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AbsTrACT
Objective to estimate the population attributable 
fraction (PaF) and number of incident and fatal lung 
cancers in canada from occupational exposure to diesel 
engine exhaust (Dee).
Methods Dee exposure prevalence and level estimates 
were used with canadian census and labour Force 
Survey data to model the exposed population across the 
risk exposure period (reP, 1961–2001). relative risks of 
lung cancer were calculated based on a meta-regression 
selected from the literature. PaFs were calculated using 
levin’s equation and applied to the 2011 lung cancer 
statistics obtained from the canadian cancer registry.
results We estimated that 2.4% (95% ci 1.6% 
to 6.6%) of lung cancers in canada are attributable 
to occupational Dee exposure, corresponding to 
approximately 560 (95% ci 380 to 1570) incident 
and 460 (95% ci 310 to 1270) fatal lung cancers in 
2011. Overall, 1.6 million individuals alive in 2011 were 
occupationally exposed to Dee during the reP, 97% of 
whom were male. Occupations with the highest burden 
were underground miners, truck drivers and mechanics. 
Half of the attributable lung cancers occurred among 
workers with low exposure.
Conclusions this is the first study to quantify the 
burden of lung cancer attributable to occupational Dee 
exposure in canada. Our results underscore a large 
potential for prevention, and a large public health impact 
from occupational exposure to low levels of Dee.

InTrOduCTIOn
After decades of mounting evidence, diesel engine 
exhaust (DEE), a complex mixture of gases and 
particulates produced from the combustion of diesel 
fuel, was classified in 2012 by the International 
Agency for Research on Cancer (IARC) as a group 
1 definite human carcinogen.1 This evidence came 
mainly from workers in the railroad, trucking and 
mining industries, where the use of diesel engines is 
widespread. Millions of workers around the world 
are exposed to diesel exhaust,2 and in Canada, it is 
the most prevalent occupational lung carcinogen.3 
Lung cancer is the most commonly diagnosed cancer 
as well as the leading cause of death from cancer 
in Canada,4 5 therefore the public health impact of 
occupational DEE exposure may be considerable.

The public health impact of specific exposures on 
disease burden can be calculated using the popu-
lation attributable fraction (PAF), which is the 
proportion of disease cases in a population which 

are attributed to that exposure. The burden of lung 
cancer caused by occupational DEE exposure has 
been estimated in other countries.6–9 For example, 
Brown et al10 estimated that 1.8% of lung cancers in 
the UK were caused by DEE exposure in the work-
place, making DEE the third highest contributor of 
occupational lung cancer burden after asbestos and 
silica.

Since these earlier burden estimates were 
produced, new epidemiologic data on the quan-
titative dose–response relationship between DEE 
exposure and lung cancer mortality have been 
published.11–13 Building on the burden estimation 
methods developed in the UK Burden of Occu-
pational Cancer Study,14 15 we have incorporated 
quantitative exposure estimates and the latest 
dose–response information to estimate the current 
burden of lung cancer in Canada due to occupa-
tional exposure to DEE. This work is part of a larger 
effort to estimate the burden of occupational cancer 
in Canada from known and suspected carcinogens.

MeThOds
Calculation of the PAF for DEE-attributable occu-
pational lung cancer using Levin’s equation16 
required an estimate of the relative risk (RR) of 
developing cancer due to DEE exposure, as well as 

Key messages

What is already known about this subject?
 ► Diesel engine exhaust (DEE) is a known human 
lung carcinogen, and is the most prevalent 
occupational lung carcinogen in Canada.

What are the new findings?
 ► We estimated that occupational exposure to 
diesel exhaust causes 2.4% of lung cancers in 
Canada, resulting in 560 incident cases and 460 
deaths in 2011.

 ► The majority of the burden was attributable to 
low concentrations of DEE.

how might this impact on policy or clinical 
practice in the foreseeable future?

 ► Our findings may be used to support policies to 
reduce exposure to DEE in workplaces, such as 
the implementation of occupational exposure 
limits, and to promote recognition of work-
related cancers by clinicians.
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an estimate of the proportion of the population exposed (PrE) 
to DEE. Following the methodological framework developed by 
the UK Burden of Occupational Cancer study,14 we assumed a 
latency of 10–50 years before diagnosis for lung cancer. This 
established a risk exposure period (REP) of 1961–2001 during 
which exposures could contribute to cancers diagnosed in 2011, 
the most recent year for concurrent cancer and census statistics. 
Briefly, the methodology may be presented in four general steps:
1. Select the most appropriate risk estimates from a review of 

the recent epidemiologic literature.
2. Assess the prevalence and level of exposure.
3. Calculate the PrE by estimating the number of workers ever 

exposed during the REP (NeREP) and dividing it by the pop-
ulation alive in 2011 that were of working age at any point 
during the REP (NpREP).

4. Calculate the PAF using Levin’s equation.

selection of risk estimates
Epidemiologic studies investigating the risk of lung cancer from 
occupational DEE exposure were identified from the latest 
IARC evaluation of DEE17 and from studies indexed in PubMed 
between January 2012 and January 2016. To select the most 
relevant risk estimates, we sought studies that: (A) applied to 
the Canadian exposure context (ie, from countries with a similar 
degree of industrial development); (B) were of high study quality 
(ie, reporting quantitative dose–response relationships, ideally 
through pooled or meta-analysis); and (C) controlled for rele-
vant potential confounders such as smoking and occupational 
coexposures, where possible.14

As the source of our RR estimates, we selected a meta- 
regression by Vermeulen et al7 which combined the results from 
three studies that had reported quantitative exposure-response 
estimates between cumulative exposure to DEE measured as 
elemental carbon (EC) and the risk of lung cancer mortality: a 
nested case–control study within a cohort of 11 000 US trucking 
industry workers,18 a cohort study of 31 000 US trucking 
industry workers11 and the nested case–control study of the 
Diesel Exhaust in Miners Study (DEMS), within a cohort of 
12 000 US non-metal miners.13 The risk of lung cancer mortality 
was modelled as a function of cumulative DEE exposure (µg/
m3-years EC): ln(RR)=0.000982(DEE)+0.08813, with a 
95% CI of the slope estimate: (0.00055 to 0.00141).7 Due to the 
log-linear shape, a maximum RR was set to prevent calculated 
RRs from exceeding the range of observed RRs in epidemio-
logical studies. Exposure above the median of the highest quar-
tile (EC ≥1005 µg/m3-years) in the DEMS nested case–control 
study was associated with an OR of 3.20,13 which corresponds 
to a cumulative exposure of 1095 µg/m3-years EC in the meta- 
regression model.

exposure assessment
A DEE job-exposure matrix (JEM) was constructed according 
to the method developed by CAREX Canada,3 with prevalence 
and level of exposure assigned to each job group defined by 
detailed occupation (four-digit National Occupational Classifi-
cation for Statistics 2006) and industry (four-digit North Amer-
ican Industrial Classification System 2002). Prevalence estimates 
were assigned by expert assessment and agreed on by two inde-
pendent industrial hygienists (CEP, CBG). A category of low, 
medium or high level of exposure was also assigned based on 
expert assessment, with consideration of the findings from Pronk 
et al19 regarding occupational DEE exposure levels reported in 
the literature, as well as an updated search for diesel exposure 

measurement data in the peer-reviewed and Canadian grey liter-
ature. Generally, jobs in outdoor work sites or in enclosed areas 
separated from the diesel engine (eg, truck drivers) were catego-
rised as low-exposed jobs involving work with or near smaller 
diesel-powered equipment in semienclosed areas (eg, mechanics) 
were categorised as moderately exposed, and since underground 
mining is a distinct exposure scenario with much greater levels 
of EC compared with other occupational groups,19 only under-
ground miners were categorised as highly exposed.

For each qualitative exposure level category (low, moderate 
and high), we assigned a quantitative exposure concentration 
to represent the average concentration for the group over the 
REP. To do this, we first assumed ranges of 0–10 µg/m3 EC 
and 10–20 µg/m3 EC for the low and moderate categories, 
respectively, and estimated the average concentration from the 
midpoint of the range. Therefore, in our model, low exposure 
corresponds to an average concentration of 5 µg/m3 EC, and 
moderate exposure corresponds to 15 µg/m3 EC, respectively. 
The threshold values of 10 and 20 µg/m3 EC for the ranges were 
selected based on the threshold limit value (TLV) and action 
limit (half of the TLV) which were proposed and subsequently 
withdrawn by American Conference of Governmental Industrial 
Hygienists,20 and supported by exposures observed during the 
REP in the occupational diesel measurement literature. The high 
exposure category consisted solely of underground miners, and 
we directly estimated their average exposure to be 200 µg/m3 EC, 
a level supported by measurements collected in North American 
mines. The oldest DEE measurement records from Canadian 
mines reported mean concentrations equivalent to 166–429 µg/
m3 EC by job type, during 1977–1981, around the midpoint of 
our REP.21 The mean concentration in a survey of 183 US mines 
in 2002–2003 was equivalent to 170 µg/m3 EC.22

To estimate a worker’s cumulative DEE exposure, the average 
exposure concentration was multiplied by the average job dura-
tion for that occupation, sex and age groups from the lifetime 
work histories of control subjects in the Canadian National 
Enhanced Cancer Surveillance System.23 These cumulative 
exposure estimates were then applied to the meta-regression 
dose–response model by Vermeulen et al in order to calculate 
the corresponding RR of lung cancer.

Pre during the reP
The PrE was calculated by dividing the number of workers ever 
exposed during the REP (NeREP) by the population alive in 2011 
that were of working age at any point during the REP (NpREP). 
To quantify the NeREP, our strategy was to count all exposed 
workers in the first REP year (1961) and only new hires in each 
subsequent REP year (1962–2000). We first constructed a model 
of the historical Canadian labour force using census data from 
1961, 1971, 1981, 1991 and 2001, interpolating between years, 
to which we applied the CAREX JEM exposure prevalence 
estimates. This resulted in estimates of the number of exposed 
workers in each year of the REP, by industry, occupation, prov-
ince, sex and exposure level. We additionally modelled the 
age distribution of workers (in 5-year groups, by sex, province 
and industry) and the proportion of new hires (by sex, industry 
and age group) using data from the Labour Force Survey.24 Only 
new hires who had worked for at least a year, and were between 
the ages of 15 and 44 inclusively, were included in the calcula-
tion of the NeREP. Finally, the probability of survival to the target 
year (2011) was calculated using Canadian life tables.25 There-
fore, the NeREP included all exposed workers in the initial REP 
year (1961) and the exposed new hires from each subsequent 
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REP year (1962–2000) who were alive in 2011. Allowing a 
minimum latency of 10 years, the population aged 25 and over 
in the 2011 Canadian census was used to estimate the NpREP.

Population attributable fraction
From the estimates of RR and PrE, we calculated PAFs using 
Levin’s equation16:

  
PAF = PrE×(RR−1)

1+PrE×(RR−1) , where PrE =
NeREP
NpREP  

The 95% CI of the PAF was constructed using Monte Carlo 
simulation of the PrE and the RR. For the PrE, we assumed 
a lognormal distribution with a geometric SD of 2.7. For the 
RR, we assumed a lognormal distribution with the mean and 
SD based on the point estimate and variance from the metare-
gression. Ten thousand samples were drawn from the RR and 
PrE distributions, and the 2.5th and 97.5th percentiles of the 
resulting PAFs were used to define the 95% CI. The number of 
attributable cancers was calculated by applying the PAFs (and 
their 95% CIs) to the total number of incident lung cancer cases 
and lung cancer deaths in 2011 that occurred among Canadians 
25 years of age or older, obtained from the Canadian Cancer 
Registry.

sensitivity analyses
The calculated 95% CI captures random error from the two 
parameters of Levin’s equation: the RR and the PrE. In addition, 
we conducted sensitivity analyses to determine the independent 
and combined impact of the following assumptions: the average 
EC concentration for each exposure level group (±20%, ie, 4–6, 
12–18 and 160–240 µg/m3 EC for low, medium and high expo-
sures, respectively); the exposure prevalence of each job group 
in the JEM (±20%, setting a maximum value of 100% expo-
sure prevalence); and the definition of new hires in the popu-
lation model to include all working ages versus 15–44 year-olds 
(primary model), versus restricting further to 15–24 year-olds.

resulTs
risk estimates
The risks of lung cancer estimated for our modelled population, 
by exposure-level group, are shown in table 1.

exposure assessment
The CAREX Canada DEE JEM captured 3894 unique industry 
and occupation combinations that were exposed to diesel 
exhaust in the workplace, accounting for 897 000 Canadians 
in 2006, representing an exposure prevalence of 5.3%. Of these 
exposed workers, the majority (87%) were exposed to low levels 
of DEE (mean: 5 µg/m3 EC); this group included motor vehicle 
drivers, railroad workers, firefighters and construction labourers. 
Approximately 11% were exposed to moderate levels (mean: 
15 µg/m3 EC), including automotive and heavy duty equipment 

mechanics, dockworkers and supervisors in mining. The high 
exposure group (mean: 200 µg/m3 EC) constituted 2% of the 
exposed population and included only underground miners.

Pre during the reP
Approximately 1.61 million Canadians (6.9%) were exposed to 
DEE at work for some time during the REP (1961–2001) (table 2). 
The majority of exposed workers were male (1.48 million, 92%). 
Overall, the top three industries in terms of numbers of exposed 
workers were transportation and warehousing, trade, and manu-
facturing. The occupational groups with the largest numbers of 
exposed workers were motor transport operating occupations, 
mechanics of diesel machinery and material handlers. Of all the 
workers exposed during the REP, 84% were exposed to low 
levels of DEE, 12% to intermediate and 4% to high levels.

Population attributable fraction
We estimated that the percentage of lung cancers in Canada 
attributable to occupational DEE exposure was 2.4% (95% CI 
1.6% to 6.6%) overall, 4.3% (95% CI 2.8% to 12.2%) for men 
and 0.21% (95% CI 0.13% to 0.75%) for women. This translates 
into a total of 562 (95% CI 380 to 1567) incident lung cancers 
and 456 (95% CI 309 to 1271) lung cancer deaths in 2011. 
Half of the estimated burden occurred among those exposed at 
low levels, 14% among moderately exposed workers and 35% 
among highly exposed workers. Most lung cancers occurred 
among workers in the broad industries of mining, transportation 
and diesel engine maintenance (table 3).

sensitivity analyses
The average RRs by exposure level group, resulting from the 
primary exposure response model and the 95% CI of the slope, 
are shown in table 4. Changes to the risk estimates, exposure 
assessment and population model independently led to PAFs 
ranging from 1.87% to 2.73%. When all lower or higher esti-
mates were combined in the calculation, this led to PAFs of 
1.21% and 3.66% (table 4).

dIsCussIOn
Our study presents the first comprehensive estimate of DEE-at-
tributable lung cancer burden in Canada. We estimated that the 
percentage of lung cancers in Canada attributable to occupa-
tional DEE exposure was 2.4% (95% CI 1.6% to 6.6%) overall, 
4.3% (95% CI 2.8% to 12.2%) for men and 0.21% (95% CI 
0.13% to 0.75%) for women. Therefore, approximately 560 
Canadians were diagnosed with, and 460 Canadians died from, 
lung cancer caused by occupational exposure to DEE in 2011. Of 
these, almost all occurred among men (96%), which reflects the 
historical gender composition of the workforce in the industries 

Table 1 Mean relative risks (RR) by exposure group using the 
primary estimate and the 95% confidence limits (CL) risk estimates 
from the Vermeulen  et al’s7 meta-regression

exposure 
group

Primary risk estimate
lower 95% Cl risk 
estimate

upper 95% Cl risk 
estimate

Mean rr range Mean rr range Mean rr range

Low 1.14 1.10–1.20 1.12 1.10–1.15 1.16 1.10–1.26

Medium 1.24 1.11–1.47 1.17 1.10–1.29 1.31 1.12–1.67

High 3.13 1.47–3.20 2.78 1.29–3.20 3.18 1.68–3.20

Table 2 Average (µg/m3 EC) and cumulative (µg/m3 EC-years) DEE 
exposure and NeREP, by exposure-level group

exposure 
level

range 
of exposure
(µg/m3 eC)

Average 
exposure
(µg/m3 eC)

Cumulative exposure
(µg/m3-years)

nereP
(% of nereP)Mean range

Low >0 to <10 5 41.3 5.6–99.8 1 356 910 (84)

Medium 10–20 15 131.3 17.5–299.4 199 445 (12)

High >20 200 1575.5 225.6–2957.2* 55 856 (4)

*Due to the maximum RR of 3.20, this effectively sets a maximum cumulative exposure of 
1095 µg/m3-years (see the Methods section: Selection of risk estimates).
DEE, diesel engine exhaust; EC, elemental carbon; NeREP, number of workers ever exposed 
during the risk exposure period (REP).
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where elevated DEE exposure occurs, such as in mining, trans-
portation and construction.

Comparison of findings
Our estimated overall PAF of 2.4% (95% CI 2.0% to 2.7%) is 
slightly higher than those reported for other countries, which 
range from 1.2% to 1.8%.6 7 10 Direct comparison of DEE 
lung cancer PAFs is challenging due to differences in exposure 
context and study methodology. Many PAFs reported in the 
literature for lung cancer attributable to occupational DEE are 
based on the application of a single summary risk estimate to 
a single exposure prevalence estimate. For example, assuming 
an RR of 1.31 and 1.35 million exposed workers in the early 
1980s, Steenland et al6 estimated a PAF of 1.20% in the USA. 
As an alternative to using Levin’s equation, some studies used 
population-based case–control studies to calculate PAFs. Using 
this method, no lung cancers were attributed to occupational 
DEE in Italy based on no association found in the Environment 
and Genetics in Lung cancer Etiology  (EAGLE) study.26 In one 
of the few studies that included adjustment for confounders, 
Matrat et al9 estimated a PAF in France of 7.2% (95% CI 1.8% 
to 12.3%) for male lung cancers, after adjustment for smoking 
and exposure to asbestos. This is higher than the male-only PAF 
estimate of 2.5% for Finland,8 as well as our male-specific PAF 
estimate of 4.3% (95% CI 3.7% to 4.9%) for Canada. The most 
comparable methodology to our own is from the UK Burden 
of Occupational Cancer study, which used two exposure-level 

groups and a 10–50 year latency period.14 15 27 Our estimates fall 
within the upper range of the estimated PAFs for the UK: 1.8% 
(0.0%–3.4%) of lung cancers overall, 2.9% (1.4%–4.8%) among 
men and 0.4% (0.0%–1.4%) among women.

Methodological considerations
The key strengths of our study are the detailed approach to 
exposure assessment and the incorporation of a continuous 
dose–response model. This allowed us to match risk estimates 
quantitatively, rather than qualitatively, to the estimated cumu-
lative exposures of the modelled population. Furthermore, we 
leveraged rich sources of Canadian data to account for sex, prov-
ince and industry-specific trends in our model of the historical 
Canadian labour force.

However, burden estimation is based on a large number of 
assumptions. Though we calculated CIs based on variance in 
both the RR and exposure estimation, they do not account for 
the uncertainty in the assumptions made. To address this, we 
investigated the impact of varying the assumptions made for 
three key components in sensitivity analyses, and found that our 
overall estimate of the PAF for DEE remained around 2%–3%. 
The two most influential assumptions investigated were the 
age distribution of new hires and the job-specific exposure prev-
alence estimates.

The latency period of 10–50 years between exposure and 
cancer outcome remains a key assumption. In the absence of a 
systematic review of the epidemiologic data to address this, we 
have adhered to the model of the UK burden study, allowing for 
comparability between our two studies.

We assumed generalisability of the dose–response curve 
from which we derived our risk estimates across all occupa-
tional settings where DEE exposure occurs. The composition 
of DEE exhaust is known to vary in different contexts and this 
may alter its carcinogenic potential. However, the metaregres-
sion combines results from two heterogeneous groups: truck 
drivers and miners. Thus, both on-road and off-road applica-
tions of diesel engines are represented, as well as the full range 

Table 3 Estimated DEE-attributable lung cancers by sex, exposure 
level, industry and occupation

Attributable number of lung 
cancers

Proportion 
of estimated 
attributable 
cancers (%)

Incident 
cancers, 2011

Cancer 
deaths, 2011

Total 562 456 100

Sex

  Male 540 439 96

  Female 23 17 4

Exposure level

  Low 286 232 51

  Medium 79 64 14

  High 198 160 35

Industry

  Mining and oil and gas 
extraction

224 181 40

  Transportation and warehousing 128 104 23

  Trade 55 45 10

  Manufacturing 42 34 7

  Construction 28 23 5

  Other 85 69 15

Occupation

  Occupations unique to primary 
industry

240 194 43

  Transport and equipment 
operators

191 155 34

  Other trade occupations 58 47 10

  Trade helpers, construction and 
transportation labourers

43 35 8

  Contractors and supervisors in 
trades and transportation

13 11 2

  Other 17 14 3

DEE, diesel engine exhaust. 

Table 4 Results of sensitivity analyses: NeREP, attributable lung 
cancers and attributable fraction

neREP

Attributable 
incident lung 
cancers

Attributable 
fraction (%)

Primary estimate

Exposure-response slope: 0.000982
Prevalence of exposure using the JEM
Age of new hires: 15–44 years

1 611 897 562 2.37

using lower estimates

Exposure-response slope, lower 95% 
confidence limit: 0.00055

No change 480 2.02

Population exposed (−20%) 1 289 768 455 1.92

Quantitative exposure estimates (−20%) No change 527 2.22

Age of new hires: 15–24 years 1 331 650 444 1.87

All lower estimates, combined 1 065 320 287 1.21

using upper estimates

Exposure-response slope, upper 95% 
confidence limit: 0.00141

No change 641 2.70

Population exposed (+20%) 1 744 437 614 2.59

Quantitative exposure estimates (+20%) No change 600 2.53

Age of new hires: 15–64 years 1 756 144 648 2.73

All upper estimates, combined 1 899 498 869 3.66

JEM, job-exposure matrix; NeREP, number of workers ever exposed during the risk exposure 
period.
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of occupational DEE exposure levels (very low among truckers, 
very high among underground miners).

Although estimates from one of the three studies included in 
the metaregression were adjusted for smoking, we treated the 
resulting RRs as unadjusted estimates in our calculation of the 
PAF. This may have introduced some bias in our estimates, and 
the magnitude of such bias would be related to the magnitude of 
confounding.28 Other occupational exposures such as radon and 
silica have been found not to confound the association between 
DEE and lung cancer,9 13 though confounding by exposure to 
asbestos has been observed in a population-based case–control 
study in France.9

We independently arrived at a similar distribution and level of 
exposure (see table 2) as Cherrie et al,29 who estimated that 80% 
of DEE exposure occurs at 3 µg/m3 and 20% occurs at 13 µg/
m3. Due to the sparsity of DEE measurement data, especially for 
the earlier decades of the REP, we were unable to quantify and 
incorporate time trends in our exposure estimates, though we 
know that occupational exposures were higher in the past.19 30 
However, we considered the concentrations of 5, 15 and 200 µg/
m3 EC to represent exposure levels, on average, over the years of 
the REP, on average. Therefore, we do not expect that the incor-
poration of time trends would greatly affect the PAF estimate.

We were able to estimate lifetime exposure duration from the 
lifetime occupational histories of a national case–control study.23 
This is an improvement over duration estimated from cross-sec-
tional surveys, such as the Labour Force Survey, which captures 
only in-progress job duration. For the underground miners, 
however, lifetime employment duration as a miner likely over-
estimates time spent underground, potentially overestimating 
cumulative exposure and therefore the RRs in this group. Our 
decision to set a maximum RR of 3.20 mitigated this potential 
overestimation.

significance
Recent epidemiologic data allowed us to account for under-
ground miners as a distinct risk group, which likely had a 
significant impact on our burden estimates. Over a third of the 
estimated DEE-related lung cancers were attributed to miners, a 
highly exposed group constituting 4% of the ever exposed popu-
lation. The majority of the estimated cancers, however, were 
caused by low (<10 µg/m3) levels of DEE. This finding shows the 
importance of burden studies such as this one. Focusing inter-
vention efforts on reducing exposure only for the moderate or 
highly exposed workers would eliminate fewer than half of the 
DEE-attributable lung cancers.

The assessment by the Health Effects Institute’s Diesel 
Epidemiology Panel31 that the data from the DEMS12 13 and 
the Trucker11 studies are useful for quantitative risk assessment 
introduces the possibility of an occupational exposure limit for 
DEE. Based on the meta-regression results by Vermeulen et al,7 
preliminary estimates of health-based limit values (at which 
one excess lung cancer would occur for every 1000 exposed 
workers) range from 0.85 to 1.67 µg/m3 EC.32 Such exposure 
levels may not be achievable without a combination of several 
exposure control strategies, including biodiesel fuel substitu-
tion and new engine technology, short of eliminating the use 
of diesel fuel altogether.

COnClusIOns
DEE exposure in the workplace causes approximately 2.4% of 
lung cancers in Canada, resulting in 560 incident cases and 460 
deaths in 2011. Given continuity of occupational exposure to 

DEE, hundreds of Canadians will continue to be diagnosed 
and die from preventable lung cancers each year. Our find-
ings highlight that excess lung cancers occur across the expo-
sure spectrum. Miners are particularly in need of protection 
from the cancer risks arising from their exposure to DEE, and 
further exposure reductions to those with low DEE exposures 
must be achieved. Achieving an acceptable level of exposure to 
DEE is likely to require significant policy changes and prompt 
turnover of the existing fleet of old diesel-powered machinery 
and vehicles. Such exposure reductions will take decades to 
affect cancer burden. Burden estimates such as these may be 
used to support efforts to preserve the health and safety of 
workers.
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