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1. Health Status of Plant Workers Exposed to Fluorochemicals - a Preliminary
Report

This published paper by Ubel et al (Am Ind Hyg Assoc J 1980;41:384-389) provides an
overview of fluorochemical industrial hygiene, medical surveillance and epidemiology
research data collected in the late 1970's at the Chemolite (Cottage Grove, Minnesota)
facility. The authors concluded that total organic fluorine was found in the blood of
workers exposed to industrial fluorochemicals. Medical examination of exposed workers
and a brief summary of the initial retrospective epidemiologic mortality study (see study
# 2) of the plant employees indicated that there were no ill health effects attributable to

fluorochemical exposure.
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H;g:;, then normal feveis of organic fluorine were found in the blood of workers exgoued to lycrochemicalsinan
industrial environment. Noill health effects unibuubls'm exposure to fluorochemncal.? were found among these
orkers. The smbient sirin the process operation arezsinthe plant wu?ound 10 conta-r\ mu.suratfle amounts of
anic flucrine. Through certain modifications in the process s}ep and lmprovemcnts.m enginesring controls, »
“stantial reduction in the sirborne tiuorochemical leveis within the plant was achieved.
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introduction

This repont provides interim results of an ongoing program
which evaluates the health status of a group of production
workers exposed to fluorochemicals.

It was recognized as early as [856 that normal human,
animal and avian blood contains small amounts of
Nuorine.”’ It was recently reponied thst human blood
contains two forms of fluorine, “exchangeable” and
“nonexchangeable”.'® This finding was corroborated by
another study which descrnibed “ionic” and “nonmionic"
fluorine fractions in the blood."” Essentially, in cither study
~=¢ form can be regarded asinorganic fluoride and the other

:ovalently bound organic fluorine,

ery little organic fluonrine was found in the blood sera of
severa) species of animals, when the sampies were processed
by en open ashing procedure. However, when the samples
were analyzed following confined combustion in an oxvgen
bomb, the concentrations of organic fluorine found in some
bovine secra were comparable to those found in human
sera.'” No clear cut relationship between the two forms of
flucrine in a given sample could be demonstrated.'*™*

The precise nature of the organic Nuorine fraction in the
blood is still speculative and could be very complex,
containing more than one organic fluorine compound and
from more than one source, including the diet. Organic
Nuorine compounds such as fluoroacetate and fluorocirate
have been identificd in lettuce, forage crops, soybean and
tea, when the growing plants or single cell cultures of plants
were exposed to high levels of inorganic fuoride.!™"
Perlluorooctancic acid (C+F\sCO;H) or a similar
compound of industrial origin was believed 10 be present in
a plasma fluorine [raction isolated from a large pool of
human plasma samples.'"

Since some IM plant workers are exposed to industrial
fluorochemicals, we considered it important to ()
determine the lluorochemical levels in the blood of the plant
workers, (b) monitor the fluorochemical levels in the
ambient air in the fluorochemical plants, (¢) minimize

rker exposure to fluorochemicals, (d} conduct special

.-dical examination of selected workers and {¢) institule a
retrospective epidemiclogical investigation in order to
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evaluate the overall impact of exposure of fluorochemicals
on the health of workers. 1n addition, we have also
undertaken toxicological and metabolic’ studies in
experimental animais,

We believe that it is now appropriate 10 report in a
preliminary way on blood organic fluorine levels and the

. health status of a group of chemical production workers at

one chemical plant which produces ammonium
perfluorooctanoate. As the program progresses and as other
investigations arc completed, it is expected that more
detailed papers and more definitive conclusions will be
forthcoming,.

methods and investigations
a. Fluorine deiermination in blood serum: The

: concentration of organic fluorine in blood was determined

by subtracting the inorganic fluoride concentration from
total fluorine conceniration. The latter was determined by
gas chromatography,” following combustion of the
sample by 3 modificd oxygen bomb technique.'®
Perfluorooctanoic acid was also determined by gas
chromatography following its extraction from serum and
conversion to its methyl ester using diazomethane. '

b. Fluorine measurement in gir somples: Air samples were
obtained by using midget impingers containing
spectrograde methanol through which the air was drawn
with a portable battery-operated sampling pump.
Particulate sampling was done using Nuclepore ® 0.8 um
pore sized filters in 37 mm plastic casseties, Samples so
collected were analyzed for perﬂuorooctanoatg ion by the
method described above."*

c. Health evaiuction: Evaluation of the health of the
employees was based on a careful study of the clinica
history, a review of the multiple laboratory tests and :
physical examination by a physician (Table 1). Subsequen
annual screenings included the same questionnaire or
clinical history and the laboratory tests, while examination
by the physician were conducted on employees selected o!
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TABLE |

Medical Examination

. Clinical history and physical eaamination

1
2. Height, weight, ticoa pressure
3. Eiecirocargiogram
4, Chest examination, lorced vital cagecity, foreec axpiratory volume per seconc.
5. Vision
€. Audiograms
7. Cemplete blood count: Hemeglobin. RBC, WBC. Ditierentiat count. Celiindices
8. Urine analysis
9. Blood chemstry;
Glucese Tcis! protein Alkaling phosphoiase
Ures Albumin Lactate dehydrogensase [SLDM}
Cholestero! Glebulin Giulamic-oxaloaceiate transaminase {ISGOT)
Uric acid A/G ratio Glulamie-pyruvate trangsaminase (SGPT)
Calcium Bilirubin Gamma-glutamyl trensferase (SGGT)
Phosphorus

the bzsis of test results. Routine clinical laboretory
determinations were carried out sccording to standard
procedures by an outside contract laboratory.

d. Epidemiological investigations: These investigstions
were structured after the principles of relative survival and
proporional monality analysis described recently. " The
overall analysis essentially converges ona comparison of the
observed to expected death rates specific for cause, age,

time. sex and racc.

.t. Other supportive studies: In vitro mutagenicity test

(Ames) and animal toxicity studies related 1o ammonium
perfluorooctanoate were conducted by contract
laboratories under 3M sponsorshxp The studies included
acute cral toxicity, primary skin irnitation, eye irntation,
one hour inhalation effects, two 28-day oral toxicity studies
in rats and mice and 90-day oraltoxicity studies in rats and

monkevs.

results and discussion ,
0. Flucrine levels in blood serum: The firstsenes of workers

was chosen on the basis of their estimated degree of
exposure to fluorochemicals: Group A, 3IM controls, who
are never direaily exposed to fluorochemicals; Group B,
laboratory personnel who routinely handle fluarochemicals
on a Jaboratory scale during their research and development
work and Group C, selected employees in a chemical plant
where fluorochemicals have been produced over
approximately 30 years and where the potential for the
exposure to fluorochemicals is the greatest.

The results of fluorine analysis of serum samples are
presented as ranges of valucs obtained and the number of
samples involved per group (Table II).

The inorganic fluoride levels in the casz of all groups are
within generally reported normal ranges. ’

The levels of organic flucrine in blood serum in Group A,
3M controls (0.0) to 0.08 ppm) are similar to those reported
in the literature for normal human plasma/serum (0.01 to
0.13 ppm).***™'""'" The concentrations of organic Nucrine
in Group B, laboratory personnel (0.04 10 2.0 ppm) are
somewhat higher than those of Group A and the
concentrations of organic fluorine in Group C, plant

TABLE Il
Levels of Inorganic Fivoride and Organic Fluorine in Blood
Sera of Selected Groups of Employees

Organic Fluorine

Number of  Inorgenic Flvoride
Group Sampies ppm ppm
Anslyzed
Normal humen sers 0.0V - 0.7 0.01. 0.3
(reponed in pud-
lished literature).
A. 3M Controls, 4 0.04 - 0,08 0.01 - 0.08
B. Laboratory personnal,
over 20 vears aaposure. 8 0.01 - 0.07 0.04 - 2.00
. C. Chemicai Plant
workers, 49 0.01 - 0.08 1.00 - 71.00
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TABLE 11}

Lavels of Organic Fluorine in Blood Serum end Urine of s Worker
Removed from Exposure to Fluorochemicals

Duration of No Exposure
to Fluorochemicals

Organic Fiuorine
in Blood Serum,

Pertluorooctanoste
Eacroted in Urine,

1 week

2 weeks
2 months
3 months
5 momhsg
8 manths
11 moning
14 months
18 menins

pem 89/24 hra,
66 387

n 218

68 128

(13 175

58 160
45° 220
47 110
a8 B8O
38 -

*BO% of the organic flugrine was perflucrooctanoate ion.

workers, (1.0-71.0 ppm), are higher than those in the other
groups.

The highest levels were found in workers with the longest
work history in fluorochemical production. The majority of
the values have remained at about the same level during
monitoning over 3 two and one-half year period.

Throughout the years of service, these plant employces
were in situations with a potential for multiple chemical
exposures. There was considerable mobility of workers
within the chemical plant itself, as well as 1ransfer 10 and

‘rom other non-flucrochemical production areas on the
.;amt site. These circumstances make it difficult to define
precisely the duration of exposure of the subject to
fluorochemicals.

Onc group of i5 employees had a range of 1.0-10.5 ppm
organic fluorine in serum when their serum samples were
analyzed before changing to a job involving packaging the
dry fluorochemica) powder. In scven months, 11 of the
employces had sn increase in serum organic fuorine
concentration to a range of 2.2 10 18.] ppm. These levels
were approximately the same or somewhat lower when their
scra were agsin analyzed three months Jater.

The majonty of serum samples were analyzed solely for
organic fluorine and inorganic fluoride. When a method
becamc available, 8 sclected number of serum samples from
the workers engsged in the production of ammonium
perfluorooctanoste were analyzed for perfluorooctsnoic
acid. About 90% of the organic Nuorine in these serum
samples was composed of the perfluorocctanoate anion.

In the case of one worker, the organic fluorine in blood,
which was about 40 ppm over a onc year period, suddenly
rose 10 70 ppm for no apparent reason. The worker was then

moved to 2 plant location free of fluorochemical exposure
and his blood and urine samples were periodically analyzed
for organic fluorine and perflucrooctancate over several
months. The results presentedin Table 111 indicate a gradual
' wut siow return of the serum organic Nuorine levels toward

he carlier Jevel. Eighty percent of organic fiuorine in the 8th
month serum sample was found to be perflucrosctanoate
ion. These blood and urine values suggest that some
fuorochemicals are very siowly eliminated in humans.

b. Fluorine levels in air samples: There has been an
industrial hygiene program at the plant for a number of
years. When it was recognized that organic fluorine could be
found in the employees’ blood, the level of industrial hygiene
activity was increased.

Air sampling was’ conducted at points throughout the
various process steps. The samples were collected ia the
operator's breathing zone (OBZ samples) or in work areas
while the particular step was in progress (area samples). The
lattler was considered representative of aan operator's
exposure while in the area. Many of the samples were
collected during charging and draining sieps when exposure
levels were likely to de highest.

Table IV shows the four main stages and the process steps
in the producuon of ammonium perfluorooctancate, the
concentrations of perfluorooctanoic acid or its ammonium
saltinarea samples and in OBZ samples and the time spanof
sample collections. Stage 1 involves preparation and
isclation of perfluoroocianocic acid and its conversion 1o an
ammonium sah sjurry, Stage 11 involves conversion of the
salt slurry to a sait cake, Stage 11T involves drying the cake
and Stage 1V involves further processing and fina!
vackaeing of the ammonium sal.

Phase A in Table IV refers 1o the circumstances as the!
existed when the present studies were initiated. Durin
Phases B and C, new measures were introduced in Stages 11
111, and IV to minimize the levels of exposure t
fluorochemicals. No changes were made in Stage 1.

Phase A: Theconcentrations of fuorochiemicals in arc
samples and OBZ samples in Stage] were 0.03v00.5mg/r
and the concemrauon.s in OBZ samplesin Slag: 11 were 0.
to 1.04 mg/m’.

However, the ﬂuorochcmxcal levels in OBZ samplcs we
relatively higher, 3.50 mglm during drying in the ov
(Stage 111) and 3.27 mg/m’, during further processing »
packaging (Stage 1V). These operations entailed a !
enclosed procedure with more opponumly for expos
than in the previous stages.

Phase B: Because of the higher levels, attention »

focused on minimizing the exposures in Stages 111 and
By msaking appropriate modifications such 83 {a) replac
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I1ADLE »
Ammonium Saitin Air Dyring Varlous Stages of Production

Com;;ntuﬁom of Partluorcaectancic Acid and ity
’ Phase A Phete 8 Phese C
Stage snd "
Proceas Steps Time Conc. Time Cone. Time Conc.
in Proguctien  Sample Mina. mgsm’'  Sample Mins. mg/m'  Sample Mins. mg/m'
’ o] AP 13 081
(vl A 75 0.05 A 40 0.01
A 21 <0.07 A 37 .02
A 60 <0.05 A £S5 0.68
A 48 <0.07 A 55 0.03
A 30 <0.0% A 18 .14
A 60 <0.03 A 27 0.04
A average: 0.05 A &verage: 0.08°
(o] ¥4 12 0.34 (o] T4 6 <0.0%
(o] :F4 5 0.50 o8z 5 0.25
o8z ] 0.17 '
Jverage: 0.34 average: 0.13
1c) A 30 0.0¢
A 23 0.05
A 48 0.07
average: 0.08
oB2Z 28 Q.16
osz 25 0.03.
average. 0.10 .
u(a) A 80 1.10 A 60 0.06
A 325 1.50 A 60 0.08
() oB2 30 <0.03 oe2 a0 <0.03 )
OBZ 20 0.21
e} 082 28 1.04 oB2 21 0.40
’ 1d) oB2 20 0.18
" 082 59 3.90 oaz 1" 0.42 P " 0.20 i
W o8z 250 242
oB2 340 1.18
[o]: ¥4 129 2.30
(o] ¥4 212 0.30
0Bz 120 0.07
[o]-}4 223 2.5¢
08z 8s 7.60
c 08z 188 0.04
OBZ 370 0.33
(o] }4 180 .95 o8z a8 0.30
0Bz 123 0.40 082 49 087
082 45 c.o8 082z 30 0.54
oBz 285 3.27 average: 1.48 average: 0.47

A - Ares Sample

PL - Peak Level
* . excluding the 55 min, value of 0.68 mg/m’

OB2 - Operaitors dresthing 20ne sample

the tray drving in the oven with closed system drying, from and IV were reduced from 3.9 and 3.27 mg/m’ in Phasec A to

which point the salt could be passed through a grinder, .0.42 and 1.49 mg/m’ in Phase B, respectively.

directly into the packaging drums and (b) improving the Phase C: In Stage 11, Phases A and B, two successive
"ocal exhaust system, the Quorochemical levels in Stages 1) filtration steps were involved. Under Phase C, the first
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filration step was replaced by a more rapid filiration
process, which was also amenable 1o a better Jocal exhaust
system. As 3 result, it was possible 10 shonen the cxposure
..ime during the first filtration from 6-8 hours to 1-2 hours
nd also to reduce the level of fluorochemicals in the ares
samples from 1.1-1.5 t0 0.05-0.06 mg/m’.

Furiher, in Stage IV, Phase C, grinding was climinated
resulting in a lower mesn concentration, 0.67 mg/m’ in the
OBZ air samples compared to mean concentrations of 3.27
and 1.49 mg/ m’ in Phases A and B, respectively. The period
of exposure during Stage IV was also reduced from 6-8
hours in Phases A and B 1o 1-2 hours in Phase C.

Carcful examinstion of the daia in Table IV reveals
sporadic high values relative 1o other values in the same set
of samples (Phase B, Stage 1, 0.68 mg/m’, 55 min. area
sample; Phase B, Stage 1V, 7.60 mg/m’, 65 min. 0BZ
sample). However, the overall results doshow a decreaseIn
jevels of exposure to fluorochemicals as a result of the
process modifications described.

In addition to exposure by inhslation, exposure by
dermal absorption has been considered and measures have
been taken to reduce this type of exposure.

Additional modification and process changes arc under
continual review. The objectives of these changes arc better
containment of flucrochemicals and rcduced reliance on
personal protective devices. Until complete control of the
fluorochemical dust is achicved, the personal protection
program CORsISting of a dust respirator (3M Brand No.
$900), daily clean overalls and rubber gloves will continueto

e enforced.

c. Health evaluation: Beginning in late 1976, special health
screening examinations were offered on a voluntary basisto
employees in the chemical plant. About 300 employees have
been examined yearly over the three year period.
Approximately 90% of the plant workers panticipated in the
program cach year, although only 50% of the employees
100k part for three consecutive years. The examination
results were given to the employees and, st their requesy,
were sent to & physician of their choice. )

No heaith problems related to ecxposure to
fluorochemicals were encountered among these examined.

In any large scale clinical laboratory testing program such
as the present ope, difficultics invariably arise in assessing
the weight to be placed on those laboratory test results
which show minor excursions from the normal vajues. This
is especially true in the absence of clinical evidence of any
health impairment as is the case now. All deviations from
the normal values in the laboratory 1est results were
critically serutinized during our clinical assessment, and
were also evaluated statistically when possible. Occasional
variations from the normal in isolated liver enzyme tesis
were encountered. Detailed histories were again reviewed
with the employees about medication, slcohol consumption
and other personal habdits. The most frequently encountered
“iver cnzyme exceeding the normal range was the serum
;amma-glutamyl-transferase (SGGT) included for the first
time in our liver function profile. With its exquisite
sensitivity to alcohol consumption,''”* the SGGT was the

s

most difficull to evaluate. 1n a few instances, through
cpisodes unreleted to plant work, the elevated SGGT levels
were traceable e alcohol consumption. A consultang
hepatologist who examined the subjects concurred with our
conclusion that these minor deviations from the normal in
the liver function tests werc most likely unrelated 10 plant
work and are compatible with the individuals'
predisposition toward alcohol. Further a review of the
results of [aboratory tests performed on other plant workers
and on a large number of management personnel shows the
same general degree of variations {from the normal values as
in the case of fluorochemical production arca employees,
During the course of this three year monitoring program
there has been a general declinein the number of individuals
with “abnormal™ Jaboratery findings. This is possidly
attributable to the implementation of 3 conceried program
of medical concern and personal health care counselling and
10 improved personal habits of the employees»

No relationship was observed between the few test result
deviations (from normal) and the blood levels of organic
Rucrine. :

As was mentioned carlier, we have not detected any
discase patlern attributable or related to fluorochemical
exposure, Furthermore a review of absentecism and illness
patterns in these employees does not suggest any work
reiated prodblems.

d. Epidemiological siudies: A retrospeciive cohort
monality study of employees a1 this plant site, covering a
period of the past 30 years (1948-78), was conducied by an
independent group under 3IM sponsorship. The main
objective was to dctermine (8) whether the monrtality
experience of employees at the plant was significantly
different from that expected in a populstion group of the
‘same demographic composition and (b) whether the
mortality experience of the chemical workers of the plant
was significantly different from that expecied.

Records of 4218 employees at the plant site were screened
and a2 comprchensive mortality study was carried out on the
3688 employees who had worked at the plant for a1 Jeast six
months.

In this group, & total of 180 deaths were identified (159
males and 2] females) and death certificates for 177 of these
cases were traced. All efforis 1o locate the remaining 3 death
centificates were unsuccessful. The number of deaths among
femnales was too few 10 permit statistical evaluation. Results
of mortality analyses for the males indicated no
disagreement between the observed mortality and that
expected. This was true of all the various causes of death and
also of various specific causes of death due to cancer. In
addition, monality analyses for the chemical workers at the
plant revesled no disagreements between observed and
expected monality for any cause of death. = «

e. Other supportive studies (deroils in o seporaie
publicerion): Ammonium perfluorooctanoaie was
examined for mutagenic activity in microbial assays
employving Salmonella typhimurium surains TA-98, TA-
100, TA-153S, TA-1537 and TA-1538 and Saccharomyees
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e
czrevisiae strain D4, The compoungs were tested by two
laboratories with and without liver microsomal enzyme
- 4
preparations frem Aroclor - -induced rats. Ammonium

perfluorcoctanoate was not mutagenic under the test

conditions.
The toxic effects of ammonium pecrflugrcoctanoate

(LDsc: 540 mg/ kg, 7at) Were fairly consistentin rocents. The
liver was the target Organ. An apparent sex reiated
difference in toxicity was also cvident. The males developed
hepatotoxic cffects at Jower treatment levels than the
females and at comparable treatment levels the males had

more pronounced histopatholegic effects 1han the females.
Serum and liver concentrations of organic fluorine were
appreciably greaterin males thanin femq:s. These findings
have been corroborated in our laboratories by metabolism
caperiments in rats involving the use of C'*-labelled
ammonium perfluorooctanoate.

In the rhesus monkey, the major site of toxicity appeared
to be the reticuloendothelial system. The sex relsted
difference in the concentrations of organic fluotine inserum

and liver noted in the rodent studies was not evident in the

primate study.
Such species and sex differences in the toxicity of

ammonium perfluorooctanoale make cxtrapolation of
results of these studies to the human difficult.

conclusions
Organic fiuorine was found in the blood of workers exposed

10 industrial fluorochemicals. The levels of organic fluorine
in blood appear to be related 10 the degree and duration of
exposure. Although it is assurncd that high orgenic fluorine
levels in the blood are 8 result of high conceniration of
airborne fluorochemicals, the contribution from dermal
absorption may also be significant.

Limited data from the study of one individual who was
remeoved from exposure 1o industnal fluorochemicals
suggest that some fluorochemicals are very slowly
eliminated from the body. |

Medical ¢xamination of exposed workers and 2
retrospective epidemiologic monality study of the plant
employees indicate that there are no ill health effects
attributzble to fluorochemical exposure.

Jn vitro mutagenicity testing has shown that
perfluorooctanoic acid is nonmutagenic.

Cenain specics and sex-relsted differences were found in
animal toxicity studics, which make extrapolation of results
of such studies to the human difficult. This observation
cmphasizes the imponance of the information on humans,
such as that presented in this paper.
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