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ABSTRACT

BACKGROUND Extmswe, overt, ashestos
cxposure cluriy uusec Inug eamcer ,:nud

. msoﬂ:dmma. Elcv-ls:d umcer r.nsk ‘bas lso

lsbuhs I brﬂ:ea, bn! adtomoblle méchanlm
are ‘Tncluded in- many shdm of: occnpat!on and
caucer, ME'ﬂlODS. We- critlmlly revlewcd all
epndemlologlc s\ndlcs of .lung’ ‘eancer -and
mrsothehom rlsk among male u‘dtomobﬂe
me:hnlel idenﬁﬁcd through &° bmﬂdly based -
Medllne search and scrutiny of refert-neu Jin

-----

_studles gronped by smly dmgn nnd eontrol for

stunklng, ‘the’ nnjor risk Tactor for Inng cancer.
RESUL‘I‘SICONCLUSIONS We mmnd ail

'fndhldnal  amalyticil  studies meeﬁng our

u'itcrh, plas all avallnble m: sena -nd ease
reports. "Whei  examinéd “in aggregau, the

- ‘evidence did a6t sapport. an Increasé ip rlsk of -

either lung eaitcer or mésothelioma among  msile
sutbriaobile” mechnics ou:npaﬁonally exposed
to ubatoa from bnke npanr. A
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'xsy\:aio'm)s '.

- Eleated Ginger ik hik olsébeen dodiniined for °

shoit wlm or low’ lmls of asbcstos exposun: yiIA
.Automobxle mcchamm are potenhally exposed to
low levels of asbestos lhrough repair of friction
marcnnls F:w s’afdm, how::var, havc Specxﬁcal!y
‘lung Ccancér "and
mosothehomn nssacxated w;th work o1, amomobnlc
bmkes ‘In this paper, we ‘sulminarize and cnucally
review e nva.dable epldemlolog:c studies ‘on the
risk’ of lung mccr and mcsothel:oma assoclatcd
with work 5 an sufomobile mechanic, © <

_: About 50% of the composition of brake linings
and brake shoes’ ‘donsists ﬁf cl'u'ysotile asbcstos
enmpsula!ed in & p}mohc mm. The use of suth
products n automobiles,’ busex, “and other licavy
equipment causes thern to wear, xelmlng a fine
dust of amorphous material togc:hcr with vcry
§mall fibers /27, Automobile mcchamcs wre
potentially exposed to asbestos fibers when thcy
grind uséd Tinings, bevel new linirigs, 'or remove
the loose dust fromy the brake drum and back plates
using compressed air, brushes, or wet cloths 3/,
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40 F. LADEN, M.J. STAMPFER, AM. WALKER -

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
vacuum Systems ot exhaust venfilation systems,
effectively fower the exposure /4~5/. Furthermore,
the availability of asbestos fibers in used brakes is
markedly . reduced because hrgh tzmpmtnm

during brakmg degrade thc wvast ma;omy ot‘ “the

"asbestos “into “nonfibrous ‘magnesivm’ silicate 761,

Less than one-perceat of the dust released in work

on brakes contains <hrysotile fibers that are Jonger
than ﬁve microns, the size known to be relévant to
Mpuntory health /7/. Grinding. and drilling of
friction pads’ also releases fibers whlch haye beén
of concern. Detailed swdy of .this matena! has

. x';v‘wlcd howcv:r, tha! t.ﬁc ﬁber; consxstcntly

~gnndmg and dnllmg “alss appea.r 10 posc 06
. lmpomm:)cpqsyrewasbesmsfbers.

e a‘bso[ute cxposug “fevel i is mﬁuenoed by
ﬂwdismncamﬂ\gsourcc, ili¢ type mddurapon of.
activity; ‘as ‘wel} ‘as By the type .of brake. For
mmple. drum brakes used for a-ucks, buses, and
certain pasmger cars, reguiire more cleaning “than
disc -brakes _used only. in passcager cars /9.
lndusmal hyg:cng rcpons taking’ measurcmcms of
dust nnd fiber gcnemtnd during clutch. and brake
Fepair ; ~work - demonstxate that the cxposurc ‘10

: asbestos sfrom: this: work is low. mtcmucut and

bnef A In the 19705, bcfo:e thc currcm

- permissible equsure limit of 0.1 TmL (ﬁbets per

mjlliliter of ajr) was pmposcd by the United States
(U.S) chpauoml ‘Safety and . Huslth
Admi:nmuon, cpasodnc peak mncmhahm\s of up
loose dust., Pmcncally all mmsumd Ipvels
publxshed after !987, howam, were less than 02
t7mL, end tme—wughted average exXposures dmng
passenger vehxcle répair, in the 1980s were gcncmlly
fess than 0 05 fmL /10-12/. Non:ﬂie!es. the
question remains, were these low levcls of asbestos
exposure associated with mrcmogm:c risk A3/,

Concemns sbout this possibility led to wamings,
from both government apencies and companies,
but with little or no epidemiologic evidence. We
therefore reviewed the epidemiologic studies that
provided data on tisk of lung cancer and
mesothelioma among sutomobile mechanics,

METHODS

We ldcnbfied studm af lung cancer s.nd
wesothelioma risk aniong motor vehicle mechanics
through computcr smcb& and scrutiny. of rcf‘crcnccs
in pnmary and mncw amol&& RGY an attempt fo

'Ms_n\r,;/cys .of ocpupa!i
bde mechanm. Bwunsc of

e wenﬁal for publicanon ‘Bias by both Jivesti
zﬂeas&nd.to;mlsmbtgtﬂnght positiye. ﬁndmes.we :

pecformeéd’ broadl)e based Mcdlme sﬂ:dxes (1966
through ‘August 2003) MSIng 85 “key. words cama‘,
hmg cancer, occ:paaon and mesothehqma We
gdcrmﬁed mny useful studjes that mtght have been
overldoked bemnse they-did not spectﬁmlly mmtlon

. m,nqmobxle meehamw m the uﬁe or. abstm:t. We

also’ eontacted nuthoxs for supp!ememal data and
tabls if it appwed that the xelcv:mt resu}ts were
avmlable but did pot meet the entem dscnbed for

inclusion ; in the pubhshed paper "We focused

spccxﬁcally on m;:omoblle mechamcs, &s opposed 10
broad . oec\q)ahonal of mdustml categories. For
comp!ewncss, howeyes, we also. included. papcrs
that discuss the occupation “mechanics, mpecfd
Sepsraxely ‘we _considered papers, that do not
mention amomobxle mechaniés’ b\n from their
dcsxgn and . results’ we -concluded that’ amomobde
mechanics would have been mcluded 1f_the results
had been positive. Therefore, we included all studies
in which specific occupations were cunsidered. The
review is limited to studies of men.
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> -31.5%; among-the: hxglst of those» occupanoms
: .":' prescmed 114/ Also,. s idencé: i g

- dfispase (COPD} “among: men:hatms or example
Vi the- 14 year, 28-state ‘Nanof;al Oegxpahnnal

LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS

Not all studies in this discussion controlled for
cigarette 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 placéd. more ¢imphasis on the
studies that included smoking information in their .
analyses, Available ocwpatiohal S\uvey data on
smoking is limited..A’ survey-in the U. S. however, .
found that sutdémobile: mechanics tahked third in

‘smoking prevalence out of 61 occupations surveyed,

with twice the®average cigarette consimption of

- many othes- similerly ‘skilled workeis: /§3/In The

National Center’ for Health Sb,tlans 2000 Natlom!

. Health Interview Survcy, xhc prevalcnce of cum:nt

smoking: among repéu’trs ‘and - machamcs was .

deazb, “such. as chmmc

Mormlﬁy Survcdlance (NOMS) study. wvmng
66 IS0 deaths AMONg male automoblle mechamcs,
the proportional  mortality from" COPD  was
statistically significantly elevated; at1.15 /i5/.
Studies "that do fiot ‘control for - smokmg gre |

- therefore - hkely to -be- confblmded and “io,

ovemmmate any agsociation betwcm wqu as &
vehicle mechidnic @nd risk of lung ‘ceincet. AS an
ilTustration, Ca:stenscn and wllwgues AT/ found
that aocoanhng “for smoking eliminatett an apparent

‘excess lung’ ‘wéneer risk in. mechanics and
'repwmenmchdcn. :

We d:sum separately studies of lung canter
and mesotheliome. - Thé details on- study design,
including study populanon, assessment of exposure
and outcome, comparison populanon, and facfors
adjusted.for; and the main rwults are pmsented in
the tables. We present the risk = estimiates
(standardized mortality ratios [SMR], standardized
incidence ratios [SIR], proportional mortality ratios
[PMR], -odds ratios [OR], relafive isk "[RR],

'.1 and. Ha.nscn n'sz Jdenﬁﬁed anhomobx!e mechamcs
o thmugh populanon ey
S exmﬁ thls

- 41

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 sdditional estimates from the
information included i the papers. The tables are
organized by study.design, and, for lung cances, by
- whether the authors. oontrolled for smokmg in their
ana!ysls. L e - .

v LUNG CANCER' _'

smdia ot‘ Pnpnlnhons orAutnmobllc and Bus
'Mu:hnlcs R

.ty

'data,, nndSchwa:tz ll9/
mformanon “from: ibe, usual,
* gceupation’ rccorded oit dcath cutxﬁcum Rushiba
et al. /20/.and GnstavsSon et al. 21 constiucted
their _cohorts * and  determined ckposuré _ from
| mployee work -history | fecords -at - bus garages in
London‘and Stockholm, rcspectwely Inall but the

-Hansen “study the: cancer sisk. of “the ‘exposed’

population (mxtomobn}c mechamcs) was.compared

" with the nsk in the gencral population. Hansen
- instead consuuctad a oompanson gioup of skilled

“workers. mcludmg cmp:mezs-. ¢lectricians, instru-

.'ment makﬂ's, dm:ymm. wpholsteress, and glaziers,
.- This gmup was thought to besimilar to automobile.
_, mechanics in terms of physical demands, life-style
. habits—including smokmg, geogmp?uc d’ stribution

and socloeoononuestams : P

- With the uccpuon ‘of the J’arvholm and anman
study (SMR: 1.70, p <0.01) /17/, no significant
association of Jung cances risk with occupation as
an sutomobile  mechanic emerged. from .these
studies. Gustavsson and colleagues /21/ calculated
curmmulative exposure o asbestos, as well as diesel

HWBUI0011504
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LUNG CANCER AND MESOTHELIOMA TN AUTO MECHANICS

exhaust, over & 25-year period, extrapolating from
work histories and a current industrial hygiene
assessment. The authors observed a statistically
nonsignificant elevation of Jung cancer incidence
overall (SIR: 1.61; 95% Cl: 0.94~2.57), but no
dose-response association with asbestos exposure.
Schwanz reported 2 PMR of 1.12 (95% CI: 0.82~
153} and the SMRs seported by Rushton et al. 20/

and Hansen /18/ weie ot elevated. None of thse N

five studies ad;usted for smokmg. -

Survey and Cohort, Studxs of Occnpauon and -

Cnncer
R 'V e

“
T

] Tlme stud:es were undertaken to undustand o
. ,the refation betwien: .‘u'ancty of. oocupatwnsmd Can

. the nsk of lun° cancer spacuﬁcally, or canocf i,

relied on canger. r:gnsmx or death ccmﬁmmt -for.

y " * o getierdl fo'a. derned,popula*ﬁon (Fable 2)."Most: -~

43

(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 colfeagues /16/ took advantage
of Sweden's extensive population records system
to evaluate the incidence of lung cancer. The

. authors focused: ot} 6m1!hon men’ agacDD to-64

who were, cmploycd in 1960, 'ic rweaxthers
mvxcw:d national. canéer registiy ﬁ!cs for any
oceurrence’ of Iung cancer from 1961 through

1979, Occupation via$ dérermined ﬁom the 1960
cepsus. Carstenscns group “did_ not atxcmpt o’

. ‘evaluate the' smokmg habits oi' ach worket. but

. .\-,

outcome and expOSune asnmmxt, usually deﬁmng_

expasyre, ‘as .last. knowi - or - usual’ ocoupation. ., .-

Lung cancer: rates among automob'le mechanics
are mmpared elther L7 mtes in the- general popu-
lation or to rates'in the entire cobort under study '

Two. large. cohort " studies .controlled for .

smoking. In the most comprcbcnswc survey of

caneer and ooeupa!.lon, Blair and co!leagus Y .

evaluated the’ rc]ahon between occupat:on and -

specific canocr sites, over &- lﬁ-ym period in

293,958 U.S. veterans £221. Information on ususl :
occupation ‘was. pbtained. through two interviews

. admiinistered near the beginning “of follow-up- in
1954, and outéome information was extracted from
death ceitificates through 1970. The study was
updated. tfifough: 1980 by Hribec /23/. At the
interview, information on smoking habits was ajso

obtained. Risks for each occupmon and each

cancer . site were u!culated, within ea:e,gons
defined by’ smoking habit:” No excess of ung
cancer was found for automobile mechanics in the

original Blair report {SMR=1.03, p>0.05) or of '

mmj of the mplmog_y. system in the update

- such .ad“ustmcnt,

“they: did’ esumate.the amgunt of smokmg in each
occupauonal gtoup_

lzz) No. sepacra;e, fnore =spcaﬁc asnmate was
madcfor automobxle mechanlcs alone.

The réimainder of th cohort studmrcheé .;olcly ‘

on registries or death certificatés for, mt‘onnanan on
otcupation and disease surveiliance i a given
geographic area Therefore; informidtion on potential
confounders, ircluding smoking, Wag not available.
.The resufts from these studies were m:xed’. Entzrline
and MecKiever 1247 observed - a staushcally

" significant association of work as ani ‘sulomobile

inechanic with Jung . cancer monahty in the US.
popnlatlon in ..3950".(SMR = 1.28). - Mllbmn and
colleagues /25/ sutveyed deuths - m Washmgton
_ State, first in 1976, with updsm:s every: 10 ‘years
. through 1999 726/, In the 1999 publication, the PMR
for lung canicer deathsarhong automobile mechanics
was statistically significantly clcva!ed at 1,15. This
rcsuntsmm!artomeﬁndm@mpomdmthe
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 automobile
mechanics /15/. Although the excess monality for
each group was modest, the sample size was large

“SIR for ‘methianics “and
., Jepainmen tiken’ togesher s 1, 7% (95% 1092 .

bas'edonsu:veys,apdnscd-' :
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LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS 47

and the PMRs were statistically significant. In
another large study, In the Nordic countres,
Andersen and colleagues 127/ observed an elevated
SIR (1.2; 95% CI: 1.2-1.4) for lung cancer among
mechanics and. fron and metal workers grouped
together 127/, The results - for - automobile
mechanics were_not presented sepamely. The
Leigh study, mcntlohed carlier, observed an SMR
of 1.31. (95% Cr.’ 1.08-1.54)-in the’ Cahforma

Occupational Morta!nty Study: The euthuts_ dtd not
control for smoking, however, althotigh fn the,

same’ publication they discuss the high-smdking
rates in this occupational group /13/. Menck and
Hendersoh 297 surveyed mcidcm:e ‘and mortahty

.nf lung canccr m Los Angclw County and reponed )

'_mcludmg automoblle nwcl}anlcs. but. llstcd only T

and Denmark, respestively.

'For comparison, we exammed e nsks of Iung ‘
cancer rcpoﬁed for: bthier - occupamons mcludcd in .

these studies. Consistently, occupations with known

ashestos exposure, such as. pvpe fitters;: sh:pyard ;

workers, and steel workcrs, had c]evated nsks of

. Our swth ldcnnﬁed ﬁvc addmonal surveyl .
cohért smdxes that - defined exposure to the'

ocqupauona! level but did not mention automobile
-mechanics 73135/, For these studm, we sutmxsed

from the level of detail of the occupanon and

exposure assessment that *aytomobile mechsnic’

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 {dentified as linked with lung
cancer risk, coupled with sileace regarding
automobile mechanics, provides further, although
indirect, confirmatory- evxdenoc against an
association. .

Case-Control Studls

o

We categonzed the casc-control studxcs by

:g".:'.\whzthu the study qontm!led for smoking;

e the source ‘of the control populatxon. and

» whether they specifically include. infoimation
" on automobile mechanics as opposcd o a
'broadér category of mechamas . ;

A ntxé} for smokmg an oﬁler,nsk factors is
e ;_ClOSCl)' -related: to thc sclcchon of lhc commt .

".;-‘populanon, s most populahon and hosplml-based_ )
. :studxgs can 7 /oblain. mfpnnzMzn on’ potcnhal a
the. ocmpauons -w-th elevated” :a(w Automobzte o confonnders ‘Whereas ﬂmh—cemﬁcato studsw are.
mcchamm wgre not mcluaed Sn thaf Hst: l’clcrsm.".u.'_ o ;
“nd Milham 729/ and Ofsén.and Jensen 30/did not | ™
‘observe a mnstxcally significant -excess of lung .
“gancer among astornobile mechamcs m Cal;fomla

uot. Thc detzuls ‘are; pmted in Table 3 .

> The studies that mly on contmls selecwd fmm
the _genesal popu]auon and include complete job
and" smokmg ‘histories collected by. inerview are

. the most mfonnatwe Ins US. smdy in dreas of

New. “Jorsey " with' l'ugh lung cancer rates,

- Schoenberg and oollcagtm /361 identified 763 lung

cancer ciises from the staté cancer segistiy and 900
population-based- controls. - Thc authors defined
‘autompbile mccham&s as§ anyone- worhng for at

- feast 3 mdnths after age 12 in that ph)fessxon The

smokmg-ad' usted OR was miodestly elevated but

" not statistically - significant {OR = 1.4; 95% CE:

0.84—-2.30) Vineis /37/ and others “incorporated

) .ibwe data wrth Sm-u!ar mformahon frmn cancer
) registncs and- cooperatmg hospitils in Louisiana,

Floridé, Pennsyivania, and Virginia, but also found
no statistically srgmﬁcant dlﬁ'crences between the

- case and control groups in’ prevnom employment as

an automobxlc mechanic. Lerchen and coworkers
738/ in New Mexico compared.333 men with.lung

. cancer- to 499 men selected from the state’s

HWBUI0011510
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LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS

population. The authors found proportionately
fewer atomobile mechanics (identified as in the
Schoenberg study) ‘among the cases than the
controls (OR = 0.9; 95% Ci: 0.5-1.9). A similarly
designed study in Shanghai China did not mention
automobilc mechanics.in their resuits /397,

" Next we ‘review case-control studies that
compare. lung cancer cases:to men with other kinds
of -caitcer. This® apiproach is .not g5 relmble ‘as
selecting -controls »fiom, the gencral popul:mon
because the’ authors frust assume’ that' automobalc

mechanics ;re -at’ the same risk ds, the péderal

population. for those other .cancers used " for

wmpmson As.in “the “geigral popﬁlatlon smdtes, :

work”and smuking histonw wene' obnamo(l by

mtemew W:lham; and collugm 14()/‘ compnred.'

mechmw was“fouad am’nng t.am comparod vmh:;
‘conlmlsMOl Bum;»and Swanson PITA workmg m -
thie Detroit Metropolm HAres; found o statistidally’

mgmﬁumt ‘OR for amomobﬂe méchanies when

comparing lung cancercases with colorectal cincer

cases (OR =1.72;'95% CI: 1:15-2.59). This resuit
more’ llkcly reprmnts a- deficit: of aufomobile
mcchamcs .smong: :patients with’ colorectal cancer
thein § a-dirett link With jung cancer. In 2 follow-up
of this stidy, the-anthors evaluated she’ risk of lung
cancer' by number. of ycars employed in specxﬁc
occupations ‘séparately ‘fof -black aud white inén,

"The snthors -observed 'a sngmﬁcant excess - of
automobile mechamcs who had ‘been working for
at least 20 years among black‘lung CBNcer cases
(OR =5.9;95% Cl: 1.4-35.0) but rict among white
cases (OR = 1.5; 95% CI: 0.70~3.00). The number

of blsck cases and controfs Was sinall, however,.

and risk did not. incréase, lincarly with incréasing
years of cmp!oyment “in “either white or black
subjects. Three casocontro{ studies compared men

hospitafized for Tung canéer with men hospitalized

for other ciuses, controfled for -smoking, and

specifically assessed automobile mechanics. None
of the three studies foumd an excess of amtomobile
mechanics among the cases compared with the
controls /42~44/, i

- We'also identified six additional case-contro}
studies using cancer controls that included results
for & more- gencral - grouping of mechanics,
prfsumab!y- mc!udmg automebile  mechanics,
Zahm ef -al. ~/45/ ‘observed “a modest’ excess of

mechanics and repairers -among “Jung’. cancer .

conhjols in M_lssoun (OR = 1.3_ 95% CL 1.0-1.7).
The - other: five . siudies “found -wio -material
association between work as'a mecbamc and lung
cancérrisk /465001 - 1 L e

In three dmxh-cemﬁmtc based casc-cm!uol
stuglw, the nohtm!s vere driwn from ‘amoigithe

" npi-lung ‘Eancer dcaths.in thé general populauon )

Tﬁé&é‘smdau Teligd: onithe- information provided

: .cm ‘the, dcﬂth cerﬁﬁwtc fo-deteimine “iisual OF ‘Hast
.wcuﬁatlcn and “did “hot . comml for smokmgr -
.. Dubrow, and Wegman obscned 29% IS 8id
"“Milne” anid "colicagues®. 20% - more: aiffomobile
. mechanies /52/ among thezrqascsﬂmnamong théir .
" controls. Neither result was statistically significant:

In a similarly, dcsagned study by Finkelstein and
collésgues /53/,°12% fewei- automobrlc inechsnics
were found among lung cancer dearh& than among

" other d&:hs

e 'st‘o'ms uou'A
C.nse—Conh’ol and Cohort Stadles

Bxposurc 'to asbmtos is strongly ‘associated
with risk of malignant mésothelionia of the pleural
and peritonéal lining, A'baseline- mcldcnoc ‘of the
disease’is not attributable o asbestos exposure, but
in the majotity of cases some contact with asbestos
cai be documented /547, Although only amphibole
fibers, as opposed to chrysotile (the asbestos form
used in friction- products), have been consistently

[ SRUURN N U WM S SRR
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linked with the diseass /547, 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 focusmg on automobile and bus mechanics
{one each by Jarvholm ‘and Brisman /177 snd by
Hansen N8/-and two by Gustavsson et al. 21/). In

all" cases™the authors fentioned . “possible other '

types.. of exposure 1o .asbestos from prcv:ous
cmploymcm ‘and concludcd that no suggstxon of
an increased risk -of . m&sothclloma could be

aséribed. o work - "as""ah - stomobile - ‘or. 'bus
,mcclmm. M:soﬂre!lamwasn?oncdmtbzeeof :

the. gcneral cancer Surveys. ol sen md Jcmcn 1%

. . stited Hat-nix Fesothelioms “casds, were fepbitéd

among | men, . who npaxred automobﬂs_ and

"motorcyc]ea mDmmarl: Dubt‘ow ;h'd‘chma;u'
4551 rcpo!fed on’mesothelioma but rlui»not observe . - :
" aiif. Gases: amoiig “sitomobilc. - ichanics. . TRe "
NOM_S study. reported .18 msoths_hqmas among .

white automobile mechanics' (PMR = 0.77) and 2
among- black - mec.hamcs (PMR = 1.54) /15/. The
Blaic study :of -cancer mortality among -U.S.
velerans .did .ot mention mesothetioma /22/,:and
the follow-up study by Hrubec et-al. f23/ giotiped
all respiratory cancers together. .

We uicntlﬁed 11 studies that focused on
mmthehom and . occupation- 156—671. None of
these studies reported = significamt association
between mesothelioma and work spegifically as an
sutomobile mechanic.-Malker and colleagues /68/
observed a - statistically sngnlﬁam elévated
incidence of mesothelioma . among  the .broad
category ¢ of mechanics, and repalmmen (not limited
fo amomobllc mechanics), This finding, howevcr,
was based on only 16 cases dispersed across a
variety of industries, including railroad equipment
manufacture, sugar factories, and shipbuilding, so
whether the cascs were exposed to asbestos

through work on brakes is unclear. Jarvholm and
Brisman’s study /17/, cited ecarlier, extended
Malker's work, focusing .more closely on auto-
mobile mochamcs, among whom only one case of
mesothelioma. -was found. All these studies
reported an increased representation of insulation

. workers and other jobs with overt asbestos exposure

. among the cases, lending -further. cmdibmty o the
null ﬁndmgs for auw:nobilc mechamm.
Wonomtz and Rodclsperger petformed a coase-
comm! smdy of 324 “chses. of: mwothchoma in
Germany and _presented | the mults relating to
. entomobile mechanus m a scparaw publication
169)‘. --The . authors ldennﬁed* :16° -autompobile
mechanrcs amnng the case -patients, 2 and 16 among

"3,

315/bospcta1 commlg most .of wbom had lung )

msothehom “was foun& fo:nutomobxlc ‘mechanics
using the populatwn controls.: The authors, dnclude
individual descriptions of duration of employment,
_ history..of _brake service, and other . asbestos.
exposure for ‘each amomobﬂe mechanic, Al work
histories were very. snmxlar rcgmdlcss of thejr
dxs&se status. Becaus: ‘no comparison stansms,
including ORs, were calculated, and the nature of
this study. was_primasily descriptive, it may be
moxe appropriate to coisider this investigation-a
case series 8s Opgosqd to a foxmal case-comrol

ln 2001, \Vong 70/ pubhshed a nv.-.ta malysrs

combining. the results. from-$ix stidies that
asscssed mwo&hehoma . among  automobile
mechamcs——McDona!d a.nd McDona!d. 1980 /57/,
Teta et al., 1983 /58/, Spinas etal., 1985 160/, 1994
/614, : Woitowitz and Rodelsperger, 1994 /69/,
_Teschke et al, 1997 (63) and Agudo et al,, 2000
165/. Wong calculatcd the RRs for the individual
studies fror the available data when they were not

abe el e
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. Julmg -8 speclf ic hmq
) thelr potent:al exposie .
emyloyment -3s.-an a!:mlnobﬂc mecﬁamc. tn a -
séries of 41 male patients diagnosed at the Lomion S
Hospital from 1915 0 1965, one case: reported -
'exposure to cromdollte .ashestos’ through “the
manbficure of brﬂ‘ehmngsnzf One case oit’ of .

e a2

36 F.LADEN, M.I. STAMPFER, A.M. WALKER

presented. All of these studies separately were null
and the combined selative risk was 0.90 (95% Cl:
0.66-1.23).

Case Seria snd Case Repoﬁs

Bwausc msothelmma is me—-‘fhc Survexl-

lance, Bpldmmology and - Risk Program (SEER)-‘- -
reports 2n age-adjus!ed mc!dem?e fate of 2.1 cases. .
pes 1100,000 mafes: /7] lf—dlagnoss are”, ofien, -
dum‘bcd in casé seties’ or-clisé Fpeports. Such studus'ﬁ v
* provide litile usefal mformanon in essessing figk

beause the lack of a companson proup prcc!udcs

" any’ quanmamte em:nate Beeause of the' rant! of

- 413 ldenhﬁed by the Mesothelioma Regxster in

Great Britain fmm 1967 o 1968 was employed ds
an automobile mechanic. Shlp workers (0= 75),

-asbmas faciory workers (nv 39), and insulation -

workers’ (r=13) Wc:e -the most repmented

oooupahons 73/, Sevcnty Eases, Bl mmtbehoma, '.‘.
ere observed jn the reguon of Nahtes-St, 'Nanme,
Franee ‘between. 1936 2nd 1978 7741, Four ‘were -

empioyed .S rhechgniés. g - the: Australian
Mesothelioma: Survelllmoe Progmn. 19801985,
871 confirmed mses were identified. of thesc
cases, e:ght were cmploycd as sntomobn!c
mechamcs 7151, In ‘a series of <148 cases of
mesotheliofna: identified among peasants mdmg
in rural parts of Tutkey, one patient repor&ed

employment as an automobile mechanic 176/, In an

- additional study, 13 cases of mesothelioma were

reported over a-5-year period among members of

" the Inhemanonal Association of Machinists and

_ Acrospace ‘Workets: One case had’ been cmp!oyed
. as an automobile mechanic /77/.

- We also xdennﬁéd two studies where lung-
.,-ﬁber analyss were perfonne& on series of meso-
" thelioma cases’ xdmhiied by occupatmn. R.oggll
" and colleaguu /781 rcponed ubm: body counts
“and levels “of 'chrmercial. and” noncommercial
_amphiboie. fitiers. {4 form of asbesfos consistently

. assomamd w;th mcsothehoma) among 1445 cases,

includin‘g Sl _with ‘s . work as an amomgb)!e
'mechamc, btakc—repa.\f' worker. o:, brakc-hnc

ﬂmc cases werc mc!uded in the. 2002 study #3 not
i:lcar) Agam the !ung fiber ahalysis suggwwd that
‘work - as.;an’ automobile .mechanic is; unhkqu to

. contnbutc fo the dwélopmcnl of mesothelioma.

~Case. reparrs‘ TFhree reports of mdmdual

e me.sothehoma ‘casts. potentially associated with
< exposure 13 -asbesios through - bmkcm:palr work
- were published in the 1980s. Two' were astomobile
mechamas who' ekpmenced ‘o dther recorded
potcnt:a! exposune 'to-ﬁbseos 180-811. other
casé was an elevator. mchamc who' worked with
elevator brake" pads ISZ/. ln a lettér § ip response to
t!'us repon, Kilpatrick 183) argucd that clevator
mechamcs often work in; buxldmgs that-are under-

' going renovations and consu‘uchon. Thus, primary
sgxposure “might -have - been to- nmphtbble from

- asbestos fire retardants sprayed into the building

by other \vm'kmar, as” opposed to chrysotile

" asbestos in brake pads. Without a quantitative

companson the case reparts are me_:rc!y aneedotal.

vidrken: The fesulis o"me fiber. buirden anarys:s fed -

k:'w.wn soume of asbesios ex;;osure fl9l (\Vh&h& )
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LUNG CANCER AND MESOTHELIOMA IN AUTO MECHANICS 57

DISCUSSION AND CONCLUSIONS

In this paper, we have reviewed the analytical
studies of risks of lung cancer or mesothelioma
among automobile.mechanics, plus all available
case series, and case reports. These studies
represent thousands of cases of disease and
hundreds .of thousands of individuals who were
follo\vcd When - exam;ned i’ aggrega!e the
consistent pmem that eroerges’ from this résearch
indicates no. muease in risk of enher lung cancer
or mosoﬂxelmm, n'this occupational group. .

.. Many studies - have. unporta.nt lmutat:ons,
pnnc!pally 4n the. ekposure asswsmzm in most
R mstanmq. “In many smdxcs, men were gmupcd into
. occuf)au bas«!"‘on‘qne—tlme reports ‘of usual o
last ‘o&upation ‘on’ death " certificates, . medlca.!
‘vegonds; ot the w;sux', Otherstudxs inchuded some

assessinent: of fifetime. work: history;: but ofien.it

:was « pdt détailed; Onz consequcmc “of,’Such
madcquate axposum asscssmcnt is ﬂiat\hedumon
of exposute Was largely ig,nored’ “Hen who worked

an enfire | hfeume es an automobile mecbamc might -

be grouped .tog:ther with those who had worked in
* this occupation for only 2 short time. Furthermore,
some gutomobile mechanics who were employed
m the past might not have been 1d¢mhf' ed because
at- e tjme of repoiting they wm workmg in
'anodwr dccupation.. Employment 85" an ‘automobnlc
mec!mmc ‘also " does .not.. necessarily, capiure
exposure. 1. brakes or ‘clutch repair. wark.. Eew of
the- studies - actually included an assessment of
exposure lo friction products. The' leigth of time
spent repairing brakes, "the actual activities, the
condition oT the bmkts, and the unplancmzm:m of
safdy measu:cs all mlght influence a person’s

exposure. Gmupmg togcther w«kers with such

different experiences leads toa mxsclassxf cation of
exposure, which may tend 16 attenuate relanve risk
estimates.

* Another’ potenhal sotirce of* mxsclass:ﬁw:on
c_»f exposure is the long Jatency of lung cancer and

. ad‘n"iste&" r* aﬁng*mdea“ i

mesothelioma. It is estimated that it takes at Jeast
10 10 20 years after first exposure to & carcinogen
for these diseases 1o develop. When duration and
timing of employment is not considered, essentially
unexposed people are included within the exposed
group, possibly leading to biased relative risks.
The -few studies that considered this latency,
howcver. did not find increased risks.
Potmhal eonfoundmg factors’ are madequalely
eva]uated in the ma_;onty of ﬂusc s:ud:&s. Clgardtc
smokxug. ‘the key nsk fsctor for lnng csncer, was

. scldom nsscsscd “ Sevieral “studies -jndicate _that
smokmg among’ brake mcchamcs was - more

commoh “than Jin; ﬁxg companson group, wluch
wm:ld yield obsewed :c'laﬁve ns‘&s that..a:c

s

-re!anve nsks near the wu ,value, thosc that

confoundxng by smokmg.“ ln addrﬁon, “some

automoblle mechamcs may havé been cmployed in_
othes “Getupations or mvolved in othet activities

with ovaf cxposums to’ asbestos polmhally
leadmg toan ovcr-estnnated relative; Fisk.

. All-these-limitations also apply 10 gvaluations,
in many of these same studm, of other becupétions
with knuwn’nvat exposzms ta asbestos such as
ptpeﬁttexs. “construction ~workers, and msulanon
woikéss. The ' expetwd clevaied w!gnve risks,
however, were ‘ndeed observed for- thcse other
workers,- iimplying fhat- if ¢ an excess yisk of lung
emncer or mesothelioma had been present among
atomobile’ mechanics, these " stiudies- would” have
bcmablcmddmmthmnmtheemmto
asbestos, i in a form likely 10 be caicinogenic, was

. found t6 be  quite small in. industrial hygieng surveys

of brake repair work /10/. In eddition, studies of
workers in factories :that - manufacture asbestos-

- containing brakés do not appear fo be ot higher risk

for such- cancers /11 84-88/. - Thus, these
ohservahons, along with thc wagbt of the evidence
from the swudies described here, supports the

_"yxer rclatwé ﬁ§ks '

© byerestimidtes. A]ﬁlouglfl nearly 2l smdlﬁ xcp'fmed L
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g . L. ] drifling of friction products. Appl Occup Environ
& their oocupation. Tiyg 2001; 16: 11471149,

4 9. Kauppinen T, Korhonen K. Exposure to asbestos
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