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Document Control Office (7407) = ‘:',.;"3

Room G99 East Tower Attn: 8(e) -
Office of Pollution Prevention and Toxics . -
US Environmental Protection Agency "?\ Y
401 M Street, SW 5
Washington, DC 20460-0001 ~

RE: 8EHQ-1199-14596~ 4 ( K
Dear Mr. O’Bryan: g

Four papers are attached in Tesponse to your request (8EHQ- | 199-14596) for a
description and results of the 3M medical surveillance program for employees exposed
to perfluorooctancate. When these papers refer to total organic fluorine, it is believed
to be primarily perfluorooctanoate both on the basis of known exposure and later direct
measurement of perfluorooctanoate. These papers present the most recent results of a
program that began in the mid seventies,

pulmonary function, chest xray, blood counts and a biomonitor of fluorochemical

€xposure. A "total organic flucrina® micasurement was done until 1993 This measures
the amount of fluorine that was covalently bound to carbon in the serum sample. In =
1993 and later, perfluorooctanoate was measured directly by a method developed by <

3M scientists and transferred to an outside laboratory. = e
L
When test data were available, a company physician reviewed each employee’s results,. — -
These physicians did not, and have not, found abnormalities in individuals that they felt - 5:7:
were related to fluorochemical exposure. That is, medical conditions, medications and = —-g
lifestyle factors adequately explained the laboratory abnormalities (which one expects -
to find in this type of program). Aggregate analyses of clinical data have also been w
conducted. Detailed technical reports are available beginning with the 1999 medical
surveillance examinations, and are summarized in the attached papers. The findings
specifically indicate no significant clinical hepatic toxicity associated with the
perfluorooctanoate levels observed in this workforce
Contain NO C3
—_—



Mr. O'Bryan
January 28, 2000
Page 2

Mortality surveillance, with a very high degree of cohort follow up, has also been done
at the Cottage Grove facility. The first mortality study was completed in 1980. The
most recent update was published in 1993. There was no significantly increased cause-
specific mortality ratio for either men Or women. The study will again be updated
within the next year, using improved eXposure categorization.

Sincerely,

Wbl mo

Larry R. Zobel, MD MPH
Staff Vice President & Medical Director

LRZ jme
Attachments:

1. Gilliland FD, Mandei JS. Mortality among employees.of a perflusrocctancic
acid production Plaat. J Gecup Med 1993.35:950.954.
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mna PFOA Production Plam

Mortality Among Employees of a
Perfluorooctanoic Acid Production

Plant :

Frank D. Gilliland, MD, PhD
Jack S. Mandei, PhD, MPH

Perfluorooctan - geiy IPFOA hus been Jound at fow pevety 10 to 1oy
paris per hillion) in serg of the general population and g higher levely in
uecripationally exppseq workers. Although PFO4 has been reporied 0 be g
promorer of roden; hepalm‘arcmogene:ix and to alter reprodycy; ve hormoney

associated with PEO 4 exposure. The preseny stdy examined the refationship
between PFO.4 and morialiy: using q retrospective - phor Morialiy design.
The cohort consisted o' 2788 male angd 749 female workers emploved between
1942 and 1983 o a plant that produced PFO. The ali-causes standard:zeid
mortality ratio was 73 93% confidence imerval fC, 1. .36 10 99, tor women
and .77 (95% 1 69 tv .86, for men Among men (he cardiovascular
standardized monality: rae was 68 193% CI 58 10 80} and the af.
gastroiniesiinal diseases wgy STI9SR CL 2940 99, There was no signifi-
cantly increaseq cause-specific standardi-egd mortality ratio for either men
or women. Ten vegrs of employment in exposed jobs way associated wigh g
3 3-fold increase 195% CI. 1.02 1 10.6} in prosiate cancer moriality com.
pared to ny employment in PEQ 4 production. There were onlv six prosigre
cancer deaths overgl} and tour among the exposed workers; thus. the results

st be interpretoy cautiously. If prosiare cancer mortaluy is refaed o

PFO1. PFO4 may increase prostate cancer mortaliry by altering reproductive
hormones in male workers.

From the Division of Environmentat ang Occupation sl Health, Schooi o Pubbic Heatth,
University of Minresota. Minreapobs, Minnesota  De Gillitang, Dy Mandety: and Department
ol Internal Medicine, Occupational and Environmenty Medicine Section. St Paut Ramse,

Address Lorrespordence to- Frank D Gulitand. MD Lniversay of New Mevico School at
Mediviae, New Mexico Tumor Registry @0 Caming Je Salud \E. Mbuguerque NV RT3

O | 236793 35090930801 W

Coprright «. Y American College of Oecupationat ang Environmenta Madiciae
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Epidemiclogic Study of Perflunranctanmin A i

erfluorcoctanoic acid (PFOA) and its
salt. ammonium pcrﬂuorooctanoate.
are pertleonnated surfactants. Be.
cause of their unmique surface active
properties theyv are used in a large
number of industria} applications and
consumer products including plasti-
cizers, lubricants, wetting agents. and
emulsifiers.'-> Despite their wide-
Spread use. liatle i known about po-
tential adverse heaith effects.

PFOA induced marked hepatomeg-
aly and peroxisome proliferation in
fodent livers.™* The chemically dj-
VETse group of xenobiotics that induce
peroxisomes is of concern because of
{1s association with nongenotoxic he-
patocarcinogenesis, *-'¢ PFOA did not
produce an increased number of hep-
atocellular carcinomas in 3 2-vear rat
feeding study.® However. biphasic
(initiation- and promotion} and 5.
phasic (initiation. selection, and pro-
motion) hepatic carcinogenesis stud-
ies in rodents have shown significantly
increased numbers of carcinomas in
the PFOA-treated rats." It has been

. suggested that the markaq FGICHi ep-

atomegaly produced by PFOA is a
marker for carcinogenic potential *°
The observations »f increased Levdig
cell tumors in a 2.vear rat PFOA feed-
ing studh and of disruption of the
h_\~pmhalamlc-pimimry-gonad ais in
PFOA-treated rats® are consistent with
the hvpothesis that PFOA-assaciated
umors are mediated b¢ a hormonal
NZENVIONIC mechanism

PFQA has a long haif-ite 1n hu-
maas. A siudv of oCCupationally ex-
posed warkers showeg that the halt-
life in men 55 greater than 1.3 vears
Mence, Jecumulaton of PFOA may
oeCur from small, irequent PFOA
doses PEQA 1n the serum of the gen-

'
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cOnssectional sty amenyg worken
cmploved at the PFOA production
plany Crosssectonal studies of
PFOA-exposed workers at this plant
have shown thay PFOA was associated
with decreased free testosterone and
increased estradiol. ™

To determune whether mortahty
from anv cause was associated with
Occupational exposure to PFOA. 3 ret-
rospecuve cohort mortahty study was
conducted at a plant that has pro-
duced PFOA since 1947

Methods

The plant consists of several divi-
sions. with PFOA production re-
stncted to the Chemical Division. A
number of other specialty chemicals
have been produced in this division.
The study cohon consisted of workers
who were emploved at the plant for at
least 6 months between Jan |, 1947,
and Dec 31. (983. Daia were ab-
stracted from plant personnel records,
which were maintained on all workers
ever emploved at the plant. Vital
status was  ascertained from the
Social Security Administration for the
period 1947 10 1982 and from the
National Death Index for the period
1979 o 1989. Al workers with un-
KOOWR viiai status were traced using
a vanety of tracing strategies such as
directory assistance, Metronet and
TRW searches, reverse directories.
motor vehicle registration lists, con-
tacting neighbors and relatives, and
the post offices. Death certificates
were obtained from the appropriate
state health departments for those
identified as. or presumed to be. de-
ceased. Information concerning the
data and cause of two deaths which
occurred outside the United States

" was obtained from familv members,

A nosologist coded the death certifi-
vates for underhving cause of death
according to the Internationa) Classi-
fication of Diseases, 8th revision. The
relability of the coding was evaluated
by resubmitting a random sample of

Rl Cortitioates for vinbane by the
SHBC nosedoutst Inthe 23 death Q-
Uhetes from 1470 1 sy resubim-
ted o the Resedoust tog [ ) uuhng
there were n Changes i the mujon
salvgones al Ciuse of death

Workers were categonzed gy oy
posed or unexposed (o PFON hawed
on therr job histories. Exposed work-
ers were defined as all workers em-

ploved for 1 month or more in the’

Chemical Division Unexposed work-
€5 were emplorees who either never
worked i1n the Chemical Division or
werked in the Chemical Division for
less than | month. Cumulative expo-
sure 10 PFOA was estimated ustng tne
Surrogate  measure of months of
Chemical Division emplovment.

The observed numbers of cause-
specific deaths were compared to the
expected numbers of deaths obtained
by epplving sex- and race-specific
quinquennial age. calendar period.
and cause-specific modtality rates for
the United States and Minnesota pop-
ulations tg the distribution of ob-
served person-time.*' Because Jess
than 1% of plant employees were non-
white, white male and white female
rates were used for companson. For
women. only United States rates were
used because cause- and calendar
period-specific Minnesota rates for
women were not available. The effects
of latency. duration of emmplovment,
and work in the Chemical Division
were examined using stratified stand-
ardized morality ratig {SMR) anai-
yses. Cause-specific mortality rates
were compared between exposed and
unexposed workers using stratified
SMRs. ¥ SMRs were calcuiated for

951

Men based an 1N Minncsatg
white muade mortility rates tor three
latencs imtervals g 1), 15.and 20 vears,)

b three Categories of Jduration ot

cmploymient (5. I and 20 vears).
Ihe SMRs were culvudated using the
program developed by Monson <
The relative nsk {RR) and 9s¢;
contidence interval (Ch) for deaths
trom ail vauses. cancey. cardiovascular
diseases. and other selected causes
were estimated using proportional
hazard models.**** The time to event
Cr censonng was deiined as time from
first employment 10 event or to De-
cember 31. 1989. In models for spe-
cific causes of death, deathc from
C1er causes were censored at the time
of death. Age at first employment,
vear of first employment, aud dura-
tion of empiovment were included as
covariates in the model. The analyses
were stratified by gender. The appro-
priateness of the proportional hazard
assumptions was tested using strati-
fied models with graphical analysis of
log {—log{survival]) versus follow-up
time relationships and models that
tested the significance of a product
term between exposure and log fol-
low-up time.**** Proportional hazard
calculations  were conducted using
SAS.

Results”

A to1al of 3537 workers employed
at the plant between Jan 1, 1947 ard
Dec 31. 1983 were identified frorm,
company records. Six workers who
had incomplete employment records
were excluded from the study. The
cohort consisted of 2788 (79%) men
and 749 (21%) women (Table 1). Men

TABLE 1
Charactenstics of Female and Male Employees. 194 7-1989
Cﬁe»m_ical Non-C_hemic.J Totat
Division Division
. _ —_—
Femaie Male Ferpcale Male Female Male
Number of workers 245 1339 504 1449 749 2788
Person-years of op- 66290 3338513 132804 377324 193094 711177
servation
Mean foliow-up (y; 246 248 26.4 26.0 258 255
Mean age at emplay- 288 256 269 289 276 <273
ment (y)
Mean year of death 1965 0 1963 8 1962 8 1962 3 1963.5 1963 0
Mean year of geath 19813 19783 1879 2 1978 t 19796 1978.2
Mean age at deatn fy) 587 542 54 4 58.1 554 56 4

R N
R NA
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ticipated
NCS CON-

vortetbuted JU 0T pervon ez o’

vhsenation which were vqualhy (4
vided between the Chemeead [y inion
amd noun-Chemical Dioason, Waomen
comiributed 19 30 4 PCFSON-\ Cars,
two-thirds of which were in the non-
Chemical Division.

Vital status was obtained for 100
ol the cohort (Table 2). There were 30
deaths among the women (liin the
Chemical Division cohort and 39 in
the non-Chemical Division cohon)
and 348 deaths among the men (148
deaths in the Chemical Division
group and 200 in the non-Chemical
Division group). Death cenificates
were obtained for 99.5% of deaths.

For women. the SMR for all causes
of death (SMR = .75, 95% ClL. .56 tc
99) was significantly lower than ex-
pected (Table 3). There was no asso-
ciation with duration of employment
or latency for deaths from alk causes.
cancer. and cardiovascular diseases
(data not shown). Mortality among
Chemical Division women was fess
than expected. In Chemical Division
women, the all-causes SMR was .46
(95% Cl, .23 10 .86) and the cancer

e

Griinaig & manqes «

SMR was 3o s, (1 07 e 113
{he Alcauses SMR lor the non-
Chenmcal Division women wis 9
ST CE bd o 1L23) and the CdiicCr
SMR way 91 us L g w32
tdata aot shown

Using Mranesota rates tor compar-
ison. the SMR tor men tor all causes.
tor cardiovascular Jiseases. and for all
gastromntestinal discases was signifi-
cantly less than ! (Table 4). None of
the cause-spzcific SMRs was large nor
was any significantty different from 1.
The results were similar when the ex.
pected numbers of male deaths were
based on US monalitv rates. For the
three latency intervals, the SMRs for
Czaths from all causes ranged from
.73 10 .77 For all cancers. the SMRs
ranged irom 1.06 to 1.12 and were
nonsignificant.

Among men, there was no associa-
tion between any cause of death and
duration of plant employment. The
all-causes SMRs were .86 {95% CL
.72 10 1.01) for the Chemical Division
group and .69 (95% C1..59 10 .79) for
the non-Chemical Division group
(data not shown). The SMRs for pros-

TABLE 2

Vital Status and Cause of Death Ascertainment among Female and Male

Employees, 1947-1989

Chemical Division Non-Chemicsl Division Total
Vital
Status Female Meale Femele Male Female Male
No.%No.%No.%No.%No.%M%

Alive 234 953 1191
Dead 1" 47 148 111 39

88.9 465 918 1245 862 699 933 2440 875

B4 200 138 S50 67 348 125

Total 245 100.0 1339 100.0 504 1000 1449 1000 749 1000 2788 100.0

TABLE 3

Qbserved (Obs) and Expected {Exp) Deaths, Standardized Monrtality Ratios (SMR)
and 95% Confidence intervals {C)) for 749 Fernale Employees

Cause of Death Obs Exp SMR 9% Cl
ARl causes 50 6674 0.7% Q56-.99 '
Cancer 17 23.04 071 042-1.14

Gastrointestinal 2 454 Qa4 0 05-1 59
Respiratory 4 472 0.95 026-243
Breast 3 587 051 0.10-1 49
Gemtat 2 3357 Q59 Q07-2 14
Lymphopoietic 3 2.04 147 0.30-4 29
Cardiovascutar L} 12.39 [eX:]] 0493-129
Cerebrovascuiar 3 Isn 0 86 001-4.80
Gastrontestinal k] 3N 088 0.18-257
Injuries 4 6.23 064 017-184
Sukige 1 178 056 001-313

B 07
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EHE caneer sere JH3 S 1 S5y,
o3 the Chenmgal Division group
and SRRSO 07 0 20w g thye
nen-Chenvcadd Inasion cohon In the
Chenucal Dnasion group, there were
4 obsened and 2 expedred deaths
from prostate cancer. There was po
SIENUICANT assoCiation  between any
cause of death and latency n either
exposure group. For the Chemical Ds-
vision cohort. the prostate cancer
SMR was 1.61 (95% CI. .32 10 4.70)
in the greater than 13-year latency
group

Table S presents the final propor-
tional hazard model for all-causes. all-
cancer. and prostate-cancer mortahty
among the 2788 male workers em.
ploved for more than 6 months. The
estimated relative risk for all-cause
mortality for a t-vear increase in age
at first emplovment was |.08 (95%
CL 1.07 to 1.09). Year of first em-
ployment and duration of employ-
ment were negatively associated with
deaths from all causes. The risk asso-
ciated with months employed in the
Chemical Division was small and
nonsignificant.

In the final prostate cancer mortal-
ity model. length of employment in
the Chemical Division was positively
and significantly associated with pros-
tate cancer risk. The relative risk for
a l-year increase in Chemical Divi-
sion employment time was 1.13 (95%
Cl 1.0! to 1.27) For 10 vears' em-
plovment in the Chemical Division,
the relative risk was estimated to be
3.3(95% CI, 1.02 10 10.6) compared
with workers never emploved in the
Chemical Division. Age at first em-
ployment was positively associated
with prostate cancer mortality. Length
of time employed in the Chemical
Division was not significantly related
to montality from lung cancer. gas-
trointestinal cancer. pancreatic can-
cer. or diabetes mellitus.

Discussion

This was the first retrospective co-
hort momatity study of workers em-
ploved in a PFOA production plant.
Moraliy from all causes in both men
and women was significantly less than
expected. Because of the healthy
worker effect. internal compansons

—_—
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TABLE 4

Deaths and Stangardized Martanty Ratos (SMR) Baser] on AMinnesota White Male
Rates. Among 2788 Male Employees 1947-1389 ang 1339 Mer Ever Empioyeq
' the Chemics! Division, 1947 1983

. 1S
S

Men Empicyed 1n

Causes All Male Empioyees Chemical Division
of Death - - - -

Exp SMR  95% Ci Obs Exp SMR 5% Cl
17296 086 072101

All causes 347 45079 077 089-086 148

e
g
-

Cancer 103 8729 105 Qg6-127 40 3631 110 079-150
Gastromtestinai 24 28 78 090 057-133 9 977 092 0.42-175
Colon 9 942 D096 (.44-181 4 346 115 031-4.01
Pancreas 8 S58 143 062-283 4 204 196 053-501
Reso.ratory - 3 3042 102 069-1 45 12 1126 107 0.55-1 86
Lung 28 2894 100 067-1 43 11 10.70 103 051-184
Prostate [ 607 099 036-215 4 197 203 055-459
Tesus 1 082 1.09 0.01-605 1 044 228 0.03-12.66
Bladder 3 218 t37 028-401 t 075 133 002-740
Lymphopoietic 131207 109 057-184 5 478 105 034-2.45
Cardiovascular 145 21219 068 058-080 54 7665 0.70 0.53-0.92
CHD" 110 15909 069 057-083 43 5774 074 0s4-100
Cerebrovascular 0 2466 060 0.32-102 4 853 047 013-1.20

All gastromtestnal 12 21.13 0.57 0.29-099 8 827 097 042-191
Alf respiratory i3 2175 060 032-106 7 777 08t 036-187
Diabetes 8 6.52 123 053-2.42 3 255 1.18 0.24-3.44
Inuries 38 4774 080 056-1.08 31 3172 098 066-139
Suicide 12 1509 079 041-1.39 10 699 143 068-2.63

*CHO. coronary and atherosclerotic heart disease.

to assess the association between
PFOA and prostate cancer ocecurrence
1s problematic. Age-adjusted prostate
cancer mortality rates from 1983 to
1989 (949 per 100,000) were only
25% of the incidence rates (99.4)."
This low proportion of deaths among

were made between Chemical Divi-
sion and non-Chemical Division im-
ployees. There were no significantly
elevated SMRs in Chemical Division
or non-Chemical Division emplovees.
However, prostate cancer mortality
was associated with length of employ-

B 08

ment in the Chemical Division in pro-
portiona! hazard analysis. Ten years
of empioyment in the Chemical Di-
vision was associated with an estj.
mated 3.3-fold increasa (959 €11 02
to 10.60) in prostate cancer mortality.

. The use of prostate cancer mortality

cases attributed to prostate cancer re-
flects the high risk of death for com-
peting causes for this disease of el orly
men. Given the small number of ob-
scrved deaths from prostate cancer in
the study, and the observed difference
in incidence and mortality rates, the

953

suggested avsoctation between PERO A
CAPOSBIC AN prostate cuncer must by
viewed gy h}pulhcsls_ generating and
should not be oveninterpreted. The
seciation may be real may have
been a chanee finding, or may be the
resuft of an unrecogmzed environ-
mentai tactor. However. the brologic
plausibtlity for any association be-
tween PFOA emplovment and pros-
tate cancer is provided by animaj tox-
icologic and human epidemiologic
data that show an association betweer
PFOA and reproductive  hormone
changes. "

The all-causes, all-cancer, and -all-
cardiovascular mortality among
women was less than expected in the
overall cohort. The low SMRs are
most tikely to be a result of the healthy
worker effect. Latency and duratjon
of plant employment did not have a
strong relationship with the healthy
worker effect.

The interpretation of this study re-
quires consideration of methodologi-
cal issues. SMRs for the subgroups of
workers are not strictly comparahle.
We attempted 10 calcujate standard-
ized rate ratios: however. the rates
were based on small numbers and pro-
duced unstable ratios. Estimates of
PFOA exposure were based on job
history, and categorization of workers
N0 ever versus never employed in
the Chemical Division may not reflect
the biologic effective dose of PFOA,
PFOA exposure was apparently wide-
spread among employees nat directly
exposed to PFOA, ' and the exposure
Categorization may misclassify work-
€rs as unexposed when they were ex-

TABLE 5

Proportional Hazard Regression Model of Factors Predicting Mortality among All
All Causes of Death

Cancer Deaths

Male Employees*®

Prosiate Cancer Deaths

Varisble - . -— — _ — —
3 SE(3) P RAt 4 SE(4) P LL _SE[®) P RRt
Year of hrst -0.55 0009 0000t Q346 -0.031 0019 on 0969 0010 o008 03 1011
empioyment
Age at first em- 0.079 0.006 00001 1.08 0078 0011 0 0001 1081 0082 0045 006 1085
ployment (y}
Ouration ofem-  —g 34 0001 0000t 0967 -Qo28 0009 0002 0972  -007 0052 018 00932
ployment (y) .
Months in 0001 cnoe 024 1.001 0002 o0Mm 02 1002 o] 0005 003 7101
chemical ar- ——
Sion

° Abbreviations used are J. regression parameter: SE(3), standard error of

+ Retatve risk for one unit change n ingependent variable .

the slope parameter. RR refative nsk

™ e ok e e

(o o

tv
fi
s
re

fa
CIC
po
BeS
Ac

fton
Flea
Con

Ref



953

tween PHOA
INeer must by
neeiting and
rpreted. The
L may have
r may be the
ed environ-
the biologic
ociation be-
\t and pros-
‘animal tox-
idemiologic
ion between
* hormone

er, and -all-
ly among
cted in the
SMRs are
the healthy
d duration
not have a
he healthy

s study re-
thodologi-
bgroups of
mparable.
standard-
the rates
sand pro-
imates of
d on job
f workers
loyed in
ot reflect
f PFOA.
tly wide-
L directly
:Xposure
fy work-
were ¢x-

Sy r—

ARt
011

085

617

Posed. Such Lessitie grion wonld
beevpected o b e VERCCT OO es
tomard the null i ereised CAProsye
mreies death ries. NMonlye Cin-
Plosad i the Chemic Deviswen o
hetter retlect the hial, e ellecne
dose hecause cumulative eaposure re-
tlects the hboaccumulation of PFOA.
Workers we, exposed to manv other
xenobiotics, such gs benzene and as-
bestos. duning thoir employment at
the plant. However. none of these ma-
terials has been associated with pros-
tate cancer.

Although the mean age at first em-
ployment and mean vear of tirst em-
plovment are similar in the C hemical
Division and non-Chemical Division
cohorts of men and women. the com-
pansons of the rates of disease are
confounded by differences in the dis-
tribution of age at risk. The use of an
internal comparison Broup may re-
duce. but not eliminate. confounding
it the internal comparison groups
have different distributions of these
time factors. Becayse the disease oc-
currence relationship is defined in
terms of cumulative exposure. the
true effect of PFOA exposure may
have been biased toward or away from
the null by uncontrolled confounding
by time factors. -

Further research is needed to eval..
uate and confirm the association be.
tween PFOA and prostate cancer. The
findings in this study are based on a
small number of cases and could have
resulted from chance or unrecognized
confounding from CRPOSUIT o other
factors. Studies of prostate cancer in-
cidence in this and other PFOA-ex.
posed work forces may clarify the sug-
gested incrcasg in prostate cancer nisk.
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Serum Perfluorooctanoic Acid
and Hepatic Enzymes, Lipoproteins, )
and Cholesterol: A Study of Occupationally B

Exposed M ’
xposed Men
Frank D. Gilliland, mp, PhD and Jack S. Mandel, PhD, MPH Tot
Perfleoroncianvic actd (PFOA) produces marked hepatic effects. including hepaiome galy.,
focal heparoevie necrosis, hypolipidemia, and alteration of Iepatic {ipud metabolism in o Tota
number of aimal species. In rodents. PFOA iy a peroxisome proliferator. an inducer of —
members of the cviochrome P50 superfamily and other enzymes imohed in xenobiotic ami
metabolism, an uncoupler of oxidative phusphorviation, and mav be a cancer promaoier. :‘:::‘j
Although PEOA is the major organofliorine compound found in humans, little information
is availuble concerning human responses to PFOA exposure. This study of 115 occupation- tase
ally exposed sworkers examined the crovs-sectionai associations between PFOA anid hepatic nect
enzvmes. lipoproteins. and cholesterol. The findings indicate that there is no significant reve
clinical hepatic toxiciry ai the PFOA levels observed in this studv. PFOA may modutate the 198
previously described hepatic responses o obesity and Xenobiotics. ¢ 1996 Waler-Livs, e appe
KEY WORDS: perfluorooctanoic acid, human, hepatic enzymes, cholesterol, HDL ;h':;
]
- vitro
PFO;
INTRODUCTION Little is known about the toxic potentiai of PFOA in hu- 1989
: mans: however. studies have shown that the liver is an Spec;(
Perfluorooctancic acid (PFOA) is a potent synthetic  important site of toxicity in animals (Griffith and Long, sonab
surtactant that is used in a wide vanety of industrial pro- 1980 Kennedy, 1985: Kennedy et al.. 1986: Pastoor et al.. Zvime:
cesses and products. Organic fluorne has been found in the  1987: Van Rufelghem et al.. 1987 Just et al.. 1989), roden
serum of atl human populations studied (Ubel et al.. 1980 Animals treated with PFOA rapidly develop hepatome- respor
Taves. 1971: Taves et al.. 1976: Guy. 1979, Belisle. 1981).  galy with focal necrosis and show murked hepatic physio- and G
Guy and Taves reported that PEOA was the principal or- . logic respomses that include hypoiipidemia. peroxisome worke
ganic fluorine compound in human serum (Taves. 1971 proliteration. induction of xenobiotic metabolic enzymes, effects
Taves et al. 1976 Guy. 1979). PFOA is found n serum increased hepatic wmor incidence, uncoupling of mitachon- of exp
because PFOA has a fong biclogical halt.hite, slowing ac- drial oxidauive phosphoryiation. and alterations in lipid me- cancer
cumulation of small doses over nme (Ubel ot 4l . 1980y wbolism (Grifith and Long. 1980; Kennedy. 1985: assess
Kennedy ev a. 1986, Pastoor et ul.. 1987: Van Rafelghem hepatic
etal.. 1987 Justetal.. 1989; Tukagi et al., 1991, Permudi et oceur
Dwision of Enviranmental and Occuoationai Health. Schaol of Pudhc Health al.. 1992 H.nughnrf) et al. 1992: Sohlentus et Jl 1992; employ
Unwersty of Minnesola. Minneapalis 1€ 0. JS M | , Kelfler et al.. 1992: Handler, 1992, Ruts treated with PFOA ers wit
Deparment of Internal Medicine, Occupationat and Environmentar Medicne  and other peravisome proliferators 1PPs), such as clofibrate. levels s
Section, St. Paw Ramsey Med:cal Center. St Paut. Minnesala (F D.G). show & 50% reduction of serum cholesterol and changes in aaly wh
Address reprint requests fo Frank D. Gifltand, University of New Mexico S¢root . . : gdly w
of Medicine, Epidemiology ard Carcer Control Progiam. 90C Camunc de Salud the  hepatie production gnd processing of lipoproteins. al. 198
NE. Albuquerque. NM 87711 Haughom et al. (1992} showed that the hypolipidemic re- Iween s
Accented for publication Apr 25 1935, spomse results trom downregulation of HMG-CoA reduc- serum
eRZyme:

W5 1996 Wiley-Liss, Inc.
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TABLE . Distrivution of Exposeq Workers by Total Ser, Fluctine Categary n M Chemaide Plant Cottage Grove MN

<1 1-3
—
Age’ 39910.2 39585
BMI tkg/m?)* 276(5.3) 266 (26
Aicohol use®
<1 ovday 17739 31¢78)
1-3 oz/day 2(8.7) 13(20.0)
n(0) 0¢0)
Nanresponse 4179 1{15)
Tobacco use®
Smoker 3(13.0) 16 (24 6)
Nonsmoker 19(82.7) 49 (75.4)
Nonresponse 1443 0(0)
Totat 23¢100) 65 (190)

BM1. body mass index
alues are mean S0).
Vatues are n fperceny),

tase. In addition, PFOA has been associated with hepatocyte
necrosis and increased hepatic enzymes. suggesting that ir-
reversible cel] damage occurs (Kennedy, 1985; Just et al.,
1989). Hepatomegaly and alterations in lipid metabolism
appear to be rapidly teversible; however, other hepatic
changes are not rapidly reversed ( Perkins, 1992: Sohfenius
et al., 1992)

Based on findings from the studies of rodents and in
vitro experiments. some investigators have suggested that
PFOA is likely to present a health risk to humans (Justet a).,
1989; Takagi et al., 1991). If the observations in rodent
species are relevant 1o humans exposed to PFOA, it is rea-
sonable 10 hypothesize that changes in human hepatic en-
Zymes and lipid metabolism are similar to those observed in
rodents. Limited data are available 1o assess the %cpatic
responses (0 PFOA in humans. Ubel and coworkers (1980)

effects. Furthermore. 3 retrospective cohort mortality swudy
of exposed warkers found no excess mortality from hver
cancer or hver disease (Gilliland and Mandel, 1993; T,
assess whether the changes in cholesterol, lipoproteins. and
hepatic enzymes observed in rodents treated with PFOA
oceur in humans, we studied 115 occupationally exposed
employees at a plant thag produces PFOA. Production work-
ers with the highes: PFOA exposures had serum PFOA
levels similar 1o those in rodents that developed hepatome-
galy when treated orally with low doses of PFOA (Ubel et
al.. 1980). We examined the cross-sectional association be-
tween serum PFOA. a validuted surrogate measure of o)
serum tluorine. and cholesterol. lipoproteins. and hepatic
enzymes i this group of occupationally exposed men.

Total serum flugrine {ppm)

—
>3-10 >10-15 >15-26 Total
——
36.0(75) 393114y 416005 392
25.3(3.3) 29430 801y %59
9(56 3) 5833 5 {100 87 (755
4(250) 1(167) 00} (7
00 00 o €1{0)
30187 0i0) o{m 8(7.0y
6(375) 2(33.3) (200 85 (739
9(56.2) 4(66.7) 480 0) 281244
1(6.3) 2y 0(3) 201n

16 (100) 6(100; S4160) 113

TABLE WM. Distaibunion of Age. Alconsl. and Tobacco Use n Paticipants
by Body Mass !ndex Study of Workers Exposed to PFOA

BMY mgy?
<25 25-38 »38

Total 41 (100%) 57 {100%) 17 {100%)
Tobacco use

Smoker 11(26 §%) 15 (26 3%) 2{11.8%)

Nonsmoker 29470.7%) 41 {71 g%} 15 (88.2%)

Nonrespanse 1§2.5%) 1(1.8%) € (0%)
Alcohol use

<1 oziday 31(756%) 43 (75 8% 13 (76.4%)

1-3 ozday 8146wy 11{19.3%) 317 7%}

Nonresponse 4(9.8%) 35 3%} 1{5.9%)
Age

2

<40 vears 31 (75.6%) 8(43.1%) §.35.3%

240 years 18 ¢24 4%) 23¢50.9%) 11 {B4.7%)
Total serum flourine

Mean ppm (S 2837 13{55) 21(35)

“¢ = 005
BMI Doey mass ingex

MATERIALS AND METHODS

Subject Selection

Participants were recrutted from current emplovees at a
PFOA production plant that has operated since 1947 The

620 - EDidemie!ogéc Study of Perfluarcoctannie Amia - A
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TABLE 1. Serum Chotesternt ow Density Lipoprotem. and High
Density Licoprotem by Tota! Serum Flyorde n Study of Workers
Exposed 10 PFOA

Totat flugrice N Mean SD Median Range Test*

Cholesterol (mg/d)

<1 ppm 23 200 347 203 132°268 - s
21-3 63 21 30 212 130-349 p- 62
>3-10 16 206 377 198 150-277

>10-15 6 226 400 215  183-208

>18-26 S 214 270 208 184-244

Totai 15210 383 210 130-343

LOL (mgraly

<! pom 3 132 323 137 70-136 £ -031
213 65 136 345 131 70-264 p= 87
>3-10 16 134 345 1338 83-217
>10-15 6 124 440 139 36~156
»15-26 5 13 208 144 117-171

Total M5 135 338 134 36-264

HDL (mg/dl)

<! ppm 23 459 117 47 19-67 F=066
2i-3 85 461 100 44 30-79  p- 66
>3-10 16 418 102 40 29-68

>10-15 6 465 68 44 40-59

>15-26 5 456 102 49 29-54

Total 15 454 102 43 19-79

*Anova.

LOL, low density kpoprotein, HOL. high density hpoprotein.

TABLE (V. Pearson Correlation Coetticients Between Total Serum
Fluoride, Age, Body Mass Index, Daily Alcchol Use. Daity Tobacco

Consumotion and Lisoproteins

Total Age BMt  Alcohol  Tobaceo
Muoride (ppm) (years) (kg/m) (oz/day) (cigs/day)

CHOLESTEROL 07 .25 19 .09 35
p=008 p-05 p = 0001
Lt 02 13 06  -008 .28
p=.00
HDL -0 03 -13 18 -09
p= 06

LOL. tow-density fipopectemn: HOL. high-density kpaproten; BMI. body mass ingex.

plant produces a number of specialty chemicals in addition
to PFOA. Details about the plant have been described pre-
viously (Gilliland and Mandel. 1993). All workers em-
ployed in PFOA production during the penod 1985- 1989
were invited o parucipate in the study. Workers with jobs
involving direct contact with PFOA during the 1985 -198y

TABLE V. Serum Shalesterol by Body Mass Index Age. Smaking. and
Onnkang Siatus 3M Chemaiite Plant, Cattage Giove, Minnesata

Cholesterol (mgdt)

N{%) Mean SD Median Range Yost*

BMI
<25 41(357) 195 400 '"5 130-277  F-510
25-30 ST(496) 219 362 220 146-349° p - 008
»>30 17(148) 214 293 216  163-268

Age
<30 21{383) 19 378 201 130-254 F-160

23040 48(a17) 29 438 204 132-30% p= 19
M0-50  27(235) 218 302 216 153062

>50-60  19(165) 219 237 224 164768

Aicahol

<tord  B7(B13) 209 386 204 135343 F- g3
-3oJd  20(187) 216 335 218 130-277 e 43

Missing 8 207 455 2113 132-261

Tobacco

Smoker  28(24.8) 233 416 238 167-340 F:1563
Nonsmoker 85(75.2} 203 329 203 °30-268 p = .0001
Missing 2 158 821 192 135-261

Total 118

*Angva.

BMI. body mass index,

period were considered highly exposed. This group in-
¢luded maintenance and engineering supervisors. as well as
production workers. Forty-eight (96%) of 50 exposed work-
ers agreed to participate in the study. In addition, a sample
of workers employed in jobs with no apparent PFOA expo-
sure was asked to participate. Those without direct contact
with PFOA for at least § years were considered to have Jow
exposure. A randomly selected low-exposure group of
workers was frequency matched in S-year age groups to the
high-exposure « orkers. Sixty-five employees from jobs
thought to invoive no PFOA exposure volunteered for the
study. The total number of the presumed unexposed em-
playees invited to panicipate was not recorded: however.
few individuals n this group declined to participate. We
estimate that more than 80% of those invited agreed to
participate in the study.

Tota! serum fluorine was used as a surrogate vaniable
for PFOA exposure. We assayed total serum fluorine rather
than measuring PFOA directly because the assay was less
cxpensive and technically easier to perform on the large
number of samples collected in this study. Furthermore, the
use of total serum fluorine has been validated as a surrogate
marker for PFOA in past biological monitoring in the plant
and other plants using PFOA (Ubel et al., L980). Approxi-
malely 9% of totat serum fuorine in workers wis reported

o .
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TABLE Vi. Serum Low Oensity Linogrotamn by Body Mass Index. Age
Smoking. and Drinking Status: 3 Chemolite Pilant, Cottage
Grove, Minnesoty

LOL{mg/a1)
Wi{%) Mean §p Median Range Test®
emi
<25 41357y 130 228 133 0-217 F- 65
25-30 57(496) 133 342 135 36-264 p- 52
>30 17(148) 136 330 137 71-196
Age
<30 210183 130 296 B 75477 F. 37

>30-40 @V 136 32 - 70-64 p-.77
>40-50 27238 133 345 . 36193
>50-60 190165 140 323 137 20-19
Alcohat
<! ozd @13 135 s 133 36-264 F- g1

133 ozd 20087 135 314 W 207 p-9;
Missing 8 13356 14 7p.y74
Tobacco

Smoker 28(248) 152 356 146 99-264 F.942
Nonsmaker 85(75.2) 139 N3 133 78-217 D= 003

Missing 2 115 559 115 70-174
Total 15
*Anova

8MI. dody mass index; LDL. iow dersity hpoprotewn.

to be in the form of PFOA (Venkateswarly, 1982). Because
the vast majority of total serum fluorine in plant employees
is in the form of PFOA, total serum fluorine closely reflects
serum PFOA in production work s, and its vse is unlikely
to introduce subs gl error into the study.

We expected tne &roup of workers who were selected
for the unexposed group based on job history to have sasa
serum fluorine levels similar to the general population.
However, we found that this group of workers was not
unexposed. having levels 20-50 times higher than levels

the analyses.
Data Collection

Participants completed a medical history questionnaire,
were measured for heighi and weight, and donated a blood
< ple by venipuncture for assays of tolal serum Huorine,
serum glutamyt oxaloacetic transaminase (SGOT). serum
glutamy! pyruvic transaminase (SGPT), gamma glutamyl
transterase (GGT, cholesterol, low-density lipoproteins

~
c‘;/
:

622 Epidemioiogic Studdy of Parfliiarnnmtanain A -ia

TABLE VIt. Serum High Density Lipoprotain % Body Muss index, Age
Smoking. ang Crnieng Status

HOL (mg/dN

N(%) Mean sp Median Range Test*

M1
<25 BT 460 107 43 1963 F= 38
25-30 ST(496) 455 105 a3 o7 P = .69
>30 (48 436 77 43 333

Age
<30 2(183) 435 143 0 1979 F=72

>30-40 BT 467 39 4 235 p= 55

>40-50 27(235) 460 83 45 g4

>50-60 19(16.5) 465 79 43 3267
Alcohel

<1 ozd 87(813) 443 92 43 194

1-3 oz'd 200187) 493 135 45 29-79 p=05
Missing 8 483 93 3 32-55
Tobacco

Smoker 28(248) 443 89 43 29-68 F=33
Nonsmoker 85 (75.2) 456 106 43 19-75 p= 3
Missing 2 $45 212 35 53-56

Tota 115
*Anova

BML. hedy mass ingex: HOL. high gensiry ¥ooprotein,

collected for total fluorine assay were frozen at —70°C.
After all total fluorine samples had been received, batches
of 15 samples were assayed on successive work days. Total
serum fluorine. reported as a mean value. was determinad
WSINg sodium biphenyl extraction and atomic absorption
speciroscopy ( Venkateswarlu, 1982). Each sar sle was as-
sayed twice. Each batch included high- and low-quality con-
trol samples.

Analysis

Stratified analysis. Anova. Pearson correlation coeffi-
cients. and linegr multivanate regression were used to eval-
uate assoctations between PFQA and the btochemical end-
points. For stratitied analyses, Anova procedures were used
10 assess differences in mean values. Total serum fluorine
was divided a priori into five categories—< | ppm. 1-3
ppm. >3-10 ppm, ~10-15 pem. and >15 ppm—based on
the diaribution of previous monitoning data Age, hody
mass ndex {BMI). alcohol uee, and tohacco use were in-
cluded in regression models s potequal contounders. Num-
ber ot Crgarettes smoked per dav was used ds 3 continuous

~

. __M\\
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TABLE Vif?. Linear Mult2ariate Regression Madel ol Faciors Predicting
the High Censity Lipaprotem :a Stuty of Workers Exposed 10 PFGA

Variable [ SEip) B value
Intercept 8500 10.07 00a°
Totat Huonne -1 61 77 04
Alcchor’
Low j<* oriday) -9492 351 (06
Norreuponsive (NR) -677 573 24
Low < otal flypnne® 162 80 04
NR x toraf fluorine® 205 ' 63 21

8- 7

*Reference Category 1S Innkers wig censumed 1-3 o1 etharcliday
Finteract cn terms Jetweer tota) thiorre and 3icoho) categery
Adusied for age. body mass index smoking. ang tastosterore

TABLE IX. Serum Glutamic Oxaloacete Transaminase Serum Glutamic
Pyruwic Transminase, and Gamma Glutamy! Transferase 9y Tatal Serum

Auorne i Study of Workers Exposed to PFOA

Total fiyorine N Mean SO Median  Rarge Test®

SGOT (Ui

<1 ppm 23 225 41 22 13-29 r=04
21-3 65 241 86 23 10-74 o= 80
>3-10 16 258 145 225 17-77
>10-15 6 257 13 25 17-47
>15-26 5 222 51 22 14-27

SGPT (iusan
<t 23 a7 w7 45 3069 F=119
21-3 65 513 302 45 4263 p-32
»3-10 16 530 140 50.5 29-40
>10-15 [ 72 53.2 525 38-177
>15-26 3 4456 86 42 34-54

GGT (iU/an
<t ppm 23 372 294 27 6~117  F:030
>1-3 65 324 26.7 25 5174 p-&
>3-1¢ 16 354 354 26 10-158
>10-15 & 383 167 365 19-60
>18-26 S 22 115 20 11-37
Totar 115 337 278 26 5-174

“Anova

SGOT se'u™ givtam ¢ oxaloacenc rarsampase SGPT seeym glraric gyiovic tran-
sammase. GGT gamma Jhutamyl translerase.

varisble «f model fit was improved compared with the
madel using categorical variables BMI was categorized
o three categories. <25 kg/m*, 25-30 kg/m’. and »30
Ke/m™. Alconol use was divided into three categories <|
drink per day. 1- 3 drinks per day. and no response to the
questuonadire ttem, and was entered 1nto the models as aset
ot indicator vasiables Signiticant nonlinear dore-response

TABLE X. 2earscn Covetaticn CoeMicients Between Totai Serum
Haanre. Age. Bty Mass Index Daity Alcohot Use Dl Tahaccn
Consumonan anc Hepatic Sarameters i Stucks ot Workers
Exposed o PFOA

Total Age Ml Aicohai Tobhacco
fluorne (ppm)  (years)  (kg/m®)  (o2/day) {cigs/day)
SGOT o1 -1 09 12 -1t
SGPY ul 01 20 03 -n
= .02
GGT 04 12 27 15 03
p= 004

SGOT serym giytamic uagwacel trarsaminase, SGPT. serum giutamic pyr.v ¢ trar
samur2se; GGT. gamma glutamyl irars‘erase. BMI Lody mass ndex

TABLE X. Serur Giutamne Oxaloacetic Transaminase by Body Mass
index Age Smowing and Dnnking Status .a Study of Werkers Expased
to PFOA

SGOT (1U/di)

N (%) Mear SD Median Range Test*

BMI
<25 N3/ 24 124 2 1377 Fa g
25-30 57(496) 23 58 23 1042  p- ag
>30 17(148) 27 Bt 2 1747

Age
<30 211183 25 127 23 17-77 F=- 78

>30-40 81 24 a1 23 10-74 p= 51
>40-50 27238 22 S4 23 13-40
>50-60 ~13(165) 26 78 23 14-47
Aicohol
<t oz/d 87(813) 26 135 22 16-77 F- 61

1-3 o/d 20{187) 24 8.0 23 10-74 p =44
Missing 8 23 43 21 19-31

Tobacco
Smaoker 28(24.8) 24 84 23 13-77 F=02
Nonsmaker 85{752) 24 1.0 22 10-42 = 89
Missing 2 00 35 0 1747

Total 115

‘Arcva

SGOT, serum gitamic a:3i0d2tc Hratsamnase B, Boay mass ndex
il

relationships were evaluated by comparing raodel fit using
sesidual anaiysis and by comparing paramater estimates us-
ing indicator vasiables and continuous variables. Interac-
tons between total serum Muorine and the covariates were
evaluated based on biolosic plausibility. Interaction terms
were included 1 the final modet if the parameter estimate
nad a p value <005 The two nonrespondents 1o the smok-
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TABLE XIi. Serum Glutamic Pyryyic Transaminase by Body Mass Ingex
Aye. Smoking, ang Drinking Status IM Chemalite Prant Cottage
Grove. Minnesoty

SGPT (1u/di)
———
Ni{%) Mean $p Median Range Test

BMI
<25 1357 9 3854 3] 20-263 F-21
25-30 §7(496) S0 142 49 495 p- 12
>30 17(148) 64 328 55 38-177

Age
530 (18 49 115 45 3180 F. g

>30-40 48{31 7) 53 336 a7 20-263 p- §1
>40-50 27(235) &4 15.2 46 4-33
>50-60 L 1801865} 57 329 50 34-177

Alcohol :

<! ovd 87 (81.3) 53 2935 47 29-263 F= 68

1-3 oz/d 20418.7) 47 159 46 -8 .
Missing 8 51 109 52 35-67
Tobacco

Smoker 28 (24.8) 15.2 Lh 4-90 F=78
Nonsmoker 35 752y 53 29g 48 30-263 p- 39

Missing 2 43 255 49 3167
Tota! 15
*Angva.

8MI, hody mass index: SGPT. serym Giutamic pyruvate ransammnase.

ing questions were not included in the analysis. All analyses
were conducted using the slatislical'computing package
SAS (Swlislical.Analysis Systems, 1992),

RESULTS

Participant characseristics a7e shown in Tables | and j[.
Total setum fluorine values for the 115 participants varied
between 0 and 26 ppm, with a mean of 3.3 ppm. Tweaty-
three (20.0%) participants had serum values «<| ppm, and 1}
{9.6%) had values >0 pem (Table 1). The distributions for
age. BML. alcohol use, and tobacco use did not differ sig-
nificantly among total serum fluonne categories. Mean total
serum tluorine. tobacco use, and alcchol use did not differ
significantly between obese and nor-obese workers Obese
(BMI > 30) panticipants were significantly older than non-
vhese participants (Table 1),

ln urivariate analyses. the marked hypolipidemic effect
of PFOA omserved in rodents was not APPATI 0 exposad
workers (Table 1H). As shown i Table 1V, otal serum
Nuorine was not significantly correlated with chofesterol,
LDL. or HDL: however. several expected correlations were
present. Alcohol consumption was associated with higher
HDL Jevels. Age and body mass index (BMI) were sigrait

TABLE XiH. Gammg Glutamy! Translerase by Sody Mass Index. Age
Smokmg. and Drinking Status in Study of Workers Exposed to PFOA

GGT (1yign

N{%) Msan SD Madian  Range Test”

M
<28 41(357) 28 3ty 17 5-174 F=354
25-30 57{436) 3 231 19 3-158 p=03
>30 17{148) a8 286 14 19-117

Age
<30 21(183) 32 24 2% 1an F=1353

>30-40 ®Kian o3 7 2 174 0=.36
>40-50 27{235; 33 172 29 8-72
>50-60 194165) 44 283 38 1i-q7

Aicohot

<1 oxd 870813 40 255 35 8-83 F=184
1-3axd 24187y 32 253 2 6174 p=36
Missing 8 41 5023 23 12-138

Tobacco
Smoker 28248y 6 213 33 5-89 F=155
Nonsmoker 85(752) 32 263 25 6174 p= 46
Missing 2 8 1032 g5 12-1358

Total 1'5

*Anava

8M: body mass ndex: GG7. gamma giutamyi transherase.

icanily comelated with cholesterol. The number of ciga-
rettes smoked per day was signiftcandly correlated with cho-
lesterol and LDL. A similar pattem of associations was seen
in the stratified analyses for these variables (Tables V_vi).

We foynd that PFOA was associared with HDL fevels
i moderate drinkers After adjusting for alcohol use, age.
BMI. cigaretie use_ and estosierane fevels, moderate alco-
hol use was associated with an increase in HDI. (9.9 me/dl)
compared with light drinkers or abstainers (Table VHI. As
total serum fluorine in “eased, the effect of moderate alco-
hol use or HDL was blunted: a 10-ppm rise in total serum
flvorine reversed the effect ot moderate alcohol on HDE, In
light drinkers_ linte change 1n HDL was ebserved as total
fluorine increased. After adjusting for alcoho!l wse. age,
BMU. and cigarette use. total serum fluorine was not sigaif-
wantly associated with cholestersi. or LDL ¢aot shown;

SGOT. SGPT. and GGT did net significantly differ
among the five catepories of ol serum Huorine (Tabfe
IX) As expected. SGPT ang GGT were significantly cor-
refated with BMIE but were nat sigmficanty correlared with
Wl seeum fluonne. age. alcobol consumption. or cigarette
consumpuion (Table XD Strautied analyses mdicated the
SN pattern. except GGT was alse avuciated with B
{Tables IX-XHD

Alter adpesting for dge. agarctte use. akeoho! yse, and

T e ———————
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TABLE XIV. Linear Multvarate Regression Mode! of Factors Prechchng
Serum Glutamic Oxaloacetic Fransammnase n Study of Workers Exposed
10 PFOA

Variable [ SE(8) p value
Intercept 2671 71 0003
Tetal Auorine {ppm) -323 i a2
BM! fhg/m?) - 0004 .23 99
BM1 x tetal fluorine® 12 05 015
R?= 17

‘Interaction term between totai serum fivorne and BM!
Adjusied for age. aicohol use, ang smoking
BME, ody mass mdex.

TABLE XV. Linear Mutivariate Regression Mode! of Factors Predicting
Serum Glutamic Pyruvic Trarsaminase in Study of Workers
Exgosed to PFOA

Varizdle [ SEiB) # value
Intercept 53.13 246 02
Totat flucrine (ppm) - ~1580 458 0008
BMI (ig/m?) 30 82 72
BMi x total flyorine® 62 A7 0004
RZa 2

*interaction term between totat serum fluorne and BMS.
Adiustad tor age. alcohol use. and smoking.
BML. body mass ingex.

TABLE XV!. Change in Serum Glutamic Oxaloacetic Transaminase ang
Serum Glutamic Pyruvic Transaminase Assnciatad With 3 18 oom Channe
in Total Serum Fluorine in Study_ of Workers Exposed to PFOA

BMI (kg/m?) 25 kL 35
SGOT —-24 37 Tey
SGPT -30 28.0 590

BMI body mass ‘ndex: SGOT. serym ghitamic axaloacenc transaminase. SGPT. serum
glutamic pyruvic transamingse

BML. total serum fluorine was associated with changes in
SGOT, SGPT. and GGT through intetactions with known
determinants of hepaiic enzymes. SGOT and SGPT showed
a different association in obese and non-obese workers (Ta-
bies X1V and XV). A 10 ppm difference in total serum
fluorine resulted in a shght decrease in SGOT and SGPT for
non-obese (BMI = 25 kg/m:) workers {(Tuble XVI). In obese
(BMI = 35 kg/m") workers, an increase in SGOT and SGPT
was associated with a 10 ppm difference. In the regression
model for GGT (Table X V1), moderate aleohol consump-

2% ]

TABLE XVII. Linear Muinvariate Regression Mode! of Faclars Predicting
Gamma Glutamy) Transterase m Study of Workers Exposed to PFOA

Variable . B SE(8) p value
tntercept -1259 2262 58
Fatal fluorine {ppm) -1.93 2n 36
Atcohol®
Law (<t aziday) -12.37 9.50 20
Nonresponse {NR) -28.13 15.46 07
tow x fluorine® 159 218 47
NR x Huorine® 13.90 448 003
R - 18

*Reference category 1 drinkers who consumed 1-3 o2 ethanol/day
®Interaction terms detween total Muorine and aicahol categary.
Adjusted for age. body mass index. and smolng.

tion was positively associated with GGT. In moderate
drinkers. GGT decreased as total fluorine increased. the
decrease was less in light drinkers.

All hepatic enzyme assays were in a clinically accept-
able range. and no workers reported hepatic disease diag-
NOSES Of Signs, of Symptoms consistent with hepatic disor-
ders. No clinical cases of liver aystunction associated with
PFOA exposure have been found by the medical surveil-
lance program at the plant.

DISCUSSION

PFOA is an alleged cancer promoter in rats (Reddy et
al.. 1980). In biphasic liver carcinogenesis protocols (initi-
ation and promotion) and triphasic protacols (initiation, se-
lection. and promotion), PFOA produced increased numbers
of malighant hepatocellular carcinomas (Abdellatif et al..
199C: Nilsson et al., 1991). Takagi et al. (1991) have sug-
gested that because the intensity of hepatic response may be
an early marker for liver carcinogenic potential, PFOA has
a high potentiat for liver carcinogenesis. The hypolipidemia
observed in PFQA-treated rodents was not observed in
PFOA-exposed workers. At the levels of exposure in this
study, PFOA is not associated with a marked hepatic re-
sponse and is not likely to have a significant carcinogenic
potential m humans Obese workers may be a susceptible
populution to- subclinical hepatic changes.

In rodents. PFOA alters endobiotic and xenobiotic he-
patic mewbolic enzyme profiles (Pastoor et al., 1987). Few
studies of the human response to PFOA exposure have been
published. [n a study at the same plant. Ubel et af. (1980
reported no association between PFQA and hepatic en-
cymes. However, their analysis did not consider the joint
effects of obesity or alcohol with PFOA exposure. In the
present study, changes in SGOT and SGPT were associated
with PFOA through an interaction with adiposity. In obese
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PFOA, Cholesterol, Lipoproteins, and Hepatic enzymes

Particpants anly. SGOT and SGPT increased with ICTCIS -
ng PEON, The hypathesis that PEO A may modulite the
hepadic etfects of ohesity is consistent with these changes in
enzyme profile. This hyvpothesis has hiologic plausibility
because vbesity hax heen assocrated with clevanon of tran-
siminases through futty infiltration (Ludwig et al.. [980:
Hodgson et al. 1989 PFOA muy dircetly or indirectiy
potentate this effect in susceptible individuals. PFOA alters
hepatic lipid metabolism and may block the metabolism of
accumulated ity acids, resulting in an exacerbation of the
pathologic process (Haughom et al.. 1992,

PFOA may also modulate the effect of alcohol on he-
patic metabolism. PFOA is associated with changes in the
effect of alcohol consumption on HDL levels, essentially
blocking the rise in HDL associated with alcohol consump-
tion. GGT was inversely associated with PFOA in drinkers.
Pertluorooctanoic acid may decrease serum GGT by alter-
ing cell membrane permeability, by reducing the alcohol-
mediated induction of GGT. or by changing alcohol oxida-
tion pathways and reducing the production of such toxic
intermediates as acetaldehyde (Bates, 1981; Schuckit and
Gritfiths. 1982; Orrego et al.. 198s: Schuckit and Irwin,
1988). These findings support the hypothesis that PFOA
modulates the effects of endogenous and ¢xogenous deter-
minants of hepatic metabolism,

Interpretation of these findings is limited by a number
of factors. Only active workers in PFOA production wers
included in this study. It is unlikely that workers who had
significant exposure during the previous § years would have
been lost to this study because of transfer out of the PFOA
production division. Transfer as a result of subclinical
changes in such biochemical parameters as SGOT is un-
likely. Because of the low tumover rate in plant employees
(3% per year) and the inclusion of most current employees
with appropriate job histories. selection bias is not a likely
explanation for the findings in this study. Given the high
participation (>80%), nonresponse hias is Bkebe o e smaii.
Information on smoking and alcohel consumption was col-
lected and used in the analyses: however, measurement er-
ror for these variables could allow fesidual confounding
Because smoking and alcohol consumption are not strong
determinants for the endpoir.s in this study. the magaitude
of any residual confounding is likely 1o be smail. The du-
ration of exposure may be an important determinant of
PFOA level and effect: hower er. information on the dura-
tion of employment in exposed jobs was not available be-
cause plant records did not contain sufficient information (o
feeonstnuct exposures. Furthermore, the ase of job history
resulted in marked misclassification of exposure status, in-
Jdicating that the use of Job duration would be of limited
value in determining duration of exposure.

Many of e participants were employed in the produc-
ton of compounds other than PFOA: however. none of
these processes involve substantial eYposure to known he

567

patotoxins. Because PFOA hus a long brological hait-hife in
humans, is absorbed casily. and is hepatotoxic in rodents,
PFOA production workers have heen under medicai surveil-
lance for more than 20 years. No adverse ciinieal outcomes
related to PFOA exposure by e been observed in these em.
ployees.

In summary. PFOA was not associated with the marked
hepat.c changes in humans that have been abserved in ro-
dents. This finding is consistent with the results of a retro-
spective mortality study that found no increased mortality
trom liver disease (Gillilung and Mandel. 1993) and with
the results from an earlier morbidity study that found no
adverse hepatic effects {Ubel ef al.. 1980). PFOA may mod-
ulate the effect of alcohol use and obesity on hepatic lipid
and xenobiotic metabolism. Continued epidemiologic sur-
veillance is appropriate in workers exposed to PFOA.
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Epidemiologic Study of Perfluorooctanoic Acid « Olsen et al

An Epidemiologic Investigation of

Reproductive

Hormones in Men with

Occupational Exposure to Perfluorooctanoic

Acid

Geary w. Olsen, DVM, PhD
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Michele M. Burlew, MS
Jean M. Burris, MPH

Jack S. Mandel, PhD
Jeffrey H. Mandel, MD

Perfluoroocianaic acid (PFOA), a potent synthetic surfactant used in

industrial applications, is q peroxisome proliferator that has resulted in
dose-related increases in hepatic, pancreatic acinar, and qudig cell
adenomas in laboratory animals. In addition, PFOA increased sery m
estradiol levely through the induction of hepatic armatase activity. In
1993 and 1995, we conducted two cross-sectional studjes of 11 and 86
production workers, respectively, and specifically measured their serym
PFOA in velation to several reproductive hormones to determing whether
such an effect oceurs in humans, PFOA was not significantly associated

latoratory animal studies.
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s study. A 109 increase in
mean estvadi’ levels was observed among employees who had the highest
levels of serum PrOA, although this association was confounded by
body mass index. Neither was PFOA consistently associated with the
other measwred hormones. Our results provide reasonable assurance
that, in this produciion seliing, there were ng significant hormonal
changes associnted with PFOA al the serum levels meayisred. Limita-
tions of thiy investigation include its crosssectional design, the Jewo
subjects exposed at the h ighest levels, and the lower levels of serum PFOA
measired, compared with those levels reported to couse effeces in

lthough flueride ( inorganic ionic fly-
oride) was identified in human blood
140 years ago."* the presence of
fluorine in a covalently bound or-
anic state was firsg reported in
1968.7* Guy subsequently identj-
fied perfluorooctancic acid (PFOA,
C;F,sCOH) as 4 Major component
of the serum organic fluorine frac-
tion.® Ammonium pertluorooctano-
ate. a potent synthetic surfactant used
in industrial applications, rapidly dis-
sociates in aqueous solution to
PFOA.

In laboratory animals. PFOA acid.
or its salts. js absorbed by ingestion.
inhalation, or dermal exposure®$
and is not metabolized.?~'? proA is
distributed primarily in the plasma
and liver of male rats and the liver,
plasma, an kidney in female rats.'!
The major route of elimination is via
urine and feces In she femake
there is a tenfold- greater repal ex-,
cretion rate"" " Costrated male
fals treated with estragiol have
PFOA urinary excretion rates similar
to those of female rats 10!

Peroxisome proliferators. like
PFOA. are a diverse class of chemi-
cals that cause hepatic peroxisome
proliferation and enzyme anduction,
liver hyperplasia, and, in some in-
stances, hepatocarcinogene‘cis In rats
mice. "' Two-year feeding
studies in Crl:CD BR (CD) rats at a
fMaximum amount of 300 parts per
million (ppm) PFOA showed liver
adenomas and an increased  inci- .
deuce of pancreas acinar cell adeno-
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mas®*" and Leydig cell adeno-
22 A P
mas.'7? PFOA is not mutagenic”

and thus the induction of these tu-
mors most likely occurs through
nongenotoxic mechanisms such as
oxidative stress, '™

To detertne whether the Leydig
cell adenomas were the result of an
endocrine-related mechanism. Cook
et al'™ gavaged CD rats for 14 days
with up to 50 mg/ke of ammonium
perfluorooctanoate. A significant in-
crease in serum estradiol and de-
Crease in testosterone levels were
observed. The estradiol increase may
be due to an induction of hepatic
aromatase activity '® The decrease in
Serum testosterone levels might be
the result of reduced conversion of
{7-alpha hydroxyprogesterone (17-
HP) to androstenedione (via the in-
hibition of the C-17.20 lyase en-
zyme}. However, Biegel et al'¥ were
umable to replicate the negative tes-
tosterone association.

CD rats fed 100 ppm PFOA for a
maximum of |3 weeks showed in-
creased estradiol but not testosterone
levels.*® Elevated estradiol levels
were found among CD rats fed 300
ppm during a 2-year bioassay, with
no dose-related differences for tes-
tosterone. luteinizing hormone (L.H).
and follicle-stimulating hormone
(FSH).*?

The 3M Company has conducted
medical surveiliunce of empioyees
involved in PFOA production. Lev-
els of serum organic fluorine (1.00~
71.00 ppm) in production employees
were 10- to 50-fold greater than val-
ues (0.01-0.13 ppm; reported from
human sera.”” Since PFOA could be
an endocrine modulator,’ a cross-
sectional study among workers with
potential exposure to PFOA was
conducted in 1990.® Among 15

‘men engaged in PFOA production.

total serum fluorine levels (sodium
biphenyl extraction method*")
ranged from 0 to 26 ppm (mean -
3.27 ppm: standard deviation [SD] =
4.68 ppm). It had been estimated that
80%-90% of human total serum flu-
orine levels consisted of PFOA.?’
Adjusting for potential covariates

and hormones of a priori interest
resufted in a positive nonlinear (qua-
dratic) assoctation with estradiol.
positive lincar associations with pro-
lactin and TSH, and negauve ponlin-
ear {(square root) associations with
free or bound testosterone. ™

A mortality study of emplovees in
the chemical division. which in-
cluded the PFOA production build-
ings, tound no significantly in-
creased cause-specific standardized
morality ratio for either male or
female employees ** There were four
deaths from prostate cancer. com-
pared with 1.97 expected (95% con-
fidence interval (CIJ. 1.55-4.59).
Only one employee had worked di-
rectly in the PFOA production build-
Ings. An association between PFOA
exposure and prostate cancer was
considered biologically plausible

based on the animal and human data,

which showed associations between
PFOA and reproductive hormones.
The purpose of this report is 10
describe the results from two cross-
sectional studies from the same plant
that were done in 1993 and 1995,

Methods

PFOA Production

PFOA production at this plant be-
gan in 1947, PFOA. a white powder,
is produced by an electrochemical
process. ™ The products of this elec-
trolysis cell reaction are highly flu-
orinated compounds, with the end-
product defined by the starting
material. Production involves a four-
Stage process: isolating and convert-
ing the chemical to a salt slurry,
converting the shurry to a salt cake.
dryine the cake. and packaging. The
grediest likehhood for exposure to
PFOA occurred in the drying area.

Subject Selection

General medical surveillance is
performed biennially for employees
at this plant. There were 111 male
employees in 1993 and 80 male em-
ployees in 1995 who participated in
medical surveillance, hormone test-
ng. and serum PFOA determination,

615

Sixty-cight employees participated
in both vears. The surveillance con-
sisted of a medical questionnaire:
measurement of height. weight, and
pulmonary function: standard bio-
chemical and urinalysis tests: PFOA
determination: and several hormone

“assavs.

PFOA Analysis

A thermospray muss spectropho-
tomelry assay was used to determine
serum PFOA levels in 1992 and
1995.7° The range of serum PFOA
wax 010 80 ppm in 1993 and 010 115
ppm in 1995, The upper limit of
detection in 1991 way 80 ppm,
whereas there was no upper limit of
detection in 1995. Levels were
highly correlated among the 68 em-
plovees studied in 1993 and 1995

- (r = 91. P = 0.0001). There was

also high correlation between totat
serum fluorine level measured with
the 1990 study™ and the PFOA mea-
sured 1 1993 (r = 72 P = 0.0001.
it = 94 subjects) and in 1995 (r =
84 P = 0000i. n = 63 subjects).
These findings were not unexpected,
because of the estimated 18- 1o 24-
month half-life of PFOA in hu-
mans.?’

Hormone Assays

Serum samples were analyzed by
the University of Minnegota’s Endg.
cnnology Laboratory (Minneapolis,
MN) or the Endocrine Science Ref-
erence Laboratory (Tarzana. CA).
Eleven hormones were assayed: cor-
usol. dehydroepiandrosterone sulfate
(DHEAS). estradiol. FSH, |7q-
hydroxyprogesterone (17-HPj. free
lestosterone. tolal testosterone. 1.H.
prolactin, thyroid-stimulating hor-
mone (TSH) and sex hormone-
binding globulin (SHBG). All but
SHBG were analyzed at the Univer-
sity of Minnescta's Endocrinology
Laboratory.

Cortisol was assayed using a fluo-
rescence polarization immunoassay
(Abbott TDx. North Chicago. 1),

Radioinimunoassays (RIA) were -

used for DHEAS (Pantex. Santa
Monica. CA), estradiol {modified
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participated Paritex). 17-HP ¢ modified CI$) and comparing parameter estimates, using  Resulis
:i"qﬂce cf’ﬂ‘ total testosterone {Cout-A Count: Di- indicator and continuous  variables. Serum PFOA levels were not
icstionnaire: agnostic Product Corp... Los Angeles,  Stepwise selection procedures were highly correlated with either the co-
weight, and CA). Free lestosterone was deter- also used. Study resulys were analyzed . )

. ] - AN ) - ’ " vanates or the hormones, These cor-
andard  bio- mined using equilibrium dialysis. by the SAS System, relation coefficients (in o theses)
tests; PFOA LH. FSH and prolactin were a-sayed We did not examipe hormone p ‘]99; d 199_;_ [.n p'fre"\ . ’TS)
ral hormone using a microparticle enzyme immy- ~ changes between the two examina- f“r °FO A"" dth > "_f"t);e”pfe“""e Y-

noassay (Abbott Imx) TSH was de-  1ions because of the estimated half- or N rag the \tar;a ¢ oj’x)ntem§.t
termined using a chemiluminescence  life of PFOA (approximaicly two ~ Were the fo meg' cee (22, 'M-):
) A i > d i trai d’v.duu] vanablht ﬂlCOhOl (lO. ISJ. BM' (ll, IO),
tmmunomelric assay (Nichols. Sun years) and intraindi Yoo 0s. i1 isol (07
spectropho- Juan Capistrano, CA). SHBG wgs i hormones. Since the results for the  cigarettes (.05, .11); comiso (.07.
0 determine assessed via g m(‘ﬁoimx;.unoavs'a af- 68 employees who participated in 031 DHEAS (.13, .12y, estradiol
1993 and o h o > ~y . both Years were similar 10 those ob- (.12, .15): FSH {—.12. ~A3): 17-HP
ruit PFOA terc b CBraphic sumple purifica- tained for the entire study, only the  (.I1..30): LH (-.06. .13): prolactin
mdOto 115 tion (Endocrine Science Reference results for ajl employees are pre. (04, —.04). SHBG (-.07. 03
er imit of Laboratory). Bound testosterone V85 sented below. bound testosterone (.01, .02: free
- 80 ppm, calculated as total testosterone less .
per limit of free testosterone. The same assays
vels were were used for both 1993 ang 1995
the 68 em- analyses. id
and 199S —
l:::’ o Data Analysis _
sured with Simple and stratified analyses, anal- i
FOA mea- ysis of variance (ANOVA). Pearson ;
= 0.0001. correlation coefficients. and ordinary £ :
1995 (r = multivariable regression were used 1o 2 . .
' subjects). evaluate associations between PFOA 3 -
hexpected, and each hormone. with adjustment for ! .
18- to 24~ potential confounding variables, For  * '
A in hu- stratified analyses, employees were di-
vided into four PFOA categories: 0|
ppm. 1-<10 ppm, 10-<30 ppm, and
=30 ppm in order 10 determine it an
alyzed by effect existed at the highest serum » m,,o:b”, Torm o m e
a’s Endo- levels. For multivariable evaluation,
nneapolis, PFOA. age. body mass index (BMI), 1995
ence Ref- alcohol use, and cigaretie use were n=80
na. d_CA)' examined as both categorical and con- T I h
:\’:s"ﬂcf::e' tinuous variables. Alcohof use was an-
H. 170 alyzed as less than 1 drink perday, 1-3
HP), free drinks per day. and non-response to the . N
one. LH, questionnaire item, Cigarette use was F . .
ing hor- recorded as either current smoker or 3 .
ormone— nonsmoker. Regression models were 3 R .
All b fited with PFOA entered as a contin- ¥
» Univer- uous variable. using linear. square. and 4
srinology Square root transformations in order to
assure that associations were not
g a fluo- missed. The possible nonlinear associ- {
unoassay ation of estradiol. free testosteronc. L
igo. IL). and bound testosterone was evaluated. A T T g o
\) were - Nonlinear dose-response relationships PFOA (ppm)
N Sdnm were examined by model fit and by Fig. 1. Scatterplot of serum esteadiol {pefmi by perfluorooctanoic acid (PFOA. in parts pe-
nodified mitlion {ppm]) for employvees in 1993 and 1908
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Fig. 2. Scatterplot of serum free testosterone (ngfdhy by PFQA (ppm) for employees in 1993

and 1995

testosterone (.09, .01); and TSH (.03,
135

Figures 1 and 2 are scatterplots for
estradiol and free testosterone for
each year. Simple linear regression
of the natural log of each hormone
with PFOA, treated as a continuous
variable, resuited in no statistically
significant coefficients in 1993 for
any hormone and only one in 1995:
17-HP (beta coefficiem = 0.006.
P = 0.03, R* = 06). This resull was
dependent upon one person. In 1995,
this person had a level of 198 ng/dL
of 17-HP and 114 ppm of serum

PFQA. In 1993, this person’s values

08

were 206 ng/dL. of 17-HP and 80
ppm (upper limt of detection in
1993) for PFOA.

Table 1 provides the mean. me-
dian. standard deviation. and range
of the covariates and several hor-
mones. by four levels of PFOA cat
egorization (0-<<. 1-<10. [0-< 30,
and 230 ppm). Seventy-five percent
of the employees with serum PFOA
tevels at 10 ppm or greater partici-
pated in both years. From Table |,
several observations are notcworthy.,
First, the mean of the PFOA ppm
categories differed by two orders of
magnitude between the fowest and

617

highest categories for both years:
Second, the 230-ppm PFOA cate-
gory had the youngest mean em-
ployee age in both years. Third, BMI
was the greatest amang employees in
the =30-ppm PFOA category in
1995. Fourth. mean estradiol levels
were not significantly different be-
tween PFOA levels in either year.
although the >30-ppm PFOA cate-
gories had mean estradio! levels that
were 10% higher than the other
PFOA levels. Fifth. there were no
discernible trends between PFOA
and either bound or free testosterone.
Sixth. 17-HP levels were highest in
™e 230-ppm PFOA group in both
years. No significant associations
were observed for cortisol. DHEAS.
FSH. LH, and SHBG (data not
shown). .

As expected.™ estradiol was
highly correlated with BMI (1993
r= 41 P <000} 1995 r = 30.
P < 0.01) and free testosterone with
age (1993: r = - 48 P < 0.001:
1995: v = ~ 40, P < 0.001); thus
Table 2 provides meun estradiol and
free testosterone values stratified by
BMI and age. respectively. It should
be noted that all five employees in
1995 with serum PEOA levels =30
ppm had BMIs =28,

Linear and nonlinear relationships,
taking into account potentia!l con-
founders (especially uge and BMI) as
well as other covariates that may be
on the biologic pathway of effect.
resulted in no significant associa-
tions with PFOA except for 17-HP in
the 1995 analyses (data not shown).
Again, this association was depen-
dent on the one employee discussed
carlier.

Because a primary hypothesis of
the present study was whether PFOA
increased estradiol and decreased
testosterone serum levels in a nonlin-
ear fashion. we replicated these priar
models™ with our 1993 and 1995
daia. PFOA was not _significantly
associated with serum’estradiol. free
testosterone. or bound testosterone
(data not shown). There was no Sig-
aiticant association (data not shown)
between PFOA and prolactin among

Cigar
0-
1-<

L 10-
23(

Estrac
0-<
1-<
10-
=30

17-HP
0-<
1=«
10-<
=30

Prolact:
0-<1
1-<1
10~<
=30

Bound t
0-<1
1-<1(
10-<:
=30
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TABLE 1

Mean, Median, Standard Deviation (SD) of Mean an
Values by Serym PFOA Levels, and Year of

T 0-<y?
1-<10
10-<30
=30

Age (yr)
0-<«1
1-<10
10-<30
230

Alcohol (drinks/day)
0-<1

1-<10
10-<30
230

BMI (kg/m?)
0-<1t
1-<10
10-<30
=30

Cigarettes (cigarettes/day}
0-<1

1-<10
. 10-<30
230

Estradiol (pg/mL)
0-<1

1-<10
10-<30
=30

17-HP (ng/dt)
U-<i
1-<10
10-<30
230

Prolactin {ngn)
0-<1
1-<10
10-<30
=30

Bound testosterone ng/aL)
0-<1
1-<10
10-<30
230

Data Cott

1993 Data

PFOA (ppm) Mean Median sb
PFOA (ppm} B

0.48*f 0.47
3.34% 249
16.26* 15.40
60.132 64 45

,F = 25325 P - noom

436 450
38.2 38.0
399 395
33.3 32.5
F=367.P=001
0.4 03
0.7 0.5
09 0.7
69 0.7

F=2305p-=-003

280 27.5
268 263
29.1 28.8
285 284
F=160,P=019
26 ao
6.0 0.0
25 0.0
50 0.0

547 53.0
56.0 55.0
548 58.0
62.8 63.0

106.8 106.0
1202 1155

97.9 10585
126.5 123.0

F=1855p=021

82 8.0

88 8.0
15.08 9.0
75 75

F=367,P=001

528.7 5137
609.7 609.2
435.2 4775
569.6 5965

£ =248 P =007

g.27
217
3.39
24.01

75
105

10.0

135
120
116

84

34.9
RGN
28.4
66.8

3.5
46
15.2
06

178.0
168.2
1138

816

d Range of Pertluoroactanocic Aci
ection®

d (PFOA), Demographic and Hormonai

1995 Data
Range Mean Median S0 Range
0.00~0.99 0.31 02 032  0.00-090
1.03-8.92 303 24 184  1.10-8290
11.90-21.00 17.11‘_ 143 6.90 10.30-28.20
31.60-80.00 55.96* 424 3329 34.20-114.10
F =77.57. P = 0.0001 .
27.0-510 420 410 83  29.0-600
27.0-60.0 413 40.0 86 240580
34.0-45.0 a5.1 46.0 T4 300550
250-43.0 382 35.0 9.2 27.0-50.0
F=083P-=046
0.0-19 05 03 0.7 0029
0.0-3.4 05 04 05 0.0-1.9
0.4-2 1 08 (%4 07 0.0-2.1
0.0-20 05 04 06 0.0-1.4
F =094 pP=043
209-42.0 276 26.8 42 219-483
216325 286 27.9 34 221383
27.1-32.0 278 27.7 40 212348
26.9-30.2 208 28.9 18 282-326
F=077.P=052
0.0-30.0 38 0.0 94 0.0-40.0
0.0-40.0 26 00 6.0 0.0-20.0
0.0-20.0 9.1 0.0 15.2 0.0-400
0.0-20.0 6.0 0.0 89 0.0-20.0
F=126P=030
32.0-830 68.1 66.0 M7 450940
34.0-81.0 65.2 62.0 149 450-950
39.0-70.0 67.1 - 665 91 540730
55.0-70.0 73.2 75.0 67  640-81¢0
F=069P=05
44.0-203.0 91.6 940 322  39.0-190¢
15.0-249.0 1106 105.5 36 S54.0-1700
540-1340 1103 855 775 46.0-297.0
54.0-206.0 123.0 102.0 54.7-  72.0-198.0
F=167,P =018
2.0-18.0 10.9 10.0 5.1 4.0-23.0
20-220 18 100 60 5.0-28.0
6.0-51.0 129 ° 14.0 53 3.0-210
7.0-8.0 24 90 27 70-140
F =066 P~ 058
220.3-105805 5348 5185 1504  2737-10505
212.2-10216 5677 5649 1523  216.4-838 4
301.0-651.6 554.4 5497 1855  238.1-8238
4509-634 4 567.8 6230 1850 341.7-7030
F =026, P 3.85
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TABLE 1
Contmnued
1993 Data 1995 Data
PFOA (ppm) Mean Median SD Range Mean Median SD Range
Free testosterore (ng/al} .
0-<1 15.0 1438 4.0 6.1-28.1 142 14.0- 2.7 9.3-20.5
1-<10 166 16.5 44 6.7 -284 142 144 3.1 5.6-19.4
10-<3Q 142 135 25 10.6-17 4 13.2 141 35 7.0-18.0
=30 17.4 18.5 47 11.1-218 144 16.0 43 7.3-18.0
F=181.P =015 £ - C31,P =082
TSH (mU/Y)
0-<1 14 1.3 08 0.2-43 1.7 1.5 0.8 0.6-4.0
1-<1Q 1.4 1.2 0.7 0.5-3.1 1.7 15 09 05-3.7
10-<30 2.1 2.2 08 1.2-2.9 298 25 1 1.9-58
=30 1.2 ot 0.4 08-18 1.7 1.3 c.6 11-25
F=221,P =009 F =547 P = 0002
* BMI, body mass index; 17-HP. 17-alpha hydroxyprogesterone; TSH, thyroid-stimulating hormone.
' Samples sizes: 0-<1 ppm: 1993, n 53. 19895 n = 239,
1-<10 ppm: 1993, n = 46: 1995 7 = 26.
10-<30 ppm: 1993, 7 = g; 1995, n = 1Q.
23G ppm: 1993, n = 4;1995: p = §.
t Mean significantly different (Bonferron: t-test, p < .05) than the three other PFOA ppm fevels
$ Mean level significantly ditferent (Bonferroni ttest, p < .0%5) than the 0-<1 ppm and 1-<10 ppm PFOA categories
TABLE 2
Mean, Median, Standard Error {SE) of Mean and Range of Estradiol by Body Mass Index and Free Testostercne by Age,
Stratified by Serum PFOA Level and Year of Data Collection ¥
BMI (kg/m? by PFOA ,, '993 Dit"f _ . ,,_mial,
. {Ppm) n Mean Median SE Range n Mean Median SE Range
Estradio! {pg/mL)
BMi <28
0-<1 ppm 30 48.4 47.0 17 32.0-68.0 23 66.0 66.0 2.2 48.0-87.0
1-<10 30 55.0 55.0 2.2 34.0-81.0 13 62.0 62.0 3.7 48.0-91.C
10-<30 3 54.3 56.0 55 44.0-63.0 5 64.6 64.0 4.1 £4.0-79.0
=30 2 62.5 €2.5 75 55.0-70.0 0 —_ - — —_
BMI =28
G-7 ppm 23 63.0 66 0 2.9 32.0~83.0 16 711 720 32 45.0-94.0
1-<10 16 57.8 555 31 34.0-790 13 €8.3 65.0 45 45.0-96 0
10~-<30 5 55.0 60.0 6.1 39.0-70.0 5 696 72.0 4.1 55.0-78.0
=30 2 63.0 63.0 7.0 56.0-70.0 S 732 75.0 3.0 64.0-81.0
Free testosterone {ng/dl}
Age <40
0-<1 ppm 20 17.3 16.8 0.9 10.5-28.1 18 15.3 152 0.6 11.3-20.5
1-<10 28 16.8 17.4 Q.7 10.1-24 4 13 4.7 146 06 . 108-178
10-<3¢ 4 15.2 14.9 10 13.4-17 4 2 15.7 157 24 13.3-18.0
=30 3 195 201 1.4 168-216 3 159 16.0 12 138-180
Age =40
0-<1 ppm 33 13.6 13.4 0.6 6.1-212 21 132 134 0.6 9.3-18.3
1~<10 18 16.2 158 1.3 6.8-28.4 13 137 143 10 5.6-19.4
10-<30 4 ‘13.2 131 1.4 10.0-16.6 8 126 14.1 12 7.0-16.2
=30 1 111 1M — — 2 122 12.2 49 7.3-17.0

moderate drinkers, as was previously

to investigate the relation between

exposure and estradiol, mean estra-

reporied.”®

Discussion

We conducted two cross-sectional
studies of PFOA production workers

serum PFOA levels and several re-
productive hormones: in particular,
estradiol and testosterone. Although
we did not observe g significantly
posttive association between PFOA

diol levels were 10% grdfarer among
employees with the highest serum
PFOA levels (230 ppm): however.
this was confounded by BMI. and
any interpretation is limited by the
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9.3-20.5
5.6~19.4
7.0-180
7.3-18.0

06-4.0
05-3.7
1.9-5.8
1.1-2.5

ne by Age,

Range

48.0-87.0
48.0-91.0
54.0-79.0

45.0-94.0
45.0-96.0
§5.0~78.0
64.0-81.0

11.3-20.5
. 10.8-17.8
13.3-18.0
13.8-18.0

9.3-18.3
5.6~19.4
7.0-16.2
7.3-17.0

mean estra- *
fater among
hest serum
); however.

BMI. and
ted by the
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few subjects g this PFOA leve),
Gilliland alsq obscrved an approxi-
mate 10% increase in mean estradiol
levels from his lowess (0-1 ppn) 10
highest (15-26 ppm) total serum or-
ganic Muorine fovels among these
production employees, ™ Unlike the
present study. 1his previous report
also observed significant nonlinear
positive assocition between estra-
diol and to1a Serum organic fJuo-
tine.™ Possible reasons for the dif-
ferent results include the following:
(1) vse of differen measurements of
exposure (ota) serum organic fluo-
rine in 1990 ang serum PFOA ip
1993 and 1995). (2) the possibility
that the multivariate mode! used jn
1990 may have transgressed the hy-
moscedasticity assumption of regres.
sion analysis™: (3) possible misclas-
sification of confounding variables
{eg. the expected relationship be.
ween BMI and estradiol was not

observed in 1990: correlation coef- -

ficiem = — gy 4) different sub-
Jects analyzed (94 employees partic-
ipated in both the original 1990 ang
the 1993 surveys. compared with 61
emplovees who participated in 1990
and 1995); and (5) differences in the
estradiol assays,

Dose, threshojd effect, and species
sensitivity may account for the ap-
parent differences between the ani-
mal and human studies. We dig not
observe a significant association be-
tween estradiol and PFOA but did
observe a 10% increqse at the highest
serum levels of PFOA_ Sarum PFOA
in these workers was likely below
the observable effect levels in animal
studies: the observable effect level jn
the CD rat is Somewhere above 3
mean serum  level of 55 ppm
PFOA."™* All but three PFOA mea-
surements from employees in our
study were below 55§ PPm PFOA.
The 10% increase in mean estradiol
levels observed dmong  employees
with the highest fevels of serum
PFOA (=30 PPM) could sugeest a
threshold response. The discovery of
the convergence of peroxisomal pro-
literators and estradiol at the level of
their nuclear hormone receptors pro-

_—

Epidemiologic Study of Perfluoarooctancic Acid » Oisen et al

vides a plausible mechanism for g
possible threshold relationship be.
wWeen PFOA and esradiol 2 17
While YEspunses to peroxisome pro-
lrferators, like PFOA, are readily ob-
served 1 rats and injce. other spe-
cic~;~including humans— have
shown no such fesponses to many
types of peroxisome proliferators i _
equivalent dose levels 2!

We did not observe any significant
associations betw een PFOA and free
or bound testosterone. However, we
did observe 3 signiticant positive as-
¥ociation between 17.H4p and PFOA
in the 1995 bur por | 993 analyses.
We examined I7-HP. a precursor of
testosterone, because Cook er al'¥
suggested that PFQ4A may attect the
conversion of 17-HP 1o testosterone
via inhibition of 17.20-lyase. If this
enzynie was inhibited, the expected
result would be an increase in 17.Hp
levels. which wyg observed in both
years' studies. although significantly
in only the 1995 study. Recent labo-
ratory work suggests that there may
be an accommodation by the CD rut
o the initia) (eslosleron&lmvering
effect of PFOA." A previous re-
port™ observed a significant nega-
tive nonlinear association between
total serum fluorine and free or
bound testosterone. This observation
was dependent upon one influential
data point, that of an emplovee who
had no detectable total serum organic
fluorine level but hag the highest free
testosterone level measured.

Several methodological jssyes
should be considered in evaluating
the resuits from this study. First, the
Cross-sectional design does not allow
for a direct analysis of the temporal-
ity of an association. Given the long-
halt life of PFOA. it is conceivable
that there may be some biological
accommuodation o the effects of
PFOA. us suggested by Biegel et
al.™ Second. the two Cross-sectional
analyses cannot be viewed as inde-
pendent populations because 68 em-
ployees were studied in both years.
Fewer emplovees participated in se-
um measurenients in the 1993 a5
sessment. althoush the majority of

!
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those with the highest serum PFQA
€xposure ievels in 1993 yi50 partici-
Pated in 1995, This reduced sample
size resulied in lower statistical
power. Third. we Specifically mea-
sured serum PFOA levels. Use of
iotal serum oreanic fluorine may rep-
resent viher perfluorocarbons, which
could be peroxisome profiferators.
although data suggest that PFOA
would represent the greatest fraction
of total serum orgamc fluorine levels
i this employee pepulation.?7-2?
Fourth, there could be measuremeny
CITOr In importang confounding vari-
ables. Analysis of the 68 subjecis
who participated in both years
showed good correlation for the cop-
founding tactors of BMI (r = 93
P = 0.0001) angd the self-repcried
aspects of alcohol consumption (r =
67. P = 0.0001) and cigarette smok-
ing(r= 84 p = 0.0001). Fifth. the
quality of medica) surveillance data
can be evaluated Dy whether known
associations are observed 2 [ this
regard. we observed Vifious ex.
pecied associations (eg. estradiol and
BMIL. free testosterone and age}. Fi-
nally, the pulsatile nature of some of
the hormones Studied (eg. FSH, LY,
testosterone) has resulted in prior
fecommendations that mean hor-
mone measurements should be the
result of pooled blood from mubhtiple
samples taken at short intervals *3 In
our stidy. multiple samples were pot
feasible because of the low probahil.
v of employees voluntarily giving
three samples over 3 43- o 60-
minute time period.

In Summary. we conducted two
cross-sectional studies in 1993 and
1995 and did not observe a signifi-
cantly positive association between
PFOA exposure and estradiol or 3
significantly fiegative association
with testosterone. Our study may not
have been sensitive enough to detect
whether an association between
PFOA and estradiol could exist_in
humans because measured serum
PFOA levels were likely below the
observable effect jevels suggested in
the ammal studies. Our results pro-
vide reasonable assurance thae sig-



! niticant  hormonal changes among

| these male production employees
were not apparent in relation to their
measured serum PFOA levels.
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ABSTRACT

Perfluorooctanoic acid (PFOA) is a peroxisome proliferator which increased the
incidence of pancreas acinar cell adenomas in rats. Recent research suggested that these
tumors may be the consequence of a mild but sustained increase in cholecystokinin
(CCK) as a consequence of hepatic cholestasis. In addition, an epidemiologic
investigation had suggested that PFOA may modulate hepatic responses to obesity and
alcohol consumption in these production workers.

To further assess these hypotheses, we conducted three cross-sectional analyses of
the employees’ serum PFOA levels and medical surveillance data collected in 1993 (n=
111), 1995 (n = 80)and 1997 (n = 74). Plasma CCK was only measured in 1997, Serum
PFOA was measured by mass Spectrophotometry methods and plasma CCK was assayed
by radioimmunoassay. Mean serum PFOA levels, by year, were: 1993, mean = 5.0 ppm
(range 0.0 - 30.0 ppm); 1995, mean 6.8 ppm (range 0.0 - 114.} ppm); and 1997, mean =
6.4 ppm (range 0.1 - 81 3 ppm). CCK values (mean = 28 5 pg/ml, range 8 8-86.7 pg/ml)
approximated the assay’s reference range (up to 80 pg/ml) for a 12 hour fast.

Employees’ serum PFOA 1avais WEIT mot positively associated with either clinical
hepatic toxicity as measured by various serum liver enzyme tests, cholestasis or elevated
plasma CCK levels. Nor did serum PFOA levels modulate hepatic responses (e.g., liver

enzymes and high density lipoprotein) to obesity and alcohol, respectively.

)
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INTRODUCTION

Perfluorocarbons are structurally analogous to hydrmarboﬁs, except the hydrogens
are replaced by flyorine [Bryce, 1964] and may contain other clements such as oxygen,
nitrogen and sulfur. Ammonium perfluorooctanoate is a Potent synthetic surfactant used
1n industnial applications which r;pidly dissociates in aqueous solution to

perfluorooctanoic acid (PFOA, C;F, sCO;H).

In laboratory animals, PFOA and its salts are: 1) absorbed by ingestion, inhalation

or dermal; 2) not metabolized; 3) distributed primarily i1 the plasma and liver of male rats

and the liver, plasma and kidney in female rars »and 4) eliminated in the male rat via
feces and urine whereas in the female rat there is a greater rate in renal excretion [Griffith
and Long, 1980; Ophaug and Singer, 1980; Hanhijarvi et al, 1982; 1987; Just et al,,
1989; Kennedy 1985; Kennedy et al., 1986; Ylinen et al, 1990; Vanden Heuvel et al
1991]. In rats, PFOA results in peroxisome proliferation, uncoupling of mitochondrial
oxidative phosphorylation, altered lipid metabolism, hypolipidemia and an increased
incidence of liver, Leydig cell and pancreas acinar cell adenomas {Griffith and Long
1980; Kennedy, 1985 Kennedy et al., 1986: Sibinskj 1987;‘Haughom and Spydevoid,
1992; Kelleret al., 1992; Cook et al., l9§2; 1994]. The induction of these tumors most
likely occurs via nongenotoxic mechanisms because PFOA IS not mutagenic [Griffith and I
Long, 1980; Biegel et al., 1995}, Causal mechanisms may include the role of oxidative /
stress in tﬁe liver tumors and increased estradisl levels, via induction.of hepatic
aromatase activity, in the development of Leydig cell twmors [Cook et al, 1992; 1994;

Rao and Reddy, 1996). The pancreas acinar adenomas were hypothesized to be a result
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of a mild but sustained increase in cholecystokinin (CCK) levels secondary to hepatic

cholestasis [Oboumn etal, 1997]. CCK s released from the “M” cells in the duodenal

hypertrophy, hyperplasia and neoplasia [Longnecker, 1986; 1990;1991 Pour et al, 1981;

1988).

Hepatic toxicity, hypolipidemia and abnormal hormone levels have’ not been
observed in PFOA production workers [Ubel et al , 1980: Gilliland and Mandel, 1996
Olsen et al., 1998), Gilliland and Mandel (1996) did report that PFOA may negati vcly
modulate the effect alcoho] has on high density lipoprotein (HDL) levels and exacerbate
the effect that obesity has on liver enzyme tests. However this workforce was not found
to be at an increased mortality risk for liver cancer or liver disease [Gilliland and Mandel,
1993). There were 4 pancreatic cancer deaths compared to 2 expected (Standardized
Mortality Ratio 1.96, 95% Confidence Interval 0.53-5.01 ). One of these four pancreatic
cancer dzaths had worked 1n the building where PFOA is produced at this chemical plant.

The purpose of this epid;miologic investigation was to re-examine the workforce
in this PFOA production plant in order to determine: 1) whether CCK levels are
positively associated with serum PFOA levels among production employees; and 2)

whether PFOA may modulate hepatic responses to obesity and alcohol.
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METHODS

PFOA Production

'PFOA production at this 3M Plant began in 1947 PFOA, a white powder, is
produced by an electrochemical process [Bryce, 1954]. Pfoduction involves a four- -Stage
Process: isolating and converting the chemical to a salt slurry, converting the slurry toa
salt cake, drying the cake, and Packaging. The greatest likelihood for exposure to PFOA
occurred in the drying area although job history was not predictive of total serum

fluorine levels (a surrogate for serum PFOA) [Gilliland and Mandel, 1996).

Subject Selection and Data Collection
Voluntary medical surveillance examinations were offered biennially ( 1993, 1995
and 1997) to the fluorochemical production workers. The total number of subjects, by
year, who participated in these three Cross-sectional investigations were: 1993 (n=111);
1995 (n = 80): and 1997 (n = 743, Eligibie voiuntary participation rates among these
production workers approximated 70 percent. There were 68 subjects in common for
1993 and 1995; 20 subjects in common between 1993 and 1997 (lower number due to
employee tumnover and re-assignments); and 17 subjects in common for all three years.
Surveillance activities included a self-administered questionnaire, measurement of height,
weight and pulmonary function, standard biochemical and urinalysis tests, PFOA
determination and several male reproductive hormone assays. The hormone data were
collected only in 1993 and 1995 and results have been reported elsewhere [Olsen et al.,

1998]. Serum biochemical tests included: alkaline phosphatase, gamma glutamyl
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lipoproteins (LbL)‘ high-density lipoproteins (HDL), triglycerides, blood urea nitroéen
(BUN), creatinine and glucose. Hematology tests included: hematocrit, hemogiobin, red
blood cells (RBC), platelets and white blood cells (WBC). In 1997, employees® plasr’na
CCK-33 levels were determined. CCK exists in various forms and lengths although
sulfated CCK-33 (i.e., a 33 amino acid arrangement) appears to be the predominant form.
Employees were réquired to have fasted for 12 hours prior to their venipuncture. One
employee serif-reported that he did not fast and thus he was excluded from the study. His
CCK level was 123 pg/dl. This exclusion left 74 employees available for analysis in -

1997.

Serum chemistries and hematology were evaluated at United Hospitals (St. Paul,
Minnesota). Plasma CCK-33 \\;as measured by direct rad:oimmunoassay by Inter Science
Institute (Inglewood, California). Serum i’FOA was determined by thermospray (1993
and 1995) ang electrospray ( 1997) high performance liquid chromatography mass

-

Speciromeiry methods {Johnson e al., 1996; Advanced Bioanalytical Services Inc., 1997].

Data Analysis

-
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tn order to determine if an effect existed at the highest serum levels, These categories had
been previously used to examine associations between male reproductive hormones and
PFOA among these workers in 1993 and 1995 [Olsen et al., 1998].  For multivariable -
regression evaluation, PFOA, ége, body mass index (BMD), alcohpl use, and cigarette yse
were examined as both categorical and continuous variables. Alcohol use was analyzed
as less than I drink per day, > Idrink per day (with almost ajl subjects between -3
drinks/day), and non-response to the questionnaire item. Linear and nonlinear
transformations of PFOA were used to test for associations. In particular, the
multivariable models employed by Giililand and Mandel [1996] were re-examined to

determine whether PFOA has a modulating effect on obesity and alcohol consumption in

regards to | _patic serum chemistries (SGOT and SGPT) and HDL, respectively.

RESULTS

Mean serum PFOA levels, by year, were: 1993, mean = 5.0 ppm (8D =123,
range 0.0 - 80.0 ppm); 1995, mean 6.8 ppm (SD = 16.0. range 0.0 - 1141 pom); and
1997, mean = 6.4 ppm (SD = 14.3, range 0.1 - 81.3 ppm). In 1997, the mean CCK valye
was 28.5 pg/ml (SD = 17.) pg/ml, range 8.8-86.7 pg/ml). Al but two CCK values were

within the assay’s reference range (up to 80 pg/ml). These two CCK values (80.5 pg/mi

"~ and 86.7 pg/ml) were from employees with 0.6 pPpm and 5.6 ppm serum PFOA levels,

respectively,

Serum PFOA levels Were not consistently correlated with any of the potential
confounding variables, serum chemistries or hematological parameters. The Pearson

correlation coefficients (in parentheses) between PEOA and the variables for 1993, 1995
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and 1997 respectively, were: age (-.22. -.14, .02); alcohol (.10, .18, .01), BMI (.10, .10,
=01), cigarettes (.07, .1 1, -.02), alkaline phosphatase (.11, .14, -.07), SGOT (.12, -01,
02), SGPT (.10, .04, 14), GGT (.07, .01, -.05,), total bilirubin (-.02, -.14, -.08), direct
bilirubin (.01, -.32, -.04),-cholesterol (.15, .l4,J.18), LDL (-.01,-.07, .11), HDL -1 -
-19, .03) triglycerides (.17, .37, .11), glucose (-08,.04,-04), BUN(-.12. .1 1..05),

creatinine (.07, .17, -.01), hematocrit (.22, .08, -.10), hemoglobin (.22, .11. -.1 1), RBC

- (.09.-01,-.19), platelets (-.10, .04, .1 1) and WBC (-.01, .06, -01). In 1997, the Pearson

correlation coefficient for PFOA and CCK was -20 (p = .09).

Table I provides the mean, standard deviation and range of the potentia]
confounders, serum chemistries and hematologies by four levels of PFOA categorization
0-<1, 1-<10, 10-<30, and >30 ppm) for the three years (1993, 1995 and 1997) of medical
surveillance examinations. The mean of the PFOA ppm categories differed significantiy
with each other and there were two orders of magnitude difference between the lowest
and highest PFOA Categories in each year. There were no s!atlsm:a!ly significant (p <
.05) F values for any clinical chemistry test or hematologlcal parameier examined for any
of the three surveillance years. It should be noted that the mean CCK values were 50

percent lower among employees with serum PFOA values > 10 ppm.

Figure l isa scatterplot of the relation between CCK (transformed via natural log)
and PFOA. The linear regression equation was: In CCK = 3.3 - 0.008 PFOA (p value of
PFOA coefficient = 07; ¢ of model = 04). We dic not observe any significant
differences in mean serum chemistry values for those employees with high CCK values

(e.g., > 40) compared to those with low er CCK values or for those subjects with high
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PFOA values (e.g., 2 10 ppm) compared to those with lower values. Use of multivariable
regression models (data not shown) continued to indicate a weak negative association
between CCK and PFOA adjusting for potential confounding variables (e.g., age, body

mass index, alcohol, cigarettes and clinical chemistry measures of hepatic function).

Based on the multivariable mode] used by Gilliland and Mandel [ 1996], Table I
provides the change in HDL. levels associated v«'u'th a 10 ppm increase in serum PFOA
levels among moderate drinkers (> 1 drink/day) compared to light drinkers (< 1
drink/day). Included in Table I is the change originally reported by Gilliland and
Mandel [1996] in this workforce with their 1990 surveillance data. [t should.be noted,
however, that their 1990 model was based on total serum organic fluonne measuremeht§
rather than serum PFOA levels. Unlike 1990, there was not a substantial modﬁlation in

HDL levels with increased PFOA serum levels among moderate drinkers.

Likewise, Table I presents the results of multivariable an.._ sses, including those
originally reported using the 1990 survéillance data [Gilliland and Mandel, 1996},
regarding the pe atial modulating effect of PFGA on hepatic responses to obesity in the
three subsequ. ... surveillance years. Whereas SGPT levels increased considerably with a
10 ppm change in total serum organic ﬂu.orinc when the BMI was > 30, this association

was not observed in 1993, 1995 or 1997,

DISCUSSION

We observed a weak negative association between serum PFOA and plasma CCK
among 74 workers engaged in the production of ammonium perfluorooctanoate. This

finding was opposite that hypothesized based on the toxicological findings of Obourn et



pany

f 25
ble

M Company
EP1-0003
. Page 10 of 25
al [1997] who fed diets 10 rats containing either 0 or {00 ppm of Wyeth-14,643, 2 potent
peroxisome proliferator, which causes the same triad of tumors, including pancreas acinar
cell adenomas, as PFOA. After six months, the mean pancreatic weights of the treated
rats were 17 percent above control animals (p < 05) mean plasma CCK levels were 44
percent higher (p <.05) and markers of cholestasis (total bile acids, alkaline phosphatase
and bilirubin) were also significantly elevated. The clinical pathology data indicative of
cholestasis were associated with alterations in bile flow and bile acid output. Oboum et
al [1997) had also conducted in vitro €xperiments of both Wyeth-14,643 and PFOA
which argued against other blologlcal Pathways known to elevate plasma CCK leveis
including CCK,, receptor agonism, trypsin inhibition and increased dietary fat content.
Oboumn et al (1997] concluded that chronic exposure to Wyeth-14,643 may induce
pancreatic adenomas via a mild but sustained increase in CCK levels secondary to hepatic
cholestasis.
We offer several explanations for the lack of a positive association between PFOA
and CCK in our study. First, the Primary set of biochemical and cellular events
identified in rodents susceptible to the hepatocarcinogenic effects of peroxsisome
proliferators have not beeq: id< Weniified in either liver biopsies from humans exposed to
peroxisome proliferators or in in vitro studies with human hepatocytes: however, the
peroxisome proliferator-activated receptor (PPAR-au) is expressed at very low levels in
the human liver (Oboum et al., 1997 Cattley et al., 1998). Consequently, an expert
panel has recently opined that it is unlikely that peroxisame proliferators are carcinogenic
to humans under anticipated conditions and levels of exposure, however, their

carcinogenic potential cannot be ruled out under extreme conditions of exposure [Cattley
g po po.

D 09
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etal., 1998). Second, even if the mechanism existed in humans, the serum

Measurements in these production workers may have been too low to cause an effect.

‘Third, CCK receptors appear to be different between the rat and human, Recent studies

indicate, that unlike the pancreas of the rat and dog, the human pancreas has no detectable
CCK, receptors and little to no mRNA for the receptor [Wank et al., 1994). Human,
cynomologus and rhesus monkeys lack specific binding sites for the selective CCK, 7
ligand 3[H]L-364,718 [Gavin et al., 1996, 1997]. Because the CCK receptor activity of
the rat may be quite dissimilar to the human, a cynomologus monkey may be a more
appropriate animal model to étudy the pancreatic Pathophysiology consequence of
exposure to PFOA in the human. Fourth, Whelher CCK initiates or promotes pancreatic
cancer is not a new question and the research published, to date, remains controversial
[Axelson et al., 1992]. Data from more than seventy laboratory animal studies have
variably suggested that CCK has positive trophic effects, inhibitory effects, or no
mvolvement in pancreatic tumor growth [Herrington and Adrian, 1995]. CCK has
promoted growth of human Pancreatic cancers in cell cultures[Palmer-Smith et al., 1991].
On the other hand, fasting piasma concentrations of CCK in .unresec:ed Pancreatic cancer
patients did not differ from healthy contréls [Rehfeld et al., 1994].  Fifth, the rat may be
an inappropriate model in the study of human pancreas carcinogenesis. Carcinogens in
rats induce acinar cell malignancies which are rare in the human [Anderson etal., 1996].
Hamster pancreas cancer models are of ducta] cel] origin which resemble human
pancreatic cancer (adenocarcinomas of the ductules) [Pour et al,, 1981]. Activation of the
c-K-ras gene is frequent in both human and hamster pancreatic cancer but is not found in

azasenne-induced pancreatic cancer models in the rat [van Kranenetal,, 199]: Caldas

D10 '
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and Kern, 1995). Finally, we must ask whether the weak negative association observed
in our study represents an entirely different biological relationship than what was
originally postulated based on the findings by Obourn et al {1997). We do not believe
$0 because: 1) all CCK values observed in this study were within the assay’s reference
except for two values (which were not associated with high serum PFOA values); and 2)
there was no suggestion of cholestasis which was considered the underlying reason for the
elevated CCK levels in the rat.

We were unable to replicate in three separate years the original suggestion that

PFOA may modulate hepatic 'msponses to obesity and alcohol. Several explanations for

the disparate findings exist. First, there may be an association that was not observed by

us. In the original report [Gilliland and Mandel, 1990], total serum organic fluorine was

may represent other perfluorocarbons, which could be peroxisome proliferators; however,
data suggest that PFOA would represent the greatest fraction of total serum ofganic
fluorine levels in this employee population [Ubel, 1980]). Another explanation for the
disparate BAY findings is that there may have been measurement error regarding body
mass index in the original study or in our study. We have previously noted the lack of
an expected positive association betweer BMI and estradiol in the 1990 data [Olsen et al.,
1998]. In only one of the years was there the expected [Bums et al., 1997] strong
positive correlation between BMI and SGPT values (1990, 1 = 20, p=.02,1993,r=.16,
P=.09 1995 r= 13, P=.27, 1997.r= 43, P =.0001). Self-reported alcohot data

collected in the occupational setting should also be questioned for its reliability as well as

D 11
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validity. To partially address the issue of reliability, we examined the analyses of the 68
employees who participated both in 1993 and 1995 The data showed good correlation
for the confounding factors of BM] (r=94,p= .0001), alcohol consumption (r = .67, p=
-0001) and cigarette smoking (r = .84, -0001). The few employees in common for a]j v
three years (n = 17) prevent any conclusions regarding the reliability of self-reported data
across all three years. The trend in the correlations was comparable for the 1993 and
1995 analyses (e.g., 1995/1997 correlations were BMI: r = 91, p < .0001; alcohol 37, r=
37, p < .15; cigarettes, r = 99, p <.0001). |
A few additional issues need to be considered in evaluating the results from this
study. The cross-sectional design does not allow for a direct analysis of the temporality of
an association. leen that the half-life of PFOA is estimated to be 18 to 24 months [Ubel
et al., 1980}, it is conceivable that there may be some biological accommodation to the
effccts of PFOA as suggested by Biegel et al [ 1995] Also, there were fewer employees
analyzed in 1995 and 1997 reducing the statistical power of the study although the
number of subjects with serum PFOA measurements > 10 ppm remained comparable.
Finally, the issue remains that the lack of a clinical hepatotoxic effect obser=d by
Gilliland and Mande| [1996] and ourselves does not negate the possibility that PFOA may
have a subclinical effect in this production population that has yet to be observed.
Results from additicna) laboratory animal studies may provide further insight.
In conclusion our data do not suggest that, at the serum levels measurec, PFOA
13 associated with a mild i Increase in plasma CCK levels. Neither the original

epidemiological findings [Gilliland and Mandel, 1996] or our ﬁndihgs suggest clinical

hepatic toxicity at the PFOA leveis observed. The fact that we were unable to

‘\—\\”‘ B :
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demonstrate, on three Separate occasions, PFOA modulation of hepatic responses to

obesity and alcohol, leads us to believe that this, too, is unlikely at the serum PFOA

levels measured in this study.
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0 - <1 ppm* 048' 027 000099
1 - <10 ppm 338' 217 103892
10 - <30 ppm 1626' 339 11902100
>30 ppm 60.13' '24.01 316080

FWlm-JJ&J.pt.OOOI

0-<1 ppm 43 92 24
1-<10 ppm 33 18 260
10 - <30 ppm 41 S0 3449
>30ppm - 33 4 254

Fvalve= 33 p=.02

0 - <1 ppm 280 43 209429
1-<10 ppm 269 25 216325
10 - <30 ppm 283 28 2439
>30 ppm 85 16 269302

Fvolue = 1.1, p~ 33

0- <l ppm 04 o5 0.0-19
1 - <10 ppm 0.7 0.7 0.0-3.4
10 - <30 ppm 08 06 04-2.1
230 ppm 09 0s 0.0-2.0

Fvalne =29 p~ 04

0 - <I ppm 2 72 0-30

1-<10 6 10.1 o«

10 - <30 ppm 6. 113 030

230 ppm s 100 o029
Fvalye = } 3 pP=2

0-<1ppm Not done

1-<10 ppm

10 - <30 ppm

> 30 ppm

031 032 0.00-0.90
303 184 110820
17.11' 6.99 10.30-28 20
55.96' 33.29 34.20-114.10
Fvalue=77.6.p=‘0001

Age

7] 83 29-60
41 86 24-53
45 74 30-55
38 9.2 27-50
Fvalue = 09.p=46

BMI

276 42 21.9452
286 34 22.1-38.3
278 49 212-3438
298 18 282326
Fvalue =08 p - 52

Alcohol

05 07 0029
05 05 0019
08 . 07 9021
05 06 0014
Fvoine =09, p~ 43

Cigarcties
4 94 0-40
3 6.0 0-20
9 152 o040
6 89 0-20
Fvalve = 1.3 p =~ 29

CCK

Not done

7‘"\_
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047 026 005092
313 252 1.05-7.66
1727° 519 10.50-23 13
58.14' 2421 37.11-81.35
Fvalue = 145 5, 2 =.0001

40 9.1 2561
41 87 26-58
“4 13 257
40 112 29.52
Fvalue =g 3 pP=84

287 39 21.5-350
295 53 2194568
2359 30 22.0-292
306 20 28.2-33.0
Fr lie=14 Pp=24

0.7 10 0.0-3.4

0.5 06 0.0-26
04 0.6 0.0-14
e7 LS ¢1-i.6

Fvaise <07,p ~ 58

3 7.7 0-30
? 104 o030
9 164 040
0
F

vahie = 1.7 p= 18

334 157 13480
280 192 38.87
157 41 114230
206 72 129-299
Fva.’ue=25.p =.06
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Table L
continued
PFOA 1993 Data 1995 Data 1997 Daj
— 1393 Data — D Jdata — 127/ Data
ppm Mean _SD  Range Mean = SD  Range M SD __ Range
Alkaline Phosphatase :
0-<lppm 88 26 37-161 78 18 40-114 79 19 27-122
1 - <10 ppm 82 23 47-151 80 25 48-165 87 23 47-164
10 - <30 ppm 75 14 58-107 88 29 59-146 81 28 61-142
> 30 ppm 103 33 74-132 93 38 55-136 78 16 64-100
Fvalue=1.6,p=.!9 Fvalue=1.0,p=.39 Fvalue=0.9,p=.45
GGT
0-<1ppm 33 19 11-84 42 27 16-149 34 27 15-130
I-<10 ppm 50 70 6472 51 41 19-190 36 25 14-162
10 - <30 ppm 36 14 19-59 39 13 2161 28 11 15-50
2 30 ppm 40 26 19-77 42 15 23-58 32 11 16-40
Fvalue = 1.0 p= 47 Fvalue = 0.6, p = 41 Fvalue =03 p - ¢4
SGOT
0-<1 ppm 23 7 1160 21 6 13-36 26 7 1341
1-<10 ppm 26 n 12-83 24 13 13-75 25 7 1448 ¢
10 - <30 ppm 23 4 16-28 21 4 15-29 24 2 22-28 1
> 30 ppm 28 6 23-35 20 4 15-25 27 S 22-34 !
Fvalue = 1], pP=.36 Fvalue = 0.5, p=.66 Fvalue =03 p = g4 2
SGPT
9. <1 ppm 45 14 2288 44 13 27-80 31 10 13-59 :
1 - <10 ppm 48 29 22-221 53 34 27175 33 i5 14-80 0
10 - <30 ppm 432 K] 35-52 45 12 28-70 30 H 18-51 1.
> 30 ppm oS4 5 51-62 sl 13 3971 43 13 27-57 10
Fvalue =04 p - 75 Fvaiue =09 p = 44 Fvalue = 1.0, p < 43 2!
Total Bilirubin
0-<1ppm 063 0.28 0.20-1.30 0.84 0.32 0.40-2.20 0.84 0.48 0.40-2.30
I - <10 ppm 0.58 022 0.20-1.30 0.75 0.26 0.40-1.30 079 0.42 0.30-2.40 0-
10 - <30 ppm 053 017 020080 067 021 o040-100 066 033  030-120 I-
> 30 ppm 065 013  0.50.080 064 017 050090 073 022 04009 10.
Fvalue =07, p=.55 Fualue - 1.5, p - 32 Fvalue =04, p = 76 23
Direct Bilirubin
0 - < ppm 018 007 910040 022 004 020030 010 010 000060
1 - <10 ppm 017 007 901040130 0.22 005 010030 0.09 005 0.00-0.20 0-<
10 - <30 ppm 018 007 010030 019 006 0100730 005 004 000010 b-<
=30 ppm 0.18 0.10 0.190.30 0.18 0.04 0.10-:0.20 0.08 0.05 0.00-0.10 103(')'

Fvalue =04, p~ 94 Fvalue =22 p= 10 Fralue =02 p~ 89
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7-122
7-164
=142
-100
5

130
162
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Tabie L

continued

PFOA — 1993 Datg
Mean  Sp e

0 - <1 ppm 215 4 136-297

1-<10 ppm 219 39 155-309

10 - <30 ppm 230 38 171-305

230 ppm 236 42 175-268
Fvalue = 0., P =.65

0-<1 ppm 43 11 2283

1-<10 ppm 47 13 28-90

10 - <30 ppm 52 23 3497

230 ppm » 10 2747
Fvalue = 20.p=.11

0 -<1ppm 138 40 27-227

1 -<10 ppm 143 3z 72-223

10 - <30 ppm 144 37 65-185

2 30 ppm 131 57 60-188
Fvalue » 02.p=_9;

0-<1ppm m 124 37636

1 - <10 ppm 205 408 472845

10 - <30 ppm 168 10 41362

2 30 ppm 341 204 pegs
Fvalve = 0.5, p = 67

0 - <1 ppm 15 4 9-28

1 - <10 ppm 14 4 5-22

10 - <30 ppm 14 4 717

230 ppm 13 | 1-14
Fvalye = 09.p= 44

0 - <i ppm 09 0.2 0.6-1.4

1 - <10 ppm 10 0.1 0.7-1.3

10 « <30 ppm 0.9 0.1 0.8-1.1

2 30 ppm 10 01 0.8-11

f Fvalue = ¢.5 D =.68

—_—
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1995 Data : 1997 Data
—— 2200t @ — 0 ata
Mean SD___ Range Mean SD _ Ran

Cholestero!

' 207 377 115284

212 36 143-284
225 45 132-288
214 36 181-257
Fvalye = 06 p=.63

HDL
42 8 22-39
43 12 2267
43 8 28-54

131 32 31-191
133 40 28-210
134 46 62-211
121 20 107-157
Fvalue = 9.2, p=.92

Trighceria

170 93 57-311
175 144 59-743
239 147 77-539
286 180 145-563
Fvalue =20 p=.13

BUN
15 4 3-24
15 4 6-26
16 4 6-20
13 2 12-16
Fvalue = 0.4, p=.75
Cregtinine

1.0 0.1 08-1.3
0.9 01 06-1.2
10 0.1 0.9-1.2
10 0.1 0.9-1.1
Fvalue = 1 4 p=25

199 30 129-257
213 41 121-315
228 57 164-334
230 21 212-258
Fvaiye = 18 p=16

41 9 26-61
4 12 23.94
45 11 24-60
45 10 30-52
Fvalue = 06, p=.62

114 28 40-158
134 44 26-253
135 46 79-206
132 24 110-166
Fvalue = L3, p=.22

219 116 53445
176 85 44360
MY 2 530
269 7 138360
Fvalue = 1.4, p = 35

16 3 9-22
15 4 724
17 4 1t-24
16 6 9-23

Fvalue = 0.9, 2 =944

1.0 01 0812
10 0.1 0.7-1.3
L0 0.2 08-14
10 0.1 0.9-1.1
Fvaiue = | ILp=_37
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Table L.
continued

0- <t ppm
1-<10 ppm
10 - <30 ppm
230 ppm

0 -<1 ppm
1 - <10 ppm

X 10 - <30 ppm
2 30 ppm

0-<] ppm
1-<10 ppm
16 - <30 ppm
2 30 ppin

0-<1 ppm
I-<10 ppm
10 - <30 ppm
2> 30 ppm

0-<1ppm
I-<10 ppm
10 - <30 ppm
230 ppm

89 8 75-115
89 32 66-288
84 10 67-97°
83 9 71-90
Fvalve = g2 p=.87

45 2 40-51
45 2 42-50
45 2 4148
48 5 44-56
Fvalue = 16.p=.20

166 19  150.193
Fvalye = 19, p=14

51 0.3 4.6-6.3
50 03 45-59
49 0.3 44-54
54 0.5 4.8-6.0
Fvalue = 2.3 p=.08

240 51 141374
241 48 156-370
249 85 185466
213 30 189-255
Fvalue = 05, 2=.72

—_—

21 14 75-148
91 11 74-128
88 12 77-116
97 10 86-111
Fvalue < g 7, p=.59

Hematocrit
44 2 41-51
44 2 4149
4 2 40-48
45 5 41-54
Fvaiye = 0.6, p - .63
Hemoglobin

15.1 08 13.7-17.1
149 0.8 13.2-16.7
152 o3 14.0-16.7
157 20 14.2-19.1
Fvalue = ¢ P=040

RBC

4.9 03 4.5-54
4.9 0.3 4560
48 03 4.4-52
5.0 05 45-56
Fvalue =04, p=78

DPlatelets

223 49 162-327
236 4€ 163-337
230 48 180-339
217 40 179-267
Furalue = 05 p=.72
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| PFOA 1993 Data 1995 Data 1997 Data
‘ ppm Mean  sp Range Mean _SD  Range Mean _Sp Range
Glucose '

92 16 63-153
100 38 71-255
84 5 76-90
90 12 72.97
Fvalye = 0% p=47

45 3 38-52
45 2, 4249
45 2 4047
44 3 4146

Fvalue = 0.5, p=.66

153 09 13.2-180
154 0.8 13.7-17.0
152 0.6 13.9-is8
150 09 14.2-16 0
Fvalue = 04, p=.79

5.1 05 4170
51 0.4 4361
48 0.3 4.3-52
48 03 4.5-5.1
Fvalye = 14 p=25

234 32 162-288
250 55 129-378
237 44 172-308
260 36 215-300
Fvalue = 0p=.42

T ——
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Table L
centinued
PFOA — 193Dt 1997 Data
—1993Dgtg o——2Daa_
Mean D
WBC
0-<] ppm 6.5 2.1 33-150 6.0 18 - 34-118 6.3 L1 4389
l-<l0 PPm 6.5 1.9 318-127 6.3 1.8 41108 7.1 23 4.2-16.5
10-<30 Ppm 66 20 46-11.4 6.3 1.2 4986 68 22 50-109

2. Mean ydi&lw(amfml-mn,p< 03)&.:&10-30ppmnd>30ppnP!-DAﬂmu
‘Smayl’mllhnbyPPOA(mn)Clquynd Year

PFOA 1993 1995 1997

0-<1ppm s2 39 29

1-<10 ppm 46 25 k! |

10 - <30 9 10 7

230 ppm 4 5 4

[
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Table II. Change in HDL® from Light Alcohol Drinker (< | drink/day) to
Moderate Alcohol Drinker (2 1 drink/day) Associated with a 10 ppm
Change in Serum PFOA Level

Moderate  Moderate Drinker with

Year Drinker 10 ppm increase in PFOA
1990° +9.9 6.2
1993 +48 +34
1995 | +5.1 +4.]
1997 : +5.7 +3.8

"Determined from multivariable model adjusted for age, body mass index
and smoking (all four years) and testosterone (1990, 1993 and 1995 only).

* Data in 1990 analyzed toal serum organic fiuorine (see Gilliland and
Mandel, 1996).
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Table III. Change in Serum Glutamic Oxaloacetic Transaminase and
Serum Glutamic Pyruvic Transaminase Associated with a 10 ppm Change
in Serum PFOA

BMI (kg/m?) 25 30 ¥
SGOT

1990* 24 37 97
1993 13 0.5 25
1995 03 0.1 0.5
1997 2.1 0.1 -1.9
SGPT ‘

1990* 30 28.0 59.0
1993 2.5 15 0.5
1995 " 08 -1.0 2.1
1997 53 0.7 -3.8

‘Determined from multivan'dble regression model adjusted for age, body
mass index and smoking

* Data in 1990 analyzed total serum organic fluorine level (see Gilliland and
Mandel, 1996).
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