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Te: bsbesios Study Commitiee

Subject: Houni Sinaj (Dr. A. N. Rohl} Faper: "Asbestos Exposure
during Brake Lining ¥Maintenance and Repair®

On February 6, 1976, | advised the Asbestos Study Commitiee that 1 had
received 2 paper entiiled "Asbestos exposure during brake lining main-
tenance and repair® frem Dr. A. N. Rehl of Bount Sinai. You may refer
to my February 6, 1976 covering letter.

| have now receivad from Dr. Rohl copies of page proofs of that article
as it wil) appear, Dr, Rohl believes, in the August 1976 issue o
Environmantal Research, :

Thig is essentially fhe same paper presenied by Dr. Rehl al {he May 1974
meeting of ihe Americen ConTerence of Govermmenial industirial Hygienisis
{AECIHE, 1 hae been up-tdated and expanded to include papers in 1974.75
for reference,

in reviewing this, | do not believe his fipures include Tiber counts of
asbeetos jonger than 5 microns on an 8 hour {ime weighted avarage (TVA)
basis. The amphasis continues to be turning to esbestos fibers shorter
than 5 microns and their measurement by other thanm optical mieroscopy, 1
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Asbesios Exposure during Brake Lining Maintenance
and Repair’

: ArtHUR N, Rowi., Arvsus M. Lascer, Mary S, Wm.rr ANT
irvang Weoisaan

Eavitnameniot Stiences Lodorainey, &lopnz Simol Sthool &f Medivine of the Ly
University of Wew York, New York, Nes Jord 10029

Reeeived Dergmber . 1975

_ Data obtxinzd on asbesins exposire of gamge mechanics during hrake ining muinenonce
. and repnic work Yhow that fiber concentmtiony fregquenyy i crcess 3f aryulaeed Baick ave
romman. The prasense of GRIYAOIR. tinging from 1 10 33%. in brake drum Gusts, wat
tigmonsiraied by Xopyy Silfmetion. ransminsion sleqirdn miczostopy, selzmted aren elctiras
diffraciion, nad clecton miceoprave aralyses, Ynshered thryrolits was found. both & Bger
and Ghril form. in 2k and twake drom dust samples. The chrysolile xbestos vontear of
porsonal air samples, taken Autiag 2tromobile Mrake repr wark, wis cedured buth by
yptical ond cloctras mwicrosctpit 1eckniquey, SUhilke 3 positive Correlptat Saivls DUween 1w
1ypes of measoremenis. tive préscnt echniqur o oplicaliy SOunsmng #:0es2048 fintry may
sopsulerably brderpaitaste the levels 0F wial #tbhesios exvsse, ~

INTRODUCTION
Durinz the past decade, significant disease risk Bas been found associsted with
the inhaluiion of sshesios fibers in 2 number of coccunutionat and envirshmentat
circumstonces other than I asbesies mining, milling und munvfiruring, where
seripus hazard was abready knows {Wagner & ol 1966 Newhonse and
Thompson, 1965 Selikoff #1 al., 1964, 1965 Harries, 1955},

Such exposures were found in the construction industry aod ia shipbuilding, as
well a8 in other industrial senings whers asbasros pregucts ware usct, More
recently. ashesivs exposure has been sugpested 10 oetuy during aunomotive brake
ining repair and instalistion work, and measurable contentations of Asbestos
fiber were gbserved in the work anvironment of workmen involved in these opeta.

_uons {(Hickish and Kaight, 1970; Harch, 1970; Boillar ang Lob. 19731 With imied

data available, however, unceriaialy remained regarding the type and ¢xtent of
asbasios exposure during this work, Some investigarors have questionsd whethar
free ashestos fivers survive the high temperatures produced during braking action

" ¢Lynch, 19468 Hickish and Kaighl. 1970: Hawch, 1570) contending that asbesios

decomposes as a result of the high point contns! iemperatures produted al 'h»
interface of the brake drum or d:sc angt brake linng.

We have soupht ta obtain infermation conterning ashestos exposure of work.
rzn engaged in brake fining maintznance and brake shoe instdintion. by analysis
of residual dusts recavened fram brake Hiwiags and by direct measuroment of the
5 | ;
This research wis supparted by {enter Grang ES A90R of the Nutipaa) tastierr of Favhonmennd

Health Sciaver of the ULS. Desswniment af Hoalth, Edueaiion and Wakire, Assilanse was shan
prkbed in ozt By the Mendth Rewarch Cuuncil of the £y of New Yok HRT U 239 and by e
Ford Mosr Campiny.
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" free ashesios Dher coment of workroom air in areas where these operations taks
place. ln the United Stawes, sn estimaied work force of a1 least SUN.000 auto
. mechanics and parmge wozkers is potentially taposed 16 asbestos in the servicing
of buth brake and elurch linings, Furthermore. much brake dust enters Lhe general
envirgrment Guring avlamobiic use {$acke and DuCharme, 1973). 1o add more to
the burden of asbesios air polimion {Selikol, Nicholson, and Langer, 1972

Asbestos in Friction Marerials .

In the Linited Stntes, an estimared {18 mithion paunds of asbestos is used annu-
aliv [or the production of broke friclion materials Jacko and DuCharme. 1973,
After processing (Cuiting. grinding, punching), the asbestos in the material sold is
approximately 303 million pounds per vear, in addition, asbzstos coniained in

attomotive clutch friction materinats amounts to 4.5 million pounds annoully. .

Maior Constitwents of Brake Linings
' A number of materials is commonty used in the manufacture of the three major
automotive brake lining vomponems (binder, Fiber reinforcer, and propernty mod-
ifice). These are listed in Table. 1. } .
Binder. ‘The binders used in the antomolive industry today 2ge primarily
phenolic-type resing, which are noted for high binding sfficiency and ability to
withsiand pyrolyric breakdown. Other materials have been used. in varying pro-

I

TARLE ¢
Caanion Covronines or Avtesorive Braxr Livtwed

Bz 3o organs

fragngn modifiera Fiber rminforser . Propeny modiflier
Poencheaype redin Chrysatite msbescos® 1.ex! compounds
Rutsher {grdss 4= Zenc compoends
Tire scrap Uasiiczed Anmany oaite
Pisch ’ Calcined . iron oaide
ok Mixad fiber Capper metal ' -
Chibaeae Brass chips
Cashew nutstel] vesin Ly mincraly

and particles Barite tBaS0O,Y
Drymnp ois Wolizsronite (C35i0,)
B 03, SR A e

Cryndus (NS AFY

Rueueasionz {500

Goke (€

Coal 1)

Lithonize ¢

Graphite {0

LCarbew) binek 1C3

Mody hdenum suifide {MeS,;
= Fuworapar (CaF )

* So¢ Carenfl, 19820 Aadervon, 1969; Andersun, 1973 Bavdo and JaCharme, 1973, fiuth, et al,. T8,
¥ Crevamils Sbr conalitiey ettt SIS by weipht af 2iost Sulmsalin e deshos sumrensdy aunaefag.
e m thy _l.‘nilcd Stites.
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Fibee. Fur fiber reinforcement of the friction produdie chrysosite ashesios is

used aimast exciusively. The mingeast 1y pituily comprises from 4D 1o 506 of the
« brake produes. Fiher grades 4 througn 7 are vsed, and occavionaliy, several sizes-

are atdmixed or even calcined 10 improve pefformance churaeieristics.

Modifiers, Peehaps the widest range of materials used in frivtion produsts are
the property modifiers. Ningieen representative compounds are histed in Table 1.
Modiiers are used for n number of purposes: they are included to increase bruke
shoe deasity,” making {he brake surface able 10 withsiand high pressures (.5,
bariie}: they are ingiuded as “lubricents” to reduce the coefficient of fricrion
along the braka surface, and thzreby prevem 'grabbing™ {¢.g., Jead camgaunts)
they act as viriction agems’ intreasing the cosificient of Iriction and enhancing
the braking action of the shoe (2.5, brass chips): they alt as internal “abrasives,”
which help to ' recondition” the braking surface and rermove deposited decompos-
fion products {2.g.. TOUENSIONE, Quartz}: they Azt 45 “*heat sinks,” reduding bine
der pyrotysis and fiber decomposition thereby txiending the usefu! ife of the
lining {2.g., brass chips, melals, £1¢.). )
" It is impartant 16 note that one myjor purpese of the revondiloning zgants ks 1o
retard the formazion of Forsierite {a minzral no1 orgimaliv prosent in the brake
material, but creatad by dehydroxylation and recrysualiization of thrysoiilc ashes-
tos af high tempersiures) which may accumulaie on the surfate of the brake lising.
The hirdness of she forsterite {Mohs, £.5+7,03 is such that i wends & score angd
pouge brake drums and dises {hardness 3-3.5), degrading them premmurely.
Troarefore . recrystaliization of chrysatiia 1o forsterite i3 an eawamed affect, hin-
dered inspinr ay possible by ths modifiers prasent in the malsix,

blaterialy of Bivlogical Juterest

Asbhesins. guartz., and heavy maials are constituents of auromotive brake Jin-
ings, #ach warranting spacial considerntion from the viewpoint of biologicat attive
tty. The foces of this report is limiegd 1o the probiem of chrysotiiz asbestos
exposure,

. Mechanisms of Degradation of Brake Linings during Use

Brake wear is dependent upon many factors, such as the temperature gonerated
a1 the surface of the brake shoe duriag braking oparations, At any cne time, oaly a
small pereentage of 1he rubbing area is in contact with the wheel, with *'hot spots™
generated, ranging up 0 800 to 000 (Carrell. 1962, Andarson. 1963). It is not
uncommen during moderae braking action, 10 WA lemmpermiures 2s-high =
SOUFC {Carroll, 19523, Some investiantors have shpgested hal, in sddnion 1o bin.
der pyrolysis. chrysotile complestly dehydroxylnes under thess conditions and
{"reduces to powder™ whers it i swept off the broke facing {Carmolt, 1962). How
:ever. this hypothesis is oversimplifigd, in that other iImportant processes, besides
thermal wear, confrituste o shoe breakdows, and bralke shoe degradarion, (Bur
sell. 19573 For example, the efients of abrasive wear snd muagroshesr have been
‘mvestigamied, Whea monilored by X-my diffraction. chrysosile ia beake materials
‘displiys strocturnl strotn and subatructure agmentation, cansed by shesr during
bruking processes {Mirsuant o7 el 1373 This shear sirpin produees masering
.fatingﬂr:_ which, with bimdsr pyrolysn. cun couse brade fining disintegnnion ot
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" aemperazures far heiow those tequired for ¢hirssotile delivdroxviarion, Therelore,
brake Hning r.immcsratmn may hiberaie pariialty aliered, or um‘stcﬂ:d thrysotite
-ﬁb:fs.

Thermal Deconpasivion ef Chrysotite
Diffareaiial thermal anadysis indicates that chevsotile undcrsﬁ*s dehydrpnyio-
tion at €30 10 680°C and recrysialiizes (anhydrous magnasiom Silaie to forsreriie)
{Mg.Si0,) a1 about $10 10 B20°C (.5, Mariinez, 1966: Daykin, 1971 Benry, 16712
Monkman, 1971 Harris, 1971). Thase temperattire rangas are subiect (o preae
_variation as a function of the chemistry of the fiber, panticle size. instrumenial
. vanations, sample packing. ete. Also, forsierite has been notad 10 form, during
proiongad static heaiing. 81 considerably lower emperarures (Bates and {Tomet,
1957; Martingz. 1966: Bringtiey and Mayvami. 1965: Naamanrn and Dregher, 1956)
In paneral. 1emperatures in excess of ST°C arp required for dehyvdroxylation and
incipient forsterite formation m chrysolite, Extensive sty of both the thermal
- benavior of chrysoile ansd brake lining composition and design indicaies that
chrysotile fiver may survive in ihe decompuosed fining dust.

' METHODS

Analvsiz of Brake Drinn Dust {Decomposed Liniug)

“Ten samples of sutomobile brake drum dusts were collectad and exomined by
omicat microstopy, Xwray diffraction, wransmission cleciron microscops and
scanning eleciron Mmicroscopy with miceochemical capabilny. for the purpose of
determining 1he presence of absence of chrysotile,”

Optical mivroscopy. employing polardzed hght, was generilly net ukeful far
detecting qshestos in brake drum dust, A numbder of faclors are considered re-
sponsiple for this phanomenon mthuding the tow relief and birelringence of
chrysotile and the natore of the mairix, consisting larpeiv of road dust, resin
binder, and pyrolyred residus. which, iy ppiical sicroscopic preparations, readily
obseures the'smalier ashestoy fibers,

X-ray diffraciomerry, tn the comtinyous and s:cpsuan mode, was performed on
ali dusis. Chrysotiie reflections {bil = 002; 020: 0B4) were observed in ail tan
sampias. Quantitative determination of chrysotiie coment was made by compari-
son of unknowns with caliprauons of chrysotile diltnion standards. The weight
occureence ranged from about 2-159, with an average ranging from 3.65%. Lead
compotnds, quartz, calcine, mica, tlays, bakie, graphite, and alpha-iron parnicies
werz igentified o well. in sever! samples, waek, diffuse refleclivns sugpested the
presence of forsterite, but positive identificaion could not be made using this
technigue, .

o‘ib

Identificurion of Chevsoile by Electron Microzcapy

, Transmission sieciron microscapy, seiecied arsa sleciron difftaction, and eiec-

IWe ackanw fedie the eovpermtion of ide Unteyd Autimobile Workma, Locl Linmn Ne, 359 aa.f 1
Amomobils Deatery Inditiid Rebaions Asoziation in heliping oy obsain thise samphs in ame
MINNCDADE hops B8 the New York e Each rampie was tuben Do 3 by pgad jub ™ gmder u.n)
A thz 1un;
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~vron microptobe amdysis of the Broke dusts were catritd oul on cach of the ten

sampics after prepatition by a icChaigue whish disperses the dust parsicles i a
w pittorativkess Fim without aliering particle size distribuipn. Free thrysolie fibzr~
buadies and fibrits were observed in all 12n sampizs {Fig, 13, Selected area elec.
wron diffemcninn anplysis of representasive fibers demonstraed the. preservation of
the chrysatiie siracture {Figs. 2A. B, Some pansms displaved artuate refiections
suppestive of imerfibril rolation and inwafibril displaceaent {Figs. 24, B). Ceoae
sionatly, fibers were obsarved without charagieristic chrysobiie marphology, with
motiled surfuces and obliiarsted fbrils, indicaiing paniul or complare recrystalii-
zation, ERcian diffracrion pallerns obtained Trom _thesy particies displaved
;

ey

Fui. t. Slevranphonsnicsopiph of Lepe nhey w'.lwhru:néie 1 bride Jrine dost KX sagnifiogy

- pond. Ciler partizhes inclngde phomi eosin Fader i famd s dedies, -
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sarapiing 0 brabe teair shops - 3a AL The recipracal 1k axis ¥ markedt a® &< are the Taver ints in the
{GK3: serms. Iniering of gpper sipht guadanl dicldcd 36 reficgians corosponding 10 single
erystad Xoray diffraciiw angtysis of Whittaher nd Zuysman, 1988, Patneen i (8 drsplay, *smear.
ing" of milectrons in & “clogiwide™ manner Juppesiing inlerpianar rniation,

; . .
" polyerysiatting charasienstics of multiple random reflections or Debye-Scharrer
rings rather thun the disiinctive single fher chrysotile patern {Fig. 283, Mic.
rochemical analysis with o probe technique on the uanliered fibers showed them
10 possess tha-usual Me:Si ratio of chrysotile. n addition 1o free chrysosile fiber
buadies and firils, chrysotite was also frequently observed projecting from the
margins of binder fragments {(Fig. 3}, : : -
Free asbestos fibers present in the decomposed Ening dusis were sized a2l
42.000x magnificstion. The resulls, seen inTabie 2, show that most fibers are (o0
small 10 be seen by optical microstepy; aimast ol of them are shoner than 0.4 pm
in lengih: vinually alf are of respirahle size (-3 am), Hueh (1970) in reponing on
opiicat fiber counts obiained from brake cleaning operations with compressed ir
Jet, found that 94% of the (ibers feli in the 2.5 pm length cxegory. while only 65
were jongar than $ pm. Jacko and DuCharme (1973) made size distribution nieas-
urements of asbestos Abers in brake dusts gentrated during dynomoamarer tests,
using both aplical and electzon microscopy. They found, at magrificsions of
I2000x thut 3007 of the fihers were from D.25 10 0.50 am in lenpth and thist 617%
. were kanger than 0.5 um. Sorne discrepancies hetsween our daia snd thuse of Jacko
and DuCharme may be attritnned to their use of the lower magnifivation {22.000X
vs A2.080x 5 at which fibers shorier than 02D pm may st be cnsily seen o
ientilied on the electron microsvopic sersen. Thus, both the optical fiber coun
Cdata in other stadies and the clectron microscopic fiber size disribution ding
. . :
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Fic. 3, Eleciron ghwtomicrogruphs of Brake drum dusts. Thiysotite 38 presens in bk Tree Tiver And
i) Torm. Cpsque grartar waternd s 1ond duet-@f phenalic bimlzr.a. x 10500 b, X9, «.

x000; 4. x30.009, .. ) ——- 3,
e H

indica!c that the chrysotile fiber population gensrated by broke wear is » strongly
skewed one, with Mmoxt alt fiders caneeniciied in the smahier than 5 pm se810n.
No atiempt was mode 1o size the asbestos-binder particulstes.

t

Personnl Air Samplinp daring Brole Repair Work
Personal nir sampling for asbesins exposure during brake lining maintenance

and repair was cafried out # franchissd puso desler garages, taxi fleel repair

shops, and 2 mupicips weack repair shop, all leengd ip New York City.? Persomad

i p

JAnigme it geevicing ppparbanty for ampnd wiv piven py e Depsrticens of Al Reuwitie,,
New Yok Cuy.
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» Fibars caunres and sized 11 43,000x : M fisers have diamesees fozs 250 eo SOOA.
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mir samples were taken during and alter brake repair work and at varying dislances
from the work sites in other areas of the garages and shops. The Iatter sampies

weare intended fo provide information concerning levels of asbesios expasure

which garnge empioyees other than (hose doing brake work might expetience.

Ashestos Exposure dnring Awsomebile Broke Repair Work

Alr samples wers first taken in the breathing zene of mechanics doing bruke
reprir work, Thess peak exposire measyrements were taken over periods of 3.8
minties duting which the workers were Wowing dust from bruke grums. The air
sampies. taken on membmne filiers, were processed, and fiber counts made in
accordance with the procedures which have beer adopted by the Oecupitionst
Salery and Hzalth Administration tOSMA) of the 1.8, Deparimntat of Labor
{Bayer, Browsn, and Zumwalde 1973), Essentiaily, the onalysis consists of count.
ing fipers 5 10 D0 um, in a fixed aren of 2 Ponen grvicule. a5ing phise Contrast
microscopy &t 8 magnification of <00, This migroscopiz mathod enbances image
contrasi and aliows inrge ashestos fivers s0 be readily seen and coumed,

- When a vehicle i Drought inlo & repair shop for brake Hning inspection or
repiacement. the wheet is removed and ioose dust is removed from the drams and
kack plates, penerally by menns of 3 compressad air jet. A recent survey of braks
repoir estdblishments in Beoltimwors and Washington revealed that this B the stang.
ard method in those cities (Castleman 27 af., 19731 A similar situation £X1s18 in
New York Chiy. The tlowd of dust thin is produced is visible for several mimutes
alternwards (Fig, 4}, Table 3 shows thar fiber concentralions are High i the
operatar’s arez under these condilicas tan average concentration of 16 Aberdm);,
and thar there are signilicant concontmtions ot fenst 20 i away. Background or .
area sampling during the ssme operation shows that, 3¢ izast 34 minttes afior jet
air blowing and up w 73 i away, ashesios concentrutions are s3ill measurnblic svan
by optical microscopy. The duta in Tuble 3 indieate that an asbesios cancentzation
gradient. dependent on distance and time, is pxsocived with this operution, 1t i
evident that aay porson 65-75 [t away can b exposed. Current (intorin) regaia
s of OSHA prolibh concentrativns of 3 fibura'mi of more. Tongor than § um, ag
E :
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Fio. Removid of dust from broks drem and Sack piaié by pReumalit an blowing &1 mnamsbile
garnge, . .

" atime-weirhted average for warkers, 2nd concenteations above 2 fibersim! will be
iflepal after $976. Repulaiions sel & peak Condeniration maximum excarsion) of 10
fibarsiml of air, Newly propossd ueadurds are designed 10 set a fimit of 0.5

Dibersimi (300,000 fiberefm?), with 2 maximum excursion of § fibersiml. v
} was peneeally founsd that there was minimal, if eay. eflor to control dust in

most garares. Workmen do not tse respiratory protection. There was littie aware-

ness of the potentia! hazard of bhrake dusy

frnstoghe mrstamve, trake drgen Cltaniag Avas wot done-with-g.compressedair
Jet, bul witk z dry hand brush. Fiber concentthiions were somewhat less (2.5
fibersimt) 2t the operator level, bul batkeround levels {2 it sway were the sama as
with air jet ejenning.

Ashesios Exposure during Truck Brake Repair anid Insiallation Work
Persunat nir sampling was alse conducied at the New York Depariment of
Sanitntion truck Fepair shap, where verions kinds of brake application and repair
wark are performed. Usest iruck bruke hnings are sabvaged by prnding the surfice
to remove prense and Jirs, and mew linines ace groend e expedite break-in, The
edpes of new lnings are bevoded o8 o grinsbing wheel of wr¢imy maching to avoid
. nobe problems, (Fig. 3). Hotes e diifiad or pustlizd ine the brake lising, which
' ]
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TABLE )
Asarsied {asuEVERM SN B NS ArTonediih Brast Sonaoeed

Fiber concentraian

‘ Distanee Nuysber of | ERermb
Dperaton 3 tampres Mesn Range
Biswing dust oul of brsske 3w + 4.0 44323
Hrums with compresscd St 3 X} 26-42
e jor | _ 0= s 26 Ca-aB
Distancc from “Tany -
OpcERiion fape Concentsnion
ey tmnin) tfiveryiml)
Hackprouad samples mken 37 P ¢
, ¥ varying dusats and 20 t £i
lapsad titmes, after brake k2 3 82
grutn blowg 5 3 Gt
’ & k] .2
rs 14 B
. Fiber contenzattaow
Distangy: Numhber of Rperdmi)
(355 smples Biesn Rangs
Cleswing Brafks dramn with
©Gry Brush 43 : 2 r (32 é
Byckygrouns sampizs Laken -
3 ménngs dfier cleaning
Yrahe Brum with doy
Pruak 2 3 : 8.4 w02

* Figers 5+ 10 pm in Jeapth. coumed by eprical pricroscopy.
? Tha oeww pnpmved Astveshos Slandant of the U 5. Dagaronem of Lt serords nyoe1ox exposure
in fibersir'. nning gt 3 workan sright 2eapire approximstely § m* of pir per warking day, rotain.
#E A onsivthod progocian of iahoisd fibers. Tz aive tabie omiis roferphte 1o Bir conteal of fders
& S um s fenph,

f] 1

is then siveisd omo 2 sieel piate. Some of these eperations are similar 10 those
done during the manufacire of brake shoes. Table ¢ summarizes the resubs of
personal air sampling in the course of this work, During igh! svinding of wrack
brake shoes (Fig, fl.ananstaes paak conpentration of shog - fitershr wos Tound
w the bredining 20ne of 46t Operaids. The 8213 show SYhut measwrabie fiper con.
centrations are foond 25 ft o mure away. Al o disianve of 23 k. for example, 3
concentration of t fiber/mi {1,000.000 fibers/m?) was found. Much larser numbers
of shoner fibers woukl simultineously be inhaled. Dorinp the beveling of wack
brake shots on a grinding machine, very high concenirations of fibers were found
in the vicinky of the operstor, The rverage of five Kir sumples was about 37
fivers/mi. Area samples, 1aken up 1o 30 i away from this pperation. demonsieated
(he presenace of sirborme fibers. ¥ was of faterest fo note that. @ the Llime of Lhis

. sampling, from eight to 13 other garage mechanids were working within this

§
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perieter 303 wore SxpeIsd 10 asbesios, Fiber jevels for other Kinds of operations
at the trudk parage are~prven-m Tehie-d,

Boiting and Loab {1973} have reponsg fiber concentrations easured during
drithng hodes for rivets ang grinding, They found vaiues ranging from Q.3 10 29.2
fibersiml: four of the mine volues exceeded 5 fibarsimi,

A Comparison of Fiher Levels Yisibie by Lipht bicroscopy and Efectron Micras-
Lopy

in the ten trake drum Sust samples examined. it was found thar asbesios fibers
shoner than .4 um predominated (Tabie 21 The ODSHA Asbestny Staedand does
Ho1 teyuite Thal shorr fibers (€ 5 sm in teaprhy be connied of controfled. This
oversizht may have considemble hivfoainad significance in thal smnil chryvaorile
hiers rondily prichice asbestox disense (Mol Mk, mad Younz. 1963, 1983,
Brisvis, 1965; Porr. Hwh, fnd Friadeichs, $972 Wageer, Beoy and Tantwel 1973
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HMitscher ef al.. 197D). Atiention has recently been apain calied to the potential
importanse of this guestion {Bouhuys, 19755 . K
Thare 1sdittitputdished information-on-the aumbers o, and sizes of, submicro-

scopiz Bshesios fibars in oscupationsd oxposuras, The preseni study aliorded an |

oppoITUNItY 10 coliect duta on the relationship between submicroscopioalily- sud
optically-visibis fibars for this specific indusirinl exposure. Eight oir samples were
selecied for both light and eleciron microscopic examinalion. Six of these were
toker during brake drem dust removal operations with optichl iber counts fe-
corded from 0.3 to 3.6 fibers’ml. The other two samplas were taken during bz
grinding of autvmobile brake shogs.

Preparstion and Analvsis of Aie Samples
One square vemimeler sectinns of the ¢ight membrane filters weaes mﬂfmicﬁ.
dist shde dows, on microseopic sHides and ashd in low Wempernture actiied
i ! '
. .- . .o :
RN W ’

Fie. & Rencwing of munitipst truck brake brings by et grinding o temdve grease and dut.

s T Y e ENVISTRASENTAL RESEARCH
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- TABLE &4

Ani> 2o Tonersesrnion Durine Tarws Broaas Sewnige®

. Fiber tarcontrazion

Dhstanes KNumbws & {Giberyml
Coemtivn 13 sampiey Mean Rangr
Renewing wsed Linvings by >
grinding 3wA 38 38 L3708
Bazigmouns 16 grindmg L - $8 1.2-1.7
used nings 3 2 LR fé=-13
&0 § [ s w-
Beschmp nww Titings Aw3 3 3.3 B3 =-N%
Backprousd 10 biveiing B 1 a.é —_
aew ihings ’ 2 2 6.4 £.3-03
3b ) 03 —
Puntching fivels ino brake
finings ’ 3-35 .2 1.3 « LS~2D
Chipmring wst alf sseg '
brade Finings 3-8 H 2.4 -
Sweeping Booy sroned '
gnndet : i-3 . H . 6 o
Bacsprhund 1o swesping -
fiaut 2round grindet s ! N -

* Fibery =100 sy in lenzh. counted by gpiical microscaey,

T T P

3 {
oXypen 10 remove organic materials, The ashed residue wis disparsed in o drop of
airrouethdess solution. The disparsal was atcomplished hy & "rubost™ techaigque
using the edze of & watch plass (Nicholson, Robl and Ferrand, 1971), By this
mothod fares asbestos Gher bundbds are broken into their conttituent smalier
fibeils and large agglomeraies of morganic marerials, which normidly cbscure the
presence of asbesias fibers, are broken into particles small envugh 20 allow virty-
alty ai asbesios 10 be seen. By piacing a second sliddz over the pround residue and
sitrocslivtoss solution nnd 1hen eliding the wo shides apan, 8 thin Glp s proc’
duced, The dried Mim & 2ut imo segments which fre Lthen Hoated ofF in water. The
fim is mounted oato Formvar-tonted electron microseppic grinds. Typivally, four
grids are prepared from each sample and one square o8 soch grid is scunned in the
cleciron microscopt at 42.000x magnification 1o desermine the quantity of
Lhrysotily gresent, By ssimalag thr Jengih and diameler of eath fibsr, 2mt a8
sumipg a2 cyhindricsl fiber geometry, the mass of chrysolile per grid sgunre is
determinest. Representauve eleciron photomicragraphs of chrysoiile fibers pml
fibrits are shown in Figs, 7 and 8. '

. RESULTS
A comparison of the oprical microscopit fiber counts and the eleciron micro.
stopic ol asbestos mass calculations obtained from the eizht sampizs is shown in
Table 5. Fizure 9, showing the same dnti, is plottad on logarithmic paper. nod
vistad inspestion fadicates that & positive corrchitiing Sxisty betvecs the opical
and cicc‘irc]n_ “;{x_icrqmopi:: resulis. although the datis are funiied sad the amauny of
f
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Fic. %, Electron psvtorfictopmph 6f nir sinple taken guting brake daum hlpwing iaae sampls No, 4,
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Tahis 5k Larpe numpers (7010 of chrywotih, sune of whick are masihed by granuler porizu-
wigs, prosimadiy tand Gust 165,005 total nuapaificnionl.
+
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scattering preciudes p regression aaalysis. For example, [rom these data' il oy be
prssitsie worprediorthat, thisimg the grovdingofvew droke finies-{Sample-Ne, -8,
Tabie 5}, o worker could b2 expossd 1o abowt 0.3 mig of asbesios daily in ¢ir
cumsianges i which the ime-weighted TLY of 3 fibers/m] would not have been
exceeded. Simitarty, Fig. 9 shows thut, sinte a miceogmm of nsbestos represents
on the order of § mitilon libers per cubie mieter of air (of gromly varying dinsieters
and lengihs). exiremely high concenirations of submicroscopis fibers nre prosent
up to 65 L away from bruke repaw work {o.., Sample No. 5, Table 53}, even though
fiber fevels in such 2 case are barcly detecred, if at ol by the stasdsrd eprecal
cotnting 1echaiguz. These brnited datn indicate that the standard {OSH A opical
{irzr couming method mayv be only a tatnonal indicator of tont asbesios vxpo-
sure, ot keast in the case of automobite repair work. They afse indizate (hat the

. fn;ut exposure 15 much higher than the OSHA fedhmigue recards, in terms of
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"pshestos fiber pumber, mass, snd surface arga. Additionat studies relevant 1o this

and-other hinds of asbesios exposure are needed 10 confim and extend thess
firatings. 11 3% imporiant to note thitt pantities of asbestos.comaining pulverized
brake fining were not inchuist in this mass dervemination. Their imponiance, in
1erms of Biologit potantind, is presentiy uninmvn,

SUMIARY AND CONCLUSIONS

(1) Chrvsatite ashestos fher is a pugor contponen! of ke fining marials,
Degrasdation of the lining & vhgit abusr by a combination of fwims, w Lhih
’ $
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TARLE §
Cotranrsns o7 Oriseas xxn Eircrras Mizgnacort By Covs e
Opiiza Llosrten
: MHCPACODY ABRIrOSCYNY
Dperarion tfitpeazml) (peimy
1. Blowing sus T drum wih o3 et FES fo away) * pAy 5.2
2. Backgrooml! (g Bowing dut bede drum U0 £ auss) &3 .3
3. Biowing dust off drum with air t21 120 f1 sway) Ha .
4. Baedgronnd ip biowing duxt brake drum (20 1 wwoy) o3 0.3
. 8, Bogkground te blowyns oul krake nun (55 R awayed
minuies &fie? plowing siappeds A el
&, Cleanisg brake dousm with hand brush 26 &3 .
1, Light prinding« of acw inings befaee incinflation 4.7 L) A
& Lizit grindiag rew hining: belore instahation 27 H6.2

- .- | P——
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inciude thermal siress. maerinl fattgue, and shearing. Mopdifying apenis ore in-
cluded in brake liningx which fower the contast temparnture benveen the hning
ant wheel interface: this, in tum. prevents binder pyrobysis angd ¢hrysotile finer
dehvidroxyiation. The amount of chrysoljie fiber which survives the braking oper-
arnan ts reluied o a number of additionat faztors. inciuding some whith are exier-
nal 1o the properiies amd quality of the hning itsell, As atonsequence, degradation
Ay peour at 1emperatares signhcantly lower than that reguired for the denvgdrox.
vintipn of ahtysotife. with the parsistesice of fiters.

{2) Ten samnles of dust were wken from muiomobils brake droms in New York
City, and arniyzed, Opticad microscopy was ol Himited useluiness. X-ray diffrac.
ron anaiysis, gsing bolh contihupous Hnd stop-stan modes demonstrmied thd pres
eace of chrysolite in Bl dust Samples. The proportion of chrysetiie mnged from
abowt 2-15%, fod averaped aboul 3-8%. This inciuded both free Bibers snd
Echr'ys:}ﬁic which survived in puiverized binder as particulaies. Forsterite, the
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T thermal translormation provust of cheysatilc covld put br vasquivozaily idamificd

by continupus sean X-ray difliuciion.

« {3 The prasence of thiysutite asbcstc; i ihe et dust samples was futther
verified by transmission eleciron microscopy, selected area eiectron dilfraction
and clectren microprobe analyses. Chrysotile was fosnd. both in fiber and fibril
forem, with unzliered siruTivre 2nd chemival compasition. its frequency of ooter
rence wis consistent with, bul lower than the quanLiative determination mad h)
Xeray diffenction analysis. However, it should be noted that Xoray difiraction
analysis 15 bascd on both free fibers aad fibers prasent in clurmps; the iatter woulc
ohsture ths presence of discreze [ibers on gieciron microseopic study. in addition
1o unaliersd Nber, portially alizrsd and completely reorysiatiized fibers swere also
seen,

{4) Size distribution analysis ot S2.000x magnificmion in the wen samphesingi.
eate that about four-Gfths of alt cheyvsotite, in fiber {orm, & shonter than 8.4 um in
tength, Thase fibers are too small to be seen by antical mitroscopic iechniguass,

{53 Personul air simpling was condugied during brake repar work in aulomopile
garages in New York City. Standurd optical microscopic procedures for fiber
gouniing ware usad. in samples taken in the viginity of repuirmen blowing dust
from antomobile brake droms with compressed ait. an svernze contentration of 16
fiversiml swas measured. Batkground and time-lapse samples ivdicate that
mansurahle CONCenAtOns exist a1 least 73 fi from the work site and Jor oy Jeass i3
minues after j2t nir blowing.

(6} Personal air samples were taken at & municipal trutk repair gy where
vativus brake fabsication and application operations are perormed, Grnding of
treck broke shoss resulied i an average concemrtion af about 4 fibers/mi
(UKL mY. During bevaling, an sversne fber count of 37 flrersdmi was meas-
wredd, Exposure fevels during deitling, puanching rivers, sed cleanup wese slso
meosured. Buckyround measuremants show thai fiber concentration pradiznts are
produced during truck brake repair and application work. Daring Bght grinding of
sruck Brake shoes, measueable fiber contentrations were found 23 &t or more
away, a5 wall x5 up to 30 ft from brake brveling operations. The batkground
mztseremens. during both putomobiie angd truck brake work, inditarc thi many
employees in garages other than brake lining workerss are poweatially cxpos.,d 16
gsbesios. incinding other mechanics and shop management.

{7) Eight air samples 1aken during smomobile brake repair work were analyzed
by other optical and electron microscopy. A positive gorreiation was found 1o
exist betweon opucdl Tiorr counisy US> 3 um) nnd the 1oial chryseiile mass calcuia-
sions hased on sizing okt fibers a1 42,000% magnification. These data indicute tha
standard {OSHA) optica! fiber counts mauy be a ustiul index of 1022l free asbesios
sxposurs during brake rgpatr work. They aiso demonsimte that the woadl free

" ashesios exposure. it tarms of Obsr aumber, mass, and surface arex is much

greater thus the optival counting teshnignes indiente,

{$ Attention is calied 16 the fact that in addition o ashestos, other bislogicalty
actve substances. inciuding free Silica and jead componnds, have heen adentilied
it: brake tning dusts. Their contomraiions w drake work avironments are am
Jaown, and warrant investigation.
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{93 Potennialiv hazardous asbesios sxposmie xists duriag stompiive brake
scrv'scing. ‘H hus been reporticd that spproximutely 920000 persons are employed
in such work in the United Siunles. H i recommended that stringeal industrial
hygs:m mousurss 10 tontrel cxposure bt implesmentad 1y 2pidly as pombie.
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