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Abstract
Objectives—To determine the cancer spe-
cific mortality by work area among active
and retired male workers in the German
rubber industry.
Methods—A cohort of 11 663 male Ger-
man workers was followed up for mortality
from 1 January 1981 to 31 December 1991.
Cohort members were classified as active
(n=7536) or retired (n=4127) as of 1
January 1981 and had been employed for at
least one year in one of five study plants
producing tyres or technical rubber goods.
Work histories were reconstructed with
routinely documented “cost centre codes”
which were classified into six categories: I
preparation of materials; II production of
technical rubber goods; III production of
tyres; IV storage and dispatch; V mainte-
nance; and VI others. Standardised
mortality ratios (SMRs) adjusted for age
and calendar year and 95% confidence
intervals (95% CIs), stratified by work area
(employment in respective work area for at
least one year) and time related variables
(year of hire, lagged years of employment
in work area), were calculated from na-
tional reference rates.
Results—SMRs for laryngeal cancer were
highest in work area I (SMR 253; 95% CI
93 to 551) and were significant among
workers who were employed for >10 years
in this work area (SMR 330; 95% CI 107 to
779). Increased mortality rates from lung
cancer were identified in work areas I
(SMR 162; 95% CI 129 to 202), II (SMR
134; 95% CI 109 to 163), and V (SMR 131;
95% CI 102 to 167). Mortality from pleural
cancer was increased in all six work areas,
and significant excesses were found in
work areas I (SMR 448; 95% CI 122 to
1146), II (SMR 505; 95% CI 202 to 1040),
and V (SMR 554; 95% CI 179 to 1290).
Conclusion—A causal relation between
the excess of pleural cancer and exposure
to asbestos among rubber workers is plau-
sible and likely. In this study, the pattern
of excess of lung cancer parallels the
pattern of excess of pleural cancer. This
points to asbestos as one risk factor for the
excess deaths from lung cancer among
rubber workers. The study provides fur-
ther evidence for an increased mortality
from laryngeal cancer among workers in
the rubber industry, particularly in work
area I.

(Occup Environ Med 1998;55:317–324)
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Excess cancer risks in the rubber industry were
first noted in a report of the British Registrar
General in 1924,1 but systematic epidemiologi-
cal investigations were not started before the
second half of this century. In 1982, and
updated in 1987, an International Agency for
Research on Cancer (IARC) working group
reviewed the evidence for cancer risks in the
rubber industry and concluded that there was
suYcient evidence for excess occurrence of
cancer of the bladder, lung, stomach and
leukaemia and limited evidence for excess
occurrence of lymphoma as well as cancer of
the skin, colon, and prostate.2 3

Many agents occurring in the work environ-
ment in the rubber industry have been shown to
be mutagens and carcinogens. However, it has
generally not been possible to identify specific
carcinogens which are responsible for the
observed excess occurrences of malignant neo-
plasms among workers in the rubber manufac-
turing industry. Two exceptions are bladder
cancer, which has been associated with exposure
to aromatic amines (especially â-naphthylamine
and perhaps benzidine), and leukaemia, which
has been associated with exposure to solvents
(especially benzene). However, the postulated
exclusive link of bladder cancer to exposure to
â-naphthylamine may be questioned by recent
results that indicate an excess of deaths from
bladder cancer among workers who were not
exposed to â-naphthylamine or workers who

Table 1 Classification of work areas by stage and type of
the production process

Description of the work area Work area

Preparation of materials: I
Raw material handling, weighing
Mixing
Milling, extruding and calendering
Tyre recycling

Production of technical rubber goods: II
Production of tyres: III
Component assembly
Curing, vulcanisation, inspection, and finishing
Inner tubes
Various

Storage and dispatch: IV
Storage: tyres
Storage: technical rubber goods
Dispatch

Maintenance and general service: V
Maintenance
General service (transport etc)

Others (power plant etc): VI
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were first hired in the 1960s and not substan-
tially exposed to â-naphthylamine. Studies pub-
lished since 1982 also could not provide further
evidence of causal associations between other
cancer sites and specific workplace characteris-
tics in the rubber industry.
Recently, we reported the excess mortality

from cancer of several sites among a historical
cohort of men employed in the German rubber
industry.4 The objectives of the present study
are to examine the relation between mortality
from specific cancers and characteristics of the
work environment, taking several time related
factors—such as year of hire and years of
employment in specific work areas—into ac-
count. The results for respiratory cancers are
reported in the first part of this report, and our
findings on non-respiratory cancers which had
previously been associated with the rubber
industry are presented in part II.

Methods
COHORT DEFINITION AND FOLLOW UP

The cohort definition and follow up, including
the assessment of vital status and cause of
death, have previously been described in detail4

and are only briefly summarised here. The
cohort included all male German blue collar
workers at five study plants who were alive and
actively employed or retired on 1 January 1981.
Follow up of individual cohort members
started on 1 January 1981 but not before com-
pletion of one year of employment, and ended
at the age of 85 years, at death, date of loss to
follow up, or the end of the follow up period, 31
December 1991.
Health insurance data and personnel files of

the participating plants as well as German
population registries were used to determine
the vital status at the end of the observation

period. For all cohort members reported to
have died, death certificates were requested
from the respective community health depart-
ments. To assure comparability of coded
underlying causes of death with the reference
population, death certificates were coded by
four professional nosologists from the State
Institute of Statistics of North-Rhine/
Westphalia according to the ninth revision of
the International Classification of Diseases,
Injuries, and Deaths (ICD-9).5

EXPOSURE CLASSIFICATION

Complete individual work histories within the
rubber companies were reconstructed with
routinely documented and archived cost centre
codes (Kostenstellen). The schemes of cost
centre codes are company specific and have
changed over time; thus a complete reconstruc-
tion of all cost centre codes for each of the five
study plants was required for the whole period
covered by the collective work experience of
the cohort members. Originally, these codes
were generated for accounting purposes, but
they allow assignment of employment periods
to specific work areas. They do, however,
provide no information about specific jobs or
tasks within work areas.
For active employees information on cost

centre codes was obtained from employer per-
sonnel files. For retirees and employees with
missing information in these electronic files,
individual work histories were abstracted from
paper records. For a small proportion of people
with missing information on the exact time of
change between work areas, the midpoint
between start of work in the first and end of
work in the second work area was used.
All cost centre codes were classified into six

work areas (table 1). There were several
reasons for this categorisation. Firstly, a
categorisation according to type and stage of
the manufacturing process allowed for analyses
of the entire cohort across the five study plants.
Secondly, this classification dates back to early
epidemiological studies of cancer risks in the
rubber industry, which presented analyses
stratified by department1 or depicted graphi-
cally the number of cases of bladder cancer by
department.6 This classification scheme was
largely adopted by subsequent epidemiological

Table 2 Distribution of person-years by age at risk and work areas (I–VI)

Preparation
of materials
(I)

Technical
rubber goods
(II)

Tyres
(III)

Storage
dispatch
(IV)

Maintenance
(V)

Others
(VI)

Age at risk:
<39 1944 4520 1701 545 3703 761
40–49 3519 8519 5664 1031 6327 1756
50–59 7834 14696 10797 2617 8768 4116
60–69 7062 10877 7611 2330 7043 4309
>70 5047 6589 4659 1683 4883 3780

Total 25406 45201 30432 8206 30724 14722

Figure 1 Distribution of cohort members (n=11633) by work area and year of hire.
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studies of rubber workers. In our analysis we
grouped the work areas to be compatible with
exposure categories used in the IARC
evaluation3 and epidemiological studies pub-
lished since 1982. Some of the nine categories
which were used in the IARC evaluation were
grouped together to allow consistent presenta-
tion of all outcomes of interest, while achieving
suYcient statistical power for rare cancers.
Therefore our categorisation of work areas is
comparable with previously published studies,
including those that were restricted to either
the tyre or the technical rubber goods sector.
Finally, results of industrial hygiene surveys
within the rubber industry are often reported
by these categories of work areas.7–10 Our study
results may therefore be related to exposure
measurements specific to discrete work areas.

DATA ANALYSIS

The mortality experience of the cohort was
compared with the mortality of the general
population with analyses of standardised
mortality ratios (SMRs). The population of
former West Germany was used as the
reference, because the participating plants were
in three diVerent states of former West
Germany. The National Institute of Statistics
provided data on the number of residents by
calendar year, five year age group, nationality
(German v non-German) and sex, as well as
the number of respective deaths by ICD-9 cat-
egories. All SMRs were standardised for calen-
dar year and five year age group. Person-years
at risk were calculated for each cohort member
and summed across all people in each stratum
of interest (calendar year, age group, work area,
year of hire). The respective stratum specific
rates from the reference population of men
with German nationality were multiplied by
these person-year weights to obtain the ex-
pected number of deaths with the statistical
software programme SAS 6.11. The SMRs
were calculated by dividing the observed
number of deaths from specific causes by the
expected number.
For causes with at least five expected deaths,

approximate 95% confidence intervals (95%
CIs) were constructed.11 For causes for which
less than five deaths were expected and for
which the observed number of deaths was at

least two, 95% CIs were constructed with an
exact method11; 95% CIs were not reported for
causes with one or no observed death.
Mortality from respiratory cancers was ana-
lysed separately for laryngeal cancer (ICD-9
161), lung cancer (ICD-9 162), and pleural
cancer (ICD-9 163). The SMRs were stratified
by year of hire and duration of employment in
specific work areas.Workers were stratified into
categories of cumulative duration of employ-
ment in respective work areas, implying that
workers may appear in more than one work
area. Years of employment in work areas were
lagged based on empirical knowledge of
minimal latency periods—10 years for laryn-
geal and lung cancer and 20 years for pleural
mesothelioma.12 13

Results
COHORT CHARACTERISTICS

Vital status at the end of follow up was known
for 99.7% of the 11 663 cohort members, and
causes of death were determined for 96.8 % of
the 2719 already dead. Table 2 shows the
distribution of person-years by age at risk and
work area.Work histories within the companies
were obtained for 99.7% of the cohort
members. Across all work areas about 40%–
50% of the person-years were among age
groups >60 years. With the exception of work
areas IV and VI, the results are based on about
25 000–45 000 person-years (table 2).
All cohort members were hired between

1911 and 1981 and more than 75% of all
cohort members were hired after 1950. Within
all work areas the cohort members are similarly
distributed across the three categories of year
of hire (fig 1). The distribution of cohort mem-
bers by years of employment indicates that in
work areas I to V the number of workers in the
high exposure category (employed >10 years
in the respective work area) exceeds the
number of workers who were employed
between one and 10 years in the respective
work areas (fig 2). In the total cohort the all
cause mortality (SMR 108; 95% CI 104 to
112) and the all cancer mortality (SMR 111;
95% CI 103 to 119) were slightly increased.

Figure 2 Distribution of cohort members (n=11633) by years of employment in work area.
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MORTALITY FROM LARYNGEAL CANCER

A small and statistically non-significant in-
crease in mortality from laryngeal cancer (13
deaths, SMR 129; 95% CI 69 to 221) was
observed among the entire cohort.4 The
highest point estimate for the SMR was seen
among workers in work area I (SMR 253; 95%
CI 93 to 551, table 3). Further stratification by
years of employment and year of hire showed a
significant excess risk in employees who had
worked >10 years in work area I, and among
those hired after 1960. Non-significant in-
creased risks were also seen in work area III
(year of hire before 1950, and one to nine years
of employment) and in work area V (>10 years
of employment, year of hire before 1950). No
deaths from laryngeal cancer were recorded
among workers who had worked more than
one year in work area IV. However, only 0.7
deaths were expected among the workers
employed in this work area.

MORTALITY FROM LUNG CANCER

Mortality from lung cancer was increased
among the entire cohort (257 deaths, SMR
130; 95% CI 115 to 147). After stratification
by work area we found significantly increased
risks in work areas I, II, and V, and an increase
of borderline significance in work area III

(SMR 127; 95% CI 99 to 161). The highest
point estimate occurred in work area I. Further
stratifications by year of hire or by years of
employment in this work area show signifi-
cantly increased occurrence of lung cancer
among workers employed before 1960 and
increased risks in both strata of duration of
employment. In work areas II and V signifi-
cantly increased risks were found among work-
ers hired after 1960 and among those with an
employment duration of one to nine years
(table 4).

MORTALITY FROM PLEURAL CANCER

The highest relative risk for any cause of death
among our cohort was found for mortality
from pleural cancer (17 deaths, SMR 401; 95%
CI 234 to 642). Analyses by work area show
that mortality was increased in all six work
areas; a significant increase was found in work
areas I, II, and V. The highest point estimates
were found among workers with >10 years of
employment in work areas I or V. Most of the
excess deaths occurred among workers hired
before 1960 (table 5).

Discussion
The cohort was restricted to workers who were
alive and active or retired on 1 January 1981.

Table 3 Cancer of the larynx (ICD-161): number of observed deaths, and SMRs (95% CIs) among male German
rubber workers (n=11663) between 1981 and 1991 by work area (I–VI), year of hire, and years of employment in work
area (lagged 10 y)

Preparation of materials (I) Technical rubber goods (II) Tyres (III)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

Year of hire:
>1960 3 534 (110 to 1558) 1 112 — 0 0 —
1950–1959 2 186 (23 to 673) 2 110 (13 to 398) 1 84 —
<1950 1 111 — 2 155 (19 to 559) 3 294 (61 to 859)

Years of employment in work area:
1–9 1 116 — 3 228 (47 to 666) 3 424 (87 to 1238)
>10 5 330 (107 to 769) 1 41 — 1 49 —

Total (>1 y) 6 253 (93 to 551) 4 106 (29 to 271) 4 146 (40 to 373)

Table 4 Cancer of the lung (ICD-162): number of observed deaths, and SMRs (95% CIs) among male German rubber
workers (n=11663) between 1981 and 1991 by work area (I–VI), year of hire, and years of employment in work area
(lagged 10 y)

Preparation of materials (I) Technical rubber goods (II) Tyres (III)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

Year of hire:
>1960 15 153 (86 to 253) 26 179 (117 to 262) 13 135 (72 to 231)
1950–1959 35 165 (115 to 229) 42 125 (90 to 169) 25 115 (74 to 169)
<1950 32 155 (106 to 218) 37 128 (90 to 176) 31 133 (90 to 188)

Years of employment in work area:
1–9 30 171 (115 to 244) 39 151 (107 to 206) 18 134 (80 to 212)
>10 50 158 (117 to 208) 60 124 (95 to 160) 50 125 (92 to 164)

Total (>1 y) 80 162 (129 to 202) 99 134 (109 to 163) 68 127 (99 to 161)

Table 5 Cancer of the pleura (ICD-163): number of observed deaths, and SMRs (95% CIs) among male German
rubber workers (n=11663) between 1981 and 1991 by work area (I–VI), year of hire, and years of employment in work
area (lagged 20 y)

Preparation of materials (I) Technical rubber goods (II) Tyres (III)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

Year of hire:
>1960 0 0 — 1 291 — 0 0 —
1950–1959 3 659 (136 to 1925) 3 405 (83 to 1181) 2 415 (50 to 1498)
<1950 1 240 — 5 855 (277 to 1991) 1 213 —

Years of employment in work area:
1–9 1 204 — 4 549 (149 to 1406) 2 419 (51 to 1512)
>10 3 742 (153 to 2167) 3 455 (94 to 1328) 1 176 —

Total (>1 y) 4 448 (112 to 1146) 7 505 (202 to 1040) 3 287 (59 to 837)

320 Weiland, Straif, Chambless, et al
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This may lead to a cohort of survivors and thus
result in underestimation of the true risk asso-
ciated with exposure. In contrast, if more heav-
ily exposed workers or those ill with cancer stay
on and less exposed or mostly the fit move on,
this cohort definition may result in overestima-
tion of the true risk. However, the slightly
increased all cause mortality (SMR 108; 95%
CI 104 to 112) and all cancer mortality (SMR
111; 95% CI 103 to 119) among the total
cohort may be explained by excess mortality
from diseases previously associated with the
rubber industry. This argues against a strong
healthy worker survivor eVect4 as well as
against a substantial overestimation of risks.
Furthermore, the comparison of SMRs be-
tween diVerent exposure categories within our
study cohort and with other studies has to be
interpreted with caution, because the calcula-
tion of SMRs depends on the age distribution
of the exposed population as the standard.
Comparing more than two groups, this proce-
dure may result in invalid comparisons, if the
age distributions of the compared subcohorts
diVer markedly.
With the exception of lung cancer, other res-

piratory cancers among workers in the rubber
industry have not yet been evaluated by IARC.3

This study reports the highest number of pleu-

ral cancers found in a cohort of rubber
workers. All 17 deaths occurred more than 20
years after hire. Pleural mesothelioma was
recorded on the death certificates in 16 of the
17 cases of pleural cancer. Necropsy reports
were available for three cases and all three con-
firmed the diagnosis of pleural mesothelioma.
Only one other study so far reported an excess
occurrence of pleural cancer: Nine cases in an
Italian rubber tyre factory resulted in a signifi-
cantly increased risk (SMR 1098)14; among
workers hired after 1940 the SMR was lower,
but was still significantly increased (SMR 490).
The Italian study found significantly increased
mortality among workers in extruding and cal-
endering (SMR 1538), maintenance (SMR
2353), and “various services” (SMR 1666).
Our results by work area are consistent with the
results of the Italian study, but numbers are
small. In our cohort only two deaths were
recorded among workers hired after 1960.
Among these workers the maximum latency
period is only 32 years, and it may be too early
to conclude that the risk has stopped.
In numerous epidemiological studies expo-

sure to asbestos has been established as a
causal factor for pleural mesothelioma; no
other occupational or lifestyle risk factors, such
as smoking, have been determined.15 Within
our cohort, exposure to asbestos was probably
highest in work area I, where asbestos and
asbestos contaminated talc were used as filler
materials. Exposure to asbestos also occurred
in work area II in the production lines of heat
resistant technical rubber goods and among
maintenance workers. Furthermore, talc has
been widely used in the German rubber indus-
try as antitacking material. Depending on the
source, talc may be highly contaminated with
asbestos fibres. It has been suggested that the
occurrence of non-malignant diseases related
to exposure to asbestos in the rubber industry
could have been due to talc contaminated with
asbestos.3 16 17 One reason that the striking
excess of pleural cancer among rubber workers
had not been reported by most previous stud-
ies may be because of the combined analyses of
all respiratory cancers,18–21 the combined analy-
ses of lung and pleural cancer,22–24 or the focus
on lung cancer.18 25–29

In 1982 the IARC working group concluded
that there was suYcient evidence for increased
occurrence of lung cancer in the rubber
industry, but the evidence for a causal associ-
ation was limited.3 In our study excess risks in
work area I were significant and stratification by
time related factors was consistent with a causal
association with occupational risk factors. Three
other studies also found relative risks (RRs)
between 1.43 and 3.3 in the mixing and weigh-
ing department.18 26 30 In a Swedish cohort,26

risks of lung cancer with long latency were high-
est in a subgroup of weighers and mixers, with
long employment in this work area, and early
date of hire. In the cohort of the British Rubber
Manufacturers Association (BRMA) the expo-
sure to dust, which was similarly defined as work
area I in our study, was analysed. There was no
positive trend with duration of exposure to
dust.24 In a study from Poland an increased risk

Table 3 continued

Storage, dispatch (IV) Maintenance (V) Others (VI)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

0 0 — 1 149 — 0 0 —
0 0 — 1 99 — 1 162 —
0 0 — 2 195 (24 to 703) 2 303 (37 to 1093)

0 0 — 0 0 — 1 137 —
0 0 — 4 214 (58 to 548) 0 0 —
0 0 — 4 154 (42 to 394) 1 73 —

Table 4 continued

Storage, dispatch (IV) Maintenance (V) Others (VI)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

5 152 (49 to 355) 20 188 (115 to 290) 5 70 (23 to 163)
8 101 (43 to 199) 15 77 (43 to 128) 11 90 (45 to 161)
3 51 (10 to 148) 35 154 (107 to 214) 19 126 (76 to 197)

3 45 (9 to 130) 28 197 (131 to 284) 18 116 (69 to 183)
12 131 (67 to 228) 39 106 (76 to 145) 16 112 (64 to 182)
15 94 (53 to 155) 67 131 (102 to 167) 34 114 (79 to 159)

Table 5 continued

Storage, dispatch (IV) Maintenance (V) Others (VI)

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

0 0 — 1 392 — 0 0 —
1 588 — 0 0 — 1 387 —
0 0 — 4 880 (240 to 2254) 1 329 —

1 619 — 1 233 — 2 753 (91 to 2717)
0 0 — 4 843 (229 to 2157) 0 0 —
1 382 — 5 554 (179 to 1290) 2 460 (56 to 1660)

Workplace risk factors for respiratory cancers 321
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of 1.9 was found in a category combining
mixing, milling, and curing.28

Excess deaths from lung cancer in the
general rubber goods production and the tyre
sector, as observed in our work areas II and III,
were also noted in more recent publications
among British rubber workers.24 No increased
occurrence of lung cancer was found in a sub-
cohort of a United States study among rubber
workers manufacturing industrial products.23

Relative risks between 1.5 and 2.9 in the curing
department were found among United States
tyre workers31 and—together with the inner
tubes department—in a cohort from China.29

The only other study that reported an excess
of pleural cancer also described an excess of
lung cancer in maintenance workers.14 Interest-
ingly, the overall pattern of excess occurrence
of lung cancer in our data parallels the excess
occurrence of pleural cancer in work areas I, II,
and V, possibly pointing to asbestos as one
common risk factor.
Altogether, our results add further evidence of

an association of lung cancer risk with specific
work areas in the rubber industry. There is,
however, little information on specific carcino-
gens, which might be responsible for the excess
deaths from lung cancer.Reporting the results of
the British Health and Safety Executive cohort,
Baxter and Werner discussed exposure to asbes-
tos as a potential risk factor for the increased
mortality from lung cancer in belting.32 The
increased deaths from lung cancer among work-
ers employed in other work areas was not attrib-
uted to asbestos and no relation was found with
exposure to talc in the tyre sector. Zhang et al,
however, noted an excess of lung cancer in work
areas where talc was abundantly used as an anti-
tacking material.29

Our study also represents the largest cohort
in which risks of lung cancer among rubber
workers hired after 1960 were investigated and
we have previously reported an increased risk
among these workers (60 deaths, SMR 136;
95% CI 104 to 175).4 After stratification by
work area we found an increased occurrence of
lung cancer among workers hired after 1960 in
all work areas except area VI (SMRs between
135 and 188). Significant results were obtained
in work areas II and V. Three other studies
provide data for workers hired after 1960.18 25 33

Two studies, with a combined total of 16.3
expected cases, found no increased risk, but
did not present data by work areas.25 33 Thus
the possible mixing of high and low exposure
work areas might be one reason for not finding
an association. The third study presented data
by work area and year of hire after 1960 and
found excess deaths among weighers and mix-
ers and other production workers (six ob-
served, 1.1 expected).18 Based on this Swedish
cohort and on our results, the increased risk of
lung cancer among rubber workers might be
relevant to the current work force.
As a high prevalence of smoking among rub-

ber workers had been anecdotally suggested,
lung cancer risks among rubber workers might
be confounded by smoking or result from a
synergistic action of occupational exposures
and smoking. Only two studies have presented

lung cancer data adjusted for smoking habits.
Both essentially found no diVerence between
crude and adjusted odds ratios (ORs).29 34 Fur-
thermore it is unlikely that an increased risk of
more than 50% could be attributed solely to
the confounding eVect of smoking.35

In our cohort excess deaths from laryngeal
cancer were reported for workers who were
employed in work areas I, III, and V; the results
were significant among employees who had
worked>10 years in work area I. It is notewor-
thy that most other cohort studies published
since 1982 have reported either an increased
incidence26 27 or an increased mortality14 24 25 28

from laryngeal cancer. The increased risks
ranged between 19% and 113%. Highly
increased risks were also found in two record
linkage studies from Scandinavian
countries.36 37 Analyses by either work area or
exposure conditions were presented by only
three studies. Excess risks were found in the
weighing and mixing department (based on
one incident case)26 and among workers with
exposure to dust, who were defined as having
worked in the compounding, weighing,mixing,
extruding, or calendering department.24 In that
study a non-significant trend with cumulative
duration of employment in these work areas
was found (test statistic for trend = +1.33).
One of the three studies that reported mortality
from laryngeal cancer by work area found no
excess risk in weighing and mixing, possibly
due to the combined analysis with the vulcan-
ising area. Instead a relatively high excess (the
only significant increase (six deaths, SMR
591)) was found in lacquering and product
building.28

The findings of our study suggest an associ-
ation between mortality from laryngeal cancer
and employment in work area I. Furthermore,
the patterns of mortality from laryngeal cancer
by work area in our study closely resemble
those of pleural cancer and lung cancer. There
is mounting evidence of an association between
exposure to asbestos and laryngeal cancer38;
future analyses of laryngeal cancer among rub-
ber workers should consider asbestos and
asbestos contaminated talc as potential risk
factors. An association with nitrosamines, with
presumably high exposures in work areas II, III
and IV, has been suggested, but our data do not
support this hypothesis.
No cohort or nested case-control studies in

the rubber industry have so far investigated the
potential confounding eVect of diVerential
smoking and alcohol habits. Only weak and
indirect evidence may be drawn from the two
available studies investigating the potential
confounding of risks of lung cancer in the rub-
ber industry by smoking. Both studies found
no evidence for confounding.29 34 Studies as-
sessing the potential confounding eVect of
alcohol among rubber workers are not avail-
able. However, two hospital based case-control
studies of laryngeal cancer reported an in-
creased risk for rubber workers after adjust-
ment for smoking and alcohol.39 40

Exposure conditions in the rubber industry
are known for their complexity and variability
over time and between work areas. In general,
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these exposures may be broadly summarised
predominantly as dust exposure in weighing
and mixing; low temperature fumes (<130°C)
in milling, extruding, and calendering; high
temperature fumes arising from vulcanisation
(160°C–280°C) in curing and inspection10; and
solvent exposures in mixing and component
assembly. Most exposure surveys in the rubber
industry have concentrated on airborne par-
ticulates and solvents.41–45 However, for respira-
tory cancers, specific carcinogens such as
asbestos and asbestos contaminated talc, poly-
cyclic aromatic hydrocarbons, nitrosamines,
and carbon black, used as a filler and reinforc-
ing agent,46 need to be considered. Measure-
ments in the rubber industry are available for
nitrosamines,7–9 47 and to a lesser extent for
polycyclic aromatic hydrocarbons and carbon
black. We shall consider such measurements
when a job exposure matrix based on exposure
assessments by experts for relevant respiratory
carcinogens will be constructed for all cost
centre codes.

Conclusion and outlook
A causal relation between exposure to asbestos
and the excess of pleural cancer among rubber
workers is plausible and likely. In our study the
pattern of mortality from lung cancer by work
areas parallels the pattern of mortality from
pleural cancer. This might point to asbestos as
one risk factor for increased lung cancer
mortality among some groups of rubber
workers. Our study provides further evidence
for an increasedmortality from laryngeal cancer
among workers in the rubber industry, which
may also be related to asbestos. Only recently,
asbestos related laryngeal cancer has been listed
as a recognised occupational disease in Ger-
many. The excess of respiratory cancers among
workers hired after 1960 suggests that these
risks may not only reflect problems of the
distant past. The role of specific carcinogens
and their relevance to respiratory cancers
among workers in the rubber industry could not
be considered with the currently available data,
but will be the focus of future analyses specific
to exposures.

We thank the participating companies, the health insurance
companies (Betriebskrankenkassen-BKK), the population reg-
istries, and the community health departments (especially Dr K
Plentz and Professor P Volk) all of whom contributed
tremendously during the data gathering phase of this study.
Without their help this study could not have been completed.
We are particularly grateful to Professor K Norpoth and Dr CA
Veys for their continuing support and scientific advice through-
out the study. Finally we acknowledge the important contribu-
tions to this study from field workers, programmers, and secre-
taries. The study was funded by the German Federal Ministry of
Research and Technology, Bonn (Förderkennzeichen
01HK470), and was initiated, funded, and supported by the
Berufsgenossenschaft der chemischen Industrie, Heidelberg.

1 Mancuso TF, Ciocco A, el Attar AA. An epidemiological
approach to the rubber industry. A study based on depart-
mental experience. J Occup Med 1968;10:213–32.

2 International Agency for Research on Cancer. IARC mono-
graphs on the evaluation of the carcinogenic risk of chemicals to
humans. Suppl 7: Overall evaluations of carcinogenicity: an
updating of IARC monographs. Vols 1–42. Lyons: IARC,
1987.

3 IARC monographs on the evaluation of the carcinogenic risk of
chemicals to humans. Vol 28. The rubber industry. Lyons:
IARC, 1982.

4 Weiland SK, Mundt KA, Keil U, et al. Cancer mortality
among workers in the German rubber industry 1981–91.
Occup Environ Med 1996;53:289–98.

5 World Health Organization. International classification of dis-
eases, 9th revision. Geneva: WHO, 1975:1.

6 Veys CA. Two epidemiological inquiries into the incidence
of bladder tumors in industrial workers. J Natl Cancer Inst
1969;43:219–26.

7 Fajen JM, Carson GA, Rounbehler DP, et al.
N-nitrosamines in the rubber and tire industry. Science
1979;205:1262–4.

8 McGlothlin JD, Wilcox TC, Fajen JM. A health hazard
evaluation of nitrosamines in a tire manufacturing plant.
In: Choudhary G, ed. Chemical hazards in the workplace.
Measurement and control. Washington, DC: American
Chemical Society, 1981:283–99

9 Ringenburg V, Fajen JM. Surveys for n-nitroso compounds at
BFGoodrich, Woodburn, Indiana 46797. Cincinnati, OH:
National Institute for Occupational Safety and Health,
1980.

10 Rentel K-H, Gmehling J, Lehmann E. StoVbelastungen in der
Gummiindustrie. Dortmund: Schriftenreihe der Bundesan-
stalt für Arbeitsschutz, 1991. (Gefährliche ArbeitsstoVe
GA39.)

11 Breslow NE, Day NE. Statistical methods in cancer
research. Vol II: The design and analysis of cohort studies.
IARC Sci Publ 1987;1–406.

12 Shimizu Y, Kato H, Schull WJ, et al. Life span study report 11,
Part 1. Hiroshima: Radiation EVects Research Foundation;
RERF,1988. (Technical Report TR88–5.)

13 McDonald C. Mineral dusts and fibres. In: McDonald C,
ed. Epidemiology of work related diseases. London: BMJ Pub-
lishing Group, 1995:87–116.

14 Negri E, Piolatto G, Pira E, et al. Cancer mortality in a
northern Italian cohort of rubber workers. Br J Ind Med
1989;46:624–8.

15 International Agency for Research on Cancer. Asbestos.
IARC Monogr Eval Carcinog Risk Hum 1977;14:1–106.

16 Fischbein A. Cancer mortality in a northern Italian cohort
of rubber workers [letter]. Br J Ind Med 1990;47:71–2.

17 Schunk W, Bohnhardt W. Exposure to asbestos dust and
asbestosis of employees in a Thuringen rubber industry.
Zeitschrift für Gesamte Hygiene 1989;35:152–4.

18 Holmberg B, Westerholm P, Maasing R, et al. Retrospective
cohort study of two plants in the Swedish rubber industry.
Scand J Work Environ Health 1983;9(suppl 2):59–68.

19 Kilpikari I. Mortality among male rubber workers in
Finland. Arch Environ Health 1982;37:295–9.

20 McMichael AJ, Spirtas R, Kupper LL. An epidemiologic
study of mortality within a cohort of rubber workers,
1964–72. J Occup Med 1974;16:458–64.

21 Wilcosky TC, Checkoway H, Marshall EG, et al. Cancer
mortality and solvent exposures in the rubber industry. Am
Ind Hyg Assoc J 1984;45:809–11.

22 Andjelkovich D, Taulbee J, Symons M, et al. Mortality of
rubber workers with reference to work experience. J Occup
Med 1977;19:397–405.

23 Delzell E, Monson RR. Mortality among rubber workers:
VIII. Industrial products workers. Am J Ind Med 1984;6:
273–9.

24 Sorahan T, Parkes HG, Veys CA, et al. Mortality in the Brit-
ish rubber industry 1946–85. Br J Ind Med 1989;46:1–10.

25 Bernardinelli L, de Marco R, Tinelli C. Cancer mortality in
an Italian rubber factory. Br J Ind Med 1987;44:187–91.

26 Gustavsson P, Hogstedt C, Holmberg B.Mortality and inci-
dence of cancer among Swedish rubber workers, 1952–81.
Scand J Work Environ Health 1986;12:538–44.

27 Solionova LG, Smulevich VB. Mortality and cancer
incidence in a cohort of rubber workers in Moscow. Scand
J Work Environ Health 1993;19:96–101.

28 Szeszenia-Dabrowska N, Wilczynska U, Kaczmarek T, et al.
Cancer mortality among male workers in the Polish rubber
industry. Polish Journal of Occupational Medicine and
Environmental Health 1991;4:149–57.

29 Zhang ZF, Yu SZ, Li WX, et al. Smoking, occupational
exposure to rubber, and lung cancer. Br J Ind Med
1989;46:12–5.

30 Wang HW, You XJ, Qu YH, et al. Investigation of cancer
epidemiology and study of carcinogenic agents in the
Shanghai rubber industry. Cancer Res 1984;44:3101–5.

31 Delzell E, Monson RR. Mortality among rubber workers:
IX. Curing workers. Am J Ind Med 1985;8:537–44.

32 Baxter PJ, Werner JB.Mortality in the British rubber industries
1967–76. London: Her Majesty’s Stationery OYce, 1980.

33 Carlo GL, Jablinske MR, Lee NL, et al. Reduced mortality
among workers at a rubber plant. J Occup Med 1993;35:
611–6.

34 Andjelkovich DA, Abdelghany N, Mathew RM, et al. Lung
cancer case-control study in a rubber manufacturing plant.
Am J Ind Med 1988;14:559–74.

35 Axelson O. Aspects on confounding in occupational health
epidemiology [letter]. Scand J Work Environ Health 1978;4:
85–9.

36 Norell S, Ahlbom A, Lipping H, et al. Oesophageal cancer
and vulcanisation work. Lancet 1983;i:462–3.

37 Olsen JH, Jensen OM. Occupation and risk of cancer in
Denmark. An analysis of 93 810 cancer cases, 1970–9.
Scand J Work Environ Health 1987;13(suppl 1):1–91.

38 Berger J, Chang-Claude J, Mohner M, et al. Laryngeal car-
cinoma and asbestos exposure: an epidemiological evalua-
tion. Zentrelblatt für Arbeitsmedizin 1996;46:166–86. (In
German.)

39 Muscat JE, Wynder EL. Tobacco, alcohol, asbestos, and
occupational risk factors for laryngeal cancer. Cancer 1992;
69:2244–51.

Workplace risk factors for respiratory cancers 323

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.55.5.317 on 1 M

ay 1998. D
ow

nloaded from
 

http://oem.bmj.com/


40 Zagraniski RT, Kelsey JL, Walter SD. Occupational risk fac-
tors for laryngeal carcinoma: Connecticut, 1975–1980.Am
J Epidemiol 1986;124:67–76.

41 Kromhout H, Swuste P, Boleij JS. Empirical modeling of
chemical exposure in the rubber-manufacturing industry.
Ann Occup Hyg 1994;38:3–22.

42 Parkes HG, Veys CA,Waterhouse JA, et al. Cancer mortality
in the British rubber industry. Br J Ind Med 1982;39:209–
20.

43 Van Ert MD, Arp EW,Harris RL, et al. Worker exposures to
chemical agents in the manufacture of rubber tires: solvent
vapor studies. Am Ind Hyg Assoc J 1980;41:212–9.

44 Williams TM,Harris RL, Arp EW, et al. Worker exposure to

chemical agents in the manufacture of rubber tires and
tubes: particulates. Am Ind Hyg Assoc J 1980;41:204–11.

45 Parkes HG, Whittaker B, Willoughby BG. The monitoring of
the atmospheric environment in UK tyre manufacturing work
areas. Birmingham: British Rubber Manufacturers’ Associ-
ation, 1975.

46 International Agency for Research on Cancer. Printing
processes and printing inks, carbon black and some nitro
compounds. IARC Monogr Eval Carcinog Risk Hum
1996;65.

47 Spiegelhalder B, Preussmann R. Occupational nitrosamine
exposure. 1. Rubber and tyre industry. Carcinogenesis 1983;
4:1147–52.

Rejected manuscripts

From February 1994, authors whose
submitted articles are rejected will be advised
of the decision and one copy of the article,
together with any reviewer’s comments, will

be returned to them. The Journal will destroy
remaining copies of the article but corres-
pondence and reviewers’ comments will be
kept.

324 Weiland, Straif, Chambless, et al

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.55.5.317 on 1 M

ay 1998. D
ow

nloaded from
 

http://oem.bmj.com/

