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Abstract
Objective—To investigate the risk of can-
cer associated with exposure to air pollu-
tion among bus drivers and tramway
employees.
Methods—A retrospective cohort study of
18 174 bus drivers or tramway employees
in Copenhagen in the period 1900–94.
Data on employment were obtained from
company files. Information on cancer was
obtained from the Danish Cancer Regis-
try.
Results—Findings showed that bus driv-
ers or tramway employees had an in-
creased risk of all malignant neoplasms
(standardised incidence ratio (SIR) 1.24,
95% confidence interval (95% CI) 1.19 to
1.30). The relative risk was significantly
increased for both men and women (SIR
1.24, 95% CI 1.19 to 1.30 and 1.28, 1.06 to
1.53, respectively). People employed for
<3 months had no increased risk of cancer
(1.04, 0.81 to 1.31). For men who were
employed for >3 months the risk of lung
cancer (1.6, 1.5 to 1.8), laryngeal cancer
(1.4, 1.0 to 1.9), kidney cancer (1.6, 1.3 to
2.0), bladder cancer (1.4, 1.2 to 1.6), skin
cancer (1.1, 1.0 to 1.2), pharyngal cancer
(1.9, 1.2 to 2.8), rectal cancer (1.2, 1.0 to
1.5) and liver cancer (1.6, 1.2 to 2.2) was
significantly increased. For women em-
ployed for >3 months the risk of lung can-
cer was significantly increased (2.6, 1.5 to
4.3).
Conclusion—This cohort study shows that
bus drivers and tramway employees are at
an increased risk of developing several
types of cancer. This might be due to the
exposure to air pollution during working
hours or to other risk factors, primarily
smoking.
(Occup Environ Med 1998;55:594–598)
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Substantial epidemiological evidence has asso-
ciated air pollution with mortality and morbid-
ity due to respiratory diseases1 2 and cancer.3

Air pollution consists of a complex mixture of
thousands of chemical compounds. The ad-
verse health eVects of most of these com-
pounds are still to be studied. Many of the
compounds are formed by incomplete com-
bustion of fossil fuels, and they are present in
the exhaust gases from petrol and diesel
powered vehicles. A working group under the
International Agency for Research on Cancer4

has reviewed the evidence for carcinogenicity
of engine exhaust fumes based on epidemio-

logical studies, experimental studies in ani-
mals, and other relevant biological data. It
found inadequate evidence for the carcino-
genicity of petrol engine exhaust in humans
and limited evidence for the carcinogenicity of
diesel engine exhaust in humans.
An urban-rural gradient in incidence of can-

cer in Denmark is evident,5 although the levels
of air pollution are considered to be relatively
low in Copenhagen compared with large cities
around the world. Due to the fact that our
present knowledge of levels of exposure to
environmental agents in the general population
is limited, it is diYcult to estimate the
contribution of such agents, if any, to the over-
all risk of cancer and other diseases.
In this study we focused on the risk of cancer

in a cohort of people who were regularly
exposed to air pollution, especially vehicle
exhaust fumes, through their job—namely, all
people ever employed as a bus driver or
tramway employee in Copenhagen or in the
suburban area of the city.

Material and methods
Denmark has a longstanding tradition for well
maintained employment files with information
on an individual level. Personal and occupa-
tional data on employees in public companies
are usually reliable as such information often
underlies a future pension payment. In 1974,
80% of all bus companies in Copenhagen and
the suburban area were merged into one com-
pany: The Copenhagen TraYc Company, Dis-
trict 1 (CTC), and all employment records
were gathered in one archive. From this archive
we investigated all people ever employed by
CTC in the period from 1 January 1900 to 1
May 1994. Even the data covering the earlier
years are reliable and well maintained. In 1965
there were, according to CTC statistical
reports, 1500 tramway employees and 900 bus
drivers. After 1972 there were no tramways in
Copenhagen. We cannot distinguish between
bus drivers and tramway employees. However,
tramway employees were exposed to the same
air pollution from traYc as the bus drivers.
Information on name, date of birth, or personal
identification number, place of birth, and start
and end of work periods were computerised.Of
the 19 489 people initially registered, 832
(4.3%) were excluded due to missing data,
obviously incorrect data—for example, date of
birth after first day of employment—or dupli-
cate registrations. The excluded data were dis-
tributed equally all over the whole period. The
remaining 18 657 bus drivers and tramway
employees were linked with the Central Popu-
lation Register (CPR) for verification of
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personal identification number and for infor-
mation on vital status and migration. In April
1968, the CPR was established in Denmark
and all citizens were assigned a unique 10-digit
personal identification number that included
six digits for the date of birth. For people who
died before 1 April 1968 the National Death
Index, which dates back to 1943, was consulted
for date of death. For 483 people (2.5%) we
could not obtain information on vital status or
date of death, so these were excluded from the
cohort. Most of these people were born at the

beginning of this century. Another 54 bus driv-
ers and tramway employees (0.3%) who died
before 1 January 1943 were excluded, leaving
18 120 people for analyses of risk of cancer.
Since January 1943 incident cancers, includ-

ing benign brain tumours and bladder papillo-
mas, have been reported to the Danish Cancer
Registry. Computerised record linkage tech-
niques were used to identify incident cancers
among bus drivers and tramway employees
with personal identification numbers (drivers
alive at 1 April 1968). The remaining group
was linked on the basis of name and dates of
birth and death, and each match was verified
by hand. The period of follow up for cancer
began on the date of first employment in the
CTC or 1 January 1943, whichever occurred
last. The period ended on the date of death or
emigration, or 31 December 1992, whichever
occurred first. Cancers were classified accord-
ing to a modified version of the International
Classification of Diseases, the Seventh Revi-
sion (ICD-7). National incidence rates for all
tumour categories, calculated according to sex,
age, and calendar period (in five-year groups)
were applied to the person-years of observation
to obtain the number of cancers expected had
the bus drivers and tramway employees experi-
enced the same incidences as the general
population of the country. For some suba-
nalyses we applied incidences for Copenhagen.
The statistical tests were based on the

assumption that the observed number of
cancer cases in any specific category follows the
Poisson distribution. Tests of significance and
95% confidence intervals (95% CIs) were cal-
culated for the standardised incidence ratio
(SIR) as the ratio of the observed to expected
cancers.

Results
The total cohort of 18 120 bus drivers and
tramway employees consisted of 16 203 men
and 1967 women, 386 395 person-years of
observation were accumulated over on average
21.3 years (range 26 days–71.8 years). The

Table 1 Descriptive characteristics of 18 174 bus drivers
and tramway employees in Copenhagen

Characteristic n %

Sex:
Male 16203 89
Female 1967 11

First employment (y):
1900–19 526 3
1920–29 233 1
1930–39 1092 6
1940–49 3123 17
1950–59 1187 7
1960–69 712 4
1970–79 5197 29
1980–92 6050 33

Duration of employment (y):
0.25 1060 6
0.25–<1 3358 19
1–<2 2438 13
2–4 3171 18
5–9 2885 16
10–14 1259 7
15–19 785 4
20–29 985 5
30–39 1828 10
>40 348 2

Total 18120 100

Table 2 Overall risk of cancer among Danish urban bus
drivers and tramway employees

Stratification Obs Exp* SIR (95% CI)

Total cohort 2149 1727 1.24 (1.19 to 1.30)
Sex:
Men 2031 1635 1.24 (1.19 to 1.30)
Women 118 92 1.28 (1.06 to 1.53)

Duration of employment (y):
<0.25 72 69 1.04 (0.81 to 1.31)
>0.25 2077 1655 1.25 (1.20 to 1.31)

*Reference=all Denmark.

Table 3 Risk of cancer among 15 249 Danish urban male bus drivers and tramway employees employed more than three
months

Site Obs

All Denmark* Copenhagen*

Exp SIR (95% CI) Exp SIR (95% CI)

All malignant 1966 1567 1.3 (1.2 to 1.3) 1877 1.1 (1.0 to 1.1)
Mouth 16 10 1.7 (1.0 to 2.7) 15 1.1 (0.6 to 1.7)
Pharynx 22 12 1.9 (1.2 to 2.8) 20 1.1 (0.7 to 1.7)
Oesophagus 27 20 1.4 (0.9 to 2.0) 28 1.0 (0.6 to 1.4)
Stomach 82 80 1.0 (0.8 to 1.3) 77 1.1 (0.8 to 1.3)
Colon 123 103 1.2 (1.0 to 1.4) 124 1.0 (0.8 to 1.2)
Rectum 105 87 1.2 (1.0 to 1.5) 93 1.1 (0.9 to 1.4)
Liver 40 25 1.6 (1.2 to 2.2) 37 0.8 (0.8 to 1.6)
Pancreas 57 46 1.2 (0.9 to 1.6) 56 1.0 (0.8 to 1.3)
Larynx 39 29 1.4 (1.0 to 1.9) 40 1.0 (0.7 to 1.3)
Lung 473 292 1.6 (1.5 to 1.8) 390 1.2 (1.1 to 1.3)
Kidney 83 52 1.6 (1.3 to 2.0) 64 1.3 (1.0 to 1.6)
Bladder 177 130 1.4 (1.2 to 1.6) 165 1.1 (0.9 to 1.3)
Prostate 135 127 1.1 (0.9 to 1.3) 144 0.9 (0.8 to 1.1)
Testis 38 33 1.1 (0.8 to 1.6) 37 1.0 (0.7 to 1.4)
Skin non-melanoma 219 205 1.1 (0.9 to 1.2) 249 0.9 (0.8 to 1.0)
Skin melanoma 255 237 1.1 (1.0 to 1.2) 286 0.9 (0.8 to 1.0)
Brain 36 50 0.7 (0.5 to 1.0) 52 0.7 (0.5 to 1.0)
Thyroid 9 4 2.1 (0.9 to 3.9) 5 1.9 (0.9 to 3.6)
Leukaemia 46 42 1.1 (0.8 to 1.5) 42 1.1 (0.8 to 1.5)
Other and unspecified 16 12 1.3 (0.8 to 2.1) 14 1.2 (0.7 to 1.9)

*Refers to set of cancer incidences applied as reference.
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characteristics of the cohort are shown in table
1. A total of 13 757 (75%) bus drivers and
tramway employees were employed for at least
one year and 1060 (6%) for <3 months.
Overall, 2149 cancers were diagnosed

among bus drivers and tramway employees
with 1726 expected yielding a significantly
increased SIR of 1.24 (table 2). Persons
employed for <3 months had an SIR of 1.04,
whereas people employed for >3 months had a
significantly increased SIR of 1.25 (table 2).
The risk pattern among men employed for

>3 months (table 3) showed significant ex-
cesses for cancers of the mouth (SIR 1.7) and
pharynx (SIR 1.9), colon (SIR 1.2), rectum
(SIR 1.2), and primary liver (SIR 1.6), larynx
(SIR 1.4), lung (SIR 1.6), bladder (SIR 1.4),
and skin (SIR 1.1) when compared with the
expected number of cancers based on national
reference rates. Non-significantly increased
risks were found for all other major cancer
sites, except for a significant deficit of brain
cancer (SIR 0.7).
When cancer rates based on the Copenhagen

population were used as reference, the overall
cancer risk was 1.1 amongmale bus drivers and
tramway employees who had been employed
for >3 months. This is only marginally signifi-
cant (table 3). However, the risk for lung can-
cer remained significantly increased with SIR
1.2.
The overall cancer risk among women

employed for >3 months was 1.3 which was of
borderline significance (table 4). Among
women it was the risk of lung cancer that was
significantly increased when the national refer-
ence (SIR 2.6) was used as well as when
Copenhagen was used as standard (SIR 2.2).
Table 5 shows that the risks for all malignant

cancers and lung cancer were increased
irrespective of calendar period for first employ-
ment. In table 6 the Copenhagen urban bus
drivers and tramway employees were grouped
according to time since first employment. In
the male group with 0-14 years of latency time
no significant increase in risk of cancer was
found. The risk of cancer among men in the
15–29 years latency group was significantly
increased for all malignant cancers and three
specified cancer sites. The risk of cancer after
>30 years of latency time was significantly
increased for nine cancer sites. Among women
we saw a significantly increased risk for cervical
cancer in the group with 0-14 years of latency
time. The risk of cancer among women in the
15–29 years latency group was significantly
increased for all malignant cancers and lung
cancer. The risk after>30 years of latency time
was not significantly increased among women.
Apparently the risk pattern for lung cancer

was not influenced by duration of employment
(table 7). After 30 years of latency time we saw,
however, a significant increase in lung cancer
even after 3–17 months of employment.

Discussion
In this study of urban bus drivers and tramway
employees ever employed in Copenhagen from
1900 onward we found an excess risk of cancer
of 25%. Increased numbers of cancers of the

Table 4 Risk of cancer among 958 Danish urban female bus drivers and tramway
employees employed for more than three months

Site Obs

All Denmark* Copenhagen*

Exp SIR (95% CI) Exp SIR (95% CI)

All malignant 111 88 1.3 (1.0 to 1.5) 97 1.2 (0.9 to 1.4)
Colon 3 4 0.7 (0.2 to 2.1) 4 0.8 (0.2 to 2.2)
Rectum 3 2 1.5 (0.3 to 4.3) 2 1.5 (0.3 to 4.3)
Pancreas 2 1 1.6 (0.2 to 5.9) 1 1.5 (0.2 to 5.4)
Lung 15 6 2.6 (1.5 to 4.3) 7 2.2 (1.2 to 3.6)
Bladder 2 2 1.3 (0.2 to 4.7) 2 1.0 (0.1 to 3.8)
Breast 29 26 1.1 (0.8 to 1.6) 29 1.0 (0.7 to 1.4)
Cervix uteri 14 9 1.6 (0.9 to 2.7) 8 1.7 (0.9 to 2.8)
Corpus uteri 4 4 1.0 (0.3 to 2.5) 4 0.9 (0.2 to 2.3)
Ovary 7 5 1.5 (0.6 to 3.0) 5 1.4 (0.6 to 2.8)
Skin, non-melanoma 9 10 0.9 (0.4 to 1.8) 13 0.7 (0.3 to 1.3)
Skin, melanoma 11 14 0.8 (0.4 to 1.5) 17 0.6 (0.3 to 1.1)
Brain 5 3 1.6 (0.5 to 3.8) 3 1.7 (0.6 to 4.0)
Other and unspecified 2 0.5 3.7 (0.4 to 13.4) 0.7 3.0 (0.3 to 11.0)

*Refers to set of cancer incidences applied as reference.

Table 5 Risk of cancer and period of first employment among male Danish urban bus
drivers and tramway employees

Stratification Obs Exp* SIR (95% CI)

All malignant cancers:
1900–19 194 149 1.30 (1.13 to 1.50)
1920–39 513 382 1.34 (1.23 to 1.46)
1940–49 772 628 1.23 (1.14 to 1.32)
1950–59 195 142 1.37 (1.18 to 1.57)
1960–69 59 48 1.22 (0.93 to 1.58)
1970–79 171 154 1.11 (0.95 to 1.29)
>1980 63 66 0.95 (0.73 to 1.22)

Lung cancer:
1900–19 48 21 2.32 (1.71 to 3.08)
1920–39 140 76 1.85 (1.55 to 2.18)
1940–49 188 129 1.45 (1.25 to 1.68)
1950–59 52 27 1.96 (1.47 to 2.57)
1960–69 9 9 1.02 (0.46 to 1.93)
1970–79 24 23 1.05 (0.67 to 1.56)
>1980 13 8 1.65 (0.88 to 1.78)

*Reference=all Denmark.

Table 6 Risk of cancer among Danish urban bus drivers and tramway employees

Sex/site

Time since first employment (y)

0–14 15–29 >30

Obs SIR† Obs SIR† Obs SIR†

Men:
All malignant 260 1.1 340 1.2* 1366 1.3**
Mouth 2 1.0 3 1.7 11 1.9*
Pharynx 2 0.8 6 2.2 14 2.1*
Oesophagus 4 1.6 1 0.3 22 1.6*
Colon 14 1.1 16 1.0 93 1.3*
Rectum 10 1.1 17 1.1 78 1.3*
Liver 2 1.2 2 0.8 19 1.7*
Larynx 9 2.2 12 1.9* 18 1.0
Lung 35 1.2 77 1.5** 361 1.7**
Kidney 9 1.3 20 1.8* 54 1.6**
Bladder 19 1.3 28 1.3 130 1.4**

Women:
All malignant 59 1.2 46 1.4* 6 1.2
Lung 3 1.3 10 3.5** 2 3.8
Cervix uteri 12 1.8* 2 1.1 0 —

*p<0.05; **p<0.001.
†Reference=all Denmark.

Table 7 Risk of lung cancer among Danish male urban bus drivers and tramway
employees

Duration of employment (y)

Time since first employment (y)

0–14 15–29 >30

Obs SIR† Obs SIR† Obs SIR†

<0.25 2 1.2 1 0.6 9 1.1
0.25–<1.5 5 1.0 11 1.5 57 2.0*
1.5–4 9 1.3 11 1.5 48 1.7*
5–14 17 1.3 26 2.5* 70 2.1*
>15 3 0.7 28 1.1 188 1.5*

*p<0.0001.
†Reference=all Denmark.
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larynx, liver, mouth, and pharynx mainly
caused this cancer risk. The results for lung
cancer were especially noteworthy with a 60%
excess risk for men and 160% for women.
It is always a possibility that estimates of

excess risk are due to chance.However, the size
of the present study and the consistent pattern
of an increased risk make this explanation less
likely. Geographical and demographic factors
may have an influence too. There is an almost
twofold risk of incidence of lung cancer among
people living in Copenhagen compared with
people living in the rural areas of Denmark.5 In
a recent study, Engholm et al6 found that
smoking is the main factor behind this
diVerence in lung incidence of cancer. Even if
we assume that all the bus drivers and tramway
employees live in Copenhagen and we use can-
cer rates for the capital population as standard
we find a significantly increased risk of lung
cancer. However, the personnel employed by
the CTC do not live only in Copenhagen.
According to a 1996 survey of 113 bus drivers
in Copenhagen one third of the bus drivers live
in Copenhagen, one third live in the suburban
area of Copenhagen, and one third live outside
greater Copenhagen (Knudsen LE, National
Institute of Occupational Health, Denmark
and EVersøe H, The Copenhagen TraYc
Company, District 1, Copenhagen, Denmark,
personal communication, 1997). Use of the
Copenhagen population as the standard may
therefore underestimate the excess risk.
Tobacco smoking is an important risk factor

for lung cancer and, to some extent, also blad-
der cancer. In this cohort study we did not have
any data on smoking but in a survey carried out
in 1978 the smoking habits of 1631 city bus
drivers in Copenhagen and two other cities
were compared with participants in a general
health survey in Glostrup.7 Glostrup is a
suburb of Copenhagen, which is used in many
studies in Denmark because it is considered to
be representative of the Danish population.
There was a higher percentage of heavy smok-
ers among bus drivers aged 25–44 years than
among the suburban population in the same
age group. Among people aged 45–64 there
were similar smoking habits. In another survey
in 1980–5 of 26 bus drivers 50% were
smokers.8 According to an annual interview
survey comprising about 20 000 Danes, the
alterations in the smoking habits from 1970 to
1987 were reviewed.9 The smoking rates for
men in Denmark in 1970 and 1987 were 68%
and 50%, respectively. The rates for men in
Copenhagen in the same years were 74% and
52%, respectively. Bus drivers belong to the
occupational group of lower oYcials where the
smoking rate in 1970 was 75% and in 1987 was
54%. If these data are representative for all the
CTC bus drivers and tramway employees in
1970 the bus drivers had the same rate of
smoking as the Copenhagen population. In
1987 the smoking habits among bus drivers
were above the Danish rates as well as the rates
for the Copenhagen population. This means
that some of the increased risk, but not all of it,
may be explained by excess tobacco smoking.
When adjusting the risk by use of the male

population of Glostrup as reference we found a
relative risk of lung cancer attributable to
smoking of 1.2 among bus drivers aged 25–44
and 1.0 among bus drivers aged 45–64 years.10

When the Danish cancer rates were used the
risk of lung cancer was 1.6 therefore an
increased risk of lung cancer of 40%–60%
among bus drivers and tramway employees can
not be attributed to smoking.
Diesel exhaust may be a carcinogen in

humans.4 Many studies have associated expo-
sure to diesel exhaust with the risk of getting
cancer. Studies were performed on lorry
drivers,11–12 railway workers,13–15 dock workers,16

heavy equipment operators,17 taxi drivers,18–19

and bus drivers.12 20 21 Based on six
studies11 13 16 23–25 in which an attempt had been
made to measure current diesel exposure and
in which smoking data were available Steen-
land et al26 estimated that the combined relative
risk of lung cancer in populations exposed to
diesel versus non-exposed populations was
1.31 (95% CI 1.13 to 1.44). The authors of
another recent comprehensive review27 con-
cluded that despite 45 years of studies no posi-
tive epidemiological evidence of a lung cancer
risk due to diesel exhaust has materialised yet.
Bus drivers and tramway employees are

exposed to general air pollution from traYc,
which has changed greatly during the long
period covered in this study. The first petrol
engined bus was introduced in Copenhagen in
1913, and in 1936 the first diesel powered bus
was introduced. Gradually, they replaced
petrol engined vehicles and in the 1960s they
finally replaced trams also. However, during
the second world war all buses were fuelled
with petrol. There was no trend in the relative
risk of all malignant cancer and lung cancer
which could tell us whether petrol and diesel
exposure was associated with the highest risk.
The risk of lung cancer was increased irrespec-
tive of calendar period of first employment.
The risk for kidney cancer is still increased

when an Axelson type adjustment for smoking
was made.10 Kidney cancer has been connected
with exposure to gasoline fumes28 although a
firm conclusion on a such association was not
drawn.29

The excess rates of liver cancer for bus driv-
ers and tramway employees dropped when the
Copenhagen population was used as a refer-
ence instead of the Danish population. This
may be due to greater alcohol consumption in
the Copenhagen area. However, we do not
know the drinking habits among bus drivers
and therefore we do not know which reference
group is better.
Bus drivers and tramway employees spend

all working hours close to the sources of air
pollution. Another study confirmed that bus
drivers were more exposed than other outdoor
working groups.30 The levels of exposure inside
and outside the bus were similar.
Supposing that occupational exposure to air

pollution is the causal factor behind these find-
ings we would expect the risk of cancer for
drivers to increase when a biologically suY-
cient dose builds up—that is, to increase with
duration of employment—but no cases should
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occur before a reasonable latency period has
passed. We found that the incidence of cancer
among male bus drivers and tramway employ-
ees with an accumulated employment period of
<3 months was close to unity. Men in groups
with longer employment periods had a signifi-
cantly increased risk of cancer. However, other
factors like exposure to air pollution in leisure
time and former employments as well as
lifestyle factors may also be influential.
The duration of employment was used as a

surrogate measure for duration of exposure to
air pollution. It was not possible to obtain the
individual smoking history of all 18 174 cohort
members. A nested case-control study in which
individual smoking information is requested
should be carried out before any further
conclusions on the aetiology can be drawn.
In conclusion, this retrospective cohort study

showed that professional bus driving is associ-
ated with an excess risk of lung cancer. The risk
of several other cancer sites is also increased.
Additional studies taking individual lifestyle
factors into consideration are recommended.
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