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.« ABSTRACT

A number of {nvestigatos heve found asbestos bodies in the lungs

‘of urban resl&en:s vho were not occupattonally exposed to asbestos. AA

relntionship between the. carclnogenic properties of asbestos and the urban
excess of lung cancer has been suggested The decampositlon products of
breke linings heve been described as a possible souzce of these fibers.
Brake tescing laboratory wethods were used to test fiber emiseion from

a variety of friction products. Only a very snall frnction of the esbestos
escaped as free fiber &hile .the remainder was transformed into . some other,
non-fibrous, mineral. A significant release of free fiber occurred only

under conditions extreme enough to produce‘brake failure. .
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o Introduction

"% BRAKE LINING DECOMPOSITiON PRODUCTS

.. _' S . Jeremiah R. Lynch#

- The—occurrence of coated fibe:s referred to as. asbestos bodies"

- in éhe lungs of urban populations not occupationally exposed fo asbestos

has been noted by several investigators. The results of several'autopsy

series, as summarfzeﬂiby Cooper,(l) are shown {n Table 1.(1'6) Thomson,(Y)

in suggesting possible modes 6: exposure that could account for tﬂese

bodies, stated '1he.average,pyivate‘ﬁat§r-vch£c1e wears out three or

f&ur sets of brake linings &nd oﬁe ot-twb clutch linings in itk iifetime,
and commerclalvénd publie trangéoft GehiélesAwéar cut many nsre; These
linings consist largely of esbastos whi;h is ground to dust as ﬁhe lings

.. ps:d . ' '
wear, and most wear occurs in built-up ereas. This alone in most citfes

’

;ould involve the discharge of.many tons of asbesfoé-dust and fibers in

the streets each year." Since asbestos has been implicated as a €arcin-

- ogen(g)and lung cancer has a-highér tncidence(g) among urban populaﬁions,

the fate of the asbestos worn from h%ake linings becom=s slgnificalt.

*y. S. Deparfmﬂnt of Health, Educatfon, znd Welfare
Public Health Service :
.Bureau of . Disease Prevertion and Envlronmen:al Control

" “Nati{onal Center for Urban and Industrial Health

Occupational Hzalth Program - o
1014 Broadway, Cincinnat{, Ohio 45202 .
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Location

Cape Town (2)

!{iami.(2).'
Pittsburgh (3)
3ohanhesburg (4)
Finland (5}
Montreal (6) .

San Francisco (1)

e

-2 .
« . Tablel :
_ Asbestos Bodies {n Human Lungs '4_ Toee L
Year % Posfeive
1963 - 26
1965 27
1965 ‘41
1965 a9
1965 s8
‘1966 48
1966 42
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Brake Ltning coggosltton ‘ ) L g

. . e

The average composition of typical brake linings of the. type
tested ts- shown in Table 2. Individual uixes may vary ~cons£d_erub1y

- from these averages. . . ’ .
L : . | Table 2" ‘A ] .
Brake Lining Composition

' Ingredient ’ Automobila ‘ Truck
Asbestos ' 'S5 B |
Resins and Polymers ) ; - 28 . © 48
‘Oxides and pigments - 9 ‘ 16

~ Metals ) <3 R 2 .
Carbon, graphite, etc. o 5 . 1 .

1007 ooz
Each of .c}.xese ingr.edients performs a'p'ar;i-cui‘ar' f'unc-tlon.. The
asbestos provic}es streagth, heét reslstaﬁce and se]iective dcco}ngos‘ition
ut:ldet‘ stress. The resins and _poiymers'hold the other ingredients together.
:Vartous oxides are added as p.igmentAs g{id to iuxéréve, .the géii: of the itning

on the drum, Soft metals such as lead and brass frprove wear while catbon

' and graphite serve as friction modifiers,
Brake lining quality depends to a large exteat on the type of binder
OO
used,  Linseed oil, which begins to: decompose at atout 650 F, 18 used for

light service brakes. More denandtng service requi—es brakes made fro-n
- ey D . -——-ﬁ——“—

cashew typé tesins or o() ‘modified phenolit: testns" J‘hese ingredlents are .

- .. . e fe, -t
- ! o e

mixed elthcr dry or vtth a solven: ¢dded fotued nto~ sngpennd cure:i

air28 4@
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any free fibers.. However, tﬁis finding did not eliminate the possibilitv

-4 -
in ahfoﬁén. The hardened lining {s then cut, gtouna and ;a&ded to the
precise dimensions of the finfshed linings. ' The dust produced by the
gbrading operations in .asbestos friction product facfo:ies (Figure 1).

contﬁins free asbestos fibers thap are similar to those in industries

“where cancer {s known to be in excess (10). The question to be resolved,

. . . I
therefore, is whether the dust produced by the normal wear of brake

linings contains this same type of free asbestos ffbet.

Test Methods B : i

In an {nitial exploratory survey,'the'dust obtained from inside
automobile brake drums removed for brake relining was'examinedfhy electron
micrograph. Figure 2, which {s typical of the series, does not reveal
éhat free asbestos fibars were released and that they had escaped into

the atmosphere. To examine this hypothesis a series of experiments L as

. devised to'permit sampling decompasitfon praducts of the lining ug(}f-

simulated opefating cohditions. The tests (Table 3) were pérformad Wwith

e ———— e

" the, brake Eesting rmachines in the lsboratory of a major brake liﬁing»

S~ ——

manufacturer. Most of the tests were performed on a friction-testin®
e . .

wachine which used one-inch-square sacples of the test.lining. Heating

" and cooling npparatus permittéd control of'drum témperature from those

encountered with intermiccent brake use to the maximu: tempcratur~ \hich

- . .‘ .-. - TN 4-0

.occutred only in ext:emely rapid or. "pantc" scops fro: high speeJ j -y f

Other tests were perforned on a brake-tﬂsting dvnaﬂo ter which subjeccnd

] .
-
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_few occurred. -

R

"a compléte brake essembly to a.series of stops and starts from.different

speeds and at different dec?igration rates to simulate actusl driving

conditions. In these tests the drum temperatures varied according to th

S griving condition simulated. During each run at a test condition, a
.sample was'collecged on an 0.8 u pore size membrane filter, Electron

. micrographs of chese'fil%ers were examined to determine the presence

of free asbestos fibers and to quantify these fibers when more th#n a

pov)
k)
0]
N
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« . .Table 3

-6 -

" Test Results by Eiectron Microzraph

brake (light)

tYeight es.tima;ed from fiber volume. -

-~ .

-

.

[ Test No. of Conditions Preseunce of % Free
o Product Brand ~ Method Samples _ of Test-F_ Free Fibers Fiker% '
R 1. - Automobile A Friction 6 300-800 .Few <I .

' - drum brakes { .

' L : ] . .

| 2. (] B Friction . 6 250-800 None 0

{ ' 3. " c Friction 5 300-700 Few <1

i e c Friction 1 700-900  Numerous - 10

Wi . 5. n D Friction 5 300-800 Few <l
: French : c . - )
3 6. " E Friction s 300-700 Fev <1
1. Bl F Friction 5 300-800 Few <1 .
Gernman ’ - . - oo
8. " c Frictica 2. 100-500 Few o«
9. " G Friction 1 §00-700  Numerous = 15
10, " H Frietion 2 100-6C0 Few <1
11, Aufc:abile J Dynacometer 1 normsl None 0
clutch ' ' driving T
12. Automoblina ™ K ‘ D'yr;umometer 1 normel Few - - <5
. disk brake ' . driving :
13. Bus drum L - Dynamometer 1 city _ None ]
breke ' y : driving :
4. M Friction 2 450-550 - one o
15. Truck drua ; F 2. Ftiction 16 ) :300-800 - Féir - : Ly L
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Vet b e mae mmmmtans

Results

releese some C>J7) free fibers, but no concluaion can be draun frou a- R

'single sample. .:" T AT

- - ‘.

The objee: of the tests wvas to determlne what prOportien of the
:sbestos knoun to be present in the lining appeared as £ree fiber in the
decompositfqh product.- No attezpt was ‘made at & mass balance between the
ﬁeteriel ﬁqrn'from the 1lining anq the decompositionpprodue; since {t was
not pessible to celleet'all of.tde.deeompositfon proeuct. Rowever, the
percentages obtained;in the fraction o; decomposition pro&uct.exnmined
are applicebie‘to the total material worn frem-the ‘brake and may be
compared to the percentage of esbestos originally present. .

In all but a few tests the automobile drum brake linings showed

less than ll-free fiber in the decomposition product as compared to about

<oz in the I'ning. An elect{gﬁ aicrograph of .the decomposition product
obtained frOm a typical test in this group ls shown 1in Figure 3. 1In those

© tests vhcre e signtficapt mass of free fiber was relezsed (Figure 4), the

temperature was {n an extremely high rarge for theilining in question 2s
ev{denecd by rapid drop ‘in the coefficient of friction. Had these linings

Been subjcctcd to like conditlo"s in a vehicle, the brakes vould have -

‘fafiled,

Similar results werc obta ned in the bus and truck drum brake tests

and ln the clutch. test. The expe-imenttl model disk brake tested did

- 2. . . S PR AR
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Do linings is releascd as f"ee fibet; the :emaind.er 1s ccr.vcrted £nto soa-.e

P

. -8 -

Discussfon . ) o .

Except in all but the most extreo.e driving conditions;' only a
very small fraction of the 30 to 50% asbestos present .{a a btake lining
escapes into the atmosphete as free fiber, The question remalns-‘f whét
hap;;ened to the asbestos? A ptevallant theory of brake operation holds
that wear occurs mot by abrasion of" the ling by the dru: but by the

production of minute areas of intense heat at the points of contact

‘between the drum and the lining, Decomposltion, 'not only of the binder

but of the asbestos .&s well, occurs at chese locations since the break-

down temperature of asbestos, about 900 F. {5 excecded, The decomposition

products will thus 1nc1ude not free asbestos fibers, but a diffecrent’

s .

minc-al resulthg from the thermal aetamotphosis of the asbestos,

Some lndependent etperiments done at a brake lining researzh’

laboxatory( ) have showm that all of the magnesium preser.t in -the
.-

chrysotile asbasto..' orgir.ally in tha lining can ba acco.mted for in the
decomposition products. However, the characteristic )\-:ay diffracticn
pattern' of chrysotile esbestos had vanished, Thus, 1t is apparent. that

ender conditions in which esbestos {s worn from the lining of a brake,

the asbestos 15 destroyed,’

~ Conclusion

Oaly a very smoll p'dpn'titn of thas osbestos worn from breke

'-. Do.

et .li" o z

other mineral as 8 result of the” e*ctre:ne tempe—atureo benerated at: small

spots on the lining sutfacc. Thus, although utban a.ir contain.. a- few

JWK007918
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free fibers as a vesult of brake Uning wear, they represent a very -
small proportion of.the total asbestos used 1n';hé ranufacture of
brakes. Many sources of vespirable fibers not asséciatedeith>

asbestos products have_bcen iden%ified,(lz) and the free fibers .

from brake lining wear appear to be an inconsequential health factor
: . { .
in urban air pollution. o L e

~e
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FROM:

SUBJ:

COPY

Public Health Service - BSS

Agst. to Chief for Epidemliology and
Field Stgdies, DOH

Engineering Section

Report on Brake Decompdsition Tests

At the New.York Academy of Sclences

logical Effects of Asbestos" it was stated:

Contere?ce on the Blo-
"The average

private motor vehicle wears out three or four sets of brake
1inings and one or two clutch linings in its lifetime, and
commercial and public transport vehlcles wear out many more.
These linings consist largely of asbestos which is ground to
dust as the linings wear, and most wear occurs in bullt-up -
areas. This alone in most cities would involve the dlscharge
of many tons of gsbestos dust and fibers in the streets each -

year." This statement was meant to

explain, in part, the

presence of "agbestos bodies" observed 4in the lungs of non<

occupationally exposed residents of
and Miami, Plorida. . s

Cape Town, South Arrlca,

' To investigate this possibility, a study of the mode of dis-

integration of brake shoes under simulated operating conditions
was undertaken by using test facilities made available by the
American Brake Shoe Company laboratory at Kahwah, New Jersey.
These tests were made as part of the Division of Occupational
Health's overall epidemiological gtudy of the asbestos

processing industry.

Automoblile brakes are composed of from 30-50% asbestos (usu-

ally chrysotile) held together with

various resins and con-

taining such other ingredients as carbon, brass filings and
rubber. Theoretically, a brake wears by abrasion of the sur~ _
face by the drum and by thermal decomposition of the binder.
The question to be resolved was: What fraction, 1if any, of .
the asbestos i3 liberated as free fiber in the wearling process
undezggarloﬁs operating conditions.

= .
I -
.:..", :

(1) Thomson, J.G.: Asbestos and the Urban Dweller, Annals
. of the 2ew York Acad. of Science, V132, Art. 1 (196-214),

". Dec. 1965

7o R SEL
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 Asst. to Chief for Epidemiology

and Pield Studles, DOH -- 4/8/66

At the Mahwah laboratory a number'of brake testing dynamom-
eters were availlable which could simulate varlous operating
conditions. These machines were set to test a variety of
typlcal brakes and alr samples of the decomposition products
vere taken.on membrane filters. Electron micrographs were
made of the deposits thus collected and a number of fields
were scamned for the presence of flbers. Where gignificant
numbers of fibers were found an estimate of the fraction of
the decomposition product which was fiber was made by sizing
all of the particles and fibers seen. - The results of these.

. tests are as follows:

Decomposition of Brake Lininga

No. - T&pe of Brake Condition of Presence % Piber
' ‘ Test of Fibers (mass)
1 Disk Brake - Normal driving Few <5
2  Bus Brake City driving None : 0
3 Automobile 100~200 P drum Few ~0
) ’ : temperature
4 Automobile Brake 300-500 F drum L4 ‘ < 1
temperature o
5  Automobile Brake 600-700 F drum Numerous 15
: temperature
6  Automobile Clutch Normal driving None 0
7 Bus Brake 450-550 P drum None " ) 0
temperature . -
8 Automobile Brake 100-300 P drum None 0
- B temperature
9 ARtomobile Brake 1400-500 F drum Pew . ~0
_;5&‘47 . temperature o o '
10  Buw- Brake 1450-550 P drum None 0.
: temperature .

#One clump of fibers still largely coated with binder and
having a roughly rectangular shape.

—- . s ("~

L
'l‘ﬂ lh'
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Asst. to Chief for Epidemiology
and FPleld Studies, DOH -- 4/8/66

In only one case (No. 5) did the percentage of fiber approach
the percentage of asbestos in the brake and that was at a
temperature of 600-700 F as compared with normal maximum
operating temperatures for automobile brakes in the range of
550-600 F. It appears that when the design temperature of a
brake is exceeded, the binder decomposes and releases part
of the asbestos as free fiber. At lower operating tempera-
tures the asbestos worn off -the lining remains encapsulated
in the binder and few free fibers occur. Thus, although
urban alr would undoubtedly-contain g few-{ree agbestos
fibers as a result of disintegrating brake shoes, they would

represent an extremely -small percen;asgidt the totdl asgbestos

used in the manurac;ure of trakes.

- Jeremiah ‘R. Lynch
Senlor Sanitary Engineer -
Engineering Section
Research and Technical
Services Branch

arl
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