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ABSTRACT

BACKGROUND: Extensive, overt asbestos
exposure clearly causes lung cancer and
mesothelioma. Elevated cancer risk has also
been documented for short term or low levels of
asbestos exposure. Automobile mechaunics are
potentially exposed to ashestos through brake

“ repair work. Few studies have specifically

examined the risk of lung cauncer and
mesothelioma associated with exposure to
asbestos in brakes, but automobile mechanics
are included in many studies of occupation and
cancer. METHODS: We critically reviewed all
epidemiologic studies of lung cancer and
mesothelioma risk among male automobile
mechanics identified through a broadly based
Medline search and scratiny of references in
primary and review articles. We discuss the
studies grouped by study design and control for
smoking, the major risk factor for lung cancer.
RESULTS/ICONCLUSIONS: We reviewed all
individual analytical studies meeting  our
criteria, plus all available case series and case
reports. When examined in aggregate, the
evidence did not support an increase in risk of
either lung cagcer or mesothelioma among male
automobile mechaaics occupationally exposed
1o asbestos from brake repair.
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INTRODUCTION

Extensive, overt exposure to asbestos fibers
clearly causes lung cancer and mesothelioma.
Elevated cancer risk has also been documented for
short term or low fevels of asbestos exposure /1/.
Automobile mechanics are poténtially exposed to
low levels of asbestos through repair of friction
materials. Few studies, however, have specifically
examined the risks of lung cancer and
mesothelioma associated with work on automobile
brakes. In this paper, we summarize and critically
review the available epidemiologic studies on the
tisk of lung cancer and mesothelioma associated
with work as an automobile mechanic.

About 50% of the composition of brake linings
and brake shoes comsists of chrysotile asbestos
encapsulated in a phenolic resin. The use of such
products in automobiles, buses, and other heavy
equipment causes them to wear, releasing a fine
dust of amorphous material together with very
small fibers /2/. Automobile mechanics are
potentially exposed to asbestos fibers when they
grind used linings, bevel new linings, or remove
the loose dust from the brake drum and back plates
using compressed air, brushes, or wet cloths /3/.
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Although total dust counts in the ambient air can
reach high levels for short periods of time during
these processes, control methods, such as enclosed
vacuurs systems or exhaust ventilation systems,

-effectively lower the exposure /4-5/. Furthermore,

the availability of asbestos fibers in used brakes is
markedly reduced because high temperatures
duting braking degrade the vast majority of the
asbestos into nonfibrous magnesivm silicate /6/.
Less than one percent of the dust released in work
on brakes contains chrysotile fibers that are longer
than five microns, the size known to be relevant to
respiratory health /7/. Grinding and drilling of
friction pads also releases fibers, which have been
of concern. Detailed study of this material has
revealed, however, that the fibers consistently
remained bound to the resin matrix /8/. Thus,
grinding and drilling also appear to pose ne
important exposure to asbestos fibers.

The absolute exposure level is influenced by
the distance to the source, the type and duration of
activity, as well as by the type of brake. For
example, drum brakes used for trucks, buses, and

.certain passenger cars, require more cleaning than

disc brakes used only in passenper cars /9/.
Industrial hygiene reports taking measurements of
dust and fiber generated during ¢lutch and brake
repair work demonstrate that the exposure to
asbestos from this work is low, intermittent and
brief /9. In the 19705, before the current
permissible exposure limit of 0.1 fmL (fibers per
mitliliter of air) was proposed by the United States
(US.) Occupational  Safety and  Health
Administration, episodic peak toncentrations of up
to 16 ffmL were reported during blowing off of
loose dust. Practically all measured levels
published after 1987, however, were less than 0.2
f/ml., and time-weighted average exposures during
passenger vehicle repair in the 1980s were generally
less than 0.05 f/ml. /10-12/. Nonetheless, the
question remains, were these low levels of asbestos
exposure associated with carcinogenic risk /3/.

‘Concerns about this possibility led to warnings,
from both government agencies and companies,
but with little or no epiderniologic evidence. We
therefore reviewed the epidemiologic studies that
provided data on risk of lung cancer and
mesothelioma among automobile mechanics.

METHODS

We identified studies of lung cancer and
mesothelioma risk among motor vehicle mechanics
through computer searches and scrutiny of references
in primary and review articles. In an attempt to
capture all published data on potential exposure to
asbestos from work with - brake linings, we
considered general surveys of occupation and

-cancer risk, as well as studies focusing specifically

on cancer among automobile mechanics. Because of
the potential for publication bias by both investi-
gators and;journals to highlight positive findings, we
performed broadly baseéd Medline searches {1966
through August 2003), using as key words cancer,
himg cancer, occypation, and mesothelioma. We
identified many useful studies that might have been
overlooked because they did not specifically mention
automobile mechanics in the title or abstract. We
also contacted authors for supplemental data and
tables if it appeared that the relevant results were
avatlable but did not meet the criteria described for
inclusion in the published paper. We focused
specifically on automobile mechanics, as opposed to
broad occupational or industrial categories. For
completeness, however, we also included papers
that discuss the occupation mechanics, unspecified.
Separately, we considered papers that do not
mention automobile mechanics but from their
design and results we concluded that automobile
mechanics would have been included if the results
had been positive. Therefore, we included all studies
in which specific occupations were considered. The
review is limited to studies of men.
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Not all studies in this discussion controlled for
cigaretic smoking. Because smoking is such a
strong risk factor for lung cancer, however, and
there is evidence that smoking rates may vary by
occupation, we have placed more emphasis on the
studies that included smoking infotmation in their
analyses. Available occupational survey data on
smoking is limited. A survey in the U.S., however,
found that automobile mechanics ranked third in
smoking prevalence out of 61 occupations surveyed,
with twice the average cigarette consumption of
many other similarly skilled workers /13/. In The
National Center for Health Statistics 2000 National
Health Interview Survey, the prevalence of current
smoking among repairers and mechanics was
31.5%, among the highest of those ocecupations
presented /14/. Also, some evidence indicates a
_higher prevalence of smoking-related causes of
“death, such as chronic obstructive pulmanary
disease (COPD), among mechanics. For example,
in the 14 year, 28-state National Occupational
Monality Surveillance (NOMS) study, covering
66,150 deaths among male automobile mechanics,
the proportional mortality from COPD was
statistically significantly elevated at 1,15 /157
Studies” that do not control for smoking are
therefore likely to be confounded and to
overestimate any association between work as a
vehicle mechanic and risk of lung cancer. As an
iHustration, Carstensen and colleagues /17/ found
that accounting for smoking eliminated an apparent
excess lung cancer risk in mechanics and
repairmen in Sweden.

We discuss separately studies of lung cancer
and mesothelioma. The details on study design,
including study population, assessment of exposure
and outcome, comparison population, and factors
adjusted for; and the main results are presented in
the tables. We present the risk estimates
{standardized mortality ratios [SMR], standardized
incidence ratios [SIR), proportional mortality ratios
[PMR], odds ratios [OR], relative risk [RR],

among others) and their statistical significance as
the authors did, including confidence intervals or p
values, whichever are available. We made no
attempt to calculate additional estimates from the
information included in the papers. The tables are
organized by study design, and, for lung cancer, by
whether the authors controlled for smoking in their
analysis.

LUNG CANCER

Studies of Populations of Automaobile and Bus
Mechanics

We identified five studies that focused
specifically on populations of automobile and bus
mechanics {Table 1), Jarvholm and Brisman /17/
and Hansen /18/ identified automobile mechanics
through population census data, and Schwartz /19/
extracted this information from the ‘usual
occupation’ recorded on death certificates. Rushton
et al. /20/ and Gustavsson et al. /21/ constructed
their cohorts and determined exposure from
employee work history records at bus garages in
Londen and Stockholm, respectively. in all but the
Hansen study the cancer risk of the ‘exposed’
population (automobile mechanics) was compared
with the risk in the general population. Hansen
instead constructed a comparison group of skilled
workers including carpenters, electricians, instru-
ment makers, dairymen, upholsterers, and glaziers.
This group was thought to be similar to automobile
mechanics in terms of physical demands, life-style
habits-—including smoking, geographic distribution
and sociocconomic status. .

With the exception of the Jarvholm and Brisman
study (SMR: 1.70, p<0.01) /17/, no significant
association of lung cancer risk with occupation as
an automobile mechanic emerged from these
studies, Gustavsson and colleagues /21/ calculated
sumulative exposure to asbestos, as well as diesel
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exhaust, over a 28-year period, extrapolating from
work histories and a current industrial hygiene
assessment. The authors observed a statistically
nonsignificant elevation of lung cancer incidence
overall (SIR: [.61; 95% Cl: 0.94-2.57), but no
dose-response association with asbestos exposure.
Schwartz reported 2 PMR of 1.12 (95% CI: 0.82-
1.53) and the SMRs reported by Rushton ct al. /20/
and Hansen /18/ were not elevated. None of these
five studies adjusted for smoking.

Survey and Cohort Studies of Occupation and
Cancer

These studies were undertaken to understand

the relation between a variety of occupations and
the risk of lung cancer specifically, or cancer in

_general in a defined population (Table 2). Most
‘relied on cancer registries or death certificates for

outcome and exposure assessment, usually defining
exposure 28 iast known or ‘usual’ occupation.
Lung cancer rates among automobile mechanics
are compared either to rates in the general popu-
lation or to rates in the entire cohort under study.
Two large cohort studies controlled for
smoking. In the most comprehensive sutrvey of
cancer and occupation, Blair and colleagues /22/
evainated the relation between occupation and
specific cancer sites over a 16-year period in
293,658 U.S. veterans /22/. Information on usual
occupation was obtained through two interviews
administered’ near the beginning of follow-up in
1954, and outcome information was extracted from
death certificates through 1970. The study was
upcated through 1980 by Hrubec /23/. At the
interview, information on smoking habits was also
obtained. Risks for each occupation and each
cancer site were calculated, within categories
defined by smoking habit. No excess of lung
cancer was found for automobile mechanics in the
original Blair report (SMR=1.03, p>0.05) or of
cancer of the respiratory system in the update

(SMR=1.10, 90%CI: 0.89-1.36). In contrast, and as
expected, risks were elevated for lung cancer in
occupations with known asbestos exposure, such
as shipyard workers and plumbers.

Carstensen and colieagues /16/ took advantage
of Sweden’s extensive population records system
to evaluate the incidence of lung cancer. The
authors focused on 1.6 million men aged 30 to 64
who were employed in 1960. The researchers
reviewed national cancer registry files for any
occutrence of lung cancer from 1961 through
1979. Occupation was determined from the 1960

. census. Carstensen’s group did not attempt to

evatuate the smoking habits of each worker, but
they did estimate the amount of smoking in each
occupational group based on surveys, and used
those data to adjust for smoking indirectly. After
such adjustment, the SIR for mechanics and
repairmen taken together was 1.07 (95% CI: 0.92-
1.22). No separate, more specific estimate was
made for automobile mechanics alone.

The remainder of the cohort studies relied solely
on registries or death certificatesfor information on
occupation and disease surveiflance in a given
geographic area. Therefore, information on potential
confounders, including smoking, was not available.
The results from these studies were mixed. Enterline
and McKiever 724/ observed 2a statistically
significant association of work as an automobile
mechanic with lung cancer mortality in the US.
population in 1950 (SMR = 1.28). Milham and
colleagues /25/ surveyed deaths in Washington
State, first in 1976, with updates every 10 years
through 1999 /26/. In the 1999 publication, the PMR
for lung cancer deaths among automebile mechanics
was statistically significantly elevated at {.15. This
result is similar to the findings reported in the
NOMS study, described above, which included
residents in 28 states. In the latter study, the PMR
was 1.16 for white and 1.08 for black antomobile
mechanics /15/. Although the excess mottality for
each group was modest, the sample size was large
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TABLE 2

General surveys of cancer and occupation, organized by control for smoking: lung cancer results
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’ o Number of Outcome! Compasison Results for automobile
Author Study poputation m S:v;gl m;::::m Exposure assessment popu?aﬁon m%:;s
Control for smoking
Bairetsl.  [US Velerans age 31-84in | Afcancer | Totl deaths [ NA DChusual occtipation | Entie-tchoit
1085(22)  |1953 desths -~ 107,563 fromquastionnaires |
n=293,958 195469 TN - 05 Alcombiiiad: s
Hruhecetal | US Velerans who served | All desths Yotal deaths | NA DClusuat occupation Entire cohart Nonsmekers: n=2, RR=0.7,
1982 (23 fr 1917-40 and held health | 1954.80 - 164,785 from questionnaires Curent cigaretiss: n=50, RR=1.2
insurance policies, age {90%CL 0.83-1.49); Total smoking
updsted from | 31-84 in 1953 i adjusted: n=63, RR=1,1 {90%CH
Blair 1985 a=248,045 0.83-1.36)
Casrsan o | Swodsh s amploped | Lng e s
ol. 19882(16) | 1960, age 30-64 ek
n=1622547
Did not control for smoking
Entedine & United Stalos, males, oge |Lung cancer | NA 681,485 oC Ganeral population with | n=119, SMR=1.28, PMR=1,27
McKiaver 1963 | 2084 deaths 1950 work experiance p<0.05
(24)
Mitham & Washinglon State, US| All dsats ot oC.
Ossiander | whites, age 20 . [Males: 1950- | da C
2001 (26) L et
NIOSH 2002 | Natlonal Occupational All dsalis NA NA oC NOMS population Whiles: n=6743; PMR=1.15,
(15) Mortality Surveillance p<0.01
(NOMS), 28 states; age Blacks: n=769, PMR=1.08,
15-90; 1984-1998 p=<0.05
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TABLE2

General surveys of cancer and occupation, organized by control for smoking: lung cancer results

Number of ot , : Resufts for sutomabile

Author Study popuiation ?rtfcfm sz?;g‘e me:hu:;m Exposure assessment gf&“:m?" gfgg?g;;s
1999°(27)  [Sweden1074.1089, Jesbes . |cased | :

|Fwisnd 1971890, 1 jemA

Norwsy 1670000, m8 0f -

L L PR RO R A R
Leigh 1896 Calfornia Occupational | Lung cancer | Alt deaths - NA DC General population
{13 172,438
Menck & | Dogths -
Henderson - 12T
1978 (28) {Catet
Pelarsen & California, US, white all desihs Totel deaths General popufation
Mitham 1980 | males, age >20 195961 - ~200,000
{29)
Olsend .  |Denme . .. - - Whoid cahost
{30) : o A
Morrison 1857 | Scotland males age 215 | Al deaths NA NA b General papufation
{@n N=1,795,273 1949-53 T
Peave& |New Zesandmales, age | cancordeaths |Cancer | | @enere popatition | Rafikérfored .
Howerd 1986 1564 iorers gears- | foweenge e
(32) : 5356 |Gansus - -
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TABLE 2 (continued)

General surveys of cancer and occupation, organized by control for smoking: lung cancer results

Number of . Restdls for automobile
Author Study population ?m Si'fzfie me;:::;ﬁcs g:'p?;?:alassessmml m:t?:nm mgag:;s
Minder and Working poputation Cancer deaths | Cancer Na 0¢ Genaral population Not mentioned
BeerPorizek | Switzedand, males age [ 1979-82 desths -
1992 (3) 230 4,008
Howe & 10% Sample, Canacian | cancer deaths | Totaldesths | NA Whiols cohiort Not efévatsd
Lindsay 1983 | Labor Farce, meles - 198573 |- 037 - o
{89) N=415 201 ‘ Cancer
déaths-
4203
Liinged
b3 R
Lindsay et af, | 10% sample Canadian Cancer deaths { Cancers ~ [NA Qaath Registry/Census  { Whola cohert Not mentioned
1993 (34) Labor Force, males 1965-79 9,739 1961
n=415,309
Ficth ot ol New Zesiand males, ape |Aftcancer  |AMceses-~ |NA Césicar Roglstry [ Genersi émployed
1996 (35) {1564 ceses 1972.84 | 26,207 . poputation; lotal
employed populasion of
cancer reglty

Abreviations: OC=death certificate, frefrom, n=number, NA=not avalable, PMR=proporfionat mortaliy ratio, SiR=standardized incidence ratio, SFiR=standardized proportional incidence fafio,
SMR=standardized mortality raio
Confidence intervals are 95% uniess otfierwiss ndicated

fresulls are for automobile mechanics unless otherwisa specified
'mechanics and repainmen, nonspecific
“mechanks, iron snd metatware workers grouped fogether, not specifically automoblie machanics
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and the PMRs were statistically significant. In
another large study, in the Nordic countries,
Andersen and colleagues /27/ observed an elevated
SIR (1.2; 95% CL: 1.2-1.4) for lung cancer among
mechanics and iron and metal workers grouped
together /27/. The results for automobile
mechanics were not presented separately. The
Leigh study, mentioned earlier, observed an SMR
of 1.31 (95% Cl: 1.08-1.34) in the California
Occupational Mortality Study. The authors did not
control for smoking, however, although in the
same publication they discuss the high smeking
rates in this occupational group /13/. Menck and
Henderson 729/ surveved incidence and mortality
of lung cancer in Los Angeles County and reported
a statistically significantly elevated SMR for lung
cancer in the automobiie repair industry. The
authors examined a wide range of occupations,
including autornobile mechanics, but listed only
. the occupations with elevated rates. Automobile
mechanics were not included in that list. Petarsen
and Mitham /29f and-Olsen and Jensen /30/ did not
observe a statistically significant excess of lung
cancer among automobile mechanics in California
and Denmark, respectively.

For comparison, we examined the risks of fung
cancer reported for other occupations included in
these studies. Consistently, occupations with known
asbestos exposure, such as pipe fitters, shipyard
workers, and steel workers, had elevated risks of
lung cancer.

Our search identified five additional survey/
cohort studies that defined exposure to the
occupational level but did not mention automobile
mechanics /31-35/. For these studies, we surmised
from the level of detail of the occupation and
exposure assessment that ‘automobile mechanic’
would have been reported if an excess risk had
been observed. Typically, such broad surveys
examine dozens or even hundreds of categories,
but only present the positive or interesting
associations. That occupations with asbestos

exposure are often identified as linked with lung
cancer risk, coupled with silence regarding
automobile mechanics, provides further, although
indirect, confirmatory evidence against an
association.

Case-Controt Studies

We categorized the case-control studies by

¢ whether the study controlled for smoking,

+ the source of the control popuiation, and

» whether they specifically include information
on automobile mechanics as opposed to a
broader category of mechanics.

Control for smoking and other risk factors is
closely related to the selection of the control
population, as most population and hospital-based
studies can obtain information on potential
confounders, whereas death-certificate studies are
not. The details afe presented in Table 3.

The studies that rely on controls selected from
the general population and include complete job
and smoking histories collected by interview are
the most informative. In a U.S. study in areas of
New Jersey with high lung cancer rates,
Schoenberg and colleagues 736/ identified 763 lung
cancer cases from the state cancer registry and 900
population-based controls. The authors defined
‘automobile mechanics’ as anyone working for at
least 3 months after age 12 in that profession. The
smoking-adjusted OR was modestly elevated but
oot statistically significant (OR =1.4; 95% Ch:
0.84-2.30). Vineis /37/ and others incorporated
these data with similar information from cancer
registries and cooperating hospitals in Louisiana,
Florida, Pennsylvania, and Virginia, but also found
no statistically significant differences between the
case and control groups in previous employment as
an automobile mechanic. Lerchen and coworkers
738/ in New Mexico compared 333 men with lung
cancer to 499 men selected from the state’s
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TABLE3

Case-control studies, organized by population type: Lung cancer results

Author Study popvigtion | Oulcomes Exposure Conlrols Adjustment for Mechanic Lung cancer
included assessment definition; number Resuits
Studies that control for smoking
Schoenberg etal. | NJ,US;6geo. | Lungcancer | Interview; ‘Race.nge,  |Automechanics: - | OR=T4(084:23)
1987 (36) Aresswithbigh | n=763 Hatims oocu- residence; type | caesdd, o 7T
Includfed In Vineis e | g cancet rstes pational history, intarview,  loontol40 v
ol 1988 't 1967-76; white *jobi23 mo after _ smoking - RTINS
| mates; 1980-81 agei2 | : T LR S T e

Vineisetal 1988 | Datafom5US Lung cancer | Inlerview n=3,210 Age, birth cohort, | Auto brake OR=1.2{0.9-1.7}
{37 case-control n=2973 fifetime smoking worker

studies (hospital occupationst case=98,

and poptiation history, lob @ mo control=90,

based) residents OR=1.2 (0.9-1.7)

of LA, FL, PA, VA,

N
Lerchen et el 1987 | NewMexico, | Lungcancer | Genefal
(38) Hispanic white and | males n=333 . | et Mt s

“other whito males |

age 25.84; 1960- ‘
Levin et al. 1988 Shanghai, China, | Lung cancer "t Ganeral population Ags, smoking, Auto mechanics NA
{39) tales ege 3565, | n=713 Lifgtime oce n=T60 net mealionsd

1984-85 history, job 2 1

yr after age 16

Ablreviaions: DC = death cerfificates. n=number, OR=odds rafio, sMOR=standardized mortakty ratio, RR=refative risk

Confidence bounds = 95% Cl unless otherwise indicated

Nov Uy Us Uo

! includes data from Schoenberg el a! 1987; other studies did not make our cut, so not included Individually
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TABLE 3

Case-contro! studies, organized by population type: Lung cancer results

Author Study population Quicomes Controfs Adjustment for Mechanic Lung cancer
incloded definition; number Results

Willams ot o) 1977 | ThigNational | All éanosr Othver ceodars Net ‘
(40) | Cancer Suvey elavated

Interview Study,

US: ‘ IR g . - L s
Bums & Swanson Detroit Cancers of colon or Age, smoking, Motor vehicle ALL: OR=1.72
1991 (90) Qccupational rectum n=3,956; race fmechanic {1.15-2.59);
{See Swanson ef . | Cance Incidence occupstionat compered lo cocupation {occupation) v. BLACKS: OR=4.18
1993) Surveiliance history, dutles, and industry with least case=118, (1.27-13.64)

Systern; ege 40- usual coccupation | potential forexpto controlt=48, blacks

85; 198487 carcinogens only: case=31,

control=6
Swanson et ai. 1933 | (see Bitims & 1 Avbmechanics;
(1) Swakison 1991) o
Benhamou st al. France; 1976-80 | Lungcancer | Interview Hospitat based, non- Gender, age, Molor vehicte RR=1.06(0.73-1.54}
1988 {42) n=1,260 lifetime occ tobacco related disease | hospital mechanics:
history, 2t year | cases admission, case=65,
| 1=2.084 interviewer, confroi=96
1 smoking

Abbreviations: DC = death cerfificates, n=number, OR=0dds ratio, SMOR=standardized mortality ratio, RR=relative risk
Confidence bounds = 85% Cl unless otherwise indicated
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TABLE 3 {continued)

Case-control studies, organized by population type: Lung cancer results

Author Study population Cutcomes Exposure Controls Adjustmant for Mechani Lung cancer
included assessment definifion; number Results
Spinelli st al. 1990 | Diagnosesal Alf cancer Meédicst records: | Hospitat based, other Age, yr(didnot - | Aulomechapice: | NA
(43} Cancar Controt n<6,389 {susl octupation | cancers: controlfet notfisted as
Agency of British smokingy dovaltd.
Cansda; malas .
>20, 1950-75 = . i R L ey
Morabiaetal. 1982 | 24 hospilals in 9 tung cancer | Interview; Hospilal based, other Age, race, Mechanics, OR=0.7
(44} matropolitan n=1,793 usual cocupation | cancer aad non<cancer hospitad, date of | repalimen, auto;
araas, US; males sdmitances, 1=3,228 admission, controls=39
1980-89 smoking
Zahmetai 1988° | Missour, US: Lung cancer | Registy; Cthier gancers reported OR=L3{(10-1.7)
(45} white males; 1080- | n=4,431 oocipation st | to Registy - axcl. hip, L
8 dingtosis orsl caity epophagus,
thedder, itttsfined ard-
uhknon
. , p=119260 Sl R R
Breslow et al. Cafifornia, US; 11 | Lungecancer | Inlerview Hospitat based: Non- Mechanic and Not calcutated
1954 * (47) hospitals n=518 Employed in cancer of chest disease | gender, smoking | repairmen, not
1949-52 oecupation at cases. =518 ayailable elsewhare
least 5 years : classiffed:
cases=15,
contrals=16
Wang et af, 1995" Tiagjin, China “tuhg cancer | Ragishy, most Other cancars; n=14,685 | Used sutvay.data | Mechanics, repalr | Not mentionad as
(46} males > 20, 1981- | n=4,806 recent tornk: . industdes. -~ elevated
&7 occcpaticn ocoupstidng by ..
, -} 1o smokifig steius < | 1o
Decoufle & Roswell Perk All cancer Interview Hospital based: Non- Age, smoking Mechanics end Ever empioyed:
Stenistawozyk 1977" | Memoriaf instilte, | n=6,434 telime oco cancer cases fepaimen; OR=1.12 p>0.05
(48) Buffalo NY. US history unexposed= clerical lung ca: case=84 N -
white males, workers employed >5 yrs; | Cployed >5 yis:
1956-65 lung ca: case=63 OR=1.10 p>0.05

Abbreviations; DC = death certificates, n=number, OR=odds ratio, sSMOR=standardized mortality ratio, RR=relative sk
Confidenca bounds = 55% Cl unless otherwise indicated
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population. The authors found proportionately
fewer automobile mechanics (identified as in the
Schoenberg study)- among the cases than the
controls (OR =0.2; 95% Ct: 0.5-1.9). A similarly
designed study in Shanghai China did not mention
automobile mechanics in their resuits 739/,

Next we review case-control studies that
compare {ung cancer cases to men with other kinds
of cancer. This approach is not as reliable as
selecting controls from the general population
because the authors must assume that automobile
mechanics are at the same risk as the general
popuiation for those other cancers used for
comparison. As in the general population studies,
work and smoking histories were obtained by
interview. Williams and colleagues /407 eompared
lung cancer cases with other cancers in the Third
National Cancer Survey population. No excess of
lifetime or most recent work as an automobile

- mechanic was found among cases compared with

controls 40/, Burns and Swanson /41/, working in
the Detroit Metropolitan Area, found a statistically
significant OR for automobile mechanics when
comparing Jung cancer cases with colorectal cancer
cases (OR = 1.72; 95% Cl: 1,15~2.59). This resuit
more likely represerts a deficit of automobile
mechanics among patients with colorectal cancer
than a direct link with lung cancer. In a follow-up
of this study, the authors evaluated the risk of lung
cancer by number of years employed in specific
occupations separately for black and white men
The authors observed s significant excess of
automnobile mechanics who had been working for
at {east 20 years among black lung cancer cases
{OR = 6.9; 95% Cl: 1.4-35.0) but not among white
cases (OR = 1.3; 95% CI: 0.70-3.00). The number
of black cases and controls was small, however,
and risk did not increase linearly with increasing
years of employment in either white or black
subjects. Three case-control studies compared men
hospitalized for lung cancer with men hospitalized
for other causes, controlled for smoking, and

specifically assessed automobiie mechanics, None
of the three studies found an excess of automobiie
mechanics among the cases compared with the
controls /42-44/.

We also identified six additional case-control
studies using cancer controls that included resuits
for a more general grouping of mechanics,
presumably  including automobile mechanics.
Zahm et al. /45/ observed a modest excess of
mechanics and repairers among lung cancer
controls in Missouti {OR = 1.3; 95% CI: 1.0-1.7).
The other five studies found no material
asspciation between work as a mechanic and lung
cancer risk /46-~50/.

In three death-certificate based case-vontrol
studies, the controls were drawn from among the
non-lung cancer deaths in the general population.
These studies relied on the information provided
on the death certificate to determine usual or last
occupation and did not control for smoking.
Dubrow and Wegman observed 29% /51/ and
Milne and colleagues 20%  morc automobile
mechanics /52/ among their cases than among their
controls. Neither result was statistically significant.
In a similarly designed study by Finkelstein and
colleagues /53/, 12% fewer automobile mechanics
were found among lung cancer deaths than among
other deaths.

MESOTHELIOMA
Case-Control and Cohort Studies

Exposure to asbestos is strongly associated
with risk of malignant mesothelioma of the pleural
and peritoneal lining. A baseline incidence of the
disease is not attributable to asbestos exposure, but
in the majority of cases some contact with asbestos
san be documented /54/. Although only amphibole
fibers, as opposed to chrysotile (the asbestos form
used in friction products), have been consistently
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linked with the disease /54/, the association of
mesothelioma with work as a brake mechanic has
been explored. We reviewed this literature here
{Table 4).

Several of the studies discussed above included
mesothelioma as well as lung cancer. Four
mesothelioma cases were reported in the cohort
studies focusing on automobile and bus mechanics
{one each by Jarvholm and Brisman /17/ and by
Hansery /18/ and two by Gustavsson et al. /21/). In
all cases the authors mentioned possible other
types of exposure to asbestos from previous
employment and concluded that no suggestion of
an increased risk of mesothelioma could be
ascribed to work as an automobile or bus
mechanic. Mesothelioma was reported in three of
the general cancer surveys. Olsen and Jensen /30/
stated that no mesothelioma cases were reported
among men who repaired automobiles and
motorcycles in Denmark. Dubrow and Wegman
155/ reported on mesothelioma but did not observe
any cases among automobile mechanics. The
NOMS study reported 18 mesotheliomas among
white automobile mechanics (PMR =0.77) and 2

“among biack mechanics (PMR = 1.54) /15/. The

Blair study of cancer mortality among U.S.
veterans did not mention mesothelioma /22/, and
the follow-up study by Hrubec et al. /23/ grouped
all respiratory cancers together.

We identified 1! studies that focused on
mesothelioma and occupation /56-67/. None of
these studies reported a significant association
between mesothelioma and work specifically as an
automobile mechanic. Malker and colleagues /68/
observed a statistically significant elevated
incidence of mesothelioma among the broad
category of mechani¢s and repaitmen (not limited
to automobile mechanics). This finding, however,
was based on only 156 cages dispersed across a
variety of industries, including railroad equipment
manufacture, sugar factories, and shipbuilding, so
whether the cases were exposed to asbestos

through work on brakes is unclear. Jarvholm and
Brisman's study /17/, cited earlier, extended
Malker’s work, focusing more closely on auto-
mobile mechanics, among whom only one case of
mesothelioma was found. All these studies
reported an increased representation of insulation
waorkers and other jobs with overt asbestos exposure
among the cases, lending further credibility to the
nul] findings for automobile mechanics.

Woitowitz and Rodelsperger performed a case-
control study of 324 cases of mesothelioma in
Germany and: presented the results relating to
automobile mechanics in a separate publication
169/, The authors identified 16 automobile
mechanics among the case patients, and 16 among
315 hospital controls, most of whom had lung
tancer, and 12 among 182 population controls. The
comparison between the cases and the hospital
controls is uninformative because lung cancer is
also hypothesized to be associated with the
exposure. .No evidence of an excess risk of
mesothelioma was found for automobile mechanics
using the population controls. The authors include
individual descriptions of duration of employment,
history of brake service, and other asbestos
exposure for each automobile mechanic. Al work
histories were very similar regardless of their
disease status. Because no compatison statistics,
including ORs, were calculated, and the nature of
this study was primarily descriptive, it may be
more appropriate to consider this investigation a
case series as opposed to a formal case-control
study.

In 2001, Wong 770/ published a meta analysis
combining the results from six studies that
assessed  mesothelioma among  automobile
mechanics—McDonald and McDonald, 1980 /57/,
Teta et al., 1983 /58/, Spirtas et al., 1985 /60/, 1994
/61/, Woitowitz and Rodelsperger, 1994 769/,
Teschke et al.,, 1997 (63) and Agudo et al., 2000
165/. Wong calculated the RRs for the individual
studies from the available data when they were not
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TABLE 4

Studies of mesothelioma among male automobile mechanics

Author

i Study Population

+
l Qutcoma Assessment | Exposure assessmenq Comparison poputation

Mesothelioma Resulis

Studles of alf cancer, including a mention of mesothefioma

Jarvholm & Mates, age 20-69, employed Death Registry Cersys ocoupationsl | General population “Car repait tbchanic™; cases=1.
Brisman 1988 & méd&amc of iner capoir | 1961-73 anid indtistry codes {also warked ésomsbumm worker}
(11} in 1960 iy Swedén; Canter Reglsty
rr~'21905 106479
Hareen 1080 (18) o v Registy, DC, | Census Carpenter, elactician, Ay p— T
male workers, age 15-74in | 1970-80 instrument maker, dairyman, | car-repair workshop®
1970 In Denmark, n=21,800 upholsteres, olazier cases=1
n=51,747
Gustavsson el gl Mates efnpbyed stleast6 |Death Repistry & other Stockholin.occupalionally | Mechanics, semcemsn hostiers
1990 (2%} bus | local records 1952-86 activé popt : cafess)
Qares. from 19451970, [Canter Registiy- nd-
685 {958-84
Ofsen & Jensen Danmark, auvca'ncet caé% ' ‘Caricer Registry ; ' Supplementary ’ ) Whe%e thon of canoar 'Repmr of motor vemdes and malor cyc(es
1987 (30} 1976-79 Supplementary pension | pension fund; central | cases cases=0
n=90651 fund; central population | population registry
registry
Dubrow & Mmach;seﬁs Us; et oc- oc “Mechanics g fepalmars vehicls {grotped)’
Wagman 1984a no'zages nieneom
{55) males; 538 &0 ctnﬁiﬁis of the ﬁm}
B S : . A e
NtOSH 2002 (15) |Nationat Qocupational bc oc NOMS populaﬁon *Automabile mechanic™
tortality Surveifiance Pleura and petiloneal -
{NOMS), 28 states; age 15- Whites: n=18, PMR=0.77
90; 1984-1998 Biacks: n=Z, PMR=1.54; p>0.05

Abbteviations. DC = death certificates, n=number, OR=0dds ratio, PMR=proportional morafity ratio, RR=relative risk, SIR=standardized incidence rat, SMOR=standardized mortatiy ratic

Confidence bounds = 5% Cl enless otherwise indicated
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“TABLE 4 (continued)
Studies of mesothelioma among male automobile mechanics
Author T Study Poputation Qutcome Assessment | Exposure assessment } Compatison populafion Mescthelioma Resuits . —\

Studies that focus on mesotheiloma
McDonaldetel | Qusbec Canada desths from | Identified through Ever employment from | Primary. and secondaryiung | "Brakelining instalfation”
1970 {58 pleural and pefifoneal registered pathologists | next-of-kin Géncer deaths fromsame | esses=2, controis=(}

Mmestielioma 195957 ¢ ' questidnnaire : '

=165 . : _ »:ﬁe&h@ﬁﬁ&mdﬁa .

NMcDonald and | Quebec Canada 195&72 Identified through Next-of-kin Secondary lung cancer “Garage workers®
McDonald 1980 |} and USA 1972, deatis from | registered pathologisls | questionnaire deaths from same cases=11, controls=12
(57); fincludes | plewral and perifones! pathologists (1:1}
casss from mesothelioma in n=344 men
MeDonald of of
18701
Tetactal 1983 | Connecticl, USA, deaths | Conneclicut Tumor OCsfprusual | Random sample of DG fles | Job lte: “aviomobife mechariic” - cases not
(58} from mesothelioma arid Reglstry, confinned by . L ofD Heg Iisted o

ottier plyral Wmors, figles | pathaiogy review sty “Automobile repalr-and relsied

> 30 yrs, 1985-77, =136 ‘ - |8épdicRs™-

mesothefiomas, 11 olher. : ! '

WMMMmm_ ; : v

: i R @@M’f_ O I N S i
Makker et al. 1985 8weden mciden! Nationial Swedish Cancer | 1960 Census General Swedish population | "Mechanics and repainmen’
(59 mesotheliomss 195179, | Regishy SiR=24, p<0.01
._[n=318 .
Spitas st al. LA County, A, NY Stite, [Caticer Reglstry Next-olin Intervigws | Not specified 373ke Fning instefiation or repei’
1985 (60} Vaﬁmkdnﬁnbospﬁaﬁ;. Tl T 0R-$0(08-1 8 ‘
.mmm%m&. 4 :
. L - ﬂ=259 Lol N . . o 8 B L R T

Spirtas etal. LA Cwnty, CA NY State Cancer Registries and | Next-ofkin Interviews | Deaths from causes other 'Brake Ening work of repair”
1994 (61) Veterans Admin hospilals, | VA Central Office than cancer, respiratory cases=33 {15.8%), controls=72 (13.5%) (at
{update of Spirtas | mesotheliomas 1975-1980, disease, suicide, ot vislence, | least 55% had additional over! asbesios
of al. 1985) n=208 confirmed cases n=533 exposuia)
Woflowlzend | P atents af fre Oulpatient | Hoapiial setiing interview | 315 Tung canicer cases, 182 | "Motor vBlids mechance
Rodel$perger. difte ¢l ad L ' popaistanbantite .cisu-is. Rrg. nméénm’l&
1894 (80) . Soa{ax Modﬁne eftha ‘pommion confrotae$2’

oy s

essen, TR
: mmmﬁm

Abbreviations: DC = death cerificates, n=number, OR=odds ratio, PMR=proporticnal mortalily ratie, RR=retativ
Confidence bounds = 85% Cluniess otherwise indicated

fisk, SIR dardized nck

rate, SMOR=standaedized mortality cabe
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TABLE 4

Studies of mesothelioma among male autormobile mechanies

Author Study Population

Qulcome Assessment

Exposure sssessment

Comparison population

Mesathetioma Results

Coggon ot af England and Wales, malgs,
1995 (62) e 20-74,

cancer of pleura (n=2,848),
cancer of peritoneutn
{n=362), asbestosis (n=281}
197980, 82-90

bC

be

Ceneral population

“Metor mechanics®
pieural cancer: n=12, PMR=46;
peritoneal cancer. n=3, PMR=88

Teschke stel. | Brilish Columbia, pleural.
1997 (63} raésothetioms, 1990-1992
{n=5§%)

| Agency

Bitish Coliimbla Cancer

inferview with palient

of fidxtof-kin

Rendom selection from
proviiciat votesm ﬁst

Cowo & |24 US States, peciioncal
Dosemeci 1999 | mesotheliomas 1984.92,
{64} £=408 males

166

\.OC,

Deaths from non-ma!ighént

diseases

'Not speuﬁed mecbanm and repaerets =
{oce) as above
=1.8 (0.5-6.5)

Agudo et al. 2000 | 2 provinges in Spsin,
{65) Barcelons, Cadiz; pleurat
mesotheiioma 1993:96,

. mr*m

Hospital based

[ntorview, occupation
aamon(hs

“Occupation, machenics, Motor Vehicies:
sagaky enams.:m

TeDonold el | Unied Fingdorn.

2001 (66) Surveifance of Work-related
end Qccupational
Respirstory Diszase
(SWORD), bom 1943 or
fater, mesothefiomas 1990-
96, n=115 males

SWORD récé:ds '

‘ Oecupaﬁohaé history

from Medical records,
interview with
aractitioner

RS0 S Lo
Census 1960, 1970, 1880,

1990

Autcmobﬂe mechanm not ltsted

Wong 2001 (70) | Meta-analysis of MicDonaid
- ‘snd MeDariatd 1880, Teta ot |~

81,1983, Spirias e of. 1985
. Woxmmamm
1994, Tosohke &t of 1997,
Agudo etal 2000

{s6e individual studies)

(sea ‘mdividuét studigs)y

(seeindividuat studies)

Hemminki et al. | Sweden, alf persons born
2003 {67} after 1931 and their parents,
peritoneal mesothelioma
1951-98, n=06 males

Cancer regisﬁy

Census 1960

T 'Sitaﬂdard E;Jropean

poputation

Mechanics: - Cases=6, SIR=086 (0.3117)

Abbieviations: OC = death certificates, n=number, OR=odds ratlo, PMR=proportional martality ratio, RR=relalive fisk, SIR=

Confidence bounds = 5% Cl unfess othemwise indicated

standerdized Bodence rate, sSMOR=standacdized morality ratio
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presented. All of these studies separately were nul}
and the combined relative risk was 0.90 (95% CI:
0.66-1.23)."

Case Series and Case Reports

Because mesothelioma is rare—The Surveil-
lance, Epidemiology and Risk Propram (SEER)
reports an age-adjusted incidence rate of 2.1 cases
per 100,000 males /71/—diagnoses are often
degcribed in case series or case reports. Such studies
provide little useful information in assessing risk
because the lack of a comparison group precludes
any guantitative estimate. Because of the rarity of
the disease, however, exposure histories do provide
important insights into the potential sources of
exposure. Therefore, for completeness, we include
these studies in our summary.

Case series: We identified six studies in which
all mesothefioma cases in a population diagnosed
during a specific time period were assessed for
their potential exposure to asbestos, including
employment as an automobile mechanic. In 2
series of 41 male patients diagnosed at the London

~ Hospital from 1915 to 1965, one case reported

exposure to crocidolite asbestos through the
manufacture of brake linings /72/. One case out of
413 identified by the Mesothelioma Register in
Great Britain from 1967 to 1968 was employed as
an automobile mechanic. Ship workers (n=75),
asbestos factory workers (n=39), and insulation
workers (n=13) were the most represented
occupations /73/. Seventy cases of mesothelioma
were observed in the region of Nantes-St. Nazaitre,
France between 1956 and (978 /74/. Four were
employed as mechanics. In the Australian
Mesothelioma Surveillance Program, 1980-1985,
871 confirmed cases were identified. Of these
cases, eight were employed as automobile
mechanics /75/. In 3 series of 148 cases of
mesothelioma identified among peasants residing
in rural parts of Turkey, one patient reported

employment as an automobile mechanic /76/. In an
additional study, 13 cases of mesothelioma were
reported over a S-year period among members of
the International Association of Machinists and
Acrospace Workers. One case had been employed
as an automobile mechanic 777/,

We also identified two studies where lung-
fiber analyses were performed on series of meso-
thelioma cases identified by occupation. Roggli
and colleagues /78/ reported asbestos body counts
and levels of commercial and noncommercial
amphibole fibers (a form of asbestos consistently
associated with mesothelioma) among 1445 cases,
including S1 with some work as an automabile
mechanic, brake-repair worker, or brake-line
worker. The results of the fiber burden analysis Jed
the authors to conclude that the tumors were
unlikely to be due to exposure to automotive
brakes (chrysotile fibers). The same researchers
also published a study focusing on 10 cases of
mesothelioma for which brake dust was the only
known source of asbestos exposure /79/. (Whether
these cases were included in the 2002 study is not
clear.} Again the lung fiber analysis suggested that
work as an automobile mechanic is uniikely to
contribute to the development of mesothelioma.

Case reports: Three reports of individual
mesothelioma cases potentially associated with
exposure to asbestos through brake-repair work
were published in the 1980s. Two were automobile
mechanics who experienced no other recorded
potential exposure to asbestos /80-81/, The other
tase was an elevator mechanic who worked with
elevator brake pads /82/. In a letter in response to
this report, Kilpatrick /83/ argued that elevator
mechanics often wotk in buildings that are under-
going renovations and construction. Thus, primary
exposure might have been 1o amphibole from
asbestos fire retardants sprayed into the building
by other workmen, as opposed to chrysotile
asbestos in brake pads. Without a quantitative
cotriparison, the case reports are merely anecdotal,
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DISCUSSION AND CONCLUSIONS

In this paper, we have reviewed the analytical

mesothelioma. It is estimated that it takes at least
10 to 20 years after first exposure to a carcinogen

MUW - Pdide-"-NUN

for these diseases to develop. When duration and

studies of risks of lung cancer or mesothelioma timing of employment is not considered, essentially 5

among automobile mechanics, plus all available vnexposed people are included within the exposed

case series and case reports. These studies group, passibly leading to biased relative risks.

represent thousands of cases of disease and The few studies that considered this fatency,

hundreds of thousands of individuals who were however, did not find increased risks. \ "
folowed. When examined in aggregate, the Potential confounding factors are inadequately CD@@,\LJS"

consistent patiern that emerges from this research
indicates no increase in risk of either lung cancer
or mesothelioma in this occupational group.
Many studies have important limitations,
principally in the exposure assessment in rost
instances. In many studies, men were grouped into
occupation based on one-time reports of usual or
last occupation on death certificates, medical

" was not detailed. One consequence of such

inadequate exposure assessment is that the duration>

of exposure was largely ignored; men who worked
an entire lifetime as an automobile mechanic might
be grouped together with those who had worked in
this occupation for only a short time. Furthermore,

evaluated in the majority of these studies. Cigarette
smoking, the key risk factor for lung cancer, was
seldom assessed. Several studies indicate that
smoking among brake mechanics was more
common than in the comparison group, which
would yield observed relative risks that are
overestimates. Although nearly all studies reported
relative risks near the null value, those that
adjusted for smoking tended to yield relative risks
closer to 1.0, as onme might expect from
confounding by smoking. In addition, some

automobile mechanics may have been employed in
other occupations or involved ‘in other activities

with overt exposures to asbestos potentially
leading to an over-estimated relative risk.
All these limitations also apply to evaluations,

in many of these same studies, of other cccupations
with known overt exposures to asbestos such as
pipefitters, construction workers, and insuvlation
workers. The expected elevated relative risks,
however, were indeed observed for these other
workers, implying that if an excess risk of lung
cancer or mesothelioma had been present among
automobile mechanics, these studies would have
been able to detect it. Furthermore, the exposure to
asbestos, in a form likely to be carcinogenic, was
found to be quite small in industrial hygiene surveys
of brake repair work /10/. In addition, studies of
workers in factorles that manufacture asbestos-
containing brakes do not appear to be at higher risk
for such cancers /11; 84-88/. Thus, these
observations, along with the weight of the evidence
from the studies described here, supports the

some automobile mechanics who were employed 7
in the past might not have been identified becanse ™~
at the time of reporting they were working in
another gccupation, Employment as an “automobile /2
mechanic’ also does not necessarily capture
exposure to brakes or clutch repair work. Few of 5;\;
the studies actually included an assessmenmt of
exposure to friction products. The length of tixnef'l';3>
spent repairing brakes, the actual activities, the
condition of the brakes, and the implementation of
7% safety measures all might influence a person’s
exposure. Grouping together workers with such
different experiences leads to a misclassification of —>
exposure, which may tend to attenuate relative risk
estimates.
Another potemtial source of misclassiﬁcation’@
of exposure is the long latency of lung cancer and ™~

LR

51 °d YELT-EBY-0LL uawa ] pJaeyYO 1Yy

egl1 80 +0 80 ANAONM



———————-—-—-__.‘

Clr " AN

L
o

conclusion that automobile mechanics are not at
elevated risk of lung cancer or mesothelioma from
their occupation.

ACKNOWLEDGMENTS

The authors thank Sarah Corey, Rachel
Adams, leanne Grol, and Jaime Hart for their help
with the preparation of the manuscript. This work
was supported in part through a consultation
agreement with the law firm of Bamard,
Mezzanotte, and Pinnie, who had no control over
the content of this paper and did not see any draft
of the text prior to the final proofs. Dr. Laden was
aiso supported by a National Institute of Health
National Research Service Award T32HL07427.

REFERENCES

1. Agency for Toxic Substances and Discase Registry
{ATSDR). Toxicological profile for asbestos.

"~ Allanta, Georgia: U.S.A. Department of Health and
Human Services, Public Health Service: 2001.

2. Hickish DE, Knight KL. Exposure to asbestos
during brake maintenance. Ann Occup Hyg 1970;
13 17-21,

3. Huncharek M. Brake mechanics, asbestos, and
disease risk. Am J Forensic Med Pathol 1990; 11:
236240,

4. Castleman Bl. Asbestos Disease in Brake Repair
Workers. In: Castleman Bl, ed, Ashestos: Medical
and Legal Aspects. 4” Edition. Englewood Cliffs,
New Jersey, USA: Aspen Publishers, Inc.; 1996;
539-580.

5. Weir FW, Tolar G, Meraz LB. Characterization of
vehicular brake service persoanel exposure to
airborne asbestos and particulate. Appl Occup
Environ Hyg 2001; 16: 1139-46,

6. Williams RL, Muhlbaier JL. Asbestos brake
emissions. Environ Res 1932; 29: 70-82.

7. Rodelsperger K, Jahn H, Brucke! B, Manke J,
Paur R, Woitowitz H-J. Asbestes dust exposure
during brake repair. Am J Ind Med 1986:10:63-
72.

10.

1.

15.

19.

20.

UL Wold gl NUW pUA2-B-n0N

F. LADEN, M.J. STAMPFER, A M. WALKER

Weir FW, Meraz LB. Morphological characteristics
of asbestos fibers released during grinding and
drilling of friction products. Appl Occup Environ
Hyg 2001; 16: 1147-1149.

Kauppinen T, Korhonen K. Exposure to ashestos
during brake maintenance of avtomotive vehicles
by different methods. Am Ind Hyg Assoc J 1987;
48: 495-504.

World Health Organization (WHO). Chrysotile
Asbestos. Geneva, Switzeriand: WHO; 1998,
Cheng W-N, Kong J. A rewospective mortality
study of chrysotile asbestos products workers in
Tianjin 1972-1987. Environ Res 1992; 59: 271
278.

. Cheng VKI, O'Kelly FJ. Asbestos exposute in the

motor vehicle repair and servicing industry in
Hong Kong. J Soc Occup Med 1986; 36: 104106,

. Leigh IP. Occupations, cigarette smoking, and Jung

cancer in the epidemiological follow-up to the
NHANES | and the California Occupational
Mortality Study. Bull NY Acad Med 1996; 75:
370-397.

. National Institute for Occupational Safety and

Health (N{OSH), Division of Respiratory Disease
Stdies, Work-Related Lung Disease Surveillance
Report 2002. Section 16: Smoking Prevalence by
Industry and Occupation. Cincinatti, Ohio, USA:
US. Departiment of Health and Human Services,
Public Health Service, Centers for Disease Control
and Prevention; May 2003.

National Institute for Occupational Safety and -
Health (NIOSH). Letter 1o M.J. Teta from J.T.
Walker regarding inquiry about PMRs for auto
mechanics, with attached data sheets. Cincinatti,
Ohio, USA: U.S. Deparunent of Health and Human
Services, Public Health Service, NIOSH, 2002.

. Carstensen JM, Pershagen G, Eklund G. Smoking-

adjusted incidence of Jung cancer among Swedish
men in different occupations. Int J Epidemiol
1988, 17: 753-758.

. Jarvholm B, Brisman J. Asbestos associated

tumours in car mechenics. Br) Ind Med 1988; 45:
645-646.

. Hansen ES. Mortality of auto mechanics. Scand §

Work Environ Health 1989; 15; 43-46,

Schwantz E. Proportionate mortality ratio analysis
of automobile mechanics and gasoline service station
workers in New Hampshire. Am J Ind Med 1987,
12: 91-99.

Rushton L, Alderson MR, Nagarajah CR. Epidem-

pg - d

PELI-EBY-0DLL

uawa pdJeyoIy

BRI D $0 BN AON



25.

21,

24,

26.

27.

29.

30.
3t
32
33

34.

[LUPR N NV 5]

UL Wog2 Bl NOW +EB2-3-n0N

LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS 59

iological survey of maintenance workers in
London Transport Executive bus parapes and
Chiswick Waorks. Br J Ind Med 1983: 40: 340-345.
Gustavsson P, Plato N, Lidstrom E-B, Hogsted! C.
Lung cancer and exposure to diesel exhaust
among bus garage workers. Scand J Work Environ
Health 1990; 16: 348--354.

2. Blair A, Walrath J, Rogot E. Mortality patterns

among U.S. Veterans by occupation. 1. Cancer.
J Natl Cancer Inst 1985; 75: 10391047,

. Hrubee Z, Blair AE, Rogot E, Vaught J. Mortality

risks by occupation among U.S. veterans of
known smoking status NIH No. 92.3407.
Bethesda, MD, USA: National Institutes of
Heaith; 1992

Entertine PE, McKiever MF. Differential mortality
from lung cancer by occupation. J Occup Med
1963; 5:283-290.

Mitham 8, Jr. Occupational Mortality in Washington
State 1950-1971. Cincinnati, Ohio: USA: US.
Dept. of Health, Education and Welfare: 1976.
Mitham S, Ossiander E. Occupational mortality in
Washington State 1950-1999: Washington State
Department of Labor and Industries; 2001,
Andersen A, Barlow L, Enpeland A, Kjaerheim
KL, E., Pukkala E. Work-related cancer in the
Nordic countries. Scand } Work Eaviron Health
1999; 23 suppl 2: 1-116.

. Menck HR, Henderson BE. Occupational

differences in rates of lung cancer. J Occup Med
1976; 18: 797-801.

Petersen GR, Mitham S, Jr. Occupational
Mortality in the State of California 1959-61.
Bethesda, Maryland, USA: National Institute of
Health; 1980 January 1980. Repact No.: NO1-CP-
33353.

Olsen JH, Jensen OM. QOccupation and risk of
cancer in Denmark: an analysis of 93,810 cancer
cases, 1970-79. Scand ] Work Emviron Health
1987 13 Suppl 1: 5-91.

Morrison SL. Occupational mortality in Scotland.
Br J Ind Med 1957; 14: 130-132

Pearce NE, Howard JK. Occupation, social class
and male cancer mortality in New Zealand, 1974
78. int J Epidemiol 1986; 15: 456~462.

Minder C, Beer-Porizek V. Cancer mortality of
Swiss men by occupation, 19791982, Scand J
Work Environ Health 1992; 18: 1-27.

Lindsay JP, Stavraky KM, Howe GP. The
Canadian labour force ten percent sample study:

35

36.

37.

38.

39.

40.

42,

43,

45.

46.

47,

cancer mortality among men, 1965-1979. J Occup
Med 1993: 35: 408-414.

Firth HM, Cooke KR, Herbison GP. Male cancer
incidence by occupatioh: New Zealand, 1972-
1984. Int J Epidemiol 1996; 25: 1421,
Schoenberg JB, Stemhagen A, Mason TJ,
Patterson J, Bill I, Alunan R. Occupation and hung
cancer risk among New Jersey white males. J Natd
Cancer Inst 1987; 79: 13-21.

Vineis P, Thomas T, Hayes RB, Biot WJ, Mason
T, Pickle LW, et al. Proportion of lung cancers in
males, due to occupation, in different areas of the
U.S.A. IntJ Cancer 1988; 42: 851856,

Lerchen ML, Wiggins CL, Samet JM. Lung
cancer and occupation in New Mexico. J Nati
Cancer Inst 1987; 79: 639-645.

Levin LI, Zheng W, Blot WJ, Gao Y-T, Fraumeni
IF, Jr. Occupation and lung cancer in Shanghai: a
case-control study. Br J Ind Med 1988; 45: 450~
458.

Williams RR, Stegens NL., Goldsmith JR. Associ-
ations of cancer site and type with occupation and
industry from the Third National Cancer Survey

" Interview. J Natl Cancer Inst 1977; 59: 11471156,
41,

Swanson GM, Lin'C-S, Burns PB. Diversity in the
association between occupation and lung cancer
among black and white men. Cancer Epidemiol
Biomarkers Prev 1993; 2: 313-320.

Benhamou S, Benhamou E, Flamant R. Occu-
pational risk factors of lung cancer in a French
case-control study. Br J Ind Med 1988; 45: 231--233.
Spinelli JJ, Gallagher RP, Band PR, Threlfall W1,
Raynor D, Schellekens H. Qccupational associ-
ations among British Columbia cancer patients.
Can § Public Health 1990; 81: 254-258.

. Morabia A, Markowitz S, Garibaldi K, Wynder

EL. Lung cancer and occupation: results of a
multicentre case-control study. Br J Ind Med
1992; 49: 721-727.

Zahm SH, Brownson RC, Chang IC, Davis JR.
Study of lung cancer histologic tvpes, occupation,
and smoking in Missouri. Am J Ind Med 1989;
15: 565~578.

Weng Q-8, Boffetta P, Parkin DM, Kogevinas M.
Occupational risk factors for lung cancer in
Tianjin, China. Am J Ind Med 1995; 28: 353-362.
Breslow L, Hoaglin L., Rasmussen G, Abrams
HK. Occupations and cigarette smoking as factors
in lung cancer. Am ] Public Health 1954; 44:
171181,

“

1e°d

YELI~-EBP-0LL

uawa pJeyYsIy

®61:80 0 BO AON



S s VD

60

48.

49

50.

St

52.

53.

54.

55.

56.

57.

58.

59.

60.

01 Wuga2:iB8  NOW pERZ-8-N0ON

F.LADEN. MJ. STAMPFER, AM. WALKER

Decoufle P, Stanislawezvk K. A Retrospective
Survey of Cancer in Relation to Occupation.
Cincinnati, Ohio, USA: U.S. Department of Health,
Education, and Welfare; 1977.

De Siefani £, Kogevinas M, Bofferta P, Ronco A,
Mendilaharsu M. Occupation and the risk of lung
cancer in Uruguay. Scand J Work Environ Health
1996; 22: 346-352.

Pezzotto SM, Poletto L. Occupation and histp-
pathotogy of lung cancer: a case-control study in
Rosarin, Argenting. Am 1 ind Med 1999; 36: 437~
443,

Dubrow R, Wegman D. Occupational charac-
teristics of cancer victims in Massachusetts 1971
1973, Cincinatti, Ohio, USA: U.S. Department of
Health and Human Services, Public Health Service,
Centers for Disease Control, National Institute for
Qceupationat Safety and Health; 1984,

Milne KL, Sandler DP, Everson RB, Brown SM.
Lung cancer and occupation in Alameda County:
A _death certificate case-control study. Am J ind
Med 1983; 4: 565-575.

Finkelstein M. Occupational associations with
lung cancer in two Ontario cities. Am J Ind Med
1998; 27: 127-136.

Blot WJ, Fraumeni JF, Jr. Cancers of the lung and
pleura. Jn: Schottenfeld D, Fraumeni JF, Jr., eds,
Cancer Epidemiology And Prevention. 2™ Edition.
Oxford, UK: Oxford University Press; 1996; 637
865.

Dubrow R, Wegman DH. Cancer and occupation
in Massachusetts: a death certificate study. Am J
Occup Med 1984; 6: 207-230.

McDonald AD, Harper A, McDeonald JC, el-Attar
OA. Epidemiology of primary malignant mesothe-
fial tumors in Canada. Cancer 1970; 26: 914-919,

McDonald AD, McDonald JC. Malignart meso-
thefioma in North America. Cancer [980; 46:
16501656,

Teta MJ, Lewinsohn HC, Meigs JW, Vidone RA,
Mowad LZ, Flannery JT. Mesothelioma in
Connecticut, 1955-1977: Occupational and geo-
graphic associations. J Occup Med 1983; 25: 745
756.

Malker HS, McLaughlin JK, Weiner JA, Biot W),
Ericsson JL. Peritoneal mesothelioma in the con-
struction industry in Sweden. J Occup Med 1987;
29: 979-980.

Spirtas R, Keehn R, Stark A, Beebe G, Dickson E.
Mesothelioma risk related to occupational or other

61.

62.

63.

64,

65.

67.

68.

69.

70.

7.

72.

asbestos exposure: prehiminary resulls from a
case-control study. Am J Epidemiol 1985; 122: 518,

Spirtas R, Heineman EF, Bernstein L, Beebe GW,
Keehn RJ, Stark A, et al. Malignant mesotheli-
oma: atiributable risk of asbestos exposure. Occup
Environ Med 1994; 51: 804-811.

Coggon D, Inskip H, Winter P, Pannett B.
Differences in occupational mortality from pleural
cancer, peritoneal cancer, and asbestosis. Occup
Environ Med 1995, $§2: 775-777.

Teschke K, Morgan MS, Checkoway H. Franklin
G, Spinelli JJ, van Belle G, et al. Mesothelioma
surveiliance to locale sources of exposure o
asbestos. Can J Public Health 1997; 88: 163168,

Cocco P, Dosemeci M. Peritoneal cancer and
occupational exposure to asbestos: results from
the application of a job-exposure matrix. Am 3 ind
Med 1999; 35: 9-14.

Agudo A, Ganzalez CA, Bleda MJ, Ramirez J,
Hernandez 8, Lopez F, et al. Occupation and risk
of malignant pleural mesothelioma: a case-control
study in Spain. Am J Ind Med 2000; 37: 159-168.

. McDonald JC, Edwards CW, Gibbs AR, Llovd

HM, Pooley FD, Ross DJ, et al. Case-referent
survey of young adults with mesothelioma: 11,
Occupational an:ﬁysas. Ann Oceup Hyg 2001: 45:
519-523.

Hemminki K, Li X Time trends and occupational
risk factors for peritoneal mesothelioma in Sweden,
J Occup Environ Med 2003; 45: 451-455.

Malker HSR, McLaughlin JK, Malker BK, Stone
BJ, Weiner JA, Erickson JLE, et al. Occupational
risks for pleural mesathelioma in Sweden, 1961-
79. 3 Natl Cancer Inst 1985; 74: 61-66.

Woitowitz H-J, Rodelsperger K. Mesothelioma
among car mechanics. Ann Occup Hyp 1994; 38:
635-638.

Wong Q. Malignant mcsothelioma and asbestos
exposure among auto mechanics: appraisal of
scientific evidence. Regul Toxicol Pharmacol
2001; 34: 170-177.

Surveillance Epidemiology and End Results {SEER)
Program {www.seer.cancer.gov). SEER*Siat Data-
base: Incidence--SEER 9 Regs Public-Use, Nov
2002 Sub {1973-2000): National Cancer Institute,
DCCPS, Surveillance Research Program, Cancer
Statistics Branch; released April 2003 based on
the November 2002 submission.

Newhouse ML, Thompson H. Mesothelioma of
pleura and peritoneum following exposure 1o

2ed

PELI-EBY-0LL

uswaT] pueyYDTY

egl1ig80 0 80 AON



http://www.seer.cancw.gov

Hk

73.

74.

75.

76.

77.

78,

-79.

8t

Bt T b N bt

0L WOESBa  NOW bRBZ-8-nON

LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS 61

asbestos in the London area. Brit J Ind Med 1965;
22:261-269.

Greenberg M, Lloyd Davies TA. Mesothelioma
Register 1967-63. Br } Ind Med 1974; 31: 91104,
de Lajartre M, de Lajartre AY. Mesothelioma on
the coast of Brittany, France, Ann NY Acad Sci
1979;330: 323-332.

Ferguson DA, Berry G, Jelihovsky T, Andreas
8B, Rogers AJ), Chung Fung S, et al. The
Australian Mesothelioma Surveillance Program
19761985, Med J Australia 1987; 147 166171,
Baris Y1, Artvini M, Szhin AA. Environmenual
mesothelioma in Turkey. Ann NY Acad Sci 1979;
330: 423-432.

Mancuso TF. Mesothelioma among machinists in
railroad and other industries. Am J Ind Med 1983%;
4: 501513,

Roggli VL, Sharma A, Butnor KJ), Spom T,
Volimer RT. Malignant mesothelioma and occu-
pational exposure 1o asbestos: a clinicopathological
correlation of 1443 cases. Ultrastruct Pathol 2002;
26: 55-63.

Butnor KJ, Sporn TA, Roggli VL. Exposure 1o
breke dust and malignant mesothelioma: a study
of 10 cases with mineral fiber analyses. Ann
Occup Hyg 2003; 47: 325-330.

. Langer AM, McCaughey WT. Mesotheliomaa in a

brake -repair worker (Letter). Lancet 1982; 2:
11011103,

Huncharek M, Muscat J, Capotorto JV. Pleural
mesothelioma in a brake mechanic. Br ) Ind Med
1989; 46 65-71.

82.

23,

84.

85.

86.

87

88.

89;

Huncharek M, Muscat ), Capotorto J. Pleural
mesothelioma in a lift mechanic. Br J Ind Med
1989; 46: 500-501.

Kilpatrick DJ. Pleuvral mesothelioma in a lift
mechanic (Letter). Br J Ind Med 1989; 46: 894,
Newhouse ML, Berry G, Skidmore JL. A mortality
study of workers manufacturing friction materials
with chrysotile asbestos. Ann Oceupy Hyp 1982;
26: 899--909.

Berry G, Newhouse ML. Mortality of workers
manufacturing friction materials using asbestos.
BrJ Ind Med 1983: 40: 1-7.

Newhouse ML, Sullivan KR A mortality study of
workers manufacturing friction materials: 1941
86. Br J Ind Med 1989; 46: 176-179.

McDonald AD, Fry JS, Woolley A, McDonald
JC. Dust exposure and mortality in an American
chrysotile asbestos friction products plant. Br J
Ind Med 1984; 41: 151157,

Finkelstein MM. Mortality rates ameng employees
potentially exposed to chrysotile asbestos at two
automotive parts factories. CMAJ 1989: 141:
125-130.

Howe GR, Liridsay JP. A follow-up study of a
ten-percent sample of the Canadian Jabor force. 1.
Cancer mortality in males, 1965-73. } Natl Cancer
Inst 1983; 70: 37-44. ;

. Burns PB, Swanson GM. The Occupational

Cancer Incidence Surveillance Study (OCISS):
Risk of lung cancer by usual occupation and
industry in the Detroit Metropolitan Area. Am J
Ind Med 1991; 19: 655-671.

m—_ﬂ

g2 d

+PELI-EBP-0LL

UDWI™T DUABUD TN

enZ:en 1N 8N AO0N



