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Abstract
Objective—The aim was to investigate 
associations between exposure to mineral 
fibres and dust, and cancer in subsites 
within the large bowel.
Design—Pooled retrospective cohort 
studies.
Subjects and settings—Blue collar work­
ers, employed for at least one year in 
different trades; asbestos cement or 
cement workers (n = 2507), other indus­
trial workers (n = 3965), and fishermen 
(n = 8092).
Main outcome measures—Standardised 
incidence ratios (SIRs, national refer­
ence rates) were calculated for cause 
specific cancer morbidity between 1958 
and 1989. The observation period began 
15 years after first employment.
Results—The asbestos cement and 
cement workers had a slightly increased 
risk of colorectal cancer (SIR 1*5; 95% 
confidence interval (95% Cl) 1* 1-2*0). 
This was due to an increase only in the 
right part of the colon (SIR 2*5; 95% Cl 
1 *6-3*8). The ratio of right (7th revision 
of the International Classification of 
Diseases ICD-7) 1530-153l)fleft (ICD-7 
1532-1533) colon cancer among the 
asbestos cement and cement workers of 
4*8 differed significantly from the ratio 
both among the other blue collar workers 
(0*4) and among the fishermen (1*5). As 
die sensitivity and accuracy was insuffi­
cient, mortality data did not show the 
excess of cancers in the right part of the 
colon.
Conclusions—An increased incidence of 
cancer in the right part of the colon was 
evident in the asbestos cement and 
cement workers. The distribution of 
cancers within the colon was noticeably 
different from that in other blue collar 
workers, indicating that our findings 
cannot be explained by socioeconomic 
confounding factors. A detailed and 
appropriate disease classification, based 
on incidence data, is necessary in order 
not to obscure or underestimate effects 
of exposure in epidemiological studies on 
colorectcal cancer.

(OccuprEnviron Med 1994;51:95-101)

In occupational epidemiological studies wide 
categories of diagnoses such as “all gastro­
intestinal” or “colorectal” cancer are often

used. These may be acceptable in studies 
with small numbers of cases where a detailed 
subdivision is not meaningful. If the agent 
under study has a harmful effect only in a 
specific site, however, this might easily be 
obscured by inappropriate disease classifica­
tion.

There are reasons to consider cancer in the 
rectum and the anatomical subsites of the 
colon independently.1-3 The varying biological 
properties of proximal and distal segments of 
normal colonic epithelium and the physiolog­
ical variations within the large bowel4 may be 
important determinants for dissimilarity in 
susceptibility to environmental agents. This 
hypothesis is supported by the finding that 
the risks of cancer associated with physical 
activity,5 secondary bile acids,67 and dietary 
components,8 are not uniformely distributed 
within the large bowel. Further, in a cancer 
registry based case-referent study, analyses by 
anatomical subsite showed that the excess 
risk for an occupational group was usually 
confined to a single subsite, which also sug­
gests some specificity of effect.9 The evidence 
of different pathological, cytogenetic, and 
molecular features of proximal and distal 
colorectal cancer is rapidly accumulating.10 
Despite this, subsite specific morbidity from 
cancer within the large bowel has not been 
reported before in cohorts of workers exposed 
to mineral fibres or dusts.

In recent studies of cement workers we 
have shown an excess risk of colorectal can­
cer.1112 The excess risk was confined to the 
right part of the colon.12 Previously, we have 
also found an increased risk for colorectal 
cancer in a cohort of asbestos cement work­
ers.13 The analysis was, however, not per­
formed with respect to anatomical subsite. 
The aim of our present study was to further 
explore whether exposure to mineral fibres or 
mineral dust is a risk factor for cancer in the 
right part of the colon. The variations by sex, 
age, and social class in the incidence of can­
cer in the colon and rectum, may partly be 
mediated by differences in diet, body mass, 
and physical activity. Thus comparisons were 
made not only with the general population, 
but also with other cohorts of manual 
workers.

Material and methods
COHORTS
Occupational cohorts studied at our depart­
ment were reanalysed and, when possible, the 
observation period was extended until 1989.
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As a uniform inclusion criterion, a minimum 
of 12 months of employment was required. 
Further, the start of the study period was set 
to 15 years after first employment, as an 
extended induction latency time is appropri­
ate for solid tumours. Only men were 
included. Table 1 and the next sections pre­
sent some data on the cohorts. More detailed 
information is given in the original publica­
tions.

Workers exposed to mineral dust and fibres 
The asbestos cement plant operated between 
1907 and 1977, producing sheets, shingles, 
ventilation pipes, and various hand moulded 
details.13 The asbestos handled was mainly 
chrysotile (> 95%) and smaller amounts of 
crocidolite and amosite. Portland cement 
with low silica content (< 0T% crystalline 
silica in the respirable fractions) was used. 
Only 15%-20% of the total workforce were 
continuously exposed to concentrations in air 
exceeding 2 fibres (f)/ml). Total dust concen­
trations were usually below 5 mg/m3, of which 
about 80% was cement dust. The cohort 
consisted of 981 native Swedish blue collar 
workers. Individual cumulative dose esti­
mates (in f-years/ml) were available for 823 
workers. The median year of birth was 1913 
(25 and 75 percentiles were 1905 and 1927. 
Morbidity from tumours was studied between 
1958 and 1989, mortality between 1958 and 
1986.

Cement production in two separate plants 
started around 1920.12 Most workers were 
engaged in the cement production, but work­
ers in the quarry were also included in the 
cohort. Total dust measurements during the 
early 1970s were generally lower than 20 
mg/m3, later on below 10 mg/m3. The silica 
content in the dust was generally less than 
5%. In areas where the raw materials were 
handled, respirable crystalline silica concen­
trations were generally assumed to be less 
than 0T mg/m3 if the total dust concentration 
was below 10 mg/m3. Workers handling 
clinker and finished cement were exposed to 
substantially lower quartz concentrations. 
The cohort consisted of 1526 blue collar 
workers. The median year of birth was 1927 
(25 and 75 percentiles were 1911 and 1941). 
Tumour morbidity and mortality were 
recorded between 1958 and 1986.

Other industrial workers
Industrial workers with various chemical 
exposures but with no significant exposure to 
mineral dust or fibres were selected as one of 
the comparison groups. Cohorts exposed to 
dust, which is persistent in the intestinal tract 
after inhalation and swallowing—for example, 
metal dust—were excluded. Exposure to 
other types of inorganic or organic dust may 
have occurred, however, as well as exposure 
to various suspected carcinogens.

In a chemical plant, carcinogens and sus­
pected carcinogens such as piperazine, ure­
thane, ethylene oxide, epichlorohydrine, and 
formaldehyde had been used in the synthesis 
and manufacture of a large number of organic

chemical products.14 Production started in 
the 1940s. The cohort consisted of 313 blue 
collar workers. Morbidity and mortality from 
tumours were studied between 1958 and
1988.

In a fertiliser plant superphosphate had 
been produced since the end of the 19th cen­
tury and nitrate fertilisers since 1963.15 The 
workers had been exposed to nitrate dust, 
nitrous oxides, and acid mists. The cohort 
consisted of 1201 blue collar workers. 
Morbidity and mortality from tumours were 
studied between 1958 and 1988.

In three leather tanneries, workers had 
been exposed to azo dyes, chromates, 
formaldehyde, vegetable tannins, and 
chlorophenols.16 The production in all plants 
started around 1900. The cohort consisted of 
1156 blue collar workers. Tumour morbidity 
and mortality were recorded between 1958 
and 1989.

In nine polyurethane foam manufacturing 
plants, workers had been exposed to toluene 
diisocyanate and methylene diphenyldiiso- 
cyanate.17 The production started between 
1958 and 1974. The cohort consisted of 705 
blue collar workers. Morbidity and mortality 
from tumours were studied between 1958 
and 1987.

One hundred abattoir workers, 148 work­
ers from a wool and polyester textile plant, 
and 342 sugar refinery workers originally 
formed part of a regional reference cohort of 
industrial workers, requiring similar profes­
sional skill and with similar work load as the 
asbestos cement workers.13 Morbidity from 
tumours was studied between 1958 and
1989, mortality between 1958 and 1986.

In total, the cohort of other industrial 
workers consisted of 3965 men. The median 
year of birth was 1924 (25 and 75 percentiles 
were 1912 and 1940).

Fishermen
Members of fishermens organisations from 
the east18 and west coasts of Sweden formed 
another comparison group. Exposure to 
diesel exhausts, oils, tars, and ultra violet light 
had occurred during strenuous outdoor work. 
Moreover, the fishermen from the east coast 
had a high consumption of fatty fish contami­
nated with persistent organochlorine sub­
stances. The cohort consisted of 8092 
fishermen. The median year of birth was 
1922 (25 and 75 percentiles were 1909 and 
1938). The observation period was between 
1965 and 1988 for 6863 of them, and 
between 1968 and 1988 for the rest.

TUMOUR MORBIDITY AND CAUSE OF DEATH 
Information on at most two tumours, coded 
according to the 7 th revision of the 
International Classification of Diseases (ICD- 
7) was obtained from the Swedish Cancer 
Registry. Information on the cause of death 
was obtained from Statistics Sweden. The 
death certificates were coded according to 
ICD-8 by Statistics Sweden, which is respon­
sible for the coding of all Swedish death 
certificates.
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ESTIMATES OF RISK
Expected morbidity from cancer for the 
period between 1958 and 1989 (or the appro­
priate period) was calculated by cause, calen­
dar year, and five year age group specific rates 
for males in Sweden. These rates were calcu­
lated from cancer and population counts 
obtained from the Swedish Cancer Registry 
and Statistics Sweden. Date of diagnosis of a 
tumour, date of death, or emigration were 
used as individual endpoints. Similarly, the 
expected mortality in the period between 
1958 and 1989 (or the appropriate period) 
was calculated.

ANALYSIS
Standardised mortality rates (SMRs), cause 
specific standardised incidence rates (SIRs), 
and 95% confidence intervals (95% CIs) 
were calculated according to the Poisson dis­
tribution, with x2 approximation if the 
expected values were greater than 10. 
Differences in the location of colon cancers 
between study groups were examined by 
Fisher’s exact test (two tailed). Significance 
refers to a lower limit of the 95% Cl for SMR 
and SIR that excludes TOO or p < 0 05.

Results
MORTALITY AND MORBIDITY FROM ALL 
CANCERS
The overall mortality among the asbestos 
cement workers was slightly higher than in 
the general population, SMR 1T4 (95% Cl 
T03-T25). The cement workers had an 
SMR of 1-02 (95% Cl 0-92-1 *13), and the 
other industrial workers an SMR of 1-01 
(95% Cl 0-95-T08). By contrast, the fisher­
men had a low mortality, SMR 0-85 (95% Cl
0- 81-0-89).

The overall incidence of cancer was raised 
among the asbestos cement workers, SIR
1- 38 (95% Cl T20-T59), and also among 
the other industrial workers, SIR 1-15 (95% 
Cl T05-T27). By contrast, the fishermen 
had a low incidence of cancer SIR 0-91 (95%

Cl 0-84-0-98). The cement workers had an 
SIR of 0-91 (95% Cl 0-76-1 09).

MORBIDITY FROM COLORECTAL CANCER 
The morbidity from colorectal cancer (ICD-7 
153-154) was increased among both the 
asbestos cement workers (SRI 1-40) and the 
cement workers (SIR 1-58). The combined 
SIR was 1-49 (95% Cl 1-12-1-95). The 
increased risk was mainly explained by an 
increase of cancers in the right part of the 
colon (SIR 2-49; 95% Cl 1-62-3-76; table 1). 
This corresponds to about 0-4 extra 
cases/1000 person-years among the workers 
exposed to minerals in addition to the 
expected number, 0-25/1000 person-years. 
By contrast, the estimated risk of cancer in 
the left part of the colon was low (SIR 0-55 
(95% Cl 0T8-T30). The observed ratio of 
right/left colon cancer was 4-8 for the workers 
exposed to minerals (12 among the asbestos 
cement workers and three among the cement 
workers). This ratio can be compared with 
the ratio of 1-1, derived from the expected 
number of cases in the cohorts.

Among the other industrial workers, the 
SIR for cancer in the right part of the colon 
was 0-44 (95% Cl 0-16-0-97), and for can­
cers in the left part 1-12 (95% Cl 0-61-1-88). 
Hence, the location of cancers within the 
colon differed significantly from that in the 
mineral exposed workers (right/left ratio 0-4 v 
4-8 (p = 0-0003)). Among the fishermen the 
SIR for cancer in the right part of the colon 
was 1-03 (95% Cl 0-71-T47) and for cancers 
in the left part SIR 0-76 (95% Cl 0-47-1-18). 
The right/left ratio found was 1-5, which dif­
fered significantly from that in the workers 
exposed to minerals (p = 0-05).

There was also an increased incidence of 
rectal cancer among both the mineral 
exposed workers, (SIR 1-60 (95% Cl
T03-2-41)) and the other industrial workers 
(SIR 1-52 (95% Cl 1-05-2-17)). This corre­
sponded to about 0-2 extra cases/1000 per­
son-years in the combined industrial worker 
cohorts as well as the expected incidence of

Table 1 Site specific morbidity from colorectal cancer in cohorts of manual workers (the observation period begins 15 years after start of employment)

Cohort No
Person-
years

Right part of the colon Left part of the colon Rectum

ICD 1530-1531 ICD 1532-1533 ICD 154

O E SIR (95% Cl) O E SIR (95% Cl) O E SIR (95% Cl)

Mineral dust and fibres:
Asbestos cement 981 16708 12 504 2-38 (1-23-416) 1 4-72 0-22 (0-00-1-18) 13 7-87 7-87 (0-88-2-83)
Cement 1526 21341 12 4-59 2-61 (1-35—4-57) 4 4-31 0-93 (0-25-2-38) 11 7-17 7-17 (0-77-2-75)
Total 2507 38049 24 9-63 2-49 (1-62-3-76) 5 9-03 0-55 (0-18-1-30) 24 15-0 1-60 (1 03-2-41)

Other industrial work:
Chemical plant 313 2487 1 0-58 0 0-55 1 0-91
Fertiliser plant 1201 18829 2 4-68 5 4-37 11 7-32
Leather plant 1156 20602 2 4-44 5 4-20 13 7-05
Polyurethane plant 705 3734 1 0-77 0 0-62 2 1*17
Abattoir 100 1425 0 0-38 1 0-35 1 0-57
Sugar refinery 342 4330 0 1-78 2 1-66 3 2-72
Textile plant 148 3377 0 0-86 1 0-79 1 1-32
Total 3965 54784 6 13-5 0-44 (0-16-0-97) 14 12-5 1*12 (0-61-1-88) 32 21*1 1-52 (1-05-2-17)
Fishermen 8092 98596 32 311 103 (0-71-1-47) 21 27-7 0-76 (0-47-1-18) 44 45-6 0-97 (0-70-1-31)

O = Observed tumours; E = expected tumours (from national rates).
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Table 2 Comparison of diagnoses of site specific colorectal cancer in Tumour Registry notifications and on death 
certificates

Cause of death
Total
deathsTumour diagnosis 1530-1531 1532-1533 1538-1539 154 Other tumour Not tumour Alive

Right part of the colon 
1530-1531 11 0 18 1 2 9 41 21
Left part of the colon 
1532-1533 0 10 11 0 2 7 30 10
Colon, multiple or 
not specified
1538-1539 3 1 13 1 0 1 19 5
Rectum (anus included)
154 0 1 3 44 5 20 73 27
Not in Tumour Registry 0 0 6 0 - - - -

All diagnoses are transformed to ICD-7. Two deceased men with cancer of the appendix (ICD 1534) are omitted.

0*4/1000 person-years. By contrast, among 
the fishermen the SIR was 0*97 (95% Cl 
0*70-1*31).

In all these analyses we used national rates 
for comparison. A reanalysis (except for the 
fishermen’s cohort and the polyurethane 
cohort) with county specific rates gave similar 
results.

In the subgroup of asbestos cement work­
ers with a cumulative asbestos dose exceeding 
40 f-years/ml, (n = 78) there were three 
observed v 0*6 expected cancers in the right 
part of the colon (SIR 5*00; 95% Cl 
1*03-14*7). Among cement workers with a 
minimum of 25 years of employment (n = 
370) there were seven observed v 2*0 
expected cancers in the right part of the colon 
(SIR 3*57; 95% Cl 1*43-7*36). By contrast, a 
similar inclusion criterion of a minimum of 
25 years of employment in the cohorts of fish­
ermen and other industrial workers did not 
affect the estimates of risk. For cancers in the 
left part of the colon, the SIRs did not change 
in any of the cohorts.

The corresponding SIRs for rectal cancer 
were 2*13 (95% Cl 0*26-7*71) in the 
asbestos cement workers, 2*55 (95% Cl 
1*10-5*04) in the cement workers, and 2*21 
(95% Cl 1*23-3*64) in the other industrial 
workers. By contrast, the fishermen had an 
SIR of 0*87 (95% Cl 0*52-1*40).

CHARACTERISTICS OF ALL CASES OF 
COLORECTAL CANCERS
Cancers in the right part of the colon were 
verified by histology or cytology in 95% of the 
cases. The corresponding figures for the left 
part of the colon and rectum were 100% and 
98% respectively. One case of cancer was 
based on clinical examination only. Radio­
graphic investigations, surgery, or necropsy 
without histological examination had been 
performed in the other cases. There were no 
significant differences in the diagnostic proce­
dures between the different pooled cohorts.

The tumours with few exceptions were 
adenocarcinomas. In the right part of the 
colon there were four cancers that were noted 
as undifferentiated or malignant but unclassi­
fied. The corresponding figure for the left 
part of the colon was one, for the colon with 
unspecified location four, and for the rectum 
two. Also, there was one carcinoid in the 
appendix and one anal cancer.

COMPARISON BETWEEN CANCER MORBIDITY 
AND MORTALITY DATA
Of the 128 men with cancer in the colon 
defined by information from the cancer reg­
istry, 92 (72%) had died. Only 68 of them 
had colon cancer noted as the cause of death; 
furthermore, only for 34 of them was the sub­
site stated in the death certificate the same as 
in the cancer registry notification (table 2). 
From the dead men, the sensitivity of mortal­
ity data, compared with cancer morbidity 
data, was as low as 27 % for tumours in the 
right part of the colon and 33 % for left sided 
tumours. The pattern of low sensitivity of 
subsite in the mortality data was seen in all 
the cohorts, and was explained mainly by the 
use of unspecified diagnoses of colon cancer 
in the death certificates. For rectal cancer the 
mortality data sensitivity was higher (60%).

Discussion
We have found an increased incidence of can­
cers in the right part of the colon in asbestos 
cement workers, as well as in cement work­
ers, with indications of a dose-response rela­
tion. By contrast, other industrial workers 
had a deficit of these tumours. Compared 
with the general population and the fisher­
men, the mineral exposed workers, as well as 
the other industrial workers, also had a 
slightly increased incidence of rectal cancer.

It can be assumed that the diagnostic accu­
racy concerning subsite is high, as the diag­
nosis was based on tissue specimens in more 
than 95% of the cases. Pathologists and 
cytologists report every diagnosis of cancer on 
surgically removed tissues, biopsies, cyto- 
logical specimens, and necropsies, including 
forensic necropsies, to the Cancer Registry. 
Also, a report from the responsible physician 
is mandatory. Thus most cases were notified 
with two reports. Further, we have no indica­
tions that the diagnostic procedures varied 
between the cohorts.

The SIRs calculated in our cohorts of man­
ual workers are based on rates in the general 
population that might underestimate the risk 
related to exposure, as blue collar workers 
have a lower risk of colon cancer,19 both in 
the right and the left part.20 The standardised 
(for age, region, and area of population den­
sity) incidence among blue collar workers in 
Sweden is reported to be about 0*20/1000
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person-years in both the right and the left 
part of the colon.20 The proportion of right to 
left colon cancers among the fishermen was 
in good agreement with these data, whereas 
the finding among the other industrial work­
ers was in contrast showing a deficit of can­
cers in the right part of the colon. Among the 
workers exposed to minerals the pattern was 
remarkably different, with an almost fivefold 
predominance of right sided tumours.

A high dietary intake of fat has been associ­
ated with an increased risk for cancer in the 
right part of the colon in a Swedish study.8 It 
is, however, not likely that there has been 
confounding by dietary factors of such a 
degree as to explain the observed differences 
in risk between the workers exposed to min­
erals and the other industrial workers. The 
protective effect of physical activity, which 
can be seen also after adjustment for con­
founding factors such as dietary habits, body 
mass,5 and social class, is most pronounced in 
the left part of the colon. To our knowledge 
the physical demands at work do not differ 
substantially between the cohorts of industrial 
workers. Thus, the different right to left ratio 
among the mineral workers cannot be 
explained by confounding risk factors that are 
linked to the socioeconomic group.

Despite numerous epidemiological and 
experimental studies, there is no consensus 
concerning exposure to asbestos and risks of 
gastrointestinal cancer.21-24 In a recent meta­
analysis the risk for lung cancer was used as a 
surrogate for exposure.22 High exposure was 
said to have occurred if there was a twofold 
risk for lung cancer or more; otherwise it was 
said to be low. Mortality from colorectal can­
cer was evaluated in 15 populations, of which 
three consisted of asbestos cement workers. 
The relative risk for high exposure compared 
with reference populations was 1*6 (95% Cl 
1*3-1 *9), whereas low exposure displayed a 
non-significant deficit (relative risk 0*9; 95% 
Cl 0*7-1 *1). Site specific risks within the 
large bowel were not evaluated. For compari­
son, the SIR for colorectal cancer in the 
asbestos cement workers was 1*4 in our 
study.

In cohorts from the asbestos cement indus­
try, mortality from gastrointestinal cancer,25-27 
colorectal cancer,28 or cancer of the colon and 
rectum separately29 has not been increased. 
Rectal, but not colon cancer morbidity was 
slightly, but not significantly, in excess in a 
Danish cohort.30 In another Swedish asbestos 
cement factory there was a nearly significant 
increase of mortality from colorectal cancer, 
but no increased morbidity from gastro­
intestinal cancer allowing for a latency 
period.31 In our original asbestos cement 
cohort, there was a slightly increased mortal­
ity, and morbidity, in colorectal cancer 
although this was not statistically significant.13 
A significant dose-response relation between 
cumulative dose and mortality, with a relative 
risk of 3*4 at an exposure of ^40 f-years/ml 
was found as well as a tendency towards such 
a relation also for morbidity.

Data from case referent studies, examining

exposure to asbestos and risk of morbidity 
from colon cancer, do not show convincing 
evidence of an association.32-35 In one study, 
where analyses by the anatomical subsite 
were presented, there was a significant 
increase of cancer in the right part of the 
colon only.34 In another, neither cancer of the 
right nor left colon showed clear 
associations.35 The type and magnitude of 
exposure to asbestos is, however, poorly elu­
cidated in these population based studies, 
and, probably, the exposures were low for 
most of the subjects.

It has been claimed that misclassification of 
peritoneal mesotheliomas in cohorts exposed 
to asbestos might explain an observed excess 
of gastrointestinal cancers.21 In our original 
asbestos cement cohort several pleural but no 
peritoneal mesotheliomas were found. Out of 
76 gastrointestinal cancers diagnosed 
between 1958 and 1983, there were 60 speci­
mens available for a histopathological review. 
For 58 tumours the original diagnosis was 
confirmed; for the other two the diagnosis 
was not clear, but was not consistent with 
mesothelioma.36 Of the 27 colorectal cancers 
among asbestos cement workers reported in 
our study, 25 were diagnosed before 1984; of 
these all 18 reviewed were confirmed, as were 
the two cancers occurring later on. In the 
cement factories no substantial exposure to 
asbestos had occurred, and the cohort had a 
deficit of lung cancers; no mesotheliomas 
were found according to data from the cancer 
registry. Thus our findings cannot be 
explained by the presence of unknown peri­
toneal mesotheliomas. Also, it is not likely 
that misclassified mesotheliomas would occur 
only at one specific subsite within the colon.

Except for a non-significantly raised SMR 
of 1*88 for rectal tumours in a registry based 
mortality study of cement workers,37 an 
enhanced risk for colorectal tumours in 
cement workers had not been described 
before our cohort study12 and population 
based case referent study.11 In the case refer­
ent study, which was performed in the com­
munity of one of the cement plants, no 
analysis for specific subsite was done. A 
reanalysis of the study however confirmed 
that the risk was confined to cancers in the 
right part of the colon and in the rectum.

Only in a few epidemiological cancer stud­
ies of workers exposed to inorganic dusts 
were results for separate sites within the large 
bowel reported. In a case-referent study of 
bowel cancer morbidity in young urban men, 
tumours in the rectum and, to a lesser degree 
the sigmoid colon, were associated with dusty 
jobs.3 There are several reports of an 
increased incidence of colorectal cancer in the 
engineering and automotive industry, associ­
ated with exposures to metal and wood dust, 
among other substances.38^42 No clear cut pat­
tern between dust exposure, and cancer of 
the colon and rectum emerges. Also, colon 
cancer among workers engaged in the pro­
duction of polypropylene powder43 and 
fibres44 has been reported.

In descriptive studies, blue collar workers
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in general do not show higher incidence of 
rectal cancer than other socioeconomic 
groups.19-20 The results among the fishermen 
are in good agreement with these data. The 
other industrial cohorts in this study were, 
however, with the exception of the reference 
cohort, originally assembled from industrial 
settings with suspected carcinogens of differ­
ent kinds. We found an increased incidence 
of rectal cancer of the same magnitude 
among the workers exposed to minerals as 
among the other industrial workers, and also 
increasing risk estimates with increasing dose 
or duration of employment. This is an indica­
tion that rectal cancer in the workers exposed 
to minerals as well as in the industrial com­
parison group may be related to occupational 
factors.

Inhaled dusts and fibres can reach the gas­
trointestinal tract through lung clearance and 
mucociliary transport mechanisms, and sub­
sequent swallowing. In the proximal parts of 
the colon, retrograde peristalsis chums and 
mixes the liquid stool,4 the traffic in and out 
of the lumen is heavy, and the transit time is 
relatively long. By contrast, the distal parts of 
the colon have a storage function. Thus there 
is a good possibility for ingested mineral dust 
and fibres to get in close contact with the 
mucosa in the proximal colon. Asbestos fibres 
have been demonstrated microscopically in 
the digestive tract.45"16 The normal diet con­
tains a large number of carcinogenic com­
pounds and their precursors and their 
concentration is highest in the proximal 
colon. Also, bile acids, which are promotors, 
have their greatest impact on the cancer 
process in the proximal colon.47 Persistent 
particles may have a non-specific irritating 
effect on the mucosa thereby decreasing its 
normal protective mechanisms and enhancing 
the effect of carcinogens.48

Workers exposed to mineral dust and fibres 
showed a substantially increased incidence of 
cancer only in the right part of the colon. Our 
findings thus clearly underline the importance 
of an appropriate disease classification, in 
accordance with the present expanding bio­
logical knowledge, in order not to obscure or 
underestimate possible effects of exposure. As 
the risk pattern differed substantially from 
that of the other manual workers, differences 
in diet, physical activity, or other socioeco­
nomic factors can hardly explain the 
enhanced risk. Thus it is assumed that persis­
tent mineral dust and fibres reaching the 
colonic mucosa are causative. Further sup­
port for this assumption is the finding that 
higher risk estimates occur in workers with 
higher exposure estimates.

We found about 0*4 extra cases of cancer 
in the right part of the colon/1000 person- 
years among the asbestos cement workers. 
For comparison, the corresponding figure for 
primary lung cancer was 0-8, and for 
mesothelioma 0-4. The observed excess of 
cancer in the right colon is hence not neglec- 
table. The risk estimates for cancer in the 
right part of the colon were equal in the 
asbestos cement and cement cohort. Dust

measurements indicate that levels of total 
dust and cement dust had been considerably 
higher in the cement plants. Therefore, expo­
sure to cement is not likely to be the sole 
explanation of the observed risk among the 
asbestos cement workers. Also, in the 
chrysotile mining industry, where there is no 
cement but a non-fibrous dust fraction, indi­
cations of dose-response relations between 
accumulated dust exposure and mortality 
from colorectal cancer have been shown.49

Our findings need to be verified in other 
cohorts of workers exposed to mineral dust,— 
for example, quartz and fibres. Especially, 
asbestos fibre with no concomitant exposure 
to mineral dust should be examined. Also, 
exposure to other types of persistent dusts,— 
for example, metal and polymer dust—needs 
to be studied. It should be stressed that the 
pattern of subsite specific risks was evident 
only when data for morbidity from cancer 
were used. Besides the reduction of the num­
ber of cases found in a mortality study, the 
serious drawback is that the reported causes 
of death usually are unspecified or inaccurate 
with regard to subsite.

Zoli Mikoczy and Lars Rylander assisted in the data analysis. 
Leif Johansson reviewed the histopathological specimens. The 
present reanalysis was financially supported from the Faculty 
of Medicine, University of Lund. The original cohort studies 
were supported by the Swedish Work Environment Fund and 
Klippan Leatherworkers Fund.
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