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I INTRODUCTION

The National Instaitute for Occupational Safety and Health (NIOSH) is the
primary Federal agency engaged an cccupational safety and health research
Located in the Department of Health and Human Servieces (fortmerly Department of
Health, Fducation, and Welfare), 1t was astablished by the Occupational Safaty
and Health Act of 1970 This legislation mandated NIOSH to conduct a number
of research and education programs separate from the standard setting and
enforcement functions of the Ocecupational Safety and Health Administration
{OSHA) 1n the Department of Lebor At important area of NIOSH research deals
with metheds for controlling occupational exposure to potential chemical and
physical hazards to safe levels  The Enginearing Control Technology Branch
{ECTB) of the bpivision of Physical Sciences and Enpilneering has been given the
lead within NIOSH to study the engineering aspects of hazard control

Since 1976, ECTB has conducted a numhar of agsessments of health hazmard
conktrol technology on the basis of industry, common industrial process, or
specific control techniques Examplez of these completed studies include the
foundry industry, various chemical manufacturing or processing operations,
gpray painting; and the recilrculation of exhaust air The objective of each
of these studies has been to evaluate and document effective control
techniques for potenktial health hazards in the industry or process of
interest, and to create a more general awareness of the need for or
availability of an effeckive system of hazard control measures

These studies anvolve a mumber of phases Initially, a series of walk-through
surveys are conducted to select plants or processes with effective and
potentin)lly transferable control concepts or techniques Next, in-depth
surveys are conducted to determine both the control parameters and the
effectiveneszs of these controls The repotrts from these in-depth surveys are
then used ac a basis for preparing technical reports and journal articles on
effective hazard control measures Ultimately, the informztion from these
research activities builds the data hase of publicly available informstion on
hazard control techniques for use by health professionals who are responsibla
for preventing cccupational i1llness and injury

Background

Asbestos is found in motor wvehicle brake materials  Recognition of asbestos’
carcinogenic properties has currently rasulted in substitution of less toxic
fibers for some brake materials However, asbestos is s$ti1ll used in a large
number of brakes Thais gtudy 1s concerned with the control of asbestos
exposures ta workers who are required to repair motor vehicle brakes

pubrow and Wegman published a research and econtrol priority assessment of
oceupational carcinogens (1)  Their objective was to identify oceupations
with potentially high cancer risk by combining the results of 12 major
vecupational disease surverllanpce studies and to make recommendations
concerning priorities for cccupationsl cancer research and control on the
basis of the results of this analysis in conjunction with other available
epidemiolegic, industrial hygiene, toxicologic, and employment data On the
bagis of the principles outlined in their paper, some pricrities for research



and control clearly stoed out Their resultg pointed to the investigation and
control of occupational exposure to esbestos as the number one priority in
occupational cancer research and control "In this s:ituation, where
vecupational disease surveillanee studires point Lo a likeiy problem with a
known carcinogenic agent, the priority should be placed on industrial hygiene
investigations of ashestos exposure in the suspect occupations f lukely
exposure 15 found, contrel measures should be developed and instituted "

There are frequent asbestos exposures during brake repair in the yehicle
maintenance work force NIOSH in the National Occupational Exposure Survey
estamates that a work force of 151,000 hrake mechatics and garage workers in
the U.S5. are patentially exposed to ashestos (2} Other estimates run as
high &s 900,000 workers being potentially exposed in brake servicing (3)

A study of brake service operations was needed because of the felliowing the
Imown careinogenic potential of asbestos; & large number of warkers are
potentially euposed, primarily small businesses perform brake servicing and
lack resources to evaluate control devaices; and the general lack aof
tnformation on the effectivenesy of currently available control devices
Therefore, the Engineering Control Technolegy Branch undertook this study

The primary objective of this control technology assessment 1s to determine
the effectiveness of warious control technigques used during brake repsir, and
the transfer of the documented information to the appropriate individuals 1in
industry, labor, academia, and the government (i e , industrial hygienists,
safety englteers, OSHA, EPA, etc ) A secondary objective of this assessment
1¢ to determine 1f additicnal research is needed

Description of Brake Servicing Operations

Reparr facllities follow the same basie servieing procedures  The vehicle 1s
driven into a repair stall or bay for 2 brake system examination  Pending
repairs, the wheels are elevated, removed, and the brakes inspected Loose
dust 15 cleaned from the drums and brake agsemblies by vacuuming, wet or dry
wiping/brushing, using compressed air, or a combination of these methods
Parts are then replaced or repaired as needed and the brake system is
reassembled and adjusted  The wehicle is then driven to check for praoper fit
and adjustment in the final phase of ths serviecing operatien

The brake repairman and cother service personnel in the garage area are
patentially exposed to asbestos dust during and following the hrake drum
remcval If the normal dust buildup inside the drum and brake assembly is
ramoved and disposed of in a controlled manner, this hazard can be minimized

S1ite Selection

Preliminary surveys wers conducted at 10 sites using a variety of control
techniquas These slte visits were conducted to observe the control
techniques in uze and to select sites for detailed sampling studies  Sites
were selected primarily from fleet garages to control for variables such as
vehicle type, use, and maintenance practice, and on the physical size of the
parage. Selection of sites was made, as judiciously as possible, based on
eriteria including-



a) The type of control technique(s) being used =zt that site,
b} The type and quantity of vehitles available for brake repair.

Coed work practices and a sound management approach were fundamental to the
exigtence of suitable conditlons for study

Health Effects

The health significance of tha inhalation of chrysotile asbestes fibers an
auto repair workers includes asbestosis, lung cancer, and mesotheliomas (4-8)
In a detsiled examrnation of 90 union wotor vehicle maintenance workers 1n New
York City{?? with 10 or more years of shop work, 29% had decreased vital
capacity, the percentage increased with age and most markedly after 20 years
from the onset of auto work. HMany of the workers examined showed signs
consistent with aghestosis, with aobserved changes noted 1n chest X-rays and
indication of restrictive pulmonhary function The prevalence of these changes
was significantly higher after 20 years exposure, a result expected after
occupational exposure ko asbastos (82

Many of the asbestos fibers origimally present in the unused brake shoe
chemically degrade due to the higph temperature encountered in use Chrysotile
asbestas fibers exiat 1n automobile brake dust in various states of
deformation Unlike chrysotile, the health effects of expesure to forsterite
{a deformation product of chrysotile), or te transiticn series Fibers
(chrysotale/forsterite) with zltered crystalline structures are not well
documented. In studies by Davis and Coniam{9) and Koshi{l0} in which

fibers of chrysotile, chrysotile/forsterite, and forsterite were injected into
the pleural and peritoneal cavities of mice, the results suggested varying
degrees of toxic effects. Fiber implantation animal studies conducted by
Pott, et. al ,{11,12) gnd Davis, et al ,{13} guggest that the motrphology

and size of a fiber, regardless of fiker type, are responsible for its
carcinogenicity Likewise, Stanton, et. al.,(l43 sugpests that fibers less
than T 5 um in diameter and greater than 8 um in length pose the greatest risk
in producing pleural sarcomas These studies tend to sugpgest that the
physical morphaology {(size dimensicns) and to a lesger degree chemical and
surface characteristics of a fiber are the determining faetors far inducing a
biological effect The precise fiber dimensional characteristies required for
these cobserved pathologic responges have been difficult to determine
experimentally because of the difficulties encountered in producing fibers of
speclfic size dimensions

Because of the obgerved health effects in auto repair workers and the lack of
a clearly identified no-effect level for ashestos, it 1s important to minimize
axpesure ta¢ brake dust which may contain asbestos

The two sources of occpuational exposure eriteris considered in this study
are: {1} the NIOSH Recommended Exposure Limit {(REL), and (2) the Department
of Labor QSHA Permissible Exposure Limit (PEL)

NIOSH recommends that employvee exposure to asbestos be reduced to the lowest
feasible lamit, due to the carcinogenic nature of this substance  The NIOSH



REL published in 1976 1z 0 1 fibers greamter than 5 um in length per cubice
centimeter (£/ce) (13)

NIOSH submltted an update on the recommended asbestos ecriteria at the DSHA
proposed rule-making hearings for asbestes in June 1984.(18) The NIOSH
position 1s summarized below

The carcinogenic potential of asbestos 1= no longer 1n doubt, however,
there is some uncertainty about the toxicological and morphelogical
propertiss which determine the carcinogenic poteney of various fibers
NIOSH believes that on the basis of available information, there 13 no
gcientific basis for dafferentiating between asbestos fiber types for
regulatory purposes Data availeble to date provide no evidence for the
existence of a threshold lewel Virtually all levels of asbestos exposure
studired to date demonstrated an excess of asbestos-related disease

NTIOSH continues to believe that both azbestos and smoking are
independently capable of increesing the risk of lung cancer mortality
When exposure to both occurs, the combined effect, with respect to lung
cancet, appears to be multiplicative rather than additive From the
evidence 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 It 15 our contention that there i1s o safe concentration of
exposure to asbestos Any standard, no matter how low the concentration,
wi1ll not ensure absolute protection for all workers from developing cancer
as a result of their occupational exposure However, lower exposures
carry lower risks

Bince the only widely available method, NIOSH Method 7&00,(173 is able

to achieve (intralaboratory) accuracy of 12 8% RSD at an exposure limit of
0.1 ffce (100,000 £/m3) 1n a 400 liter sample, NIOSH and others have
recommended an exposure limit (REL) of 0 1 f£/ce for asbestos based on
8-hour time-weighted average concentrations (13} while this is a well
understood practice, we can not find compelling arguments ko prevent a
recommendation based on alternative sampling periods In fact, such an
approach may provide more protection than att §-hour based sampling period
that allows short-term exposures 6 or 10 times greater than the 8-hour
exppsure limits being ¢onsidered by OSHA Furthermore, since there s
uncertainty regarding the cumulative dose required to initiate disease, it
geems reasonable to make every attempt to control exposures to as narrow a
range of concentrations as possible One way to aceompliish this 13 to
restrict the period over which workplace concentrations can be averaged

Parsonal sampling pumps are availahle, with flaw rates up to 3 5 lpm,
which would zllow a sampling time of two hours or less,

Finally, we atill believe that there are occasions, such a5 mixed fiber
axposures, whers fiber specificity 15 necessary  Therefore, we recomend
the use of electron microscopy in the event of proecess or product
modification, in mixed fiber exposures, or when there are other reasons
for characterization of fiber type znd morphology
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As noted, the cccupational exposure eriteria — the NIOSE REL and the OSHA
PEL- are based on the readily available Phase Contrast Microscopy analytical
method  This method has inherent limitations bagsed on the physics of the
optical microscope and upon the zbility of the counters to reliahly
diseriminate the specified length to width ratio in a complex sample matrix
The minimum diameter routinely ohserved 15 on the order of 9 5 pum The

NIOSH 7400 method stipulates that only fibers longer than 5 um be counted

with a length to width ratio of either 3 1 {"A" rules) or 5 1 ("B” rules)

The "A" rules use the same aspect ratio as the current OSHA standerd, and thus
have the advantage ¢of relating to current and historical compliance data

They have the potential disadvantage of counting particles that may or may not
be fibers In the present study, TEM offers the advantage of being able to
determine the actual dimensions of all fibers that were counted, and thus, to
differentiate the numbers of fibers with warious length to width ratios A
cearse analysis of this data indicates that fiber counts using NIOSH 7400-A
and 7400-B counting rules would differ by less than 15%

Another concern 1s that ashestos fibrils as small as 4,02 ym i1n diameter and
less than 1 uym in length are visible only with electron microscopy These
fibrils constitute a significant and variable proportion of the total fibers
present in brake dust Thus PCM, in counting only optically wvisible
particles, may not be a good indicator of the total fibers present
Controversy over the health effect of small fibers {(and thus what =zizes of
fibers gshould be counted) adds further ambiguity to this area

On June 20, 1986, OSHA issued a revised standard PEL, which reduced the PCH
level to 0.2 f/ec, as an B8-hour Lime-weighted average {(TWA) exposure It also
set an action level of 0 1 f£/ce that triggers worker trainang, medical
monitoring, and other reguirements, The new standard does not set a ceiling
or short-term expasure limit

ITI  PLANT AND PROCESS DESCRIPTION
Facility Description

The United States Post Office Maintenance Garage in ¥ashville services all the
Federal postal vehicles for thes Sactional Center District of Tennessee This
tuvolves 575 wvehicles whose c¢city routes cover nearly half of the state

Records on all these Postal vehicles are kept by computer  Each year, each
vehicle has a minimum of two complete inspections If the computer record
shows more than 500 miles per month usage, then the yvearly scheduled
inspectiong are increzzed from 2 to 3 An average city mzil delivery route i1
within a 20-30 mile renge with a minimum of 250-400 mail stops The local
Postmaster keeps track of wehicle mileage and may shift vshicles from route to
route so that tetal wvehicle mileage on all routes stay approximately the

same 4]1]1 the garage shop personnel are mewbets of the Ametracan Postal
Workers Uniocn, AFL-CIO

In the entire Sectional Center District, the Washville vehicle maintenance
facility services the following:



1) Five hundred and seventy-five Jeep delivery vehleles - This category
in¢ludes 1/4 and 1/2 ton special vehicles (Jeep engines and chassis but a
larger enclosure than the standard Jeep delivery unit) Eighty to 85% of
the 575 vehicles are the AM General Post Office delivery vehicle type, and
the remainder are special vehicles

Mozt pf the delivery Jeeps and all the 1/4 and 1/2 Ton units have
é-cylinder engines — the remsinder have d—cylinder engines

Most of the delivery Jeeps have 13" or 14" wheels and 10" lorig brake shoes

Jeep delivery vehicles have the following specifications

a) Manufacturer — AM Generzl {formerly American Motors Corporation).

b) HModel-DISD

¢) Model year - 1973 to 1986

d) Brake Type - All four wheels equipped with Jdrum brakes

&) Tires - Bias Ply

£) Vehicle Weight — 2,310 pounds

g) Transmission - Automatic.

h} Differential - limited slip rear wheel drive
2) Thirteen seven-ton International trueks {(dise hrakes all four wheels)
3) Three Mack and two White tractors {drum brakes all four wheels)
4) Seven trailers
The garage 185 staffed with nine mechanies, one lead mechanie, four garagemen,
one body man and twa supervisors S51% mechanics work from 600 a m to
2:30 p m., and four mechanics work from 5-30 a.m to 600 p m , with all 10
mechanice on duty from 9 30 a m to 230 n m
The garage building sides face East and West and is 202 feet long with a
worlkang aresa of €4 by 111 feet and a ceiling height of 20 feet  There are
seven bay doors on each side with each door approXimately li-feet high and
11-feet wide A plan of the working area 1s shown in Figure 1 When the
garage was opened in 1979-80, building heat was provided by a bank of six
electrical heaters {equapped with small fans) zuspended in a row on each side
of the garage (12 heaters) Because these units were expensive to aperzte,
they are no longer used In their place, four gas-fired unit heaters were

installed at each cormer of the garage

There 1z an under-floor hose and pipe system to remove auto exhaust fumes
These are located in the floor by the doors of the 14 bays Six of the bays



are equipped with hydraulie 1lifts (both front and rear of each vehicle) sco
they can work on twelve elevated vehicles at the same time Each bay has =z
working width of 13 feat Numerous elecirical cables are suspended from above
alongside the bay Thase are extended for use teo power the numerous power
tools the mechanics use  Much of the repair work 1s done with the mechanie
standing under the elevated vehicle

Ventilation of the garage is mainamal There iz a geries of roof-mounted fans
on each side of the garage These are operated in summer to remove hot air
from under the roof area In the cooler months, these fans are not used and
the i1nlet dampers are kept ¢loged There i1s no provision for providing fresh,
heated air from the outside When the 14 bay doors can be left open during
mild weather, they provide a lot of useful venktilation buring colder
weather, the garage air temperature 1s kept at 60-65°F at the mechanics
working level

Process and Equipment Descriptien

This facility 1s currently replacing asbestps brake shoes with the nonashestos
type when vehicle brakes are repaired CGur control evaluation at this
facility concentrated on Jeep vehicle maintenance to determine the wvariability
of contrel effectiveness in the same model wehicle during 10 separate wvehicle
brake repair or inspections

A $760 brazke washer assembly unit (Kleer-Flo Model LW-22 RBollabout) had bean
used to control potential asbestos exposure at this facility for several
months prior to our survey Fipure 2 shows this washer unit. Although the
unit was not evaluated in use on any type of vehicles except jaeps,
supecrvision reported good results when using this unit on the larger vehicles
as well. The portable washer moves easily to the brake repair location. A
water solution (Greasoff® No 19) recirculates through a flexible tube and
brush to flood parts clean The upper tray raises to the work area to hold
small parts ready for rveassembly and te cateh the solution. A pump in thas
machine pulls the sclution through a nylon filter and then pumps the filtered
soclution through a flexaible tube and out between the bristles of the brush,
allowing = gentle flooding of the brake assembly area to wash down any dust
and perform the necessary cleaning The solution i1s returned to the boktom
tank whersa it 1s recirculated The upper tray is removable to permit use of
the bottom tank for cleaning brakes on larger wvehicles

one gallon of Creasoff® No 19, a liquid concentrate, mixed with five

gallonsg of water and 15 used to clean (40 to 50 wheels) before 1t needs to be
discarded. (Four gallons of Greasoff® No. 19 cost $75 } Greasoff® No. 19
contains the following hazardous ingredients, less than 5% by weight sodium
metasiticale, a highly alkaline compound {(pH 12 4}, and leszs than 5% by weight
ethylene glycol monobutyl ether, which is also known as 2-butoxy ethanol or by
its common name of butyl Cellosolve  Sodium metasilicate is severly
irraitating to the eyes, skin, and mucus membranes Ethylene glycol monobutyl
ethar ot 2-butoxy ethanol 12 absorbed by the skin and 13 a hemolytie agent.
The current 0SHA standard for Z2-butoxy ethancl 1= 50 ppm The 1981 Threshold
Limit Value (TLV) listed in the American Conference of Govermental Industrial
Hygrenist (ACGIH) booklet reduced the TLV to 25 ppm Wearing of gogglas or
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si1de shield safety glasses and rubbar or chemical resistant clothing 1=
recommended for preventing skin contact when handling Greasoff® o 19

The washer unit has a six-gallon capacity During our survey, this facility
disposed of the used liquid on a monthly basis Approximately 25 brake jobs
were performed each month with the ligquid being changed after each 10 to 12
brake jobs The ten gallons of used brake cleaner 1% placed 1n secaled
five-gallon cans and marked in accordance with EPA i1nstructions for disposal
An EPA-approved contractor picks up the used liquid and disposes of 1t i1n an
EPA-approved toxic waste smite

Some of the featureszs of the brake washer assembly include

1} A gentle Flow of solvent to the workshelf/catch basin area to wet the back
plate and brake components in order to awvoid spreading dust into the air
and, at the same time, c¢lean the components

2} A low center of gravity to asvoid tipping and spillage of solution which
may contain asbestocs fibers

3) An adjustable work tray allowing the mechanic to position the tray at a
height to averd splashing and spillage

4) A design that can be used on both automobiles and trucks so the mechanic
can maintain safe work practices for all types of wvehicles.

5) A reservoir equipped with a removable cover to prevent liquid evaporation
when covered and as a work tray when the cover iz removed for work on
large vehicles

The manufacturer recommends the following sequence for use of their unit for
brake shoe servicing

1} Fill the reservoir with one gzllon of brake cleaner concentrate and five
gallons of water

2) Make sure the switch 1s in OFF position and plug into power source

3) Make gure the brush iz positioned toward the solvent supply or in the
catch basin to prevent accidental spillage and loss of solution Do not
leave brush and hose assembly on the floor

4) If the vehicle iz on a 11ft, place the mathine so that the cateh basin is
directly under the brake assembly Height of the catch basin can be
adjusted for convenience of the mechanic IF the vehlele is ralsed by =
front-end lift or jack, {as 1s often the case with trucks) cleaning can be
dene by removaing the catch basin, opening the hinged cover of the main
reservoir tank and cleaning over the expanded metal mesh ecovering the
fluid resarvoir
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5} Turn the switch ON and the fluid will be pumped through the brush hose
assembly and cleaning can commence  Begulation of the fluid flow 1s
controlled by a valve at the hose-punp conmection,

6) The "Flo-Thru" brush provides a wettaing action to wash away dust, asbestos
fibers, oil and grease Small parts can be conveniently claaned and
stored in the catch basin or in the main tank

7} Fluid should be disposed of in accordance with local, state and federal
requirements The batrier filter should be washed at this time

The mechanics worked confidently with this brake wacher assembly unit and
believed 1t did a good job of containing and ccllecting brake dust when
employed on any size vehicle

III  METHODOLOGY
Air Sampling and Analysis

Personal air sanples for asbectos were collected in duplicate on 0 B—um pore
g1za, 25 mm-diameter celluloge ester membrane filters at 3 0 lpm for the
duration of & single brake jobh, or 2 hours, whichever was longer The taotal
volume collected (360 liters) allowed a limit of detection of approximately
0 004 fibers/cc by Phase Contrast Microscopy {(PCH) analysis

Area air samples for ashbastos were collected on cellulose ester filters Two
area samples were tollected at the vehicle fender and the axle {source
gsamples) at approximately 7 0 lpm for the duraticn of a single brake job, or 2
hours, whichever was longer The source samples were used to measure fibera
escaping 1nto the working emvironment during the cleansing and repair
activity The minimum volume collected (840 liters) allowed a limit of
detection of 0 Q02 fibers/ce by PCM  Two additional area samples were
collected 1n the general garage area (background) at approximately 7 O lpm for
a 4-hour period encompgssing pre— and post-brake job activities. Thesge
background samples wera used to determine effects of general shop ¢leanliness
and aoverall containment effectiveness of the controls The minimum volume
collected (1,680 liters) allaowed a limit of detection of O 301 fibars/ce Two
cther area samples were collected out of doors several hundred feet from the
building et 3 O Ipm for an approxaimate B-hour period. These ambient samples
were used to determine envitonmental levels of ashestos The minimum veolune
collected (1,440 laiters) allowad a limit of detection of Q 001 fibers/ce

All filter air samples were analyzed by Phase Contrast Microscopy (PCM} in
accordance with NIOSH Method 7400 {17) 1n addition to PCM analysis,
approximately 273 of these samples were analyzed by light-field Transmission
Electron Microseopy (TEM) To facilitate analysis by PCM and TEM con the same
gamples, the direct transfer method of semple preparation described by Burdett
and Rocd(18) was used For PCH analysis, all fibers with a 5 1 {or greater)
ratio were counted using Method 7400B counting rules  TEM analysis of these
samples show that more than B5% of the chrysotile fibers ecounted using the ™A"
rules would also have been counted using the "B" rules For TEM analysis,
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fiber type and size distribution were obtained for all Fibers (greater than
approximately 0 25 um diameter) using a magnification of 17,600% and counting
elther a minimum of 10 grads or 100 particles, whichever came first

Bulk Samples and Rafter Sample

Field blanks were prepared for aach sampling date and submitted for PCM and
TEM snalysis Twelve blanks were analyzed by PCM and 6 blanks by TEM and
these results are shown in Table 1 of Appendix &  Analysies by PCH and TEM
show all blanks were below detectable limits

A bulk brake dust samples for each vehicle and a bulk rafter sample for the
gite were collected and analyzed for asbestos by TEM The percentage of
aghastos in the bulk samples was qualitatively determined by estimating the
ratio of the number of asbestos [ibers to total dust particles The
percentage of fibers that were asbestos was quantitatively determined, the
length and diameter of asbestos and other fibers were measured Elemental
analysis of the nonasbestiform constituents was performed using energy
dispersive K-ray analysag

Real-Time Monitoring

The entire brake maintenance operation was recorded on videctape., Two
Hand--held Asrosel Koniters (HAMs (ppm, Inc , Knoxville, Tennessee)} and a
personal computer (Apple II Plus) were used to measure and record the dust
levels The HAM*3 electra-ogptical system provides instantaneous measurements
of total dust levels in mg/m3 at one second intervals The HAM sends a
millivelt signal Lo the computer which records it as a relative dust level
The computer program can record a maximum ¢f 2,000 readings at a minimum of
four szecond intervals before it has to be reset  The HAMs measured the dust
levels in the operator's breathing zone and 1in 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 the video camera
DuPent P4000 or MSA Model G pumps were connected by tubing to each HAM, and
each HAM 1in turn was connected by a 25-foot electrical lead to the computer,
programmed to recelve the data The brake maintenance operator wore one HAM
and the other HAM was set beneath the axle of the wehicle undergoing brake
maintenance  The compubter recorded these dust lavels on a disk from which &
plot was later made By compacing the plot to the video recording of that
brake maintenance operation, dust sources due to work practices and enclosure
leaks could be identified Although the HAMs are not specaific for asbestos,
if the asbhestos fibers are dispersed along with the other components of the
brake dust (which seems to be a tesonable assumption), then the HAM should be
a ygaful real time indicator for control of achestos laden dust

Using a spreaddsheet program (Lotus 1-2-3), a real-time plot of the dust levels
was made. By comparing the peaks from this plot with the video, work
practices producing elevated dust levels can be identified

Ventilation

Kurz Mode] No 480 and T5) Model No. 1630 air velocity meters were used to
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measure air velocities to determine flow rates and wind directions in the
parage  Smoke tubes were used to amssist 1n observation of general airflow
patterns

Air temperature, humidity, and wind conditions were detormined using an
aspirated peychrometer and velocity meters.

Ergoncmic Evaluation of Brake Maintenance and Repair

An ergonomic evaluation wae conducted con workers performing brake maintenance
and repair to determine work practices which may cause personal asbestos dust
exposure while using a brake washer assembly unit Each worker was videotaped
dJuring routine brake inspection and bralkte replacement tasks. Work eycle times
and work analysis were performed from wvideaotapes in the laboratory. Cycle
tames were taken while running the video tapes at nermal speed while werk
analysis was conducted at both normal speed and by "stop-action™ techniques.
Work analysis included breaking €he job into general tasks which could be
matched with airborne dust levels during brake inspection and replacement
Wark tasks which could cause personal exposure to brake dust were identified

Interviews were conducted with eight vehicle maintenance workers who do brake
work Data were collected on a standardized questionnalre {(see Appendix B),
and analyzed Basic descriptive, demographic, and work history data were
gathered from each worker Information from these interviews were compared to
workplace observations by the NIOSH resecarch team

Tv. RESULTS
Real-Time Sampling Resulks

Real-time total total dust data were collected using Hand-Held Aerosol
Monitors (HAM's) connected to an Apple II Plus computer Two real-time
samples were collected: one zlongside the personal sample on the brake
mechanic, and the other just balow the vehicle'= axle Real-time data
colleetion was during actual brake maintenance operations, approximately an
hour in duration, end was obteined during all 10 brake maintenance jobs HNine
differant operators performed the brake maintenance jobs on these 10 vehicles

The general brake maintenance preocedure was:®
- Remove the wheel's lug bolts and the wheel (average time 17 seconds)
—- Remove the brake drum {average time 17 seconds) Thirty-five percent
of the operators let the cleansing ligquid run down between the brake
drum and the support plate for about 1% seconds before removing the

drum

-  Thoroughly wash the drum, brake shoes, and brake support plate for
about BO seconds

- Inspect the brake shoes. If they do not need replacing, reinstall the
brake drum, wheel, and log belts (average time &0 seconds)
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- For brake shoes that are to be replaced, temove the brake shoes
(average time 100 geconds). For 30% of the replacements, the opetrator
would wash the support plate and relsted gear for another 10 to 40
seconds

- Install the new brake shoes (average time 280 sgeconds)
-~  Reinstall the brake drum {average time 10 geconds)
-  Remount the wheel and tighten the lug bolts {average time 60 seconds)

To interpret the real-time computer data, the ingtruments background level
£0.05 mrllivolts) 15 used as the reference point at this faeility. This
background lewvel is the HAM/Aptle's internal noise level and wvalues below it
are considered to be unreliable as to sccuracy and were not used Values
gbove this reference lewvel are used to identify the dust sources. By
determining the magnitudes (value above the reference point with time) of
these dust exposures, relative dust exposures due to certain phases of the
brake job can be idantified and compared.

Real-time data detected brief elevations of total dust during the removal of
the lug bolts and the drum, and during the reinsgtallation of the lug bolts

The greatest potential ashestos dust exposure occurs durang removal of the
brake drums Each drum contains ground-up brake shoe residue which is likely
ta contain ashestos fibers For 38% of the drums removed, dust levels were up
to nine times that of the reference lavel. For each brake job, the worker was
exposed to elevated dust leveis from O 7% to 11 0% (averaging 3 6%) of the
total time =pent in removing the brake drums

The second highest dust levels detected were during the removal of the lug
bolts from the wheels These levels were up to three times the referance
level on 38% of the brake jobs  When reinstalling the wheel and tightening
the lug bholts, dust levels were up to 1.5 times above the reference level in
10% of the operations For each brake job, the worker was exposed to elevated
dust levels 0 2% of the total time spent in loosening and tightening of the
lug bolts

Removing the old and installing the new brake shoes resulted in slightly
elevated dust levels, up to 1 5 times above the reference level, in 9% of the
brakes replaced For each brake job, the worker was exposed to elevated dust
levels from 0.2% to 0 3% of the total time spent in removing and installing of
the brake shoes

Oon the third brake maintenance operation, there were prolonged elevated dust
exposures during the time 1t took to remove the lugs from two wheels. The
dust levels were seven to eight times above the reference lewvel and averaged
5.1% of the tetal brake maintenance time for twa wheels on one vehicle  When
the air-impact wrench wasz replaced, dust levels and exposure time hoath
dropped, 1ndacating a faulty air-impact wrench

Also noted was the cleanliness of the wheels, the amount of read dust on the
rims ©Of the forty wheels, 20% could be described as clean, 60% fair, and 20%

14



dirty From the real-time data, there was no c¢lear relaticnship between dust
exposures and cleanliness of the wheel

The greatest potentisl to asbestos exposure 1s during the removal of the brake
drum  This potential appears to be reduced when the ecleansaing liguid is
allowed to flow between the brake drum and brake support plate before the drum
is removed

The high dust level experienced during the removal and tightening of the lug
bolts appears to be due mere to the air-impact wrench than the road dust on
the rim 9ne faulty or worn ocut air-impact wrench significantly increased the
total dust levels when 1t was used on two of the forty wheels, as noted
previcusly, by directing compressed air onto the wheel being serviced The
elevated real-time dust readings may alsoc have been from an o0il mist aerosol
from the wrench generated by the compressed air

Thorough washing of the brake support plate, brake shoes, and gear used to
attach the brake sheoes appeared to remove or wet most of the asbestos dust
before the operator started to manually remove the old shoe and install the
new shoes. As a result, total dust levels were low or not measurable during
91% of brake shcoe replacements

Air Samplaing Results

Individual filter sample results for airborme asbestos fibers are presented in
Table A-1 of Appendix A and are summarized in Tables 1 and 2 The results for
samples analyzed by Phase Contrast Microscopy (PCM) are presented in Table 1.
Personal asbestos sample concentrations for the brake mechanics averaged less
than the detection limit of 0 004 fibers/ce, with only one sample above

0 004 fibers/ce Source samples taken above the wheel (fender) averaged less
than 0 ¢02 fibers/ec, source samples hung over the axle and centered between
the wheels averaged less than 0 002 fibers/ec, background samples collected at
two separate locaticns in the garage averaged less than O 001 fibers/ce, and
outdoor ambient samples averapged less than 0 001 fibers/ce. As stated
eatrlier, TEM analysis of these samples show that more than 85% of the
chryeotile fibers counted using the "A" rules would also have been counted
uging the "B rules

Nineteen of the 20 personal samples taken during 10 brake jobs were below the
datection limt of G 004 fibersfcc Because parsonal sample concentrations
represented exposures while servicing brakes, and this uswally takes no mote
than 2 to 3 hours per shift, the mechanics time-weighted averages exposure
would be even lower than the measured lavels

only 1 of the 76 zamples analyzed by PCM was above the detectable limat, thuas,
analyses comparing brake mechanics, type of vehicle, and differences betweaen
brake inspection and brake replacements werse not done

Trangmisgion Electron Microscopy (TEM) results are summarized in Table 2. All
fibers identified as chrysotile or amphibole asbestos with an aspect ratio of
3:1 or greater were counted (fibers 0 25 microns and longer are included). A
few samples contained fibers that were not 1dentified (no I D ), but could
peasibly be asbestos
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Table 1

Phase Contrast Microscopy Concentrations for 10 Vehicles

{fibersice)
Humbet of Arithmetic
Sample Type Samples Mean Range
Personal 20 =<0 004 <0 004 - 0.006
Fender 10 <0 002 <0 002
Axle 10 <0.002 <0 002
Baclground 16 <0.001 <G 001
Ambient 8 <0 001 <0.001
Table 2
TEM Concentrations for 10 Vehicle Brake Jobs
{fibers/ce)
Number of Arithmetie Standard
Sample Type Samples Mean Deviation Range
Personal 10 o 008 G 003 <0 806 -~ O 013
Fendar 10 0 009 o 032 <0 Q02 - O 040
Axle 10 0 004 0 004 <0 002 - 0 016
Background 8 0 002 0 001 <0 001 - 0 006
Ambient L 0 002 0 001 <D 002 - O 003
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The arithmetic mean TEM concentration (Table 2) for all personal samples was
0.008 fiberssee, with a atandard deviation of 0 003 fibers/oc This
concentration was higher than the background levels in the building (which
averaged 0 002 fibers/ce}, and the outdoor ambient levels (whaich averaged

0 002 fibers/ce) Source samples taken at the axle averaped ¢ 004 fiberssec,
while samples taken at the fender (above the wheel) averaged O (09 fibers/ce
The TEM source samplsa reszults ware only slightly above background levels
Because most concentrations were below detectable limits and detectable
concentrations were not much asbove detectable limits, tests of significance
were not performed on this data

Asbestos fibers (chrysetile ¢r amphibole) greater than or equal te 5 um n
length were found in only 12 of the 4B samples analyzed by TEM Two perscnal
samples showed fibers greater than 5 um Agbestos fibers that were 1n s
matrix {partially hidden by particles), M-fibers, and X-fibers - fibers that
extended imto ancther fiald - are not included in Table 2, but are denoted in
Appendix A Four of 4B samples analyzed by TEM contained M or X asbestos
faibers, and one of these samples would show substantially higher
conicentrations had M or X fibers been included

Bulk znd Rafter Sample Results

Bulk samples were collected from the drums of nine of the vehicles tested In
addition, a rafter sample was collected and analyzed The bulk sample results
are presented in Table 3 Legss than 1% of the total material {(dust} in each
of the bulk samples and the rafter sample were asbestos, although asbestos
constituted virtually all the fibers that were found From 83 to 100% of the
fibers in the 9 brake drum bulk samples were chrysotile, with two of the nine
samples containing 100% chrysctile asbestos fibers Two of the brake drum
bulk samples contained amphibole fibers From O to 3% of asbestos fibers and
bundles were longer than 5 mierons Three percent of the fibers from brake
Job Ho 1 bulk sample were larger than 5 um The remaining eight bulk samplas
comtained 1% or fewer chrysotile Iibers longer than 5 microns The rafter
sample contained 95% chrysotile fibers with 7% of the asbestos fibers larger
than 5 microns

The OSHA Standard or O 2 fibers/ee (Action level O 1 fibers ce¢) and the NIOSH
recommended exposure limit of 0 1 fibers/ce for asbestos (8 hour time wWeighted
average) are based on PCM analysis of asbestos using “A" counting rules b
counting rules were utilized in this research study As noted earlier, TEM
analysis of these samples show that more than 85% of the chrysotile fibers
counted using the ™A" rules would alse have been counted using the "B" rules
Based on the levels measured by both PCM and TEM however, the mechanic's
exposure in this study would be well below these recommended levels

Y CONTROL TECHNOLOGY

Oceupational exposures can be controlled by the application of a number of
well-known principles, including engineering measures {ventilation, isolation,
and substitution), work practices, and personal protection Chgoing
monitoring and maintenance of controls to insure proper use and operating
conditions, and the education and commitment of both workers and management to
pecupational health are also important ingredients of a complete, effective,
and durable contrel system  These principles of control apply teo all
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Table 3

Bulk Sample Results

Number of T of Total
Chrysotile Fibers Chrysatile
Brake vehlzle Sample Grids and Amphibcle Chrysoclila and Amphitole
Job & Year No Examined Amphibole Fibhers* and Ampnibele Fibers* |5 um
1 Jeap 1976 2 9 No g3 83 )
2 1977 3 No g7 13 Q
3 1977 4 1 118 96 0
4 Y1978 5 14 Ho bo 97 a
5 1977 ] 4 Ha i15 97 a
& 1974 Fi Ko 1iZ 97 1
7 1981 i 10 1 41 1040 a
g 1973 9 10 Heo 34 10 d
10 T 1874 10 10 Ha 19 86 Q
Rafrer 1 ) He 100 ay 7

* Includes fibers, fibers in a matrix, and bundles
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situations, but theair optimum application varies from case to case The
application of these principles are discussed bhelow

Engineearing controls

The brake washer assembly unit s used at this garage to contain and collect
all brake lining dust (including potentially hazardous asbestos fiber

content}  The unit (which is fully described in Section II) is used during

all brake inspection, repair, and brake lining replacement In this study,

the entire hrake service job was monitered, ineluding =ll four wheels The
results discussed below represent fiber (PCM) and asbestos (TEM) concentrations
during the entaire brake job consisting ¢f all four wheels

The effectiveness of the brake washer assembly is evidenced by the wery low
expogures for the brake mechanice. #Hineteen of the 20 petrsonal samples
analyzed by PCM wers below the detectable limits of 0 004 fibers/ce, wall
below the current O3SHA standard of O 2 fibers/ec and the NIOSH recommended
standard of 0 1 fibers/ce Low fiber concentrations (by PCH) were alsoc found
for the source sample placed on the fender directly asbove the wheel After
completing servicing to the first wheel, this sample was moved to the fender
above the other wheels so that this sample included dust emissions from all
four wheels. The fender sample concentration for emch of the 10 brake jobs
was less than 0 002 fibers/cce The other source sample, hung over the axle,
showed concentrations of lese than 0 902 fibers/cc for all 10 brake jobs The
importance of this source semple 1s that i1t shows dust fibers were not being
propelled by the brake washer assembly unit liquid toward the other side of
the vehicle, As noted earlier, TEM analysis of these samples show that more
than 85% of the chrysotile fibers counted using the "A" rules would also have
been counted using the "B" rules

TEM results were also used to evaluate the effectiveness of the brake washer
assembly unit  The TEM results are not directly comparable to the PCM data
bacause TEM includes all size fibers whereas PCHM includes only fibere langer
than 5 um and with a diameter greater than sbout O 3 um , and TEM includes
only fibers identified as asbestos whereas PCM includes all fibers {larger
thanr 5 um) The TEM personal sample results (Table 2} show msbestos fibers
were controlled to very low levels with use of the brake washer assembly The
personal sample arithmetie mean concentration and geometric mean
concentrations were $¢.003 and 0.009 fibers/cc, respectively, for all 10 brake
jobs

Fonder sample asbestoz concentrabions waere very lew, ranging from the
detectable limit of O 004 to a high of O 040 fibersfec  The axle source
samples were also very low, ranging from 0 004 to a hipgh of O 0lé firbers/ce

Background and ambient asbestos concentrations by TEM averaged

0 002 fibers/cc These low ssbestos levels indicate that the asbestos in the
personal and scurce samples was from activities such as brake servieing and
not from cutdeor sources ovr feom resuspended dust 1n the garage

The sampling at the Nashwille Postal Service garage was conducted in miid
weather (October}, with some doors open most of the time Natural ventilation
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Table 4

Work Task Analysis of Brake Inspection and Replacement

Step Work Task Brake Dust Expcsure Sources
1 Use pneumatic wrench to remove Loose dust around lugs and tire
five lugs from wheel rim
2 Remove wheel from vehicle
3 Remove brake drum and sets on Loose dust from drum and brake
floor cemponents may become airborne
4 Worker positions brake assembly
washer unit under brake assembly
5 Worker uses wet brush stylus to c¢lean
brake components
6 Worker removes brake components and When brake components are not
cleans each piece throughly washed in step 5,
logse dust Erom components
7 Worker cleans axle surface during remcval and instzllation
in steps 6 and B
8 Worker assembles brake components and
installs new brake shoes
9 Brake drum 15 wet-washed with brake
washer assembly unit, wiped clean, and
put back on brake unit
10 Wheel is put back on vehicle
11 Wheel lugs are pneumatically Lovose dust around lugs and tire
tightened on wheel T1m
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due to the open doors may have helped to minimize the airborne asbestos
levels, although there wes no msasurzble increase in the personal, source, or
background levels when some doors were closed

Work Practice Results

Table 4 shows the work task analysis of a brake inspection and replacement job
while using the brake washer assembly unit Potential ashestos expasure
points while performing this task are also noted The average work cyecle time
for a one-wheel brake inspection task was 12 minutes

As seen from Table 4 asbestos exposure during brake maintenance and repair may
occur during the initial tasks of removing the wheel and brake drum from the
vehicle Good work practices cbserved by some of the workers to reduce these
exposure points are the use of a wet brush on the wheel and on the back of the
brake drum and assenmbly to suppress dust before removing the brake drum  Bad
work practices i1ncluded using a dry rag to wipe down the brake drum and
acsembly as a substitute for the wet wash unit, the use of a hammer toc loosen
"frozen” brake drums without first suppressing dust with wet control methods,
and taking soiled clothing home to wash

Demographic and werk practices were obtained from interviews of eight

workers All eight workers were male, ranged in age from 19 to 54 years, and
the average age was 38 2 + 12 8 years  As a group these men had 4 0 + 1.9
years experiénce as mechanics, and performed 5 6 + 2 5 brake jobs per week
The other job duties included general maintensnce, engine tune-~up, repair
work, and use of hydraulic equipment Seven of the workers indicated their
right hand was dominant in performing work, while one claimed to be
ambidextrous Tools and eguipment commonly used during brake maintenance and
repair included brake spring remecver, pliers, hammer, brake wasgher unit,
solvent, dust mask, brake adjustment tool, brake shos tool, power air toaolj
and i1mpact wrench Five of eight employees indicated they were provided with
training with regard to asbestos exposure during brake maintenance, the
training lasted anywhere from cne tec eight hours, and usually took place when
employees started working with the U § Postal Service  Workers remembered
from their training: the use of a resgpirator, clean-up procedures and zafety
precautions, and not to use compressed air to blew out brake dust  All eight
workers indicated they had a physical examination before being hired by the
Postal Service, and all but one employee 1ndicated having a physical exam
within the past year, one emplovee indicated a physical exam in March 1985.
Three of eight workers reported having an X-ray as part of their physiceal
examination Analysis ¢f workers with and withcut E-ravs showed an age
dependent pattern with all three workers who had X-rays being over 40 years of
age When asked 1f the workers did anything special to protect themselves for
brake dust all indicated use of a dust respirater, and use ¢f the brake washer
assembly unit Personal protective equipment worn by all workers includad
work clothing and a respirator, gloves and other items such as safety glasses
and safety shoes were not indicated Shower facilities were available for all
workers, however, only thrse indicated regular use before leaving work  Two
trainee workers reported they did not change out of their work clothes before
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leaving work The U S Postal Service provides work clothes and laundry
gservice for the regular work force.

In sumttary, this information revealed that these workers were aware of the
hazards of asbestos exposure while working on brakes In sddition, they
generally used control devices such as disposable quarter mask respirators for
nuisance dust and the bralte washer assembly unit when performing brake
mailntehance and repair

VI CONCLUSICNS AND RECOMMENDATIONS

The use of this brake washer assembly resulted in very low asbestos exposures,
for the vehicles tested, indiecating effective control of the asbestos dust
Although 1t was not possible to evaluate an uncontrolled situation to
determine an efficiency for the controls, other work? has shown pesak

expoaures {using NIOSE Analytical Methods P&CAM #239) of around 1 fiber/ce and
time weighted average exposure of sround 0 2 fibers/cc with dry brushing or
compressed air blowing This data sugpest that the present technique was
substantially effective in controlling asbestos dust during brake servicing

Fender and axle source sample results showed no major differences among the
vehicles tested There wag almost no difference in asbestos exposures between
hrake 1nspections and brake replacements based on TEM results

TEM regsulis ware of much greater value than PCM results for evaluating the
hrake assembly washer, since the asbestos levels were quite low. The primacy
use of the PGM data was to demonstrate that exposures were well below the OSHA
standard and NIOSH recommended level, since hoth the standard and recommended
level are based on the FCH procedure As noted earlier, TEM analysis of these
samples show that more than 85% of the chrysctile fibers counted using the "A™
rules would also have been counted using the "B” rules  Since the TEM method
1g more sensitive, this allowed comparison between persocnal or source samples
and background and ambient levels, all of which were gquite low

Bulk sample results analyzed by TEM show that the brakes of the vehicles
tested 1n this study contained chrysotile asbestos fibers and, thevefore, had
asbestos-type brakes Fibers found in the drums of the nine vehicles tested
were between B3 and 100% chrysotile, with 2 vehicles having 100% chrysotilie
fibarsg Legs than 1% of the total material (dust) in each of the bulk samples
and the rafter sample were asbestos, although asbestos constituted virtually
all the fibers that were found

An analysis of the video and real-time total dust data indicates that some
dugst emission peaks may be reduced by altering work practices such as (1}
allowing the cleansing fluad to flow between the breke drum and brake support
plate before the drum i1is removed, and (2) after removing the brake drum,
throughly wetting the wheel hub and the back of the brake assembly to suppress
dust and then thoroughly washing the brake support plate, brake shoes, and
brake components used to attach the brake sheoes before the operator starts to
manually remove the o0ld shoes
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Training in the operation and maintenance of this unit is important for
developing good work practlces which could reduce potential brake asbegtos
exXposure

M1ild westher with some of the doors open may have resulted in lower ambient
levels than might occur during cold weather when the doors are normally kept
closed

Since asbestos was identified 1n most brake dust samples, showers are
reconmended as a good practice before going home from work te remave any
residual dust from the body, and a laundcy service should be provided for
cleaning soiled work clothing

Further education about personal hygiene (i e , showers at work) and changing
so1led work clothing before leaving work may provide additional protection by
not bhringing asbestos dust to the home envirocnmenk

Maintenance and regular changing of the brake washer assembly solution is
encouraged for maximum efficiency of this unit (see manufacturer's
recommendations)
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