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I, INTRODUCTION

The Wational Institute for Occupaticnal Seafecy and Health (WIOSH) is the
primary Federal agency engaged in occupational safety and health research,
Located in the Department of Health and Human Services (formerly DHEW), it was
established by the Occupational Safety and Health dct of 1970, This
legiglation mandated NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement fumetions carried
out by the Occupational Safety and Health Admimistration (OSHA)Y in the
Department of Labor. An laportant area of NIOSH research deals with metheds
for controlling cccupartional exposure to potential chemical and physiecal
hazarda. The Engineering Controel Technology Bramch (ECTBY of the Division of
Physlcal Sciencas and Engineering has been given the lead within NIOSH to
study the engineering aspects of health hazavd preveotion and contral.

Since 1476, ECTB has conducted a number of assessuents of health hazard
contrel technology on the basls of industry, common industrlal process, or
gpecific control techniques. Examples of these complered studles include the
foundry industry; various chemical manufacturing ar processing operations;
spray painting; and the recirculation of exhaust air. The objective of each
of these studies has been to document and evaluate effectlve control
techniques for potential health hazards in the industry or process of
interest, and to c¢reate a more general awareness of the need for ox
availability of an effective system of hazard coantrel measures.

These atudies invelve a number of Bteps or phases. Ianitially, a series of
walk-through surveys 1s conducted o select plants or processes with effeciive
and potentially transferable control concepts or technigues. Next, in~depth
surveys are conducted to determine both the control parameters and the
effectiveness of these controls. The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
effective hazatrd control measures. Ultlimately, the informetion from these
research activities bullds the data base of publicly available informatiomn on
hazard centrel techniques for use by health professionals who are responsible
for preventing occupational illness and fnjury.

Background

Asbestos 1s found in motor wehicle brake materials throughout industry.
Recognition of asbestos' carcinogenic properties has currently resulted ina
substitution of less toxic fibers for pome brake materials. However, asbestos
1s still uwsed in a large number of brakes. This study is concerned with the
control of asbestos exposures to workers who ave requited to repalr motor
vehicle brakes.

Dubrow and Wegman published a research and control priority assessment of
occupational carciuugena.(l} Their abjective was to identify occupationa
with poteatially high cancer risk by combining the results of 12 majoer
occupational disease gurveillance studies and to make recommendations
concerning priorities for occupational cancer research and contrel on the
bagls of the results of this analysis in conjunction with other available
epldemiologic, industrial hyglene, toxicologlc, and employment data. 0On the



bagis of the principles outlined in their paper, some priorities for tesearch
and contrel clearly stood out. Their results pointed to the fnvestigation and
control of occupational exposure to asbestos as the number one priority in
occupational cancer research and control. "In this situation, where
accupatlional disease survelllance studies point to a likely problem with a
known carcinogenic agent, the priority should be placed on industrial hygilene
investigations of asbeatos exposure in the suspect occupations., If likely
exposure 18 found, control deasures should be developed and instituted.™

There are frequent asbestos exposures during brake repzailr ian the vehicle
maintenance work force. NIOSH in the National Dccupational Exposure Survey
estimates that a work Foxce of 151,000 brake mechanica and garage workers in
the U.5. are potentially exposed to asbestos. Dther estimates run as
high as 900,000 potential exposures.(3)

& study of brake service cperations is needed becauvse of the following: the
known carcinogenic potential of asbestos; a large number of workers are
exposed, primarily small businesses perform brake serviecimpg and lack rescurces
to evaluate controel devieces; and the general lack of infotrmation on the
effectivensrs of control devices currently available, Therefore, the NIOSH
Englneering Control Techuology Branch undertook this scudy.

The primary objective of this NIOSH control technology assesament 1s the
determination of the level of exposure to brake dust uging various control
techniques during brake repair, and the transfer of the documented information
to the appropriate individwals in industry, labor, academla, and the
goverament (i.e,, industrial hygieniste, safety engineers, OSHA, EPA, etc.).

A secondary objective of this assescsment is the determination of additiomal
research needs.

Description of Brake Servicing Operations

Each facility follows the same basic servicing procedures, The vehicle is
driven into a repalr stall or bay for a brake system ezamination. Pending
repairs, the wheels are elevated, removed, and then inapected. Loose duat is
clesned from the drums and brake assemblies by vacuwuming, wet or dry
wiping/brushing, using compressed alr, or a combination of thase methods.
Parta are then replacsd or repaired as needed and the brake system is
reassembled and adjusted. Test vehlele is driven to check for proper fit and
adjuatment in the final phase of the servicing gperaticn. The brake repairman
and other setvice perscunel in the garage area are potentizlly exposed to
asbestog dust during and following the brake drum removal, If the normal dust
buildup inside the drum and brake asasembly 1z remcved and disposed of in a
controlled manner, this hazard can be minimized,

Site Selection

Preliminary surveys were conducted at 10 sites which were reported to have
good controls. These gite vislis were conducted to subjectdvely evaluate the
contrel systems In place at these sites. Sites with desirable characteristics

were selected for in-depth studies to evaluate the source control
effectivenesns.



There were a nuaber of factors invelved in the selection of specific sites,
Sites were gelected primarily from fleet garages to contrel for wariables auch
as vehicle type, use, and maintenance practice, asd on the physical size of
garage. G&election of sites Were made, aa judiciously as possible, based on
criteria including:

a) 'The type of control technlquels) being used at that site.
b} The type and quantity of vehicles available for brake rapalr,

Good work practices and a sound management approach were fundamental to the
existence of suitable c¢onditions for study.

The conduet of in-~depth surveys at s particular location was also dependent on
the project officer's success in securing cooperation from the faclility owner.

Health Effects

The health significance of the Inhalation of chrysotile asbestos fibers is
well documented: ifnstances of mescthelioma in auto repair workers have been
tdentified,{4:9:6) 1In a detailed examipation of 90 union moter vehicle
maintenance workers in New York City, with 10 or wmore weare of shop work,
29 percent had decreased vital capacity; the percentage increased with age and
most markedly after 20 years from the onset of auto work. Many of the workers
examined showed signs consistent with asbestosis, with c¢bserved changes noted
in chest X-rays and indication of restrictive pulmonary function. The
prevalence of these changes was sigonificantly higher afier 20 years exposure,
a result expected after occcupational exposure o asbestos. 8

Much of the asbestos oripinally present in the unusaed brake shoe chemically
degrades due to the hiph temperature encountered in use. Chrysotile asbestos
fibers exlst in automobile brake dust in various states of defarmation.
Uniike chrysotile, the health effects of exposure to forsterite (a break down
produci), of transltion serles fibers {chxysotile/forsterite) with altered
crystalline structures are not well documented. In atudies by Davie and
Coniam(?) and Koshi(19) in which fibers of chrysotile,

chrysotile/forsterite, and forsterite were injected into the pleural and
perlitoneal cavities of mice, the results suggeated varving degrees of toxic
effects. Filber implantatiocn animal studies conducted by Pott, et,
al.,(llrlz) and Davis, et. al.,(l3) suggest that the morphology and size

of a fiber, regardlege of flber type, are responsible for its
carcinogenicity, Likewise, Stantom, et. al., suggencs that fibers less
than 1.5 um in diameter and greater than 8 um in length pose the greatest risk
in producing pleural sarcomas. These studies tend to suggest that the
physical morphology (s8ize dimensions} and to a lesser degree chemical and
surface characteristics of a flber are the determining factors for inducing a
biological effect. The precise fiber dimensional characteristics regquired for
these observed pathologic responses have been difficult to determine
experimentally because of the difficulties encountered in producing fihers of
gpecific size dimensions.



II. PLANT AND PROCESS DESCRIPTION
Plant Description

Ohieo's Department of Transpertation (0DOT) maintainsg twelve district
headquarters throughout the state, and smaller installations in each county,
This study was conducted at District 8 regional headquarters. This garage
provides vehicle repalr and maintenance for the cars, trucks, and specialized
equipment assigned to the elght counties of Scuthwest Ohlon. Occupying 21

acres of ground purchased from the State of Ohio Lebanon Correctional
Institution, Distrdet 8 headquarters Is located just south of Ohio Route 63 on
Ohia Route 741 — approximately four miles west of the City of Lebanon in
Warren County. As the newest of the ODOT regional headquarters (the
installation was completed in 1970), it iz a moderu and well equipped facility.

The district garage is tresponsible for maintaining satisfactory performance of
180 large trucks, 250 pickup trucks, 90 passenger cars, 2> vans, 23 loaders,
and a number of other speclallzed road meintenance units. Garage repairs
include brzke work, general maintenance, and engine overhauls - requiring a
substantial amount of speclalized auxiliary equipment,

Bullding Wo. 1, a 36,000 square foot, two-story structure, contains both the
garage and auxiliary functiona. These include: (1) offices for
administration and trafflc engineering, (2) testing labs and their offices,
{3) body shop, {4) wash bay, (5) parts departwment, (6) carpentry shop, (7)
welding shop, and (8) paint shop. Locatlon of the garage and suxiliary shops
3 through 8 are identified in Figure 1. The total of 13,200 square feet of
garage space is divided into two main sections. The firsc sectiom, 7,200
square feet, In the center of the east side of the building is equipped and
used exclusively for light duty vehicles = as many as 13 such vehiclas at a
time, The remaining area, a second section in the cemter of the west side of
the building, is equipped and usged for the district's heavy equipment —
loaders, graders, dump trucks, ate.

Light vehicles enter through six garage doors on the east wall and the heavy
equipment through five huge doors on the west wall. The light vehicle area is
separated from the heavy equipment repair section by & double row of lighred
work benches and mechanic work stations. Garage walla are 24 feetr high, the
lower half constructed of B-inch concrete blocks and the upper half insulated
metal eiding. Roofing is 1~1/2=inch metal decking sprayved with 2Z-inch thick
ripgid dnsulation. ©Past tests have i1dentified this insulating layer as
cellulasic with no asbastes content. While asbestos is not part of the garage
ceiling and wall insulation, it is a component of the insulation around the
hot water pipe joints of the buillding heating system. Holsts are mounted
overhead {n both garage areas for railsing and moving varicus vehicles.

Since vehicles are not normally dispatched from this garage, fairly regular
operetions are conducted on a one-shift basis from 7:30 a.m. to 4:00 p.m. by
1l veteran mechanics, 2 body men, and 3 welders. Most of the approximately
300 to 300 brake jobs performed yearly are handied by 5 te 0 mechanics. Union
representation covers all the garage workere except manhagement, Originally
represented for a number of years by OCSEA (Ohic Civil Service Employees
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Figure 1
Floor Flan of ODOT Garage and Shops



ds=ociation). the worksre have recently become members of a merged wunion
comprising QCSEA and AFSCME (American Federation of State, County, and City
Employees) Their new contract wenkt into effect July 1, 1986

With the garage satuated on high ground, prevailing wind currents blowing
through open doors provide natural ventilation during the warm months of the
year Exhaust fumes from vehicle engine testing sre removed by meang of
flexible hoses fitted over exhaust system test pipes Inderground floor ducts
channel the fumes to vertical pipes rising alongside inner walls to exhaust
fans digscharging outside the building roof The garage and each of the
auxiliary areas contains 1ts own genetral ventilation system  The repair areas
have five 3,100 cfm roof exhaust fans Four exbaust grilles {(mounted
approximately 18 inches above floor level) are connected te four similar
capacity roof-mounted fans All nine fans are interlockead with a 880 HBH
{mi1llion Btu per hour) 12,000 cfm direeci-~fired make-up air heating unit which
automatically runs when any of the fans are operating For general heataing,
the garage has six unit heaters mounted along the outer walls about 12 feet
above the floor and five unit heatsrs suspended close to the ceiling  These
unit heaters, each thermostatically controlled, are supplied with hot water
from a gas-fired boiler

In early 1986, results of a Health and Safety Survey were formelly submaitted
tc ODOT Dastrict § by thesr engineering consultants (M E Building Ine of
Columbus, Ohio) Their report covered in detail the heating, ventilating, and
lighting facility upgrading required to meet 198%& building facility code
requitenents Normal gdtage aperation requires use of the exhaust fan
ventilation systems to maintain minimum fume levels in the rarage, and
egpecially the mezzanine level of the parts department With these fans
operating in the winter months, the garage becomes too ecold unless the garage
make-up air heating unit 1s alsc operating. Unfeortunately, cunning the air
make-up upit to maintain minimum garage air temperature during winter months
reportedly causes overheating of the adjacent painting and body shops.

Process and Equipment Descraiption

This State of Ohio garage has been using a vacuum/enclosure unit (Clayton
Associates, Inc , Farmingdale, New Jersey) to minimirze occupational exposure
during servicitig of all motor vehicle brakes since early in 1986 - during
brake inspection, repair, and particularly brake lining replacement The
vacuun/enclaosure unit consists of an adjustable height glove box for
completely enclosing the brake assembly (after wheel removal) and dust removal
via hose confectioft to a three-stage vacuum dust filter assembly Frgure 2
shows the anclosure and the Filter and collection bag assembly [(lower left):
Figure 3 shows a mechanic working withain the glove box, while Figure § 15 a
detailed sketch of the dust filter assembly (13] The €irst stage filter bag
15 similar te 2 conventional home wvacuum cleaner bag and removes coarse
particles and a portion of the dust The second stage, a 12- by 12-1inch
square prefilter, is sumlar to home hot air furnace filtets and removes a
major portion of the dust. The third stage 1s a high efficiency particulate
filter (HEPA) which has been tested as remaving 99.999 parcent of particles
larger than 0 12 mycrans 1n size  All three filters are standard atems
purchased from oukside suppliers  Filter life 1s dependent on usage and



Figure 2
Vacuum Enclosure Unit
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Figure 3
Vacuum Enclesure Pasitioned on Wheel
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resultant total collection. With both vacuum pumps operating, the vacuum
gauge mounted on the vacuum pump case normally shows about 4,5 inchesg water
vacuum. When the vacuum reading drops to 1 to 2 inches after continued usge,
the bag and prefilter are subject to rewoval and replacement with new ones,
It ip estimared that under normal operations (up to 10 brake jobs per week),
the first stage bag will likely need replacement in 1 to 2 months, the second
stage prefilter in 3 to 12 months, and the third stage BEPA filter in 2 to 5
years,

This vacuum/enclaosute is manufactured in two different size units: (1) a unit
for brake drum assemblies up to 17 inches in diameter and {2) a unit for brake
drun assemhlies up ta 20 inches in diameter. The ynit purchasad by this
garage was the larger model,

The manufacturer'e recommended sequence of steps for use of thelr unit in
brake shoe pervicing is:

1. Raise the vehicle, remove the wheel, and set it safely aside.

2., Heist the vehicle to the level which best suics the wechaniec delog the
ioh.

3. Roll the vacuvumfenclesure unit in front of cthe wheel and start its
vacuum: pumlps,

4. Hake sure all the necessary acvxilisty ltems are placed within the
clean enclosure. Next move the entire unit forward so the enclosure
completely snvelops the brake assembly {be sure the rear side four way
flap tightly wraps around the axle),

5. First gorder of business, and sometimes quite difficult, 1s removal of
the wheel drum. Using the gloves and either a hammer or mallet for
loceening the drum, the mechanic removes the drum and sets it safely
aside face up within the encloBure.

6. HNext, the vacuum hose wirh attached brush is manipulated to remove
loose dust frowm the inside of the wheel drum, the surface of the brake
shoes and related assembly, and the inside surfaces of the Lexan
enclosure. This intensive vacuuming removes only part of the fine
dust which c¢lings to the various surfaces,

7. To remove the remainder of the fine duat, the brake is blown with
compressed git and brushed. This generates dust clouds within the
enclogure, gradually dissipating as the vacyum pumps pull the
contaminated air through the asequence of three dust filcers.

B. When the brake assembly and enclosure interior surfaces are cleaned of
residual dust, the vacuum/enclosure unit is removed from the brake
assembly and the brakes serviced.

The sequence of steps 1 through 8 normally pccupies not more than a S5-minute
period.

10



The glove box enclosure 18 conskructed of clear Lexan plastic with the opaque
bhackside comprising four overlapping necprene fabrie flexible strips Thase
allow easy passage of the brake drum assembly into the enclosure and also
provides the essential tight fit around the axle. Fastened to the front face
of the enclosure and extending inwardly are two long gloves into which the
mechanle ghoves higs hands and arms up to and sometimes past the elbows These
normally loose-fitting gloves permit the mechanic te readily operate the
following i1tems which either penetrate the encleosura or are kept within it to
gssist dismantling of the brake drum and subsequent cleaning of the brake
lining=, pads, and cther elements of the brake system These i1tems comprise
{1) a conventional compragsed air gun, (2) a vacuuw line with brush
attachment, (3} a hammer and/cr mallet, and (4) a separate brush The entire
hopd enclosure can be gquickly moved up or down the four corner frame posts to
permit servicing of motor vehicle brakes at nearly floor level as well ag at
higher levels A 11ft rack will position the vehicle to suit the stature and
working levels for the varicus ind:vadual mechanics. Consequently, the hood
enclosure 1s positioned at this working level  The vaecuum enclesure unit has
an adequate power cord to reach the working bkays and rolls readily to 1its
destination

An important but infrequent cperation, not observed during this in-depth plant
survey, 1s the removal and replacement of the various filters from the
vacuum/enclosure units The first stage bapg filter i1s normally removed when
about half full and the second stage freestanding prefilter removed when the
unit vacuum gauge has dropped into the 1 to 2 inech water vacuum range The
operator condycting this operstion should wear a NIOSH-approved respirator for
asbestos handling and fellow the following sequence of steps in accordance
with the recommendation of their manufacturer of the vacuum/enclosure unit

1  Start the vacuum pumps and prop open the flap an top of this assembly
to allow access to these separate filter units By so doing, the bag
and prefilter are under negative pressure with the dust being drawn to
the surface of the firlters This action suhstantially reduces the
possaibility of hazardous dust being emitted from the filters during
their remaval

2 Carafully wrap a minimum 6 mil thickness impermeable plastic bag
around the first stage filter bag Simultaneously pull the bag fFilter
loose and fasten the enveloping bag openhing with tsps  With the first
stage filter bag successfully rempved, employ the same technique and
work practices to enclose the second stage prefilter

3 These waste containers should be labeled as "Containing Asbestos
Fibers ~ Avoid Breathing Dust

Disposal of the resultant waste contarners should be done in accordance with
Environmental Protection Agency (EPA) regulations detailed in Taitle 40, CFR,
Part 61, Subparts A and B (16} These require that waste containers
enclosing asbestos dust shall be buried i1n an EPA-aspproved hazardous waste
disposal szite
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Removal of the third stage HEPA filter and especlally ita careful replacement
to prevent any bypsss leakage poses a problew  With thig an maind, the
mamufacturer of this unit has introduced an exchange service tnyolving
shipment of the complete basic assembly to the vacuum/enclosure plant and 1Es
1mmedrate replacement by another reconditioned asgembly containing a new HEPA
agsembly

The mechanics worked confidently with this vacuum enclosure unit and felt it
did a good job of containing and collecting brake dust when employed on cars
and light piekup trucks Their mass comment was that their unit was bulkier
than necessary for light vehaicles  However, the situation appears different
with large trucks and/or specialty units equapped with double whael
assemblies The brake agsembly of these wehicles is different and much
heavier than the light vehiclas With the heavy vehicles the current model is
not nearly as effective as for light wehicles  Additionally, the high initial
eagt of the vacuumsenclosure unit may discourage purchase by small garages

In this study, eight smaller vehicles and one large dump (salt) truck were
evaluated. The smaller vehicles, all with rear drum brakes, i1ncluded two
sutomohiles, one passenger van, and five half-ton pLckup trucks The nine
wvehicles ranged in age from 1977 to 1985 with total vehicle milezpe ranging
from 16,000 to 106,000

I1 METHODOLOGY
Air Sampling and Analysis

Personal samples were collected in duplicate on cellulose ester membrane
frlters at 3 O 1pm for the duration of a single brake jeb, or 2 hours,
whichever was longer. The total volume collected {360 liters) allowed a limit
af detection cf approximately 0 005 fibers/cc by PCM analysis

Arez {(source, background, and ambient) air samples were ¢ollected op cellulose
ester filters Twoe source samples were collected at approximately 7 0 1pm for
the duration of a single brake job, or 2 hours, whichever was longer The
gource samplesc were used to determine leakage past enclosure gseala, or during
tasks where the enclesure cannot be used., The minimum volume collected (840
liters) allowed a limit of detection of ¢ 002 fiberssoe hy PCM  Two
background samples were collected at approxamately 7.¢ Ipm for a 4-hour periocd
encompassing pre— and post-brake job activities The background sapples wetwn
used to determine effects of general shop cleanliness and overall containment
effectiveness of the controls The minimun volume collected (1,680 liters)
allowed a limait of detection of 0.001 fibers/ce Two ambient samples were
collected at 3 ¢ lpm for an approximate B-hour peried The ambaient samples
ware used to determine environmental background levels of ashestos The
minimum volume collectad 1,400 liters) allowed a limit of detection of

0 001 Eibers/cc

All filker air samples were analyzed by Phase Gountrast Microscopy (PCM) 1in
accgrdance with NIOSH Method 7400{17) by UBTIL, Inc In addition to PCM

analysis, approximately 90 percent of these samples were analyzed by
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light-field Transmission Electron Microscopy (TEM), using NIDSH eguipment To
facilitate analysis by PCM and TEM on the same samples, the direct transfer
method of sample preparation described by Burdett and Rood{18) was used

For PCM analysis, all fihers with a 5 1 (or greater) ratio were countad using
Method 7400B counting rules For TEM analysis, fiber type and size
digtribution were obtained for all fibers (greater than approximately 0 25 um)
using a magnification of 17,600X and counkting either a minimum of 10 grads or
100 particles, whichever came first

Pulk Samples and Rafter Sample

Bulk brake dust samples for each vehicle and a bulk rafter sample for the site
were ccllected and analyzed for acbestos by TEM. The percentage of ashestos
in the hulk samples was qualitatively determined by estimating the ratio of
the number of asbestos fibers to total dust particles The percentage of
fibers that were ashezstos was quantitatively determined, the length and
diameter of asbestos and other Fibers was measured Elemental snalysis of the
non-ashestiform constituents was performed usang energy dispersive X-ray
analysis

Real-Time Sampling

buraing the entire brake maintenanre operation, relative respirable airborne
dust levels were measured and recaorded at four second intervals, Two
Hand-held &derosol Monitors (HAMs) and a personal computer (Apple II Plus} were
used to meagure and record the dust lewvels The HaMs (PPM, Inc , Enoxville,
TH) measured the dust levels 1n the operator's breathing zone and in the area
beneath the vehicle's axle Before each brake maintenance job, the HAMs were
calibrated and zeroed The computer's clock was synchronized with that of a
videc camera  DuPont P4000 or MSA Model G pumps were connected by tubing to
each HAM, and each HAM in turn was connected by a 25-foot electrical lead to
the computer, programmed to receive the data The brake maintenance operator
ware one HAM and the other HAM was set beneath the axls of the vehicle
undergoing brake maintenance  The compukbter recorded these relative dust
ievels ofn a disk From which a plot was later made By comparihg the plot te a
video recording of that brake maintenance operation, dust soupces due Lo work
practices and enclosure leaks could be i1dentified

The HAM's electro-optical system prowvides instantanescus measurements of
respirable dust levels in mg/m3 at one second intervals  The HAM's data
logger sends a miilivolt signal to the computer which records 1t as a relative
dust level The computer pregram can record a maximum of 2,000 readings at a
minimum of four second intervals before it has to be reset

Using a spreadsheet program (Lotus 1-2-3), a real-time plot of the relative
dust Ievels was made By comparing the peaks from this plot with khe video,
work practices producing elevated dust levels can he 1dentifred

Ventilation

Furz Model No 480 and TSI Model Mo 1630 alr wvelocibty meters were used to

measure alr velogities to determine flow rates and wind direcktions in the
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garage. Smoke tubee were used to assist in observation of general airflow
patterns.

Aly temperature, humidity, and wind conditions were determined using an
aspirated psychrometer and wveloclty meters,

Work Practicas

An ergoncmic evaluation of brake mailntenance was ceanducted to discern
potential ashestog dust exposure during manual brake inspection and
replacement while using the vacuum/enclosure. A representative worker was
videotaped during routine brake inspection and brake replacement tasks on a 15
pasgsenger van. WoTk cycle times and work analysis was performed from the
video tapes in the NIQSH laboratory. Cycle times Were taken while running the
video tapes at normal speed while work analysis was conducted at both normal
speed and by "freeze frame” techniques, Work analysis i{ncluded breaking the
job lato general tasks which could be matched with real-time analyeis of
alrborne dust and asbestos levels during brake inspectlon and replacement.
Work taska which could cause persvnal exposure to airborne asbestos were
identified and recommendaticns te reduce such exposures are provided.

Interviewa also were conducted with three Department of Transportation
maintenance workers who do brake work, Data were collected on a standardized
questionnaire {shown in Appendix B), and analyzed on a popular goftware
gpreadsheet (Symphony). Basic descriptive, demographic, and work history data
were gathered from each worker. IToformation from the interviews were compared
to work place observatrions by the BIGSH research team.

IV, RESIOLTS

Individual filter sample results for airborne asbeatas fibers are presented in
Table 1 of Appendix A and are summarized in Tables 1 and 2. The results for
gsamples analyzed by Phase Contrast Mlgroscopy (PCM) are presented In Table 1.
Personal sample concentraticens for the brake mechanics averaped less than
0.004 fibers/ec with no samplas above the detection limit of 0.004 fibers/cc.
Source samples taken ahove the wheel {fender) averaped less than 0,002
fibers/ec; source samples bung over the axle and centered between the wheels
averaged less than 0.001 fibers/ccj background samples colliected at two
separate locaticns in the garage averaged less than 0,001 fibers/ce; and
cutdoor gmbient samples averaged less than 0.001 fibers/cc.

All 18 personal samples taken dutring nine brake jobs were below the detectable
limit of 0,004 fiberafce, Therefore, the mechanics' exposure was well below
the OSHA standard of 0.2 fibers/cc, the action level of 0.1 fihers/cc, and the
WIOSH recommended exposure limit of Q.1 fibers/ec for asbestos based on 8-haour
time-welghted average concentration.(lg) Because personal sample
concentrations represented exposures while serviciag brakes, and this usuaally
takes no more than 2 to 3 hours per shift, the mecharics time-weighted
averages exposurs would be even lower,
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Table 1

Phase Contrast Microscopy Concentrations for 9 Vehicles

{fibers/fce)
Number of Arithmetic
Sample Type Samples Mean Range
Personal 18 fO. 004 {0,004
Fender 9 {0.002 [C, 002
Axle 9 [0.001 (0,002
Background 10 [C. 001 [o, 02
Ambient 12 [0.001 [0.001

[ = less than
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Table 2a

TEM Concentrations for 9 Vehicle Brake Jobs

{fibers/ec)
Hunber of Arjithmetic Standard Geometric
Sample Type Samples Mean Deviation Range Mean
Personal 18 £.031 0. 066 [0.013-0.294 0,012
Fender 9 0.025 0,042 [0. 004=0, 161 0,007
Axle 2 0.044 0.101 0.003-0.330 0.008
Background 11 0. 003 0. 004 {C.002-0.012 0.001
Ambient 10 Q,004 0. 004 {0.003-0,016 0,002

[ = iess than
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Table 2b

TEHM Concentrations for £ Vehicle Brake Jobs
(Excluding Large Salt Truck)

fibers/ce
Number of Arithmetic Standard Geometric
fample Type Samples Mean Deviation Range Mean
Personal 16 G. 017 0.018 [0.013-0.063 0.010
Fender 8 0, 008 0, 009 {0.004~-0,031 0.005
Axle B 0.008 0.008 0.003-0.028 0. 005
Background i1 . D03 0.004 [C.Q02~-0, 012 0.001
Ambient 10 Q. 004 0.004 [C.C03-0.0L4 0. 002

[ = lege than
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Only 3 of the 58 samples analyzed by PCM were above the detectable limit,
thus, analyses comparing brake mechanics, type of vehicle, and differences
hatween brake inspection and brake replacements, were not dons

Transmissicn Electron Microscopy (TEH) results are summarized in Tables 2a and
2b  All fibers identified as chrysotile or amphibole ashestos with an aspect
ratio of 3 1 or greater ware counted {(fibersa O 25 microns and longer are
included} A few samples contained fibers that were not identified (no I D),
but could possihly be ashestos

The arithmetic mean TEM concentration (Table Za) for all personal samples was
0,031 fibers/ce, with a standard deviation of O Q7 fibers/cc The mean
personal sample concentration was higher than the backgreund levels in the
building which averaged O 003 fibers/cc, and the outdoor ambient levels which
averaged ¢ 004 fibers/cc There 15 n¢ statistical difference betweett the
background and ambient average concentrations Source samples taken &t the
axle averaged 0 044 fibers/ce, whlle samples taken at the fender (above the
wheel) avergged 0 025 f:bers/ce

TEX averagée results execluding the large salt truck are shown in Table ib  The
arithmetic mean TEM concentration for personal samples was 0 017 fibers/cc,
and for both the fender and axle source samples the TEM mean concentration was
g 008 fibers/ce The TEM source sample concentrations for the eight smaller
vehicle brake jobs were only slightly above background levels.

Asbestos fibers (chrysotile or amphibole} greater than or equal to 5 um in
length were found in only 8 of the 57 samples anelyzed by TEM  Two peraohal
samples showed fibers greater than 5 um  Asbestos fibers that were in a
matrix (partially hidden by particles) and ¥ fibers - fibare that extended
inta angther field - are not included i1n Table 2z, but are denokted in
Appendix A  Eighteen of 57 samples analyzed by TEM contaitied M ar X asbestes
fibers, and seven of these samples would show gubstantially higher
concentrations had H or X fiberz been included,

Field blanks were prepared for each sampling date and submitted for PCH and
TEM analysis Twelve blanks were analyzed by PCM and 10 blanks by TEM and
thegse results are shown tn Table 1 of Appendix A Analysie by PCM show all
blanks were below detectable limitsg one of the 10 blank samples analyzed by
TEM contained a single asbestes fiber, a second blank contained an X faber.
Bacause of the very low asbestos fibetr counts on the hlanks, no blank
correction was made to the TEM sample results

Bulk samples ware collected from the rear wheel druns of each of the nine
vahiclas tested In addition, a rafter gample and a quality contrel bulk
sample were collected and analyzed The bulk sample resulis are presented in
Table 3 From 54 to 100 percent of the fibers in the 9 brake drum bulk
samples were chrysotile, with five of the naine samples containing 100 percent
chrysotile asbestos fibers Nome of the brake drum bulk samples contained
amphibole fibers From 1 te 30 percent of asbestos fibers and bundles were
longer than 5 microns Thirty percent of the fibers from brake job No 3 bulk
sample (a half-ton pickup truck) wetre larger than 5 um The remaining eight
bulk samples contained 12 percent or fewer chrysctile fibers longer than
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5 micrens. The rafter sample contained 65 percent chrysotile and 20 parcent
amphibole fibers with 5 percent of the asbestos Iibers larger than 5 microns.

Real-Time Sampling RKesulls

Real-time total vespirable dust data were collected using Hand-Held Aarosol
Monitors (IHAM's) coanected to an Apple II Plus computer. Two real-time
samples were ceollected: one alongside the personal sample on the brake
mechanic, and the other just below the vehicle's axle. Real-time data
coliection was during actuwal brake maintenance operations, approximately an
hour in duratlon, and was obtalned during six of the nine brake maintenance
jobs including one wvam, cne car, one large salt truck, and three half-ton
pilckup trucks, Three different operatars performed the brake maintenznce jobs
on these six vehicles.

The real-time data results and review of the video indicated brief elevated
regplrable dust levels during certain phases of the brake maintenance
operations. These brief peaks reprzsented on sverage less than 3 percent of
actual brake maintenance job. The brief peak dust levels did not always coccur
durlng the same work phases for each job. Peaks usuvally oceurred during the
air washing cycle and the physical removal of the brake drum from the wheel.
The most frequent peak occurred during the air-washing step. At times, the
alr gun would inadvertently be alwed at the back of the enclosing flap on the
vacyum/enclosyre unlt and force spme dust—laden sir out of the enclosure.

This tock place during servicing of 3 of the 12 wheels evaluated and the peaks
averaged abour 10 seconds each time. The HAMs could identify peak dust levels
which were 2 to 5 times abave the background levels.

Peaks occurred when the vacuoum/enclosure unlt was removed from the vehicle for
2 of the 12 wheels monitored. The duration of these peaks was about B seconds
with levels being one to two times that of the background levels. Peaks
oecurred on 2 of the 12 wheels when the brake drum was taken out of the
vacuumt/enclosure enclosure, these peaks lasted 8 seconds and were two to three
timez the background level. The combination of all these peaks increased
average dust concentrations no more than (.1% above the background levels,

Real-time data obtained during servicing of the large salt truck showed peak
emissions differed markedly from the five smaller wvehicles evaluated. The
drums on the salt truck were too large and heavy for the workers to manipulate
inside the enclosure; therefore, the drums had to be removed before the
vacuuti/enclosure unit was lnstalled and the brake assembly cleaned,

The major dust releases for the salt truck occurred before applicatiom of the
vacuum/enclosure. One drum proved to ba especially difficult and time
consuming toe remove, taking nearly 15 minutes versus 5 minutes for the second
drum. Resplrable dusgt levels exceeded background levels during about I of tha
15 minutes required to pull the ona drum with peak levels as much as 20 times
greater than the background levels.

Dust exposures appeared to be also dependent on the mechanie. One mechanic
performed four of the brake maintenance gperatioms. The duration of elevated
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dust exposures during his brake waintenance procedures averaged legs than 0.4
percent of the time versus over 1 percent for a second mechanic.

As might be expected, the peak dust exposure perilod was 9 times longer for
brake shoe inspection and replacement than for brake inspections only. (The
dust concentration exceeded background levels 4.5 percent of the malntensnce
period for brake replacement, as copposed to 0.3 percent for Inspection only).
Brake replacement averaged about twice as long to complete a&s brake
ingpectiona, one hour versus a half howr,

V. CONTROL TECHROLOGY

Qccupational expogures can be controlled by the application of a nupber of
well-known principles, including engineering measures, work practices, and
personal protection, Ongoing monltoring and mainrtenance of contyols Lo insure
ptoper use and operating conditions, and the education and commitment of both
workers and management to occupationsl health are zlao important ingredients
of a complete, effective, and durable control system. Thesa principles of
conttol apply te all situations, but thelr optimum application varies from
case to case, The application of these principles are discussed below.

Engineerlog controls

The vacuum/enclosure unit is used at this garage to contain and collect all
brake lining dust (inecluding potencially hazardcus asbestos Iiber content).
The vacuum/enclosure unit (which ig fully described in Section II) iz used
during a1l brake inspection, trepailr, and brake linieng replacement. The upit
is applied during certaln brake servicing tagks: remeval of the wheel drum,
vacuuming loose duat, brushing, blowing with compressed alr, and wmore
wvacuuming. In this astudy, the entire brake service job was monltored,
although not all tasks involve use of the vacuum/enclosure unit. The results
discussed below represent fiber (PCM) and asbestes (TEM) caoncentrations during
the entire brake job consisting of both rear wheels.

The effectiveness of the vacuum/enclosure 18 evidenced by the very low
exposures for the brake mechanica. A total of 18 personal samples analyzed by
P{M were below the detectable Iimits of 0,004 fibevs/ece, well balow the
current OSHA standard of 0.2 fibers/cc and the NIOSH recommended standard of
0.1 fibers/cc. Low fiber concentrations {by PCM} were also found for the
source sample placed on the Fender direcrly above the wheel, After completing
servicing te the firat wheel, thie sapple was moved to the fender above the
other rear wheel so that this gample included dust emissions from both

wheels. The fender sample concentration for each of the nlne brake jobs wasa
less than 0.002 fibars/ce. The othar source sample, hung over the axle,
showed concentrations of 0,002 fibers/cc or less for all nine brake jobs. The
importance of this source sample is that it shows dust fibers were not being
blown out the back of the vacuumfenclosure unit toward the other side of the
vehicle,
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TEM results were aslso used to evaluate the effectiveness of the
vacuum/enclosure unit. The TEM results are not directly comparable to the PCM
data because TEM includes all size fibers whereas PCM includes only fibers
greater than 5 um; and TEM includes only fibers ldentified as asbestos whereas
PCM includes all fibers (larger than 5 um)., The TEM personal sazmple results
{Tables Za and 2b) show asbestos fibers were controlled to very low levels
with use of the vacuum/enclosure. The personal sample arithmetic mean
concentration and geometrlc mean concentrations were {,031 and ¢,012
Fibers/ce, respectively, for all nine brake jobs and ©.017 and 0.010
fibers/cc, respectively, for the eight smaller vehicle brake jobs.

Fendetr sample asbestos concentrations, except for the salt truck, were very
low ranging from 0.001 to 0,031 fibersfec, the axle source samples were also
very low ranging from 0.003 to 0.028 fibers/ce., The two relatively high
concentrations (0,161 and 0,330 fibers/cc) were for the fender and axle
samples on the large salt truck. Thepe samples were taken on the fender and
axle while replacing the brakes for a galt truck, the only large wvehicle
eveluated at this facility. Because of the larze size of the wheels, the drum
had to be removed before the vacuum/enclosure unit could be placed on the
wheel. Two mechanics struggled to get the drum off the wheel including
pounding of the drum, and thils may account for the higher concentrations at
the fender and axle. One of the personal samples showed no asbestos fibars,
while the other sample was almost five times the highest perscnal
concentration measured for other wehlcles hy TEM,

Background and amblent asbestos concentraticns by TEM averagged €. 003 and 0,004
fibers/ce, regpectively. These low asbestos levels indicate that the aasbestos
present was from activities such as brake servicing and not irom outdoor
gources or tesuspended dusdt in the garage.

The sampling at the Lebanon ODOT garage was conducted in mild weather
{(July~Octeber) with deors open except for the evaluation of the last vahicle
(No, 93 which was performed with doorsg closed. Natural ventilatzon due to the
open doors may have helped to minimize the airborne asbestos levels, altchough
there wag no inerease in the personal, source, or background levels when
vehicle No., 9 was evaluated with the doors closed. 1t may be worthwhile to
conduct a followup evaluation of two or three more brake jobs in the winter
te see if closed docrs do in fact result in increased asbestos levels.

The vacuyum/enclosure unit was evaluated for brake jobs on eight small and
medium size vehicles: two automoblles, one van, and five pickup trucks; plus
oné large salt dump truck. The use of the vacuum/enclosure resulted in very
low exposures based on personal samples, and very low asbestos emlssions
(teleagse of asbestos) based on source samples; however, the low exposures and
low emigaions do not rule out the possibilicy that less sophiaticared control
methode or equipment may satisfactorily conttol asbeatod durlng brake
servicing., In this study, only one large vehicle was evaluated. This
evaluation showed that higher asbestos concentrations were measured (by TEM)
at the fender above the wheel and at the axle and points to the potential
difficulty of using the vacuum/enclosure for large vehicles.
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Werk Practice Besults

Table & shows the brake imspection wotrk tasks and potential brake dust
exposure sources during these work activities. Analysis of bcth rear wheels
for the 15 passenger van shows the average work cycle time for a one-wheel
brake ingpecrion task to be 16.18 (+1.7) minutes.

Table 5 shows the brake maintenance and replacement tasks and potential brake
dust exposure sources. The average work cycle time for a one—wheel brake
inspection and replacement task was 25 minutes.

Brake dust emissions may be a problem during steps 1, 2, and 4 for brake
inspection {Table 4), and during steps 1, 2, 4, 8, 9, and 11 for brake
inspection and replacement (Table 5). These emission sources may be minor
compared ro the amount of brake dust inside the plexiglas eanclosure. The
advantage of the enclosure is that it is under negative praessure while the
vacuum is Yumning, thus reducing the potential for airborne asbestos Lo leak
from the chamber. The disadvantage is that workers who are pot well trained
to operate and maintain the vacuum/enclosure unit may greatly increase their
personal exposure to brake asbestoa through poor work practilces,

Work practilces may affect worker dust exposure through: (1) use of the
pressurized alr hose forcing the vacuum/enclosure diaphragm (in the back) open
and releasing airborne dust from the chamber; (2) incomplete alr waghing and
vacuuming of brake dust; (3) trapped dust behind brake compenents which may
become airborne during change and replacement; and {4) poor maintenance of
vacuup/enclosure unit {i.e., not changing filters regularly, and thorough
cleaning of chamber). It was also noted that vacuum/enclosure glove size may
be a problem for workers who have large muscular hands where the glove wrist
may restriet worker hands from being properly seated into the gloves., When
thls happens worker performance and dust removal efficiency may bhe effected.
The manufacturer is working on the glove fit problem,

This vacuum/enclosure unit appears to be an effective device for dust

conttal, However, from an ergonomic point of view the unit 1s somewhat
cumbersome to use and maintain. As noted above, brake inspection took
approximately 16 minutes, while brake imspection and replacement took 25
minutes per wheel, BMuch of thia time was spent on installation and use of the
vacuum/enclosure enclosure unit. In additicn, because this 1s a dry control
device {as opposed to a wet control device) the potential for residual brake
dust to become alrborne is always present. Therefore, traluing in the
operation and maintenance of this unit is important for daveloping good work
practices which could reduce potential brake asbestos exposure.

Questionnailre Results on Work Practices, Personal Protective Equipment, and
Hygiene

Thtee workers were interviewed using a standardized questlonnalre (Appendix B,
Figure 1). All three workers were male, ranged im age from 22 to 38 yaars,
work experlence from one to six years, and performed an average of two brake

changes per week. Other work duties included clutch work, transmission,
rebuildfing motors, and general repair. All three workers were right handed
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Table &

Work Task Analysis of

Brake Inspection

Step Work Task Brake Dust Exposure Sources
1 Remove hubcap Loose dust around and inside
hubeap
2 Use pneumatic wrenich te cemove Loose dust around lugs and tire
nine lugs from kire rim
3 Remove Tite from automebile
4 Use pneumatlc wrench io remove Lopse dust arcund lugs and brake
seven internal lugs drum
5 Remove axle shaft from brake
housing
& Install varuum/enclosurse unit an
brake housing
7 Turfis on vacuudl unit, inserts Bote  dust exposurs contained in
hands into vacuum/enclosure glaves, vacuum/enclosure see-through
and removes brake drum plexiglas dome during next
series of steps
8 Uses right hand to activate
pressuriged air hose to blow dust
from brake housing and drum,
while left hand helding vacuum
tube atd brush 1s used Lo
vacuum dust from brake surfaces
9 Turn off vacuum/enclosure unit and
remove from brake housing
10 Inspect brake shoes, housing, and
deum forr wear and reparr.
i1 If O K. reinstall brake drum on

brake housing, reinsert axle
shaft, install internal lugs,
tire, and extermnal stuids
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Table 5

Work Task Analysis of Brake Inspection and Eeplacement

Step Work Task Brake Dust Exposure Scurces
1 Remove hubcap Loose dust arcund and inside
hubcap
2 Use pneumatic wrench to remove Looze dust around lugs and tire
five lugs from Ltire rim
3 Instzll vacuum/enclosure on
brake housing
4 Turns on vacuum unit, i1nserts Hote dust exposure c¢ontained in
hands into vacuum/enclosure gloves, vacuum/enclosure see-through
and removes brake drum plexiglas dome during next
saries of steps
5 Uses right hand to activate
pressurized zir hose to air wash
dust from brake housing and drum,
while left hand holding vacuum tube
and brush is uged Lo vacuum dust
from brake surfaces.
6 Turn off vacuum/enclosure unit and remove
fram brake housing
7 Inspect brake shoes, housing, and
drum for wesr and repair
8 Use wire brush to scrape Brake dust may become aicborne
brake housing during wire scraping
9 Removes brake gprings, Trapped brake dust behind brake
waghers, adjuster, cable cempotents may become airberne
guide, parking brake link, and
primary and secopdary sheoes
10 Replace primary and secondary
shoes and any other components
that need replacing
11 Assamble shoes, brake Trapped brake dust on brake
springs and other components housing may become airborne
1z Mount tire, and tire lugs
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and used this hand most oftem during work. Tools commenly usad during brake
mailntenance were: air {impact wrench, screwdriver, hammer, brake pliers,
gpring remever, air hose, wire brush, pllers, and needle~nose pliers. Workers
gsald one to four hours of tralning was provided for using the vacuum/enclogure
unit. They sald the things remembered most about the trajning was how to
properly use the unic, and the health hazards asscciated with asbestos
exposure. None of the workers intarviewed said they had a physical
examination before belng hired. Two of the workers said they use a fluidiged
brake cleaner to suppress brake dust trapped behind brake parts to decrease
their exposure after taking the vacuum/enclosure unit off the brake housing.
Workers said before getting the vacuum/enclosure wnit that asbestos which fell
to the floar was swept up after sprinkling “Fleor Dry" over the dust. None of
the workers used personal protective equipment. However, showers were
provided for workers who wanted to shower before going home. A laundry
service provided five pairs of clean work clothes for workerg who paid
approximately six dollats per week, One worker did not shower or chapge Into
clean work clothes because he worked a second job.

Specific worker suggestions and complaints about the vacuum/enclosure unit
were: {1) the unit is too big in some instances and could not be easily
maneuvered between cars; {2) when brake druma are hard to remove the
vacuum/enclosure unlt cannot be used until drums are loosened with a hammer,
this may cause logse asbestos to become airborme, {3) have to adjust truck
height to fit vacuum/enclosure untt when working on floor {the
wacuun/enclosure unlt can be adjuated up but not dowm below 1ts base height};
(%) the vacuum/enclosure unit is an eccnomic disadvantage when working at a
flat rate versug an hourly rate because of the extra tasks involved in using
it; (5) knee pads should be provided for working low to the ground during
brake inepection and replacement; (6) vacuum/enclosure flap enclosures in back
of the unit may become loose after several brake jobs and the seal may not
contain the brake dust as effectively as when new; (7) work visibility may
alac become a problem after several brake jobs becanse the inside of the
vacuum/enclosure plexiglas dome gets dirty and i1s hard to clean, also the
outside may become scratched and impalr visibility; (8} there are no vacuum
hose attachments on the vacuum/enclosure unit to keep hase out of the way
after use. The workers at this maintenance shop fabricated a hose hook
(Appendix B, Figure 2} to keep the hose off the floor and in good repair, (9)
the vacuum filter was checked and found to be 1/2 full after four months of
operation where four brakes per week were inspected and/or replaced. The
workers thought the vacuum filter was very good.

Monitoring

Ho medical monitoring is conducted.

VL. CONCLUSIONS AND RECOMMENDATIONS

The use of this vacuum/enclosure unit for smaller vehicles, such as pickup
trucks, vans, and autompbliles, tresulted in very low exposures to fibers (PCM)
and very low asbestos exposures (TEM) based on personal samples. For larger
vehicleg = only one large vehicle was evaluated in this study — the
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vacuunm/enclosure can be applied on a Iimited basie. Personal exposures to
fibers were low while using the vacuum/enclosure to zervice the brakes of a
larpe salt truck; but one of the two personal samples analyzed by TEM while
gervicing the salt truck showed the asbestos fiber concentration to be almost
five times hipher than the highest personal concentration that occurred while
servicing the smaller vehlcles. Two source samples taken at the feander and
axle while servicing the salt truck showed relatively high asbeatos
coancentrations.

The use of the vacuum/enclosure resulted in very low ashestos exposures, and
very low asbestos emissions {release of asbestos) for the eight smaller size
vehicles teated; however, these low exposures and low emilsslons do not rule
out the possibility thet lass sophisticated confrol methods or equipment may
satisfactorily control esbestos during brake servicing.,

Differences among the eight smaller and medivm size vehicles rested in the
study were velry small based on TEM results. The brake mechanics highest
exposure for each of the three types of vehicles tested including five pickup
trucks, two automobiles, and one van were: 0,03, 0.01, and 0.03 fibers/ce
respectively compared to & detectiocn limit of 0.0l fiberas/ce for personal
samples. These data show no trend or excursion due to vehicle type. (The TEM
results include asbestos fibers of any size, measured using 17,60C0X
magnificarion,)

Fender and axle source sample results showed no major differences among the
eight smaller vehicles tested. Fender and axle samples for the salt truck
were about an order of magnitude highetr than for the smaller vehicles. Therxe
was almost no difference hetween brake inspections and brake replacements
bazsed on TEM results.

TEM regults were of much greater walue than PCM resulta for evaluating the
vacuum enclosure device. The primary value of the PCM data was to demonstrate
that exposures were well below the OSHA standard and emission of fibers were
very low., TEM results allowed comparison among vehlele types and between
personal ¢r gource samples and background and ambient levels.

Bulk sample results analyzed by TEM show that the rear brakes of the vehicles
teated in this atudy contained chrysotile ashestoa fibers and, therefore, had
asbestos—type brakes., The drums of the nine vehicles tested contained between
534 and 100 percent chrysotlle fibers with 5 vehlcles having 100 percent
chrysotile fibers., Less than one percent of the material (dust) in each the
bulk samples was asbestos. The rafter sample collected in the garage
contained 85 percent asbestos fibers; but leasa than 1 percent of dust inm the
sample was asbestod.

An analysis of the video and real-time data indicates that scme dust emission
peaks may be reduced by altering wotk practices such as: (1} leaving the
vacuoom con while installing and removing the unit from the venicle and when
removing the brake drum from the enclosure; and (2) operate the air gun inside
the enclosure o as not to aim it at the enclosing flap of the
vacuvm/enclosure unit.

27



The vacuum/enclosure unit appears te be an effective device for dust contrel,
but from an ergonomic point of view, the unit is somewhat cumbersome to use
and maintain. Mych of the time for brake inmaspection was spent on installation
and use of the vacuum/enclosure unit,

Traioing in the operation and malntenaoce of this unit is Ifmportant for
developing good work practices which could reduce potential brzake asbestos
exposure.

A fellow-up evaluation which includes at least two brake service jobs during
the cold weather months is recommended to assess the effect of closed doors on
asbestos levels.
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APPENDIX B

Figure 1

NIOSH Brake Malantenauce Study
Ergonomics and Work Practices Form
(Please Fill XIn or Check the Space Provided)

Today's Date! Day Month Year
Time: a.m./p.m.

Employee Name:

Gender: Male Fenale

Social Security Number:

Oate of Birth: Day Month Year

Date Started This Job: Day Month Year
How many brake Jobs do you do per week:

What are wvour other job duties:

What hand do you use most 1in pevforming this jab: Lefk Righe Both

What tools do yvou commonly use to perform this brake Job:

Were you provided with any safety or health training regarding protection from

asbestaos exposure during brake malantenance? Yes Na
If so, when was this training provided. Month Year
How long did this training last: [day ]day fweek Jweelk

What things do vou remember about vyeur training regarding brake maintenance?

Did youn have a physical examination before being hired? Yes No
If yes, when did you last have thls examination? Month Year
Did this examination fpnclude a chest X-ray? Yes Ho

Do you de anything "speeclal™ to protect yourself from potential exposure to
asbestas?

RESEARCHER OBSERVATIONS

Is the worker wearing personal protective equipment?
Gloves Work Clothing Respirator Other

Are showers provided for the workers? Yea R

Do the workers change into clean work clothes when they report to work?
Yes No

If not, does the worker wear his work clothes home? Tes No

Briefly record job description with attentlon to any work practices good or
bad which may influence the worker's exposure to brake dust:




Appendix B

N\

—t---]

Clayton support
bar which
pivots for
vacuunl and

enclosure
Hook for holding vacuum
housing. > hese and electrical cord.

Collar / 7

64% of actual size

- 13" gy

Figure 2
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