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ABSTRACT 

Earlier studies of airborne asbestes exposures to mechanics during brake 
maintenance operations showed overexposure to ashestos fibers during brake 
servicing, especially brake assembly cleaming. Because an estimated 150,000 
brake mechanics and garage workers in the U.§, are potentially exposed to 
asbestos, a known carcinogen, and the lack of information available on the 
effectiveness of available centrols, an evaluation of these methods was 
initiated. Detailed field surveys were conducted at five facilities employing 
five methods for controlling ewposurs to asbestos during brake repair, These 
included the use of two commercial smclosure devices with ventilation provided 
by a HEFA filter-cquipped vacuunm, a HEPA filter-equipped vacuum alone, a brush 
with recirculating cleaning soluticon, and eleaning solvents in aerosol cans. 
These controls were evaluated while servieing brakes to automobiles, pickup 
trucks, vans, and vehicles with a &-wheel rear axle. Detailed evaluations of 
these control measurss involwved a progream consisting of traditional aiw 
sampling methods, incorporating phase contrast microscopy (PCM) and 
transmission electron microscopy (TEM), and real-time analysis of brake dust 
sxposure. Personal and area alr samples were collected during brake vepair to 
sdch vehicle. The TEM results include asbestes fibers of all lengths. 

The airborne asbestos concentratiens experienced by aute mechanics while using 
various control methods were determined from the personal and source samples, 
Personal sample results for the brake mechanics show that concentrations using 
BCM analysis ranged from less than 0.004 to 0.016 f/ce. ALl exposures were 
below the NIOSH recommended exposure limit (REL) of 0.1 £/cc using PCM 
analysis., Avalyses by TEM indicated the presence of asbestos fibers not 
detected by PCM, but at levels well below 0.1 £/cc for maintenance operations 
involving amall to medium size vehicles. The highest measured exposures as 
determined by TEM were found for workers servicing heavy duty trucks. Fibers 
in the wheel drum bulk samples represented less than 1 percent of the brake 
dust, but were generally 60 to 100 percent chrysotile. Based on the results 
from this study, all the devices tested, in combination with the work practices 
used, controlled the mechanic’s asbestos exposure during brake servicing to 
less than the OSHA PEL and the NIOSH REL. The perscnal exposures to asbestos 
determined in this study were much lower than those reported in the literature 
for brake service operatioms involving the use of compressed air and brush 
cleaning. Recommendations for improved work practices, as well as suggested 
modifications to the contrel systems, are presented. 
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1. INTRODUCTION 

Under the Occupational Safety and Health Act of 1970, the National Institute 
for Occupational Safety and Health {NIOSH) has been given a number of 
responsibilities including the identification of sccupatiomal safety and health 
hazards, evaluation of these hazards, and recommendation of standards to 
regulatory agencies to control the hazards. lecated in the Department of 
Health and Human Services (formsrly DHEW), NIOSH conducts research separate 
from the standard setting and enforcemont functions conducted by the 
Qccupational Safety and Health Administration {0SHA} in the Department of 
Lakor. An important area of WIOSH research deals with methods for controlling 
occupational expesure to patential chemical and physical hazards. The 
Engineering Control Technology Bramch (ECI8) of the Division of Physical 
Sclences and Englneering has besn given the lead within KIOSH te study the 
engineering aspects relavant to rhe coutrel of these hazards in the workplace. 

NIOSH has been instrumental in the development of recommendations for 
safeguarding workers’ safety and health from exposure to cccupational hazards. 
Sinca 1976, ECTB has conducted assessments of health hazard controel technology 
o the basis of industry, common industrial process, or specific control 
techniques. The objective of each of these studies has been to docupent and 
evaluate control techniques and te determine their effectivencss in reducing 
potential health hazards in an industry ox at specific processes. These data 
are used to create a greater awarensss of the need for or availabilivy of an 
effective system of hazard control measures. 

This research effort involves a series of walk-through surveys ol selected 
manufacturing plants or processes and an assessment of those that have been 
designed to effectively control exposure ox minimize safety related hazards. 
Emphasls 1a placed on identifying coneepts in design which can be transferred 
to other similar processes, Next, in-depth surveys are conducted to determine 
the control parameters and their effectiveness on preventing a health risk, 
The reports from these in-depth surveys are used as a basis for making control 
recommendations in NIOSH policy documents and preparing technical reports and 
journal articles on the effectivensss of deslgns and techniques for controlling 
hazards. This information is part of a data base available to health 
professionals, equipment manufacturers, and others te assist in the development 
of effective control measures in the workplace, 

Asbestos is used in the manufaeture of vehleular brake materials; however, 
because airborne asbestos expesure to workers has been associated with an 
increased risk for cancer, other materials have been substituted for asbestos 
in the fabrication of friction materials used in brakes. However, asbestos is 
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still a component in a majority ef brakes and there is a potential for asbestos 
exposure during maintenance and replacement of brakes, especially on older 
model vehicles. 

A research and confrol priority assessment of occupational carcinogens by 
Dubrow and Wegman‘l) identified occupations with potentially high cancer risk 
by combining the results of 12 major occupational disease surveillance . 
studies. On the basls of these results and analysis of other available 
epidemiologic, industrial hygiene, toxicologic, and employment data, 
recommendations were made concerning priorities for sccupational cancer 
research and control. Their results pointed to asbestes as the number one 
priority requiring further investigation of methods to control exposure. "In 
this situation, where occupational disease surveillance studies point to a 
likely problem with a known carcinogenic agent, the priority should be placed 
on industrial hygieme investigations of asbestos exposure in the suspect 
oceupations. If likely exposure is found, control measures should be developed 
and instituted.” 

There ave frequent ashestos exposures duving vehicle brake maintenance. From 
data contained in the National Occupational Harzard Burvey, WIOSH estimates that 
a work forece of at least 133,000 brakg mechanics and garage workers in the U8, 
are potentially exposed to asbestos. t) Because of the large mumber of 
workers potentially exposed, and the limited data on ashestos exposures 
associated with these oceupations, a study was inltlated to assess the 
effectiveness of controls used during the servicing of vehicular brakes. The 
vast majority of the affected workers are employed by small businesses thab 
lack the resources mecessary to evaluate these devices, 

The objective of this study was to identify, evaluate, and document techmolagy 
used to control expesure to asbestos in the vehicle brake drum service 
industry. This was accomplished by determining alrborpe concentrations of 
asbestos experienced by auto mechanics while using various control techniques 
during maintenance and replacement of drum brakes, The study focused primarily 
on vehicles with brake drum sizes of 12 inches or less. The mslntenance of 
disc brakes was not evalusted in the study because the quantity of dust 
generated and retained by these systems is winimal snd thus thought to 
represent a lesser potencial for creating an exposure to asbestos. 

1.1. HISTORICAL DEVELOPMENT OF FRICTION FRODUCTS FOR VEHICULAR praxes (3) 
Early passenger cars wers light snd operated at low speeds. Brake materials 
included leather, impregnated cotton, weol, and felt. Im 1903, woven asbestos 
friction materials were first marketed in Ege United States by the Keasbey and 
Mattison Company of Aubler, Pemmsylvamia.'! Because of the superior heat 
resistance and durability, woven asbestos hrakes socom dominated the market and 
continued to be the predominant product used in automobiles until about 1930. 
They typically contained 70 percent or more wire-cored asbestos yarn 
impregnated with drying oils and bituminous material. 
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Molded brake linings were developed in the sarly 1920’s and gained increasing 
use with the introduction of internal shoe brakes in 1927. By 1940, virtually 
all automobiles were equipped with molded brake linings, although the use of 
woven products continued in trucks, heavy equipment, and for specialized 
applications. The molded linings were usually cut to length by the 
manufacturer and mounted onto the brake shoes with rivets. Until the mid 
1920's, brakes were only mounted on rear wheels; however, with the developuent 
of internal shoes, four wheel braking systems soon became standard. 

As automobiles were manufactured for use at higher speeds, brake linings were 
improved in both quality and pexformance. Variocus new materials were 
introduced as fillers, binders, and friction modifiers. Bonded brake linings 
were developed In 1948 and soon accounted for approximately 40 percent of the 
original equipment brake market. They also rapidly dominated the replacement 
market because of the considerable savings in lsbor during Installation. In 
1965, the first disc brakes were introduced on American automobiles and by 
1975, virtually all original equipment cars had front wheel brakes of this 
type. However, hecause of less stringent braking requirements and the 
difficulty of adapting mechanical parking brakes to the disc configuration, the 
rear wheel brakes on 95 percent of cars sold in sarly 1980's were of the dyum 
varlety. 

1.2. REQUIREMENTS FOR BRAKE LININGS 

A wide varisty of ingredients are commonly used in the menufucture of 
autowchile brake linings to achieve the desired friction properties.'”” ; 
These include asbestos, organic bindsvs, friction modifiers, fillers, and 
curing agents. Asbestog is used for fiber reinforcement, Fflexibilivy, and heat 
resistance. Chrysatile is used almost exclusively and comprises from 40 te 50 
percent: of the brake lining. Amesite, crocidolite, or other amphibole asbestos 
varieties are not used because they ave too harsh and tend to swore the brake 
droms . 

The lining should be nenabrasive to the drum surface. In addition to causing 
rapid drum weaxr, abrasive linings score the dyums which, In turn, exacerbates 
the wear of the lining. Brake drums are commonly made of cast iren and steel. 
Steel drums are more susceptible to scoving. 

During braking, chemical and physical changes occur in the material at the 
braking surfaces. These changes may produce an increase (build-up) or a 
decrease (fade) in frictiou. Brakes with satisfactory linings fade slightly 
upon repested applications, but retura te their imitial state upon 
cooling. (?) Ideally, the desired frictional qualities should be maintained 
throughout the life of the lining material. 

Low wear of the linings is desirable for economical and practical 
considerations; however, if the resistance is too low, excessive pedal pressure 
may be required. On the other hand, high wear resistance linings have a 
tendency to glaze. This can be overcome if the brake lining surface can be 
renewed, Pyrolysis of the orgauic binders and thermal decomposition of the 
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chrysotile fibers under braking conditions provide the necessary continual 
renewal of the lining surface. 

Other necessary or desirable properties of brake linings imclude: physical 
strength, dimensional stability, guiet operation, and safe and nonoffensive 
degradation products. Of the properties desired im the linings, greatest 
attention is paid to build-up, fade, and recovery characteristics. 

Various studies show that brake dust consists of 0.004 to 30 percent ashestos, 
by weight(sw%hl%he vast majority of the samples cowtaining less than 5 percent 
asbestos. 8/ 10713) " tmen these samples were analyzed by optical and electron 
microscopy, a majority of the asbestos fibers were less than § pm in 
length. One stud¥1§h$z:ed 75 percent of ashestos fibers were less than 
0.3 pm in length, 14} pnother showed 80 %§§cent of chrysotile fibers 
from brake drums were less than 0.4 pm long. 

1.3, BRAKE SERVICE OPERATIONS AND CONTROL METHODS 

1.3.1. History of Brake Lining Repair and Emim:enmxce(3> 
The evolution of brake lining materials led to changes in work practlces which 
affected brake mechanics’ exposure to asbestos. From 1920 until about 1930, 
when braking was done through the use of external brake bands made from woven 
materisls, the predominant exposure to asbestos was due to the cutting and 
fltting of the woven lining materisl. It is speculated that the airborne £lber 
concentrations during this period were considerably less than those which 
ocrurred later when wachining of wolded materials was common. 

From 1927, when internal brake shoes with molded linings were developed, until 
1948, when bonded brake limings were introduced, internal brake linings were 
attached to shoes using rivets. The lining material for use in the replacement 
market was supplied in large rolls or as segments pre-cut to appropriate size. 
Most of the pre-cuc segments ware drilled at the factory for rapld wounting on 
the shoes. In gome circumstances, however, drilling for the rivers and 
bevelling were donc by the mechanic imstalling them. The use of rolled linings 
required cutting the friction material to shape, drilling holes for rivets, and 
bevelling the edges appropriately. These practices centributed significantly 
to the asbestos exposure to workers. Even when shoes with drilled and bevelled 
linings were installed, the processes of punching out the rivets holding the 
old lining and riveting the nsw lining to the shoes gave rise to asbestos 
exposures. 

With the introduction of bonded linings, the need for drilling, facing, or 
grinding operations during installarion decreased significantly. However, for 
a short period of time in the mid 1350's when automobile brake shoes were first 
installed with a fixed anchor, some tapering was necessary on uniform thickness 
bonded linings to achieve a proper Fit. Previously, the end of the shoe 
opposite to that of the hydraulic cylindsr could be mechanically adjusted. 
Shortly thereafter, tapersd bonded linings were available from the factory. 
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Subsequent to 1960, considerably fewer bevelling or grinding operations were 
performed by an automobile mechanic replacing brake linings. . 

Puring replacement of intermal shoe brakes, a common practice was to remove the 
brake wear dust from the housing by compressed air or brushing. Aafter 1970, 
because of increasing awareness of the hazards of asbestos and its presence in 
brake lining dust, some brake servicing facilitiss changed to work practices 
which included wet or dry brushing, wet wiping, or vacuuming. 

In the 1930's and 1940’s, most automobile shops were relatively small and most 
mechanics performed all autemobile maintenance and repair activities. In 
recent years, however, there has been an increasing tendency towards 
specialization, and the establishment of shops for brake and froot end work 
exclusively. Although asbestes exposures during brake work on an individual 
vehicle may he less than thosa of previsus years, workers who perform brake 
repairs in these franchised high-volume shops are exposed for considerably 
longer periods of time. 

1.3.2. CGurrent Brake Repalr Practices and Control Methods 

Repair facilities, from small service stations to fleet garages, follow similar 
brake sexrvieing procedures. A vehicle is driven iote a vepair stall or bay for 
# brake systeom examination; the wheels ave slevated, removed, and the brake 
assembly is ingpected. Loose dust is cleaned from the drums snd brake 
agsenblies by vacuuming, wet or dry wiping/brushing, blowing with compressed 
alr, or a combination of these mstheds. Al the time of this sbudy, however, 
most brake servicing facilities used wet brushing, wet wiping, squirt-bottle 
wash-off, or high efficiency particulate air (HEPA) filvered vacmm cleaning 
systems. Parts are chen replaced or repairved as needed and the brake gystem ls 
reassenbled and adjusted, Test driving the vehicle for proper fitting and 
adjustment i the final phase of the servicing operation. During these brake 
servicing operations, the brake repalrman and other service persomnel in the 
garage area are potentially exposed to asbestos dust at all times during and 
following the brake drwm removal., If the normal dust bulldup inside the drum 
and brake assembly is removed and disposed of in a controlled manner, these 
exposures can be minimal, 
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2. POTENTIAL BEALTH HAZARDS AND EXPOSURE CRITERIA 

2.1. TOXIC EFFECTS 

2.1.1. Asbestos 

The potential health effects from the iphalation of chrgfiotile asbestos fibers 
include asbestosis, lung cancex, and masathelinmafls‘l In a detailed 
examination of %0 New York City union moter vehicle maintenance wurk?¥§ with 10 
or more years of shop work, 29 percent had decreased vital capacity. ) 
Many of the workers examined showed signs consistent with asbestosls, with 
observed changes nated in chest X-vays and indications of restrictive 
respiratory disease. The prevalence of these changes was significantly higher 
20 years from the onsat of auto work; a result freqmentq experienced by other 
workers who have had occupationsl exposure o asbestos,< 93 

Chrysotile asbestos fibers exist in auvomobile brake dust inm varlous states of 
deformation due to the chemical degradation at the high temperatures 
sncountered during use. Unlike chrysotile, the health effects from exposure to 
forsterite (a deformation product of chrysotile), or to trapsition series 
fibers (chrysotile/forsterite) with altersd %gst,allme st@igures are not well 
documented. In studies by bavis and Coniam(Z®? and Koshi, in which 
fibers of chrysotile, chrysotile/forsterite, and forsterite were injected Into 
the pleural and peritoneal cavities of mice, the results sugpested varying 
degrees %E S%:ic et‘teccsu/fiber jmplantation animal studies conducted by Pott 
at, al‘( 4 and Davis'**’ suggest that the morphology and size of a 
fiber, regardless of fiber type, are responsible for its careinogenicity. 
Likewise, the resulus of mixegigal fibers lmplanted into the pleurae of rats 
reported by Stanton et. al, ’ suggest that fibers less than 1,5 um in 
diameter and greater than 8 pm in length pose the greatest risk in 
producing pleural gavcomas. These studies suggest that the physical morphelogy 
(size, dimensions) and, to a lesser degree, the chemical and surface 
characteristica of a fiber are the determining factors for inducing a 
biological effect. The precise fiber dimensional characteristics required for 
these obsexved pathologic tesponses have been difficult to determine 
experimentally because of the difficulties encountered in producing inoculants 
containing fibers of specific dimensions. 

Because of the adverse health effects observed in auto repair workers and the 
lack of a clearly identifisble ne-effect comcentratiom for asbestos, it is 
necessary to minimize exposure to brake dust, 
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2.1.2. Solvents 

Solvents observed to be used at various facilitiss durimg this study were 
1,1,1-trichloroethane (commonly knewn as methyl chloroform) and Greasoff®, 

1,1,1-Trichlorcethane 1s irritating te the eyes on contact. Bxposure to the 
vapors may result in adverse effects on the central mervous system. Symptoms 
of overexposure include dizziness, incoordination, drowsiness, and increased 
reaction time. (gggonsciousness and death can occur from exposure to excessive 
concentrations. 

Greasoff® No. 19 contains less than 5 percent by weight sodinm metasilicate 
and less than 5 percent by weight 2-butoxy ethanol {alsc known as ethylene 
glycol monobutyl ether or butyl cellosolve). Sodium metasilicate, a highly 
alkaline compound, 5§H 12,4), is severely irriteting to the eyes, skin, and 
mucus membranes. 2’} 2-Butoxy ethanol can be sbsorbed by the skin and 1548 
hemolytic agent and will irritate the syes and upper respiratory tract.(25) 

This study was limited to the evaluation of the potential for exposure to 
asbestos; no determinations of airborne selvent concentrations were made. 

2.2, EXPOSURE CRITERIA 

Tha two sources of occupational exposure criteria for ashestoes considered in 
this study arer (1) the NIOSH Recommended Exposure Limiv (REL), and (2) the 
Department of Labor OSHA Permissible Exposure Limin (PEL). 

2.2.1, OSHA Permissible Exposure Limit 

on June 20, 1986, 0SHA(?®) issued a revised PEL, which reduced the allowable 
agbestos fiber exposure lavel observed by phase contrast microscopy (PCM) from 
2.0 to 0.2 £/cc, as an 8-hour time-welghted average (IWA) exposure, It also 
set an action level of 0.1 f£/ce that triggers worker training, medical 
monitoring, and other vequivements. The new PEL does not sel a ceiling or 
short~term exposure limit. NIOSH recommends that worker exposure to asbestos 
he reduced to the lowest feasible limit, due to the carcinogenic nature of this 
substance., On September 14, 1988, 0SHA publis?%g a short-term exposure limit 
for asbestos of 1 £/c¢e for a 30-minute period. ) 

2.2.2. NIOSH Recommended Exposure Limit 

The NIOSH REL for asbestos is 0.1 fibers greater than 5 pm in length per 
cubic centimeter (£/ce) and was esc@gfisfiea based on the enalytical limitations 
of using phase contrast microscopy.‘ NIOSH reaffirmed its position on 
asbestgi at the OSHA proposed rulemaking hearings for asbestos in June 
1984, (32 gummarized as follows: 

The carcinogenic potential of asbestos is no lenger in doubt; however, 
there is some uncertainty about the toxieological and morphological 
properties which determine the carcinegenic petency of varlous fibers, On 
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the basis of available information, there is no scientific basis for 
differentiating between asbestes fiber types for regulatory purposes. Data 
available to date provide ne evidence for the existence of a threshold 
level. Virtually all levels of asbestos exposure studied to date 
demonstrated an excess of asbestos-related disease. 

Both asbestos and smoking are independently capable of increasing the risk 
of lung cancer mortality. When exposure to both oceurs, the combined 
effect, with respect to lung cancer, sppears to be multiplicative rather 
than additive. From the cvidence presented, we may conclude that asbestos 
is a carcinogen capable of causing lung cancer and mesothelioma, 
independent of smoking. 

NIOSH has recommended that asbestos be controlled to the lowest detectable 
limit, Any standard, no matter how low the concentration, will not ensure 
absolute protection for all workers from developing cancer as & result of 
their occupational exposurs. Hewever, lower exposures carry lewer risk of 

disease. 

Because the only widely available methoed, NIOSH Method 7400, 3% fs avle 
to achieve (intralaboratery) accuracy of 12.8 percent r%lati.ve standard 
deviation at an exposure limit of 0.1 £/ec (100,000 £/m°) in a 400 liter 
sample, NIOSH and athers have recommended an exposure limit (REL) of 
0.1 f/ee for asbestos based on 8-hour t;ime-waigl&cfd average conceutralions 
with peak concentration not exceeding 0.5 f/ce. ) he use of electron 
microscopy s recommended in the event of process or product modification, 
in mixed fiber exposures, or when there are other reasons for 
characterization of fiber type and morphology. 

As stated above, the osccupatfonal exposure criteris (the NIOSH REL and the OSHA 
PEL) ate based on the PCM analytical methed. This method has inherent 
limitations based on the physics of the optical microscope and upon the ability 
of the mlcroscoplst to reliably dlseriminate fiber dimensions in a complex 
sample matyix. The minimum diameter routinely observed is on the order of 
0.5 um. The NIOSH 7400 method stipulates that only fibers longer than 
5 upm be counted with a length to width ratio equal to or greater than 
either 3:1 ("A" rules) or 5:1 ("B vules}. ({(The "A" and "B" rules have other 
minor differences.) The “A* rules use the aspect ratio specified in the 
current OSHA PEL aud NIOSH REL, In the present study, transmission electron 

microscopy (TEM) was used to determine the actusl dimensions of all fibers 
counted and to differentiate fibers by lemgth to width raties. A coarse 

analysis of our data by fiber aspect ratios indicates that fiber counts would 
differ by less than § percent between the use of 3:1 or 3:1 aspect ratios. 

Another concern is that asbestos fibrillae as small as 0.02 pm in diameter 
and less than 1 gm in length are visible only with electron microscopy. 
These fibrillae constitute a significant and variable proportien of the total 
fibers present in brake dust. Thus PCM, in counting only optically visible 
particles, may not be a good indicator of the tetal fibers present. 
Controversy over the health effect of swmall fibers {(and thus what sizes of 
fibers should be counted) adds [urther awbigulty. 

8 

Control of Asbestos Exposure During Brake Drum Service (1989)
ACL Doc 24985 · Page 17 of 79

Published by AsbestosClaims.Law

asbestosclaims.law/library/24985/17

https://asbestosclaims.law/library/24985/17


3. METHODOLOCY 

3.1. OVERVIEW 

This study was conducted to identify, evaluate, and document technology used to 
control exposure to asbestos in the vehiele brake drum service industry. 
During the first phase of this preject, walk-through surveys of 12 work sites 
were performed to observe the work practices and contrel methods in use and to 
select systems which appeared to be effective for minimizing exposure to 
asbestos for detailed study. Selestion of sites was made based on the type of 
control technique(s) being used at that site, and the type and quantity of 
vehicles available for brake repair. In the second phass, detailed evaluations 
were performed at five of these sites. A brake service operation using 
rudimentary control and one using no centrol were also sampled. A site using 
compressed aly and dry brushing could not be found; therefore, historical 
exposure data were used as a base line. 

The evaluations included both extensive monitoring of airborne asbestos fibers 
and the documentation of work practices, and were conducted at locations 
servicing different types of vehiclas and employing & variety of work 
practices, The study focused on the state-of-the-art contyrol devices and thelr 
anceptance among mechanics performing brake service. 

3.2. SITE SELECTION 

The walk-through sucveys were conducted at facilities employing a variety of 
contral methods. Sites were selected primarily from fleet garnges 50 that a 
sufficient number of brake inspections could be cbserved, and to contwol fer 
variables such as vehicle type, use, and maintenance practice. 

During the walk-through surveys, the effasctiveness of the brake drum service 
contrel methods for preventing asbestos exposures were visually assessed. 
These included: Ammco Brake Assembly Washer, Kleer-fle Brake Washer Assembly, 
Clayton Brake Cleaning Equipment, Hako Minuteman Asbestos Brake Drum Vacuum 
System, Nilfisk Asbesto-Clene System, Per-Lux Brake Assembly Cleanmer, a squirt 
bottle solvent wet method, a sguirt bottle method with vacuwming, a steam jenny 
with vacuum, & vacuum with wet waghing, and HEPA filteved vacuuming only. 

3.3. IN-DEPTH SURVEYS 

b team of three to six researchers consisting of engineers, industrial 
hygienists, and engineering technicians conducted each in-depth survey. The 
specific control method evaluated was that used in the facility studied. Other 
sizes or models of control devices produced by the same manufacturer and 
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similar devices made by other companies may be more or less effective; however, 
limited resources precluded an svaluation of mere than one model and size. The 
methods used for controlling exposure wers evaluated under the conditions of 
normal use, i.e., the control hardwsrs or werk practices were not altered for 
this study. For each control method, six te eleven vehicles were evaluated. 

3.3.1. Air Sampling and Analysis 

The NIOSH Occupational Exposure Sampling Strategy Manual(3*) sugpeste that 
the most reasonable sampling stvategy, for the most efficient use of sampling 
resources, is to sample the employee presumed to have the highest exposure 

risk. If there are a number of work operations as a result of different 
processes where there may be exposed employees, then a maximum risk employee 

should be selected for each operation. Samples taken for comparison with 
ceiling standards are best taken in 8 nonrandem fashion. That is, all 
available knowledge relating to the area, individual, and process being sampled 
should be utilized to obtain samples during perieds of maximum concentrations 
of the substance. 

Two personal air samples for ashestes were collected side.by.-side in the 
breathing zone of each worker for the duratien of a single brake job, or for 
2 hours, whichever was longer, Samples were collected on 25 mm dizmeter, 
0.8 pm pore size, cellulose ester, membrane filters at & flow rate of 2.5 
to 3.0 Lpm wsing a personal sawpling puwsp, The minimun volume collected 
(300 liters) alloved a limit of detvection (LOD) of approximately 0,004 £/cc by 
Phase Contrast Microscopy {PCM) analysis, (The 10D for one set of personal 
samples collected for 1.2 hours was 0,008 f£/cc.) 

Area air samples for asbestos alse were collected on 25 mm diameter, 0.8 um 
pore slze, cellulose ester filters, Iwo area samples per vebicle (source 
sauples) were collected; one near the fender and the other under the anle at a 
flow rate of approximately 7.0 Lpm using rotary vane vacuws pumps for the 
durstion of a brake job, or 2 hours, whichever was longer. The source samples 
were used to determine {f fibers escaped inte the working envirenment during 
the xepair activities. The minimum volume collected (840 liters) allowed a 10D 
of 0.002 £/ce by PCM, 

Two additional area samples (background samples) were collected in the garage, 
at least 10 feet from brake repair activities, at flow rates of 7.0 to 10 Lpm 
for each 4-hour samwple peried. These background samples were used to determine 
the effects of general shop cleanliness and overall effectiveness of the dust 
control procedures. The minimum volume collected (1,000 liters) allowed a LOD 
of 0.002 f/cc by PCH. 

Samples were also collected out-of-doors {amblent concentrations) to determine 
environmental coucentrations of asbestos. These ambient samples were collected 
at a flow rate of approximately 3.0 Lpm using pecsonal sampling pumps for up to 
8 hours. The minimum volume collected (800 liters) allowed a 10D of 0.002 f/cc 
by PCM. 

10 

Control of Asbestos Exposure During Brake Drum Service (1989)
ACL Doc 24985 · Page 19 of 79

Published by AsbestosClaims.Law

asbestosclaims.law/library/24985/19

https://asbestosclaims.law/library/24985/19


All filter air samples were analyzed by PCH using NIOSH Methad 7400.(33) 1n 
addition to PCH aalysis, approximately 80 percent of these samples were 
analyzed by Transmission Electron Microscopy (TEM). 7) To facilitate 
analysis by POM and TEM on the same samples, the direct cransfer method of 
sample preparation described by Burdett and Rood( was uged (modified by 
the omission of the filter etching¥). TEX analysis was performed to identify 
asbestos fibers and determine concentrations for fikers too small to be 
detected by optical microscopy analysis. {In our study, almest all of the 
fibers in the brake dust were too small to be measured optically.) 

For PCM analysis, all fibers with a 5:1 (or greater) length to width aspect 

ratio were counted using Method 7400-B. {A small number of samples were 
analyzed by PCM using Mathod 7400-A counting rules because the routine 
laboratory procedure for Method 7400 was changed to "A" counting rules before 
these samples were analyzed,) While the OSHA PEL and the NIGSH REL are 
expressed in terms of fibers having a 3:1 (or greater) aspect ratio, the 
difference in counting vules has little practical significance in the case of 
brake dust. Few fibers were identified in this study with aspect ratios 
between 3:1 and 5:1. (Data on fiber aspect ratios jg presented in Section 5.) 
TEM analysis was performed using NIOSH Method 7402. 357 Fivers were 
identified by morphology, selected ares electron diffraction (SAED), and 
snergy-dispersive X-rvay analysis (EDXA). Fibers were classified in one of foux 
categories! chrysotvile, amphibole, am%%xfious. apd no identification. BSAED 
patterns were obyevved for all fibers. Fibers were alpo Lldentified by 
asbestes structure (flbars, bundles, clusters, and matrices) and sized by 
length and width, ALl fibers with a 3:1 (or greater) aspect ratlo were counted 
using TEM, The ana%ysis was performed using a magnification of 17,6008 (grid 
avea of 0,000081 em®) and counting either a minimum of 10 grid epenings or 
100 fibers, whichever came £irst., The limit of resolution was spproximately 
0.06 um, thus the minimum £iber length that could be measured was 3 tvimes 
the limit of resolution, or about 0.2 um. One or two field blavks were 
prepared for each vehicle sampled and submitved for POM and TEM analysis. The 
results on both PCM and TEM were obrained by a contract from DataChem, 
Cineionati, Obio. The analyses were performed in NIOSH laboratories with NIOSH 
instrumentation and oversight. Analyses were performed according to contract 
specifications for both calibration and quality contrel W?%%S] required gge 
contractor to follow all procedures in NIOSH methods 7400 and 7402¢3%? 
for PCM and TEM, wespectively. Specific quality comtrel measures include 
submission and laboratory analysis of field blanks., analysis of blind and 
double-blind quality control samples, and cross-checking of ashestos 
microscopic analysils by a NIOSH analyst whe participates in the Proficiency 
Analytical Testing (PAT) program. In conducting their oversight functioms, 
NIOSH laboratory managers adhere to E%g Division of Physical Sciences and 
Engineering Quality Controel Manual.< 4 

* Six samples, etched and recounted by TEM, showed uo chamge in fiber count. 
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A bulk brake dust sample from each wehicle and a settled dust sample from each 
repair facility were.collected and amalyzed for asbestos by TEM. The 
percentage of asbestos in the bulk samples was qualitatively established by 
estimating the ratio of the nusber of asbestos fibers to dust particles. 
Fibers were identified as asbesteos using morphology, SAED analysis, and EDX 
analysis; the length and diameter of asbestos and other fibers were measured, 
and the percentage of asbestos of the total fibers present was quantitated. 

3.3.2. Ventilation 

Rurz Model No. 480 and TSI Model No. 1630 air velocity meters were used to 
measure air velocities to determine flow rates and dirvections in the garages. 
Smoke tubes were used to assist in the obssrvation of general airflow 
patterns. Design airflow rates were obtained from the companies at several 
facilities. Air temperature, humidity, and wind conditions were determined 
using an aspirated psychrometer and velocity meters. 

3.3.3. BErgonomic Evaluation of Brake Maintevance and Repair 

For several of the contrel methods evaluated in this study, an ergonomic 
evaluation was conducted on workers performing brake msintensnce and repair to 
determine if specific work practices contributed to the worker's exposure to 
ashestos. Bach worker was videotaped durisg voutine breke inspection and brake 
replacement tasks. Work cycle times and work analyses were performed from 
videotapes in the laboratory. Cyele times were taken with the video tapes 
running at normal speed; work analyses were conducted at both normal speed and 
by “stop-action® techniques. Work analysis included breaking the job into 
general tasks which could be coryelated with relative airborue dust 
coucentrations during brake inspection and replacement, Work tasks which could 
cause personal exposure te brake dust were identified. 

3.3.4. Real-Time Sampling 

The entire brake maintemance operation was recorded on videotape. A Hand-held 
Asrosol Monitor (HAM) from ¥PM, Inc., and an Apple II+ computer were used to 
measure and rvecord the dust concentrations during mest of the brake studies. 
The electro-optical system of the HAM generates & millivelt signal proportional 
to the relative respirable dust concentration. Bsfore each brake job, the HaM 
was calibrated and zeroed, and the clocks in the computer and video camera were 
synchronized. Hither DuPont P-4000 or MSA Model £ pumps were connected by 
tubing te the HAM, which in turn was connected by a 25-foot electrical lead to 
the computer programmed to receive the data. The brake mechanic wore the HAM 
in his breathing zome while performing the brake maintemance. Data was 
recorded at 3-second intervals. The computer converted the output signal from 
the HAM to relative dust concentrations and stored the data on a floppy disk. 

Using a spread sheet program {Lotus 1-2-3}, & real-time plot of the relative 
dust concentrations was made. By identifying the various activities during 
brake maintenance (wheel removal, brake drum removal, cleaning, brake parts 
removal, brake parts and brake drum reinstallation, and wheel remounting) 
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average dust concentrations during each of these activities can be compared. 
The peaks from the plot delineate work sectivities which produce elevated dust 
concentrations. Also, the average dust levels can be compared between the 
various control methods used. The HA¥ is not specific for asbestos; however, 
asbestos fibers are a component of the brake dust, and therefore, the HAM can 
be a useful real-time monitor for the contrel of asbestos-laden dust, 
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4, CONTROL METHODS AND FACTLITY SITES SURVEYED 

In this study, five methods for controlling exposure to ashestos during brake 
repair were evaluated. These included: two enclesure devices with ventilation 
provided by a HEPA filter-equipped vacuum, a HEPA filter-equipped vacuum 
cleaner with no enclosure, a wet brush/rscycle system which veeirculated the 
cleaning solution, and an aercsol spray to wet and flush away the dust. In 
addition, one brake repair that used no control measures and another that used 
minimal controls were studied. 

Each control method was evaluated at a different facility. This introduced 
many uncentrolled varlables such as buildipg layout, traffie pattern, and 
ventilation system. Alsa, the types of vebicles and wheel sizes were not 
identical among the control methods tested. The description of the control 
device L followed by information about the facility inm which It was observed 
and the vehicles serviced. This information is summarized in Tables 4.1 and 
42, 

4.1, VACUUM ENCLOSURE A% 

4.1.1, Control Description 

This engineering control consists of a glove box for completely enclosing the 
brake assembly for brake duums up to 20 inches in diameter after the wheel has 
been removed. Figure 4-1 shows the glove box enclosure and the wvacuwum 
pump/filter assembly unit. The front of the glove box enclosure is constructed 
of cleax Lexan® plastic and the back is cowprised of Fflexible overlapping 
neoprene fabrle strips. These allow the brake assembly to be easily inserted 
into the enclosure and alse provide an essentially tight seal around the axle. 
Two long gloves are sealed inte the front face of the enclosure and extend 
inwardly. These flexible gloves permit the mechanic to insert his hands and 
arms up to and sometimes past the elbows to operalts a conventional compressed 
air gun, a vacuum line with brush attachment, a hammer and/or mallet, a 
separate brush, and othexr tocls within the enclosure te clean the linings, 
pads, and other elements of the brake system. The enclosure is mounted to a 
base and can be rolled to its destimation. Foux cormer frame posts support the 
enclosure and allow easy adjustment to a comvenient level for servicing a 
vehicle on a lift rack. 

% Pro-Line® BCE 2500, Clayton Associates, Inc., Farmingdale, NJ. 
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Table 4-2 

Vehicle Description 

Control Type* Number Model Brake Drum Drums/Vehicle Trans- 
Year Diameter Serviced mission 

{inches}} 

Vacuum Enclosure & A 2 1979 9-10 2 Rear Auto 
r 5 1977-83 10 2 Rear Auto 
v 1 1983 11 2 Rear Auto 
T 1 1877 17 2 Fromt Marmal 

Vacuun Enclosure B A 1 1879 11 2 Rear Auto 
I 8 1974-83 9-11 4 Front/Rear Auto 
v 2 1877-84 11.14 2 Rear Auto 

Vacuun Only A 2 1977-82 .10 2 Rear Manual 
v b4 1977-7% 11-14 2 Rear Auto 

Wet Brush/Recycle J 10 1873-81 9.11 4 Front/Rear Auto 

Aerosol Spray A 1 1980 10 2-Rear Auto 
» 2 1983 911 2-Rear Auto 
v 2 1982-83 11-12 2-Rear Auto 
T 1 1981 16,5 2-Rear Auto 

* A = Automobile, 1 to 2 zons curb weight 
J = Jeep 1.9 vons curb welght 
P = Pickup Truck 1/2 and 3/4 ton size 
V = Van 3 to 5 toms curb weight 
T = Truck Over 10 tous empty welght 
TT = Truck with tandem rear wheels, 13 toms empty weight 
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The enclosure is connected to a vacuum pump with a three-stage filter assembly 
by a flexible hose. The first filter stage is a bag similar to a conventional 
home vacuum cleaner bag. The second stage, a 12-inch square prefilter, is 

similar to home hot air furnace filters., Yhe third stage is a HEPA filtey 
rated as vepoving 99.995 percent of particles greater tham 0.12 sm in 
aiameter. (1) AT1 [ilters are commercial items. The filter life is 
dependent on the amount of use and the total collection. 

Brake servicing, using this vacuum enclosure, is accomplished in the following 
manner: After the vehicle is raised and the wheel is removed, the vacuum 
enclosure unit is rolled in front of the wheel. Tools and euxiliaxy items are 

placed within the enclosure. The vacuum pump ia started and the unit is moved 
forward so the enclosure completely envelops the brake assembly (the rear, 
four-way flap tightly wraps around the axle). The drum is loosened using the 
gloves and either a hammer or wmallet, then removed and set aside face up within 
the enclosure, The loose dust is vacuumed from the imside of the wheel drum, 
the surface of the brake sheea, and assembly. Dust adhering to the brake 
assembly is brushed and blown off with compressed air. The dust cloud 
generated within the enclosure is dissipated as the wvacuuwn pump dravs clean air 
through an inlet valve on the side of the enclosure and ezhausts the 
contaminated air through che dust £ilvers. The drum, shoes, and parts of the 
assembly ave again vacuumed, as well as the inside surfaces of the enclosure, 
This procedure takes up to 3 minutes, After cleaning, the vacuum enclosure 
unit is vemoved from the brake sssewmbly and the brake maintenance Is completed. 

Au lwportant opervation not observed during the survey is the removal and 
replacement of the filters in the vacwum units. Normally, the first stage bag 
filter is replaced when the bag is about half full; at this point, the pressure 
indloated by the vacuum gauge on the unit is about 4 inches of water., For a 
production rate of 10 brake inspections per week, the second stage prefilter is 
replaced in about 3 to 12 mounths and the third stage HEPA filter is replaced in 
about 3 to 3 years. The HEFA filter requires careful imstallation to prevent 
bypass leakage. The mamufacturer of this unit has introduced an exchange 
service vhereby a dirty asseably returned to the manufacturer’s plant will be 
tmmediately replaced with a new HEPA assembly. 

The facility has employed this control device to reduce occupational exposure 
during brake inspection, repalr, and brake ilning replacement of all motor 
vehicles since early 1986. The mechanics thought the vacuum enclosure did a 
good job of containing and collecting brake dust when employed on cars and 
light pickup trucks. They thought thab the unit was bulkier than mecessary for 
1ight vehicles. The brake assemblies of large trucks and/or speclalty umits 
equipped with double wheel assemblies ave different and much heavier than for 

light vehicles, however, and the workers did net consider this particular model 
to be as effective with the heavier vehicles. 

4.1.2. Facility Description 

This state government vehicle maintenance facility, completed in 1970, sexvices 
180 large trucks, 250 pickup trucks, 90 passenger cars, 25 vans, 25 loaders, 
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and other specialized road maintensnce units {Figure 4-2}. Repair work 

includes brake work, general maintenance, and engine overhauls and requires a 
substantial amount of specialized suxiliary equipment. The light vehicle area 
is separated from the heavy equipment repair section by a double row of lighted 
work benches and mechanic workstatioms. Overhead hoists are mounted in both 
garage areas for ralsing and moving the vehicles. Operations are conducted on 
a one-shift basis from 7:30 a.m. te 4:00 p.m. by 11 veteran mechanics, 2 body 
men, and 3 welders. Most of the apprr -mately 300 to 500 annual brake jobs are 
performed by 5 to 6 mechanics. 

The garage is situated so that prevailing wind currents provide natural 
ventilation through open doors during the warm months of the year. Fumes from 
vehicle engine testing are removed by wmeans of flexible hoses fitted ‘over 
exhaust system pipes. The hoses are connected to exhaust fans which discharge 
outside the building reof. The vehicle repair areas are exhausted by five 
3,100 cfm roof fans. Four exhaust grilles (mounted approximately 18 inches 
ahove floor level) are connected to four roof-mounted fans of about 3,000 cfm 
capacity each. A 12,000 cfm divect-~fived make-up air heating unit is 
interlocked to provide additiomal heat when any of the fang are operating. 

Brake maintenance on nins vehicles -~ two automsblles, one passenger van, five 
half-ton pickup trucks, and ome large dump (salt) truck -- was evaluated using 
this vacuum enclosure contyel. The vehicles ranged In model year from 1377 to 
1985 and the vehicle mileage ranged from 16,000 te 106,000, 

4.2, VACUUM ENCLOSURE B* 

4.2.1. Control Desceription 

This control device consists of a 17.3-inch diameter steel cylinder, 16 inches 
long, equipped with a single rubber glove and a quick-counect fitting for am 
alr hoge (Figure 4-3). A compressed air cleaning nozzle is located inside the 
cylinder. One end of the c¢ylinder is partially closed by an iris-type rubber 
flap connected by a cloth covered elastic band so that a 6-inch diameter 
opening remains., A plastic window is provided in the other end to observe the 
cleaning operation. The cylinder is mounted on & volling stand, The height is 
adjustable and secured by & thumbscrew. The cylinder is connected to a HEPA 
filter-equipped vacuum cleaney. With the enclosure on a vehicle wheel and the 
vacuum on, this unit was observed Lo produce a face velocity of 130 to 200 fpn 
(approximately 30 to 40 cfm) at the sesl opening around the axle of the 
vehicle. The vacuum cleanex may be easily disconnected from the cylinder 
enclosure to function independently as a cleaning device. 

The vacuum cleaner has a set of four Filters consisting of a First stage filter 
(a 6 mil polyethylene liner bag), & microfilter, a main filter, ?98 a HEPA 
filter (rated at 99,97 percent removal of 0.3 pm diameter dust).\>”) All 
but the main filter are replaced about twice a year, The main filter can be 

* Nilfisk Asbesto-Clene® 500 System, Wilfisk of America, Inc., Malvern, PA. 
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purged and should last 20 vears. At this facility, the contaminated filters 
are placed in a 5-gallon metal container which is filled to capacity with 
concrete and then disposed of as ordinary wasts. 

The following peneral brake cleaning procedurs is used at this facility. The 
vehicle is driven onto the 1ift and raised 3 to 4 feet. The lug bolts are 
unscrewed and the wheel and brake drum are removed. The vacuum enclosure is 
installed over the backing plate of the wheel and dust on the brake components 
is blown off with compressed air. After the snclosure iz removed, the inside 
surfaces are vacuum cleaned. The brake drum is alsoc vacuumed. A supervisox 
inspects the brake camponents; if the brakes meed raplacing, the new shoes or 
conponents are installed, otherwise the drum and wheel are reassembled. 

If previous maintenance on a vehicle cecurred within 1,000 to 1,500 miles, two 
wheels are pulled and the brakes inspected. If the vehicle has been driven 
more than 1,500 miles sinee the last maintenance, all four wheels are 
inspected. This facility began veplacement of asbestos brake linings with 
nonasbestos type materials in July 1984, several monmths before our survey. 
Nine of the eleven vehicles evaluated had asbestos type brake shoes. 

4.,2,2, Facllity Deseriptlon 

This postal maintenance facilivy, construered in 1977, is locaved in an 
industrial park in a building 158 feet long and 81 feer wide (¥Figure 4-4), The 
repair area, body shep, and palut shop ocoupy a high bay ares of appromimately 
10,000 square feet:. The main shop area contains twelve bays, 

Undet-floor vents and ceiling hoses, rated at 300 cfm esch, are used to exhaust 
engine fumes through a single, centrifugal fan suspended from the roof. This 
system, operated on an as-needed basis to contrel vehicle exhaust, was in use 
during this survey. Two centrifugal fans suspended from the ceiling have 
inlets located near the £loor, exhaust alr at a rate of 4,960 c¢fm each through 
the shop roof, and are operated on an as-needed basis. They provide about 3 
air changes per hour when operating; however, they were not observed to be used 
during this survey. About 6,600 cfim of heated mske-up aixr is provided through 
a central overhead plemum with six outlets. 

The facility is open from 6:00 a.m. to 6:00 p.m. Eleven mechanics work 
overlapping 8-hour shifts; all perform brake service. About 28 to 36 brake 
inspections/replacements ars conducted each week. 

Evaluations were wade while brake service using enclesure B was performed on 
eight Jeeps, one automobile, and two vans. These vehicles had 9-, 11-, and 
14-inch diameter brake drums. The model year of the vehicles ranged from 1974 
to 1984 and the mileage ranged from 16,000 te 83,000 miles. 
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4.3. VACUUM ONLY* 

4.3.1, Control Description 

This HEPA filter equipped vacuum has been in use since about 1978, It consists 
of a dust removal hose connected to a three-stage HEPA filtered vacuum assembly 
(Figurc 4-5). Goarse partiecles are separated by centrifugal action in the 
bottom area. Finer particles are collected by a main filter followed by a 
micro filter. Finally, a HEPA filter ig 8SEd to remove the very fine dust 
(99.97 percent removal of 0.3 sm dust). (39} 

The vacuum unit is used during all brake inspection, repaiy, and brake lining 
replacement wark. In the brake cleaning procedure, vacuuming is done after the 
hubcap, wheel, and drum are removed. Loose dust is vacuumed from inside the 
drum and from avound the hrake assembly. After disassembly, small parts 
(springs, screws, ete.) are generally vacuumed, No blowing with compressed air 
or wet methods are used, No special attachments are used with the vacuum 
hose. Air is drawn into the 1.25 -inch diameter nozzle at about 95 feet per 
second (50 cfm). After cleaning, the brake is inspected and then either 
reinstalled or repaired. 

An infrequent operation net observed duripg this in-depth plant survey 1s the 
removal and replacement of the filters from the vacuum units. The filters awve 
changed at about the same frequency ae described for vacuwm enclosure B units, 

4.3.2. Facility Description 

This is one of seveval fleet parages operated by a privately owned utiliry. 
Bighty-five assorted speciaslized wehicles are based here. Routine maintenance, 
such ag 10,000-mile inspections, brake work on light vehicles, and tune-ups are 
performed, but not major vehicle overhauls. About seven vehicle brake 
inspections and three brake replacements (front and back) are performed each 
month, The two mechanics employed at this garage are assigned to the second 
shift. 

The building is 182 feet long, 123 fest wide, and 15 feet high (Figure 4-6). A 
single hydraulic 1ift is employed to raise light duty vehicles to the desired 
height for brake inspection and replacement. 

Ventilation is provided by a 3,800 cfm exhaust fan on the washroom wall and 
another 5,000 cfm wall fan at the rear of the garage. This provides about two 
air changes per hour. There is no provisien for make-up air except for 
infiltration through doors aud windows. This may result in negative pressure 

in the building, especially when the doors are closed im cold veather, The 
garage is steam heated and is not air-conditioned. A carbon monoxide 
monitoring system is set to operate an auxiliary ventilation fan if the carbon 
monoxide level reaches 35 to 39 ppm. 

* Nilfisk Vacuum Cleaner Model £S-81, Nilfisk of America, Malvern, PA. 
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During the November 24 and December 9, 1986, surveys, the main doors of the 
garage were generally open, which provided some air circulation within the 
garage. However, during the surveys comducted om December 11 and 16, 1986, and 
January 12 and February 5, 1987, the doors were closed except for vehicle entry 
and exit, 

Brake servicing using the vacuum only control was evaluated on seven vehicles 
-- two automobiles and five utility vans -- all with rear drum brakes. The 
model years ranged from 1977 to 1982 and the mileage ranged from 52,000 to 
92,000 wmiles. 

4.4. WET BRUSH/RECYCLE* 

4.4.1. Control Descyiption 

Asbestos exposure is contrelled by a brake washer assembly (Figure 4-7). 4an 
aqueous solution centaining an arganic solvent is pumped through a nylon 
filter, directed through a flexible tube and out batween the bristles of a 
brush. Tt provides for a gentle flooding of the brake assembly area to wash 
doyn dust and perform the necessary cleaning. The solutisn captured in a catch 
pan is rveturned to and recirveulared from a reserveir. 

This system provides & gentle {low of solvent o wet and clean the back plate 
and brake components witheut disbursing brake dust inte the alr, A movable 
workshelf/cateh basin can be positioned to aveld splashes and spills. The low 
center of gravity of the unit resists tipping and potential spilling of the 
cleaning solution which may contain asbestos fibers. A removeble cover for the 
reservolr preveuts evaporation of the liquid and serves as a work tray when the 
cover ls removed for work on large vehicles. The portable washer cap be used 
for brake waintenance of both automebiles and trucks. 

The following sequence is used for brake shoe servieing: The reservelr is 
£illed with 1 gallon of brake cleaner concentrate and 5 gallons of water. The 
brugh is placed in the cateh basin to prevent accidental spillage and loss of 
solution. With the vehicle on a 1ift, the lug nuts, wheel, and brake drum are 
removed and the washet is placed so that the cetch basin is directly under the 
brake assembly. (If the vehicle is raised by a front-emd 1ifr or jack, the 
catch basin and the hinged reservoir cover can be remeved, and cleaning can be 
performed over the expanded metal mesh shelf in the reserveir tank.) When the 
washer is properly positioned, the pump is started and the fluid flow is 
controlled by a valve at the hose-pump comnection. The brush Is used to assist 
in the removal of dust, asbestos fibers, oil, and grease from the brake drum 
and brake assembly. Small parts are cleaned and stored in the catch basin or 
on the screen in the main tank, After cleaning, the brake is inspected and 
then either reinstalled or repaired. 

* Kleer-Flo Model LW-22 Rellabout®, Kleer-Flo Compauy, Eden Prairie, MN. 
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One gallon of Greasoff® No. 19 mixed with 5 gallons of water is used to 
clean 40 to 50 wheels before it is disposed of In accordance with local, state, 
and federal requirements. The barrier filter should be washed at that time. 

At this facility, the unit was somewhat awkward to shift frem wheel to wheel 
because it had to be moved over electrieal cords or air limes on the floor. 
However, the workers were confident that the unit did reduce their exposure to 
asbestos in the brake dust, that it allowed the brake components to he cleaned 
well, and that it was easy to use, 

4.,4,2. Facility Description 

This control methad was evaluated at a postal maintenance garage which services 
575 vehicles. The 202-foot-long garage building (Figure 4-8) was opened in 
1979-80. Tt includes a &4 by 1l1-foor working area with a 20-foot cciling. 
There are 14 bays, 12 are equipped with hydraulic lifts. The garage staff 
consists of ten mechanics, four garagemen, one body man, and two supervisors. 
Each vehicle is completely imspected twice a year; approximstely 25 brake jobs 
are performed each month. 

Ventilation of the gavage is minimal. Under-floor hose and pipe systems to 
remove auto exhaust fumes are used only when a vehicle engine is operating, 
Several roof-mounted fans on each side of the garage are operated in the summer 
to remove hot glir from under the roof arsa. In the cooler months, these fans 
are not used and the inlet dempers are closed. There is no provision for 
frosh, heated alr. During mild weather ventilation is provided by the open bay 
doors. The bullding Ls heated to about 60 vo 65° F at the working level during 
enld weather. During mest of the survey, one or wore doors were Open, 

The evaluation of brake malntenance using the wet brush/recyele method wae 
performed on 10 Jeep vehicles manufactured iw 1973 through 1986. all four 
wheels are equipped with drum brakes; drum sizes ranged fxom 9 to 11 inches, 

4.5, AEROSOL SPRAY* 

4.5.1. Control Description 

This ceontroal method consists of a solvent {methyl chlorofoxrm) spray te control 
potential asbestos exposurss during brake maintenance on all types of 
vehicles. Typically, the operator dispenses the solvent from a refillable, 
hand-held sprayer (Figure 4-9). The sprayer is filled with approximately 
1 quart of solvent; the solvent is transferred to the spreyer from a 55-gallon 
drum using a drum-mounted pump. Shep air at approximately 200 psig is used to 
pressurize the sprayer. 

In the brake cleaning procedure, the hubcap, wheel, and drum are removed. A 
catch pan is placed under the brake assembly and the exposed surfaces are 

* Balkamp 770-551 Model A Sprayer, Balkamp Central Div., Indisnapolis, IN. 
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thoroughly wetted. The sprayer is held about 18 inches from the brake drum and 
the other components so that brake dust is not blown off to become airborme 
before it is wetted. Washing is then performed by moving the sprayer to about 
12 inches from the parts. The countaminated solwent is collected in the catch 
pan. It is not recycled, but is emptied into a waste drum to be disposed of as 
toxic waste. Some mcchanics wipe the parts and drum with dry rags. After 
cleaning, the brake is inspected and then either reinstalled or repaired. 

Qccasionally, the solvent is applied directly to the brake drum and brake 
componients with a parts brush {manual wet brush method) to remove the brake 
residue. The catch pan, containing about 2 Inches of solvent, is placed on the 
floor near the vehicle, The brake drum is removed, placed in the catch pan, 
cleaned with a solvent laden brush, and then wiped with a dry rag. The pan is 
then placed under the wheel to catch the excess, contaminated solvent as the 
other brake system components are also cleaned with the brush. The clean 
components are wiped with a dry rag and the contaminated solvent is emptied 
into a waste drum and disposed of as toxic waste. 

The unit is small, lightweight, and appears easy to use. It seems to do a good 

job in ¢leaning the brake components and has very little contaminated solution 
to dispose of. One disadvantage occurs when it iz first activated to cleun a 
wheel. If the nozzle is too close to the brake surfaces, within abour 
12 inches, pressure from the nozzle causes brake dust to become alrborne, 

4.5.2, Facility Description 

This private utility has 10 garages to service about 1,400 vehicles, The 
butldings range in size from a single-bay workstatien to a l4-bay garape. 
Maintenance ia performed on cars, pickup trueks, vans, specialty vehicles 
slightly lavger than & pickup truck, medium size trucks, and larpe specialized 
line trucks. The anuual meintenance of these vebicles includes brake 
inspection. Bach wonth, all the wheels on approximately 30 to 35 vehicles are 
pulied for brake inspection and 65 to 70 percent of these underge hrake 
yveplacement ox repair., A total of 89 mechanics at these 10 installations 
perforn brake maintenance. 

In our study, brake service was evaluated at four of these garages. 

The first, located in a congested industrial area, is part of a larger 
building. Haintenance is performed on 250 vehicles assigned to this 
location by 10 mecbanics in a 13,000-square-foot area centaining 10 work 
bays. Outside air is drawn in through gas-fired heaters; building air is 
exhausted by window-mounted fans, Because of the mild weather, doors were 
open and the fans were not in use during the study. 

The second garage is located beneath a high-rise office building in the 
downtown area. Maintenance services are performed on 225 vehicles, mainly 
automobiles, by 5 mechanics in a 1,500 square-foot area containing 3 work 
bays. Fresh air, entering through a wall duct, exhausts naturally into an 
alley mext to the garage. 
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The third garage, located in a rural area, is z 3,300 square-Foot 
structure, Although not in use at the time of the study, two roof-mounted 
exhaust fans are present. Maintenance is performed on 115 vehicles by 7 
mechanics in 4 work bays. 

The fourth garage is part of a large 45,400 sguare-foot multipurpose 
facility located in a congested industrial arsa. Maintenance is performed 
on 150 vehicles by 8 mechanics in a 5,500 square-foot area containing 3 
work bays. The two wall-mounted exhaust fans were mot operated during the 
study; however, open doors leading to the rest of the building provided 
ventilation, 

The study of the aerosel spray method was pevformed during brake serviecing to 
six vehicles at these four garages; in one case the mechanic serviced two 
wehicles. Only five sets of samples were obtained for this method. One large 

truck with rear wheels and 16.3-inch drums was studied in addition to five 
automobiles with smaller drums. 

4.6. Rudimentary Contrels and No Controls 

Alrborne agbestos concentyations were measured during brake servicing of the 
vear brakes on a full-size van by a "do-it-yourself® mechanic. A spray can 
solvent was used to wet the brake drum surfaces and dissclve sccumilated grease 
and dirt, and a garden hose to flush the surfaces with water. The work was 
performed in a driveway, out-of-doors. 

Asbestos concentrations were also weasuved during servieing of the rear brakes 
on & utility vehicle. Ne dust controls were used; the brake drums were banged 
on the floor to remove the dust. The cleaning of the brake drum was of very 
short duration and the brake assembly was not cleaned. The work was performed 
in a small service station garage and the doors weve open during the sempling 
period, 
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3. RESULTS 

5.1. ASBESTOS CONCENTRATIONS AS DETERMINED BY PCHM 

The average and range of personal sample concentrations for airborne asbestos 
fibers determined by PCM are presented in Table 5-1 for the five different 
control methods used during brake service. These results include exposures 
encountered while workers serviced brakes of small and medium size vehicles and 
two large vehicles. Area samples (PCM) collected near the fender and over the 
axle of all vehicles were less than 0.002 f£/cc {see Table 5-2). 

Of 83 personal samples collected on brake mechanics in the present study, the 
highest concentration determined by PCH was 0.016 f/ce. This is about four 
times the LOD for the persenal samples (0.004 £/cc). Personal sample 
concentrations represent only those exposures which occurred while servicing 
brakes (usually 2 te 3 houxs per shift), and not the time-weiphted average 
axposure for the entive work shift. Usually only one brake repalr was 
performed per day, thus the time-weighted average exposure of the wechanic 
would be lower. Arithwetic mean f£iber concentrations while using either of the 
vacuum enclosures or the wet brush/recycle with recirculating solution wers 
£0.004 £/ce. Exposures while using the vacuum only and the aerosol spray 
methods were g0.016 f/ce. 

For vacuum enclosure &, all 18 personal sample concentrations, as determined by 
PCM, were less than the LOL. Figure 5-1 shows the percentage of personal 
samples that were below the LOD of 0.004 f/cc for each of the five contrel 
methods. For vacuum enclosure B, 21 of 22 personal sample concentrations were 
below the 14D, 

The exposure for a "do-it-yourself” mechanic using & spray can solvent and 
garden hose during a brake replacement averaged 0.007 £/cc using Method 7400 
“AT rules (Table 5-1). A brake service operation was sampled in which no dust 
controls were used and the brake drums were banged on the floor to remove dust; 
fiber comcentratious {(PCH) for both persomal samples were below the LOD of 
0.008 f/cc (Method 7400 "a" rules). 

The OSHA permissible exposure limit {PEL} of 0.2 £/cc (OSHA action level 0.1 
£/ce) 30 (8-hour, time yeighted average) and the NIOSK Tecommendsd exposure 
limit (REL) of 0.1 f/cc( are based on the PCM anslysis of asbestos using 
"A" counting rules (3:1 aspect ratio}. "B" counting rules (5:1 aspect ratio) 
were used in this study, except whers noted, and the results cammot be directly 
compared to the OSHA PEL or NIOSE REL. Howewver, TEM analysis of the filter air 
samples showed that 82 to 35 percent of all fibers counted using a 3:1 aspect 
ratio would also have been counted if a 5:1 aspect ratio was used. This 
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analysis indicates that there would be little difference in fiber 
concentrations using either fiber aspect ratic criteria. 

Personal samples analyzed by PCM indicated that the TWA exposures of the 
mechanics would be all below the NIOSH REL for asbestos of 0.1 f/cc and the 
OSHA PEL of 0.2 f/cc, even if they performed brake servicing for the entire 
work shift. 1In most cases, the mechanics performed only one or two brake jobs 
per day so that their TWA exposure would generally be less than the levels 
shown in Table 5-1. 

5.2. ASBESTOS CONCENTRATIONS AS DETERMINED BY TEX 

TEM results are not directly comparable to the PCM data becaunse: (1) TEM 
counts include all fibers, regardless of length; whereas PCM includes only 
fibers greater than 5 um in length; {2) TEM counts include fibers too thin 
to be seen using PCM; and (3) TEM data include only fibers idemrified as 
asbestos; whereas PCM data include any fiber typs. The TEM analyses showed 
that only 8 of 57 persomal samples contained asbestos fibers 5 um or 
longer. 

5.2.1. Personal Saepling Results 

Asbestos concentrations obtained in the breathing zone of the mechanics and 
analyzed using TEM are summarized in Table 3-3 for each of the 5 control 
methody evaluated. (These results exclude exposures encountered while workers 
sexviced brakes to the two large vehicles.) All fibers identified as 
chrysotile or amphibole asbestos with an aspect ratic of 3:1 or preater were 
counted (fibers 0.2 um in length). Awmphibole asbestes was found on only 
7 of 21% Filter alr samples analyzed {one or twoe amphidbole fibers per filrer), 

Arithmetic mean ashestos exposures ranged from less than 0.013 £/cc while using 
the wet brush/recycle with recireulating solution to 0.052 f/cc for the aerosol 
spray method. Personal sample concentrations were found to be at the low end 
of this range for vacuum enclosure & and the vacuum only system; and at the 
high end for the vacuum enclosure B. The arithmetic mean exposures for the 
aernsol spray and enclesure B were significantly higher than that for the wet 
brush recycle (p<0.05). The srithmetic mean exposures for the vacuum 
enclosure A and for the vacuum only system were not significantly different 
than that for the other three methods. Geometric mean asbestos exposures 
ranged from less than 0.013 to 0.045 f/cc for the five control methods 
evaluated. The geometric mesn exposures for the mechanics using the spray can 
and garden hose and using mo control were 0.03% and 0.048 £/cc, respectively. 
The arithmetic and geometric mean exposures are illustrated in Figure 5-2. 

5.2.2. Source Sampling Results 

Asbestos concentrations near the vehicle fender and axle (excluding the two 
large trucks) are presented in Table 5-4. Arvithmetic mean asbestos 
concentrations near the fender ranged from 0.006 £/cc te 0.115 f/ce; arithmetic 
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mean asbestos concentrations near the axle ranged from less than 0.006 f/ce to 
0.027 f/cc. The aerosol spray method resulted in the highest average fender 
concentration (0.115 f/cc). This is about 5 times the average fender 
concentration for vacuum enclosure B and an order of magnitude higher than that 
for the other three contrel methods. 

The use of vacuum enclosure B resulted in the highest average axle 
concentration. Dust was observed to escape from the seal of this enclosure 
during brake cleaning with cempressed air. One axle sample was six times the 
highest axle concentration of any of the other contrsls. 

5.2.3. Background Sampling Results 

Indoor ambient, arithmetic mean asbestos concentrations as determined by TEM 
(Table 5-5) are compared to arithmetic mean asbestos exposures in Figure 5-3 
for the five control methods evaluated. Arithmetic mean asbestos 
concentrations inside the garages wers 0,008 £/cc or less. These data {ndicate 
that nearly all the ashestes exposure for the mechanics was due to job tasks 
and not indoor background asbestos concentrations. 

5,24, Qutdoor Ambient Sampling Results 

Outdoor smbient, arithmetic mean concentraticns were 0,006 f/ce or less 
(Table 5-5)., Of 32 ambient sswples analyzed by TEM, 24 were less than the LOD 
of about 0.005 f/cc. 

5.2.5. Bulk and Setrled Dust Samples 

A bulk sample of brake dust was eollected from each vehicle serviced to 
determine if the friction materxials countained asbestos. Fach brake dust sample 
conslsted of a few grams of dust frem each of the vehicle's rear drums (and the 
front drums of jeeps) combined into a single sample vial; 43 bulk brake dust 
sanples were collected. Bulk samples were analyzed for asbestos by TEM, 
Generally, less than 1 percent of the particles present in the bulk brake dust 
samples was ashestos; although several samples contained as much as 1 pevcent 
asbestos. These results are sumsarized in Table 5-6. 

Settled dust from one or more sites wirhin each facility were similarly 
collected and combined inte a single bulk sample., The secrled dust samples 
were collected to indicate the potential for building contamination. 

Most of the fibers present in both the brake and settled dust samples were 
chrysotile asbestos. Fewer than one im a2 thousand asbestoes fibers in the bulk 
brake dust samples were amphibole asbestos. Two of seven settled dust samples 
contained amphibole asbestos; one settled dust sample comtained 20 percent (of 
total fibers) amphibole asbestos, possibly from the insulation used on the hot 
water pipes in the garage. Other fibers im both the brake dust and settled 
dust samples were determined to be nonasbestos. 
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Table 3-5 

TEM Analysis of Bulk Brake and Settled Dust Samples 

Control Sample type Number Percent Percent Percent 
of asbestos asbestos of fibers# 

samples in tetal of total >5 pm 
dust £ibers in length 

Vacuum enclosure 4 brake dust 4 <1 54« 100 117 
settled dust 1 NA EH 5 

Vacuun enclosure B brake dust il <¢.L -1 0~ 100 O -6 
settled dust 1 <1 60 0 

Vacuwm only brake dust 6 <01 - 1 246 - 100 0 -9 
settled dust 1 <0.1 68 1 

Wet brush/recycle brake dust 9 <1 83 - 100 0 -3 
settled dust 1 rA 99 7 

Aerogol spray brake dust 3 <1 74 - 100 1 - 18 
setrled dust 3 <i 56 - 84 0 -7 

Ho control brake dust 1 <0.1 99 o 

Water hose and brake dust 1 N&. 84 0 
solvent 

* includes fiber bundles 
NA: not available 
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While the percentage of fibers longer than 5 sm for most vehicles was less 
than about 3 percent, the brake dust from a few wehicles contained a 
substantially greater percentages of fibers longer than 5 pm. No obvious 
trends were observed {e.g., vehicle size} which could account for the presence 
of these long fibers. TEM analysis of the bulk brake dust samples showed that 
the aspect ratio of 90 to 87 percent of fibers was greater than or equal to 5:1 
for each of the five major controls evaluated. 

5.2.6. Field Blanks 

One or two field blanks were prepared for each vehicle evaluated and submitted 

for PCM and TEM analysis. Fifty-onc blanks were analyzed by PCM and 34 blanks 
by TEM; these results are summarized in the Appendix. Analysis by PCM showed 

that all blanks were below detectable limits, and that 3 of the 34 blank 
samples analyzed by TEM contained a single asbestos fiber. Because of the very 
low asbestos fiber counts on the blanks, no blank correction was wade to the 
TEM sample results. 

3.3, LARGE VEHICLES 

Iwo vehlcles with rear wheel brake drums 16 to 17 inches in diameter were 
evaluated in this study. A salt truck was sswpled while using vacuum enclosure 
A and a boom truck was sampled using the aerosol spray method. As shown in 
Table 5-7, fiber concentrations determined by PCM for both large vehicles wera 
belaow 0,004 f/cc LOD; however, asbestos exposures determined by TEM anslysis 
were 0.15 £/ce for the salt truck and 0.88 f/cc for the boom truck, These 
results are based on two simultancous personal samples taken during brake 
service to the rear wheels of the respective vehicles. In Figure 54, the 
results for these two vehicles are compared to the maximum asbestos 
concentrations (TEM) measured during brake service to wehicles with 8- to 
12-inch drum sizes using the same controls. 

5.4, REAL-TIME SAMPLING RESULTS 

Real-time data were obtaiped during most of the brake maintensnce jobs 
evaluated and collected on 26 operators performing brake maintenance jobs to 36 
vehicles. The data collection took place during actual brake maintenance 
operations and lasted approximately am hour. The HAM was located next to the 
personal filter sampler in the breathing zone of the brake mechanic. 

The general brake maintenance procedure as monitored using the real-time 
instrumentation was: 

1. The vehicle was driven imto the work area and raised off the floor from 
a few inches to 4 feset. 

2. The lug bolts and wheel were removed. On some vehicles, the brake drum 
was attached to the wheel, so it was also removed at this time, 
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8. 

9. 

The brake drum was removed. 

The brake dust from the brake drum and backing plate were removed using 
the dust control being evaluated. For the wet wash control methods, 
cleaning was started before the drum was removed. For vacuum enclosure 
A, the drum was removed while it was inside the enclosure and then 
cleaned. 

The brake components were inspected. If brakes needed replacement, the 
brake components were removed. Some control methods (vacuum, wet 
vash/recycle, and wet spray) were usad during remeval for additional 
brake dust control and eleaning purposes. 

The new brake shoes and components wesre installed. 

The brake drum was reinstalled. 

The wheel was remounted and the lug bolts tightened. 

The vehicle was test driven and the brakes were adjusted if needed. 

From 600 to 1,900 readings were taken during each of 26 brake jobs for which 
real-time data was collscted. The average relative dust concentration and the 
standard deviation for each phase of the brake maintenance job were 
determined. Table 5-8 shows the average relative dust levels (veported as the 
aerosol monitor response In millivoelts) during the various brake malntensnoe 
phases for each control method., The average relative dust concentrations 
betwean the various phases were used to identify the principal sources of dust 
exposure during brake mainvenance. 
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Table 5-8 

Average Relative Respirable Dust Levels 
{aeroscl monitor response in millivolts) 

Vacuum Vacuum Vacuum Wet Brush Aerosol 
Encl. A Encl. B Only Recycle Spray 

Brake Maintenance Phase 

No Activity (Background) 0.007 5.009 0.005 0.008 0.008 

Remove Wheel ¢.008 0.030 0.022 0.046 0.011 

Remove Drum 0.008 0.018 0.011 0.021" 0.027 

Clean 0.007 0.011 0.007 0.007 0.011 

Remove Brake Parts 0.008 ¢.009 0.009 0.012 0.012 

Install Brakes/Drum 0.012 0.012 0.008 0,006 0,012 

Remount Wheel 0.021 0.017 0.021 0,017 

Sumpary 
Mean 0.008 0,013 0.008 0.011 0.012 

Standard Deviation 0.027 0.032 0.015 0.034 0.009 

Average TEM (£/cc)® 6.036 0.036 0.025 0.008 0.052 

Mumber. of 
Vehicles 6 g 8 10 

Brake Drums Removed 12z 32 1é 38 4 

Brake Parts Removed 2 & 16 22 4 

* The real-time data is in millivelts; representing the total light scattered 

by the brake dust. Since the composition of the dust changes with 
operation, there is no simple relationship between instrument reading and 
TEM (f/cc) sample results. 
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6. DISCUSSION 

6.1. CONTROL PERFORMANCE 

A1l the control technigues studied prevented exposures in excess of the OSHA 
PEL or NIOSH REL as determined using the PCX analytical method. 

6.1.1. Comparison to Historical Data 

Roberts et. al,(3) reported time-weighted average (TWA} exposures of about 
0.2 f/ec and peak exposures of about 15 f/cc while using dry brushing, wet 
brushing, or compressed alr during brake repair. Analyses were pevformed using 
NIOSH Method P&CAM 239 (FCM). They roported TWA asbestos concentrations during 
compressed air brake cleaning ranging from 0.03 to 0,19 f/cc; concentratious 
during wet brush brake cleaning ranged from 0.23 te 0.28 f/cc. A veported 
asbestos exposure using a squirt bottle to wash the brake drums was 0.21 f/ee. 

Several subsequent studies have documented asbestos exposures, as detvermined by 
PCM, during szsl)ce drum servicing to passenger cars, buses, and trucks. Cheng 
and 0'Relly, TM) in a study of motor vehicle repair facilities in Hong Kong, 
found average exposures of 0.13 f/ce during compressed air blowing, with a 
maximum of 0.28 f/ee; during dry brushing, exposures averaged less than 
0.1 f/ec, These results are based on short-term samples and represented a 
varlety of vehlcele sizes. 

In West Germany, Rodelsperger st, a1, 41) peasured asbestos concentrations 
during brake repair to passenger cars and found an average exposure of 0.1 f£/ca 
during compressed air cleaning and 0.09 £/cc for dry brushing. These results 
were based on pergonal samples collected for 30 minutes te over an hour and 
were analyzed by POM, 

Kauppinen and Korhonen,(“’z) in an evaluation of brake maintenance garages and 
service stations in Finland, estimated, for repair of passenger car brakes, an 
average TWA exposure (PCM) of 0.05 £fcc during compressed air cleaning and 
0.04 f/cc for dry brushing; maximum IWA concentrations for the two cleaning 
methods were 0.5 and 0.1 f£/ce, respectively. For brake repair of trucks and 
buses, average TWA exposures were about 0.2 f/cc for compressed air, brushing, 
and wet cloth cleaning; maximum TWh’s were about 0.7 f/cc for these methods. 
Figure 6-1 is a comparison of the average exposure (PCM) from five historic 
studies during compressed air cleaming with the average exposure for each 
technique in our study. 

In a 1979 survey, (43) the rear brakes of an automobile were cleaned using 
compressed air. The asbestos exposure of that worker was 0.14 f/cc as 
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determined by TEM using SAED and energy dispersive X-ray analysis and included 
all fibers. During this appreximately &.5-hour sample psziad, only the rear 
brakes of this vehicle were serviced. In anothar survey(**) in 1979, two 
personal samples were taken while a mechanlc replaced the front disec and rear 
drum brakes of two vehicles. The sample for the first vehicle showed an 
asbestos concentration (TEM) of 0.20 f/ce {2-bour sample) and 0.95 f/cc 
(3.5-hour sample) for the second. The backing plate was cleaned with 
compressed air and a Stoddard solvent mixture. 

A statistical comparison was mads between our study results (for the servicing 
of vehicles such as pickup trucks, vans, automobiles, and several large trucks) 
and historical data (for brake servicing using compressed air, dry brushing, 
and squirt bottles). It showed that if variables, such as workers, vehicle 
types, and facilities had been controlled between our study and the historleal 
study, then exposures in our study would be significantly lower (p<0.005) for 
PCM exposure data. 

The TEM exposure data from zgr 2tud}' were an order of magnitude lower than 
those of the 1979 surveys.( V44) This, again, demonstrates a major 
difference between exposures when using the controls evaluated in our study and 
the methods used in the earlier studies. 

6.1.2. Comparison to No Controls 

No facility could be found in our study where compressed alr (except within a 
vacuun suclosure) ot dry brushing were used C?A;g%ean vehicle brakes. In a 
study of Pennsylvania brake operations, Moore found that only ene of 31 
brake shops used compressed air. To estimate a base line exposure for our 
study, however, an uncontrelled brake repair eperation (vhe brake drums were 
dropped on the fleor to displace the dust) was sampled. The measured asbestos 
exposure as determined by PCM and TEM for the uncontrolled method was 
conparable to the five major control methods. Although the mechanic’'s exposure 
was low, there is a potential For bulld.up of asbestos contamination in the 
garage. Furthermorxe, neither the brake drum ner the brake assembly was clesned 
as well as desired. Because the uncontrolled procedure was measured for only 
one vehicle, no statistical comparisen was made between the results for this 
method and the five control methods evaluated. 

6.1.3. Comparisom to Indoor and Outdoor Ambient Levels 

Personal sample concentrations during brake repalr were significantly higher 
than indoor background levels as determimed by PCM (p<0.03) and TEM (p=0.005) 
when using the aerosol spray method; persomal sawple concentrations (TEM) were 
higher than indoor background levels when using vacuum enclosure B (p=0.06). 
Personal sample concentratioms during brake repair for the other controls 
methods were not statistically different than indoor background levels based on 
both PCM and TEM results. Asbestos, as determined by TEM, was detected on only 
25 percent of the outdoor ambient samples; thus, no statistical comparison to 
indoor background concentratiens could be made., However, average outdoor and 
indoor ambient asbestos comcentration measursments were about the same. 
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6.1.4. Effect of Vehicle Type, Drum Size, and Fumber of Drum Brakes 

Most of the vehicles evaluated in the study were automobiles and light trucks 
with 8- to 12-inch drum sizes; however, twe large wehicles with 16- to 17-inch 
drums were alsc evaluated. Personal sample concentratious during brake serviece 
to the latter, as determined by PCM, were at or below the detection limit 
(0.004 f/cc) as were most of the personal sample concentrations (PCM) during 
brake service to the smaller vehicles. Although there was no difference based 
on PCM measurements between large vehicles and small and wedium size vehicles, 
asbestos exposures as determined by TEM during brake serviee to the large 
vehicles were an order of magnitude greater than during brake service to 
vehicles with smaller drum sizes, Larger brake shee surfaces and drums 
probably contain more residual dust and provide a mich greater source of 
asbestos emlssions. In addition, the drum assembly of the large salt truck was 
s0 large and difficult to remove that the vacuum enclesure A could not be 
placed over it until the drum was vemoved, 

Statistical analysis of TEM data showed that when using the gmerosol spray 
method, the average persoual sample concentration for brake repalr of the large 
boom truck was significantly higher than the highest euposure during brake 
repair of the other vehicles (p<0.01); but for vacuum enclesure A, the exposure 
during byrake repair of the large vehicle was not shown to be statistically 
different than that for the smaller vehicles. Except for the effect of drum 
size, differences in personal and source sample concentrations due to vehicle 
model, miles traveled, nuwmber of drums per vehiele, ete., were small. 

6.2, CONTROL METHOD DESIGN STRENGTHS AND WEAKNESSES 

6.2.1. Vacoum Enclosures 

The two vacuum enclosures evaluated surround the brake assembly during 
cleaning., The front of the enclosures pretect the brake mechanic, even if the 
seals around the axle st the back are not tight. The enclosures sllow the use 
of compressed air for more thorough clesning; however, if the seals are not 
tight, asbestos can be blown inte the shop and create a general room bhazard, 
Work practices which may affect worker dust eaposure are: (1) use of the 
pressurized air hose may force open the vacuum enclosure seal in the back and 
release airborne dust from the chambexr; (2) incomplete air washing and 
vacuuming of brake dust; (3} dust trapped bshind brake components may become 
airborne during change and replacement; and (%) poor maintepance of the vacuum 
enclosure unit (e.g., not changing filters regularly and Incomplete cleaning of 
chamber.). 

Vacuum enclosure A was large enough to accommodate the entire brake assembly of 
most of the vehicles while removing the drum. The axle source sample 
concentrations (TEM) for cars, pickup trucks, and vans were all less than 
0.03 f/cc, indicating that brake dust was not blown out the back flaps. Vacuum 
enclosure B, a smaller unit, £it arcund the brake assembly only after the drum 
was removed, and did not form a tight seal. 4s & result, both personal and 
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area (fender and axle) asbestos concentrations (TEM) were slightly higher for 
enclosure B than for enclosure A. 

Vacuum enclosure A has a large clear plastic enclosure which provides good 
visibility. Tools, such as a hammer, can be placed inside the enclosure before 
starting the brake Job. The two glove entry ports make it possible to do more 
tasks in the enclosure. This enclosure could not be used while removing the 
drums of the large vehicles {drum size >15 inches} for two reasons: (1) the 
drum is an integral part of the wheel and must be removed with the wheel, and 
(2) the drum is so large and heavy that the mechanic cannot remove the drum 
while inside the hood. 

An advantage of using vacuum enclosure A is that it is under negative pressure 
while the vacuum is rurning amd, thus, the potential for airborne asbestos to 
leak from the chamber is reduced. However, workers need to be trained to 
operate and maintain the vacuum enclosurs unit or they may increase their 
personal exposure ta brake asbestoes through peor work practices, e.g., improper 
use of the compressed air hose may force open the seal around the axle and blow 
dust out of the unit. Workers stated that byske clesner fluid was sometimes 
applied ta the brake parts te suppress brake dust after taking the vacuum 
enclosure unit off the brake housing. 

Brake inspection took approximately 16 minutes and breke inspection and 
replacement took 25 minutes per wheel. A minute or two of this time was 
required to roll out either vacuum enclosure and put it In place, Afrer 
4 months of operation, averaging four brakes lospections or replacements per 
week, the vacuun filver was found to be aboun half full. 

From an ergonomic peint of view, vacuum enclosure A is somevhat cumbersome to 
use and malntain, It is too big in some instances to be easily maneuvered 
between cars; the height of the base doss not permit the unit to be used as 
c¢lose to the floor as would be desirable, especlally for large trucks; the 
inzide of the plastic dome is hard to clean and the outside is prone to 
seratehes and smears, which may impair visibility; there are no brackets or 
other provisions to conveniently store the vacuum hase after use., (Based on a 
recommendation from our survey, a hook was fabricated to keep the hose off the 
floor and in good repair.) It was also noted that design of the gloves, 
especially at the wrists, may restrict workers who have large muscular hands 
from being properly fitted into the gloves. However, the workers thought thac 
the vacuum filter was effective. 

With vacuum enclosure B, it was necessary to remove the brake drum from the 
vehicle before the enclosure could be applied to the brake assembly. The 
rubber seal at the back of the encapsulation cylinder was poorly designed 
because it was easily deflected by the compressed air stream. The brake 
components inside of the cylinder were poorly illuminated. It was difficult to 
change the gloves to accommodate size and glove hamd (left or right). The 
vacuum unit was bulky; this made it diffieult to maneuver and use in tight work 
spaces. 
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In addition, workers felt this unit was heavier than a vacuum enclosure device 
they had used previously. Asbestos soncentrations as high as 0.164 f£/cc (TEM) 
for the axle sample is indicative of brake dust escaping during air washing 
vhen the alr gun is pointed at the enclosure seal in the back of the 
enclosure. (The manufacturer has reeently changed the iris seal to one 
constructed with overlapping panels.) 

6.2.2. Vacuum Only 

The HEPA-filter equipped vacuum unit substantially controlled asbestos 
exposures; the personal exposure concemtrations averaged 0.007 f/cc as 
determined by PCM, and ©.022 f/ce as determined by TEM. This unit is not 
limited by drum size and can be used at any stage of the brake maintenance 
operation. This contrel method eliminates the need to dispose of a liquid 
residual that wet methods require; however, the unit does require perlodic 
maintenance, including replacement of the HEPFA £ilter. 

The HEPA-filter equipped vecuum unit dees not provide for the use of compressed 
air and may result in less thorough cleaning than with the enclosure method. 
The relativaely low axle snd fender ashbestos concentrations as detexmined by TEM 
indicate that little force {comparsd to compressed air or the pressurized wet 
spraying) is spplied in vacuuming the drum, The highest fender or axle 
concentration (TEM) was 0.020 £/cc. 

The vacuum unit with the HEPA filter was effective for small and mediun size 
vehicles, but it was not evaluated on large vehicles. It may be a suitable 
control when teplacing brakes for such vehlicles (becauss no snclosure is used, 
the control is not limited by wheel size). Additional vesearch on larper 
vehicles is needed. 

This unit appsared to be easy to use and sffective for dust contrel from an 
ergonomic point of view. However, the affectiveness of the unit as a control 
is likely to vary with the work practice used and, as was previously discussed, 
may vary with the size of the vehicle. One work practice which increased the 
contact with asbestos fibers (fibers which can become airborne and enter the 
breathing zone) occurred when, after the disassembly, small parts (springs, 
gerews, etc.) were hand held te vacwam them, Ancther practice observed to 
increase the dust levels occurred when the mechanic wiped his hands with a dry 
Tag. 

6.2.3. Wet Brush/Recycle 

Low personal exposures and fender and axle concentratioms as determined hy TEM 
showed that the wet brush/recycle umit controlled asbestos exposures. No 
asbestos fibers (as determined by TEM) were found on any of the personal 
samples. Regular changing of the cleaning solution is needed for maximum 
effectiveness. Since there is no control during drum removal (such as an 
enclosure), the mechanic should allow cleansing fluid to flow between the brake 
drum and brake support plate before the drum is removed. After the brake drum 
is removed, the wheel hub and the back of the breke assembly should be 

54 

Control of Asbestos Exposure During Brake Drum Service (1989)
ACL Doc 24985 · Page 63 of 79

Published by AsbestosClaims.Law

asbestosclaims.law/library/24985/63

https://asbestosclaims.law/library/24985/63


thoroughly wetted to suppress dust. The brake support plate, brake shoes, and 
brake components used to attach the brake shoes alsec should be thoroughly 
washed before the operator starts to remove the old shoes. 

The wet brush/recycle control method was evaluated only on jeeps which had drum 
sizes of 9 to 1l inches; however, thess vehicles had drum brakes on all four 
wheels. Higher asbestos exposurs may cccur during brake inspection and repair 
to vehicles with larger drum siges when using this control method; further 
research on large vehicles is needed. 

6.2.4. Aerosol Spray 

The aeroscl spray method showed that asbestos exposures, based on breathing 
zone samples (TEM), were well centrelled; however, fender concentrations as 
high as 0.166 f/cc (TEM) indicate that asbestos fibers are being released 
during the brake job. Holding the spray can too close to the brake assembly 
while spraying could increasse asbestos emissions. The following technique 
appearad to lower dust exposures: Spraying was started about 18 inches from 
the brake surfaces. After the surfaces were wetted, the nozzle was moved to 
about 12 inches from the surfaces to clean them. The brake components were 
individually sprayed as they were being removed. For this method to be 
successful, the mechanic needs to be trained in the least hazardous aerosol 
spray applicatlon technlque. The solutien used for the aerosol spray must be 
carefully selected te ensure that hazardous exposures from solvents or other 
ingredients do not occux, 

The average time for a oue wheel brake replacement task while using the aerosol 
spray unit was 30 to 40 minutes. The spray tip of the applicator needs to be 
maintained to provide a fine spyay from the nozzle as opposed TO 8 spray jet 
which blasts upon the breke assesbly surfaces. 

TEM personal sample vesults (Table 5-7 and Figure 5-4) were gubstantially 
higher using the aerosol spray method on a vehicle having 16,5-inch brake drums 
(a tandem wheel vehicle) than for vehicles having smaller brake drums 
(€12 inches in diameter), indicating that the wet spray was not as effective on 
the large vehicle. Not only i¢ the brake surface area greater, resulting in a 
greater amount of brake dust that needs to be controlled, but the wheel well 
area 1s larger making the avea to be sprayed less accessible. The wheel well 
acts as a partial encleosure which captures the airborne dust and mist genmerated 
during spraying. In order te reach the parts and to observe the cleaning 
operation, the mechanlc must place his head within the wheel well. As a 
result, the exposure to higher concentrations of asbestos dust were encountered 
than when a smaller vehicle is serviced. 

6.3. RECOMMENDATIONS OF REGULATORY AGENGIES 

6.3.1. Occupational Safety and Health Administration 

OSHA guidelines, presented in Appendix F of CFR 1910.1001,(%6) recommend the 
use of the vacuum enclosure, compressed air/solvent system, and the aerosol 
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spray (squirt bottle or nonrefillable spray can) methods. Because they operate 
at lower pressures, OSHA indicates that squirt bottles or spray cans are 
preferable to the compressed airfsolvent system. Dry and wet brushing methods 
are considered by OSHA to be "ineffective.” The use of compressed air to blew 
the brake drums clean is specifically prohibited by DOSHA. 

The results of our study demonstrate that when the vacuum enclosure and aerosol 
spray method were used correctly, the mechanics’ exposure to ashestos was well 
below the OSHA PEL and NIOSH REL. The compressed air/solvent system was not 
evaluated. Two other techmigues studied also showed low sxposures for the 
mechanics: a vacuum only unit with HEPA filter and wet brush/recycle with 
zecirculating solutionm. 

The wet brush/recycle technique ebserved in cur study (a brush continucusly 
flooded with a solution of water and a co-solvent) successfully contrelled 
asbestos exposures. Unlike the ineffective simple brush methods cited by OSHA, 
the liquld was apparently delivered to the brush at a volumetric flow 
sufficient to wet the dust without rendering it airberne. 

The HEPA-filter equipped vacuum was used with a metal crevice tool to remove 
dust from the brake drum after it was removed from the brake assembly, to c¢lean 
up brake dust that falls to the floor during drum removal, vo clean the brake 
components before the removal of the brake shoes, and to clean components again 
as they are removed, 

A simple wet brush method evaluated on a single vebicle resulted in low 
sxposure to the worker., However, because this result was obtained from a 
single evaluation, it i{s difficult fo ascertain the appropriateness of this 
method. Manual wet brushing may be an effective contrel measure, depending on 
the skill of the worker {(gentle application of an adequate quantity of solvent 
to thoroughly wet the brake dust). 

6.3.2, U.8. Environmental Protection Agency 

"Guidance for Preventing Asbestos Disease Among Auto Mechanics,"(w) a8 
publication of the U.S. Envirommental Protection Agency, suggests the following 
methods contribute to worker exposure to asbestos: dry rag or brush, wet rag 
or brush, squirt bottles or aerosel spray, solvent reciveulation systems, 
garden hose, aud slmple shop vacuum clesners. This publication suggests that 
the best control approach is To contain brake dust and prevent its release into 
the work enviromment:; it recommends the use of vacuum enclosure eguipment. 

The results of our study essentially confirm the performance of the vacuum 
enclosure method recommended by the U.S, EPA. Our study also indicates that 
the wet brush with cireulating solvent and the serssol spray methods are 
effective: background asbestos measurements were mo higher in garages using 
the wet methods tham in garages using the vacuum enclosures. ALl the garages 
studied using wet methods used care so that all liguid residue was collected in 
catch basins, which were emptied before the solvent was allowed to evaporate. 
Low asbestos exposures were alsc measured when a single brake inspection was 
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made using a garden hose and a wet brush. Dry rag or brush methods and use of 
the simple shop vacuum sleamer {without a HEPA filter) were not evaluated in 
our study. 

6.4, REAL-TIME SAMPLING 

The NIOSH air sampling methods for asbestes provide an integrated average 
exposure over the sampling period {2 hours), whereas, real-time sampling data 
provides short-term exposures (1 minute) due to variocus job tasks. The 
real-time data obtained from the HAM instrument are a measure of the respirable 
dust concentration and are not specific for ssbestos. However, correlation of 
real-time results with the phases of brake maintenance is a starting point for 
identifying brake maintenance job tasks which produce increased asbestos 
exposures, Comparison of the relstive dust concentrations produced by 
individual job tasks can be used to assist in the determination of the relative 
effectiveness of the brake dust control methods, 

The control methods evaluated could be applied to four of six identified phases 
of brake maintenance: drum vemoval, drum and brake assembly cleaning, parts 
removal, and instellation of the parts and drum. None of the control methods 
were applicable during the removal and remounting of the wheel and tire; 
however, most of the dust generated by these tasks was assumed to be from dirt 
and road dust containinmg minimal amounts of asbestos. These dust 
concentrations could probably be reduced by rumning the vehicle through & car 
wash before brake malntenance was initiated, 

Overall, all methods controlled dust release to relacively low average and peak 
congentrations. During brake drum removal, veal-time dava indicated that 
enclosute A provided the best contrel. This was especially tiue when the drums 
wore difficult vo remove and required hammering and prying to release them, 
The wet brush/recycle method showed slightly higher dust genmeration during tbis 
phase; dust control may be improved if cleaning solution is allowed to flow 
between the backing plate and the drum before the latter was removed. ALl 
methods controlled dust release to relatively low average and peak dust 
concentrations during brake cleaning, parts remeval, and reinstallation. 

6.5, WORK PRACTICES AND HYGIENE 

Mechanics should assume that all brake shoss being removed are asbestos-type 
shoes. Worn nonasbestos-type brake shoes camnot be readily distinguished from 
ashbestos-type shoas. 1If the mechanic makes an ervonsous assumption that a shoe 
is of the nonasbestas-type shoe and relaxes his normel brake dust centrol 
procedures, increased asbestos exposure may result. 

The operator must be trained in the correct and most effective way to use the 
contral system selected. The danger of improper work practices which can 
increase the worker's potential exzposure te asbestos should be explained. Some 
examples are: directing an air nezzle at an enclosure seal, placing the nozzle 
of a spray mist too close to the work surface, net placing the vacuum mozzle 
close enough to the comntaminated surface, turning on the vacuum pumps before 
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positioning the vacwum enclosure over the wheel and leaving them on when 
removing the enclosure, splashing or spilling brake dust contaminated solutions 
on the floor. The control device should always be used and consistent work 
procedures should be followed. 

Any spills of brake dust or contaminated solutions comtaining brake dust should 
be cleaned up immediately by either vacuuming or wet mopping. For 
difficult-to-remove drums that require hammering to loosem, & pan with a little 
water in it could be placed beneath the wheel to catch the falling brake dust. 

Vacuum enclosure units should be large enough that the brake drum can be 
removed while the drum is enclosed and should be large enough to allow for 
‘hammering when brake drums are difficult te remove because of wear, rust, or 
other reasons. (If drums are too difficult to remeove within an enclosure, the 
vacuun nezzle should be positioned beneath the brake drum to capture dust and 
dirc that falls from it.) Enclosure-type systems should have good intexior 
lighting to illuminate the work area. The seal should completely enclose the 
brake drum and backing plate and provide a tight seal around the axle. The 
mechanic should not direct the air guom at the seal. After cleaning with 
compressed air, the inside surfaces of the enclosure should be wvacuumed to keep 
the inside clean and maintain visibilivy. Each brake component should be 
vacuumed as it is removed and the backing plate should be vacuumed after all 
the components have been removed. If a rag is used to wipe dry or clean used 
brake parts, the mechanic should not use this same rag to wipe his hands. 
Wiping of hands with a dry rag was observed to increase dust concentrations in 
the mechanics breathing zome. Water and a sultable soap or detergent should be 
used to clean the hands. Operators should wear a NIOSH/MSHA-approved 
respirator when changing £ilters on vacuum unlts. 

When using the wet brush/recycle methed, the wheel bub and back of the brake 
assembly should be wetted before removing the drws. The fluid should be 
allowad to flow between the hacking plate and the inside of the drum to 
thoroughly wash the backing plate and drum. After the drum is removed, the wet 
brush should be used to wash the components being removed, The brake washer 
salution should be changed regularly for maximum efficiency of the unit. 
Respirators or other petsonal protective equipment may be required when adding 
the cleaning or wetting agent te the water., The manufacturer’'s recommendations 
should be followed. 

The aerosol spray method requires only a swall piece of equipment, however, 
correct work pxactices are essential. If the the spray nozzle is held too 
close to the brake suxface, asbestos fibers can become airborne. Brake 
components should be sprayed to saturate the parts as they are removed from the 
assembly. The spray nozzle should be maintained so as to provide a fine spray, 
rather than a jet or stream of liquid. 

A regular maintenance program for the device used to control brake dust should 
be instituted. It should include checking and replacing seals, nozzles, other 
hardware, and contaminated filters and sclutions. The deficiencies of any 
control system, such as ineffective seals, and the effects due to sprays and 
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air nozzles should be well understesd. Disposal of asbestos-contaminated 
material, whether it be filters or solutions, should be dene in accordance with 
federal and state regulations. Periodic clsaning should be performed to remove 
asbestos contamination of work benches, floors, ste. 

Mechanics should mot eat, drink, or smoke in work areas. Asbestos and other 
potentially toxic materials can be ingested by these actioms. 

Personal hygiene, such as washing hands frequently and showering at work before 
going home, should be stressed. Changing from soiled work clothes into 
uncontaminated gtreet clothing before leaving work provides additional 
protection against bringing asbestos inte the home envirxomment. A laundry 
service with facilities for cleaning asbestos-contaminated clothing should be 
provided for the soiled work elothes, 

When selecting a control system, twe factors to copsider are time and 
convenlence., Some systems add several minutes te each brake job, thus a 
mechanic that 1s paid for each job completed is less likely to use such a 
system correctly, if at all, Similarly, if the system is awkward or 
cumbersome, Lt is less likely to be used in an effective manner. 

6.6, TFIBER SIZE AND POTENTIAL HEALTH EFFECTS 

In this study, a total fiber count (iucluding fibers not identified as 
ashestos) was obtained by pooling all the personal samples from each of the 
five major controls. The results of this pooling are presented in Figure 6-2. 
The majority of these fibers are less than 0.1 um in dismeter and less than 
4 gm in length, 

The potential health fmpact of the fiber?zggesent in brake dust is not 
completely understood. However, Stanton attenpted to estimate the 
tumorigenic potentlal in bumans according to a fiber dlameter and length 
matrix. Stanton noted that long, thin fibers produced the greatest tumorigenic 
ineidence in experimental animals. A plot of the fiber sizes measured in this 
study ls presented aleng with an overlay of Stanton’s classification based on 
his animal studies in Figure 6-2. about 1 percent of the fibers in the samples 
from our study f{XGthe classification of moderate and high tumorigenic 
potential. Pott ) has summarized other studies concerning the carcinogenic 
potency of asbestos fibers. These studies indicate tumor induction extends to 
fibers shorter in length than those given by Stanton. Pott also notes that 
although the caxcinogenic potential of short fibers may be low, many short 
fibers may induce a tumor ss easily as a few long [ibers, 

53 

Control of Asbestos Exposure During Brake Drum Service (1989)
ACL Doc 24985 · Page 68 of 79

Published by AsbestosClaims.Law

asbestosclaims.law/library/24985/68

https://asbestosclaims.law/library/24985/68


‘g
e

o
rd

u
e

s 
je

u
o

s
ia

d
 
IY

e
 
3

o
 

W
O

T
IN

G
T

IIIB
T

P
 

°92TS 
IIq

T
d

 

(S
2

 Jo
Y

 ‘u
o

ju
e

lg
) 

S
T

Y
W

IN
Y

 
N

I 
3

1
V

H
 
H

O
W

N
L

 
H

O
IH

 

‘2
~

 
9

a
n

s
ty

 

S
T

V
W

IN
Y

 N
i 3

1
v
d

 H
O

W
N

L
 FLV

H
IA

O
N

W
 
[
 

x STYHW
INY NI 3Lvd H

O
W

N
L M

O
 

2
2

 

1
 

L
 

o
 

0
 

¢
 

G
'C

 
- 

G
l 

0
 

b
 

z
 

g
 

0
 

g
l 

- 
6

7
0

 

[ 

| 
o

] 
b 

b 
zt 

L 
0

 - §Z0¢ 
[ 

- 

0
 

b
 

b
 

L
 

8
 

§
2

°0
 
- 

1
0

 

0
 

L
 

z
 

9
z
 

%
0

€
 

ro
s
 

7 
P9« 

| v9-8<| 
8- 

| 
F-k | -0

 
(wn) HALIWVIA 

(w
n

) 
H

1
D

N
IT

 
H

3
g

1
d

 

S
H

3
E

I4
 
T

V
L

O
L

 
4

O
 
JO

V
IN

IO
H

Id
 

(S
T

0
H

L
N

O
D

 
T11V) 

IL
IS

O
d

N
O

D
 

&0 

Control of Asbestos Exposure During Brake Drum Service (1989)
ACL Doc 24985 · Page 69 of 79

Published by AsbestosClaims.Law

asbestosclaims.law/library/24985/69

https://asbestosclaims.law/library/24985/69


7. CONCLUSIONS/RECOMMENDATIONS 

7.1. CONCLUSIONS 

All of the five methods tested, in combination with the work practices used, 
controlled the mechanic’s asbestes exposure during brake servicing to less than 
20 percent of the NIOSH REL and 10 percent of the OSHA PEL, Personal 
exposures, as determined by PCM, were at least an oxder of magnitude lower than 
personal exposures reported in the literature for brake serv%ce operations 
involving compressed air, dry brush, or wet brush cleaning,( ] In the 
present study, brake mechanics wers exposed to concentrations ranging from less 
than 0.004 f/cc ta 0,016 £/ce {counting rules 7400B) for 2-hour sampling 
perlods; the highest exposure was below the NIOSH REL of 0.1 f/cc and less than 
one-tenth the OSHA PEL of 0.2 f/cc. As long as compressed air cleaning, 
dry/wet brushing, or vacuum cleaners without HEPA filters axe mot used, it 
appears that even simple control measures suffice. Sites and methods used in 
historical studies appearved to be similar to those used in the preseot study, 

The results of the presc?26§fiudy genarally support OSHA Guidance for automotive 
brake repair operations. In particular, the use of the two engineering 
comtrol methods - vacwum enclosure merhods and the aerosol spray (squirt 
bottle) - that were recommended by OSHA resulted in low personal exposures, as 
determined by POM and TEM analyses. Howevey, the present study found the 
wacuum only wnit with HEPA f£ilter and wet brush/recycle with recirveulating 
solution methods also showed low persenal exposures for the mechanics, Thess 
latrer two methods were not mentioned in the OSHA CGuidance, 

Brake mechanics are exposed toe average concentrations of asbestos fibers 
ranging from less than 0.013 £/cc to 0.052 £/cc (by TBM) for the controls used 
in the present study (excluding two vehicles with 18- to 17-inch drum sizes). 
Results obtained by TEM include asbestos fibers of all sizes. Although TEM 
results are higher than PCM results, because of the greater sensitivity, both 
analytical methods yield ranges of results well below the OSHA PEL for small 
and medium size vehicles such as automobiles and light trucks, 

Brake service to two heavy duty trucks {(twe 16- to 17-inch drum size) showed 
higher asbestos concentraticns than for smaller size vehicles as determined by 
TEM. The large trucks had greater brake shoe surface ares and bulkier drums. 
Also, controls, such as the vacuum enclosurss observed im our study, could be 
applied for fewer brake service tasks, &lthough mechanics were exposed to 
levels of asbestos fibers well below the NIOSH recommended expesure limit for 
asbestos as determined by PCH, the TEM results may indicate that a greater 
potential exists for asbestos exposure whils servicing heavy duty trucks. 
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Except for the effect of drum size, differsncesz in persomal and source sample 
concentrations (as determined by TEM} among the vehicles evaluated were very 
small. Differences with respect to mileags, vehicle model, year of 
manufacture, etc., were not observed, 

Vacuum enclosure units are the only type that provide for containment of the 
brake assembly during drum removal. These enclosures come in a variety of 
sizes which limit their use te certain brake drum sizes. Vacuum snclosure A 
was large enough to allow the drums of autes, vans, and pickups to be removed 
and replaced within the enclesure, and the enclosure therefore helped contain 
asbestos emissions during these tasks. The two-glove vacuum enclosures 
(Enclosure A) are superior for difficult-to-remove drume, because a hammer and 
other tools can be manipulated within the enclosure. 

Compressed alr can be used in the vacuum enclosures to remwove brake dust 
adhering to the brake components and the shoes. Mowever, when it is pointed at 
the back of the enclosure, the compressed ailr blast may be strong enough to 
deflect some seals, resulting in the escape of brake dust through the seals, 
Vacuum enclosure manufacturers could incorporate a means to regulate the air 
pressure ln compressed alr cleaning hoses. Because brake dust is usually 
collected dry, vacuum enclosures present a potential problem of asbestos 
exposure during the maintenance of the enclosure and the replacement of the 
vacuum filters., Vacuum enclosures were veadily used and well accepted by the 
mechanlcs observed in this study; but thelr use did add several extra minutes 
to the time needad to cowplete a brake job, A hook for hanging the power cord 
was designed and added to vascuum enclosure A as a result of our survey. This 
hook wag very beneficial, according to mechanics on a follew-up visitv., The 
oeed to illundnate the inslide of both vacuum enclosure units was noted. 

HEPA-filter equipped vacuum cleaners can be used on brskes of any size., These 
systems do not use compressed air, vor do they generate dust that must be 
contajoed as do the vecuum enclosure systems. However, the diums must be 
remeved before the vacwum cleaner can be used; thus, there is a potential for 
asbestos release during drum removal., They do not clean the brake components 
as effectively as some other systems and require small vacuum nozzles to reach 
smaller parts of the brake assembly. 

The wet brush/recycle system can be used on a1l sizes of brake drums. Limited 
wetting of the brakes can be accomplished with the drum in place. Dust that 
otherwise would have faller to the floor is wetted and collected im the catch 
basin beneath the wheel. This may provide better control when 
difficult-to-remove drums are encountersd. The lew velocity delivery of the 
wet brush/recycle fluld effectively cleans the brake components. The 
contaminated f£luld provides a dust free, though bulkier method of disposal. 

The principal advantages of aerosol spray systems are low cost and the 
capability for use ou all sizes of brake drums. Care must be taken initially 
to ensure that the sprayer is at a proper distance from the brake to wet the 
brake surfaces, but vigerous spraying must be prevented so that dust will not 
be re-suspended., The effectiveness of the solvent spray systems as an exposure 
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control method appears to be more dependent on work practices than the other 
techniques. In some cases, the solvent may contain potentially hazardous 
component(s) . 

The asbestos exposure for the uncentrolled method (the brake drums were dropped 
on the floor to displace the dust) was comparable to the five major control 
methods. Although the mechanic’s exposurse was low, there is a potential for 
build-up of asbestos contamination in the garage. Furthermore, neither the 
brake drum nor the brake assembly was cleaned as well as desired. 

Although PCM exposure data in our study can be compared to the OSHA PEL, NIOSH 
REL, and historie exposure results; only TEM results provide for fiber 
identification and allow comparisons between vehicle types, drum sizes, control 
methods, and between personal sample concentrations and ambient or indoor 
asbestos concentrations. This is of particular importance inm brake serviecing, 
since most fibers are toe small to be measured and counted by PCM. 

Fiber size distributlon for all fibers, including those not ldentified as 
asbestas, showed that only 4 percent of the fibers measured during brake 
service would have been counted using PCM, Furthermoxe, 50 pexcent of the 
fibexs idemtified by TEM had an aspect ratie of 5:1 or grester. 

Fibers in dust samples obtained from the brake drums of 40 of the 43 vehicles 
tested in this study wers mostly chrysotile fibers. The other three vehicles 
appeared to have nonasbestos-type brake shoes, 

7.2, RECOMMENDATIONS 

7.2.1. Engineering Controls and Work Practices 

Engineering controls and good work practices should be implemented at all vimes 
during brake servicing. Because of the health hazards assoclated with asbestos 
exposure, these actions are warranted even when the worker believes that the 
brake shoes do not contain ashestes. . 

Several types of contrel systems or methods can effectively reduce exposure to 
asbestos during brake servicing. When selscting a particular type of control 
system or method, the employer should comsider the musber and types of brakes 
jobs to be performed daily and weekly. If the system or method selected is 
awlkward or cumbersome ta use, it is less likely to be used in an effective 
manner. 

Several control systems, methods, and work practices observed in this study can 
be effective in reducing exposures if the following precautionary steps are 
followed: 

. Enclosure-type systems should f£it completely around rhe brake drum and 
backing plate and should provide 2 tight seal around the axle. The 
system should have good imterior lightimg te illuminate the work area. 
The inside of the enclosure should be large enough for the worker to 
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manipulate any tools that may be needed when brake drums are difficult 
to remove because of wear, rust, etc. The vacuum should be turned on 
before positioning the enclosure over the wheel, and it should remaln 
left on while removing the enclesure. 

. For wet brush/recycle methods, the wheel hub and back of the brake 

asgembly should be wetted before the drum is removed. The fluld should 
be allowed to flow between the backing plate and the inside of the drum 
to thoroughly wash the backing plate and drum. After the drum is 
removed, all components should be washed and cleaned with the brush. 

. The aerosol spray method is relarively small and easy to use; however, 

the spray nozzle must not be held close to the brake surface to aveid 
the airborne dispersal of asbestos. 

. When using vacuwm systems, each brake component should be vacuumed as 

it is removed. Once all the compenenta have been removed, the backing 
plate should be vacuumed. 

L] For drums that are difficult te remove and require hamwering to loosen, 
a pan filled with water should be placed beneath the wheel to catch the 
falling brake dusc, 

. A regular maintenance program should be instituted for the device used 
to control brake dust. 

7.2.2. Training and Educatien 

Information about job hazards should be disseminated through a training program 
that describes how to do a task properly, how each work practice reduces 
potential exposure, and how the worker benefite from such a practice. Workers 
who can recognize hazards and know how to control them are better equipped to 
protect themselves from wmnecessary exposure. Training and work practices must 
ba frequently reinforced, 

Regardless of which contrel system is selscted, the worker must be trained in 
the correct and most effective way to use it. Workers should be discouraged 
from using the following practices since they often increase the risk of 
accidental exposure to brake dust: 

. Directing an air nozzle at an enclosure seal 

. Placing the nozzle of a spray mist twe close to the work surface 

. Placing the vacuum mozzle too far £rom the contaminated surface to 

effectively collect all loose dust 

. Spilling brake dust or contaminated selutions on the fleor 
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7.2.3. Sanitation 

Workers should not eat, drink, or smoke in work areas. Ashestos and other 
potentially toxic substances can be ingested by these actions. 

The employer should provide hand-washing facilities and encouvage workers to 
use them befors eating, smoking, or leaving the work site., Workers should not 
wipe their hands with the same rag(s) used to wipe or clean brake parts, since 
this may release brake dust from the rag. 

Any spllls of brake dust or contaminated solutions containing brake dust should 
be cleaned up immediately by vacuuming or wet mopping. The work area should 
not be cleaned with dry swesping or air heses., Collected wastes should be 
placed in sealed containers with labels that indicate the contents. Cleanup 
and disposal should be conducted in & manner that prevents worker contact with 
wastes and complies with all applicable Federsl, State, and local regulations. 

7.2.4. Protective Clothing and Respiratory Brotection 

The employer should provide and require the use of work uniforms ox overalls. 
Lockers or other clesed areas should be provided to store work clothing 
separately from strest clothing. All work clothing should be collected at the 
end of the work shift for laundering. 

Resplrators should be worn during specific work tasks (e.g., changing filters 
on vacuum units) or whenever the potentlial exists for alrborne exposure to 
asbestos. Selecting the appropriate respirator depends on the specific 
contaminants and their concentration in the worker’s breathing zome. Only a 
NIOSH/MSHA-approved respirator should be selected for use in accordance with 
the most recent edition of the NIOSH Respirator Decision Lopie. When 
respirators are used, a complete respirator protection program should be 
instituted as sec forth in 29 CFR¥ 1910.134. 

* Code of Federal Regulations 
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Appendix 

Fiber Counts on Filter Blanks 

BCM TEM 
Control Number of Number of Humber of Number of 

Filters Fibers Detected Filters Fibers Detected 

Vacuum enclosure A 12 a 0 2 

Vacuum enclosure B 13 0 6 0 

Vacuum only ? 0 7 1 

Vet brush/recycle 12 o 6 o 

Aerosal spray 7 o 5 14 

Total $1 a 34 3 
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