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Thirty Years of Medical Surveillance in
Perfluooctanoic Acid Production Workers

Giovanni Costa, MD
Samantha Sartori, BS
Dario Consonni, MD

Objective: To report health outcomes of 30 years (1978—2007) of
medical surveillance of workers engaged in a perfluooctanoic acid (PFOA)
production plant. Methods: Fifty-three males workers (20 to 63 years) were
submilled every year to medical examination and blood chemical chemistry
tests, and serum PIFOA dosage. Results: In the latest survey PFOA serum
levels ranged from 0.20 to 47.04 pg/mL in currently exposed workers, and
Jrom 0.53 to 18.66 pg/mL in those formerly exposed. No clinical evidence
of any specific trouble or disease has been recorded over the 30 years, and all
the biochemical paramelers, including liver, kidney and hormonal func-
tions, turned out to be within the reference ranges, but a significant
association of lotal cholesterol and wric acid with and PFOA serum level
was evidenced. Conclusions: A probable interference of PFOA on interme-
diate metabolism deserves further investigations. (] Occup Environ Med.
2009;51:000-000)
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erfluorooctanoic acid (PFOA,
C,F;sCOOH, CAS No. 335-67-1) is
a fully fluorinated carboxylic acid,
widely used as emulsifier in flu-
oropolymer polymerization. It is solu-
ble in water, where it forms a mixture
with its dissociated perfluorooctanoate
anion (C,F sCOO™); it is absorbed by
oral, dermal and inhalation routes, and
mainly bound to serum albumin. It is
mostly found in liver, serum and kid-
ney, and is excreted, not metabolized,
mainly in urines, with large differences
in elimination speeds between species
and sexes. It is a mild irritant for skin
and mucoses, it is not a sensitizer and
has neither teratogenic nor fetotoxic
effects, but it delays sexual maturation
in animals."™

It is not a genotoxic, but in two
chronic studies in rats it has been
reported to increase the incidence of
tumors (adenomas) of liver, pancre-
atic acinar cells, and testicular Ley-
dig cells,®’ like other peroxisome
proliferators, as it acts mainly as a
peroxisome proliferator-activated re-
ceptor alpha (PPAR«) agonist.®”

In recent years, many studies
have been carried out with the aim
of better understanding the toxico-
kinetics and mode of actions, al-
though with not clear and definite
conclusions.'?~!7

Its half-life of elimination in se-
rum markedly differs between spe-
cies and sexes, being 1 to 9 days in
rats, 18 days in mice, 20 to 40 days
in dogs, 20 to 32 days in monkeys,
and 3.8 years in humans.'®2° Hence,
its biopersistence in the human
blood, its detection in the general
population”’™* and its presence in
several biota and animals all over the




world*>=*7 are a concern for possible
chronic effects.?®?”

Epidemiological studies on large
cohorts of occupationally exposed
workers, mainly of US plants (3M
and DuPont) in the period 1947-
2002, could not find any association
between PFOA exposure and signif-
icant adverse health effects in terms
of morbidity and mortality.**~>* For
mortality in particular, neither Gilli-
land and Mandel®' nor Alexander>>
and Leonard et al’> found excess of
death for cancers of any type in quite
large 3M and DuPont cohorts. Also
the slight excess of prostate cancer
signaled by Gilliland and Mandel,*!
and of bladder cancer found in the
first study by Alexander,** were not
confirmed by subsequent more spe-
cific surveys both in 3M* and Du-
Pont®* workers.

However, some contrasting and
somewhat inconsistent findings,
mainly related to lipid metabolism,
have been reported as concemns per-
turbation of biochemical variables.

The first study, made by Ubel et
al*° in 1980 in about 300 workers of
3M Cottage Grove plant, having total
serum organic fluorine (90% PFOA)
up to 71 pg/mL, did not report any
significant deviations from the nor-
mal values as concerns hematology,
liver enzymes, total cholesterol, glu-
cose, and uric acid.

In a subsequent study on 115
workers of the same plant,” after
adjusting for age, smoking, alcohol
intake and BMI in a multivariate
regression model, a total serum flu-
orine level above 10 ppm was asso-
ciated with slight increases in hepatic
enzymes through an interaction with
obesity. A slight interference with
HDL cholesterol was also observed,
when in association with alcohol
consumption.

In other two cross-sectional stud-
ies on 191 3M production workers,*®
serum PFOA was not significantly
associated with any of the 11 mea-
sured hormones, except for a 10%
increase in mean estradiol level
among employees having the highest
levels of serum PFOA (=30 ppm),
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although this association was con-
founded by body mass index.

Extending the survey in the same
production plant to 265 workers for a
longer period,”” a negative associa-
tion was recorded between serum
PFOA and plasma Cholecystokinin
(although inside the normal range),
and no effect on hepatic enzymes,
bilirubin, triclycerides, HDL, and
LDL cholesterol.

However, in a subsequent survey
concerning 518 workers of both
sexes from two US and European
plants,*® the same authors found a
modest positive association between
PFOA and cholesterol and triglycer-
ides in both cross sectional and lon-
gitudinal (over a 6 year time period)
analysis, after adjusting for potential
confounders, such as age, BMI,
smoking, alcohol, and location.

More recently, Olsen and Zobe
have re-examined the same parame-
ters in 506 3M workers from three
US and European 3M plants, by
multiple and logistic regressions and
analysis of covariance: serum PFOA
concentrations were negatively asso-
ciated with HDL and bilirubin, and
positively with triglycerides, after
adjusting for possible confounders.

Very recently two reports, one lon-
gitudinal and another cross-sectional,
on DuPont production workers have
been published. In the retrospective
study of 454 production workers,
with repeated measurements con-
cerning liver function and lipids over
a period of 25 years,*® a positive
association between serum PFOA
and total cholesterol and AST was
found, whereas a negative associa-
tion with bilirubin, after adjustment
for age, BMI, gender, and decade of
hire, but without control for lipid
lowering medications.

In the other cross-sectional study
on 1025 active workers,*' including
hematology, liver and renal function,
lipid and purine metabolism, and
hormones, a modest but statistically
significant positive relationship be-
tween PFOA and total cholesterol,
LDL, VDLD, GGT and uric acid was

]39

recorded, after excluding people tak-
ing lipid lowering medications.

The present study is aimed at
providing a further epidemiological
contribution to the understanding
of possible effects on humans.

The data refer to the workers of a
chemical plant (Miteni, Trissino, It-
aly), where PFOA has been produced
by electrochemical fluorination since
1968. Since 1978 all the workers
engaged in PFOA production have
been submitted every year to the
medical surveillance program by an
expert Occupational Health Physi-
cian, according to the Italian legisla-
tion concerning health and safety at
work.

Materials and Methods
Subjects

As a whole, 53 workers, all males,
engaged in the PFOA production de-
partment have been examined every
year from 1978 to 2007, for a total of
919 persons-years. Subjects’ age
ranged from 20 to 63 years and
length of work exposure varied from
0.5 to 32.5 years in the period.

At the latest PFOA biomonitoring,
in 2007, 37 were active workers in
the PFOA department, whereas 16
were no longer exposed being retired
or transferred to other departments in
the meantime.

All the other male workers, 12
executive clerks and 95 blue collars
from the other departments of the
company, who have never been ex-
posed to PFOA but submitted to the
same periodical medical surveil-
lance, were considered as “controls.”

Table 1 summarizes the main
characteristics of the examined
workers.

Methods

All the workers (exposed and not
exposed) have been submitted every
year to physical examination, includ-
ing recording of blood pressure,
height and weight, and to blood
chemical chemistry tests, including
hematology (Ht, Hb, WBC, RBC,
PLTS), liver (albumin, o;-a,B-y
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globulins, bilirubin, AST, ALT, ALP
GGT) and renal (urea nitrogen, cre-
atinine) functions, glucose and lipid
metabolism (total and HDL Choles-
terol, triglycerides), and uric acid.
All the variables have been measured
over the years by autoanalysers
(SMA) in the same laboratory of the
nearby regional public general hos-
pital, undergoing a periodical quality
control program.

In addition, in the workers of the
PFOA department, also Apo-A and
Apo-B lipoproteins, protein C reac-
tive, immunoglobulins IgA-IgG-
IgM, Testosterone, Estradiol, FSH,
TSH, FT3, FT4, and Prostatic Serum
Antigen (PSA) were tested in blood
in 2002 and 2006.

The biological monitoring of se-
rum PFOA started in April 2000 and
was repeated in May 2001, Decem-
ber 2001, June 2002, September
2003, September 2004, May 2006,
and May 2007. It included not only
the workers of the PFOA department
currently exposed in those years, but
also those formerly exposed who had
been transferred to other departments
or had retired in the meantime, as
well as some non-exposed workers
(clerks), taken as controls.

PFOA serum levels were deter-
mined by HPLC-Electrospray-Tan-
dem Mass Spectrometry** in two
internationally accredited laborato-
ries: the first one carried out the
analysis in 2000, 2001, and 2002, the
second one in the following years. A
double blind comparison between
the two laboratories carried out in
2003 gave a correlation index equal
to 0.90. In 2000 and 2001, the
method had an upper scale detection
limit fixed at 45.5 pg/mL, thereafter
no detection limit was present.

Statistical Analysis

ANOVA, t test and multiple linear
regression models were used to eval-
uate the relationships between PFOA
exposure and hematochemical ef-
fects while adjusting for relevant co-
variates, Natural log transformation
of the dependent variables was per-
formed where appropriate. General-

TABLE 1

Demographic Characteristics of the Workers Examined

PFOA Currently
Workers

PFOA Previously Control
Exposed Workers Group

No

Sex All males
41.6 (8.31)
Years of work {(mean and SD)* 14.3(9.1)

Age {mean and SDy*

Years elapsed since PFOA

exposure (mean and SD)*
Person-years of observation
BMI (mean and SD)

487.2
26.2 (2.9)
Smoking (%) 38.2
Alcohol consumption (%) 73.5

16 107
All males All males
52.0(8.7) 41.9 (9.2)
16.3 (9.9) 14.0 (9.3)
9.5 (8.3)

431.8 1499.3

25.7 (3.1) 25.1 (2.8)
47.6 365
71.4 62.6

*At the latest medical check.

ized Estimating Equations (GEE)
models with an exchangeable corre-
lation matrix were fitted when ana-
lyzing repeated measurements and
relationships between PFOA serum
level and the different (continuous or
dichotomous) health outcomes,
while accounting for within-subject
correlations.*? In the regression
models the following covariates
were included: age, years of expo-
sure, year of PFOA sampling, BMI,
smoking, and alcohol consumption.
Stata 10** software was used to
perform all the statistical analyses.

Results

From the clinical point of view, all
the workers were in good health and
no excess of morbidity for any disease
has been recorded over the years.

In the latest survey, carried out in
May 2007, the PFOA serum levels
ranged from 0.20 to 47.04 pg/mL
(ppm) in the currently exposed work-
ers, and from 0.53 to 18.66 pg/mL in
the formerly exposed workers (Table
2): in the seven non-exposed subjects
(clerks/staff) examined in 2006, the
PFOA serum levels ranged from 0.05
to 0.181 pg/mL.

The highest level recorded was 91.9
pg/mL in 2002. Table 3 shows the
PFOA serum levels recorded over the
years in the production workers. As
above mentioned, in 2000 and 2001
the method had an upper scale detec-
tion limit fixed at 45.5 pg/mL; conse-
quently, in order to compare the data
over the years the maximum level in

TABLE 2
PFOA Serum Level (ug/mL), Recorded
in the Year 2007, in Currently and
Formerly Exposed Workers
Currently Formerly
Exposed Exposed

No. 39 11

Min 0.20 0.53
25th percentile 2.25 2.61
Median 5.71 4.43
Mean arithmetic 12.93 6.81
Mean geometric 4.02 3.76
75th percentile 23.55 9.24
Max 47.04 18.66
Standard deviation  14.43 6.06

2000 and 2001 was set by default as
the highest level recorded in 2002,
when the method had no upper scale
detection limit.

A significant decrease of both
peak and mean levels was recorded
after 2002, following a renovation of
the plant carried out in that year,
including a partial automation of the
process, and the adoption of more
strict working procedures and use of
suitable protective devices.

In the 27 currently production
workers who had their serum PFOA
measured in all the four last occa-
sions, median value decreased from
13.6 pg/mL in 2002 to 7.1 pg/mL in
2007 (—47.8%), mean value de-
creased from 22.2 pg/mL to 14.0
pg/mL (—37.0%), and peak level
decreased from 86.3 pg/mL to 47.0
pg/mL (—45.5%), respectively.

All the biochemical parameters,
turned out to be on average within




the laboratory reference ranges,
while some subjects had some pa-
rameters above the upper reference
values, as shown in Table 4, which
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refers to the results of the latest
check carried out in 2007. As com-
pared with the control group some
differences, both in terms of mean

values and number of persons above
the upper references limits, were
noted for some parameters such as
uric acid, cholesterol, triglycerides,

and liver enzymes.

As the crude correlations between
PFOA and the biochemical variables,
recorded in the last 7 years, gave
some indication on a possible asso-
ciation between PFOA serum levels
and some lipids and uric acid (data
not shown), three more in-depth
analyses in this respect were per-
formed. The aim was clarifying this
possible association by controlling
the most important confounding tac-
tors, and after preliminary exclusion

TABLE 3
Serum PFOA Levels (ng/mbL) Recorded in Production Workers Over the Year

2000 2001 2002 2003 2004 2006 2007

No. 25 42 46 41 34 49 50
Min 1.54 0.73 0.34 0.38 0.54 0.54 0.20
25th percentile 5.53 4.35 4.57 4.11 2.84 2.36 2.18
Median 11.92 11.07 10.15 6.25 6.82 5.27 3.89
Mean arithmetic 18.8 19.7 19.3 13.7 1.4 10.8 11.6
Mean geometric 11.7 10.2 9.3 6.9 6.5 5.8 54
75th percentile 32.0 19.72  20.80 14.20 18.97 16.31 18.66
Max 86.3* 91.9" 91.9 74.7 46.3 41.9 47.0
Standard deviation 20.0 23.6 23.0 16.6 12.0 11.8 13.3

*Upper scale detection limit at 45.5 pg/mL (discussed in text).

TABLE 4
Haematology: Results of the Last Check in the Currently Exposed Workers and Control Group
Exposed

% Outside
Mean (SD) Reference Range

92.7 8.7) 26
152 (3.1) 0
0.92 (0.12) 0
6.2 (1.1)
2307 (50.9)
55.9 (14.7)
178.9 (118.6)
0.58 (0.22)
0.15 (0.05)
32.4(8.8)
47.8 22.3)
53.8 (46.7)
71.8 (22.8)
7.71 (0.50)
61.6 (3.0)
4.1{0.9)
8.9(1.1)
5.9 (0.9)
14.7 (2.6)
7.02 2.13)
5.06 (0.37)
15.6 (0.88)1
459 (2.2)
241.3 (55.0)
2.59 (4.21)
1.43 (0.24)
1.25 (0.31)
10.6 (2.4)
3.1(1.2)
1.2{0.76)
0.80 (0.94)
5.88 (0.57)
30.8 (1.3)
1.99 (5.48)
3.62 (0.67)
1.31 (13.5)

Control Group

% Outside
Mean (SD) Reference Range

89.3 (16.5) 6.5
15.2 (3.0) 0.9
0.93 (0.11) ()
57(1.2) 4.7
2135 (39.7) 26.2
56.7 (12.9) 6.6
146.3 (97.9) 27.1
0.67 (0.27) 10.5
0.18 (0.11) 7.6
29.7 (10.7) 48
40.6 (21.8)
44,5 (41.4)
67.7 (19.6)
7.81 (0.56)
62.3 (3.9)
5.5 (9.4)
8.8 (1.4)
5.8 {0.5)
14.7 (2.3)
6.96 {1.88)
5.11 {0.39)
15.7 (0.86)
46.0 (2.4)
237.1 (54.4)

Reference Values
Min~-Max
70-110
7-22
0.80-1.30

Glucose (mg/dl)
Urea nitrogen (mg/dL)
Creatinine (mg/dL)
Uric acid {mg/dL) 3.5-7.2
Cholesterol total (mg/dL}) 191-240
Cholesterol HDL (mg/dL) >39
Triglycerides (mg/dL) 30-180
Bilirubin total (mg/dL}) <1.0
Bilirubin conjugated (mg/dL) <.30
AST (U/L) <50
ALT (U/L) <50
yGT (U/L} 8-61
ALP (U/L) 40-129
Proteins total (g/dL) 6.4-8.2
Albumin (%) 52-67
a1 globulins (%) 3-7
a2 globulins (%) 59

B globulins (%) 5-12
v globulins (%) 10-22
WBC (X10%L) 4.0-10.9
RBC (x10'%/1) 4.5-5.9
Hb (g/dL) 13.6-17.5
Ht (%) 41-53
Piatelets (X 10%/L) 140-440
Protein C reactive (mg/L) 0.0-5.0
Apo A (g/L) 1.10-2.05
Apo B (g/L) 0.55-1.40
19G (g/L) 7.0-16.0
I9A (g/L) 0.70-4.0
IgM (g/L) 0.40-2.30
PSA (ng/mL} <4.0
Testosterone (ng/mL) 0.1-8.0
Estradiol (pg/mL) 10-50
TSH (UYmL) 0.27-4.20
FT3 (pg/mL) 20-44
FT4 (ng/dl) 0.80-1.70
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