/ - Y/FY ;lau,( V2] /’A(/(¢wvn Ly 2érvn

Type of alleged sienificant adverse reaction: -

[ i ) Suran Health Effect { I Envirormental Effect

Pescribe the probable cause or situation associated with the alleced sicrificant
acverse reaction (see "Instructions 1°).

UL I\IGE  jny  TWE  FIUoROTNcymers PRGN Au D POSSiniy -
AY __(aASHMrall-Ypas  (, 2C21C »

Scrrarize the alleged sicnificant acverse reaction(s). For allecations of himan
effacts, Cescribe the nature and extent of the effects, including hew the effects
became knc-n and route of presumed extosure (if known). For 2llecations of
ervirormental effects, cescribe the alleced environmental effects, identify the
affacted plant and/or animal stecies or contaminated portion of the physical
environment. '

Vefzwus Yy W AaD ABSY DIFFeoeTLY
A WAD a6 TUNT L 2ICES e;:&-;\m QDR NEIER ™sy MHANE

LeoRYETY AT ey P g Apsr A= Tad A Frud  Yeee s R _cPerAaTRS
NIERE e OPIVG (A THE ﬁ;mp@}vcnﬁ

results of any self-initiated irvestication with respect to an allecation filed
uncer Section 8(c). Attach copies of other required records or reports relating to
allegation under Saction 8(c), e.g., CSIA focm 101.

*Required only for health effects. ( )
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LADCTIEEER Y
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- REDACTED

6.
IPerson submitting IJob Title |Telephone Numbec Extension
lallecation info. | ’ (N .
'—__.___. | ENG e | 9515
|Sicrature . IStreet address, city, state, zip

1

I
LExr /207 o pimsgoze (A T soz

‘7. Allecation Feviewed by:

Nage . 1 Title | Location R = | Date
i i
YL Poer | MD. | Mplical Soperistmiodt] Washinadon Works §-13-84
J.6 Leschiave 'Esﬁ.ﬁ&wdﬁs Washinﬁ‘bn Works ) 8-13-84
2 ]
%f/@%—— 1 {a b RIS 117 Jg¢
[ } [4) ] /) 1

8. Disposition of Saction 8({c) significant adverse reaction allegation:

W

_°1 ‘Fecorded: I__1 Not recorded L

Information is a known human effect as
described in scientific literature, product
labeling or in material safety data sheets

Allegation does not meet definition of
significant adverse reaction

Information has been submitted under other
mandatory reporting requirements to the-
feceral government and meet reguirements of
Saction 8(c) of TSCA

10

Cther

~
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TALKING PJINTS
2{C) ALLEGATION
(COVER CRALLY AITH EMPLOYEE)

e We have reviewed your recent allegatior.
e It is being recorded according to TSCA 8(C) guidelines.

e Under the conditions of use in the Teflon® area, the chemicals
present are not known to cause male infertility.

e Since we always have an interest in the ongoing well being of people,
we welcome your comments to further our understanding of the facts
in your expressed concern. These would be of value in any future con-
siderations we may undertake.

Give employee a copy of his allegation which indicates that it

has been reviewed by those listed on page 2 and recorded by the PPD
coordinator.

HES/clt,
9/18/84

SL0011l10
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€C: B. W. CULPEPPER, ER i
: J. T. SMITH i
C. F. RIDDICK Bt
6. A. HAPKA; LEGAL SE
S M. H. CHRISTMAN, LEGAL A
E. 1. bu PoNT DE NeMours & CoMPANY L. F. PERCIVAL
eroniren H. E. SERENBETZ/J. W. RAINES
WILMINGTON, DELAWARE 19898 H. V. BRADLEY, WASH. WKS.

POLYMER PRODUCTS DEPARTMENT

December 18, 1984

"“PPDB(c) FILE (R. E. STAHL)

e .

foam A asmiuhe s dSesoeo.  TSCA.B(c) ALLEGATION i

et oo . WASHINGTON WORKS.: .
T PPD 84-1-E -

Allegation .

An employee assigned to the “Teflon" area alleged that s'eyeéiil ‘mate T
operators had camplained that their marriages had bécome less fertile after =
they had worked in the "Teflon" area for a few years. . TR R

-

Disposition e
e The allegation was recorded 'ad_c'!;t:!_l_g_‘_ve_l'tployéev was so adyi_séd;
® He was asked for any further elibéﬁation he cared to sh'are.'

He claimed a half dozen people had complained, but he named
only two (memo to file by T. L. Schrenk).

Follow-up Action

¢ The plant support team ias'ﬁo]léﬂ and w_er‘é}ljét\cogniz'ant‘of :
any concern about infertility in the “Teflon" area or elsewhere ..
on the plant. - :

o The plant physictan had not heard comb'laints similar to that -
alleged.

o Haskell Laboratory made a quick literature searcn and did not _
fing,gcientific evidence linking a 1ist of “Teflon* area e

chenicals to effects on the male reproductive system (letter ,L
by R. R. Montgomery, 10/18/84).% ¥ s 53w 2w+ - .

o Haskell also reviewed information on the m;j;d}"’qep chemicals s
including hexafluoroacetoné formerly used.™ With input from R -
L. F. Percival, who had knowledge of .conditions of use of = L e
the chemicals at Washington Works, it was concluded that Lo L
under the conditions of use, these chemicals should not" e
impair male reproductive functfon (étter from W. L. Sprout, LT LT
10/23/88). - L RS :

Better Things For Better Living.... from Du Pont R ‘:
SLOO1l111
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s

. December 18, 1984

o Because of the absence of evidence of significant employee
. concern, and the negative findincs from Haskell's review,
further followup (including contact with the two named

employees) at this time was not judged to be warranted.

RSYS

-

SLOO1112
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i ¢c: J. B. Armitage, PPD, CHS-314
€8.357t agv >3

L. F. Percival, Haskell

Cransem e

E. I. bu Pont DE NeMours & Company

INCONSRS s T
HASKELL LABGRATCRY Fog TOXICOLOGY
AND INZUSTRIAL MzZoicinE
P O Bcx %0, ELveon RoAD
NewarK, O=iLawaRre 1971

CENTRAL RESEARCH AND DEVELCPMENT DEPARTMENT Cctober 18, 1934

R. D. INGALLS
PPD
M-5625

CHEMICALLY INDUCED REPRODUCTIVE
EFFECTS IN MALES

Under separate cover L. F. Percival has sent you
MEDLINE, TOXLINE, and CHEMLINE (plus Pertinent backfile)
pPrintouts generated in connection with your recent

on Haskell correspondence files prepared by V. Berryhill
were also enclosed in L. F. Percival's package.

of the MEDLINE citations* I éid not observe any direct
connection to the chemicals on J. G. Loschiave's list. No
attempt was made to check details or original sources.

Please do not hesitate to call if you should have

any question when examining these Printouts or other
related data.

\ \. 7
AR /—”\_ .
//Tl ,‘\‘ . ; 1 : 2 (/"C(]".W—’M-M

-,

s

R. R. MONTGOMERY v
INFORMATION ANALYST

RRM:1dp

* See attached sheet for details of strategy.

SL001113
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C12 - DISEASES-UROLOGIC AND MALE GENITAL
WLOGIC AND MALE GENITAL DISEASES (NON MESH)

WLOGIC AND MARE GENTTAL DISEASES (NON

ESH)

GENITAL NEOPLASMS, MALE
HEMATOCELE

HERPES GENTTALIS
HYDROCELE

INFERTILITY

PENILE mnmnon
PENILE NEOPLASMS
PHIMOSIS
PARAPHIMOSIS -
PRIAPISM
PROSTATIC DISEASES
PROSTATIC HYPERTROPHY
PROSTATIC NEOPLASMS
PROSTATITIS
SEX DISORDERS
IMPOTENCE
SPERMATIC CORD TORSION
SPERMATOCELE
TESTICULAR DISEASES
ORCHITIS
TESTICULAR NEOPLASMS
TUBERCULOSIS, MALE GENITAL
VARICOCELE
TUBBRCULOSXS. UROGENITAL
TUBERCULOSIS, MALE GENITAL
TUBERCULOSIS, RENAL
UROLOGIC DISEASES
BLADDER DISEASES
‘BLADDER CALCULI
BLADDER FISTULA
VESICOVAGINAL FISTULA
BLADDER NECK OBSI'RUCI'IOV
BLADDER NEOPLASMS
BLADDER, NEUROGENIC
CYSTITIS
VESICO-URETERAL REFLUX
HEMATURIA
HEMOGLOBINURIA
KIDNEY DISEASES
ANURIA
OLIGURIA -
DIABETIC NEPHROPATHIES
FANCON1 SYNDROME
HYDRONEPHROSIS
HYPERTENSION, RENAL

HYPERTENSION, RENOVASCULAR

XIDNEY CALCULI
KIDNEY CORTEX NECROSIS
KIDNEY, CYSTIC
KIDNEY, POLYCYSTIC
KIDNEY, SPONGE
KIDNEY FAILURE, ACUTE

KIDNEY TUBULAR NECROSIS, ACUTE -

KIDNEY FAILURE, CHRONIC

*IND'CATFS MINOR DESCRIPTOR

vt 1A i

c12 -

C12294 - ST

C12.294.199
C12.294.260
C12.294.287
C12.294.300
C12.294.340
C12.294 365
C12.294.365.700
C12.294.365.700.508
C12.294.494
C12.294.494.136
C12.294.494.136 508
C12.294.494.508
C12.294.494.591
C12.294.494.684
C12.294.494.684.537
C12.294.494.786
C12.294.565
C12.294.565.500
C12.294.565.628
C12.294.565.780
C12294.644
C12294.644.436
C12.294.693
C12294.731
C12.294.829
C12.294.829.493
C12.294.829.782
C12.294.889
C12.294.936
C12.672
C12.672,721
C12.672.847
C12.71717
C12.777.103
C12.777.103.124
C12.777.103.187
C12.777.103.187.733
C12,777.103.249
C12.777.103.312
C12.777.103374
C12.777.103.498
C12.777.103.920
C12.777.298
C12.777.337
C12.777.419
C12.777.419.78
C12.777.419.78.574
C12.777.419.192
C12.777.419.250
C12.777.419.307
C12.777.419.331
C12.777.419.331.490
C12.777.419.373
C12,777.419.393
C12.777.419.413
C12.777.419.413.420
C12.777.419.413.586
C12.777.419.433
C12.777.419.433.503
C12.777.419.453

97

C18.492297,
CS.116.190.

Cl4.907.409,
C14507.489.
CI.77T7.009.

Ca.182394
CA.182.39%4.
Ce.182.39%4,

FLIOAD?.

Cuémam21

C13.01.003

CI27717.419.

C19.246. 002
Clas A

C16.131.9%9.

Clb.aszeen

SLO0O1114

EID523018
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-liere
[ V0 X2

E. 1. pu PonT pe NEMOURS & COMPANY

L ORFORA F D
HasKELL LABORATORY FCR ~OXICOLOGY
AND INCUSTRIAL MZDICINE
P.O. BOx S50. ELKTCN ROAD
NEWARK, DELAWARES 19711

CENTRAL RESEARCH AND OEVELOPMENT DEPARTMENT

October 23, 1984

R. D. INGALLS

POLYMER PRODUCTS DEPARTMENT
M-5625

G.
L.
E.

OMEX

Karrh - ER - N-11543
Lovett

Percival

Rienl}

REPRODUCTIVE EFFECTS: TEFLON® CHEMICALS

I have reviewed toxicological information, including summaries aof
tetrafluoroethylene,
hexafluoropropylene, and other compounds used in the manufacture
of Teflon®. I conclude that under the conditions of use in Du
Pont's manufacturing sites, none of these materials presents a
hazard of impairment to reproductive function in either sex.

reproductive effects, on fluorocarben 22,

, - "/7//, , —/
:/C/;Z?ébdﬁg;k>;
WILLIAM L. SPROUT, M.D.
MEDICAL CONSUL TANT

WLS/egg

SL001115
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FACSIMILE TRANSMISSION COVER SHEF]

DATE (2 /1t [54
10: .
WIE __[Bob Zngs/s
0PT. /L

LOCATION _ M S 625

FROM:
NN‘E\ 721»-70._: jg;é"“r[(
DEPT. FPPP |
LOCATION _ (L %s /,;:,;e, Lo ks

TOTAL PAGES _:S; (INCLUDING COVER SHEET)

PLEASE COPY

2287A:0015A

12-:8-84 11:43 NJ. 906 301
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STUDY OF PREGNANCY OUTCOME IN WASHINGTON WORKS EMPLOYEES:

RESEARCH PROPOSAL

-Q«Wwwn
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William E. Fayerweather
Employee Relations Department
Medical Division
Epidemiology Section

April 13, 1981
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I. Objectives

The study's objectives are to determine whether
- a. Pregnancy outcome among female Washington Works
employees is causally related to their occu-

pational exposure to C-8.

b. Pregnancy outcome among wives of Washington Works

employees is causally related to their husbands'

L11000dIM

exposure to C-8.

IX. Background and Rationale

There have been five toxicologic éxperiments in which C-8
was administered repeatedly to experimental animals and in
whibh the male reproductive system was examined. In none of the
studies were treatment-related testicular changes observed.

Recently 3M conducted an oral rangefinder study of C-8.
The purpose of this study was to determine the upper dose level
of C-8 for a subsequent oral teratology study in rats. Suspensions
of C-8 and corn oil were given by oral intubation to 5 groups of
time-mated female rats (Charles River Sprague-Dawley derived).
The doses received were 150, 100, 75, 50, or 25 mg/kg/day of C-8.
These aoses were given on days 6 through 15 of'gestation (i.e.,
the period of organogenesis). There was one control group that
received only corn oil by intubation on these same days. Each
dosed and control group consisted of 6 time-mated female rats.

At day 20 of gestation the rats from the 3M study were sacri-
ficed. Four fetuses were examined from each of four dams in

the 150 and 25 mg/kg/day dose groups. All of the readable fetuses

EID106192



III.

sectioned hSﬁ eye lens abnormalities. The authors noted that

two previous teratology studies with chemically related compounds
resulted in fetuses Qith similar abnormal changes in the lens

of the eye.

At Washington Works significant occupational exposure to
C-8 is limited to the Teflon area. C-8 is a dispersing agent
that is used in nearly all Teflon polymer and copolymer processes.
The monomers do not contain C-8. Based on previous analyses of
blood organic fluoride leveis of workers, the greatest potential
for C-8 exposure occurs in four jobs: TFE process operator, FEP proce
operator, TFE service operator, and FEP service operator.

In the proposed study of pregnancy outcome, exposed female
employees and wives of exposed male employees will be studied.
Fe;ale workers are studied because they may have been exposed to
C-8 during or immediately prior to their pregnancies. Wives
of male workers are studied because the husbands may somehow
bring C-8 home with them and expose their wives at home. There

is no evidence at present to suggest that C-8 exposure affects

the husband's reproductive system.

Specific Aims

7
Histories of pregnancy outcome and of potential exposure

to C-8 will be ascertained for

8110004aM

a. Washington Works active female employees, and
b. Wives of Washington Works active male employees.
fotential exposure to C-8 will be determined from personal
records, medical records, and employee interviews. Pregnancy
outcome will be determi?ed via self-administered qugstionnagres
given to female employees and wives of male employees.

' ' EID106193
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If an association is observed between pregnancy outcome
and having had potential exposure to C-8, the association will
be assessed as to whether it is causal or whether it is dne to

other confounding factors.

Methods
A. Study Groups
1. Workers with potential C-8 exposure
a. Definition of exposure: Teflon area

All Teflon area jobs will be defined as .
having potential exposure to C-8. These jobs
will be further categorized as having either
high or low potential for exposure.

Table I shows the exposure categorization
scheme used in the previous liver function study
of C-8 workers. Notice that several job titles
appear in both the high and low exposure potential
columns. This happens because exposure potentials
for most Teflon area jobs depend on the particular
time period and task considered. Within the
high potential category, current TFE/FEP
service and process operators have the highest
potential for exposure based on blood organic
fluoride levels.

Some mechanics, non-semiworks laboratorians,
and chemists/engineers occasionally come in contact
with C-8. However, the natures of their jobs and
of the personnel record keeping system make it very
difficult to determine these workers' exposure. to

. ' . EID106194
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C-8 or to other chemicals. For this reason,

mechanics, non-semiworks laboratorians, and

chemists/engineers will be defined as having

unknown exposure potential.

b. Selection of exposed workers
All active male and female workers who have
ever worked in a C-8 exposure job (as defined
above) will be identified. Brief questionnaires
will be given to these workers to determine who
has ever been married. All ever married workers
will be included and all never married will be ex-

cluded from the study.

2. Workers with no potential C-8 exposure
a. Definition of non-exposure
All non-Teflon area jobs, with the exception
of the jobs with unknown exposure potential (e.gq.,
mechanic), will be defined as having no potential

for C-8 exposure.

b. Selection of non-exposed workers (controls)

All of the plant's non-exposed active female
workers will be selected as controls for the ex-
posed female workers.

For each C-8 exposed active male employee, one
matched non-exposed male employee will be chosen
as a control. Matching will be on payclass, birth
date (+ 3 years), and adjusted service date (+ 3

Years). The control for each exposed worker will

EID106195

0Z100049M



]

-

be the first eligible employee ;ppearing

in the yearly employee roster after the
exposed ‘worker's name.

- Each male and female control will be given
a.questionnaire to determine whether he/she
has ever been married. All never married con-
trols will be dropped from the study. For the
male subjects, new controls will be chosen to
replace those éontrols who either were never

married or who refused to participate in the

study.

B. Sources of Data

- 1. Exposure histories

Plant personnel will be responsible for:
e determining which active employees have

ever had potential exposure to C-8.

® collecting detailed exposure histories

on the study subjects.

These histories will be assembled from personnel records,

medical records, and employee interviews. The work

histories should contain:

name _
color (white/non-white)
birth date

payclass

date hired

C-8 jobs

all jobs having C-8 exposure potential
month and year the worker moved in and out of

EID106196
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® each job's exposure potential (high or low)

® blood organic fluoride level and date
taken

- .

~xposure histories will be recorded on code sheets

that will be designed and supplied by Medical Division.

2. Pregnancy outcome data

All female study subjects will be asked to com-
Plete a self-administered questionnaire on pregnancy
outcome.

All male subjects will be given an initial question-
naire to determine whether they have ever been married
and whether they are now living with their wives. Males

. who have been married but who no longer live with their
wives (e.g., because of divorce, separation, or death)
will be asked to complete the pregnancy outcome question-~
naire themselves. Males who are now living with their
wives will be asked to give the questionnaire to their
wives to complete. Never married workers will be dropped

from the study.

C. Major Response Variables
The major measures of pregnancy outcome, which are to be
ascertained via a self-administered questionnaire, include:

l. # Pregnancies
2. # Spontaneous abortions/miscarriages
3. # Stillbirths

4. 4 Induced abortions (for medical or personal
reasons) '

5. §# _Live-born children

¢T1000d9M

6. # Live~born children with birth defects or
other problems at birth

EID106197



7. Types of birth defects or problems ob-
served at birth

8. Birth weights

-

D. Potentially Confounding Variables
Information on a number of potentially confounding
factors will be ascertained via the pregnancy outcome question-
naire. These include:

1. Maternal age
2. Paternal age
3. Infectious diseases (e.q., rubella)

4. Family hlstory of malformations/miscarriages/
stillbirths

5. Medications/drugs
6. Jonizing radiation
7. Smoking

. 8. Chemical exposures outside the plant (e.g.,
LT other occupations)
9. Alcohol

10. Number of previous marriages
11. Birth control/desire for more children

12. Color/ethnicity (to be determined by plant
personnel).

£2100049M

E. Quality Control
If the final product of this study is to fair well
against peer review from outside of the Company, steps must

be taken to assure, measure, and document the quality of the

data collected.
1. Validation of pregnancy outcome supplied by female workers

The responses on 100% of the female workers' question-
naires should be validated. A worker's responses ccald
be validated by checking existing Du Pont medical records

and by contacting the worker's personal physician. This

' EID106198
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last step would only be done after having obtained the

worker's informed consent to do so.

Validation of pregnancy outcome supplied by husbands

The responses on 10% of the questionnaires given
to workers' wives should also be compared with the
responses given independently by their working husbands.
This comparison will help document the quality of the

responses given by husbands.
Validation of work histories supplied by the plant

After work histories for exposed and nonexposed sub-
jects have been sent to Medical Division, data from a
10% sample of these subjects will be auditted. For this
audit the plant will be asked to supply the records from

which these work histories have been assembled.

F. Pilot Study ’

Prior to giving questionnaires to all study subjects,

a pilot study should be done. This pilot study should include

about 5 male and 5 female workers who have had no potential

C-8 exposure. It will allow us to pre-test the pregnancy

outcome gquestionnaire and other study procedures.

V. Sample Size

$21000d9M

A. Female Employees

Currently there are 32 exempt, 130 non-exempt, and

159 wage roll females actively employed at the plant. As

of April 1, about 50 of these women worked in the Teflon

EID106199
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area. Only about one dozen of these women were in jobs

having a high potential for C-8 exposure.

- -

.- - -y

~- From 1965 through 1980 there were 103 leaves of absence.
due to preénancy (table II). Thirteen of these leaves

were among wage roll employees.

B. Male Employees
Over 300 men, or about ten percent of the plant's work~
force currently work in the Teflon area. Within the Teflon
area, 60 to 70 workers are in jobs that have high potential
for C-8 exposure. Since each exposed male will be matched
with one non-exposed male, the total number of males in-
éiuded in the study will be over 600. The number of active

- Eworkers who no longer work in the Teflon area is unknown. The

number of births to wives of male employees is also unknown.

C. sStatistically Significant Excesses

The national incidence rate for craniofacial
malformations is about 2 per 1000 live births, and the
rate for malformations of all types is about 20 per 1000.

Given these background rates, table III shows the minimum

$T1000JdM

number of births with malformations that must be observed
in the study group to say that there is a statistically
significant excess ( p<0.05). For instance, 2 malformations
in 10 exposed live births is é significantly higher rate than
a naéional rate of 2 per 1000. Two malfbrmations per

10 éxposed live births is also significantly higher than a

plant rate of 0 per 50.nonexposed births.

EID106200



VII.

Analxses

1. Data on C-8 exposed female workers will be analyzed separately

from data on wives of exposed male workers.

2. C-8 exposeé female workers and wives of exposed male workers

will be compared with four control groups:

e Female W.W. workers never exposed to C-8

e Wives of male workers at W.W. never exposed to C-8

921000daM

e Non-W.W. female employees at another Du Pont plant

e Wives of non-W.W. employees at another Du Pont plant,

3. All of the measures of pregnancy outcome mentioned in the

earlier section on major response variables will be analyzed.
4. “The analyses will be adjusted for the effects of the potent-
ially confounding variables mentioned earlier. Binary

regression and Mantel-Haenszel methods will be used for

these adjustments.

5. Analyses will take into account that only exposures occurring
immediately prior to conception or during the first tri-

mester of the pregnancy .are likely to produce malformations.

6. Hypothesis testing will be two-tailed, and significance will

be judged at the 0.05 probability level.

Confidenfiality and Informed Consent

An& female employees, male employees, or wives of male

employees who are asked to participate in this study will be

EID106201



asked to first read, understand, and then sign an informed con-

sent statement. This informed consent statement will clearly

-

T describe: ..

e The study's purpose and design.

e Potential risks and benefits to individuals who
decide to participate in the study.

e How the data will be used.

e The individual's right to refuse to participate

at any time in the study without prejudice to
him/her.

® How the study's results will be reported back
to the individual.

All completed questionnaires, data forms, and raw data
will be stored under lock and key or in limited-acess computer
files. Only the principal investigators will have unlimited

acéess to these daga.

When the study is finished, the collected data will be

stored in Du Pont's Hall of Records.

All results will be published in aggregate or group

forms only. Individual workers will not be identified.

EID106202
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8-11
8-13
£-15
WSs-12

TABLE I: EXPOSURE CATEGORIZATION SCHEME USED IN LIVER FUNCTION
STUDY OF C- 8 WORKERS AT WASHINGTON WORKS

LY .

HIGH EXPOSURE POTENTIAL. LOW EXPOSURE POTENTIAL .
’ NO.
TFE Service Operator . 4-2 . TFE Service Operator
TFE Process Operator 6-4 TFE Process Operator
FEP Service Operatm;_ . 4-6 . FEP Service Operator
FEP Process Operator © 6-8 . FEP Process Operstor
Semivorks Labcfra‘torian 6-10" Semiwvorks Lzboratorian
Mechanic (good possible) - 6-12 TEFZEL-TELOMEZIR A Operator
?ﬂe.c}.anic (possible) 7-14 MONOMER Operator
lfgb'gratorian (Tech Assistant) 8-16 Mechanic (unlikely)
Engineer or Chenmist ws-18 - TFE Pg‘oductior; Forezan
- 6-20 Laborztorizno
wsS-20 Chemist ‘or engipeer i
[ 4 4 ©

82100049M
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7% REV 1279

J. T. SMITH
' N. J. IRSCH
Mmb C. F. REINHARDT - CR&D
B. W. KARRH - ER
CsmamEs w0t H. E. SERENBETZ
E. |. pu PonT pE NEMours & COMPANY J. W. RAINES

INCORPORATED

WILMINGTON, DELAWARE 19898

POLYMER PRODUCTS DEPARTMENT

May 26, 1981

PERSONAL & CONFIDENTIAL

J. H. TODD
POLYMER PRODUCTS DEPARTMENT
WASHINGTON WORKS

C-8 PROGRAM STATUS

It has been several weeks since the announcement of 3M's
findings of the teratogenic potential of C-8 and the subsequent
reassignment and relocation of affected female employees from the
"Teflon" area. Communications to employees at that time indicated
that we planned further animal testing, further blood sampling,

and some follow-up to see if birth defects may have resulted from
exposure to C-8.

Although these programs are either just under way or
still in the discussion stage, a status report is in order.

You may choose to share some of the more sensitive
information with your immediate staff. Other parts of the program,
such as the Haskell activities, may be of more widespread interest.

If you wish to prepare a general communication, we will
be glad to assist with Medical or Haskell review.

RISK ASSESSMENT (Attachment I)

The latest risk assessment letter of May 6 from Drs. C.
F. Reinhardt and B. W. Karrh is included for your information. It
refers to an earlier letter of April 10, and this is also attached.

HASKELL LABORATORY STUDIES (Attachment II)

E. D. Champney's memo of 4/13/81 summarizes the extensive
program being undertaken at Haskell Laboratory.

EID090076
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J. H. TODD -2- MAY 26, 1981

HASKELL LABORATORY STUDIES (Cont'd.)

¢ The inhalation teratology study aimed at determining
a no-effuct exposure level in female rats is proceeding on
schedule. Facilities at the Experimental Station are being
used beginning this week for blood analyses to support
this study during a two-week period. Although there will
be some results at the end of June, the full-term test
Wwill not be complete until year end.

¢ Screening studies for an alternate dispersing agent
have started. In about three months we should know if we
have a promising candidate. Full-scale testing of several
months would then be required to confirm absence of
teratogenic potential.

e Because of the rapid -elimination of C-8 by female rats,
it is difficult to relate a no-effect dosage and¢ blood
level in rats to an acceptable exposure level and blood
level of C-8 in humans. A second species, more closely
related to humans, will be chosen shortly. The radio-
active C-8 is now available. Information about how it is

accumulated and held in the body will come from experiments
using it.

® A reproduction study is still in the planning stage.

BLOOD SAMPLING RESULTS (Attachment III)

Attached is a summary of sampling results available
through May 14.

As expected from previous sampling, sites where only
the dispersion is being used are indicating low blood levels.

Samples from Dordrecht are just being received. When
results are available, we will be able to compare this plant, where

direct exposure to C-8 is possible, with Washington Works' experi-

ence.

We understand that strategies for further sampling at
Washington Works are being discussed.

422?45} « Ll
R. D. INGAELS

ENERGY & ENVIRONMENTAL AFFAIRS
MANUFACTURING DIVISION

RDI:tps
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E. I. pu PonT DE NEMOURS & COMPANY

- INCORPORATED

WILMINGTON, DELAWARE 19898
CENTRAL RESEARCH & DEVELOPMENT DEPARTMENT

HASKELL LABORATORY ‘
FOR
TOXICOLOGY AND INDUSTRIAL MEDICINE May 6, 1981

PERSONAL & CONFIDENTIAL

MEMO TO: H. E. SERENBETZ
PPD, MONTCHANIN 642

FROM : C. F. REINHARDT, MD, CR§&D, HASKELL CF«
B. W. KARRH, '‘MD, ERD, N-11400
W
FC-143

(Ammonium perfluorooctanoate; C-8; CAS-3825-26-1)
Ref.: CFReinhardt & BWKarrh to HESerenbetz,
"FC-143," dated 4/10/81.

The reference memo describes a pilot study by 3M in which
FC-143 caused abnormal eye lenses in rat fetuses. The memo
recommends ''that women of childbearing capacity be removed from
jobs where it has been demonstrated that there is potential for
exposure to FC-143 and blood levels of FC-143 are above defined
background levels (0-0.4 ppm). Areas where the employees have
blood levels of organic fluorine in the background range and
where the airborne concentration of FC-143 is in compljance with
our provisional acceptable exposure limit of 0.01 mg/m” should
present no significant risk to the fetus."

Originally we estimated blood concentrations of FC-143 by
an imprecise measurement of total organic fluorine. The back-
ground concentration of organic fluorine, determined by measur-
ing it in the blood of Wilmington office workers, was 0-0.4 ppm
(as fluorine). Subsequently a method for measuring the blood
level of FC-143 itself was developed. It is sensitive to about
0.004 ppm (4 ppb), as fluorine. It was presumed that background
levels by either method would give values in the same range.
However, initial measurements of Wilmington office workers indi-
cate that the background level of blood FC-143 is below the
level of detection, that is, -less than 0.004 ppm. The question
has arisen whether the acceptable blood level for female employ-

ees (0.4 ppm) should be lowered to the detection level of FC-143
(0.004 ppm).

EID090078

BETTER THINGS FOR BETTER LIVING .. .THROUGH CHEMISTRY
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Page 2

PERSONAL & CONFIDENTIAL

H. E. SERENBETZ -2- May 6, 1981

We advise against this step because our information is
limited.

1. The evidence that F(C-143 is a teratogen in the
rat is tnconclusive. Teratogenic tests meeting
current standards are being carried out by 3M

and Du Pont and results should be available by
Q3-81.

2. Even if the preliminary 3M study is assumed to
demonstrate teratogenicity, it i8 inadequate for
setting acceptable exposure standards. The cur-
rent animal studies should provide a basis for
establishment of acceptable workplace standards.
The human data now being collected should also
help in setting standards.

3. Because of the unusual difference between male
and female rats in their rate of excreting
FC-143, the rat may not be the best model for
man. A better model is being sought.

4. We need many more measurements before we can say
that the background level of F(C-143 in the popu-
lation of the U.S. women is less than 0.004 ppm.

5. FC-143 has been in use for decades without appar-
ent adverse effects in humans.

We recommend that our acceptable blood level of 0.4 ppm
not be changed until we have more definitive information. We
should have enough information for a decision in a few months.
The departments have already taken significant steps to lower
exposure to FC-143. A few months, particularly with lowered
exposure, should not significantly extend the hazard of a sub-
stance that has been in use for many years.

J. R. Gibson, Director of Health and Safety, concurs with
our conclusions.

CFR/BWK/bjd
EID090079
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PERSONAL § CONFIDENTIAL

H. E. SERENBETZ

cc's to:

uw:wuf—.nn??:n?h

.

OO!‘UL"E“'-!O>OF“?15'U.W

-3- May 6, 1981

Gibson, Admn, D-9058
Tatum, Admn, D-9064
French, Jr., C§P, B-17249
Dade, F§F, B-2202 .
Haven, Intl, D-3047
Hapka, Legal, B-13373
Griffith, Photo, RSQ-210
Smith, PPD, D-12008

. Stowell, PA, D-8112

Rhodes, Fibr, N-4448

. Simmons, Jr., CR§D, D-6036
. McKusick, CR§D, Haskell
. Aftosmis, CR§D, Haskell

EID090080
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E. I. pu PonT pe NEMOURs & COMPANY

[INCORFORATED

WILMINGTON, DELAWARE 19898
CENTRAL RESEARCH & DEVELOPMENT DEPARTMENT

HASKELL LABORATORY
FOR .
TOXICOLOGY AND INDUSTRIAL MEDICINE : April 10, 1981

PERSONAL & CONFIDENTIAL

EID090081

MEMO TO: H. E. SERENBETZ
PPD, M-642

FROM : C. F. REINHARDT, M.D., CR§D, HASKELL CF/?
B. W. KARRH, M.D., ERD, N-11400 s

FC-143
(Ammonium perfluorooctanoate; C-8; CAS-3825-26-1)

At your request, we have reviewed the information pertin-
ent to whether FC-143 is a teratogen.

During the many years that Du Pont has used FC-143, there
has been no known evidence of adverse health effects from
employee exposure. However, our supplier of FC-143 (3M) informed
Du Pont on March 20, 1981, that FC-143 caused defects (abnormal
eye lenses) in rat fetuses when fed daily (days 6-15) to preg-
nant rats by stomach tube at doses of 25 or 150 mg/kg body weight.
This observation was from a pilot study designed to determine the
maximum dosage rate that pregnant females could tolerate in prep-

aration for a full-scale study to assess FC-143's teratogenic
potential.

On March 27 two Haskell scientists, Dr. R. E. Staples, Staff.
Teratologist, and Dr. T. Chiu, Senior Research Pathologist, visited
3M and reviewed the data with several 3M scientists. Staples and

Chiu concurred with 3M that the lens defects were probably caused
by FC-143.

Both Du Pont and 3M plan to start full-scale teratogenicity
studies promptly. A major goal will be to determine a dosage or
exposure concentration of FC-143 that does not cause birth defects
and to relate this dosage to blood levels of FC-143. Until we
have these data, we have no good basis for setting an acceptable
exposure limit (AEL) for women of childbearing capacity. We recom-
mend that women of childbearing capacity be removed from jobs
where it has been demonstrated that there is potential for expo-
sure to FC-143 and blood levels of FC-143 are above defined back-
ground levels (0-0.4 ppm). Areas where the employees have blood
levels of organic fluorine in the background range and where the
airborne concentration of FC-143 is in compliagnce with our pro-

visional allowable exposure limit of 0.01 mg/m” should present no
significant risk to the fetus.

BETTER THINGS FOR BETTER LIVING .. .THROUGH CHEMISTRY

2T6200dIV



PERSONAL & CONFIDENTIAL

MEMO TO:

H. E. SERENBETZ -2-

rage ¢

April 10, 1981

J. R. Gibson, Director of Health and Safety, concurs with
our conclusions.

CFR/BWK/bjd

cc's to:

L.w::::uc-.t-.no>>-n_z.c..

oomr-HO>»Or mmo

GIBSON, ADMN, D-9058
TATUM, ADMN, D-9064
FRENCH, JR., C&P, B-17249
DADE, F&F, B-2202

HAVEN, INTL, D-3047
HAPKA, LEGAL, B-13373
GRIFFITH, PHOTO, RSQ-210
SMITH, PPD, D-12008
STOWELL, PA, D-8112
RHODES, FIBR, N-4448
SIMMONS, JR., CR§D, D-6036
McKUSICK, CR§D, Haskell

. AFTOSMIS, CR§D, HASKELL

EID090082
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Page 1
Revised 5/14/81

PERSONAL & CONFIDENTIAL

C-8 BLOOD SAMPLING RESULTS

e Births and Pregnancies

PPM C-8

in Blood Status

0.45 Normal child - born June 1980.
Transferred out of Fluorocarbons 4/79.

0.28 Normal child - born April 1981.

0.078 Normal child - born April 1981.
Umbilical cord blood 0.055 ppm.

1.5 Five months pregnant.

0.013 . Five months pregnant.

2.5% ~ Child - 2 plus years
Unconfirmed eye and tear duct defect

0.048 Child - 4 months.

One nostril and eye defect.

*Current blood level - in fluorocarbons area only one month
before pregnancy.

RDI:1ldr
EID090083
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e C-8 Level - Current Washington Works Female Employees

Number of Samples 56

Range .0.013-5.1
Average 0.92 ppm C-8

Number Above 0.05 ppm C-8 53

moom 0010 M " 46
moom 020 v 35
wow 030 v 29
mov 040 M " 28

RDI:1ldr

EID090084

LT6200dIV



~ N

e el

LIN

-—n- -

5/14/81

e C-8 Level Locations Other than Washington Works

Location
Wilmington
Haskell
Chestnut Run
Spruance
Fairfield
Toledo

Circleville

RDI:1ldr

No. of PPM C-8 PPM C-8
Samples Range Average
32 ND ND
9 ND - 0.030 0.007
15 ND - 0.043 0.006
27 ND - 0.070 0.027
5 ND - 0.048 0.014
7 ND - 0.014 0.003
10 ND - 0.030 0.014
EID090085
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FROM: . PAUL THISTLETON
PR Polymer Products Dept.
Teflon? Division
Washington Works

863-2387 QA_ C____ Date: q / [&
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E. I. ou PonT o NEMOURS & COMPANY CC: C. G. McGlone-Tokyo
NICOAPORATED S. Hayashi-Tokyo
p. O. Box 1217 D. K. Duncan - Wilm,

ParxErssura, W. VA. 2610t

POLYMER PRODUCTS DEPARTMENT

September 15, 1981

MR. S. TAKADA
MITSUI FLUOROCHEMICALS CO. LTD.
MIHO 3600
SHIMIZU
. SHIZUOKA PREFECTURE
JAPAN

PROPOSED EMPLOYEE BLOOD SAMPLING PROGRAM

We would like to obtain blood samples from a representative
group of employees at Shimizu Works to determine if there is a
significant difference between C_-8 APFC dispersing agent values at
Shimizu and Washington Works. About twelve samples should be
enough. They should include several people who work around the
TEFLON® fine powder dryers because we believe that they are a major
source of exposure. Your plant has batch dryers whereas Dordrecht
and Washington Works have continuous dryers. We will analyze the
samples at Du Pont's Experimental Station and return the results to
you so that they can be given to the employees as confidential

medical information.

0139w
EID079372

.

There's a world of things we're doing something about
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BACKGROUND

We have used C-8 at Washington Works for more than 25 years
and in earlier years it was handlied less carefully than in recent
years. Limited data indicates that C-8 is persistent in the human
body and we have established a program to monitor selected employees
reqularly. We have established engineering controls to reduce
potential exposure to (-8 and required the use of protective

equipment for some jobs.

Significant additional control effort began in 1979 after
3M Company(our supplier of C-8 APFC dispersing agent) advised us of
a.ccunu-lation of organic fluorine in the blood of some of their
workers. In March, 1981, 34 Company advised us that tests indicated
that oral doses of C-8 caused birth defects in rats. As a result,
we transferred a]]( females of child bearing potential from jobs with

significant potential for C-8 exposure and increased our efforts to

prevent exposure.

Du Pont's Haskell Laboratory is making tests to determine
it exposure by inhalation of C-8 causes birth defects and also is
making tests with oral doses similar to the 3M tests. We expect
results of these tests in about a month. 3M Company is repeating

their original study and we expect to receive some information in
October, 1981.

B EID079373
0139w '

01520040V



Sahples of blood taken at Washington Works showed that

polymerization operators had an average of about 5 ppm organic .

fluorine and the maximum value was about 29 ppm. Monowmer operators
and professionals generally had much lower values. We sampled some
employees in the TEFLON® Division at Dordrecht Works in May, 1981,
and we found that the C-8 content of their blood samples was very
similar to results at Washington Works. There appears to be no
background level of naturally occurring C-8 in blood samples. A
| thorough study of the employees heaith records showed no conclusive
evidence of effects resulting from exposure to C-8.

We have asked Haskell Laboratory to establish an acceptable
level for C-8 in workers blood that will be the basis for managing

our blood monitoring programs.

~ We will be glad to answer any questions and provide more

jnformation that you may need.

Paul Thistleton
Senfor Engineer

Technical Department

PT/nsw

4
0139W EID07937
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NOTICE

These meeting minutes have been written as part of the activities of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific Advisory Panel (SAP).
These meeting minutes represent the views and recommendations of the FIFRA SAP, not
the United States Environmental Protection Agency (Agency). The content of these
meeting minutes does not represent information approved or disseminated by the
Agency. These meeting minutes have not been reviewed for approval by the Agency and,
hence, the contents of this report do not necessarily represent the views and policies of
the Agency, nor of other agencies in the Executive Branch of the Federal government,
nor does mention of trade names or commercial products constitute a recommendation
for use.

The FIFRA SAP is a Federal advisory committee operating in accordance with
the Federal Advisory Committee Act and was established under the provisions of FIFRA,
as amended by the Food Quality Protection Act FQPA of 1996. The FIFRA SAP
provides advice, information, and recommendations to the Agency Administrator on
pesticides and pesticide-related issues regarding the impact of regulatory actions on
health and the environment. The Panel serves as the primary scientific peer review
mechanism of the EPA, Office of Pesticide Programs (OPP) and is structured to provide
balanced expert assessment of pesticide and pesticide-related matters facing the Agency.

Food Quality Protection Act Science Review Board members serve the FIFRA SAP on
an ad hoc basis to assist in reviews conducted by the FIFRA SAP. Further information
about FIFRA SAP reports and activities can be obtained from its website at
http://www.epa.gov/scipoly/sap/ or the OPP Docket at (703) 305-5805. Interested

persons are invited to contact Steven Knott, SAP Designated Federal Official, via e-mail
at knott.steven(@.epa.gov.

In preparing these meeting minutes, the Panel carefully considered all information
provided and presented by the Agency presenters, as well as information presented by
public commenters. This document addresses the information provided and presented
within the structure of the charge by the Agency.
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December 9, 2003

Proposed Science Policy: PPAR-a Agonist Mediated Hepatocarcinogenesis in
Rodents and Relevance to Human Health Risk Assessment

PARTICIPANTS

FIFRA SAP, Session Chair
Gary E. Isom, Ph.D., Professor of Toxicology, School of Pharmacy and Pharmacal
Sciences, Purdue University, West Lafayette, IN

Designated Federal Official

Mr. Steven M. Knott, FIFRA Scientific Advisory Panel Staff, Office of Science
Coordination and Policy, EPA

FIFRA Scientific Advisory Panel Members
Stephen M. Roberts, Ph.D. (FIFRA SAP Chair), Professor & Program Director,
University of Florida, Center for Environmental & Human Toxicology, Gainesville, FL.
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George B. Corcoran, Ph.D., Professor & Chairman, Department of Pharmaceutical
Sciences, Eugene Applebaum College of Pharmacy & Health Sciences, Wayne State
University, Detroit, MI

Yvonne P. Dragan, Ph.D., Program Director, Hepatotoxicology Center for Excellence,
National Center for Toxicologic Research, U.S. Food and Drug Administration,
Jefferson, AR

Ronald N. Hines, Ph.D., Professor, Departments of Pediatrics, Pharmacology, and

Toxicology, Division of Clinical Pharmacology, Pharmacogenetics and Teratology, Birth
Defects Research Center, Medical College of Wisconsin, Milwaukee, WI

Randy L. Jirtle, Ph.D., Professor, Department of Radiology, Duke University Medical
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Lisa M. Kamendulis, Ph.D., Assistant Scientist, Department of Pharmacology and
Toxicology, Division of Toxicology, Indiana University School of Medicine,
Indianapolis, IN

James P. Kehrer, Ph.D., Head, Division of Pharmacology and Toxicology, College of
Pharmacy, The University of Texas at Austin, Austin, TX

Lois D. Lehman-McKeeman, Ph.D., Research Fellow, Discovery Toxicology, Bristol-
Myers Squibb Company, Princeton, NJ

David E. Moody, Ph.D., Associate Director, Center for Human Toxicology and Research
Professor, Department of Pharmacology and Toxicology, College of Pharmacy,
University of Utah, Salt Lake City, UT

Daniel J. Noonan, Ph.D., Associate Professor, Graduate Center for Toxicology and
Biochemistry Department, University of Kentucky, Lexington, KY

Carmen E. Perrone, Ph.D., Research Assistant Professor, Department of Pathology, New
York Medical College, Valhalla, NY

Martha S. Sandy, Ph.D., Chief, Cancer Toxicology and Epidemiology Unit, Reproductive
and Cancer Hazard Assessment Section, Office of Environmental Health Hazard
Assessment, California Environmental Protection Agency, Oakland, CA

Michael D. Wheeler, Ph.D., Assistant Professor of Pharmacology and Medicine,

University of North Carolina, Skipper Bowles Center for Alcohol Studies, Chapel Hill,
NC

INTRODUCTION

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific
Advisory Panel (SAP) has completed its review of the set of scientific issues being
considered by the Agency pertaining to the Proposed Science Policy: Peroxisome
Proliferator Activated Receptor-alpha (PPAR-0) Agonist-Mediated Hepatocarcinogenesis
in Rodents and Relevance to Human Health Risk Assessment. Advance notice of the
meeting was published in the Federal Register on October 24, 2003. The review was
conducted in an open Panel meeting held in Arlington, Virginia, on December 9, 2003.

Dr. Gary Isom chaired the meeting. Mr. Steven Knott served as the Designated Federal
Official.

Dr. Elizabeth Mendez (Health Effects Division, Office of Pesticide Programs,
EPA) provided the Agency presentation on the proposed science policy regarding PPAR-
a agonist-mediated hepatocarcinogenesis in rodents and relevance to human health risk
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assessment. Dr. Jeff Peters (Penn State University) provided a presentation on the paper
"PPAR-0 Agonist-Induced Rodent Tumors: Modes of Action and Human Relevance"
(Klaunig et al., 2003). The paper and presentation summarized the evaluation of a
working group convened by the International Life Sciences Institute, Risk Science
Institute. This evaluation, along with the pertinent scientific literature, was considered by
EPA's Office of Prevention, Pesticides, and Toxic Substances in developing its proposed
science policy. Ms. Margaret Stasikowski (Director, Health Effects Division, Office of
Pesticide Programs, EPA) provided an introduction to the session and also participated in
the meeting. In addition, Dr. Karl Baetcke (Health Effects Division, Office of Pesticide
Programs, EPA), Dr. Jennifer Seed and Dr. David Lai (both from the Risk Assessment
Division, Office of Pollution Prevention and Toxics, EPA) participated in the session.

In preparing these meeting minutes, the Panel carefully considered all information
provided and presented by the Agency presenters, as well as information presented by
public commenters. These meeting minutes address the information provided and
presented at the meeting, especially the response to the charge by the Agency.

PUBLIC COMMENTERS

Oral statements were presented as follows:

Jennifer B. Sass, Ph.D., Natural Resources Defense Council
Written statements were provided as follows:

Robert A. Bilott, Taft, Stettinius, Hollister, LLP

CHARGE

Developments in the area of research on peroxisome proliferating chemicals have
led to a reevaluation of the state of the science to characterize the mode(s) of action (i.e.,
PPAR-a agonism) and the human relevance of rodent tumors induced by PPAR-a
agonists. Recently, the ILSI Risk Science Institute (ILSI RSI) convened a large expert
technical group to evaluate new information on the association between PPAR-a agonism
and the induction of tumors by peroxisome proliferating chemicals. OPPTS considered
the 2003 ILSI report as well as the pertinent scientific literature in developing its

proposed science policy.

Please provide comment and advice on the following questions. In addressing
these questions consider the completeness of the data sets evaluated.

Issue 1: Rodent PPAR-a Mode of Action (MOA) for Hepatocarcinogenesis
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OPPTS has concluded that there is sufficient weight of evidence to establish the
mode of action (MOA) for PPAR-a agonist-induced rodent hepatocarcinogenesis. It is
proposed in the OPPTS document that PPAR-u agonists activate PPAR-o, leading to an
increase in cell proliferation and a decrease in apoptosis, and eventually further clonal
expansion of preneoplastic cells and formation of liver tumors. The key events in PPAR-
a agonist-induced hepatocarcinogenesis may be classified as either causal (required for
this MOA) or associative (marker of PPAR-0, agonism).

Question 1 - Please comment on the weight of evidence and key events for the
proposed MOA for the PPAR-a agonist-induced rodent hepatocarcinogenesis.
Please comment on the adequacy of the data available to identify the key events
in the PPAR-0 MOA. Discuss whether the uncertainties and limitations of these
data have been adequately characterized.

Issue 2: Relative Sensitivity of Fetal, Neonatal, and Adult Rodent

OPPTS has provided a review of the ontogeny of PPAR-a expression and
peroxisomal assemblage during fetal and postnatal development in rodents as well as an
analysis of the available data evaluating effects on peroxisomal proliferation,
peroxisomal enzyme activity, and liver weights following exposure to PPAR-a agonists
during fetal and postnatal development in rats and mice (see Section V of the OPPTS
Document). Based on this analysis, OPPTS concluded that fetal and neonatal rats do not
exhibit an increased sensitivity to PPAR-o agonist-induced hepatocarcinogenicity
relative to the adult rodent. Therefore, any conclusions regarding this MOA in adult
rodents would also apply to young rodents, and similarly any conclusions regarding the
relevance of this MOA for human hepatocarcinogenesis would apply to the young, as
well as the adults.

Question 2 - Please comment on the weight of the evidence approach and
mechanistic data used to support this conclusion.

Issue 3: Human Relevance

OPPTS has provided an analysis of a variety of in vitro and in vivo studies on the
key events pertaining to PPAR-0, agonist-induced hepatocarcinogenesis with hamsters,
guinea pigs, non-human primates, and humans. Based on the weight of the evidence,
OPPTS concludes that although PPAR-a agonists can induce liver tumors in rodents and
while PPAR-a is functional in humans, quantitatively, humans and nonhuman primates
are refractory to the hepatic effects of PPAR-a agonists.

Therefore, OPPTS is proposing the following scientific policy:
When liver tumors are observed in long term studies in rats and mice, and

1) the data are sufficient to establish that the liver tumors are a result of a
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PPAR-u agonist MOA and 2) other potential MOAs have been evaluated
and found not operative, the evidence of liver tumor formation in rodents
should not be used to characterize potential human hazard.

Question 3 - Please comment on the data and weight of evidence regarding the
hepatic effects of PPAR-a agonists in humans, and please comment on the
proposed OPPTS’s science policy regarding human relevance.

Issue 4: Data Requirements

OPPTS has proposed a data set that would be sufficient to demonstrate that
PPAR-a agonism is the MOA for the induction of rodent liver tumors. The data set
includes evidence of PPAR-a agonism (i.e., from an in vitro reporter gene assay), in vivo
evidence of an increase in number and size of peroxisomes, increases in the activity of
acyl CoA oxidase, and hepatic cell proliferation. The in vivo evidence should be
collected from studies designed to provide the data needed to show dose-response and
temporal concordance between precursor events and liver tumor formation.

Question 4 - Please comment in general on the proposed data set and particularly
on its adequacy to demonstrate that a PPAR-a agonist-mediated MOA is
operating in rodent hepatocarcinogenesis.

Issue 5: Other Tumors Induced by PPAR-a Agonists

Some PPAR-0 agonists may also induce pancreatic acinar cell and Leydig cell
tumors in rats and modes of action involving agonism of PPAR-u have been proposed.
An in depth analysis of these tumors is provided in the 2003 ILSI technical panel report.
Based on this analysis, OPPTS agrees that the data available to date are insufficient to
support the proposed MOAs.

Thus, OPPTS is proposing the following science policy:

Given the limited evidence available to support that a chemical may
induce pancreatic and Leydig cell tumors through a PPAR-q agonist
MOA, the evidence is inadequate at this time to support a linkage between
PPAR-o agonism and formation of these tumor types. Thus, it is
presumed that chemicals that induce pancreatic or Leydig cell tumors may
pose a carcinogenic hazard for humans.

Question 5 - Please comment on OPPTS’s conclusion that there is limited evidence that
a chemical may induce pancreatic and Leydig cell tumors through a PPAR-a agonist
MOA, and OPPTS’s proposed science policy regarding other tumors induced by PPAR-q
agonists.
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SUMMARY OF PANEL DISCUSSION AND RECOMMENDATIONS
Rodent PPAR-a Mode of Action (MOA) for Hepatocarcinogenesis

Overall, the majority of the Panel felt the evidence in support of the proposed
MOA for PPAR-a agonist induced rodent hepatocarcinogenesis was adequate, though the
opinions of individual Panel members ranged from full agreement to complete
disagreement. The key event in the MOA is PPAR-a activation. PPAR-a activation
triggers multiple events leading to tumorigenesis but the PPAR-a-altered genes in the
causal pathway for tumor induction have not been identified. While some of the key
events that occur after PPAR« activation, such as increased cell proliferation, inhibition
of apoptosis, and the clonal expansion of preneoplastic lesions are known, the PPAR-q
dependent mechanism for the perturbation of these key events is less well established.
Specifically, mechanisms and steps linking key events downstream of PPAR-q, activation
are not known. The data are sufficient to demonstrate a PPAR-a, activation dependence
to the MOA, but are inadequate to provide the quantitative linkages associated with a
more defined mechanism of action. The Panel members agreed that additional evidence

of specific alterations associated with PPAR-a activation would greatly strengthen the
proposed MOA.

There was agreement among most, but not all, of the Panel that data from the
PPAR-a -/- (null or knockout) mouse indicate the requirement for the activation of
PPAR-a in the MOA of the hepatocarcinogenic effect of these agents. That the PPAR-o.
null mouse fails to exhibit the key and associated events when challenged with 11 months
exposure to a potent PPAR-o. agonist at a dose that induces 100% incidence of multiple
liver adenomas in concurrently exposed control (wildtype) mice demonstrated to most,
but not all, Panel members the underlying basis of the MOA statement. A few Panel
members expressed concern over the short duration of the studies in the PPAR-q -/~
mouse (1.e., 11 months vs. 24 months in standard cancer bioassays), which rendered the
studies incapable of assessing the lifetime liver cancer risk of PPAR-q agonists in this
knockout mouse model, and thus, inadequate to conclusively demonstrate that PPAR-a
activation is required for hepatocarcinogenesis. One Panel member did not find the
weight of evidence for the proposed MOA to be sufficient based on the current absence
of scientific understanding or identification of any of the intermediate critical events on
the causal pathway which link PPAR-a activation with increased proliferation, decreased
apoptosis, clonal expansion of preneoplastic lesions, or liver tumor formation. In
addition, this Panel member observed that there is a large body of data demonstrating that
PPAR-a agonists activate Kupffer cells through a PPAR-a independent mechanism,

resulting in the release of cytokines capable of stimulating parenchymal cell mitosis and
suppressing apoptosis.

Relative Sensitivity of Fetal, Neonatal, and Adult Rodent
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The Panel does not support the OPPTS conclusions that the PPAR-a agonist
MOA in adult rodents would also apply to young rodents, and similarly any conclusions
regarding the relevance of this MOA for human hepatocarcinogenesis would apply to the
young, as well as the adults. Differences in peroxisome biogenesis have been reported
during the ontogenic development of rodents and humans. While the assembly of
peroxisomes in rats and mice, including the insertion of B-oxidation enzymes into the
peroxisomes, occurs near birth, the assembly of human peroxisomes has been observed
as early as 8 weeks of gestation (Espeel, et al, 1997). The number and density of
peroxisomes plateau by 17 weeks of gestation in humans. Moreover, acyl-CoA oxidase
and 3-ketoacyl CoA thiolase are immunodetectable in the peroxisomes by 10 and 9
weeks of gestation, respectively. Thus, this suggests differences in B-oxidation
capabilities in developing rodents and humans. It was also considered that differences in
cell proliferation, xenobiotic metabolism, and other factors in the developing rodent (or
human) could affect sensitivity to PPAR-a hepatocarcinogenesis. Therefore, information
on the expression of the PPAR-o during ontogeny as well as responses of embryonic and
fetal human hepatocytes to PPAR-a agonists should be evaluated before concluding that
the developing human conceptus is unresponsive to PPAR-o agonist exposures.

Human Relevance

Overall, the majority of the Panel agreed that there are relevant data indicating
that humans are less sensitive than rodents to the hepatic effects of PPAR-a agonists.
However, the opinions of individual Panel members ranged from full agreement with the
proposed OPPTS policy statement, as currently written, to complete disagreement. The
majority of the Panel recognized weaknesses in the data that supported the policy noting
in particular that the case for lack of human relevance was deficient in the human data.
In addition, the Panel members agreed that the MOA and its application to addressing
human relevance would be greatly strengthened by additional evidence of the specific
alterations associated with PPAR-a activation that lead to the more general steps of
hepatocellular proliferation, clonal expansion of initiated hepatocytes and tumor
development. However, the Panel was divided regarding whether such additional
evidence is necessary before accepting the MOA and its application to human relevance.

Some Panel members believed that the data failed to demonstrate that the effect could
only occur in liver and that, therefore, the policy statement should be limited to
hepatocarcinogenic effects (see number 2 below). Other Panel members believed that the
overall data limitations were significant enough to disagree with the MOA and its
application to addressing human relevance.

As noted previously, there was agreement among most, but not all of the Panel
that data from PPAR-0 null mice showing that, in the absence of the receptor, there were
no ensuing changes in cell proliferation and hepatic tumor formation, was strong
evidence that activation of PPAR-o. is necessary for all subsequent steps in the MOA.. It
also was noted previously that a few Panel members expressed concern over the short
duration of the studies in the PPAR-a null mice (i.e., 11 months vs. 24 months in
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standard cancer bioassays), which rendered the studies incapable of assessing the lifetime
liver cancer risk of PPAR- agonists in this knockout mouse model, and thus, inadequate
to conclusively demonstrate that PPAR-a activation is required for hepatocarcinogenesis.
Considering the proposed MOA, there was agreement that PPAR-q is present in humans
and that the receptor is activated in human liver following exposure to known agonists.
Accordingly, the proposed MOA for PPAR-q agonist-induced hepatocellular
carcinogenesis in rodents is plausible for humans. There was also agreement that the
nature of gene expression associated with hepatocellular PPAR-« activation is
qualitatively different between humans and rodents. This difference may result from
species differences in peroxisome proliferator response elements (PPREs), but there are
few data available that identify these potentially important differences, particularly in
humans. Humans are at least as sensitive to activation end-points that lead to
hypolipidemia but are much less sensitive to other end-points normally associated with
peroxisome proliferation. This qualitative difference will be what is referred to in
subsequent references as human sensitivity.

One overall concern with the proposed MOA and the application of the MOA to
addressing human relevance was that, whereas PPAR-q activation is a very specific
component of the MOA, the other steps deemed to be causally-related, namely increased
hepatocellular proliferation and clonal expansion of initiated hepatocytes leading to
tumor development, were very general and non-specific. Overall, the Panel members
agreed that additional evidence of specific alterations associated with PPAR-qa activation
in primates and especially humans would greatly strengthen the proposed MOA.

The Panel discussed three other issues relative to assessing the weight of evidence
regarding the hepatic effects of PPAR-q agonists in humans, and the proposed science
policy regarding human relevance. These included:

1. The use of the word "refractory" to describe the human response to PPAR-a
activation is too absolute. The Panel agreed that "less sensitive” is a more appropriate
description of the nature of the human response relative to that observed in rats and mice.

2. The policy statement drafted by OPPTS concludes with the phrase "evidence of
liver tumor formation in rodents should not be used to characterize potential human
hazard." After some discussion, it was suggested by one member of the Panel, and
supported by several other Panel members, that this phrase should be modified to read,
"evidence of liver tumor formation in rodents should not be used to characterize potential
human hepatocarcinogenic hazard."

3. One member of the Panel expressed a concern, which was shared by some other

Panel members, that the MOA and evaluation of human relevance was lacking in its

assessment of altered gene expression that could be associated with altered methylation

of DNA. There is evidence that DNA methylation is modified in rodents following

exposure to PPAR-a agonists (Ge et al., 2001, Ge et al., 2002, and Pereira, et al., 2004).
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Given the accepted role for DNA methylation in gene imprinting and the loss of
imprinting in cancer etiology (see for example McClachlan et al., 2001), such a role for
PPAR-a agonists in causing similar alterations in humans should be explored before
human relevance can be appropriately evaluated, particularly for exposure during early
life stages and for questions regarding site concordance.

Data Requirements

There was general consensus among the Panel that the proposed data set was
adequate and provided a straight forward approach to classify a chemical as a PPAR-a
agonist. The Panel also concurred that the use of PPAR-a knockout mice would provide
definitive evidence to classify a chemical as a PPAR-q agonist, but that the proposed data
set would be sufficient in lieu of the use of this rather costly tool.

In the course of the Panel's discussion, questions for clarification were posed to
the Agency as to when (i.e., before or after a positive liver tumor finding in rodents) this
set of assays testing for PPAR-o agonist activity would be conducted. The Agency
indicated that data demonstrating PPAR-q, agonist activity could be submitted in the
absence of testing in long-term carcinogenesis studies. In response to this, a Panel
member observed that in the absence of testing in standard long-term rodent
carcinogenicity studies, it is not possible to determine whether the chemical would
operate through a PPAR-a agonist MOA producing rodent liver tumors. A chemical with
PPAR-a agonist activity may either: 1) not cause cancer in rodents, 2) cause liver cancer
in rodents by the proposed PPAR-a agonist MOA, 3) cause liver cancer by a MOA other
than the proposed PPAR-a agonist MOA (e.g., cytotoxicity), or 4) cause cancer at sites
other than the liver (with or without liver cancer). The Panel concurred that an
overriding requirement is that other MOAs have been excluded. For example, rigorous
tests must be performed to exclude mutagenicity, other forms of DNA damage
(clastogenicity), or overt cytotoxicity directly produced by the test compound, or its
metabolic products.

Other Tumors Induced by PPAR-a Agonists

In addition to the hepatic tumors that appear to be a general occurrence in rats and
mice, nine PPAR-a agonists have been reported to induce Leydig cell tumors (LCTs) and
pancreatic acinar cell tumors (PACTs) in rats. Together with the hepatic tumors, this is
referred to as the tumor triad. The Panel was in agreement with the OPPTS conclusion
that chemicals that induce pancreatic or Leydig cell tumors may pose a carcinogenic
hazard for humans.

Given the limited amount of data available on the true MOA for LCTs or PACTs,
including the possibility raised by some Panel members that epigenetic effects of the
PPAR-a agonists may occur, it is not possible to determine whether PPAR-o agonists
pose a carcinogenic hazard to humans. Thus, the conclusion by the OPPTS that the
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available data for the induction of rat LCTs and PACTs by PPAR-a agonists are
insufficient to conclude that the sole MOA involves the PPAR-q, receptor is considered
by the Panel to be appropriate. Further, the Panel concurs that it should be presumed that
chemicals that induce pancreatic or Leydig cell tumors may pose a carcinogenic hazard
for humans.

PANEL DELIBERATIONS AND RESPONSE TO CHARGE

The specific issues addressed by the Panel are keyed to the Agency's background
documents, and the Agency’s charge questions.

Response to Charge
Question 1 - Rodent PPAR-0. Mode of Action (MOA) for Hepatocarcinogenesis

OPPTS has concluded that there is sufficient weight of evidence to establish the
MOA for PPAR-a agonist-induced rodent hepatocarcinogenesis. It is proposed in the
OPPTS document that PPAR-o agonists activate PPAR-o, leading to an increase in cell
proliferation and a decrease in apoptosis, and eventually further clonal expansion of
preneoplastic cells and formation of liver tumors. The key events in PPAR-a. agonist-
induced hepatocarcinogenesis may be classified as either causal (required for this MOA)
or associative (marker of PPAR-a agonism).

Please comment on the weight of evidence and key events for the proposed MOA
for the PPAR-0. agonist-induced rodent hepatocarcinogenesis. Please comment on the
adequacy of the data available to identify the key events in the PPAR-¢ MOA. Discuss
whether the uncertainties and limitations of these data have been adequately
characterized.

Response
Weight of the Evidence for Proposed MOA

Overall, the majority of the Panel felt the evidence in support of the proposed
MOA for PPAR-u agonist induced rodent hepatocarcinogenesis was adequate, though the
opinions of individual Panel members ranged from full agreement to complete
disagreement. The majority of the Panel felt the weight of evidence in support of the
proposed MOA in rodents is adequate for PPAR-o agonists in which hepatic activation
of PPAR-a results in the key downstream events of increased proliferation, decreased
apoptosis, and clonal expansion of preneoplastic lesions resulting in
hepatocarcinogenesis. Associated events (indicators of PPAR-a. activation) include
induction of peroxisome proliferation and altered expression of related genes. One Panel
member did not find the weight of evidence for the proposed MOA to be sufficient, based
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on the current absence of scientific understanding or identification of any of the
intermediate critical events on the causal pathway which link PPAR-a activation with
increased proliferation, decreased apoptosis, clonal expansion of preneoplastic lesions, or
liver tumor formation. In addition, this Panel member observed that there is a large body
of data demonstrating that PPAR-o agonists activate Kupffer cells through a PPAR-a
independent mechanism, resulting in the release of cytokines capable of stimulating

parenchymal cell mitosis and suppressing apoptosis (Rolfe et al., 1997; Rusyn et al.,
2001; Parzefall et al., 2001; Hasmall et al., 2001).

The proposed MOA for PPAR-a agonist induced rodent hepatocarcinogenesis is
based on a considerable body of evidence that has accrued over the past 3 decades, and
particularly on the more recent demonstration of a lack of a tumorigenic response in the
PPAR-a -/- mouse after 11 months of PPAR-a agonist administration at a dose that
induces 100% incidence of liver adenomas in concurrent studies in the PPAR-o +/+
mouse with the same genetic background. This PPAR-a null mouse is devoid of
responses indicative of PPAR-o. agonism. There was agreement among most, but not all,
of the Panel that data from the PPAR-a -/- mouse indicate the requirement for the
activation of PPAR-a in the MOA of the hepatocarcinogenic effect of these agents. A
few Panel members expressed concern over the short duration of the studies in the
PPAR-a -/- mouse (i.e., 11 months vs. 24 months in standard cancer bioassays), which
rendered the studies incapable of assessing the lifetime liver cancer risk of PPAR-q,
agonists in this knockout mouse model, and thus, inadequate to conclusively demonstrate
that PPAR-a activation is required for hepatocarcinogenesis.

Additional supporting evidence for the MOA, as discussed in the review by
Klaunig et al. (2003) comes from the concordance of this MOA for several PPAR-o,
agonists, dose dependence of the effect, with both consistency and biological plausibility
for the key events. One Panel member noted several inconsistencies in the supporting
data however. These include observations from long-term carcinogenicity studies of the
PPAR-a agonist gemfibrozil, where a dose-related increase in liver tumors was observed
in male rats, while in females, a dose-dependent decrease in liver tumors was seen
(IARC, 1996). In another example, studies in rats with two PPAR-« agonists, WY~
14,463 and DEHP, demonstrated that doses that produced equivalent levels of hepatic
peroxisome proliferation, measured as peroxisome number and peroxisomal enzyme
activity, produced markedly different liver tumor incidences (Marsman et al., 1988).
Another Panel member noted that these differences may be due to sex, species, and strain
differences in pharmacokinetics.

In addition to the above, a Panel member expressed concern with the lack of
understanding of key causal events in the proposed MOA intermediate between PPAR-q,
activation and cell proliferation, suppression of apoptosis and clonal expansion, given
that activation of PPAR-a results in regulation of a multitude of genes involved in a
variety of cellular functions, including lipid metabolism and transport, amino acid
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metabolism, signaling molecules, transcription factors, and cell cycle and growth
regulatory proteins.

The Panel agreed that data in the wild type and the PPAR-a knockout mouse
would be strengthened if it were determined that the null mice generated on a 129 genetic
background are not resistant to liver tumorigenesis in general, as opposed to specifically
resistant to PPAR-a agonists (see Drinkwater and Bennett, 1991). In addition, the PPAR-
a knockout mouse data would be strengthened by a demonstration of gene dose
sensitivity. The Panel members also agreed that additional evidence of specific

alterations associated with PPAR-a activation would greatly strengthen the proposed
MOA.

Adequacy of the Data

Though the opinions of individual Panel members ranged from full agreement to
complete disagreement, overall, the majority of the Panel felt the data supporting the key
events associated with the proposed MOA in rats and mice are adequate, but recognized
areas where the data could be strengthened. One overall concern with the proposed
MOA was that, whereas PPAR-a activation is a very specific component of the MOA,
the other steps deemed to be causally related, namely increased hepatocellular
proliferation and clonal expansion of the initiated hepatocytes leading to tumor
development, were very general and non-specific.

In support of the adequacy of the data, the key events and the associated events
have been demonstrated to occur following administration of PPAR-o agonists. These
data have been derived from many laboratories over the course of the last 30 years.
Many of the associative events are highly correlated markers of PPAR-0, agonist
exposure and potential contributors to the causal events in the proposed MOA. The
mechanistic linkage between the required step of PPAR-a activation and the key events
(increased cell proliferation, decreased apoptosis, and clonal expansion of preneoplastic
hepatic lesions) has not been determined. Although having these steps in the mechanism
of PPAR-a induced rat and mouse hepatocarcinogenesis would strengthen the MOA, the
majority of the Panel agreed that the current dataset is adequate to support the MOA.
That the PPAR-a null mouse fails to exhibit the key and associated events when
challenged with 11 months exposure to a potent PPAR-« agonist at a dose that induces
100% incidence of multiple liver adenomas in concurrently exposed control (wildtype)

mice demonstrated to most, but not all, Panel members the underlying basis of the MOA
statement.

Several concerns regarding the adequacy of the data also were discussed. As
previously noted, a few Panel members expressed concern over the short duration of the
studies in PPAR-a null mice which rendered the studies inadequate to conclusively
demonstrate that PPAR-a activation is required for hepatocarcinogenesis. One member of
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the Panel was concerned that the data were not adequate to identify the key events in the
MOA for PPAR-a agonist induced rodent hepatocarcinogenesis, stating that although
PPAR-a activation is believed to be the earliest key event, none of the many genes whose
expression is regulated by PPAR-a has been identified as being in the causal pathway for
liver tumorigenesis. More data are needed to establish and link the events that have been
proposed as key causal events in the proposed MOA. In addition, a number of studies
provide compelling data that suggest that a PPAR-q independent event, namely Kupffer
cell activation, is required for increased hepatocyte proliferation by PPAR-q agonists.
The Panel member felt that more data characterizing the relationship between Kupffer
cell activation, and the cytokines that are released upon activation in
hepatocarcinogenesis, and PPAR-q activation were needed before the identification of
key events in the MOA could be properly evaluated. Another member of the Panel
expressed concern, which was shared by some other Panel members, that data were
lacking on the potential roles alterations in DNA methylation and chromatin structure
play in the hepatocarcinogenic MOA of PPAR-q agonists.

Uncertainties and Inadequacies of the Data

Limitations of the available data have been detailed in the Klaunig et al. (2003)
review. As noted above, the mechanism for the induction of cell proliferation and
apoptosis suppression induced by PPAR-a. agonists is not known. One significant factor
to consider is the role of nonparenchymal hepatic cells in these processes. For example,
Kupffer cells release cytokines, some of which are mitogenic to parenchymal cells and
some that affect parenchymal cell apoptosis. In addition, many of the enzymes used as
indicators of PPAR- activation are regulated through a well defined mechanism of
action that involves altered transcription of PPRE containing genes. Because this
pathway of PPAR-a—dependent alteration of gene regulation is only associated with
PPAR-a activation and not with the regulation of key events in the MOA, other
mechanisms for induction of the key events need to be considered. Specific uncertainties
may include whether agents must be metabolized from a pro-form to an active-form to be
able to modulate the PPAR-a pathway, the induction of PPREs, or other indirect events.

Many, but not all, agents that demonstrate an ability to induce peroxisomes in rats
and mice also induce a neoplastic response in the liver of rats and mice. Morphologic
and biochemical evidence of peroxisome proliferation in rat and mouse liver is
supportive evidence of the proposed MOA. It should be noted that these remain
associated key events that are not proposed at this time to be causally related to tumor
formation. The Panel agreed that there were considerable uncertainties as to the
significance of associated key events, such as hepatic acyl CoA oxidase induction, with
regard to the tumor forming potential of PPAR-a agonists in rats and mice. PPAR-q
agonists can bind directly to PPAR-, but may also perturb interactions with the RXR
binding partner, the binding of co-activators and co-repressors to the receptor, or the
availability and action of endogenous ligands or inhibitors.
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Question 2 - Relative Sensitivity of Fetal, Neonatal, and Adult Rodents

OPPTS has provided a review of the ontogeny of PPAR-0, expression and
peroxisomal assemblage during fetal and postnatal development in rodents as well as an
analysis of the available data evaluating effects on peroxisomal proliferation,
peroxisomal enzyme activity, and liver weights following exposure to PPAR-a agonists
during fetal and postnatal development in rats and mice (see Section V of the OPPTS
Document). Based on this analysis, OPPTS concluded that fetal and neonatal rats do not
exhibit an increased sensitivity to PPAR-a agonist-induced hepatocarcinogenicity
relative to the adult rodent. Therefore, any conclusions regarding this MOA in adult
rodents would also apply to young rodents, and similarly any conclusions regarding the
relevance of this MOA for human hepatocarcinogenesis would apply to the young, as
well as the adults.

Please comment on the weight of the evidence approach and mechanistic data
used to support this conclusion.

Response

The Panel does not support the OPPTS conclusions. Although fetal and
embryonic rats and mice respond to PPAR-« agonists as demonstrated by changes in
peroxisomal enzyme activities, strong evidence demonstrating that fetal and neonatal rats
do not exhibit an increased sensitivity to PPAR-a agonist-induced hepatocarcinogenesis

18 lacking. Moreover, conclusions regarding this MOA for human hepatocarcinogenesis
should not be applied to developing humans.

As discussed in the response to question 1, the proposed MOA involves activation
of PPAR-a, which regulates the expression of numerous genes, including several that
encode for peroxisomal enzymes, and identifies as key causal events increases in cell
proliferation, inhibition of apoptosis, and clonal expansion of preneoplastic lesions,
which result in the formation of liver tumors. Published reports have shown that both the
expression of PPAR-o and the assembly of peroxisomes occur late in the development of
rats and mice. Furthermore, it has been shown that, as in adult livers, embryonic, fetal
and neonatal livers of rats and mice respond to PPAR-a agonists by increasing
peroxisome number, peroxisome volume density, liver weight, and the expression of the
peroxisomal enzyme palmitoyl CoA oxidase. This suggests that at least some of the
cellular macromolecules involved in the proposed PPAR-o. agonist MOA are functional
and responsive to PPAR-a agonists in rat and mouse embryonic, fetal, and neonatal
livers. However, data on the hepatocarcinogenic response of rat and mouse embryonic,
fetal, and neonatal livers to PPAR-a agonists are lacking and, therefore, no conclusions
can be made at this time as to the relative sensitivity of these early life stages to PPAR-a
agonist induced hepatocarcinogenicity.
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Although the exposure of pregnant rats and mice led to increases in peroxisomal
enzyme activities and increases in liver weight in embryonic, fetal, and neonatal liver
tissues, other parameters involved in the proposed MOA, such as cell proliferation,
inhibition of apoptosis and clonal expansion of preneoplastic cells, were not examined in
these studies. In addition, responses to PPAR-a agonists in the fetal and neonatal rat and
mouse, as measured by the peroxisomal enzyme expression levels, suggest that there are
differences in young animals relative to adults. It is unclear how these differences in
enzyme expression levels might translate into differences in sensitivity to
hepatocarcinogenesis. Regarding the comparison of changes in liver weights across early
and later life stages, it is inappropriate to assume that a given proliferative response seen
at one stage of life is equivalent to a similar proliferative response at another stage of life.
For example, an increase in liver weight during the neonatal period might result in a
much greater lifetime risk of cancer than an equivalent increase occurring during
adulthood, because a larger number of cells in the neonatal liver will undergo multiple
cell divisions than in the adult. Finally, none of the studies examining the response of the
rodent in utero or during early life stages were carried out with the late onset of tumors as
a specific endpoint. A two-generation study conducted in mice was designed as a
reproductive study and not as a cancer study. Thus, no liver pathology was documented
from F1 male and female mice after approximately 4 and 6 months of exposure,
respectively (one Panel member noted that complete pathology was not evaluated in this
study). The available data pertain to effects that have not been demonstrated as causally
linked to the carcinogenic MOA of these agents. The relevance of the induction of
peroxisomes or peroxisomal enzymes to the carcinogenic process has not been
established. As stated above, there is the possibility that developing organs and tissues
may respond differently to peroxisome proliferators compared to adult organs and
tissues. There may also be PPAR-a independent effects occurring in the young animal
that result in an increased cancer risk. In the absence of this information, conclusions
regarding the sensitivity of developing rodents to PPAR-q agonists cannot be formulated.
Chemical exposures early in development could increase the sensitivity to cancer risk. It
is known that PPAR-a modulates metabolic pathways other than B-oxidation of fatty
acids, such as glucose and amino acid metabolism. Moreover, PPAR-q is a transcription
factor involved in the modulation of gene expression. PPAR-a agonists not only
modulate the expression of genes with PPREs but they may also regulate gene expression
by altering levels of gene methylation (Ge, et al., 2001). Such DNA methylation is
known to be involved in imprinting and alterations or loss of imprinting can directly or
indirectly impact disease risk at later life stages (Cui, H. et al., 2003).

Conclusions regarding the relevance of the PPAR-q, agonist MOA for human
hepatocarcinogenesis applied to adults may not apply to the young. In contrast to adult
human liver, there are no data establishing PPAR-q, expression levels in embryonic, fetal
and neonatal human liver. To date, there is only one publication reporting the effects of
one PPAR-a agonist in lactating non-human primates (Cappon et al. 2002). In this
report, the exposure of four Rhesus monkey females to HCFC-123 for short periods of
time decreased the activities of cytochrome P450 enzymes and acyl CoA oxidase in
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maternal monkey liver, as well as induced centrilobular hepatocyte vacuolation, necrosis
and mild to moderate inflammation; however, no histological or biochemical data were
reported from the infant monkeys. Non-human primate studies investigating
preneoplastic and neoplastic effects of fetal or neonatal exposure to PPAR-a agonists
would be desirable.

In contrast to embryonic and fetal rodent liver in which cytochrome P450
enzymes are expressed near, during and after birth (Ring et al. 1999), embryonic and fetal
human livers possess metabolic activation capabilities resulting from the early
developmental expression of cytochrome P450 enzymes. Moreover, the expression
profiles of xenobiotic metabolizing enzymes and isozymes are different in embryonic,
fetal, neonatal and adult human livers. Like the gene expression profile of xenobiotic
metabolizing enzymes, it is difficult to disregard the possibility that there could be
differences between the expression of PPAR-a and its transcriptional co-factors in the
human conceptus and adult human liver. In addition, metabolic differences in rats and
mice play an important role in determining the degree of response to some PPAR-a
agonists (Lake, 1995) and that could also apply to the human conceptus.

Differences in peroxisome biogenesis have been reported during the ontogenic
development of rodents and humans. While the assembly of peroxisomes in rats and
mice, including the insertion of B-oxidation enzymes into the peroxisomes, occurs near
birth, the assembly of human peroxisomes has been observed as early as 8 weeks of
gestation (Espeel, et al, 1997). The number and density of peroxisomes plateau by 17
weeks of gestation in humans. Moreover, acyl-CoA oxidase and 3-ketoacyl CoA thiolase
are immunodetectable in the peroxisomes by 10 and 9 weeks of gestation, respectively.
These observations suggest differences in B-oxidation capabilities in developing rodents
and humans and therefore information on the expression of the PPAR-ua during ontogeny,
as well as responses to PPAR-a agonists in embryonic and fetal human hepatocytes
should be evaluated before concluding that the developing human conceptus is
unresponsive to PPAR-a agonist exposures.

There are numerous uncertainties concerning the relevance of the PPAR-a agonist
MOA for human hepatocarcinogenesis in the young. These uncertainties stem largely
from our incomplete understanding of the species-specific differences in sensitivity.
Although numerous mechanisms have been posited (see Klauning et al., 2003), none
have adequate data supporting their validity. Some of these include differences in the
PPRE:s in specific critical genes, species-specific co-factors that suppress transactivation
ability of the ligand activated PPAR-a, sequence differences that result in the prevalence
of inactive, splice variants and/or dominant negative PPAR-a gene products, perturbation
of RXR binding partner interactions with other nuclear receptors, and polymorphisms
that result in a less efficient transcription factor. Most importantly, there is no reason to
eliminate the possibility that one or more of these scenarios would function differently in
the human fetus, neonate or infant relative to the adult, impacting both MOA and
sensitivity at these different life stages.
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Question 3 — Human Relevance

OPPTS has provided an analysis of a variety of in vitro and in vivo studies on the
key events pertaining to PPAR-a agonist-induced hepatocarcinogenesis with hamsters,
guinea pigs, non-hyman primates, and humans. Based on the weight of the evidence,
OPPTS concludes that although PPAR-a agonists can induce liver tumors in rodents and
while PPAR-o 1s functional in humans, quantitatively, humans and nonhuman primates
are refractory to the hepatic effects of PPAR-a agonists.

Therefore, OPPTS is proposing the following scientific policy:

When liver tumors are observed in long term studies in rats and mice, and
1) the data are sufficient to establish that the liver tumors are a result of a

PPAR-a agonist MOA and 2) other potential MOAs have been evaluated

and found not operative, the evidence of liver tumor formation in rodents

should not be used to characterize potential human hazard.

Please comment on the data and weight of evidence regarding the hepatic effects
of PPAR-o. agonists in humans, and please comment on the proposed OPPTS’s science
policy regarding human relevance.

Response

Overall, the majority of the Panel agreed that there are relevant data indicating
that humans are less sensitive than rodents to the hepatic effects of PPAR-0, agonists.
However, the opinions of individual Panel members ranged from full agreement with the
proposed OPPTS policy statement, as currently written, to complete disagreement. The
majority of the Panel recognized weaknesses in the data that supported the policy noting
in particular that the case for lack of human relevance was deficient in the human data.
In addition, the Panel members agreed that the MOA and its application to addressing
human relevance would be greatly strengthened by additional evidence of the specific
alterations associated with PPAR-a activation that lead to the more general steps of
hepatocellular proliferation, clonal expansion of initiated hepatocytes and tumor
development. However, the Panel was divided regarding whether such additional
evidence is necessary before accepting the MOA and its application to human relevance.

Some Panel members believed that the data failed to demonstrate that the effect could
only occur in liver and that, therefore, the policy statement should be limited to
hepatocarcinogenic effects (see number 2 below). Other Panel members believed that the
overall data limitations were significant enough to disagree with the MOA and its
application to addressing human relevance.

Over the past 30 years, a variety of data have been accumulated that demonstrate
species-specific sensitivities to agonist activation of PPAR-a, PPAR-o agonist-induced
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liver peroxisome proliferation and PPAR-u agonist-induced hepatocarcinogenesis. As
noted in the response to question 1, there was agreement among most, but not all of the
Panel that data from PPAR-a null mice, showing that in the absence of the receptor, there
were no ensuing changes in cell proliferation and hepatic tumor formation, was strong
evidence that activation of PPAR-u is necessary for all subsequent steps in the MOA. It
also was noted in the response to question 1 that a few Panel members expressed concern
over the short duration of the studies in the PPAR-o null mice (i.e., 11 months vs. 24
months in standard cancer bioassays), which rendered the studies incapable of assessing
the lifetime liver cancer risk of PPAR-u agonists in this knockout mouse model, and thus,
inadequate to conclusively demonstrate that PPAR-o activation is required for
hepatocarcinogenesis. Considering the proposed MOA, there was agreement that PPAR-
a is present in humans and that the receptor is activated in human liver following
exposure to known agonists. Accordingly, the proposed MOA for PPAR-a agonist-
induced hepatocellular carcinogenesis in rodents is plausible for humans. There was also
agreement that the nature of gene expression associated with hepatocellular PPAR-o,
activation is qualitatively different between humans and rodents. This difference may
result from species differences in PPREs, but there are few data available that identify
these potentially important differences, particularly in humans. Humans are at least as
sensitive to activation end-points that lead to hypolipidemia but are much less sensitive to
other end-points normally associated with peroxisome proliferation. This qualitative
difference will be what is referred to in subsequent references as human sensitivity.

One overall concern with the proposed MOA was noted in the response to
question 1 and is also a concern regarding the application of the MOA to addressing
human relevance. Whereas PPAR-a activation is a very specific component of the MOA,
the other steps deemed to be causally-related, namely increased hepatocellular
proliferation and clonal expansion of initiated hepatocytes leading to tumor development
were very general and non-specific. Overall, the Panel members agreed that additional
evidence of specific alterations associated with PPAR-a. activation in primates and
especially humans would greatly strengthen the proposed MOA.

Although much of the data cumulatively support the hypothesis that agonist-
induced human PPAR-o (WPPAR-0) activation fails to follow the MOA seen in rodent
livers, namely, increased liver cell proliferation, decreased apoptosis, formation of
preneoplastic foci and clonal expansion of these foci into liver tumors, the weight of
evidence for this MOA and consequences of agonist-induced PPAR-a activation events
in humans is less well defined than in rodents. Human liver biopsy data, while limited,
indicate that clinical administration of PPAR-a agonists results in increases in the
number and volume density of hepatic peroxisomes. The Panel agreed that the available
cancer epidemiological data on pharmacologic PPAR-a agonists are too limited in study
size and duration to provide any relevant information to evaluate human relevance. As
such, data from other animals, including non-human primates, along with in vitro studies
in human hepatocytes, or cell lines, provide the basis for evaluating the relevance of the
proposed MOA in humans.
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The available data from other animals includes guinea pigs, hamsters, dogs and
non-human primates. In all cases, these animals demonstrate reduced liver sensitivities
to PPAR-a agonists. Hamsters have a functional PPAR-a receptor but are intermediate
in response between rats (and mice) and humans, and no increased cell proliferation or
liver tumors have been observed in hamsters (Lake et al., 1993). Similarly, PPAR-a is
constitutively present in guinea pigs, albeit at lower levels than rats or mice, and guinea
pigs are also less sensitive than rats and mice to PPAR-a activation (Roberts et al., 2000).
Data from non-human primates are limited, but generally indicate that PPAR-a agonists
do not elicit the typical pattern of histopathological and biochemical changes associated
with peroxisome proliferation in rats and mice, as the non-human primate responses to
PPAR-0 agonists have involved changes of lesser magnitude in fewer of the
histopathological and biochemical markers (Reddy et al., 1984; Lalwani et al., 1985;
Lake et al., 1989; Graham et al., 1994; and Kurata et al., 1998). Collectively, the Panel
was split on the applicability of data from other animals to contribute to a weight of
evidence regarding the hepatocarcinogenic effects of PPAR-a agonists in humans. All
Panel members recognized that the data on non-rodent, non-human species provided
relevant information on the reduced activity of PPAR-o agonists and contributed to the
MOA. Also, while all Panel members recognized the limitations of these data (number
of compounds studied, study sizes, and study durations), some believed that the data were
sufficient to conclude the MOA was working, whereas others were concerned that the
limitations were significant enough to disagree with the MOA.

There was a general consensus that the data linking PPAR-a activation to
increased cell proliferation in all species was relatively weak. The strongest evidence in
support of the importance of this step in subsequent tumor development is derived from
the PPAR-a knockout mouse studies in which no increase in hepatic cell proliferation
and no tumors are observed after 11 months of treatment (Peters et al., 1997). The Panel
was again divided on the conclusions that can be reached from studies in the knockout
mouse, as some were convinced by such data, whereas others felt that the overall
susceptibility of this mouse model to hepatocarcinogenesis in 11 months had not been
defined.

The strength of the hypothesis that humans are less sensitive to agonist-induced
PPAR-a-mediated hepatocarcinogenesis lies in the human primary hepatocyte data. The
Panel was again divided on the interpretation and utility of these data. First, there was a
difference of opinion on the applicability of the in vitro studies used to assess the ability
of human hepatocytes to proliferate in response to treatment with a PPAR-a agonist.
Although limited in total sample size, these studies have shown that in vitro cultured
human hepatocytes respond differently to PPAR-a agonists when compared to in vitro
cultured rodent hepatocytes. As discussed in more detail below, whether these
differences are attributable to true interspecies differences or reflect differences in human
and rodent hepatocyte culture preparations remains an open question. In parallel
experiments with in vitro cultured rodent hepatocytes, in vitro cultured human
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hepatocytes fail to display several of the key responses deemed essential for the MOA in
agonist-induced PPAR-a-mediated rodent hepatocarcinogenesis, those being increased
cell proliferation and decreased apoptosis. Furthermore, in vitro cultured human
hepatocytes appear to be less responsive to upregulation of peroxisomal genes and
proliferation of peroxisomes, two key associative events of agonist-induced PPAR-o-
mediated rodent hepatocarcinogenesis. Several Panel members suggested that further
experiments in human primary hepatocytes (co-cultured with and without Kupffer cells;
see comments below) would be useful if they provide additional biochemical data that
demonstrate reduced levels of PPAR-a expression in human liver and an inability for
agonist-induced PPAR-a to modulate the gene expression for several key peroxisomal
enzymes. Such experiments would strongly support the hypothesis that human liver cells
are less sensitive to agonist-induced PPAR-o-mediated hepatocarcinogenesis. Positive
controls for known hPPAR-a responsive gene products should be included in such
experiments (see, for example, Lawrence et al. 2001).

Those who disagreed with the conclusions noted above based their opinion
largely on data that suggest that Kupffer cells are required to elicit a proliferative
response in cultured hepatocytes. Specifically, evidence is emerging that supports a role
for Kupffer cell activation on the induction of DNA synthesis, and subsequent neoplastic
development following PPAR-o agonist treatment. In vivo studies have shown that
depletion of Kupffer cells or inhibition of Kupffer cell activation prevents the induction
of DNA synthesis by several PPAR-a agonists. These findings suggest that the lack of
response from PPAR-a agonist exposure in human hepatocytes in vitro, may be due to
the lack of nonparenchymal cells in the hepatocyte preparations. For example, the
growth permissive factors released from activated Kupffer cells following PPAR-o.
agonist exposure are absent and may explain the lack of induction of DNA synthesis seen
in cultured human hepatocytes. Support for this possibility has been demonstrated in
rodent cultures in vitro (Rose, et al., 1999). In these studies, PPAR-a agonists were
unable to induce DNA synthesis in purified preparations of rodent hepatocytes (devoid of
nonparenchymal cells), while PPAR-a agonist-induced DNA synthesis was restored upon
the addition of nonparenchymal cells, or medium derived from activated Kupffer cells, to
the purified hepatocyte cultures.

It was noted that arguments against the involvement of the Kupffer cells comes
from studies in the PPAR-a null mice. In these mice, agonists failed to elicit a DNA
synthetic response. Since this model is replete with Kupffer cells, the lack of DNA
synthesis has been interpreted as indicating that the Kupffer cell is not required. On the
other hand, some members of the Panel felt that the communication and/or interplay
between PPAR-a agonism and Kupffer cells has not been fully characterized and as such,

the null mouse, lacking PPAR-q, is not directly applicable to the human situation in
which PPAR-a is present and can be activated.

With regard to the human data, the Panel noted deficiencies arising from studies
in which the duration of exposures to PPAR-a agonists were significantly less than
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lifetime, the exposure levels were at therapeutic doses, and the populations of exposed
individuals were fairly small. As stated previously, the Panel agreed that the available
cancer epidemiological data on pharmacologic PPAR-a agonists are too limited in study
size and duration to provide sufficient information to evaluate human risk potential.
Although the human data are limited, the existing data do provide some important
information for consideration. Human liver contains functional PPAR-a. receptors and
the fibrate class of drugs is able to activate this receptor to alter the expression of genes
involved in lipid metabolism that induce hypolipidemia. Chronic exposure data reported
in humans for two different PPAR-a agonists suggest that humans do not respond to
PPAR-a. agonists by an increase of the associated key events (such as cell proliferation,
suppressed apoptosis, and clonal expansion of preneoplastic hepatic lesions) observed
during PPAR-a. activation in rats and mice exposed to these agonists. In addition to the
short duration of exposure and the use of therapeutic doses (lower than the doses used in
studies with rats and mice), the limitations of these studies include the use of weak
agonists. The human epidemiology data from short duration follow up (5 year time
period) indicated an early increase in GI tract tumors, although liver cancer was not
reported independently. However, no differences were noted after 8 years of follow up.
Evidence for peroxisome proliferation and increased cell proliferation was lacking in
human liver biopsies. Problems with these observations include the high variability in
assessing peroxisome increases in biopsy material that are not representative of all zones
of the liver, and whether the timing of biopsy sample acquisition was appropriate for
detecting an increase in cell proliferation. A slight increase in the number and density of
peroxisomes is observed in humans with chronic exposure to therapeutic levels of a
PPAR-a agonist. This level is indicative of normal physiologic or metabolic changes and
is lower than the approximately three fold level defined by Ashby et al. (1994) as the
threshold level of peroxisome induction associated with liver cancer risk in rats and mice.
These observations in humans are strengthened by the studies of chronic exposure of
non-human primates to PPAR-a agonists for 5 or more years. Again, the number of non-
human primates exposed was limited and the duration of exposure was less than lifetime.
Assessment of the presence or absence of PPAR-a regulated gene expression and of
preneoplastic lesions needs to be detailed in primates compared to rats and mice
following exposure to PPAR-o agonists. The non-human primate appears to have a
markedly attenuated response to fairly potent PPAR-a agonists (e.g., ciprofibrate)
compared with rats and mice, although, as with the human data, the PPAR-a agonist
challenge has been at lower doses of shorter duration. Studies by Pugh et al., (2000)
wherein numerous PPAR« agonists were administered to nonhuman primates support
this contention in that a lack of increase in liver weights indicates a lack of cell
proliferation as verified by replicative DNA synthesis.

The Panel discussed three other issues relative to assessing weight of evidence

regarding the hepatic effects of PPAR-u agonists in humans, and the proposed science
policy regarding human relevance. These included:
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1. The use of the word "refractory” to describe the human response to PPAR-a
activation is too absolute. The Panel agreed that "less sensitive" is a more appropriate
description of the nature of the human response relative to that observed in rats and mice.

2. The policy statement drafted by OPPTS concludes with the phrase "evidence of
liver tumor formation in rodents should not be used to characterize potential human
hazard." After some discussion, it was suggested by one member of the Panel, and
supported by several other Panel members, that this phrase should be modified to read,
"evidence of liver tumor formation in rodents should not be used to characterize potential
human hepatocarcinogenic hazard."

3. One member of the Panel expressed concern, which was shared by some other
Panel members, that the MOA and evaluation of human relevance was lacking in its
assessment of altered gene expression that could be associated with altered methylation
of DNA. There is evidence that DNA methylation is modified in rodents following
exposure to PPAR-a agonists (Ge et al.,, 2001, Ge et al., 2002, and Pereira, et al., 2004).
Given the accepted role for DNA methylation in gene imprinting and the loss of
imprinting in cancer etiology (see for example McClachlan et al., 2001), such a role for
PPAR-o agonists in causing similar alterations in humans should be explored before
human relevance can be appropriately evaluated, particularly for exposure during early
life stages and for questions regarding site concordance.

Question 4 — Data Requirements

OPPTS has proposed a data set that would be sufficient to demonstrate that
PPAR-a agonism is the MOA for the induction of rodent liver tumors. The data set
includes evidence of PPAR-a agonism (i.e., from an in vitro reporter gene assay), in vivo
evidence of an increase in number and size of peroxisomes, increases in the activity of
acyl CoA oxidase, and hepatic cell proliferation. The in vivo evidence should be
collected from studies designed to provide the data needed to show dose-response and
temporal concordance between precursor events and liver tumor formation.

Please comment in general on the proposed data set and particularly on its
adequacy to demonstrate that a PPAR-a agonist-mediated MOA is operating in rodent
hepatocarcinogenesis.

Response

Data requirements refer to the experimental data needed to demonstrate that a
compound acts through a PPAR-a agonist MOA. These data may be used subsequent to
a bioassay that finds induction of hepatic tumors to demonstrate such tumors arose from a
PPAR-o agonist MOA, or subsequent to initial (sub)acute experiments to assist in the
subsequent experimental design of long-term experiments for submission to the Agency.
This use of the data may dictate some differences in the data requirements needed. The
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following discussion focuses on requirements after a positive bioassay, with suggestions
provided for the converse situation.

There was general consensus among the Panel that the proposed data set was
adequate and provided a straight forward approach to classifying a chemical as a PPAR-
a agonist. The Panel also concurred that the use of PPAR-o knockout mice would be
definitive evidence to ascribe a chemical as a PPAR-a agonist, but that the proposed data
set would be sufficient in lieu of the use of this rather costly tool. While the Panel agreed
with these data needs, they suggested some clarifications and additional supportive
approaches.

The clarifications indicated were as follows: the term ‘direct DNA reactivity’
may need to be clarified as ‘direct’ may be interpreted by some to mean "without
metabolism"; in keeping with the ILSI document (Klaunig et al., 2003), rather than using
the term ‘mutagenicity’ alone, the terms ‘mutagenicity and/or clastogenicity’ may be
more appropriate; palmitoyl CoA activity is simply a substrate-specific name for acyl
CoA oxidase activity; and microsomal fatty acid oxidation (as opposed to microsomal
fatty acid omega-oxidation) is not specific enough to designate CYP4A activity.

In the course of the Panel's discussion, questions for clarification were posed to
the Agency as to when (i.e., before or after a positive liver tumor finding in rodents) this
set of assays testing for PPAR-a agonist activity would be conducted. The Agency
indicated that data demonstrating PPAR-a agonist activity could be submitted in the
absence of testing in long-term carcinogenesis studies. In response to this, a Panel
member observed that in the absence of testing in standard long-term rodent
carcinogenicity studies, it is not possible to determine whether the chemical would
operate through a PPAR-a agonist MOA producing rodent liver tumors. A chemical with
PPAR-a agonist activity may either: 1) not cause cancer in rodents, 2) cause liver cancer
in rodents by the proposed PPAR-a agonist MOA, 3) cause liver cancer by a MOA other
than the proposed PPAR-a agonist MOA (e.g., cytotoxicity), or 4) cause cancer at sites
other than the liver (with or without liver cancer). The Panel concurred that an
overriding requirement is that other MOAs have been excluded. For example, rigorous
tests must be performed to exclude mutagenicity, other forms of DNA damage

(clastogenicity), or overt cytotoxicity directly produced by the test compound, or its
metabolic products.

The Panel also concurred that direct evidence of the activation of PPAR-q is
required to show that complementary in vivo results do not result from activation of other
PPARs or from an unknown mechanism as exemplified by dehydroepiandrosterone
(DHEA) (Isseman and Green, 1990, Peters, et al., 1996 and Waxman, 1996). The
activation of PPAR-a is often demonstrated using chimeric systems that include an
expression system for the PPAR-a receptor and a reporting system that includes the
PPRE in the promoting region. It was recommended by one Panel member that this study

could be supplemented by gene-dosage experiments in knockout mice or transgenic mice
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overexpressing the receptor with respective loss or exacerbation of responsiveness.
These experiments would demonstrate a direct effect of the receptor on a true genomic
PPRE, rather than a construct. It was also recommended that it be acknowledged that in
some cases a metabolite of the test compound may be a more suitable substrate to use in
these experiments. Direct involvement of PPAR-a can alternatively be assessed using in
vivo experiments with wild type (PPARa +/+) and knockout mice (PPARa -/-); end-
points for these in vivo experiments are discussed below. Compounds with positive
bioassays in rats but not mice would not be suitable for this alternative approach.

In vivo experiments should be conducted using doses that produce positive
bioassays; as they are normally (sub)acute they will meet temporal requirements that they
occur prior to tumor formation. Of highest priority, they must demonstrate an increase in
hepatocyte cell replication/reduced apoptosis, induction of peroxisomal acylCoA oxidase
and an increase in number and volume percent of peroxisomes. Demonstration of
induction of other enzymes with PPRE sequences in the promoter region (CYP4A,
carnitine acetyl transferase, fatty acid binding protein, etc.) or catalase provides
supportive evidence. It was recommended that at least one ‘supportive example of
enzyme induction’ be included. Induction of enzymes can be demonstrated from
increased enzyme activity and/or increased expression of mRNA. It was also noted that
the need to show both increases in peroxisome volume percent and density would require
morphometric analysis of liver sections examined by electron microscopy (demonstration
of increased density, but not volume percent, could be approached using light
microscopic methods).

One Panel member suggested that when acute evidence of a PPAR-a agonist
MOA has been found prior to long-term dosing studies, the evidence of the MOA can be
further enhanced by inclusion of an initiation/promotion test system where the test
compound is administered as the promoter after suitable initiation. These experiments
demonstrate the key event of clonal expansion. In addition, there are some
(immuno)histochemical stains that can be used to show a greater degree of specificity for
this MOA. It was acknowledged that while such experiments would further support the
MOA, they were fairly time- and cost-inefficient with regard to the main objective of
demonstrating that the compound is a PPAR-o agonist.

Question 5 — Other Tumors Induced by PPAR-a Agonists

Some PPAR-o agonists may also induce pancreatic acinar cell and Leydig cell
tumors in rats and modes of action involving agonism of PPAR-a have been proposed.
An in depth analysis of these tumors is provided in the 2003 ILSI technical panel report.
Based on this analysis, OPPTS agrees that the data available to date are insufficient to
support the proposed MOAs.

Thus, OPPTS is proposing the following science policy:
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Given the limited evidence available to support that a chemical may
induce pancreatic and Leydig cell tumors through a PPAR-a agonist
MOA, the evidence is inadequate at this time to support a linkage between
PPAR-a agonism and formation of these tumor types. Thus, it is
presumed that chemicals that induce pancreatic or Leydig cell tumors may
pose a carcinogenic hazard for humans.

Please comment on OPPTS’s conclusion that there is limited evidence that a
chemical may induce pancreatic and Leydig cell tumors through a PPAR-a agonist

MOA, and OPPTS’s proposed science policy regarding other tumors induced by PPAR-a
agonists.

Response

In addition to the hepatic tumors that appear to be a general occurrence in rats and
mice, nine PPAR-a agonists have been reported to induce Leydig cell tumors (LCTs) and
pancreatic acinar cell tumors (PACTs) in rats. Together with the hepatic tumors, this is
referred to as the tumor triad. The Panel was in agreement with the OPPTS conclusion
that chemicals that induce pancreatic or Leydig cell tumors may pose a carcinogenic
hazard for humans.

LCTs were most apparent when PPAR-o agonists were tested in non-F344 male
rats, likely because by 2 years of age, the F344 rat has virtually a 100% incidence of
spontaneously occurring LCTs. This will obscure any ability to detect a xenobiotic-
induced testicular tumor in this strain. The finding that a relationship appears to exist
between PPAR-a agonists and LCT formation has led to speculation that many, if not all,
such agonists would induce this tumor if tested adequately in a rat strain other than F344.
This speculation has been supported by limited studies in other strains (Biegel, et al.,
2001, Maltoni, et al., 1988 and Mennear, 1988).

It was originally hypothesized that PPAR-a agonists cause LCTs by a PPAR-o-
dependent mechanism similar to that of the liver. However, evidence exists using PPAR-
o null mice (Ward et al., 1998) to suggest that the PPAR-a agonist DEHP can induce
toxic lesions in kidney and testis independently of this receptor. In addition, although
Leydig and pancreatic acinar cells contain PPAR-a, agonists do not appear to induce
peroxisome proliferation in these cells. This suggests that tumors developing in these
tissues in rats do so via different mechanisms than in the liver where peroxisome
proliferation is always observed. A prevailing hypothesis is that PPAR-a agonists cause
an increase in estradiol that promotes the secretion of transforming growth factor (TGF-
a). Evidence in support of this hypothesis is that PPAR-a agonists increase the
expression of aromatase, an enzyme that under normal conditions maintains serum
estradiol concentrations by converting testosterone to estradiol (Biegel, et al., 19953).
Estradiol stimulates TGF-a production which induces Leydig cell proliferation (Khan,
Teerds, and Dorrington, 1992).
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Another proposed MOA of PPAR-a agonist-induced LCTs is that they cause
testicular hypertrophy by decreasing testosterone biosynthesis, leading to an imbalance of
androgen/estrogen levels. This leads to an increase in leutinizing hormone (LH) which
promotes LCTs. However, it is not known whether steroid synthesis pathways in testis
are regulated by PPAR-a, and in Cook et al. (2001) no changes in LH were observed.

The Panel agreed that although some data suggest LCTs may involve PPAR-a,
additional research will be required to confirm this role. In addition, the link to PPAR-q,
activation is considered tenuous because limited studies of PPAR-g agonists in other
animal species, such as the mouse, hamster and nonhuman primates, did not show
extrahepatic carcinogenic responses, including PACTs and LCTs. As noted previously,
the Panel agreed that the available cancer epidemiological data for pharmaceutical
PPAR-0 agonists are too limited in study size and duration to be informative as to cancer
risk at any site. While LCT data in mice remain limited, this species difference from rats
is certainly indicative of some unique feature either in rats which causes the tumors, or in
mice which are resistant. Further data are needed to determine which is the case. Itis
also noteworthy that the spontaneous rate of LCTs is much lower in humans than in rats
suggesting innate resistance to this type of cancer, and that rat and human Leydig cells
respond differently to human chorionic gonadotropin (human cells undergo hypertrophy
while rat cells proliferate). Finally, a human condition with constant LH receptor

activation does not lead to LCTs, even though this is one of the major proposed MOAs in
rats.

Key events in the postulated MOA for PACTs in rats are considered to begin with
PPAR-a activation in the liver, followed by changes in bile composition and a decrease
in its synthesis. This results in cholestasis and a sustained increase in cholecystokinin.
This stimulates acinar cell proliferation and promotes the development of PACTs. If this
is true, then the rat PACTSs are secondary to the liver effects of PPAR-a agonists. Some
data indicate that many of the non-hepatocarcinogenic parameters and symptoms
manifested in rodents upon long-term administration of PPAR-a agonists are also
manifested in humans. This is particularly true since it has been observed in rodents that
long-term administration of PPAR-a agonists results in marked changes in bile acid
secretion and composition. In human studies it is also established, by multiple
investigators, that fibric acid drug treatment increases biliary cholesterol and induces
supersaturation of bile. Studies demonstrating that hPPAR-a is functional in the
regulation of a variety of enzymes associated with bile acid metabolism in human liver
cells would suggest that the risks of PACTS in humans exposed to PPAR-a agonists
could involve a PPAR-a mechanism. However, the data are not sufficient to firmly
conclude that this MOA is operative. Furthermore, the difference between rodents and
humans in the cellular origin of pancreatic tumors (acinar in rat, ductal in humans)
suggests that these animal data are of limited relevance to humans. Again, although data
in other species are limited, only rats have shown these tumors.
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Finally, in addition to PPAR-a agonism as a potential MOA of extrahepatic
tumors, as noted previously, one member of the Panel expressed concern, which was
shared by some other Panel members, that consideration needs to be given to epigenetic
phenomena that may be activated by these chemicals. DNA methylation and chromatin
structure alterations are significant nongenotoxic mechanisms involved in deregulating
gene function. Furthermore, PPAR-o agonists inhibit methylation during DNA
replication (Ge et al., 2001), thereby altering the cellular epigenome. This is important
since the earliest change identified in tumor cells compared to their normal counterpart is
genome-wide hypomethylation (Feinberg and Vogelstein, 1983). These changes can be
particularly critical during development, including puberty, but even adults vary
dramatically in their susceptibility to cancer because of marked differences in the
epigenome. For example, there is now evidence that approximately 10% of the human
population is at high risk, at least for colon cancer, because of either an inability to
maintain imprinting at the IGF2 locus or exposure early in development to some
environmental factor resulted in IGF2 loss of imprinting (Cui et al., 2003). It is
conceivable that these "preneoplastic” individuals are more susceptible to PPAR-a
agonists than the general population.

In summary, given the limited amount of data available on the true MOA for
LCTs or PACTs, including the possibility raised by some Panel members that epigenetic
effects of the PPAR-a agonists may occur, it is not possible to determine whether PPAR-
@ agonists pose a carcinogenic hazard to humans. Thus, the conclusion by the OPPTS
that the available data for the induction of rat LCTs and PACTs by PPAR-« agonists are
insufficient to conclude that the sole MOA involves the PPAR-a receptor is considered
by the Panel to be appropriate. Further, the Panel concurs that it should be presumed that
chemicals that induce pancreatic or Leydig cell tumors may pose a carcinogenic hazard
for humans.
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Re:  PFOA-Exposed Community Blood Sample Results
(For AR-226 And OPPT-2003-0012)

Ladies and Gentlemen:

In response to USEPA's previous requests for information relating to the threat to human
health and the environment involving PFOA/C-8, we have enclosed the results of PFOA serum
testing performed through DuPont and its contractor, Exygen, for twelve members of the general
population living near DuPont's Washington Works facility in Wood County, WV. All twelve of
the individuals tested have been exposed to PFOA/C-8 through drinking water provided by the
Lubeck Public Service District where, according to DuPont, the level of PFOA/C-8 in the
drinking water has averaged approximately 0.5 ppb over the last several years. These individuals
also claim to have stopped using the contaminated public drinking ‘water-as-their primary source
of drinking water approximately three years ago, and switched to alternative sources, such as
bottled water. Only one of the individuals (with a PFOA serum result of 90.4 ppb) ever worked
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at the DuPont Washington Works Plant. A chart summarizing the results from the enclosed lab
report (EID871401-10) is presented below. Please include this information in AR-226 and
OPPT-2003-0012.

APPROX. YEARS

SEX AGE PFOA SERUM (PPB) ON WATER
F 55 128 >20
M 52 103/103 >20
M 70 90.4 >20
F 80 83.1 10-20
M 63 78.5/73.7 10-20
F 46 65 5-10
M 69 61.3 <5
M 36 56.4/50.8 >20
M 57 51.2 10-20
F 55 426 10-20
F 48 40.1 10-20
M 57 15.7 <5

RAB/mdm
Enclosure
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cc:  R. Edison Hill, Esq. (w/o encl.)
Larry A. Winter, Esq. (w/o encl.)
Gerald J. Rapien, Esq. (w/o encl.)
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Resuls are reportad for the analysia of pefkiorooctancic ackt (PFOA) I human serum samples
received at Exygen from Dv. Marsha Baiey &t Occupational and Evironmental Health, The
Exygen project number assigned to the samplas is P53,

A tota! of twelve samples wore recohved at Exygen in 5§ mb screw-cap vials lkaboled with
parmanent marker, A copy of al sample iog-in information is presanted in Attachment A

The twelve sampies ware received on 07/2304. Tmmphsmduppodmzmonayho
via FedEx. The sampies were stored frozen from Sme of receipt uniit analysis,

3 i~ A
31 SamplePrepmﬂon

mwmwﬂmbh acoording 16 the current revision of method Ex14-008-
microiiters of sample extraction procedura. Using the Muliprobe
apparatus, 500 pl. of acetonitiie was addad fo the and then

sampls passod through & protein

32  Sample Analysis by LC/NS and LOMS/MS

h%MMMMdemhw“m
a Iquid-phass chromatographic column. Basad on the affinlly of the ansiie for the
m«wmhnmmnhnnmmwmmumbmma
characierisic amount of time. Following HPLC separation, mass speckometry provides a
Tapid and accurale means for analying & wide mnge of organic compotnds. Molecuies wo
fonized,, fragmendad, and detcted. The lons characieristic of the compounds are chserved
and quantitated against exiracted stanclards.
An HP1100 systsm interiaced 10 & PE Sciex APt 4000 systern was vsed to the
8 A analyze sunpb
50 2.3 mm X 4um colurnn was used for separation.

The following gradiant was parformect

Moble Phese (A 2mAd Ammonkum Acetats b Type | Water
Mobla Phase (B): Methanot
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Time %A %3 Plow Bate (mitmin)
00 © & — —e——
30 40 60

35 0 100 03

37 0 100 05

70 0 100 05

75 40 60 05

80 40 80 05

o5 2 60 03

120 40 60 03

“Tha following parameters ware tsad for operation of the mass spectrometen

::m‘ma %

' *rrum' Monltorad 413->363 (PFOA), 415-5370 {*C-PFOA)
Gas Temperature 3%0°C
Drying Gas (NB)_ 7.0 Limin

42

43

4.4

Calibration

Am%mmww Mwoammu:
were 3
W eal:uﬂonpchh“ pupundr't ng/mt.

MWMVxMMhMWMWdMW(

Surrogates
stsmcplmmnaamdhm.

Control Spikes
Laboratory control splas n the snalylical set were prepared by adding a known concentration
dumbmmm Laboratory control spikes ars used %0 assess mathbd
accuracy. The leboratory control spikes must show recoverias betwean 80-720% for levels at
e LOQ and 83-115% for levals grester han the L.OQ or the data is rejectad, For the results
repocted hers, the splkes wers wihin the acceptable range,

Matrix Spikes '

Two maetrix spiicas in the analytical sat were prepared by adding a known concentration of the
target analyte 10 sepanite human serum samples. Matrix spikes sre used to assess method

accuracy in the matrix. mmmmmmma&nm Farthe
resuls raportad have, the matrix spikes wara within the acceptahile range.
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4.5 Sample Related Comments
Three samplos in the analytical set were extracted and analyzed in duplicats. Duplicate
sample resuits are reportad along with e sample resuls in Attachment 8.

Ploase gee Attachment B for a dotaliad fisting of the analytical results. Results are repoited in -
parts per billion (ng/ml) for the analytss on an as-recalved basis.
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r. 2550 M Street, NW
- P A"ﬂN BUBGS m - Washington, DC 20037- 1350

ATTORNEYS AT LAW 202-457-6000

Facsimile 202-457-6315

www.pattonboggs.com

Peter D. Robertson
February 1, 2005 (202) 457.63%0

probertson@pattonboggs.com
Via Hand Delivery

Mzt. Charles M. Auer

Director

Office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency
EPA East

1201 Constitution Avenue, N'W
Washington, DC 20460

Re:  Further DuPont Voluntary Response to EPA’s November 4, 2004, Request
Submission to AR-226 and TSCA 8(e) Office

Supplement to December 20, 2004 Submission

Dear Charlie:

['write in response to your request for additional information about the blood sample results
provided to EPA on December 20. 2004. As we have informed you, the samples were taken as
part of a lawsuit styled: Tennant, et al, v. E. I. du Pont de Nemours &> Co., Inc. C.A. 6:99 0488. The
information provided in this letter was obtained from review of discovery responses and from
discussions with counsel for plaintffs in that lawsuit. The accuracy of this information has not
been verified. In conjunction with collection of this information, counsel for plaintiffs informed
DuPont on January 19, 2005, of the existence and results of one additional round of blood
sampling for some of these individuals. DuPont was not involved with the collection, analysis or
reporting of those results; however the results are listed in the table below under the column

“NMS 2001”.

We have been informed that all of the individuals referenced below consumed water for varying
lengths of time from private water wells and/or cisterns located in the vicinity of the Dry Run
Landfill and Dry Run Creek. Analysis of some of this private well water by Pacific Analytical,
Inc. in late 2000 indicated the presence of PFOA in the private well water between 0.12 ppb and

! As you know, the 2002 results were generated by National Medical Services and the 2004 results were

generated through Exygen. We have been informed by counsel for Plaintiffs that the 2001 results were
also generated by National Medical Services.

Washington DC | Northern Virginia | Datlas | Denver | Anchorage | Doha, Qatar
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February 1, 2005
Page 2

0.17 ppb. This well water data was submitted to USEPA in 2001 as an attachment to a letter
from Mr. Robert Bilott, counsel for plaintiffs in the lawsuit. As indicated below, we have been
informed that several of the individuals tested also were exposed prior to testing to drinking
water from the Lubeck Public Service District in Wood County, West Vitginia, which water had
been purchased and stored in their private cisterns for domestic use over a 3-4 year period of
time. The average level of PFOA in the Lubeck Public Service District water supply during the
time period in question was approximately 0.5 ppb- In addition to exposute to drinking water
containing PFOA, each of the individuals tested reportedly also may have sporadically come into
contact with Dry Run Creek water containing PFOA. It is our current understanding that only

one of the individuals tested (as indicated below), ever worked at the DuPont Washington Works
facility.

The following table was prepared by plaintiffs’ Counsel in a format that both plaintiffs and
DuPont agreed could be submitted to EPA with no confidentiality restrictions.

YEARS ON

CURRENT EXYGEN WELL
SEX AGE INMS 2001 NMS 2002 2004 WATER
M 60-70 13 ppb 29 ppb 54.2 ppb >50%
F 50-60 55 ppb 42 ppb 51.6 ppb 20-30*
M 60-70 37 ppb 41 ppb 40.8 ppb >50%*
F 50-60 18 ppb 30 ppb 38.4 ppb 10-20
M 60-70 63 ppb 58 ppb 71.6 ppb >50
F 30-40 Not Tested 12 ppb 20 ppb 10-20
F 20-30 Not Tested 10 ppb 35.7 ppb 10-20
F 20-30 Not Tested 21 ppb 15.2 ppb 10-20*
F 30-40 Not Tested 22 ppb 40.4 ppb 20-30*
M

30-40 Not Tested 85 ppb 126 ppb 30-40
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Also sporadically drank water purchased water from Lubeck Public Service
District and stored in a cistern for <4 years.

** Worked sporadically at DuPont's Washington Works facility in Wood County,
West Virginia through a contractor/union during the 1960s-early 1980s.

You have also requested information on the test methods identified in the above Table. No
comment is provided on the test method used in 2001 as that testing was conducted independent
of DuPont involvement. The test method identified as NMS 2002 was developed and validated
in November 2001. This test method was provided to EPA by DuPont on December 10, 2004;
it 1s in volume 35, tab 4. Other documents in volume 35 related to this method development are
found undet tabs 3 and 6. The 2002 NMS method has a reporting limit of 10 ng/mL.

The method used by Exygen in 2004 could be one of three versions. Because DuPont does not
have information on exactly what date the testing was done, it cannot be determined exactly

which method was used. However, all three versions are provided with this letter and ate as
follows:

® Method number ExM-008-211 revision 1, dated December 2, 2003; limit of quantitation is
0.5 ppb;

® Method number ExM-008-276 revision 2, dated January 8, 2004; limit of quantitation is 10
ppb;

® Method number ExM-008-211 revision 3, dated August 2, 2004; limit of quantitation is 0.5
ppb.

‘TSCA 8(e) Office Submission

DuPont does not believe that the information submitted with this letter triggers reporting
obligations under TSCA section 8(e). However, in the course of discussions with OPPT and the
Office of Regulatory Enforcement (ORE), it has become clear to DuPont that those two offices
are applying standards of reporting under TSCA section 8(e) that DuPont cannot anticipate.
Accordingly, DuPont initially informed EPA that DuPont intended to submit jts response to the
November 4, 2004, EPA request to both the AR-226 docket and the TSCA 8(e) office, as was
done with the submission of November 15, 2004. EPA has, however, informed counsel for
DuPont that it is not necessary to make a duplicate, formal submission to the 8(e) office in order
to discharge any reporting obligations that EPA might otherwise assert. Instead, EPA has asked
that DuPont make only a single submission and advised that DuPont should indicate in this

cover letter that the submission is intended for both the AR-226 docket and the TSCA 8(e)
office.
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As such, DuPont states that the enclosed documents are intended to be a submission to both the
AR-226 docket and, as a precaution, to the TSCA 8(e) office, notwithstanding DuPont’s firm
belief that the information does not trigger reporting obligations under that section of TSCA.
This submission should not be construed as a ditect or indirect admission that DuPont believes
that any of the enclosed information triggers such reporting obligations. We understand that
ORE has agreed that DuPont’s submission shall not prevent DuPont from asserting, in any
proceeding, that section 8(e) did not require submission of this information.

If you have further questions on the information provided in this letter, please do not hesitate to
contact me.

Sincerely,

Peter D. Robertson
Attachments

¢ Method number ExM-008-211 revision 1, dated December 2, 2003 — 27 pages
* Method number ExM-008-276 tevision 2, dated January 8, 2004 - 20 pages
¢ Method number ExM-008-211 revision 3, dated August 2, 2004 — 27 pages
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' £ DuPont Haskell Laboratory
for Heatth and Environmental Sciences
R NOY 2L 22410 43 Elkton Road, PO. Box 50
November 23’ 2004 - Newark, DE 19714-0050

Via Federal Express TEAD~ oy 03957

Document Processing Center (Mail Code 7407M)
Room 6428 LEUP - 5i- EQ(L{
Attention: 8(e) Coordinator

Office of Pollution Prevention and Toxics

U.S. Environmental Protection Agency

1201 Constitution Ave., NW c‘
Washington, DC 20460 PQ{ v

Dear 8(e) Coordinator: ‘ 2 '!O m

8EHQ-0381-0394
Ammonium Perfluorooctanoate

This letter is to inform you of the summary results (Attachment I) of a recently conducted blood
sampling for the above referenced material in employees from our Washington Works facility in
West Virginia. This exposure sampling is part of a larger ongoing study, “Ammonium
Perfluorooctanoate: Cross-Sectional Surveillance Of Clinical Measures of General Health Status
Related to a Serum Biomarker of Exposure and Retrospective Cohort Mortality Analyses in a
Polymer Production Plant” of over 1,000 employees at our plant. This information has already
been presented to EPA OPPT on November 10, 2004. These results are consistent with
previously reported blood levels in workers. Individual blood sampling results, redacted for
privacy reasons, will be provided to EPA on or before December 6, 2004.

In the course of discussions with OPPT and with the Office of Regulatory Enforcement, it has
become clear to DuPont that those two offices are applying standards of reporting under TSCA
Section 8(e) that DuPont cannot anticipate. Therefore, as a precaution DuPont is submitting the
enclosed information to the Section 8(e) office, notwithstanding DuPont’s firm belief that the
information does not trigger reporting obligations under that section of TSCA. This submission
should not be construed as a direct or indirect admission that DuPont believes that any of the
enclosed information triggers such reporting obligations. We understand that ORE has agreed that
DuPont’s submission shall not prevent DuPont from asserting, in any proceeding, that Section
8(e) did not require submission of this material.

A copy of the final report of the larger ongoing study referred to above will be submitted to the
Agency when available.

A. Mlchael Kaplan, Ph.D.
Director - Regulatory Affairs and Occupational Health

o by
I
O

0

AMK/RWR/RCL:clp
(302) 366-5260

|

R

/

El. du Pont de Nemours and Company
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A Simple, Conservative Compartmental Model to Relate
Ammonium Perfluorooctanoate (APFO) Exposure to
Estimates of Perfluorooctanoate (PFO) Blood Levels in
Humans

Paul M. Hinderliter, Ph.D.
Gary W. Jepson, Ph.D.

Biochemical Toxicology
DuPont Haskell Laboratory for Health and Environmental Sciences

10 October, 2001
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Abstract

A sumple and conservative compartmental model was developed to relate ammonium
perfluoroocianoate (APFO) exposures to estimates of perfluorooctanocate (PFO)
concentrations in human blood. The model was based on kinetic principles, but it did not
include mechanistic or physiological descriptions. Further, the model was not intended to
replace the need for more robust mode!s that include mechanistic and appropriate
physiological descriptions. The model included zero-order mathematical descriptions of
oral and inhalation input and a first order elimination description. Standard estimates of
the volumes of daily water consumption and air breathed were used to relate daily intake
of APFO to concentrations of APFO in air and drinking water. The model was exercised
under a variety of exposure conditions and used to create a table relating APFO intake via
drinking water and/or air to PFO blood concentrations. The simplicity and utility of this
model provide decision-makers with an easily applied tool to relate APFO exposures to
estimates of resulting PFO concentrations in human blood.
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Introduction

A simple compartmental model was developed and used to estimate the concentration of
perfluorooctanoate (PFO) in blood following inhalation or ingestion of ammonium
perfluorcoctanoate {APFO). The model presented is intended to complement various
consequence analysis and planning activities and is not intended to be a substitute for a
robust, mechanism based physiological model. It order to realize both the strengths and
limitations of the model, it is important to carefully consider the assumptions and caveats
relevant to the model development and application.

Approach

Model Development:

The model developed for this application was a two-compartment open model with one
compartment defined as the blood compartment and the other as the body compartment.
While the model is constructed as a two-compartment model, transfer of PFO is confined
to only one compartment (blood compartment) in order to provide a conservative
estimate of PFO concentrations in blood following APFO exposure. Functionally, this
reduces to a one-compartment open model with two zero-order-input processes and one
first-order elimination process. In other words, PFO is confined to the blood
compartment and the PFO concentration in blood cannot be reduced by the distribution of
PFO into other body tissues. In order to contribute to the conservative estimates produced
by this model, any APFO that is ingested or inhaled is not subject to diffusional
resistance and is assumed to be completely and instantly absorbed into the blood
compartment. Since PFO is not metabolized, elimination from the blood is via renal
excretion. In this model the elimination is described as a pseudo first-order process. A
schematic of the model is shown in Figure 1.

KUPO Blood ——»
e KELIM

KuPt
T ml

Body

Figure 1. Schematic of PFO Compartmental Model.

In Figure I, KACC is the distribution coefficient for transfer of PFO between the blood
and body compartments. [t has the units of day”', but as discussed earlier, it is set to zero
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in order to create a conservative one-compartment model. KUPO is a zero-order term to
descnbe PFO input into the blood compartment (ug/day) via the oral route. KUPLis a
zero-order term to describe PFO input into the blood compartment (ug/day) via the
inhalation route. KELIM is a pseudo first-order elimination coefficient (day ™) that
descnibes removal of PFO from the blood compartment via renal excretion. Differential
rate equations were developed from the schematic in Figure 1 and the equations were
solved using Advanced Continuous Simulation Language (ACSL, Aegis Corp.). The
mathemaucal equations used to describe the concentration of PFO in the blood
compartment (CBLOOD) are shown in the series of equations below.

i‘;‘i = KUPO + KUPI - KELIM * CBLOOD *VOL — RAF ()
t

dAB = (KUPO + KUPI — KELIM * CBLOOD *VOL - RAF )t ()
j::_odAB = _(KUPO + KUPI - KELIM * CBLOOD *VOL - RaF)Y: )

AB={[ (KUPO+ KUPI - KELIM * CBLOOD *VOL - RAF )it @)
CBLOOD = AB/VOL

In the equations above, AB is the amount (ug) of PFO in blood, t is time (days), VOL is
the volume (ml) of the blood compartment and RAF (ug/day) is the rate of PFO
movement between the blood and body companiments (RAF=0 in this model). The
ACSL coding of the above equations is given immediately below and in Appendix 1. The
corresponding ACSL command file is provided in Appendix 2.

RA=KUPO + KUPI - KELIM*CBLOOD*VOL - RAF ()]
CBLOOD=INTEG(RA,0.)/VOL 7

Model Input Assumptions/Descriptions:

Blood Compartment Volume: The blood volume of 3.5 L used in the model was that of
a 50-Kg human (average human female weight). The female weight was selected to

maintain the conservative approach desired for this model. Obviously, blood volume is a
function of body weight so larger body weights will equate to larger blood volumes. PFO

concentrations in blood will therefore decrease for a given APFO exposure as body
weights increase.

Elimination Rate Constant: The elimination rate constant, KELIM, was assigned a
value of 0.0019/day. This was derived assuming a PFO half-life (t);2) in humans of 365
days and that first order kinetics apply. While current human half-life estimates are
placed in the 200-300 day range, the 365-day half-life is a conservative value for initial
mode! conditions. The actual value for KELIM was derived using the relationship

between the half-life and the elimination rate constant where first order kinetics are
obeyed.

In2
Ly (®)

KELIM =
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Input of APFO via Drinking Water: Drinking water concentrations of APFO were
converted to micrograms (ug) of APFO ingested per day using the assumption that
approximately 2L of the water are consumed per day. An example follows where
drinking water containing 1 part per billion (ppb) APFO was consumed:

1 2
g, v 2L 2w

| ppb =
PP L L day day

9

Input of APFO via Inhalation: Inhaled concentrations of APFO were converted to
micrograms of APFO absorbed into the blood using the assumption that approximately
20 m’ of air are breathed per day. An example follows where air containing | ug/m’
APFO was inhaled.

Sas

e
5%

fug o 20m* _ 20ug

m’  day day

(10)

General Assumptions:

The simple model described here is designed to be conservative and is not intended 1o be
a substitute for a more robust, mechanism based physiological model. Consistent with
the design of this model, several general assumptions have been made.

(2) There is no metabolism of PFO.
(3) No binding or mechanistic descriptions are included in the model. “\——\n
¢k (4) Elimination occurs by a single first-order pathway. It is likely that elimination
+ actually displays biphasic elimination with an initial rapid elimination phase
followed by a slower or terminal phase elimination. In order to be consistent +
with the conservative nature of the model, only the slow (terminal) phase N e(C-\&
elimination is included in the model. M
i ‘4‘1’ ? (3) All APF@ inhaled or ingested in drinking water is instantly and completely
absorbed into the blood compartment. & apswmdép *

e ? (6) APFO exposures occur every day throughout the exposure period modeled.
Vo d o

\%( 1) The PFO is distributed only in the human blood compartment. Crst iy o,
(]

Geag

Results

The simulated PFO levels in human blood resulting from repeated ingestion of 6 ug/day
APFO are shown in Figure 2. As would be expected based on the estimated half-life of
PFO in the human body, the simulation illustrates that steady-state PFO blood levels are
reached only after repeated exposure for over 6 years. Figure 3 is a simulation of the
elimination of PFO from the blood once PFO levels are at steady state and PFO exposure
is terminated.
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PFO Concentration in Bisod (ppm)

Figure 2. Simulated PFO Concentration in Human Blood Following
Continuous Intake of 6 ug/day

. PFO Cuacentration in Blood (ppm)

DRAFT

Figure 3. Simulated PFO Concentration in Human Blood During and After
2600 Days of Exposure to 6 ug/day APFO
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pg/m’ APFO in air

A series of model simulations were run to estimate the steady-state human PFO blood
levels resulting from drinking water containing APFO, breathing air containing APFO or
combinations of the two. The resulting estimates of PFO concentrations in human blood
are snown :n Table 1. Table | can be used under the conditions described in the text, to
assign a PFO blood concentration to a particular exposure. Example 1: If drinking water
containing | ppb APFO was consumed and no APFO was present in the inhaled air, the
resulting steady-state PFO concentration estimate in human blood would be 0.30 ppm.
Example 2: If no APFO was present in the drinking water and 0.05 ug/m’ APFO was in
the inhaled air, the resulting steady-state PFO concentration estimate in human blood
would be 0.15 ppm. Example 3: If APFO was present in the drinkin g water at lppb and
in the air at 0.3 ug/m’, the resulting steady-state PFO concentration estimate in human
blood would be 1.20 ppm.

LN

Table 1. Estima:=d human steady-state PFO blood levels (ppm) following
exposure to APFO via air and/or drinking water,

Parts per billion APFQ in dl’iM’ water

0 1 2 3 4 5 6 7 8 9 10 15 30 40

65 277057 3.000 “331 481
5 285 13167 346 '4.96
" 30007331 36 MY

i BiC _ & N - :
; g 1022 1052 10.82 11.12 1142 11.72 12.02 13.52 18.03 2103
1262 12.92 1322 13.52 13.82 14.12 14.42 1472 1502 16.53 21.03 24.04

400§ 12.02 12.32

E PFO Blood levels Jess than or equal to § ppm
PFO Blood levels greater than 5 ppm but less than or equal to 10 ppm

*  Use of this table requires careful consideration of assumptions and limitations
described in the text.

Discussion

A relatively simple and conservative compartmental model was developed and exercised
to create an estimate of the PFO concentration in human blood following exposure to
APFO in drinking water and/or inhaled air. The model was then used to create a table
relating APFO exposures to estimates of steady-state PFO blood concentrations. Within
the constraints of the assumptions and descriptions provided in this report, a variety of
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exposure combinations could be evaluated using the model. Given a specific PFO
concentration in blood, the model could also be used to create a plausible exposure
scenario that could produce the observed PFO blood level. For example, if one had a
hypothetical steady-state PFO concentration of 5 ppb in blood, the corresponding APFO
exposure estimate using the model would be approximately 16 parts per trillion (ppv).

The model and approach presented in this report may be valuable for consequence
analysis or planning activities, however, it should not serve as a substitute for more
robust mechanistic, physiologically based models as they become available. The model
presented here is based on sound compartmental analysis principles and is exclusive of
mechanistic or physiological descriptions. As discussed earlier, this model is based on
conservative assumptions and therefore is likely to provide high estimates of PFO
concentrations in blood following ingestion or inhalation of PFO. Nevertheless, the
simplicity and utility of this modei provide decision-makers an easily applied tool to
relate APFO exposures to estimates of resuiting PFO concentrations in human blood.
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Appendix 1: ACSL Model Code

PROGRAM

'MODEL TO SIMULATE PFO BLOOD LEVELS FOLLOWING ORAL AND
'INHALATION OF APFO
VARIABLE TIME

INITIAL

'CONSTANTS CAN BE GIVEN VALUES TO SIMULATE EXPOSURE AND
'SYSTEM OF INTEREST

CONSTANT KUPI =0. 'ZERO ORDER INHALATION UPTAKE (ug/day)
CONSTANT KUPO =0. 'ZERO ORDER ORAL UPTAKE (ug/day)
CONSTANT KELIM =0. 'FIRST-ORDER ELIMINATION (/day)
CONSTANT KACC =0. 'FIRST-ORDER DISTRE2UTION TO BODY (/day)
CONSTANT VOL =1 'BLOOD YOLUME (ml)

CONSTANT VF =1 'BODY VOLUME (ml)

"TIMING COMMANDS

CONSTANT TSTOP =3650. 'LENGTH OF EXPOSURE (days)
CONSTANT POINTS  =3650. 'NO. OF POINTS IN PLOT

CONSTANT TOFF =3650. 'END OF EXPOSURE TIME (DAYS)
CINT=TSTOP/POINTS 'COMMUNICATION INTERVAL

END 'END INITIAL

DYNAMIC

ALGORITHM [ALG=2

DERIVATIVE

[F (TIME .GT. TOFF) THEN

KUPI =0.

KUPO=0.

END

[F TERMT(TIME.GE.TSTOP)

'CONCENTRATION OF PFO IN THE BLOOD COMPARTMENT (ug/day)
RA=KUPO + KUPI - KELIM*CBLOOD*VOL - RAF
CBLOOD=INTEG(RA,0.YVOL

'CONCENTRATION OF PFO IN THE BODY
RAF = KACC*CBLOOD*VOL-CF*VF)

CF = INTEG(RAF.0.0¥VF

END 'END DERIVATIVE

END 'END DYNAMIC
END
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Appendix 2: ACSL Command File for Assigning Appropriate
Parameter Values

TSTOP=10*365;
POINTS=50;
TOFF=TSTOP+I;
VOL=3500,

KACC=0;
KELIM=0.0019;
KUPO=2;
KUPI=6;

keyboard

figure;

START

line(_time, _cblood, @linestyle="+");
_cblood(POINTS)

xlabel('Time (Days));

ylabel(*Conc. in blood (ug/mL)");
title(BLOOD CONCENTRATIONY;
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.0“““”‘3'._’ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
4]
g WASHINGTON, D.C. 20460
<
4’4( mo“&é‘i

AUG 7 2003

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES

Scott A. Masten, Ph.D.
Office of Chemical Nomination and Selection

Environmental Toxicology Program

National Institute of Environmental Health Sciences QQD‘Q 8/ l@/ 5 W
P.O. Box 12233, MD A3-07

111 T.W. Alexander Drive, Room A326

Research Triangle Park, NC, USA 27709

Dear Dr. Masten:

On behalf of the U.S. EPA Office of Pollution Prevention and Toxics (OPPT),Iam

submitting a nomination for consideration by the National Toxicology Program (NTP) to conduct
studies on a series of perfluorinated chemicals.

OPPT has been assessing perfluorinated compounds since 1999. This interest was
prompted by reports submitted to the agency describing the toxic properties and widespread
presence in the environment, including in human populations, of some of these chemicals. Initial
efforts focused on perfluorooctane sulfonate (PFOS), and the assessment of ecological and
human health hazards was recently published under the auspices of the Organization for
Economic Cooperation and Development (OECD, 2002). In general, PFOS is persistent and
does not biodegrade in the environment. It bioaccumulates in fish, and the half-life in humans is
estimated to be on the order of years. Biomonitoring studies have shown that PFOS is present in
humans and wildlife around the world. The toxicity profile of PFOS is consistent in mice, rats
and monkeys, and includes liver toxicity, hypolipidemia, liver tumors, and developmental
toxicity. In all species and life stages, there is a very steep dose-response curve for mortality
which appears to be related to the cumulative internal dose. The U.S. EPA Office of Research
and Development has been investigating the mode of action of the neonatal mortality associated
with prenatal exposure to PFOS for several years.
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Subsequent efforts have focused on perfluorooctanoic acid (PFOA). The ecological and
human health hazards of PFOA have been summarized (OPPT, 2002), and a preliminary risk
assessment of the developmental effects has been released (OPPT, 2003). PFOA is also
persistent and does not biodegrade. In contrast to PFOS, PFOA does not bioaccumulate in fish.
However, it also has a half-life of years in humans, and domestic biomonitoring studies have
shown that it is present in the general population, as well as in wildlife. The toxicity of PFOA
has been studied in rats, mice and monkeys, and includes liver toxicity, immunotoxicity, cancer
(liver, pancreatic, and leydig cell tumors), and developmental toxicity. The uncertainty in the
quantitation of potential human risks is compounded by a substantial gender difference in the
elimination rate of PFOA in rats. Since the release of the hazard assessment and the preliminary
risk assessment, industry has conducted detailed pharmacokinetic studies in adult rats and

monkeys. In addition, studies to elucidate the ontogeny of the gender difference in elimination
are currently underway.

Biomonitoring studies have shown that PFOS, PFOA and several other perfluorinated
compounds are present in the serum of the general domestic population. To further understand
the distribution of exposure across the country, the U.S. EPA recently nominated several
perfluorinated chemicals to CDC for inclusion in the next NHANES survey. A decision by CDC
is expected sometime soon. Unfortunately, the sources and pathways of exposure are unknown.
This is problematic for any exposure reduction activities in this multi-billion dollar industry. To
address this large area of uncertainty, OPPT is currently negotiating Enforceable Consent
Agreements (ECAs) with industry groups (FR Notice, April, 2003). This particular ECA process
focuses on PFOA and the C10 telomer which may degrade to PFOA, and will, if successful,

provide some information on environmental fate, exposure pathways, and some environmental
biomonitoring data.

To date, extensive toxicity information is only available for PFOS and PFOA. Yet, the
class of perfluorinated compounds is quite large, and includes straight chain, as well as branched
chain compounds. Some of these compounds have already been shown to be present in human
serum, and the production of some of these compounds may increase if they prove suitable as
replacements for PFOS in the marketplace. Therefore, OPPT is nominating a class study of the
perfluorosulfonates and carboxylic acids, as well as the telomer derivatives. The latter are
potential precursors of perfluorinated acids. This category would include C4 and higher
compounds. Due to the unique kinetic properties of the C8 compounds and the substantial
gender differences in elimination of PFOA in rats, it is recommended that pharmacokinetic
studies on representative members of the different classes of chemicals be conducted first to help
inform decisions about which chemicals to focus on and the appropriate animal model for
toxicology studies. Initial efforts would focus on a subset that would include even and odd chain
length compounds of defined isomeric composition. The inclusion of appropriate mechanistic
endpoints in the kinetic studies such as protein binding, PPAR activation, etc., would optimize
utilization of resources. Such mechanistic information would also better inform decisions on
specific compounds that would move forward for toxicology studies or for



evaluation of specific organ systems. In addition, these efforts will benefit from concurrent
collaborative research between NTP and the U. S. EPA Office of Research and Development
(NHEERL/RTP) laboratories on the mechanisms of toxicity of perfluorinated organic chemicals.
This collaboration offers the opportunity to further extend the value of NTP’s research
investment by sharing information (generated from the NTP effort) that will greatly promote the
understanding how these compounds may act and overall increase the effectiveness of the
perfluorinated chemicals research program.

Thank you for your consideration of this class study. If you have any questions or need
additional information, please contact Oscar Hernandez at 202-564-7641 or Jennifer Seed at 202-
564-7634.

Sincerely,
//M/ i

%Z 1, Director
Offi

ice of Pollution Prevention and Toxics

Attachments: OECD, 2002 - Hazard Assessment of Perfluorooctane Sulfonate (PFOS)
and its Salts
OPPT, 2002 - Draft Hazard Assessment of Perfluorooctanoic Acid (PFOA)
and its Salts
OPPT, 2003 - Preliminary Risk Assessment of the Developmental Toxicity
Associated with Perfluorooctanoic Acid and its Salts
FR notice - Perfluorooctanoic Acid (PFOA), Fluorinated Telomers; Request for
Comment, Solicitation of Interested Parties for Enforceable Consent Agreement
Development, and Notice of Public Meeting

cc: Oscar Hernandez
Jennifer Seed
William Farland
Margaret Schneider



Attachments to EPA/OPPT Nomination of Perfluorinated Compounds

OECD, 2002. Hazard Assessment of Perfluorooctane Sulfonate (PFOS) and its Salts. Available
at http://www.oecd.org/dataoecd/23/18/2382880.pdf

OPPT, 2002. Revised Draft Hazard Assessment of Perfluorooctanoic Acid (PFOA) and its Salts.
Available at
http://cascade.cpa. }.,0\/R]"htSltC’LLICOHtCHLT(,mpmc pdf?DMW OBJECTID=090007d4801572b2& DMW FORMAT=pdf

OPPT, 2003. Preliminary Risk Assessment of the Developmental Toxicity Associated with
Perfluorooctanoic Acid and its Salts. Available at http://www.epa.gov/opptintr/pfoa/pfoara.pdf

EPA, 2003. Federal Register Notice: Perfluorooctanoic Acid (PFOA), Fluorinated Telomers;
Request for Comment, Solicitation of Interested Parties for Enforceable Consent Agreement
Development, and Notice of Public Meeting. Available at htp./www.epa goviopptintr/pfoaipfoatr. pdf
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Proposal for Perfluorinated Compounds Class Study

Introduction

EPA proposes a class study that would comprise a series of chain lengths ranging from C6 to
C12 of fluoroalkyl sulfonates, fluorocarboxylic acids, and fluorotelomeric alcohols. The chain
lengths selected are based on existing knowledge of the uses, exposures and toxicology of these
compounds. The fluoroalkyl sulfonates (C6 - C12) and their derivatives were predominantly
intermediates for the polymeric products used as water, oil, and stain treatments for carpet,
paper, and textiles. A few product lines were developed to use the surfactant properties
including metal working fluids, fire fighting foams, and photographic additives. The C6 and C8
product lines were the dominant materials manufactured. Some higher homologs as well as
other residual organic fluorides have no commercial use but are components of the formulated
final products. Ultimately the sulfonates may be the degradation chemicals from the
corresponding polymeric products. The fluorocarboxylic acids have chemical properties that
make them useful as additives and surfactants, the chief use being as a processing aid for the
polymerization of fluoropolymers (polytetrafluoroethylene, polyvinylidine fluoride). The
fluorocarboxylic acids or their simple derivatives have also been used as additives in fire fighting
foams, electronic circuit and photographic film manufacturing. The C6 and C8 are the
predominant commercial products, although others, including the C9, are also commercially
used. The 8:2 and 10:2 fluorotelomeric alcohols (perfluoroalkyl ethanols) are the building
blocks (and the anticipated abiotic degradation products) for most of the polymeric products used

as carpet, paper and textile coatings to impart water, oil, and soil repellency. The alcohols have
no substantial market apart from chemical intermediates.

Toxicology studies of the C4 fluoroalkyl sulfonate (PFBS), the C8 fluoroalkyl sulfonate (PFOS)
and the C8 fluorocarboxylic acid (PFOA) indicate that chain length is an important factor in
toxicity, perhaps partially due to pharmacokinetic factors; toxicity and persistence appears to
increase with increasing chain length. Human biomonitoring studies have shown that the C6
perfluorosulfonate, PFOS and PFOA are present in the serum of the general US population, and
that the levels of the C6 perfluorosulfonate are quite high in children. Other chain lengths have
not yet been monitored in the general population. Environmental monitoring studies have
demonstrated the presence of the entire series of perfluorinated compounds, as well as some
higher homologs. Current hazard and risk assessments have addressed individual chemicals. If
there is a common mode of action for these chemicals the latter efforts are likely to
underestimate potential hazard and risk to exposed populations.

Rationale for Specific Studies

A summary of the recommended chemicals and studies is provided in Table 1. The
recommended sequence is to begin with the lower chain lengths followed by the higher
homologs. The rationale for these studies is provided below.
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Table 1. Summary of Proposed Studies'”

Chemical Pre-chronic Pharmacokinetics | Modified one- 2-year bioassay
range finding generation with in utero

reproductive exposure
toxicity study

C6 sulfonate XXX XXX XXX

C9 sulfonate XX XX XX

C10 sulfonate XX XX XX

C12 sulfonate X X X

C6 carboxylic acid XXX XXX XXX

C8 carboxylic acid XXX

C9 carboxylic acid XX XX XX

C10 carboxylic acid XX XX XX

C12 carboxylic acid X X X

Telomer alcohol 8+2 XXX XXX XXX

Telomer alcohol 10+2 X X X

1- The number of X’s denotes the recommended sequence - XXX denotes the highest priority.
2- Selection of appropriate animal model to be determined during study design but it is anticipated
that studies in both sexes of rats and mice will not be necessary for each “cell” in table.

Extensive pharmacokinetic information is available for PFOS and PFOA and more limited
information is available for PFBS. The existing information for PFOS and PFOA suggest the
following issues may be critical determinants of pharmacokinetics and blood dosimetry for other

members of the class:

* These compounds are well absorbed.
* The carboxylic acids and sulfonates are cleared by urinary and biliary elimination in
rodents with no evidence of metabolism, while the telomer alcohols are metabolized
apparently to carboxylic acid derivatives. Extensive enterohepatic recirculation has been
demonstrated for both PFOA and PFOS.
* Species and sex differences in clearance are most dramatic for PFOA (female rat
(hrs)>>male rat (days)>mouse>monkey (weeks)>human (years)). PFOS demonstrates
higher blood levels in female rats than males following repeated exposures and the
clearance during week 105 was faster than older intravenous and oral studies would
predict. PFBS is rapidly eliminated in several hours in rats. The mechanism(s) for species
and sex variation in clearance is ill-defined but may in part be related to differential
expression of renal transport proteins.
* Serum protein binding (generally albumin) is extensive resulting in high concentrations
in serum. Liver has very high concentrations as well, followed by kidney. Other tissues
have generally low concentrations (and the fluorination make this a non-lipophilic
compound), but account for a significant fraction of the mass in the body.

Blood concentrations of perfluorinated hydrocarbon compounds play a critical role in the
interpretation of animal toxicity data with respect to differences among members of this class
and cross-species comparisons with measured levels in human blood. As a broader range of
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compounds in this class are addressed, EPA considers it essential to develop adequate data to
support risk assessment activities based upon blood concentrations. This reflects, in part, the
increasing ability to measure these compounds in human blood (e.g. NHANES), as well as the
difficulty in reconstructing the exposures leading to these blood levels. In addition, it reflects the
observations with PFOA indicating dramatic differences in urinary elimination in male and
female rats, while early indications are that mice clear the compound much more slowly; humans
are apparently even slower still. Thus, default methods using exposure doses and BW®”® scaling
(or UFa=10) currently appear particularly uninformative and inappropriate for this class of
compounds making the focus on blood dosimetry critical.

Blood dosimetry is a valuable surrogate for target organ dosimetry because the target organs for
the perfluorinated compounds are only partially identified, particularly for developmental effects
in contrast to adult liver and kidney toxicity and because it is measurable in humans. It is
generally measured as plasma levels. Data required to support analyses based upon blood
dosimetry (and potentially target organ dosimetry) are of two overall kinds. First, measurements
of blood and tissue levels in animals in the various repeated exposure toxicity studies (or satellite
groups, particularly for mice) provide direct data on the exposures in the toxicity studies, at a
minimum at terminal sacrifice. Such data should be routinely a part of all study designs for this
class of chemicals. Second, pharmacokinetic studies provide time course data following
controlled exposures. Pharmacokinetic issues related to different species, repeated dosing, and
life stages in the relevant toxicity studies will need to be addressed. The combination of these
two kinds of data provide the information needed to construct classical or physiologically-based
pharmacokinetic models for use in interspecies extrapolation for data interpretation and risk
assessment.

There is extensive toxicology information available on PFBS, PFOS and PFOA. Studies of
PFOS and PFOA have shown that the developing organism is a primary target. A two-
generation reproductive toxicity study of PFOS in rats, and several subsequent studies in rats and
mice, have shown a very high incidence of mortality in the F1 offspring in the first few days
following birth. A two-generation reproductive toxicity study of PFOA in rats has demonstrated
mortality in the F1 offSpring in the first few days following weaning, as well as a delay in sexual
maturation. Preliminary studies of PFOA in mice have shown a mortality pattern very similar to
that observed following exposure to PFOS in that mortality occurs in the first few days after
birth. In contrast, these effects were not noted in a two-generation reproductive toxicity study of
PFBS in rats or a limited one-generation toxicity study of C6 perfluorosulfonate in rats. To date,

there is no information on developmental effects following exposure to chain lengths greater
than C8.

Given that the postnatal developmental outcomes are a key feature of PFOS and PFOA., it is
crucial that we understand the impact of chain length on developmental endpoints. The two-
generation reproductive toxicity studies of PFOS and PFOA have shown that there are no unique
effects in the F2 generation. Therefore, we are proposing a modified one-generation toxicity
study which would include following the F1 generation up to a minimum of 70 days and
assessing the endpoints that are typically assessed in the two-generation reproductive toxicity
study, including full histopathology assessments. Assessments of developmental neurotoxicity
and immunotoxicity should also be considered for inclusion in the one-generation toxicity
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studies. In addition, serum and tissue levels of the administered chemical need to be determined
at appropriate timepoints as described above.

In addition, several of the compounds in the proposed series are peroxisome proliferators, and
PFOS and PFOA have been shown to be carcinogenic in rats. Chronic studies of PFOA in rats
have shown the presence of hepatocellular, Leydig cell and pancreatic acinar cell tumors. PFOA
is a demonstrated PPAR-a agonist and this has been hypothesized to be the mode of action for
the hepatocellular adenomas. Chronic exposure of PFOS in rats is also associated with
hepatocellular adenomas. PFOS is also a peroxisome proliferator, but studies have not been
conducted to firmly establish the role of PPAR-a agonism in the induction of the liver
adenomas. Chronic exposure studies of PFBS have not yet been conducted. Although
preliminary studies indicate that PFBS is a weak peroxisome proliferator at comparatively high
doses, only very limited liver toxicity has been noted in a two-generation reproductive toxicity
study, and no liver toxicity was noted in 28-day and 90-day studies at comparable doses.
Limited studies of the C9 and C10 perfluorocarboxylic acids indicate that both compounds are
peroxisome proliferators. Thus, it is likely that liver adenomas may be expected following
chronic exposures to many of the compounds in the proposed series. However, several scientific
groups have concluded that PPAR-a agonist induced liver tumors in adult rodents are of
questionable relevance to humans. Others have questioned whether chronic exposure to
peroxisome proliferators would result in a different outcome if exposures were initiated
prenatally rather than in aduithood. To resolve this issue, we are proposing a 2-year bioassay

that commences with in utero exposure of PFOA. We are not proposing chronic studies of the
other compounds at this time.

The EPA is also interested in pursuing opportunities to share tissues from animals in selected
toxicity studies. This would facilitate follow-up on mechanistic and other endpoints, which are
the subject of ongoing studies within EPA laboratories with selected members of this class.

Finally, there are several ongoing efforts to utilize “omics” to help better define the target organ
effects and potential common modes of action for this class of compounds. Use of “omics” will
improve our predictive ability for this class of compounds. Where appropriate, adjunct
comparative “omics” and mechanistic studies should be considered for the compounds in Table
L. These studies should also include the C4 and C8 sulfonates, and others as appropriate.
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Public Heaith Service

National Toxicology Program;
Announcement of and Request for
Public Comment on Substances
Nominated to the National Toxicology
Program (NTP) for Toxicological
Studies and Study Recommendations
Made by the NTP Interagency
Committee for Chemical Evaluation
and Coordination (ICCEC)

SUMMARY: The National Toxicology
Program (NTP) continuously solicits
and accepts nominations for
toxicological studies to be undertaken
by the program. Nominations of
substances of potential human health
concern are received from Federal
agencies. the public, and other
interested parties. These nominations
are subject to several levels of review
before selections for testing are made
and toxicological studies are designed
and implemented. Evaluation by the
NTP Interagency Committee for
Chemical Evaluation and Coordination
(ICCEC) is the initial external review
step in the NTP’s formal selection
process for NTP studv nominations. On
June 24. 2004, the ICCEC met to review
10 new nominations and make study
recommendations. This announcement
(1) provides brief background
information regarding the substances
nominated to the NTP for study, (2)
presents the ICCEC’s study
recommendations from its June 24, 2004
meeting, (3) solicits public comment on
the nominations and study
recommendations, and (4) requests the
submission of additional relevant
information for consideration by the
NTP in its continued evaluation of these
nominations. An electronic copy of this
announcement. [nternet links to
electronic versions of supporting
documents for each nomination, and
further information on the NTP and the
NTP Chemical Nomination and
Selection Process can be accessed
through the NTP Web site: http://ntp-
server.niehs.nih.gov.

Review of Study Nominations

Evaluation by the ICCEC is the initial
external step in the NTP's formal
selection process for NTP study
nominations. At its meeting on june 24,
2004. the ICCEC reviewed 10 new
nominations for NTP studies. For 7 of
these nominations. the ICCEC
recommended one or more types of
toxicological studies. and for 3
nominations, the ICCEC deferred
making specific study recommendations

pending review of additional
information. The nominated substances
with Chemical Abstract Service (CAS)
Registry numbers, nomination source,
nomination rationale, and specific study
recommendations are given in the
accompanying tables.

The ICCEC is compaosed of
representatives from the U.S. Consumer
Product Safety Commission, U.S.
Department of Defense, U.S.
Environmental Protection Agency-(U.S.
EPA), U.S. Food and Drug
Administration’s National Center for
Toxicological Research, National Center
for Environmental Health/Agency for
Toxic Substances and Disease Registry,
National Institutes of Health’s (NIH)
National Cancer Institute, NIH's
National Institute of Environmental
Health Sciences (NIEHS), National
Institute for Occupational Safety and
Health, NIH’s National Library of
Medicine, and the Occupational Safety
and Health Administration. The ICCEC
meets once or twice annually to
evaluate groups of new study
nominations and to make
recommendations with respect to both
specific types of studies and testing
priorities.

Request for Public Comment

Interested parties are invited to
submit written comments or
supplementary information on the
nominated substances and study
recommendations that appear in the
accompanying tables. The NTP
welcomes toxicology and carcinogenesis
study information from completed,
ongoing, or anticipated studies, as well
as information on current U.S.
production levels, use or consumption
patterns, human exposure,
environmental occurrence, or public
health concerns for any of the
nominated substances. The NTP is also
interested in identifying appropriate
new animal and non-animal models for
mechanistic-based research, and as
such, solicits comments regarding the
use of specific in vivo and in vitro
experimental models to address
scientific questions relevant to the
nominated substances or issues under
consideration. All information received
will be considered by the NTP in its
continued review of these nominations.
Comments or information should be
sent to Dr. Scott Masten (contact
information below) by October 19, 2004.
Persons responding to this request
should include their name, affiliation,
mailing address. phone, fax, e-mail
address and sponsoring organization (if
any) with the submission. Written
submissions will be made available

electronically on the NTP Web site as
thev are received.

Send comments or information to Dr.
Scott A. Masten. Office of Chemical
Nomination and Selection, NIEHS/NTP.
P.O. Box 12233, MD A3-07, Research
Triangle Park, North Carolina 27709;
telephone: (919) 541-5710; FAX: (919)
541-3647; e-mail:
masten@niehs.nih.gov.

Background

The NTP actively seeks to identify
and select for study chemicals and other
agents for which sufficient information
is not available to adequately evaluate
potential human health hazards. The
NTP accomplishes this goal through a
formal open nomination and selection
process. Substances considered
appropriate for study generally fall into
two broad yet overlapping categories: (1)
Substances judged to have high concern
as a possible public health hazard based
on the extent of human exposure and/
or suspicion of toxicity and (2)
substances for which toxicological data
gaps exist and additional studies woyld
aid in assessing potential human health
risks, e.g. by facilitating cross-species
extrapolation or evaluating dose-
response relationships. Input is also
solicited regarding the nomination of
studies that permit the testing of
hypotheses to enhance the predictive
ability of future NTP studies, address
mechanisms of toxicity, or fill
significant gaps in the knowledge of the
toxicity of classes of chemical,
biological, or physical substances.
Substances may be studied to evaluate
a variety of health-related effects,
including but not limited to
reproductive and developmental
toxicity, genotoxicity, immunotoxicity,
neurotoxicity, metabolism and
pharmacokinetics. and carcinogenicity.
In reviewing and selecting nominated
substances, the NTP also considers
legislative mandates that require
responsible private sector commercial
organizations to evaluate their products
for health and environmental effects.
The possible human health
consequences of anticipated or known
human exposure. however, remain the
over-riding factor in the NTP's decision
to study a particular substance.

The review and selection of
substances nominated for study is a
multi-step process. A broad range of
concerns are addressed during this
process through the participation of
representatives from the NIEHS, Federal
agencies represented on the ICCEC, the
NTP Board of Scientific Counselors—an
external scientific advisory body, the
NTP Executive Committee—the NTP
Federal interagency policy body, and
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the public. This process is described in
further detail in a March 2. 2000
Federal Register announcement
{Volume 65. Number +2. pages 11329~
11331). This multi-step evaluarive

process provides the NTP with direction

and guidance to ensure that its testing
program addresses toxicological
concerns relative to al! areas of public
health. and furthermore. that there is
balance among the tvpes of substances
selected for study (e.g., industrial

chemicals, consumer products,
therapeutic agents). As such, it should

be recognized that at any given time, the

new study nominations under
consideration do not necessarily reflect
the overall balance of substances

historically or currently being evaluated

by the NTP in its toxicology testing
program. For further information on
NTP toxicology studies (previous or in

Dated: August 10, 2004.
Samuel Wilson,

Deputy Director, National Institute of
Environmental Health Sciences.

Substances Nominated to the NTP for
Toxicological Studies and
Recommendations Made by the NTP
Interagency Committee for Chemical
Evaluation and Coordination on June

progress) visit the NTP Web site at http:/ 24, 2004

/ntp-server.niehs.nih.gov.

TABLE 1.—SUBSTANCES RECOMMENDED FOR STUDY *

Substance [CAS number]

Nominated by

v

' Nomination rationale

Recommendations for toxicological studies

Bitter orange extract [No CAS
No.].

n-Buityt glycidyl ether (2426~
08-6).

Di-(2-ethylhexyl)phthalate
(DEHP) [118~71-7].

lonic liquids 1-Butyl-3-
methylimidazolium chioride
[79917-90-1] 1-Butyl-1-
methyipyrrolidinium chloride
[479500~35-1] N-
Butylpyridinium chloride
[1124-64-7).

Perfluorinated compounds
class study [Mutliple CAS
Nos.].

Stachybotrys chartarum
{67892-26-2].

Tungsten trioxide [1314-35-8]
and fibrous tungsten sub-
oxides.

Private Individual ....

National Institute of
Environmental
Health Sciences.

U.S. Food and Drug
Administration.

University of Alabama
Center for Green
Manufacturing.

U.S. Environmental
Protection Agency.

Private Individual ........

National Institute of
Environmental
Health Sciences.

National Cancer Insti-
tute.

.+ Consumer exposure through increasing

dietary suppiement use; suspicion of
toxicity; lack of adequate toxicity data.

Suspicion of toxicity based on structural
features; positive results in genetic
toxicity studies; substantial potentiai
for human exposure and a lack of
chronic toxicity data.

Long-term risks associated with medical
exposures of infants have not been
clearly elucidated; significant knowl-
edge gaps on the toxicokinetics and
effects in fetal and neonatal primates
of intravenous exposure; further stud-
ies will better define risks and benefits
of utilizing non-DEHP-containing prod-
ucts.

Widespread interest as replacements for
volatile organic compounds (VOCs) in
various applications; lack of toxicity
data.

i
t
|
: Presumed widespread human exposure;
known toxicity of certain class mem-
bers; insufficient information to assess

hazard/risk across entire structural
; class.

i Public concern regarding potential non-
infectious adverse health effects of
fungal exposures in indoor environ-
ments; inadequate toxicological data
available evaluating potential systemic
toxicity from long-term exposure to
. this organism under relevant exposure
i scenarios.

i Important industrial raw materials; one
i of several metals that may form toxic
fibrous “whiskers”; carcinogenic po-
tential of tungsten (vs. cemented
tungsten carbide) is not adequately
characterized.

Toxicological studies:

—Developmental toxicity

—Physiological responses (e.g.,
vascular and cerebrovascular)

—Subchronic toxicity

—Toxicokinetics (of constituents)

—Studies alone and in combination with
caffeine

—Studies in rats and possibly miniature
pigs.

Toxicological studies:

—Toxicological characterization including
reproductive toxicity, carcinogenicity, and
analysis of urinary metabolites

—Coordinate with voluntary data develop-
ment activities of the U.S. EPA.

Toxicological studies: Tiered research pro-
grams to address:

—Quantitative studies of toxicokinetics and
biotransformation following intravenous
exposure in neonatal male non-human
primates

—Assessment of toxicokinetics, reproduc-
tive and immune endpoints following
acute and subchronic intravenous expo-
sure to neonatal male rats and
nonhuman primates.

Toxicological studies:

—Toxicological characterization

—Coordinate research program with the
U.S. EPA.

cardio-

Toxicological studies:

—Tiered research program to include phar-
macokinetics, mechanistic, reprogductive
toxicity, and carcinogenicity studies (for
specific compounds, see supporting doc-
ument available at  http//ntp-serv-
er.niehs.nih.gov/NomPage/noms. htmi}

Toxicological studies:

—Toxicological characterization including
immunotoxicity.

Toxicological studies:

—Toxicoligical characterization

~Genotoxicity

—Characterize fiber stability and biopersist-
ence

—in vitro toxicity to lung cells

—Comparative intratracheal toxicity studies
with a known hazardous fiber
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TABLE 1.—SUBSTANCES RECOMMENDED FOR STUDY *—Continued

Substance [CAS number]

Nominated by

Nomination rationale

Recommendations for toxicological studies

~—Further studies including carcinogenicity
will be considered following completion

l
|
|
[
)
|

of above.

* Note: A recommendation for
toxicological characterization™ in this table
includes studies for genotoxicity, subchronic
toxicity, and chronic toxicity/
carcinogenicity. as determined to be

appropriate during the conceptualization and
design of a research program to address
toxicological data needs. Though other types
of studies (e.g.. metabolism.
pharmacokinetics, immunotoxicity,

reproductive/developmental toxicity) may be
conducted as part of a complete toxicological
characterization, these types of studies are
not listed unless theyv were specifically
recommended.

TABLE 2.—SUBSTANCE FOR WHICH SPECIFIC STUDY RECOMMENDATIONS WERE DEFERRED

Substance [CAS
number}

Nominated by

Nominated tor

Nomination rationale

Rationale for deferral/further mnfor-
mation needed

Butylparaben [94—
26-8].

Decane [124-18-5] ..

Undecane [1120-21-
4]

National Institute of
Environmental
Health Sciences.

National Cancer In-
stitute.

National Cancer In-
stitute.

~—Toxicological
characterization
including repro-
ductive toxicity
studies.

—Carcinogenicity
studies.

—Carcinogenicity
studies.

Widespread use in foods, cos-
metics, and pharmaceuticals; po-
tential reproductive toxicant; lack
of adequate toxicity data.

Widespread industrial use and envi-
ronmental occurrence as air pol-
lutant. suspicion of carcinogenicity
but no adeguate carcinogenicity
study available.

Widespread industrial use and envi-
ronmental occurrence as air pol-
lutant; suspicion of carcinogenicity
but no adequate carcinogenicity

Further review of data on estrogen
receptor binding, pharmaco-
- kinetics, dose-response of male
reproductive effects. and human
exposure.

Review of industry voluntary data
development activities coordinatea
by the U.S. EPA.

Review of industry voluntary data
development activities coordinated
by the U.S. EPA.

study available.

[FR Doc. 04-19136 Filed 8—19-04; 8:45 am]
BILLING CODE 4140-01-P

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Administration for Children and
Families

[Program Announcement No. HHS-2004—
ACF-ORR~RE-0004 CFDA 93.576}

ORR Announcement for Services to
Recently Arrived Refugees

AGENCY: Office of Refugee Resettlement
(ORR). Administration for Children and
Families, HHS.

ACTION: Modification to the Standing
Announcement published in the
Federal Register on April 23. 2004 (69
FR 22276). Notice of additional deadline
tor Prioritv Area 2—Unanticipated
Arrivals, in the Standing
Announcement for Services to Recently
Arrived Refugees.

SUMMARY: The Office of Refugee
Resettlement Standing Announcement
for Services to Recently Arrived
Refugees, Volume 69. Federal Register
page number 22276, April 23, 2004, is
hereby modified to reflect an additional
deadline for the Priority Area 2—

Unanticipated Arrivals for FY 2005.
This additional deadline encourages
applicants to respond to the needs of
newly arriving populations.

DATES: October 8, 2004. is the closing
date. Please note that all applications
must be postmarked bv October 8. 2004.
Mailed applications postmarked after
the closing date will be classified as
late. Due to delays in mail delivery to
Federal offices. we encourage applicants
to use overnight courier service to
ensure prompt delivery and receipt.

Announcement Availability: The
program announcement and the
application materials are available from
Sue Benjamin, Office of Refugee
Resettlement (ORR). 370 L'Enfant
Promenade. S\V., 8th Floor West,
Washington. DC 20447 and from the
ORR Web site at: http://
wwiv.acf.hhs gov/programs/orr/funding
or http://wwiv.acf hhs gov/grants/open/
HHS-2004-ACF-ORR-RE-0004.htm|.

Funding Availabilitv: ORR expects to

award $1 million in discretionary social
service funds.

FOR FURTHER INFORMATION CONTACT: Sue
Benjamin, Office of Refugee
Resettlement, telephone number 202-
401-4851.

Dated: August 11, 2004.
Nguyen Van Hanh,
Director. Office of Refugee Resettlement
[FR Doc. 04-19174 Filed 8-19-04: 8:45 am|
BILLING CODE 4184-01-P

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Administration for Children and
Families

Notice of Correction for the Modified
Standing Announcement for Services
to Recently Arrived Refugees

AGENCY: Administration for Children
and Families. ACF. DHHS.

Funding Opportunitv Title: Modified
Standing Announcement for Services to
Recently Arrived Refugees.

ACTION: Notice of Correction.

Funding Opportunity Number: HHS-
2004—-ACF-ORR-RE-0004.
SUMMARY: This notice is to inform
interested parties of a clarification made
to the Modified Standing
Announcement for Services to Recently
Arrived Refugees published on Fridav.
April 23, 2004. The following
clarification should be noted:

Clarification of Eligibility for Prioritv
Area 1—Preferred Communities.



