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Cancer incidence and specific occupational
exposures in the Swedish leather tanning industry:
a cohort based case-control study

Zoli Mikoczy, Andrejs Schutz, Ulf Stromberg, Lars Hagmar

Abstract
Objective-To study the effect on the inci-
dence of cancer of exposure to chemicals
handled in the leather tanning industry.
Materials and methods-A case-control
study was performed within a cohort of
2487 workers employed for at least six
months during the period 1900-89 in three
Swedish leather tanneries. 68 cancer
cases (lung, stomach, bladder, kidney,
nasal, and pancreatic cancers and soft tis-
sue sarcomas) and 178 matched controls
were studied. Effects of chemical expo-
sures on cancer incidence, adjusted for
age at risk, sex, and plant were estimated
with a conditional logistic regression
model.
Results-A significant association was
found between exposure to leather dust
and pancreatic cancer (odds ratio (OR)
7-19, 95% confidence interval (95% CI)
1*44 to 35-89). An association was indi-
cated between leather dust from vegetable
tanning and lung cancer. After adjust-
ment for smoking habits a tentative asso-
ciation between organic solvents and lung
cancer lost its significance. No association
was found between exposure to chloro-
phenols and soft tissue sarcomas.
Conclusions-The significant association
between leather tanning and soft tissue
sarcomas that was found in our previous
cohort analysis could not be explained by
exposure to chlorophenols. On the other
hand a significant association was found
between exposure to leather dust and
pancreatic cancer, and exposure to
leather dust from vegetable tanning was
often present in cases with lung cancer.
Due to the small numbers of cases, the
results can, however, only lead to tenta-
tive conclusions.

(Occup Environ Med 1996;53:463-467)

An association between leather tanning and
lung cancer has been shown in some,2-4 but
not all,5-7 previous studies. In earlier Swedish
studies increased risks of pancreatic cancer6
and kidney cancer8 have been found among
leather tanners. In some cohort studies, an
excess of soft tissue sarcomas was indicated.5 9
Slightly increased risks of bladder cancer have
been found among workers in tanning and
leather processing plants,101' but not in all
studies.7 1213 Exposure to leather dust in the
shoe and boot industry has caused an
increased risk of sinonasal cancer.'4 Such an
increased risk has also been indicated for
workers in the tanning and leather processing
industry.515 A numerical but non-significant
excess of stomach cancer has been reported
for male shoe workers.2

In a cohort study of leather workers from
three Swedish tanneries we found a signifi-
cantly increased incidence of soft tissue sarco-
mas, and also excesses of multiple myelomas
and sinonasal cancer.'6 To assess the associa-
tions between specific occupational exposures
in the leather tanning industry and cancer inci-
dence, a nested case-control study has now
been performed within this cohort.

Subjects and methods
STUDY BASE
The study base comprised 2487 employees
who had been employed for at least six months
during the period 1900-89 in three Swedish
leather tanneries. Vital status was found as of
December 1989, and 1924 subjects (77 4%)
were at that time living in Sweden, 525
(21-1%) were dead, 32 (13%) had emigrated,
and six subjects (0 2%) were lost to follow up.
Information on tumours (coded according to
the international classification of diseases, 7th
revision (ICD-7)) diagnosed from 1958-89,
was obtained from the National Swedish
Tumour Registry.

Department of
Occupational and
Environmental
Medicine, University
Hospital, S-221 85
Lund, Sweden
Z Mikoczy
A Schutz
U Stromberg
L Hagmar
Correspondence to:
Dr Z Mikoczy, Department
of Occupational and
Environmental Medicine,
University Hospital, S-221
85 Lund, Sweden.
Accepted 26 February 1996

Keywords: leather dust; lung cancer; pancreatic cancer;
soft tissue sarcomas

Leather manufacture involves handling a wide
range of chemicals. Some of them are carcino-
gens or suspected carcinogens-for example,
hexavalent chromium salts, aniline and azo

dyes, arsenic, vegetable tannins, organic sol-
vents, formaldehyde, and chlorophenols.'
Furthermore, methyl mercury, which has been
shown to cause genetic damage, has been han-
dled in the tanneries.

SELECTION OF CASES AND CONTROLS
Altogether 70 subjects from the study had
tumours diagnosed earlier as associated with
leather tanning; 24 with lung cancer, nine with
stomach cancer, 16 with bladder cancer, six
with kidney cancer, one with nasal cancer,
four with soft tissue sarcomas, and 10 with
pancreatic cancer, were selected as cases. For
each case three controls (whenever possible)
were selected from the study base. Incidence
density sampling'7 was used; controls were
randomly selected from those being followed
up at the age of onset of each case. Cases and
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controls were also matched by plant and sex.
In the analysis an induction latency period of
at least 10 years was used, by excluding the
subjects from analysis during their first 10
years since the start of employment. Because
of this restriction two cases and four controls
were excluded. Moreover, work histories
could not be retrieved for 16 controls, and five
controls were no longer eligible as their
matched case had been excluded. The analy-
ses were thus restricted to 68 cases and 178
controls. Table 1 shows the distribution of
cases and controls by sex, plant, and matched
sets.

PRODUCTION
Plant A was run between 1906 and 1988, with
chrome tanning as the dominating process.
Hexavalent chromium salts were reduced to
trivalent chromium from 1906 up to the mid-
1960s, after which only trivalent chromium
was handled in the plant. A minor department
at the plant produced leather tanned by veg-
etable dyes until the late 1960s. Plant B was
run between 1897 and 1989. For tanning, veg-
etable tannins, formaldehyde, aluminium, and
chromium compounds were used. Vegetable
tanning of leather was carried out until 1935.
From 1930 to 1955 the plant reduced hexava-
lent chromium to trivalent chromium, and,
from 1955 until the close down in 1989 triva-
lent chromium salts were used. Plant C was
run between 1860 and 1991. Vegetable tan-
ning was entirely dominant until 1960. During
the 1960s, the production was changed almost
completely to chromium tanned leather. Only
trivalent chromium was handled at this plant.
Raw hides imported to plant B and C up to
1940 most probably contained arsenic com-
pounds as preservatives. In all three plants
arsenic sulphides were used for soaking and
unhairing until about 1950. Mercury com-
pounds may also have been used for the same
purpose. At all three plants, organic mercury
preservatives seem to have been used during
the 1940s and 1950s. During the 1950s, the
mercury compounds were replaced by
chlorophenols, which were used until the
beginning of the 1980s, and at plant B also
during the second half of the 1980s. Both ani-
line and azo dyes have been used extensively
for leather dyeing. The use of paints based on
organic solvents have varied considerably
between the three plants, being most intense
and long lasting at plant A. At plant B, organic
solvents were used also for degreasing of sheep
skins. During the 1970s, the organic solvent
based paints were gradually, and to a large
extent, exchanged with water based paints. In
the departments where dry products were han-
dled, there had been exposure to leather dust.
Specific work tasks with high exposures have
been identified. According to the panels, dust
from chromium tanned leather may contain
up to 8% chromium, together with preserva-
tives and dyestuffs.

ASSESSMENT OF EXPOSURE
At the time of the investigation, 1994, the
plants had been shut down for three to four

years, and no direct exposure assessment
could therefore be performed. The work his-
tory for each case and control was investigated
by an occupational hygienist (AS) with the
assistance of expert panels including former
long term employees with a good knowledge
of the employees and the production. The
occupational hygienist and the assisting panels
had no knowledge of the health status of the
subjects investigated. Moreover, to avoid a dif-
ferential misclassification of exposure, no
direct contact was made with cases and con-
trols still alive.
The exposure variables of interest were:

Recognised or possible exposure to specific chemical
carcinogens
Aniline or azo dyes, arsenic, chromium,
formaldehyde, mercury compounds, organic
solvents, chlorophenols, vegetable tannins
(wood extracts), and leather dust.

Exposure level
The individual exposures to each of these sub-
stances were estimated according to a four
step ordinal scale, 0-3. The level was set at 0
when the substance was not used at the
department at which the subject worked, or
when a simultaneous use at any other depart-
ment of the plant was unlikely to have polluted
the work environment of the subject in ques-
tion. Level 1 was chosen for subjects working
in areas which were thought to be contami-
nated from adjacent departments or areas.
Level 2 was set for subjects working in conta-
minated areas but not directly involved in the
work tasks producing the highest air pollution.
The highest exposure level (3) was set for
those work tasks that were performed in heavy
exposure sites recognised by the expert panel,
and also supported by a description of the
technical procedure.

Exposure time
If, at a certain point of time, there was a
known change in the level of exposure to any
of these substances, this was registered as a
new exposure period.

Frequency of exposure
0-100% of the workday.

Exposure index used in the analyses
If a person was exposed with an exposure level
> 1, the exposure index was calculated as: fre-
quency of exposure x exposure time =
cumulative exposure in years; otherwise the
index was set to 0. Due to small number of
cases with exposure levels 2-3, the original
four step scale for exposure level could unfor-
tunately not be used. Thus, exposure level 0
was regarded as "unexposed" and exposure
levels 1-3 as "exposed".

Assessment of tobacco consumption
Also, the tobacco consumption could be esti-
mated for most people by the expert panels
already mentioned (table 1). The consump-
tion of cigarettes was registered as; 0, 1-10, or
> 10 cigarettes a day. The consumption of
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Table 1 Distribution and description of cases and controls for sex, plant, and matched
sets

Matched sets *
Cases Controls Total
n (0) () n 1/1 112 113

Plant:
A 6 (9) 17 (10) 23 - 1 5
B 47 (69) 121 (68) 168 2 16 29
C 15 (22) 40 (22) 55 - 5 10
All 68 (100) 178 (100) 246 2 22 44

Smoking habits:
Smokers 40 (59) 91 (51) - - - -

Non smokers 5 (7) 24 (13)
No data available 23 (34) 63 (36)

Sex:
Men 60 (88) 159 (89)

Calendar year of
diagnosist 1978 (1959-1989) - - - - -

Age at diagnosis 66 (43-84)

*1/1 = 1 control/case, 1/2 = 2 controls/case, 1/3 = 3 controls/case.
tMedian (range).

Table 2 Association between cumulative exposure to different occupational agents in
leather tanning and pancreatic cancer (cases and controls had been employedfor at least six
months and at least 10 years had elapsed between start of exposure and cancer)

Cumulative Cases Controls
exposure (y) n=10 n=27

0

> 0-5
0

;> 05
0

05
0

> 0-5
0

> 0*5
0

> 0*5
0

> 0*5
0

> 0-5
0

>v 0-5

8
2

10
0

10
0

9
1
9
1
9
1

10
0
9
1
2
8

23
4

22
5

20
7

22
5

23
4
19
8

24
3

25
2

20
7

Adjusted
OR* (95% CI)

1*00-
1-27 (0-19-8-48)
1-00

1*00

1*00
0-53 (0-05-4-90)
1-00-
0-69 (0-05-8 04)
1-00-
0-25 (0-03-2-42)
1-00

1*00
1-73 (0-10-30-79)
1*00-
7-19 (1-44-35-9)

Unadjusted
OR (95% CI)

1*00-
1-44 (0 22-9-41)
1-00

1*00

1-00
0-49 (0-05-4 80)
1-00-
0-64 (0-06-6 52)
1-00-
0-26 (0 03-2-44)
1-00

1*00
1 39 (0-19-17 25)
1-00-

11-43 (1 94-67-29)

*OR adjusted to matching factors (age at risk, sex, and plant).

Table 3 Association between cumulative exposure to different occupational agents in
leather tanning and lung cancer (cases and controls had been employedfor at least six
months and at least 10 years had elapsed between start of exposure and cancer)

Cumulative Cases Controls Adjusted Unadjusted
Exposure exposure (y) n = 22 n = 55 OR* (950% CI) OR (95% CI)

Aniline and 0 21 51 1-00- 1-00-
azo dyes > 0-5 1 4 0-63 (0-06-568) 0-61 (0-06-576)
Chrome salts 0 21 52 1 00- 1 00-

0-5 1 3 081 (0 08-7-84) 0-83 (0-08-8 40)
Formaldehyde 0 17 45 1 00- 1 00-

> 05 5 10 125 (0384-12) 1-32 (039-444)
Chlorophenols 0 21 41 1 00- 1 00-

) 05 1 14 016(002-123) 0-14 (002-113)
Mercury 0 18 51 1 00 - 1 00-

) 05 4 4 2-33 (058-937) 283 (064-1253)
Organic solvents 0 15 48 1-00- 1 00-

0-5 7 7 3-54 (100-12-64) 320 (097-1059)
Arsenic 0 18 45 1 00- 1 00-

> 0-5 4 10 1-00 (0-27-3-71) 1-00 (0-28-3 60)
Wood dust 0 22 52 1 00- 1 00-

> 05 0 3
Leather dust 0 14 31 1 00- 1-00-

> 05 8 24 069 (023-205) 074 (027-205)

*OR adjusted to matching factors (age at risk, sex, and plant).

pipe tobacco or snuff was registered as yes or

no. There was no significant association
between any of the chemical exposure indices
and smoking habits.

STATISTICS
The data were analysed by means of condi-
tional logistic regression,'8 with EGRET com-

puter software (Statistics and Epidemiology
Research Corporation, Seattle, US, 1990). As

incidence density sampling (described earlier)
was applied, the odds ratio (OR) is a consis-
tent estimator of the incidence ratio and, as
the diseases considered are rare, also of the
risk ratio.'9 The ORs presented are adjusted
for the matching factors (age at risk, sex, and
plant). We also considered calendar time as a
potential confounder, which was divided into
four periods (1958-72, 1973-8, 1979-84,
1985-91), with almost equal numbers of cases
and controls (see Discussion).

Results
A weak association was found between expo-
sure to leather dust and the total incidence of
all tumours that had earlier been thought to be
associated with leather tanning (> 5 years of
exposure; OR 1-41, 95% CI 069-2 88).
Considering exposure to leather dust from
vegetable tanning only, the OR increased to
8-92 (95% CI 2-48-32 17). None of the other
exposures showed any such noteworthy associ-
ation with cancer incidence.
The incidence of pancreatic cancer was

affected by exposure to leather dust (OR 7 19,
95% CI 1-44-35-89; table 2), but not by any
of the other exposures. Considering leather
dust from vegetable tanning only, all four
cases were exposed v one of 11 controls.
A significant association was found between

exposure to organic solvents and lung cancer
(OR 3-54, 95% CI 1-00-12-64; table 3).
Adjustment for smoking habits did, however,
decrease the OR to 1-98 (95% CI 050-7-75).
An association was also indicated between
leather dust from vegetable tanning and lung
cancer, as four out of five cases were exposed v
none of 13 controls. None of the other occu-
pational exposures were associated with lung
cancer.
The association between exposure to

leather dust and soft tissue sarcomas was
based on only four incident cases and is there-
fore difficult to interpret (OR 3-79, 95% CI
0 30-4800). None of the subjects with soft
tissue sarcomas had been exposed to
chlorophenols. We could not find any note-
worthy association between any of the chemi-
cal exposure indices and stomach, kidney, and
bladder cancer.

Discussion
The main result of this study was that the
hypothesis of an association between exposure
to chlorophenols and risk of soft tissue sarco-
mas, based on the results from the previous
cohort study,'6 was not supported. Interest-
ingly, the present analysis showed a significant
association between exposure to leather dust
and pancreatic cancer. Moreover, exposure to
leather dust from vegetable tanning was often
a factor in cases with lung cancer.

Information on specific work tasks, derived
from company records, was available for only
27% of the cohort members.'6 The present
cohort based case-control study was therefore
performed to enhance the quantity and quality
of the individual exposure estimates. There is,

Exposure

Aniline and
azo dyes
Chrome salts

Formaldehyde

Chlorophenols

Mercury

Organic solvents

Arsenic

Wood dust

Leather dust
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however, still an apparent problem as there are
no good exposure assessments, which to a
large extent can be explained by the fact that
the plants had already been closed down when
the study was performed. The non-differential
exposure misclassification is therefore proba-
bly not negligable. The occupational hygienist
and the exposure assessment panels were,
however, not aware of which subjects were
cases or controls. A differential misclassifica-
tion of exposure is therefore unlikely.
The mortality may be higher among short

term employees, compared with those who
were employed longer,20 probably due to
socioeconomic confounding factors. To pre-
vent this affecting the results the study base
was restricted to subjects employed for at least
six months.

As this study was not matched on calendar
year of diagnosis of the case, the effect esti-
mates were also adjusted for this variable.
However, calendar year did not act as a con-
founding factor.
We used a simple method for taking into

account latency and induction-that is, exclu-
sion of subjects from analysis during the first 10
years since the start of employment. Indeed,
exposure lagging may be preferable to this
method.'7 However, our results seemed to be
consistent with results obtained by applying the
exposure lag technique, with a 10 year lag
period, in the data analysis. An induction
latency time of at least 10 years seems to be
reasonable for the exposure-disease relations
considered in the present study. The evaluation
of applying a 20 years induction latency period
was hampered by a low statistical power, but
the effect estimates did not change noticeably.

Exposure to chlorophenols has in some
studies been associated with soft tissue sarco-
mas.92122 In the present study three of the
four cases of soft tissue sarcomas had
been employed during the periods when
chloropenols had been used, but none of them
had been exposed. Thus, our results did not
give any support to an association between
exposure to chlorophenols and soft tissue sar-
comas, but on the other hand, due to small
numbers such an association could also not be
rejected. Three of the cases of soft tissue sar-
coma had been exposed to leather dust for one,
five, and 12 years. The 95% CI for this
enhanced OR was, however, extremely wide.
The case with nasal cancer had not been

exposed to either leather dust or to any of the
other occupational agents. Thus, no support
was given to the suspected association between
exposure to leather dust and sinonasal cancer
in the tanning industry.5 15

In the previous cohort study we found a
numerical but non-significant increase for lung
cancer. A plausible explanation for this slightly
increased risk may be a higher proportion of
smokers among the leather workers than in the
general population. This was supported by
80% smokers among those cases and controls,
for whom the smoking habits were known.
Smoking habits were not significantly associ-
ated with the assessed chemical exposure
indices. In spite of that, the OR for exposure

to organic solvents and lung cancer decreased
when adjusted for smoking habits. Exposure
to leather dust from vegetable tanning was
often present in the lung cancer cases.
Vegetable tannins, which are derived from dif-
ferent types of hardwood and consist of
macromolecules with polyphenolic groups,
form bonds with collagen.'23 Animal studies
have shown that tannins have carcinogenic
properties.23
An association between leather tanning and

mortality from pancreatic cancer has previ-
ously been found in a Swedish community
based case-control study.6 A slight non-signifi-
cantly increased incidence of pancreatic can-
cer was found also in our previous cohort
study.'6 It is therefore interesting that in the
present study exposure to leather dust was
associated with the incidence of this neoplasm.
It is also noteworthy that, as for lung cancer,
the association seems to be more obvious for
leather dust from the vegetable tanning
process. It should, however be born in mind
that in our cohort the start of vegetable tan-
ning generally had taken place earlier than for
chromium tanning. Latency induction periods
of several decades are often considered as bio-
logically relevant for solid tumours. Thus, the
full effect of chromium tanning may not yet be
possible to evaluate.

It should be pointed out that no adjust-
ments for multiple comparisons were made in
the present study, according to recommenda-
tions put forward in the epidemiological litera-
ture.24

This study is the first attempt to pinpoint
the causative agents of cancer in the leather
tanning industry more specifically. The rela-
tively few incident cancer cases in the study
base puts a limit to the statistical power in
assessing associations between different occu-
pational exposures and specific tumours. This
is important to bear in mind, in particular
when considering the results obtained for spe-
cific tumours. A follow up of the study base
will provide more cases and enhance the possi-
bility for a more conclusive evaluation of the
study.
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