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A'n Australian Study to Evaluate Worker Exposure
to Chrysotde in the Automotive Service Industry

Paul Yeung, K.un Patience, Linda Apthorpe, and Deborah Willcocks

Worksafe Australia, Sydney, Australia
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- A study was conducted in Sydney, Australia, in 1996 to
'mveshgate the current exposure levels, control technologies,
and work pmctlcec in five service garages (four car sud one
bus), three brake bonding workshops, and one gasket pro-
cessing workshop. This study formed part of the assessment
of chirysofile as & priority existing chewilcat under the Aus-
tralion Nationat Industrial Chemicals Notification and As-
sessment Scheme. A total of 68 (11 personal aud 57 area) air
samples- were collected, in accordance with the Australian

- stendard membrane filler method. Fiber concenirations

«-were deternnined by the traditional phase comtrast micro-
smP.Y (PCM) method and 16 selected samples were analyzed
. ]1& more powerful travsmission eleciron microscopy
LM, Chrysotile exposure of car mechanics mensured by
PCM was typically below the reportable detection limit of
0.05 fImL irrespective of whether dise brake, drum brake,
o clutch was belng serviced. These low levels can be at-
tributed to the wet clesning or merosol spray methods used
in recent yesrs to replace the traditional compressed alr jet
cleaning. In the three brake shee relining workshops, task-
‘specific expésure reached up to 0,16 £/mL in the processes
of cuiting and radius grinding. TEM results were gener-
-ally higher, due to its bigher resolution power, The median
diameter on samples taken from the service garages (pas-
sonper curs), as determined by TEM, was 0.5~1.0 gm; and
- way between 8.2-0.5 pum foriBe brake bonding and gasiket
procusing workshops, while that for the bus service depot
vgaa‘ﬂ.l—o.z o Most of the respirable fibers (84 %, mainly
toist’é‘lte)f -frorit the bus service depot were below 0.2 zm
dlnineler which-Is the resolution limit of PCM. In the
d hondlng and gasket cutting workshops, 34 percent

1d 44 pedvent of the chrysotile fibers were below 0.2 psm in
ﬂ!kﬁ\eter B

. Chysotile, Gasket Processing, Service Garage

In Australia, industriaf chemicals are assessed for safety and
registered under the National Industcial Chemicals Notification
and Assessmeat Scheme. The use of chrysofile is being re-
viewed under the priority existing chemical assessment prograra.
The reviéw is a risk assessment process based on the inherent
hazard of the matedal and its’ llkcly impact on occupational
hiealth and safety, the environment, and public health and safety.
The assessment process will also make recommendations on
measires to control these risks, investigate the present nse of safe
substitutes for chrysotile, and address the feasibility of phasing
out the use of chrysotile in Australia.

Chrysotile is still nsed in the manufacture of motor vehicle
brake and clutch materials in Australia, although increasingly
other materials (for example, metal oxides, synthetic mireral
and organic fibers) have been substituted for asbestos in the
fabrication of friction materials. Friction materials commonly
found in brake and clutch systems contain about 4060 per-
cent {(drurn brakes and clutches) and 20 percent (disc brakes)
chrysotile asbestos (together with phenolic-type resins as binder
and various other additives 1o improve performance). Amosite,
crocidolite, or other amphibole asbestos varietics are not used
because they are too harsh and tend to score the brakc drums or
discs. 9

Many of the chrysoule fibers originally present in the brake
and clutch materials can undergo thesmal degradstion to forste-
rite or to a non-fibrous silicate phase, due to the high temper-
ature encountered in use.?? Free chrysotile fibers can also be

released because of abrasion and other shear ‘processes. Un-
like chrysotile, the health cffects of exposure to forslcnte, ahd
to the transition series fibers (chrysotile/forsterite) with altered
crystalline structures, are not well documented. The debris re-

maining in the brake and clutch zssemblies and encountexed

in normal automotive service contains a combination of these
fibers. Chrysotile fibers usually constitute less than | percent in
weight of the debris.(

Ashestos-refated diseases have attracted considerable atten-
tion in the Australian community. A study of the 16-year data

* from the Australian Mesothelioma Surveillance Program and
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Register bctwecn 19791995 has indicated that the number of
mesothelioma cases in Australia had increased in car mechanics
{brake work) from 7 cases in 1979-19835, to 16 cases in 1986
1990, and to 24 cases in 1991-1995.89 Althougha link between
garage work and cancer has not as yet been established by epi-
demiological study, the recently reported cases of mesothelioma
strike a warming note.

Much is known about the risk of occupational exposure to
raw asbestos fibers in mining, milling, and manufacturing®™ ia
Australia and elsewhere. The picture is less clear in Australia
in work with asbestos-containing materials where the potential
for fiber escape and associated airbome contamination is rela-
tively low, as, for example, in motor vehicle repair and servicing.
Earlier overseas studies of airborne asbestos exposure to car me-
chanics showed significant exposure to chrysotile during brake
sexvicing, especially brake assembly cleaning. (16— However,
to date, no similar exposure studies in Austraha have been re-
ported in literature.

Car mechanics are polenuaﬂy exposcd to nsbestos dustducing
routine brake, clutch, and gasket maintenance service and repair.

If the debris inside the brake and clutch assemblies is removed .

and disposed of using appropriate control equipment and work
practices, the exposure can be minimized. The principal objec-
tive of this study was to determiné the expostre to chrysotile
of workers in the automotive service industry, particularly of
autometive mechanics who may use various control techniques
during maintenance and replacement of brakes, cluiches, and

gaskets.

BRAKE AND CLUTCH SERVICE OPERATIONS

Repaxr facilities ranging -from small service stations to bus
depots follow similar secvice procedures. The vehicle is driven
into a repair stall or-bay, sometimes elevated, wheels are re-
moved, and the brakes or clutch are inspected. Traditionally,

‘brake dust was often cleaned from brake assemblies by blow-

ing with compressed air. At the time of this study, however,
most brake servicing facilitics we observed used wetfdry wip-
ing, squirt bottle wash-off, or aerosol tan organic cleaner. After
cleaning, pagsag) replaced or repaired as needed, and the brake
‘or clutch systerti is reassembled and adjusted. Dust arising from
the work was obviously.a possible source of asbestos exposure.
The debris accumulated in the brake housing,.and when it was

cleaned out by one of the above methods, could liberate asbestos

fibers into the ambient air.

With the introduction of bonded linings and factory-made
disc pads in recent years, the need for drilling, facing, or grinding
operations during installation has decreased significantly.

BRAKE BONDING OPERATIONS

Wormn drusm brake shoes collected from brake service stations
are re-processed in specialized brake bonding establishments.
The metal shoes are stxipped of the womn asbestos ligings, thea

cleaned, glued to precut replacement linings, and finally cured

AUTOMOTIVE SERVICE WORKER CHRYSUHLE EXPOSURE

s 1

in an oven at a (cmperaﬂ!re of 200—300" . Madhi
and leveling of the new brake lining surface ( MO
“radius grinding”) is routinely required andf i§ the o
source of fiber generation. Cutting of new linings is dlsosome -
times performed. :

GASI(ET PROCESSING . -

Asbestos-free gaskets are widely ) used in the automouva in--
dustry and for other purposes. However, .asbestzos gaskcts are
still found in older models of passenger.cars.and heavy: vehi- )
cles, although nowadays they are more commonly useddnhigh-’
temperatuce and high-pressure applications (for exampre, inoil
refineries and chemical plaats). In asbestos gasket produc!lon :
operations, atticles are cut off from compressed asbestos fiber
sheets by hand-held electric saws, and arc then cut to-the de-
sired shapes by a powered stamping machine. Process workers
are potentially exposed to asbestos dust during the cmung and
powered stampmg pl‘OCeSS

METHODS AND MATERIALS

Nine typical establishments in the Sydoey nw&opchcan area,
including five service garages (fout fof passenger and light cora-
mercial vehicles, one for buses and coaches), three brake bond-
ing workshops, and one gasket processing wozkshop pam:lp,atcd
in this study. The three brake bonding workshops and oneg ’
processing worksbop were the only woskshops in the indio.
that stifl processed asbestos-coataining products and.were. lo~
cated in the Sydney metropolitan arca. '

The stody methodology involved air momtonng t0 estimate
exposure to chrysotile at work when chrysotile-containing fric-
tion materials were worked on, in refation to the type of control -
meastres used, and sizing of aitborne fibers by transmission
electron microscopy (TEM). In this study, the dust control tech-
nigques were also assessed, and the work practices and the nse
of personal protective equipment were evaluated by the use of 2
standardized questionnaire.

Monitoring of Airborne Asbestos Fibers i
Task-specific personal and area air samples were colledted at
a flowrate of 2 liters per minute on 25-mm-diamster 0.8 ji14 pore
size Millipore mixed cellulose ester membrene filters houged i
anti“static cowls, in accordance with the Australian stan;iard
menibrane filter miethod. @ Area samples were taken at fixed.
focations in the vicinity of the work tasks, and between-one
and two meters above fioor level. Single saniple-dirations were
selected not to exceed two howurs, such thiat only a maximum of
240 liters af air would be collected. This approach has resulted
in a practical detection limit of arousd 0.05 f/mL: (or 10 Rbers/
100 graticute areas) by phase contrast microscopy (PCM).
Filter scctions were cleared by acetone-triacetin and the fibers |
were sized and counwge under a phase contrast opncal o )
scope at 400-450x magmﬁcauou Fle!'S ‘with an aspoct Tusl”
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BN mn, were counted {0 a minionum ‘of 100 fbers in 20 fields
£ 100 random ﬁelds The limit of resolution of PCM is about
02 fom
’ In addition to PCM analysis, 16 samples in half filters were
selected for TEM analysis ona Phillips CM12 at 8800 % magnifi-
cationtThese 16 samples included all personal samplesand some
aréa samples with relatively high PCM fiber readings. TEM
" analysis-was performed to identify asbestos fibers too small to
be detected by PCM. Fibrous minerals were identified by se-
lected area electron diffraction (SAED) and energy-dispersive
X-tay analysis (EDAX), and sized by length and diametey. The
gnil opedings nsed in TEM were sized by optical mlcnoscc:py
so that the TEM results could be reposted in fibers per equiva-
lent Walton Beckett graticule area and directly compared to the
N& results. Due to the higher resolution power of TEM, res-
pixabile fibers of all dimensions were recorded (resolution limit
was about 0.02 um in diameter).

Survey by Questionnaire
In addition, the nine establishments were surveyed througha
standardized questionnaire designed to obtain information about
. work practices, the use of dust control measures and personal
protective cquipment, the use of asbestos products and substi-
. tutés, the current pmctiocs of risk managemecnt including training
- of workers, and provision of safcty information in the form of
- “roper labelling and material safety data sheets (MSDS). The
; ‘estionnaire was completed in consultation with the employer
* "ufid the relevant workers at each establishment.

RESULTS

This small-scaled cross-sectional survey indicated that both
chrysotile~containing products and sabstitutes were widely used
in the nine workshops. However, there was an increasing ten-
dency for them to lean toward the use of non-asbestos products
where possible, apparently driven by the market supply Situation
and the health concem of the comspunity and the workforce. The
subatitutes nsed in the brake friction materials encountered in
these workshops inclnded memdlfic oxides and synthetic mineral
and érganic fibers includidg Hiberglass, wollsstonite, graphite
.ﬁbq_s,g:arbon fibers, kevlar, and steel fibers.

- Theisarvey-also revealed that all xeplacement clutches and

* gaskets; and-most disc brake pads were asbestos-free and sup-

plied g0 the automotive service industry in the form of factory-

.miade order parts, However, the majority of replacement drum

“brake linings, stifl used in cars of older models and in buses and
.. coaches, were still chrysotile products.

24 +'Fhie five'service garages in this study did not conduct any
: "brake re-lining. or re-bonding work. According to them, it is
alrmdy~an industry-wide practice that wom drum brake shoes
and clutch discs.were collected, distributed to, and re-processed
pecialized btake bonding establishments. Garage workers

B YEUNGET AL. . !

: eXWedmg 3. wnh length greater than 5 pem, and diameter under-

rarely need to undertake activities such as cutting, grinding, and
drilling which may release fibers to the ambient air.

Waste friction materials generated in these workshops (e.g.,
worn brake discs in garages, asbestos-containing debris in brake
bonding workshops) were kept in special closed bins and dis-
posed of by licensed waste contractors. Only some asbestos-
containing products were Jabelled with the appropriate hazard
warniog and safe haadling instructions. However, none of these
products was provided with MSDS.

Woerk Practice and Control Techniques

Work activities in these nine establishmeants at the time of air
sampling, the dust control technigues, and standard of ventila-
tion are summarized in Table L. In the secvice garages, special-
ization was nota feature and tasks were allotted as the mechanic
became available with each spending about 10-75 percent of
his time on brake work. Dust control technologies in brake and
clutch work included wet and dry wiping, and the use of a squirt
water bottle or aerosol can organic solvent. Garage C'used a
combination of squirt water hpttle, weet wiping, and then com-

. pressed air streamn for diying. However, theee workshops (A, D,

and I} did not provide any form of dust control measures. Tra-
ditional compressed air jet cleaning has fong been abandoned at
these workplaces. Most younger workers stated that this is due
to the proper automotive trade training provided by technical
colleges in Syduey.

Among the three brake bonding workshops shops G and
H are specialized businesses working full-time in the activ-
ities of cutting, madius grinding, curing, and packing. Radius

grinding and cutting which would potentially relegse asbestos-

containing dust were performed for about one to two hours every
day. Although both processes were provided with local exhaust
ventilation, area contamination with asbestos dust was easily
discernible. Some exposed workers in these workshops were
provided with regular heaith surveillance (chest x-ray and lung
function tests). Approved disposable-type dust respirators were
worn by some workers durning cutting and radius grinding.

PCM Results

" A total of 68 (11 personal, 57 area} samples were collected.
All the results were below the current Australian occupational
exposure standard of 1.0 ¥mL for chrysotile (under review, see
refercace {S)) and the exposure standard of 0.5 f/mL in the State

‘of New South Wales.

Details of the air sampling results determined by PCM, the
types of. sample, and the work activity are presented in
Table II. Respirable fibers were present in most (25 out of 36)
air samples from the scrvice garages. The task-specific fiber
conceatrations were all below the reportable detection Limit of
0.05 fiml.. The highest short-term exposure levels (geomet-
ric mean=0.11 f/mL) were found in a brake bonding work-
shop (shop G) which is an old-fashioned workplace specializ-
ing only in the reprocessing of asbestos drum brakes. Although
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AUTOMOTIVE SERVICE WORKER CHRYSOTILE BXPOSURE

BThree samples were taken for only 20 minutes.

TABLE {
‘ Work activities and control measures D e
Establishment Work activities® , Frequeacy Control techniques Vén'tilaﬁoﬁ‘stir}da_xd
.Service garages for passenger and light commercial vehicles ; N O
A Replaced BM & BD 6 h/day None Natural, good " -
B Replaced BD & checked BM 6 blfweck Aerosol spray Natural,. goo;d -
C Replaced BM & BD 6 b/week Squirt water bottle -+ ‘Natural, good *
’ compressed air drying T
D Replaced clutch QOccasionally None .Namml, poor
Service depot for buses : S
E . Replaced BM 3 hiweek Dy wiping, tespirators Natural, good
Brake bonding wotkshops - T
F Bondiog & RG I hiday Respicator” LEYV, good
G Bonding, cutting, RG & packing 8 hday Respirator LEV, good.
H- Cutting, RG & packing 8 hiday None LEV, good
Gasket processing workshop ) . : - — o
1 ' " Machine cutting & stamping 2 biday. None Natural, fair S
ABM = drum brake; BD = disc brake; RG = radius grinding; LEV —local exhaust ventilation.
TABLE H _
Air sarapling results by phase-contrast microscopy (PCM)
) Fiber concentration (fmL)
Sample Work. Sampling  No.of
Establishment  type® activity time (min)  samples’ GM Ringe -
Service garages for passenger and light commercial vehicles : -
A P  BM&BD 77 1 <0.05 . <005 |
A 77 5 <0.05 <005
B P BM-&BD 80 1 <0.05 <0.05.
A 75 6 <0.05 <005
C BM & BD 135 1 <0.05 <005
A 135 6 <0.05 <0.05
D P Clutch 125 1 <0.05 <0.05
. A - 125 7 <0.05 <0.05
Seryice-depot for buses : -
E I BM : 125 1 <0.05 <005
. A . 125 7 <0.05 <0.05
Breke bonding workshops : '
F P Bonding & RG - 80 1 <0.05 <0.05
A .80 g® <0.05-<0.17 <0.05-<0.17
G P Bonding, cutting, RG ~130 2 0.11 0.07-0.16
. & packing
A ~125 6 <0.05 <0.05-0.04
H P Packing , 125 i <0.05 - <005
A Cutting & RG £120 6 0.04 0.03-007 .
Gasket processing workshop :
[ [ 4 Cutting & stamping ~100 2 <0.05 <0.05
A ~100 6 <0.05 T <008 . \)‘
. D N
AP = personal sample; A = area sample; GM = geometric mean; see Table I fer other-dhbreviations. -
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_Tesp ble ﬁbers were found in all the air samples from the gas-
,mt procdessing workshop (shop I), the fibre concentrations were
“all belowthc feportable detection lirait of 0.05 f/mL.
TR Pemﬂal of area sampling apparently did rot cause a major
v dlﬁemce i results, probably due to the very low level of ex-
posumm most of the workshops. However, in shop G, personal
!:xposm {n =2, concentration = 0.07-0.16 #/mL} were obvi-
ously h.igherthan the area sampling results (all below 0.05 fmlL.)
“which:wete taken for the same processes and for the same sam-
-pling ¢ durdtion, -
Tt is. important o note that the fiber levels reported in this
tvdy were all short-term task-specific exposures (less than two
)wluch covered only periods of work where peaks’of ex-
po ‘were expected. The time-weighted average (TWA) daily
"or Weekly exposures would be many times lower, as indicated
by the freqiency of particular work activities.

z
YEM versus PCM Results
Duetoits mgher resolution and analytical power, TEM could
indicdte the presence of fine fibers not detected by PCM, and
‘identify different types of fibers: chrysotile, oxganic, or mineral.
In the 16 samples selected for TEM -analysis, the TEM results
. were geaerally higher than the corresponding PCM counts be-
czmschxghenergy shearing processes (e.g., cutting and grinding)
- tend 6 liberate finer pasticles and fibers. A comparison of the
'I'EM and PCM results is given in Table L For the purposes of

ble

Chrysonle fbers were only detected by TEM-in one (in
Gmge C) of the seven air samples collected from the ser-
vice. garages, multmg in a chrysotile fiber concentration of
0.004 £fmY. £6i that sample. The other fbers found were mostly
organic fibers (e.g., calcium sulphate) which presumably were

-~ ," ) PYEUNGETAL. i

sourced from general pollution. In the two samples collected
from the bus depot (Garage E) during drum brake maintenance,
the fibers were mostly very fine forsterite and amerphous silica
which are the thermal degradation products of chrysotile. These
fiers would have been too fine 10 be counted under PCM (ie.,
dismneter <0.2 geom).

In brake bonding work, 88 percent of the fibers from the
six samples were chrysotile (range = 63—-100 percent), In gasket
processing, 78 percent of the fibers were chrysotile (range = 70-
93%,n=3).

Despite the difference in resolutionpower, the PCM and TEM
data (for all fibers) show a positive comélation {r =0.79) (sec
Figure 1). When the diameter differences of the two sets of
data (for all fibers) are adjusted, it is shown in Figure 2 that 2
very strong positive correlation exists between the two methods
(- =0.90).

Fiber Dimensions

All the countable fibers were less tham 50 um ia length.
The perceatage diameter distitbutlonisas measured by TEM are
shown in Table IV. The median diameter on samples taken from
the service garages (passenger cars) was 0.5-1.0 pm, and was
0.2-0.5 pem forbrake bonding and gasket processing workshops,
while that for the bus service depot was 0.1-0.2 jem. Most of the
respirable fibers (84%, mainly forsterite) from the bus service
depot were below 0.2 gom in diameter which is the practical res-
olution imit of PCM. It is also important to note that 34 percent
and 44 percent of the gespirable chrysotile fibers taken from the
brake bonding and gasket cutting workshops were below 0.2 um
in diameter,

The actual size distributions of the fibecs sampled from the

four types of establishment, as determined by TEM, are pre-
sented in Figures 3-6.

PR . TABLE HI
co A comparison of PCM and transmission electron microscopy (TEM) results
’ GM-fiber concentration (f/mL.)
Typeof o Work type/  No.of PCMA TEM TEM
establishment activies  samples (all fibers)  (chrysotile)  (all fibers)
‘ Service garages forcars  Brakes 4 0.006 <0018 <0.01-0.01
Coa e Clutch | 0.003 <0.01 <0.01
% ... Service depot forbuses”  Brakes 2 0.009 <0.01 0.11€
: . Brake bonding P 3 0.06 0.07 0.09
e s A 3 0.05 0.05 0.05
. Total (brake 6 0.05 0.05 0.07
gL bonding) .
. - .Gasket processing 3 0.01 0.02, 0.02
. Al! processes 16 0601 , 002 - 0.03

", ©Most ere forstetite.
Ses Tables I'and H for abbreviations.

A“At:tual PCM sirbome concentration (aot reported as <LOD).
" BOne sample contained chrysotile (conc. =0.004 f/mL).
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FIGURE 1
PCM versus TEM data (not adjusted for fiber diameter).
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PCM versus TEM data (adjusted for fiber diarmeter).
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TABLE IV
: Percentage size distribution by TEM
' s . , Fiber diameter (xm) distribution in percent - .
' Lo # fibers Eiber diameter () £ :
AL _ Type of establishment counted 0.2-05 05-10 1.0-20 2.0-3.0
i .27 . . Sexvice garagos—car (all fibers) 17 9. 59 6 6
{1 Sérvice depot—bus (all fibers) 79 3] o o 5
Brake bonding (chrysotile only) 29L.5 28 24 4 10
. Gasket processing (chrysotile only) 325 32 21 3 0
" .- _ Shaded srea represents the proportions of fibers not *countable® by PCM.
? P . ]
) D_lSCpSSION ) o " Thethree brake bonding workshops participating inthis sudy
! This 'small study suggests that thers is widespread replace-  collectively indicated that the great majority of work in the indus-

mentof chrydotile in friction materials used in the Australian au-
tortotive iivdustry. The use of substitutes for chrysotile is most
-evideat ia brake disc pads and clutches. Howeves, chrysotile-
comaining dram brake linings continue to be manufactused and
imported into Australia in large quantities, predomisantly for
use in the sftermarket industry for older model passengér cars
and beavy vehicles,

try involved the nse of chrysotile-containing products. However, .
due to the continuously increased introduction into the market of

ashestos-free clutch kits and disc brake pads, business activities
in the sebonding industry are capidly decreasing.

g

As shown by the dir fimgflestaken from the four service -l

garages (passenger cars), the respirable fiber concentrations
were very Iow and atl below 0.05 #ml. (the detection limit of
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éxposute studies that indicated significant exposures, may

') a;mbutgd to garage workers’ increasing awaréness of the

* hazards of asbestos, which has led to the use of wet methods to
replace the ttaditional compressed air jet. The interpretation is
reinforced by the observation that chrysotile fibers were identi-

_ fied by TEM ounly in the personal sample from Garage C where
" compressed. ait. was used for drying after some wet cleaning
processes. No. asbestos fibers were detected in any of the sam-
ples taken, from Garages A, B, and D where only a wet cleaning
me(hod was used.

. Altwoiigh there was no practical difference in PCM results
befween seevicing buy and passenger cars, fiber concenrations
as Hetermined by TEM for servicing buses were an order of
magnitide greater than for passenger cars. TBM agalysis shows
thad 84 peccedit of the fibers fouad in the samples taken from the
bus{service depot (Garage E) were too fige (less than 02 pm
jn digmetér and between 5-20 um in Jength) to be detected
by PCM. Theé Gbers were mainly forsterite which is a thermal
degradation product of chrysotile. These findings can possibly be
-explained by the greater extent of wear and tear in the friction
material during braking of heavy vehicles, and the failure of
Garage E to use wet cléaning methods doring brake service.

3 YEUNé'Er AL.

The findings raise concems about the likely higher exposure to
chrysotile, particularly to the very Rine fibers not detected by
PCM, during brake service 10 other types of large vehicles (e.g..
coaches, trucks). More studies may be needed before a valid
conclusion can be reached on the likely exposure levcls for the
service of heavy vehicles. -

In brake bonding, exposure o chiysotile was demonstrated.
Although the exposure level may still be low (especially af-
ter adjustment for a 8-hour workday), the possibility of area
contamination has caused health and enyironmental concems.
In these workplaces, improvements to control -measures and
personal protection and housekeeping practices are necessary
to reduce the health risk and possible contamination of the
envitonment,

PCM is the international mgqlatory method for the deler-
mination of aitborne asbestos fiber concentrations. However,
as shown in this study, PCM is not sble to detect the very
many small fibers (<0.2 pm in diameter) generated by high-
encrgy shearing processes (e.g., cutting, grinding, and sand-
ing) of asbestos-containing materials. For this type of processes,
PCM may underestimate exposure and thus the health risk; and
TEM should be nsed as an adjunct © PCM in any regular air
monitoring program.
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Fiber size distribution (chrysotile)}—Gasket processing.
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wre to CONCLUSION AND RECOMMENDATIONS DISCLAIMER

ted by v Although it was a small scale cross-sectiounal study, the fol- The conclusions reached and SCleﬂtlﬁC views expressed an
eg. ¥ lowing conclusions can be drawn from the results: this article ate the authors’ and do not necessaily reflect those
1 valid . ’ of the organizations in which they work.

orthe © » The use of substitutes for chrysotile is quite common .

. for brake disc pads, clutches, and gaskets in Australia. ; ’ o
trated. ¢ However, chrysotile-containing drum brake linings co- N f'-_"j ’ Ea
fly af- ntinue to be manufactured and imported into Australia, REFERENCES '

f area & predominanty for usc in the aflermarket industry for 1. Sheehy, 1.W.; Cooper, T.C.; O'Bﬂeﬂ DM etal.: ¢°‘!“°1 °fAS-
erns. older model passenger cers and heavy vehicles. m?ubh i"l"’;““’gi‘;‘z“l‘g ;;;;ksc ?v"";‘mse“"‘?&mi)m‘mm
. X o . - . . cation No. 'as! 1,
sand o All the air sarapling results fram this study (service 2. Lynch, LR : Brake Lining D@mposmoft;mducxlmrl’ollnuon
€558rY i&ragesthebrake boning. and gasketv pmc;s;lsmg) were Cont Assoc 18:824 (1968).
of the ¢ ow current Australian occupational exposure . X
. standaxd of 1.0l for crysotlfeand he Now South * Graupe and Industies mmﬁ,ﬁ‘m“mo;mmmhﬁ
deter- Wales State's exposure standard of 0.5 f/mL. Cases 1979-1995. Ann Occup Hyg 41(1):123-128 (1997). -
wever, » Task-specific exposures of car mechanics to chrysotile 4. Yeung, B; Rogers, A.; Johnson, A.: Mesotheliomg in: Different
svery during service of brakes and clutches were typically- Occupational Groups and Industries 1979-1995. Proceedings of
- high- less than the PCM detection limit of 0.05 ffrol. These 16th Annual Cenfererce of Australian Instimte of Oecupi&nhal .
sand- . low levels can be attributed to the use of wet cleaning Hygienists, Albury, New South Wales, 28 November-2 Dwember
esses, | or aerosol spray methods in recent years to replace the {1997).
X; and wraditional compressed air jet cleaning. 5. g;?:;“g‘b;“za';x H::;‘*;Iaﬂf‘ Sn:lfeéy C"mﬂ“;“i‘:‘;:‘f“gfs“ﬂ‘:
larair . ¢ + Brake service to heavy vehicles can generate substan- d 5) Frapo alional Exposurs Sten or tie
. tial number of very fine fibers which are not detectable $€‘f§;‘;")““‘ Bnvironment, Worksafe Australia, Sydaey, Decem-
? by PCM. More studies are nceded to quantify the likely 6. Cheng, VK.L; O"Kelly, F.J.: Asbestos Exposure in the Metor V.-
exposure in brake work for hcavy vehicles. hicle Repair and Secvicing Industcy ia Hong Kong, § Sos € ) §
3 ¢ Area contamination by asbestos debris in brake bond- Med 36:104-106 (1986). s
ing workshops raises health and environmental con- 7. Kauppisen, T.; Korhonen, KL: Exposure to Asbéestos Dust’ Dun.ng
> . cems. The use of asbestos in these workshops shouid be Brake Maintenasee of Automotive Vehicles by Dxﬁ'emntMcxhods '
better controlfed. An improved control program should Eid Hyg Assoc J 48(5):499-504 (1987).
. include education of exposed persons,. isolation of 8. Plato, N.; Tomnling, G.; Hogstedt, C.; et al.: An Index of Past As™
: asbestos work_' control by ventilation and pcrsona,[ pro- bestos Exposure as Appl(cd to Carand Bus Mechanlcs Ann Ocoup
tection, maintenance of ventilation system, and good Hyg 35(4):44 1454 (1995).
* housekeeping measures necessary to reduce the inhala- 9. Rodelsperger, K.; Jahn, H.; Bruckel, B.; et al.: Asbestos Dust Ex-~
tion of dust. - posure Duriug Beake Repair. Am J Ind Med 19:63-72 (i98§).‘
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