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Mortality experience in a polyamide-polyester factory
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Claire Lise Freyssinet, MD,? Pierre Quelin, MD,2 Jacques Fabry, MD'

HOURS M, BERTHOLON 1J, ESTEVE J, CARDIS E, FREYSSINET CL, QUELIN P, FABRY J.
Mortality experience in a polyamide-polyester factory. Scand J Work Environ Health 12 (1986) 455-—460.
Chemical workers have become increasingly concerned about the presence of carcinogens in their occupa-
tional environment. As a result, a number of studies of excess cancer mortality have been undertaken
in groups of workers with well-characterized exposures. This paper reports the results of one such study
carried out in a polyamide-polyester factory in France. A retrospective cohort design was chosen to evaluate
the effect of exposure to phthalates, nickel catalyzers, and other chemicals in the work environment. Only
a slight excess of cancers, marginally related to exposure category yet not significantly related to length
of exposure, was found. The cohort, however, was young but stable, and a continued follow-up is there-
fore both feasible and justifiable, since it is likely to yield important information about the potential hazards

associated with the tergal polymer industry.
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In 1981—1982 a mortality study was undertaken in a
chemical factory near Lyon, France. Its aim was to
investigate a potential excess of deaths from cancers
of various sites among the employees of the factory.

The study was motivated by concern, expressed to
the medical service of the factory by the staff repre-
sentatives, about an apparently high number of
malignant tumors among the personnel. Because of the
widespread use of nickel (4, 6, 14) as a catalyzer in the
factory and because of suspicions about the possible
carcinogenic effect of phthalates (8), also present in
the factory, a preliminary analysis was undertaken
comparing the distribution of cancer deaths, as avail-
able from the medical service, to that in the general
population. The results of a proportional mortality
analysis confirmed the potential existence of an excess
risk, particularly for cancers of the pharynx, pancreas,
and lung. This approach has well known limitations;
a full retrospective cohort study was therefore under-
taken in order to evaluate the excess more precisely.
The cohort study was carried out jointly by the Medical
Service of the Rhéne-Poulenc Society and the Institute
of Social Medicine of the Claude-Bernard University
in Lyon.

This article presents the results from the first analysis
of mortality in the cohort, followed to the end of 1981.

Institut de Médecine sociale, Université LYON I (Member
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Hopital Lyon-Sud, F-69310 Pierre Bénite, France.
Rhéne Poulenc, Chimie de Base, Belle Etoile, F-69190 Saint-
Fons, France.

International Agency for Research on Cancer, Unit of
Biostatistics and Field Studies, 150 cours Albert-Thomas,
F-69372 Lyon Cédex 08, France.

8

w

Reprint requests to: Dr M Hours, Institut de Médecine sociale,
Université Lyon I, Hépital Lyon-Sud, Bat 1G, F-69310 Pierre
Bénite, France.

2

Description of the factory

The Belle-Etoile plant is located in the southern
suburbs of Lyon. It is part of the Rhone-Poulenc
group, a leading French chemical company. The plant
employs an average of 1 900 workers. There is round-
the-clock production with 50 % of the personnel work-
ing the day shift. The activities are divided into pro-
duction, maintenance, and analysis and control.

The plant was built in 1950. It became fully opera-
tional in 1962. A total of 3 837 workers has been
employed since then (3 679 men and 158 women). The
production is highly specialized comprising polyamide
(51 000 t/year) and polyester (55 000 t/year) for the
textile industry and plastic substances. It is suspected
that numerous potentially hazardous substances (am-
monia, adipic acid, hexamethylene diamine, titanium
oxide, Raney nickel, manganese and cobalt salts,
terephthalic acid, paraxylene and ethylene glycol) have
at one time been present in the occupational environ-
ment.

Environmental protection measures have recently
been carried out. There has been considerable auto-
mation of the manufacturing processes since 1965. The
safety of some processes has, among other things, been
improved by the setting up of control rooms outside
the production areas.

The workforce of this plant is very stable in that
59.3 % of the employees has worked only in one
production area and 26 % only in two.

Methods

The physician in charge of the medical service directly
supervised the collection of job information (dates,
production area, hours worked) and the ascertainment
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Figure 1. Summary of the follow-up.

of vital status. The information was obtained from
factory records, as well as, for vital status, from
records of the employee pension fund or, when nec-
essary, municipal records at the birthplace.

The cohort included 3 095 men employed for more
than one year in at least one area of the plant. Figure
1 is a summary of their follow-up. Women (N = 158)
were excluded from the cohort because of their insuf-
ficient number. Also excluded were 586 men who were
not employed more than one year in any area of the
plant in an attempt to avoid a potential selection bias
and because the little amount of information that
might be gained through their inclusion did not justify
the cost of obtaining it. (The majority of those ex-
cluded were transferred within the Rhdne-Poulenc
group during its reorganization in 1981.)

In France, researchers are not allowed access to
death certificates. For this study, therefore, cause of
death had to be obtained elsewhere, ie, from the per-
sonnel files of the medical service in the factory, from
pension (81.2 % of the known causes of death ob-
tained) or hospital records, or from the treating physi-
cians (10.8 %) or next of kin (8 %). The causes thus
identified were then coded following the rules and
nosology of the ninth revision of the International
Classification of Diseases (ICD) (17, 18, 19, 20).

The statistical analysis involved comparing mortality
observed in the cohort with that, age- and calendar-
year-standardized, expected in the French male popu-
lation. Mortality rates for French men were obtained
from the data banks of the World Health Organization
and the French Natjonal Institute of Health and
Medical Research (INSERM). Computations of
person-years of follow-up and expected number of
deaths were carried out using the classical modified life-
table analysis approach (5).

The standardized mortality ratio (SMR) was used
as a measure of deviation between the observed and
expected number of deaths. The significance, and a
95 % confidence interval (95 % CI) for that estimate,
were derived based on the assumption of a Poisson
distribution of the number of deaths.

For a more refined analysis, in lieu of actual expo-
sure categories, employees were classified as working
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in one of the following: (i) administration, (ii) nylon
manufacture, (iii) tergal manufacture, or (iv) mainte-
nance and central laboratory.

A fifth category, ‘‘mobile workers,”” was also
created and defined as those employees who worked
in more than one of the other four categories. For
analysis purposes, workers entered this category only
when they started their second job. In this process first
jobs with less than one year’s duration were ignored.
Note that most of the ‘‘mobile workers’’ were employ-
ees promoted from production to maintenance or to
the central laboratory.

The distinctions between categories 1 through 4 were
established because the workers in these areas had
rather different exposures. The administration workers
represent, most likely, an unexposed population;
therefore a worker who worked both in administration
and in, say, nylon production, was classified as a nylon
worker rather than as a mobile worker, at least until
the beginning of his next job.

The nylon workers were either employed in the pro-
duction of nylon salt, which began in 1952, or in that
of the polymer nylon 6—6, which began in 1958. They
were also exposed to Raney nickel (9), used as a cata-
lyzer.

The tergal workers were employed in the production
or polymerization of dimethylterephthalate, which
began in 1956. The carcinogenicity of this chemical has
never been tested, although some related compounds
are thought to be carcinogenic (10, 11).

The fourth subcohort comprised skilled workers
employed in all sections of the plant for the mainte-
nance of various machines, as well as employees in the
central laboratories. Both of these groups may have
been exposed to all the aforementioned chemicals.

The SMR values for different causes of death were
calculated for the five employment categories as a de-
scriptive analysis of the differential risks between
categories. The very small number of deaths observed
for all sites of cancer, except lung, did not warrant
more refined analyses. The statistical analysis was
performed on data from the 3 087 individuals who
spent at least one year in one of the exposure categories
and whose exposure history was complete.



Length of employment in the five exposure catego-
ries was compared for the 26 lung cancer cases ob-
served and up to 30 referents chosen at random from
the members of the cohort born in the same period
(£ 2 years) and alive at the time of death of the case.
A test for association between lung cancer risk and
duration of exposure was performed using the condi-
tional logistic regression (3).

Results

The main characteristics of the 3 095 employees in the
cohort are presented in table 1. Most of the employees
were French. They formed a stable workforce, with an
average of 14.6 work years in the factory. Eighty-three
percent of the employees was hired between 1950 and
1964. Fewer than half of the individuals in the cohort
were over 30 years old at the time of hiring. Therefore
90.6 % of the cohort was still alive at the end of the
study period. Of the remainder, 9 % was dead, and
only 0.4 % was lost to follow-up. The circumstances
of death were known for all but 8.5 % of the dead
subjects.

The age and calendar-period distribution of person-
years of observation, a total of 56 817, is shown in
table 2. It should be noted that 90 % of the person-
years were accumulated in the age range of 15 to 54
years.

Mortality by specific cause is given in table 3. Total
mortality was lower in the cohort than in the reference
population (SMR 80), primarily due to a deficit of
deaths in the following categories: accidents and violent
deaths, cardiovascular disease, diseases of the nervous
system, nonmalignant respiratory diseases and infec-
tious diseases, endocrine and metabolic diseases, and
diseases of the digestive tract. Of the last category, it

for lung (ICD-9 162) with 26 cases and an SMR of
148.6. The lung cancer excess was further analyzed by
exposure category.

The observed and expected numbers of deaths from
various causes are presented in table 4 by exposure
category. Factory workers tend to be healthier than
the general population; the SMR values for all causes
of death were therefore not unexpectedly low. The
SMR of the fifth group, that of mobile workers, was
the lowest,

Cancer mortality was in excess for nylon and tergal
workers. The excess was statistically significant.
Significant excesses were observed for skin, larynx,
lung cancer, and other malignant neoplasms. For other
malignant neoplasms the excess was restricted to nylon
workers. For skin cancer, the excess was observed for
both tergal (one squamous cell epithelioma) and nylon
(two melanomas) workers. There were only three cases,
however, and conclusions about exposures associated
with this disease would be premature.

Table 5 shows the distribution of deaths from
cancers of sites that have been investigated in studies
of the chemical industry (1, 13, 15, 16), but for which
an SMR analysis was not performed because of the
coding of general mortality data following the sixth
and seventh revisions of the ICD for the years 1950—
1968 (17, 18). For cancer of the larynx the excess was
observed for tergal and maintenance workers. It was
statistically significant for the tergal workers. For
cancer of the lung the excess was observed for tergal,
maintenance, and mobile workers. It was statistically
significant for the maintenance workers. It is interest-

Table 1. Characteristics of the study population.

X . 4 Characteristic Number %

should be noted that deaths from cirrhosis of the liver
were observed at their expected level. Nationality

The number of deaths from cancer (all sites), gﬁr;?h 3 ogg gg_g
howeve.r, was slightly higher than expected. .Ba:ge.d 0N age at hire (years)
a one-sided test, the observed excess was significant <29 1564 50.5
at the 0.05 level. As can be seen in table 3, excesses 30—39 969 313
were observed for the following sites: esophagus, Datez ?iire 562 18.2
intestine, rectum, larynx, lung, skin, prostate, and 1950—1954 401 13.0
other malignant neoplasms. The excess was statistically 1955—1959 798 25.8
significant at the 0.05 level only for skin (ICD-9 2\??3_1;824 1 g}g ‘1%?
172—173) with three cases and an SMR of 368.7 and ;
Table 2. Distribution of the 56 806 person-years of observation.
Age Observation period
group
(years) 1950—1954 1955—1959 1960— 1964 1965—1969 1970—1974 1975—1981 Total
15—34 224 1740 4 491 5159 2 856 1320 15790
35—54 137 1047 3 556 6 946 9507 14 038 35 231
55—74 17 69 167 545 1201 3723 5722

>75 - — — 1 14 48 63
Total 378 2 856 8214 12 651 13578 19129 56 806
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Table 3. Mortality among workers of the “Belle Etoile” factory by specific cause for 1950 to 1981. (SMR = standardized mor-

tality ratio)
95 % One-sided
Cause onbusrﬁggf E:S;‘ggf SMR confidence Poisson
interval p-value
Infectious diseases (010.0—139.8) 2 9.08 220 27— 796 0.99
Cancers (140.0—208.9) 105 85.53 122.8 100.4—148.6 0.02
Oral cavity and pharynx
(140.0—149.9) 8 9.21 86.9 37.5—171.2 0.70
Esophagus {150.0—150.9) 9 7.49 120.2 54.9—228.1 0.34
Stomach (151.0—151.9) 5 5.67 88.2 28.6—205.8 0.67
Intestine (152.0—153.9) 5 4.44 1126 36.6—262.8 0.45
Rectum (154.0—154.9) 4 2.41 165.8 45.2—425.0 0.22
Larynx (161.0—161.9) 10 7.21 138.6 66.5—255.1 0.19
Lung (162.0—162.9) 26 17.49 148.6 97.1—217.8 0.03
Skin (172.0—173.9) 3 0.81 368.7 76.0—107.7 0.05
Prostate (185.0—185.9) 2 1.96 102.2 12.4—368.6 0.58
Malignant neoplasm of lymphatic
and hematopoietic tissue
(200.0—208.9) 3 6.06 49.5 10.2—144.7 0.94
Other malignant neoplasms
(155.0—160.9, 163.0—165.9,
170.0—171.9, 175.0—175.9,
186.0—193.9, 199.0—199.9) 28 22.75 1231 81.8—177.9 0.16
Endocrine and metabolic diseases
(240.0—279.9) 1 5.51 18.2 0.5—101.1 0.99
Mental disorders (290.0—389.9) 4 17.88 22.4 6.1— 57.3 1.00
Diseases of the circulatory system
(390.0—450.9) 58 7252 80.0 60.7—103.4 0.96
Diseases of the respiratory system
(460.0—519.9) 5 14.0 357 11.6— 83.3 0.99
Diseases of the digestive system
(520.0—579.9) 25 36.34 68.8 44.5—101.6 0.98
Cirrhosis (571.0—571.9) 19 19.43 97.8 58.9—152.7 0.57
Diseases of the genitourinary
system (580.0—611.9) 3 3.42 87.6 18.1—256.4 0.66
Accidents (800.0—999.9) 44 66.52 66.1 48.1— 88.8 0.99
Unknown causes (780.0—799.9) 23 21.43 107.3 68.0—161.0 0.36
All causes 271 338.15 80.1 70.9— 90.3 1.0

a Code of the International Classification of Diseases, ninth revision, in parentheses.

ing to note that all three categories, tergal, maintenance
and mobile, might well have had similar, if not all well
characterized, exposures. All four persons with lung
cancer in the mobile worker group worked in tergal
production. One could therefore define a “‘tergal work
environment’’ category regrouping tergal, mobile, and
maintenance workers.

In this “tergal work environment”’ category 15 lung
and 6 laryngeal cancers were observed where only 8.2
and 3.5, respectively, were expected. The SMR then
becomes 182.9 (95 % CI 102.4—301.7) for lung can-
cer and 171 (95 % CI 62.9—373.1) for larynx.

A comparison of the exposure characteristics of the
cases and the referents (described in the Methods sec-
tion), in order to assess a potential excess risk of lung
cancer associated with the tergal work environment,
revealed that cases were employed an average of 1.11
years longer than the referents in the tergal produc-
tion unit. However, eight cases were exposed longer
in this unit than their corresponding referents, 14 were
less exposed, and for four neither the case nor the
referent was exposed. A test of trend for the associa-
tion between lung cancer risk and duration of employ-
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ment in the tergal production unit was not significant
(standardized slope = 1.03, p = 0.30).

In an attempt to assess the possible existence of a
risk which could have been present in the past and dis-
appeared with the evolution of technology and the
introduction of new processes, mortality by hiring
period was considered. The excess of lung cancers
seems confined to the individuals hired in 1950—1954
when the factory was set up (9 observed versus 4.5 ex-
pected) and in 1960—1965 when a large number of in-
dividuals was hired because of a major increase in
tergal production (11 observed versus 6.1 expected).
Neither excess, however, was significant. The excess
of cancers of all sites was also slightly higher for
employees hired between 1960 and 1965 (46 observed
versus 29.9 expected). It should be noted, however,
that no association of risk with time since beginning
of exposure was found.

Discussion

The employees of the “‘Belle-Etoile’” chemical plant
constitute a stable workforce. The quality of the



factory’s records of employment and death is good.
Biases in the follow-up are therefore unlikely.

A potential source of bias is due to cause of death
ascertainment. In France, death certificates are used
to compile published mortality statistics but are not
available to researchers. For the study, cause of death
was therefore obtained from the physician some time
after the death occurred, and it is possible that it differs
from that written on the death certificate. The authors
believe, however, that this bias is negligible.

As for the workers who were lost to follow-up, it
should be noted that they were few and that un-
traceability is generally due to an error in the civil
status, as available in the factory records, which
prevents identification in the municipality of birth.

The number of deaths for which cause is unknown
was acceptable and comparable to that in the general
population (SMR 106). This result tends to confirm
the quality of the mortality data collected.

The usual peculiarities of industrial cohort studies,
in particular the healthy worker effect (12), can be seen
operating in this cohort in that mortality was lower
than in the reference population. This occurrence is
usually due to a selective hiring of healthy employees
in industrial environments. The effect was particularly
visible among the mobile and maintenance workers and
might be explained by the strict selection, both at hiring
and during employment, which these workers under-
went (2, 7).

The fact that cancer mortality was close, if not
slightly higher, to that of the general population con-
firms the hypothesis that the mortality deficit observed
in this cohort was a healthy worker effect. Logically,
such an effect is not expected for cancer mortality.

For most sites of cancer, the number of deaths was
very small. The risk of lung and skin cancer, however,
appeared to be slightly elevated. Since there were
only three deaths from skin cancer, any conclusion is
premature.

Both the nylon and tergal workers had a statistically
significant elevated risk of cancer. Tergal workers
seemed to be at high risk of cancer of the lung and
larynx, whereas nylon workers were at high risk of
cancer of the skin (two cases) and ‘‘other’’ malignant
neoplasms (brain, pancreas, bladder, urinary tract,
liver, and gall bladder). An interesting result of this
analysis is that maintenance and perhaps mobile work-
ers were also at an elevated risk for lung and laryngeal
cancer. An appealing explanation of this phenomenon
is that of a common tergal exposure.

The small number of cases of laryngeal cancer does
not warrant any further analyses. For lung cancer, an
analysis by length of employment did not confirm a
causal effect of tergal exposure. In addition the number
of lung cancer cases was small, and the exposures were
only crudely described by the job categorization.
Nevertheless a causal effect cannot be dismissed.

The lack of specificity of the exposure category
definition also precludes any conclusions about tobac-
co. Intuitively, the observed risk could be due to
smoking, since it is well known that factory workers
tend to smoke more than the general population.
However, it is difficult a priori to explain the observed
differences in risk between nylon and tergal produc-

Table 4. Mortality from selected causes of death according
to exposure category. (O = observed number, E = expected
number, SMR = standardized mortality ratio)

Cause of death o E SMR2

All tumors
Nylon workers 44 30.34 145.0 (0.01)
Tergal workers 24 16.25 147.7 (0.04)
Maintenance workers 7 8.18 85.6
Mobile workers 14 15.54 90.1
Unexposed workers 16 30.34 105.2

Lung cancer
Nylon workers 7 6.17 113.4
Tergal workers 6 3.29 182.4
Maintenance workers 5 1.65 303.3 (0.03)
Mobile workers 4 3.28 121.9
Unexposed workers 4 3.09 129.2

Larynx cancer
Nylon workers 3 2.59 116.0
Tergal workers 4 1.40 285.4 (0.05)
Maintenance workers 1 0.68 147.0
Mobile workers 1 1.38 72.5
Unexposed workers 1 1.16 86.0

Other malignant neoplasms®
Nylon workers 15 8.10 185.1 (0.02)
Tergal workers 4 4.36 91.7
Maintenance workers — 2.18 0
Mobile workers 4 4.07 98.1
Unexposed workers 5 4.02 124.5

Skin cancer
Nylon workers 2 0.29 680.1 (0.04)
Tergal workers 1 0.16 611.6 (0.15)
Maintenance workers — 0.08 0
Mobile workers — 0.15 0
Unexposed workers — 0.13 0

All causes
Nylon workers 104 122.63 84.8
Tergal workers 53 66.72 79.4
Maintenance workers 25 33.15 75.4
Mobile workers 36 57.06 63.1
Unexposed workers 53 58.53 90.6

2 One-sided p-value in parentheses.
b See table 3 for a definition according to the code of the In-
ternational Classification of Diseases, ninth revision.

Table 5. Distribution of other cancer sites of interest by exposure group.

Brain Bladder Urinary Liver, gall- Pancreatic
Exposure group cancer cancer tract cancer bladder cancer cancer
Nylon workers 2 2 1 2 3
Tergal workers 1 — — — —
Maintenance workers — — — — —
Mobile workers —_ — 1 1 —
Unexposed workers — — 1 — 2
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tion workers by a difference in smoking habits. Once
again, the number of cases was small and any conclu-
sion potentially misleading. Incidentally, the SMR for
lung cancer in the Rhone administrative region of
France, where the plant is located, is 112.

In conclusion, this study reveals a slightly increased
risk of cancer in the nylon and tergal industry. The
power of the study to detect any increase was small
because of the relatively young age of the cohort.
But the workforce is stable, and the exposures are
presumably restricted to two well-identified groups of
compounds. A continued follow-up of this cohort of
chemical workers is therefore advisable, especially in
order to gain more insight into the potential risk
associated with the tergal work environment.
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