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ORIGINAL ARTICLES

Scand J Work Environ Health 1991;17:231—9

Renal cell cancer and occupational exposure

to chemical agents

by Timo Partanen, MSc, MPh, Pirjo Heikkila, LPH, Sven Hernberg, MD,
Timo Kauppinen, PhD, Giovanni Moneta, PhD, Anneli Ojajarvi, MSc!

PARTANEN T, HEIKKILA P, HERNBERG S, KAUPPINEN T, MONETA G, OJAJARVI A. Renal
cell cancer and occupational exposure to chemical agents. Scand J Work Environ Health 1991;17:231—9.
A case-referent study of occupational risk indicators of renal cell adenocarcinoma was conducted. Each
incident case in Finland in 1977—1978 was matched with two population referents. Lifelong job histories
were collected and translated into indicators of industry, occupation, and occupational exposures. The
analyses of 338 sets of cases and referents revealed elevated risks for a history of employment in white-
collar occupations; the printing industry; the chemical industry; the manufacturing of metal products;
mail, telephone, and telegraph services; and iron and metalware work. A decreased risk was observed
for male farmers. An elevated risk and an exposure-response relationship were found for gasoline ex-
posure. The excess risk was highest at a latency period of approximately 30 years. The findings support
the hypothesis that exposure to some constituent(s) of gasoline increases the incidence of renal adenocar-
cinoma in humans. Suggestions of elevated risks appeared for exposures to inorganic lead, cadmium, and

nonchlorinated solvents.

Key terms: cadmium, case-referent study, gasoline, industries, lead, occupations, solvents.

The occupational determinants of renal cancer are
poorly understood. Although several epidemiologic
studies (1—23) have related specific industries and oc-
cupations with the risk of renal cell cancer, no consis-
tent pattern emerges from these studies. Epidemiologic
and experimental evidence has brought forth hypoth-
eses on presumed work-related determinants of renal
cell cancer. Those of primary concern are various
hydrocarbon derivatives (24—26), petrochemicals and
gasoline, jet fuel and other products of petroleum
refining (16, 27—29); gasoline exhaust (18, 30); cad-
mium (31); inorganic lead compounds (10, 32); and
asbestos (21, 22, 33).

The objective of this study was to provide further
insight into the occupational etiology of renal cell
cancer.

Subjects and methods

The risk of contracting renal cell cancer was studied
in relation to industrial categories, occupational titles,
and occupational exposures in a case-referent study
among Finnish residents ever engaged in worklife either
as an employee or as an entrepreneur. All cases, 672
in number, of primary renal adenocarcinoma (code
189,00 of the International Classification of Diseases,
seventh revision) newly diagnosed in 1977 and 1978
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among Finnish residents over the age of 20 years at
diagnosis were identified through the Finnish Cancer
Registry. Two referents, individually matched to each
case on year of birth, gender, and survival status at
the time of data collection, were randomly identified,
within the constraints of matching, from the Popula-
tion Register Centre. A questionnaire, with up to two
reminders, on job history, smoking, consumption of
coffee, and obesity was sent to both the cases and the
referents who were alive and to the next-of-kin of the
deceased subjects. There was no reference to renal can-
cer in the questionnaire. The subjects were advised to
contact an interviewer by telephone if they felt that
it would be more convenient for them. The number
of completed forms for the cases or their next-of-kin
was 461 (response rate 69 %); for the referents or their
next-of-kin the corresponding number was 915 (68 %)
(table 1).

After exclusion of the subjects who did not report
any history of employment or self-employment (eg,
those permanently incapacitated for work and house-
wives), 408 eligible cases and 819 referents remained
(table 1). The number of eligible matched sets of cases
and referents was 338, 192 cases having one referent
and 146 cases having two referents.

The mean age, at diagnosis, of the eligible cases and
their referents was 63 (range 26—95) years. The women
were older than the men by 2.4 years on the average.

The questionnaire requested information on the
different jobs held, time periods of employment, and
the identification of employers. This information en-
abled the reconstruction of the individual occupational
histories on an annual basis. The histories were coded,
year by year, into industri.s and occupational cate-

231



Table 1. Distribution of the identified subjects, respondents, and those ever in worklife among the cases of primary renal cell

carcinoma and their referents, by vital status.

Numtber ot BREpORINIE Response N:Tet:'er
Vital i i ifi : :
status 'gﬁg.tégfg Question-  Tele- Al rate (%) in work-
) naire phone life
Alive
Cases 140 99 7 106 75.7 98
Referents 280 215 5 220 78.6 195
All 420 314 12 326 776 293
Deceased
Cases 532 330 25 355 66.7 310
Referents 1064 655 40 695 65.3 624
All 1596 985 65 1050 65.8 934
All
Cases 672 429 32 461 68.6 408
Referents 1344 870 45 915 68.1 819
All 2016 1299 77 1376 68.3 1227

Table 2. Definitions?2 of background, low, and high leve! of ex-
posure for the different agents. [OEL = occupational exposure
limit (36)]

Exposure level

Agent
Background Low High
Asbestos (fibersicm?)} <0.1 0.1—1 >1
Animals — Farmers with Butchers,
livestock cattle
tenders
Cadmium and
cadmium compounds
(mg/m?) <0.001 0.001—0.01 >0.01
Lead and inorganic
lead compounds
(mg/m?) <0.001 0.001—0.05 >0.05
Oil mist {mg/m?) <0.1 0.1—38 >3
Nonchlorinated
solvents <0.02x0EL (0.02—1)xOEL >OEL
Gasoline
(ppm benzene) <0.1 0.1—1 >1
Diesel fuel and other
distilled fuel oils Operators of Mechanics
diesel-driven of diesel-
vehicles driven
vehicles,
etc
Polycyclic aromatic
hydrocarbons
(ug/m? benzolalpyrene) <0.01 0.01-—1 >1

a The concentrations given are approximate guideposts rather than pre-

cise values.

gories according to the rubrics of the Finnish adapta-
tion (34) of the International Standard Industrial Clas-
sification and the Finnish adaptation (35) of the Nor-
dic Classification of Occupations. Summary indicators
of the selected industries and occupational categories
were then calculated for each subject for the period
1920—1968 (to allow for a latency period for occupa-
tional exposures of at least 10 years) as follows: 0 =no
employment in the industry or occupational category
during 1920—1968; 1 =one to four years of employ-
ment in the industry or occupational category during
1920—1968 (irrespective of the distribution of the years
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of employment over the period), 2 = minimum of five
years of employment during 1920—1968; * =no data
or insufficient data (deleted from the analyses). The
coding was done blindly with regard to the case-
referent status of the subjects.

The individual occupational histories were then
scored by an industrial hygienist (PH) into annual in-
dicators for the years 1920 through 1968 for each of
the following occupational exposures: asbestos, ex-
posure to livestock, cadmium and cadmium com-
pounds, lead and inorganic lead compounds, oil mist,
nonchlorinated solvents, gasoline, diesel fuel and other
distilled fuel oils, and polycyclic aromatic hydrocar-
bons (PAH). The industrial hygienist was blinded
as to the case-referent status of the subjects. The
scoring procedure relied on both the knowledge and
experience of the industrial hygienist and data obtained
from 190 interviews conducted with technical person-
nel, foremen, occupational health nurses, or workers
who had experience with the processes, ventilation, raw
materials, and hygienic conditions of the workplaces
during the years of interest. Each annual exposure was
scored on the following ordinal scale: background level
of exposure, low-level exposure, high-level exposure,
and exposure level not known. The definitions (table
2) of the three levels of exposure (background, low and
high) were applied to the annual data of each subject.
The level of exposure was classified as low or high if
the levels given in table 2 were considered to exist
longer than 30 % of the normal annual worktime. The
concentrations defining the different levels of exposure
formed approximate guideposts rather than precise
figures.

Since vapors of engine fuels are complex mixtures
of a substantial number of hydrocarbons and additives,
benzene was used as a convenient indicator agent for
gasoline. Gasoline exposure was classified as high when
the benzene exposure was considered to have exceeded
1 ppm and low in the approximate range of 0.1—1



ppm. Diesel fuels and related mixtures do not volati-
lize to a degree that is significant for human inhala-
tion exposure except under special conditions, for ex-
ample, in confined spaces or at high operating tem-
peratures. The exposure to diesel and other distilled
fuel oils was considered high when these mixtures were
used as cleaning agents or were used continuously in
the repair of diesel engines. Low-level exposure re-
ferred to the operation of diesel engines.

Care was taken to avoid false positive classifications
of industries, occupations, and exposures, as they in-
duce considerable bias in the odds ratio (OR) estimates
when the proportion of true positive classifications is
low. Uncertain situations were coded as missing values
and deleted from the analyses.

For the estimation of the odds ratios for each agent,
the annual individual assignments of the different ex-
posures were transformed into summary indicators of
the no-yes type as follows: 0 =background exposure,
1=at least five years of high- or low-level exposure
before 1968 or less than five years of exposure but at
least one year of high-level exposure during 1920—
1968, * =unknown (deleted from the analyses) or ex-
posure categories between 0 and 1 (deleted to create
an effective contrast).

Conditional logistic regression was used throughout
the analysis, the case-referent status always being the
dependent variable. The incidence density ratios for
the different industries, job-title categories, and ex-
posures were estimated as odds ratios, with the respec-
tive summary indicators as regressors. The corre-
sponding 95 % confidence intervals (95 % CI) were
calculated on the assumption of a Gaussian distribu-
tion of the estimates of the coefficients of the logit
model. The analyses were done separately for the men
and women, and, in some analyses, for both genders
combined. Questionnaire-based indicators of smoking
(never/ever), coffee consumption (no/medium/heavy)
and obesity (five-point rating scale from lean to obese)
were added to most of the models to control for pos-
sible nonoccupational confounding by these variables.
Missing values (16 for smoking, 17 for obesity, and
20 for coffee) were replaced by gender-specific group
means for these, and only for these, variables. Coffee
consumption was treated as a potential confounder,
as heavy coffee drinking may be associated with renal
cell cancer (29, 37, 38).

In addition to the qualitative analyses, exposure-
response relationships for gasoline exposure were ex-
amined. Renal cell cancer risk was analyzed in rela-
tion to (i) the mean level of exposure (estimate of the
time-weighted average in parts per million of benzene
in the gasoline vapor, calculated across all the years
with higher than background level of exposure in the
period 1920—1977), (ii) the total duration of exposure
(in years) in the same period, (iii) the cumulative ex-
posure (ppm-years = product of mean level and dura-
tion), and (iv) the latency period (1978 minus year of
first recorded exposure).

Results

Nonoccupational confounders

The odds ratio was 1.3 (95 % CI 0.9—1.8) for smok-
ing (ever), 1.2 (95 % CI 0.9—1.7) for obesity (slightly
overweight or obese), and 1.0 (95 % CI 0.7—1.4) for
coffee consumption (heavy). For women, the odds
ratio for heavy coffee consumption was 1.4 (95 % CI
0.7—2.8). While no statistically significantly elevated
OR estimates were obtained, control for possible con-
founding due to these factors was considered prudent.

Industries and occupational categories

The odds ratios associated with employment or self-
employment for at least five years in selected indus-
tries and occupations in the period 1920—1968 are
summarized in tables 3 (men) and 4 (women). The
selection of the industrial and occupational categories
was done on the basis of a minimum of two cases in
the industry or occupation. In addition, some indus-
trial and occupational subcategories were not analyzed
because we postulated that they did not involve any
conceivable determinants of renal cell cancer.

Among industries, a statistically significantly de-
pressed risk was observed for male farmers. Excess
risks were observed for both the men and women em-
ployed in the printing and publishing industry, for the
men employed in chemical and related industries, for
the men employed in the manufacturing of metal
products, machinery, and equipment, and for both the
men and women in mail, telephone and telegraph serv-
ices. For the mail, telephone and telegraph services,
the OR pooled over the two genders was 4.9 (95 %
CI 1.3—18.4).

Among occupations, a significant excess risk was as-
sociated with the aggregate category of technical
artistic, administrative, managerial and clerical occu-
pations for the men but not for the women. A statisti-
cally significant deficit occurred for the men in agricul-
tural occupations but not for the women. Elevated OR
estimates were associated with men in iron and metal-
ware occupations and with men in graphic work. The
latter excess was concentrated in the small subgroup
of printers (OR 6.0).

Occupational exposures

Table 5 shows the OR estimates for the different oc-
cupational exposures for the men and women com-
bined, unadjusted for any confounders. Gasoline ex-
posure was significantly associated with the risk of
renal cell cancer. The OR estimates for cadmium, lead,
and nonchlorinated solvents were elevated, but not
statistically significantly so. In the subpopulation of
blue-collar occupations (white-collar and farming oc-
cupations being excluded), the OR for lead and lead
compounds was 5.2 (95 % CI 0.5—6.5) as compared
with 2.9 for the entire data, for nonchlorinated sol-
vents it was 4.5 (95 % CI 0.9—22.2) compared with

233



Table 3. Odds ratio (OR) estimates and their 95 % confidence
intervals (95 % CI) for men in selected industries and occupa-
tions.2

Table 4. Odds ratio (OR) estimates and their 95 % confidence
intervals (95 % CI) for women in selected industries and oc-
cupations.?

Cases
in the
industry!
occupa- OR 95 % Cl
tion
(N)
Industry
Agriculture, hunting,
forestry, fishing 75 0.77 0.52—1.15
Agriculture and hunting 58 0.63 0.42—0.94
Forestry and logging 20 0.99 0.53—1.86
Manufacturing 56 1.34 0.84—2.13
Food, beverages, tobacco 5 1.05 0.33—3.31
Textile, wearing apparel,
leather 2 0.88 0.12—6.46
Wood (except furniture) 10 0.96 0.42—2.20
Paper and pulp;
printing and publishing 18 220 1.02—4.72
Paper and paper products 13 1.69 0.73—3.91
Printing and publishing [¢] 4.63 0.91—235
Chemicals; chemical, petroleum,
coal, rubber and plastic
products 8 4.19 1.09—16.1
Nonmetallic mineral products
(except petroleum and coal) 2 0.51 0.09—2.75
Metal products, machinery
and equipment 23 1.81 0.95—3.48
Electricity, gas, water 3 0.58 0.09—3.62
Construction 23 1.59 0.79—3.19
Building 16 1.25 0.57—2.70
Earth improvement:
excavating and foundation
work; construction of highways,
streets, airports, etc 10 1.90 0.73—4.93
Trade, restaurants, hoteis 25 1.44 0.78—2.67
Transport, storage,
communications 26 1.24 0.70—2.18
Transport and storage 23 1.13 0.63—2.02
Mail, telephone and
telegraph services 4 3.83 0.67—21.8
Financing, real estate and
business setvices 6 2.58 0.63—10.5
Community, social and
personal services 31 1.28 0.74—2.23
Social, health care and
related services 5 0.51 0.18—1.45
Occupation
Technical, physical science,
social science, humanistic,
artistic work; administrative,
managerial and clerical work 42 1.97 1.19—3.26
Sales work 14 0.90 0.44—1.84
Agriculture, forestry, fishing 71 0.68 0.45—1.02
Transportation 21 1.09 0.59—2.00
Manufacturing and related work 78 1.33 0.87—2.04
Iron and metalware work 22 1.87 0.94—3.76
Machinists; machine and
engine repairmen 10 2.33 0.83—6.51
Woodwork 15 0.79 0.40—1.56
Graphic work 6 4.89 0.97—24.7
Printers 4 5.96 0.65—54.5
Chemical processing
and related work 5 1.43 0.41—5.03
Stationary engine and
motorpower work 7 0.63 0.25—1.62

Contrast: =5 years/no employment during 1920—1968; linear adjust-
ment for obesity, smoking and coffee consumption, conditional logis-
tic regression.

2.9, for gasoline it was 3.6 (95 % CI 1.4—9.2) com-
pared with 1.7, and for PAH it was 4.4 (95 % CI
0.4—43.1) compared with 1.1. The higher OR esti-
mates for the blue-collar occupations indicate a nega-
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Cases
in the
industry/
occupar OR 95 % CI
tion
(N)

Industry
Agriculture, hunting,
forestry, fishing 60 0.96 0.55—1.66

Agriculture and hunting 59 0.96 0.56—1.65
Manufacturing 19 1.08 0.54—2.15

Textiles, leather 10 1.68 0.66—4.31

Paper and pulp;

printing and publishing 7 5.95 1.21—29.2

Printing and publishing 5 8.01 0.92—69.8

Trade, restaurants, hotels 19 1.29 0.63—2.66
Transportation, storage,
communications 8 2.75 0.68—11.1

Mail, telephone and

telegraph services 6 6.58 0.75—57.4
Community, social and
personal services 18 0.83 0.43—1.64

Social, heaith care and

related services 6 0.80 0.28—2.34
Occupation
Technical, physical science,
sociatl science, humanistic,
artistic work; administrative,
managerial and clerical work 10 0.86 0.34—2.18
Sales work 12 1.36 0.54—3.38
Agriculture, forestry, fishing 59 1.02 0.59—1.76

Agricultural and horticultural

work, animal husbandry 47 1.07 0.51—1.85
Manufacturing and
related work 16 1.20 0.57—2.49

a Contrast: =5 years/no employment during 1920—1968, linear adjust-
ment for obesity, smoking and coffee consumption, conditional logistic
regression.

tive confounding in the aggregate data due to social
class and agricultural occupation or rural/urban gra-
dient.

As the conditions of exposure might have been
different for the men and women, the OR estimates
for the different exposures were calculated separately
for the two genders. For the men (table 6), the OR es-
timates adjusted for the nonoccupational confounders
were similar to the unadjusted OR estimates for both
genders combined (table 5). When the white-collar and
farming occupations were excluded, the OR for as-
bestos was 1.6 (95 % CI 0.4—6.0) compared with 0.9
for the entire data, for lead and lead compounds it was
5.6 (95 % CI 0.6—54.8) compared with 2.8, for non-
chlorinated solvents it was 4.8 (95 % CI 1.0—23.8)
compared with 3.5, for gasoline it was 3.9 (95 % CI
1.4—10.6) compared with 1.6, and for PAH it was 5.5
(95 % CI 0.5—58.9) compared with 1.2.

Among the women, the only exposure with a suffi-
cient number of exposed subjects was the category of
animal exposures. The OR, adjusted for confounding
by smoking, coffee consumption, and obesity, was 1.3
(95 % CI 0.8—2.2).



Table 5. Odds ratio (OR) estimates and their 95 % confidence
intervals (95 % CI) for various occupational exposures of the
men and women combined.?

Exposed

Exposure cases OR 95 % CI
(N)

Asbestos 15 1.00 0.49—2.05
Animals 58 0.93 0.63—1.39
Cadmium and
cadmium compounds 3 437 0.44—43.0
Lead and inorganic
lead compounds 4 2.89 0.52—16.1
QOil mist 10 1.10 0.47—2.53
Nonchlorinated
solvents ] 2.89 0.86—9.74
Gasoline 39 1.72 1.03—2.87
Diesel fuel and other
distilled fuel oils 21 1.20 0.63—2.27
Polycyclic aromatic
hydrocarbons 7 1.10 0.39—3.09

a Contrast: at least 5 years of a high or low level of exposure
before 1968 or less than 5 years of exposure but at least 1
year of High level of exposure during 1920—1968 versus
background exposure, conditional logistic regression.

Gasoline exposure

The level of gasoline exposure was classified as high
(h) for 11 cases (28 % of the 39 exposed cases) and
two referents (6 % of the 36 exposed referents) and as
low (1) for the remaining exposed cases and referents.
The persons exposed to gasoline had worked as vehi-
cle mechanics (N, =5), operators of a relief-printing
press (N,=3), a rotogravure pressman cleaning
cylinders with gasoline (N, =1), a weigher of con-
tainers and trucks in an oil refinery (N, =1), a road
tanker driver (N,=1), a service station attendant
(N;=1), a firefighter (N;=1), taxi drivers (N;=4),
operators of other gasoline-driven vehicles (N,=22).

The exposed referents were vehicle mechanics
(N, =1 and N,=2), a press operator and foreman in
a relief-printing shop (N, = 1), lumberjacks (N;=2), a
service station attendant (N, = 1), taxi drivers (N,=7),
operators of other gasoline-driven vehicles (N, =22).

Three occupational exposures were associated with
gasoline exposure in the data and may therefore have
confounded the gasoline-renal cancer association [ie,
diesel and other distilled fuel oils (positive correlation
with gasoline exposure), oil mist (positive correlation
with gasoline), and animal exposure (negative corre-
lation with gasoline)]. To control for concomitant ex-
posure to diesel and other distilled fuel oils, we calcu-
lated the OR estimates for the persons with exposure
to different combinations of gasoline, diesel, and other
distilled fuel oils (table 7). Those exposed to gasoline
in the absence of exposure to diesel and other distilled
fuel oils exhibited the highest OR (2.1, 95 % CI 1.1—
4.0), while the OR for those with exposure to diesel
and other distilled fuel oils only was 0.7.

Table 6. Odds ratio (OR) estimates and their 95 % confidence
intervals (95 % Cl) for the occupational exposures of the men.2

Exposed

Exposure cases OR 95 % Cl
(N)

Asbestos 14 0.94 0.45—1.97
Animals 16 0.67 0.35—1.31
Cadmium and
cadmium compounds b b b
Lead and inorganic
lead compounds 4 2.77 0.49—15.6
Qil mist 10 1.07 0.46—2.49
Nonchlorinated
solvents 9 3.46 0.91—13.2
Gasoline 39 1.63 0.97—2.75
Diesel fuel and other
distilled fuel oils 21 1.15 0.60—2.20
Polycyclic aromatic
hydrocarbons 7 1.21 0.43—3.45

2 Contrast: at least 5 years of a high or low level of exposure
before 1968 or less than 5 years of exposure but at least 1
year of 'iigh level of exposure during 1920—1968 versus
background exposure, linear adjustment for obesity, smok-
ing and coffee consumption, conditional logistic regression.

b The OR estimates did not converge because of scanty data.

Table 7. Odds ratio (OR) estimates and their 95 % confidence
intervals (95 % CIl) for combinations of the men’s exposures
to gasoline and diesel and other distilled fuel oils.2?

Exposed
Exposure
combination cases OR 95 % G
(N)
No gasoline; no diesel
or other distilled
fuel oil £ 1
Gasoline only 23 2.05 1.05—3.98
Diesel or other distilled
fuel only 6 0.68 0.23—2.01
Both 13 1.29 0.55—3.02

a Exposure = at least 5 years of a high or low level of exposure
before 1968 or less than 5 years of exposure but at least 1
year of a high level of exposure during 1920—1968.

b Conditional logistic regression.

The simultaneous adjustment for the three exposures
associated with gasoline exposure was attained through
the recalculation of the OR for gasoline with linear ad-
justment in the logit model for exposure to diesel and
other distilled fuel oil, oil mist, and animals, as well
as for smoking, coffee consumption, and obesity. The
OR was 1.2 (95 % CI 0.6—2.5).

Next, the exposure-response gradients for gasoline
exposure were scrutinized. The sparseness of the data
did not allow for the simultaneous analysis of the mean
level, duration, cumulated exposure, and latency pe-
riod of gasoline exposure. We therefore performed
four separate conditional logistic regressions entering
one exposure dimension at a time. The distribution of
the cases and referents along the four dimensions was
unevenly spaced. To increase the stability of the esti-
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Table 8. Fitted odds ratio (OR) estimates and their 95 % con-
fidence intervals (95 % CI) for the level, duration, cumulative
exposure, and latency period of gasoline exposure of the
men.2

Exposed
cases OR 95 % Cl
(N)
Level
(ppm equivalent of benzene)
0 . 1 '
0.1—0.19 4 0.63 0.19—2.12
0.2—09 25 155 0.83—2.91
1.0—-20 10 7.39 1.58—34.6
Duration
(years)
0 : 1 &
5—11 13 1.39 0.61—3.13
12—20 13 2.02 0.83—4.90
21—51 13 1.58 0.69—3.63
Cumulative exposure
(ppm-years; benzene
equivalent)
0 . 1 .
0.5—1.9 7 1.28 0.45—3.65
2.0—13 23 1.39 0.75—2.58
14—102 9 4.34 1.15—16.4
Latency
(years)
0 . 1 .
17—26 10 1.23 0.51—2.96
2733 17 2.82 1.17—6.80
34—58 12 1.28 0.56—2.98

2 Linear adjustment for obesity, smoking and coffee consump-
tion, conditional logistic regression.

mates, we classified each exposure dimension into four
categories containing a reasonably balanced number
of subjects. The four categories of each dimension are
defined in table 8. Each dimension was treated as a
factorized predictor, the unexposed subjects forming
the reference category. This procedure allowed for the
simultaneous estimation of three OR estimates con-
trasting the three exposure categories against the un-
exposed reference category. Obesity, smoking, and cof-
fee consumption were included in each model.

Table 8 shows that the risk of renal cell cancer in-
creased with increasing level of gasoline exposure, as
approximated by the benzene-equivalent concentra-
tion. The highest level (about 1.0—2.0 ppm of ben-
zene) was associated with a significantly elevated OR
of 7.4. No clear trend in the risk was noted for the
duration of exposure. The cumulative exposure,
reflecting both the level and the duration of exposure,
displayed a less steep upward gradient than did its con-
stituent, the level of exposure. The OR for the highest
category (benzene equivalent of about 14—102 ppm-
years) was 4.3. The latency category associated with
the highest OR was that of 27—33 years.

Discussion

This report addresses the risk of renal cell cancer over
industries, occupations, and occupational exposures.
No strong ad hoc hypotheses of the chemical exposures
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as determinants of kidney cancer were set, with the pos-
sible exception of exposures to gasoline constituents
and lead compounds.

The finding of an increased risk for men in the mixed
category of different white-collar occupations is in
agreement with results of a number of studies (1—4).
The occupational exposures considered in this study
were uncommon in the white-collar occupations. There
was no clustering of cases into particular subcategories
of industry or occupation among the men in white-
collar occupations. Obesity, coffee consumption, or
smoking did not explain the elevated risk.

In concordance with Danish (1) and Swedish (2) ex-
perience, a significant deficit in renal cancer risk was
observed for male farmers.

The excess risk associated with employment in
printing and publishing may be explained by gasoline
exposure, which was fairly common in this industry,
particularly among the men. In addition, exposure to
lead and inorganic lead compounds was more frequent
for the subjects in this industry than for the rest of
the subjects. Both lead and, in particular, gasoline were
associated with the risk of renal cell cancer, a finding
in agreement with those of animal studies (27, 32). A
related epidemiologic finding is that of Paganini-Hill
et al (20), who reported a significantly increased mor-
tality from kidney cancer among newspaper web press-
men.

An increased risk was associated with the manufac-
turing of metal products, machinery, and equipment
and iron and metalware work among the men. The ex-
posures characterizing these jobs were cadmium, lead,
oil mist, solvents, and PAH.

Men in the chemical, petroleum, coal, rubber, and
plastics industries had an elevated risk but did not dis-
play anything unusual in the frequency of the ex-
posures considered in this study. Closer scrutiny of this
heterogeneous group revealed a cluster of three cases
out of eight (but none among the referents) with a his-
tory of employment in the petroleum industry.

An excess risk was significantly associated with em-
ployment in mail, telephone, and telegraph services.
No exposure under study was prominent in this indus-
try. The represented occupations comprised postal
van drivers, telephone and line installers, and various
office jobs.

An elevated OR was observed for cadmium exposure
among the men, but it was based on three cases only.
The scanty prior evidence is restricted to a single
epidemiologic study by Kolonel (31), who reported a
significantly elevated OR for occupational exposure
to cadmium in a case-referent study.

Lead acetate, lead subacetate, and lead phosphate
have induced renal tumors in rats and mice by several
routes of administration (32). Selevan and her collabo-
rators (10) have reported elevated kidney cancer mor-
tality for workers in a lead smelter. Two cases of
renal cancer associated with heavy exposure to lead
have also been reported (39, 40). Malcolm & Barnett



(41) observed an excess of deaths due to renal diseases
among workers exposed to lead in factories producing
lead acid batteries. Renal neoplasms were not men-
tioned by the authors. We found an elevated but
statistically nonsignificant OR for exposure to lead and
inorganic lead compounds. Of the high-risk industries
and occupations, significantly elevated proportions of
prior exposure to lead compounds was observed in
printing and publishing and iron and metalware work.
These findings are somewhat imprecise and do not
therefore add much to the existing evidence for the hy-
pothesis of an association between (inorganic) lead and
renal cancer. The fact that the gasoline used in Fin-
land, especially in the past, contains tetracthyl lead may
be relevant in that gasoline exposure was associated
with renal cancer risk. Tetraethyl lead is capable of
dermal entrance to the organism, where a part of it
is transformed into inorganic lead compounds (42).
The amount of lead intake is probably low in the jobs
with typical dermal exposure to gasoline, however.

Asbestos exposure has been related to an increased
risk of kidney cancer in three epidemiologic studies (21,
22, 33). Asbestos fibers have been detected in the kid-
neys of exposed subjects (43, 44). Our results fail to
substantiate these findings. The false negative rate of
exposure assessment was probably highest for asbestos
in our study. In addition, it is possible that the laten-
cy periods were insufficient, as the peak of asbestos
use in Finland occurred around 1970. It would there-
fore seem that our OR estimate for asbestos was nega-
tively biased. To the contrary, however, occupational
titles with a high probability of asbestos exposure
(dockyard workers, asbestos insulators, and workers
in asbestos quarries, mills and asbestos product
manufacturing facilities) were completely absent from
our data. Our finding on asbestos is inconclusive.

We observed an elevated OR for nonchlorinated sol-
vents for men. These solvents were constituents of
paint and glue formulations (eg, toluene, xylenes,
ketones, esters, alcohols, benzene, mineral spirit, and
turpentine). The number of persons exposed to chlo-
rinated solvents was too small for statistical analysis.
It might be noted that Duh & Asal (12), Katz & Jowett
(13), and Asal et al (29), who found an elevated kid-
ney cancer risk among laundry and dry-cleaning work-
ers, did not discriminate between petroleum-based and
chlorinated solvents as possible risk factors. There was
only one case in our data with a history of dry-cleaning
work (as an operator).

Gasoline exposure was consistently related to kid-
ney cancer risk in our data. It persisted after control
for obesity, smoking, coffee consumption, concomi-
tant diesel fuel exposure, social status, and farming
occupations. An exposure-response relation was ob-
served for the level of exposure to gasoline, and a
weaker such relation was seen for the cumulative ex-
posure (product of mean level and duration). Dura-
tion of exposure alone was not linearly associated with
the risk of renal cancer, a finding which might reflect

2

the correlatedness between latency and duration, the
latency peak appearing at the intermediate category
of around 30 years. The composition of the imported
gasoline used in Finland in the late 1940s and early
1950s is not well known. Tetraethyl lead was used as
an anti-knock additive.

Regarding the assessment of some individual ex-
posures to gasoline, the printing press operators (three
cases and a referent) used gasoline as a cleaning agent
in typographic printing shops. This use was confirmed
by nurses and safety personnel of the printing shops
concerned. The gasoline exposure (classified as low
level) of a firefighter was based on the reporting of
the case himself. The exposure of the operators of
gasoline-driven vehicles, taxis included, was classified
as low level, as their gasoline exposure was considered
higher than in the population at large.

Our results suggest that some hydrocarbon constit-
uent(s) or additive(s) of gasoline are conducive to
renal cell cancer in humans. The level of exposure is
probably important, and the postulated average latency
period was about 30 years for the exposure conditions
encountered in this study. Epidemiologic studies con-
ducted elsewhere have, however, failed to produce con-
vincing evidence of a relationship between gasoline ex-
posure and renal cell cancer, with the possible excep-
tion of aviation gasoline reported by Siemiatycki and
his co-workers (28). A suggestion of an exposure-
response relationship between the duration of employ-
ment as a gasoline station attendant and the incidence
of renal cell cancer has been reported by McLaughlin
and his co-workers (23). The implicated dose-response
relationship between unleaded gasoline and kidney can-
cer for the male rat (27) suggests some gasoline
hydrocarbon(s) as responsible for the conjectured
causal association. However, this finding may also be
due to a male rat-specific protein (alpha-2-microglobu-
lin) in the kidney, accumulated in the male rat as
a result of exposure to a nephrotoxic hydrocarbon
(2,2,4-trimethylpentane), a typical component of gaso-
line (45—47). The role of lead compounds cannot be
ruled out when human exposure is under consideration.

Some remarks on the validity of the study are war-
ranted. The misclassification rates of exposures were
probably nondifferential between the cases and the
referents because the coder was blinded as to the case-
referent status of the subjects. Since the subjects were
matched for gender, age, and vital status, the prob-
ability of differential misclassification of exposures due
to the matching factors (eg, old age) should be low.
Every effort was undertaken to avoid, in the scoring
of the exposures, false positive misclassifications of
exposures, which would have been particularly prone
to bias the OR estimates towards unity. High rates of
false negative misclassification would however have the
same effect, which may be reflected in our result for
asbestos exposure. Some nondifferential misclassifi-
cation may however have been possible by random
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fluctuation when the number of exposed persons was
small.

Nonresponse would bias the effect estimates if it
were differentially correlated with industries, occupa-
tions, and exposures between the cases and referents.
This possibility could not be directly checked. We can-
not however envisage any reason why the referents ex-
posed, for example, to gasoline would tend to refrain
from replying, as compared with the cases. Insofar as
nonresponse and the accuracy of work histories are de-
pendent on age, gender, and the data source (self or
next-of-kin), the matching that was performed should
preclude information bias from these sources. The ex-
clusions of subjects due to incomplete case-referent sets
in the conditional analyses were in all likelihood ran-
domly distributed between the cases and referents in
occupational categories and exposures. We therefore
believe there was no serious bias introduced by these
exclusions. The exclusion of all subjects with no re-
ported occupational history was a deliberate restric-
tion of the source population, as those without such
a history were noninformative in the study base, which
was designed to address occupational exposures.

In conclusion, the most important finding of this
study is the qualitative and quantitative evidence con-
tributing credence to the hypothesis that exposure to
some constituent(s), hydrocarbons, or additives of
gasoline increases the risk of renal adenocarcinoma in
humans. Our data do not allow for further chemical
specification of this hypothesis.
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