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Objectives This study investigated the associations between specific cancers and occupational exposure to
polycyclic aromatic hydrocarbons (PAH), asbestos, electromagnetic fields, and heat in a cohort of workers from a
Norwegian aluminum smelter.

Methods Cancer incidence between 1953 and 1993 was observed for 2647 male short-term workers and 2 cohorts
of men with at least 4 years’ employment (2888 production workers and 373 maintenance workers). Standardized
incidence ratios (SIR) were calculated from the national male cancer incidence, and associations with cumulative
exposure were investigated by stratified analysis. Cumulative exposure in 15-year time windows was used as an
alternative dose indicator.

Results Investigation of the a priori hypotheses in the production cohort revealed a positive association between
bladder cancer and PAH exposure 30 years or more before observation. The results also suggested an association
between PAH and pancreatic cancer, although not statistically significant. No association was seen between
exposure to PAH and cancers of the lungs or between magnetic field exposure and lymphatic and hematopoietic
cancer. In the maintenance cohort there was a positive association between employment as an electrician and
lymphatic and hematopoietic cancer and a statistically nonsignificant association between PAH and lung cancer.

The short-term workers showed a statistically significant excess of lung cancer.
Conclusions The results support previous findings of an association between exposure to PAH and bladder

cancer.

Keyterms bladder cancer, cohort study, electrical discharge, electrician, electromagnetic fields, heat, lung cancer,
maintenance, pancreatic cancer, polycyclic aromatic hydrocarbons.

In the first study of cancer in the Norwegian aluminum
industry Andersen and co-workers (1) observed employ-
ees from 4 smelters between 1953 and 1979. An extend-
ed follow-up (until 1991) of workers from the smelter in
Eydehavn (2) supported earlier findings of an associa-
tion between exposure to coal tar pitch volatiles — tar
— and cancers of the bladder (3—5) and lungs (3, 6).
These cancers appeared to be associated primarily with
exposure to tar at least 35 years before observation.

This report concerns the Ardal smelter, which con-
tributed almost half of the participants to the first study
(1). Lung cancer was in excess among the Ardal work-
ers at that time when compared with the local incidence,
but there was a deficit when compared with the national
level (7).

T Deceased (May 1997).

On the basis of a review (8) and results from our pre-
vious study (2) we chose, in the present study, to inves-
tigate the associations between polycyclic aromatic hy-
drocarbons (PAH) and cancers of the urinary bladder,
Iungs and pancreas; asbestos and cancer of the lung and
pleura; magnetic fields and cancers of the brain and lym-
phatic and hematopoietic tissue; heat and kidney cancer.

Subjects and methods

The smelter started production in 1948—1950 in a pot-
room with Sgderberg electrolytic cells with horizontal
current supply studs. From 1949 on a carbon plant
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produced anode paste from petroleum coke and coal-tar
pitch. Three vertical stud Sgderberg potrooms were add-
ed between 1959 and 1962. In the Sgderberg cell the an-
ode paste was baked by the process heat, and coal-tar
pitch volatiles were emitted to the potroom atmosphere.

Prebake cells were introduced in 3 potrooms between
1959 and 1970. This cell type used anodes that had been
baked in furnaces at the carbon plant and which contained
negligible amounts of volatile material when used in the
potroom.

Study design

The investigation was designed as a cohort study of can-
cer incidence between 1953 and 1993. For this period
complete coverage of the population for cancer sites other
than basal cell carcinoma of the skin are available in the
cancer register of Norway. The smelter’s personnel files
contained name, date of birth, and work histories for all
persons employed since 1946. The date of death had also
been recorded if known to the company.

The study included all men first hired at an hourly
wage and with at least 6 months of continuous employ-
ment. Men first hired at a monthly salary were excluded
since the prevalence of smoking in this group may have
differed from that of the blue-collar workers.

The Central Bureau of Statistics provided the date of
all deaths from 1953, personal identification numbers for
those alive at the census in 1960, and the date of all em-
igrations from 1964 on. Of the 5962 men who satisfied
the inclusion criteria, 6 had died before the observation
started in 1953, and 48 men were lost to follow-up. Most
of these men had probably died before 1960 or emigrat-
ed before 1964. There were therefore 5908 men left in
the final cohort.

Each person was observed for cancer or death from 1
January 1953 or the time of hire if later. Observation con-
tinued until 31 December 1993 or to the time of death or
emigration. Cancer cases were identified from the can-
cer register through each cohort member’s name and date
of birth between 1953 and 1960 and his personal identi-
fication number in 1961 or later.

Analysis of dose-response relations

The standardized incidence ratio (SIR) was calculated as
the ratio between the observed and expected number of
cancer cases. The expected number was calculated from
the annual national incidence for men by 5-year age
groups. The 95% confidence interval (95% CI) was cal-
culated on the assumption of the Poisson distribution for
the observed number.

Dose-response relations were investigated in a strati-
fied analysis of the SIR values of the production and
maintenance cohorts. We used cumulative exposure as
an indicator of individual dose. This value was calculat-
ed for each person-year under observation as the product
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of exposure intensity and duration summed for all jobs
held at the smelter. Thus each person could contribute
person-time to more than 1 stratum in each analysis. Un-
exposed person-time constituted 1 stratum, and the ex-
posed person-time was divided into 3 strata with rough-
ly equal numbers of person-years in each group.

As an alternative dose indicator, we used cumulative
exposure attained within 15-year time windows. This
approach assumes that a sufficient dose to contribute to
the disease process is received during a limited induc-
tion period, which can be preceded or followed by a pe-
riod when other causes influence the disease process (9).

All analyses were carried out with the Epicure soft-
ware package (10). The significance of each association
was assessed with the Poisson trend statistic (2-sided)
(11). It should be noted that this test yields approximate
P-values that must be interpreted with caution, particu-
larly when the number of observed or expected cases is
small.

Exposure estimation

The job-exposure matrix for PAH and fluorides was
based on more than 4000 area samples of fluorides and
about 1600 personal samples of fluorides and PAH (ta-
ble 1). We used a statistical analysis of area measure-
ments sampled since 1962 and personal measurements
sampled since 1976 to identify jobs and periods with sig-
nificantly different exposure to PAH and fluorides. Pot-
room exposures before 1962 were extrapolated back-
wards using multipliers based on descriptions of condi-
tions noted in the smelter’s annual reports since 1949,

The measurement data were analyzed by multiple
linear regression with BMDP statistical software (12).
The influence of job and calendar year on exposure was
investigated by applying a log transformed regression
model to the measurement data. Exposure categories
were then constructed by combining all jobs which did
not differ significantly with respect to either PAH or flu-
oride exposure. Consecutive years that did not differ sig-
nificantly by area samples were combined with the ex-
posure periods.

For periods only covered by area samples of fluoride,
we used the ratio between personal PAH exposure and
area fluoride concentration as measured in 1976 to esti-
mate exposure to PAH. For potrooms A and B we used
measurement data from a Swedish aluminum smelter
with similar technology. The final matrix for PAH and
fluorides included estimates for 115 combinations of de-
partment, exposure category, and period. For many of
these combinations, exposure to some agents was esti-
mated to be nil. The range of nonzero estimates was 2—
1700 LLg/m? for total particulate PAH and 0.1—2.5 mg/
m? for total fluorides (gaseous and particulate). The frac-
tion of benzola]pyrene in particulate PAH was typically
5% (13, 14), and the amount of PAH relative to total



Table 1. Exposure to fluorides and polycyclic aromatic hydrocar-
bons ( PAH) by exposure category and period in the potrooms
and paste plant. (HSS=horizontal stud Sgderberg anodes, VSS =
vertical stud Sgderberg anodes, PB = prebaked anodes)

Department Fluorides (mg/m?) PAH (ug/m3)
Potrooms A-B (32 kA HSS)
All jobs
1948—1953 2.5 173
1954—1964 2.2 156
1965—1969 1.6 114
Potrooms A-B (32 kA hooded PB)
Tapping crew
1970—1979 0.1 5
1980—1986 0.2 10
1987—1993 0.3 4
Sweeper
1970—1979 1.0 5
1980—1986 1.8 10
1987—1993 0.2 4
Other jobs
1970—1979 0.5 5
1980—1986 0.9 10
1987—1993 0.4 5
Potroom G2 (150 kA Open PB)
All jobs
1959—1969 1.9 50
1970—1971 1.2 41
1978—1986 0.5 22
1987—1993 0.2 7
Potroom Db (150 kA VSS)
Stud puller, rod raiser
1959—1969 0.9 1669
1970—1974 0.4 697
1975—1985 01 297
Tapping crew
1959—1969 0.8 57
1970—1974 0.6 47
1975—1979 0.2 15
1980—1985 0.3 25
Sweepet, process controller
1959—1969 2.4 550
1970—1974 2.0 459
1975—1979 0.6 147
1980—1985 1.1 244
Other jobs
1959—1969 1.0 264
1970—1974 0.8 220
1975—1979 0.3 70
1980—1985 0.4 117
Potrooms E-F (110A VSS)
Stud puller, rod raiser
1962—1964 0.2 423
1965—1969 0.4 823
1970—1974 0.6 1157
1975—1985 0.1 676
1986 01 55
1987—1993 0.1 8
Tapping crew
1962—1964 0.2 14
1965—1969 0.4 28
1970—1974 0.5 39
1975—1985 0.3 23
1986 0.3 43
1987—1993 0.3 7

(continued)
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Table 1. Continued.

Department Fluorides (mg/m?3) PAH (ng/m?)
Sweeper, process controller
1962—1964 0.6 139
1965—1969 1.2 271
1970—1974 1.7 382
1975—1985 1.0 223
1986 1.0 48
1987—1993 0.3 7
Other jobs
1962—1964 0.2 67
1965—1969 0.5 130
1970—1974 0.7 183
1975—1985 0.4 107
1986 0.4 27
1987—1993 0.2 8
Paste plant
All workers
1949—1969 0.0 112
Mixer, paste worker, cathode worker
1970—1980 0.0 78
1981—1985 0.0 56
1986—1993 0.0 26

2(losed between 1971 and 1978.
b Closed in 1985.

benzene-soluble matter was 10—20% in the Sgderberg
departments (15).

Maintenance workers had not been monitored. Main-
tenance workers in the electrolysis plant were given the
average exposure for potmen in the potrooms which op-
erated at the time. Maintenance workers in the carbon
plant were assigned the average exposure in the paste
plant and furnace area.

Asbestos exposure was assessed on a scale with val-
ues 0, 1, and 5, according to the time spent in exposed
work. Daytime work in the foundry and potlining in po-
trooms A and B were given the value 5, and potlining in
the other potrooms was given the value 1.

Exposure to magnetic fields was estimated from a
survey of other Norwegian aluminum smelters (16). This
estimate showed a constant relation of 0.06 mT per 1000
amperes of cell current between 2 potlines and suggest-
ed average time-varying fields of 1uT for the potrooms
and 10 uT for the rectifiers. The resulting exposure esti-
mates ranged from 2 to 10 mT for static magnetic fields
and from 0.3 to 10 uT for time-varying magnetic fields
with dominating frequencies of 50, 100, and 300 Hz.

Potroom work was classified as heat exposed, and
all other work as unexposed.

Individual dose and apparent correlation between the
agents

For each worker, cumulative exposure was calculated for
each year under observation as the product of duration
and exposure summed for all jobs. Since cumulative ex-
posure was defined as a time-related variable, the corre-
lation between agents potentially related to the same out-
come was assessed within the person-time of the cohort.
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Unexposed person-time constituted 1 stratum, and the
exposed person-years were divided into 3 strata with
roughly equal amounts of person-time. For each pair of
agents we cross-tabulated the person-time by the cumu-
lative exposure strata, and the strength of the correlation
was assessed with Goodman’s and Kruskal’s gamma (I')
(12). High correlations were observed for cumulative ex-
posure with time and static magnetic fields (I'=0.93), be-
tween cumulative exposure to PAH and fluoride
(I'=0.89). Cumulative heat exposure was correlated to
both PAH (I'=0.89) and fluorides (1I'=0.92).

Results

Table 2 shows that the total cancer incidence was not el-
evated in any of the 3 cohorts. The short-term workers
showed a statistically significant excess of lung cancers,
and the only cases of pleural mesothelioma were ob-
served in this cohort. In the production cohort the high-
est standardized incidence ratios (SIR) values were ob-
served for cancers of the lip and rectum, but the only

statistically significant finding was a deficit of malignant
melanomas. In the maintenance cohort there was a sig-
nificant excess of lung cancer cases, and the SIR was el-
evated for cancers of lymphatic and hematopoietic tis-
sue, bladder, and prostate.

Production cohort

Table 3 shows the analysis of dose-response relations for
PAH in the production cohort. Cumulative PAH expo-
sure attained 30 years before observation was associated
with an increased incidence of bladder cancer. An asso-
ciation was also observed between PAH and pancreatic
cancer, but this result was not statistically significant.
There was no association between cumulative PAH ex-
posure and cancer of the lung or lymphatic and hemat-
opoietic tissue, and the time window analysis did not add
any information.

Because of the elevated SIR values for cancers of the
lip and colon, we also investigated associations between
cumulative PAH exposure and these cancers. A positive
association was observed for lip cancer, particularly when
exposure was restricted to 30 years before observation.
Although not statistically significant, an association was

Table 2. Cancer incidence by total employment among 5908 male aluminum smelter workers in 1953—1993 (O = observed number of
cases, E = expected number of cases, SIR = standardized incidence ratio, 95% Cl = 95% confidence interval)

Cancer site? Employed less than 4 years

(N=2647; 65 976 person-years)

Production cohort
(N=2888; 71 219 person-years)

Maintenance cohort
(N=373; 9950 person-years)

0 E SIR 95% Cl 0 E SIR 95% Cl 0 E SIR 95% Cl
All sites 226 210.3 107 94—122 339 325.2 104 94—116 41 34.7 118 85—160
Lip (140) 4 2.8 143 39—367 9 4.4 204 93—387 - 0.5 - 0—795
Upper respiratory tract
(141, 143—8, 161) 6 6.9 87 32—190 12 10.5 114 59—200 2 1.2 167 20—604
Esophagus (150) 4 2.5 161 44—412 2 4.0 50 6—180 - 0.4 - 0—=880
Stomach (151) 16 16.5 97 56—158 26 271 96 63—141 - 2.7 - 0—138
Colon (153) 20 16.5 121 74—187 31 26.5 117 80—166 1 2.8 35 1—197
Rectum (154) 11 10.9 101 50—180 25 17.7 141 92—209 2 1.9 106 13—381
Liver (155) 2 1.4 138 17—499 2 2.4 84 10—305 - 0.2 - 0—1490
Pancreas (157) 10 7.0 142 68—262 12 1.7 103 53—179 1 1.2 84 2—468
Lung (162) 41 27.0 152 109—206 42 44.0 96 69—129 10 47 211 101—387
Pleura (163) 3 0.8 386 80—1127 - 1.2 - 0—302 - 0.1 - 0—2645
Prostate (177) 31 33.2 93 63—132 62 58.9 105 81—135 9 57 158 72—300
Testis (178) 4 5.4 74 20—189 5 5.0 100 32—233 - 0.8 - 0—471
Kidney (180) 9 7.9 114 52—-216 13 12.3 105 56—180 1 1.4 74 2—411
Bladder (181) 8 14.4 55 24—109 23 23.5 98 62—147 5 25 200 65—467
Malignant
metanoma (190) 6 9.4 64 23—139 4 11.4 35 10—90 1 15 67 2—374
Skin (191, excluding
basal cell carcinoma) 6 6.1 99 36—216 7 9.9 71 29—146 - 1.0 - 0—356
Brain. nervous
system (193) 7 7.4 94 38—194 7 9.9 71 29—146 - 1.2 - 0—303
Unspecified
site (199) 10 7.8 128 61—235 17 12.9 132 77—211 - 1.3 - 0—278
Lymphatic and hematopoietic
tissue (200—4) 21 17.7 118 73—181 32 26.1 123 84—173 7 2.9 239 96—492
All other sites 7 8.5 82 33—169 8 6.0 134 58—264 2 0.6 346 42—1249

2 Codes of the International Classification of Diseases (7th revision) in parentheses.
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Table 3. Associations between cumulative polycyclic aromatic hydrocarbon (PAH) exposure and cancer incidence in the production
subcohort. (O = observed number of cases, SIR = standardized incidence ratio)#

Cumulative PAH exposure Bladder cancer Pancreas cancer Lung cancer Lymphatic and Lip cancer Colon cancer  Rectum cancer
hematopoietic
tissue cancer

0 SR 0 SIR 0 SIR 0 SIR 0 SR 0 SIR 0 SIR
Unrestricted time window
- 4 59 1 28 15 121 14 188 1 74 8 103 10 194
0—399 pg/(mdyears) 3 73 3 148 6 79 7 1M 0.8 - 3 64 2 65
400—1199 pg/(ms-years) 7 149 2 87 7 77 2 37 3 339 3 56 6 169
>1200 pg/(myears) 9 114 6 157 14 94 9 1o 5 355 17 185 7 119
P-value for trend 0.20 013 >0.3 0.09 0.05 0.09 >0.3
Time window of 0—14® years before observation
- 15 100 4 159
0—399 pg/(mdyears) 5 126 2 2N
400—1199 pg/(md-years) 3 114 1 164
>1200 pg/(mdyears) 1.9 - 2 363
P-value for trend >0.3 >0.3
Time window of 15—29 years before observation
- 7 68 4 185
0—389 pg/(md-years) 5 123 1 134
400—1199 ug/(md.years) 7 157 3 3%
21200 ug/(m3years) 4 84 1 135
P-value for trend >0.3 >0.3
Time window of >30 years before observation
- 10 67 4 119
0—399 pg/(m3-years) 3 85 0.5 -
400—1199 pg/(md.years) 7 221 3 762
21200 pg/(ms3-years) 3 152 2 970
P-value for trend 0.03 <0.01

2 Expected number in italics if there were no observed cases.

b The observed and expected cases from the unrestricted analysis were reassigned to the exposure strata according to the amount of cumulative

exposure received within the time window.

found between cumulative PAH exposure and cancer of
the colon, but not for rectal cancer.

The results of the investigation of the remaining a
priori hypotheses is shown in table 4. There was no as-
sociation between asbestos and lung cancer, heat and kid-
ney cancer, or between magnetic fields and cancers of
the brain or lymphatic and hematopoietic tissue. No ex-
cess of the latter cancers was observed among the power
plant and rectifier workers of the production cohort, with
2 cases against 1.9 expected.

Maintenance cohort

The results of the analysis for dose-response relations in
the maintenance cohort are shown in table 5. Only 4%
of the person-time was unexposed. Therefore we com-
bined the 2 lower exposure strata. A positive association
was observed between cumulative PAH exposure at-
tained 30 years before observation and lung cancer.

Unlike the case of lung cancer, the excess of lym-
phatic and hematopoietic cancer was not equally divid-
ed between the craftsmen in the maintenance cohort, with
5 cases (0.9 expected) among the electricians and 2 cas-
es (2.0 expected) among the fitters.

Discussion

As in a number of previous studies (2, 3—35), this cur-
rent investigation has shown an association between ex-
posure to coal-tar pitch volatiles — here represented by
PAH — and bladder cancer. An association was also ob-
served between PAH exposure and pancreatic cancer. We
also observed positive associations between PAH and lip
cancer, and between employment as a maintenance elec-
trician and cancers of lymphatic and hematopoietic tis-
sue.

Lung cancer

One might speculate that the absence of associations be-
tween PAH or asbestos and lung cancer in the produc-
tion cohort may have been due to a negative confound-
ing effect from smoking. This assumption receives some
support from the higher SIR for lung cancer among the
short-term workers, a finding which suggests a negative
correlation between smoking and total employment. This
result may extend into the cohorts with longer employ-
ment and give rise to a tendency towards decreased
smoking with increasing cumulative exposure.
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Tabhle 4. Associations between cumulative exposure to heat, ashestos, or magnetic fields and cancer incidence in the production
subcohort. (O = observed number of cases, SIR = standardized incidence ratio)?

Cumulative exposure L.ung cancer Kidney cancer Brain cancer Lymphatic and hemato-
poietic tissue cancer
0 SIR 0 SIR 0 SIR 0 SIR
Asbestos (intensity-years)
- 31 99
0.0—1.4 4 105
1.4—6.9 4 122
>7.0 3 54
P-value for trend . >0.3
Heat (years)
- . . 4 88
0.0—4.9 . . 2 87
5.0—10.9 . . 1 51
>11.0 6 170
P-value for trend . . . >0.3
Static magnetic fields (mT years)
- . . . . 3 87 15 151
0.0—13.9 . . . . 2.0 - 7 134
14.0—44.9 . . . . 2 103 5 104
>45.0 2 82 5 82
P-value for trend . . . . . >0.3 . 0.20
Time-varying magnetic fields (uT years)
- 3 90 15 157
0.0—4.9 . . . . 1 44 8 143
5.0—9.9 . . . . 1.7 - 1 25
>10.0 . . . . 3 116 8 115
P-value for trend . . . . . >0.3 . 0.24

@ Expected number in italics if there were no observed cases.

Table 5. Associations between cumulative polycyclic aromatic hydrocarbon (PAH) exposure and cancer incidence in the maintenance
cohort. (O = observed number of cases, SIR = standardized incidence ratio)?

Cumulative PAH exposure Lung cancer Bladder cancer Lymphatic and hematopoietic
tissue cancer

0 SIR 0 SIR 0 SIR

Unrestricted time window

<400 pg/(m3-years) 0.3 - 1 716 1 328

400—1199 pg/(m3-years) 2 139 1 125 0.9 -

21200 pg/(md-years) 8 266 3 192 6 353

P-value for trend . 0.23 . >0.3 . >0.3

Time window of 0—14" years before observation

<400 pg/(m3-years) 7 297

400—1199 pg/(md.years) 2 159

>1200 pg/(m3-years) 1 89

P-value for trend 0.19

Time window of 15—29 years before observation

<400 pg/(md-years) 3 190

400—1199 pg/(m?3-years) 3 241

>1200 pg/(m3-years) 4 208

P-value for trend >0.3

Time window of 230 years before observation

<400 pg/(m-years) 3 104

400—1199 pg/(me-years) 5 422

>1200 pg/(me-years) 2 292

P-value for trend 0.12

2 Expected number in italics if there were no observed cases.
® The observed and expected cases from the unrestricted analysis have been reassigned to the exposure strata according to the amount of cumulative
exposure received within the time window.
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True associations between PAH and asbestos and
lung cancer may also have remained undetected if the 2
exposures were negatively correlated. However, cross-
tabulation of the person-time by cumulative exposure to
the 2 agents showed a positive correlation, and one would
expect this to result in a positive rather than a negative
confounder (17).

A more plausible explanation for the negative results
for PAH and lung cancer could be the lower exposure
levels or shorter follow-up than in the 2 studies which
have shown a positive association between tar exposure
and lung cancer among aluminum workers (3, 6). Both
concerned a smelter at Arvida, Quebec, for which the
estimated benzo[a]pyrene concentrations (6) suggested
that PAH levels may have been 50% higher than those
at Ardal before 1960 (table 1).

Although not statistically significant, the result for
PAH and lung cancer in the maintenance cohort provides
some support for the earlier Canadian findings (3, 6).
Exposure to asbestos may also have been of some im-
portance in this group, but the maintenance workers are
not believed to have experienced any higher exposures
than the members of the production cohort who had been
classified as asbestos-exposed. In the latter cohort the use
of semiquantitative exposure scores may have introduced
some dose misclassification, but this possibility cannot
explain why the incidence of lung cancer in the exposed
strata (SIR = 87) was no higher than that in the unex-
posed stratum (SIR = 98). To our knowledge the Ardal
smelter had only used chrysotile, which may carry a low-
er risk than the amphiboles (18). It is also possible that
the exposure levels had been too low to cause a detecta-
ble increase in cancer incidence.

Bladder cancer

Although studies in the aluminum industry (3—5) have
focused on the association between exposure to coal-tar
pitch volatiles and bladder cancer risk, fluorides have also
been implicated as a cause of bladder cancer (19). All
the potrooms at Ardal used Sgderberg anodes until 1959,
and in this type of potroom exposure to PAH and fluo-
rides has been strongly correlated. However, this corre-
lation received no support from the Eydehavn study, in
which the 2 exposures were negatively correlated (2). As
in the Eydehavn study (2), the present results suggest a
latency period of 30 years before the diagnosis of blad-
der cancer in relation to PAH exposure.

Cancers of the brain and lymphatic and hematopoietic
tissue

Previous studies of electromagnetic fields and lymphat-
ic and hematopoietic cancers have produced conflicting
results. Employment in “electrical occupations” has re-
peatedly been associated with increased risk (20), where-
as studies based on quantitative exposure estimates have
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produced negative or equivocal results (21—24). In the
present study the absence of an association with mag-
netic field exposure in the production cohort was con-
trasted by a statistically significant, positive association
with employment as a maintenance electrician.

The maintenance electricians had mainly worked with
220-V alternating current, and they were known to have
had frequent exposure to electric discharges, which have
been proposed as a cause of chromosome aberrations (25,
26). Awareness against electric shock has been much
higher in the power plants, rectifiers, and potlines of the
smelter, due to the higher voltages or much stronger cur-
rents. The present results suggest that exposure to elec-
tric discharges should be considered in future studies of
cancer among electrical workers.

Other cancers

Although not statistically significant, the association ob-
served between PAH exposure and pancreatic cancer pro-
vides some support for the increased mortality from this
disease reported among potroom workers in the United
States (27). The excess of kidney cancers in the highest
dose stratum for heat exposure lends some support to the
association previously observed at the Eydehavn smelter
2).

The associations observed between PAH and cancers
of the lip and colon may well be due to coincidence.
However, tar exposure has been proposed as a cause of
gastrointestinal cancer among coke plant workers (28).

Methodological implications

The present results suggest that the sensitivity of a dose-
response analysis can be sharpened by the use of a dose
indicator which accounts for the time course of induc-
tion and latency. Together with the Eydehavn study (2),
the present results suggest a latency period of 30 years
or more for bladder cancer induced by coal-tar pitch vol-
atiles.

A comparison of the SIR values of the production
subcohort suggests that the inclusion of short-term work-
ers in the dose-response analysis might have confound-
ed the results for cancers of the lungs and pancreas. One
may also argue that important information about associ-
ations with cancers of the lungs and lymphatic and he-
matopoietic tissue would have remained undetected if the
maintenance workers had not been analyzed separately.
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