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Objectives The incidence of cancer among employees of a Norwegian asbestos-cement factory was studied in
relation to duration of exposure and time since first exposure. The factory was active in 1942–1968. Most of the
asbestos in use was chrysotile, but for technical reasons 8% amphiboles was added.
Methods For the identification of cancer cases, a cohort of 541 male workers was linked to the Cancer Registry
of Norway. The analysis was based on the comparison between the observed and expected number of cancer
cases. Standardized incidence ratios (SIR) and 95% confidence intervals (95% CI) were estimated. Period of first
employment, duration of employment, and time since first employment were used as indicators of exposure.
Poisson regression analysis was used for the internal comparisons.
Results The standardized incidence ratio was 52.5 (95% CI 31.1–83.0) for pleural mesothelioma, on the basis
of 18 cases. The highest standardized incidence ratio was found for workers first employed in the earliest
production period (SIR 99.0, 95% CI 51.3–173). No peritoneal mesothelioma was found. The standardized
incidence ratio for lung cancer was 3.1 (95% CI 2.1–4.3), but no dose–response effect was observed. The ratio of
mesothelioma to lung cancer cases was 1:2.
Conclusions This study showed a high incidence of mesothelioma and a high ratio of mesothelioma to lung
cancer among asbestos-cement workers. The high incidence of mesothelioma was probably due to the fact that a
relatively high proportion of amphiboles was used in the production process.

Key terms asbestos-cement workers, chrysotile, crocidolite, lung cancer, pleural mesothelioma.

As early as the 1950s and 1960s, evidence from studies
conducted in several countries indicated that workers
exposed to asbestos were at risk of developing asbestosis, malignant mesothelioma, and lung cancer (1–3).
Asbestos is defined as the fibrous form of mineral silicates belonging to the serpentine and amphibole groups
of rock-forming minerals, including actinolite, amosite
(brown asbestos), anthophyllite, chrysotile (white asbestos), crocidolite (blue asbestos), tremolite, and a mixture containing one or more of these. Generally, the
manufacture of asbestos-cement products has consumed
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a sizeable proportion of asbestos in use; in Norway
around 70% of the asbestos imported was used in this
industry. Chrysotile has been the dominant form of
asbestos in the production of asbestos-cement. Follow-up studies of asbestos-cement workers have shown
them to be at risk of asbestosis (4). Studies on cancer
mortality and incidence have, however, produced variable results.
In several cohort studies of asbestos-cement workers, no elevated mortality from lung cancer or malignant mesothelioma was found (5–8). The authors’ main
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explanation for the lack of excess cancer risk was the
predominant use of chrysotile in the production process. In other studies of workers of the asbestos-cement
producing industry, exposure-dependent increases in
mortality rates from respiratory diseases, lung cancer,
mesothelioma, and gastrointestinal cancers have been
found for cohorts exposed to both chrysotile and crocidolite (9–16). Mesothelioma risk has been strongly related to amphibole exposure, especially exposure to crocidolite (11). However, in a Swedish study of asbestoscement workers with mainly chrysotile exposure (99%),
the risk for pleural mesothelioma was significantly increased (17). Also from other studies, in which exposure to chrysotile fibers dominated, excess mortality
from cancer of all sites, lung cancer, and mesothelioma
has been reported (18, 19). It should be noted, however, that, in most studies, the chrysotile to amphibole ratio is poorly defined.
The aim of our investigation was to study the incidence of cancer among employees of a Norwegian asbestos-cement factory in relation to duration of exposure, time since first exposure, and period of first employment. Results from this Norwegian cohort of asbestos-cement workers have not been published earlier.

Materials and methods
Factory
The factory began production during wartime in 1942,
manufacturing asbestos-cement sheets. Most of the asbestos (92%) was chrysotile (20), but for technical reasons a small amount of amphibole (anthophyllite,
amosite, or crocidolite) asbestos was always added. Figure 1 shows the annual use of asbestos from 1942 to
1976 according to data obtained from factory records.
In addition Finnish asbestos (anthophyllite) was used,
but only during wartime from 1942 to 1945, and in small

Figure 1. Use of asbestos in the factory in 1942–1976.
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amounts. Chrysotile was mainly imported from Canada, but also in small amounts from the Soviet Union.
By the end of the 1970s the market for asbestos-cement
products failed, as they became unpopular in the national construction industry. The factory stopped using asbestos around 1978 and was formally closed in 1980,
as it failed to find other fibers to replace asbestos.

Production
The asbestos arrived in bags of jute up to the beginning
of the 1970s, when plastic bags were introduced. Asbestos fibers easily penetrated the intact jute bags. Thus
the handling of the bags when they arrived at the factory always involved massive exposure to asbestos. Generally, all workers who did not have crucial functions
on the production line that day took part in the unloading and reloading of the asbestos bags in the storeroom.
For production the bags were taken from the storeroom
and ripped open; the asbestos was then dumped into a
mill and crushed to the requested fiber size. Up to 1952,
the asbestos was milled dry and was manually handled
until it was mixed with water and cement into an asbestos-cement sludge. The sludge was passed on to the asbestos-cement production machinery, where the water
was sucked away to produce the final product. In 1952
new milling machinery was introduced, water was added to the milling, and milled asbestos was brought automatically to the asbestos-cement sludge. Even if parts
of the production machinery were changed after 1952,
the basic production line, machine technology, and formulas did not change very much. However, with the introduction of plastic instead of jute bags in the beginning of the 1970s the asbestos exposure from the handling of the bags decreased substantially.

Exposure
In 1950, 1954, and 1964, atmospheric particles were
measured during the feeding of the mill, after the milling process, and during the feeding of containers with
spades in the asbestos store. In 1950 fiber concentrations varying from 3.6 to 70 million particles per cubic
foot (mppcf) were recorded (20). On the assumption of
an asbestos content of 40–60% of the total fiber concentration measured (20), this level corresponds roughly to 50–1000 fibers per milliliter (f/ml).
In 1954 concentrations between 3.4 and15.4 mppcf
(50–100 f/ml, estimated) were described, with peak exposures of up to 40.5 mppcf (600 f/ml, estimated) (20).
In 1964 the National Institute of Occupational Health
made a survey based on gravimetric measurements and
the use of midget impingers. The gravimetric data
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showed concentrations of 0.2–22.8 mg/m3 (20), whereas
the corresponding midget impinger results were
5.2–113 mppcf (100–1900 f/ml, estimated).
Systematic efforts to reduce the dust concentrations
started in the second half of the 1960s. Respiratory protection devices were introduced at the dustiest spots
(during the feeding of the mill and the filling of containers with spades). From 1972 to 1978 the company
measured fiber concentrations regularly with personal
sampling using the membrane technique. During sacking operations at the mill, fiber concentrations of up to
13 f/ml were detected, but after 1973 the atmospheric
concentrations were generally lower than 5 f/ml (20).

Cohort and follow-up
The cohort was restricted to workers who had a minimum of 1 year of employment and who had been hired
between 1942 and 1976. In 1976 a list of male workers
was compiled from the company files. The total number
of workers with a minimum of 1 year of employment
was 545. Four persons were not identified by their personal identification number and were subsequently excluded from the study. A total of 45% had been employed 10 years or more. Information on smoking habits was collected from the occupational health service
for 482 persons. Altogether 355 (65.6%) were smokers,
49 (9%) were former smokers, 78 (14.4%) were never
smokers, and smoking data were missing for 59 (11%).

Identification of cases
For the identification of the cancer cases, the cohort was
linked to the Cancer Registry of Norway, which has virtually complete records of individual cases of cancer in
the Norwegian population since 1 January 1953. The
linkage was based on the unique 11-digit personal identification number that was assigned to each person alive
in Norway in 1960 or born after that year. The cohort
was also linked to Statistics Norway to obtain the date
of emigration and the date of death, when relevant. Coding of cancers was based on a modified version of the
International Classification of Diseases, 7th revision
(ICD-7).
The workers were observed for the incidence of cancer from 1 January 1953, or from 1 year after starting
work in the industry after that date, until date of emigration, date of death, or end of follow-up on 31 December 1999, whichever occurred first, giving 17 264
person-years of follow-up.

The expected numbers of cases were calculated using
the 5-year age- and period-specific incidence rates of
cancer of the entire male population in Norway. Standardized incidence ratios (SIR) were calculated as the
ratio between the observed and the expected values. The
95% confidence intervals (95% CI) of the standardized
incidence ratios were estimated on the assumption of a
Poisson distribution of the cancer cases. Period of first
employment, duration of employment, and time since
first employment were used as indicators of exposure,
and the calendar-year intervals of the period of first
employment were categorized into approximately equally long intervals while also taking into consideration
improvements of the work environment.
Poisson regression analysis was used to determine
the internal exposure–response relations and for the exploration of potential confounding from smoking. Duration of employment (<10, 10–14, ≥15 years) was used
as a surrogate variable for exposure. Age was included
in the models in four age groups (<50, 50–59, 60–69,
≥70 years). The smoking variables were never smokers,
former smokers, current smokers, and unknown. The
Epicure statistical package was applied (21).

Results
During the follow-up 132 workers developed 144 cancers (SIR 1.8, 95% CI 1.6, 2.2). Table 1 shows the standardized incidence ratios for selected cancers in the total
cohort. Lung cancer risk was significantly elevated with
Table 1. Observed numbers of cancer cases and the standardized incidence ratios (SIR) for male workers employed 1 year or
more in the Norwegian asbestos-cement factory — follow-up for
1953–1999. (95% CI = 95% confidence interval)
Site a
Oral (141,143–148)
Stomach (151)
Colorectal (153–154)
Lung (162)
Pleura (163)
Prostate (177)
Testis (178)
Kidney (180)
Bladder (181)
Melanoma (190)
Brain (193)
Other sites combined b, c
All sites c (140–204)

Analysis
The analysis was based on a comparison between the
observed and expected numbers of new cancer cases.

Observed (N)

SIR

95% CI

5
7
17
33
18
8
3
4
14
5
6

3.3
1.4
1.6
3.1
52.5
0.6
2.5
1.3
2.5
1.5
2.4

1.1– 7.7
0.6– 2.9
0.9– 2.5
2.1– 4.3
31.1–83.0
0.3– 1.1
0.5– 7.3
0.4– 3.4
1.4– 4.2
0.5– 3.5
0.9– 5.2

24

1.2

0.8– 1.7

144

1.8

1.6– 2.2

a

Code of the International Classification of Diseases (7th version) in
parentheses.
b
Other sites combined include lip, liver, pancreas, melanoma, other skin,
Hodgkin’s and Non-Hodgkin lymphoma, all leukemia, and unspecified.
c Basal cell carcinomas are not included.
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33 observed cases versus 10.7 expected. Risk of pleural
neoplasms, all of which were malignant mesotheliomas,
was highly elevated. No peritoneal mesothelioma was
found. The ratio of mesothelioma to lung cancer cases
was 1:2 for the total cohort. The risk of colorectal cancer was elevated for workers with more than 3 years of
employment (SIR 1.8, 95%CI 1.1–2.9) (not shown in
table). Of the 17 colorectal cancers 12 (70.6%) were rectal cancers (SIR 2.9, 95% CI 1.5–5.0) (not shown in table). The risks of cancer of the buccal cavity and pharynx
(oral cancer) and bladder cancer were also elevated with

standardized incidence ratios of 3.3 and 2.5, respectively.
Table 2 shows the risk of malignant mesothelioma
and lung cancer by increasing duration of employment.
Among the workers employed 5 years or more, the risk
of malignant mesothelioma was elevated. The standardized incidence ratio was highest for the workers employed 15 years or more. Lung cancer was elevated for
workers employed 1–4 years and for those with 15 or
more years of employment. Lung cancer was observed
for three never smokers and one ex-smoker.

Table 2. Observed and expected numbers of malignant mesothelioma and lung cancer cases and the standardized incidence ratios (SIR)
with the 95% confidence intervals (95% CI ) for the male workers employed ≥1 year in the Norwegian asbestos-cement factory — followup for 1953–1999.
Malignant mesothelioma
Duration of employment

Observed
(N)

Expected
(N)

SIR

Lung cancer
95% CI

Observed
(N)

Expected
(N)

SIR

95% CI
2.0–8.3

1–4 years

–

0.07

0.0

··

9

2.1

4.4

5–9 years

2

0.06

34.8

4.2–126

4

1.7

2.3

0.6–5.9

10–14 years

3

0.06

51.3

10.6–149

4

1.8

2.3

0.6–5.8

≥15 years

13

0.16

84.1

44.8–144

16

5.2

3.1

1.8–5.0

Table 3. Observed number of cases and the standardized incidence ratios (SIR) with the 95% confidence intervals (95% CI) for malignant mesothelioma among the male workers with ≥1 year of employment in the Norwegian asbestos-cement factory, by period of first
employment in the factory and time since first employment — follow-up for 1953–1999.
Time since first employment
Period of first
employment

0–14 years

≥30 years

15–29 years

Observed cases SIR 95%CI
(N)

Observed cases SIR
(N)

95%CI

Observed cases SIR
(N)

Total
95%CI

Observed cases SIR
(N)

95%CI

1942–1951

–

··

··

1

58.0 1.5–323

11

108.3 54.0–194

12

99.0

1952–1959

–

··

··

1

45.2 1.1–252

2

33.6 4.1–121

3

35.3

51.3–173
7.3–103

1960–1969
1970–1975

–
–

··
··

··
··

2
–

36.7 4.5–133
··
··

1
–

22.4 0.6–125
·· .
··

3
–

27.9
··

5.8– 81.6
··

Total

–

··

··

4

34.6 9.4–88.6

14

68.0 37.2–114

18

52.5.4 31.1– 83.0

Table 4. Observed number of cases and the standardized incidence ratios (SIR) with the 95% confidence intervals (95% CI) for lung
cancer among the male workers with ≥1 year of employment in the Norwegian asbestos-cement factory, by period of first employment in
the factory and time since first employment — follow up for 1953–1999.
Time since first employment
Period of first
0–14 years
employment
Observed cases SIR 95%CI
(N)

≥30 years

15–29 years
Observed cases SIR 95%CI
(N)

Observed cases SIR
(N)

Total
95%CI

Observed cases SIR
(N)

95%CI

1942–1951

1

10.0 0.3–55.8

7

7.6

3.1–15.6

11

3.5

1.7–6.2

19

4.5

2.7– 7.1

1952–1959

–

··

2

2.2

0.3– 7.9

1

0.6

0.1–3.6

3

1.1

0.2– 3.3

1960–1969
1970–1975

–
2

··
··
6.5 0.8–23.6

4
3

2.5
5.4

0.7– 6.5
1.1–15.8

2
–

1.9
··

0.2–6.9
··

6
5

2.0
5.8

0.7– 4.4
1.9–13.6

Total

3

3.2 0.7– 9.4

16

4.0

2.3– 6.5

14

2.4

1.3–4.1

33

3.1

2.1– 4.3

414

··
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In tables 3 and 4 (on page 414) the risk of malignant mesothelioma and lung cancer are shown by period of first employment and time since first employment.
The workers employed before 1952, when dry milling
was performed, had the highest incidence of mesothelioma (SIR 99.0, 95% CI 51.3–173). However, the risk
of mesothelioma was very high even among workers
employed after 1952 (table 3). No case of malignant mesothelioma was found among those with less than 15
years since first employment. In the groups with 15–29
years and ≥30 years since first employment, the standardized incidence ratios were 34.6 (based on 4 cases)
and 68.0 (based on 14 cases), respectively.
The highest significant risk of lung cancer was found
for the workers first employed between 1942 and 1951
and with 15–29 years since first employment (SIR 7.6,
95% CI 3.1–15.6) (table 4). However, among the workers first employed in 1970–1975 and with 15–29 years
since first employment, three cases of lung cancer were
observed (SIR 5.4, 95% CI 1.1–15.8). No trend according to period of first employment or time since first
employment was found.
The risk of bladder cancer was significantly elevated (SIR 3.3, 95% CI 1.5–6.2) among the workers with
≥15 years of employment (not shown in table). The
highest incidence of bladder cancer was found for the
workers first employed between 1952 and 1959 (SIR
3.6, 95% CI 1.2–8.5) (not shown in table). Oral cancer
or cancers of the colon or rectum were not associated
with the duration of employment, the period of first employment, or the time since first employment.
In the internal analysis an association was found between the risk of mesothelioma and the duration of employment (table 5). We also investigated the potential
associations between duration of employment and lung
cancer or bladder cancer, but found no associations.

Table 5. Poisson regression analysis of mesothelioma and lung
cancer risk by duration of employment, controlled for age and
smoking. (95% CI = 95% confidence interval)
Mesothelioma

Lung cancer

Variable
Rate ratio
Duration of employment
<10 years
10–14 years
≥15 years
Age
<50 years
50–59 years
60–69 years
≥70 years
Smoking
Never smokers
Smokers
Former smokers
Unknown

95% CI

Rate ratio 95% CI

1.0
4.3
6.7

··
0.7 –28.1
1.3 –34.3

1.0
0.7
0.9

··
0.2– 2.2
0.4– 2.0

1.0
0.8
13.1
7.3

··
0.07–9.2
2.7 –64.3
1.1 –48.2

1.0
7.7
13.5
47.0

··
2.0– 29.8
3.5– 51.3
12.8–173

1.0
1.0
1.0
2.1

··
0.3 – 3.5
0.2 – 6.0
0.2 –22.5

1.0
2.4
0.6
1.8

··
0.7– 7.9
0.1– 5.3
0.3– 11.0

While detailed individual work histories and reliable exposure measurements with which to estimate cumulative exposure were lacking, the description of the
work conditions indicated that all the workers may have
experienced considerable exposure to asbestos. The
heaviest exposure probably occurred before 1952, when
dry milling was performed. Stationary sampling at the
most exposed spots suggested that the atmospheric concentrations were also extremely high throughout the
1950s and 1960s. In the 1970s, dust was regularly measured, and the levels were estimated to range between 1
and 13 f/ml, mostly below 5 f/ml. Although such historical measurements should be interpreted with caution,
these estimates appear high compared with reports from
other asbestos cement plants (4, 6, 7, 17, 19).

Respiratory system

Discussion
This study of asbestos-cement workers demonstrated an
elevated risk of cancer at all sites, mainly due to excess
risks of malignant mesothelioma, lung cancer, oral cancer, colorectal cancer, and bladder cancer.
The study had several design features that ensured
its validity. The use of personal identification numbers
facilitated the identification and linkage to the cancer
data of the Cancer Registry of Norway, which is considered to have complete data. The cohort was small,
but only 0.7% of the workers employed 1 year or more
were lost to follow-up, and the follow-up period was
long, with a minimum of 20 years since last exposure.
Furthermore, the cohort contained many long-term employees, as 45% were employed 10 years or more.

The highest risk of pleural mesothelioma was found
among the workers employed before 1952. No mesothelioma case was found among those with less than 5 years
of employment. The highest risk was found for the
workers with more than 15 years of employment, and a
clear dose–response relationship was seen when duration of employment was used as an indicator of dose.
However, the fact that the duration of employment is
strongly associated with latency makes it impossible in
this study to decide if the mesothelioma risk was determined mainly by time since first exposure or by dose.
Other studies have shown that mesothelioma risk is determined mainly by time since first exposure, secondly
by dose (22). The very high risk of mesothelioma, compared with the moderate increase in lung cancer, produced an unusually high mesothelioma-to-lung cancer
ratio.
Scand J Work Environ Health 2002, vol 28, no 6
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Mesothelioma has mainly been associated with exposure to amphiboles (23). Chrysotile, mainly imported
from Canada, has been the major type of asbestos
(>90%) in the Norwegian plant. Several studies have
been published on Canadian chrysotile miners and millers, for whom high pulmonary levels of tremolite fibers
have been detected in the lungs (24). Low levels of
amosite and crocidolite have been found in the lungs of
Canadian asbestos workers (25). In the Norwegian plant,
around 8% amphiboles were added to the asbestos-cement production to promote the withdrawal of water
from the product at the end of the production line. Gylseth et al (20) studied fiber type and concentration in
the lungs of workers of the Norwegian asbestos-cement
factory. The percentage of chrysotile asbestos in the
lung tissue varied between 0% and 9%, whereas the corresponding numbers for the amphiboles were 76% and
99%. Exposure to amphiboles (crocidolite, amosite) and
contaminated chrysotile (tremolite, crocidolite, amosite)
may therefore explain the high mesothelioma risk.
Also in other countries, chrysotile has dominated in
asbestos-cement products, and many studies of asbestos-cement workers report negative results (5–8). A
Swedish study, however, reported elevated risk for pleural mesothelioma among asbestos-cement workers with
predominantly chrysotile exposure (17), but also in the
Swedish study exposure to amphiboles may have occurred in all cases. Excess mortality from lung cancer
and mesothelioma has also been reported from other
studies, in which the exposure to chrysotile fibers has
dominated (18, 19). In our study we could not rule out
the possibility that chrysotile contributed to the excess
cancer risk.
The extensive focus on the asbestos-cement industry that occurred in the late 1970s may have biased the
observed relationship between asbestos exposure and
mesothelioma. Thirteen of the eighteen mesothelioma
cases were diagnosed after 1980. Subjects working with
asbestos may be more likely to have a tumor diagnosed
as mesothelioma than persons in nonasbestos exposed
cohorts (26), and a diagnostic bias cannot be excluded
although 94% and 90% of mesothelioma and lung cancer cases were histologically verified at the population
level (27).
Cigarette smoking has little or no effect on the incidence rates of mesothelioma, unlike its influence on
lung cancer (28). The risk of lung cancer was highest
among the workers employed before 1952, but the incidence of lung cancer did not increase with the duration
of employment, nor was a trend shown according to time
since first employment. The observed lack of dose–response is in accordance with previous studies in the asbestos-cement industry with duration of exposure as a
dose surrogate (15, 17, 29), and it can be considered an
indication of a weaker association between asbestos
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exposure and lung cancer as compared with malignant
mesothelioma. The cohort contained only 14.4% never
smokers, and this finding indicates that the cohort had
more tobacco use than did the entire male population of
Norway, which was used as the control group. It is a bit
surprising that, in this heavily smoking cohort with obvious heavy asbestos exposure, no more lung cancers
were found.

Other types of cancer
No peritoneal mesothelioma was found. It has been suggested that peritoneal mesotheliomas are linked to intense and prolonged exposure (23). In the present study,
in which 45% of the workers were employed 10 years
or more and fiber measurements indicated a considerable exposure to asbestos, the lack of peritoneal mesotheliomas was in contrast with this notion.
The standardized incidence ratio of colorectal cancer was elevated for the workers with more than 3 years
of employment. Some epidemiologic studies have found
an excess of gastrointestinal carcinomas among asbestos workers, and the authors have reported indications
of an increased risk of colorectal cancer especially (10,
17, 30–32). However, the association between asbestos
exposure and gastrointestinal cancer is not definite. In
our study no association with duration of employment,
time since first employment, or period of first employment was found for colorectal cancer. A predominance
of rectal cancer was found, in contrast to the findings
of Jakobsson et al (33), among Swedish asbestos-cement
workers.
The standardized incidence ratio for oral cancer was
also elevated. Several investigators have reported an
association between asbestos exposure and laryngeal
carcinoma but, as far as we know, not with oral cancer.
No association with duration of employment, time since
first employment or period of first employment was
seen. We have no information on alcohol consumption
and only limited information on smoking habits, and a
possible effect from these known confounders could not
be ruled out.
An excess risk of bladder cancer in association with
asbestos exposure has, as far as we know, not been demonstrated earlier. Smoking is a known risk factor for
bladder cancer, but a standardized incidence ratio of 2.5
(95% CI 1.4–4.2) can hardly be explained by smoking
alone. Studies have identified the presence of asbestos
fibers, both amphibole and chrysotile, in human urine
samples (34, 35).
In conclusion, our study showed a high incidence of
mesothelioma and a high ratio of mesothelioma to lung
cancer among workers exposed to a 92% chrysotile and
8% crocidolite–amosite mix of asbestos fibers. The association between lung cancer and asbestos exposure
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seemed to be weaker than for malignant mesothelioma.
In addition, there was an increased incidence of oral
cancer, colorectal cancer, and bladder cancer in the cohort with unknown association to asbestos exposure.

17.
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