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Cancer in the electric power industry
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ABSTRACT A cohort study of 3358 power linesmen and 6703 power station operators classified in the
1960 population census in Sweden was undertaken. The cancer incidence between 1961 and 1979
was calculated in relation to all male blue collar workers. The relative risk of cancer (all sites) was
1 1, (1 0-1 2, 90% confidence limit) in the group of power linesmen and 1-0 (0-9-1 0) for power
station operators. No consistent excess risk of leukaemia or brain tumour was found in the two
occupational groups. In both groups a tendency towards an excess risk of cancer of the urinary
organs was found.

In the industrialised world high voltage electricity has
been distributed commercially for over a century. It
has been supposed that the only associated health
risks were burns from fire or explosions and electro-
cution. Over the past ten years, however, several re-
ports have suggested a variety of biological effects
from electrical and magnetic fields associated with the
transmission and use of electricity.' Quite recently
interest has focused on the incidence of cancer in chil-
dren and adults living in houses near electric power
lines. In three case-control studies an excess risk of
cancer was reported,2'4 but one study found no such
excess risk.5 There is some evidence that occupational
exposure to electrical and magnetic fields may be asso-
ciated with increased risks of cancer, particularly leu-
kaemia,6 but so far the evidence has not been
convincing.'2-'4 We have studied the incidence of
cancer in the male occupational groups ofpower lines-
men and power station operators in the electric power
industry in Sweden.

Material and methods

In Sweden every living person is given an individual
identification number at birth which makes it possible
to link the census to medical registries. A cancer envi-
ronment registry15 has been created through a record
linkage between the cancer register for the period
1961-79 and the 1960 census. The cancer environment
register provides information about the number of
cases of cancer for different sites according to oc-
cupation, industry, sex, age, and county. The 1960
census provides information about the number of in-
dividuals in the population (close to eight million) in
1960 by the same variables.
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The study was based on Swedish born men aged
20-64 at the time of the census. According to the 1960
census there were 3358 power linesmen and 6703
power station operators in the electric power industry.
The cancer environment register recorded 236 cases of
cancer among power linesmen and 463 among power
station operators. The observed number of cases for
each of the different sites was compared with the cor-
responding expected number, which was based on the
cumulative incidence for all 986 408 men classified as
blue collar workers according to the census. The ex-
pected number was calculated after stratification for
age in five year groups and for county. The com-
parison was based on the standardised morbidity ratio
(SMR) and 90% confidence intervals were assessed
according to Rothman and Boice.16

Results

The observed and expected numbers of cancers are
presented in the table with the SMR values and
confidence limits. For none of the specific cancer sites,
nor for all cancers combined, did the lower confidence
limit exceed unity. In addition none of the SMR val-
ues was marginally high. For power linesmen the
SMR, regardless of site, was 1 1, whereas for power
station operators it was 1I0. Among power linesmen
the SMR for leukaemia was 1-3 and among power
station operators 1-0. In the two occupational groups
combined there were 26 cases of leukaemia represent-
ing several histopathological groups. None of these
subgroups with leukaemia, however, showed an ex-
cess risk in either occupational group under study.
For acute myeloid leukaemia one case was observed
among power linesmen and three among power sta-
tion operators. The SMR value for tumours of the
nervous system was 15 among power linesmen and
10 among power station operators. There were five
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SMR for different cancers among male power linesmen and power station operators during a 19 year follow up.
Stratification by age and county

Cancer site Power linesmen (n = 3358) Power station operators (n = 6703)
(ICD code, 7th rev)

Obs Exp SMR (90% Conf limits) Obs Exp SMR (90% Conf limits)

Stomach (151) 25 20 9 1-2 (0-8-1-7) 42 44-0 1-0 (0-7-1-2)
Colon (153) 15 15.1 1-0 (06-1 5) 32 32-1 1-0 (0-7-1-3)
Rectum (154) 8 11-6 0-7 (0-3-1-2) 21 24-2 0-9 (0-6-1-2)
Pancreas (157) 7 9-3 0-8 (0-4-1-4) 19 19 5 1-0 (0-6-1-4)
Larynx (161) 3 2-9 1.0 (0-3-2-6) 10 6-1 1-6 (0-9-2 7)
Lung, trachea (162) 17 25-9 0-7 (0-41-0) 40 56-6 0 7 (05--09)
Prostate (177) 41 35-1 1-2 (09-15) 76 80-0 1-0 (0-8-1.1)
Testis (178) 1 1 6 0-6 (0-0-2-9) 6 3-2 1-8 (0-8-3 6)
Kidney (180) 15 11 3 1 3 (0-8-2-0) 29 23-0 1-3 (0-9-1-7)
Urinary organsexcluding kidney (181) 18 14-5 1-2 (0-8-1-8) 40 30-5 1-3 (1-0-1-7)
Skin excluding melanoma (191) 8 54 1-5 (07-26) 12 11-6 1-0 (0-6-1-7)
Nervous system (193) 13 8-7 1 5 (0 92-4) 17 17 5 1-0 (0-6-1-5)
Leukaemia (204) 10 8-0 1-3 (0-7-2-1) 16 16-6 1-0 (0-6-1 5)

All sites (140-204) 236 221 5 1 1 (10-1-2) 463 472-7 1-0 (0-9-10)

cases of glioblastoma in each occupational group (3 9
and 7 9 expected). Hence we found no consistent ex-
cess risk of leukaemia or brain tumours in our groups.
In both occupational groups, however, there was a
tendency towards an excess risk of cancer of the kid-
ney and of other urinary organs (see table).

Discussion
The levels and duration of individual exposure to elec-
trical and magnetic fields, are not known in the oc-
cupational groups studied here. For instance, only a
few in our groups have worked at 400 kV substations
and powerlines, the highest tension in use in Sweden
today. It should also be emphasised that both groups
are exposed to various chemicals at work. Power sta-
tion operators, for example, are exposed to lubri-
cating oil, solvents, polychlorinated biphenyls, and
exhaust gas from internal combustion engines, and
power linesmen are exposed to chemicals such as cre-
osote, lead, isocyanates, and silicon.

Mobility between occupations might influence the
results, since the cohorts were defined from the oc-
cupation the subject reported at the time of the census.
Nevertheless, the groups in our study are known to be
quite stable in their occupations. Individual variations
in the levels and duration of exposure would include
subjects with little or no exposure in the exposed
groups, and would bias the SMR values towards
unity.

Previous studies have suggested an excess
incidence6-8 and mortality9 1 from cancer and leu-
kaemia, especially acute myeloid leukaemia, in several
groups of workers loosely defined as "electrical
workers" in the electric and electronics industries. The
definitions of the exposed groups vary considerably
between these studies and the results are difficult to
compare.

Recently a case-control study suggested that ex-
posure to electrical and magnetic fields was associated
with an excess of glioma and astrocytoma.17 Our re-
sults, however, do not support an association between
exposure to electrical and magnetic fields and leu-

kaemia or brain tumours. Nevertheless, an un-
expected tendency towards raised risks of cancer of
the kidney and other urinary organs was found in
both occupational groups.

This study was supported by grants from the Swedish
Work Environment Fund.
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