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ABSTRACT

Datae obtained on asbestos exposure of garage mechanics during
brake lining maintenance and repair'work show that fiber con-
centrations frequently in excess of regulated limits, are common,
The presence of chrysotile, ranging from 2 to 15 percent, in brake
drum dusts, was demonsirated by x-ray diffraction, transmission
eleciron microscopy, selected area eleciron diffraction and
electron microprobe enalyses, Unaltered chrysotile was found,
both in fiber and fibril form, in air and brake drum dust samples,
The chrysotile asbestos content of personal air samples, taken
during auiomobile brake repair work, was measured both by optical
end electron microscopic techniques, VWhile » positive correleation
exists between the types of measurements, the present technique

of optically counting asbestos fibers may considerably under-

estimate the levels of total asbestos exposure,
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Asbestos Exposure During Brake Lining Malntenance and Repair

Arthur N. Rohl, Arthur M, Langer Mary S. Wolf{f and Irving Weisnman
Environmental Sciences Laboratory
Mount Sinal School of Medicine
of the City University of New York
New York, New York 10029

Introduction

buring the past decade, significant disease risk has been found associated
with the inhalation of asbestos fibers in a number of occupational and
environﬁental circumstances other than 1n asbestos mining, milling and
manufacturing, where serious bhazard was already known (Wagner et al,,
1960; Newhouse snd Thompson, 1965; Selikoff é3431,, 1964, 1965; Harries,

1968).

Such exposures were found in the construction industry and in shipbuilding,
#s well as in other industrial settings where asbestos products were used.
More recently, asbestos exposure bas been suggested to occur during auto-
motive brake lining repair and installation work, and measurable concen-
trations of asbestos fiber were observed in the work envircnmens of work-
men involved in these operations (Hickish and Knight, 1970; Batch, 1870;
Boillat and lLob, 19?3). With limited data availsble, however, tmcertzinty
ré;ained regarding the type &nd extent of asbesios exposure during tiais
work. Some investigators have questioned whether free asbestos fibers

survive the high teanperatures produced during braking action (Iyoch, 1968;

* This rescarch was supported by Cecntcr Grant ES 003828 of the Nztionzl
Institute of Environmentzl Health Sciences of the U.S. Depart-ent of
Health, Educetion and Welfezre., Assistance was also provided in pa2r:
by the Health Reseazrch Council of the City of New York H2C U 2328 2nd
by the Ford Motor Company. '
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A
Hickish and Knight, 1870; Hatch, 1970) contcnding thet zsbestos decomposes
as 8 result of the high point contact temperatures produced at the inter-

face of the brake drum or disc and brake lining.

'We have sought to obtain intqrmation concerning asbestos exposure of work~
men engagednin brake lining maintenance and brzke shoe iustallstior, by
'analysis of residual dusts recovered from brake lininge and by direct
weasurement of the free asbestos fiber content cf workroom air in areas
where these operations take place. In the United States, an estimated
work force of at least 900,000 auto mechanics 2nd garage workers are
potentially exposed to asbestos in the servicing of both brake sud cluteh
linings. Furthermore, much brake dust enters the general environﬁent
during automobile use (Jacko #nd DuCharme, 1873), to add pore to the burden

of sasbestos air pollution (Selikoff, Nicholson znd Langer, 1872),

Asbestos in friction materizls

In the United States, an estimated 118 millicn pounds of esbestos is used
annually for the production of brake frictiop materials (Jacko and DuCharme,
1973). After processing (cutting, grinding, punchirg), the asbestos in

the matérial s0ld 1s approximately 103 million poimnds per year. In acdition,

g#sbestos contained in automotive clutch friction mzterials amountis to 4.5

million pounds annually,

-

Major constituents of brazke linings

A nunber of materials are commonly used in the manufacture of the tbhree

major automotive brake lining components (binder, fiber reinforcer, end

property modifier). These are listied in Table I.
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Binder:

Fiber:

Modifiers:

3=

A‘,j/ouxan/

The binders used in t automotive industry today are pri-

————— e tem

marily(;;;nolic-resins, which are noted for high bindirng
efficiency and ability to withstand pyrolytic dbreakdowa.
Otber materials bhave been used, in varying proportions, i=-

sddition to resins, for binder improvement (Table I).

For fiber reinforcement of the friction product, chrysotile
asbestos 1s used almost exclusively. The nineral typically
comprises from 40% to 50% of the brake product. Fiber grzzes
4 through 7 are used, and occasionelly, several sizes are a2d-

,.1..

mixed or even calcined to improve’ stren honing,caaracter—
—~——
istics,

\) M"
4’ l;,:ﬂ“,w’

Perhaps the widest range of materials used in friction profuct
ere the property modifiers. "Nineteen representative coiﬁb::ds
are listed in Table I. Modlfiers are used Ior a rusdber of
purposes; they are included to increese brzke shoe "depsitr,”
making the brake surface eble to withstezd high pressures
(e.g., barite); they are included as "lubricants” to reducs
the coefficient of frictlion along the breze surfzce, and

"

thereby prevent "grabbing” (e.g., lead coapounds); they zc:
s “"friction agents” increasing the coefficient of frictio-

and enhancing the braking esction of the shoz (e.g., bracss
chips); they act as internal "abrasives,” which help to

“recondition” the braking surface znd re=ove deposited cz-
composition p{oducts (e.g., yYottenstone, quertz); ther zct
s "heat sinks,” reducing binder pyrolysis and fiber de-

composition thereby extending the useful life of the

lining (e.g., brass chips, rpetals, etc.).

[4

{
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}j'yﬁ §<;3inings (hardness 3-3.5)), degreading them prematurely, Therelore, re-
\ \ — ___,./’/

‘

it is important to note-that one major purposc of the reconditioning
aponis is to retard ithe formation of forsterite (& mineral notl originally
present in the brake material, but created by dehydroxylation and re-
crystallization of chrysotile asbestos &t high temperatures) which may
sccumulate on the surface of the brake lining. The hardness of the

forsterite (Mohs, 6.5-7.0) is such that it tends 10 score and gouge brake
T T T e e -._-...__-.....\

T e e

"erystallization of chrysotile to forsterite is an unwanted cffect,

> hindered inaofar as possible by the modifiers present in the matrix,

Materiels of biological interest

Asbestos, quartz, and heavy meials are constituenis of sutomotive brake
linings, each  warranting gpecial consideration from the viewpoint
of biological activity, The focus of this repont js limited to the problem

of chrysotile asbestos exposure,

Mechanisms of depgradation of brake linings during use

Brake wear is dependent upon many factiors, such as the temperature gener-
ated st the surface of the brake shoe during braking operations. Al any
onc time, only m small percentage of the rubbing area is in contacl with
the wheel, with "hot spots" generated, ranging up io 800 to 1,000°C e

(Carroll, 1962; Anderson, 19698), it is not uncommon during moderate Py Ul Tt
J’

: ‘.

rAx s (g
(IR

Somc investipgators have suggested that, in addition io binder pyrolysis, }ﬂd-

braking sction, to sttain iemperatures as high as (500°C (Anderson, 1960) )M 1 o/

chrysotile completely dehydroxylates under these conditions and “reduces
to powder" where it is swept off the brake facing (Carroll, 1962). How-
ever, this hypothesis is oversimplified, in that other important pro-

ceeses, besides thermal wear, contribute to shoe brecakdown, snd brake

8005 1871 PQ
I T

PRODUCED BY FORD

shoe degradation,

|



N}

(burwell, 1857), For example, the effects of abrasive wesr snd macro-
ahear have been investipated. When monitored by
x-ray diffraction, chrysotile in brake materials displays structural strain
snd subsiructure fragmentation, ceaused by shear during braking processcs
{(Muzutani et al,, 1973). This shear gtrain produces material Tatigue

which, with binder pyrolysis, can cause brake lining disintegration at

temperatures far below those required for chrysotile dehydroxylation.

Therefore, brake lining disintegration may liberate partially altered,

or unaltered, chrysotile fibers,

Thermal decomposition of chrysotile

Differentieal thermal analysis indicates thati chrysoiile undergoes ce-
hydroxylation at 65000 to 68000 and recrystallizes (anhydrous magnesium
silicatc'to forsterite) (Mg25i04) at about S]OOC to 820°C (e.pg., Martines,
1966; Daykin, 1971; Berry, 1971; Monkman, 1971), These temperature ranges
are subject to greail variation as & function of the chemisiry of the fiber,
particle size, instrumental variations, sample packing, etc. Also, for-
slerite has been noted io form, during prolonged static heating, at con-
siderably lower temperatures (Bates and Comer, 1857; Mnrtipcz, 1966;
Brindley and Hayami, 1965; Naumann and Dresher, 1966). In general,
'temperatures in excess of 570°C are required for dehydroxylation end in-
cipient forsierite formation in chrysotile. Extensive study of both ihc
thermal behavior of chrysotile and brake lining composition and design

indicates ithat chrysotile fiber may survive in the decomposed lining dust,

Analysis of brake drum dust (decomposed lining)

Ten samples of automobile brake drum dusts were collected and examined

by optical microscopy, x-ray diffraction, transmission electron microscopy

8005 1872
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and scanning electron microscopy with microchemical dapability, for the

. »
purpose of determining the presence or absence of chrysotile,

Optical microscopy, employing polarized light, waé generally not useful
for detecting asbestos in brake.Qrum dust, A nﬁmber of factors are con-
gsidered responcible for this phenomenon including the low relief and bire-
irirgence of chrysotile and the nature of the matrix, consisting largely
of roed duet, resin binder and pyrolyzed residue, wh;ch in optical micro-

scepic preparations, readily obscures the smaller asbestos fibers.

X-rey diffractometiry, in the cortinuous and step-scar mode, was performed
on #11 dusts. Chrysotile reflections (hkl = 002; 020; 004) were observed
in 211 ten samples. The weight occurrence ranged frca about 2-15 percent,
with ar averzge ranging from 3-6 percent.~ lead-phases, quartz, calcite,
ricz, clays, borite, graphite and alpha-iron particles were identified

ge well, In several samples, wezk, diffuse reflectiozs suggested the

presence of forsterite, but positive identification could not be made

using this technique,

Identiiication of chrysotile by electron microscopy

Transnissiorn electron microscopy, selected area electror diffractiorn and
eiectron microprobe analysis of the brake dusts were carried out on each

of the ten esamples after preparation by a technique which disperses the

g£l81 SQ08

dust particles in a nitrocellulose film without alterizng particle size

* We achknowledge the cooperation of the United Automobile Workers, Local
Union =259 and the Automobile Dealers Industrial Kelations Associztion

in helping us obtain these samples in auto maintenarnce shops in the New
York area. ZLach sample was tzken from “a typical jod' under way at the

time,
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distribution., Free chrysotile fiber bundles and fibrils were observed

in allitcn samples (Fig. 1). - Selected area electron diffraction
a#aly;is of representative fibers deconstrated the preservation of the
chrysotile structure (Figs. 24 & B)., Some patterns displayed arcuate
reflections sugpgestive of interfibril rotation and intrafidbril displace-
ment (Figs. 2A & B). Occasionally,:tibers were observed without charace
teristic chrysotile morphology, with mottled surfaces zad obliterated
fibrils, indicating partial or complete recrystallization. Electron
diffraction patterns obtained from‘these particles displayed polycrystal-
line characteristics of multiple random reflections or Debye-Sckerrer
rings rather than the distinctive single fiber chrysotile pattern (Fig.
2B). Microchemical analysis with a probe technique oz the uxzltered
fibers showed them to possess the usual Mg:Si ratio of ch;ysotile (fig. 3).

In addition to free chrysotile fiber bundles_and £ibrils, chrysotile ‘was

e8lso frequently observed projecting from the margins of binder frazments
Free asbestos fibers present in the decompossd liring dusts
were sized at 42,000X magnification. The results, seex in Table 11, show
that most fibers are too small to be seen by optical ricroscopr; al=ost
all of then are shorter than 0.4pn in lengtih; virtually all are of
respireble size, Hatch (1970)‘in reporting on opticzal fiber counts
oEtained from brake cleaning operations with compressed air jeit, found
tﬁat 94% of the fibers fell in the 2-5um length category, while only 6%
were lopger than Spyr. Jacko ard DuCharme (1973) made size distribution

measurements of asbestos fibers in brazke dusts generated cduring dyoo-

o.nd,

b,

mometer tests,»using both optical a2nd electron microscoprr. They
8t magnifications of 22,000X, that 30% of the fibers wers Ifroo 0.25 =
to 0.50m in length 2nd that 60% were longer than 0.50,=. Sore dis-

Crepancies between our dazta and those of Jacko and DuCrezrre nay be
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sttributed tc their use of a lower magnification (22,000X vs. 42,000X),

at which fibers shorte£ fhan 0.20un may not be easily seen or identified
on the electron microscopic s;reen. Thus, both the optical fiber count
data in other studies and the electron nicroscopic fiber size distribution
data indicate that the chrysotile fiber population generated.by brake
wear is a strongly skewed one, with almost 211 fibers concentrated in the

smaller than Spym region., No attempt wes made to size the asbestos-binder

“particulstes.

Personal air s=2mpling during brake revzir work

Personal air sampling for asbestos exposure during brake lining maintenance
and repair was czrried out at franchised auto dealer garages, taxi fleet
repair shops 2ad a municipal truck repair shop, all loczted in New York

»
City. Persorzl air samples were taken during and._after brazke repair

work and at vearying distances from the %ork sites in other areas of the
garages and shops. The latter samples sere intended to provide inforumation
concerning levels of asbestos exposure shich garage employees other than

those doing brazke work might experierce,

Asbectos exposure during auvtomobile brake repair work

Ailr samples were first taken in the breathing zone of mechanics doing

brake repair work. These peak exposure neasurements were taken over periods

of 3-8 minutes during which the workers were blowing dust from brake drums.

- —

* Assistance 3z providing opportunity for sawpling was given by the
Department oi Alr Resources, New Yorx City,
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The air samples, taken on membrane filters, were processed, and fiber

counts made in accordance with the procedures which hz+ve been adopted by

-

the Occupational Safety and Hezlth Administration (05Zi) of the U.S.

NO
<
~N
« Dopartment of Labor (Bayer, Brown and Zumwalde, 1575). Essentially, the
Y, - .
'vf§j snalysis consists of counting fibers S5pyr to 200p=, in a fixed area of =
\§\0'
23 \3 ) Porton graticule, using phase contrast microscopy at a mazgnificzticn of
~ T’“ ') .
\3 \é ?T \; 400X. This microscopic method enhances image cortrast znd allows large
N~
oo N e s
‘ﬁf-\, )/ ¥ asbestos fibers to be readily seen and counted.
™~ L&
s oA ;
r% ?\ .%'\-‘o
E§ N f?fg When a vehicle is brought into a repzir shop {or brake lining iuspection
Sy
. ~ ,
Q% J § § or replacement, the wheel is removed and loose cust is removed frou the
\ xl Y
} f\,'g A drums and back plates, genecrally by means of a cozpressed 2ir jet. A
NI
- L
N- < S{§F recent survey of brake repair establishments in Bzltizore zund wWashington
-~ £ v
© ~{ E‘? revealed that this is the standard method in those cities (Castleman et al,,
.g 15y ' Y .. e e =t _: - ’T“ Pl
- 39 e e e e e e
’ 2 1% . 1e73). A similar situation exists in New Yorl City. Ths cloud of dust - !
WO e i . . . - 2
) o that is produced 1s visible for several minuvtes 2fterzzxrds \(Yig. 4). YN AL STV
< ¢ N . VS e
S < \a TS e 7 N e
= _§ Sc%, Table I1] shows that fiber concentrations are high inr the operztor's P Gt
e\ %> e}\ ’ .
:\*5 f%“wa area under these conditions (an average concexrtratzicn of 1€ fibers/ml),
~
*3 \ 2
5 5 ~ 3 and that there are significant concentrations 2t least 20 feet away.
& e - . —
N i . — .
% kﬁ"‘f~f\ /Backg*ound or area sampl:ng durxng the same operation shows that, at ~-
) tll ‘\':).
Ry «
g N '§:s ! least 14 minutes after jet zir blowing and up to 75 fezt eway, asbestos
Ygé !
3 N ;:t;//>concentr§339§§h§re §;31}ﬁmeasurab1e even by-ggy-col m::roavopy. - The data
.\\ \ e e —— T e e e e T et TR O
7 in Table 111 indicate that an asbestos concentiraztion grzdient, deperdent

on distance apnd time, is associated with this operzticx, It is evident

that any person 65-75 feet away con be exposed., Currszt (interim) regu-

or nore, louger

lations of OSHA prohibiti concentrations of 5 fibers/ol

than 5pym, as a time-weighted average for workers, and concentrations

sbove 2 fibers/ml will be illegal after 1976, Regulations set 2z pezk
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concentration (maximum excursion) of 10 fibers/ml of zir. XNewly proposed
standards are desigued to set a limit o! 0.5 fibers,'=Z (500,000 Iibers/ms),

with & maximum excursion of 5 fidbers/ml.

It was generally found that there was minimal, 1f anr, effort to control
dust in most gerages. Workmen do not use resﬁirators protection. There

was little awareness of the potential hazard of braks dust,

In & sinpgle instance brake drum cleaning was not donz with a compressed
air jet, but with & dry hand brush., Fiber concentrations were sorewhat
less (2.5 fibers/ml) at the operator, but background —evels 12 feet away

were the same as with air jet cleaning.

o

!
i
.

Asbestos exposure during truck brake repair end inst:-lztion work / /‘”'""M
; /’_, & jl)v‘JA.

Personal air sampling was zlso conducted at the New Yori Department of, /"/ L %)
XX'\M/; /“'\ LU

Sanitation truck repazir shop, where various kinds of zrzke apvlzcatlon VR I NP

e T T T | e ——————e S e v.~..-/ W.f /"v'f,&J
and repair work are performed. Aszrge proportion of used truck brake ,\M‘M/,*AJ
- — —— ’
. : , \ et Ll Ty
linings .are salvaged by grinding the surfsce to remosz gre2se and :m-—\, /
e e e T T

—_—

perfections on the surizces, &nd the edges of new lirzirzs are beveled on\,

~s . .
2 grinding wheel or arcing machine so that the brake i1l grip properly ﬁ:@‘/ﬁ“
Loy I

(Fig. 5). Holes are drilled or punched into the bral: lining, which is aucried meaat
Fraldinnn ad)
are sircile /]’Whl{f.r

T
to those done during the mznufacture of brake shoes. Tzble IV sw—arizes '{"‘-»’Akv‘n;,

w

then riveted onto a steel plate. Some of these operzzion

the results of personezl 2ir sampling in the course of this work., During
light grinding of truck brake shoes (Fig. 6), an aver:;s peak concerntra-
tion of about 4 fibers"nl was found in the breathing ->ne of the oparztor.

The data show that meazsurable fiber concentrations 2r: fowmd 25 feet or

more away, At a distzance of 25 feet, for exanple, 2 -o-xcentration of
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1 fiber/ml (1,000,000 1ibers/m3) was found, Much larger numbers of
sborter.tibers would siﬁultaneously be inhaled., During the beveling of
truck brake shoes on & grinding machine, very high concentrations of
Zibers were found in the vicinity of the operator. The average of five
‘air samples was about 37 Ifibers/rl, Area samples, taken up to 30 feet
away from this operation, demonstrated the presence ;f airborne fibers.

It was of interest to note that, at the time of this sampling, from 8~15
other garzge mechanics were working within this perimeter and were exposed
to asbestos. Fiber levels for othef kinds of operations at the truck

garage are given in Table IV,

YTD Boillat and Lob (19873) hzve reported fiber concentrations measured durlng

l)fp 1} ‘\(§§§Z£:;§)hoaes for rivets and grinding. They found values ranging from

/l\l}f 0.3 to 28.2 fibers/ml; four of the nine values exceeded 5 fibers/ml.

1

P

A comparison of fiber levels visible by light microscopy
and electron microscopy

In the ten brake drum duzt samples examined, it was found that asbestos
fibers shorter than 0.4~ predominated (Tzble I11). The OSEA Asbestos
Standard does not reguire that short fibers (< 5pm in length) be counted
or controlled. This oversight may have considerable biological signifi-

cance in that sm2ll chrysotile fibers readily produce asbestos disease

(Bolt, Mills, and Young, 1964, 1965; Davis, 1965; Pott, Ruth, and oo
(@]
. o
Friedrichs, 1872; Wagner, Berry and Timbrell, 1973; Bilscher et 21., 1970). %
-—h
Attention has recently besn eagain called to the potentizl importiance of f:
: - o0
this question (Bouhuys, 1275).
There is little published information on the numbers of, znd sizes of,
subnicroscopic asbestos fidbers in occupational exposures. The present
PRODUCED BY FORD




study afforded an opportumity to collect dat;'on the relationship between
submicroscopically~ and optically-visible fibers for this specific in-
dustriallexposure. Eight air samples were selected for both light and
electron microscopic examination, 8Six of these were takenAduring brake
drum dust removal operations with optical fiber counts recorded from 0,1
t0 3.6 fibers/ml. The other two samples were fgken during light érinding

o? automobile brake shoes,

Preparation apd analysis of air samples

One square centimeter sections of the eight mémbrane filters were mounted,
dust side down, on microscopic slides and a2shed in low temperature acti-
vated oxygen to remove organic materials. The ashed residue was dispersed
in a drop of nitrocellulose solution. The dispersal was accomplished by

& "rubout" technique using the ed;é of 2 watchglass (Nicholson, HRohl and
rerrand,-1973). By this method large asbestos fiber bundles are broken
into their constituent smaller fibrils end large sgglomerates of inorganic
materials, which normally obscure the presence of asbestos fibers, are
broken into particles small enough to allow virtually all asbestos to

be seen. By pleacing & second slide over the ground residue and nitro-
cellulose solution and then gliding the two slides apert, a thin film is
produced. The dried film is cut into segments which 2re then floated

ogf in water., The film is mounted onto Formvar-coatec electron micro-
scopic grids, Typically, four grids are prepzred fro- each sample and
one square on each grid is scanned in the electron microscope at‘42,000X
magnification to determine the quantity of chrysotile preseni. By esti-
mating the length and diaméter of each fiber, and assuzing & cylindrical
fiber geonetry, the mass of chrysotilc per grid square is determined.

Representative electron photomicrosraphs of chrysotile fibers and fibrils

8005 1879

PRODUCED BY FORD




IS
Y Ju l‘.ut/»/&/ /"'.\”j‘; RIAC rfbw»\),z’/uj,

. 1
¢~ ere sbown in Figs. 7 and B, I({-A.)N,cj . -.r)ﬂ./\.l. {/4‘& /vm.?l.z\aﬁ—,v rCLgp_
* B NMacern TP .z,; A/{;,.tuv;,f.-‘,\ '\Aj».r (J
"}’Vf%jz‘ﬂfﬂﬁav.b-t {\144\« \-’-/;\ww//) //‘/-/"
Results i) dhd Ao ik fovtices 2 AN Y
. "?"'"{-LL'/)/ v /'.ivﬂ_",(,\, /{lrl(’-/d// “’V»”,fl\,b (/-Jl

A comparison ol the optical mlcroscopic fiber counts and the electron /7 .
/ 28 14%73,

wmicroscopic total asbestos masS'calculations obtained from the eight AL Qand EL

RN ~/¢u \MZV

samples is shown 1n\133;e V. Figure 9,)showing the same data, is plotted /o <4

¥
Al s
M gt

on logarlthmic paper, and visual inspection indicates that a positive

correlation exists between the optical and electron microscopic results,

For example, from these data it may be possible to predict that, during

f&'j the grinding of new brake linings, a worker could be exposed to zbout
)‘n"/”ofﬁv"h @per cubic meter of asbestos daily in circumstances in which the
,J'5'-7 1 time-weighted TLV of 5 fibers/ml would not have been exceeded. Similarly,

Figure 9 shows that, since a microgram of esbestos represents on the
order of one wmillion fibers per cubic meter of air (of greatly varying
diameters and lengths), extremély high concentrztions of submicroscopic
fibers are present up to 65 feet awey fror brake repzir work (e.g.,
sample No., 5), even though fiber levels in such a2 czse are bazrely de-
tected, 1f at a2ll, by the standard optical counting technique. These
limited data indicate that the standard (03BA) opticzl fiber cvounting

wmethod may be a useful index of total asbestos exposure, at least in the

case of sutomobile repair work, They alsc indicate that the totzl ex- g
posure is much higher than the OSHI technique recoréds, in terms of as- &
ﬁestos fiber nunmber, mass and surface a2rez. Additionzl studies relevant (Z;,
to this and other kinds of asbestos exposure are neeced to confirm and .

extend these findings, It is important to notc that particles of esbestos- m

f j conteining pulverized brake lining weére not included in this mass deter-
l) mination, Their importance, in terms of biologic potential, is presently

unknowt, /
) Lo Orpona. AL N -'J
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Sumnary and Conclusions

1.

Chrysotile asbestos fiber is & majoxr component of brake lining
materials, Degradatidn of the lining is brought about by a combina-
tion of factors, which include thermal stress, material fatigue and
shearing., Modifying agents &re included in brake linings which lower
the contact temperature between the lining &nd wheel interface; this,
in turn, prevents birder pyrolysis and chrysotile fiber debydrozyla-
tion. The ampunt of chrysotile fiber which survives the braling
operation is related to a nunber of sdcitional fazctors, including
some which are exterunal to the properties and quality of the lining
itself, As a consequence, degradation may occur ut temperatures
significantly lower than that required {or the dehydroxylation of

chrysotile, with the persistence of fibers.,

Ten samples of dust were taken from zutcmobile brzke dries in Nex

York City, 2nd analyzed, Optical microscopy wezs of lirmited use-
fulness, X~ray diffraction analysis, using both continuous and stiep-~
scan modes demonstraied the presence of chrysotile in all dust szzples.
The proportion of chrysotile ranged from about 2-15 percer:, arnd
gveraged about 3-6 percent, This included both free fibers and
chrysotile which survived in pulverized binder as particulates.
Forsterite, the therzal transformation product of chrysotile could

not be uneguivoczlly identified by continuous scen x-ray diffraction.
The presence of chryzotile asbestos in the ten dust sample:z was
further verifiec by transaission electiron microscepy, selected zres

electron diffraction 2nd electron microprobe analyses, Chrysotils

was found, both in fiber and fibril form, with unzltered siructure
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and chemicalycomposition. Its frequency:of occurrence was consistent
with, but lower than the quantitative detcrminafion nade by x-ray
diffraction apalysis. However, it should be noted that x~ray diffrac-
tion analysis is based on both free fibers and fibers present ir clumps;
the latter would obscure thc_présence of discrete fibers on electron
microscopic sfudy. In addition to ﬁnaltered fiber, partially altered

and completely recrystallized fibers were also seen,

Size distribution analysis at 42,000X magnification ir the ten samples
indicate that sbout four~fifths of all chrysotile, in fiber form, is
shorter than 0.4pynm in length. These fibcrs are too sm2ll to be seen

by optical microscopic techniques.

Personal air sempling was conducted during brzke repair work in auto-
robile garzges in New York City. Standard optical microscopié pro-
cedures for fiber counting were used. 1In saunples tzken in the vicirp-
ity of repa2irmen blowing dust from automobile braks drurs with cox-
pressed gir, an average concentration of 16 fibers/ml1 was rezsured.
Background end time-lapse samples indicate thet mezsurzble concerntra-
tions exist at least 75 feet from the work site ard for at least 14

minutes after jet air blowing.

Personal air samples were taken at a municipal truck repair fazcility
where various brazke fabrication and applicatior opsrztions are per-
Jormed. Grinding of truck brake shoes resulied in 2n average con-

: . 3 . .
centration of about 4 fibers/ml (4,000,000/r” ), Luring beveling, an
average fiber coumnt of 37 fibers/ml was measured. Ixposure levels

during drilling, punching rivets and cleanup were zlso meazsured,
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Background mezsurements show that fiber concentration gradients are

produced during truck brake repair and application work. During

light grinding ol truck brake shoes, measurable fiber concentrations

were found 25 feet or more away, as well 8s up to 30 feet from brake

- beveling operations. The background measurements, during both auto-

mobile and truck brake work, indicate that many employees in garages
other than brake lining workers are potentially exposed to asbestos,

including other mechanics and shop management,

Eight‘air sarples taken during automodbile brake repair work were
analyzed by both optical and electron microscopy. A positive corre-~
lation was founc to exist between optical fiber counts (> S5ym) and
the total chrysotile mass calculations based on sizing all fibers at

42,000X magnification. These data indicate that standard (OSHA)

optical fiber counts may be & uséful index of total free asbestos
exposure during brazke repair work. They aiso demonstrate that the
total free asbestos exposure, in terms of fiber number, mass and
surface area is auch greater than the optical counting techniques

indicate,

Attention is called to the fact that in addition to esbestos, other

" biologically active substances, including free silicz and lead com-

pounds, have beea identified in brake lininz dusts. Their concentra-

tions in brake sork environments are not krown, and warrant investi-

.

gation,

Potentially hzr:zrdous asbestos exposure exists during automotive
brake servicinz. It has been reported that azpproximately 900,000

persons sr¢ enploved in such work in the United States. It is
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17
recommended that stringent industrial hygiene meazsures to control

exposure be inmplemented as rapidly as possible.
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Tabie 1

-

Common Components of Automotive Brake Linings

gt b

Binder 04q45b~7h Fiber Reinforcer Property Modifier
. .
Phenoh—é} esin Chrysotile asbestos lead compounds
: (grade 4-7)
Rubber ’ Zinc compounts
Tire scrap 3 -~ Unaltered Antimony oxide
Pitch 3 - Calcined Iron oxide
- Mixed fiber
Cork 1 Copper metal
Gilsonitel y&i Brass chips
Cashew nut,resin Clay minerals
? Boron compounds Barite (Basoq)
déb»unn% p{ﬁo Yollastopite (CaSiOB)
. . ’ . . u i
&W4(Mxihfﬂ/.‘.ﬁ/f\'ﬂ Ilaare f«‘x’j/vi;oi Q artz (S 0 )
Cryolite (VasAlr )
Rottenstione (5102)
Coke (C)
Cozl (C)

Cilsonite (C)

Graphite (C)

Carbon black (C)
Molybdenum sulfide (Mosz)
Fluorspar (Carz)

»  Chrysotile fiber constitutes about 50% by weight of most auiomotive
brakes currently manufactured in the United States.

»* Sece Carrol,

1952 Anderson, 19869; Anderson, (19743 Jacko and DuCharnme,
1973; Bark, et

ai 1975,
1973
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Table II

Length Distribution of Chrysotile Fibers in Brzke Drum Dust

Fibers counted and sized 2t 42,000X%

(all fibers have diameters frcxm 2502 to SOOX

Sample  750-1500%  1500-2230%  2250-2000% 30006-37503 Total
1 40% 345 11% 11% 95%
2 32 23 32 - 87
3 20 25 : 25 - 70
4 26 37 25 i o6
5 57 17 4 - 78
6 23 g 12 12 56
7 S0 26 21 2 99
8 29 30 21 17 97
9 6 4 18 10 75

10 11 - 6 31 31 79
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Table 111

Asbestos Concentrations During Automobdile Brake Service

(fibers 5-100p in length, counted by optical microscopy)

Operation

Blowing dust out
of brake drums
with compressed
air Jet

Background
samples taken st
varyipng distance
and lapsed times,
after brake drun
blowing

Cleaning brezke
drums with dry
brush

Background sam}les

taken 3 minutes
after cleaning
brake drums with
dry brush

Fiber Concentration

. Number of (fibers/ml)
Distance samples AMean Range
3-5 ft, 4 16.0 6.6-29.8
5~10 ft. 3 3.3 2,0-4.2
10-20 ft, 2 2.6 0.4-4.8
. Concentration
Distance from Time
operation lapse (fibers/ml)
10 rt. 0 min, 0.3
20 ft. 0 min. 0.8
12 ft, S min. 0.2
50 ft. 5 min. 0.1
65 ft. 7 min, 0.1
75 ft. 14 min, 0.1
Fiber Concentration
Number of’ (fibers/ml)
Distance szmples  Mean Range
1-3 it. 2 2.5 1.3'306
12 £t. 3 0.1 0-0.2

The pew proposed Asbestos Standard of the U.S. Department of Labor

records asbestos exposure in fibers/ms,
respire approximately 8Bm
unstucdied proportion of imhaled fibers,

noting that a2 worlsaen might

of air per working day, retaining an

The zbove table omits

reference to air content of fibers < 5p in length,

-
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Table 1V~

Asbestos Concentrations During Truck Brake Service

(Fibers 5-100p in length, counted by optical microscopy)

Operation

Rerewing used
linings by
grinding

Background to
grinding used
linings

Beveling new
linings

Rackgrournd to
beveling new
linirgs

Punchinpg rivets
into breke
Jinings

Chipping ryust
off used brake
linings

Sweeping floor
around grinder

Bzckground to
sweeping floor
around grinder

Fiber Concentrotion

Number of 4 (fibers/ml)
Distance samples Mean Rarge
3-5 2t. 10 3.8 © 2.7-7.0
10 ft. 2 1.5 1.2-1.7
25 ft. 2 0.8 0.6-1.0
60 ft, 1 0.2 —
3~-5 ft. 5 37.3 23,7-72.,0
8 ft. 1 0.6 —
12 ft. 2 0.4 0.3-0.5
30 1t. 1 0.3 -
3-5 ft. T2 1.5 1.9-2.0
3-5 It. 1 2,4 -
3-5 ft, 1 3.5 -—
15 ft. 1 3.1 -
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Table V

Comparison of Optical and Electron Microscopic Fiber Counts

Operation

Blowjng dust off drum
with eir jet (10 ft. away)

Background to blowing out
brake drum (10 ft, away)

Blowing dust off drum
with sir jet (20 ft. awsy)

Background to blowing out
brake drum (20 ft. away)

Background to blowing out
brake drum (65 {t. away -
7 minutes after blowing
stopped)

Cleaning brake drum with
hand brush

Light grindings of new
linings before installa-
tion .

Light grinding new linings
before installation

Optical
Microscopy
{fibers/m1)

0.3

0.4

Electron
Microscopy
ug/m>

1.27

0.2

53.0

66.0
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Figure 1.

Flectronphotomicrograph of large chrysotile bundle in brake

Other particles include

drum dust (50,000x magnification).

phenol‘resin binder and road dust debris.
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Figure 4, Removal of dust from brake drum and back plate by

pheunmatic air blowing at automobije garage.
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Fig. 6 "Renewing of municipal truck breke linings by light grinding

to remove grease and dirt.
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Fig.'? Electron photomicrograph of air sample taken during

brake drum blowing ( s_zfe sample # 4, Table V ) , Lzrge numbers ( 70 -
100) of chrysotile , some of which are masked by granular particulates,

presumably road dust. ( 87, 000 total mzgnification )
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