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I INTRODUCTION

The Nationazl Institute for Occupstional Safety and Health (NIQOSH) 1s the
primary Federal azgency engaged in occupat:ional safety and health research
Located 1n the Department of Health and Human Services (formerly Department of
Health, Education, and Welfare), it wag established by the Qcecupational Safety
and Health Act of 1970 This legislation mandated NIOSH to conduct a mumber
of ressarch and education programs separgte from the standard setting and
enforcement functions of the Qccupational Safeby and Health Administration
{OSHA) 1n the Department of Labor An important area of NIOSH research deals
with methods for controlling occupational exposure to potential chem:ical and
physical hazards to safe levels The Engineering Conkrol Technolegy Branch
{ECTE) of the Divieion of Physical Sciences and Engineering has been given the
lead within NIOSH to study the engineering aspects of hazard control

Since 1976, ECTH has conducted a number of assessments of health hazargd
control technology on the basis of industry, common industrial process, of
gpecific control techniques, Examples of these completed studies includs the
foundry industry, various chemical manufacturing or processing operations,
spray painting, and the recirculation ¢f exhaust air. The objective of each
of these studies has been to evaluate and document effective control
taechniques [or petential health hazards in the industry or process of
interest, and kg create a more general awareness of the need for ar
avarlability of an effective system of hazard control measures

These studies involve a number of phases Inittally, a series of walk-through
surveys are conducted to select plants or processes with effactive and
potentially transferable control concepts or techniques Next, in-depth
surveys are conducted to determine both the control parameters and the
effectiveness of these controls The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articlesz on
af fective hazard control measures. Ultimately, the information from these
research activities builds the data base of publicly available information on
hazard control techniques for use by health professionals who are responzible
for preventing occupational 1llness and 1njucy

Background

Asbestos 13 found in motor vehicle brake materials. Recognition of asbestos’'
carcinogenic properties has currently resulted in substitution aof lesgs toxic
fibers for some brake materials However, ashestos 1s s5till used in a large
number of brakes  This study i1s concerned with the control of ashestos
exposures to workers who are required ko repair motor vehicle brakes

Dubrow and Wegman published a research and control priority azsessment of
cccupational carcinogens (1) Their objective was to identify occupations
with potentially high cancer rigk by combining the results of 12 major
ceeypational disease surveillance studies, and to make recommendations
concerning priorities for occupational cancer research and control on the
basiz of the results of this analy$is, n conjunction with other avarlable
epirdemiologie, ndustrial hygiene, toxacologiec, and employment data On the
basis of the principles outlined in their paper, some privrities for researeh



and control clearly stood out Their results pointed to the investigation and
control of occupational exposure to asbestos as the number one priority in
occupational cancer research and control They concluded . where
oceypational disease surveillance studies point to & likely problem with a
known carcincogenic agent, the prioraity should be placed on industrial hygiene
investigations of asbestos exposure in the suspect occupations If likely

expogsure i1s found, control measures should be developed and instituted (1)

There are frequent asbestos exposures during brake repair in the vehicle
maintenance work force NIOSH in the Rational Occupational Exposure Survey
estimates that a work force of 151,000 brake mechanics and garage workers in
the U 8 are potentially exposed to ashestos (2) Other estimates run as
high as 900,000 workers being potentially exposed in brake secvicing.(3)

A study of brake service operations was needed because of the following, the
known carcinogenic potential of asbestog, a large number of workers are
potentially expased, primarily small businesses perform brake servicing and
lack resources to evaluate control devices, and the general lack of
information on the effectiveness of eurrently available control devices
Therefore, the Enginsering Control Technology Branch undertook this study

The primary objective of this control technolopy assessment i1s to determine
the effectiveness of various control technigues used durang brake repair, and
the transfer of the documented information to the appropriate indivaduals in
rndustry, labor, academiz, and the government (i e., industrial hygienists,
safety engineers, OSHA, EPA, eic ) A secondary objective of this assessment
is te determine 1f additicenal research i1s needed

pescription of Brake Servicing Operations

Repair facilities follow the same basic servicing procedures The vehicle 15
draiven into a repair stall or bay for a brake system examination Pending
repairs, the wheels are elevated, removed, atid the brakes inspected Looze
dust as cleaned from the drums and brake ssgemblies by vacuuming, wet or dry
wiping/brushing, using compressed air, or a combination of these methods
Parts are then replaced or repaired as needed and the brake system is
reasgsembled and adjusted The vehicle 1s then driven to check for proper [it
and adjustment in the final phase of the servicing operation

The brake reparrman and other service personnel in the garage aresa are
potentially exposed to asbestos dust during and followang the brake drum
removal If the normal duet buildup inside the drum and brake assembly is
removed and disposed of in a controlled manner, this hazard can be minimized

S1te Belection

Preliminary surveys were conducted at ten sBitez using a variety of contgol
technigues These site visits were conducted to cbserve the conkrol
tachniques in use and to select sites for detailed sampling studies  Sites
were selected praimarily from fleet parsges to control for varisbles such as
vehicle btype, use, and maintenance practice, and on the physaical size of the



garage Selection of sites wag made, as judiciously as possible, based on
ceriteria including

a} The type of comtrol technique(s)} being used at that site
b) The type and quantity of vehicles available for brake repair

Gocd work practices and a sound management approach were fundamental to the
existence of suitable conditions for study

Health Lffects

The health signifjcance of the anhalation of cherysctilae asbastosg fibers in
auto reps:ir workers includes asbestosis, lung cancer, and mesotheliona (4-8)
In a detailed examination of 90 union motor vehicle maintenance workers in New
York City(?) with 1¢ or more yvears of shop work, 29 percent had decreaged
vital capacity, the percentage increased with age and mogt markedly after 29
years from the onset of auio work Many of the workers examined showed s1gns
consistent with asbestosis, with observed changes noted in chest X-rays and
indication of restrictive pulmonary function. The prevalence of these changes
wag significantly higher after 20 vears exposure, & result expected after
cccupational exposure to asbestos (8)

Many of the asbestos fLibers originally present in the unused brake shoe
chemically degrade due to the high temperature encountered in uszse. Chrysotile
ashestog fibers exist in automobile brake dust in varicus states of
deformation Unlaike chrysotile, the health effects of exposure to forsterite
(a deformation product of chrysotile), or to transition series fibers
(chrysotilesforsterite) with altered crystalline structures are not well
documented. In studies by Davis and Conram{?) and Koshi{1C? ;n which

fibers of chrysotile, chrysotile/forsterite, end Forsterite were injected into
the pleural and peritoneal cavities of mice, the results supgested varying
degrees of toxic sffects Fiber implantation animal studies conducted by

pPokt et. al ¢11,12)} and Davis et al.(13) suggest that the morphology and

gize of a Fiber, regardless of fiber type, are responsible for i1ts
capeinogenicity, Likewise, Stanton et al (14) sugpgests that fibers less

than 1 5 um 1n diameter and greater than 8§ ym in langth pose the greatest

18k in producing pleural sarcomas  These studies tepnd to suggest that the
physical morphology (size damensions) and te 8 lesser degree chemical and
surface characteristics of a fiber are the determining factors for ainducing a
biclogical effect The precise fiber dimensicnal characteristics required for
these observed pathologic responses have been difficult to determine
experimentally because of the difficulties encountered in producing fibers of
specific size dimensions

Because of the observed health effects in aute repair workers and the lack of
e clearly identified no-~effect level for asbestos, it ig important &o minimige
expesure to brake dust whiech may eontain asbestos.

The two sources of occupational exposure criteria considered in this study

are (1) the NIOSH Recommended Expesure Limit {(REL}, and (2} the Department
of Labor OSHA Permissible Exposure Limat (PEL)



NIOSH recommends that employee exposure to asbestos be teduced to the lowest
feasible limit, due te the carcincgenic nature of this substance, The NIOSH
REL published in 1976 1s 0 1 fibers greater than 5 wm in length per cubic
centimeter (frce) (157

BIOSH submitted an update on the recommended agbestos crlteria at the OSHA
proposed rule-making hearings for asbestos in June 1984 (16) The NIOSH
peoition is summarized below:

The carcinogenic potential of ashbestos 13 no longer in doubt, howwver,
there 1s some uncertainty about the toxicological and morphelogical
properties which determine the carcinogenic potency of waricus fibers
NIOSH belireves that on the basis of avairlable information, there is no
gcientific basis for differentiating between asbestos fiber types for
regulatory purposes Data available to date provide no evidence for the
existence of a thresheld level Virtually all levels of asbestos exposure
studied to date demonstrated an excess of ashestos-related disease

NIOSH continues to believe that both ssbestos and smokaing are
wndependently capable of increasing the risk of lung cancer mortality
When exposure to both oceurs, the combined effect, with respect to lung
cancer, appears to be multiplicative rather than addiktive From the
evidence presented, we may conclude that asbestes 1z a carcincgen capable
of causing lung cancer and mesothelicmz, independent of smoking

KI108H has recommended that ashbestos be controlled to the lowest detectable
limit. It 1s our contention that there 15 no safe concentration of
exposure ke asbestos. Any standard, no matter how low the concentratien,
will not ensure zbsvlute protection for all workers from devaloping cancer
a5 a result of thear occupztiocnal exposure  However, lower exposures
carcy lower risks

gince the only widely avairlable method, NIOSH Method ?400.(17) 15 able

to achieve (intralaboratory) accuracy of 12 8 percent RSD at an exposure
limit of 0 1 free (100,000 £/m3) 1n a 400 liter sample, NIOSH and others
have raecommended an exposure limit (REL) of 0 1 £/cec for asbestos based on
8-hour time-weighted average concentrations with peak concentration not
exceeding D 05 fibers/ee (13) while this 1¢ a well undersiood practice,
we cannot find compelling erguments Lo prevent a recommendation based on
alternative sampling peraicds. In [ack, such an gpproach may provide more
protection than an 8-hour based sampling period that azllows short—-term
expgsutres six or ten Limes greater than the B-hour exposure limits being
considered by QSHA Furthermore, since there 1g uncertainty regarding the
cunulative dege required to initiate disease, 1t seems reascnable Lo make
every attempt to contrel exposures Lo ag narrow 2 trange of concentrationg
as possible One way to accomplish this is to restrict the periced over
which workplace concentrations cen be averaged

Personal sampling pumps are available, with flow rates up te 3.5 1pm,
which would allow a sampling time ¢f twe hours or less



Finally, we still believe that there are occasions, such as mixed fiber
exposures, where fiber specificity 15 necessary Therefore, we recommend
the use of electron microscopy 1n the event of process or product
modification, in mixed fiber exposures, or when there are other reagons
for characterization of fiber type and morphology

As noted, the occupationzl exposure criteria - the NIOSH REL and the OBSHA PEL
- are based on the readily available Phase Contrast Microscopy analytical
methad  This methed has inherent limitations based on the physacs of the
optical microscope and upon the ability of the counters te reliably
drscriminate the specified length to width ratio i1n a complex sample mateax
The minimum diameter routanely observed 15 on the order of C.5 pym  The

NTOSH 7400 method stipulates that only fibers longer than 5 um be counted
with a length to width ratio of either 3:1 (VA" rules) or 5:1 ("B" ruleg)
(The "4" and "B" rules have other minor differences ) The "A" rules use the
game aspect ratio ay the current OSHA PEL, and thus have the advantage of
relating to current and historical compliance data They have the poiential
disadvantage of ccounting particles that may or may not be Eibers In the
present study, TEM offers the advantage of berng able to determine the actual
drmensions of all Fibers that were gounted, and thus, to differentiate the
numbers of fibers with various length to width ratios A coarse analysis of
these data indicates that fiber counts uging WIOSH 7400-A and 7400-B counting
rules would differ by less than B percent

Ancother concern 15 that asbestos fibrils as small as 0,02 um in diameter and
lesg then 1 ym n length are vasible only with eleciron microscopy These
fibrils constitute a significant and variable proportion of the total fibers
present in brake dust Thus PCM, in counting enly opticelly visible
particles, may not be a geod indicator of the total fibers present
Controversy cover the health effect of smsll fibers {and thue what sizes of
fibers should be counted) adds further ambiguity to this area

Cn June 20, 1986, 0SHA i1ssued s reviSed PEL, wvwhich reduced the PCHM level to
C.2 f/ce, as an B~hour time-weighted average (TWA) exposure. It also set an
action lewel of 0.1 f/ce that triggers worker training, medical monitering,
and other reguirements The new PEL doces not set a cejrling or short-term
exposure limpt

II PLANT AND PROCESS DESCRIPTION

Facility Description

Cincannati Gas and Electric (CGE&E) has ten garages in the Cineinnati
metropolitan area that service 1,400 vehicles These include cars, pickup
truecks, vans, specialty vehiclea slightly larger than a pickup truck, medium
size trucks, and large specializzed line trucks The maintenance of these
vehicles 15 based on a thorough annual inspection of each vehicle with brake
ingpection included Each month, approxamately 30 to 35 vehicles have all
their wheels pulled for brake inspection with 65 percent to 70 percent of
these vehicles undergoing brake replacement or repair



The ten garages range 1n si1ze from a2 single-bay workstation to a l4-bay
garage There are a total of 89 mechanics at these ten garages who perform
brake maintenance

This study was performed during servicing of six vehieles at four different
garages The four garages are located in. Evanston, Ohie on Dana Avenue, 4th
and M¥ain in Cincinnati, Ohio, Monroe, Ohio, and in Covington, Kentueky The
Evanston Garage 1s locsted in a congested industrial area  The wvehicle
maihtenance area 18 part of a larger building HMaintenance is performed on
250 vehicles assigned to this location in 10 work bays by 10 mechanics The
Cineinnatl garage Ls lacated in the garage drea beneath a high rise office
builfing in the dewnkown area. Maintemance is performed on 225 vehacles in 3
wark bays by 5 mechanics This gatrage mainly services sutomobiles. The
Monroe garage 15 located in a rutal area, the vehicle maintenance FArage 1is
one of several buildings in the compound  Mainteanance 19 performed on 115
vehicles 1n 4 work bays by 7 mechanies  The Cevington garage 1s 1n a
congested industrial area, the maintenance garage is part of a larger
multipurpose garage Maintenance i1z performed on 1530 vehicles in three work
bays by 8 mechanics

Process and Equipment Description

Brake dust is suppressed at these facilities by use of a solvent (methyl
chloroferm) spray The operator dispenses the solvent from the rousable,
hand-held sprayer shown in Figure 1 It 1s used at all ten garages to tontrol
patential ashestos exposures during brake maintenance on all typas of
vehicles, The sprayer 18 filled with approximately one quart of solwvent from
a 55-gallon drum A drum-mounted pump Ls used to transfer the solvent Eo the
gFprayer The mechanic uses shop sir (approxXimately 200 psig) to pressurize
the sprayer After the brake drum has been removed, Lhe operator, holding the
sprayer 32" to 18" from the brake components and drum, thoroughly wets 211l the
expoged surfaces The contaminated solvent, which 12 not recycled, iz
cplleckted 1n 3 catch pan placed heneath the wehicle's wheel and emptied into a
drum to be disposed of as hazardous waste

One mechanic, instead of using this sprayer, used & parts brush and solvent
{manual wet brush method) to remove the brake residue from the brake drum and
btrake components  Thas mechanic £i1lled the catch pan with about 2 inches of
solvent and set the pan on the floor near the vehicle  After pulling the
drum, he held the drum 1n the solvent pan and used the brush to apply the
solvent and clean the deum He then wiped the drum with a dry rag Next, he
rlaced the pan beneath the wheel snd mamually cleaned the brake components
with the brush, catchang the contaminated solvent in the pan  Afterwards, he
wiped the components with a dry rag The contaminated solvent 1s emptied inte
8 drum and disposed of as hazardous waste

The solvent used in the sprayer i1s 1,1,l-trichloreoethane (commonly known as
methyl chloroform) 1,1,1-trachlaroethane 1s airrcitating to the eyesz on
contact Overexposure to the vapors depresses the central nervous system
Symptoms of overexposure include dizziness, incpordination, drowsiness, and
increased reaction time. Unconscrousness and death can gccur from exposure to
excessive concentrations (18} The current OSHA PEL 1is 350 parts of methyl
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chloroform per million parts of air {ppm) or 1,910 mg /m3 averaged over an
8-bour work shift The NIOSH REL 1s 350 ppm (1,910 mg/m3) averaged over a
15-minute pariod

A 55-gallon drum of 1,1,1-trichlorcethane costs $298 ($2 71 per quart) Each
gquart of golvent cleans approximately 4 wheels The Balkamp Model A" Sprayer
costs approXamately $30

ITTI  METHODDLOGY
air Sampling and Analysas

Personal air samples for asbestos were collected in duplicate on 25 mnm,

0.8 uym pore si1ze cellulose ester membrane filters at 2 § to 3 ¢ lpm using a
Dubont P—4000 pump far the duration of one brake job, or 2 hours, whichaver
was longer., {Brake Jobs 1 and 2 were collected on one set of frlters )} The
minimum velume callected (300 liters) allowed a limit of detection of
approximately C ¢05 fibers/cc by Phase Contrast Microscopy (PCM} analysis

Ares air samples for asbestos were alsc collected on 25 mm, O B um pore size
cellulose ester filters Two area samples were collected at the fender and
the axle (gource samples) at approximately 7.0 lpm using totary vate high
volume pumps for the duration of one brake job or 2 hours, whichever was
longer. The source pamplezs were used to measure fibers escaping into the
working environment during the brake service and repair activity.

The minitum veolume collected (BaQ liters) allowad a 1limit of detection of

0 002 fibers/ce by PCM  Two additional area samples were collected in the
general garage area (background} at spproximately 7 0 lpm for up to 4 hours
encompassing pre- and post-brake job activities These samples were used as
"backgrouwnd” samples to determine effects of general shop cleanliness and
cverall containment effectiveness cf the contrels The minimuem volume
collected (1,000 liters)} allowed a lLimit of detectaion of O (002 fibers/ce Two
cther area samples were c¢ollected out-of-deoors at 2 5 to 3 O lpm using battery
powered pumps for 3 to 8 hours These putdoor (ambient} samples were
callected at 7 0 1lpm using a high volume pump  Ambient samplées ware used to
determine environmental levels of agbestos The minimue volume collected (400
liters) allowed a limit of detection of O 004 fibeps/ce., (One pair of agrea
gamples, one peair of backeround samples, and one palr of ambient samples were
collected for Brake Jobs 1 and 2 All other brake jobs have one gset of
falters for each brake job )

All filter a:r samples were analyzed by PGM according ta NIOSH Method

7400 (17)  In addition te PCM analysis, approximately BZ percent of these
samples wers analyzed by light-field Transmission Electron Hicroscopy (TEM)

To facilitate analysis by PCM and TEM on the same samples, the direct transfer
method of sample preparation described by Burdett and Rood{19) was used

For PCM analysis, all fibers waith a 5.1 (or greater) aspect ratic were counted
using Method 7400-B counting rules (air samples taken on Brake Job & were
analyzed by PCM using Method 7400-A counting rules instead of Methoed 7400-B
counting rules, because the routine laboratory procedure for Method 7400 had
been changed to "A" eounting rules before these samples were analyzed ) For



TEHM analysis, fiber type and size distribution were cobtained for all fibers
(greater than approximately 0 25 um in length) using a magnification of

17 ,6400X and counting etther a mintmum of 10 grids or 100 particles, whlchever
came first  All fibers with 3 3 1 (or greater) aspect ratio were counted
usang TEM

Field blanks were prepared for each sampling date and submitted for PCH and
TEM analysis

Bulk Samples and Rafter Sample

A bulk brake dust sample for each vehicle and a bulk rafter sample for three
of the four sites were collected and analyzed for asbestos by TEM The
percentage of ashestos in the bulk samples was gqualitatively determined by
astimating the ratio of the number of asbestes fibers to btetal dust

particles The percentage of fibers that were zsbestos was quantitatively
determined, the length and drameter of asbestos and other Fibers were
measured Elemental analysis of the nonasbestiform constituents was performed
using energy dispersive X-ray analysis

Real-Time Sampling

The entire bhrake maintenance opetation was recorded on videotape A Hand-Held
Aerosol Monitor (HAM)} from PPM, Inc , and & personal computer {Apple 1II Flus)
were used to measure and record the dust levels for the first five brake
studies (Respirable Aeroscl Monitors, RAMs, Model RAM-1 manufactured by
GLA/Technology Divaision af Bedford, Massachusetts, were used on the last brake
study The HAMs and RAMs pperate on a sumilar electro-optical principle )

The HAM's eleciro—opiical syetem provides instantanepus measurement of
respirabhle dust levels in mg/m® The HAM or RAM sends s millivolt signal to
the computer which records it as a relative dust level The computer program
can record a maximum of 2,000 readings at 2 minemum of three second intervals
before 1t has to be reset. Before each brake maintenance job, the HAM or RAM
was calibrazted and zZeroed The computer‘s clock was synchropized wakth that of
a video camera DuPont P-4000 or HMSA Model G pumps were conpected by tubing
to the HAM (the RAMs have their own buirit in pump), which in turn was
connected by a 25-foot electrical lead to the computer, proprammed to receive
the data The brake mechanic wore the HAM 1in his breathing zone {(the RAM was
set near the mechanic'z work area at the height of his breathing zone)} while
performing the brake maintenance job. The computer recorded the relakive dust
levels on a2 disk from which a plot was later made

Using a spraesd sheet pragram (Lotus 1-2-3}), a real-time plot of the relative
dust levels was made By comparing the peaks from this plot with the videc,
work practices producing elevated dust levels ecan be identif:ied  Although
neither the HAM nor the RAM are specific for asbestos, 1f the asbestos fibers
are dispersed along with other components of the brake dust, then the HAM aor
RAM ghould be a useful real time indicator for control of asbestos-laden dust



Venkilation

Air velocity meters were used to measure air velocities to determane airflow
rates 1n the garages. Smoke tubes were used to assist in observation of
general airflow patterns  Ailr temperature and humaidity were determined using
an aspirsted psychrometer

Work Fractices

An evaluation was conducted on workers perferming brake maintenance and repair
to determine work practices which may cauge personal asbestes dust exposura
during manual brake inspection and replacement The workers werae videotaped
during routipne brake inspection and brake replacement tasks Work cycle times
and work analysis were determined in the laboratory from a review of the
videctapes Cycle times were taken while running the videotapes at normal
speed while work analysis was conducted at both normal speed and by
"stop-action" technigques Work analysis included breaking the job into
general tasks which could be matched with airborne dust levels during brake
inspection and replacement, Work tasks which could cause personal exposure io
brake dust were identified

Iv. RESULTS

Air Sampling Results

Indavidual Filter sample results for airborrne asbestos fibers are presented in
Table A-1 of Appendix A Tablez 1, 24A, and 2B summarize these results

Table ZB does not include the TEM regults for Brake Job 5, a vehiele having
brake drums greater than 12" in diameter The brake drum diameters on the
remaining 5 vellicles were less than or equal to 12" in diameterr The PCM and
TEH results for Brake Job 5 are summar:zed in Table B-1 of Appendix RB.
Generally, personal sample concentrations represented exposures while
servicing hrakes on only one vehicle, but one set of samples (Brake Jobs 1 and
2y was collected while servicing two vehicles

The results for samples analyzed by Phase Contrast Microscopy {(PCM) are
presented in Takle 1 Personal sample concentrations for the brake mechanies
averaged O 006 fiberssec, fave of the personal samples were above the
detection limat of ¢.004 fibers/ec and ranged up to 0.016 fibers/ce, Source
gamples taken above the wheel {fender), and those hung over the axle and
centered between the wheels (axle} averaged less than 0 902 fibars/ce

Cutdoor ambient samples and background samples collected at two separate
locations in the garage averaged less than 0.002 fibers/cc  The ten personal
sample PCM concentrations for six brake jobs were O 016 fibers/ce or less
Fersonal sample concentrations reporkted here represented exposures while
gervicing brakes of no more than 2 to 3 hours per shift, therefore, the
mechanics time-welghted averags exposure would be even lower

The current 0sHA PEL(}3? of 0.2 fibers/cc (Action level 0 1 fibers/ce) and
the NIOSH REL of 0 1 fibers/cc for ashestos (B-hour time-weighted average} are
based on PCHM analysis of asbestos using "A" counting rules "B" counting
rules were utilized i1n this research study and the results cannot be directly
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Asbestos Concentrations (by Phase Contrast
for 6 Vehicle Brake Jobs

Table 1

MicToECOpPY)

{fibaprs/ce)
Number of Arithmeticl
Sanple Type Samples Mean Eange
Fersonal 10 0 004 <0.004 to ¢ Ol
Fender 4 <0 002 <Q 002
Axle 4 <0G, Qa2 <, 002
Background 10 <0 002 <0 002
Ambient 10 <0 402 <0 001 to <0.004

1 For each nondetectable samples, a value of 0 001 fiber/cc was assigned

i1



Table 24

Asbestos ([(TEM) Concentrations far 4 Vehicle Brake Jobs

(fibers/ee)

Sample Humber of Avithmetic Standard Geomeboic

Type Samples Hean Devigtion Eange Mean
Personal 10 0 213 0 335 0.013-0 H94 0 471
Fender & D 0as 0.059 O 005-0 1646 0,048
Axle 4 0 0la 0 OG8 0 004-0.023 ¢ 015
Background 7 ¢ 005 0 003 <0 002~0 010 0 004
Ambient Fi <0 Q0& o.003 <0 004-0,012 0 005

Tabhle 2B

Asbestos (TEM) Concentrations for 5 Vehicle Brake Jobs
(Brake Drum Sizes Less Than or Egqual to 12" in piameter)

(Eibers/cc)

Sample Number of Arithmetic Standard Geometric

Type Samples Mean Deviatzon Range Mean
Persgnal 8 0 046 g 0Z4 0.013-0.07% Q 038
Fender 3 0 0?8 G 067 0 005-¢ 166 Q 037
Axle 3 0.01le o 004 0 004-0 G223 0.013
Background & 4 Q04 4.002 <D R0Z-D 008 0 o0gs
Ambient & Q.003 0 003 <0 004-0 012 G Q05
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compared to the OSHA standard Based on the levels measured by both PCM and
TEM, however, all the mechanies' exposures 1n this study would be well below
these levels TEM analysis of these samples show more than 97 percent of the
chrysotile fibers counted using "A" rules would alsc have been counted using
"B" ruleg One set of samples for Brake Job 6 was analyzed using "A" counting
tules and the analysis showed fthe results were near ot below the detection
limit, therefore, the results for Brake Job 6 were combined with the results
obtained by uzing "B" rules

Little difference 1n average PUM perschal sample eoncentrationg were found
among the six vehicles tested The highest personhal sample concentrations,
which averaged about three times the detesction limit, were measured during z
brake job on a van

The brake jobs were performed by five different mechanics at four different
locations Beczuse there was litkle difference among personal exposures by
PCH and none of the axle and fender (socurce) samples analyzed by PCHM were
above the detection limit, comparisons among brake mechanics, type of wvehicle,
and garages could not be done uvsing PCHM zample results Background and
ambient sapples collected at these four garages were all below the detectaion
Iimit,

Transmission Electron Microscopy {TEM) results are presented in Table B-1 of
the Appendix and summarrzed in Tables 24 and 28 All fibers identified as
chryseotile or amphibole asbestos with an aspect ratio of 3 1 or greater were
counted {(fibers ¢ 25 microns and leonger are included) A few sanples
contained fibers that were not identified (ne I D.), but could possibly be
asbestus

Table ZA shows the asbestos (TEM} concentrations for all 6 brake jabs The
arithmetic mean concentration for the personal samples was 0 213 fibers/ce,
with a standard deviation of 0 335 fibers/cc. The arithmetic mean asbestas
(TEM} background levels in the three garages averaged 0 005 Fibers/ce, and the
outdoor ambient level averaged 0,008 faibers/cc Source samples taken at the
fender averaged 0.0B5 fibersfee, and samples teken at the axle averaged 0,018
fibers/cc Two of the three fender sample asbestos (TEM) concenirations were

ahove background levels indicating that some chrysotile asbestos 1s released
useng this control method

One brake job on a2 large vehicle (brake drums greater than 12" in diameter)
rroduced asbestos {TEM) concentrations much higher than the other five brake
Jobs {S5ge Table B-1 in the Appendix }The arithmetic mean concenteration for
the personal samples was 0 882 fibars/cc The arithmetic mean background
level was 0.010 fibers/ce, and the outdoor ambient level averaged

0 010 fibers/ce Source samples taken at the fender averaged 0 106 fibers/cc,
and sample Laken at the axle averaged 0 022 fibers/ec  All personal, axle,
and fender samples were sabove background levels indicating that some
chrysotile asbestos 1s released using this control method

Table 2B shows the asbestos (TEM) concentrations for the 5 vehicles having
brake drums less than or equal to 12" in diameber The arithmetic mean
concentration for the personal samples was 0.046 fibersfcc, with a stapndard
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deviation of 9 024 fibers/cec The arithmetic mean asbestos (TEM) background
levels in the three garages averaged 0 004 fibers/ce, and the outdoor ambient
level averaged O 005 fiberss/cc Source samples taken at the fender averaged
0,078 fiherssec, and samples taken at the axle averaged 0 0lé fibers/ce Two
of the three fender sample concentratione were above hackground levels
indicating that some chrysotile asbestos is released using this control method

For the 6 vehicles, chrysotile ashestos fibers greater than or equal tg

5 pm 1n length were found in seven of Lhe 32 samples analyzed by TEM
Asbestos fibers that were in a matrix (M fibers) - partially hadden by
particles — and X fabers — fibers that extended into another field - are not
ineluded in Tables 2A or 2P, but are dencted in Table A-1 of Appendix A
Sixteen of 32 samples analyzed by TEM contained M or X ashestos fibers, and
thrae of these samples would have shown substantially higher concentraticons
had M or X fibers been included.

Field blanks were prepared for each sampling date and submitied For PCH and
TEM analysic., Seven blanks were analyzed by PCM and five by TEM and these
results are shown in Table A-1 of Appendix A Both analyses showed all blanks
were below detectable limits; thus, no corrections were made to the zample
results for either method.

Bulk and Rafter Sample Results

Bulk samples were collected from the brake drums of the six vehaicles tested

In additron, rafter sampleg from three of the four garages were collected and
analyzed The bulk sample results are presented in Table 3 Less than

1 petrcent of the material an the brake drum bulk samples was asbestos, but
from 74 to 100 percent of the fibers in the brake drum bulk samples wersa
chrysotile None of the brake drum bulk samples contalned amphibole fibers
From 1 to 15 percent of asbestos fibers and bundles were longer than

5 micrens The rafter camples contained less than 1 percent asbeskos, but the
fibrous material consisted of 56 to B4 percent chrysctile, one rafter sampls
contained amphibole fibers which could have originated from aither bulldang
insulation or brake drum residue, None of the asbestog fibers from the rafter
gsamples were larger than 5 macrons in length

Real-Time Sanmpling Results

Real-time total respirable dust dats was collected using a Hand-held Aerasocl
Monitor (HAM) connected to an Apple II Plus computer on the first five brake
studies {A Respirable Aerosol Monitor, BAM, was used on Brake Job 6 ) The
real-time gamples were collected alongside the personal samples on the brake
mechanic Real-time data coliection took place during actual brake
maintenance operations, approXimately an hour in duration, and was obtained
during all six brake maintenance jobs. Five dafferent operators performed the
brake mainteénance jobs on six vehicles

Tha general brake maintenance procedure was

- Raise the vehacle a few inches off the floor
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Table 3

Bulk Sample Results

Chrysotile snd Amphibole

Number

Brake Grids Amphibale of % of Fibers*
Job Vehicle Examined Pregent Fibape* Fibers* >5 um

1 1/2 ton prekup 10 No 88 85 4

2K speclialty van 10 No 100 99 1

3 van 7 Ho 1086 98 1

4 small pickup 3 Ho 80 74 k)

GRE boom truck 1 No 110 100 16

6 5 pass auto 4 Ho 102 20 2
Raftar Dana Ave 9 Yes 73 63 7
Rafter Covington 7 No B4 B4 3
Rafter Monroe 10 Ho 14 56 0

* Ineludes fibers, fibers
4% VYehicle has tandem rear wheels

1n a matrix, and bundles



- Remove the wheel's lug bolts and wheel
- Ramove the brake drum,

- Use pressurized hand-held sprayer to wash brake components and brake
drum

- Inspect brake components If brakes need replacting, start removing
brake components. If brakes do nct need replacing, Stert reinstalling
brake drum

- Gomplete removal of brake components

- Install new brake shoes and reinstall brake components
— Reaimnstall brake drum

- Remount the wheel and tighten the lug bolts

To interpret the real-time computer data, the HAM/Apple's background level

(0 05 millavolts) is used as the refecence point {For the RAM/Apple, the
background level 1= 0 10 mallivolts.) These background levels are due to the
instruments' internal noise level and values below 1t are considered te be
unreliable. Values zbove these base line levels are ugsed to identify the dust
sourctes. By determining the magnitudes (value above the reference point with
time) of these dust axposures, relative dust exposures dus to certain phases
of the brake job c¢an be identified and compared.

Real-time data detected brief elevationg of resprrable dust during the removal
of breke drums, and lug boltse; spraying of brake components) installing new
shoes and used brake components, and tightening the lug bolts when temounting
the wheel The greatest potential asbestos dust exposure occcurs during the
spraying of the brake components and brake druns Air induced by the spray
may dislodge brake dust before i1t can be thorcughly wetted This dust
contains ground-up brake shoe residue which is likely to contain ashestos
fibers For §3 percent of the drums removed, dust levels were up ta three
times that of the refarence level during sprayving The worker was exposed to
alevated dust levels for 5 percent of the total brake job time during the
spray washing phase of brake maintenance The elevated real-time qust
readings may also be due in part to the solvent mist geperated by the
hand-held sprayer during washing

The second highest dust levels detected were during the loosening and
tightening of the wheel's lug boltis with a pneumatic air wrench  The dust
levels were up to three times that of the reference lewel on 33 percent of the
brake jobs. The worker was exposed to elevated dust levels 10 percent of the
total brake job time during this phase of hrake maintenance The elevated
real-time dust readings may also be due in part to the o1l mist aerosol from
the wrench generated by the compressed air

Reinstalling brake components resulted in a slightly elevated dust exposure,
up to eight times the backpround level, in 33 percent of the reinstallations
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The worker was exposed to elevated dust levels (zbove bachkground) 1 percent of
the taotal brake job time during this phase of brake maintenance.

Over the entire brake job, the worker was exposed to elevated (above
background) dust levels an average of 16 percent (4 te S minutes) of the
entire work cycle

V. CONTROL TECHNOLOGY

O¢rupational exposures can be controlled by the application of a number of
wall-known principles, including engineering measures (ventilation, isolation,
and substatution), work practrees, and personal protection  Ongoing
monitoring and maintenance of controls to ensure proper use and cperating
conditions, and the education and commitment 6f both workers and management to
occupational health are algo 1mportant ingredients of a complete, effective,
and durable control system  These principles of eontrol apply to all
situations, but their optimum application varies from case to case The
application of these princlples are discussed helow,

Enginesring controls

The wet spray method 1s used at these garages to contain and eollect all brake
lining dust {including potentially hazardous ashestos fibers) This unit or
the wet brush and solvent method (which are fully described in Section 1II) are
uged durthg all brake inspections, repair, and brake lining replacements In
this study, the brake service job was mon:tored for drum-Lype brakes on the
rear wheels for both single and tandem wheels

Work Practices

Table 4 shows the work task analysis of a brake inspection and replacement job
while using the wet spray un:it Potential asbestos exposure points while
performing this task are also noted, The average work cycle time for a
one-wheel brake replacement task as 30 to 40 minutes

As seen from Table 4, asbestos exposure during brake maintenance and repair
may cccur during the initial tasks of removing the wheel and brake drum from
the vehicle, during spray washing of the brake components, removing and
reinstaliing the brake components, and replacing the lug bolts The spraying
technique appeared to minimize dust exposures the spraying was started about
18" from the brake surfaces until wetted and then moved to within 212" of the
surface to clean the the surfaces, and additional spraying of the brake
camponents as they were being removed Bad work practices observed included
using a dry rag to wipe the brake drum and assembly, the use of a hammer to
loosen "frozen" brake drums without trying to capture the brake dust Falling

from the brake drum, and the drainking of ¢offee while performing brake
maintenance

Pemographic and work practices were obtained from an interview of nne wocker
The worker was a 54-year old male whose left hand was dominant in petrforming
work, Tools and 2quipment commenly used during brake maintenance and repair
ince lyded brake spring remover, pliers, hammer, sprayer, brake adjustment
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Table 4§

Work Task Analysais of Brake Inspection and Replacement

Step Work lask Brake Dust Exposure Sources
1 Use pneumatie wrench to remowve Logse dust around lugs and tire
lugs from wheel ram
2 Remove wheel from vehicle
3 Remove brake drum and sets it on Loose dugt from drum and brake
floor components may become airborne.
4 Worker spray washes brale drumn Mist which may contain asbestos
and brake components for 1 to 3 fibers becomes airborne
minutes
5 Worker wipes hrake components and Any remaining brake residue,
bralkke drum with a dry rag which may contain asbestas
fibers, dries an rag and can
become airborne when rapg reused
6 Ingpects the brake assembly
7 Worker removes and reinstalls brake  Loosge dust from breke components
components and installs new shces, as they are being manipulated
8 Brake drum put back on vehicle
3 Wheel 1s put back on vehicle
10 Wheel lugs pneumatically tightened Loose dust arcund lugs and tire

on wheel

TiR
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tool, brake shoe tool, power air tool, and impact wrench  The worker said he
had one day of training on how to protect himself from asbestos dust during
brake maintenance and repair He remembered from this krainang to wash out
the brake drums and components with the solvent sprayer provided and to awveid
inhaling the solvent The worker indicated he had a physical examination
before being hired by CGEE

Al} workers wore tlean work clothes  Gloves, safety glasses, and safelty shoes
were hot reguired Although the wearing of a respirator was not mandatory.
ohe worker did wear a model W-Z90B 3M half face air supplied respirator The
air pump, a Rhine Model B-2 {Rhine fAar, Santee, CA), was placed outside the
garage with an air line leading under the closed garage door to the worker

The worker wearing this tespirator pecformed brake maintenance on a tandem
wheel boom tiruck  CCG&A&E does provide lockers and showers for their workers A
uniform c¢leaning service 1g avatrlable for employee’s use

VI, DISCUSSION

The effectiveness of the wet spray method and the wet brush method are
evidenced by the exposures for the brake mechanics below the limits of
detection, as measured by PCM Historical studies have shown peak exposures
{using NIOSH Analytical Methods PECAM #239) of around 1 fiher/fcc and
time-welghted average exposure of arcund 0 2 fibers/cc with dry brushing or
compressed air blowing.{4) Three of the 10 personal samples analyzed by PCH
{FTable 1) were helow the detectable limits of O 004 fibers/ce and the
remaining five samples ranged from 0.004 fibers/cc to ¢.016 fibers/sec, all
well below the current OSHA PEL of 0.2 Fibers/cc and the NIQSH REL of 0 1
Fibers/ce. Low fiber concentrations (by PCM) were also found for the source
sanmple placed on the fender directly ahave the wheel After completing
service ta the first wheel, this sample wos moved to the fender above the
other wheels so that this sample i1ncluded dust emissions fram both rear
whaels  TFhe fender sample concentration for each of the six brake jobs was
less than 0.00Z fibersice The other source sample, hung over the axle,
showed concentrations of less than 0 002 fibers/ce for all six brake jobs
The importance of this source sample 15 that 1t shows large numbers of
asbestos fibers were not being propelled by the wet spray toward the other
s1de of the vehicle

TEM results were also used to evaluate the effectiveness of the wet spray
method and the manual wet brush methed The TEM results are not directly
compatrable to the PCH data becayse TEM includes all size Fibers whereas PCM
includes only fibers greater then 5 pm, and TEM includes only fibers
1dentified as asbestos whereas PCM includes all fibers (longer than 5 um)

The personal sample arithmetic mean asbestos concentration by TEM for the
spray methods on brake drums less than or equal to 12" in diameter was 0 046
fibers/ece (range 0 Q13 to O 079 fibersfcoc) The TEM perscnal gample
arathmetic mean coticentration for the manual wet hrush method om a vehicle

with brakes less than or equal to 12" in dizmeter was 0 022 fibers/ec, ranging
from & 013 to 0 039 fibers/sec
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Fender sample asbestos concentration by TEM for the spray wash method on a
vehicle with brake drums less than or equal to 12" in diameter was

0 063 fibers/ce For bthe mangal wet brush method, the concentration was

Q0 005 fibers/ce The axle source sample for the gpray wash method was

Q0 023 fibers/ce For the manual wet brush method, the concentration was
0.004 fibers/cce

Background asbestos ¢oncentrations by TEM ranged from <0 D02 to

0 008 fibers/ce for the wet spray and the manual wet brush methods for
vehicles having brake drumg less than or equal to 12" in diameter Ambhient
asbestos coneentrations by TEM ranged from less than O 004 to less than
0.012 fibers/cc tne of six background samples was detectable. HNone of the
four ambient samples had detectable fibers Thare 18 na practical or
statistical difference between the ambient and background levels These low
asbestaos levels i1ndicate that most of the asbestos present in the persanal
samples was from activities such as brake servicing and not from outdoor
souyrces (ambient) or resuspended dust (background) 1n the garage

The resulte of the wet spray method ocn a2 vehicle having brake drums greater
than 12" in dizmeter (a tandem wheel wvehicle) were substantially higher The
persohal sample arithmetice mean asbestos (TEM) concentration was 0 882
fibers/ce  The fender sample was 0 106 Fiberzs/ce and the axle sample was

Q0 022 fibers/scco Background and ambient dust concentrations ware both 0,010
fibers/ee  Thase higher asbestos levels indicate that most of the ashestos
present 1h the persocnal samples was from activities the brake servicing and
not from outdoor sources (ambient) or resuspended dust {background} in the
garage. Table 5 summarizes the TEM sample results for these various
combinations of brake drum sizes, and wet spray and manual wet brush methods

VII. CONCLUSIONS AND RECOMMENDATIONS

Personal exposures (PCM) were low compared to the OSHA PEL and the NIOSH REL
and were an order of magnitude lower than historical personal exposures{(Z’
cecurring during brake servicing operations These data suggest that the
present technigues involving the use of a wet spray wash or tha manuszl
application of a splvent with a brush were substantially effective in
controlling asbestes dust during brake servicing

Since the asbestos levels were quite low, the TEM results were of much preater
value thap PCM results for making comparisons and evaluations of the wet spray
method and the manuwal wet brush apnd solvent method  Tharty-three of the 38
PCM samples were below detectable limits while 13 of the 36 TEM samples were
balow deteectable limits The praimaty use of the PCM data was to demonstrate
that exposures were well below the OSHA PEL and NTOSH REEL, since both the
stapdard and recommended level are based on the PGM procedure 3ince the TEM
method 1z more sensitive, 1t usuzlly allows comparison between personal or
source samples and background and ambient levels Furthermore, TEM i capable
of speciating asbestos fibers, while PCM results inecludes both asbestos and
nenaebestos fibers As noted earlier, TEM analysig of these samples show that
more than 97 percent of the chrysotile fibers counted using the "A" rules
would also have beep counted using the “B" rules
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Table 5

Summary of TEM Resulis

HETHOD DRUM SIZE NO SAMPLES ARTTH MEAN GEOM MEAN RANGE
Pergonal Samples
Spray «iz” & QO 052 Q.045 0 0l3 - 0 079
Spray 12" 2 0 882 - 0.870 - O 894
Brush €12 2 O 0326 - 0 013 - 0 039
Fender Samples
Spray <lz2" 2 0,113 0 10z 0 063 ~ 0O léa
Spray »l2" 1 0 106 - -
Brush <12" 1 0 Q05 - -
Axle Samples
spray <lz" 2 0 023 0.023 -
Spray >1z2* 1 0 022 - -
Brush <la" 1 ¢ 004 - -
Backeround Samples
Spray <12~ 4 <0 004 - <0 002 -<0,004
Spray »12 I 0.010 - -
Brush <lzn 2 0 006 - <0 004 - O 008
Ambient Samples
Spray <1l2” 2 «<0.008 - <0.004 —<0 Q12
Spray »12" 1 O 010 - -
Brush <12 2 <0 Q04 - -
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TEM Personal sample results {Tables 5 and B-1) showed a major difference
between vehicles having brake drums greater than 12" in diameter and those
having smaller brake drums One possible explanation 1s that the brake
surtface area is greater resulting in & greater amount of brake dust that needs
to be controlled Also, the whesl well area 15 larger making the arsa to be
sprayed less acgessible  This requires the operator to have his head further
into the wheel well so that the spray gun wili be close enough to the brake
components beihg washed to see :f they are clean Since the wheel well acts
as a partial enclosure, airborne dust and mist generaked during spraying tends
te burld up waithin the wheel well resulting in an area of hagher
concentrations inte which the mechanic enters when spray washing and checking
for completeness of cleaning

Bulk sample resulis analyzed by TEM show that less than 1 percent of the total
material {dust) in the brake drum contained asbestos; the brakes on all six
vehicles tested in this study contained ¢hrysotile ashestos fibers and,
therefore, had asbestos-type brakes Fibers in the drums for these six
vehtcles were between 74 and 100 percent chrysotile with three vehicles having
98 to 100 percent chrysotile fibers Less than 1 pereent of the total
material (dust) in the rafter sample was asbestos: although ashestos
constituted 56 te B4 parcent of the Fibers that were found

An analysis ¢of the video and real-time total dust data indicates that some
dust emission peaks may be reduced by altering spraying practices (1) start
Spraying the brake components at a distance of 18", gradually moving to within
12" as the components become saturated with solvent to avoid loosening the
dust, and (Z) repeat spray wash of the brake components as they are heing
remaved

For brake drums that are difficult to remove, requiring extensive hammering to
loosen, some solvent could be placed in 3 ran beneath the drum to capture the
brake residue as it falls from the drum rather than waiting to clean the
recidue from the floor at a later Lime

Sance asbestos was identified in all of the brake dust samples, workers should
be encouraged to shower to remove residusl dust and charige in t£o street
clothes before leaving work at the end of the day For workers going to
Becand job, a clean pair of work clothes should be obtaihed Also, the use of

the laundry service provided for ¢leaning soiled work clothing should be
continyed

Further education about personal hygiene (1 e , showars at wark) aad changing
sealed work cleothing before leaving work would provide additional pratection
by not bringing asbestos dust to the home environment

Si1nce asbestos fibers may be present in the air and on the mechanic's hands
during brake maintenance, ancther potential hazard 15 the ingesting of thesge
fibers For this reason, the mechan:e should not eat, drink, or smoke in his
wark area while he 1s performing brake maintenance

Training in the operation and maintenance of the gprayer unit is important for
developang good work practices which could reduce potential brake ashestos
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exposure for the wet spray method, the spray tip needs to be malntained to
rrovide a fine spray from the nozzle versus a spray jet which tends to blast
the brake surface and cause brake dust to become sirborne The mist should be
sufficient to saturate the brake residus and when the sprayer i1s brought to
within 12" of the components, the spray valume should be sufficient to wash
the brake redidue from Lhe components

10
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AFPENDIX

B

Table B-1

NIOSH Brake Maintenance Study
Summary of Mean TEM Results

Brake
Method Mean> Job No 4 Fers Axle Fend Bckg Amb
Wet Sprayl AT All 0213 O0OQl8 0085 0005 O 006
& Wet Wash? Ge 0071 ©OQl5 (048 O OG04 0.005
Wekt Spray Av 1,2,3,5,6 0.260 0 022 ¢ 112 0.005 0,005
Ge 0 094 O 022 O 104 <0 Q04 0.006
Wet Spray Ar 1,2,3.,6 Q0 052 O 023 g 115 <0 Q04 0.Q086
Ge 0 045 0 023 Q0 102 <0 Q03 0 005
Wet Spray Ar. 1,2 0 Ob4 0 023 0.166 <0 Q002 <0 004
Wet Spray Ar 3.6 0 046 0 023 0 063 0 004 0 Q08
CGe. 0.037 - - Q 004 O 007
Wet Spray Ar. 5 Q 882 0 Q22 0 106 g 010 0,010
Wat Wash Ar 4 0.026 0 004 Q 005 0 006 <0 004
wet Wash? Ar {11 vehicles) @ 013 O 006 © 010 © GD3 O 003
Wet <0 013 <O 0D4 <0 004 <0.002 <0 003
Wash to ta to to to
Range> 0.013 0016 O 040 O 006 O 003
1 - Wet Spray Method using Balkamp Model “A"™ Sprayer.
2 - Manual Wet Brush and S5olvent Method.
3 - Means, Ge 1f geomeir:i¢ mean and Ar 15 arithmetic mean
4 — Prake drum sizes on all vehicles {except Brake Job No 5) are less than or

equal to 12" in diameter.

12" 1in diameter.
Vehicles For Brake Jobs 2 and 5 have tandem wheels
5 - Results from a wet wash method of controlling brake dust using a washer

assembly unitt that pumps a recycled water solution through a brush onto
the brake components{20)
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Brake size on Brake Job No 5 are greater than
A1l vehicles except Brake Job 2 and 5 have single wheels



DATE VEHICLE
NO

10-7-86 3111

10-7-86 3121

1-7-87 3380

2-4-87 2904

3-12--87 5819

5-6-87 1129

JOB
WO

1

APPENDIX C

NTOSH Brake Maintenance 3tudy

Description pf Vehicle

DESGRIPTION OF VEHIGLE

Chevrolet Custom 10 Pickup, 1981, 87,580 miles,
12,000 miles on brakes, 25% brake wear, used for
customer service, asbestos brake shoes, GVWR,

1000 pounds, radial tires, automatic transmission,
RWD, and 11" diameter brake drums

Ford Econgline Van, 1983, 33,546 miles used ags a
trouble shooter truck, asbestos brake choes, GVWR,
10,000 pounds, bias tires, automatic transmission,
RWD, tandem rear wheels, and 12" diameter brake
drums.

Chevralet Van, 1982, 62,281 miles, 90% brake wear,
used for electrical maintenance, sgbestos brake
shoes, GVWR, 6800 pounds, bias tires, sutomatac
transmassion, RWD, and 11" diameter brake drums

Ford Ranger Packup, 1983, 74,038 miles, 15,000 miles
on brakes, 90% brake wear, used by meter reader and
installer, agbestes brake shoes, GVWR,

4360 pounds, radial tires, automatic transmission,
RWD, 9" diameter brake drums

Ford Boom Truck, 1981, 66,049 miles used for

line maintenance, asbestos brake shoes, GVWR,

26,500 pounde, bias tires, automatie transmission,
RWD, tandem rear whaels, 16 5" diameter brake drums,
and brake shoes 5 3" wide.

AMC Concord, four door sedan, 1980, 72,602 miles,
25,850 miles on brakes, 50% brake wear, used for
electric line inapection, asbestos brake shoes,
GUWR, 2000 pounds, radisl tires, automatic
transmission, RWP, and 10" diameter brake drums

- For wahicles 1 and 2, one set of samples were collected for both vehrcles
- Used wet spray methed on all vehicles except vehicle 4
- Used manual wet brush and sclvent method to clean brake dust Irom brake

components on vehlicle 4

— Vehicles 2 and 5 have tandem rear wheels  All ather wehicles have single

rear wheels
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