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2. CANCER IN HUMANS

2.1 Introduction

2.1.1 General aspects

Diesel and gasoline engine exhausts have been
evaluated previously in the JARC Monographs
(IARC, 1989). Since that time, a large number
of cohort and case—control studies have been
published on the topic, many of which provided
high-quality data on exposure and potential
confounding factors. General aspects on the
methodological advantages and limitations of
the various study designs are discussed briefly
below, including a discussion of developments in
the methods of exposure assessment and prob-
lems regarding bias and confounding.

Occupational cohort studies typically provide
reasonably accurate data on current expo-
sure levels, but frequently lack information on
historical exposure levels and other risk factors,
such as tobacco smoking habits. Over the past
few decades, the quality of cohort studies has
been further improved by the inclusion of more
detailed data on exposure and more advanced
exposure modelling, and some now incorporate
individual data on tobacco smoking. However,
full lifetime occupational histories are often
unavailable, which reduces the ability to adjust
the findings for occupational exposures incurred
during employment outside the industry under
study. Comparisons are made between groups
with different levels of exposure, either within
or outside the study population. In general, the
use of an internal unexposed group gives more

valid risk estimates than that of an external
group, because less bias is introduced from the
incomparability of lifestyle-associated factors,
such as smoking, and the general health status
of the exposed and unexposed groups. Studies
that investigate exposure-response associations
with measures of exposure to diesel exhaust (e.g.
duration, average exposure and/or cumulative
exposure) have been given greater weight in the
evaluation of carcinogenicity.

A specific group of cohort studies are based
on record linkage, and link routinely collected
population data on occupational titles to national
registers of cancer incidence or mortality. These
studies usually provide very crude data on expo-
sure that typically consist of a job title in a specific
year, no data on tobacco smoking and no lifetime
occupational histories, and are consequently
usually viewed as generating hypotheses. This
type of study has been considered to give only
supportive evidence for the present evaluation.

Finally, some cohort studies use propor-
tionate mortality ratios, a methodology that is
applied when data are available on deaths for
those employed at a specific industry, but not
for the total population at risk, and the distribu-
tion of causes of death in the study population is
compared with that of an external comparison
group. Proportionate mortality ratio studies may
give biased results, because it is not possible to
assess whether an observed excess in the propor-
tion of deaths from a specific cause is due to a
true excess of risk or a reduced risk of deaths for
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other causes. For this reason, and in view of the
large number of high-quality studies available,
proportionate mortality ratio studies have not
been considered for the present evaluation.

Case-control studies are sometimes consid-
ered to be sensitive to inaccurate recall of previous
exposures, with the potential for biased findings,
which is a particular concern when information
on exposures is based on self-assessment. This
potential bias is largely reduced when exposure
assessment is based on the assignment of expo-
sures from a lifetime occupational history by an
expert assessment method or the application of
a job—exposure matrix (JEM), or combinations
of the two. The strength of case-control studies
is that researchers can obtain detailed individual
data on tobacco smoking and other potential
risk factors, as well as lifetime occupational
histories, from the study subjects. These studies
may be based on the general population or be
nested within defined occupational cohorts. A
potential problem in the former is that detailed
exposure data are rarely available, resulting in
potential non-differential exposure misclassi-
fication, which tends to attenuate the observed
risks. A design that incorporates the advantages
of detailed data on exposure and individual data
on risk factors is the nesting of a case-control
study within a cohort. This type of study may
provide very high-quality information on the
association of occupational exposures with
cancer. Finally, case-control studies may recruit
controls directly from the general population or
from individuals with diagnoses other than that
under study. Controls recruited randomly from
the population are considered to reflect the prev-
alence of exposure in the study population more
accurately than hospital controls, and afford less
potential for bias.

For the present evaluation, the Working
Group identified three broad types of study,
in order of increasing quality: (1) studies that
reported risk for cancer by occupation, with
no reference to whether or not the occupation

148

indicated exposure to motor exhaust. Because
the predictive value of an occupational title
may differ considerably between study settings
and countries, such studies have not gener-
ally been included for the evaluation of lung
cancer. However, for other cancer sites, for
which fewer data were available, such studies
have been included; (2) studies that reported risk
for cancer on the basis of occupational titles, in
which the titles were used to indicate potential or
definite exposure to diesel or gasoline exhaust.
Frequently, duration of employment in such jobs
was used as a proxy for quantitative exposure.
All such pertinent studies have been reviewed;
(3) studies that aimed to assess individual expo-
sure to motor exhaust (diesel, gasoline or both)
quantitatively through measurements, model-
ling, expert assessments, JEMs or other means.
In many cases, these studies investigated the
intensity and duration of exposure, in addi-
tion to cumulative exposure, and had access to
full occupational and smoking histories. These
studies have been given the greatest weight in the
present evaluation.

2.1.2 Aspects of exposure assessment
methods

Diesel exhaust is a complex mixture of
variable characteristics and several markers
of exposure have been used, including polycy-
clic aromatic hydrocarbons (PAHs), nitrogen
dioxide, nitrogen oxides, particulate matter
(PM) and elemental carbon (EC). Any proxy of
diesel exhaust may or may not reflect accurately
one of its underlying carcinogenic components.
For instance, in the studies reviewed that inves-
tigated proximity to diesel emission sources, EC
was a good marker for diesel exhaust. However,
this does not imply that EC is, or that it accu-
rately reflects, the causal agent. Therefore, the
association between such markers and the true
substances of etiological interest may differ to
some extent by time and place.



Diesel and gasoline engine exhausts

The present evaluation covers both diesel and
gasoline exhaust. Many occupations that entail
exposure to engine exhausts, for example profes-
sional drivers and some garage workers, involve
exposure to a mixture of the two exhausts.
Cohort studies that more specifically addressed
exposure to diesel exhaust were based on rail-
road workers, miners and bus garage employees.
Cohorts of professional drivers often comprised
individuals with combined exposure to diesel
and gasoline exhausts. Several population-based
case—control studies that used expert assessment
or JEMs to classify exposure presented sepa-
rate risk estimates for each of the two exhausts.
However, in population-based studies, few occu-
pations generally entailed exposures to specific
types of engine exhaust and few individuals
incurred very high exposures. Some collinearity
may have also arisen between exposures to diesel
and gasoline engine exhausts. The main body of
available evidence was related to diesel exhaust,
while the data that specifically addressed the
risk of cancer from exposure to gasoline exhaust
among individuals with no concurrent exposure
to diesel exhaust were very limited.

2.1.3 Studies of environmental air pollution

Several studies showed associations between
lung cancer and ambient air pollution. In addi-
tion, exposure to specific components of air
pollution, for example PM, ., has been linked to
lung cancer (Samet & Cohen, 2006; EPA, 2009).
Ambient air pollution comprises emissions
from vehicles fuelled by diesel and gasoline, but
also those from a variety of other sources and
processes, including industrial air pollution. At
present, it is very difficult to assess the specific
contributions of these sources to the observed
cancer risk. These studies have not been included
in the review, because they would contribute little
information in addition to the studies reviewed
here.

2.2 Cohort studies

See Table 2.1

2.2.1 Railroad workers

Howe et al. (1983) conducted a cohort study
of 43 826 male pensioners of the Canadian
National Railway Company who had retired
before 1965 and who were alive at the start of
that year, as well as those who retired between
1965 and 1977. The cause of death of 17 838
pensioners who died between 1965 and 1977
was ascertained by computerized record linkage
to the Canadian national mortality database. A
total of 76 different occupations were represented
in the cohort. Experts classified each occupation
in terms of exposure to diesel fumes (unexposed,
possibly exposed and probably exposed), coal
dust (unexposed, possibly exposed and probably
exposed) and any other fumes or substances.
The analyses compared the mortality of different
groups of railroad workers with that of the
Canadian population and then compared those
who presumably incurred higher exposures with
those who presumably incurred lower exposures,
by calculating their standardized mortality
ratios (SMRs). A total of 933 lung cancer deaths
resulted in an overall standardized mortality
ratio of 1.06. A comparison of the possibly and
probably exposed with the unexposed (239 lung
cancer deaths) provided a relative risk (RR) for
lung cancer of 1.20 (P = 0.013; 407 lung cancer
deaths) and 1.35 (P < 0.001; 279 lung cancer
deaths), respectively. No data were available on
tobacco smoking habits. In the same study, the
authors found a standardized mortality ratio of
1.03 forurinarybladder cancer based on 175 cases,
although no internal analyses were performed
for this cancer. Exposures to coal dust and diesel
overlapped and similar standardized mortality
ratios were reported for both exposures. The
deaths of those who retired before 1950, and were
hence exposed primarily to coal dust, were too
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Table 2.1 Selected cohort studies of cancer in railroad workers, bus garage workers, professional drivers, miners, heavy
equipment operators and other workers exposed to diesel exhaust

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code)  categories exposed  (95% CI) Comments
follow-up cases
period
Railroad workers
Howe et al. 43 826 retired Review of job titles by  Trachea, SMR Men; Canadian mortality records;
1983 railroad workers experts employed by bronchus All railroad 933 1.06 (P>0.05)  no adjustment for tobacco smoking
Canada, railroad and lung workers
1965-77 Possibly exposed 407 1.20 (P = 0.013)
Probably exposed 279 1.35 (P < 0.001)
P for trend
<0.001
Possibly exposed 333 1.21 Excluded asbestos- exposed
Probably exposed 256 1.33 workers
P for trend
<0.001
Urinary All railroad 175 1.03 (P > 0.05)
bladder workers
Boffetta 461 981 Self-reported job Lung Railroad workers 14 1.59 (0.94-2.69) Men aged 40-79 yr in 1982;
et al. (1988 adjusted for age and tobacco
American smoking; 4-10-yr age strata and 5
Cancer strata of smoking
Society
Cohort,
1982-84
Garshick etal. 54973 Industrial hygiene Lung Based on job as 4351 Update of Garshick et al. (1988);
(2004) review of yearly job train crew in attained age, calendar yr, time
US Railroad title and exposure 1959; referents: on and off work; white men aged
Workers sampling clerks and signal 40-64 yr in 1959 with 10-20 yr of
cohort, maintainers employment; indirect adjustment
1959-96 Age (yr) HR for smoking: adjusted HR, 1.17-1.27
40-44 884 1.49 (1.30-1.70)
45-49 732 1.37 (1.18-1.58)
50-54 456 1.39 (1.18-1.64)
55-59 286 1.34 (1.09-1,64)
60-64 121 0.99 (0.75-1.30)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Garshick et al. Train crew work
(2004) (yr; 5-yr lag)
US Railroad 0-<5 391 1.41 (1.24-1.61)
Workers 5-<10 484 1.39 (1.23-1.56)
ig}slgf; 10- < 15 618 1.51 (1.35-1.68)
(cont) 15- <20 707 1.33 (1.19-1.49)

>20 204 1.31 (1.10-1.56)

Any exposure (5-yr lag) 1.40 (1.30-1.51)
Garshick etal. 39 388 Industrial hygiene Lung (162)  Traincrew work  Total Subset of Garshick et al. (2004);
(2006) review of job history (yr; 5-yr lag) 4055 attained age, calendar yr, time on
US Railroad and exposure Unexposed 895 1.0 and off work, tobacco smoking
Wﬁrketzrs sampling 0-<5 330 1.31 (1.12-1.51) A(f())aCSkg—yr).; w{lgi;e;mggla{g()edzo .
cohort, -59 yrin wi -20yro
1959-96 >-<10 449 1.23 (1.08-1.39) emplojment; adjusted for sm)(,)king

UL ol> 1.23 (1.10-1.38) by imputation from Garshick et al.

(1987)

15-<20 707 1.16 (1.03-1.30)

>20 204 1.22 (1.02-1.47)

Any exposure 22305 1.22 (1.12-1.32)

Unadjusted for
smoking

0-<5 330 1.44 (1.25-1.67)

5-<10 449 1.36 (1.20-1.55)

10-< 15 615 1.36 (1.22-1.52)

15-<20 707 1.28 (1.14-1.43)

>20 204 1.32 (1.11-1.58

Any exposure 22305 1.35 (1.24-1.46)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Laden et al. 52 812 Industrial hygiene Lung Train crew work Subset of Garshick et al. (2004);
(2006) review of job history (yr; 5-yr lag) attained age, calendar yr, time
US Railroad and exposure Hired 1939-44 on and off work; white men aged
Workers sampling Unexposed 687 1.0 40-64 yr in 1959 with 10-20 yr of
cohort, employment
1959-96 0-<10 211 1.19 (1.00-1.41)

10-< 15 330 1.28 (1.11-1.47)

15-<20 454 1.37 (1.21-1.55)

20-<25 577 1.37 (1.21-1.54)

>25 355 1.16 (1.00-1.34)

Hired 1945-49

Unexposed 229 1.0

0-<10 32 1.15 (0.77-1.70)

10-< 15 66 1.49 (1.11-1.99)

15-<20 103 1.89 (1.48-2.40)

20-<25 119 1.83 (1.45-2.32)

=25 124 1.78(1.39-2.28)

Intensity (yr)

Hired 1939-44

Unexposed 687 1.0

Quintile 1 326 1.26 (1.09-1.46)

Quintile 2 394 1.37 (1.17-1.51)

Quintile 3 417 1.33 (1.17-1.50)

Quintile 4 427 1.28 (1.13-1.45)

Quintile 5 363 1.24 (1.08-1.43)

Hired 1945-49

Unexposed 229 1.0

Quintile 1 80 1.63 (1.24-2.14)

Quintile 2 98 1.54 (1.21-1.96)

Quintile 3 93 2.02

(1.58-2.59)
Quintile 4 76 1.50 (1.14-1.96)
Quintile 5 97 1.81 (1.39-2.35)
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Table 2.1 (continued)

€6l

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Guo Finnish working ~ Longest held job in Lung Locomotive 85 SIR All working Finns born after 1906;
et al. (2004a population, census 1970 census driver 0.63 (0.51-0.78) linkage to Finnish Cancer Registry;
Finland, data in 1970; indirect adjustment for tobacco
records from 67 121 men smoking
1971-95
Guo et al. Urinary Locomotive 22 SIR Same census linkage study as Guo_
2004b) bladder driver 0.85(0.53-1.28) ef al. (2004a); cases in men
Finland,
1971-95
Bus garage workers
Gustavsson 695 bus garage JEM for diesel Lung Entire cohort 17 SMR Expected numbers based on
et al. (1990 workers, 1945-70 exhaust exposure; 1.22 (0.71-1.96)  Stockholm rates; occupationally
Stockholm, intensity x duration active men; no information on
Sweden, score tobacco smoking; exposure to
mortality, asbestos assessed; no effect of
1952-86; exposure on lung cancer
cancer Nested case- Diesel exhaust Controls matched on age (+ 2 yr)
incidence, control study: 20 score
1958-84 incident cases/120 OR
controls 0-10 5 1.00 (referent)
10-20 2 1.27 (0.21-7.72)
20-30 3 1.56 (0.34-7.16)
> 30 10 2.63(0.74-9.42)
Professional drivers
Bus drivers
Balarajan & 3392 professional  Job title in 1939 census Lung Bus and coach 18 SMR Expected based on England and
McDowall drivers and still alive in 1950 drivers [1.42] (P> 0.05) Wales rates; no adjustment for
1988 Urinary 1 [0.58] tobacco smoking
London, bladder (P> 0.05)
United
Kingdom,
1950-84

sysneyxa auibus auljoseb pue |3s31q



7Sl

Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Soll- 15 249 male and Job title obtained from Lung Employed > 3 mo SIR Similar to slightly greater smoking
ohanning 958 female bus population register; Men* 473 1.6 (1.5-1.8) rates compared with Copenhagen
et al. (1998 and tramway ever employed as Men** 390 1.2 (1.1-1.3) * All Denmark
Denmark, workers an urban bus driver ** Copenhagen only
1943-92 or tramway worker,
1900-94

Women* 15 2.6 (1.4-4.3)

Men-30 yr since first

employed

<0.25 9 1.1

0.25-< 1.5 57 2 (P <0.0001)

1.5- < 4.0 48 1.7 (P < 0.0001)

5.0-14 70 2.1 (P <0.0001)

> 15 188 1.5 (P < 0.0001)

Urinary Employed > 3 mo * All Denmark
bladder Men* 177 1.4 (1.2-1.6) ** Copenhagen only

Men** 165 1.1 (0.9-1.3)

Soll- 153 cases, 255 Job title from Lung Duration of employment (no lag) Nested case—control study from
ohanning controls; all men population register <3 mo 5 0.74 (0.23-2.39) the cohort of Soll-Johanning et al.
etal. (2003 3mo- <3yr 29 1.0 (referent) (1998); tobacco smoking estimated

Denmark, from spouse, converted to pack—
2-<10yr 54 1.26 . .
1943-92 years in 7 categories; cases and
(0.69-2.28)
controls aged < 85 yr; matched to
L= 2 = 1.39 (0.69-2.81)  1_4 controls by yr of birth and vital
220 yr 43 0.63 (0.32-1.14)  status, free of urinary bladder, lung
Duration of employment (10-yr lag) or other cancer, or non-malignant
<3mo 4 0.50 (0.14-1.81) lung disease
3 mo-<3yr 27 1.0 (referent)
2-<10yr 45 1.03 (0.54-1.95)
10- <20 yr 22 1.34
(0.65-2.77)
>20yr 43/139 0.54
(0.28-1.03)
(cases/

controls)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Soll- 84 cases, 255 Urinary Duration of employment (no lag)
ohanninget  controls; all men bladder <3 mo 3 2.00
al. (2003) (0.27-10.92)
Denmark, 3 mo-<3yr 13 1.0 (referent)
(169:;?)92 2-<10yr 20 1.18 (0.47-2.96)
10- <20 yr 15 1.24
(0.46-3.33)
>20yr 33 1.13(0.47-2.68)
Duration of employment (10-yr lag)
<3 mo 1 1.21
(0.12-12.34)
3 mo-<3yr 11 1.0 (referent)
2-<10yr 17 1.23
(0.46-3.30)
10- <20 yr 15 1.61 (0.57-4.55)
>20yr 33 1.28 (0.52-3.13)
Guo Finnish working Longest job held in Lung Bus drivers 253 SIR Indirect adjustment for tobacco
et al. (2004a) population, census 1970 census 0.89(0.78-1.00) smoking
Finland, data in 1970;
records from 667 121 men
1971-95
Guo et al. Urinary Bus drivers 75 SIR Same cohort as Guo et al. (2004a);
(2004b) bladder 1.29 (1.02-1.62) indirect adjustment for tobacco
Finland, smoking
1971-95
Petersen et al. 2037 male Danish ~ Bus company records ~ Lung Bus drivers 100 SIR City-specific expected lung cancer
(2010) urban bus drivers  in 3 largest cities; 1.2 (1.0-1.4) rates; age, calendar time, city of
Denmark, employed in 1978  mailed questionnaire >15yr 1.3 (1.0-1.8) employment, bus route, tobacco
1979-2003 employment smoking; smoking history, details
Per yr 100 IRR of work history from questionnaire
employment 1.00 (0.98-1.03)
<15yr 49 1.0
15-24 yr 24 0.89 (0.59-1.48)
>25yr 25 0.95 (0.55-1.63)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Petersen et al. P for
(2010) trend = 0.79
Denmark, 10-yr lag
1979-2003 <15yr 1.00
(cont) 15-24 yr 0.9 (0.5-1.4)
>25yr 0.8 (0.5-1.4)
Urinary Bus drivers SIR
bladder 69 1.6 (1.2-2.0)
>15yr 69 1.8 (1.2-2.5)
employment
IRR
Per yr 1.02 (0.99-1.05)
employment
<15yr 34 1.00
15-24yr 17 1.11 (0.60-2.03)
>25yr 18 1.31 (0.70-2.48)
P for
trend = 0.40
10-yrlag
<15yr 1.00
15-24 yr 1.6 (0.9-2.8)
>25yr 1.4 (0.7-2.6)
Heavy goods vehicle (HGV) and other drivers
Boffetta 476 648 Self-reported job Lung AIlHGV drivers 48 1.24(0.93-1.66) Age and tobacco smoking,
et al. (1988 Reporting 1.22 (0.77-1.95)  including pipe/cigar only; mortality
American exposure to diesel in men aged 40-79 yr in 1982; any
Cagcer Not reporting 1.19 (0.74-1.89) work as HGV driver
Society exposure to diesel
glgoghzo_rgll 1-15 yr exposure 6 0.87
to diesel (0.33-2.25)
> 16 yr exposure 12 1.33(0.64-2.75)

to diesel
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates

Location, subjects (ICD code)  categories exposed  (95% CI) Comments

follow-up cases

period

Balarajan & 3392 professional  Job title in 1939 census Lung SMR Observed and expected based on

McDowall drivers and still alive in 1950; Taxi drivers 30 0.86 (P>0.05) England/Wales rates; men only; no
1988 professional drivers HEV difves 280 1.59 (P < 0.05) adjustment for tobacco smoking

LOI.IdOH, Ko (it erm IR Urinary Taxi drivers 5 1.21 (P > 0.05)

United Central Registry bladder E—

Kingdom, rivers 19 1.06 (P > 0.05)

1950-84

Gubéran etal. 6630 drivers Occupation on driver’s Lung Professional SMR Expected based on male mortality
(1992 holding a licence  licence drivers, 15 yr 77 1.50 (1.23-1.81) rates for Switzerland

Geneva, in 1949-61 latency deaths Expected based on mean incident

Switzerland, SIR rates for men in Geneva 1970-75,
1949—1?86 for 64 1.61 (1.29-1.98) 1976-81, 1982-86

mortality, incident

1970-1986 for

. cases

incidence

Mortality (time from first exposure in yr)

0-14 2 0.67
15-24 11 1.18
24-34 24 1.3
35-44 21 1.35
>45 21 2.59
P for
trend = 0.02

Non-professional drivers, 15-yr latency
1.21 (1.03-1.40)
1.15 (0.97-1.37)

Less exposure 126

group 97
incident
cases

More exposure 24 1.32 (0.91-1.85)
group deaths
24 1.61 (1.11-2.27)
incident

cases

Men born 1900 or later; limited
comparison of smoking rates with
other men
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Gubéran et al. Urinary Professional SIR
1992 bladder drivers, 15-yr 13 1.25 (0.74-1.99)
Geneva, latency incident
SWitZerland, cases
1949-1986 for
mortality,
1970-1986 for
incidence
(cont.)
Hansen (1993) 14225 HGV Job in 1970 census Lung HGYV drivers SMR No direct control for tobacco
Denmark, drivers and 76 1.60 smoking, but similar rates among
1970-80 43 024 unskilled (1.26-2.00) HGYV drivers and referents from
o Urinary ~ HGV drivers 11 VOB EA gtz ORI 9
reference organs
arvholm & Swedish Job recorded at Lung HGYV drivers SMR Tobacco smoking (never, current,
Silverman construction examination 57 1.37 (1.04-1.78) former, unknown), age at diagnosis
(2003 workers (389 000 deaths or death, calendar time; national
Sweden, to total), 1971-92: SIR industrial health service health
1995 6364 male HGV examination in 1971-92; smoking
drivers; 110 984 61 1.29 (0.99-1.65) history from first examination;
carpenters and general population SIR and SMR
electricians as not adjusted for smoking
referents General population Age- and calendar time-adjusted
referents
SMR
57 1.18 (0.89-1.53)
deaths
SIR
61 1.14 (0.87-1.46)
Guo et al. Finnish working ~ Longest job held in Lung HGV drivers SIR Indirect adjustment for tobacco
2004a population, census 1970 census 620 1.13 (1.04-1.22) smoking
Finland, data in 1970;
records in 667 121 men

1971-95
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Guo et al. Urinary HGV drivers SIR Same cohort as Guo ef al. (2004a);
2004b) bladder 144 1.01 (0.85-1.19) men only; indirect adjustment for
Finland, tobacco smoking
1971-95
Laden et al. 54319, including  Job title and industrial Lung SMR Survey of current workers in 2003
2007) 36 299 union hygiene survey All workers 769 1.04 (0.97-1.12) indicated similar birth cohort-
USA, 1985- drivers D NR 1.10 (1.02-1.19) specific tobacco smoking rates
2000 Loadingdock ~ NR 110 (094-130) compared with US men; results by
job title presented only in figures
workers
Urinary All workers 29 0.80 (0.56-1.15)
bladder
Garshick et al. 31 135 union Job title and industrial Lung Change in Age, calendar yr, time period of
2008 drivers hygiene survey (underlying HR (%) peryr  hire, attained age in 1985, time on
USA, 1985- or increase and off work, race, census region;
2000 secondary Long-haul drivers 323 2.5 (0.2-4.9) men only; indirect adjustment for
cause) Pick-up and 233 3.6 (1.2-6.1) tobacco smoking using smoking
delivery drivers rates from 2003 worker survey
Dock workers 205 3.4 (0.8-6.0)
Combination 150 4.0 (1.5-6.6)
workers (local
drivers/dock
workers)
HR for > 1yr
work
Mechanics 38 0.95 (0.66-1.38)
Hostlers 29 0.99 (0.68-1.45)
Clerks 15 0.55
(0.32-0.95)
HR for 20 yr
work
Long-haul drivers 323 1.65 (1.04-2.62)
1.40 Smoking-adjusted
(0.88-2.24)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Garshick et al. Pick-up and 23 2.04
(2008) delivery drivers (1.28-3.25)
USA, 1985~ 2.21(1.38-3.52) Smoking-adjusted
2000 Dock workers 205 1.94 (1.18-3.18)
(cont) 2.02(1.23-3.33) Smoking-adjusted
Combination 150 2.20(1.35-3.61) Smoking-adjusted
workers (local 2.34(1.42-3.83)
drivers/dock
workers)
Birdseyetal. 156 241 members  None Lung Trade association 557 SMR Expected deaths from US
(2010) of USHGV membership 1.00 (0.92-1.09) population; 94% men; only 32% had
USA, 1989- owners/ operators Bladder Trade association 0.93 (0.62-1.34) more than 9 yr of follow-up; overall
2004 trade association and other membership SMR, 0.76, suggesting healthy-
urinary worker effect; no adjustment for
tobacco smoking
Garshick et al. 31 135 union Job title and industrial Lung Cumulative exposure Age, calendar year, time period of
(2012) drivers hygiene survey, (ug/m3-mo) hire, attained age at study entry,
USA, 1985- workers employed > 1 No lag race, census region; men only;
2000 yrin 1985 <530 153 Reference mechanics excluded
530- < 1061 193 1.13 (0.90-1.42)
1061- < 2076 202 1.13 (0.87-1.46)
>2076 193 1.02 (0.76-1.36)
Adjusted for
duration
<530 Reference
530- < 1061 1.25(0.99-1.71)
1061- < 2076 1.30 (0.99-1.72)
> 2076 1.24 (0.89-1.71)
5-yrlag
<371 122 Reference
371- < 860 191 1.18 (0.92-1.52)
860- < 1803 202 1.17 (0.88-1.55)
> 1803 226 1.19 (0.86-1.63)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk
Location, subjects (ICD code) categories exposed  (95% CI)
follow-up cases
period
Adjusted for
duration
Garshick et al. <371 Reference
(2012) 371- < 860 1.31 (1.01-1.71)
USA, 1985~ 860-1803 1.38 (1.02-1.87)
2000 > 1803 1.48 (1.05-2.10)
(cont.)
10-yr lag
< 167 112 Reference
167- < 596 179 1.06
(0.80-1.40)
596- < 1436 202 1.05 (0.77-1.45)
> 1436 248 1.12 (0.78-1.61)
Adjusted for
duration
< 167 Reference
167- < 596 1.17 (0.88-1.57)
596- < 1436 1.26 (0.90-1.78)
> 1436 1.41 (0.78-1.61)
Average exposure, 5-yr lag
(ng/m3)
<3.6 146 Reference
3.6-<5.4 211 1.15 (0.93-1.43)
54-<79 221 1.11 (0.89-1.39)
>79 163 1.11 (0.87-1.43)
Adjusted for
duration
<3.6 Reference
3.6-<54 1.15 (0.93-1.43)
54-<79 1.12 (0.89-1.40)
>7.9 1.13 (0.88-1.44)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Miners
Boffetta 476 648 Self-reported job Lung Miners 15 2.67 Age and tobacco smoking,
et al. (1988 (1.63-4.37) including pipe/cigar only; mortality
American in men aged 40-79 yr in 1982; any
Cancer work as a miner
Society
Cohort,
1982-84
Guo et al. Finnish working ~ Longest job held in Lung SIR Indirect adjustment for tobacco
2004a) population in 1970 1970 census Metal ore miners 36 3.26 smoking
Finland, census; 667 121 (2.28-4.51)
records in men Non-metal ore 181 1.85 (1.59-2.14)
1971-95 miners
Other miners 70 1.73 (1.35-2.19)
Guo et al. Urinary SIR Same cohort as Guo ef al. (2004a);
2004b) bladder Non-metal ore 22 1.16 (0.73-1.76) men only; indirect adjustment for
Finland, miners tobacco smoking
1971-95
Neumeyer- 5862 former East ~ Industrial hygiene Lung SMR Follow-up of Siverin et al. (1999);
Gromen et al.  German potash job review and total (mortality)  All workers 61 0.73 (0.57-0.93) expected based on male population
2009 miners employed  carbon measurements Urinary Al vk 3 0.80 of former East Germany; median
Former East after 1969 Hedder (0.40-1.60) ?LH‘BIIOH of exposure, 11149 yI; mean
fige;(l)li;gz,l (mortality) ollow-up, 26 yr since hire
Lung >4.9 [mg/m?]-yr 61 1.28 (0.61-2.71)  Age, tobacco smoking (nonsmoker,
(mortality) smoker, missing); men; data on
smoking available from medical
examinations
Exposure quintiles Age, smoking, duration of follow-
[mg/m3]-yr up
<1.29 9 1.0
1.29- < 2.04 11 1.13 (0.46-2.75)
2.04-<2.73 17 2.47
(1.02-6.02)
2.73-<3.90 9 1.50

(0.56-4.04)
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Table 2.1 (continued)

€l

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Neumeyer- >3.90 15 2.28
Gromen et al. (0.87-5.97)
(2009) P for
Former East trend = 0.09
Germany, 3335 Subcohort with more accurate exposure data
(lfgr?t_)z 001 > 4.9 [mg/m?]-yr 37 1.50 Age, smoking (nonsmoker, smoker,
’ (0.66-3.43) missing)
Attfield etal. 12315 non-metal ~ Modelled estimate SMR SMRs calculated using state-
2012 miners in 8 mines  of respirable EC Lung Ever underground 122 1.21 (1.01-1.45)  specific rates
USA, 1947-67 underground; (mortality)  Surface only 31 1.33 (1.06-.66) Exposures to radon, asbestos and
depend1ng on no historical Urinary Ever underground 0.69 (0.23-1.62) silica low; no effect on results of
mine, through measurements for bladder s exposure to EC
1997 surface miners . urface-only 1.68 (0.72-3.30)
(mortality)
Cumulative EC, 15-yr ~ Lung Ever underground HR Unadjusted for tobacco smoking;
lag (mortality)  (ug/m3-yr) similarly elevated risks with average
<108 30 1.0 EC exposure in underground
108- < 445 31 1.50 workers
(0.86-2.62)
445- < 946 30 2.17 (1.21-3.88)
>946 31 2.21 (1.19-4.09)
Excluding 79 4.06

persons with <5

yr work, limiting

(2.11-7.83) per
1000 pg/m3-yr

exposure to (P<0.001)
<1280 ug/m3-yr
Surface only (ug/m3-yr) HR Unadjusted for tobacco smoking
0-<0.70 19 1.00
0.70- < 4.6 20 1.28
(0.64-2.58)
4.6-<14 19 0.73 (0.35-1.53)
>14 20 1.00

(0.44-2.28)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Attfield et al. Excluding 57 1.02 (1.00-1.03)
(2012) persons with <5 per pg/mi-yr
USA, yr work (P=0.026)
depending on Average EC intensity, 0-<0.57 19 1.00
mine, through 15-yr lag 0.57- < 0.91 18 1.71 (0.82-3.58)
1997 092-<14 21 2.22(1.01-4.90)
(cont.)
>14 20 2.56
(1.09-6.03)
Cumulative EC, 15-yr Entire cohort (ug/m3-yr) HR Unadjusted for tobacco smoking;
lag 0-<02.5 50 1.00 adjusted for work location: above or
2.5-<56 50 0.55 underground
(0.35-0.85)
56— < 583 50 1.03 (0.60-1.77)
> 583 50 1.39(0.78-2.48)
Average EC intensity, Entire cohort (ug/m3)
15-yr lag 0-<0.86 50 1.00
0.86-<5.2 50 1.13 (0.72-1.76)
5.2- <60 50 1.98 (1.12-3.52)
=60 50 1.57
(0.86-2.86)
Silverman Non-metal miners See Attfield et al. Lung Ever underground OR Tobacco smoking status; history
et al. (2012 in 8 mines, nested  (2012) (ug/m3-yr) of respiratory disease; previous
USA, case-control study, Cumulative EC, no lag <298 29 1.00 history of a high-risk job
depending on 1947-67; 198 cases 298 < 675 29 1.45 (0.68-3.11)
mine, through ~ and 362 controls 675- < 1465 29 1.81(0.84-3.89)
> 1465 29 1.93 P for trend = 0.123
(0.90-4.15)
<81 29 1.00
81-< 325 29 2.46 (1.01-6.01)
325-< 878 29 2.41(1.00-5.82)
> 878 29 5.10 P for trend = 0.004

(1.88-13.87)
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Silverman et Surface only (ug/m3-yr) OR
al. 2012) 0-<0.6 13 1.00
WEA, 0.60- < 0.9 13 3.98
depending on (0.69-23.02)
ooy thxough 0.9- < 1.4 13 0.76 (0.12-4.98)
(cont.) >1.4 14 0.42(0.05-3.59) P for trend = 0.117
All workers OR
<3 49 1.00
3-<72 50 0.74 (0.40-1.38)
72— <536 49 1.54 (0.74-3.20)
> 536 50 2.83 P for trend = 0.001
(1.28-6.26)
Cumulative EC, 15-yr lag, > 2 pack/ < 8 pg/m’-yr 19 26.79 Adjusted for location, history

day smoker

Cumulative EC, 15-yr lag, < 1 pack/
day smoker

<8-304 pg/m*-yr 15
> 304 pug/m3*-yr 10
< 8 pug/mi-yr 10
< 8-304 pg/m3-yr 10

> 304 pg/m3-yr 15

(6.15-116.63)
22.17
(4.84-101.65)
17.38
(3.48-86.73)
6.25
(1.42-27.60)
7.42
(1.62-34.00)
16.35
(3.45-77.63)

of respiratory disease; previous
history of a high-risk job
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Other exposed workers
Heavy equipment operators
Wong et al. 34 156 members Job category review Lung All members 309 SMR Expected deaths from USA age-,
(1985) of a construc-tion 0.99 (0.88-1.10)  sex-, cause-specific rates; men only;
USA, union for at least Membership no direct information on tobacco
1964-1978 lyr smoking; survey of only 107
<5yr 10 0.45 members with similar rates to USA
5-9yr 25 0.75
10-14 yr 53 1.08
15-19 yr 58 1.02
>20yr 163 1.07
Retired at/after 86 1.30 (1.04-1.61)
age 65 yr and
early retirees
Categorization of High 0.94 Not clear if longest job held was
job title provided Low 0.86 used to categorize exposure to
by union based on Unknown 0.67 diesel exhaust
proximity No history 1.19 (P < 0.05)
Urinary All members 27 1.18 (0.78-1.72)
bladder
Boffetta 476 648 Self-reported job Lung Heavy equipment 5 2.60 Age and tobacco smoking;
et al. (1988 operators (1.12-6.06) mortality in men aged 40-79
American yr in 1982; any work as a heavy
Cancer equipment operator
Society
Cohort,

1982-84
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
arvholm & Swedish Job recorded at Lung (162)  Heavy 49 SMR Lung cancer rates from Swedish
Silverman construction examination construction deaths 0.83 (0.61-1.09) cancer and death registries;
2003 workers (389 000 vehicle operators tobacco smoking (never, current,
Sweden, to total), 1971-92: 61 SIR former, unknown), age at
1995 14 364 operators 0.87 (0.66-1.11) diagnosis or death, calendar
of heavy Use of a cabin on SIR time; national industrial health
con.struction construction vehicle service examipatiop 1971-92;
vehicles; 110 984 Never 10 0.86 (0.4-1.6) tobacFo srpokmg history from first
carpenters and examination
electricians as Sometimes 37 0.71 (0.5-1.0)
referents
Always 7 0.50 (0.2-1.0)
P for trend
<0.001
Guo et al. Finnish working ~ Longest job held on Lung Forklift drivers 80 SIR Indirect adjustment for tobacco
2004a population in 1970 1970 census 0.91 (0.72-1.13) smoking
Finland, census; 667 121 Excavation 76 1.12 (0.88-1.40)
records in men machine
1971-95 operators
Road building 121 1.07 (0.89-1.28)
machine
operators
Construction 104 1.13 (0.92-1.37
machine
operators
Guo et al. Urinary Forklift drivers 19 SIR Same cohort as Guo et al. (2004a);
(2004b) bladder 1.07 (0.65-1.67) indirect adjustment for tobacco
Finland, Excavation 18 1.10 (0.65-1.74) smoking
1971-95 machine
operators
Road building 23 1.04
machine (0.66-1.57)
operators
Construction 19 0.93
machine (0.56-1.46)
operators
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Dock workers
Gustafsson 6071 Swedish dock None Lung Cohort 70 SMR Lung cancer deaths and cases
et al. (1986) workers membership deaths; 1.32 (1.05-1.66) linked to national cancer and
Sweden, 86 SIR mortality register; expected rates
1961-80 incident  1.68 from county/metro area of workers;
cases (1.36-2.07) diesel HGVs first in ports in the late
1950s, increased use in the 1960s;
no information on tobacco smoking
Emmelin etal. Nested case- Duration of use of Lung Yr of work since diesel introduced Lung cancer deaths and cases
1993 control study in diesel equipment and Low/nonsmoker 9 1.00 linked to national cancer and
Sweden, update of Swedish  indices related to fuel NMiadhimm 27 1.8 (0.5-6.6) mortality register; adjusted for
1950-74 dock worker consumption, 2-yr lag High 14 2.9 (0.6-14.4) tob'f1cco smoking and exposure
cohort: . variables; controls matched on port
50 cases/154 Fuel use index and date of birth; results presented
controls Low 10 1.00 with 90% CI
Medium 25 1.5 (0.5-4.8)
High 15 2.9 (0.7-11.5)
Exposure time
Low/non-smoker 12 1.00
Medium 19 2.7 (0.6-11.3)
High 19 6.8 (1.3-34.9)
Guo et al. Finnish working Longest job held on Lung Stevedores 236 SIR Indirect adjustment for tobacco
2004a population in 1970 1970 census 1.32 (1.16-1.50) smoking
Finland, census; 667 121
records in men
1971-95
Guo et al. Urinary Stevedores 31 SIR Same cohort as Guo et al. (2004a);
2004b) bladder 0.95 (0.65-1.35) men only; indirect adjustment for
Finland, tobacco smoking

1971-95
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Table 2.1 (continued)

Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code)  categories exposed  (95% CI) Comments
follow-up cases
period
Occupations entailing exposure to diesel exhaust
Boffetta 476 648 Self-reported exposure Lung Any exposure 174 1.18 (0.97-1.44)  Age strata, tobacco smoking, other
et al. (1988 to diesel exhaust at 1-15yr 1.05 (0.80-1.39) occupational exposures; mortality
American work in 1982 >16yr 1.21 (0.94-1.56) inmen aged 40-79 yr in 1982
Cancer
Society
Cohort,
1982-84
Van Den 160 230 Questionnaire; self- Lung Exposure in past 1662 1.13 (0.93-1.36)  Age, gender, education, race and
Eeden & reported exposure in yr tobacco smoking; health plan
Friedman past and previous to Exposure in past 1.02 (0.81-1.29) participants, aged 18-79 yr, free of
1993 pastyr yr and before cancer at time of examination
California, Urinary Exposure in past 650 1.17 (0.86-1.59)
USA, bladder yr
1964-88 Exposure in past 1.16 (0.81-1.67)
yr and before
Boffetta et al. ~ Men, 28 million Linkage to Swedish Lung Any diesel 6266 SIR Expected based on Swedish rates;
2001) PY; women, 15 Cancer Environment exposure 1.09 (1.06-1.12) age, calendar period, region and
Sweden, million PY Register for job and Unexposed 17 979 1.0 (reference) ~ urban/rural residence; rates for
1971-89 industry title from Low probability 2222 1.1 (1.04-1.13) men shown; few cases in women; no
1960 census; JEM information on tobacco smoking
Medium 1881 0.90
probability (0.86-0.94)
High probability 1 841 1.2 (1.10-1.21)
Urinary Unexposed 12 287 1.0 (reference)
bladder Low probability 1380 0.99 (0.94-1.05)
Medium 1220 0.84
probability (0.79-0.89)
High probability 1069 0.98 (0.92-1.04)
Zeegers et al. 58 279 from JEM from job history ~ Urinary No exposure 428 1.0 Age, other occupational exposures,
(2001) 204 municipal bladder Low 35 1.00 intensity and duration of cigarette
Netherlands,  population (0.65-1.54) smoking
1986-92 registries Medium 31 0.96 (0.60-1.53)
High 32 1.17 (0.74-1.84)

sysneyxa auibus auljoseb pue |3s31q



01

Table 2.1 (continued)
Reference Total No. of Exposure assessment  Organsite  Exposure No. of Relative risk Covariates
Location, subjects (ICD code) categories exposed  (95% CI) Comments
follow-up cases
period
Guo et al. Finnish working ~ JEM using longest Lung None 26723 1.0 (reference)  Asbestos, quartz dust, SES, age,
2004a population in 1970 held job in 1970 Lowest 2 436 0.98 (0.94-1.03) time period; indirect adjustment for
Finland, census; 667 121 census, 20-yr lag Middle 758 1.04 (0.97-1.12) tobacco smoking
records in men .
1971-05 Highest 120 0.95 (0.83-1.10)
Guo et al. JEM using longest Urinary None 6026 1.0 (reference)  Same cohort as Guo ef al. (2004a);
2004b) held job in 1970 bladder None 5872 1.0 (reference)  adjusted for tobacco smoking, SES,
Finland, census, 20-yr lag Lowest 493 1.00 (0.91-1.11) 8¢ and time period; men only
1971-95 Middle 200 0.95 (0.83-1.10)
Highest 78 0.97 (0.77-1.21)

CI, confidence interval; EC, elemental carbon; HR, hazard ratio; ICD, International Classification of Diseases; IRR, incidence rate ratio; JEM, job-exposure matrix; mo, months; NHS,
national health service; NR, not reported; OR, odds ratio; PY, person-years; SES, socioeconomic status; SIR, standardized incidence ratio; SMR, standardized mortality ratio; yr, year
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Diesel and gasoline engine exhausts

few for a meaningful analysis. [Although expo-
sure to coal dust has not been proven to be asso-
ciated with the risk for lung cancer, it is probable
that workers who incurred this exposure also
had concurrent exposure to coal combustion
before conversion to diesel-powered locomotives.
Therefore, although these results are consistent
with an increased risk of lung cancer attributable
to exposure to diesel exhaust, it is possible that
coal combustion products contributed to this
risk.]

Boffetta et al. (1988) examined the relation-
ship between lung cancer and occupational
exposure to diesel exhaust using data from a
prospective mortality study including more than
1.2 million American men and women that was
begun in 1982 by the American Cancer Society.
Volunteers from across the USA were enrolled
by completing a questionnaire that included
information on tobacco smoking, current and
last jobs, and the job held for the longest period,
other exposures and self-reported exposure to
diesel exhaust. An assessment of mortality up
to September 1984 was conducted in men aged
40-79 years at enrolment. Of these, 2973 men
reported working in the railroad industry during
any period of their life. Their relative risk for lung
cancer was 1.59 (95% confidence interval [CI],
0.94-2.69; based on 14 deaths), compared with
men who did not report working in the railroad
industry and who reported no exposure to diesel
exhaust, after adjusting for age and smoking.
Similar results were obtained for those who
reported railroad work as their principal occu-
pation. The risk for lung cancer among railroad
workers who reported exposure to diesel exhaust
was not stated (approximately 50% of persons
who had railroad work as their principal occu-
pation reported exposure to diesel exhaust). [The
Working Group found some indication of an
increased risk of lung cancer, although this was
weakened by the use of self-reporting to assess
exposure.]

Nokso-Koivisto & Pukkala (1994) studied
8391 members of the Finnish Locomotive Drivers’
Association and determined their cancer inci-
dence between 1953 and 1991 by linkage to the
Finnish Cancer Registry. The standardized inci-
dence ratio (SIR) was 0.86 (95% CI, 0.75-0.97; 236
cases) for lung cancer, 1.08 (95% CI, 0.80-1.43; 48
cases) for urinary bladder cancer, 1.25 (95% CI,
0.88-1.17) for kidney cancer and 1.12 (95% CI,
0.92-1.32) for prostate cancer. [These locomotive
drivers had also been exposed to asbestos while
in training, to coal combustion products (in the
1950s) and to diesel exhaust thereafter. However,
in the Finnish railroad industry, much overlap
occurred between the periods of steam, diesel
and electric locomotive use. Because of the lack
of specific information that linked job titles and
duties to periods of diesel exhaust use, and in the
absence of an internal comparison group, this
study was regarded as uninformative in relation
to associations between cancer and exposure to
diesel exhaust.]

Garshick et al. (2004) studied mortality
from lung cancer in 54 973 railroad workers
in the USA between 1959 and 1996 (38 years).
This study was an update of an earlier study of
the same cohort (Garshick ef al., 1988), and a
pilot study by Schenker et al. (1984). The cohort
comprised a sample of men aged 40-64 years
and with 10-20 years of railroad service in
1959. Work histories and death follow-up were
extended to 1996. The sample comprised approx-
imately 75% of subjects in diesel exhaust-exposed
jobs (engineers, conductors, brakemen, hostlers
and shop workers) and 25% in jobs with low
or no exposure (ticket agents, clerks and signal
maintainers), determined from job categories
in 1959. Exposure assignment was validated
by an industrial hygiene review of current and
historical jobs and work practices and measure-
ment of exposure in current workers (Woskie
et al., 1988a, b). By 1959, the railroad industry
in the USA had largely converted from coal-
fired to diesel-powered locomotives and, in this
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study, exposure to diesel exhaust was consid-
ered to have begun in 1959. Work histories were
obtained from the US Railroad Retirement
Board, and mortality was ascertained using
Railroad Retirement Board, Social Security and
Health Care Financing Administration records.
Cause of death was obtained from the National
Death Index and death certificates. A total of
43 593 deaths occurred, including 4351 from lung
cancer. Analyses consisted of internal compari-
sons (using workers with low or no exposure as
the referents). Efforts were made to adjust for a
healthy-worker survivor effect by including a
variable in the models for total years worked and
also terms for time off work.

Compared with workers with low and no
exposure, exposed workers had a relative risk
for mortality from lung cancer of 1.40 (95% CI,
1.30-1.51), using a 5-year lag, which did not
increase with increasing number of years worked
in these jobs. The increased risk was associated
with all groups stratified by age in 1959, with
the exception of the oldest group (aged 60-64
years). Indirect adjustment for tobacco smoking
using the methods of Schlesselman and Axelson
(Schlesselman, 1978; Axelson & Steenland, 1988),
based on job-specific smoking information from
a survey among 547 railroad workers in 1982 and
an accompanying case—control study (Garshick
et al., 1987; Larkin et al., 2000), suggested some
positive confounding which would account for
a decrease of about 10-20% in exposed versus
unexposed railroad workers. Adjustment using
these estimated effects of smoking resulted in
rate ratios of 1.17-1.27 for exposed versus unex-
posed railroad workers. [The Working Group
noted that mechanics did not have an elevated
risk of lung cancer, probably due to exposure
misclassification, because this job title included
workers with and without repair shop-related
exposures to diesel exhaust.]

An additional approach to adjust for cigarette
smoking (Garshick et al., 2006) used informa-
tion on age- and job-specific cigarette smoking
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histories available from a previous case-control
study of railroad workers based on US Railroad
Retirement Board records (Garshick ef al., 1987).
Data on cause of death, birth cohort, and age- and
job-specific smoking habits were used to simu-
late the smoking behaviour of 39 388 deceased
railroad workers. Unadjusted for smoking, the
risk of lung cancer among exposed workers with
a 5-year lag was 1.35 (95% CI, 1.24-1.46), and an
excess risk remained after adjustment (1.22; 95%
CI, 1.12-1.32).

To improve the estimation of historical expo-
sures during the transition from steam to diesel
locomotives (starting in 1945 and during the
decade of the 1950s), yearly locomotive rosters
from builders’ records and company-specific
information were obtained starting in 1945
(Laden et al., 2006). Although only information
on the last railroad worked was available in the
computerized database, a review of a sample
of work history records of railroad employers
that were available on paper indicated that the
majority of workers (95%) did not change rail-
roads during their careers. The rosters were used
to determine the make, model and horse power
(hp) of each locomotive in service for 93% of the
eligible cohort (52 812 subjects). From this infor-
mation, the number and type of locomotives that
were diesel-fuelled were calculated annually for
each railroad. An estimate of the relative amount
of PM produced by diesel locomotives (in grams
of particulate per hour) for a given railroad in a
given year was estimated using Environmental
Protection Agency emission factors and infor-
mation on engine horse power. The probability
of diesel exposure per year per railroad (diesel
fraction) was then calculated using the year-spe-
cific ratios of grams of particulate until this value
became constant or the railroad was known to
be 100% diesel-powered. Years of exposure to
diesel exhaust were calculated by weighting
yearly months worked with a specific railroad
and the yearly diesel fraction, which allowed the
estimation of years of exposure for each worker
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before 1959 in contrast to the previous analysis
(Garshick et al., 2004), in which exposure was
considered to start in 1959. Among workers hired
in 1945-49, who started work when diesel loco-
motives were introduced into the industry, the
relative risk of lung cancer with a 5-year lag for
any exposure was 1.77 (95% CI, 1.50-2.09) and,
for workers hired in 1939-44, was 1.30 (95% CI,
1.19-1.43; P for interaction = 0.003). There was
evidence of an exposure-response relationship
with years of exposure duration that plateaued
at 15 years and was not present for workers hired
before 1945. Compared with no exposure, the
relative risks for exposure for 0- < 10 years, 10-
< 15 years, 15— < 20 years, 20— < 25 years and
> 25 years were 1.15 (95% CI, 0.77-1.70), 1.49
(95% CI, 1.11-1.99), 1.89 (95% CI, 1.48-2.40), 1.83
(95% CI, 1.45-2.32) and 1.78 (95% CI, 1.39-2.28),
respectively, for workers hired in 1945-49. For
workers hired before 1945, these were 1.19 (95%
CI, 1.00-1.41), 1.28 (95% CI, 1.11-1.47), 1.37 (95%
CI, 1.21-1.55), 1.37 (95% CI, 1.21-1.54) and 1.16
(95% CI, 1.00-1.34), respectively. Another more
complex metric was calculated as a measure of
exposure intensity. Railroad-specific emission
estimates based on emission factors and engine
horse power were converted to intensity catego-
ries using the overall distribution to group values
below the median, at the median and above the
median level (score 1, 2 or 3). For each cohort
member, the year-specific intensity score was
multiplied by months of work in each year and by
diesel fraction to obtain an index of cumulative
exposure to diesel exhaust, or ‘intensity-years’.
Using this exposure metric, the risk of lung
cancer was significantly elevated in all exposure
quintiles compared with unexposed workers, but
with no evidence of a greater risk with greater
exposure.

In a case-control study of railroad workers
in the USA that used the same source of work
records and directly adjusted for smoking
behaviour (Garshick ef al., 1988), the magnitude
of the lung cancer risk estimate was similar to

that reported in the cohort studies described by
Garshick ef al. (2004) and Laden et al. (2006).

[This series of studies of railroad workers
includes some of the stronger epidemiological
studies, due to the well defined linkage between
job titles and exposure to train and diesel
exhaust, the availability of yearly job titles for a
large number of workers, sufficient latency for
the development of lung cancer, and consid-
eration of smoking behaviour. In the report of
Laden et al. (2006), there was indication of an
exposure-response relationship with duration
based on estimates of years of work with diesel
locomotives after 1945 but not with a cumulative
exposure metric. The Working Group noted that
the calculation of the metric for intensity score
of exposure involved much uncertainty, which
limited its interpretation with regard to trends
in risk based on exposure intensity.]

Guo et al. (2004a) linked the occupation held
for the longest period in the 1970 census to data
in the Finnish Cancer Registry from 1971 up to
1995. A JEM was used to estimate exposures to
gasolineand diesel exhaustand non-occupational
risk factors, including tobacco smoking, based
on job descriptions (see Section 2.2.5). Expected
cancer cases were calculated using national rates
and adjusted for smoking, where relevant. The
standardized incidence ratio for lung cancer in
locomotive engineers was not elevated (SIR, 0.63;
95% CI, 0.51-0.78; 85 cases). Guo et al. (2004b)
used the same data (Guo et al., 2004a) to study
incident cancers other than of the lung in loco-
motive engineers. The standardized incidence
ratio for urinary bladder cancer in locomotive
engineers was 0.85 (95% CI, 0.53-1.28; 22 cases),
and ratios for oesophageal cancer (SIR, 0.93; 95%
CI, 0.30-2.17; five cases), kidney cancer (SIR, 1.11;
95% CI, 0.71-1.66; 24 cases) and leukaemia (SIR,
0.84; 95% CI, 0.38-1.59; nine cases) were not
elevated. [The Working Group noted that these
studies were limited due to the lack of detailed
information on work history]
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2.2.2 Bus garage workers

Gustavsson et al. (1990) studied mortality
from, and incident cases of, lung cancer in a
cohortof 695 Stockholm (Sweden) bus mechanics,
servicemen and hostlers who had worked for at
least 6 months from 1945 to 1970. Mortality was
assessed from 1952 to 1986 and incidence from
1958 to 1984. Diesel-powered buses were first
introduced in the 1930s in Stockholm and all
buses were diesel-fuelled after 1945. A JEM was
designed by industrial hygienists to categorize
the intensity of exposure to diesel exhaust and
asbestos by work period and specific workplace.
Specific exposure measurements were limited,
and relative exposures were therefore estimated
on the basis of work practice, number and
characteristics of buses, and garage ventilation.
Intensity was estimated over six levels, starting
at zero, and cumulative exposure was calculated
(intensity x years) for each period and summed.
A nested case-control study was performed to
match each incident lung cancer case (n = 20) to
six controls by age. Relative to the lowest cate-
gory of cumulative exposure to diesel exhaust,
an increased risk was observed with increasing
categories of the exposure index: 10-20-relative
risk, 1.27 (95% CI, 0.21-7.72; two cases); 20-30-
relative risk, 1.56 (95% CI, 0.34-7.16; three cases);
and > 30-relative risk, 2.63 (95% CI, 0.74-9.42;
10 cases). The relative risk per unit of a contin-
uous diesel exhaust ‘score’ was 1.37 (95% CI,
0.91-2.07). No evidence of an exposure-response
relationship with asbestos score was observed.
Compared with mortality rates of other occupa-
tionally active men, the standardized mortality
ratio was 1.22 (95% CI, 0.71-1.96; 17 deaths) for
lung cancer and 1.23 (95% CI, 0.45-2.68; six
deaths) for haematopoietic cancer. Compared
with the Stockholm general population, the
standardized mortality ratio was 1.93 (95% CI,
0.53-4.94; four deaths) for oesophageal cancer,
0.97 (95% CI, 0.32-2.27; five deaths) for stomach
cancer and 0.52 (95% CI, 0.01-2.88; one death)
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for urinary bladder cancer. [The Working Group
noted that no information on tobacco smoking
was available. However, confounding by smoking
based on diesel exposure category was improb-
able. The major limitation of this study was the
small number of cases, which limited statistical
inferences.]

2.2.3 Professional drivers

(a) Busdrivers

Balarajan & McDowall (1988) used the
National Health Service Central Register to iden-
tify 3392 men, who were employed as professional
drivers, and were required to hold a professional
licence, in London (United Kingdom) according
to the 1939 census, and were alive in January
1950. Mortality compared with the general
population was subsequently assessed from 1
January 1950 until the end of 1984. Among bus
drivers, the risk for lung cancer (SMR, 1.42 [95%
CI, 0.84-2.24]; 18 deaths) was not significantly
elevated. [The Working Group calculated the
exact 95% confidence intervals that were not
provided by the authors.] No significant increase
in risk of mortality was observed for cancer of
the stomach (SMR, 1.68; 95% CI, 0.72-3.31; eight
deaths) or for urinary bladder cancer (SMR, 0.58;
95% CI, 0.015-3.23; one death). No deaths
from leukaemia or other lymphatic neoplasms
occurred. A significantly elevated standardized
mortality ratio was found for bronchitis, emphy-
sema and asthma (SMR, 1.66; 95% CI, 1.06-2.47;
24 deaths). [The Working Group noted that no
information was available regarding tobacco
smoking, and the relationship between occupa-
tional title and the specific periods of work with
exposure to diesel exhaust was not described.
These drivers were unlikely to have been exposed
to appreciable levels of diesel exhaust before the
1950s, when diesel engines were introduced.]

Soll-Johanning et al. (1998) conducted a retro-
spective cohort study of 18 174 bus drivers and
tramway employees in Copenhagen (Denmark)
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who were employed 1900-94. In Copenhagen,
the first diesel-powered buses were introduced
in 1936, but, during the Second World War,
all buses were fuelled with gasoline. Diesel-
powered buses gradually replaced gasoline-pow-
ered models after that time, and, in the 1960s,
they also replaced the trams. Cancer rates were
compared with those of the general population
of Denmark by linkage to the Danish Cancer
Registry and National Death Index to identify
cancers that occurred after 1943. Among male
workers employed for 3 months or longer, the
standardized incidence ratio was 1.6 (95% CI,
1.5-1.8; 473 cases) for lung cancer, 1.0 (95% ClI,
0.8-1.3; 82 cases) for stomach cancer, 1.2 (95%
CI, 1.0-1.5; 105 cases) for rectal cancer, 1.4 (95%
CIL, 1.0-1.9; 39 cases) for laryngeal cancer, 1.6
(95% CI, 1.3-1.6; 83 cases) for kidney cancer, 1.4
(95% CI, 1.2-1.6; 177 cases) for urinary bladder
cancer, 1.9 (95% CI, 1.2-2.8; 22 cases) for phar-
yngeal cancer and 1.1 (95% CI, 0.8-1.5; 46 cases)
for leukaemia. In women, the standardized
incidence ratio for lung cancer was 2.6 (95% CI,
1.5-4.3; 15 cases). In both men and women, a
greater risk of lung cancer was observed with
longer time since first employment. No trend
in lung cancer risk was found based on periods
of predominantly gasoline or diesel vehicle use,
and the risks were similarly elevated for workers
who started before, at the onset, or during the use
of diesel buses. [The Working Group noted that
no information on specific exposures or tobacco
smoking was available and the periods of diesel
and gasoline emissions overlapped. Compared
with other men in Copenhagen, the smoking
rates among the bus drivers were slightly higher
during some time periods, suggesting the possi-
bility of some confounding by smoking.]

A nested case-control study (Soll-Johanning
et al., 2003) was conducted with 153 cases of
lung cancer and 84 cases of urinary bladder
cancer included in the cohort of Copenhagen
bus drivers and tramway employees. The cases
and controls or next of kin were interviewed

regarding tobacco smoking history. Deaths from
cancer or non-neoplastic respiratory disease
were excluded from the control group and cases
and controls were matched on date of birth. Both
10-year lag and no lag models, based on dura-
tion of employment, were assessed, adjusting for
smoking history in seven categories based on
pack-years. No consistent increase in lung cancer
risk was observed based on categories of dura-
tion of employment in either lag model. The risk,
although not statistically significant, increased
with greater number of years of employment,
but then decreased after > 20 years. With a
10-year exposure lag, there was a suggestion of
an increased risk for urinary bladder cancer in
persons with 10— < 20 years of work (relative risk,
1.61; 95% CI, 0.57-4.55).

In the cohort study described in Section 2.2.1,
Guo et al. (2004a) reported on lung cancer risk
in male bus drivers who had exposure to both
gasoline and diesel exhausts; the standardized
incidence ratio was not significantly elevated
(SIR, 0.89; 95% CI, 0.78-1.00; 253 cases). [The
Working Group noted that this study was limited
due to the lack of detailed work histories relating
to exposures to exhaust and information on
tobacco smoking.]

In a separate report, Guo et al. (2004b)
presented data for other cancers in bus drivers.
The risk was elevated for urinary bladder cancer
(SIR, 1.29; 95% CI, 1.02-1.62; 75 cases), oesoph-
ageal cancer (SIR, 1.10; 95% CI, 0.60-1.85;
14 cases), kidney cancer (SIR, 1.29; 95% CI,
1.00-1.64; 67 cases) and leukaemia (SIR, 1.04;
95% CI, 0.68-1.51; 27 cases). [ The Working Group
noted that this study was limited due to the lack
of detailed work histories relating to exposures to
exhaust and information on tobacco smoking.]

Petersen ef al. (2010) studied the cancer inci-
dence in a cohort, established in 1978, of 2037
male Danish urban bus drivers over a 25-year
period of follow-up (1979-2003). In 1978, public
bus drivers in the three largest cities of Denmark
received a mailed questionnaire on occupational
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history, information regarding bus routes and
tobacco smoking habits. Information on inci-
dent cases of cancer up to 2003 was obtained by
linkage to the Danish Cancer Registry. In anal-
yses comparing external rates for men in the
three cities, the standardized incidence ratios
were 1.2 (95% CI, 1.0-1.4; 100 cases) for lung
cancer and 1.6 (95% CI, 1.2-2.0; 69 cases) for
urinary bladder cancer; no cancer at other sites
had an elevated risk. The risk for urinary bladder
cancer was increased for drivers employed for 15
years or longer (SIR, 1.81; 95% CI, 1.2-2.5) and
for drivers with less than 15 years of employment
(SIR, 1.5;95% CI, 1.0-2.1). The standardized inci-
dence ratio for lung cancer was also marginally
increased for bus drivers with 15 years or more
of employment (SIR, 1.3; 95% CI, 1.0-1.8). A Cox
regression model was used to assess the relation-
ship between risk and duration of employment.
After adjustment for smoking, city of employ-
ment and usual type of bus route operated (urban
versus rural), in addition to age and calendar
time, each additional year of employment as a
bus driver was associated with slightly, non-sig-
nificantly increased risks for bladder cancer (RR,
1.02;95% CI, 0.99-1.05). No overall increased risk
was observed for lung cancer (RR, 1.00; 95% CI,
0.98-1.03). In a comparison of drivers employed
for 15-24 and 25 years or longer with those with
those employed for less than 15 years, the relative
risks were 1.1 and 1.3, respectively, for bladder
cancer and 0.9 and 1.0, respectively, for lung
cancer. No change in the estimates was found in
a 10-year lag model. [The Working Group noted
that these data indicated that, when adjusted
for smoking and other risk factors and using an
internal comparison group, there was little to no
increased risk for urinary bladder or lung cancer
inbusdrivers with increasing duration of employ-
ment. This finding contrasted with the elevated
risks for bus drivers suggested by the standard-
ized incidence ratio results reported. Adjustment
for the type of bus route (urban versus rural) may
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have limited the ability to demonstrate an effect
of occupational exposure to diesel exhaust.]

(b)  Heavy goods vehicle and other drivers

In the USA, Menck & Henderson (1976)
reviewed 2161 death certificates that reported
lung cancer (trachea, bronchus and lung) in
white men, aged 20-64 years, in 1968-70 and
all 1777 incident cases of lung cancer in white
men of the same age reported to the Los Angeles
County Cancer Surveillance Program in 1972-
73. These mortality and morbidity data were
pooled because of the high accuracy of lung
cancer death ascertainment and high mortality.
Information on either occupation or industry was
not available for 1911 subjects. The population at
risk by age group, occupation and industry was
estimated from a ‘1-in-50" sample of Los Angeles
County white men, aged 20-64 years, obtained
from the 1970 census for Los Angeles. Expected
deaths and expected incident cases were calcu-
lated for each specific occupation, assuming that
the age-specific rates of cancer in each occupa-
tion were the same as those for all occupations.
The standardized mortality ratio was 3.44 ([95%
CI, 2.18-5.16]; 16 deaths, seven incident cases)
among taxi drivers and 1.65 ([95% CI, 1.35-1.99];
58 deaths, 51 incident cases) among heavy goods
vehicle (HGV) drivers. [The Working Group
calculated the exact 95% confidence intervals,
which were not provided by the authors. This
study was limited by the absence of data and
the use of the occupation recorded on the death
certificate as a proxy for exposure.]

In the study by Boffetta et al. (1988) described
in Section 2.2.1, 9738 men stated their main occu-
pation as an HGV driver, of whom 47% reported
exposure to diesel exhaust, 33% reported no such
exposure and 20% did not respond. Among the
16 208 HGV drivers, based on any past employ-
ment in this occupation, the relative risk for lung
cancer was 1.24 (95% CI, 0.93-1.66; 48 deaths)
compared with other men who were not HGV
drivers and who reported no employment in a
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job that entailed exposure to diesel exhaust, after
controlling for age and tobacco smoking. No
difference in relative risks for lung cancer was
observed between HGV drivers who reported
exposure to diesel (RR, 1.22; 95% CI, 0.77-1.95;
18 deaths) and those who reported no exposure
to diesel (RR, 1.19; 95% CI, 0.74-1.89; 18 deaths).
However, in a direct comparison between drivers
exposed and those not exposed to diesel exhaust,
a suggestion of a positive trend with duration was
found for the diesel-exposed HGV drivers (dura-
tion 1-15 years-RR, 0.87; 95% CI, 0.33-2.25;
six exposed deaths; duration > 16 years-RR,
1.33; 95% CI, 0.64-2.75; 12 exposed deaths).
[The Working Group noted that this study was
limited by the small number of HGV drivers who
reported exposure, and categorization of expo-
sure by self-reporting.]

In the study by Balarajan & McDowall (1988)
described in Section 2.2.2, a significant excess of
lung cancer was observed among HGV drivers
(SMR, 1.59 [95% CI, 1.41-1.79]; 280 deaths), but
not among taxi drivers (SMR, 0.86 [95% CI,
0.58-1.23]; 30 deaths). [The Working Group
calculated the exact 95% confidence intervals
which were not provided by the authors.] Among
HGYV drivers, the standardized mortality ratio
for cancer of the stomach was 1.41 ([95% CI,
1.11-1.77]; 73 deaths), but was not significantly
elevated for urinary bladder cancer (SMR, 1.06;
19 deaths), leukaemia (SMR, 1.02; nine deaths)
or other lymphatic neoplasms (SMR, 0.92; 12
deaths). Among taxi drivers, no significant
increase in risk of mortality was found for
cancer of the stomach (SMR, 0.68; eight deaths),
urinary bladder cancer (SMR, 1.21; five deaths),
leukaemia (SMR, 1.64; three deaths) or other
lymphatic neoplasms (SMR, 1.61; four deaths).
[The Working Group noted that the interpreta-
tion of this study was limited by the lack of infor-
mation on tobacco smoking.]

Rafnsson & Gunnarsdottir (1991) identi-
fied 868 HGV drivers and 726 taxi drivers in
Reykjavik (Iceland) in 1951 from union records

and assessed mortality up to 1988. The standard-
ized mortality ratio was 2.14 (95% CI, 1.37-3.18;
24 deaths) for HGV drivers and 1.39 (95% CI,
0.72-2.43; 12 deaths) for taxi drivers. The risk
for HGV drivers was also evaluated on the basis
of duration of employment and no variation was
found.

Gubéran et al. (1992) conducted a cohort
mortality and cancer morbidity study of 6630
drivers from the Canton of Geneva (Switzerland)
who werelicensed from 1949 to 1961. The exposed
group was compared with the general popula-
tion of Geneva. The drivers were distributed into
three groups: (1) professional drivers (n = 1726),
(2) non-professional drivers ‘more exposed’ to
exhaust gas and fumes (this group included occu-
pations such as vehicle mechanic, policeman and
road sweeper; n = 712), and (3) non-professional
drivers ‘less exposed’ (comprising all other occu-
pations; n = 4192). The cohort was followed up
from 1949 to 1986 for mortality and from 1970 to
1986 for cancer morbidity. With a 15-year latency;,
significant excesses for lung cancer mortality
(SMR, 1.50; 90% CI, 1.23-1.81; 77 deaths) and
morbidity (SIR, 1.61; 90% CI, 1.29-1.98; 64 cases)
were observed among professional drivers, and
the risk of lung cancer increased significantly
with time from first exposure. Among non-pro-
fessional drivers, no significant excess risk was
found except for lung cancer mortality among
the ‘less exposed’ group (SMR, 1.21; 90% CI,
1.03-1.40), and for the incidence of lung cancer
among the ‘more exposed’ group (SIR 1.61; 90%
CIL, 1.11-2.27). For 15 years of latency, the authors
reported a standardized mortality ratio of 1.43
(95% CI, 0.80-2.36; 11 deaths) and a standard-
ized incidence ratio of 1.25 (95% CI, 0.74-1.99;
13 cases) for urinary bladder cancer. An excess
of mortality and morbidity from rectal cancer
(SMR, 2.58; 95% CI, 1.62-3.92, 16 deaths; SIR,
2.00; 95% CI, 1.27-3.00; 17 cases) and stomach
cancer (SMR, 1.79; 95% CI, 1.17-2.63; 19 deaths;
SIR 2.33; 95% CI, 1.56-3.36; 21 cases) was also
observed. No significantly increased risk was
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found for leukaemia or lymphatic cancers, pros-
tate cancer or cancer at other sites. [The Working
Group noted that this study was limited by a lack
of specific information on tobacco smoking, and
uncertainty on the extent to which these broad
occupational titles indicated exposure to diesel
exhaust.]

Hansen (1993) identified a cohort of 14 225
HGV drivers and 43 024 other workers based
on occupations reported in the 1970 Danish
census. The group of non-HGV drivers included
unskilled labourers from other industries with
no exposure to combustion products. Up to 1980,
627 drivers and 3811 non-drivers died. The risk
for mortality from lung cancer was significantly
elevated (SMR, 1.60; 95% CI, 1.26-2.00; 76 cases),
whereas mortality from urinary bladder cancer
(SMR, 0.87; 95% CI, 0.32-1.89) and cancer of
the blood and lymph-forming tissues (ICD-8
200-209; SMR, 1.26; 95% CI, 0.78-1.92; 21
deaths) was not increased. [The Working Group
noted that the interpretation of these results was
limited by the lack of information on specific
exposures and tobacco smoking. However, the
use of a blue-collar, non-HGV driver comparison
group was liable to reduce possible confounding
by smoking.]

Jarvholm & Silverman (2003) analysed a
computerized register of Swedish construction
workers (389 000 workers) who participated
in health examinations to assemble a cohort
of male HGV drivers (n = 6364) and drivers of
heavy construction vehicles (see Section 2.2.5).
Carpenters/electricians constituted the reference
group (n = 119 984). Workers were identified
from health examinations in 1971-92 and were
linked to the Swedish National Cancer Registry
and National Death Registry, from which cases
of lung cancer were ascertained up to 1995.
For the analysis, data were stratified into never,
former and current smokers, on the basis of
tobacco smoking habits recorded at the baseline
or when available. HGV drivers had an increased
risk of lung cancer after adjusting for smoking
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(SIR, 1.29;95% CI, 0.99-1.65; 61 cases); it was not
possible to conduct an analysis based on dura-
tion and latency. In the same cohort, a significant
excess of prostate cancer was also found among
HGYV drivers (SIR, 1.24; [95% CI, 1.04-1.48]; 124
cases). No significant excess of cases of cancer
at other sites was observed, including laryngeal
cancer (SIR, 1.25; seven cases), urinary tract
cancer [probably bladder] (SIR, 0.72; 26 cases),
nasopharyngeal cancer (SIR, 0.82; 12 cases),
stomach cancer (SIR, 1.23; 27 cases), rectal cancer
(SIR, 1.46; 35 cases), kidney cancer (SIR, 1.12; 23
cases), and lymphoma and leukaemia (SIR, 1.21;
53 cases). [The Working Group noted that the
interpretation was limited by the lack of specific
information on exposure to diesel exhaust. The
strengths of the study were the adjustment for
smoking and the use of another blue-collar
comparison group, which was liable to reduce
possible confounding.]

In the study by Guo ef al. (2004a) described in
Section 2.2.1,among male HGV drivers who were
exposed to both gasoline and diesel exhaust, the
risk oflung cancer was elevated (SIR, 1.13; 95% ClI,
1.04-1.22; 620 cases); the standardized incidence
ratio for taxi drivers was 1.10 (95% CI, 0.96-1.26;
209 cases). In a separate report, Guo ef al. (2004b)
presented data for other cancers among male
HGV drivers. The risk of leukaemia (SIR, 1.29;
95% CI, 1.02-1.60; 82 cases) was significantly
elevated, but not that of kidney cancer (SIR, 1.00;
95% CI, 0.84-1.19; 131 cases), oesophageal cancer
(SIR, 1.105 95% CI, 0.76-1.54; 34 cases) or urinary
bladder cancer (SIR, 1.01; 95% CI, 0.85-1.19; 144
cases). In male taxi drivers, the risk of kidney
cancer was significantly elevated (SIR, 1.39; 95%
CL, 1.06-1.79; 61 cases), but not that of oesoph-
ageal cancer (SIR, 1.28; 95% CI, 0.70-2.15; 14
cases), urinary bladder cancer (SIR, 1.06; 95% CI,
0.80-1.38; 55 cases) or leukaemia (SIR, 1.09; 95%
CL 0.70-1.62; 24 cases). [The Working Group
noted that these studies were limited by the lack
of detailed work histories.]
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A cohort was assembled from the records
of four transport companies in the USA, from
which 54 319 male workers employed in 1985
were identified (Laden et al., 2007). Cause-
specific mortality was assessed up to 2000 using
the National Death Index; 769 deaths from lung
cancer were ascertained. Standardized mortality
ratios and 95% confidence intervals were calcu-
lated for the entire cohort and by job title,
using US mortality rates as the referent. Rates
of lung cancer were elevated among all drivers
(SMR, 1.10; 95% ClI, 1.02-1.19) and loading dock
workers (SMR, 1.10; 95% CI, 0.94-1.30). The
standardized mortality ratio for urinary bladder
cancer was 0.80 (95% CI, 0.56-1.15; 29 deaths)
for the entire cohort, with similar estimates for
drivers and non-drivers.

Garshick ef al. (2008) conducted an internal
analysis in the same cohort, based on employ-
ment records for 31 135 male workers, aged 40
years and over, with at least 1 year of employment
as of 1985. Exposure to engine exhaust was esti-
mated for eight job categories (long haul driver,
pick-up and delivery driver, loading dock worker,
combined driver and dock worker, mechanic,
hostler in the vehicle yard, clerk and other)
through an industrial hygiene review of previous
exposures and current measurements of work-
shift exposures to EC. Time-varying cumula-
tive years of work in each of the categories were
calculated. Group level adjustment for cigarette
smoking was carried out using the methods of
Schlesselman and Axelson (Schlesselman, 1978;
Axelson & Steenland, 1988). Job-specific infor-
mation on the distribution of smoking habits was
obtained from a survey of 11 986 workers that
included all clerks and a random sample of active
and retired workers from three of transport
companies who contributed to the cohort. In the
assessment of mortality from lung cancer, all eight
job-specific exposure variables were included in
Cox regression models to adjust the risk for lung
cancer for different jobs held throughout a work-
er’s career. The healthy-worker survivor effect

was controlled for using variables for duration
of employment and time since leaving work.
Hazard ratios (HRs) for lung cancer were elevated
in workers who held jobs associated with regular
exposure to vehicle exhaust, including long-haul
drivers (HR, 1.15, 95% CI, 0.92-1.43; 323 deaths),
pick-up and delivery drivers (HR, 1.19; 95% ClI,
0.99-1.42; 233 deaths), dock workers (HR, 1.30;
95% CI, 1.07-1.58; 205 deaths) and combina-
tion dock workers/drivers (HR, 1.40; 95% CI,
1.12-1.73; 150 deaths). No excess risk was seen
in the other job groups. The risk of mortality
increased linearly with years of employment in
long-haul drivers, pick-up and delivery, dock
workers and combination dock workers/drivers.
Estimates of risk for 20 years of employment in a
job versus no employment in the job, adjusted for
smoking, were 1.40 (95% CI, 0.88-2.24) for long-
haul drivers, 2.21 (95% CI, 1.38-3.52) for pick-up
and delivery drivers, 2.20 (95% CI, 1.23-3.33),
for dock workers and 2.34 (95% CI, 1.42-3.83)
for combination drivers/dock workers. Risks not
adjusted for smoking were slightly greater than
the adjusted estimates for long-haul drivers and
slightly lower for pick-up and delivery drivers
and for dock workers. [The Working Group
noted that this study had particular strengths
because detailed historical work records were
available, exposures in each job were supported
by an industrial hygiene review and exposure
measurements, and variation in smoking behav-
iour by job was considered. Compared with the
standardized mortality ratio analysis of the same
cohort by Laden et al. (2007), greater risks were
observed in this study that used an exposure
assessment and an internal comparison of risks
based on job titles. Although the risks for lung
cancer in mechanics, who had greater current
and historical exposures, was not elevated, it was
noted that the number of mechanics was rela-
tively small (6% of the cohort) and contributed
relatively few cases of lung cancer (n = 38). The
Working Group also noted that there was no
consensus on the optimal method to adjust for
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the healthy-worker survivor bias, and that the
applied adjustment probably did not negate the
positive findings.]

Birdsey et al. (2010) conducted a cohort
mortality study of independent HGV owners/
operators using files from a trade association.
The 156 241 subjects were members of the
trade association between 1989 and 2004, and
mortality was assessed using the National Death
Index up to 2004. Indirect adjustment was made
for tobacco smoking. Most of the cohort (86%)
was aged 25-54 years at entry into the study. No
excess mortality from lung cancer (SMR, 1.00;
95% CI, 0.92-1.09; 557 deaths), urinary bladder
cancer (SMR, 0.93; 95% CI, 0.62-1.34; 29 deaths)
or any other type of cancer was observed. [The
Working Group noted that the interpretation of
this study was limited by the lack of individual
information on smoking and information on
how association membership served as a surro-
gate for exposures to exhaust.]

Garshick ef al. (2012) investigated the risk for
lung cancer in the cohort of Laden ef al. (2007)
in relation to a reconstruction of occupational
exposure to EC. An exposure assessment was
conducted in 2001-06 by collecting more than
4000 cross-shift samples of EC measured in
PM < 1.0 pum diameter at representative trans-
port terminals. Separate exposure models were
constructed for drivers and terminal workers.
Historical trends in the ambient levels of EC in
terminals were modelled on the basis of historical
trends available for 1971-2000 in the coefficient
of haze, a measurement of PM based on optical
density that is highly predictive of ambient EC. A
1988-89 assessment of EC in the same industry
that used the same methodology as the current
assessment was used to calibrate model esti-
mates. Historical data on jobs and terminal-spe-
cific monthly EC concentrations determined
by the exposure model were summed by year
for 1971-2000 to estimate cumulative exposure
(ug/m3-months) for individuals. Job-specific EC
values before 1971 (8% of total exposure time)
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were assigned values for 1971 exposures because
data on coeflicient of haze were not available
to estimate background. Combination workers
were assumed to spend 50% of their time as a
pick-up and delivery driver and 50% as a dock
worker. When adjusted for race, calendar year
and census region, with a 5-year lag, mortality
from lung cancer was elevated for the upper
three cumulative EC quartiles compared with
the lowest quartile, but the differences were
not statistically significant (HR, 1.17-1.19 for
5-year lagged exposures excluding mechanics).
However, the risk for lung cancer was inversely
associated with the total duration of employment.
The association of lung cancer with cumulative
exposure to EC was stronger after adjustment for
duration of employment, and when mechanics
were excluded. The job duties of mechanics
changed over time and their exposures were
intermittent. The risks for 5- and 10-year lagged
exposures increased with each cumulative expo-
sure quartile when mechanics were excluded,
resulting in estimated hazard ratios of 1.48 (95%
CI, 1.05-2.10) and 1.41 (95% CI, 0.95-2.11) for the
highest versus lowest quartiles of 5- and 10-year
lagged exposures, respectively, when adjusted
for duration of employment. Associations were
weaker for average exposure to EC. In addition,
adjusting for duration of employment, a linear
exposure-response relationship was suggested
when cumulative EC was used as a continuous
covariate and splines were incorporated into the
models. For each 1000 pg/m?-months of cumu-
lative EC, based on a 5-year exposure lag, the
hazard ratio was 1.07 (95% CI, 0.99-1.15) with
a similar association for a 10-year exposure lag
(HR, 1.09; 95% CI, 0.99-1.20). [The Working
Group noted that this analysis provided similar
results to those of Garshick et al. (2008), who did
not use quantitative exposure measurements.
An additional strength was a comprehensive
exposure assessment and the development of
exposure models that were linked to accurate
historical job title records and incorporated
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historical trends in background exposures.
Although uncertainty is inherent when esti-
mating historical exposures, systemic bias was
improbable. It was not possible to adjust directly
for tobacco smoking, but previous adjustment in
the same cohort revealed little difference in the
risk for lung cancer with or without adjustment.
A possible interaction between average exposure
and duration of employment on mortality from
lung cancer may explain some of the apparent
paradoxes of the results, such as the observation
that cumulative exposure, adjusted for duration
of employment, had a greater effect while average
exposure, adjusted for duration of employment,
did not. The study provided evidence for an asso-
ciation between sources of EC (predominantly
diesel) and the risk for lung cancer.]

2.2.4 Miners

In the cohort described in Section 2.2.1,
Boffetta ef al. (1988) studied 2034 men who
reported working as a miner on the basis of
any past employment in this occupation. The
age- and tobacco smoking-adjusted relative risk
for lung cancer was 2.67 (95% CI, 1.63-4.37; 15
deaths) compared with other men who did not
report working as a miner and who reported no
exposure to diesel exhaust. [The Working Group
noted that this study was limited by the small
number of miners and the lack of information
regarding specificexposures to exhaust. Only 14%
of miners reported exposure to diesel exhaust;
these miners may also have been exposed to
other lung carcinogens, such as silica or radon.]

In the cohort described in Section 2.2.1, Guo
et al. (2004a) reported that male miners in three
different occupational categories had an elevated
risk of lung cancer. These included mine and
quarry work involving metal ore (SIR, 3.26; 95%
CI, 2.28-4.51; 36 cases), mine and quarry work
involving non-metal ore (SIR, 1.85; 95% CI,
1.59-2.14; 181 cases) and other unspecified mine
and quarry work (SIR, 1.73; 95% CI, 1.35-2.19;

70 cases). All three groups were classified by an
expert review as having been exposed to diesel
exhaust but not gasoline exhaust. In a separate
report, Guo et al. (2004b) presented data for other
cancers in male miners. In non-metal ore miners
and quarry workers, the risks were elevated for
leukaemia (SIR, 2.31; 95% CI, 1.39-3.61; 19 cases),
oesophageal cancer (SIR, 1.74; 95% CI, 0.70-3.58;
seven cases), kidney cancer (SIR, 0.88; 95% CI,
0.47-1.50; 13 cases) and urinary bladder cancer
(SIR, 1.16; 95% CI, 0.73-1.76; 22 cases). Too few
cases occurred in other mining groups to carry
out a meaningful assessment. [The Working
Group noted that these studies were limited due
to thelack of detailed work histories and informa-
tion on tobacco smoking. In particular, for lung
cancer, these miners may have had confounding
exposures to other substances, such as silica and
radon.]

Neumeyer-Gromen et al. (2009) updated
the mortality from lung cancer in a cohort of
5862 German underground potash miners, first
described by Séverin et al. (1999), from 1970 up
to 2001. Diesel equipment was introduced into
potash mines in 1969 and, in 1991, the mines
were closed. Tobacco smoking histories were
available from medical and personnel records for
80% of the cohort. Estimates of diesel exposure
were obtained in 1992, and expressed as total
carbon in respirable dust. Because technology
had not changed, these levels were assumed to
be representative of previous exposure and were
used for its categorization. The overall standard-
ized mortality ratio was not elevated for lung
cancer (SMR, 0.73; 95% CI, 0.57-0.93; 61 deaths)
or urinary bladder cancer (SMR, 0.80; 95%
CI, 0.40-1.60; 8 deaths). Using Cox regression
modelling, the smoking-adjusted relative risk in
the highest category of exposure dichotomized
at 4.90 mg/m3-years was 1.28 (95% CI, 0.61-2.71;
61 cases). In a subgroup of 3335 workers who had
worked underground for atleast 10 years, the age-
and smoking-adjusted relative risk was 1.50 (95%
CI, 0.66-3.43; 37 cases). Adjusting for smoking
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resulted in higher risk estimates. In a model that
further adjusted for time since hire and calendar
year, the relative risk in the entire cohort was 2.53
(95% CI, 1.13-5.69) and that in the subcohort of
workers who had worked for more than 10 years
after 1969 was 3.30 (95% CI, 1.30-8.37). Using
time since first hire as the time variable in a Cox
regression analysis to account for duration of
employment, and adjusting for age and smoking,
a non-significant trend (P = 0.19) in risk for
mortality from lung cancer was observed with
greater exposure in the entire cohort (RR, 1.81;
95% CI, 0.92-3.58; and 1.59; 95% CI, 0.75-3.40;
for the second and third tertiles, respectively).
A non-significant increased trend (P = 0.17) in
risk of was also found within the subcohort, for
which more accurate information on exposure
was available. [The Working Group noted that,
although the power of the study was limited by
the sample size, one of its strengths was that
the effects of smoking were considered together
with quantitative estimates of exposure based on
measurements. The study also used an internal
comparison group. Another strength in the
design was the control of confounding for other
mining-related occupational risk factors for lung
cancer, because exposure to radon, silica dust,
asbestos and heavy metals were not significant
in potash mining. This study was supportive of
an effect of exposure to diesel exhaust on the risk
of lung cancer. ]

Attfield et al. (2012) studied the mortality
of a cohort of 12 315 blue-collar workers who
were employed in one of eight non-metal mines
in the USA for at least 1 year after diesel equip-
ment had been introduced. The mines were
selected to minimize exposures to silica, radon
and asbestos. Detailed work histories were
abstracted from company records and mortality
was assessed up to 1997. The dates of the intro-
duction of diesel equipment ranged from 1947 to
1967. Historical estimates of exposure to respir-
able EC were constructed on the basis of personal
measurements taken in the mines in 1998-2001,
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which were extrapolated retroactively based on
a model using diesel exhaust-related determi-
nants, including diesel engine horse power and
ventilation rates, and historical measurements
of carbon monoxide. The modelled trends in
concentrations of CO for previous years were
then used to adjust the 1998-2001 levels of expo-
sure to respirable EC to estimate historical annual
concentrations of respirable EC for each job.
Estimates of exposure to silica, asbestos, respir-
able dust, radon and other PAHs were also made.
Estimates of exposure to diesel exhaust in surface
workers were based on measurements made in
1998-2001 and no reconstruction of historical
exposure was carried out. The mean exposure of
surface workers only was 1.7 pg/m?® and that of
the ever-underground miners was 128.2 ug/m?.
Standardized mortality ratios using external
referents were determined from state-specific
mortality rates, and their calculation was limited
to persons employed since 1960 (12 270 subjects),
because state-specific rates were not available for
earlier years. The standardized mortality ratio
for lung cancer was 1.26 (95% CI, 1.09-1.44) for
the complete cohort, 1.21 (95% CI, 1.01-1.45)
for workers involved in any underground work
and 1.33 (95% CI, 1.06-1.66) for workers involved
exclusively in surface work. In the complete
cohort, standardized mortality ratios were 1.09
(95% CI, 0.58-1.86) for urinary bladder cancer,
1.18 (95% CI, 0.76-1.74) for leukaemia, 0.98 (95%
CL, 0.54-1.64) for kidney cancer, 1.12 (95% CI,
0.76-1.60) for pancreatic cancer and 0.85 (95%
CI, 0.60-1.16) for prostate cancer. Mortality from
oesophageal cancer was significantly elevated in
all workers (SMR, 1.83; 95% CI, 1.16-2.75). In an
internal analysis of the entire cohort, adjustment
for the location of work (ever surface or under-
ground) and a 15-year lag for cumulative expo-
sure resulted in relative risks by quartile of 1.0,
0.55 (95% CI, 0.35-0.85), 1.03 (95% CI, 0.60-1.77)
and 1.39 (95% CI, 0.78-2.48). In an analysis of
surface workers only, the corresponding rela-
tive risks by quartiles of cumulative exposure
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were 1.0, 1.28 (95% CI, 0.64-2.58), 0.73 (95%
CI, 0.35-1.53) and 1.00 (95% CI, 0.44-2.28). The
relative risks for average exposure among surface
workers were 1.0, 1.71 (95% CI, 0.82-3.58), 2.22
(95% CI, 1.01-4.90) and 2.56 (95% CI, 1.09-6.03).
In an analysis of ever underground miners only,
the relative risks by quartile of cumulative expo-
sure were 1.0, 1.50 (95% CI, 0.86-2.62), 2.17 (95%
CI, 1.21-3.88) and 2.21 (95% CI, 1.19-4.09), and
those by quartile of average exposure were 1.0,
1.73 (95% CI, 0.99-3.05), 2.11 (95% CI, 1.14-3.90)
and 1.86 (95% CI, 0.98-3.52). Further analysis of
underground miners with > 5 years of exposure
showed similar patterns (test for trend using log
cumulative exposure as a continuous variable,
P = 0.015). [The Working Group noted that the
log cumulative exposure best fit the exposure-
response curve over the entire range. In addi-
tion, all the internal analyses of surface workers
involved groups with very small ranges of expo-
sure. Moreover, no historical exposure assess-
ments were available for surface workers, which
further limited the interpretation of the analyses
of surface workers alone.]

In a nested case-control study of the above
cohort of miners, Silverman et al. (2012) obtained
histories of tobacco smoking, occupation and
previous respiratory disease by interview for
198 lung cancer cases and 562 control subjects.
Controls were assigned by random sampling
from all members of the cohort who were alive
before the day the case subject died and were
matched on birth year, gender, ethnicity and
mine. Analyses of trend in risk by level of respir-
able EC were adjusted for smoking, previous
respiratory disease and a history of jobs that
entailed a high risk of lung cancer. Smoking
adjustments included separate terms for levels
of smoking of surface and underground miners,
to take into account that the differences in the
odds ratios (ORs) for levels of smoking between
these two groups. In analyses of surface and
underground miners combined, the odds ratios
by quartile of cumulative exposure (15-year lag)

were 1.0, 0.74 (95% CI, 0.40-1.38), 1.54 (95% CI,
0.74-3.20) and 2.83 (95% CI, 1.28-6.26; P for
trend = 0.001). Corresponding odds ratios for
average exposure (15-year lag) were 1.0, 1.11 (95%
CI, 0.59-2.07), 1.90 (95% CI, 0.90-3.99) and 2.28
(95% CI, 1.07-4.87; P for trend = 0.062). Analyses
restricted to surface miners gave odds ratios by
quartile of cumulative exposure (15-year lag)
of 1.0, 3.98 (95% CI, 0.69-23.02), 0.76 (95% CI,
0.12-4.98) and 0.42 (95% CI, 0.05-3.59; P for
trend = 0.12), and corresponding odds ratios for
average exposure (15-year lag) of 1.0, 4.38 (95%
CI, 0.56-34.24), 5.67 (95% CI, 0.77-42.06) and
1.31(95% CI, 0.14-12.01; P for trend = 0.66). For
underground miners, odds ratios by quartile
of cumulative exposure (15-year lag) were 2.46
(95% CI, 1.01-6.01), 2.41 (95% CI, 1.00-5.82) and
5.10 (95% CI, 1.88-13.87; P for trend = 0.004),
and the corresponding odds ratios for average
exposure (15-year lag) were 1.0, 1.04 (95% CI,
0.45-2.43), 2.19 (95% CI, 0.87-5.53) and 5.43
(95% CI, 1.92-15.31; P for trend = 0.001). Analysis
of the interaction between cumulative expo-
sure to respirable EC and smoking showed an
increased risk with increased cumulative expo-
sure (15-year lag) for both never smokers and
ever smokers (P for interaction = 0.09). Among
never smokers, the odds ratio increased with
increasing cumulative exposure to respirable EC
from 1.47 (95% CI, 0.29-7.50; four exposed cases)
for tertile 2 up to 7.30 (95% CI, 1.46-36.57; seven
exposed cases). The trend of increasing risk with
increased cumulative diesel exposure was atten-
uated in heavy smokers. [The Working Group
noted that the exposure assessment methodology
applied in the National Institute of Occupational
Safety and Health/National Cancer Institute
(NIOSH/NCI) studies was of high quality and
used an established approach for occupational
cohort studies. Because surface workers formed
a group that had very low exposures, no signifi-
cant trends were observed with increasing expo-
sure. Consequently, the Working Group focused
primarily on the combined analyses of surface
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and underground miners, in which the surface
workers formed part of the low-exposure group.
The Working Group gave the results of the case—
control greater weight than those of the cohort
because the former included an adjustment for
tobacco smoking. The research team appeared
to have used the available data most effectively.
However, in any such study, uncertainties exist
that may result in measurement error, and,
although historical exposures might have been
over- or underestimated, this could have affected
the risk per unit exposure but not the pattern of
the exposure-response relationship.]

2.2.5 Other groups exposed to vehicle
exhausts

(a) Heavy equipment operators

Wong et al. (1985) conducted a cohort
mortality study of 34 156 men who had been
members of a heavy construction equipment
operators union for at least 1 year between 1964
and 1978. The mortality experience of the cohort
was compared with that of white men in the
USA. Historical environmental measurements
were not available, and only partial work histo-
ries were accessible for some cohort members.
Mortality from respiratory cancer for the whole
cohort was similar to that expected (SMR, 0.99;
95% CI, 0.88-1.10), with no trend by duration
of union membership. A significant excess of
mortality from lung cancer was found among
the 4075 retirees, after excluding early retirees
who were thought potentially to have retired due
to illness (SMR, 1.30; 95% CI, 1.04-1.61). The
standardized mortality ratio for urinary bladder
cancer was 1.18 (95% CI, 0.78-1.72), with no
trends by duration or latency. Data on cigarette
smoking were available for a small sample of
107 workers, and did not indicate any difference
in smoking habits between the cohort and the
general population. [The Working Group noted
that the main limitation of this study with regard
to diesel exhaust was the lack of any information
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documenting such an exposure; in general, it
is not known to what degree heavy equipment
operators have appreciable exposure to diesel
exhaust.]

In the study described in Section 2.2.1,
Boffetta et al. (1988) studied 855 men who
reported working as heavy equipment operators.
The age- and tobacco smoking-adjusted relative
risk for lung cancer was 2.60 (95% CI, 1.12-6.06)
compared with men who reported no such
employment and no exposure to diesel exhaust.
[The Working Group noted that this study was
limited by the small number of heavy equip-
ment operators included and the categorization
of exposure from self-reporting. Less than half
(46%) of the heavy equipment operators reported
exposure.]

In the study described in Section 2.2.3,
Jarvholm & Silverman (2003) found that 14 364
heavy equipment operators had a lower inci-
dence of lung cancer than a reference group
of electricians/carpenters after adjusting for
tobacco smoking (SIR, 0.87; 95% CI, 0.66-1.11;
61 cases; smoking-adjusted SMR, 0.83; 95% CI,
0.61-1.09; 49 cases) compared with the referents.
The cohort of heavy equipment operators also
showed no significant excess of cancer at other
sites, including the prostate (SIR, 0.93; 116 cases),
larynx (SIR, 1.03; nine cases), urinary tract [prob-
ably bladder] (SIR, 1.15; 61 cases), nasopharynx
(SIR, 0.75; 18 cases), stomach (SIR, 1.05; 32 cases),
rectum (SIR, 0.82; 29 cases), kidney (SIR, 0.74; 24
cases), and lymphoma and leukaemia (SIR, 1.08;
78 cases). [The Working Group noted that the
interpretation was limited by the lack of specific
information on exposure to diesel exhaust.]

In the cohort study described in Section
2.2.1, Guo et al. (2004a) carried out a separate
analysis in other male exhaust-exposed workers,
including forklift drivers and three categories of
heavy equipment operators, none of whom had
a significantly elevated risk of lung cancer. The
standardized incidence ratios ranged from 0.89
to 1.13 with 36-121 cases in each occupational
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group. Guo et al. (2004b) presented data for
cancers at other sites in these workers. Neither
forklift drivers nor the three categories of
heavy equipment operators had a significantly
increased risk of urinary bladder cancer, oesoph-
ageal cancer or leukaemia: the standardized
incidence ratios ranged from 0 to 1.32 with 0-23
cases in each occupational group. However, the
risk for kidney cancer in this group was signif-
icantly elevated (SIR, 1.65; 95% CI, 1.11-2.36).
[The Working Group noted that these studies
were limited by the lack of detailed information
on exposures and tobacco smoking.]

(b) Dock workers

Gustafsson et al. (1986) compared the inci-
dence of cancer among male Swedish dock
workers with that of the Swedish male population.
Diesel trucks were introduced into Swedish ports
in the late 1950s and became prevalent during
the 1960s. The cohort comprised 6071 men first
employed at the beginning of 1961, and mortality
and lung cancer incidence were assessed from
1961 to 1981. In the cohort, 70 deaths from and 86
cases of lung cancer occurred. The risk for lung
cancer was significantly increased (SMR 1.32;
95% CI, 1.05-1.66; SIR, 1.68; 95% CI, 1.36-2.07).
The standardized mortality and standardized
incidence ratios, respectively, were 0.98 (95% CI,
0.83-1.15) and 1.06 (95% ClI, 0.89-1.27) for diges-
tive cancer, 1.10 (95% CI, 0.85-1.42) and 0.97
(95% CI, 0.80-1.17) for urogenital cancer, 0.71
(95% CI, 0.46-1.10) and 0.86 (95% CI, 0.60-1.23)
for all leukaemias, and 1.23 (95% CI, 0.91-1.66)
and 1.22 (95% CI, 0.91-1.64) for stomach cancer.
[The Working Group noted that the interpreta-
tion of the elevated standardized mortality ratios
was limited by the lack of information on tobacco
smoking and on the extent of occupational expo-
sures to exhaust.]

Emmelin ef al. (1993) conducted a nested
case—control study on and assessed the exposure
of subjects in the above Swedish cohort study
(Gustafsson et al., 1986), and included 6573 men

employed as dock workers for at least 6 months
in 1950-74 in 15 Swedish ports where data for
exposure assessment were available. Up to four
referents were matched by port and date of birth
to each of 50 eligible cases that had occurred
between 1960 and 1982. Information on tobacco
smoking was obtained from living referents, next
of kin and from interviews with retired workers.
No measurements of exposure to exhaust were
available, and exposure was therefore estimated
on the basis of annual fuel consumption divided
by the number of employees in the same port in
that year. ‘Exposed time” was an indicator vari-
able that indicated exposure in a year when the
annual fuel consumption per person exceeded
the lower quartile of the overall distribution
of all years and ports. Exposure was catego-
rized as time worked with diesel equipment
(‘machine time’), cumulative fuel consumption
(in person-L) and exposed time (three classes per
category), with a 2-year exposure lag, and 90%
confidence intervals were calculated. The three
exposure metrics gave largely similar results, and
the greatest odds ratios were found for persons
with the highest exposure after adjusting for
smoking. The inclusion of smoking in the regres-
sion models increased the effects of exposure: for
machine time, the odds ratio for medium expo-
sure was 1.8 (90% CI, 0.5-6.6) and that for high
exposure was 2.9 (90% CI, 0.6-14.4). Similar odds
ratios were obtained for fuel consumption. For
exposed time, the odds ratio for medium expo-
sure was 2.7 (90% CI, 0.6-11.3) and that for high
exposure was 6.8 (90% CI, 1.3-34.9) compared
with low exposure/nonsmokers. Further anal-
yses for exposed time with smoking reclassified
as ever/never resulted in an odds ratio of 1.7 for
medium exposure and 4.6 for high exposure.
[The Working Group noted that confidence
intervals were not provided, nor were odd ratios
provided for the other exposure metrics. The
interpretation was limited by the classification
of smoking into two categories, the imprecise
results attributable to small sample size, and the
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imprecise categorization of exposure, but the
results were nevertheless suggestive of an asso-
ciation between exposure and the risk for lung
cancer. The Working Group also noted that there
may have been some exposure to asbestos during
work in ports but this would probably not fully
explain the observed associations.]

In the cohort study described in Section 2.2.1,
Guo et al. (2004a) reported that stevedores, who
were classified as having exposure to both diesel
and gasoline exhausts, had an elevated risk of
lung cancer (SIR, 1.32; 95% CI, 1.16-1.50). Guo
et al. (2004b) presented data for cancers at other
sites and reported that stevedores had an elevated
risk for oesophageal cancer (SIR, 2.03; 95% CI,
1.11-3.40) but no increased risk for urinary
bladder cancer (SIR, 0.95; 95% CI, 0.65-1.35),
kidney cancer or leukaemia. [The Working
Group noted that this study was limited by the
lack of detailed work histories, and information
on exposures and smoking.]

(c)  Occupations entailing exposure to diesel
exhaust based on expert reviews or self-
reporting

In the American Cancer Society cohort,
Boffetta et al. (1988) also reported results based
on self-reporting of exposure to diesel exhaust.
Among the 378 622 subjects who provided infor-
mation regarding self-reported exposure to diesel
exhaust, 174 cases of lung cancer occurred among
those who stated that they had been exposed.
In this group, the relative risk for lung cancer,
adjusted for tobacco smoking and other occu-
pational exposures (asbestos, coal, coal tar and
gasoline exhaust), was 1.18 (95% CI, 0.97-1.44,)
for all men with self-reported exposure to diesel
exhaust. Based on duration of exposure, the
adjusted relative risk for lung cancer was 1.05
(95% CI, 0.80-1.39) for men with 1-15 years of
exposure, with a suggestion of a positive trend for
men with 16 or more years of exposure (RR, 1.21;
95% CI, 0.94-1.56). The relative risks for other
cancers based on self-reported exposure to diesel
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exhaust, adjusted for smoking and other occupa-
tional exposure, were not significantly elevated:
1.21 for multiple myeloma (14 deaths), 1.29 for all
leukaemias (17 deaths), 1.39 for pancreatic cancer
(27 deaths) and 1.04 for urinary bladder cancer
(13 deaths). Analysis of urinary bladder cancer
by duration of exposure showed no trend (1-15
years exposure: RR, 1.43; 95% CI, 0.61-2.33; > 15
years of exposure: RR, 0.94; 95% CI, 0.35-2.51).
[The Working Group noted that the reliance on
self-reported exposure to diesel exhaust may have
led to misclassification and reduced the ability to
detect an effect of exposure.]

Van Den Eeden & Friedman (1993) studied
160 230 members of a health maintenance organ-
ization who self-reported whether they had been
exposed to engine exhausts in the past year or
more than 1 year previously during the years
1964-72; 3% reported exposure in both periods.
Follow-up for cancer incidence was up to 1988,
during which time 1662 lung cancers and 650
urinary bladder cancers were observed. After
adjusting for tobacco smoking and other covar-
iates, the rate ratios for those exposed in the
past year and more than 1 year previously were
1.02 (95% CI, 0.81-1.29) for lung cancer and 1.16
(95% CI, 0.81-1.67) for urinary bladder cancer.
[The Working Group noted that this study did
not specify whether the exhaust was from diesel
engines; reliance on self-reported exposure to
engine exhausts was a limitation.]

Boffetta et al. (2001) investigated the risk of
cancer among workers exposed to diesel exhaust
by linking the occupations and industries
reported in the 1960 census with the Swedish
Environment Register III that contains nation-
wide data on cancer incidence and mortality for
1971-89. Using a JEM, exposures were graded on
the basis of intensity and probability of exposure
to diesel exhaust. A total of 28 million person-
years of observation were accrued, 28% of which
was related to persons classified as exposed.
In men, increasing risks for lung cancer were
observed with increasing exposure intensity: the
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relative risks were 0.95 (95% CI, 0.92-0.98), 1.1
(95% CI, 1.08-1.21) and 1.3 (95% CI, 1.26-1.42)
for low, medium and high intensity of exposure,
respectively. Corresponding results for proba-
bilityofexposure were 1.1 (95% CI, 1.04-1.13),0.90
(95% CI, 0.86-0.94) and 1.2 (95% CI, 1.10-1.24).
Fewer cases (n = 57) and less exposure occurred
in women, and the risk for lung cancer was not
increased. Among men exposed to diesel exhaust,
the standardized incidence ratio for urinary
bladder cancer was 1.00 (95% CI, 0.97-1.03), with
no trends by intensity or probability. For men
with a high probability of exposure, the standard-
ized incidence ratios were 1.1 (95% CI, 0.96-1.28)
for laryngeal cancer, 0.98 (95% CI, 0.92-1.04) for
urinary bladder cancer, 1.0 (95% CI, 0.96-1.14)
for kidney cancer, 1.1 (95% CI, 0.99-1.21) for oral
and pharyngeal cancer, 1.1 (95% CI, 1.05-1.20)
for stomach cancer and 1.1 (95% CI, 0.99-1.19)
for pancreatic cancer. A significantly increased
risk of oral/pharyngeal (SIR, 1.64) and cervical
(SIR, 1.48) cancers was observed among women,
with a suggestion of a dose-response relation-
ship. [The Working Group noted that the lack
of work histories, which prohibited analyses by
duration and latency, and the lack of smoking
data were factors that weakened this study.]

In a population-based study in the
Netherlands, Zeegers et al. (2001) studied 58 279
men who answereda questionnaire on occupation
in 1986 and were followed up for the incidence
of urinary bladder cancer until 1992. Experts
using a JEM assigned the levels of exposure to
diesel exhaust as none, low, medium and high
to each subject. Using a case-cohort approach
(532 cases, 1630 non-cases), the relative risks
for urinary bladder cancer, after adjustment for
smoking, demographics and other occupational
exposures, were 1.00 (95% CI, 0.65-1.54), 0.96
(95% CI, 0.60-1.53) and 1.17 (95% CI, 0.74-1.84)
for low, medium and high exposure, respectively,
relative to no exposure (P for trend = 0.76).

Lee et al. (2003) analysed the risk for multiple
myeloma in relation to diesel exposures in a large

Swedish cohort of construction workers who
were followed up from 1971 to 1999. By linkage
with the Swedish National Cancer Registry, 446
cases of primary multiple myeloma were identi-
fied. A JEM was developed to classify exposure
to occupational agents, including diesel exhaust,
using a 1971-76 survey of occupational expo-
sures in the construction industry and nitric
oxide as a marker of exposure to diesel exhaust.
However, few occupations were considered to
entail exposure to diesel exhaust in the orig-
inal survey: drivers, earthmoving, mountain
and asphalt workers, as well as some repair and
concrete workers, were classified as occupation-
ally exposed to diesel exhaust. Tobacco smoking
status, body mass index and age, as well as soci-
oeconomic status and other occupational expo-
sures, were considered as potential confounders.
Among diesel-exposed workers, the adjusted
relative risk for multiple myeloma was 1.3 (95%
CL 1.00-1.77). No evidence of a dose-response
was found. [The Working Group noted that the
lack of information on duration of exposure, as
well as the overall low levels of exposure to diesel
exhaust in exposed cohort members, were limi-
tations of the study.]

In a study described in Section 2.2.1, Guo
et al. (2004a) also used a Finnish JEM (FINJEM)
to estimate exposures to gasoline and diesel
exhaust based on job reviews, and to assign expo-
sure to diesel exhaust to different jobs reported
in the census. In FINJEM jobs were classified
as diesel-exposed when nitrogen dioxide had
been found in surveys, and as gasoline-exposed
when carbon monoxide had been found. The
overall relative risk for lung cancer was 0.99
(95% CI, 0.96-1.03) among men and 1.22 (95%
CI, 0.85-1.73) among women estimated to have
been exposed to diesel exhaust, and 1.05 (95%
CIL 1.01-1.09) among men and 1.61 (95% CI,
1.23-2.1) among women estimated to have been
exposed to gasoline exhaust. The Finnish occu-
pational exposure database included occupation,
gender, age and period-specific tobacco smoking
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rates that were used to adjust for smoking in the
analysis of lung cancer risk. [The Working Group
noted that the authors also developed estimates
of cumulative exposures to diesel and gasoline
exhausts, but these were of doubtful validity due
to the lack of work histories.] Guo et al. (2004b)
presented risks for other cancers, based on
JEM-estimated exposure to diesel and gasoline
exhausts. No overall risk for exposure to either
diesel or gasoline exhaust was presented. No
consistent increased risk for leukaemia, kidney
cancer, urinary bladder cancer or oesophageal
cancer was observed based on estimated cumula-
tive exposure to either diesel or gasoline exhaust.
Vasama-Neuvonen et al. (1999) reported similar
findings for ovarian cancer in the same registry.
[The Working Group noted that these studies
were limited due to the lack of detailed work
histories and information on tobacco smoking.]

Tarvainen et al. (2008) studied cancers of
the mouth and pharynx using the same Finnish
Cancer Registry data and assessed the risk of
cancer based on categories of exposure to diesel
and gasoline engine exhausts. For exposure to
diesel exhaust, the risks for the lowest, mid-and
highest levels of exposure were 1.26 (95% CI,
1.04-1.53), 1.15 (95% CI, 0.83-1.55) and 1.62 (95%
CI, 0.99-2.50), respectively. For exposure to gaso-
line exhaust, the corresponding risks were 1.28
(95% CI, 1.07-1.52), 1.37 (95% CI, 1.02-1.80) and
1.43 (95% CI, 0.62-2.82), respectively, suggesting
an association with exposure. [The Working
Group noted that this study was of limited value
due to the lack of lifetime work histories and
information on smoking.]

Boers et al. (2005) studied 1386 cases of pros-
tate cancer and 2335 subcohort members from
a prospective cohort of 58 279 subjects in the
Netherlands. Cancer incidence was determined
by linkage to nine regional cancer centres and
assessed up to 1995. Information on diet and
job history was retrieved from self-adminis-
tered questionnaires completed at baseline in a
previous cohort study. Occupational histories
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were assessed by experts to categorize exposure to
pesticides, PAHs, diesel exhaust, metal dust and
metal fumes. No association was found between
exposure to diesel exhaust and prostate cancer
(RR, 0.81;95% CI, 0.62-1.06) in the highest tertile
compared with unexposed subjects.

Bender et al. (1989) studied 4849 men with 1
or more years of experience as a highway main-
tenance worker for the Minnesota Department
of Transportation (USA) and who had worked at
least 1 day after 1 January 1945. Mortality was
assessed up to 31 December 1984. The standard-
ized mortality ratio was 0.69 (95% CI, 0.52-0.90)
for lung cancer and 1.09 (95% CI, 0.56-1.90; 12
deaths) for urinary bladder cancer. [The Working
Group noted that this study was limited by the
lack of details regarding job history.]

2.3 Case-control studies

2.3.1 Cancer of the lung

See Table 2.2

Coggon et al. (1984) carried out a case-
control study based on information from death
certificates for England and Wales. Cases were
598 men, aged less than 40 years, who died
from bronchial carcinoma during 1975-79, and
controls were 1180 men who died from causes
other than lung cancer, matched to the cases
on age, year of death and area of residence. The
most recent full-time occupation was mentioned
on the death certificate. A JEM was developed
for nine occupational exposures, including diesel
exhaust, and jobs were classified as entailing any
or high exposure. Any exposure to diesel exhaust
was associated with an increased risk of lung
cancer (RR, 1.3; 95% CI, 1.0-1.6), whereas the
risk for high exposure to diesel exhaust was lower
(RR, 1.1; 95% CI, 0.7-1.8). [The Working Group
noted that the study demonstrated an increased
risk of lung cancer associated with exposure to
diesel exhaust, although no dose-response was
indicated. The lack of full-time occupational
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Table 2.2 Case-control studies of lung cancer and exposure to engine exhausts

Reference Total No. of cases/ Source of Exposure assessment  Exposure No.of  Relativerisk (95%  Covariates
Location, controls controls categories exposed CI) Comments
period cases
Coggon etal. 598 men aged < 40 Deaths from  JEM developed Diesel fumes Bronchial carcinoma; age,
(1984) yr/1180 men matched causes other  and applied to the Any exposure 172 1.3 (1.0-1.6) yr of death, sex and area
England for age, yr of death, area  than lung occupation on death High exposure 32 1.1 (0.7-1.8) of residence; no data on
and Wales, of residence; based on cancer certificates tobacco smoking available
1975-79 death certificates
Garshick 1256/2385 individually =~ Railway Industrial hygiene Age<65yr Age, asbestos and tobacco
et al. (1987) matched (age, time of worker sampling survey used (-4 diesel-yr NR 1.00 smoking
USA, 1981-82 ?eath) excludinggeaths Ac(;)hor‘tﬁ ; to class(ilfyjob tasks az 5-19 diesel-yr ~ NR 1.02 (0.72-1.45)
rom cancer, accidents identifie exposed Or unexpose .
and suicide; nested from to Pl))ME; diesel—)Ir)r >20 diesel-yr 117 1.64 (1.18-2.29)
within a cohort of male  Railway calculated for job tasks Age>65yr
railway workers Retirement  after 1959 0-4 diesel-yr ~ NR 1.00
Board 5-19 diesel-yr =~ NR 0.95 (0.79-1.13)
> 20 diesel-yr 26 0.94 (0.56-1.59)
Hayes et al. 2291 men/2570; pooled ~ Hospital and Full occupational No exposure 1567 1.00 Birth cohort, cigarette use
1989) analysis of 3 NCI- population histories used to <10yr 362 1.0 (0.9-1.2) and study area; underlying
USA, 1976-83 organized studies classify duration of > 10 yr 348 1.3 (1.1-1.5) 3 studies not summarized
jobs in motor exhaust- individually here, hence no
exposed occupations overlap
Boffetta et al. 2584 men (primary lung Hospital, Occupations classified ~ Possible 240 0.92 (0.76-1.10) Age, hospital, yr of
1990 cancer)/5099 men selected as low probability exposure interview, tobacco
(includes among of (reference Probable 210 0.95 (0.78-1.16) smoking habits, race,
previous patients group), possible (19 exposure education and exposure
study with non- occupations) and Duration of probable exposure (1985-87 only)  t© asbestos; only usual
reported tobacco- probable exposure 1-15 vr 4 0.52 (0.15-1.86) occupation available for
by Hall & related (13 occupations); ¥ ’ ’ ’ cases in 1977-85; men only
Wynder, diseases interviews 16-30yr 15 0.70 (0.34-1.44)
1984) 23lyr 17 1.49 (0.72-3.11)
USA, six P for trend = 0.18
cities,
1977-87
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Table 2.2 (continued)

Reference Total No. of cases/ Source of Exposure assessment  Exposure No.of  Relativerisk (95%  Covariates
Location, controls controls categories exposed CI) Comments
period cases
Steenland 994 deceased teamsters’  Union Mail and telephone Long-haul (yr after 1959) Age, tobacco smoking,
et al. (1990) union members members interviews with next 1-11 162 1.08 (0.68-1.70) asbestos and other jobs
USA, 1982-83 with > 20 yr of deceased of kin; additional job 12-17 228 1.41 (0.90-2.21) with potential exposure to
membership/1085 in the same  information obtained diesel exhaust
period, from union records
excluding > 18 213 1.55 (0.97-2.47)
deaths from P for trend = 0.04
lur.lg cancen, Short-haul (yr after 1959)
urinary
Sedklar 1-11 36 1.11 (0.61-2.03)
cancer 12-17 37 1.15 (0.63-2.43)
and motor >18 40 1.79 (0.94-3.42)
vehicle
accidents
Steenland 994/1085 See Estimates of exposure Quartiles of cumulative exposure Age, race, tobacco
et al. (1998 Steenland to EC (marker of (EC-years; no lag) smoking and asbestos

(re-analysis
of Steenland
et al., 1990)

3792 male incident/1996
colon cancer

Swanson et al.
1993

Detroit

metropolitan

area, USA,
1984-87

et al. (1990

Registry

DME) obtained

from exposure
measurements in

1990 and modelling of
historical levels

Duration of
employment based on
lifetime occupational
histories

0-174 1.20 (0.79-1.81)

174-268 1.16 (0.77-1.75)

268-360 1.39 (0.91-2.11)

> 360 1.72 (1.11-2.64)
P for trend = 0.023

HGYV drivers OR

0yr 88 1.00

1-9 yr 78 1.4 (0.8-2.4)

10-19 yr 38 1.6 (0.8-3.5)

>20yr 121 2.5 (1.4-4.4)

LGV drivers

0yr 88 1.00

1-9 yr 46 1.7 (0.9-3.3)

> 10 yr 36 2.1(0.9-4.6)

Garage and service station workers

0yr 88 1.00

1-9 yr 47 2.2 (1.1-4.4)

>10yr 7 2.3 (0.5-10.8)

White men only; age

and tobacco smoking;
separate ORs estimated
for black men; potential
confounding from
socioeconomic factors
possible due to use

of carcinogen-free
occupations as unexposed,
but would not affect dose—
response
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Table 2.2 (continued)

Reference Total No. of cases/ Source of Exposure assessment  Exposure No.of  Relativerisk (95%  Covariates
Location, controls controls categories exposed CI) Comments
period cases
Briiske- 3498 male incident/3541 Population Personal interview on Ever exposed 716 1.43 (1.23-1.67) Age, area, tobacco
Hohlfeld et al. occupational history Duration of DME exposure (yr) smoking and exposure to
1999) and tobacco smoking > 0-3 132 1.28 (0.95-1.73) asbestos
(same study habits; exposure to
base as Jahn DME from expert 30 155 1.21 (0.91-1.61)
et al., 1999) assessment 10-20 165 1.84 (1.34-2.52)
Germany 20-30 148 1.62 (1.16-2.24)
>30 116 1.35 (0.95-1.93)
Gustavsson 1042 male incident/2365 Population =~ Mailed question- DME (mg-yr/m3 of NO2) Age, year of diagnosis,
et al. (2000) naire and supple- Unexposed 842 1.00 tobacco smoking,
Stockholm mentary telephone > 0-0.53 29 0.65 (0.40-1.04) residential radon,
County, interview with study 0.54-1.41 54 1.13 (0.77-1.66) residential air poll_utlon
Sweden, subjects or next of and other occupational
1985-90 kin; quantitative DME 1:4272.37 = 1.05(0.70-1.60) exposure to lung
exposure from expert ~ =2.38 72 1.63 (1.14-2.33) carcinogens
assessment of lifetime  Mixed exhaust (gasoline/diesel)
occupa-tional history (mg-yr/m3 of CO)
Unexposed 833 1.00
>0-13.5 19 0.43 (0.25-0.74)
13.6- 8.8 47 1.10 (0.74-1.65)
38.9-113.6 78 1.32 (0.92-1.90)
>113.7 65 1.09 (0.74-1.61)
Richiardi 595 incident > 76 yr of Population  Interviewed on life Cumulative exposure (intensity yr, h/wk) Age, cigarette
et al. (2006 age/845 time occupational No exposure 436 1.00 consumption, exposure
Turin, Italy, history; supple- I tertile (< 440) 53 1.01 (0.66-1.56) to list A occupations
1991-92 mentary question- 1 tertile 51 0.99 (0.64-1.53) and.educatlonal level;
naires evaluated for (440-519) environmental exposure
DME exposure by : to motor exhaust not
industrial hygienist III tertile 23 0.86 (0.56-1.31) included
(> 2520)
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Table 2.2 (continued)

Reference Total No. of cases/ Source of Exposure assessment  Exposure No.of  Relativerisk (95%  Covariates
Location, controls controls categories exposed CI) Comments
period cases

Tse et al. 132 nonsmoking Population  Lifetime occupational ~ Diesel exhaust, 6 4.17 (1.3-13.5) Age, place of birth,

2011) men/536 nonsmokers history (job title, job any exposure education level, residential
Hong Kong task) obtained from (self-assessed) radon, history of lung
Special personal interview; Gasoline 7 1.52 (0.51-4.53) diseases, cancer in
Admini- exposure to 16 exhaust relatives and intake
strative occupational agents, of meat; reference
Region including diesel group never exposed to
SAR, China, exhaust confirmed or suspected
2004-06 human carcinogens
Villeneuve 1681 male incident aged ~ Population  Self-administered Diesel exhaust (cumulative) Age, province, cigarette
et al. (2011) > 40 yr/2053 questionnaires Lowest tertile 267 0.93 (0.75-1.17) pack-yr, secondhand
Eight inquiring about Middle tertile 307 1.03 (0.83-1.29) smoke, silica (yes/no) and
Canadian lifetime occupational " pyiop ot tertile 326 112(0.89-140)  2sbestos
provinces, and residential history
1994-97 P for trend = 0.07

Olsson et al. 13 304 men and Mixed

(2011) women/16 282; pooled
Europe and from 11 studies
Canada

Lifetime occupational
histories; population
JEM developed to
assign no, low or high
exposure to DEM

Gasoline exhaust (cumulative)

Lowest tertile 261 0.92 (0.74-1.14)

Middle tertile 351 1.08 (0.88-1.33)

Highest tertile 314 1.11 (0.88-1.39)
P for trend = 0.68

Cumulative exposure to DME (unit-yr)

Never 7676 1.00

<6 1269 0.98 (0.89-1.08)

6-17.33 1325 1.04 (0.95-1.14)
17.34-34.5 1440 1.06 (0.97-1.16)
>34.5 1594 1.31 (1.19-1.43)

P for trend < 0.0
Low levels of DME (yr of exposure)

0 7676 1.0

1-10 1576 1.00 (0.92-1.09)
11-20 785 0.98 (0.88-1.10)
1-30 660 1.03 (0.91-1.17)
> 30 1246 1.17 (1.07-1.29)

P for trend < 0.01

Age, sex, study, ever
employed in other
occupation noted to be at
high risk for lung cancer,
pack-yr and time since
quitting smoking; partial
overlap with Briiske-
Hohlfeld et al. (1999),
Gustavsson et al. (2000),
Richiardi et al. (2006) and
Pintos et al. (2012
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Table 2.2 (continued)

Reference Total No. of cases/ Source of Exposure assessment  Exposure No.of  Relativerisk (95%  Covariates
Location, controls controls categories exposed CI) Comments
period cases

High levels of DME (yr of exposure)
Olsson et al. 0 7676 1.0
(2011) 1-10 858 1.28 (1.14-1.45)
e s 11-20 228 1.21 (0.98-1.51)
&iﬁa 21-30 149 1.52 (1.15-2.02)

' > 30 126 1.45 (1.07-1.96)
P for trend < 0.01

Pintos et al. 1593/1427 Population  Interview with subjects StudyI Adjusted for age, ethnicity,
2012) or proxies on lifetime Ever exposed 165 1.48 (1.0-2.1) level of education,
Montreal, occupational history; Non- 97 1.25 (0.8-1.9) SES, tobacco smoking,
Canada, exposure intensity substantial respondent status and
Study I to diesel exhaust and . occupational carcinogens;
1979}:86, 293 other factors Substantial 68 2.00(1.1-3.6) men E’)nly ’
Study II were coded by expert Study IT
1996-2001 assessment Ever exposed 298 1.30 (1.0-1.7)
(expansion Non- 224 1.21 (0.9-1.6)
and re- substantial
analysis of Substantial 74 1.74 (1.1-2.8)
Parent et al., Pooled
2007) Ever exposed 463 1.34 (1.1-1.7)

Non- 309 1.21 (1.0-1.5)

substantial

Substantial 75 1.80 (1.3-2.6)
Parent et al. 857 men aged 35-70 Population ~ Interview with subjects Diesel exhaust (population controls) Age, SES, ethnicity, self/
(2007) yr/1349 cancer and 533  and cancer or proxies on lifetime Any exposure 166 1.2 (0.8-1.8) proxy respondent, tobacco
Montreal, population patients occupational history; Non- 92 1.1 (0.7-1.7) smoking, asbestos and
Canada, exposure intensity to sl crystalline silica; men only
1979—8§ diesel exhaust, gasoline Substantial 74 1.6 (0.9-2.8)
(expansion of exhaust and other . .
Siemiatvcki factors coded by expert Gasoline exhaust (population controls)
et al., 1988) assessment Any exposure 380 0.8 (0.6-1.1)

Non- 110 0.9 (0.6-1.3)

substantial

Substantial 270 0.8 (0.6-1.1)

CI, confidence interval; CO, carbon monoxide; DME, diesel motor exhaust; EC, elemental carbon; HGV, heavy goods vehicle; JEM, job-exposure matrix; LGV, light goods vehicle; NCI,
National Cancer institute; NO,, nitrogen dioxide; NR, not reported; OR, odds ratio; SES, socioeconomic status; wk, week; yr, year
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histories may have reduced the precision of the
exposure classification, and the absence of data
on tobacco smoking could have resulted in
confounding.]

Garshick et al. (1987) conducted a nested
case—control study of lung cancer amonga cohort
of male railroad workers in the USA. Study
subjects were identified from approximately
650 000 members of the US Railroad Retirement
Board, which kept a register of virtually all rail-
road workers with 10 years of service or more.
All deaths from lung cancer between March 1981
and February 1982 were identified; two controls
per case were selected from deaths from causes
other than cancer, accidents or suicide and
were matched to cases on age and date of death.
Tobacco smoking habits were obtained from
questionnaires completed by the next of kin.
Exposure to diesel exhaust was assessed on the
basis of yearly job title after 1959, and validated
through an industrial hygiene sampling survey
and a review of job titles. During the 1950s,
the railroad industry in the USA converted
from coal-fired to diesel-powered locomotives;
starting in 1959, workers were classified as
exposed or unexposed and years of work in a job
associated with exposure to diesel exhaust were
summarized. Odds ratios were estimated after
adjustment for age, tobacco smoking and expo-
sure to asbestos. The risk for lung cancer was
significantly increased in cases aged < 65 years at
the time of death with > 20 diesel-years of expo-
sure (OR, 1.64; 95% CI, 1.18-2.29). No increased
odds ratio was noted for those aged > 65 years at
the time of death, when the prevalence of expo-
sure to diesel exhaust was believed to have been
lower because fewer had worked for > 20 years
after 1959. A sensitivity analysis gave no indica-
tion that residual confounding from exposure to
asbestos could explain the positive findings. [The
Working Group noted that this study, based on a
large data set, used yearly job records to classify
exposure and was nested within the retrospective
cohort mortality study that was conducted by
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the same authors using US Railroad Retirement
Board records (Garshick et al., 2004). The posi-
tive findings were probably not caused by bias or
confounding (see Table 2.2).]

Hayes et al. (1989) reported the findings of
a pooled analysis of three US NClI-organized
case—control studies that used both popula-
tion-based and hospital-based designs and were
conducted in Florida in 1976-79 (Blot ef al.
1982), Louisiana in 1979-83 (Correa et al., 1984)
and New Jersey in 1980-81 (Schoenberg et al.,
1987). The original studies were not reviewed
by the Working Group, and hence there was no
overlap. A total of 2291 male cases of lung cancer
and 2570 controls were identified. Full occupa-
tional histories and tobacco smoking habits were
obtained by interview with study subjects or next
of kin. Occupations were coded from the work
histories and classified in relation to exposure to
motor exhaust. Jobs coded as exposed to motor
exhaust were HGV drivers, heavy equipment
operators, bus drivers, taxi drivers, other groups
of drivers and HGV mechanics. [The Working
Group noted that the coding did not specifically
address exposure to diesel or gasoline exhaust.]
Odds ratios were estimated according to the
duration of exposure to motor exhaust. The odds
ratio, adjusted for birth cohort, study area and
smoking, was 1.0 (95% CI, 0.9-1.2) for < 10 years
of exposure versus no exposure and 1.3 (95%
CL, 1.1-1.5) for > 10 years of exposure. Findings
were consistent among the three study popu-
lations. An analysis limited to study subjects
who were interviewed directly showed an odds
ratio of 1.5 (95% CI, 1.2-1.9) in the group with
a duration of > 10 years of exposure. Restriction
of the analysis to those who had never smoked
gave an odds ratio in the group with > 10 years
of exposure of 1.7 (95% ClI, 0.6-4.5; eight cases).
[The Working Group noted that this study was
based on full occupational histories; the positive
findings could not be explained by uncontrolled
confounding or bias. The study assessed expo-
sure to mixed motor exhaust, but diesel motor
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exhaust was probably the predominant source of
exposure in most of the jobs coded as exposed.]

A hospital-based case—control study carried
out in 18 hospitals in six cities in the USA aimed
primarily at investigating the health effects of
tobacco smoking (Boffetta ef al., 1990) included
cases and controls reported in an earlier study
(Hall & Wynder, 1984). Cases were 2584 men
diagnosed with primary lung cancer, inter-
viewed in 1977-87, and matched to 5099 controls
selected from male patients without tobacco-re-
lated diseases on age, year of interview and
hospital. Occupations were classified according
to the probability of exposure to diesel exhaust
(low, possible and probable). Self-assessed expo-
sures were also recorded. After adjustment for
tobacco smoking, the odds ratio for lung cancer
was not related to the probability of exposure to
diesel exhaust or the duration of probable expo-
sure. However, duration of exposure was only
available for a subset of study subjects, giving
wide confidence intervals (P for trend with dura-
tion not significant). [The Working Group noted
that this study provided limited data on occupa-
tions, which may have led to a misclassification
of exposure.]

Steenland et al. (1990) reported a case—control
study of men who had been members of the US
Teamsters’ union for more than 20 years and
who had died in 1982-83. Among these, 994 had
died from lung cancer and 1085 controls were
selected from Teamsters’ union members who
had died during the same period from causes
excluding lung cancer, urinary bladder cancer
and motor vehicle accidents. Data on tobacco
smoking and jobs driving diesel or gasoline
HGVs were obtained from the next of kin, and
additional data on long-haul/short-haul driving
was obtained from the Teamsters’ union. Odds
ratios were adjusted for age, tobacco smoking,
exposure to asbestos and other jobs with poten-
tial exposure to diesel exhaust. Based on the
information from union records, a positive trend
in the risk for lung cancer was observed with

duration oflong-haul HGV driving. The duration
of short-haul driving after 1959 gave increasing
odds ratios with increasing duration of exposure,
but the trend was not statistically significant.
Driving diesel-powered vehicles for > 35 years
was associated with a significantly increased risk
for lung cancer (OR, 1.89; 95% CI, 1.04-3.42) and
driving gasoline-powered vehicles for > 35 years
was also associated with an increase (OR, 1.34;
95% CI, 0.81-2.22). Shorter durations gave lower
odds ratios for both diesel and gasoline vehi-
cles. [The Working Group noted that this study,
which was based on detailed work histories and
adjusted for tobacco smoking habits, showed
positive evidence of an increased risk for lung
cancer after a long duration of employment in
jobs that entailed exposure to diesel exhaust. No
data were available on the intensity of exposure.]

A re-analysis of the study by Steenland ef al.
(1990) was carried out (Steenland ef al., 1998).
Quantitative group-based exposure estimates
were applied to the study subjects, using EC as
a marker of exposure, and were based on an
industrial hygiene survey of the HGV transport
industry performed in 1990 (Zaebst ef al., 1991).
Earlier exposure levels were modelled on the
basis of available exposure measurements and
changes in fuels, motors and traffic intensity. The
robustness of historical exposure assessments
were tested in a sensitivity analysis. Odds ratios
were adjusted for age, race, tobacco smoking and
exposure to asbestos. The risk for lung cancer
increased (although not monotonically) with
cumulative exposure to EC, showing a statisti-
cally significant trend (P = 0.023). The odds ratio
in the highest quartile of cumulative exposure
versus no exposure was 1.72 (95% CI, 1.11-2.64).
The use of alternative assumptions for time
trends in past exposure levels did not change
the conclusions. [The Working Group noted
that this study was based on a large data set, and
demonstrated a positive and significant associ-
ation between cumulative dose of diesel motor
exhaust and the risk for lung cancer. The general
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pattern of trends of exposure to EC, particu-
larly a consistent decrease after the 1970s, was
similar in the studies of Steenland et al. (1998)
and Garshick ef al. (2012) of the HGV industry.
The Working Group also noted that Garshick
et al. (2012) calibrated their exposure estimates
to those of Zaebst et al. (1991), which, to a large
extent, were the basis of the exposure estimation
in Steenland et al. (1998).]

Swanson ef al. (1993) conducted a popula-
tion-based case—control study in the Detroit
metropolitan area (USA). Incident cases of histo-
logically confirmed cancer, aged 40-84 years in
1984-87, were identified from a cancer surveil-
lance programme, including 3792 cases of lung
cancer and 1966 colon cancer controls. Lifetime
occupational and tobacco smoking histories
were obtained by telephone interview with the
subjects or surrogates. Odds ratios were esti-
mated by occupational group, which defined a
set of occupations with little or no exposure to
carcinogens as unexposed, and were adjusted for
age, pack-years of smoking and race. Results were
presented separately for black and white men.
Among white men, the odds ratio was signifi-
cantly increased among long-term (> 20 years)
HGYV drivers and was raised among long-term
(> 10 years) lighter vehicle drivers. The number of
cases among black men was smaller and the odds
ratios were not significant, but were elevated for
those employed long-term. Short- and long-term
white male garage and service station workers
had non-significantly increased odds ratios;
again, the numbers of similarly employed black
men were very low. [The Working Group noted
that the study was based on occupational titles
only and no estimates of exposure to motor
exhaust were used. The classification of nearly
carcinogen-free occupations as unexposed may
have introduced a systematic difference between
the exposed and unexposed, resulting in biased
risk estimates.]

Briiske-Hohlfeld et al. (1999) reported the
risk for lung cancer among men in relation to
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exposure to diesel motor exhaust from two
pooled case—control studies in Germany. One
study identified cases of lung cancer in the
Bremen and Frankfurt/Main areas in 1988-93
and the other study covered parts of Nordrhein-
Westfalen, Rheinland-Pfalz and Bayern, the
Saarland, Thiiringen and Sachsen in 1990-96. A
total of 3498 male incident cases of lung cancer
and 3541 population controls were interviewed
in person regarding occupational history and
tobacco smoking habits. Special questionnaires
were used to assemble information on specific
job tasks. Exposure to diesel motor exhaust was
investigated by expert assessment. The findings
were adjusted for age, region, smoking and expo-
sure to asbestos. The risk for lung cancer among
those ever exposed to diesel motor exhaust was
significantly elevated (1.43; 95% CI, 1.23-1.67),
and increased, although not monotonically, with
duration of exposure. The odds ratio was higher
among those most recently exposed. An analysis
by job titles showed a significantly increased odds
ratio for professional drivers, those in other traf-
fic-related jobs and heavy equipment operators.
For professional drivers, the increased risk was
found only in West Germany (OR, 1.44; 95% ClI,
1.18-1.76) and not in East Germany (OR, 0.83;
95% CI, 0.60-1.14). [The Working Group noted
that this study was based on detailed occupa-
tional data including information on job tasks, as
well as detailed data on smoking. A low response
rate among controls in one part of the study may
have contributed to the discrepant results found
for drivers in former West and East Germany.]
Gustavsson et al. (2000) conducted a popu-
lation-based case-control study in Stockholm
County, Sweden, of 1042 male cases of lung
cancer diagnosed in 1985-90, who were identi-
fied from the regional cancer registry, and 2364
frequency-matched controls from the general
population. Lifetime occupational and resi-
dential histories and information on tobacco
smoking were obtained from a postal question-
naire supplemented by a telephone interview
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with study subjects or next of kin. Occupational
exposures were assessed by an occupational
hygienist, who coded the intensity and proba-
bility of exposure to diesel motor exhaust and
seven other occupational exposures. The odds
ratio for cumulative exposure to diesel exhaust,
adjusted for age, year of diagnosis, tobacco
smoking, residential radon, residential exposure
to traffic-generated air pollution and exposure
to asbestos, was significantly increased in the
highest quartile of cumulative exposure (OR,
1.63; 95% CI, 1.14-2.33). No increased risk for
lung cancer was noted for exposure to vehicle
exhaust in general (mixed diesel and gasoline
exhaust). [The Working Group noted that this
study was based on full occupational histories
and lifetime data on smoking. It is improbable
that the positive finding for diesel exhaust was
caused by bias or confounding.]

A population-based case-control study of
lung cancer conducted in the Turin area, Italy,
was reported by Richiardi ef al. (2006). Incident
cases of primary lung cancer among men and
women aged < 76 years (n = 595) were identified
from hospitals in the city. Controls (n = 845) were
randomly selected from population registers,
and were frequency-matched for sex and 5-year
age group. Subjects were interviewed regarding
tobacco smoking habits, lifetime occupational
history and exposure to secondhand smoke.
Interviewers  administered  supplementary
questionnaire modules for subjects in occupa-
tions with potential exposure to diesel exhaust.
Questionnaires were evaluated for exposure to
diesel exhaust by an industrial hygienist, who
assessed the probability, intensity and daily
frequency of exposure. Odds ratios were adjusted
for age, gender, cigarette smoking, exposure to
other occupational lung carcinogens and level
of education, and were estimated for any expo-
sure, for duration, intensity and probability of
and for cumulative exposure to diesel exhaust;
no indications of increasing risk for any of these
parameters were observed. Analyses by job group

and histological types of lung cancer showed no
evidence of increased risk in association with
exposure to diesel exhaust. [The Working Group
noted that data on environmental exposure to
motor exhaust, which may be substantial in the
study area, were not available. The lack of such
data may possibly have reduced the ability of the
study to detect an association with occupational
exposure. This study was later expanded and
re-analysed using a JEM in a pooled, multicentre
study (Olsson et al., 2011).]

Tse et al. (2011) carried out a study on occu-
pational exposures and the risk for lung cancer
among nonsmoking men in Hong Kong Special
Administrative Region (China). Histologically
confirmed cases of primary lung cancer among
Chinese men, aged 35-79 years, were identified
from the largest oncology centre in Hong Kong
Special Administrative Region during 2004-06
(response rate, 96%). Community controls were
randomly selected from same districtsasthe cases
(response rate, 48%) and frequency-matched by
age. The analysis among lifelong nonsmokers
included 132 cases and 536 controls with life-
time occupational histories (jobs and job tasks)
obtained by personal interview. Regular expo-
sure (at least once a week for at least 6 months) to
specific agents or groups of agents at each work-
place was determined based on alist of confirmed
or suspected human carcinogens, including
diesel exhaust and 13 other occupational agents.
Odds ratios were adjusted for age, place of birth,
level of education, residential radon, history of
lung diseases, cancer in first-degree relatives and
intake of meat. Only six cases were exposed to
diesel exhaust which gave an odds ratio of 3.47
(95% CI, 1.08-11.14) when those not exposed to
diesel exhaust were defined as unexposed, and
4.17 (95% CI, 1.28-13.53) when those not exposed
to any of the agents were defined as unexposed.
No increased risk was noted for exposure to
gasoline exhaust, based on seven cases. A posi-
tive association was noted for exposure to silica
and work as a painter but not for exposure to
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asbestos. [The Working Group noted that one
strength of this study was the analysis of life-
long nonsmokers, which considerably reduced
the risk of residual confounding from smoking.
Although the odds ratio for exposure to diesel
exhaust was significantly increased, the confi-
dence interval was wide because of the small
numbers. The low response rate among controls
may have biased the risk estimates. Self-assessed
exposures may have resulted in misclassification,
although a positive bias appeared to be improb-
able because no increased risks were noted for
most of the other agents studied.]

A population-based case-control study of
lung cancer among men aged > 40 years in eight
Canadian provinces (excluding Montreal) was
reported by Villeneuve et al. (2011). Living inci-
dent cases of lung cancer were identified from
cancer registries in British Columbia, Alberta,
Saskatchewan, Manitoba, Ontario, Nova Scotia,
Newfoundland and Prince Edward Island from
1994 to 1997, and age- and sex-matched controls
were identified from the population. Self-
administered postal questionnaires provided
informationonlifetimeoccupationalandresiden-
tial histories. Response rates were 64% for cases
and 61% for controls. Occupation and industry
codes were assigned by two hygienists, who also
coded exposure (concentration, frequency and
reliability; four levels for each) to diesel and
gasoline emissions, asbestos and crystalline
silica. Odds ratios were estimated adjusting for
age, province, cigarette pack-years, secondhand
smoke, silica and asbestos. For cumulative expo-
sure to diesel emissions, the odds ratios across
the increasing tertiles of cumulative exposure
were 0.93, 1.03 and 1.12 (P = 0.07). A stronger
trend with cumulative exposure was observed
for squamous cell (P = 0.04) and large cell carci-
noma (P = 0.02) of the lung. The odds ratio for
exposure to diesel exhaust was significantly
increased for large cell carcinoma in the upper
tertile of cumulative exposure to diesel exhaust
(OR, 1.68). (A positive association was noted for
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exposure to silica and work as a painter but not
for exposure to asbestos; OR, 1.03-2.74; 36 cases).
No consistent indications of increased risk were
observed with exposure to gasoline exhaust.
[The Working Group noted that the findings
suggest that exposure to diesel engine emissions
increased the risk of lung cancer, particularly for
squamous and large cell carcinoma subtypes.
This study used detailed data on occupational
exposures and tobacco smoking and a weak
positive association with cumulative exposure to
diesel exhaust was noted.]

Olsson et al. (2011) reported a pooled re-anal-
ysis of 11 case-control studies from 41 study
centres in 12 European countries and Canada.
The study base partially overlapped with other
studies reported by Briiske-Hohlfeld ef al. (1999),
Gustavsson et al. (2000), Richiardi et al. (2006)
and Pintos ef al. (2012), and included 13 304
cases (10 812 men and 2492 women) and 16 282
controls (13 031 men and 3251 women). For most
centres, controls were recruited from the popu-
lation, but some used hospital controls. Lifetime
occupational and smoking histories were taken
from the original studies. Work histories were
recoded to a common classification (ISCO-68),
and smoking histories were harmonized to
enable a pooled analysis. A population JEM was
developed (independently from earlier expo-
sure assessments in the participating studies) to
assign no, low or high exposure to diesel motor
exhaust (representing relative intensities of 0, 1
and 4) for every work period for all study subjects.
Cumulative lifetime exposure to diesel motor
exhaust was expressed as unit-years. Odds ratios
were adjusted for age, sex, study, occupational
exposure to known carcinogens (based on A-list
jobs; Mirabelli et al., 2001), and pack-years of
and time since quitting smoking. The odds ratio
for lung cancer was significantly increased in the
highest quartile of cumulative exposure to diesel
exhaust, with evidence of a dose-response trend
(P < 0.01). Subgroup analyses of workers never
employed in jobs involving exposure to known
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carcinogens showed similar results. Analysis
of risk among never-smokers also showed an
increased odds ratio in the highest quartile of
cumulative exposure to diesel exhaust (OR, 1.26;
95% CI, 0.90-1.78). A positive and significant
trend with duration of exposure was observed
among those exposed to low (P < 0.01) and high
levels (P < 0.01) of diesel motor exhaust. The
risk estimates were similar for population-based
and hospital-based case-control studies, and no
significant heterogeneity for the effect of diesel
motor exhaust in the highest quartile of cumula-
tive exposure was found across studies (P = 0.29).
[The Working Group noted that this study was
based on a very large data set with detailed infor-
mation on job histories and smoking habits.
Exposure was coded in a standardized manner
by the application of a JEM, although temporal
changes in exposure were not taken into account.
Although this study base partially overlapped
with some earlier publications, these present
findings were considered to be independent in so
far as a new exposure assessment was used. The
association between exposure to diesel motor
exhaust and the risk for lung cancer reported
here probably could not be explained by bias or
confounding.]

Pintos et al. (2012) reported an expansion
(Montreal II) of an earlier case-control study
from the Montreal area, Canada (Siemiatycki
et al., 1987; Parent et al., 2007; Montreal I),
and covered the findings from Montreal I and
Montreal II, as well as those from the pooled
data set. Cancer cases were identified from area
hospitals and population controls were recruited
from electoral lists. Subjects or proxies were
interviewed regarding lifetime occupational
history, including data on work site and work
tasks, and several other risk factors, including
tobacco smoking. Exposure to diesel exhaust
and several other occupational exposures
were coded by expert assessment which was
improved in relation to the method employed
in the original study (Siemiatycki et al., 1987).

Odds ratios were adjusted for age, ethnicity, level
of education, socioeconomic status, smoking,
respondent status and occupational carcino-
gens. Study I (sampled in 1979-86) comprised
857 cases and 533 population controls; study II
(sampled in 1996-2001) comprised 736 cases and
894 population controls, all of whom were men.
An increased odds ratio of 1.34 (95% CI, 1.1-1.7)
was found for subjects ever-exposed versus
those never-exposed to diesel motor exhaust; for
substantial cumulative exposure, the odds ratio
was 1.80 (95% CI, 1.3-2.6). The findings were
essentially similar for study I and study II when
analysed separately. An analysis of risk in rela-
tion to histological type of lung cancer showed
that the risks were more pronounced for squa-
mous cell carcinomas (OR, 2.09; 95% CI, 1.3-3.2)
for ever exposure to substantial levels of diesel
exhaust but were lower for adenocarcinomas
(OR, 1.17; 95% CI, 0.7-1.9). An intermediate risk
was reported for small cell carcinomas (OR, 1.52;
95% CI, 0.8-2.7). A previous analysis based on
the subjects in study I (Parent ef al., 2007) inves-
tigated the risk of lung cancer in relation to diesel
exhaust and gasoline exhaust. No excess risk
was found with exposure to gasoline exhaust.
[The Working Group noted that this large study
showed an increased risk of lung cancer after
occupational exposure to diesel motor exhaust.
A detailed exposure assessment and adjustment
for potential confounders was applied, and the
findings were internally consistent between
the two sampling periods. The study showed a
stronger effect for squamous cell carcinoma than
for other histological types.]

2.3.2 Cancer of the urinary bladder

Numerous case—control studies that eval-
uated the risk for urinary bladder cancer and
potential occupational exposure to diesel or
motor exhaust were identified. The major limi-
tation of the studies reviewed was the small
number with well characterized exposure to
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Fig. 2.1 Case—control studies of urinary bladder cancer with odds ratios for the highest exposure

to diesel exhaust

Coggon et al. (1984)a N D G 1.70 (0.82, 3.54)
Pesch et al. (2000)a Men - 1.20 (0.87, 1.65)
Pesch et al. (2000)b Women * 0.70 (0.18, 2.80)
Kogevinas et al. (2003)a - 1.25(1.08, 1.44)
Richardson et al. (2007)a —— 1.25 (1.04, 1.50)
Steineck et al. (1990)b * 2.90 (0.29, 29.00)
Siemiatycki et al. (1994)b — 1.00 (0.68, 1.46)
Kellen et al. (2007)b -T—— 1.51 (0.84, 2.72)
Hoar & Hoover (1985)c * 1.70 (0.54, 5.38)
Howe et al. (1980)d * 2.80(0.73, 10.75)
Wynder et al. (1985)d * 1.68 (0.49, 5.74)
Risch et al. (1988)d — 1.53 (1.17, 2.00)
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a Job-exposure matrix

b Expert assessment

¢ Proxy

d Combined jobs

CI, confidence interval; OR, odds ratio

diesel or gasoline exhaust. A few studies used
JEMs or experts to assess exposure, while others
provided risk estimates for exposure to diesel
exhaust for combined occupations based only on
job titles or proxy exposure, and a large number
of studies reported risk estimates for occupations
that had potential for exposure to diesel exhaust.
These studies are discussed in Section 2.3.2(a-c),
and are summarized in Table 2.3. Odds ratios
are plotted in Fig. 2.1. The use of expert or
JEM assessment of exposure to diesel exhaust
increased the probability of distinguishing
exposed workers from unexposed workers, and
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these studies were most influential in the evalu-
ation of risks for urinary bladder cancer. Studies
that used job titles alone as a surrogate for expo-
sure to diesel exhaust were less informative with
regard to specific exposure to diesel or gasoline
exhaust; however, some studies that provided a
more focused analysis of HGV drivers were given
more weight. Studies that reported risk estimates
for specific occupations are described by occupa-
tion in Table 2.4, and the findings across studies
are briefly discussed in Section 2.3.2(d). The odds
ratios for urinary bladder cancer by occupational
title are plotted in Fig. 2.2-2.7.
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Table 2.3 Case-control studies of urinary bladder cancer and exposure to engine exhausts

Reference Total No. Source of Exposure assessment Exposure categories No. of Relative risk Covariates
Location, of cases/ controls exposed (95% CI) Comments
period controls cases
Job-exposure matrix
Coggonetal.  291/638 Death JEM from occupational codes Diesel fumes Men under 40 yr, controls
1984 certificates,  on death certificates All occupations 69 1.0 (0.7-1.3) matched by date of birth;
England and including (versus no exposure) no information on tobacco
Wales, deaths Occupations with 19 1.7 (0.9-3.9) smoking, only most recent full-
1975-79 from other high exposure time job on death certificate
cancers
Dolin & 2457 External Death certificates, JEM to SMR Age and degree of urbanization;
Cook- controls identify jobs with exposure to Occupations with 125 1.06 men aged 25-64 yr; no
Mozaftari diesel exhaust low exposure (0.88-1.26) information on tobacco
1992 smoking
United
Kingdom,
1965-80
Pesch et al. 1035/4298 Population  In-person interview using Exhaust JEM OR Urothelial cancer (urinary
2000 structured questionnaire Men bladder: 90% men, 84%
Germany, (JEM, JTEM) Medium 157 1.0 (0.8-1.3) women); tobacco smoking,
1991-95 High 173 1.3 (1.0-1.6) study centre and age; controls
Substantial 57 12(09-17)  Matchedbyregion, sexand age
Women
Medium 21 1.3 (0.7-2.2)
High 18 1.0 (0.6-1.8)
Substantial 2 0.7 (0.2-3.2)
Self-assessed ORs for women < 1.0, small
Men number of exposed cases
Medium 38 0.6 (0.4-0.9)
High 74 1.0 (0.8-1.3)
Substantial 19 0.8 (0.5-1.4)
Kogevinas 3346/6840 Population  JEM Highest tertile of NR ~1.25 Age, tobacco smoking and study
et al. (2003 matched and hospital exposure to diesel (~1.05-1.4) centre; pooled analysis of 13
Europe, on age and exhaust (compared estimated from studies; men aged 30-79 yr
1976-96 geographical with unexposed) graph
area
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Table 2.3 (continued)

Reference Total No. Source of Exposure assessment Exposure categories No. of Relative risk Covariates
Location, of cases/ controls exposed (95% CI) Comments
period controls cases
Richardson 1062/8057 Other NOES-JEM Diesel exhaust 1.0 (reference)  Tobacco smoking, alcohol
et al. (2007 cancers No cumulative consumption and questionnaire
British except lung exposure respondent; same cancer
Columbia, from cancer Ever exposure 605 1.18 (0.95-1.37) registry database as Band et al..
Canada, registry Cumulative exposure (2005)
1983-90 Low NR 1.14 (0.95-1.37)

Medium NR 1.17 (0.97-1.40)

High NR 1.25 (1.04-1.49)

P for
trend = 0.01

Expert assessment
Steineck et al.  256/287 Population  Postal questionnaire Diesel exhausts Urothelial cancer and/or
(1990) and interview, expert Exposed 25 1.7 (0.9-3.3) squamous cell carcinoma of
Stockholm, classification of exposure to Annual dose lower urinary tract; yr of birth
Sweden, diesel or petrol exhaust and tobacco smoking; men born
1985-87 P Low NR 1.3 (0.6-3.1) 1911-45; participati(s)gn rate: 80%

Moderate NR 2.2 (0.7-6.6) cases, 79% controls

High NR 2.9 (0.3-30.0)

Petrol exhausts

Ever exposed 24 1.0 (0.5-1.9)

Annual dose

Low NR 0.6 (0.3-1.3)

Moderate NR 1.4 (0.5-3.7)

High NR 3.9 (0.4-35.5)

Diesel and petrol exhausts Moderate/high annual dose

None 247 1.0 (reference)

Diesel only 4 1.1 (0.3-4.3)

Petrol only 6 1.0 (0.3-3.4)

Both 7 7.1 (0.9-58.8) Yr of birth and tobacco smoking

Both 7 5.1 (0.6-43.6) Yr of birth, tobacco smoking

and benzene
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Table 2.3 (continued)

Reference Total No. Source of Exposure assessment Exposure categories No. of Relative risk Covariates
Location, of cases/ controls exposed (95% CI) Comments
period controls cases
Siemiatycki 484/1879 Other In-person (some proxy) Diesel engine exhaust Age, ethnicity, smoking, SES,
et al. (1994 cancer cancers and  interview with detailed job Non-substantial 46 1.3 (0.9-1.8) regular coffee consumption and
Montreal and 533 population  history, semiquantitative Sl 32 1.0 (0.7-1.5) respondent status (self or proxy)
area, Canada, population exposure assessment by Confidence
1979-86 experts
Probable 28 1.0 (0.7-1.6)
Definite 50 1.2 (0.9-1.7)
Concentration
Low 27 1.2 (0.8-1.9)
Medium/high 51 1.1 (0.8-1.50
Frequency
Low 48 1.1 (0.8-1.5)
Medium/high 30 1.3 (0.8-1.9)
Duration (yr)
>11 56 1.3 (0.8-1.5)
Kellen et al. 200/385 Population Structured interview, expert  Diesel 144 1.0 (reference)  Transitional cell carcinoma;
2007) assessment No exposure age, sex and tobacco smoking;
Belgium, Low 20 0.8 (0.4-1.57) same population as Reulen ef al.
1999-2004 High 56 1.51 (0.85-2.75) (2007)
P for
trend = 0.25
Ever exposure Sex and age
Never smoked 2 1.24
(0.30-5.03)
Ever smoked 54 1.34(0.83-2.16)
Self-reported assessment
Howe et al. 480 men, 152 Population  In-person interviews; Diesel and traffic 11 2.8(0.8-11.8) Work in a-priori suspect
(1980) women/480 occupational history coded fumes industries considered; control
Canada, men, 152 according to the 1971 Railroad workers 9 9.0 (1.2-394.5)  matched by sex, province and
1974-76 women Canadian census, more age

details collected on a-priori
suspect industries, exposure
to fumes, dust or chemicals
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Table 2.3 (continued)

Reference Total No. Source of Exposure assessment Exposure categories No. of Relative risk Covariates
Location, of cases/ controls exposed (95% CI) Comments
period controls cases
Hoar & 325/673 Population  In-person interviews Exposure to diesel, OR Coffee drinking, tobacco
Hoover (1985 with next of kin; lifetime any occupation smoking and education
New England, occupation Never 197 1.0 (reference) ~ considered but did not change
USA, 1975-79 Do 26 1.5 (0.8-2.8) crude OR in duration analysis;
g 5 0.9 (0.3-2.8) controls matched on state, sex,
age, race, yr of death, county or
A= : 2.1(0.5-8.6) residence and age at death
30-39yr 6 3.2 (0.8-13.7)
> 40 yr 7 1.7 (0.5-5.0)
P for
trend = 0.024
Risch et al. 826/792 Population  In-person interview using Occupation/industry: job entailing contact Control for lifetime tobacco
1988 structured questionnaire; with diesel or traffic fumes smoking; other factors
Canada, occupational history Men 309 considered include SES, marital
1979-82 Ever employed 1.53 (1.17-2-00) status, educatiopal group, uFban
Employed 8-28 yr 169 (1.24-2.31) 1 ural rleS‘den;e gri)d ll’)‘.rt}}ll
before diagnosis place; controls matc 6? y birt
) . yr, age and area of residence;
Trend with duration 1.23 (1.08-1.41) response rate: 67% cases, 53%
Women 19 controls
Ever employed NR 0.62
(0.23-1.57)
Employed 8-28 yr NR 0.49 (0.10-2.11)
in past
Trend with duration 0.83 (0.27-2-50)
Wynder etal.  194/582 Hospital; Interview with structural No exposure to 178 1.0 (reference)  Age, smoking habit and SES;
1985) men with questionnaire, exposure diesel exhaust controls matched by age, race,
USA non- to diesel exhaust classified yr of interview and hospital
(American tobacco- by: (1) jobs with probable Probable exposure (% of workers exposed to diesel
Health related exposure, (2) high, moderate  yinimal (< 10%) 189 1.0 (reference)  exhaust)
Foundation diseases or minimal occupations by % Moderate (10-19%) 1 0.16
Study), of workers exposed to diesel )
1981-83 exhaust IR (2050 . 1L

(0.49-5.73)
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Table 2.3 (continued)

Reference Total No. Source of Exposure assessment Exposure categories No. of Relative risk Covariates
Location, of cases/ controls exposed (95% CI) Comments
period controls cases
Iyer et al. 136/272 Hospital; Lifetime and self-reported No exposure to 95 1.0 (reference) ~ Primary cancer; educational
1990 non- occupational history diesel status and tobacco smoking;
USA tobacco- Any exposure to 41 1.24 controls matched by age, race,
(American related diesel (possible, (0.77-2.00) sex, yr of interview and hospital
Health diseases probable or self-
Foundation reported)
Study), NR Main occupation with exposure to diesel

Possible 19 1.11 (0.6-2.08)

Probable 13 0.86 (0.41-1.81)

CI, confidence interval; JEM, job—exposure matrix; JTEM, job-task-exposure matrix; NOES, National Occupational Exposure Survey; NR, not reported; OR, odds ratio; SES,
socioeconomic status; SMR, standardized mortality ratio; yr, year
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Table 2.4 Case-control studies of urinary bladder cancer and exposure to engine exhaust estimated from job title

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Steenland 731/1275 Death Occupation and Occupation as HGV driver Mortality study
et al. (1987) certificates industry from death <20 years 49 1.06 (0.89-1.26)
Ohio, USA, cgrtiﬁca‘tes andcity | 5 years 1 12.00 (2.29-62.9)
1960-82 directories ety iy

< 20 years 10 0.42 (0.23-0.78)

> 20 years 19 2.21 (1.21-4.03)
Siemiatycki 484/1879 Other Interview with Occupation as HGV driver Age, ethnicity, tobacco smoking,
etal. (1994 cancer cancers detailed job history, Exposure duration SES, regular coffee consumption
Montreal and 533 except semiquantitative and respondent (self or proxy)
area, Canada, population lungand exposure assessment
1979-86 kidneyand by experts <10yr 25 1.1 (0.7-1.8)

population >10yr 26 1.2 (0.8-1.9)

Colt et al. 424/645 Population  In-person interview, Male tractor-trailer drivers 47 2.4 (1.4-4.1) Primary cancers, aged 25-74 yr,
(2004) occupational <5yr 19 1.5 (0.8-3.1) identified from cancer registry;
New history, SOC codes >5yr 28 4.0 (1.8-8.7) age and tobacco smoking
Hampshire, P for
USA, 1994-98 trend, 0.0003

HGYV drivers 3 0.8 (0.2-3.5)

LGV drivers 27 1.3 (0.7-2.3)

Bus drivers 5 0.5 (0.2-1.6)

Taxicab drivers/ chauffeurs 8 0.8 (0.3-2.3)

Female auto mechanics 17 Reported as < 1.3

(NS)

Garage or gas station 19 1.7 (0.8-3.4)

workers

<5yr 14 1.4 (0.6-2.9)

>5yr 5 6.3 (0.7-54.8)

P for trend, 0.07
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Coltetal. 1158/1402  Population  In-person interview, Men only 54 0.9 (0.6-1.3) Cases identified from hospital
(2011) occupational Tractor-trailer drivers and state registries and records,
New England, history, SOC codes  HGV drivers 57 1.3 (0.9-2.0) including carcinoma in situ; age,
USA, 2001-04 LGV drivers 43 0.8 (0.5-1.2) race, ethnicity, tobacco smoking

Taxicab drivers/ chauffeurs 23 1.1 (0.6-2.0) a.n d emp loyrpent in Ot.h e.:r hi.gh-

. . . risk occupations; participation

Vehicle/mobile equipment 119 1.5 (1.1-2.0) rate, 65%

mechanics/repairers

Automobile mechanics 59 1.6 (1.05-2.4)

<5yr 25 1.4 (0.7-2.5)

5-<15yr 17 1.6 (0.7 -3.4)

>15yr 17 2.1 (0.98-4.6)

P for trend, 0.03

Dolin & Cook- 2457 External Death certificates; SMR Death certificate study; no
Mozaffari JEM to identify jobs HGV driver 92 1.08 (0.88-1.32) information on tobacco smoking
(1992) United with exposure to HGV driver’s mate 1 0.95 (0.03-5.31)
Ifglgsg‘_igg" ditesel b Railroad industry 74 2.22 (1.77-2.79)

Railway engine driver 13 1.61 (0.85-2.75)

Railway shunter 4 1.49 (0.40-3.82)

Railway signallman 5 1.46 (0.47-3.39)

Railway guard 4 2.58 (0.70-6.61)

Railway lengthman 11 1.47 (0.73-2.63)

Bus driver 14 0.81 (0.44-1.36)

Taxi driver 18 1.24 (0.73-1.36)
Coggon et al. 179/NR Hospital Postal questionnaire HGV drivers (ever versus NR 1.6 (1.0-2.4) Urinary bladder and renal
(1986) pathology never employed) pelvis; age, tobacco smoking,
United and cancer county and source of interview;
Kingdom, registry men aged 18-54 yr
1975-80 files; other

cancers
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Silverman 1909/3569  Population  Interviewer- Truck driver or delivery man Age and tobacco smoking;
et al. (1986) (white administered Usual 99 1.5 (1.1-2.0) controls matched for age and
USA, 1977-78  men) questionnaire v 488 1.3 (1.1-1.4) geographic location; response
(National . rate: 75% cases, 83-84% controls
Bladder Duration of employment (yr)
Cancer Study) <5 208 1.1 (NR)
5-9 102 1.3 (NR)
10-14 58 1.7 (NR)
15-24 59 2.2 (NR)
>25 54 1.1 (NR)
P for trend,
<0.001

Duration of employment (yr) among drivers first employed

> 50 yr before diagnosis

5-9 74
10-14 32
15-24 33
>25 22
Bus driver

Usual 9
Ever 49
Duration of employment (yr)

<5 21
5-9 11
> 10 16

Taxicab driver/chauffeur

Usual 10
Ever 77
Duration of employment (yr)

<5 44
5-9 14

>10 16

1.2 (NR)
1.4 (NR)
2.1 (NR)
2.2 (NR)

P for trend,
< 0.0001

1.5 (0.6-3.9)
1.3 (0.9-1.9)

1.3
1.2
1.3
P for trend, 0.2

6.3 (1.6-29.3)
1.6 (1.2-2.2)

1.9
1.0
2.0
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Iyer et al. 136/272 Hospital; Lifetime and HGV driver 4 0.48 (0.15-1.56) Primary cancer; educational
1990 non- self-reported status and tobacco smoking;
USA tobacco- occupational history controls matched by age, race,
(American related sex, yr of interview and hospital
Health diseases
Foundation
Study), NR
Hoar & 325/673 Population  In-person HGYV driver OR Coffee drinking, tobacco
Hoover (1985) interviews with Ever 35 1.5 (0.9-2.6), smoking and education
New England, next of kin; lifetime  ;_,4 yr 9 1.4 (0.6,3.3) considere@ but did. not change
USA, 1975-79 occupation S L 2.9 (1.2-6.7) crude OR in duration analysis;
controls matched on state, sex,
> 10 yr 11 1.8 (0.8-4.1) age, race, yr of death, county of
P for trend, 0.006  residence and age at death
Reported exposure to NR 1.8 (0.5-7.0)
diesel fuel
Not reported exposure to NR 1.5 (0.8-2.7)
diesel fuel
Calendar year first employed
<1929 10 1.2 (0.5-2.6)
1930-49 18 2.6 (1.3-5.1)
> 1950 6 1.4 (0.5-4.1
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Silverman 303/296 Population Interviewer- HGYV driver 42 2.1 (NR) Lower urinary tract (95%
et al. (1983 administered Duration of employment (yr) bladder); age and tobacco
Detroit, USA, questionnaire; <10 23 1.4 (NR) smoking; white men; age-
1977.—78 de.ta.lls on HGV > 10 16 5.5 (NR) matched controls
(National driving
Bladder P for trend, 0.004
Cancer Study) Yr employment started
1910-29 8 1.6 (NR)
1930-39 12 2.0 (NR)
1940-49 10 1.5 (NR)
1950-69 7 6.5 (NR)
P for trend, 0.03
Ever operated a vehicle with diesel
engine
No 21 1.4 (0.7-2.9)
Yes 13 11.9 (2.3-61.1) One exposed control
P for trend, 0.014
Brownson 823 white ~ Cancer Registry records, Occupation 18 OR Age, tobacco smoking and
et al. (1987) men/2469  registry; occupation coded HGV drivers 1.2 (0.7-2.1) alcohol use; age-matched
Missouri, other using 1980 US Industry 17 1.2 (0.7-2.2) controls
USA, 1984-86 patients census code Transport service
without Railroads 18 1.3 (0.7-2.3)
smoking-
related
diseases
Kogevinas 3346/6840  Population = Occupational Occupations Age, tobacco smoking and study
et al. (2003 and hospital  history, job codes Railway engine drivers/ 34 1.41(0.87-2.28) centre; controls never employed
Europe, firemen in a-priori suspect occupation
1976-96 Railway brakemen, 18 1.43(0.77-2.63)
signallmen and shunters
Motor vehicle mechanics 108 1.16(0.90-1.50)
Automobile mechanics 78 1.38(1.02-1.87)
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Band et al. 1129/14 334 Cancer Self-administered Usual occupation Smoking (yr), alcohol
(2005) registry; questionnaire, SOC  HGV driver consumption and proxy
British ‘ other and SIC codes Ukl 44 1.21 (0.92-1.60) response; contr.ols ma_tched on
Columbia, cancers Ever 145 1.20 (1.02-1.41) age and yr of diagnosis; 65%
Canada, except lung ] response rate
1983-90 Railroad transport

Usual 11 1.01 (0.59-1.75)

Ever 26 1.11 (0.77-1.59)

Locomotive operations

Usual 8 1.84 (0.92-3.68)

Ever 13 1.26 (0.75-2.12)

Taxi drivers/chauffeurs

Usual 6 1.82 (0.85-3.90)

Ever 27 1.17 (0.82-1.66)

Motor vehicle mechanics (8581)

Usual 29 1.37 (0.97-1.94)

Ever 75 1.49 (1.20-1.86)

Usual industry

HGYV transport

Usual 33 1.38 (0.99-1.99)

Ever 92 1.28 (1.05-1.56)

Rail transport

Usual 28 0.83 (0.59-1.17)

Ever 71 0.93 (0.74-1.15)

Taxicab service

Usual 6 1.94 (0.90-4.20)

Ever 22 1.02 (0.70-1.51)

Gasoline service

Usual 6 1.69 (0.79-3.61)

Ever 38 1.75 (1.28-2.38)
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Zheng et al. 1452/2434  Population  Postal questionnaire Occupation In situ and invasive cancers; age,
(2002) (some telephone Automobile mechanic tobacco smoking (lifetime) and
Towa, USA, interviews) All 44 1.6 (1.0-2.6) first-degree rglativg with bladder
1986-89 Duration of employment cancer; c.ases identified from
state registry; controls matched

<10yr 8 1.4 (0.5-3.7 by gender and age

>10yr 36 1.7 (1.0-2.8)

Garage/service station-related

All 27 1.7 (0.9-3.1)

Duration of employment

<10yr 10 1.8 (0.7-4.8)

>10yr 17 1.6 (0.8-3.5)

Supervisors: transport and material

moving

All 11 6.5 (1.4-29.9)

Duration of employment

<10yr 1 NR

=10yr 10 6.0 (1.3-28.2)

Material-moving equipment operators

All 26 1.9 (1.0-3.6)

Duration of employment

<10yr 6 1.9 (0.5-7.3)

>10yr 20 1.9 (0.9-3.9)

Industries

Automotive dealer/service station

All 54 1.6 (1.0-2.4)

Duration of employment

<10yr 15 1.4 (0.7-3.0)

>10yr 39 1.7 (1.0-2.7)

Railroad transport (40)

All 33 1.4 (0.8-2.3)

Duration of employment

<10yr 4 0.6 (0.2-2.0)

>10yr 29 1.7 (1.0-3.1)
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Samanicetal.  1159/1231 Hospital In-person interview, Occupation White cases of carcinoma or
(2008 SOC and SIC codes  HGV driver carcinoma in situ; age, hospital
Spain, region, tobacco smoking and
1988-2000 ever employed in high-risk
0.97 (0.66-1.43) occupation; cqntfols rngtched by
. age at diagnosis/interview, sex,

Railroad transport race/ethnicity and hospital

Overall 11 1.04 (0.40-2.69)

0-<10yr 4 0.62 (0.15-2.55)

> 10 yr 7 1.56 (0.43-5.70)

>10yr 3 0.31 (0.08-1.24)

Taxi driver

Overall 37 1.14 (0.69-1.90)

0-<10yr 16

Industry

Local urban transport

0-<10yr 15 0.72 (0.35-1.48)

=10 yr 18 0.64 (0.34-1.22)

Auto repair services/garages

Overall 55 1.21 (0.81-1.81)
Risch et al. 826/792 Population  In-person interview Railway occupations Lifetime tobacco smoking; other

1988 using structured Ever employed 113 1.07 (0-71-1.61) factors considered included
f;;;adgaz, questior?nailiek;l. Employed 8-28 yrin past ~ NR 1.17 (0.65-2-12) SES, marilial status, educ?tional
- occupational history Trend with 10 years NR 1:09 (0.87-1.36) group, urban versus rura

duration

residence and birth place;
controls matched by age and
area of residence; response rate:
67% cases, 53% controls

sysneyxa auibus auljoseb pue |3s31q


http:0.87�1.36
http:0�71�1.61
http:0.64�1.94
http:0.75�2.35
http:0.81�1.81
http:0.34�1.22
http:0.35�1.48
http:0.42�1.10
http:0.83�3.37
http:0.35�1.54
http:0.69�1.90
http:0.08�1.24
http:0.47�4.34
http:0.32�1.73
http:0.43�5.70
http:0.15�2.55
http:0.40�2.69
http:0.66�1.43
http:0.50�1.36
http:0.67�1.25

14%4

Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Burns & 2160/3979  Cancer Telephone interview Usual occupation Cigarette smoking, gender, race
Swanson registry; with subject Railroad worker 0.7 (0.2-2.4) and age at diagnosis; white and
1991) colon or surrogate; Usual industry black men and women; response:
Detroit, USA, cancers occupgtlons coded Railroads 12 0.7 (0.3-1.4) 94% cases, 95% controls
1973-91 by duties rather . .
than job title Automobile repair 12 0.5 (0.2-1.1)
Decouflé etal. 6434 men/  Hospital Structured Ever employed as HGV 26 1.66 (P > 0.05) Age; clerical workers were the
1977 NR non-cancer  questionnaire driver unexposed referent group

USA, 1956-65 Locomotive engineers/ 8 1.65 (P > 0.05)

firemen

Bus driver 4 2.78 (NR)

Taxicab drivers and 5 1.70 (P > 0.05)

chauffeurs
Dryson et al. 213/471 Population  In-person interview HGYV or tanker drivers 16 1.36 (0.60-5.09)  Cases (aged 25-70 yr) identified
(2008) Bus drivers 7 1.69 (0.55-5.26) ~ from cancer registry; age,
oy Zigzalbnwd, Car, taxi and light van 12 0T (s ey g B ety e
2003-04 operators tobacco smoking; SES semi-

Road freigh B Bayes methods adjusted for

oad freight transport 12 1.65 (0.61-4.47) . .
s multiple comparisons; response
rate: 64% cases, 48% controls

Silverman 2100/3874  Population  Interviewer- Railroad worker 57 1.3 (0.9-2.0) Same population as Silverman
et al. (1989a) (white administered Auto mechanic (HGV 11 10.2 (2.1-68.6) et al. (1986); tobacco smoking;
USA, 1977-78  men) questionnaire transport industry) controls matched by age
(National
Bladder
Cancer Study)
Silverman 126/383 Population  Interviewer- Taxicab driver/ chauffeur 10 1.3 (0.5-3.2) Population included in Smith
et al. (1989b (non-white administered Auto mechanic 6 1.4 (0.4-4.4) et al. (1985); tobacco smoking
USA 1977-78  men) questionnaire Garage worker/gas pump 6 1.6 (0.5-4.5) and high-risk occupations
(National attendant
Bladder

Cancer Study)
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates

Location, of cases/ controls assessment exposed (95% CI) Comments

period controls cases

Schifflers et al. ~ 74/203 Population ~ In-person HGV/engine drivers 10 2.15(0.88-5.29)  Tobacco use; controls matched

1987) interviews using for yr of birth and sex

Belgium, standard form,
1984-85 analysis on jobs
considered a-priori
as hazardous
Brooks et al. 1415/NR Cancer Registry records OR Age and tobacco smoking;

1992 registry; Truck driver 14 2.7 same population as Brownson
Missouri, case/case Vidhidle imadbante 5 1.2 et al. (1987); ORs for high-grade
USA, 1984-88 analysis tumours
Gaertner et al.  887/2847 Population =~ Mailed Men only Cases identified from cancer

2004) questionnaires HGYV driver 68 1.23 (0.88-1.75) registry; age, race, tobacco
Canada, >1-5yr 19 1.14 (0.63-2.04) srpoklng, province, several
1994-97 > 5-15yr 16 1.50 (0.73-3.10) .dletary facj[ors anq employment

in suspect industries
>15yr 33 1.19 (0.74-1.91)
P for trend, 0.25
Auto mechanic 36 1.69 (1.02-2.82)
>1-5yr 15 1.37 (0.66-2.83)
>5-15 9 1.93 (0.76-4.88)
>15 12 2.48 (0.97-6.34)
P for trend, 0.01
Gas station attendant 13 0.65 (0.33-1.32)
Reulen et al. 202/390 Population  In-person Male motor vehicle 5 0.6 (0.2-1.9) Men and women (aged 40-96 yr)
(2007) interviews mechanics with transitional cell carcinoma
Belgium, identified by cancer registry
1996-2004 (same population as Kellen ef al.

2007); age, sex, tobacco smoking
and educational status; very low
response rate: 26% controls, 9%
cases
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Smith et al. 2108/4046  Population  Interview with Auto and HGV mechanics Age, education and coffee
(1985) (black and structured Smokers NR 1.21 (0.90-1.63) consumption; controls:
USA4, 1977-78  white men) questionnaire Duration (yr) gnexposeq, never worhke.d
(National 1-5 NR 153 (1.07-2.20) » occupations with s.1m11ar .
Bladder exposures as mechanics or with
Cancer Study) 6-10 NR 0.74 (0.43-1.28) suspected chemical exposures

11-20 NR 1.13 (0.67-1.92)

21-29 NR 2.77 (1.34- 5.71)

>30 NR 1.19 (0.66-2.13)

Nonsmokers NR 1.33 (0.77-2.31)

Duration (yr)

1-5 NR 1.48 (0.73-2.75)

6-10 NR 1.29 (0.54-3.11)

11-20 NR 0.73 (0.21-2.53)

21-29 NR 0.51 (0.06-4.11)

> 30 NR 2.13 (0.78-5.80)
Schoenberg 658/1258 Population  In-person Taxicab drivers 25 1.36 (0.79-2.34)  White men (aged 21-84 yr) with
etal. (1984) interviews using Motor vehicle mechanics 55 1.26 (0.87-1.84)  carcinoma; age and duration
New Jersey, struc'fured ' Duration (yr) of srpoking; part of the in the
USA, 1978-79 questionnaires <2 NR 2.96 (P < 0.05) National Bladder Cancer Study

2-4.9 NR 0.82

5-9.9 NR 1.34

10-19.9 NR 0.77
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Schoenberg et >20 NR 2.31
al. (1984) P for trend, 0.63
New Jersey, Garage and/or gas station 43 2.35(1.47-3.78)
USA, 1978-79 NOELLTS
(emais) Age at first exposure (yr)
<25 NR 2.15 (P < 0.05)
26-40 <5 5.44
> 41 <5 4.75
P for trend, 0.25
Latency (yr)
<20 NR 3.06 (P < 0.05)
20-39 NR 3.16 (P < 0.05)
> 40 NR 1.66
P for trend = 0.29
Duration (yr)
<2 NR 1.58
2-4.9 NR 5.02 (P < 0.05)
5-9.9 NR 4.08
>20 NR 0.63
P for trend, 0.45
Cassidy et al. 604/604 Hospital; Interviews Occupations 37 1.43 (0.81-2.53) Age, sex and tobacco smoking;
(2009) non-cancer  with structured Motor freight controls matched to cases by
Texas, USA, questionnaire; OCC < 10 yr 22 1.49 (0.72-3.11) age, gender and ethnicity;
1999-NR and SIC codes >10yr 15 1.30 (0.57-3.01) participation rate: 92% cases,
75% controls
Automobile mechanic 23 1.05 (0.54-2.04)
<10yr 13 1.26 (0.50-3.14)
=10 yr 10 0.87 (0.34-2.23)
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Table 2.4 (continued)

Reference Total No. Source of Exposure Exposure categories No. of Relative risk Covariates
Location, of cases/ controls assessment exposed (95% CI) Comments
period controls cases
Cassidy et al. Industry 36 1.17 (0.66-2.07)
2009 Motor freight
Texas, USA, transportation/
1999-NR warehousing
(cont.) <10yr 18 1.18 (0.54-2.60)

>10yr 18 1.16 (0.52-2.58)

Railroad transport 13 1.46 (0.56-3.75)

<10yr 7 1.39 (0.40-4.87)

>10yr 6 1.54 (0.37-6.42)

Automotive repair, services/ 19 0.80 (0.40-1.61)

parking

<10yr 8 0.65 (0.24-1.73)

>10yr 11 0.99 (0.37-2.67)

Automotive dealers/ 37 0.98 (0.58-1.64)

gasoline service station

<10yr 22 0.81 (0.43-1.53)

=10 yr 15 1.47 (0.59-3.63)
Steineck etal.  256/287 Population ~ Postal questionnaire Occupation Urothelial cancer and/or
(1990) (men) and interview, Petrol station/auto repair 17 1.2 (0.6-2.8) squamous cell carcinoma in the
Stockholm, expert classification Railiead 3 0.4 (0.2-1.0) lower urinary tract; yr of birth
Sweden, exposure to diesel and tobacco smoking; born
1985-87 or petrol exhaust 1911-45; participation rate: 80%

cases, 79% controls
Wynderetal.  194/582 Hospital; Interview with Railroad worker 2 2.0 (0.34-11.61) Men only; age, tobacco smoking
(1985) non- structured Bus/HGV driver 10 0.9 (0.44 —1.87) and SES; controls matched by
USA, six cities, tobacco- ques.tiopr{aire; Heavy equipment 2 0.75 (0.16-3.53) age, rﬁace, yr of interview and
1981-83 related a-priori high- mechanic hospital
diseases exposure jobs Warehouse materials 2 0.85(0.18-4.14)

and percentage of
workers exposed

handler

CI, confidence interval; HGV, heavy goods vehicle; JEM, job-exposure matrix; LGV, light goods vehicle; NR, not reported; NS, not significant; OCC, occupational codes; OR, odds ratio;
SES, socioeconomic status; SIC, standard industrial classification; SMR, standardized mortality ratio; SOC, standard occupational classification; yr, year
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Diesel and gasoline engine exhausts

(a) Studies that used job—exposure matrices to
assess exposure to diesel exhaust

Two death certificate studies, a case—control
study (Coggon et al., 1984) and a record linkage
study (Dolin & Cook-Mozaffari, 1992) were iden-
tified that used a crude JEM to identify certain
occupations and industries that entailed expo-
sure to diesel exhaust. The study by Coggon
et _al. (1984), described previously in Section
2.3.1, included 291 men who died from urinary
bladder cancer (underlying cause of death) and
638 aged-matched controls identified from death
certificates collected in England and Wales
between 1975 and 1979 for all men aged 40 years
or younger. The odds ratios for exposure to diesel
exhaust were 1.0 (95% CI, 0.7-1.3; 68 exposed
cases) for all occupations and 1.7 (95% CI,
0.9-3.3; 19 exposed cases) for occupations with
high exposure. Dolin & Cook-Mozaffari (1992)
reported findings for 2457 men, aged 25-64
years, who died from urinary bladder cancer
during 1965-80 in selected regions in England
and Wales. The standardized mortality ratio for
exposure to ‘diesel fuel/fumes’ in occupations in
which most workers had low exposure was 1.06
(95% CI, 0.88-1.26; 125 deaths). No occupations
were considered to have high exposure to diesel
fuel or fumes. [The Working Group noted that,
although Dolin & Cook-Mozaffari (1992) used
the term ‘diesel fuel/fumes’, the occupations
identified by the JEM (HGYV, bus and taxi drivers
and HGV drivers’ mates) were those associated
with exposure to diesel exhaust. The preceding
two studies were not very informative for an
evaluation of cancer risk because of inaccuracies
and incompleteness of occupational history on
the death certificates (on which only the most
recent full-time occupation was listed) and the
lack of information on tobacco smoking or other
potential confounders. In the study of Coggon
et al. (1984), the subjects were young and thus the
latency period was inadequate to evaluate cancer
risk.]

A multicentre population-based case—control
study was conducted between 1991 and 1995 in
Germany to evaluate risks from specific occupa-
tional exposures (Pesch et al., 2000). The study
population consisted of 1035 incident cases of
urothelial cancer (predominantly of the urinary
bladder) and 4298 controls randomly selected
from resident registries and matched to cases by
region, sex and age. Information on exposures
and other risk factors was obtained by in-person
interviews using structured questionnaires
with lists of specific agents. Exposure to specific
substances was assessed using a JEM and a
job-task—-exposure matrix, which assigned prob-
ability and intensity of exposure to each job title
or task. Among men, the odds ratio (adjusted for
age, tobacco smoking and study centre) for the
association of bladder cancer with exposure to
‘exhaust’ (as classified by the JEM) was 1.3 (95%
CI, 1.0-1.6) for high exposure and 1.2 (95% CI,
0.9-1.7) for substantial exposure. No excess risk
of urinary bladder cancer was found for self-as-
sessed exposure to ‘traffic exhaust’ among men or
women or for JEM-assessed exposure to exhaust
in women. [The Working Group noted that this
study did not distinguish between exposure to
gasoline or other types of exhaust and exposure
to diesel exhaust. Documentation on the source
of identification of the cases was incomplete, and
it was unclear whether case ascertainment was
complete for the five geographical areas.]

Kogevinas et al. (2003) combined data from
11 case-control studies of urinary bladder
cancer conducted between 1976 and 1999 in six
European Countries, including three studies
from Germany (Claude ef al., 1988; Pohlabeln
et al., 1999; Pesch et al., 2000), two studies each
from France (Cordier et al., 1993; Hours et al.,
1994), Italy (Vineis & Magnani, 1985; Porru et al.,
1996) and Spain (Gonzdlez et al., 1989; Serra
et al., 2000), and one study each from Greece
(Rebelakos et al., 1985) and Denmark (Jensen
et al., 1987). With the exceptions of Jensen ef al.,
(1987), which provided additional information on
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duration of employment as an HGV driver, and
Pesch et al. (2000), which used a different JEM to
assess exposure to exhaust, these studies were not
reviewed independently because their findings
were captured in the pooled analyses. The anal-
ysis included 3346 male incident cases and 6840
male controls, aged 30-79 years. Controls from
populations and hospitals were matched to the
cases on age and geographical area. Information
on every job held for more than 6 months was
available from 10 studies and for the longest-held
job from one study. The FINJEM was applied to
evaluate exposure to diesel exhaust. Risk esti-
mates were calculated by job duration, calendar
year of first employment and age at diagnosis for
all occupations with at least 10 subjects; individ-
uals never employed in the occupation or any of
the a-priori defined high-risk occupations were
used as the unexposed population. Odds ratios
were adjusted for age, tobacco smoking and
study centre. Associations with diesel exhaust
were presented in graphical form (Fig. 2.1), which
showed an odds ratio of approximately 1.25 (95%
CI, ~1.05-1.4) for urinary bladder cancer among
subjects with the highest tertile of exposure to
diesel exhaust compared with the unexposed;
odds ratios were less than 1.0 for medium and low
exposure to diesel exhaust. [The Working Group
noted that this was one of the more informative
case—control studies for evaluating the potential
risk for urinary bladder cancer from exposure to
diesel exhaust because it was large and used high-
quality exposure assessment. The number of
exposed subjects in each diesel exhaust exposure
category was not reported. The study provided
some evidence for an association between expo-
sure to diesel exhaust and the risk of urinary
bladder cancer.]

Richardson ef al. (2007) investigated the risks
of exposure to specific chemicals using the same
cancer registry database as an earlier study in
British Columbia, Canada, which found an asso-
ciation between several occupations with poten-
tial exposure to diesel engine emissions and an
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excess incidence of urinary bladder cancer (Band
et _al., 2005). Self-administered questionnaires
were completed by 15 463 men (response rate,
60.1%), aged 20 years or older, diagnosed with
cancer from 1983 to 1990. Complete occupational
histories were available for 1062 cases of urinary
bladder cancer (94% transitional cell carcinoma)
and 8057 cancer controls, matched to cases by
year of birth and year of diagnosis. Exposure to
specific chemical agents, classified by IARC as
definite or probable urinary bladder carcinogens,
was assessed using the National Occupational
Exposure Survey JEM, which predicts the prob-
ability of exposure to a specific substance in a
specific job, based on walk-through assessments
in a stratified sample of workplaces within the
USA during 1981-83. Odds ratios were estimated
after matching for age and year of diagnosis and
adjusting for ethnicity, years of smoking, alcohol
consumption and questionnaire responder. The
odds ratios for urinary bladder cancer for ever
and high cumulative exposure to diesel exhaust
were 1.18 (95% CI, 1.04-1.35; 604 exposed cases)
and 1.25(95% CI, 1.04-1.49), respectively; a signif-
icant exposure-response trend was observed for
cumulative exposure (P for trend = 0.01). [The
Working Group noted that the advantages of this
study were the use of a JEM to assess exposure
specific for diesel exhaust and adequate power
to evaluate an exposure-response relation-
ship; however, the exposure assessment was not
calendar year-specific and was based on occu-
pational data collected over a 3-year period in
a different country. Despite its limitations, the
study added some support for an association
between urinary bladder cancer and exposure to
diesel exhaust.]
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Diesel and gasoline engine exhausts

(b)  Studies that used expert assessments or
self-reporting to estimate exposure to
diesel exhaust

(i) Expert assessments

A population-based case-control study of
256 male incident cases of urothelial cancer and/
or squamous cell carcinoma of the lower urinary
tract and 287 controls, selected randomly
from registers, was conducted in Stockholm,
Sweden, during 1985-87 (Steineck et al., 1990).
Information on all occupations and industries
for all jobs held was obtained by postal ques-
tionnaires and in person. Men were classified
as being exposed or unexposed to 38 agents or
groups of substances and were assigned to cate-
gories of annual dose (low, moderate or high) by
an industrial hygienist who was blinded to case-
control status. Exposure after 1981 was ignored
in the analyses. An elevated risk was found for
ever exposure to diesel exhaust (RR [adjusted for
year of birth and smoking], 1.7; 95% CI, 0.9-3.3;
25 exposed cases); the risks increased with
increasing annual dose, but the estimates were
imprecise and not statistically significant, and no
trend test was performed. A similar pattern of
increasing risk with increasing annual dose was
found for exposure to petrol exhausts. The joint
effectsfrom exposureto dieseland petrol exhausts
were calculated (RR, 7.1; 95% CI, 0.9-58.8; seven
exposed cases); the magnitude of the relative
risk decreased to 5.1 (95% CI, 0.6-43.6) after
further adjustment for exposure to benzene. [The
Working Group noted that the advantages of
this study were the use of experts to assess expo-
sure to diesel and petrol (i.e. gasoline) exhausts
using lifetime occupational data, including the
exposure period; however, the assignment of
annual dose of exposure to exhaust appeared
to be mainly based on job title. The ability to
evaluate exposure-response relationships was
limited because of the relatively small numbers
of exposed cases and the inability to distinguish

reliably between exposure to diesel exhaust and
exposure to gasoline exhaust.]

Siemiatycki et al. (1994) investigated occupa-
tional risk factors in a population-based case-
control study in Montreal, Canada, comprising
484 men with histologically confirmed urinary
bladder cancer, 1879 cancer controls (excluding
lung cancer) and 533 population controls.
The cases and cancer controls were identified
from major hospitals between 1976 and 1986.
Occupational histories, including a detailed
description of lifetime jobs held by the subject,
and information on potential confounders
were obtained from in-person (82%) or proxy
interviews. A team of experts and hygienists
translated this information into exposure to
specific substances and characterized suspected
exposures for each job. Using a-priori criteria
related to the certainty of exposure, exposure
duration and frequency x concentration scores,
individuals were classified into three exposure
groups: no exposure, non-substantial exposure
and substantial exposure; lifetime prevalence of
exposure to diesel exhaust was estimated to be
15%. Odds ratios for urinary bladder cancer in
relation to exposure to diesel exhaust, adjusted
for age, family income, ethnicity, cumulative
tobacco smoking index, coffee consumption and
respondent status (self or proxy), were 1.3 (95%
CI, 0.9-1.8) for non-substantial exposure and
1.0 (95% CI, 0.7-1.5) for substantial exposure to
diesel engine emissions. Risk estimates, adjusted
for non-occupational factors, ranged from 1.1 to
1.3 (statistically non-significant) among individ-
uals in the highest categories of certainty, dura-
tion and frequency of exposure to diesel exhaust.
An earlier report of this study population, which
analysed 486 cases of urinary bladder cancer and
2196 cancer controls, did not find an association
between the risk for urinary bladder cancer and
any exposure to diesel exhaust (OR adjusted for
age, socioeconomic status, ethnic group, cigarette
smoking and blue-/white-collar job history, 1.0;
95% CI, 0.8-1.2; 82 exposed cases) or any
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exposure to gasoline exhaust (adjusted OR, 1.0;
95% CI, 0.9-1.1; 208 exposed cases) (Siemiatycki
et al., 1988). [The Working Group noted that the
1994 study was more informative for the current
evaluation because of the attempts made to eval-
uate exposure specific to diesel exhaust.]

A Belgian case-control study included
200 cases selected from the Limburg Cancer
Registry, diagnosed between 1991 and 2004 with
histologically confirmed transitional cell carci-
noma of the urinary bladder, and 385 population
controls (Kellen et al., 2007). Lifetime occu-
pational history was obtained from in-person
interviews using a structured questionnaire. Two
occupational hygienists, blinded to case-control
status, assigned individuals into three categories
(no, low and high) of probability of cumulative
exposure to diesel exhaust. Compared with indi-
viduals with no exposure to diesel exhaust, the
odds ratios, adjusted for tobacco smoking, age
and sex, were 0.80 (95% CI, 0.40-1.57) for low
and 1.51 (95% ClI, 0.85-2.75) for high cumula-
tive probability of exposure to diesel exhaust (P
for trend = 0.25). Odds ratios were similar for
smokers and nonsmokers and no effect modi-
fication was observed for several cytochrome
P450 polymorphisms. [The Working Group
noted that an advantage of this study was the
use of detailed lifetime occupational informa-
tion to calculate the probability of cumulative
exposure. However, it was not clear whether the
statistical power was adequate to evaluate expo-
sure-response relationships; the Working Group
also noted that only two cases of urinary bladder
cancer who had never smoked were ever exposed
to diesel exhaust.]

(i) Self-reporting

Howe et al. (1980) conducted a popula-
tion-based case—control study of urinary bladder
cancer among 480 pairs of men and 180 pairs of
women between 1974 and 1976, and age- and
sex-matched controls from three regions in
Canada. Subjects were interviewed in person to
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obtain information on lifestyle habits and occu-
pational history, including duration of employ-
ment in every job, details on a-priori suspected
occupations and ever exposure to fumes, dusts or
specific substances. The odds ratio was 2.8 (95%
CL, 0.8-11.8; 11 exposed cases) for ever expo-
sure to diesel and traffic fumes in non-a-priori
suspected industries. [The Working Group noted
that this study was not considered to be very
informative because the exposure assessment
was purely based on self-reported job titles, and
the small number of exposed cases affected the
precision of the odds ratios.]

Hoar & Hoover (1985) evaluated mortality
from urinary bladder cancer in a case-control
study comprising 325 cases and 673 controls who
died in New Hampshire and Vermont (USA)
during 1975-79. In-person interviews were
conducted with the next of kin and provided
information on lifetime occupations, demo-
graphics, and medical and lifestyle factors.
Cigarette smoking, coffee consumption, educa-
tion and age at death were considered in all
analyses. The odds ratio for exposure to diesel
exhaust in any occupation (as reported by the
next of kin) was 1.5 (95% CI, 0.8-2.8). A signif-
icant duration-response (P for trend = 0.024)
was observed reaching a threefold excess risk
for 30-39 years of employment in these jobs; the
odds ratio decreased among men employed for
40 years or longer. [The Working Group noted
that this study was limited because exposures
were reported only by the next of kin, the spec-
ificity of the assessment for exposure to diesel
exhaust was unclear and the study was based on
mortality rather than incidence.]

Risch et al. (1988) conducted a popula-
tion-based case-control study in Edmonton,
Calgary, Toronto and Kingston, Canada, from
1979 to 1982. Cases of histologically confirmed
urinary bladder cancer, aged 35-79 years, were
identified from hospital, medical and cancer
institute records, and a tumour registry. Controls
were randomly selected from population lists
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and matched to cases by sex, age and area of
residence. Analyses were performed on 826
cases and 792 controls who completed inter-
views, during which structured questionnaires
were used to obtain information on 26 occupa-
tions and exposures to 18 substances. Among
men, elevated risks of urinary bladder cancer,
adjusted for year of birth and lifetime tobacco
smoking, were observed for ever employment
(OR, 1.53; 95% CI, 1.17-2.00), employment for
8-18 years before diagnosis (OR, 1.69; 95% ClI,
1.24-2.31) and for every 10 years of duration of
employment (OR, 1.23; 95% CI, 1.08-1.41) in
jobs that entailed contact with ‘diesel or traffic
fumes’. [The Working Group noted that no infor-
mation was provided on which occupations were
considered to entail exposure to diesel exhaust;
this study has limited utility for the evaluation
of the risk for cancer.]

Data from the American Health Foundation
hospital-based, case—control study of tobacco-re-
lated neoplasms were used in two analyses of the
relationship between exposure to diesel and traffic
fumes and the risk for urinary bladder cancer
(Wynder et al., 1985; Iyer et al., 1990). Both anal-
yses included cases of histologically confirmed
urinary bladder cancer diagnosed from 1981
to 1983 and controls with non-tobacco-related
diseases (both malignant and non-malignant)
at 18 hospitals located in six cities in the USA.
[The Working Group was unsure whether the
study populations overlapped.] The first analysis
by Wynder et al. (1985) included 194 male cases
and 582 controls matched by age, race, hospital
and year of interview, and the second analysis
by Iyer et al. (1990) included 136 cases and 272
controls matched for sex, age, race, hospital
and year of interview. Occupational histories
were obtained by in-person interviews using a
structured questionnaire. In the first analysis,
occupational exposure to diesel exhaust fumes
was assessed for specific occupations (titles for
usual employment) defined as entailing prob-
able high exposure and for occupations with

high, moderate and minimal probable exposure
to diesel exhaust, based on the percentage of
employees in a given occupation entailing expo-
sure to diesel exhaust. The odds ratios were 1.0 or
less for all specific occupations related to diesel
exhaust, except for railroad workers (OR, 2.0;
95% CI, 0.34-11.61; two exposed cases) (Wynder
et al., 1985). The odds ratio for combined occu-
pations with high probable exposure was 1.68
(95% CI, 0.49-5.73; four exposed cases). In the
second analysis, occupations were grouped
into low (referent), possible and probable cate-
gories of exposure to diesel exhaust according
to an a-priori list of job titles. Self-reported
exposure to diesel exhaust was also considered.
The odds ratio was 1.24 (95% CI, 0.77-2.00; 41
exposed cases) for any exposure to diesel exhaust
(including possible or probable exposure classi-
fied by job title and self-reported exposure). The
odds ratios for possible and probably exposure
considered separately were equivalent to unity
or below. [The Working Group noted that both
studies were limited by small numbers of cases
and controls in the categories or occupations
with a higher probability of exposure. Although
these studies reported risk estimates for different
categories of probable exposure to diesel exhaust,
the categories appeared to be based on job titles
only.]

Dolin & Cook-Mozaftari (1992) did not report
an odds ratio because the only available estimate
was for low exposure to diesel exhaust, and Pesch
et al. (2000) reported no odds ratio because the
authors reported results for ‘exhaust’ in general
and not diesel exhaust.

(c)  Studies that reported risk estimates from
job titles

Numerous studies of occupation and the
risk for urinary bladder cancer have found that
reported risk estimates from job titles - either
specific occupations or industries with potential
exposure to diesel and/or engine exhaust - and
comprised the following:
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Population-based studies: these included
a series of reports that analysed data from the
US National Bladder Cancer Study in New
Hampshire (Colt et al., 2004), New England (Colt
et al.,2011) and Iowa (Zheng et al., 2002), studies
from Canada (Gaertner ef al., 2004), Limburg,
Belgium (Kellen et al., 2005; Reulen ef al., 2007)
and New Zealand (Dryson et al., 2008) with a
similar study design, in which regional or local
cancer registries were used to identify cases
and matched controls were selected from the
same geographical regions, a matched popu-
lation-based case-control study in two indus-
trial regions in Belgium (Schifflers et al., 1987)
and a case-control study in Copenhagen and
surrounding areas (Jensen ef al.,1987).

The US National Bladder Cancer Study was a
population-based case-control study comprising
all histologically confirmed cases of carcinoma of
the urinary bladder diagnosed from 1978 to 1979
identified from 10 cancer registries that partici-
pated in the US NCI Surveillance, Epidemiology,
and End Results Program. Findings that focused
on occupations involving motor vehicles were
reported separately for white men (Silverman
et al., 1989a), non-white men (Silverman et al.,
1989b) and white women (Silverman et al., 1990).
Silverman et al. (1986) reported findings that
focused on motor-related occupations in white
men (1909 cases and 3565 controls), and Smith
et al. (1985) reported findings specific for auto-
mobile and HGV mechanics for all men (2108
controls and 4046 cases). Two studies reported
findings separately by individual regions:
Silverman et al. (1983) for men in Detroit and
Schoenberg et al. (1984) for white men in New
Jersey. [Although the latter four populations were
included in the larger studies, they are included
in the tables because they provided more detailed
analyses.]

Studies with hospital or other cancer controls:
these included three studies that identified cases
of urinary bladder cancer and controls with
other cancers from cancer registries in Missouri,
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USA (Brownson et al., 1987; Brooks et al., 1992),
Detroit, USA (Burns & Swanson, 1991), British
Columbia, Canada (Band et al., 2005), and the
United Kingdom (limited to men aged 18-54
years) (Coggon et al., 1986), a study that used
cancer and non-cancer controls (oral cancer or
diseases) in Bombay, India (Notani ef al., 1993),
and four studies that used non-cancer controls in
La Plata, Argentina (Iscovich et al., 1987), Spain
(Spanish Bladder Study) (Samanic et al., 2008),
the USA (Decouflé et al., 1977) and Texas, USA
(Cassidy et al., 2009). Brooks et al. (1992) reported
risks for invasive urinary bladder cancer using
the Detroit population.

Mortality studies: two studies that measured
mortality were identified, including a study
that used city directories and death certifi-
cates as a source for occupational information
in Ohio, USA (Steenland et al., 1998), and one
that provided detailed analyses of HGV drivers
in New Hampshire and Vermont, USA (Hoar
& Hoover, 1985). For cancers that have higher
survival rates, such as urinary bladder cancer,
studies that report mortality are less inform-
ative than those that report incidence, because
mortality studies overlook cases of cancer that
do not result in death.

Several other studies of occupations with
potential exposure to motor exhaust were iden-
tified, but were not reviewed because either the
numbers of exposed cases were small (Bonassi
etal., 1989; Ahmad & Pervaiz, 2011) or no formal
analyses of risk estimates were performed (Tola
et al., 1980; Yaris et al., 2006).

The studies on occupational titles were the
least informative to evaluate risks specific for
exposure to gasoline or diesel exhaust, because
job titles alone are a crude surrogate of exposure.
Diesel engines were introduced into the work-
place at various rates and at different times, and
thus the confidence that the individual workers
in the study were actually exposed to diesel
exhaust was low. Other limitations included
potential confounding from co-exposures to
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other occupational substances, multiple compar-
isons and insufficient statistical power because of
small numbers of exposed cases and controls. In
general, most analyses were restricted to men,
because few women were employed in occupa-
tions with potential exposure to diesel or gasoline
engine exhausts. Because of these limitations, the
methods and findings are presented in Table 2.4

and was based on six exposed cases (Steenland
et al., 1987). Four of the elevated odds ratios
were statistically significant (Coggon et al., 1986;
Silverman et al., 1986; Steenland et al., 1987; Colt
et al., 2004; tractor-trailer HGV drivers). Two of
the odds ratios that were below 1.0 were based on
estimates that used fewer than five exposed cases
(Lyer et al., 1990; Colt et al., 2004; HGV drivers).

and are not reviewed individually in the text;
the odds ratios for ever or usual employment are
plotted in Fig. 2.2-2.7 and the findings are briefly
summarized across studies for each specific
occupation with potential for exposure to diesel
exhaust. The studies in the figures are organized
chronologically by study period. Occupations or
industries that were thought to entail potential
contact with diesel or gasoline exhaust included
railroad workers, HGV drivers, bus drivers,
taxicab drivers, automobile mechanics, gasoline
station attendants and garage workers. Of these,
HGV drivers, railroad workers and bus drivers
were considered to have the highest probable
exposure to diesel exhaust.

(i)  HGVdrivers

Case-control studies reporting risk estimates
for urinary bladder cancer and employment as
an HGV driver are described in Table 2.4 and
a summary of the odds ratios for ever or usual
exposure are depicted in Fig. 2.2. Steenland ef al.
(1987) and Siemiatyckietal. (1994) did not present
findings for ever employment, and those for the
longest duration of employment are indicated in
the graph. Multiple odds ratios are plotted from
two studies (Colt ef al., 2004, 2011) because they
reported odds ratios for different types of HGV
driver, such as tractor-trailer, light and heavy. Of
the 21 odds ratios reported for employment as an
HGYV driver (Fig. 2.2), 15 were greater than 1.10
(ranging from 1.2 to 2.4 for ever or usual employ-
ment), one was between 1.01 and 1.1 (Dolin &
Cook-Mozaffari, 1992) and five were below 1.0.
The 12-fold elevated odds ratio plotted in the
graph was for employment of more than 20 years

Four of the seven independent studies that evalu-
ated duration of employment found higher risks
with longer duration of employment as an HGV
driver (Hoar & Hoover, 1985; Silverman et al.,
1986; Steenland et al., 1987; Colt et al., 2004).
Twostudies provided more detailed analysis of
HGV drivers in an attempt to evaluate risks from
potential exposure to diesel or motor exhaust
and thus were somewhat more informative for an
evaluation of cancer risks: (1) an analysis of 300
cases and 296 controls from Detroit, one of the
10 geographical areas in the US National Bladder
Cancer Study (Silverman et al., 1983), and a case-
control study of mortality from urinary bladder
cancer comprising deceased cases and controls
from New Hampshire and Vermont, USA (Hoar
& Hoover, 1985). Silverman et al. (1983) was not
plotted in Fig. 2.2 because the same population
was included in Silverman et al. (1986). In the
Detroit study (Silverman et al., 1983), a signif-
icant trend in risk was found with duration of
employment (P for trend < 0.004) and year of
starting employment (P for trend = 0.03). Diesel
fuel became more prevalent in the USA after
1950, and the risk for urinary bladder cancer was
highest among men who started employment
between 1950 and 1969 (RR [adjusted for age and
smoking], 6.5; CI not reported; seven exposed
cases). In an analysis of duration of employment
asan HGV driver that was restricted to the period
1950-78 and controlled for duration before 1950,
relative risks increased with increasing duration
of employment, and reached 2.6 for a duration
of 5 or more years compared with never having
worked as an HGV driver from 1950 to 1978. No
association between the risk for urinary bladder
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Fig. 2.2 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a heavy goods vehicle driver
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a Tractor trailer
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CI, confidence interval; OR, odds ratio

cancer and duration of employment as an HGV
driver before 1950 was observed in an analysis
that adjusted for duration between 1950 and 1978
(CInot reported; 14 exposed cases). Among HGV
drivers, the risk for those who reported operating
a vehicle with a diesel engine was 11.9 (95% CI,
2.3-61.1; 13 exposed cases) compared with 1.4
(95% CI, 0.7-2.9; 21 exposed cases) for never
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having operated a vehicle with a diesel engine.
In addition, an interaction between employment
as an HGV driver and cigarette smoking was
observed (P = 0.04). [The Working Group noted
that this study provided some evidence that the
elevated odds ratio observed for HGV drivers
may be due (or at least in part) to exposure to
diesel exhaust.]
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Fig. 2.3 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a railroad worker
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Fig. 2.4 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a bus driver
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In the mortality study of Hoar & Hoover
(1985), the odds ratio for any employment as an
HGV driver was 1.5 (95% CI, 0.9-2.6) and the
number of years of driving an HGV was asso-
ciated with mortality from urinary bladder
cancer (P for trend = 0.006). The highest risk was
observed for driving HGVs for 5-9 years (OR,
2.9; 95% ClI, 1.2-6.7), but decreased for driving
for more than 10 years (OR, 1.8; 95% CI, 0.8-4.1).
Among HGV drivers, the odds ratio [adjusted for
age and county of residence] when next of kin
reported exposure to diesel exhaust was 1.8 (95%
CIL, 0.5-7.0) compared with 1.5 (95% CI, 0.8-2.7)
for those with no report of exposure to diesel
exhaust. In an analysis by year of first employ-
ment, the highest odds ratio was observed
among HGV drivers who were first employed
from 1930 to 1949 (OR, 2.6; 95% CI, 1.3-5.1), but
was lower for first employment after 1950 (OR,
1.4;95% CI, 0.5-4.1). Among all occupations that
reported exposure to diesel exhaust, a significant
duration-response trend (P for trend = 0.024)
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was seen, reaching a threefold excess risk for
30-39 years of employment and a decrease
in risk among men employed for 40 years or
more. Cigarette smoking, coffee consumption,
education and age at death were consid ered in
all analyses. [The Working Group noted that a
limitation of this study was that mortality from
rather than incidence of urinary bladder cancer
was assessed. Some analyses were also limited by
small numbers of exposed cases.]

(i) Railroad workers

Case—control studies that reported risk esti-
mates forurinarybladder cancerand employment
as a railroad worker are described in Table 2.4
and a summary of the odds ratios for ever or
usual exposure is depicted in Fig. 2.3. Multiple
odds ratios are plotted from the studies by Dolin
& Cook-Mozaftari (1992), Kogevinas et al. (2003)
and Band ef al. (2005) because they reported
risks for different types of railroad worker; the
risk estimate for Steenland et al. (1987) was for
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Fig. 2.5 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a taxi driver
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20 years of employment. Of the 22 odds ratios
reported for employment as a railroad worker
(Fig. 2.3), 17 were greater than 1.10 (ranging
approximately from 1.3 to 9), three were between
about 1.01 and 1.10 and two were below 1.0. No
information on tobacco smoking was available
in the study by Dolin & Cook-Mozaffari (1992).
Only three of the odds ratios were statistically
significant. Two of the three studies that strat-
ified by duration of employment found higher
risks with longer employment as a railroad
worker (Steenland et al., 1987; Zheng et al., 2002;
Samanic et al., 2008); a fourth study reported an
odds ratio of 1.09 (95% CI, 0.87-1.36) for every 10
years of employment (Risch ef al., 1988).

(iii)  Bus and taxi drivers

Case—control studies that reported risk esti-
mates for urinary bladder cancer and employ-
ment as bus or taxi driver are summarized in

Table 2.4, Fig. 2.4, and Fig. 2.5. Of the six odds
ratios reported for employment as a bus driver
(Fig. 2.4), three were greater than 1.0, and none
was statistically significant (Decouflé et al., 1977;
Silverman et al., 1986; Dryson et al., 2008). No
association with duration of employment was
found in the two studies in which it was evalu-
ated. For taxicab drivers (including chauffeurs),
risk estimates were reported separately for white
and non-white males in the US National Bladder
Cancer Study (Silverman et al., 1986, 1989a, b).
The majority of the odds ratios (from seven of
the nine studies) were greater than 1.0 (ranging
from 1.1 to 6.3), one of which was statistically
significant (white men; Silverman et al., 1986).
Both of the studies that evaluated duration of
employment found indications of a higher risk
among workers with the longest employment as
a taxicab driver (Silverman ef al., 1986; Samanic
et al., 2008).
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Fig. 2.6 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a motor vehicle mechanic
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(iv)  Motor vehicle mechanics, gasoline
station and garage workers, and other
occupations

For employment as a motor vehicle mechanic,
eight studies reported odds ratios greater than
1.1, three of which were statistically signifi-
cant (Zheng et al., 2002; Kogevinas et al., 2003;
Gaertner ef al., 2004); three studies reported odds
ratios below 1.0, and one reported an odds ratio
of 1.05 (see Table 2.4 and Fig. 2.6). Findings were
reported separately for vehicle mechanics in the
US National Bladder Study (Smith et al., 1985);
risks were higher among workers with a longer
duration of employment in three of six studies in
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which it was evaluated (Smith et al., 1985 (both
smokers and nonsmokers); Gaertner ef al., 2004;
Colt et al., 2011).

Of the six studies that reported risk estimates
for garage workers and/or gasoline station attend-
ants, four reported odds ratios greater than 1.1;
none was statistically significant (see Table 2.4
and Fig. 2.7). Two of the four studies that evalu-
ated duration of employment found higher risks
among workers with alonger duration (Colt ef al.
2004; Cassidy et al., 2009). A study of one of the
geographical regions in one of the 10 areas that
contributed to the US National Bladder Cancer
study did not find an employment duration-
response relationship (Schoenberg et al., 1987).
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Fig. 2.7 Case—control studies of urinary bladder cancer that reported risk estimates for ever or

usual exposure as a garage worker
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Zheng et al. (2002) found elevated risks for
employment as a transport or material-moving
supervisor (OR, 6.5;95% CI, 1.4-29.9), which they
stated were occupations associated with exposure
to diesel exhaust (see Table 2.4). No elevated risk
for urinary bladder cancer was found for ever
employment as a warehouse materials handler in
the American Health Foundation study, which
was also an occupation that the authors stated
was associated with exposure to diesel exhaust
(Wynder et al., 1985).

2.3.3 Cancer at other and multiple sites

See Table 2.5

A study by Decouflé et al. (1977) of cancer and
occupation included cancer cases and hospital
controls admitted to a large hospital in Buffalo,
NY, USA, from 1956 to 1965. Ever employment in
an occupation and duration of employment of at

least 5 years were analysed on the basis of personal
interviews. A large number of different occupa-
tions and cancer sites were evaluated, using cler-
ical occupations as an unexposed comparison
group. For employment as an HGV or tractor
driver, relative risks [CI not provided] of 1.53
(29 exposed cases; P > 0.05) for laryngeal cancer,
0.60 (24 exposed cases; P = 0.04) for colon/rectal
cancer and 0.63 (23 exposed cases; P > 0.05) for
lymphoma were reported. For cancers at other
sites, numbers were generally low and the risks
were close to unity. [The Working Group noted
that the report included many comparisons,
lacked detailed descriptions of occupations and
information on confounders, and was of limited
value for the evaluation of exposure to exhaust.]

In a large population-based case-control
study in Canada (Siemiatycki et al., 1988), the
associations between 10 types of engine exhaust
and combustion products and cancers at 12 sites
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Table 2.5 Case-control studies of other and multiple sites of cancer and exposure to engine exhaust

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Decouflé et al. 13 949/NR Hospital Personal Larynx HGYV and tractor 29 1.53 (P > 0.05) Clerical occupations
1977), Buftalo, interviews; ever Lymphoma drivers (ever 23 0.63 (P> 0.05) as comparison group,
USA, 1956-65 empl(?yment, Colon/ employment) 24 0.60 (P=0.04)  response rate not specified
duration I —
Siemiatycki 3276/3276 Hospital; Interviewer- 12 sites 90% CI Men only; age, SES,
et al. (1988 other administered Colon Any exposure to 68 1.3 (1.1-1.6) tobacco smoking, ethnic
Montreal, cancers standardized diesel exhaust group and blue-/white-
Canada, questionnaire; Long-term high 30 1.7 (1.2-2.5) collar job history; response
1979-85 detailed lifetime exposure to rate: 82%; cases in one
job history; expert diesel exhaust analysis served as controls
assessment Rectum Long-term high 36 1.6 (11-2.3) for other comparisons
Kidney exposure to 34 1.4 (1.0-2.0)
gasoline exhaust
Occupation 24 1.5 (1.0-2.2)
as driver (bus,
HGYV, taxi)
Goldbergetal.  497/1514and  Hospital Interviewer- Colorectum  Diesel engine exhaust (frequency, level, Same population as
2001) 553 (cancers administered duration, confidence in assessment) Siemiatycki et al. (1988);
Montreal, at other standardized Non-substantial 45 1.2 (0.8-1.8) age, SES, tobacco smoking,
Canada, sites) and questionnaire; Sulsiiaial 35 1.6 (1.0-2.5) (all ethnic group and other
1979-85 population  detailed lifetime controls) non-occupational factors
job history; expert 2.1 (1.1-3.7)
assessment .
(population
controls)
Fang et al. 1155/registry ~ Hospital Self-administered ~ Colon Occupation and industry titles (ever versus Marital status, education,
2011) (other cancer questionnaire, never) tobacco smoking, alcohol
British cases) lifelong Taxi driver/ 30 1.54 (1.01-2.25)  consumption and
Columbia, occupational chauffeur respondent (self/ proxy);
Canada, history HGV driver 124 1.08 (0.88-1.33)  response rate: 65.4% cases,
1983-90 Bus driver 20 0.84 (0.52-1.3¢) 60% controls; controls
i (excluding lung and
Locomotive 8 0.71 (0.33-1.54) rectum) matched on age
operator

and yr of diagnosis
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Seidler et al. 192/210 Hospital Self-administered ~ Prostate Diesel engine exhaust (intensity, probability ~ Age, tobacco smoking and
1998 questionnaire, and duration) region; response rate: 71%
Frankfurt and lifelong 0 dose—yr 118 1.0 (reference) cases, 55% controls
Hamburg, occupational >0-25dose-yr 53 11 (0.7-1.8)
Germany, NR tregp JIER > 25 dose—yr 17 3.7 (1.4-9.8)
Fritschi et al. 606/471 Population  Self-administered  Prostate Diesel engine exhaust (substantial, non- Age; response rate: 57%
2007) questionnaire, substantial and unexposed) cases, 37% controls
Western telephone Substantial 36 1.07 (0.67-1.72)
Australia, interview, lifelong Non-substantial ~ 213 0.92 (0.71-1.19)
2001-02 occupational
history, expert
assessment
Santibafiez et al. 161/455 Hospital Interviewer- Pancreas Employmentas 5 3.46 (1.01-11.83) Sex, age, province, level
(2010) Eastern administered HGV/LGV driver of education, alcohol
Spain, 1995-99 standardized Low exposure to 14 1.49 (0.72-3.08)  consumption and tobacco
questionnaire; diesel exhaust smoking; response rate:
2] High exposure to 8 60 (@7a-acn) U e SR ol
sl st 60% of cases histologically
Low exposure to 11 1.38 (0.62-3.07) comiimne
gasoline exhaust
High exposureto 8 1.85 (0.71-4.80)
gasoline exhaust
Brown et al. 183/250 Population  Interviewer- Larynx Exposure to 79 1.5 (1.0-2.26) Men only; tobacco
1988 administered diesel/gasoline smoking and alcohol
Texas, USA, standardized fumes consumption; response
1975-80 questionnaire; rate: 70% cases, 61-86%
occupational various controls; deceased
history; expert cases and respective
assessment controls included
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Muscat & 235/205 Hospital Interviewer- Larynx Employment 36 0.96 (0.5-1.8) Men only; tobacco
Wynder (1995 administered in job with smoking and alcohol
New York, USA, standardized substantial consumption (alcohol
1985-92 questionnaire; exposure to not used for adjustment);
detailed history diesel exhaust response rate: 90% cases
for six main jobs Automobile 13 1.30 (0.4-4.1) and controls; tobacco
mechanic smoking and alcohol
Self-reported 13 1.47 (0.5-4.1)  consumption highin case
exposure to patients, lower in controls
diesel exhaust
Self-reported 17 6.4 (1.8-22.6)
exposure to
diesel fumes
Elci et al. (2003)  940/1519 Hospital Interviewer- Larynx Diesel exhaust 297 1.5(1.3-1.9) Age, tobacco smoking
Istanbul, administered Ever and alcohol consumption;
Turkey, standardized Intensity response rate unclear;
1979-84 questionnaire; Low 161 1.5 (1.1-1.8) crude adjustment for major
detalled.hfetlme Medium 91 1.7 (12-2.3) risk factors
occupational )
history; expert High 45 1.6 (1.0-2.4)
assessment Diesel exhaust probability
Low 92 1.6 (1.2-2.2)
Medium 148 1.5 (1.1.-1.9)
High 57 1.6 (1.1.-2.4)
Gasoline 220 1.6 (1.3-2.0)
exhaust
Ever
Intensity
Low 141 1.5 (1.2-2.0)
Medium 78 1.8 (1.3-2.5)
High NR NR
Probability
Low 86 1.6 (1.1-2.2)
Medium 131 1.7 (1.3-2.2)
High 3 0.7 (0.2-2.9)
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Karunanayake  513/1506 Population  Standardized NHL Exposure to 183 1.33 (1.03-1.67)  Age and province;
et al. (2008 written (200-202) diesel engine self-reported exposure,
Canada, six questionnaire, exhaust fumes no detailed exposure
provinces, lifetime (ever/never) assessment
1991-94 occupational Longest held occupation
—— Driver 27 1.45 (0.88.2.37)
Flodin et al. 131/431 Population ~ Postal Multiple Occupational 35 OR Crude OR, no major
(1987 questionnaire, myeloma exposure to 2.3(1.3-4.7) change after adjustment for
Sweden, lifetime (203) engine exhaust tobacco smoking and X-ray
1973-83 occupational treatment; population not
history well described; unclear
adjustment; exposure self-
reported
Boffetta et al. 282/1128 Nested in Self-administered ~ Multiple Diesel exhaust 14 1.40 (0.70-2.70)  Age, sex, ACS division,
(1989 ACSstudy  questionnaire at myeloma Gasoline exhaust 14 0.9 (0.5-1.6) race, education, diabetes,
USA, 1982- base-line, self- BIEV dhdvar 3 4.0 (0.9-17.6) X-ray treatment, farming,
86 (Amerlc‘an assessment Railroad worker 6.0 (1.3-28.9) and exposure to.pe.stlcldes
Cancer Society . and herbicides; incident
(ACS) Study) Auto mechanic 0.9 (0.2-3.5) cases only used for risk
analysis
Eriksson 275/275 Population  Self-administered ~ Multiple Engine exhausts 61 1.11 (0.60-2.05)  Age, sex, county and vital
& Karlsson questionnaire, myeloma status; participation rate:
(1992) Sweden, self-assessment 97%
1982-86
Heineman et al. 1098/4169 Population =~ Employment data ~ Multiple Engine exhausts Men only; age and ‘other
(1992) from registries; myeloma Possible exposure 125 1.3 (1.0-1.6) agents’
Denmark, expert assessment <5yr, no lag 52 1.5 (1.0-2.3)
1970-84
<5yr, 10-yrlag 56 1.5 (1.0-2.3)
> 5yr, no lag 76 1.3 (1.0-1.9)
>5yr, 10-yrlag 73 1.5 (0.9-2.7)
Probable 89 1.2 (0.9-1.6)
exposure
<5yr,no lag 25 1.2 (0.7-2.1)
<5yr, 10-yrlag 94 1.0 (0.6-1.7)
2 5yr, no lag 52 1.2 (0.8-1.9)
>5yr, 10-yrlag 19 1.0 (0.5-2.0)
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Pottern et al. 1010/4040 Population =~ Employment data  Multiple Exhaust gases Women only; same study
1992 from registries, myeloma Possible 8 1.4 (0.6-3.2) as Heineman et al. (1992);
Denmark, and expert exposure age
1970-84 assessment Probable 4 1.6 (0.4-5.5)
exposure
Demers et al. 692/1683 Population  Interviews Multiple Motor vehicle 76 1.2 (0.8-1.6) Age, sex, race and study
1993 myeloma operators area; response rate: 89%
USA, 1977-81 Rail and water 4 0.3 (0.1-1.1) cases, 83% controls; 32% of
transport case interviews with proxy
workers
Flodin et al. 111/431 Population  Postal Chronic Occupational 31 OR Crude OR, see Flodin et al.
1988 questionnaire, life- lymphocytic  exposure to 2.5(1.5-4.0) 1987
Sweden, time occupational  leukaemia engine exhaust
1973-83 history (204)
Lindquistetal.  125/125 Population  Interviewer- Acute Occupation as 18 3.0 (1.1-9.2) Solvents, radiation
(1991) administered leukaemia professional 3 3.0 (NR) treatment, tobacco
Sweden, questionnaire, driver smoking, sex and age;
1980-83 detailed life-time Rally driver response rate: > 90% cases
occupational (hobby) and controls; exposure
history of drivers to petroleum
products [not further
specified]
Clavel et al. 291/541 Hospital Postal Hairy cell Self-reported 43 1.6 (1.0-2.6) Men only; response rate:
1995) questionnaire, life- leukaemia occupational 61% cases, 58% controls;
France, time occupational exposure to only live cases included;
1980-90 history engine exhaust retrospective case
ascertainment; control for
confounders not reported
Blair et al. 513/1087 Population  Interviews; JEM Leukaemia LGV drivers 13 3.4 (1.4-8.4) Age, residence state, proxy
2001) for selected (ICD-9: Motor vapour and interview, education,
USA, 1980-83 exposures 204-208) exhausts pesticides, hair dyes,
s 187 1.0 (0.8-1.2) tobacco smoking.and
ol 60 1.3 (0.9-1.9) first- degree relative

with lymphatic or
haematopoietic tumour;
response rate: 86% cases,
77-79% controls
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments
period controls cases
Seniori 2737/1779 Population  Interviewer- Hematolym- Age, sex and area; all newly
Costantini et al. administered phopoietic diagnosed cases among
2001 questionnaire; neoplasms residents aged 20-74 yr;
Italy, 1991-93 expert assessment  (200-208) response rate: 81% cases,
NHL (ICD-9: Material- 43 1.2 (0.8-2.0) 74% controls; job-specific
200, 202, handling results reported for men
204.1) and related only
equipment
operators
Transport 74 0.9 (0.7-1.3)
operators
Hodgkin Material- 5 1.0 (0.4-2.7)
lymphoma handling
(ICD-9:201)  and related
equipment
operators
Transport 10 0.8 (0.4-1.7)
operators
Leukaemia Material- 25 2.5 (1.4-4.5)
(ICD-9: handling
204-208) and related
equipment
operators
Transport 34 1.1 (0.7-1.7)
operators
Multiple Material- 3 0.6 (0.2-1.9)
myeloma handling
(ICD-9:203)  and related
equipment
operators
Transport 7 0.5 (0.2-1.1)
operators
Adegoke et al. 486/502 Population  Interview; self- Leukaemia Water and rail 11 0.5 (0.2-1.1) Age, sex and income
(2003) reported; JEM (ICD-9: transport
Shanghai, 204-208) Auto and truck 8 0.8 (0.3-2.0)

China, 1987-89

drivers
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Table 2.5 (continued)

Reference, Total No. Source of Exposure Organ site Exposure No.of  Relative risk Covariates
Location, of cases/ controls assessment (ICD code) categories exposed (95% CI) Comments

period controls cases

Wong et al. 722/1444 Hospital Interviewer- Acute Occupational 2 0.57 (0.12-2.57)  Sex, age, education,

2010 administered myeloid exposure to alcohol, rural residence
Shanghai, questionnaire; leukaemia diesel or gasoline and other occupational
China, 2003-07 detailed lifetime (205) engine exhaust factors (not used in

occupational Exposure to 36 1.23(0.89-1.81)  analysis presented in this
history; expert diesel fuel (all table); response rate: 97%
assessment acute myeloid cases; exposure assessment
leukaemia) not detailed for exhausts
and other exposures
West et al. 400/400 Hospital Interviewer- Myelodys- Exhaust gases Age, sex, area of residence,

1995 standardized plasia 10 h low 79 1.26 (0.86-1.86)  hospital and yr of
United questionnaire; exposure diagnosis; response rate:
Kingdom, NR self- and expert >50h, 31 1.72 (0.93-3.20) 63% cases

assessment > medium
intensity
> 2500 h, 22 1.57 (0.77-3.23)
> medium
intensity

ACS, American Cancer Society; CI, confidence interval; h, hour; HGV, heavy goods vehicle; ICD, International Classification of Diseases; JEM, job—exposure matrix; LGV, light goods
vehicle; NHL, non-Hodgkin lymphoma; NR, not reported; OR, odds ratio; SES, socioeconomic status; yr, year
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(oesophagus, stomach, colon, ‘rectosigmoid’,
rectum, pancreas, lung, prostate, bladder, kidney;,
skin melanoma and non-Hodgkin lymphoma)
were evaluated for 3726 male cancer patients,
aged 35-70 years, diagnosed in any of the 19
participating hospitals in Montreal and inter-
viewed (response rate, 82%). For each cancer site,
patients with cancers at other sites comprised the
control group. The interview elicited a detailed
job history, and a team of chemists and indus-
trial hygienists translated each job into a list
of potential exposures (Gérin et al., 1985). The
probability of exposure (‘possible’, ‘probable’ and
‘definite’), the frequency of exposure (< 5, 5-30
and > 30% working time) and the level of expo-
sure (low, medium and high) were estimated.
After stratifying for age, socioeconomic status,
ethnic group, cigarette smoking and blue-/white-
collar job history, elevated odds ratios were seen
for exposure to diesel engine exhaust and colon
cancer (OR, 1.3;90% CI, 1.1-1.6 for any exposure;
OR, 1.7;90% CI, 1.2-2.5 for long-term, high-level
exposure), for long-term high-level exposure
to gasoline engine exhaust and cancer of the
rectum (OR, 1.6; 90% CI, 1.1-2.3) and kidney
cancer (OR, 1.4; 90% CI, 1.0-2.0) and for bus,
HGYV and taxi drivers and rectal cancer (90% CI,
1.5; 1.0-2.2). [The Working Group noted that the
study included numerous comparisons and used
90% confidence intervals; at the 95% level, most
of the intervals would have included unity. Thus,
this study was considered to give weak evidence
of an association between cancers of the colon,
rectum and kidney with exposure to engine
exhaust.]

In the framework of the previous Canadian
multisite population-based case-control study
of occupational exposures and risks for various
cancers (Siemiatycki et al., 1988), Goldberg
et al. (2001) assessed the associations of colon
cancer with diesel engine emissions, and many
other occupational exposures, in 497 male
case patients compared with 1514 other cancer
patients (excluding lung and peritoneal cancer,

and cancers possibly associated with known risk
factors for colon cancer and other cancers of
the digestive tract) and 533 population controls.
Exposures were assessed as described above
(Siemiatycki et al., 1988). The results differed
according to the control group: when the pooled
group of cancer and population controls was
used, the odds ratio for substantial exposure to
diesel engine exhaust was 1.6 (95% CI, 1.0-2.5),
whereas the risk increased to 2.1 (95% CI, 1.1-3.7)
when only the population-based controls were
used. [The Working Group noted that the reasons
for these differences were not discussed, but the
use of cancer controls was a potential source of
bias. Multivariate models were adjusted for an
extended list of risk factors including socioeco-
nomic status, tobacco smoking and body mass
index, but no detailed dietary factors or physical
activity.]

Another Canadian study obtained informa-
tion on lifetime occupational history through a
questionnaire from male cancer patients, aged 20
years and over, registered by the British Columbia
Cancer Registry between 1983 and 1990. A
case—control study was conducted on 1155 cases
of colon cancer and 7752 cases of other cancers
matched on age and year of diagnosis as controls
(Fang et al., 2011). Occupations and industries
were coded according to Canadian and inter-
national standard classifications. Having ever/
never been employed in a specific occupation
or industry, as well as the usual occupation or
industry of employment, were analysed for all of
the 597 occupational titlesand 1104 industry titles
used in Canada, but results were only reported
for those that concerned at least five cases. The
analyses showed elevated risks for colon cancer
(OR, 1.54; 95% CI, 1.01-2.25) for ever employ-
ment as a taxi driver/chauffeur, while other
occupational titles, including bus drivers, HGV
drivers and locomotive operators, showed no
association. [The Working Group noted that no
specific assessment of exposure to diesel or gaso-
line exhaust was carried out. The large number of
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statistical comparisons and the crude exposure
assessment were among other limitations of this
study, which contributed minimally to an assess-
ment of engine exhausts.]

The association between prostate cancer
and occupational exposure to diesel fuels and
fumes was studied in a case-control study in
Germany of 192 histologically confirmed cases
and 210 controls with negative biopsies assem-
bled in one university hospital (Frankfurt) and
two urology practices (Frankfurt, Hamburg)
(Seidler et al., 1998). Lifelong job titles and
frequency of exposure to occupational agents
were assessed through a self-administered ques-
tionnaire, which also included questions on
alcohol and coffee consumption, education and
other issues. The Pannett JEM, which lists expo-
sures to approximately 50 agents according to
probability and intensity of exposure, was used
for exposure estimation. A further JEM was used
in a second analysis that focused only on those
exposures that were significantly associated with
prostate cancer in the first evaluation. In a multi-
variate logistic regression analysis, exposure to
diesel fuels and fumes for more than 25 dose-
years was significantly associated with the risk
for prostate cancer (OR, 3.7; 95% CI, 1.4-9.8; 17
cases, six controls). The odds ratio for up to 25
years of exposure was close to unity. When only
subjects with a high probability of exposure were
considered as exposed, no cases were observed
in the > 25 dose-years category and an odds
ratio of close to unity was found for prostate
cancer and exposure to diesel fuels and fumes
in the lower dose-years category. [The Working
Group noted that the study, in particular the
subgroup analyses, had low statistical power to
detect elevated risks. While exposure to diesel
fuel and fuel vapours appeared to be assessed,
the occupations considered to entail exposure to
these agents included drivers of road transport
vehicles, motor mechanics and automobile engi-
neers, deck and engine-room ratings, barge- and
boatmen, drivers of other motor vehicles, firemen
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and railway engineers. Although these occupa-
tions mostly entailed exposure to exhausts to
a varying extent, the exposure assessment was
relatively weak, being based on job titles and
external JEMs.]

In an Australian case-control study, 606
patients with prostate cancer identified through
the Western Australian Cancer Registry and 471
population controls were studied with regard to
occupational exposures, including diesel fumes
(Fritschi et al., 2007). The response rate was 57%
for cancer casesand 37% for controls. Information
on lifetime occupation was obtained through
written questionnaires and telephone interviews
on job-specific modules for a set of 14 pre-spec-
ified jobs. Using information on probability,
level and duration, exposure was classified by an
occupational hygienist as substantial, non-sub-
stantial or unexposed. The odds ratio for the risk
of prostate cancer in association with exposure
to diesel fumes was 1.07 (95% ClI, 0.67-1.72) for
those with substantial exposure compared with
the unexposed. [The Working Group noted that
this study reported data for exposure to ‘diesel
fumes’ rather than diesel exhaust and the extent
to which these categories overlap was not clear.
The low response rates among both eligible cases
and controls were a further limitation of this
study.]

The association between pancreatic cancer
and exposure todieseland gasoline exhaust fumes
was investigated in a hospital-based case-control
study of occupational exposures and gastrointes-
tinal cancers in Spain (Santibafez et al., 2010).
Occupational exposures among 161 cases (96
men and 65 women) and 455 frequency-matched
controls with non-cancer diseases were assessed
on the basis of information from interviews
about the two main jobs held and through
the application of the FINJEM for 21 specific
chemical substances and other exposures. Only
~60% of cases were histologically confirmed.
Male patients with ductal adenocarcinoma of
the pancreas were more frequently employed as



http:0.67�1.72

Diesel and gasoline engine exhausts

HGYV and light goods vehicle drivers (OR, 3.46;
95% CI, 1.01-11.83). For male cases in the highest
tertile of exposure to diesel engine exhaust, the
odds ratio was 1.88 (95% CI, 0.72-4.90), calcu-
lated from a multivariate model with adjustment
for confounding by age, sex, hospital province,
alcohol consumption, tobacco smoking and
educational status. The corresponding odds ratio
for exposure to gasoline engine exhaust was 1.85
(95% CI, 0.71-4.80). [The Working Group noted
that the study had a high proportion of direct
interviews with case patients. Some known risk
factors for pancreatic cancer, such as diabetes
and obesity, were not controlled for in the anal-
yses. The sample size and number of exposed
cases were small, and multiple comparisons were
made, which hampered the interpretation of the
positive findings.]

A case-control study of laryngeal cancer
included 183 male patients from 56 hospitals on
the Texas Gulf Coast (USA), diagnosed between
1975 and 1980, and 250 controls frequen-
cy-matched for age group, vital status, ethnicity
(all white) and area of residence, recruited
through various population sources and records
(Brown et al., 1988). Information on employers,
job titles and duties was collected by interview.
Exposure data were categorized into industrial
and occupational categories and potential expo-
sure to specific agents was coded by an industrial
hygienist. In the agent-specific analyses, results
were given for potential exposure to diesel/gaso-
line fumes. The risks for laryngeal cancer were
non-significantly elevated for the occupational
category of drivers. [The Working Group noted
that it was unclear whether the target exposure
was fumes of diesel fuel or diesel exhaust, and the
study was therefore regarded as uninformative
with regard to engine exhausts.]

The risk from occupational exposure to
diesel fumes and exhaust was investigated in
a hospital-based case-control study of 235
male cases of laryngeal cancer and 205 control
patients frequency-matched for age, hospital

and year of interview (Muscat & Wynder,
1995). Control patients had malignancies such
as prostate cancer and lymphoma or various
non-malignant diseases. The response rate was
90% for the eligible study subjects who were
approached. Detailed data were collected on
tobacco smoking, alcohol consumption, lifetime
occupational history and self-reported expo-
sure to occupational agents, including diesel
exhaust and fumes. Jobs with known substantial
exposure to diesel exhaust (HGV drivers, mine
workers, fire-fighters and railroad workers) were
analysed jointly and yielded a smoking-adjusted
odds ratio of 0.96 (95% CI, 0.5-1.8). Self-reported
exposure to diesel exhaust had no significant
association with laryngeal cancer (OR, 1.47;
95% CI, 0.5-4.1), with an exposure prevalence
of 5.5% for cases and 4.4% for controls. Work as
an automobile mechanic yielded an odds ratio
of 1.3 (95% 0.4-4.1) for laryngeal cancer. [The
Working Group noted that the exposure assess-
ment in this study was crude and, overall, the
level of detail was limited; the interpretation of
the results was hampered by low numbers, and
residual confounding from tobacco smoking and
alcohol consumption was possible.]

A larger hospital-based case-control study
included 940 male cases of laryngeal cancer
and 1519 controls from a referral hospital in
Istanbul, Turkey (Elci et al., 2003). Controls were
patients with other cancers, including Hodgkin
lymphoma, soft tissue sarcoma and non-mel-
anoma skin cancer, and several non-cancer
diseases. Based on a standardized personal
interview, occupations and industries were
coded using standard classification schemes, and
exposure intensity and probabilities for diesel
exhaust, gasoline exhaust and other agents were
assigned by an industrial hygienist. Analyses
were adjusted for age and ever consumption
of alcohol and tobacco. For ever exposure to
diesel exhaust, the odds ratio was 1.5 (95% CI,
1.3-1.9). Analyses that used exposure intensity
and those that used exposure probability both
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showed elevated odds ratios for laryngeal cancer
associated with exposure to diesel exhaust; the
highest risks, by a small margin, were found for
the subgroup of supraglottic laryngeal cancers.
When the odds ratios were adjusted for smoking
pack-years, positive dose-response trends were
observed for all laryngeal cancers and supra-
glottic cancers. For gasoline exhaust, the results
were similar to those for diesel exhaust, with an
odds ratio of 1.6 (95% CI, 1.3-2.0) for all laryn-
geal cancers. However, no cases occurred in the
high-exposure intensity group exposed to gaso-
line exhaust. Adjustment for alcohol and tobacco
consumption did not alter the results. [The
Working Group noted that the strengths of this
study included the comparatively large number
of cases and expert assessment of exposure to
diesel and gasoline exhausts. The use of hospital
controls and the rather superficial assessment of
potential confounders, as well as the absence of
information on duration of exposure, were limi-
tations of the study.]

A Canadian case-control study investi-
gated the risk of non-Hodgkin lymphoma asso-
ciated with various occupational exposures
(Karunanayake ef al., 2008) in 513 male patients,
diagnosed between 1991 and 1994, in six prov-
inces and 1506 population controls frequen-
cy-matched by age. A postal questionnaire
providing information on all jobs held for more
than 1 year was the basis for the occupational
exposure assessment. Exposure to diesel exhaust
fumes showed a statistically significant odds ratio
of 1.33 (95% CI, 1.03-1.67). Exposure to diesel
fuel or exhaust was evaluated as a confounder in
a previous analysis based on the same cases and
controls, with similar results (McDuffie et al.,
2002). [The Working Group noted that the large
number of exposures studied and the multiple
tests performed, as well as the limitations of an
approach that measured exposures by self-re-
porting, led to cautious interpretation of these
results.]
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In a hypothesis-generating case—control
study in Sweden, Flodin et al. (1987) analysed
the association between occupation and the risk
for multiple myeloma. Cases were diagnosed
between 1973 and 1983 and still alive in 1981-83,
and controls were drawn randomly from popu-
lation registers; 131 cases and 431 controls were
available for analysis. Information on occupa-
tional history, X-ray treatment and tobacco
smoking habits were obtained by a mailed ques-
tionnaire. The crude odds ratio for occupational
exposure to engine exhaust was 2.3 (95% CI,
1.4-3.7); this association remained significant
after adjusting for confounding variables. [The
Working Group noted that a limitation of this
study was the unclear descriptions of the popu-
lation and the control for confounding. Exposure
to engine exhausts was self-reported and not
further defined by the authors, which limited the
informativeness of the study.]

Boffetta et al. (1989) studied multiple
myeloma in a case-control study nested in the
American Cancer Society Prevention Study II.
Study participants who had died of multiple
myeloma (282 cases) were each matched to four
randomly selected controls. Occupational infor-
mation on current job, last occupation if retired,
and any other job held for the longest period of
time were assessed from a written questionnaire
completed at enrolment into the cohort. Specific
exposures in the workplace to any of 12 groups
of substances, including diesel and gasoline
exhausts, were also assessed by questionnaire.
The odds ratio for exposure to diesel engine
exhaust was 1.4 (95% CI, 0.7-2.7; 14 exposed
incident cases, 43 controls) and that for gasoline
exhaust was 0.9 (95% CI, 0.5-1.6; 14 cases). An
elevated odds ratio of 6.0 (95% CI, 1.3-28.9; three
cases, two controls) was found for main occupa-
tion as a railroad worker. [The Working Group
noted that incident cases were enrolled and the
exposure was assessed prospectively, thus elim-
inating recall bias; however, self-reporting of
workplace exposures was a limitation. The result
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for railroad workers was based on a very small
number of cases, and may be a chance finding.]

Eriksson & Karlsson (1992) investigated occu-
pational risk factors, including engine exhaust,
in 275 cases of multiple myeloma (43% deceased)
and an equal number of matched population
controls in Sweden. Jobs held and tasks associ-
ated with exposure to specific chemicals were
assessed from mailed questionnaires, together
with information on tobacco smoking habits
and various other exposures. No increases in risk
were found for occupation as a railroad worker or
motor vehicle driver. Exposure to engine exhaust
was assessed based on work with tractors, power
saws or as a driver. The odds ratio for exposure
to engine exhaust was 1.11 (95% CI, 0.60-2.05)
in a multivariate analysis. [The Working Group
noted that the exposure assessment was limited
with regard to engine exhausts, being based on
occupational titles, and did not differentiate
between diesel and gasoline exhausts.]

Two reports from Denmark described the
results of a large population-based case-control
study on occupational exposures and multiple
myeloma. Heineman et al. (1992) reported 1098
male cases diagnosed between 1970 and 1984 and
4169 age-matched male controls. Pottern ef al.
(1992) performed an analysis of 1010 women with
multiple myeloma and 4040 age-matched female
controls. Cases were identified from the Danish
Cancer Registry, and controls were drawn from
the population registry. Information on employ-
ment was retrieved from the pension fund and
occupational titles were taken from tax forms
held at the population registry. This information
was used to assess exposure to 20 broad cate-
gories of substances and 27 specific substances
by industrial hygienists. Pottern et al. (1992)
reported odds ratios of 1.4 (95% CI, 0.6-3.2; eight
cases) for possible exposure to exhaust and 1.6
(95% CI, 0.4-5.5; four cases) for probable expo-
sure to exhaust among women. Among men,
the odds ratios were 1.3 (95% CI, 1.0-1.6; 125
cases) for possible and 1.2 (95% CI, 0.9-1.6; 89

cases) for probable exposure to engine exhaust.
Lagging of exposure and stratification by dura-
tion of exposure (< 5 years versus > 5 years)
showed some evidence of a dose-response for
duration of exposure, but the risks were lower
for those probably exposed compared with those
possibly exposed. When men with at least 5 years
of employment were considered separately, expo-
sure to engine exhaust with a 10-year lag was
associated with elevated risks for possible expo-
sure, but no elevation for probable exposure in
either category of exposure duration, showing no
evidence of a dose-response in this analysis. [The
Working Group noted that the overall number
of cases was relatively large in these studies, but
few cases were available for specific comparisons.
Occupational information was not reported for
10% of male cases (15% of controls) and 40% of
female cases (36% of controls). It was not clear
which occupations among women entailed
exposure to engine exhaust. No information on
confounders beyond the matching factors and
other jobs was available, and exposure misclassi-
fication may have been a problem in these studies
due to the sources of information used.]

Demers et al. (1993) conducted a case—control
study of 692 cases of multiple myeloma and 1683
population controls recruited between 1977 and
1981 in Washington, Atlanta, Utah and Detroit,
USA. Lifetime work histories were collected
during personal interviews. Results were
reported by occupation and industry group. Rail
and water transport workers had an odds ratio of
0.3 (95% CI, 0.1-1.1) and motor vehicle operators
had an odds ratio of 1.2 (95% CI, 0.8-1.6). No
elevations in risk were found for other occupa-
tional groups with some potential for exposure
to engine exhaust. [The Working Group noted
that the study was limited by the use of occu-
pational/industry titles, and the large number
of risk estimates presented. No specific results
pertaining to engine exhaust were provided.]

In a Swedish study that used the same source
of cases, the same set of 431 controls and the
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same methods as those described in Flodin ef al.
(1987), Flodin et al. (1988) investigated the asso-
ciation between risk and occupational exposures
in 111 cases of chronic ‘lymphatic’ (lymphocytic)
leukaemia. The crude odds ratio for occupational
exposure to engine exhausts was 2.5 (95% CI,
1.5-4.0); the association remained significant
after adjustment for confounding variables.

In another study in Sweden, 125 patients
with acute leukaemia and the same number of
population controls were included in a study of
the association between exposure to petroleum
products and leukaemia (Lindquist ef al., 1991).
Cases were diagnosed between 1980 and 1983
in five participating Swedish hospitals. Personal
interviews to obtain information on environ-
mental and professional exposures to petroleum
products, including gasoline and diesel fuels and
exhausts, and a checklist of occupations were
conducted by one investigator. For the occupa-
tional group of professional drivers and rally
drivers combined, an odds ratio of 3.0 (95% CI,
1.2-8.4; 21 cases) was estimated. Adjustment for
exposure to solvents, radiation treatment and
tobacco smoking did not change the results. [The
Working Group noted that the study used a very
short minimum duration of exposure (1 month)
and relied on a crude exposure assessment based
on occupational titles. Types of exhaust could not
be evaluated separately, and the study therefore
contributed little to an assessment of the risks of
exposure to exhaust.]

Cases of hairy cell leukaemia were recruited
from 18 hospitals in France in a hospital-based
case—control study to investigate the risks asso-
ciated with occupational exposures and tobacco
smoking (Clavel et al., 1995). Living cases first
diagnosed between 1980 and 1990 were included,
and controls were retrospectively selected from
admission records mostly from orthopaedic and
rheumatology departments in the same hospi-
tals. Two controls per case were matched by
date of birth, gender, area of residence and date
of admission. The analysis set included 229 live

244

male patients (425 controls) and 62 live female
patients (116 controls). The response rate was
61% for cases and 58% for controls. Exposure
to engine exhaust was associated with a risk for
leukaemia (OR, 1.6;95% CI, 1.0-2.6) among men.
Results for exposure to exhaust for women were
not reported. [The Working Group noted that
exposure to gasoline and diesel exhaust could
not be separated further in the study. The exclu-
sion of deceased cases could have led to survivor
bias. In addition, the choice of hospital controls
was a limitation of this study.]

Blair et al. (2001) carried out a study of 513
cases of leukaemia and 1087 frequency-matched
population controls in Iowa and Minnesota,
USA, in 1980-83. The main focus was to eval-
uate the risks associated with agriculture.
Personal interviews were conducted to obtain
lifetime occupational histories, and selected
exposures were evaluated using a JEM. Next of
kin were interviewed as surrogates for ~40% of
cases who were deceased or too ill to be inter-
viewed (similar for controls). Increases in the
risk for leukaemia were associated with driving
light goods vehicles (OR, 3.4; 95% CI, 1.4-8.4;
13 exposed cases). Exposure to motor vapours
and exhausts was associated with odds ratios of
1.3 (95% CI, 0.9-1.9) in the group considered to
be highly exposed and 1.0 (95% CI, 0.8-1.2) in
the ‘low’” exposure group. Analyses by different
histological types also showed no significant
increase in risk associated with these exposures.
[The Working Group noted that the study used a
detailed exposure assessment; however, informa-
tion on exposure to engine exhausts was limited.
Potential confounders, such as age, type of
interview and education, were adjusted for. The
number of cases of different histological types of
leukaemia for specific exposures was small.]

Seniori Costantini ef al. (2001) studied occu-
pational risk factors for haematolymphopoietic
malignanciesinItalyamong2737 cases diagnosed
between 1991 and 1993 (652 cases of leukaemia)
and 1779 population controls from 12 areas,
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who were interviewed to obtain information on
occupational history and specific exposures. The
results were reported by occupation. Groups with
potential exposure to exhaust included transport
operators (OR for leukaemia, 1.1; 95% CI, 0.7-1.7)
and material handling and related equipment
operators, dockers and freight handlers (OR for
leukaemia, 2.5; 95% CI, 1.4-4.5). No significant
risks were noted for these occupations in relation
to non-Hodgkin lymphoma, multiple myeloma
or Hodgkin lymphoma. [The Working Group
noted that no specific information regarding
exposures to exhaust was presented, and that the
occupational groupings were rather broad.]

A population-based case-control study
from Shanghai, China, included 486 cases of
leukaemia and 502 controls (Adegoke et al.,
2003). Information was collected on jobs held and
exposure to certain agents, but not specifically to
engine exhausts. No increases in risk were seen
for occupations that potentially involved some
exposure to exhaust (water and rail transport,
and drivers). The odds ratio for automobile and
HGV drivers was 0.8 (95% CI, 0.3-2.0; eight
exposed cases). [The Working Group noted that
the exposure assessment in this study was crude.]

Acute myeloid leukaemia subtypes and
their association with specific occupational and
environmental exposures were investigated in
a hospital-based case-control study of 722 case
patients and 1444 age- and gender-matched
controls from 29 hospitals in Shanghai, China
(Wong et al., 2010). Cases and controls were
diagnosed in the period 2003-07; controls with
malignant or non-malignant diseases of the
lymphatic or haematopoietic system were not
eligible. The participation rate was ~97% for
cases but was not reported for the control group.
Personal interviews were conducted to obtain
data on occupational exposures and employment
history. These data were categorized according to
the Chinese standard classification system, and
exposure assessment was performed by experts
familiar with workplace exposures in Shanghai.

Among the large number of risk estimates
reported, exposure to diesel or gasoline engine
exhaust was very rare and the odds ratio for acute
myeloid leukaemia was 0.57 (95% ClI, 0.12-2.75;
two exposed cases). [The Working Group noted
that there was concern about the large number
of associations investigated, as well as the choice
of hospital controls. Only two cases had been
exposed to engine exhaust, which limited the
interpretation of the results.]

West et al. (1995) studied 400 cases of myel-
odysplasia and an equal number of hospital
or outpatient controls in Wales, Wessex and
Yorkshire, United Kingdom [exact period of
recruitment not specified]. A lifetime occupa-
tional history and exposure to specific chemicals
or potential hazards were elicited by question-
naires and interviews. Occupational histories
and self-reported exposures were reviewed by
hygiene and chemical experts. For exposure to
exhaust gases, an odds ratio of 1.26 (95% CI,
0.86-1.86; 63 exposed cases) was estimated. For
reported exposures of > 2500 hours and greater
than medium intensity, the odds ratio was 1.57
(95% CI, 0.77-3.23), and was slightly lower
than that for the group with less intense expo-
sure. [The Working Group noted that the study
used an exposure assessment that relied mainly
on self-reporting with some further review by
experts. Some details, including the statistical
analysis, were not adequately described, and
potential confounders related to occupation and
lifestyle were not assessed. No evidence of a dose-
response relationship and no significantincreases
in risk were found seen for myelodysplasia.]

24 Meta-analyses
2.4.1 Cancer of the lung

Bhatia et al. (1998) conducted a meta-anal-
ysis of occupational exposure to diesel exhaust
and the risk for lung cancer using data from 23
case—control and cohort studies that met the
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inclusion criteria of adequate latency - at least 10
years from first exposure to diesel exhaust to the
end of follow-up (for at least some of the subjects)
— and for which work with diesel engine equip-
ment could be confirmed or inferred. Studies
of miners were excluded because of potential
confounding by exposure to carcinogens such
as radon and silica for certain types of miner.
Tobacco smoking-adjusted risk estimates were
used whenever available and, when risks were
reported by duration of exposure, the longest
duration category was used in the analysis.
Standardized mortality ratios for lung cancer in
cohort studies with external referent groups were
adjusted by the all-cause standardized mortality
ratio to account for the healthy-worker effect.
Combined estimates were calculated using a
fixed-effects model for all studies and for subsets
of studies grouped by (1) study design, (2) type of
comparison group for cohort studies, (3) adjust-
ment for tobacco smoking and (4) occupation,
including railroad workers, equipment opera-
tors, HGV drivers and bus drivers. Confidence
intervals were adjusted for heterogeneity. A
random-effects model was not used because the
underlying assumption that interstudy variance
was constant was unlikely to be met. The relative
risk for all studies was 1.33 (95% CI, 1.24-1.44);
and similar results were obtained when studies
were stratified by study design (case—control and
cohort) or adjustment for smoking (e.g. a signif-
icant 30% excess risk was found for studies that
adjusted for smoking and for studies that did not
adjust for smoking; see Table 2.6). Summary esti-
mates were higher for cohort studies that used
an internal comparison group (RR, 1.43;95% CI,
1.29-1.58) than for those that used an external
comparison group (RR, 1.22; 95% CI, 1.04-1.44).
Estimates also varied among occupational
groups. Evidence for heterogeneity was found
for all studies combined, all cohort studies and
all case-control studies, but was reduced after
stratification by occupation. Greater heteroge-
neity was observed for cohort studies that used
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external comparisons compared with those that
used internal comparisons. Six of seven studies
(all using internal referent groups) that evaluated
duration of exposure found a positive exposure-
response relationship. Funnel chart analysis
showed little evidence of publication bias (Bhatia
et al., 1998).

Another meta-analysis of lung cancer and
occupational exposure to diesel exhaust (Lipsett
& Campleman, 1999) included studies that
reported risk estimates and confidence intervals
or adequate data to obtain them, had an adequate
latency for the development of lung cancer after
the onset of exposure (> 10 years) and adequate
case ascertainment, and were independent.
Studies of miners were excluded because of poten-
tial confounding by exposure to carcinogens
such as radon, arsenic and silica. Risk estimates
for the highest level or duration of exposure for
occupations with the most specific exposure to
diesel and adjustment for tobacco smoking were
used when available. A random-effects model was
designed for the meta-analyses, which were based
on 39 effect estimates from 30 studies. Subset
analyses were performed for studies that could
be grouped in relation to several characteristics,
including study design, adjustment for tobacco
smoking, occupational category, referent group,
latency, duration of exposure, selection methods,
year of publication, covariates controlled for
in the analysis and the presence of a healthy-
worker effect. Sensitivity and influence analyses
were also conducted. Similar to that reported
by Bhatia et al. (1998), the overall summary risk
estimate was 1.33 (95% CI, 1.21-1.46), which
showed significant heterogeneity. Increased risk
estimates and lower heterogeneity were observed
for studies that adjusted for smoking (RR, 1.43
versus 1.25 for studies that did not adjust for
smoking), had a lower risk of selection bias
(i.e. did not show evidence of a healthy-worker
effect; RR, 1.52 versus 1.06 for cohort studies
with clear evidence of a healthy-worker effect)
and used internal controls (RR, 1.48 versus 1.14
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Table 2.6 Meta-analyses of cohort and case-control studies of cancer and exposure to engine exhaust

Reference Organ Exposure No. of Relative risk Heterogeneity  Covariates
site estimates  (adjusted 95%  P-value Comments
CI)
Bhatia et al. Lung All studies 29 1.33 (1.24-1.44) 58 Fixed-effects model; x2 for heterogeneity
(1998) All exposed occupations 24 1.37 (1.27-1.49)  48.4
Railroad workers 6 1.44 (1.30-1.60) 5.6
Equipment operators 3 1.11 (0.89-1.38) 4.3
HGV drivers 10 1.49 (1.36-1.65) 9.8
Bus workers 5 1.24 (0.93-1.64) 14.8
Tobacco smoking-adjusted 16 1.35(1.20-1.52) 234
Not adjusted for tobacco 13 1.33 (1.20-1.47  34.5
smoking
Lipsett & Lung All studies 39 1.33 (1.21-1.46)  0.001 Random-effects model
Campleman Railroad workers 6 1.45 (1.08-1.93/) < 0.001
(1999) Heavy equipment operators 4 1.28 (0.99-1.66)  0.046
/dock workers
HGV drivers 9 1.47 (1.33-1.63)  0.398
Mechanics/garage workers 6 1.35(1.03-1.78)  0.010
Professional drivers/ 6 1.45 (1.31-1.60)  0.716
transportation operatives
Diesel exhaust 5/5 0.97 (0.95-1.00)  0.585
Boffetta & Urinary  Heavy equipment operators 5 1.37 (1.05-1.81) 0.6 Only studies with > 5 yr latency; fixed-effects
Silverman (2001) bladder HGYV drivers 15 1.17 (1.06-1.29) 0.3 model; evidence of publication bias for all studies
Bus drivers 10 1.33 (1.22-1.45) 0.4 and HGV and bus drivers
JEM for diesel 10 113 (1.00-1.27) 0.3
Any exposure to diesel 12 1.23 (1.12-1.36) 0.5
exhaust
High exposure to diesel 12 1.44 (1.18-1.76) 0.1
exhaust
Manju et al. Urinary ~ HGV drivers Case-control studies with no adjustment for
(2009) bladder Overall 17 1.18 (1.09-1.28)  0.25 tobacco smoking excluded; fixed-effects model
Yr of publication
1977-87 1.30 (1.16-1.46)
1998-2008 1.20 (1.00-1.40)
Bus drivers
Overall 9 1.23 (1.06-1.44) 0.25
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Table 2.6 (continued)

Reference Organ Exposure No. of Relative risk Heterogeneity = Covariates
site estimates  (adjusted 95%  P-value Comments
CI)
Yr of publication
Manju et al. 1977-87 1.30 (1.10-1.53)
(2009) 1998-2008 1.21 (0.72-2.01)
(cont.) Railroad worker
Overall 14 1.20 (1.02-1.41)  0.31
Yr of publication
1977-87 1.33 (0.98-1.54)
1998-2008 1.25 (0.96-1.61)
Other motor vehicle 10 1.11 (0.99-1.23) 0.1
drivers
Reulen et al. Urinary  All studies Random-effects model
(2008) bladder Car, taxi and van drivers 9 1.20 (1.03-1.39) NR
Bus drivers 8 1.29 (1.08-1.53) NR
HGYV drivers 15 1.18 (1.06-1.33) NR
Motor vehicle drivers 32 1.11 (1.06-1.17) NR
Adjusted for tobacco
smoking
Car, taxi and van drivers NR 1.20 (0.99-1.46) NR
Bus drivers NR 0.96 (0.65-1.42) NR
HGYV drivers NR 1.18 (1.06-1.31) NR
Motor vehicle drivers NR 1.11 (1.04-1.18) NR
Not adjusted for tobacco
smoking
Car, taxi and van drivers NR 1.27 (0.83-1.93)
Bus drivers NR 1.39 (1.22-1.58)
HGYV drivers NR 1.45 (0.83-2.53)
Motor vehicle drivers NR 1.14 (1.02-1.27)

CI, confidence interval; HGV, heavy goods vehicle; JEM, job-exposure matrix; NR, not reported; yr, year
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for studies that used national rates). Among the
studies that adjusted for smoking, some evidence
of an exposure-response relationship with dura-
tion of exposure was found; a higher summary
estimate was observed for > 10 years of duration
(RR, 1.64 versus 1.39 for < 10 years of duration).
Sensitivity or influence analyses did not substan-
tially alter the results. In meta-regression anal-
yses of the case-control studies, higher risks
were reported in studies that were published
after 1989 compared with those published before
1989. No systematic relationship was observed
between study size and the magnitude of risk in
funnel plot analyses.

Mahjub & Sadri (2006) conducted a
meta-analysis of case-control studies of lung
cancer that evaluated occupational or environ-
mental pollutants, including exposure to motor
and diesel exhaust. Case-control studies included
in the analysis were published in English during
1990-2006 and focused on environmental or
occupational exposures. Risk estimates from 12
studies were summarized using a random-effects
model. Summary risk estimates were 1.42 (95%
CI, 1.26-1.59) for exposure to ‘motor and diesel
exhaust’. [The Working Group noted that the
restricted focus of this meta-analysis limited its
usefulness to address cancer hazard identifica-
tion for exposure to diesel exhaust.]

Tsoi & Tse (2012) conducted a system-
atic review of studies of professional drivers
potentially exposed to diesel exhaust that were
published in English from 1996 to 2011 and
reported data on risks for lung cancer. The
review included 19 cohort and case-control
studies (seven historical cohorts, one prospective
cohort and 11 case-control studies) of workers
who were bus, taxi, HGV and mixed or unspeci-
fied drivers. The combined relative risk was 1.21
(95% CI, 1.10-1.32; P for heterogeneity < 0.01)
for all studies and 1.22 (95% CI, 1.09-1.36; P for
heterogeneity = 0.02) for higher-quality studies.
Funnel plot analysis revealed no evidence of
publication bias. [The Working Group noted that

this meta-analysis provided little new informa-
tion regarding exposure to diesel exhaust and the
risk for lung cancer because it focused on profes-
sional drivers and did not consider exposure
assessment in the quality evaluation.]

2.4.2 Cancer of the urinary bladder

Boffetta & Silverman (2001) conducted a
meta-analysis of exposure to diesel exhaust
and the risk for urinary bladder cancer. The
analysis included studies of exposure to diesel
exhaust based on JEMs or expert assessments of
individual occupational histories for five occu-
pational groups: railroad workers, bus garage
maintenance workers, HGV drivers, bus drivers
and operators of heavy construction machines.
Only studies with at least 5 years between the
first exposure to diesel engines or equipment and
the development of urinary bladder cancer were
included in the final analysis, which included
seven cohort studies, 16 case-control studies
and six studies of routinely collected data. Most
of the case—control studies adjusted for tobacco
smoking. Risk estimates were not calculated for
all studies combined or for studies of railroad
workers because of heterogeneity (P for heter-
ogeneity = 0.002 and 0.02, respectively), or for
garage workers because the number of studies
was too small. An indication of an excess risk of
urinary bladder cancer was found for the other
occupational groups (OR, 1.13-1.37). Evidence of
publication bias was found for studies of bus and
HGYV drivers, and for the entire set of studies.
Although studies that did not adjust for smoking
were included in the analysis, in general, those
that adjusted for smoking did not have lower
risk estimates, and smoking did not explain the
heterogeneity of the results. The authors also
combined eight relative risks for high exposure to
diesel exhaust, most of which were for the longest
duration of employment in a specific occupa-
tion with potential exposure to diesel exhaust.
The summary relative risks were 1.23 (95% CI,
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1.12-1.36) for any exposure and 1.44 (95% CI,
1.18-1.76) for high exposure to diesel exhaust.

The risk of urinary bladder cancer among
motor vehicle drivers was evaluated in a
meta-analysis of data reported in 30 studies,
including27 case—controlstudiesandthreecohort
studies, published from 1977 to 2008 (Manju
et al., 2009). Studies excluded from the analysis
were case—control studies that did not adjust for
tobacco smoking and cohort studies that did
not provide numbers of observed and expected
cases. For cohort studies, a pooled observed/
expected ratio for urinary bladder cancer was
calculated by summarizing the observed and
expected numbers of events across studies.
No overall summary estimate was calculated
for case-control studies because of significant
heterogeneity in the results. However, summary
odds ratios and corresponding 95% confidence
intervals were calculated as a weighted average of
odds ratios for occupational groups and subsets
of studies stratified by publication date. The
pooled observed/expected ratio for all cohort
studies of motor vehicle drivers and railroad
workers was 1.08 (95% CI, 1.00-1.17). Increased
risks were observed for each of the occupational
groups, and there was some evidence that risks
were lower for HGV, bus drivers, and railroad
workers in more recent publications (1998-2008)
than in earlier publications (1977-87). Funnel
chart analysis suggested some evidence of publi-
cation bias; however, some studies were excluded
from the analysis because of the unavailability of
case numbers.

Reulen et al. (2008) combined data from 130
studies (66 cohort and 64 case—control studies)
that evaluated occupation and the risk for
urinary bladder cancer. Occupations were coded
and grouped together using the International
Classification of Occupations. For each occupa-
tion, a random-effects model was used to calcu-
late summary relative risks and 95% confidence
intervals. Statistically significant summary rela-
tive risks were observed for several occupations,
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which have been associated with potential expo-
sure to diesel or motor exhaust (see Table 2.6).
Stratified analyses were performed for study
design (cohort versus case-control), tobacco
smoking status and publication date. Summary
relative risks (for diesel-related occupations) did
not significantly differ when stratified by study
design (cohort versus case—control) or smoking
status; however, the summary relative risks for
HGV and bus drivers were somewhat higher
in studies that did not control for smoking
compared with those that did. The authors also
stratified by the time period during which the
study was conducted (before 1980, 1980-90 and
after 1999); no significant linear trends were
observed, although risk estimates were gener-
ally lower for studies of all occupations, except
motor vehicle drivers, conducted after 1990. [The
Working Group noted that this study calcu-
lated risk estimates for many different types of
occupation, of which only a few were associated
with potential exposure to diesel fuel; thus the
specificity of exposure was limited and multiple
comparisons may have been a concern.]

2.4.3 Cancer of the pancreas

A meta-risk ratio of pancreatic cancer with
exposure to diesel exhaust was calculated as part
of alarger meta-analysis of pancreatic cancer and
exposure to 23 chemicals present in the workplace
(Ojajarvi et al., 2000). Relative risks for exposure
to diesel exhaust or job titles with verified expo-
sure to diesel exhaust from seven studies were
combined using a simple random-effects model.
When available, relative risks that were adjusted
for confounders and social class, and had a
latency period closest to 20 years were used in
the analysis. No excess risk for pancreatic cancer
was found for exposure to diesel exhaust (meta-
risk ratio, 1.0; 95% CI, 0.9-1.20).
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2.4.4 Summary of meta-analyses

The meta-analyses found consistent elevated
risk estimates for occupations associated with
exposure to diesel exhaust and lung cancer and
urinary bladder cancer, but not for pancreatic
cancer, although fewer data were available for
the latter. The analyses for lung cancer by Bhatia
et al. (1998), Lipsett & Campleman (1999) and
Tsoi & Tse (2012), and those for urinary bladder
cancer by Boffetta & Silverman (2001) found
significant heterogeneity for the overall results,
which was explained in part by the type of occu-
pation. (Boffetta & Silverman, 2001) did not
calculate an overall risk estimate because of the
significant heterogeneity.) The major limitation
of the meta-analyses was the paucity of data
relating job titles to exposure to diesel exhaust,
and the inclusion of studies with varying quality
of exposure information. Moreover, most of
the individual studies included in the analyses
evaluated risks for occupations and not for
exposure to diesel exhaust, and the most recent
meta-analyses (Reulen ef al., 2008; Manju ef al.,
2009) included only studies that evaluated risk
according to occupation.

A further limitation of the earlier studies was
their inclusion of subjects who worked before or
at the beginning of the diesel era or workers with
a latency period that was inadequate to attribute
any increases in lung cancer to exposure to diesel
exhaust.

Most of the meta-analyses included studies
that did not adjust for tobacco smoking, but
the analyses were stratified by this factor. In
general, meta-risk estimates for studies that did
not adjust for smoking were similar to those that
did and meta-risk estimates for lung cancer from
cohort studies that used internal comparison
groups, which should have reduced the poten-
tial for confounding from smoking, were higher
than the those from studies that used an external
comparison group (Bhatia ef al., 1998; Lipsett &
Campleman, 1999).

2.5 Studies of childhood cancer

See Table 2.7

Studies have been carried out to examine
hypotheses that the risk of childhood cancer is
associated with exposure to engine exhausts,
including parental exposure that results in germ
cell mutations, direct intrauterine exposure of
the fetus or early postnatal exposure. A common
limitation of these studies was the non-specific
assessment of exposure, which was often based
on records of parental job titles without a more
specificassessment of exposure to engine exhaust.
Studies have also been conducted on traffic-re-
lated air pollution and childhood cancer, but
these were not considered to be informative and
are not reviewed here.

In a case-control study in Québec, Canada
(Fabia & Thuy, 1974), occupation of the father at
the time of birth was ascertained from the birth
certificates of 386 children who had died from
malignant disease before the age of 5 years in
1965-70. The study included 772 control children
whose birth registration immediately preceded
or followed that of the case in the official records.
The occupation of the father was not known for
30 cases or 56 controls. Paternal occupation was
recorded as motor vehicle mechanic or service
station attendant for 29 (7.5%) cases and 29 (3.8%)
controls and as driver for 19 (4.9%) cases and 49
(6.4%) controls. [Odds ratios were not reported,
but crude odds ratios calculated by the Working
Group were 2.1 (95% CI, 1.2-3.4) for mechanics/
service station attendants and 0.76 (95% CI,
0.4-1.3) for drivers. The Working Group noted
that no cancer-specific analyses were conducted
and the study was limited in terms of details of
exposure.]

Inacase-controlstudyin Finland (Hakulinen
et al., 1976), all 1409 incident cases of cancer in
children under 15 years of age reported to the
Finnish Cancer Registry in 1959-68 were ascer-
tained. Paternal occupation was obtained from
antenatal clinic records for the first trimester of
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Table 2.7 Studies of childhood cancer and exposure to engine exhaust

Reference Total No. of Source of Exposure Organ site Exposure Exposed Relative risk Covariates
Location, period cases/controls controls assessment categories cases (95% CI) Comments
Fabia & Thuy 386/772 Population Occupation All Registered occupation Crude OR Controls matched
(1974) of father childhood Motor vehicle 29 [2.1 (1.2-3.4)] by birth date, no
Quebec, Canada, on birth cancers mechanic/service exposure details;
1965-70 certificate station attendant specific sites/cancer
Driver 19 [0.76 (0.4-1.3)]  fypes notassessed;
ORs NR: crude ORs
calculated by the
Working Group
Hakulinen et al. 852/852 Population Occupation Registered occupation Only 60% of cases
1976) Finland, of father on Leukaemia  Driver 14 0.74 (0.34-1.6) with suitable
1959-68 antenatal (age < 5 yr) information; controls
records Leukaemia  Driver 35 1.06 (0.63-1.8) ~ Matchedbybirth
and date and district; no
lymphoma details of exposure
Brain Driver 4 0.17 (0.0-1.4)
tumour (age
<5yr)
Brain Driver 16 0.67 (0.29-1.5)
tumour
Kantor 149/149 Population Occupation Wilms Registered occupation Crude OR Controls matched by
et al. (1979) of father tumour sex, race, birth yr; no
Connecticut, on birth Driver 8 [2.1 (0.6-6.7)] details of exposure;
USA, 1935-73 certificate Nisiar vanidle 6 (6.2 (0.8-49.8)] ORs NR; crude ORs
I calculated by the
Service station 3 NR (no exposed Wi Gty
attendant controls)
Kwa & Fine (1980) 692/1384 Population Occupation Registered occupation Crude OR Controls matched by
Massachusetts, of father Leukaemia/ Mechanic/service 21 [1.1 (0.7-1.5)] birth date; ORs NR:
USA, 1947-57 and on blrth lymphoma station attendant deaths Crude ORs CalCulated
1963-67 certificate Neurological Mechanic/service 6 deaths [1.02 (0.4-2.4)] by the Working
station attendant Group; no details of
Urinary Mechanic/service 4 deaths [2.9 (1.0-8.9)] exposure

tract

station attendant
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Table 2.7 (continued)

Reference Total No. of Source of Exposure Organ site Exposure Exposed Relative risk Covariates
Location, period cases/controls controls assessment categories cases (95% CI) Comments
Zack et al. (1980), 296/566/838/465 Hospital/ Personal All Paternal occupation as mechanic/service station No exposure details,
Houston, TX, parents/ interview childhood attendant/driver choice of controls not
USA, 1976-77 siblings and with parents  cancers clear; OR calculated
neighbourhood  on job history Control uncles 12 [0.79 (0.38-1.63)] by the Working
inyr before Neighbourhood 12 [0.92 (0.40-2.17)] Group from Table 1
birth - in thg publication;
Hospital controls 12 (0.59 (0.28-1.23)] gi‘:ﬁ;ﬁ;ﬁﬁgnal
Hemminki et al. ~ 948/1892 Population Occupation Registered occupation as driver Extension of
(1981), Finland, of parents Leukaemia 96 1.50 (P < 0.10) Hakulinen et al.
59-1975 from on Brain 84 092 (P>0.10)  1970)
welfare centre All cancers 303 1.25 (P < 0.10)
records
Gold et al. (1982), 43 leukaemia, 70 Population and Personal Paternal occupation as mechanic/service station Information for
Maryland, USA,  brain tumour/43 hospital interview attendant/driver before birth of index child occupation before

1965-74

Vianna et al.
1984), New York,
USA, 1949-78

Wilkins &
Sinks (1984),
Columbus,Ohio,
USA, 1950-1981

and 70
population, 43
and 70 hospital

60 leukaemia,
103 brain
tumour/60 and
103

62/124

Population

Population

with mother

Personal
interview
with mother

Occupation
of father

on birth
certificate

Leukaemia

Brain
tumour

Leukaemia

Wilms
tumour

3 P <0.05 for
cancer or
population
controls

3 P> 0.05 for
cancer and
population
controls

Paternal job group with presumed exposure to
exhaust (> 1 yr before birth)
High exposure 2.4 [1.1-3.7]

Low exposure 1.3 [0.8-2.1]

Paternal 5 1.37 (0.59-3.11)
occupation as compared with 2
mechanic/service controls

station attendant/

driver/metal

worker

birth missing for
16-40% of cases;
controls matched on
sex, race, age and date
of diagnosis (cancer
controls only); ORs
and 95% CIs NR.

Controls matched

on birth yr, sex, race
and county; jobs
grouped according to
presumed exposure
level

Controls matched on
sex, race birth yr and
county; incomplete
records of paternal
occupation; only 62
pairs for analysis
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Table 2.7 (continued)

Reference Total No. of Source of Exposure Organ site Exposure Exposed Relative risk Covariates
Location, period  cases/controls controls assessment categories cases (95% CI) Comments
van Steensel- 519/507 Population Postal Acute Hydrocarbon-related occupations OR Matching on age,
Moll et al. (1985), questionnaire lymphatic Mother 7 2.5 (0.7-9.4) gender place of
Netherlands, on leukaemia Father 37 1.0 (0.6-1.7) residence, social
1973-80 occupations Exposure to exhaust during pregnancy class and birth
before and order; response
during Mother 4 NR rate: 88% cases,
pregnancy Father 89 1.3(0.8-1.9) 66-67% controls;
hydrocarbon-related
group included broad
range of occupations
Cordier et al. 1218/2223 Population Personal Brain Paternal 127 1.3 (1.0-1.7) Centre, age of child,
(2001), Australia, interview occupation as yr of birth and
Canada, France, with driver gender; response
Israel, Italy, parents on Paternal 45 1.5 (1.0-2.3) rate: 75% cases and
Spain, USA, occupational occupation as controls
76-1994 (differed history mechanic
by centre) 5 yr before
diagnosis;
JEM
McKinney et al. 3838/7629 Population Personal Leukaemia  Periconceptual exposure to exhaust Age of child, gender
(2003), United interview Mother 9 1.58 (0.74-3.40)  and region of
Kingdom, with parents Father 147 1.33 (1.09-1.61) residence; response
1991-96 including full Peri tual i dri rate: 87% cases, 64%
occupational ericonceptual occupation as driver controls
history; JEM Mother 5 1.48 (0.53-4.13)
Father 121 1.36 (1.10-1.68)
Central Periconceptual exposure to exhaust
nervous Mother 3 1.33 (0.40-4.42)
system Father 47 1.08 (0.79-1.47)
Periconceptual occupation as driver
Mother 1 0.85 (0.11-6.50)
Father 36 1.04 (0.73-1.48)
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Table 2.7 (continued)

Reference Total No. of Source of Exposure Organ site Exposure Exposed Relative risk Covariates
Location, period  cases/controls controls assessment categories cases (95% CI) Comments
Reid et al. (2011)  511/2071 Population Parental Acute Prenatal and postnatal paternal/maternal Sex (child), age
Australia, occupation, lympho- exposure at diagnosis,
2003-06 job-specific blastic Moderate/substantial pre-birth exhaust exposure ~ Socioeconomic status,
modules; leukaemia combined smoking, alcohol
expert Mother 17 1.97 (0.99-3.90) ~ consumption, age
assessment Szl iy 14 2.06 (0.97-4.39) (mother) and state
Petrol only 7 1.59 (0.58-4.41)
Father 127 1.37 (1.01-1.86)
Diesel only 101 1.24 (0.91-1.69)
Petrol only 48 1.20 (0.82-1.77)

CI, confidence interval; JEM, job-exposure matrix; NR, not reported; OR, odds ratio; yr, year
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pregnancy. After excluding twins and cases for
which the paternal occupation was unobtainable,
852 cases were available for analysis. For each
case, a child whose date of birth was immediately
before that of the case and who had been born in
the same maternity welfare district was chosen
as a control. Leukaemias and lymphomas (339
pairs; 158 under 5 years of age), brain tumours
(219 pairs; 77 under 5 years of age) and other
tumours (294 pairs; 160 under 5 years of age)
were analysed separately; analyses were carried
out for the whole group and for children under
5 years of age at the time of diagnosis. Paternal
occupation as a motor vehicle driver was not
more frequent in any group of cases than in
controls: the odds ratio for paternal occupa-
tion as a driver was 0.74 (95% CI, 0.34-1.6) for
leukaemia in children under 5 years, 1.1 (95%
CI, 0.63-1.8) for leukaemia and lymphoma in the
whole group, 0.17 (95% CI, 0.00-1.4; four cases)
for brain tumours in children under 5 years and
0.67 (95% CI, 0.29-1.5) for brain tumours in the
whole group. [The Working Group noted that
the study had several limitations: only 60% of
cases were available for analysis due to the lack of
records or information on paternal occupation,
the exposure assessment was crude and the odds
ratios were not adjusted for other risk factors.]
In a case-control study in Connecticut,
USA (Kantor et al., 1979), paternal occupation
was ascertained from birth certificates for all
149 cases of Wilms tumour (aged 0-19 years)
reported to the Connecticut Tumor Registry in
1935-73 and for 149 controls selected from State
Health Department files and matched for sex,
race and year of birth. The paternal occupation
was recorded as driver for eight cases and four
controls [OR, 2.1; 95% CI, 0.6-6.7], as motor
vehicle mechanic for six cases and one control
[OR, 6.2; 95% CI, 0.8-49.8] and as service station
attendant for three cases and no control. [Odds
ratios were not reported; crude odds ratios were
calculated by the Working Group. The Working
Group noted that the number of exposed cases
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in this study was small, the exposure assessment
was crude and other risk factors were not taken
into account. The study was therefore judged to
be not very informative.]

In a case-control study of the association
between paternal occupation and childhood
cancer (Kwa & Fine, 1980), 692 children born in
1947-57 or 1963-67 and who had died of cancer
before the age of 15 years in Massachusetts,
USA, were identified from the National Center
for Health Statistics. Two controls were selected
from the registry of births for each case — one
born immediately before the case and the other
immediately after. Paternal occupation was
taken from birth certificates and classified into
one of nine categories on the basis of the type of
chemical exposures involved. Mechanic/service
station attendant was recorded as the paternal
occupation for 21 cases of leukaemia/lymphoma
[OR, 1.1; 95% CI, 0.7-1.5], six cases of neuro-
logical cancer [OR, 1.02; 95% CI, 0.4-2.4], four
cases of urinary tract cancer [OR, 2.9; 95% ClI,
1.0-8.1], four cases of all other cancers [OR, 0.93;
95% CI, 0.34-2.6] and 61 controls. In the chil-
dren of fathers who were motor vehicle drivers,
no excess of leukaemia/lymphoma, neurological
cancer, urinary tract cancer or all other cancers
was observed. [The Working Group noted that, as
in the other studies with a similar approach, the
nature of the exposure assessment allowed only
limited inference of an association of parental
exposures to engine exhaust with subsequent
childhood cancer. In addition, no risk factors
other than date of birth were taken into account
in the analysis.]

In a case-control study of associations
between childhood cancer and parental occu-
pation (Zack et al., 1980), the parents of 296
children with cancer followed at a haematology
clinic in Houston, Texas, USA, from March 1976
to December 1977 and three sets of controls were
interviewed to obtain demographic information
and job history from the year preceding the birth
of the child until the diagnosis of cancer. The
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first set of controls comprised 283 fathers and
stepfathers and 283 mothers and stepmothers of
children without cancer in the same clinic; the
second set comprised siblings of the parents of
the case (413 uncles and 425 aunts), matched by
age and number of children; and the third set was
selected from among residents in the neighbour-
hood of the cases (228 fathers and 237 mothers).
The proportion of cases with paternal occupa-
tion as a motor vehicle mechanic, service station
attendant or driver did not differ substantially
from that in any control group (crude OR, 0.59;
95% CI, 0.28-1.23 in comparison with fathers’
siblings; 0.79; 95% CI, 0.38-1.63 in comparison
with the fathers of cancer cases; and 0.92; 95%
CI, 0.40-2.17 in comparison with neighbour-
hood fathers). [The Working Group noted that
the limitations of the study included unclear
selection criteria for cases and controls and a lack
of control for confounders. The completeness of
the data on the occupations of mothers was also
unclear.]

Hemminki ef al. (1981) obtained data from
the Finnish Cancer Registry for children under
15 years of age with a cancer that was diagnosed
in 1959-75 and on parental occupation (see the
study of Hakulinen et al., 1976), and included
approximately twice the number of cases as the
earlier study. Data were analysed separately for
the periods 1959-1968 and 1969-1975. The odds
ratio for the father of a child with leukaemia
in 1969-1975 being a professional driver was
1.25 (P < 0.10) for all childhood cancers, 1.5
(P < 0.10) for leukaemia and 0.92 (P > 0.10) for
brain tumours. Odds ratios for leukaemia and
all cancers were somewhat higher when only
occupations in the later period were considered.
Detailed data were not reported for maternal
occupations. [The Working Group noted that
the exposure information was limited to occu-
pational titles and that a large number of occupa-
tions were assessed; thus, multiple comparisons
were a limitation. The interpretation of this study

was further limited by the lack of information on
potential confounders.]

Associations between paternal occupation
and childhood leukaemia (43 cases) and brain
tumour (70 cases) were investigated in a case-
control study in Maryland, USA (Gold et al.
1982). Children and adolescents under the age of
20 years with leukaemia (diagnosed in 1969-74)
or brain tumours (diagnosed in 1965-74) were
ascertained in the Baltimore area from hospital
records, death certificates, hospital tumour
registries and from the pathology, radiotherapy
and clinical oncology records of 21 Baltimore
hospitals. Two control groups were included: one
comprised children with no malignant disease,
selected from birth certificates at the Maryland
State Health Department and matched for sex,
date of birth and race; the other group comprised
children with malignancies other than leukaemia
or brain cancer, matched for sex, race, date of
diagnosis and age at diagnosis. Information on
occupational exposures of both parents before
the birth of the child and between the birth and
diagnosis was collected from interviews with
the mothers. Odds ratios and 95% confidence
intervals were not reported. The paternal occu-
pational category that included driver, motor
vehicle mechanic, service station attendant or
railroad worker was not more frequent for chil-
dren with leukaemia or brain tumours compared
with the population control children, but was for
leukaemia cases in comparison with the cancer
controls (six exposed cases, no exposed controls;
P < 0.05). [The Working Group noted that the
small numbers involved, the choice of cancer
controls and the lack of control for potential
confounders were limitations of the study. In
addition, the occupations included in the motor
vehicle-related group represented a somewhat
diverse group of occupations with different
potential exposure to exhaust.]

In a case-control study of childhood
leukaemia in the USA (Vianna ef al., 1984), chil-
dren born in 1949-78 who were diagnosed with
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acute leukaemia during the first year of life and
reported to the Tumor Registry of the New York
State Health Department or with neuroblastoma
up to 12 years of age at diagnosis were identi-
fied. Using information from birth certificates,
two sets of controls were selected: the primary
control group was matched by year of birth, sex,
race and county of residence; the second group
was additionally matched for age of the mother
and birth order of the child. Information on
parental age, race, education and occupation,
and medical, obstetrical and therapeutic histo-
ries were obtained by telephone interviews with
the mothers. A similarly designed case-control
study of 103 children diagnosed with neuroblas-
toma before the age of 13 years was conducted
simultaneously to assess data quality, but few
details were reported. Of the 65 eligible cases
of leukaemia, 60 were finally included in the
analysis, each with two controls. The odds ratio
for acute leukaemia for children with ‘high’
presumed paternal exposure to motor exhaust
fumes (service station attendants, automobile
or HGV repairmen and aircraft maintenance
personnel) was 2.4 [95% CI, 1.1-3.7] in compar-
ison with the main control group and 2.5 [95%
CI, 1.2-5.3] in comparison with the second
control group. For ‘lower’ presumed exposure
(taxi drivers, travelling salesmen, HGV or bus
drivers, railroad workers, toll-booth attendants,
highway workers and police officers), the odds
ratiowas 1.3 [95% CI, 0.8-2.1] in comparison with
the first control group and 3.4 [95% CI, 1.4-10.2]
in comparison with the second. Data were not
tabulated for the study of neuroblastoma, but no
significant difference was found in the number
of fathers who had had ‘high’ or ‘moderate’
exposure. [The Working Group noted that, as
a limitation, the categorization of exposures as
‘high’ and ‘lower’ on the basis of the jobs listed
appeared questionable, because jobs classified as
having low exposure to one type of exhaust may
have high exposure to another type. No potential
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confounders beyond the matching factors were
controlled for in the analysis.]

In a case-control study of paternal occu-
pation and Wilms tumour (Wilkins & Sinks,
1984), 105 patients were identified through
the Columbus (OH, USA) Children’s Hospital
Tumor Registry during the period 1950-81. For
each case, two controls were selected from Ohio
birth certificate files: the first control series was
individually matched for sex, race and year of
birth, and the second series was additionally
matched for mother’s county of residence when
the child was born. Due to changes in birth certi-
fication, the study included only the 62 cases
and their matched controls for which paternal
occupation was recorded. The crude odds ratio
for Wilms tumour in children with paternal
occupation as motor vehicle mechanic, service
station attendant or driver/heavy equipment
operator was 1.37 (95% CI, 0.59-3.11) compared
with both groups of controls combined. [The
Working Group noted that the study was limited
with regard to the small number of exposed
cases, crude exposure assessment and the lack of
control for confounders other than demographic
characteristics.]

Using a nationwide registry of childhood
leukaemia, a case-control study including 519
cases of childhood acute lymphatic leukaemia
(period of diagnosis, 1973-80) and 507 popu-
lation-based controls matched for year of birth,
gender and place of residence was conducted in
the Netherlands (van Steensel-Moll ef al., 1985).
A postal questionnaire provided information
on parental occupations and selected exposures
before and during pregnancy. The response rate
was 88% for parents of cases and 66% for those
of controls. Four mothers of cases compared
with no control mother indicated exposures to
exhausts during pregnancy, while 89 case fathers
and 70 control fathers reported such exposure
(OR, 1.3; 95% CI, 0.8-1.9). [The Working Group
noted that this study relied on job titles and
self-reporting for exposure assessment, with the
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potential for misclassification and low specificity.
Exposures to diesel and gasoline exhausts were
not separated. ]

In a joint analysis of case-control studies of
childhood brain cancer that formed part of an
international study coordinated by the IARC,
1218 cases and 2223 controls were analysed
with regard to parental occupation (Cordier
et al., 2001). All studies were population-based,
but the upper age of inclusion varied from up
to 15 years in European and Australian centres
to up to 19 years in Israel and centres in the
USA. The overall response rate among cases
was 75%. Population-based controls were either
individually or frequency-matched to cases,
depending on the centre, with a 75% response
rate. Exposure assessment was based on parental
interviews and coding occupations and indus-
tries according to international standard clas-
sifications. For paternal occupation during the
5-year period before birth, the odds ratio was
1.3 (95% CI, 1.0-1.7) for occupation as a driver
and 1.5 (95% CI, 1.0-2.3) for all childhood
brain tumours combined. Maternal occupations
related to motor vehicles were not associated
with an increased risk, but some indication of a
positive association was observed with employ-
ment in a motor vehicle-related industry during
pregnancy. [The Working Group noted that this
study was notable for its large size and improved
methods relative to most of the earlier studies.
However, no specific information was available
on exposure to engine exhausts and the numbers
of mothers in exposed occupations was small.]

Different diagnostic groups of childhood
cancer and their association with 31 categories
of parental occupation were investigated in the
framework of the United Kingdom Childhood
Cancer Study (McKinney et al., 2003). In total,
3838 cases, including 1737 cases of leukaemia
(1461 acute lymphoblastic leukaemia) and 687
cases of central nervous system cancer, and 7629
randomly selected controls (1:2 matched by sex,
age and area) participated. The response rate

was 87% for case and 64% for control parents.
Personal interviews including a complete occu-
pational history were conducted with each
parent; surrogate information was collected
mainly from spouses if one parent could not be
contacted. Occupations were classified according
to standard schemes, and further categorized into
31 occupational exposure groups using a JEM.
Paternal exposures to exhaust fumes and inhaled
particulate hydrocarbons, as well as occupation
as a driver showed small but statistically signifi-
cant associations with childhood leukaemia and
the subgroup of acute lymphoblastic leukaemia.
The odds ratio for exhaust fumes was 1.33 (95%
CI, 1.09-1.61) for leukaemia and slightly lower
for acute lymphoblastic leukaemia. The odds
ratio for occupation as driver and leukaemia was
1.36 (95% CI, 1.10-1.68). The risks for maternal
exposures and leukaemia were non-significantly
elevated. The number of cases of central nervous
system cancer with exposed mothers was very
small and the odds ratios were not notably
elevated for fathers employed as drivers or with
exposure to exhaust. [The Working Group noted
a substantial overlap between the three different
indicators of exposure (exhaust, inhaled partic-
ulate hydrocarbons and occupation as a driver).
Specific exposure to diesel or gasoline exhaust
was not assessed in the study.]

A case-control study of children with acute
lymphoblastic leukaemia was conducted in
Australia (Reid ef al., 2011). Parents of 511 cases
(response rate, 80%; diagnosis in 2003-06) and
of 2071 population controls (response rate, 70%)
completed awritten questionnaireand were inter-
viewed in greater detail if they had worked in one
of 14 occupations. Information on parental expo-
sure to specific chemicals, including exhausts,
during different time periods around the birth
of the children was assessed through the use of
job-specific modules; probability, frequency and
intensity of exposure was estimated by an expert
industrial hygienist, and grouped exposure vari-
ables were created. The odds ratio was 2.06 (95%
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CL, 0.97-4.39) for maternal exposure to moderate/
high levels of diesel exhaust any time before the
child’s birth and 1.59 (95% CI, 0.58-4.41) for
maternal exposure to petrol exhaust before birth.
Paternal pre-birth exposure to diesel exhaust
was associated with an increased odds ratio of
1.24 (95% CI, 0.91-1.69); for paternal pre-birth
exposure to moderate/substantial petrol exhaust,
the odds ratio was 1.20 (95% CI, 0.82-1.77). [The
Working Group noted that this study provided
improved exposure assessments in relation to
most of the earlier studies and showed some
evidence of an increased risk for acute lymph-
oblastic leukaemia associated with prenatal
parental exposure to exhausts. However, the
numbers of exposed cases were small in some of
the exposure categories.]
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