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Mortality and cancer morbidity in workers from
an aluminium smelter with prebaked carbon
anodes part II: cancer morbidity

Alf R0nneberg, Aage Andersen

Abstract
Objective-To investigate associations
between cancer incidence and exposure
to coal tar pitch volatiles, asbestos, pot
emissions (fluorides, sulphur dioxide),
heat stress, and magnetic fields in work-
ers from a Norwegian aluminium smelter
that operated from 1914 to 1975.
Methods-Cancer incidence between
1953 and 1991 was recorded in a cohort of
1137 men hired between 1922 and 1975.
The expected number of cancer cases was
calculated from incidence rates in
Norwegian men. A job exposure matrix
with semiquantitative exposure estimates
was used to investigate associations
between cumulative exposure and cancer
incidence through exploring temporal
relations by considering exposures only
within specific time windows.
Results-A significant excess of cancer
cases, 90 observed v 59*0 expected, was
found in workers who had been employed
for less than three years. No such excess
was found in men with at least three
years' employment, with 120 cases
observed v 129-7 expected. In this sub-
cohort an association was found between
the incidence of bladder cancer and
exposure to coal tar pitch volatiles 40
years or more before each person-year
under observation, and between inci-
dence of lung cancer and tar exposure
35-50 years before observation. An asso-
ciation was also found between incidence
of kidney cancer and exposure to heat
stress 20-35 years before observation.
Conclusions-The results support previ-
ous findings that exposure to coal tar
pitch volatiles in the aluminium industry
has been associated with increased risk of
bladder and lung cancer. They also add
information about temporal relations,
suggesting that exposure to tar in this
smelter has acted on an early stage in the
development of these cancers, followed
by a latency period of 30-40 years.

(Occup Environ Med 1995;52:250-254)
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Epidemiological studies of aluminium smelter
workers have shown associations between
exposure to coal tar pitch volatiles and the risk
of bladder cancer' 4 and lung cancer.25 Some

data have also suggested an increased risk of
haematopoietic cancers,467 kidney cancer,7
and brain tumours,47 and increased mortality
from pancreatic cancer has been reported in
men who have worked in the electrolytic
potrooms of such smelters.7
A study of cancer in the Norwegian alu-

minium industry showed excesses of bladder
and lung cancers in workers from a prebake
smelter that operated between 1914 and
1975.89 Detailed work histories had been
abstracted from the smelter's personnel files
shortly after its closure, and an assessment of
exposures has been presented in a separate
paper."'" The objective of the present study
was to use this information to investigate cer-
tain associations between specific exposures
and cancer sites selected from evidence
reviewed in a previous paper' -namely: coal
tar pitch volatiles (tar) and cancers of the lung
and urinary tract; asbestos and cancers of the
lung and pleura; pot emissions (fluorides,
sulphur dioxide, carbon monoxide, alu-
minium oxide) and cancers of the pancreas
and lung; magnetic fields and cancers of the
brain and haematopoietic tissue; heat stress
and cancers of the urinary tract.

Material and methods
The investigation was designed as a cohort
study of cancer incidence between 1953 and
1991. During this period the Cancer Registry
of Norway gives a complete coverage of the
population for cancer sites other than basal
cell carcinoma of the skin. The cohort was
defined as all men, hired between 1 January
1922 and the smelter's closure on 1 April
1975, who had been employed for at least six
months at a time.

Table 1 shows details of the cohort. A list
had been compiled of all 1721 workers

Table 1 Formation of the study

Year of hire

All 1912-21 1922-75

Initial records (n): 1721 486 1235
Women 13 0 13
Employed < 6 months 16 3 13
Dead or migrated before

1953 90 66 24
Men satisfying initial cohort 1602 417 1185

definition (n)*
Lost to follow up 206 158 48
Employed before 1922 259 259

Men satisfying final cohort 1137
definition (n)t

*All men employed for > 6 months between 1914 and 1975;
t All men employed for > 6 months between 1922 and 1975.
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included in the smelter's personnel files,
containing name, date of birth, and complete
work histories. The Central Bureau of
Statistics provided 11 digit personal identifi-
cation numbers for all men alive at the census

in 1960, and the date of death or emigration
for those who had died or emigrated between
1951 and 1991. Men who had died or emi-
grated before 1951 were identified through
interviews with former employees. The final
cohort included 1137 men after exclusion of
48 (4%) whose vital status could not be
ascertained. Only five of those lost to follow
up had been employed after the beginning of
the observation period in 1953.
Men hired before 1922 were excluded for

three reasons: firstly, this period was charac-
terised by irregular production and frequent
movement of men between work areas, and
work histories were lacking in detail; secondly,
only 259 (62%) could be identified of the 417
eligible men hired during this period; thirdly,
those who left before 1918 had been lost from
the personnel files. It was therefore assumed
that the gain in cohort size by including this
group would not compensate for increased
exposure misclassification and selection bias.

Each cohort member was investigated for
the event of cancer or death from 1 January
1953 or from the date of employment if later,
and until death or 31 December 1991 for
those alive at this date. Cancer cases were

identified from the Cancer Registry through
each cohort member's name and date of birth
between 1953 and 1960 and his personal
identification number after 1960. Basal cell
carcinoma of the skin was not included in the
analysis.
The cohort's cancer morbidity was investi-

gated by stratified analysis that compared the
observed number of cancer cases in each
stratum with the expected number calculated
from age specific national incidence by five
year age groups for each year under observa-
tion. Standardised incidence ratios (SIRs) were

calculated as the ratio between the observed
and expected number, and 95% confidence
intervals (95% CIs) were calculated by com-

parison with the Poisson distribution.

The intensity of exposure to coal tar pitch
volatiles, asbestos, pot emissions, heat stress,
and magnetic fields had been assessed on a

semiquantitative scale from nil to 1-00 for all
jobs in the smelter.'0 Dose-response relations
between specific exposures and cancers were

investigated with cumulative exposure used as

a surrogate for dose. This was calculated in
intensity-years as the product of exposure

intensity and duration summed for all jobs
held at the smelter.

Duration of employment and cumulative
exposure were treated as time related vari-
ables for each person-year under observation,
and one person was allowed to contribute to
more than one stratum in each analysis. All
unexposed person-years were assigned to one

stratum, and the exposed person-years were

divided into one low and one high stratum
that each included a roughly equal amount of
person-time.
The temporal relation between exposure

and cancer incidence was explored by restrict-
ing exposure to specific time windows, and
only exposures received within the window
were considered to be aetiologically relevant.
This approach is based on the notion that the
interval from the first relevant exposure to
diagnosis of disease may be divided into an

induction period during which sufficient
exposure occurs to induce the disease, then by
a latency period until the disease can be diag-
nosed.'2 '4

In the absence of evidence of the duration
of the induction and latency periods, cumula-
tive exposure was calculated within a 15 year

time window that was moved five years at a

time from 0-15 years to 40 or more years

before observation. This resulted in a series of
nine independent analyses in which the total
number of observed and expected cases was

constant, but where the allocation of each
person-year and cancer case to the exposure

strata depended on the amount of exposure
received within the time window.

Each association was tested for trend with
the Poisson trend statistic (two sided)."' Due
to the multiple comparisons performed for
each pair of agent and disease, P values were

Table 2 Observed (Obs) number of cancer cases and SIRs (95% CIs) among 1137 male aluminium smelter workers in
1953-91, by cumulative employment

Cumulative employment

<3y 3 y

Cancer site (ICD-7 codes) Obs SIR (95% CI) Obs SIR (95% CI)

Al sites 90 1.53 (1 23-1-88) 120 0 93 (0 77-1-11)
iUp (140) 1 1-14 (0 03-6 33) 4 2 07 (0-565-31)
Upper respiratory tract (141, 143-8, 160-1) 3 1-46 (0 30-428) 3 0 70 (0-142-03)
Stomach (151) 9 1-55 (0 71-2-94) 7 0 54 (0 22-1-12)
Colon and rectum (153-4) 8 1.05 (0-45-2 06) 14 0-82 (0 45-1 38)
Pancreas (157) 2 0 91 (0 11-3 30) 4 0 69 (0 19-1-78)
Lung (162) 20 2-65 (1-62-409) 19 1 16 (0-70-1-81)
Prostate (177) 16 1-55 (0-88-2-51) 19 0-75 (0-45-1 17)
Kidney (180) 2 0 93 (0 11-3 34) 6 1-31 (0-48-2 85)
Bladder (181) 5 1-28 (0 42-2 98) 14 1-58 (0 86-265)
Malignant melanoma (190) 3 1-73 (0 36-5 07) 5 1-66 (0-54-388)
Skin (191; excluding basal cell carcinoma) 5 3-09 (1 00-7-20) 3 0-79 (0-16-230)
Brain, nervous system (193) 2 1 16 (0-14-4 18) 2 0-63 (0-08-2 29)
Lymphoma (200-2) 4 1-96 (0 53-5 02) 2 0 51 (0 061-83)
Multiple myeloma (203) 2 1-89 (0 23-6 82) 2 0 84 (0 10-3 04)
Leukaemia (204) 1 0-65 (0-02-3 62) 5 1-53 (0 50-3 57)
All other sites 7 1-05 (0-42-2 16) 11 0 85 (0-42-1 52)
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Table 3 SIRs for selected cancers in 1953-91 among 694 aluminium smelter workers with at least three years
employment, by cumulative exposure to coal tar pitch volatiles

Time window
for exposure
before observation

Cancer site (y)

Bladder:

Lung:

Kidney:

Prostate:

All
0-15
5-20
10-25
15-30
20-35
25-40
30-45
35-50
40 +

All
0-15
5-20
10-25
15-30
20-35
25-40
30-45
35-50
40 +

All

All

Cumulative exposure (initenzsirt-5)

0 <3
SIR (n) SIR(n)

1-18 (7)
1-39 (11)
1-45 (11)
1-35 (10)
1-51 (11)
1-55 (11)
1-57 (11)
1-55 (11)
1-51 (11)
1-31 (10)

1-01 (11)
1-24 (18)
1-07 (15)
1-10 (15)
1-12 (15)
1-14 (15)
1-07 (14)
0-98 (13)
0-95 (13)
1-11 (16)

1-63 (5)

0-65 (11)

2-42 (3)
5-00 (3)
3-33 (2)
4-29 (3)
2-50 (2)
2-22 (2)
2-00 (2)
1-11 (1)
0-00 (0-8)
0-00 (0-6)

1-68 (4)
0-88 (1)
3-23 (4)
2-17 (3)
1-27 (2)
1-71 (3)
1-12 (2)
1-78 (3)
2-07 (3)
1-83 (2)

> 3
SIR(n)

2-38 (4)
0-00 (0-4)
1 67 (1)
0-00 (0-7)
1-25 (1)
1-25 (1)
1-25 (1)
2 50 (2)
4-29 (3)
7-14 (4)

1-27 (4)
0-00 (0-8)
0-00 (1-2)
0-74 (1)
1-39 (2)
0-68 (1)
2-00 (3)
2-07 (3)
2-40 (3)
1-14 (1)

0-00 (0-7) 1-15 (1)

0-29 (1) 1-42 (7)

Expected numbers are in italics if SIR = 0-00.

not calculated for the time window analyses.
The data were analysed with the program
package "epicure". I

Results
The cohort contributed 32 816 person-years
of observation. During the observation period
from 1953 to 1991, there were 552 deaths in
the cohort compared with 559 9 expected,
and 210 cancer cases against 188-7 expected.
Analysis by cumulative employment (table 2)

uncovered an excess of cancer cases (90
observed; SIR = 1 5, P < 0-01) among work-
ers with less than three years of employment.
This was due to more cases than expected of
cancers of the lung (SIR = 2 65, P < 0 01),
skin (SIR = 3 09, P < 0 05), stomach, and
prostate. Among men employed for at least
three years there were 120 cancer cases
against 129 7 expected, and only bladder can-
cer showed a notable excess (SIR = 1 58). As
the cancer morbidity pattern among short

Table 4 SIRs for selected cancers in 1953-91 among 694 aluminium smelter workers with at least three Xvars
employment, by cumulative exposure to asbestos, pot emissions, heat stress, and magnetic fields

Cancer site

Kidney:

Bladder

Lung

Pancreas

Lung

Time window
for exposure
before observation
(A)

All
0-15
5-20
10-25
15-30
20-35
25-40
30-45
35-50
40 +

All

All

All
All

Nervous system All

Haematopoietic tissue All

Expected numbers are in italics if SIR = 0-00.

Cuniulative exposure (intensitr-x)

SIR(n)

Heat stress

0
0-63 (1)
1-08 (4)
1-18 (4)
0-95 (3)
0-67 (2)
0-71 (2)
0-74 (2)
0-73 (2)
1-02 (3)
1-23 (4)

2-24 (7)

Asbestos

0
1-28 (15)

Pot emissions

0
0-71 (1)
1-60 (7)

Static magnetic fields

0
0-00 (1-0)

1-19 (4)

SIR(n)

< 4-5
0-81 (1)
0-00 (0-6)
0-00 (0 7)
2-53 (2)
2-17 (2)
0-96 (1)
0-87 (1)
0-86 (1)
1-90 (2)
2-22 (2)

1-28 (3)

<0-5
0-56 (1)

<4-3
2-03 (3)
0-78 (4)

<5-5
0-99 (1)

2-79 (2)

SIR(n)

4-5
2-30 (4)
6-06 (2)
4-08 (2)
1-59 (1)
2-90 (2)
4-17 (3)
4-11 (3)
4-23 (3)
1-67 (1)
0-00 (0-5)

1 19 (4)

>0-5
0-88 (3)

> 4-3
0-00 (2-1)
1-16 (8)

> 5-5
0-85 (1)

0-85 (3)

Poisson
trend
statistic

(X)

1-82
2-78
1-20
0-56
2-71
4-19
3-83
3-97
0-37
0-5

1-10 0 29

0-57

0-84
0-30

0 45

0-36
0-59

0-61 0-44

0-21 0-65

Poissonl
trend
statistic

1-57
0 34
0.32
0-00
0-02
0-00
0 01
0-16
1-14
6 90

0-33
1-05
0-01
0-01
0-10
0 02
0-82
1-89
3-08
0-11

0-34

2-04

P value
for
trenid

0 21

0 57

0-56

0 15

P a.llic
ften
trnld

0 18
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term workers differed from that of men with
longer employment, the two groups were

analysed separately.
Tables 3 and 4 show results from the analy-

sis of associations between cumulative expo-

sure and cancer incidence among the 694
men with at least three years' employment.
This subcohort contributed 20 468 person-

years of observation with a mean age at hire of
27 years and a mean time from first employ-
ment to the end of follow up of 41 years. A
weak association was found between cumula-
tive exposure to heat stress and kidney cancer

(P = 0-18), and between cumulative exposure

to coal tar pitch volatiles and bladder cancer

(P = 0-21). The strongest association was

between cumulative exposure to tar and pro-

static cancer (P = 0-15), which had not been
specified originally as being of interest.

Analysis by cumulative exposure to tar in
time windows (table 3) showed that incidence
of bladder cancer was associated with expo-

sures received more than 40 years before
observation. The incidence of lung cancer was

most strongly associated with tar exposure
received 35-50 years before observation, and
that of kidney cancer with exposure to heat
stress 20-35 years before observation (table 4).
No association was found between tar and

kidney cancer (table 3), asbestos and lung
cancer, pot emissions and cancers of the lung
and pancreas, heat stress and bladder cancer,

or magnetic fields and cancers of the nervous

system and haematopoietic tissues (table 4).
Time window analysis did not provide any

further evidence about associations between
these exposures and cancers. Results for static
and time-varying fields were similar, and only
the first were therefore given in the table.
The excess of lung and bladder cancers in

men employed for less than three years was

also examined for associations with tar expo-
sure (not shown in tables). The SIR for lung
cancer was 1 60 (three cases) in short term
workers exposed to tar v 2-98 (17 cases; P <

0-01) in unexposed workers, whereas the
result for bladder cancer was 2-00 (two cases)
in the exposed group and 1 02 (three cases) in
the unexposed group. Inclusion of short term
workers in the time window analysis weak-
ened the association between tar exposure and
lung cancer, but did not influence the strength
of the association with bladder cancer.

Discussion
The main findings in this study are the associ-
ations between exposure to coal tar pitch
volatiles and cancers of the bladder and lung,
and between heat stress and kidney cancer in
the subcohort with at least three years' total
employment. The increased cancer incidence
in short term workers will be discussed in a

subsequent paper, together with the mortality
experience in this group.17
As cancers of the lung and bladder are also

associated with tobacco smoking, the poten-
tial influence of smoking must be considered.
Data on smoking were available from a survey
of respiratory disorders in 132 of the 299
smelter workers employed in 1962.18 The

mean year of birth in the surveyed group was
comparable with that in the present cohort,
1910 to 1915 v 1918. The expected propor-
tion of smokers was calculated from age spe-
cific smoking rates in Norwegian men in
1960.'9 In the 112 men with at least five years'
employment, there were 71% current smokers
v 65% expected, whereas 90% smoked v an
expected 68% in the 20 men employed for
less than five years. The average tobacco con-
sumption per smoker was 12 g/day, which is
similar to the national average at the time.
The survey data may overestimate the propor-
tion of smokers as 52 of 56 men with respira-
tory complaints and only 80 of 243 symptom
free workers were included.
From these data on smoking, no more than

a slight increase in the incidence of lung cancer
and an undetectable increase in the incidence
of bladder cancer would be expected among
men employed for three years or more. One
would also expect differences in smoking
habits within the cohort to be indiscriminate
with respect to exposures and time windows,
and such differences cannot therefore explain
the associations found.
Some non-differential misclassification of

exposures is unavoidable in studies such as
the present one, and the extent was probably
larger for asbestos than for the other expo-
sures.10 Such misclassification will tend to
attenuate a true dose-response relation and
may have contributed to the lack of associa-
tion between asbestos exposure and lung can-
cer. This result may also be due to the fact
that more than 90% of the men exposed to
asbestos had probably been exposed to low
levels, and this explanation is supported by
the absence of any case of mesothelioma in
the cohort.
A consistent finding from previous studies

is the association between exposure to coal tar
pitch volatiles in Soderberg aluminium
smelters and bladder cancer.1-4 In this type of
plant, tar exposure is correlated with exposure
to fluorides, which has recently been impli-
cated as a potential bladder carcinogen. In
our study tar and fluoride exposures were
negatively correlated,10 and our results there-
fore support earlier findings that the increased
risk of bladder cancer in aluminium smelter
workers has primarily been associated with
exposure to tar.
Our results for lung cancer support previ-

ous findings of an association between expo-
sure to tar and lung cancer reported by Gibbs2
and Armstrong et a15 from studies of
Canadian aluminium workers. The finding of
an association between tar exposure and pro-
static cancer was unexpected and may be due
to chance, particularly in light of the absence
of cases in the low tar exposure stratum. A
slightly raised mortality from this cancer has
earlier been reported in anode factory workers
in the United States aluminium industry,6 but
not in Canadian aluminium workers.24 No
previous study included any analysis of inci-
dence of prostatic cancer by cumulative
employment or exposure.
The association between exposure to heat
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stress and kidney cancer could be a chance
finding, but this result may be of interest as
heat stress in potrooms may cause dehydra-
tion,2' which possibly may lead to prolonged
retention of concentrated urine and an
increased tissue dose of carcinogens in the
urinary tract.22 Increased risk of kidney cancer
has been reported from previous studies of
workers in aluminium smelters27 and other
hot environments such as foundries and coke
ovens.23 Like other investigators,27 we found
no association between tar exposure and kid-
ney cancer. Five of the six kidney cancers
were renal cell neoplasms that are thought to
have a different aetiology from that of bladder
cancer.24
No association was found between expo-

sure to pot emissions and pancreatic cancer,
nor between magnetic fields and cancers of
the nervous system or haematopoietic tissue.
The observed and expected number of cases
was small, however, and the study's power to
detect an association was therefore limited.

Results from the time window analysis add
suggestive information about the temporal
relation between exposure to coal tar pitch
volatiles and the risk of bladder and lung can-
cer. In this type of analysis, the time window
that yields the strongest association is the one
that indicates the most appropriate assump-
tion about the empirical induction period.'2
Although the small number of cases precludes
any firm conclusion, the present results may
suggest that the aetiologically relevant expo-
sures have been followed by a latency period
of 30-40 years during which further exposure
has had little or no effect. This is in line with
the suggestive pattern of higher risk of lung
cancer from exposures with a latency of 40
years or more noted by Armstrong and
coworkers in their study of lung cancer in alu-
minium smelter workers from Quebec.5
As pointed out by Rothman'2 and

Checkoway et al,'4 time window analysis may
also have a potential for sharpening the analy-
sis of dose-response relations by eliminating
aetiologically irrelevant exposures from the
dose surrogate. The incidence of bladder and
lung cancer found here seemed to be more
strongly associated with cumulative exposure
to tar calculated within a limited time window
than with cumulative exposure throughout
employment, possibly because that measure
included exposures received outside the
induction period. This may suggest that atten-
uation of these associations could be reduced
not only through improving the quality of
exposure assessment, but also with use of a
dose surrogate that accounts for the time
course of induction and latency.

Finally, it should be noted that the temporal
relation between tar exposure and the risk of
bladder or lung cancer may depend not only
on the exposure and disease in question, but
also on the dose rate. The duration of the
induction and latency periods suggested from
this study may therefore be different from
those that would be found in populations
exposed to higher or lower exposures. Thus it
is interesting to note that Spinelli et al were

able to show an association between exposure
to coal tar pitch volatiles and bladder cancer
in workers from a Canadian aluminium
smelter that had started production only 31
years before follow up was closed.4
Unfortunately, the absence of measurements
from the present plant makes it impossible to
compare concentrations of coal tar pitch
volatiles in the two smelters.
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