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This article presents a historical analysis of published

. data regarding the exposure of brake mechanics to asbestos

as a result of doing brake work. Concerns about this possi-
ble hazard were first raised in the late 1960s. This analysis
focuses on 30 years of data coliected during the brake re-
pair event (e.g., 2 brake job) and 8-hour time-weighted aver-

. age (TWA) personal samples. A brake job TWA represents

the average ¢oncentration a mechanic experienced during
brakeservicing, rather than throughout the workday, and an
8-hour TWA represents the average airborne concentration
of asbestos for the entire workday (which would invelve
brake work and other activities). Nearly 200 brake job and
8-hour TWA airborne asbestos samples were analyzed to
assess how asbestos concentrations varied by type of vehi-
cle serviced, country in which mechanics worked, time pe-
riod,andbrake-cleaningmethod.Tofacilitatecomparisons,

brake job TWAs were converted to estimated 8-hour TWAs
using the durations and number of brake jobs performed per

mechanic each day. Estimated and measured 8-hour TWAs

for mechanics servicing automobiles and light trucks ranged
from <0.002t00 68flcc,thhameanom 04f/ce.Incontrast,
the 8-hour TWAs for mechanics servicing heavy trucks and

_ bus&s ranged from 0.002 to 1.75 flce, with a mean of 0.2 f/ce,

suggoshngthatthesemechamcsexperlencedhngherda|lyas-
bestos exposures than automobite and light truck mechanics.

" Brake job and 8-hour TWAS for brake mechanics worldwide

were found to be simitar during the same time periods, and
they were consistently below contemporaneous occupational
health standards in the United States. The increased use of
brake-dust control measures in some garages resulted in at

-feast a 10-fold decrease in the TWA airborne concentrations

of asbestos froim the 1970s to the late 1980s.

Keywords Asbestos, Industrial Hygiene, Auto Mechanics, Brake
Dust,Exposure, OccupationalHealth

Asbestos has been used in automabile brake linings world-
widesincetheearly 1900sbecauseithassuperiorperformance
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characteristics.t) Itwasnotuntilthe 1960s however,thatcon-
cemns arase reganding the potential health hazard associated with
exposure to airborne ashestos résulting from automobile brakes.
Thomson et al.® werethefirstresearcherstoaddressthepoten-
tial impact of emissions from the brake linings of vehicles during
braking on ambient air concentrations of asbestos. Specifically,
Thomson® observed several cases of mesothelioma (a rare form
ofcancerassociatedwithasbestosexposure)inSouthAfricans
whohadnohistoryofoccupationalorotherexposuretoasbestos
andfoundunexplainedasbestosbodiesinroutinehistological
sections of lungs collected during autopsies. Based on these find-
ings, he concluded that these individuals were likely exposed to
asbestos products in their homes or to asbestos in ambient air
from brake lining wear during vehicle braking, or from disin-
tegration by natural weathering of asbestos-containing building
materials.®

The question raised by Thomson prompted a number of stud-
iesonthepotentialimpactofasbestosemissionsfrombrakelin-
ingsonambientairquality. Thesestudies. *~® provided data on
anumberoffactors,including(i )theamountofasbestosinthe
weardebsisdustfromautomobilebraking,(2)thesizedistribu-
tion of observed fibers, (3) the' quantmes of asbestos emitted into
ambient air from vehicle braking, and (4) the resulting estimated
ambientairconcentration. Animportantfindingofthesestudies -
was that the asbestos content in brake dust ranged from 0.02 to
< lpcrcent thexebyconﬁnnmgmchypothesxsmamostoft.he
asbestos in the original lining material (which was composed
of about 35% 10 65% asbestos) was thermally degraded during
braking.However,noneofthesestudiesspecificallyaddressed
potential asbestos exposures of mechanics servicing brakes.

The first investigation of airborne asbestos in a brake re-
pair garage was undertaken by Hickish and Knight®® in the late
1960s. Thisstudy wasconductedataForddealershipinfondon,
apparentlytoevaluatecompliancewiththe 1 968BritishOccupa-
tionalHygieneStandardforChrysotileAsbestosDust. % Spon
thereafter, in 1971, similar studies were conducted in the United
States, following the promulgation of an occupational standard
forasbestosbytheOccupationalSafetyandHealthAdministra-
tion (OSHA). From 1972 through 1989, the National Institute
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EXPOSURE OF MECHANICS TO ASBESTOS 787

for Occupational Safety and Health (NIOSH) conducted numer-
ousinvestigationsofvehiclebrakeservicingoperationsinthe
UnitedStates, 41!~ Inaddition,independentstudiesofair-
bome asbestos levels in brake-servicing garages were published
in the 1980s and 1590s by researchers in the United States, (€
Germany,"? Sweden,'® andAustralia. U9

Despite the number of studies conducted over the past sev-
eral decades, there has been no apparent atternpt to use all of
the available published air monitoring data to characterize his-
toricalexposurestoasbestosfrombrakesforbrakemechanics
under various working conditions. In this article, the measured
airborneasbestosconcentrationsfrompublishedsurveysofve-
hicle brake repair facilities were presented and evaluated to char-
acterize historical exposures for brake mechanics under various
workingconditions. Theconcentrationsreportedformechanics
servicingbrakeswerecharacterizedandcomparedbasedonthe
period when sampling was conducted, whére it was done (United
States and overseas), the types of cleaning methods used, and
thesizesofthevehicles(carsandlightirucksorheavytrucks
and buses). The data were then used to estimate the distribu-
tionsofdailyairbomeconcentrationsforbrakemechanicswho
performed brake repair work in the 1960s and 1970s, and more
recentlyinthe1980sand1990s.Finally estimated8-how/TWA
concentrationsexperiencedbybrakemechanicswerecompared
to occupational permissible exposure limits (PELS).

METHODS
PublishedstudiesfromtheUnitedStatesandabroadthatpro-
vided long-term personal air sampling data on asbestos con-

centrationsexperiencedbymechanicsduringbrakeservicing
operationswereevaluated Generally, onlysampleswithsam-
plingdurationslongerthanhourwereincluded.Shori-term
samplescollectedduringblow-cutorrelated  “peak exposure
evenis” were not considered informative for assessing the health
hazardlomechamcswnthoutconsndenngnmelmononmfonna- .
tion; however, the impacts of peak-exposuzes are captured by
thelonger-termsamplingevaluatedliers. Basedonthesecrite-
ria,10studieswereidenti fied %:>12-19 " -

JInthe studxes evaluated, personal air samp]es were collectsd
on ﬁltersnnmcbrcathmgzoneso&hemechamcs eitherdur-
ing the brake servicing operations or throughout the mechan-
ics” workdays: All of the samples were analyzed for asbestos
fibers greater than 5 micrometers (gm) in length and with at
least a 3-to-1 length-to-width ratio, (called an aspect ratio) using
phaseconh*astophcalmxcrosoopy(PCM) Although,asshownin -
Table I, slightly different sampling and analysis methods@0~23)
wereusedtoguantifyairborneasbestosconcentrationsinthese
studies, the reported methods are sufficiently similar that the data
arecomparableandrepresentativeoftherangeofairbomeas-
bestos concentrations that mechanics likely encountered during
brake servicing operations int various countries and eras.

Measuremenisreportedinthe 10studiesweregenerallyex-
pressed as time-weighted average (TWA) airborne concentra-

tions of asbestos for mechanics as they performed one or sev-
eral brake services (i.c., “brake job TWAS""),orasaveragedaily
concentrations of asbestos for individual mechanics as they per-
formed various activities throughout the course of their day (i.e..
“8-hour TWAs"). Unless specificallyreferredtoinareportas
8-hour TWAs, it was assumed that the data collected were for
brake job TWAs. This assumption could usually be confirmed
by examining the duration of the sampling event.

Table I summarizes the 10 published studies that we could
identifythatprovidedataonairbomeasbestosconcentrations
formechanicsservicingcar, truck,andbusbrakes, Together,
overthepast30years,theconcentrationsofairbomeasbestos
in the breathing zones of mechanics have been measured in
53 brake repair facilities in the United Stafes, 76 facilities in
Germany, 23 facilitics in Sweden, 4 facilities in Australia, and
1 facility in the United Kingdom. The reported brakc_: job and
8-hour TWA ‘concentrations for the mechanics in all of these

) studxesarepresentemeableﬂfomutomobnleandllghmuck .

mechanics and in Table Il for heavy truck and bus mecharics.
In the studies by Rodelspergeretal. ¢ and Moore, ' the
sampling data were not available; only the mean asbestos con-
centrationsformultiplemechanicsdoitigvarioustypesofbrake
servicing activities were reported, rather than the results for in-
dividual mechanics. We did, however, attempt to obtain their
originaldata:Althoughitisnotpessibletousetheirsummary
information in this statistical analysis of TWA concentrations,
the mean concentrations that they measured can be compared
toexposuresarnongbrakemechanicsduringrelevanttimeperi-
odsinthevariouscountrieswheresampleswerecollected. The
studiesevaluatedaresummarizedinthefollowingsections.

United Kingdom Study

The first published study of occupational exposure to airbome
asbestos dug to brake dust was carried out in 1968 at a Ford
dealershipinLondon. @ Likely prompted by the then-new 1968

British standards for asbestos in the workplace, Hickish and -
nght‘” estimated the exposure of a mechanic engaged in the

removal of brake dust from a brake drum using compressed air
dunn ganennreworkshxﬂ,dunngwhxchl Icarswereserviced.

" NG ‘other study has ever reported that a single mechanic worked‘
onsomanyvehiclesduringasingleday.(Bven2 -3 brake jobs per

day is high for a single person in a brake shop.) The measured
8-hour TWA. concentration for this mechanic, 0.68 fibers per

i cubwcenﬁmeter(f/cc) JAsthehighestreportedvalueforany .

mechamcsemcmgcarbrakesxnanyofmesubsequemstudxes
thatweréconducted. Theseresearchersalsoreportedan8-hour
TWA of 1.75 f/cc for a mechanic servicing truck brakes, which,
again,isthehighestreponedvaluefortruckandbusmechanics
servicing brakes encountered in a review of the literature.

United States NIOSH Studies

Between 1976 and 1989, researchers at NIOSH collected
personal samples for 75 mechanics in 22 settings, including
commercial brake and front-end repair shops, fleetservice

s
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" garages,tnickbrakemaintenancegarages,municipalgarages,
private utility maintenance garages, one service station, and one

drivewaysampleforado-it-yourselfmechanic.

These evaluations were apparently prompted by the meet-
ing among NIOSH, researchers at Mt. Sinai Hospital, and in-
dustry representatives, which was held in July 1975.%9 The
NIOSH investigations provide perhaps the most extensive and
well-documented characterizations of asbestos concentrations

788 D.J. PAUSTENBACH ET AL.
TABLE Y
Publishedindustrialhygienestudieswithtime-weightedaverage (TW A)asbestosconcentrationsformechanicsservicingcar,
bus,andtruckbrakes ‘
Number  Number  Number  Persopal TWA
mechanics mechanics brake samples . Reported durations
Type of facility employed evaluated jobsfweek collected TWA values ¢hours)  Study Method
Service bay Ford dealer NR 1 1}/day 6 1 daity 8.0 (9) BOHS (1968)
Fleet service garage 3 1 2-5 3 1 brake job 57 (12) OSHA/NIOSH
Brake/front-end 3 i 10-14 2 { brake job 7.9 (12) OSHA/MNIOSH
Brake/front-end 3 i 4-6 3 1 brake job 5.9 (12) OSHA/MNIOSH
Brake/front-end 3 1 20-30 7 2 brake jobs 15,39 (12) OSHA/NIOSH
Large brake service 5 4 35-45 16 4 brake jobs 47-17 (12) OSHA/NIOSH
(1976}
Large brake service 5. 3 3545 45 15 brake jobs NR (12)  OSHA/NIOSH
1977y .
Brake/front-end/muffier 3 2 4-5 2 2 brake jobs 16,30 (12) OSHA/NIOSH
Truck brake maintenance 7 3 NR 9 2 brake jobs 43,50 (12) OSHA/NIOSH
(1976) . oo
Truck brake maintenance 7 3 NR 6 3 brake jobs 2364 (12) OSHA/MNIOSH
Qs77) .
Comimercial brake 5 2 35-40 5 2 brake jobs 62,62 (14) OSHA/MNIOSH
Brake/front-end NR 1 NR 2 1 brake job 43 {13y OSHA/NIOSH
Brakeffront-end 3 1 46 4 4 brake jobs 4559 (15) OSHA/NIOSH
Large brake service 5 3 35-40 2 2 brake jobs 47,57 (15)  OSHA/NIOSH
Municipal garage 60 2 40 2 2 brake jobs 33,50 (15)  OSHA/NIOSH
Municipal garage 5 3 1 3 3 brake jobs 2362 (I5) OSHA/MIOSH
Municipal garage 3 1 NR 1 1 brake job 54 (15) OSHA/NIOSH
Fleet service garage 4 1 1/shift 1 1 brake job 4.0 (15)  OSHA/NIOSH
76 garages Genmany NR NR NR 67 Mean NR (17) AJA(1979)
“combination”
car
31 garages United States NR NR NR 35 Mean brake job 02-10 (16) MF-PCM (400x)
Government maintenance 6 NR 6-10 18 9 brake jobs 2.0 (31) OSHA/NIOSH
Postal maintenance 1l NR 28-36 22 11 brake jobs 20 (31 OSHA/NIOSH
Fleet service garage 2 NR 1 i3 7 brake jobs 20 (31) OSHA/NIOSH
Postal maiatenance 10 NR 6 20 10 brake jobs 20 (31) OSHA/NIOSH
Private utility garages 5 NR 7-9 8 4 brake jobs 20 3 OSHA/NIOSH
Outdoors 14 1» NR 2 1 brake job 20 (31)  OSHA/NIOSH
Service suation .3 1 NR 2 1 brake job 20 (31)  OSHA/NIOSH
" Garages Sweden ‘NR NR ‘NR 23 23 8-hour. 8.0 (18) NR :
Garage Australia . NR i 20 -1 1 brake job 13 - (193  NOHSC (1988)
. *Garage Australia -NR 1 -4 1 { brake job 1.3 (19)  NOHSC (1988)
© Garage Australia NR 1 4. | 1 brake job 22 (19)  NOHSC (1988)
Bus service depot NR 1 2 i 1 brake job 2.1 (19)  NOHSC (1988)
Australia
Note: NR—notreported.
ADo-it-yourselfmechanic.

inbrakeservicingfacilities,providingdataforcarandtruck
mechanicsusingavarietyofcleaningtechniguesduringvarious

timeperiods. Duringthe 1970sandearly 1 980s,mostofthesur-

veys by NIOSH were conducted in garages that used cleaning
methodsconsistentwiththoseusedinpreviousdecades,suchas
the use of compressed air to blow off brake parts. In contrast,
during the late 1980s, some of the sampling was done in garages
thatusedmoresophisticatedcleaningtechniquesforremoving
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thebrakedust,suchasenclosedhigh-ef
(HEPA) vacuum systems.

The firstNIOSHinvestigationofabrakerepairfacilitywas
conducted in 1972;'Y however, the report is unclear as to
whetherthesamplescollectedwerepersonalsamples. Also,be-
cause the sampling durations were not included, it is unknown
whethertheresultsareforpeakoriong-termexposures;thus,
theywerenotusedinthisanalysis. '

In 1976 and 1977, NIOSH researchers sampled 16 mechanics
in seven different brake service facilities 0% Six of the 7 fa-
cilitieswerecommercialautomobilebrakeservicecentersthat
performed from 2 to 45 brake jobs per week, at an average of
65 minutes per vehicle (Table I). The seventh facility, a truck ser-
vice center, performed an average of 3 brake jobs per week, but
servicingtookanaverageof6toShourspervehicle Johnsonet
al.!"® reportedTWAconcentrationsfor26automobile(TableTT)
and fivetruck(TablelImechanics.Becausenoneoftheresults
are referred to as 8-hour TWAs, and where given, the sampling
durations are all less than 8 hours, it was assumed that the results
were for brake job TWAs.

The description of brake servicing operations was as follows:
“The vehicle is driven into the repair stall or bay for a brake
examination. Pending repairs, the wheels are elevated, removed
and then inspected. Loose dust is then cleaned from the drums
and brake assemblies by vacuuming, wiping, brushing, using
compressed air, or a combination of these methods. Paris are
then replaced or repaired as needed and the brake systcm is
reassembledandadjusted. *

Although not provided in the report the mean and standard
deviationcalculatedfromthedataforthe26automobilebrake
job TWAs are 0.095 and 0.053 f/cc, respectively, with a maxi-
mum of 0.20 f/cc. For the five brake job TWAs for trucks, the
mean and standard deviation are 0.59 and 0.64 f/cc, respectively,
with a range of 0.05 to 1.68 f/cc.

Two commercial automobile brake service facxhnes were

ficiency particulate air

" evaluated by NIOSH in 1979.03'9) Oneofthesefacilitieswas

previously sampled by NIOSH in 1977 while the sécond was an
active shop that operated 6 days per week and performed from
35tMSbmkemamtenanceoperauonsperweek(’l“ablel) .These

'mvesuganonsprovldedmrecbrakejobTWAconcenhatxones-

timates,rangirigfrom0.006t00.04f/cc(Tablell).

During 1979 and 1980, NIOSH collected additional sam-
plesin6brakeservicefacilities,including2commercialbrake
servicegarages, 3municipaladtomobileservicegarages,and
1 fleetservicegarage. 529 Oneofthecommercialfacilitics,a
largebrakescrvxccgarage,wasmevxous]ysampledbyNIOSHm
1976 and 1977.92 Theseevaluations,whichinvolvedsampling
times of about 2 to 6 howrs, provided brake job TWA estimates
forl3additionalmechanicsusingsixdifferentcleaningmeth-
odsforbrakeservicing.includingcompressedair,compressed
air and solvents, dry brushing, wet brushing, squirt bottle wash-
ing, and vacuuming (Table II). Although not reported by the
authors,themeanandstandarddeviationare0. 1 5and0.09f/cc,
respectively,witharangeof0.01t00.28f/cc.

The final NIOSH investigations were conducted in 1986,
1987, and 1988 and are summarized in Sheehy et al.!? Thor-
ough sampling surveys were conducted at five facilities, each
usingadifferentmethodforcontrollingexposuretoasbestos
duringbrakercpair. -3 The stated purpose of these surveys
wastoevaluatedustcontroltechnologies(Tablel). Theyeval-
uated the effectiveness of two commercial enclosure devices
with ventilation provided by a HEPA vacuum, a HEPA filter-
equippedvacuumalone,abrushwithrecirculatingcleaningse-
lution, and cleaning solvents in aerosol cans. The investigators
alsoevaluatedasmaliservicestationgaragewherenodustcon-
trol measures were used, and brake repair conducted outdoors
by a do-it-yourself mechanic who used a spray can of solvent
to wet the brake surfaces and water from a garden hose'to flush
surfaces. These investigations provide 44 additional brake job
TWA measurements, 42 for autos and 2 for light trucks, all of
which were collected for-the maximum of either 2 howrs or the

_duration of the brake job {Table I). Using detection limits in the

statisticalanalysisforthosesamplesinwhichasbestoswasnot
detected, we calculated a mean and standard deviation for the
42 auto brake job TWAs of 0.005 and 0.002 f/cc, respectively,
with a range of <0.004t00.014f/cc.

Other U.S. Studies

The only published study of mechanics servicing brakes in
the United States other than those conducted by NIOSH was
that of Moore in 1998.09 Asbestossampleswerecollectedin
31 different brake service facilities (Table I). He describes the
objective of his study as the collection of personal samples from
thebreathingzonesofautomobilemechanicstoestimatetheir
exposures while performing actual brake removal and repair
work in different facilities with widely diverse work practices.
No specificdescriptionsofthefacilitiesaresupplied, norare
TWA data provided for individual mechanics; however, he does
indicate that the brake job dusations ranged from 10 to 60 min-"-
utes, with an average time of 29 minutes. For the 35 samples
collected, the mean and median values were <0.03 and <0.02,
respectively,witharangeof  <0.01to0.15/cc(Tablell).

German Study

Ridelsperger et al”? sampled 31 mechanics servicing pas-
senger car brakes and 36 mechanics' servicing truck and bus
brakes in West Germany (Table I}. Personal samples were col-
lectedgenerallyduringthewholeservice,but,insomecases,.
samples were limited to specific dust-generating activities.
Based on personal samples of 30 minutes or longer, the authors
estimatedmeanconcentrationsformechanicsperformingbrake
servicesblowingoutdrumswithcompressedair(0.10f/cc),dry
brushingdrums(0.09f/cc) andforcombinationsofactivities
involving cleaning out brakes (0.04 f/cc). Brake job TWA con-
centrationdataforindividualmechanicswerenotprovided. The
authorsconcludedthatthemeanasbestosconcentrationduring
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brakeserviceoperationswaslessthan0. 1 f/ccforsamplingdu-
rationsgreaterthan30minutes.

Swedish Study

Platoetal. '® provideanevaluationbasedontwenty-three
8-hour TWA. personal samples at different car and bus repair
shops for the period 1976 to 1988 from a Swedish National
Board of Occupational Health database (Table I). Although a
table of the measurements is not provided in their article, 20
of these 23 TWA concentrations were estimated from one of
the figurespresentedintheitpaper. Thesevaluesrangedfrom
0.02 to 0.20 fec, with a mean of 0.10 and a standard deviation
of 0.07 f/cc. Although the values from Plato et al.®® are fora
combinationofvehicies,theywereincludeédintheanalysisfor
automobiles and light trucks, even though 'some of the higher
valuesaremorelikelyforheavytruckandbusbrakerepairwork.

" Platoet al.%® also provide independent estimates of asbestos
concentrations, rather than direct measurements, experienced
bycar;truck,andbusmechanicsservicingbrakesbetweeni 938
and 1986, based on the sampling data described above and ap-
plication of factors accounting for the types of vehicles serviced
(car, bus, truck), sizes and ventilation of repair shop rooms, task
activities, frequency of work, and whether work as a vehicle

" mechanic was performed before or after 1975. Based on their

model, the authors estimated an 8-hour TWA for all car mechan-
ics of 0.09 f/cc during the peried from 1938 to 1986.

Australian Study
Themostrecentinvestigationofasbestosconcentrationsin
brake service garages was carried out in Australia in the late
1990s by Yeung et al.!'? Personal samples were collected on
mechanicsinthreegaragesservicingbrakesforpassengerand
lightcommercialvehiclesandonegarageservicingbusbrakes
(TablesLILandI). Allfouroﬁhesamplesyxeldedmsults

' belowdledetechonlmutof() 05ficc.

:Other Studles Prowdmg TWA Esllmates .

- Two other documents prowded estimates of 8-hour TWA con-

- cen,tranonsionnechamcssemcmgbrak@s however,thesees-

timates are based on data from studies described previously.
Nicholsonetal. 2 estimated an 8-hour TWA concentration of
0.1f/ccformechanicsinmunicipalgaragesand  “an upper limit
of the ‘average exposure” of 0.2 ffcc for coimmercial garage

.mecha.mcs These estimates appear to be based largely on the

NIOSH data reported by Roberts and Zumwalde. () The Fed-
éral Register™ reported a mean 8-hour TWA concentration of
0.03 f/cc for mechanics sepvicing vehicle brakes from 1979 to
1984 and a mean 8-hour TWA concentration of 0.012 f/cc from
1986 10 1989, presumably based on'NIOSH data,

An additional study, which was conducted in Finland by
Kauppinen and Korhonen,®® provided 8-hour TWA concentra-
tion estimates for various vehicle mechanics based on short-term
samples(generallylessthan30minutes)forspeci  ficoperations

undertakenduringbrakeservicing TheestimatedTW Aconcen-
trationswerecalculatedusingthemeasuredmeanandmaximum
concentrationsandthemeandurationsofnumerousoperations
(althoughthedurationdataandcalculationsarenotprovided

in the article). It was assumed that brake maintenance of four
wheelswascarrdedoutduringtheworkdayandthatotherinfre-
quent operations, such as the grinding of brake Linings, were
one hour in duration. Based on these data and assumptions,
Kauppinen and Korhonen®? estimatedthatthemeanasbestos
workdayconcentrationformechanicswasunder0.05f/ccduring
therepairofcarbrakesandundes0. 1to0.2ffccduringtherepair
oftruckandbusbrakes. Becausethese TW Aconcentrafionesti-
mates were not derived from long-term samplc measurements,
theyarcnotmcludedmthlsa.nalysxsof'I‘WAconcentratlondala.
However.thexrestxmatesoftheworkplaceconcentrauonsofas-
bestosduetobrakerepairarevirtuallyidenticaltotheresults
reportedintheUnitedStatesandélsewhere.

DATA ANALYSIS

A total of 162 TWA asbestos concentrations were found in
the published literature for individual mechanics servicing auto-
mobileandlighttruckbrakesfromthelate 1960stothepresent.

An additional 19 TWA concentrations were reported for indi-
vidual mechanics servicing heavy truck and bus brakes during
the same time period. Most of the reported TWA asbestos air
concentrations represent brake job TWAs, whereas only a few
studies (e.g., Plato et al “8’)mponda(athatrepresent&hour
TWAs. -

Allof the TWA samplmg data were compiled from the avail-
able published studies and entered into a database for analy-
sis.Additionalinformationwasalsosummarizedonfactorsthat
mightaffectairbomeéasbestosconcentrations,suchastheyear
in which samples were collected, the type of cleaning method
employedduringbrakeservicing thetypeoffacility andthe
estimated number of brake jobs performed weekly in the garage
Gevel of servxce) (see Tables Tand I). .

‘Conversion of 'Brake, lbb' to &-Hour TWAs

Tocharacterizethehistoricalexposuresofbrakemechanics - -
in the United States so that one can compare the information
with occupational exposure limits, such as OSHA permissible
exposure limits (PELs) and American Conference of, Goverm-
mcntallndusmalHyglemsts(ACGm ®y threshold limit values
(TLVs ), it was necessary 1o convert the brake job TWA values

. to 8-hoirr TWA concentrations. This approdch is a standard and

customary practice in industrial hygncnc and inthe fieldofrisk
assessment, when attempting to characterize the risk of lifetime
exposure to chronic toxicants.

The 8-hour TWASs were estimated by assuming that mechan-
ics were exposed at the brake job TWA levels during the period
of the day they serviced brakes and at the background levels of
the garages during the rest of their 8-hour days. The fraction
of the day during which a mechanic was actually doing brake
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workateachfacilitywasestimatedbyusingthenumberofbrake
mechanics at the facility, the number of hours mechanics work
per week, the number of brake jobs per week, and the average
durationforabrekejobateachfacility.

Jjobs per week x duration
meéchanics x hours per week

Daily Fracﬁon = [
The brake job TWAS were then converted to 8-hour TWAs using
the fractions of day, brake job TWAs, and mean background
concentrations for the facilities.

8-Hour TWA = (Brake job TWA x Daily Fraction)
+ [Background x (1 — DailyFraction)}{2]

Thevaluesusedwerecithertakendirectlyfromtheapplicable
reportorestimatedbasedonavailableinformation. Theparame-
ters used and the results for the conversions are shownin Tables Tt
andlil.

Concentration Distributions and Statistical Comparisons

TheTWAconcentrationdatawereanalyzedstatisticallyto
characterizeandcompareasbestosexposurelevelsformechan-
ics performing brake services under various exposure condi-
tons. The data were characterized based on when the sampling
wasconducted, whereitwasdone(UnitedStatesandothercoun-
tries),thetypesofcleaningmethodsused,andthetypesofvehi-
clesserv:ced(ca.rsandllghmucksorheavytmcksa.ndbuses)
Statisticalcomparisonsweremadétodeterminewhetherdiffer-
encesexistedbetweenexposurelevelsasaresultof(1 Jthetime
ofsampling(l9705vs.19805),(2)the1oéaﬁori(UnitedStates
vs.Europe),and(3)themethodsofcleaningbrakes.

Statistical comparisons were conducted where possible,
given the limitations. of the data to. assess how locations and

E cleanmgmethodsmayhaveaffectedasbestosconcenmnons

To eliminate the impact of the amount-of braké work done at-a

. site thecompansonswetemadconlyforthosefacnlmwwuh
. the same level of service. Low was'assigried to shops with fewer
than 10 brake jobs per.week, medium for 1 to 20, and high for

more than 20 brake jobs per week.
' Nonparametricmethods(Kruskal-WallisandWilcoxonrank-

. sum tests) wére used for comparisons, because the concentra-

tion data could not satisfy the homogeneity of variance and
nonnahtyassumptxonsunderlymganaiysisofvanancemeth-

“ods.Significarice was detefmined after correcting individual test

p—valuesfonhemulnplecompansonsthalweremade,specxf~
ically, individual test p-value was multiplied by the number of
tests.

Differences among locations were assessed for early U.S.
(1970s),1ateV.58.(1980s),andSwedishdata,onlybecausethese
data sets all have sufficient measurements for individual me-
chanics to support such an analysis (42, 42, and 20, respec-
tively).Assessmentofcleaningmethodswasconductedwithin

2 Jocation and service level to avoid confounding the interpreta-
tion of cleaning method influencewithotherfactors. Cleaning
methods that were very similar, such as compressed air only
and compressed air with a dry brush, were combined to cre-
ate cleaning method categories for evaluating differences. Early
U.S. and late U.S. studies both reported multiple concentrations
formultiplecleaningmethodcategories. BarlyU.S.cleaning
method categories included compressed air with and without
dry brush, wet brush, and vacuum-HEPA for low-service-level
shops, and compressed air with and without dry. brush, com-
pressed air-solvent, and dry brush for high-service-level shops.
LateU.S Jow-service-levelshopswereassumedtousethefol-
lowing cleaning method categories: aerosol spray, vacuwm-
HEPA, wet brush—recycle, vacuum enclosure, wet brush, wa-
terhose ~squirt bottle, and no cleaning.

RESULTS :

The TWA concentrations measured for automobde and lxght
truck mechanics, and heavy truck and bus mechanics, are de-
scribed separately. Differences in asbesfos concentrations re-
latedtodifferentbrakecleaningmethodsareevaluated.Com-
parisonoftheasbestosconcentrationsexperiencedbyU.S.and
European mechanics repairing automobile brakes during the
same time period are made, and changes in exposure concentra-
tions over time from the 1970s to 1990s are evaluated.

Automobiles and Light Truck Mechanic Exposures

Automobilesandlighttruckswereevaluatediogether,be-
cause the tasks involved in servicing the brakes and the dura-
tionsofthebrakeservicingweresimilar. Themearisandranges
fortheninestudiesthatprovideddataontheairbomeconcen-
trations during the actual ‘brake job (rather than 8-hour TWA
samples) are presented in Figuse 1. The mean brake job TWA
for the 141 automobile mechanics evaluated between 1968 and _
1996is0.05f/cc, wuha:angeoﬁ) D04toD.28f/cc. Insnotab!e
that brake Job TWA conceéntratians for the more recent surveys
in the Jate 1980s and 1990s are genemlly much Aowei than those
reported for mechanics working in the 19703 and early. 1980s.
These lower concentrations are not surpnsmg. given the greater
awareness and concem about exposure to aubome dusts of any )
type by most workers.

Theestimated8- houl’l'WAconcenu'atxonsfonheabovemne
studies, and the measured 8-hour TWA concentrations from -
Hickdsh -and Knight® dnd Plato et al.® for automobile and

light truck mechanics, are presented in annre 2. The mean =

8-hour TWA concentration based on 162 values is 0.04 ffcc. The
maximum reported 8-hour TWA was 0.68 f/cc from Hickish and
Knight,” withthenexthighestreportedvaluebeing0.20f/cc.

The relatively high value from Hickish and Knight is for a me-
chanic who cleaned the brakes of 11 cars in one shift, which was
an unusually high number of vehicles servicedina day (two to
threewasmoretypical).
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FIGURE 1
Brakejobtime—wcjghledaverage(l‘WA)asbestosconcenmtionsfomgchanicsscrvicingbrakesonaulomobilesandlighttmcks.

Heavy Truck and Bus Mechanic Exposures

Fewer TWA concentration measurements are. available for
mechanics semcmg heavy truc _and ‘bus brakes than for those
servicing automobile and Tight truck brakes. The medns’ and

ranges for the four studies providing brake job TWAs for heavy
trucks and buses are presented i Figure 3. The.mean brake job:

TWAconoentrat:onfonhcl8mecha.mcseva1uatedxso 21f/cc
with a maximum of 1.68 ficc.

The estimated 8-hour TWA concentrations for the above
four studles and the measured 8—hour TWA from Hickish and
Knight® for heavy truck and bus mechianics, are presented in

_ . Figure 4. The mean 8 hour'IWAconcenmuon, basedon 19 data
 points, is 0.25 ffce, The maximum reponed TWA was 1.75 fjcc

from Hickish and Knight®®) with. !he next highest value being
0.87 ffec.

As for the automobile and light truck mechanics, the brake
job and 8-hour TWA concentrations for truck and bus mechanics
were generally lower in surveys from the late 1980s and 1990s
thanfromsurveysforeatlierperiods.AsshowninFigure3,the
8-hourTWAconcentrationsformechanicsservicingheavytruck

andbusbrakesaresigni ficantly greater than those for mechanics
servmmgautomobueandlxghttmckbra.kes 'Ihlsdlfferencexs

. hkelyductoscvera.lfactors Thebmkcsontmcksandbusesme
largerandxeqmremoremnetosemce Inaddition,truckand
busmechamcsgenemllyreplacejustthebmkelmmgs whxch

. oftenmquuesnveungandmachmmg Becauseautomechamcs

- normallyreplacetheentirebrakeshoe  ~—notjustthelining —
thesedust-generatingoperationsarenotusuallyperformedby
auto mechanics. ’

Eight-Hour TWA Concentration Distributions

Itis apparent that the data from the NIOSH surveys provide
the most complete chamctenzauon for estimating the
8-hour TWA concentrations experienced by brake mechanics
intheUnitedStatesinthe1970sandlate1980s. Thecumulative
distribution plots of the NIOSH survey data (Figure 5) show
that 8-hour TWA concentrations for automobile mechanics in
the 1970s were generally within a narrow range, with a 50th
percentilevalueof().07f/ccanda90thpercentileofl. 10f/cc.
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FIGURE 2
Eight-hourtime-weightedaverage(TWA)asbestosconcentrationsformechanicsservicingbrakesonautomobilesand
light trucks.

(That is, it can be expected that at least 90% of the mechan-
ics were exposed to coricentrations below 0.1 f/ce dunng that
20-yealpenod.)’l‘hecumulanvedlsmbunonplotforthelater '

" NIOSH.survey in the 1980s shows a substantially jower and
narrowér8-hourTW Aconcentrationdistribution, withboththe

50thandd0thpercentilesatd.002f/oc. Theplotforhcavytruck
andbusbrakemechanicsindicatesthatthe50thpercentilevatue
for this group (0.08 ffcc) was similar to that for automobile
brake mechanics from the 1970s NIOSH studies but that the
90thpercentilevatuesfortruckandbusmechanics(1.65f/cc)

wassubstantiallyhigherthanthatforautomobilemechanics.

Comparison of U.S. and European Brake

Mechanic Exposures
Differencesamonglocationswereassessedusingtheearly

U.5.(1970s),latel).S.(1980s),andSwedishdatascts,because

they were the only ones that had sufficientnumbersofindivid-

ual samples for statistical analysis (42, 42, and 20 TWA con-

oentranons,

TWA concentrations denved from the NiOSH studies of Uhited
States mechanics from 19760 1982 and the 8-hour TWAS re-
poned for Swedish ‘mechanics from 1976 to 1988 found 1o sig-
mﬁcantdxfferencemmeanconcentrauons(seeTabIeIV) us.

mechanics evaluated in the late 1980s by NIOSH were exposed.

tosigni ficantlylowerairbomeconcentrationsofasbestosthan
eithertheearlyU.S.orSwedishmechanics Thisdifferenceis
hkelyduetothelmprovedcleanmgmethodsdlscussedbclow

TWA Concentrations Relative to Cleaning Method
Ascarlyas1970,studiesorsurveysoftheconcentrationof
airborne asbestos for vehicle mechanics servicing brakes noted
that the cleaning process, particularly compressed air blow-out
ofdrurnbrakes, wasthemajorcontributortoairbomne  fiberlevels.
The mean and ranges for brake job TWAs using the various
cleaningmethodsarepresentedinFigure6. Thedistributionsof

pecuvely) The. dlsmbutxons for the three. data g
sets ate shown in Fi igufe 5. A statxsucal ‘comparison of & -hour

S
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FIGURE 4

osconcentrationsformechanicsservicingbrakesonheavytrucks

and buses.

Eight-hourbrakejobtime—weightedaverage(TWA)asbest
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the most frequently used methods are shown on Figure 7. With
the exception of a few TWA concentrations, most of the data are
ﬁom 'NIOSH studies.
Iusewdentfromthepiotsandthestattstlca]test:esulls ‘
stimrnarized in Table IV that the introduction of dust control
tecbnologles sxgmﬁcandymducedbomthemagmmdcandvan-

s abnlntyofasbcsmsexposuxesforbrakemechamcs.Asshownm
‘FigureT, theSOthand90mpercenulebxake]obTWAconcenu'a- :

nonsfonnechamcsusnngcompmssedmrforcleamngdunngthe
1970s and early 1980s were approximately 0.10 and 0.18 f/cc,
respectively. The use of solvents with compressed airin the early
1980s reduced the 50th-and 90th percentiles to about 0.03 and
0.08f/cc, :espectwely Theuseofwetbrush/recycle, HEPAvac-
uum, and vacuum enclosure reduced: most asbestos exposiires

 tolessthanO. Otffcc ——levelsatorbelowﬂxedelecuonhrmtfor

NIOSH sampling.

The use of these dust contyol technoiogxes served several
purposes. Theydramatxcallyrcducedthepeakexposuresdunn g
cleaning, they prevented the distribution of airbome dust into
other areas of the work environment, and they kept brake dust
from being deposited on the floor of the work area, where it
couldsubsequentlyberesuspendedbyfoottraf  fic or sweeping.

The S50th and 90th percentile brake job TWA concentrations
formechamcsusmgcompmssedaufomleamngmsmulano
thoseforU.S. mcchamcsasagmupm(hel9705,hke1ybecause

) 'compressed air was'the method most frequently used for brake

cleaning dunng that penod.

Changes in Exposures Over Tme

The decrease in 8-hour and brake ]Ob TWA asbestos concen-
rmt:onsmmelatel980msevxdencedbythedtsmbutmnsof
early and Jate NIOSH values for auto brake mechanies shown in
Figure5 ﬂusstahshcalcompansomssummanzemeableIV
Basedontheavallabledata,msclearthatmuchofthedecrease )
is due to’ dust coniro] easuxes that were first mtroduccd inthe
1ate1970s. However themtroducnonofdiscbmkesdunngthls
period would also have led to decreased exposures for mechan-
ics.Duringtheperiodofnearlyallthesestudies,discbrakes
were placed predominantly only on the front wheels because
of problems in using disc brakes in conjunction with the rear
parking brake system. Because disc brakes have many fewer
places where dust ¢an collect than do drum brakes, there would
havebeenmuchlessbrakedustavailableforsuspensionintothe
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Resultsofstatisticalcomparisonsoftime-weightedaverages{TW As)bytimeandlocationandclcaningmethodandlevel
of service

Service Number of

results Mean deviation

Standard
Test conclusions

_ Type Cleaning method level
Time and location (8-hour TWASs)
BarlyUnitedStates # NA : NA
LateUnitedStates B NA NA
Sweden® NA NA.

Cleaning methods and level of service (brake job TWAs)
EadyUmtedStates A Com air w/ & wio dry Low
brush

‘Wet brush
Vacuum & HEPA

Compresed airw/ & w/o  High
Dry brush

EarlyUnitedStates #
Compressed air w/solvent
Dry brush

LateUnitedStates ®  Aerosol spray Low

Vacuum & HEPA

Wet brush/rec

Vacuum enclosure

No cleaning
- Wet brush
Water hose & squirt bottle .

42 0.063 0032
42 0:0021 0.00036 Significantly different from early
U.S..Sweden(w/muitipletest
) correction) ’
20 0.10 0.067
4 0028 00050  Significantlydifferentfromwet
. brush(w/omultipletest
- correction)
Significantly different from com-
air wf & wfo dry brush (w/o
multiple test comrection)

3 025 0026

1 0.010 —
22 010 0.053 Significantly different from com
airw/solvent,drybrush(w/o

multiple test correction)

Significantly different from com
air W/ & wjo dry brush (w/o
multiple test correction)

Significantly different from com
air w/ & w/o dry brush (w/o
multiple test correction)

Significantlydifferentfromwet
brush/rec,vacencl{w/o
multiple test comrection)

Significantlydifferentfromwet
brush/rec,vacencl(w/o

A multiple test correction)

10 0.0041- 0.000316 Significantly different from

4 0.049 0033

2 020 0.0071

3 0.0080 0.0053

7 0.0069 0.6035

aerosol spray, vac & HEPA
' (wlo multiple test corection)
8 0.0040 0 Significantly different from
' ~aerosol spray, vac-& HEPA
- . {w/o multiple test correctlorp)
1 0.0080 — '
i 0.0040 —_
1 0.0070 —

Note: Significanidifferencesdeterminedbyoveralltype-lerromateof0.03.

" ABarly United States are samples from the 19705 by NIOSH.
By ate Uniited States are samples from 1980s by NIOSHL
cSwadcn are samples from 1980s by Plato et al.

air during brake servicing operations. In addition, non-asbestos
brakepadmaterialsbegantobeusedindischrakesinthe1980s,
Although there are no published data on the exposure of ve-
hicle mechanics to asbestos during brake repair activities prior
to 1968, it'is possible to speculate on earlier exposure lev-

els for automobile brake mechanics. With the intreduction of
bonded brakes in 1948, the need for drilling, facing, and grinding
was significantly reduced, and with factory-supplied, tapered,
bondedbrakereplacementsavailableinthe 1950s, theneedfor

beveling was also greatly reduced M By the early 19605 the
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Brakejobtime-weightedaverage(TWA Jasbestosconcentrationsformechanicsservicingbrakesonautomobilesandlighttrucks
using different cleaning methods.

methods for performing brake jobs on autos were similar to
those used in the 1970s-—cleaning brake assemblies with com-
pressedairorawirebrushandreplacingtheentirebrakeshoes
withfactorysupplied,tapered,bondedshoes. Thus, itisquite
likely that the exposure levels experienced in the late 1950s and

_the 1960s were similar to those in the 1970s.

DISCUSSION
'Ihjseva!uauonoﬂ'WAmrbomeconcenu-auonssfasbestos
due to brake dust expcnenced by mechanics presems a compre-
hensive picture of exposure. levels for brake repair work over
thepast30years. Themeanconcentrationidenti  fied (e.g., about

0.04ffcc)appearstobeconsistentwiththosereportedinother
eva!uauonsofmechamcexposutcsandarcsubstamallylower
thanleve!sreponedfomoﬁcersmomemccupanonshandlm g
asbcstos-contauung products. :

SimilaritiestoO!herStudies
Thisanalysisfoundthatthe8-houwrTWAconcentrationsfor
brake mechanics obtained or derived from the early NIOSH sur-
vey data®!® weresimilartothoseestimatedbyPlatoetal. ' for
Swedish automobile mechanics in the 1970s (the mean for both
was about 0.04 to 0.09 f/cc). Likewise, data from the United
States (¢.g., NIOSH) were similar to those estimated for Finnish

mechanics by Kauppinen and Korhonen®® using shon-term
concentrationdata(meanofabout0.05f/cc). Theconsistency
among these independent 8-hour TWA airbome concentrations
for asbestos due to brake dust indicates substantial similarities
in brake repair operations and the asbestos content in brake
linings in various countries during the 1970s and 1980s. The
smulantymresul!sbysOmanydlffemntresearchers ;insuch
different geographic locations, gives sxgmﬁcant conﬁdence in
the conclusions.

Comparison to Regulatory Standards
TheU.S. regulatorystandardforoccupanonalexposureto

asbestos has changed numerous times over the last 30 years.®
In 1971, OSHA seta PEL for asbestos in workplacé air of 12 ffcc
as an 8-hour TWA, which was based on the TLV established by
ACGIH in 1968. Since then, the PEL has become more. strict
over time. Specifically, in December 1971, OSHA issued an
emergency temporary standard that lowered the asbestos PEL
to 5 ffcc, and in June 1972, OSHA officially lowered the PEL
standard to 5 ffcc for 1972 and 2 ffec commencing in July 1976.
In 1986, the PEL was lowered to 0.2 f/cc, and in 1994, it was
again lowered to its prescnt value of 0.1 f/cc. Compatisons of
themeasuredasbestosairborneconcentrationsingaragestothe
OSHA PEL at the corresponding times indicate that both the
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FIGURE 7
Cumulativedistributionsofbrakej obUme—weughtedaverage(’I'WA)asbestosconcenn'atmnsformechanlcsscrv:cmgbrakeson
automobilesandlighttrucksusingdifferentcleaningmethods.

brake job and 8-hour TWA concentrations of asbestos for brake
mechanicswereconsistentlybelowtheapplicablefederalstan-

dard. This observation is further confirmed by the lack of OSHA
citations of garages for exceedmg thie PEL for asbestos from

| 1972-2002.

Comparison to Other Occupatlonal Exposures

To better understarid the relative: magnitude of Brake'me-’

chamcexposures,onecanevaluateothemccupanonsthaman-

dledrawasbestosanduseditinthemanufachireofothergoods.

From 1964 to 1985, for example, the U.S. Public Health Ser-
vice and NIOSH conducted seven studies at brake manufactar-
ing facilities. %41 During the 1960s, the mean asbestos con-
cenuatxonfor38lsmnplescollecteddunngthreestudxeswas .

6.0 flcc, with a range of 0 to 130 f/ec. In the 1970s, the mean
value for 269 samples from two facﬂmes was 1.5 f/ce, with a
range of O to 17.5 f/cc. In the 1980s, the mean value for 49
samples from two facilities was 0.38 ffec, with a range of 0.01
to 1.1 ffcc. By compariscn, the mean brake job TWA for au-
tomobile brake mechanics was 0.11 f/cc during the 1970s and
0.005 f/cc during the 1980s. Thus, at comparable times, auto-
mobile brake mechanics had asbestos exposures that were 10

to 300 times less than for those persons who manufactured the
brake linings. '

Charactenzmg Variabjlity . : .
~Asé-with any analysns ‘of mulnple -studies, there were some
lumtauonsmmeavallabledataforesmnatmgthemean&hom

. TWA ‘congentrations to which brake mechanics were exposed .
'gver time. For examiple, nearly all of the' samplmg ‘daka cpllectcd ’
- incthe field on biake mechanics invelved:1-fo 2-hour samples,

thus, the data needed to be corrected to predict the typical 8-hour
TWA airborne concentration to which mechanics were exposed.
Few 8-hour TWA samples were collected on brake mechanics,
becausethemdusmalhygxenxs(sappamntlyconcludedmanf
the results of a shorter samphng period (e.g., duririg-a brake job).
did not excecd the PEL, ‘then’ sure]y the 8-hour TWA would ‘be
less than the PEL, given that the remamder of a fitechanic’s - day
wouldhavebeenspentawayfrombrakerepairactivities. Also,
because exposures were sporadic and of short duration, they
couldbeestimatedbyconductingatime/motionanalysis, which
accountedfortheactualtimeduringwhichexposuresoccurred.
This analysis was limited by the lack of certain informationin
thereportsregardingthevarioustasksperformedbymechanics
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duringthesamplingperiod(aswellastheentireworkday). Ex-

cept for several of the NIOSH surveys, little information was
provided on the number of brake jobs performed per day by
mechanics, or the amount of time spent each day actually per-
forming brake repair work. None of the long-term studies pro-
vided specificmechanictime/motiondataforactivities,which
would have enabled better comparisons of the data. Several of
the original authors of these studies were contacted in an attempt
togainabetterunderstandingofwhatwasactuallydoneandfor
how long. They provided an adequate verbal account of what
they did, but either the original notes describing their work had
been discarded, or much of the desired information was never
recorded. '

Though there are some limitations associated with these data,
comparedtothemajorityofoccupationsthatweresurveyedfor
ashestosconcentrationspriorto1 980, theaccumulateddataare
quite good. For example almast 200 measurements were iden-
tified and included in this analysis. The dati were sufﬁcxent 0
compare the ranges of exposure for brake meéchanics working
on different types of vehicles, in different conntries, during dif-
ferenttimeperiods,andusingdifferentcleaningmethods. The
brake job TWA. data set establishes the upper bounds of the as-
bestosconcentrationstowhichmechanicscouldbechronically
exposed if they performed brake jobs 40 hours per week for
many years. Because the process of changing drum brakes and
theasbestoscontentoftheliningsdidnotchangeappreciably
fromabout1940to]975,thesedatashouldbeapplicableforthe
entire 35 years during which drums were the primary braking
mechanism used on automobiles in the U.S. Airbome concen-
trations of asbestos for auto mechanics would have decreased
substantially only over the past 20 years due to the fewer as-
bestos brake linings on cars (conversion to nonasbestos linings),
the conversion 1o disc brakes, and better techniques for control-
lingexposuretobrakedustinrepairshops.

-CONCLUSIONS ' .
Bascd on this review and.analysis of the avaxlable data on

theconcentranonsafa!rbomeasbestosforvehxclemechamcs
semcmg brakes, several conclusions were reached

° 'I'WAconoentmtiondatafrommelOpublishedstudies'
are sufficient to characterize exposures of vehicle brake
mechanics from the 1970s to the present with a high
degree of confidence.

e The 3-hour TWA concentrations for auto brakc me-

. chanics in other industrialized countries studied were -
sunxlardunngthesameluncpenodsfonheycms1970
to 1990,

e As dust control methods were implemented, the 8-hour
TWA cencentrations dropped by at least an order of
magnitude from 1970 to 1990.

¢ Airbome concentrations of asbestos during the process
of changing brake linings (1- to 2-hour samples), as
well as the §-hour TWA concentrations, were consis-

tently below the applicable OSHA occupational stan-
dard for the 1970s, 1980s, and 1990s.

¢ Becauseboththecleaningandbrakereplacementmeth-
ods were similar after the introduction of tapered bonded
brakes, it is quite likely that asbestos exposure levels
inthelate1950sandthe1960sweresimilartothosein
the 1970s for auto brake mechanics.

» For comparable time periods, asbestos TWA concen-
trations for vehicle brake mechanics were 10 to 100
timeslowerthanthoseexperiencedbyfrictionproduct
manufacturingworkers.
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