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Objectives The study investigated cancer incidence among 23 718 male pulp and paper workers employed
continuously for at least 1 year between 1920 and 1993 in Norway.

Methods The name, date of birth, personal identification number, dates of hire and termination for all
employment periods, specific department, and job categories were registered for each worker. Six subcohorts were
established (sulfite mill, sulfate mill, paper mill, maintenance department, administrative staff and other depart-
ments). Data on the cohort were linked with data in the Norwegian Cancer Register. The follow-up period for
cancer incidence, date of death, or emigration was from 1953 through 1993.

Results An excess incidence of lung cancer was found among both short- and long-term employees [standardized
incidence ratio (SIR) 1.5, 95% confidence interval (95% CI) 1.13—2.03 and SIR 1.2, 95% CI 1.09—1.34,
respectively], especially for workers with the longest latency (SIR 1.3, 95% CI 1.08—1.44) and for sulfite mill
workers (SIR 1.5, 95% CI 1.09—1.99). The risk for pleural mesothelioma was also increased (SIR 2.4, 95% CI
1.45—3.75), especially among maintenance workers. The results also showed an increased risk for malignant
melanoma (SIR 1.3, 95% CI 1.04—1.60), an unexpected finding.

Conclusions Almost all the increased risk for lung cancer can be explained by a combination of smoking habits
and asbestos use, although an effect of other work-related exposures (sulfur and chloride compounds, wood dust)
cannot be excluded. Most of the cases of pleural mesothelioma occurred in departments where asbestos was used.
There is no clear explanation for the excess of malignant melanoma, and the finding may be a chance occurrence.
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The first chemical cellulose mill in Norway opened in
1870, and the processing of paper started in 1890. Pulp
and paper have traditionally been produced by 1 of 2
chemical processes, sulfite (acidic) and sulfate (alkaline),
and by 1 mechanical process. The main potential expo-
sures are to gaseous sulfur compounds (sulfur dioxide,
hydrogen sulfide, organic sulfides, mercaptans), chlorine,
and chlorine compounds. Established carcinogens such
as asbestos, wood dust, and formaldehyde have all been
common in these workplaces. Various other biologically
active substances, such as paper dust, polychlorinated
biphenyls (PCBs), dyes (auramine and other benzidine-
based), resins, microbes and talc, have also been identi-
fied in the work atmosphere.

The health effects of work in the pulp and paper in-
dustry have been reviewed (1), and excess incidences of
lung cancer, malignant mesothelioma, and malignant
lymphomas have been associated with these occupation-
al exposures. Few studies have reported increased can-

cer risks among female workers in pulp and paper mills,
except for an increased risk for ovarian cancer in a Nor-
wegian study (2). Increased incidences of lung cancer
have been observed among sulfite mill workers (3, 4),
sulfate mill workers (5), workers exposed to organic chlo-
rinated compounds (6), and paper and board mill work-
ers (7). Furthermore, an excess risk for lung cancer was
observed for maintenance workers; it was attributed to
exposure to asbestos (8) and to wood dust (9). Other in-
vestigators, however, found no increase in lung cancer
risk for pulp and paper workers (10—14).

Asbestos was used widely as an insulating material
in process equipment such as boilers and in the brakes
of slitter-winders and other rolling machines; this use has
been associated with the excess risk for pleural mesothe-
lioma observed among pulp and paper workers (15, 16).

Sulfite mill workers (17) and pulp mill workers (18)
have been found to have an increased risk for lymphosa-
rcoma and reticulum-cell sarcoma. Both pulp and paper
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workers were also reported to have increased risks for
Hodgkin disease, multiple myeloma (19), and leukemia
(20).

The main purpose of the present study was to inves-
tigate the incidences of respiratory and lymphatic can-
cers among male workers in the Norwegian pulp and pa-
per industry, using data from a cancer register.

Subjects and methods

Various products are made in the pulp and paper indus-
try, including newspaper, printing paper, soft paper and
paperboard. The characteristics of the 11 mills included
in the present study are shown in table 1. In 9 of the mills,
paper was made in the same plant as the pulp was pro-
duced. During the study period, small changes in the
process were introduced, but the main features of the pro-
duction were maintained.

Subjects

The present study included 23 718 men who had worked
continuously at 21 of the 11 mills for at least 1 year be-
tween 1920 and 1993. Altogether 729 men (3%) were
excluded because personal identification was lacking.
During the follow-up period, 6914 men died and 286 em-
igrated. The data set included name, date of birth, per-
sonal identification number, dates of entry, and termina-
tion of all employment periods and departments and job
categories. A personal identification number was given
to each person in Norway in 1960 and subsequently at
birth or immigration. This study was restricted to include
only men, because of the few number of women in the
pulp-producing departments (sulfite and sulfate). Eighty-
five percent of the women were employed in paper and

Table 1. Characteristics of 11 mills and processes used during
different production periods in the Norwegian pulp and paper in-
dustry.

Mill number Production period Type of mill/process
1 1920—1993 Sulfite; mechanical; paper
2 1920—1993 Sulfite; paper
3 1920—1993 Mechanical; paper
1920—1991 Sulfite
4 1920—1993 Mechanical; paper
1928—1965 Sulfite
5 1920—1978 Sulfate
1956—1993 Paper
6 1962—1993 Sulfite; paper
7 1920—1978 Sulfite
1980—1993 Sulfate
8 1966—1993 Mechanical; paper
9 1920—1980 Sulfite
1980—1993 Sulfate
1920—1993 Paper
10 1920—1993 Sulfate
11 1920—1981 Sulfate
1920—1993 Paper
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administration departments, and the results have been
presented in a separate report (2).

Methods

Since 1953, the registration of cancers in Norway has
been based on compulsory reporting of cancer cases by
hospital departments and histopathological laboratories
and on information on death certificates from Statistics
Norway. The coding system is based on the 7th revision
of the International Classification of Diseases (ICD-7)
(21). In the present study, cancers of the tongue, buccal
cavity, pharynx, and larynx, corresponding to ICD-7
codes 141, 143—148 and 161, respectively, were ana-
lyzed together.

The cohort was linked with data from the Cancer
Register in order to add information on cancer diagno-
sis, and with data from Statistics Norway to add date of
death or date of emigration. Those who died before 1960
were identified manually. The cohort was followed for
cancer incidence, date of death, or emigration for the
period 1953 until the end of 1993. Person-years were cal-
culated for each man from 1 year after his first employ-
ment until death, emigration, or the end of the follow-up
period, whichever came first. The person-years for each
worker were cumulated for the entire follow-up period.
If a man had been employed in more than 1 department,
his person-years were assigned to all of the departments;
4582 men had worked in more than 1 department.

The study was based on a comparison of observed (O)
and expected (E) numbers of newly diagnosed cancer
cases. The expected numbers were calculated from the
5-year age-specific incidence rates for each year for the
entire male population of Norway. Standardized inci-
dence ratios (SIR) were calculated as the ratio between
the observed and expected numbers. For all the SIR val-
ues, 95% confidence intervals (95% CI) were determined
by assuming a Poisson distribution of the cancer cases.
A result was regarded as statistically significant if the
confidence interval did not include 1.00. The Epicure sta-
tistical package was used (22).

Analyses were performed for 2 groups: short-term
workers (<3 years’ total employment, 4465 men, 18.8%)
and long-term workers (23 years’ total employment,
19 253 men, 81.2%). Separate analyses were made to
investigate the possible effects of duration of employ-
ment in categories of 1—2.9 years, 3—9.9 years, and 210
years. Owing to variations in exposure over time, sepa-
rate analyses were performed for first exposure in 1920—
1939, 1940—1959, 1960-—1974, and 1975—1993. Sep-
arate analyses were also done according to the time since
first exposure: 1—14 years, 15—29 years, and 230 years.

Occupational title-based approach

The employees were divided into 6 subcohorts accord-
ing to their work environment as follows: sulfite mill,



sulfate mill, paper mill, maintenance department, admin-
istrative staff, and other departments, the last category
including stock preparation, debarking and chipping, by-
production, converting, power plant and certain small
departments. The administrative staff were considered to
be unexposed.

The numbers of employees and person-years by de-
partment are shown in table 2. More person-years were
accumulated in sulfite mills than in sulfate mills, where-
as similar numbers of person-years at risk were seen in
paper mills and maintenance departments; the largest
number of person-years was observed in the group “oth-
er departments”.

Occupational exposures

Information about different types of exposure was avail-
able for the present study. Asbestos has been used in this
industry. Sulfur compounds (sulfur dioxide, sulfuric acid)
were common exposures in the sulfite mills and reduced
sulfur compounds (hydrogen sulfite, metylmercaptan)
were present in the sulfate mills. Workers in both the
sulfite and sulfate mills are exposed to chlorine com-
pounds as a consequence of pulp bleaching. Paper dust,
talc, and formaldehyde are common contaminants in pa-
per mills, PCB are found in maintenance departments,
and wood dust and microbes occur in raw wood prepara-
tion. This information was derived from responses to a
detailed questionnaire filled out at each mill during par-
ticipation in an international study (23). The question-
naire included questions on type of pulp and paper pro-
duced, raw materials and wood preparation, types of
chemicals used, and numbers of exposed workers (24).

Calculation of smoking habits

No information on smoking habits was collected, but we
used the method of Axelson (25) to estimate the effect
of smoking on our cohort, by comparing the proportion
of smokers in a population of wood-processing workers
in Norway in 1977 (63.3%) (26) with the proportion of
smokers in the general population in Norway at the same
time (50%) (27). For both short- and long-term workers,
we assumed that 80% of the smokers were moderate
smokers and 20% were heavy smokers. These calcula-
tions showed that smoking habits could explain an ex-
cess risk of about 23%.

Results

Altogether 594 386 person-years at risk were accumu-
lated during the follow-up period. Table 3 summarizes
the incidence of cancers in the cohort in comparison with
that in the national male population for short-term and
long-term workers. Among the short-term workers the
SIR value for cancers at all sites combined was increased
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(SIR 1.3, 95% CI 1.13—1.42), and increases were also
seen for lung cancer (48 cases with 31.3 expected) and
esophageal cancer (7 cases with 2.8 expected). Separate
tabulation of the group “other specified sites” showed no
excess in risk for any site included in the group. For all
the other sites studied, the observed numbers were simi-
lar to those expected.

Among the long-term workers, 2282 cases of cancer
at all sites were diagnosed, with 2230 expected. The risks
for cancers of the lung and pleura were elevated (1.2,
95% CI1.09—1.34 and 2.4, 95% CI 1.45—3.75, respec-
tively), and excess risks were also found for cancer of
the colon and malignant melanoma. For cancers of lym-
phatic and hematopoietic tissues, the observed numbers
were lower than expected (table 3).

About 50% of the cases of lung cancer occurred in
the group with the longest employment and the longest
latency: 183 observed cases versus 140 expected (SIR
1.3, 95% CI 1.08—1.44) (table 4); however, men em-
ployed for less than 10 years had higher SIR values for
lung cancer than those who had worked for 210 years.
The risk for pleural mesothelioma was also highest for
men with the longest employment and the longest laten-
cy (SIR 2.8, 95% CI 1.38—4.96). An increase in risk was
also observed for workers with 3—9.9 years of employ-
ment and 1—14 years of latency, but on the basis of only
4 cases. The SIR values for malignant melanoma showed
an increasing trend with latency, reaching significance
for men with =30 years of latency and 210 years of em-
ployment (SIR 1.9, 95% CI 1.33—2.51). This finding
was unexpected. Separate analyses for each mill showed
a higher risk for one than for the others (O 11, E 3.18,
SIR 3.5, 95% CI 1.73—6.18) (not shown in table 4).
Workers employed in the period 19201959 had a high-
er risk for lung cancer than those first employed later.
The SIR value for pleural mesothelioma was highest for
men first employed in 1920—1939 and 1975-—1993 (data
not shown).

Table 2. Numbers of men employed and person-years in each
department in mills of the Norwegian pulp and paper industry.

Type of mill Number Person-
of men? years at risk?
<3 years’ >3 years’
total total
employment employment

Sulfite mill 2 351 18 821 41 078
Sulfate mill 736 3 981 10 676
Paper mill 7071 52 599 115 418
Maintenance department 5934 35 298 115 449
Administrative department 4 894 38 953 83 436
QOther departments 7982 54 716 140 090
Total 28 868 204 368 506 147

2The numbers of men and person-years may overlap among depart-
ments.
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Table 3. Observed (O) and expected (E) numbers of new cancer cases among short-term and long-term male workers in the Norwegian
pulp and paper industry — follow-up 1953—1993. (SIR = standardized incidence ratio, 95 % Cl = 95% confidence interval)

Cancer site? Employed <3 years Employed >3 years
0 E SIR 95% Cl 0 E SIR 95% Cl

Lip (140) 4 3.0 1.3 0.36—3.36 37 30.4 1.2 0.86—1.68
Buccal cavity, pharynx

and larynx (141, 143—148, 161) 12 8.1 1.5 0.77—2.60 72 69.5 1.0 0.81—1.30
Esophagus (150) 7 2.8 2.5 1.00—5.12 23 27.7 0.8 0.53—1.25
Stomach (151) 18 17.9 1.0 0.60—1.59 173 195.7 0.9 0.76—1.03
Colon (153) 25 18.1 1.4 0.90—2.04 204 174.9 1.2 1.02—1.34
Rectum (154) 17 12.3 1.4 0.81—2.21 125 117.7 1.1 0.89—1.27
Nose, sinuses etc (160) 1 0.8 1.3 0.03—7.23 6 7.3 0.8 0.30—1.79
Lung (162) 48 313 1.5 1.13—2.03 356 295.7 1.2 1.09—1.34
Pleural mesothelioma (163) 2 0.9 2.2 0.26—7.83 19 7.9 24 1.45—3.75
Prostate (177) 32 337 1.0 0.65—1.34 386 396 1.0 0.88—1.08
Testis (178) 9 8.2 1.1 0.50—2.08 23 32.6 0.7 0.45—1.06
Kidney (180) 12 9.1 1.3 0.68—2.31 84 82.5 1.0 0.81—1.26
Bladder (181) 22 16.0 1.4 0.86—2.08 141 155.7 0.9 0.77—1.07
Malignant melanoma (190) 16 11.6 1.4 0.79—2.24 88 67.8 1.3 1.04—1.60
Other skin® (191) 4 5.9 0.7 0.18—1.73 66 59.6 1.1 0.86—1.41
Hodgkin disease (201) 3 2.9 1.0 0.21—3.04 15 17.4 0.9 0.48—1.42
Non-Hodgkin lymphoma (202) 7 9.7 0.7 0.29—1.48 68 74.8 0.9 0.71—1.15
Multiple myeloma (203) 7 4.2 1.7 0.66—3.41 37 43.4 09 0.60—1.18
Leukemia (204) 9 6.3 1.4 0.65—2.71 53 58.9 09 0.67—1.18
Other specified sites 48 35.6 1.4 0.99—1.73 306 3217 1.0 0.86—1.07
All sites (140—204) 303 239.4 1.3 1.13—1.42 2282 2230.2 1.0 0.98—1.07

a Code of the International Classification of Diseases, 7th revision, in parentheses.
b Except basal cell-carcinomas.

Table 4. Standardized incidence ratios (SIR) with 95% confidence intervals (95% CI} for short- and long-term workers in Norwegian
pulp and paper mills, by years since first exposure, years of employment, and type of cancer — follow-up 1953—1993. (O = observed
number of cases)

Cancer site? Yeags since Duration of employment
irst
exposure 1—2.9 years 3—9.9 years >10 years
0 SIR 95% Cl 0 SIR 95% Cl 0 SIR 95% Cl
Lung (162) 1—14 5 0.6 0.18—1.32 26 1.2 0.79—1.76 12 0.9 0.46—1.55
15—29 21 1.7 1.02—2.52 29 1.4 0.91—1.94 77 1.1 0.83—1.31
=30 22 1.8 1.12—2.71 29 1.5 0.99—2.13 183 1.3 1.08—1.44
Pleural mesothelioma (163) 1—14 1 44  0.11—24.54 4 7.7 210—19.74 1 3.2 0.08—17.67
15—29 - . - . 2 14 0.13—3.95
230 1 26 0.07—14.42 1 1.7 0.04—9.35 11 2.8 1.38—4.96
Colon (153) 1—14 8 1.5 0.65—2.99 17 1.4 0.81—2.22 7 1.0 0.39—2.00
15—29 8 14 0.47—2.15 18 14 0.83—2.20 44 1.1 0.79—1.47
230 10 1.4 0.69—2.64 16 1.4 0.81—2.31 102 1.1 0.93—1.37
Malignant melanoma (190) 1—14 5 0.9 0.29—2.07 11 1.2 0.58—2.07 2 0.4 0.05—1.42
15—29 6 4.2 0.43—2.53 10 1.4 0.67—2.56 20 1.1 0.66—1.68
230 5 2.0 0.64—4.60 4 1.0 0.28—2.67 41 1.9 1.33—2.51

a Code of the International Classification of Diseases, 7th revision, in parentheses.

Table 5. Standardized incidence ratios (SIR) with 95% confidence intervals (95% CI) for selected types of cancer in long-term workers
(employed >3 years) in Norwegian pulp and paper mills, by department — follow-up 1953—1993. (0 = observed number of cases, IGD-
7 = International Classification of Diseases, 7th revision)

Departments Lung (ICD-7=162) Pleural mesothelioma Colon (ICD-7=153) Malignant melanoma
(ICD-7=163) (IGD-7=190)
0 SR 95% Cl 0 SR 95% Cl 0 SR 95% Cl 0 SIR 95% Cl

Sulfite 46 1.5 1.09—1.99 2 24 030—883 23 13  0.80—1.88 10 16 0.78—2.97
Sulfate 12 14 0.73—247 1 44  0.11—24.65 6 1.2 0.45—2.65 4 2.3 0.64—5.97
Paper mill 81 12 0.94—147 3 16 033—4.68 44 1.1 0.81—1.49 21 13 0.78—1.93
Maintenance 74 1.2 0.93—1.48 6 35 129—762 42 1.1 0.82—1.54 25 17  1.12—2.55
Administrative staff 58 1.1 0.82—1.40 3 20 042592 30 1.0  065—1.37 19 15  0.89—2.30
Other departments 123 1.2 0.97—1.38 6 22 080—4.73 78 12 097—153 24 1.1 0.74—1.72
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Sulfite mill workers had the highest risk for lung can-
cer (SIR 1.5, 95% CI 1.09—1.99) (table 5). Maintenance
workers had an increased risk for pleural mesothelioma
(SIR 3.5, 95% CI 1.29—7.62) and for malignant melano-
ma (SIR 1.7, 95% C1 1.12~—2.55) (table 5).

Discussion

The present study shows an excess in the risk for lung
cancer, particularly among pulp production workers
(sulfite and sulfate). Pleural mesothelioma was found in
excess among asbestos-exposed workers. An unexpected
increase in risk for malignant melanoma was found. The
risk for colon cancer was also elevated but showed no
trends related to risk factors.

The increased risk for lung cancer shown in the
present study is in agreement with reports from other
countries (7, 28, 29). We had no information on smoking
habits, but the use of Axelson’s method (25) showed that
smoking habits could explain a risk excess of about 23%.
As the increased risk for lung cancer for the entire co-
hort was 24% (table 3), most of the excess can be ex-
plained by smoking. Furthermore, people with less edu-
cation have a 25—30% higher frequency of smoking than
those with more education (27). Most of the mills includ-
ed in our study are located in rural areas where the prev-
alence of smoking is lower than in the general popula-
tion, however, and therefore the increase in lung cancer
may also have been due to factors other than smoking.

The risk for lung cancer increased with increasing la-
tency, for the total cohort (table 4). This result is in ac-
cordance with the assumption that the time for develop-
ing occupationally linked lung cancer is long. Further-
more, the risk was highest among workers first employed
in 1920—1939 and 1940—1959; this finding may indi-
cate that the work environment has changed over time.
A Finnish study showed an increased risk for lung can-
cer among chloride-exposed workers. Even though there
were few cases, the authors concluded that the excess may
have been due to workplace exposure to organic chlorin-
ated compounds (6). Eatlier investigations among pulp
and paper workers (7, 30) and wood workers (31) all con-
cluded that the increased risk for lung cancer could not
be explained by smoking alone. We observed the highest
risk among sulfite mill workers, a finding in agreement
with that of other reports (3, 32). Sulfur dioxide is a ma-
jor air contaminant in sulfite mills, and nearly all proc-
ess workers involved in cooking, washing, and other op-
erations are exposed to this chemical. A working group
convened by the International Agency for Research on
Cancer concluded that there was inadequate evidence for
the carcinogenicity of sulfur dioxide, sulfites and bi-
sulfites in umans and experimental animais (33).
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Asbestos was widely used in several departments in
the pulp and paper industry. An excess in the risk for
pleural mesothelioma was observed among long-term
workers, as reported by others (15, 16). Moreover, the
risk increased with increasing latency, in accordance with
the time for the development of occupationally linked
pleural mesothelioma. The 4 men who developed pleu-
ral cancer after a short latency may have been exposed
to asbestos elsewhere. Maintenance workers had the
highest risk (table 5), again a finding indicating that the
excess was due to exposure to asbestos. All of the men
in “other departments” had jobs that could have involved
asbestos exposure. The cases among administrative work-
ers must have been due to exposure outside this indus-
try.

Our study does not support the finding by other au-
thors (17—20) of an increased risk for lymphatic can-
cers or leukemia. It has been suggested that exposure to
fresh wood is a probable risk factor for malignant lym-
phoma (1).

The increase in the incidence of malignant melano-
ma of the skin observed by us was an unexpected find-
ing. The strongest risk factor for this cancer is consid-
ered to be solar radiation (34). Geographic differences
in the incidence of malignant melanomas in Norway are
essential, and further analysis of our data showed an ex-
cess risk for men in one particular mill located in the
southern part of Norway (data not shown), an area that
also has the highest incidence of this disease in Norway
(35). Regional differences in ultraviolet radiation could
therefore explain most of the risk in our study.

In a study of the relationships between various occu-
pational exposures and the risk for malignant melanoma
of the skin in the United States, some exposures occur-
ring in the pulp and paper industry were included (as-
bestos, dyes, formaldehyde, wood dust, and diesel engine
exhaust), but none seemed to increase the risk (36). An-
other study showed no substantial excess of malignant
melanoma among cellulose plant and paper workers (37).
Table 4 of our report shows a clear trend in risk with la-
tency and duration of work (the SIR rising from 0.4 to
1.9). These data indicate that occupational exposure
might have been involved in causing these tumors. One
occupational exposure that has been related to melano-
ma of the skin is PCB (38), and PCB are used in capaci-
tors and transformers. The risk for malignant melanoma
was highest among maintenance workers, who are known
to handle PCB while repairing PCB-containing equip-
ment or removing these agents. In an international study
of occupational exposures in the nonproduction depart-
ments of the pulp and paper industry, to which the mills
in the present study contributed, PCB were considered
to be a noteworthy exposure of maintenance personnel,
especially electricians servicing capacitors and transform-
ers (39).
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The current investigation included more than 500 000
person-years and is the largest occupational cohort ever
studied in Norway. Company record files of high quality
and consistency over the study period, made it possible
to describe specific department and job categories for
each worker. As much as 81.2% of the workers had been
employed for more than 3 years, and therefore the work
force was evidently relatively stable, only 3% of the
workers not being identified.

The increased risk for lung cancer is in agreement
with the findings of other studies among pulp and paper
workers and may be explained by a combination of smok-
ing habits, asbestos use and other work-related exposures,
and the increased risk for pleural mesothelioma is linked
to the use of asbestos. We have no clear explanation for
the excess risk for malignant melanoma. Although ex-
posure to PCB occurs in this industry and has been sug-
gested as a risk factor for this malignancy, the excess risk
may be a chance finding
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