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BRIEF COMMUNICATION 

Exposure to Diesel Exhaust in the Trucking Industry 
and Possible Relationships With Lung Cancer 

Kyle Steenland, PhD, Debra Silverman, SCD, and Dennis Zaebst, MS, CIH 

We previously reported that long-term truck drivers and mechanics in the Teamsters 
Union had higher lung cancer risks than Teamsters outside the trucking industry. We 
now summarize results from an industrial hygiene survey of current exposures to diesel 
exhaust in the trucking industry, and relate these to our prior results pertaining to lung 
cancer risk. 0 1992 Wiley-Liss, h c .  
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INTRODUCTION 

In 1990, we published the results of a nested case-control study of lung cancer 
in the Teamsters Union [Steenland et al., 19901. We estimated the lung cancer risk of 
workers in different job categories in which exposure to diesel exhaust was likely. 
Diesel exhaust has been shown to be a lung carcinogen in rodent studies [Ishinishi et 
al., 19861, and also has been implicated as a lung carcinogen in several recent 
epidemiologic studies [Boffetta et al., 1988; Garshick et al., 19871. We have now 
completed an industrial hygiene study in which diesel exhaust exposure levels were 
estimated for current Teamsters [Zaebst et al., 19911 employed in the same job 
categories considered in the epidemiologic study. The purpose of this communication 
is to discuss our epidemiologic findings in the context of the industrial hygiene survey 
results. 

RESULTS OF THE EPIDEMIOLOGIC STUDY 

The epidemiologic study consisted of 996 cases (lung cancer) and 1,085 con- 
trols, all of whom were Teamsters who had died in 1982-1983 with 20 or more years 
tenure in the Union. The nonexposed population was defined as those employed in 
Teamster jobs unlikely to have had exposure to diesel exhaust. The exposed groups 
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were road drivers, local drivers, mechanics, and dockworkers. Work history was 
available from two sources (Teamsters records and next-of-kin interviews), and two 
separate analyses were conducted. For each analysis, job categories were defined by 
the longest held job. Analyses from the Teamsters’ data were restricted to the period 
after the introduction of diesel trucks (late 1950s), and truck drivers were divided 
between road drivers (presumably diesel trucks) and local drivers (presumably gas- 
oline trucks). Analyses of truck drivers using next-of-kin data were conducted by type 
of truck (gasoline or diesel) driven by the decedent, because next-of-kin were able to 
provide this information. Odds ratios, controlled for smoking and other risk factors, 
were 1.27 for road drivers, 1.31 for local drivers, 1.69 for mechanics, and 0.92 for 
dockworkers, based on Teamster work history. The corresponding odds ratios based 
on next-of-kin work history were 1.42 for diesel truck drivers, 1.22 for gasoline truck 
drivers, 1.35 for mechanics, and 0.93 for dockworkers. None of these odds ratios 
achieved statistical significance. However, odds ratios for road drivers (or diesel 
drivers) showed significant increasing trends with increasing duration of employment 
using either Teamster or next-of-kin data. Those with longest employment had odds 
ratios of 1.55 (95% confidence interval [CI] 0.97-2.47) based on Teamster data (18 + 
years employment) and 1.89 (95% CI 1.04-3.42) based on next-of-kin data (35+ 
years employment). 

Thus, results from the case-control study indicated that mechanics experienced 
the highest risks and dockworkers the lowest. Road and local drivers were somewhere 
in between, but road drivers showed increased risk with increased duration of em- 
ployment. Several facts are important when considering these results. Road drivers 
began driving diesel trucks in the late 1950s, but local drivers generally drove gas- 
oline trucks until the mid or late 1970s. Mechanics working on diesel engines also had 
exposure to asbestos in the brake linings. Dockworkers have worked with propane- 
powered forklifts until recently, when some companies have switched to diesel- 
powered forklifts. 

RESULTS OF THE INDUSTRIAL HYGIENE SURVEY 

The findings of the industrial hygiene survey are generally consistent with the 
epidemiologic study, although the survey could not estimate historical diesel expo- 
sure in the industry. In the hygiene survey, elemental carbon (a fraction of the 
particulate phase of the exhaust) was used as a surrogate for diesel exposure. Ele- 
mental carbon generally was found to represent about 20% of the total respirable 
particulate, in side-by-side samples analyzed by linear regression. Elemental carbon 
is characteristic of diesel particulate and its measurement is generally unaffected by 
tobacco smoke. Personal samples were taken, and most of the men sampled were 
nonsmokers. 

The industrial hygiene survey found that mechanics had the highest exposures 
to elemental carbon (26.6 pg/m3, n = SO). Road drivers averaged 5.1 pg/m3 (n = 
72), local drivers averaged 5.4 pg/m3 (n = 56), and dockworkers using propane 
forklifts averaged 1.6 pg/m3 (n = 12). Residential background samples averaged 1.4 
pg/m3 (n = 23) and roadway background averaged 3.4 pg/m3 (n = 21). Road 
drivers averaged 7.6 pg/m3 in the summer, when roadway levels also increased to an 
average 5.4 pg/m3 (but residential background levels remained about the same as 1.1 
pg/m3). Thus, drivers apparently received much of their current exposures from the 
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roadway background, rather than directly from their engines. Historical exposures 
may have been higher and more related to the characteristics of the driver’s truck. 

DISCUSSION 

In our epidemiologic study, we examined only job categories with presumed 
diesel exhaust exposure, and concluded that mechanics and long-term road drivers 
may have had an increased lung cancer risk compared to nonexposed Teamsters. The 
results of the industrial hygiene survey of current exposures in the trucking industry 
suggest that mechanics and long-term drivers may have had higher exposure to diesel 
exhaust than workers in jobs without any diesel exhaust exposure. These findings, 
therefore, lend support to the hypothesis that the observed increased lung cancer risk 
for mechanics and long-duration drivers is related to diesel exhaust exposure. Un- 
fortunately, critical data on historical exposures are still unavailable. 

Overall, current exposures to diesel exhaust in the trucking industry are gener- 
ally low compared to some occupational exposures (e.g., miners in enclosed spaces), 
but are still measurably higher than background levels of the general population. In 
the railroad industry, the average exposure to respirable particulate, adjusted for 
tobacco smoke, ranged from 42-155 pg/m3 in a recent survey [Woskie et al., 19881. 
Truck drivers averaged about 5 pg/m3 of elemental carbon, which represents approx- 
imately 25 pg/m3 of respirable particulate. Measurements of diesel exhaust in mines, 
to date, have been in terms of submicrometer dust, which is not directly comparable 
to either respirable particulate or elemental carbon. However, available measure- 
ments [McCauley and Cocalis, 19861 indicate levels of exposure are likely to be 
substantially higher in mines than either truck driver or railroad worker exposures. 

Our study suggests an excess lung cancer risk of about 50% for those with 
presumed highest levels of diesel exhaust exposure (long-term drivers mechanics) 
compared to nonexposed Teamsters. Similarly, railroad workers historically exposed 
to diesel exhaust have been shown to have an approximately 50% excess risk of lung 
cancer compared to nonexposed railroad workers, after adjustment for smoking 
[Garshick et al., 19871. The trucking industry and the railroads are the only two 
industries in which there are both published industrial hygiene data and published 
epidemiologic data on lung cancer, although in both instances, the industrial hygiene 
data are current rather than historical, and are not linked to the actual subjects studied 
epidemiologically. Other attempts to systematically assess lung cancer risk by esti- 
mated exposure to diesel exhaust in a particular workplace include a nested case- 
control study of Swedish bus garage workers in which industrial hygienists estimated 
past exposures taking into account ventilation controls, number of buses serviced, 
etc. [Gustavsson et al., 19901. In this study, those with high levels of estimated 
exposure had a significantly increased risk compared to those with low levels (odds 
ratios 2.4, 95% CI 1.3-4.5). Recent findings from a case-control study of Swedish 
dockworkers have also shown a significantly increased risk (odds ratio 2.24, 95% CI 
1.02-4.93) for those with higher historical exposure to diesel exhaust as estimated by 
past fuel consumption, but again, actual sampling data are lacking [Emrnelin et al., 
19911. There are no published studies of diesel-exposed miners, the occupational 
group with the highest exposures, although at least one epidemiologic study is cur- 
rently underway. 

The lack of actual exposure data on the studied population is typical of retro- 
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spective studies, and is even more of a problem in the case of diesel exhaust because 
of the lack of historical sampling data and lack of a standard method of measuring 
diesel exhaust. Inadequate historical exposure data in diesel exhaust studies remain a 
major limitation in evaluating the epidemiology to date. Nevertheless, the positive 
animal data, coupled with the suggestive epidemiologic data, support the hypothesis 
that whole diesel exhaust may be a carcinogen in humans. 
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