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- ABSTRACT

“1n order to define the sxtant of gse and particulate eaissions from

automotive brakes (and clutches), & combination separation and storasge

collection system was devised. Unique emissions eollactors for both dise

and drum brakes and for a clutch were conceived, designed, and bdullc as
the main embodiment of this instrusentation. The hardvare vas {ns.slled
on a vehicle which was then driven through various test cycles to detar-
mine the extent and type of braks emissions gsnerated at lov and high
operating temperatures, Typical driving conditions, such as the Detroit
wraffic Tast, 88 well ss more abusive driving conditions such as fade
teats, vere included.

Typical original equipment and aftermarkst friction matsrials for
both dise and drua brakes wers used in the tests. 3rake telines vers
made tO sisulats typical consumsr-type practices. The brake emissions
generated vere removed from the various collectors and mass balances
vere performed. The particulaces vare processed and analyzed by & come
vination of optical and electron microscopy €O ascerctain the asbestos
content and the asbestos particle size distribution in the vear debris.
Comparisons of emissicns from nev and used friction materials, disc and
drum brakes, and original equipment an. aftermarket macerials wvere made.
Finally, an estimate vas made of the Lotal eaission of ac. 'tos by all
of the vehicles in the countryt on the sverages, osors than ¥9.7 purcent
of the asbastos is convar:od;[thq contridution to the atmosphere is 5060
pounds, ot J.2 percent of the 'tocal asbescos esmissions,
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Personal and eneral area alt samples were collected and analyzed for both Tine
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DISCLAIMER

Meation of cospany names or products does not constitute endorsesent by

the National Institute for Occupational Safety and Health.
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— ABSTRACT

The National Institute for Occupational Safety and Healtn has conducted
industrial hygiene surveys to charicterize airborme asbestos exposures and
work practices for br;ke mechanics. Personal and general area’air samples
were collected and analyzed for Time Veighted Average (TWA) and peak asbes-

tos fiber concentrations. Bulk samples were collected and analyzed for as-

—

‘#
bestos fiber content and size. All samples were analyzed by optical (CPT)

ap—"

and transsission electron microscopy (TEM). The TwA and peak exposure levels

varied with the asseably cleaning methods and time required to perform

cleaning. Eight of thirteen TA's for mechanics exceeded NIOSH recommended -

standards of 0.1 fibers/cc >3 um in length, (fidbers/cc) but all were within

current Oscupational Safety and Health Administration regulations (2 fi-

T -
vers/cc). Fiber levels for all cleaning methods, except vacuusing, wvere
R —
near the NIOSH recommended ceiling, of 0.3 fibers/cc. Two of the peak sam-
ples collected when compressed air cleaning was used had fiber levels that
exceeded the OSHA ceiling of 10 fibers/cc. Ceneral area TWA's were similar
for all facilitaes (0.0% teo 0.2% fibers’cc). TEM analysis indicated lower
fiher concentrations than OPT in most samples and revealed that £07 of the
W\
total fiber population vas <§ um long. The geometric mean chrysotile fiber
W

size vas 1.7 um length and 0.15 um diameter. TEM analysis shoved that 307

of the fibers wvere chrysotile, a0 forsterite, and §07 unknown. The data

shov exce;sivc asbestos fiber exposures during brake servicing, especially

brake assesbly cleaning; therefore, vacuum cleaning systeams and NIOSH ap-
proved respiratory protection are recommended to reduce asbestos exposure

levels vithin N1COSH limits.
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INTRODUCTION

One of the objectives of the National Iastaitute for Occupational Safety

ard Health (NIOSH) is to evaluate environmental exposures of vorking populi-

tions through industrial hygiece field surveys. Aczordingly, NIOSH conducted
cosprehensive industrial hygiene surveys to; characterize dust exposures
resulting from vehicle brake~servicin; operations, make a thorough assess-
pent of work practices utilized, and document the types of personal pro-
tective equipment used. Of particular interest was the porential for ex-
posure to asbestos fibers which could be generated by these types of opera-
tions. Limited studies of workers involved in brake servicing have supggested
that their work-related exposures may be associated with asbestos-induced
diseases.l

NIOSH estimates that a work force of 151,000 brake mechanics and garage
workers in the U.S. is potentially exposed to |sbestos.2 Potential exposures
are a result of 12% million pounds of asbestos used annually in the U.S.

for the production of brake fricticn laterxals.3 Besides asbestos, other
materials (e.g., binders, frictien modifiers, fillers) are used in the manu-
facture of brake linings, that can likevise have ; potential for exposure.
As noted in one study, 30 materials and/or coepounds that sake up the
bindei's, fiber reinforcers, property modifiers, etc., were jdentified during

brake lining lanulncturing.z
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Historical Development of Friction Products
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BRAKE MATERIALS, PRCDLCTS, AND USACE

4

the market.

Molded brak

the requiresents of early automobile friction saterials werz relatively
ainimal. Passenger <ars were light and designed for low speed operatiens.
Brakes were of an external contracting type and utilized a variety of mate-
1s; this included leather and impregnated cotton products which vere
c:g:cnly used along with wool and felt. In 1002 woven asbestos friction
saterials were first marketed in the United States by the Keasbey and
Mattison Company of Aabler, Pennsylvania.s Because of their superior heat

resistance and durability they rapidly increased in use and socon dominated

The voven asbestos brakes continued to be the dominant product

used in automobiles until about 193C. They eypically contained 707 or more
wire-cored asbestos y:rn impregrated with drving oils, such as linseed and

bituminous material.

e linings were developed in the early 1920's and gained increas-

ing use with the introduction of internal shoe brakes in 1927. By 1940 vir-
tually all automobiles vere equipped vith lolde; brake linmings, althouth
voven products continue to be used in trucks, heavy equipaent and for spe-
cialized applications. The molded linings in use wvere cut to length, usu-
ally by the sanufacturer, and sounted on brake shoes using rivets. Until
the aid 1920's brakes vere only mounted on rear wheels; however, vith the

develophent of internal shoes, four vheel mouncings soon becase standard.

As automobiles were designed for use at higher speeds, brake linings is-
proved in both quality and perforsance. Various nev materials were intro-

duced as fillers, binders, and friction eodifiers. In 194% bonded brake

- Eee A E——— - *
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linings wefe¢ developed and soon accounted for approxisately 405 of the orig-
{nal equipment brake sarket. In addition, they rapidly dosinated the re-
placesent market because of the considerable savings in laber during instal-
lation. Im 1965 the first disc brakes were introduced on American autoso-
piles and rapidly increased in use. In 1975 virtually all original equipment
cars had front vheel brakes of this type. However, because of less stringent
braking requiresents and the difficulty of adapting sechanical parking
prakes to the disc configuration, the rear wheel brakes on 95T of currently

sold cars are still of the drum variety.

Requircments for Brake Linines

A constant or slightly decreasing coefficient of fric=ion (CF) with tem-
perature up 1° abouz 1000 F 1s required for an efficient brake liming: cr
values of from 0.30 to 0.45 are normally sought. lLowver values produce
brakes requiring excess pedal pressure, and those with higher values are
too sensitive to pressure and develop excess wear. Ideally, the desired
frictional qualities should be aiintained througheut the life of the lining
material. During braking, chemical and physicai changes occur in the
aaterial at the braking surfaces. These changes Say produce an increzse
(duild-up) or a decrease (fade) in friction. Satisfactory linings will fade
slightly upen repeated applications, but will returm to their initial state

upon caoling-.°
A

Lov vear of the linings is obviously desirable for economical and practical
considerations. However, high vear resistance can be associated vith the
tendency of the lining to glaze, vith a concomitant reduction in the CF.

This can be overcoae by alloving & slov alteration of the brake lining mate=

.-—--..-.--.-—----——-— e meom - — e s SO



rial to occur. Pyrulysis of the organic bdinders and thermal decosposition
of the chrysotile fibers under braking provide the necessary continuing

reneval of the lining surface.

The lining should be non-abrasive to the drum surface. In addition to caus-
ing rapid drum wear, abrasive linings score the drums wvhich, in turn, leads
to a rapid wearing of the lining. Druss made of cast iron and steel are
common with steel being more susceptible to scering. Since brake drums have
a hardness of from 3.5 to 4.0 on the MOH /mineral hardness range of | to
15 in which talc is rated 1 and diamond 15) scale, virtually all lining

materials used have lover hardness values.

Other necessary or desirable properties of brake linings include: physical
strengtn, dimensional stability, quiet operation, and safe and non-offen-
sive degradation products. Of the variocus properties desired in the lin-
ings, greatest atteation is paid to build-up/fade and recovery characteris-
tics. hear problems are not as serious and can more readily be overcome
with the materials available.

Compounding Incredients of Brake Linin:7’5’°’1°

To achieve the desired friction properties, a wide variety of ingredients
are comsonly used in the manufacturer of automobile brake linings. These

include:

Asbestos
Ashestos is used for fidber reinforcement of the {riction product. Chryse-
#

tile is used almost exclusively and cosprises from 40 to S0 percent of the

o - —
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brake lising. Fiber grades 4 through 7 are used, and occasionally, several
A ——————————

sizes &T¢€ mixed or even calcined to improve performance characteristics,
Amosite, crocidolite, or other amphidole asbestos varieties ArTe not used

because they are too harsh and tend to score the brake druas.

Organic binders

Organic binders are prisarily phenolic type resins selected for high bind-
ing strength. Unmodified phenolic resins when subjected to heat usually
become hard and brittle. To prevent this, linseed, cashew nut, or China
vood 0ils or cresols are added. Rubber, which dlso finds use as a binder,
imparts desirable fricrion qualities and improves the flexibility of the

lining material.

Friction modifiers

Friction modifiers are added to achieve a desirable CF over all operating
cenditions. These sodifiers also produce a more homogeneous lining surface.
Incluced among these materials are lead, :zinc, brass, cashew nut oil, graph-

ite, and oxides of iron and copper.

Fillers

Fillers such as rubber scrap, barites, clays, silica, coke, coal and other
finerals are used. These also have utility in achieving desired friction
properties, in some cases through action as abrasives to recondition brak-
ing surfaces. One n;jor purpose of the reconditioning agents is to retard
the formation of forsterite vhich may accumulate on the surface of the

brake lining. Forsterite is < mineral not originally present in the brake
=.::7i31, but is created by dehydroxylation and recrystallization of chryso-

tile asbestos at high temperatures. The hardness of forsterite (6,5-7.0




on the MOH Scale) is such that it tends to score and gouge brake drums and
discs (hardness 3.5), degradang them presaturely. Therefore, recrystalli-

sation of chrysotale to forsterite is an unvanted effect.

Curing agents

Curing agents and/or accelerators are used to assure that apprapriate chemi-

cal reactions ocIur to produce the desired brake quality.

Types of Brake Linings and Manufacturing Processes

In the making of different types of brahe linings various sanufacturing
prosesses are utilized to achieve 2 wide range of potentiai applications.

These include:

sired Back

These are made by 2 calendcring process in which purty-like stock is fermed
into a ribbon about a wire backing. The wire reinfeorcing serves to gaintain
strencth during the curing process. Furthermsore. as linings of this t¥FC
are invariably riveted, the wire reinforcang provides long ters structural
strength and prevents shearing of the lining at the rivets during braking.
Linings of this type were extensively produced praer to world war 11. They

are in little use today.

Extruded Linings

These Ate sanufactured by extruding the soft plastic stock through an appro-
priatel;-;i:ed rectangular orifice. To minisize structural veakness in this
lining, curing agents are added to produce a hard inflexible finisged pro-

ducts.




Sheet Linings

These are laminated structures formed by vinding a 0.001-0.002 inch film
of stock about a hot raller. Since the fabrication process is a relatively
expensive one, linings of this type are not commonly produced for general

use.

Dry Mixed Types

This process involves the dry mixing of various ingredients capable of pass-
in; a 200 mesh screen, and then molding the lining under pressures of from
1000 to 3000 pounds per sgquare inch. The resulting lining is among the most
heat stable of friction materials in use today and obtains wide use in the

manufacture of brake blecks for heavy duty service.

Millboard Type

The manufacture of this type of brake lining material is by a process simi-
lar to that utilized in the paper industry. Vet stock is formed and passed
over rollers with varicus drving and haking operations producing sheets

of unifore lining material. The equipment for prpduciﬂg such materials is
expensive, but the volume of productaon leads to an econcmically produced

molded lining.



BRANE LINING REPAIR AND MAINTENANCE PRACTICES HISTORY

To a large extent the changing character of brake lining aaterials has led
o changing work practices and differing asbestos exposures over the years.
Froa 1§20 until abdbout 1930, when braking was done through the use of exter~
pal brake bands sade from woven saterials, the predominant exposure to as-
bestos would have come {roa the cutting and fitting of the woven lining
material. Most likely the airborne fiber concentrations were considerably

less than those developed in later years vhen machimrg of polded materaals

vas comson.

From 1027, when internal brake shoes vere developed using soclded l.nings,
antil 194% when ponded brake linings »ere introduced, all internal brake
linings were atrached to shoes ;sing rivets. The lining material for uss

in the replacement sarket would be precut t?o aprropriate size for various
brakes of odtained fro® rolls of indeterminate length. The precut segments
would usually be predrilled at the factory for rapid scunting on shoes.

In scme circumstances, however, drilling for the rivets and pevelling would
be done by the sechanic installing thes. The use of rolled linings required
cutting the fr;ction saterial to shape, drilling holes fer rivets, and bev-
elling the edges cpyro:riately. Under the latter circumstances, asbestos
exposure to workers could be considerable. Even vhen shoes vith predrilled
and bevc{}ed-linings were installed, the processes of punching out the
rivets on the old shoes and riveting on of the nesw shoes would give rase

to greater exposures tﬁan that accospanying the use of bonded linings.

vith the introducticn of bended lining, the need for drilling, facing, °of

grinding operations during installation decreased si‘nificantly. However,



for a short period of time, in the 2id-1950's when automobile Shoes vere
first installed vith a fixed anchor, some tapering was necessary on wifora
thickness bonded linings to achieve a proper fit. Previously, the end of
the shoe oppesite tO that of the hydraulic cylinder could be mechanically
adjusted. Shortly thereafter, tapered bonded linings were available fro=
the factory. Subsequent %o {?oo, considerably fever bevelling or grinding
of- at:.. ¢ performed by an automobile sechanic replacing brake lin-

iu, .

During rcplacement of internal shoe brakes comaon practice vas to remove
the brake wear dust fros the housing by air bloving or brushing. After 1970
increasing avareness of the hazards of asbestos and its presence in breke-
lining dust led to wet brushing, wet viping, dry brushing, ©or vacuuzing
vork practices in some brahe servicing facilities. However, even teday such

improved work practices are not universal.

1n the 1930's and 1940's most automobile sheps were relatively small and
gost mechanics perforaed all automobile maintenance and repair activities.
“n recent years, however, there has been an incr;asing tendency towards
specialization, with shops existing for brakes and front end work exclu-
sively. Here, shile asbestos exposures during brake work on an individual
job may be less than those of previous years, some vorkers are exposed for

considerably longer periods of time.

N\
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— SELECTION OF FACILITIES SURVEYEZD

The purpese of the industrial hygiene study wvas to investigate and char-
acterize contemporary dust exposures resulting froa vehicle brake smiinten-
ance and repair ;p;}ations taking 1nto account the work practices utilized.
Therefore, it vas necessary to locate facilities where a variety of brake
servicing techniques were used as well as where there vere differences in
the number of vehicles serviced. Tvo of the six sites selected for the
investigation wvere automebile brake service facilities which performed up
to 43 brake jobs per week at an average of 63 minutes per vehicle. The re-
maining four facilities serviced both autos and trucks and performed from
5 to 45 brake jobs ger veek. The service time varied depending on the type

of vehicle. Detailed airbterne dust saspling surveys were conducted at each

facilicy.
DESCRIPTION CF BRAKE SERVICING OPERATIONS

The servicing procedures found at each facility .were basically as fellews.
t=s vehicle is driven into 2 repair stall or bay fer a brake system exani-
nation. Pending repairs, the wheels are elevated, resoved, and then inspect-
ed. Loose dust is cleaned from the druems and brake assemblies b¥ vacuusing,
wvet or dry vipin;/bruahing, using compressed air, or 3 combination of these
sethods. Parts are then replaced or repaired as needed and the brake system
is rcls:é;bled and adjusted. Test driving the vehicle for proper fitting

and adjustment is the final phase of the servicing operation. A brief de-

scription of the individual facilities is outlined in Appendix B.

10



— SAMPLE COLLECTICN AND ANALYSIS HMETHODS

Airborne Sameles

Personal and general air sagples were collected at each facility on daf-
ferent occasions during a l-year period. Brake servicing operations and
areas not in the 1pmediate vicinity of brake work within each facility were
ponatored to provide overall asbestos exposure data. Personal air samples
vere collected in the breathing zone of the brake mechanics using plastic
cassettes containing willipore TYFe AN, 37 sillimeter (mm) diameter, 0.%
picrometer (1m) pere si1=e, pembrane filters. The samples were cperated at

a calibrated saspling flow rate of 2.0 Liters per minute (Lpm). The filters
were changed perxc:xcally during the work shaft to prevent particulate over-
leading on the filter. Time-werchted averace (Twa) fiber concentrations

vere determined for the time spent perfermint brake service, and peak con-
centrations were detersined for tame spent cleaning trake dust from drums
and assemblies. Samples for persenal peak exposures were collected using
GCast pumps calibrated at about 11.0 Lps usang {dentxcal pedia as above.

At fasalaties €, D, and E, a 2.0 Lpa saspline train vas used fer peak sam-
ples. All analyses of the seabrane filters for asbestos fibers vere con-
ducted by the auther in accordance with the procedures outlined by the Qecu-
pational Safecy and Health Adninistntienl1 and the NIOSH Manual of Analyti-
cal Methods P&CAM 3230.1: These procedures require the counting of fibers
;reati; Ihan § va in length and with at least 8 3 to 1 length te width
aspect ratio utilizing phase contrast optical microsccopy at 2 sagnification

of 400-450X. Concentrations are expressed as {ibers per cubic centiseter

ol air (fibers/cci.

n



fandos samples from each facaility surveyed, as well as those samples |

Bigh fi;:; concentrations, as detercined by the optical counting methou,
were analyzed on a cransmission electron sicroscepe (TEM) utilizing selected
area electron diffraction (SAED) and energy dispersive X-ray analysis
(EDXRA). Samples wvere observed at 17,000\ sagnification vith fibers (2 3:1
aspect ratio) sized by length and diameter. SAED was attespted on all ob-

served fibers for identifiEthcn. In addition, EDXRA was performed on in-

dividuaa. fibers to determine their elemental composition. SAED patterns

and EDXRA elemental spectrus ratios were compared with reference minerals

(chrysetile and forsterite obtained from the U.S. Smithsonian Institutioen).
Sasple preparation and analysis were perforeed using the method described
in the Technical Repert “Revies and Evaluation of Analytical Metheds for

-

Envirenmental Studies of Fadrous Partaculate Expesure".l’

General arca samples for trace metals (lead, =inc, coOpper, iron, and man-
ganese) were collected at most facalities using Staplex Type TF-lA high-
volune samplers at a flow rate of 10 cubic feet per minute. and also vith

a samplang train and flow rate like that used for asbestos fiber collecticon.
Samples were analyzed fer getals by atemic absorptieon spectrophotometry

in accordance with the NIOSH methods P&CAM Namber 222, S1%6¢, 531, and

s366. 14713

.. THE Sa-zles

~

Sasples of brake vear dust were collected from the brake druas of several
vehicles that were being serviced during the surveys. These samples vere
amalveed by TEM for characterization and identification of fibrous partic-

wates and for determination of fiber size distributiens.

12
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WORK PRACTICE CHARACTERIZATION
During the surveys censiderable emphasis vas placed on detailing work pro-
cedures during brake servicing in order to document the types of cleaning
practices (e.g., vacuus, cospressed air, brushing) used in replacing brakes.
As previously described in the section "Description of Brake Servicing
Operations” the brake servicing work practices utilized were similar for
all facilities surveved; the major difference observed vas the methodology
utilized for clean-off of brake wear dust from the brake-shoe/backing-plate
assczblies. There wvere six different types of ¢lean-off methods observed

during the study. Those six methods are described as follows:

1. Cempressed Air Blew-Off, A compressed air stream was used to blow

away brahe wear dust from the brake assemblies and drums.

2, Compressed tir-Steddard Selvent Mist BlowCff. The same as ] ex-

cept a Spray gun containing stoddard solvent was used to produce

a solvent mist for bloweoff.

3. Dry Brushine. Brake wear dust was brushed away with a small utility

brush usually 1 inch in diameter.

4. Vet Brushine. Basically the same as dry brushing except the brush
vas kept saturated with a liquid such as gasoline, water, or

© wgtoddard solvent.

13
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5.

§33irt-0ff. A liquad squirt-bottle contalning vater vas used o
vash away brake dust. This was followed by dryaing off assemblies

with a cloth.

Vacuum Cleanine. A shop type vacuum cleaner, equipped with a KEPA

f;lter*, was used in combination vith compressed air. This system
included a brake encapsulation cylinder that completely enclosed
the brake-shoe/backing plate asseably. The sechanic operated a com-
pressed air noz:le fixed inside the: enclosure to blow off the brake
dust, which was immediately dr;sn into the vacuum system. A sepa-

rate vacuum hose vas used te vacuum the dust from the brake drums.

zHEPA: High Efficiency Particulate Air Filter - 99.77 efficiency

for 0.5us diameter aerosols.

In Methods 1 to 5. and especially 1 to 3. the brake dust has the
potential to enter the agbient air of the facility. Canversely,
in Methad © the dust is contained by the HEPA filter which may be

removed from the vacuua cleaning system for dispesal.
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SURYEY RESULTS AND DISCLSSION

Asbestos Exposure Levels

The optxczl micTroscopy fiber count analysis for the TvA, peak persenal,

and background ar;;.sanples collected during the study are susparized in
tadle 1. Wc vhile
peak levels ranged fros 0.00 to 15.00 fibers/cc. The T¥A and peak fiber
exposures for mechanics tended to fluctuate. This is perhaps best explained
py variations in werk practices utilized, the inconsistencies in performing
prake vork that existed throughout the varzéus repair Sheps, and because
clean-off is dene internittently and therefore represents 8 small percent
of the work perforned during the snift. For exanple, the amount of time
spent servicing prakes and the nusber of brake jobs that were pcrfcrned

per shift differed ameng the mechanics; likewise, there vere differences

in cleaning pethods (e.g+) compressed air, brush, vacuun), and procedural
technigues (e.g., distance from brake housing t© preathing sone). In addi-
tion, there were some nech;nics vhe dropped the prake druas on the flcer,
causing airborne dispersal of brake dust. Envirenmental conditicns at each
brake service facrlity such as shep size, vehtilation contrels, and open
vindows and doors would also affect individual vorker exposure and backe
ground concentrations of airborne asbestos fibers.

Regardless of the cleaning gethod utilized, TA exposures for sechanics

consistently less than 0.} fibers/cc and did ret

uwtiu were

diffef-iuch fros Twd {iber concentrations {or saaples collected in the
pechanics ;eneral work ared. The similarities between pechanic TWA. exposures

and packground fider concentraticns suggest that all individuals in the

13
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immediate york environment are potentillly exposed to the same {iber con-
centratiéﬁ? during @ normal work ghift. This observation 1S {urther sup-
ported bY the fact that several of the pechanics aonitored spent such of
the work shift away fros the york site, but had ThA exposures similar to

those that spent m0st of the shift at the site.

7ty Fider Characterx::txcn

Samples were randonly selected for eransmission electron gicroscopy (TEM)

with fibers gized BY length and diameter and 10 fields were analysed for
eeach sample. In additien, fiber concentrations (fibers/cc) vere deterpined
for total fivers and fibers>5uB in length. These concentrations were com-
pared 10 those found by the optical BicroscopyY gethod and are reported 1n
fable 2. In all but three sasples, the concentrations ol fibers? Sum in
length determined bY optxcal‘nicroscepy vere slightly higher than those
detercined BY TEM. This difference was prodably the result of several fac-
tors. These include: partxculate less during sample preparation for TEM,
ashestes {ibers are counted DY TEM shale this selectivaty is not possatle
with ertxcal microscery, and the small number of fibers actually counted
on each sample. At low fiber counts, small differences in the nuaber of
fibers counted bY each microscopy sethod has 2 significant effect on the
calculated result of the fiber concentration. statistical comparison of
the TEM and optical picrouicopy counting pethods vas 0ot attespted because
of the disparity in che capabilities of the two pethods. Besides determining
the ;;ncentrations for fibers >5um in length, cotal fibers cbserved vere
counted and concentrations calculated. AS would be expected, the greatest

po g vaOM oi fibers observed was shorter than 5us in length (80 to o).

17



— AT Sampl
Compartisen Jetvee

Table 2

s Results fo
n TEM and opeical Microscopy Analyses

e Fiders

.m\mon_.n: a.crosceoy | Transmission bleccrsn Microszopv * |
|7 5 wa Tength | 5o um in Lengen | Total Faibers i % Fibers _
| g{bers/cc | fibess/cc | fivers/ce | >SS um {n length {
u | \ |

_ 0.5 | 0.15 | 0.80 , s ,_
| 6.0 | $.97 | 11.33 | $3 |
{ 0.58 { 0.17 | 1.0l ] 7 ,
| 1.18 | 07 \ 2.3% ] 29 ,
| 0.13 | 0.10 | 0.7 | 16 |
| 6.86 | 0.0?7 | 0.4 | 17 |
l 5.3%9 \ 0.33 | 0.39 | 83 |
| 0.82 | 0.02 | 0.02 | 100 |
| 0.01 | 0.0 | 0.11 | 0 |
| 0.0l | 0.0 | 6.0 | ) \
\ 0.02 \ 0.19 | 2.72 | e \
| 0.38 | 0.16 | 0.48 \ 33 i
i 1.6k | 0.0 | 0.08 | 0 |
| 0.0l \ 0.0 i 1.63 | ) 3
| 0.26 | 0.09 | 0.09 | 100 i
| 0.26 | 0.06& | 0.16 \ 28 |
! 0.06 | 0.0 { 6.0 | ) |
| 0.12 | 0.0l | 0.0l | 100 |
| 0.0l | 0.0 | 0.03 | ) l
| 0.03 | 0.0 | 0.0 | 0 |
| 0.0 (Blank) | 0.0 | 0.0 | 0 |
| 2.12 { 0.62 | 0.86 | .8 |
| 0.17 | 0.10 | 0.20 | $0 |
| 0.12 ! 0.1 | 0.6 | 1 |
\ 0.06 \ 0.0% | 0.15 \ 3 |
| 0.12 { 0.5 \ 0.73 | 68 |
_ . L . _
* Note: Fipers counted OY <L represent asoescos [ibers eniy.
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Fibers obseeré by TEM were identified utilizing SAED and EDXRA., Approx-
ipately 50% of the fibers analyzed by SAED could not be identified due to
ambiguous d1ffractien patterns. About 302 of the fibers were identified

as chrysotile and approximately 207 as forsterite. The presence of fibrous
forsterite was probably due to the dehydroxylation and recrystallization

of chrysotile as 3 result of high tesperatures (>650° C) encountered during
brakxng.l’z Some of the fibers which revealed ambiguous diffraction patterns
appeared to have crystalline structures similar te both chrysotile and for-
sterite {(probably a transition 1nteraedi|te2) while others were too small
for diffraction analysis. EPARA was performed on the fibers to confira the
SAED analysis that sas made for the chryset:le and forsterite fibers. Some
of those fibers which gave ambiguous SAED patterns indicated magnesium,

silicon, and iren 1n various elemental ratios typical of asbestiform miner-

als.

As shown in Table 3, when a {1ber size distribution was performed for all
airborne sarmple fibers observed uy TEM, a geometric mean length of 1.0
vm and a geometric mean diameter of 0.13 ym were determined. Likewise, for
these fibers identified as asbestos (chrysotile) a gecmetric mean length

and diameter of 1.70 usm and 0.15 .8, respectively were determined.

Bulk samples of brake wvear dust were analyzed by TEM in the same manner

as the Airbo}ne sasples. identification was atteapted on all fibers using
SAED and EDXRA. Approximately 207 of the fibers analvzed by SAED could not
be identified due to ambiquous cf the ahsence of diffraction patterns. EDXRY

vas performed on all fibers observed with elemental analysis being success-

19



TARMLE )

Brake Dust Fiber Slze Data®

Fiber Diameter (um) Fiber Length (um)
hey DlamC I Y- -
1 Number Lo, Geo, Number tco, Geo.
SAMPLE TYPL of Fibers Range Mean Std Devés of Flbers Range Hean Std Dev
Alrborne Samplesn .
(Chysotlie Fibers Nnly) " 151 0.06-1.0 0.19 2.36 151 0.24-10.0 | 1.70 z.21
Alrhorne Samples .
(A1) Fibern) 523 0.06-1.0 014 2.1 52) 0.24-10.0 1.66 " 1.49
Bulk Arake Dust (] 0.06-0.18 010 1.5) 8 0.24- 1.76} 0.40 2.0
(Chysotile Fibers Only)
Bulk Brake Dust
(A1l Flbers) 109 0.06-0.29 0.08 1.53 109 0.24-5.88] 0.49 1.5
s All (iber stize data detcrmined by Transmisslon FElectron Hicroacopy.

14
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{ul on about 207 of the fibers. \hen utilizing SAED and/'er ED\RA several

of the fibers observ 3 vere positlvelv identified as chrysotile (~107) whale
the resaining vere either forsterite (-20%) or unkncen {~70%). Many of the
unknowns vere thotght to be antersediate recrystalli:ed foras betwveen chrys-
otile and forsterite. In addition, a fiber size distridbution vas performed
which indicated someshat shorter lengths (0.24-5.9 us VS-. 0.24-10 um) and
spaller diameters (0.06=0.29 ug Vs. 0.06-1.0 ue) than those observed in

the airborme samples in Table J.

Trace Metal Analvses

Trace metal analvses were perfermed on airborne samples collected at
Facilities B, C, p, and E with the results reported in Tatle 4. Samples
were analyzed fer the fellc;xng getals: lead, irenm, =inc, copper, and man-
garee, vith analvtical limits of detection of 5.0 uE. 1.0 ug, 0.0 ug, and
1.0 vg per sample, respectively. AS noted in Table 4 the metals were coften
non=letectable {\D) or found 1n trace ameunts, and enly facility B had a
petal concentration (Pb) that exceeded OSHA ef V10SH exposure standards.
The range of concentrations fer all facilities were: Ph, ND - 03.5 u;'m;;
Fe, 5D = 2,300 ug/m3, zn, WD - 352 Lg/ad; cu XD - 8.7 se/md; and W,

ND = 3.5 u;'ns.

2l .
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Table &

Trace Metal Analyses

[
//‘}/"L__-____,._._———-—-
Facility Range of Trace fctal Concentrations In |
Surveyed | 4. Fe In Cu Ho
] N.D. - 6).3 N.D. - 349 N.D. - 351 N.D. N.D.
c 0.4 - 0.6 1,500 - 1,800 .+ 9.3- 0.3 0.1 - 0.2 0.03 - 0.06
D 19.9 - 24.9 1,200 - 1,400 0.3~ ©.} 0.2 - 0.2 0.04 - 0.05
E 1.2 - 8.7 1,700 - 2,300 0.2 - 0.3 0.2 - 0.3 0.04 - 0.06
ML_,_,,_/L__,/________..——
e OSHA_Exponure Standard (¥ Im’) _
50 i} . 5,000 1,00004* | 5,0004%4¢
N1OSH Recommended Standard Im
100 1 - | 5,000 - —
N.D. - Rot Detected by Anslysis Linit of Dctection (ug) Per Semple
& - Iron Onide Fume Lead 5.0 ug
a4 - Zinc Oxide Fume lron 5.0 ug
ada - Coppet Dusts and Hists Zinc 1.0 ug
asha -~ Ceiling Copper 0.6 ug
Manganese 1.0 ug



— POTENTIAL HEALTH EFFECTS FROM ASBESTCS EXPOSURE

The human toxicological significance for the inhalation of chrysotile as-
bestos fibers is vell documented; and instances of mesothelioma in aute
repair vorkers have been identzfied.lb’l7’ls In a detailed examinmation of

90 unien vehicular maintenance workers in New York City,l with 10 or more
years of shop wvork, 20% haddecreased vital capability; the percentage in-
creased with age and most markedly after 20 vears from the outset of auto
work. Many of the workers examined showed signs consistent wvith ashestosis,
with observed changes noted in chest x-rays and indication of restrictive
pulmonary functienm. the prevalence of these changes vas significantly higher
after 20 years expesure, 3 result expected after occupaticnal exposure to

19
ashestos.

Unlike chrysctile. the health effects of expesure to {forsterite, or transi-
tion series fibers (chrysotile/forsterite) wvith altered erystalline struc-
tures are not well documented. In studies by Davis and Coniaa,zo and
Koshx:1 in which fibers of chrysetile, chrysotile/forsterite, and forster-
ite were injected into the pleural and peritone'al cavities of mice, the
results suggested varying degrees of toxic effects. Fiber implantation ani-
sal studies ebnd;aetcd by Pott, et. a1.22023 and Davis, et al. ™ suggest
that the sorpholegy and size of a fiber, regardless of fiber type, are re-
sponsible for its carcinogenicity. Likevise, Stanton, et. .1.25 suggests
that flbers <1.5 um in diameter and >8 um in length pose the greatest risk
in producing pleural sarcosas. These studies tend to suggest that the phy-

sical sorphology (size dimensions) a-.d to a lesser degree chesical and sur-

f..: sharacteristics of a fider are the determining factors for inducing

b3
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a piological effect. The precise fider dimensional characteristics required
for these observed pathologic responses have been difficult to determine

experisantally pecause of the difficulties encountered in producing fibers

of specific size dipensions.

ri)
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SUMMARY

The TVA airborne ashestos sample results for all facilities were within

the current OSHA asbestos standard.zﬁ

Howvever, two of four peak sample results for samples collected at Facailacy
B (Table 1) during the compressed air cleaning of brake assemblies exceeded
the OSHA ceiling standard. The coapressed air cleaning method also indi-
cated the highest overall peak exposures (up t° 15 {/cc) for all cleaning

methods exazined.

‘vhen the overall TwA sample results are conpare@ to the NKIOSH recommended
standard for asbestos, 2 of 15 of the TwA exposures (or mechanics indicated
concentrations exceeding the recommendation. The NIOSH standard recommends
an S-hour Twi exposure of 0.1 fibers #5 um/cc (fibers/cc) with a cealing
exposure of 0.3 fivers/cc for any¥ | 3=einute sanpling peraod. peak sample
results could not be comp;red directly to the N1OSH standard since they
were not collected over 15-ainute pericds.

Many of the samples collected yielded such low fiber counts that their ¢o=
efficient. of variation (CY‘) vas above what is considered reliatle (i.e.
greater than 0.35).27 Consequently, the {ider concentration data are best

utilized for comparing expesure variations ameng the different cleaning

sethods/vork practices.
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— concLUSION

The results of this and other studxes"z indicate varying concentrations

of asbestos fiber exposure to brake mechanics. The exposure concentrations
are Apparently o fected by the work practices utilized and the existing
eavironsental conditions and controls at each facility. The results of this
study shov that 8 of 13 qfhthe sechanics engaged in brake service had TxA
fider exposures above the NIOSH recommendation. However, all T¥A exposures
were belov the QSHA standard. furthermore, vhen saaples vere analiced by
TEM, onlY 30% of the fibers observed vere jdentified as asbestos with the
resaining fibers being categorized as forsterite (207) or unknowns (3970,
As a result of the TEM analysis the levels of the asbestos concentrations
(>5 .2 length), S determined bY optical gicroscopy, Bay pe less than these
reported (see Table 2). However, this does not preclude the possibility

of higher airborne asbestos fiber concentrations when all fiber size ranges

are considered. As determined bY the TEM analysis in this study and frem

other reported studies,""9 a sigmficant number (up to 1007) of short

{ibers (<5 um in length) are usually present (see Table 2) and research

25 has.indicatea that & potential nealth risk exists for asbestos fibers

<Sum in length. Also, a potential health risk say exist for the unknosn

————
fibrous pertion (v50%) of brake dust. The results of animal studies in which

’ -
various size fiders vere implanted in anisals 22,23,24,30 concluded that
the physical sorphology (size dimensions) and, to a lesser degree, chemical
uRd-iurf‘ce characteraistics of 4 fider are the determining factor for in-

ducing & piological effect.

the mechanics surveved during this study vere either full-tise brake me-

chanics, who perfarned only brake saintenance gervice and sy have serviced

26
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up to S-cars per dav/6 days 2 week, OF mechanics who undertock as few as
one brake job per week. Regardless of the number of brake jobs performed
(per work shift), the ThA {iber exposures wvere sim:lar for all the mechan-
ics surveyed. The expocures t0 mechanics who per{orned full-time brake work
were not si‘nificantly higher than the exposures for those who did much
less brake gervicing. Conversely, the short ters (<] sinutes) peak expo-
sures encountered in this study during the dust cleaneoff of braking asses-
plies were often nigher when compressed air vas used. All of the cleaning
pethods surveyed, except for vacuua cleaning, had peak fiber concentraticns
that vere near oF above the NIOSH-recnlnende& cerling exposure level of

0.5 fiders/cc. However, the compressed air cleaning pethod was the enly
type which appreachei, and 1n twe cases even exceeded, the OSHA ceiling
eaposure limit of 10 fibers ‘cc. These {indings strongly indicate that brake
pechanics are at 2 higher risk of airberne exposure to asbestos fiber: dur-
ing the cleaning of brake assemblies, except when the vacuus cleanine meth-

ods are properly utilized.

The samples collected for trace petals had concentrations that vere within
the OSHA and \]JOSH exposure standards in aXl but one case. One area sample
collected at facility B indicated 2 lead concentration of 63.2 ug/n3 which
exceeded the OSHA standard of 5O u;/ng, put was below the NIOSH recommended

standard of 100 ng/l3.
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{cs performing vrake and eclutch maintenance NIOSH has prepared guidelines
titled wRecommended foocedures {or Asbestos Brake and Clutch Servicang”
{ work tasks.

(see Appendix C) to e utalized during these types °
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APPENDIA B
Pescription of Facilities Surveyed

Facility A

Major services at Facility A, an automobile brake service shop, consistes
of front-end alignment. shock absorder servicing, and brake maintenance.

The nermal work week was made up of five, 9-hour days and one O-hour day.

Facility B «

Faci1lity B was the largest ~f the automobile brake service shops surveved.
Other services provided by this facility were front-end alignment and shock
absorber replacement of repair. The five full-tame mechanics worked from

four service stalls, O hours per day. 6 days per week. Brake maintenance

operaticons consisted of 135 to 43 jobs per veek .
Facility €

At Facility €, 8 sunicipal garage, an average of eight brake jobs per day
vere pgrforaed on cars and trucks. Brake maintenance vas performed by any
wf.the 60 auto mechanics. The hours of operatien were § hours per day, §

days per veek.
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Facility D
At Facility D, a sunicipal garage, there was an average of one coaplete
brake service job per day, taking about § hours per job, with sost of the
wehicles consisting of cars or light trucks. there were five employees re-
sponsible for brake servicing and the facility operated 8 hours per day,

§ days per week. .
Facility E

Facilicy E, a municipal service garage, e-plesed»three pecranics that
specializcd in brake and clutch service and three enplevees-that cperated
a separatec braae repair shop specializing in brake shoe and drus recondi-
tiening. The brake gechanics serviced all vehicles which included, vaste
collection, dump and light trucks, autos, and some 2- and 3-sheeled

vehicles. The shor operated % hours ~er day, 3 davs per week.
Facihiey F

Facility F, a private {leet service garage, perfermed complete autopotive
and light truck asintenance. The shop normally operated two shafts, 3 davs
per week, and there vere usually four full-time mechanics fper shift. About

one brake job week, per shift was performed.

*
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APPENDIX C

RECOMMENDED PROCEDURLS FOR
ASBESTOS BRAKE AND CLUTCH SERVICING

The National Institute for Occupational Safety and Health (NICSH) has con-
ducted research on dust exposures vhich are generated during brake and
clutch servicing. Based on data desonstrating the potential for significant
asbestos exposures during brake and clut;h ser\;icing, NIOSH has investi-
gated varicus wvurk practices wvhich are utilized in reducing asbestos expo-
gures. These investigations have indicated vacuum cleaning systess to be
the most effestive methed for minisizing asbestos dust exposures durine
orake and clutsh sen'xcing.l Vacuuz cleaner testing have demonstrated ti.
these units operdte reliably wvithin design specifiutions.z Tnerefeore,
NIOSH recomzends vacuum cleaning as the primary pethod to be used for clean-

ing of asbestos dust during brake and clutch servicing operations.

The folloving are additicnal procedures recommended by NIOSH to minimize

ashectas dust exposures:

1. bhere possible, an area shall be designated for brake and clutch re-
pairs and servicing. Entrances into this area shall be posted vith the
folloving asbestos exposure warning sign printed in letters of suffi-
ciex:t ~3i=e and contrast to be readily visible and legible:

Asbestos
Dust Hazard
Aveid Breathing Dust

Year Assigned Protective Equipment

c-l
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Do Not Remain in Area Unless Your work Requires It

Breathing Asbestcs Dust May Be Hazardous to Your Health

2. Dust shall-(irst be cleaned f{rom brake druas, brake backing plates,
brake assesblies, and clutch asseablies using an industrial type vacuus
cleaner equipped with a high efficiency particulate air filter system
(HEPA-greater than 097 efficiency for 0.5 va diameter aerosols). After
vacyuam cleaning, any rezaining dust shall be repoved using a water dam-
pened-cloth or rag. Under no circusmstances shall compressed :ir or a
dry brush be used for cleaning. If vacuua cleaning equipment is not
available the wet bru:* cleaning method may be used until a vacuum
cleaning system is ebtained. ¥here vet brushing is necessary for clean-

ing, a MOSH certified ‘respirator approved for asbestes shall be worn.

3. During brake pad grinding, riveting, and punching cperations local ex-
haust ventilatien and dust collection systeas shall be designed, in-
stalled, and maintained in accordance with the Aserican Naticnal Stand-
ard Fundamentals Governing the Nesign and Operation of Local Exhaust
Systems, ANSI 29.2 - 1977 to meet the asbestos airborne exposure stande.

ard.

4. During clutch servicing, 2 NIOSH certified respirater approved for as-

) Destos shall be vorn during the resoval and cleaning of the clutch,
pressure plate and housing assesbly, and during installation of the
nev ¢lutch assembly. Whenever possible, cleaning shall be performed

with an HEPA vacuum system as described in (3) above.
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All table and floor cleaning in areas where brakes and clutches are
repaired shall be done with the HEPA vacuus cleaner &s described in
(2) above. Crinding and riveting machines shall also be cleaned vith
such & cleaner and the resaining dust viped vith a vater dampened

cloth. A NICSH certified respirator approved for asbestos shall be used

during this cleaning.

1f not in effect, respirator programs shall de established in accord-
ance with the Occupational Safety and Health Adninistraiicn (OSHA)
standard, Title 29, U.S. Code of Federal Regulations (CFR), Part

1010.134.

HEPA vacuusm cleaner filters containing asbesteos dust, cloths or brushes
used for wiping brake and clutch assemblies, and all liquid used for
wet brushing shall oe disposed of in accordance vith u.S. Environmental
Protection Agency (EPA) regulations. These regulations state that the
asbestos waste shall be disposed of in sealed ispermeable bags or oth-
er containers at 2 disposal site vhich meets ETA c-iteria for asbestes
disposal. Alsd, the waste containers shall display the following warn=
ing label or tag printed in letters of sufficient gize and contrast

to be visidle and legidle:

. ' CAUTION
Cantains Asbestos Fibers
Avoid Breathing Pust
Breathing Asbestes Dust May Cause Serious Badily Hars

’

The EPA regulaticens for proper asbestos vaste disposal are detailed in

Tieae wwy CFR, Part 61, Subparts A and B.

c-3



”»

e — e, IS SR S

8. A NIOSH certified respirator approved for asbestos shall be worn during

removal of vacuus bags vhich contain asbestos dust.

9. Consumption of food and beverages shall not be perlittcd in work areas
where asbestos exists. An area designated for food consumption shall
be separate from the work area 80 as to provide maxisum pretection a-

gainst asbestos dust contasination.

10. if the eaployee i3 exposed to airborne concentrations of asbestos fi-
bers which exceed the OSHA ceiling level, the OSHA Tequireseat regard-
ing special clothing, change rooms, locker, etc. as detailed in Title

29, CFR, Part 1910.1001 (D) shall be followed.

- -

% The OSHA asbestos standard as of Julv , 1070 states: the B-hour time-~eight-
ed average (TwA) airborne concentrations of asbestos fibers to which any
esployee ®ay be exposed shall not exceed 2 fibers, longer than § micromerers
in length per cubic centipeter of air (fibers >5 wm’ec). The ceiling aire
borne concentration to wvhich no employee may be exposed shall not exceed
10 fidbers >3 wm,cc.

e
.N.
3 OSHA in 1975 proposed an §-hour TWA of 0.5 fibers >5 ya’cc with 3 persis-
-, sidle ceiling exposure of § fibers >§ va/ce for any pericd not exceeding
i-s,linutos. N10SH currently recommends that the TVA exposure tO ashestos
N be 0.1 fibers ’5 va'ce with & ceiling exposure of 0.5 fibers »5 yn/ce fer
any 15-ainute sampling period. .

e i ammas ® anm we ®
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APCOMMENDATIONS

the data fros this study show that airborme fiber exposure exists during

brake servicing operations, especially during brake assesdly cleaning.

While the {iDef exposures reported do not represent 100% asbestos fiber,

a potential health hazard still exists since at least 30% of the fibers

are asbestos. Also, the other fiber types may be pathogenic since animal

studies suggest that fiber shape and size may be more jmportant than chemi~
cal mature in teras of piclogical activity, and the possibility exists for
exposure to such higher asbestos fiber concentratiocas for fibers <5 um

length. Since there is no knosd safe asbestos fiber exvasuft—lcvelsx, and

clinical evidence fron 3 study of union vehicular zaintenance workers re-

ports that over 2357 had evidence of x-ray abnormalities consistent vith

ashestosls, the prudent conclusion is that a potential health haard exists

during the performance of brake maintenance operations. Therefore, approfr=

‘jate control seasures for reducing faber exposures, especially during brake
assesbly ~leaning, should be instituted at brake saintenance facilities.
This would pest be lcco-plished by using an appropriate vacuus cleaning
systea to resave all dust f{roa brake assesblies and drums. Above all, any
blov-off of brake dust by compressed air sust be elisinated. To further
protect the health of the brake sechanics, & personal respiratory protecs
ticn pregTas should be initiated. This would include the vearing of N1OSH
approved respirators for asbestos, 3 progras for proper fitting, and a rou-
tine Bainteriance progras for respirater cleaning and the replacing of fil-
cers. The peak v8 ™A exposure data indicates that it would only be neces<
sary feor sechanics to vear respirators vhile performing brake assembly

Flaanine. Tn order €0 ginipize asbestos 4ust exposures to vehicular wechan=

8
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NOTE: sf;Tct adherence to the above procedures should minimize exposures
to employee during prake and cluth servicing. These recommendations are

pased on the resulcs of research conducted by NIOSH.

Prepared By:
Division of surveillance, Hatard Evaluations, and Field Studies

Nat ional Institute for Occupational Safecy and Nealth
Cincinnati, Ohio
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