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Lung cancer and exposure {o diesel exhaust among bus

garage workers
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GUSTAVSSON P, PLATO N, LIDSTROM E-B, HOGSTFEDT C. Lung cancer and eaposure to diesel
exhaust among bus garage workers. Scond J Work Environ HHeolth 1990;16:348—54. Mortality and can-
cer incidence was investigsted among the §9S bus garage workers employed as mechanics, servicemen,
or hostlers for at least six months in five bus garages in Stockholm between 1943 and 1970. The exposure
to dicsel exhaust and asbeitos was estimated by industrial hygienists. A small excess of lung cancer mor-
tatity was found in the cohort when occupationally sctive men in Stockholm were used us the reference
group. A case-referent study was petformed within the cohort, six referents being setected for each of

the 20 lung cancer cates. The lung cancer risk increased with increasing cumulative exposure to dicsel
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Exhausts from diesel-fucled vehicles have long been
considered a potential cancer hazard due 10 their
chemical composition and mutagenic activity in bac-
terial test systems (1).

An increased risk for lung cancer was found among
railroad workers exposed 1o diesel exhaust in the
United States (2, 3) and Canada (4). A small excess
of lung cancer was also found among persons with a
history of exposure to diesel exhaust in a casc-referent
study from the United States (5), while another Ameri-
can case-referent study was negative in this cespect (6).
No increase in the accurrence of lung cancer was found
for London transport workers {7) nor for employces
at » Swedith bus company (8).

The carcinogenic aclivity of diesel exhaust has been
supported by several recently completed animal inha-
lation studics {9-—13). The mutagenic and carcinogenic
properlies of diesel exhaust are probably mainty caused
by polycyclic aromatic hydrocarbons (PAH), and ¢s-
pecially the nitroarenes seem to have 2 high mutagenic
potency (14).

The present study was initiated to investigate the risk
of lung cancer in relation to dicscl exhaust and asbestos
in a cohort of bus garage workers with varying degrees
of exhaust ¢xposure.
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0 The relative risk for lung cancer amony the highly
exposed mep was 2.4 (95 % C1 1.3—4.5) as compared with those with low exposure. The study indicates

t incteases the risk for lung cancer.

logy. humans, polycyclic aromatic hydrocarbons, PAH.

Subjacts snd methods

Population

All the men who had worked as a mechanic, service-
man, ot hoster for at least six months in any of five
bus garages in Stockholm ftom 1945 10 1970 were in-
cluded in the study. Altagether 208 individuals were
identified from company records.

Information oa name, personal identification num.-
ber, workplace, job type, and beginning and end of
work periods were collected from the records. Life out-
come was traced via 8 computerized register of the
living population, via death and burial books of the
clerical parishes, and via Stockholm City archives. Ua-
derlying causes of death were oblained from Statistics
Sweden, and cancer incidence data were abtained from
the Swedish Cancer Registry. Mortality was investi-
gated from 1952 to 1986, and cancer incidence from
1958 10 1984.

Seven cohort members were deceased before 1952,
and six had emigrated. These 13 individuals were ex-
cluded {rom the cohort, Life outcome could be ascer-
1aincd at the end of [ollow-up as of 31 Dccember 1986
for all the remaining 695 individuals.

Exposure assessments

Diesel-powered buses were first introduced in Stock-
holm in the beginning of the 1930s. Dufing World War
11 2}l buses were fucled with gencrator gas. Since 1945
all buses equipped with combusiion engines have been
diesel fucled. The intensity of the exposure to diesel
exhaust and asbestos, specific for workplace, work
task, and calendar-time period, wes assessed by indus-
17ia) hygienists and structured in a job-€xposiite matrix.



Diesel exhoust

The dicsel-cxhaust exp ¢ ts were b
on (i) the emission of diesel exhaust, depending on the
number of buscs, engine sizes, engine running time,
and fuel types, (ii) ventilatory equipment and air vol-
ume of the garages, and (iii) job types and work prac-
tices. Detailed historical data for these paramceters were
available, but only few exposure measurements had
been performed. No single substance is accepted as a
matker of dicsel-exhaust exposure, atthough several
such substances have been proposed [eg, respirable
dust, clemental carbon, nitrous oxides, and PAH (18,
16)}. Thus the available data permitied relative ex-
posuces to be cstimated, but not absolute exposure
levels.

The dicscl-exhaust exposure level (exposure inten-
sity) for every work period in the work hisiory was clas-
sificd on a ratio scale of six degrees. The exposurc in-
tensity was get at zero for the unexposed work opera-
tions and at 1.0 for the lowest exposures greater than
2ero. Each successive degree of the scale corresponded
to a 50 % increase in intensity: 1.5, 2.25, 3.38, and
5.06.

d

Asbestos

Personal sampling of asbestos exposure during brake
repair in bus garages in Stockholm was performed in
(987, including reconstruction of carlier exposure con:
ditions (Plato N, unpublished dava). These dats, and
the results of exposure investigations from other bus
garages (17—20), were used 10 estimate the exposure
to asbestos for the cohort members, and the time-
weighted annual mean exposures were classified on a
scale of three degrees: 0, 1 and 2. Level I correspond-
ed approximately to 2 level af 0.08 fibers - ml—* of air
and level 2 to 0.16 fibers - mi*'.

Cumaulative exposures

We calculated indices of cumulative exposures to diesel
exhaust and asbestos by multiplying the exposure level
by the duration in years for every work period in the
work history. The contributions from all work peri-
ods were then added for the cumulative exposures to
diesel exhaust and asbestos for every individual in the
cohorl. The diescl-exhaust exposure index ranged from

Analysis

Cohort and case-referent techniques were used for the
analysis. In the cohorl analysis the observed mortali-
ty was compared with that of a loca! reference popu-
{ation (the population of greater Stockholm). A sec-
ond set of local refesence rates was also used. with sd-
justment for occupational activity. This standardiza-
tion for occupationa! activity was performed in order
to reduce the bias from the **healthy worker effect’*
{21). Data on occupational activity were recorded in
the population and housing census of 1960, and the
mortality from 1961 to 1965 among employed and un-
employcd persons, specific for age group, sex, and
cause of death, has been published by Statistics Sweden
(22). From these data, the ratio of the mortality among
the employed to that in the general Swedish popula-
tion was calculated, spesific for age group, sex, and
cause of death. The ratios were subsequently applicd
to (multiplicd by) the local death rates. The obtained
rates reflect the local mortatity with adjustment for oc-
cupational sctivity. The adjustment was specific for
cause of death and age, but approximate with regard
to geographic region and trends in the ratios with
calendar time. The procedure for the calculation of the
adjusted rates has been described elsewhere (23). The
reference rates for cancer incidence were basced on na-
tional statistics (24).

Expected numbers of deaths and cancers were com-
puted according to the person-year method (25), count-
ing years at risk for each individual, specific for sex,
five-year age classes, and five-year calendar-time class-
es. Both the diesel-exhaust and asbestos exposure in-
dices were tlime-dependent and were recalcutated for
every year during the allocation of person-years, and
the contributions were referred to the appropriate stra-
tum of the respective exposure index (25).

The ‘‘occupational mortality analysis program*’
{OCMAP-PC) (26) was used for the mortality analyses,
and the *“epidemiofogy in Linkoping** (EPILIN) pro-
gram (27) was uscd for the analysis of cancer incidence.

Dosc-response relationships were investigated in a
case-referent analysis. A full cohort analysis of inter-
nal dose-response relationships using the Cox propor-
tional hazards modcl! (25) was considered. However,
the involvement of two time-dependent measures of
dose (diescl-exhaust and asbestos exposure indices) led
to complicated calculations that were not feasible with
the available sofiware. A case-referent analysis,

hed with regard to age, permitted calculation and

0to 112 (median 13), and the asbestos cxp ¢ index
from O to 86 (median 19).

Por the casc-referent analysis, 1he dicsel-exhaust ex-
posure index was subdivided into four classes (0—10,
10--20, 20—130, and > 30) representing cach class by
& score value ("’dicscl-cxhaust score™} of 0, 1, 2, or
3, respectively. The asbestos exposure index was sub-
divided into the following foue classes: 0—20, 2040,
4060, and >60.

analysis of cumulative exposures without need for
dynamic (iterative) recalculation of the exposure in-
dices, as would have been required in a full cohort de-
sign. Sefection of an appropriste aumber of controls
maintains validity and causes only a amall loss of pre-
cision (28). This design still permitted the use of both
dead and incident Jung-cancer cases as end points in
the study, which was nol the case in the analyses for
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standardized moriality ratio (SMR) using exterasl
reference rates.

The cascs and referents were selecied from the co-
hort. All individuals with a primary form of lung can-
cer (cighth revision of the International Classification
of Discascs, ICD 8=162.1, mesotheliomas not in-
cluded) identified in the register of causes of deaths
or in the cancer register were selected as cases. Al
together 20 casts were identificd, 12 were registered
in both registers, five were registered only in the reg-
ister of causes of deaths, and three only in the cancer
register.

Six referents were selected for every case. The relcr-
ents were drawn at random and without replacement
from those being noncases at the time of diagnosis of
the case and born within £2 years of the case, accord-
ing to the method described by Breslow & Day (25).
The cumulative exposures of the referents were trun-
cated at the time of the diagnosis of the casc.

The relative risk for lung cancer was approximated
by the odds ratio, calculated by conditional logistic
regression (28), with the matched sets kept together.
The BGRET (cpidemiologic graphics, estimation, and
testing) program (29) was used, and the main results
were confirmed with the cpilog program (30).

The overall mortality in the cohort equaled the ex-
pected when the Jocal rates, rdjusted for occupational
activity, were used as the reference (table 1). Theie were
17 lung-cancer deaths, whereas 13.9 would be expected.
Altogether, 73 cases of ischemic heart discasc were
found, whereas 64 were expected. Four cases of esoph-
ageal cancer were found, and 2.1 were expected. The
observed numbers for other causes of death were close
to those anticipated.

Analysis of the lung cancer mortality by increasing
cumulative dicscl-exhaust exposure indicated no defi-
nite evidence for a dose-response relationship, and nei-
ther was a dosc-response trend found for ischemic
heart disease (table 2). The SMR values for both dis-
cases were lowest in the lowest dose catcgory, how-
ever. The analysis by cumulative ashestos dose gave
no indication of a dose-response for lung cancer (ta-
ble 3).

The analysis of aancer incidence confirmed the nior-
tatity findings, and no additional excesses were found
(table 4). Several histological types of lung cances were
represented, and also two mesotheliomas, but the num-
bers were too few to permit conclusions regarding ex-
cesses of individual types.

Table 1. Mortallly among bus gatage workers, 1952—1988. Tne ralerance rates waré based on local morlality and on local mor-
tality agjusted for occupational aclivity. There wera 21 317.5 person-years of observation (O = observed nhumber of deaths,

E = expected number of deaths,

SMA = standardized morlality ralio, 95 % C! =95 % conlidence nterval).

Stockholm, Stockholm,
Cause of dealh® o accupationally active genaral populstion
€ SMR 3% 0O € SMR 95% Ci
All malignant tumors (140209 62 %8 109 B4 - 140 600 103 19—132
Esophagea! cancer (150) 4 N ' ' 21 193 §3—49¢
Stomach cancef {151) [ . 51 97 32--227
Bowe! cancer {152—153) 1 . k] 6 T 147
Roclat cancer (154) 4 . 23 ”m 45~453
Uver cancer (155) 3 20 150 31--493
Pancreatic cance? (157) 2 - ' a4 4% 5—185
Lung cancer (162} 17 139 122 71—19 14.8 us 67—184
Prastatic cancer {185) 6 - . - 5.0 19 44—259
Bladder cancer {188) 1 1.9 52 1288
Kidney cancer {189 2 26 72 9259
Braln tumors (191) . . .- .. 1A 220 80--563
Hematopoletic cancer (200 ~-209) 6 49 123 45--268 5.9 "y 43--255%
Nervous dissases {320--389) 1 e . P 190 62442
Circulstory th3eases (390—458) - ] 0.4 106 85 —130 104.7 82 74112
tscharnic haart disease {410-—414) n 641 14 89— 143 7228 100 78126
Cerebrovascular diseases (430—438) 1m0 "7z 8s 49157 1490 72 34--132
Respiralory disesses (460—519) 10 70 143 68262 115 87 42--160
Asthima, bronchitls, emphysema (490—493) 4 v o .- 52 ™ 20~-192
Digestiva diseases (§26--577) [ ] 132 81 26—120 156 59 22101
Liver cuvhosis (571) 5 8.0 63 20— 148 o1 55 18—128
Gonltourinary discases {580-—826) 2 26 7% 9274 az &3 8-230
Violent death and iIntoxication (E800— EQ99) 21 234 80 $6--137 51 84 52128
Sutcide (EV50--EDSS) 11 o8 113 58 —201 wSs 105 52--187
All causas {0—999) 208 2043 102 83117 259 88 78100
* Code ot e elghth of the Int lonal Classification of Dise in parenthes
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Tatle 2. Mortalily by cumulalive exposure to diasel sxhayst. The referenca rales weie based on data from occupationatly active

men in Stockholm. (O

= ohserved number of deaths, E =axpected number of deaths, SMR = standardized mortatily ratia)

Dicsel-exhaust exposure index?

Cause of death” 0-10 10—-30 >3

] € SMR o € SMRA [+] E SMR
Al csuzes (0—99% ] a0.9 84 &3 49.4 w3 % 749 107
All mafignant tumors (140—209) " 21.4 a9 "W s 1 27 219 122
Lung cancer (162) S 5.15 -4 L] 33 152 ? 53 127
ischemic heari diseass (410—414) 20 D7 ™ 21 148 W 2 56 128

& Code of tha eighth mvision of the International Glass'fication of Diseases in parenthaces.
» index of the cumulative exposurs 1o diesel exhaustisee the Sudjects and Methads saction.

Table 3. Mortality by cumylative exposure lo asbestos. The reforance rates were bused on data from occupationally active
man In Stockholm. (O =observed number of deaths, E = expected number of deaths, SMR = stendardized mortality ratio)

Asbestos axposire index®

Causo of death® 020 2040 >40

[+ € SMR [+] € SMR o € SMAR
Al causes (0—009) ] 923 107 41 449 1] 68 873 10
Al malignant tumors (140--209) » U3 103 12 124 97 8 20.% 124
Lung cancer {182) 3 58 a8 L3 30 "wr 8 5. 18
tschemic heart disesse (410—414) LT ] 28 128 [13 110 108 2 e 102

s Code ol the eighth revision of the internstional Ctassification of Disnsc: in parentheses.
and Moth o

& mdex of the cumulative sxposure to

Table €. Inckk of g the bus garage workers,
1958—1984. The referance rates ware based on nationa! statis-
tics. There ware 16635 personyewrs of observation.
{O = abserved number of cases, E = expected number of cases,
SMR = standardized mortality ratio, 85 % Ci =85 % confidence
intervat}

Canter sits® ] € SMR %Ll
Afl malignant tumars (140—209) " 888 03 R—-128
Esophagus {150) 4 12 2271 W3V
Stomach (153} & &Y 00 1NN
Colon (153} & &1 S -
Reclum (154 4 43 80 M6
Liver (18% 2 23 10318
Panciaas (137} 2 35 s s-—20?
Nos» and nasal slnuses (160} T 03 M -6
Lerynu (181) 1 12 m  2-460
Lung {162° 7 108 WY 4237
Squemous-cell carchioma 5 4 118 3N-215
Undltlersniialod sateali carcinoms 7T 44 60 M-8
Adanocarcinoms 2 13 152 547
Prosiate (17 15 157 "% 64150
Kidney {180) 3 43 MW -«
Blsdder (18Y) 4 81 66 8-t
Mallgnam metsnoms {190} 5 21 27 1554
Skin wmors, malanoma excluged (191) 2 26 -2
Navous system (153} & 22 0 T70-—atS
Hematopoatetic organs (200209 ¢ 78 % H¥-1Us
+ Coda of n otihe [ of Disanves
in parentheses.
: gt of | and one cass of alvaoisrcell can-
ct.

The numbers of cascs and referents arc presented
n table S, and the details of the conditional logistic
cgression are preseated in table 6. In model 1 the

see ihe Sub

3y
¥

Tabla §. Number of Jiving end deceassd persons with lung can-
cer {cases) and refarents from the cohorl according fo the

cumuiative diesal-exhausi sxp (RR = relative risk, 95 %
Cl =85 % confidunce inlerval)
Diasst-ashaust sxposurs indax®
—_— Totat
-y 10-20 20-% >0

Casas 5 2 3 10 0
Ralsrents 45 " ” 42 120
Tots! Ed 7 n 82 140
Cwids AR | 1 120 150 218
AR from
sogistic
ragresalon " 1727 1.9 63
Fitted
RRA trom
welghted
regression ”» 4 ¥ L 243
B %0 - 1.09-164 120271 1.32—4.47
- 3cc ihe Nod: for » definlion of ths index.

* Referance celegory.

diesel-exhaust index score was introduced as factors
(indicator variables 0 and 1). The relative risk for lung
cancer increased with increasing exposure to diesel ex-
haust, but the conflidence intervals were wide (figure 1).

The diesel score was alternatively introduced as sn
unfactored variable (regression model 2). The obtained
regression cocflicicnt of 0,32 corresponded to a vela-
tive risk of 1.37, interpreted as & 37 % increase in risk
for an increase in the dose index score by one unit.
The 95 % confidence interval (95 % Ci) for this esti-
mate was narcower than that of model 1, but inctuded
a relative risk of unity.
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The ashestos exposure did not seem 10 influence the
lung cancer risk (models 3 and 4).

There were indications of a dose-response relation-
ship regarding dicsel exhaust and lung cancer. (Com-

Yabla . Results of ha logistic reg (RR = risk,
o5 % Ci=95 % conlidence interval)

Parameter 8 seld) AR 5% Cl
Model |

Diesel-anhaust index®

010 o - 10 -
020 0236 0922 127 0.21--1.72
2030 0447 0776 156 034--7.%
>30 0969 0849 263 0.74--%42

Model 2

Diosel-sxhaust score® 0318 0.2 137 091--207
Model 1

Asbestos index"

0--20 o - 1.0 -
2040 0511 D68 167 0.50-560
4080 0230 0599 128 0.32--500
>60 0184 0O.78%9 120 0.26--564

Model 4
Asbestos score® 0054 0232 108 057166

Enplanation o! modsls.
Madel 1
Loght P(n) o w ¢ B, +By%, + PpXy, whars
x, = 1 when diesel exposyre = 10—20, slse x, =0
25 = 1 when dlesel sxposure « 20--30, else x, =0
x3= ¥ when diasel exposure > 30, alse 2,=0
Model 2:
Logit P{x)=a+ B,x,, whars
%, lzkes the valus of the disael score: 0, V, 2 0r ).

Modals 3 and 4 are snatogous, replacing the dieselexhaust in-
dex with the asbestas index.

¢ Seu the Subjects and Methads section for & definition of the
index or store.
? Reforence catsgory

10
o .
8
7 1
RR S
5
4
3
{
2 { ’
1@ e ] SUSUSUIND S B e bai
0
010 1020 2030 »30

Digset-axhaust exposure index
Flgurs 4. Estimatas of ihe relativg risk (AR] of lung cancer with

logistic regrassion subdivided by cumulsiive exposura 10
diasel exhaust. The 95 % confidence intervals ara shown.
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pare modcls t and 2 in table 6.) The confidence inter-
vals were wide, though, since the number of cases in
cach exposure group was small. Rothman has de-
scribed a method for exploring the dose-responee trend
in a situation of this type (31). The regression coefTi-
cients (ic, the logarithms of the relative risks) of model
) seemned 10 be nearly linearly correlated with the diescl-
exhaust index score, and a weighted regression was per-
formed with the use of the inverse of the variance of
the estimates as weights. A regression coefficient of
0.2978 with s standard error of 0,0306 was obtained.
This figure can be inlerpreted as an increase in lung
cancer risk of 35 % for an increase of one fevel in the
dicscl-cxhaust index score, and it corresponds closely
to the relative risk of 1.37 obtained in modcl 2 (table
6). The fitted relative risks from the weighted regres-
sion and 95 % conlideace intcrvals (31) arc shown in
table 5.

Discussion

The overall lung cancer mortality in the cohort was
stightly increased (SMR 122). In other words, an ex-
cess of the same magnitude as in other studies of work-
ers exposed (o dicsel exhaust was found. The SMR for
Jung cancer incidence was higher (table 2). The SMR
obtained in the mortality analysis was probably the
more valid one since it was sianderdized for geographic
variations in the background rate. The lung cancer rate
in Stockholm is higher than the nationsl average.

The case-referent analysic indicated a risk excess
among the highly exposed, as compared with the low-
ly exposed, workers, and a dose-response refationship
was present. The logistic regression indicated a lung
cancer tisk that was 2.6 times higher for highly exposed
workers than for the lowly exposed workers, although
with a wide confidence interval. When data from all
the dosc groups were combined in the weighted lineas
regression, a risk excess of 2.4 was found for the highly
exposed workers (98 % CI 1.3--4.5). This regression
model was thus more effective but also morc restric-
tive since & lincar relationship of the logarithms of the
relative risks was assumed. This condition is met in
the materiat however; the observed relative risks cor-
responded closely to those predicted by the regression
(table 5). The crude relative risks {table 5) were some-
what lower, probably because precision was lost when
the matching was dissolved.

The dose-response trend in the SMR analysis was
weak. The case-referent anslysis utilized both deceased
and living lung cancer cases, while the cohort snalysis
was limited to the deccased cases, The additiona! in-
cident cases were all highly exposed 1o dicsel exh

No effect from exposure to asbestos was lound. The
mean asbestos exposure index was 27, and the maxi-
mum was 86. These index Jevels correspond 1o a cu-
mulative asbestos exposuce of approximately 2.2 and
6.0 fibecs - mi~Lyears, respectively. Such an exposuse




in a stud is size i
ral mesothelioma, with cumulative asbestos ex-
/m fibers - ml~'-ycars, respective-
ly. They were employcd by the bus company at 27 and

)
"\

would be anticipated to increase the lung cancer rate
by only a few percent (32 would not be detected

30 years of age, and the tumors occurred at the age
of 63 and 64, respectively. Onc of them was an elec-
trician, having worked in the electrical workshop i
onc of the garages. Both may have been exposed ¢

asbestos during previous employments.
Misclassification

The exposure estimations were based on job tasks,
workplace, and time periods, and the actual exposures
to both dicse] exhaust and asbestos have probably
varied within these subgroups of the cohost. However,
the exposures were classifled without knowledge of the
life outcome of the individusls, and thus the misclas-
sification is independent of the outcome and may only
force the relative risk towsrds unity (31).

The classification of the outcome (ie, the informa-
tion in the registers of deaths and cancer incidence)
is generally considered to be accurate (33), and since
any misclassification is likely to be independent of the
exposure of the individuals, it would aiso tend to un-
derestimate an excess risk.

Confounding

Data on smoking habits were not possible to obtain
in this retrospective study, and uncontrolicd cffects
from tobacco smoking cannot be ruled out so far as
the cohort study is conceraned. In the case-referent
study, however, it was not probable that the smoking
habits differed substantially between the workers with
high and low exposure, since both groups betonged to
the same occupational category. A risk excess of 2.4
is unlikely to be explained even by extreme smaking
habits (34) if it is assumed that the group with low ex-
posure had normal smoking habits.

Risk estimation
The results of the study support the assumption that
high cumulative exposure to diesel exhaust increases
the risk for lung cancer. The risk excess among the
highly exposed workers was greater than in other
studics, possibly because of the detailed exposure as-
sessments, which gave a good contrast between the
workers with high and those with low expasure.
Total dust levels were measured ducing bus service
and repair in onc of the garages in 1981, 1982, and
1989. in 198], personal, time-weighted 8-h samples
showed a level of 1,.2—1.4 mg/m’ (Jacobsson, un-
published data). In 1982, during 4—8 h of sampling,
the levels were 0.5—1.0 mg/m® (Bergstrbm, unpub-
lished data), and In 1989 they were 0.3—0.9 mg/m*
(Axclsson, unpublishcd data). Total dust is also gener-

ated from sources other than the diesel engines, how-
ever, and the proportion of inorganic material in the
dust was determined by eiching of the samples in 1981
and 1989. The proportion varied from $0 to 62 % in
1981 and from 60 to 70 % in 1989, findings indicating
that most of the total dust was not generated by the
diesel engines.

Substitution of these approximate data into the job-
exposure mattix and into the regression model indi-
cates a doubled lung cancer risk after 20 years of work
in bus garages with a total dust level of 0.9 mg/m’.

The present study supports the view that diesel ex-
haust constitutes a cancer hazard for exposed wark-
ers. The magnitude of the risk excess can only be esti-
mated approximarely, however, due to the limited size
of the study group.
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