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A B S T R A C T

Objective: The aim of this case-control study was to assess the effect of occupational benzene exposure on the risk
of colorectal cancer, including its subtypes.
Methods: The study included 181,709 colon cancer and 109,227 rectal cancer cases diagnosed between 1961
and 2005 in Finland, Iceland, Norway and Sweden. Cases were identified from the Nordic Occupational Cancer
Study (NOCCA) cohort. Five controls per case were selected from the same cohort, matched for country, birth
year, and sex. Occupational benzene exposure for each study participant was estimated by linking their job titles
to country specific job-exposure matrices. Odds ratios (OR) and 95% confidence intervals (CI) were calculated by
using conditional logistic regression models. The results were adjusted for physical strain at work, formaldehyde,
ionizing radiation and wood dust.
Results: Increased risk was observed for all colorectal cancer (OR=1.12, 95% CI 1.05–1.18) for the high decile
of cumulative benzene exposure, indicating a statistically significant dose-response relationship. This excess risk
was mainly seen in ascending colon (OR=1.27, 95% CI 1.13–1.43), and transversal colon (OR=1.21, 95% CI
1.01–1.41). The ORs in the highest exposure category were markedly higher in women than in men in all
subsites of colon and rectum.
Conclusion: This study showed an association between workplace benzene exposure and colorectal cancer. The
risk was restricted to ascending and transversal colon, and was the strongest among women.

1. Background

Benzene exposure at workplace has historically occurred via in-
halation or dermal absorption of solvents, especially in the rubber,
paint, printing and parts-manufacturing industries. It may also occur
during chemical manufacturing and crude oil refining. Workers

involved in transportation of crude oil and gasoline, dispensing of ga-
soline at service stations are also occupationally exposed to benzene.
Drivers experience benzene exposure due to exhaust fumes from motor
vehicles [1].

Benzene has been classified as a Group 1 carcinogen by the
International Agency for Research on Cancer since 1979, based on
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studies of leukemia [2]. This evaluation was reaffirmed specifically for
acute myeloid leukemia and acute non-lymphocytic leukemia in 2009
[3], as well as in 2017 [4]. More recently, there have been numerous
reports for benzene exposure and leukemia subtypes, non-Hodgkin
lymphoma, multiple myeloma, and to a lesser extent other tumors in
adults [5–7].

Colorectal cancer is the third most commonly diagnosed malignancy
and the fourth leading cause of cancer death in the world, with more
than two-thirds of all cases and about 60% of all deaths occurring in
countries with a high or very high human development index [8]. The
incidence rates of colorectal cancers has increased in the Nordic
countries over the past decades [9].

Lifestyle factors such as obesity, lack of physical activity, smoking,
alcohol intake, and consumption of red and processed meat have been
linked to an increased risk of colorectal cancers [10–14].

Among occupational factors, a protective effect on the risk of colon
cancer was observed for physical activity at workplace in some previous
studies [15–17]. Increased risk of colorectal and rectal cancers, but not
colon cancer, was reported for diesel exhaust exposure in Canadian men
[18]. Prolonged exposure to asbestos was linked to an elevated risk of
cancer of total colon, distal colon and rectum in the Prospective
Netherlands Study [19]. Some recent studies of night shift-work have
also been associated with colorectal cancer [20]. Potential associations
for other occupational agents were also suggested [21,22]. However,
colorectal cancer was not linked to selected solvents, combustion pro-
ducts, metals, dusts and other occupational agents in a recent case-
control study [23].

Evidence on association between benzene exposure and colorectal
cancer is very limited and inconsistent. Increased incidence of cancer of
colon and rectum was observed in a study of Danish seafarers exposed
to substances including benzene [24], and Goldberg et al [25] observed
some evidence for association between benzene and colon cancer.
However, no association between benzene exposure and cancers of
colon and rectum was found in a case-control study in Montreal, Ca-
nada [26].

The aim of the current study was to assess the effect of occupational
benzene exposure on the risk of colorectal cancer, including its sub-
types.

2. Methods

The current case-control study was nested within the Nordic
Occupational Cancer Study (NOCCA) cohort. The NOCCA cohort con-
sists of 14.9 million persons from Finland, Iceland, Norway, Sweden
and Denmark [27], and it is based on a linkage between national census
records and cancer registries. Persons were included into the cohort on
January 1 of the year following the first available census where they
participated, provided they were 30–64 years old. They were then
followed up till the date of emigration, death or December 31 of the
following years: in Denmark 2003, in Finland 2005, in Iceland 2004, in
Norway 2003, and in Sweden 2005 [27]. Information on dates of death
and emigration was obtained from Central Population Registers of these
countries. Data from various registries were linked by using unique
personal identification numbers used in all five Nordic countries. This
method ensured a complete ascertainment of relevant events for each
person included into the cohort, because the possibility of error in
identifiers is extremely small [27]. Data from Denmark were not in-
cluded in the present study because we did not have access to in-
dividual level records from this country.

The study included all incident colorectal cancer cases diagnosed
between 1961 and 2005 in Finland, Iceland, Norway and Sweden.
Categories of ascending colon, transversal colon and descending colon
were separated for specific analysis. All remaining parts of colon (e.g.
sigmoid colon, appendix, cecum, splenic and hepatic flexures) were
combined into “other colon” category.

Five controls for each case were randomly selected from the NOCCA

cohort. Cases and controls could have a previous history of cancer other
than colorectal cancer before the date of diagnosis of the case (hereafter
“index date”). Cases and controls were matched by country, sex and
year of birth. Study participants had to be 20 years or older at index
date, and had to have at least one census record before that date.

Job history information of the study participants was obtained from
computerized census records from 1960 and later censuses in Sweden
and Norway, and from 1970 and later censuses in Finland. In Iceland,
the only computerized census record was available from 1981 census.
Census questionnaires were self-administered and included questions
related to economic activity, occupation, and industry. In Finland,
Norway, and Sweden they were filled in by the heads of households for
all members of households, whereas in Iceland each member of
household who was at least 17 years old, personally filled in the
questionnaire [27].

Occupational benzene exposure was estimated by linking the
NOCCA job-exposure matrix (NOCCA-JEM) to job titles of study parti-
cipants. The NOCCA-JEM was developed by a Nordic expert panel,
including experts from each of country based on the template of the
Finnish job-exposure matrix (FINJEM) [28]. It assigns prevalence of
exposure (P) and annual average level (L) of exposure among the ex-
posed persons for 28 occupational agents in more than 300 specific
occupational groups in four time periods: 1945-59, 1960-74, 1975-84,
1985-94 [29].

We assigned a product of P and L of benzene exposure to each year
over the duration of employment period of study participants. These
values were then summed up to estimate cumulative exposure to ben-
zene. Employment period of study participants was assumed to start at
age 20 years and end at either 65 years or index date, whichever oc-
curred first. If a person had different occupations in different censuses,
we assumed that he/she changed occupation midway of known census
years. The same procedure was used to estimate cumulative exposures
for co-exposures.

Selection of covariates for the main effect model was based on the
“purposeful covariate selection” method [30]. All occupational agents
considered as potential confounders, and significantly associated (Wald
test p < 0.25) with colorectal cancer risk in univariate logistic re-
gression models were selected for multivariate model. In the next step,
covariates were removed from multivariate model if they were not
significantly contributing to the model fit. This procedure suggested
that formaldehyde, ionizing radiation, wood dust and perceived phy-
sical workload could be included into the final main effect model as
covariates.

We estimated odds ratios (OR) and 95% confidence intervals (CI) by
using conditional logistic regression models. Cumulative benzene ex-
posure and covariates were categorized by using 50th and 90th per-
centiles of exposure distribution among exposed controls as cut-points.
Hence, the resulting exposure categories were: unexposed, ≤ 50th
percentile, 50th–90th,> 90th percentile. Unexposed categories were
used as a reference in all analyses. We treated ordinal levels of benzene
exposure as continuous in order to test for significance of dose-response
relationship (p-trend). Significance of interaction between benzene
exposure and sex were assessed by using analysis of variance.

Finally, we performed sensitivity analyses to evaluate robustness of
the main findings. This included analysis with 10- and 20-year lag-time,
analysis with tertile categorization and analysis with adjustment for
lifestyle factors. The lag-time analyses were performed under the as-
sumption that cancer may develop over a number of years, and recent
exposures may not be related to the disease risk. Therefore, in 10 and
20 years lag-time analyses, we did not count exposures occurring 10
and 20 years before the index date, respectively. Because NOCCA-JEM
assigns exposure values from 1945, we also conducted sensitivity ana-
lysis including only persons who spent most part of their working career
after 1945. We therefore excluded persons born before 1920 in this
sensitivity analysis.

Lifestyle related factors by occupation in Finland were available
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from FINJEM [28]. It provides data on proportions of daily smokers in
each occupation, men drinking at least 8 and women drinking 5 por-
tions of alcohol weekly, those who fulfill fewer than 3 of 4 re-
commended dietary habits, those who have leisure time exercise less
than twice a week, and those whose body mass index is 25 or higher.
Lifestyle related factors in FINJEM are based on data from large surveys
conducted by the Finnish Public Health Institute [31]. Because these
data cannot be directly used for other Nordic countries, we had to re-
strict analysis including lifestyle factors only to the Finnish part of the
data.

All analyses were conducted by using R statistical software version
3.4.1.

3. Results

In total, the study included 181,709 all colon (63,867 ascending,
26,681 transversal, 8,863 descending, 82,298 “other colon”), 109,227
rectal, and 290,936 all colorectal cancer cases (Table 1). There were
more female than male colon cancer cases, whereas rectum cancer was
more common in males than females. Majority of the cases were from
Sweden, while only less than 1% were from Iceland. The median age at
diagnosis was 71 years for colon cancer, and 70 years for rectal cancer
(Table 1).

Overall risk was statistically significantly elevated only for as-
cending colon (OR=1.05, 95% CI 1.01–1.10) (Table 2).

We observed significantly increased risk of colorectal cancer
(OR=1.12, 95% CI 1.05–1.18) and colon cancer (OR=1.15, 95% CI
1.07–1.23) for high cumulative benzene exposure category (Table 3).
Colon cancer risk seemed to be restricted only to ascending (OR=1.27,
95% CI 1.13–1.43) and transversal types (OR=1.21, 95% CI
1.01–1.41). The risk of rectal cancer was slightly elevated for medium
benzene exposure (OR=1.06, 95% CI 1.01–1.11) but not for high
exposure level. Significant dose-response relationships were observed
between benzene exposure and all colorectal, all colon, and ascending
colon cancer (Table 3).

High level of cumulative benzene exposure was linked to an in-
creased risk of colorectal cancer both in men (OR=1.10, 95% CI
1.03–1.17) and women (OR=1.60, 95% CI 1.24–2.07) (Table 4).

Similarly, all colon and ascending colon cancer risks were increased in
both sexes. The risk of transversal colon cancer for high benzene ex-
posure was significantly increased only in men (OR=1.21, 95% CI
1.01–1.46) and non-significantly increased in women (OR=1.37, 95%
CI 0.55–3.42). The risk of “other colon” cancer was linked to high
benzene exposure in women (OR=1.83, 95% CI 1.16–2.88) but not in
men. High benzene exposure was associated to cancer of rectum in
women (OR=1.57, 95% CI 1.01–2.42), and medium exposure in men
(OR=1.05, 95% CI 1.00–1.11) (Table 4). Sex-specific differences of

Table 1
Selected demographic characteristics of incident colorectal cancer cases in the Nordic Occupational Cancer Study (NOCCA) cohort during 1961–2005.

Characteristics Colon Rectum Colorectal

Cases
(n=181,709)

Controls
(n= 908,545)

Cases
(n=109,227)

Controls
(n= 546,135)

Cases
(n= 290,936)

Controls
(n= 1,454,680)

n (%) n (%) n (%) n (%) n (%) n (%)

Country
Finland 28,598 (15.7) 142,990 (15.7) 19,903 (18.2) 99,515 (18.2) 48,501 (16.7) 242,505 (16.7)
Iceland 1,116 (0.6) 5,580 (0.6) 424 (0.4) 2,120 (0.4) 1,540 (0.5) 7,700 (0.5)
Norway 50,591 (27.8) 252,955 (27.8) 28,123 (25.7) 140,615 (25.7) 78,714 (27.1) 393,570 (27.1)
Sweden 101,404 (55.8) 507,020 (55.8) 60,777 (55.6) 303,885 (55.6) 162,181 (55.7) 810,905 (55.7)

Sex
Men 85,037 (46.8) 425,185 (46.8) 60,019 (54.9) 300,095 (54.9) 145,056 (49.9) 725,280 (49.9)
Women 96,672 (53.2) 483,360 (53.2) 49,208 (45.1) 246,040 (45.1) 145,880 (50.1) 729,400 (50.1)

Age at diagnosis
≤ 40 2,757 (1.5) 13,785 (1.5) 984 (0.9) 4,944 (0.9) 3,741 (1.3) 18,729 (1.3)
41-60 33,378 (18.4) 166,890 (18.4) 21,713 (19.9) 108,624 (19.9) 55,091 (18.9) 275,514 (18.9)
61-80 112,161 (61.7) 560,805 (61.7) 68,909 (63.1) 344,552 (63.1) 181,070 (62.2) 905,357 (62.2)
≥ 80 33,413 (18.4) 167,065 (18.4) 17,621 (16.1) 88,015 (16.1) 51,034 (17.5) 255,080 (17.5)

Mean (Median) 70 (71) 70 (71) 69 (70) 69 (70) 70 (71) 70 (71)

Birth cohort
≤ 1920 106,357 (58.5) 531,785 (58.5) 61,523 (56.3) 307,615 (56.3) 167,880 (57.7) 839,400 (57.7)
1921-1930 42,241 (23.2) 211,205 (23.2) 25,575 (23.4) 127,875 (23.4) 67,816 (23.3) 339,080 (23.3)
1931-1940 20,599 (11.3) 102,995 (11.3) 13,558 (12.4) 67,790 (12.4) 34,157 (11.7) 170,785 (11.7)
1941-1950 10,112 (5.6) 50,560 (5.6) 7,046 (6.5) 35,230 (6.5) 17,158 (5.9) 85,790 (5.9)
1951-1960 2,400 (1.3) 12,000 (1.3) 1,525 (1.4) 7,625 (1.4) 3,925 (1.4) 19,625 (1.4)

Table 2
Odds ratios (OR) and 95% confidence intervals (95% CI) for ever vs never
benzene exposure and colorectal cancer.

Cancer location Case, n Control, n OR a 95% CI p-value
Benzene

Ascending colon
Never 60720 304382 1.00
Ever 3147 14953 1.05 1.01-1.10 0.02

Transversal colon
Never 25338 126653 1.00
Ever 1343 6752 1.00 0.93-1.06 0.89

Descending colon
Never 8403 42070 1.00
Ever 460 2245 1.03 0.92-1.15 0.59

Other colon
Never 78019 390233 1.00
Ever 4279 21257 1.01 0.98-1.05 0.54

All colon
Never 172480 863338 1.00
Ever 9229 45207 1.02 1.00-1.05 0.06

Rectum
Never 103071 515805 1.00
Ever 6156 30330 1.01 0.98-1.04 0.75

All colorectal
Never 275551 1379143 1.00
Ever 15385 75537 1.02 1.00-1.04 0.09

a OR estimates for benzene were adjusted for perceived physical workload,
formaldehyde, ionizing radiation, and wood dust.

M. Talibov et al. Cancer Epidemiology 55 (2018) 156–161

158



odds ratios were statistically significant for all colorectal cancer
(p < 0.01), all colon (p < 0.01), ascending colon (p < 0.01), and
rectal cancer (p=0.04), but not for “other colon” (p= 0.17) and
transversal colon (p=0.09).

The odds ratios for all colorectal, all colon, and ascending colon
cancers remained significantly increased in 10- and 20-year lag-time
analyses (Supplementary Table 1). The risk of transversal cancer was
significantly increased only in 10-year lag-time analysis (OR=1.25,
95% CI 1.03–1.52).

In an analysis with tertile categorization, high benzene exposure
was associated to an increased risk of all colorectal (OR=1.06, 95% CI
1.03–1.09), all colon (OR=1.08, 95% CI 1.03–1.12), ascending colon
(OR=1.12, 95% CI 1.04–1.19), and “other colon” cancer (OR=1.07,
95% CI 1.01–1.14) (Supplementary Table 2).

In a sensitivity analysis based on Finnish data only, inclusion of
lifestyle related factors into the model seemed to slightly reduce odds
ratios towards null. However, the difference between adjusted and
unadjusted for lifestyle factors odds ratios were small, i.e. in the order
of 0.05 (Supplementary Table 3).

The main results did not change considerably when persons born
before 1920 were excluded from the analysis (Supplementary Table 4).

4. Discussion

The present study demonstrates positive associations between ben-
zene exposure and colorectal cancer risk. The risk was most evident for
ascending and transversal colon, and these associations were stronger
in women than men. High benzene exposure seemed to increase the risk
of rectal cancer only among women. The odds ratios for colorectal and
colon cancers remained significantly elevated also in sensitivity ana-
lyses where adjustments for potential fife-style factor were included.

The results of the present study suggest variation of colorectal
cancer risk by sex and cancer location. Sex-specific differences of odds
ratios were statistically significant, and colon cancer risk seemed to be
restricted to the proximal colon (ascending and transversal). We do not
know the reason for variation of the effect of benzene exposure, which
has not been investigated thoroughly before. Some previous studies
have also observed variation of colorectal cancer risk by cancer location
and sex, though not for benzene but for physical activity and asbestos
exposure [15,17,19,32].

One of the advantages of the present study is the accuracy and
completeness of cancer incidence data. Validation studies showed high
degree of completeness, comparability, accuracy and timeliness of
cancer registration in the Nordic countries [33].

Accurate data on job titles from census records is another metho-
dological strength of the study. Previous validity studies demonstrated
high accuracy of occupational classifications based on census records in
the Nordic countries [34,35]. By linking job histories to NOCCA-JEM,
we were able to control for the effect of many concomitant agents that
can be present among benzene exposed workers.

Potential exposure misclassification is the main limitation of the
study. First, the NOCCA-JEM cannot account for exposure variation
within the occupation, because it assigns average exposure to all
members of the occupational group. Second, the NOCCA-JEM does not
specify occupations by industrial groups. Exposure intensity and pre-
valence may vary by industries included into the same occupation.
Third, we did not have complete job histories of study participants, and
therefore, imputed them from available computerized census records by
assuming a person changed occupation midway between consecutive
censuses. Job histories were imputed from four census records for the
persons from Sweden, and from three census records for the persons
from Finland and Norway. Swedish population corresponded to 55.7%,
Finnish and Norwegian populations to 43.8% of total study population.
In Iceland, the only available computerized census record was 1981
census. However, this is unlikely to strongly bias the main results, be-
cause Icelandic population constituted less than 1% of overall study
population (Table 1). In addition, previous studies demonstrated low
occupational mobility in the Nordic countries [27,34].

We used the same exposure estimation method for cases and con-
trols in this study. Therefore, exposure estimation was independent of
disease status of study participants, and exposure misclassification was
likely to be non-differential. Bias from non-differential exposure is
generally towards the null for dichotomous exposures [36]. When ex-
posure has more than two categories, biases away from the null occur
only for intermediate exposure categories, but misclassified odds ratio
for the highest category will be towards the null [37]. Therefore,
overall odds ratios from Table 2 and odds ratios for the high benzene
exposure category from Table 3 are likely to be underestimated, and the
true risk estimates are likely to be higher.

We could not control for leisure time physical activity, diet,
smoking, alcohol intake, and body mass index in the main analyses.
These factors have been linked to colorectal cancer risk in previous
studies [10–14]. However, we were able to assess on aggregate level the
effect of lifestyle factors on associations between benzene and color-
ectal cancer in the Finnish part of the data. In this sensitivity analysis,

Table 3
Odds ratios (OR) and 95% confidence intervals (95% CI) for occupational
benzene exposure and colorectal cancer. Benzene was categorized based on
50th and 90th percentile of cumulative exposure distribution among exposed
colorectal cancer cases and controls.

Cancer location Case, n Control, n OR c 95% CI p-trend
Benzene a,b

Ascending colon
unexposed 60720 304382 1.00
Low 1546 7476 1.04 0.99-1.10
medium 1231 6038 1.00 0.94-1.08
High 370 1439 1.27 1.13-1.43 < 0.01

Transversal colon
unexposed 25338 126653 1.00
Low 679 3452 0.99 0.91-1.08
medium 513 2677 0.94 0.85-1.05
High 151 623 1.21 1.01-1.44 0.74

Descending colon
unexposed 8403 42070 1.00
Low 219 1139 0.98 0.85-1.14
medium 200 884 1.14 0.96-1.36
High 41 222 0.90 0.64-1.26 0.53

Other colon
unexposed 78019 390233 1.00
Low 2094 10617 1.00 0.95-1.05
medium 1721 8507 1.02 0.96-1.08
High 464 2133 1.07 0.96-1.18 0.29

All colon
unexposed 172480 863338 1.00
Low 4538 22684 1.01 0.98-1.04
medium 3665 18106 1.01 0.97-1.05
High 1026 4417 1.15 1.07-1.23 0.01

Rectum
unexposed 103071 515805 1.00
Low 3169 16298 0.97 0.93-1.01
medium 2606 12173 1.06 1.01-1.11
High 381 1859 1.03 0.92-1.15 0.18

All colorectal
unexposed 275551 1379143 1.00
Low 8051 40671 0.99 0.97-1.02
medium 5960 28741 1.03 0.99-1.06
High 1374 6125 1.12 1.05-1.18 < 0.01

a Low benzene exposure category was defined as ≤4.3 parts per million
(ppm)-years; medium category 4.3–10.5 ppm-years; high category>10.5 ppm-
years.

b Unexposed category was used as reference in all analyses.
c OR estimates for benzene were adjusted for perceived physical workload,

formaldehyde, ionizing radiation, and wood dust.
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adjustment for lifestyle factors slightly attenuated odds ratio estimates
towards the null. Therefore, assuming that similar reductions in odds
ratios would be observed in an analysis of the entire study population, if
data on lifestyle factors were available, most of the associations ob-
served in this study would likely remain.

Occupational groups contributing to the highest benzene exposure
category in NOCCA-JEM are shown in Table 5. Some of these benzene-
exposed occupational groups have been linked to an increased color-
ectal cancer risk in previous studies. In a systematic review and meta-
analysis [38], significantly increased risk of colorectal cancers was re-
ported for workers in the manufacture of leather and leather products
(relative risk (RR)=1.70, 95% CI 1.24–2.34), machinery and equip-
ment (RR=2.20, 95% CI 1.03–4.72), repair and installation of ma-
chinery equipment (RR=1.40, 95% CI 1.07–1.84). The incidence of
colon cancer was increased for printing workers (RR=1.80, 95% CI
1.20–2.70), rubber and plastic product workers (RR=1.19, 95% CI
1.00–1.42), repair and installation of machinery workers (RR=1.75,
95% CI 1.27–2.41). The risk of rectal cancer was increased in the
manufacture of coke and refined petroleum products (RR=2.49, 95%
CI 1.02–6.07) [38]. Our results are also consistent with results from the
study by Goldberg et al [25], which observed an association between
colon cancer and substantial benzene exposure (OR=1.9, 95% CI
1.1–3.3).

Table 4
Odds ratios (OR) and 95% confidence intervals (95% CI) for occupational benzene exposure and colorectal cancer for men and women. Benzene was categorized
based on 50th and 90th percentile of cumulative exposure distribution among exposed colorectal cancer cases and controls.

Cancer location Men Women

Benzene a,b Case, n Control, n OR c 95% CI p-trend Case, n Control, n OR c 95% CI p-trend

Ascending colon
Unexposed 25245 126775 1.00 35475 177607 1.00
Low 1040 5080 1.04 0.97-1.12 506 2396 1.06 0.96-1.17
Medium 1088 5374 1.01 0.94-1.09 143 664 1.07 0.89-1.28
High 348 1376 1.28 1.13-1.44 < 0.01 22 63 1.75 1.07-2.87 0.04

Transversal colon
Unexposed 11436 57316 1.00 13902 69337 1.00
Low 509 2466 1.05 0.95-1.16 170 986 0.87 0.73-1.02
Medium 466 2399 0.96 0.86-1.08 47 278 0.85 0.62-1.16
High 145 599 1.21 1.01-1.46 0.29 6 24 1.37 0.55-3.42 0.11

Descending colon
Unexposed 3972 19948 1.00 4431 22122 1.00
Low 167 821 1.05 0.88-1.26 52 318 0.84 0.62-1.13
Medium 178 807 1.14 0.94-1.37 22 77 1.48 0.92-2.39
High 41 214 0.96 0.68-1.35 0.35 0 8 – – 0.97

Other colon
Unexposed 36840 184531 1.00 41179 205702 1.00
Low 1560 7632 1.04 0.98-1.10 534 2985 0.91 0.83-0.99
Medium 1564 7787 1.02 0.96-1.09 157 720 1.09 0.92-1.30
High 438 2060 1.05 0.95-1.17 0.16 26 73 1.83 1.16-2.88 0.83

All colon
Unexposed 77493 388570 1.00 94987 474768 1.00
Low 3276 15999 1.04 1.00-1.08 1262 6685 0.95 0.90-1.01
Medium 3296 16367 1.02 0.97-1.06 369 1739 1.06 0.95-1.19
High 972 4249 1.14 1.06-1.23 < 0.01 54 168 1.64 1.20-2.24 0.46

Rectum
Unexposed 54758 274370 1.00 48313 241435 1.00
Low 2443 12567 0.96 0.91-1.00 726 3731 0.98 0.91-1.07
Medium 2464 11394 1.05 1.00-1.11 142 779 0.92 0.77-1.10
High 354 1764 0.99 0.89-1.12 0.36 27 95 1.57 1.01-2.42 0.88

All colorectal
Unexposed 132251 662940 1.00 143300 716203 1.00
Low 5948 29661 1.01 0.98-1.04 2103 11010 0.97 0.92-1.01
Medium 5563 26815 1.04 1.00-1.07 397 1926 1.04 0.93-1.16
High 1294 5864 1.10 1.03-1.17 < 0.01 80 261 1.60 1.24-2.07 0.55

a Low benzene exposure category was defined as ≤4.3 ppm (ppm)-years; medium category 4.3–10.5 ppm-years; high category>10.5 ppm-years.
b Unexposed category was used as reference in all analyses.
c OR estimates for benzene were adjusted for perceived physical workload, formaldehyde, ionizing radiation, and wood dust.

Table 5
Occupations with the highest probability (P) and annual average (L) benzene
exposure in 1945-59, 1960-74, 1975-84, 1985-94. Estimates were retrieved
from the Nordic Occupational Cancer Study (NOCCA) job-exposure matrix for
Finland.

Occupationa 1945-59 1960-74 1975-84 1985-94

(P x L)b (P x L)b (P x L)b (P x L)b

Cookers and furnacemen (chemical
processes)

0.30 0.10 0.10 0.01

Footwear workers 2.50 1.50 0.00 0.00
Laboratory assistants 0.30 0.20 0.05 0.00
Lasters and sole fitters 10.00 3.00 0.00 0.00
Machine and engine mechanics 0.40 0.30 0.02 0.01
Occupation in graphics 0.60 0.20 0.00 0.00
Painters, lacquerers and floor layers 0.40 0.10 0.00 0.00
Printers 0.60 0.30 0.00 0.00
Refinery workers, other workers in the

chemical industry
0.30 0.10 0.05 0.00

Rubber product workers 0.30 0.20 0.00 0.00
Service station attendants 0.80 0.80 0.06 0.00
Upholsterers 1.00 0.20 0.00 0.00

a Occupations are listed in alphabetical order.
b Unit of exposure is parts per million (ppm).
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In conclusion, this study showed increased risk of colorectal cancer
associated with occupational benzene exposure. The risk of colon
cancer was restricted to proximal (ascending and transversal) but not
distal colon. Benzene exposure was also related to increased risk of
rectal cancer in women only, but without a dose-response pattern.
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