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Objectives Thisstudy investigated whether previousfindings of an increased risk of gliomas among workersin
some pulp and paper mills could be confirmed for all Swedish pulp and paper mill workers and whether the
increase could be attributed to certain occupationa groups.

Methods The study was based on the Swedish Cancer Environment Register, which links the incidence of
cancer from 1971 to 1990 and the 1960 and 1970 census data on codes of occupation and industry for the whole
population. Standardized incidence ratios (SIR) were used to estimate the risks for men in different occupations
in pulp (N=28142) and paper (N=39169) mills in 1960, 1970 or both years as compared with those of all
gainfully employed men in Sweden.

Results Maintenance workers employed in pulp or paper mills in 1960, 1970 or both years, as well as pulp
workers, showed an increased incidence of gliomasin 1971-1990 [SIR 1.5, 95% confidence interval (95% ClI)
1.1-2.1and SIR 1.5, 95% CI 1.0-2.2, respectively], whereas the incidence among process workersin paper mills
was lower than expected (SIR 0.6, 95% CI 0.3-0.9). Taken together, all employed men in the pulp mill industry
had an increased incidence of gliomas (SIR 1.3, 95% CI 1.0-1.7).

Conclusions Pulp mill workers, but not paper mill workers, were found to have more gliomas in 1971-1990
than expected. There was an increased risk of gliomas among maintenance workersin both pulp and paper mills.
Few risk factors for brain tumors are recognized, and the causes of the increase are not obvious.
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The production of pulp and paper is an important in-
dustrial trade in Sweden. Thiswork environment entails
a variety of exposures depending on the process. The
pulp processes have been the akaline sulfate process,
mechanical processes, the acidic sulfite process, and
during the last few decades waste paper pulping aswell.
The main occupational exposures have been wood dust,
terpenes and bleachery chemicals in the pulp mills (1).
In the sulfate mills also hydrogen sulfide and other re-
duced sulfur compounds are used. In the sulfite mills
sulfur dioxide is found as well, whereas paper dust and
different additives appear in the paper mills. Thereis a
multitude of chemicals in thisindustry, including some
potential carcinogens. Other exposures are noise, heat,
microorganisms, and shift work.

In two case-referent studies, one among sulfite mill
workers and the other in sulfate mills, we found in-
creased mortality from primary brain tumors (2, 3). Most
of the cases were gliomas (9 of 10 cases and 20 of 22
cases, respectively). In addition, an increased risk of tu-
mors in the central nervous system has been identified
in a few pulp and paper mill cohort studies (4, 5).
Knowledge of the etiology of brain tumors is limited.
Brain tumors may have different etiologies with differ-
ent histological types (6). The most common form of
primary brain tumor among adultsis glioma, which orig-
inates in neuroglial cells (6). Gliomas are more com-
mon among men than women, and occupational expo-
sures have been proposed to be more important for gli-
omas than for other types of brain tumors (6, 7). The
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only established risk factors among adults are genetic
predisposition and treatment with ionizing radiation (6).
Different occupational risks have been suggested, such
aswork in the rubber industry and chemical industry or
work with metal and exposure to vinyl chloride (7). N-
nitroso compounds experimentally cause brain tumors
in animals, but epidemiologic studies have not con-
firmed this finding (8). Exposure to electromagnetic
fields has been discussed as a risk factor for brain tu-
mors (9).

The Swedish Cancer Environment Register made it
possible to construct a historical cohort of persons that
had worked in the pulp and paper industry in 1960,
1970, or both years. The cancer incidence from 1971 to
1990 was investigated. The aim was to study the inci-
dence of gliomain the pulp and paper industries sepa-
rately and also the incidence for different occupations.
We restricted the study to gliomasince it isamore-spe-
cific diagnosis than brain tumor, and occupational fac-
tors have been suggested.

Subjects and methods

The Swedish Cancer Environment Register (CER 6070)
links occupational information from the national cen-
susin 1960 and 1970 with cancer incidence data regis-
tered in the national cancer register in the period 1971—
1990 (10). All persons living in Sweden have a unique
personal identification number that allowsthislink. The
population base for the studied historical cohort was al
Swedish men gainfully employed on a half-time or
greater basis at the time of the 1960 or 1970 census or
in both years and were still living at the beginning of
1971. Only persons born in 1896-1950 were included,
leaving 2375340 men in the cohort. Those gainfully
employed in both 1960 and 1970 were a so studied, and
the population was then restricted to men born in 1906—
1940.

The occupations in the 1960 national census were
classified according to the Nordic Classification of Oc-
cupations, and these codes were used in this study. Sim-
ilar codes were used in the 1970 national census, and
trandlations were done when necessary. All workers em-
ployed in 1960, 1970 or both years in pulp mills
(N=28142, industrial codes 260 and 261) and paper
mills (N=39169, industrial codes 262 and 264, includ-
ing the paper packaging industry), as well as different
occupationsin pulp and paper mills were compared with
al gainfully employed Swedish men. Occupational
codes for theworkersin pulp and paper mills were com-
bined and analyzed according to worktasks: chemical
process workers (occupational codes 830-839); main-
tenance workers, broadly defined (occupational codes

334 Scand J Work Environ Health 2002, vol 28, no 5

700-799), “chemistry workers”; mostly chemistry tech-
nicians working in process operations (occupational
codes 4, 11, 14); and “packers’, paper product workers
and packers (occupational codes 857, 881). Single oc-
cupational codes with more than three cases were also
analyzed and reported. Some workers could be em-
ployed in one occupation in a pulp or paper mill in 1960
and in another in 1970 and thus classified both asa pulp
and a paper worker.

Gliomas were defined by code 1930 of the 7th revi-
sion of the International Classification of Diseases (ICD
7) and histology code (WHO/HS/CANC/24) 475 (astro-
cytoma grade 1-2 and oligodendroglioma) or 476 (as-
trocytoma grade 3—4, mostly glioblastoma multiform).
The Swedish cancer register has used the Kernohan sys-
tem for classification, grading astrocytoma from 14
according to malignancy (11). In the Swedish cancer
register, brain tumors (ICD code 1930) include benig-
nant tumors such as meningiomas.

Each subject contributed with person-time from
1971 until the year of event (time of diagnosis of glio-
ma or death) or until the end of the follow-up in 1990.
Standardized incidence ratios (SIR) were calculated for
different occupational codes and combinations of codes
in the pulp and paper mills separately and together. The
expected number of cases was calculated using 5-year
birth cohorts stratified by calendar period (5 years) and
region. The regions were three rural (southern, middle
and northern Sweden) and one urban (combining the
three largest cities) region. The subjects registered in
different regions in 1960 and 1970 were allocated to a
fifth “region”. The standardized incidence ratios were
determined if three or more cases were observed, and
95% confidence intervals (95% Cl) were calculated on
the assumption of a Poisson distribution.

Results

A total of 201 brain tumors, of which 123 were glio-
mas, were recorded among the men employed in the
pulp and paper industry during the follow-up period
of 1971-1990 (two of them had worked in both pulp
and paper mills). The corresponding numbers among
all the employed Swedish men were 7620 and 4101,
respectively. About 80% of the gliomas were astrocy-
tomas, grade 3-4.

The incidence of gliomas in 1971-1990 was higher
among the men employed in pulp millsin 1960 or 1970
or both years as compared with other employed Swed-
ish men (table 1). Both process and maintenance work-
ersin pulp mills appeared to have about 50% more cas-
es than expected. The incidence for maintenance work-
ers was about the same in the paper mills asin the pulp
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Table 1. Standardized incidence ratios (SIR) for gliomas for different occupational groups employed in 1960, 1970 or both years and in
both 1960 and 1970 in Swedish pulp and paper mills in comparison with all employed Swedish men. (95% CI = 95% confidence interval)

Employed in 1960, 1970 or both years

Employed in both 1960 and 1970

Industry Exposed (N)  Cases (N) SIR 95% Cl Exposed (N) Cases (N) SIR 95% Cl
Pulp mills
All employed 28142 61 1.3 1.01-1.7 7542 21 15 09 -2.3
Process workers 10531 26 15 0.98-2.2 1832 7 2.0 08 -4.1
Maintenance workers 7617 18 1.5 09 -24 1186 5 2.3 0.7 -5.3
Paper mills
All employed 39169 64 0.9 0.7 -1.2 11013 20 0.8 05 -1.3
Process workers 15594 15 0.6 0.3 -0.9 3099 3 0.5 0.1-1.3
Maintenance workers 6885 18 15 09 -24 1147 5 2.0 0.7 -4.7
Pulp and paper mills
Maintenance workers 142992 36 15 11 -21 25142 10 2.0 0.95-3.6
Chemistry workers 4867 10 11 05 -21 893 4 2.1 0.6 -5.3
Packers 5398 9 1.0 0.4 -1.8 538 0 . 0.0 -3.1

2 Some had worked both in a pulp and a paper mill.

Table 2. Standardized incidence ratios (SIR) for gliomas for different occupations in 1960, 1970 or both years in Swedish pulp and paper
mills in comparison with all employed Swedish men. Only occupations with three or more exposed cases have been included. (95% CI =

95% confidence interval)

Occupation @ Exposed (N) Cases (N) SIR 95% ClI

Mechanical engineers, technicians (3) 1121 3 14 0.3 -4.2
Chemical engineers, technicians (4) 3976 8 1.1 05 -2.1
Engineers, technicians non-specified (6) 710 3 2.2 05 -6.4
Motor-vehicle drivers (633) 1249 3 1.3 0.3 -3.8
Toolmakers, machine-tool setters and operators (750) - mechanics 1555 7 2.8 11 -57
Machinery repairmen (752) 4135 15 2.2 12 -37
Construction carpenters, joiners (771) 968 3 17 0.4 -5.0
Frame/circular sawyers, planers (774) 1050 5 2.8 09 -6.5
Concrete, construction workers (793) 567 3 3.4 0.7 -10
Typographers, lithographers (801) 1351 3 1.3 0.3 -3.8
Chemical process workers (831) 1296 4 1.7 05 -45
Paper pulp workers (834) 11040 28 15 1.00-2.2
Paper, paperboard workers (836) 14292 12 0.5 0.3 -0.8
Unskilled manual workers (861) 2469 7 1.7 0.7 =35
Stationary engine and related equipment operators (871) 1502 4 15 04 -3.8
Truck, conveyor operators (875) 2920 3 0.6 0.1 -1.8
Store, warehouse workers (883) 1345 3 1.3 0.3 -3.8

2 Code of the Nordic Classification of Occupations in parentheses.

mills, but the process workers in the paper mills had a
lower incidence of gliomas than expected.

The incidences of gliomas among workers in cate-
gories representing different occupational codes in the
pulp and paper industry are shown in table 2. Pulp work-
ers showed an increased incidence. The standardized
incidence ratio was based on a few cases in most of the
occupations. Several of the occupations in the group of
maintenance workers had a standardized incidence ratio
that was higher than unity, but only the mechanics and
machinery repairmen had a significantly increased risk.

For the men employed in pulp and paper mills in
both 1960 and 1970, the standardized incidence ratios
were similar or further from unity when compared with
those employed in 1960, 1970 or both years (table 1).

Discussion

This study, based on data from the Swedish Cancer En-
vironment Register, showed an increased incidence of
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gliomas in 1971-1990 among maintenance workers in
the pulp and paper industry and among pulp workers as
compared with all gainfully employed Swedish men.
Process workers in paper mills showed a lower inci-
dence than expected.

Brain tumors are an ambiguous entity not quite ap-
propriate for comparison in epidemiologic studies. Some
countries include nonmalignant brain tumors in their
cancer registers and others do not (6). Some studies also
include al tumors of the central nervous system. In co-
hort studiesit is not always obvious which tumors were
included. Brain tumor mortality is thus more represent-
ative for glioma than brain tumor incidence is.

Almost al earlier studies in the pulp and paper in-
dustry haveinvestigated all brain or central nervous sys-
tem tumors as one category and have not reported sepa-
rate results for glioma. If we had analyzed all brain tu-
mors (ICD7=1930) in this study, the risk for all work-
ers employed in pulp mills would have been a stand-
ardized incidence ratio of 1.1 (95% CI 0.8-1.3) as com-
pared with 1.3 (95% CI 1.0-1.7) for glioma. There have
nevertheless been some previous indications of an in-
creased risk of brain tumors in the pulp and paper in-
dustry, although such an increase was not found in most
studies (tables 3 and 4). Tables 3 and 4 include al co-
hort studies published in English (searched in Medline)
with estimates for the incidence (table 3) or mortality
(table 4) of brain tumors or tumors of the central nerv-
ous system. A pulp and paper mill cohort in Canada
showed increased mortality for brain tumors among

sulfite mill workers (table 4) (4). When the incidence
in the same cohort was studied, but with a shorter fol-
low-up time, the increase was no longer significant (ta-
ble 3) (12). In an internal comparison in a large cohort
mortality study in the United States, an increased risk
was observed among workers in semi-chemical and soda
pulp processing (relative risk 2.3, 95% Cl 1.4-3.9) as
compared with other pulp and paper mill workers (5).
A Polish cohort study found increased mortality from
brain tumors among women in paper production (stand-
ardized mortality ratio 355, 95% Cl 143-731) (16). A
Danish paper mill cohort showed a higher incidence of
brain tumors (not significant) among workers in the
maintenance and repair department (13).

In our previously published case-referent studies,
where mortality from 1960 t01989 was analyzed in par-
ishes surrounding three sulfite mills and four sulfate
mills, we found increased odds ratios (OR) for brain tu-
mors (OR 3.3, 90% Cl 1.2-8.9, and OR 2.6, 90% ClI
1.2-5.3, respectively) (2, 3). In the sulfate mill study (3)
we analyzed different occupations and found a signifi-
cantly increased risk among wood-room workers, main-
tenance workers, and sawmill workers. A case-referent
study of death certificates in 24 states in the United
States in 1984-1992 demonstrated an increased risk of
tumors of the central nervous system among white men
in pulp, paper and paperboard mills (OR 1.3 95% CI
1.1-1.6) (21). A study based on the Swedish Cancer
Environment Register for 1961-1979 showed an
increased risk of intracranial gliomas among male

Table 3. Cohort studies reporting the incidence of brain tumors or central nervous system tumors in the pulp and paper industry. (SIR =

standardized incidence ratio, Cl = confidence interval)

Study Process Years Men Exposed cases Risk Country, follow-up
(N) (N) SIR Cl
Band et al, 2001 (12) Canada,
Pulp or paper 1950-1992 28278 43 1.14 90% 0.9-1.5 follow-up 1969-1992
Sulfate 20041 23 0.99 90% 0.7-1.4 (Mortality in the same
Sulfite 3756 10 1.53 90% 0.8-2.6 cohort, Band et al,
Both 4481 10 1.24 90% 0.7-2.1 1997)
Rix et al, 1998 (13) Denmark,
Paper mills 1943-1990 11130 31 0.99 95% 0.7-1.4 follow-up to 1993
Stock preparation - 5 1.05 -
Paper machine 5 1.16
Calendering or winding or
cutting or packing 11 0.82
Maintenance or repair 9 1.40
Storage or transport 5 1.24
Power station 3 2.83
Rix et al, 1997 (14) Denmark,
Sulfite mills 1955-1990 2136 2 0.37 95% 0.0-1.3 follow-up to 1993
Process - 1 0.37 95% 0.0-2.1
Rix et al, 1997 (15) Denmark,
Recycling 1965-1990 4450 8 0.88 95% 0.4-1.7 follow-up to 1993
Pulp or paper - 8 1.10 95% 0.5-2.2
Maintenance or storage 1 0.70 95% 0.0-3.9
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Table 4. Cohort studies reporting mortality from brain tumors or central nervous system tumors in the pulp and paper industry. (SMR

= standardized mortality ratio, Cl = confidence interval)

Study Process Years Men  Exposed cases Risk Country, follow-up
(N) (N) SMR Cl
Matanoski et al, 1998 (5) United States
Pulp or paper 1970-1991 56000 66 0.96 95% 0.7-1.2  follow up to 1991
Sulfate 44372 1.01 95% 0.8-1.3 Employment >10 years
Sulfite 10205 0.34 95% 0.1-0.8
Other chemicals 15408 1.39 95% 0.96-2.0
Other pulp 16077 0.94 95% 0.6-1.5
Szadkowska-Stanczuk et al, Poland
1998, (16) Pulp or paper 1968-1990 6993 8 119 95% 51-234  follow up to 1995
Band et al, 1997 (4) Canada
Pulp or paper 1950-1992 28200 44 1.11 90% 0.9-1.4 follow up 1950-92
Pulp or paper, employed - 22 151 90% 1.03-2.2
215 years
Sulfate 19674 17 0.80 90% 0.5-1.2
Sulfite 4216 16 1.72 90% 1.08-2.6
Sulfite, employed - 5 221 90% 0.9-4.7
215 years
Both sulfate and sulfite 4310 11 1.21 90% 0.7-2.0
Coggon et al, 1997 (17) Scotland
Paper mills 1955-1992 3094 8 1.33 95% 0.6-2.6 follow up to 1995
Wong et al, 1996 (18) United States
Pulp or paper 1975-1992 9358 6 68 95% 25-149 follow up to 1992
Paper machines - 0 . .
Finishing 4 191
Maintenance 1 46
Henneberger et al, 1989 (19) United States
Pulp or paper 1961-1985 883 2 115 95% 13-417 follow up to 1985
Robinson et al, 1986 (20) United States
Pulp or paper 1945-1955 3572 4 63 95% 21-145 follow up to 1977

cellulose pulp mill workers (SIR 1.6, P<0.01) (22). A
link between the Finnish Population Census of 1970 and
the Finnish Cancer Register in 1971-1985 disclosed an
increased incidence of cancer of the brain and nervous
system among male chemical process or paper making
workers (SIR 1.5, 95% 1.0-2.2) (23). In that study, pa
per and board mill workers showed an increased inci-
dence (SIR 2.3, 95% 1.3-3.7) in contrast to our find-
ings with alower incidence for paper workers.

Validity

The quality of the two registers used in our study is high.
When the registers were linked, only 0.9% of the sub-
jects with cancer could not be identified in the census
(20). All physicians in Sweden are required to report
all new cases of cancer to the national Swedish cancer
register, and about 95% of all cases are reported. The
cases missed are mainly prostate cancer, hematol ogical
malignancies, and stomach cancer. More than 90% of
all cancer diagnoses in the cancer register are based on
reports of both clinicians and pathologists (10).

Among al the gainfully employed men in our study,
54% of the brain tumors were gliomas, 21% were men-

ingiomas, 8% were malignant unspecified, 6% were be-
nignant unspecified, 6% were other specified tumors,
and 5% were neurinomas. These percentages are in ac-
cordance with the results of other reports when benign
tumors are included (24). Of the glioma diagnoses,
99.6% were histologically verified. There could have
been gliomas among the malignant unspecified tumors
since most of them are radiologically diagnosed.

A limitation of our study isthat the exposure assess-
ment was based only on the occupation held at the time
of the 1960 and 1970 censuses. The length of employ-
ment in the pulp and paper mills was not known. Of
those who worked in pulp and paper millsin 1970, 52%
did so a'so in 1960. Another limitation was the follow-
up time of 1971-1990; we have no information about
cancer for those employed in 1960 for the years 1961—
1970. An advantage of CER 6070 isthat it was also pos-
sible to study those who were employed in both 1960
and 1970. The incidence ratios then tended to be more
distant from unity. This is usually an indication of a
causal association. Another advantage is that we made
comparisons with gainfully employed men and not with
the entire population.

The occupational codes in the CER have different
degrees of specification according to worktasks. A pulp
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worker could work in the wood room, the bleachery
or recovery department, or the finishing area, whereas
a truck driver in a paper mill is more specific. This
lack of specification makesit difficult to apply ajob ex-
posure matrix to the material. A further problem with
the exposure assessment was that there was no infor-
mation in the Swedish Cancer Environment Registry on
which pulping processes were used.

For part of thetime, 1971-1979, and some of the pulp
mills, cellulose pulp mills, there was an overlap with the
study of McLaughlin et al (22) for those employed
in 1960. They found about the same risk for the period
1961-1979 as we found for pulp millsin 1971-1990.

The matter of confounding is problematic when so
few risk factors for glioma are known. We standardized
for age, calendar year, and geographic area, all of which
are possible confounders. Brain tumors are often report-
ed to be more common in white-collar and professional
occupations (7) possibly due to better access to the
health care system. However, this situation is probably
not so important in Sweden. Diet, tobacco, and alcohol
are not linked to brain tumors in adults (6, 9, 24).

Risk factors

The discrepancy in our study between process workers
in pulp and paper millsisinteresting. One exposure that
ismore frequent among pulp mill workersisthat to fresh
wood. Working with wood means possible exposures
to wood dust, terpenes, formaldehyde, mold, and en-
dotoxins, aswell as chloroorganic compounds. The can-
cer prevention study (25) of the American Cancer Soci-
ety found an increased mortality of brain tumors for
work in wood-related occupations, but not among work-
ers claiming wood dust exposure. The cancer risk of ter-
penes has not been studied extensively. A French case-
referent study of brain tumors found that exposure to
chloroorganic compounds and organic solvents was
more common among wood-working cases than wood-
working referents (26). Bleaching the pulp with chlo-
rine dioxide introduces chloroorganic compounds (27,
28), but cohorts exposed to chloroorganic compounds
and sawmill workers exposed to chlorophenate wood
preservatives had no increased mortality because of
brain tumors (29, 30). Formadehyde was proposed to
cause the increased risk of brain tumors among pathol -
ogists, but later cohort studies of workers exposed to for-
mal dehyde have not found any increased risk of brain tu-
mors (31, 32).

Occupations included in maintenance work in our
study are mechanics and machinery repairmen, as well
as carpenters and sawyers. All these occupations seemed
to contribute to the increased risk. Some are exposed to
fresh wood, but there may be a variety of different
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exposuresin these occupations (33), and afew more will
be discussed.

While maintenance workers and other occupational
groups in the pulp and paper mills can occasionally be
exposed to organic solvents, the cumulative exposure
is probably low. Study results concerning organic sol-
vents and brain tumors are conflicting. Rodvall et al (34)
demonstrated an increased risk of glioma among per-
sons reporting exposure to organic solvents. An Amer-
ican case-referent study found an increased risk of as-
trocytic brain cancer with increased cumulative expo-
sure to organic solvents (35). However, a meta-analy-
sis of mortality among workers exposed to organic
solvents reported no heightened risk of brain tumors
(36).

Some maintenance workers are also exposed to lu-
bricating oils and cutting fluids, and some studies have
proposed that these substances are risk factors (7, 37).
A cohort study among workers exposed to cutting oil
mist did not find increased mortality from brain tumors
(38).

For our study population we determined the glioma
incidence for all Swedish maintenance workers (defined
asinthisstudy) and all machinery repairmen, and these
groups did not show any increased risk when compared
with al gainfully employed Swedish men (SIR 1.00,
95% CI 0.95-1.05 and SIR 1.08, 95% CI 0.93-1.25, re-
spectively). This finding indicates that it could have
been something in the work conditions in the pulp and
paper mills rather than maintenance work as such that
gave dlightly more gliomas than expected.

Exposure to high levels of electromagnetic fields can
occur in some areas of pulp and paper mills, such as
close to steam generators and some powerful engines,
but it has been reported that such exposure is generally
on a level with the normal background exposure (39)
and major differences between pulp and paper mills are
not expected. Furthermore, it is claimed that, if thereis
an increased risk of brain tumors among persons with
occupational exposure to electromagnetic fields, it is so
small that is almost impossible to measure (40). Meta-
analyses have found a possible increase of about 10—
20% (9).

Concluding remarks

The finding of an increased incidence of glioma among
some occupational groups in pulp and paper millsin
our study is supported by the results of some mortality
studies in which the risk of brain tumor was reported.
The underlying causes are not obvious. Study results of
different proposed risk factors for glioma and brain tu-
mor are conflicting. The work environment in pulp and
paper mills has changed a great deal in recent decades,



and nowadays the process is mostly surveyed in en-
closed rooms with less chemical exposure. It would be
of interest to study whether there is any change in glio-
ma risk over time in the pulp and paper industry and
with the use of methods that permit more etiologic con-
siderations. Furthermore, studies of brain tumors should
report and analyze different diagnostic entities, as they
may have different etiologies.

Acknowledgements

This study was supported by the Swedish Council for
Worklife Research.

References

10.

11

12.

13.

Torén K, Hagberg S, Westberg H. Health effects of working
in pulp and paper mills: exposure, obstructive airways dis-
eases, hypersensitivity reactions and cardiovascular diseases.
Am JInd Med 1996;29:111-22.

Andersson E, Nilsson T, Persson B, Wingren G, Torén, K.
Mortality from asthma and cancer among sulfite mill work-
ers. Scand JWork Environ Health 1998;24:12—7.
Andersson E, Hagberg S, Nilsson T, Persson B, Wingren G,
Torén K. A case-referent study of cancer mortality among
sulfate mill workers in Sweden. Occup Environ Med
2001;58:321-4.

Band PR, Le ND, Fang R, Threlfall WJ, Astrakianakis G,
Anderson JTL, et a. Cohort mortality study of pulp and
paper mill workers in British Columbia, Canada. Am J Epi-
demiol 1997;146:186-94.

Matanoski GM, Kanchanaraksa S, Lees PSJ, Tao X-G, Roy-
al R, Francis M, et a. Industry-wide study of mortality of
pulp and paper mill workers. Am J Ind Med 1998;33:354—
65.

Inskip PD, Linet MS, Heineman EF. Etiology of brain tu-
mors in adults. Epidemiol Rev 1995;17:382-414.

Thomas TL, Waxweiler RJ. Brain tumors and occupational
risk factors: a review. Scand J Work Environ Health
1986;12:1-15.

Berleur MP, Cordier S. The role of chemica, physical, or
viral exposures and health factors in neurocarcinogenesis:
implications for epidemiologic studies of brain tumors. Can-
cer Causes Control 1995;6:240-56.

Kheifets LI. Electric and magnetic field exposure and brain
cancer [review]. Bioelectromagnetics 2001;suppl 5:120-31.
Sociastyrelsen. Cancer-Miljoregistret 196070 (Cancer En-
vironment Registry 1960-70). Stockholm: Socialstyrelsen,
1984. EpC-rapport 1994:4.

Kernohan JW, Mabon RF, Svien HJ, Adson AW. A simpli-
fied classification of the gliomas. Proc staff meet Mayo Clin-
ic 1949;24.71-5.

Band PR, Le ND, Fang R, Astrakianakis G, Bert J, Keefe A,
et al. Cohort cancer incidence among pulp and paper mill
workers in British Columbia. Scand J Work Environ Health
2001;27:113-9.

Rix BA,Villadsen E, Engholm G, Lynge E. Hodgkin's dis-

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

Andersson et al

ease, pharyngea cancer, and soft tissue sarcomas in Danish
paper mill workers. J Occup Environ Med 1998; 40:55-62.
Rix BA, Villadsen E, Lynge E. Cancer incidence of sulfite
pulp workers in Denmark. Scand J Work Environ Health
1997;23:458-61.

Rix BA, Villadsen E, Engholm G, Lynge E. Risk of cancer
among paper recycling workers. Occup Environ Med
1997;54:729-33.

Szadkowksa-Stanczyk |, Szymczak W, Szaszenia-Dabrows-
ka N, Wilczynska U. Cancer risk in workers of the pulp and
paper industry in Poland: a continued follow-up. Int J Occup
Med Environ Health 1998;11:217-25.

Coggon D, Wield G, Pannett B, Campbell L, Boffetta P.
Mortality in employees of a Scottish paper mill. Am J Ind
Med 1997;32:535-9.

Wong O, Ragland DR, Marcero DH. An epidemiologic study
of employees at seven pulp and paper mills. Int Arch Occup
Environ Health 1996;68:498-507.

Henneberger PK, FerrisBG Jr, Monson RR. Mortality among
pulp and paper workers in Berlin, New Hampshire. Br J Ind
Med 1989;46:658-64.

Robinson CF, Waxweiler RJ, Fowler DP. Mortality among
production workers in pulp and paper mills. Scand J Work
Environ Health 1986;12:552—60.

Cocco P, Dosemeci M, Heineman EF. Occupational risk
factors for cancer of the central nervous system: a case-
control study on death certificates from 24 US States. Am J
Ind Med 1998;33:247-55.

McLaughlin JK, Malker HSR, Blot WJ, Maker BK, Stone
BJ, Weiner JA, et d. Occupational risks for intracranial glio-
mas in Sweden. J Natl Cancer Inst 1987;78:253-7.

Pukkala E. Cancer risk by socia class and occupation: a
survey of 109000 cancer cases among Finns of working age.
Basel: Karger, 1995:1-277. Contributions to epidemiology
and biostatistics, no 7.

Newton HB. Primary brain tumors: review of etiology, diag-
nosis and treatment. Am Family Physician 1994;49:787-97.
Stellman SD, Demers PA, Colin D, Boffetta P. Cancer mor-
tality and wood dust exposure among participants in the
American cancer society cancer prevention study-11 (CPS-
I1). Am J Ind Med 1998;34:229-37.

Cordier S, Poisson M, Gerin M, Varin J, Conso F, Hemlon D.
Gliomas and exposure to wood preservatives. Br J Ind Med
1988;45:705-9.

Rosenberg C, Nylund L, Aato T, Kontsas H, Norppa H,
Jappinen P, et a. Volatile organohalogen compounds from
the bleaching of pulp — occurrence and genotoxic potential
in the work environment. Chemosphere 1991;23:1617-28.
Rosenberg C, Kontsas H, Jappinen P, Tornaeus J, Hesso A,
Vainio H. Airborne chlorinated dioxins and furansin a pulp
and paper mill. Chemosphere 1994;29:1971-8.

Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P,
Bueno-de-Mesquita HB, et a. Cancer mortality in workers
exposed to phenoxy herbicides, chlorophenols, and dioxins.
Am J Epidemiol 1997;145:1061—75.

Hertzman C, Teschke K, Ostry A, Hershler R, Dimich-Ward
H, Kelly S, et a. Mortality and cancer incidence among
sawmill workers exposed to chlorophenate wood preserva-
tives. Am J Public Health 1997;87:71-9.

Gardner MJ, Pannett B, Winter PD, Cruddas AM. A cohort
study of workers exposed to formaldehyde in the British
chemical industry: an update. Br JInd Med 1993;50:827-34.
International Agency for Research on Cancer (IARC).
Wood dust and formaldehyde. Lyon: 1ARC, 1995. IARC

339

Scand J Work Environ Health 2002, vol 28, no 5



Gliomas among pulp and paper mill workers

33.

35.

36.

340

monographs on the evaluation of carcinogenic risks to hu-
mans, vol 62.

Teschke K, Ahrens W, Andersen A, Boffetta P, Fincham S,
Finkelstein M, et a. Occupationa exposure to chemica and
biological agents in the nonproduction departments of pulp,
paper, and paper product mills: an international study. Am
Ind Hyg Assoc J 1999;60:73-83.

Rodval Y, Ahlbom A, Spannare B, Nise G. Glioma and
occupational exposure in Sweden: a case-control study. Oc-
cup Environ Med 1996;53:526-32.

Heineman EF, Cocco P, Gémez MR, Dosemeci M, Stewart
PA, Hayes RB, et a. Occupational exposure to chlorinated
aliphatic hydrocarbons and risk of astrocytic brain cancer.
Am JInd Med 1994;26:155-69.

Chen R, Seaton A. A meta-analysis of mortality among work-
ers exposed to organic solvents. Occup Med 1996;46:337-44.

Scand J Work Environ Health 2002, vol 28, no 5

37.

38.

39.

40.

Thomas TL, Stewart PA, Stemhagen A, Correa P, Norman
SA, Bleecker ML, et a. Risk of astrocytic brain tumours
associated with occupational chemical exposures. Scand J
Work Environ Health 1987;13:417-23.

Kazerouni N, Thomas TL, Petralia SA, Hayes RB. Mortality
among workers exposed to cutting oil mist: update of previ-
ous reports. Am J Ind Med 2000;38:410-6.

Barroetavena MC, Ross R, Teschke K. Electric and magnetic
fields at three pulp and paper mills. Am Ind Hyg Assoc J
1994;55:358-63.

Savitz D. Occupational exposure to magnetic fields and brain
cancer. Occup Environ Med 2001;58:617-8.

Received for publication: 3 May 2002



