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June 19, 1972
MEMORANDUM

SUBJECT: ASBESTOS FIBERS EMISSIONS - FRICTION
MATERIALS

The enclosed mailing from the FMSI Asbestos Study Committee
is of great interest now that the EPA Emission study report is
about to be released. '

Note the item on '"Brakes'', page Z28. The assumption appears
to be that disc brakes will be the "cure ail",

We will attend the next meeting of the committee and will report
further findings.

6}0&4@&4&— < c.,(

H. Feierabend

EHF /le

ces Messrs. G. L. Romine
D. K. Rennie
S. M. Andrichak

C. H. Borcherding, Jr, -
G. R. Graham

J. J. Sheffield
F. E. Tayler, Jr.
A, M. Unger

File
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.-FRICTION MATERIALS ST SARDS INSTITUTE, IMC., E-210 RCUT™ %4, PARANS, M. J. 07652

June 6, 1972

TO: Members of Asbestos Study Cormittee
SUBJECT: Asbestos Fibers Emissions - Friction Materials

A seminar was held at the {1linois Institute of Technology Research lInsti-
tute back in April of this year, Dr. Colin Harwood of !{TR| was one of the
advisors to the lllinois Pollution Control Board who was in favor of the pro-
posed 1971 regulations as written-~that is to include a ban on the" use of
asbestos in the brake lining of vehicles manufactured after January 1, 1975 and
sold for use in {Ilinois.”

The pages from the [ITRI| paper are: pages 22, 25, 26, 27, 28, 46, .9, 65,
66, 67, 68, 69, 70, 71, 72, 73

Your Chairman, Mr, |. H. Weaver, sent this data to me for distribution to
the Committes. He commented on the paper: "The main issue | would have with Dr.
Harwood's conclusion would have to do with whether or not the free fibers or
fibrils released from friction material decomposition are truly hazardous in any
way, and | also believe he tends to underestimate the problems in non-asbestos
containing braking systems,"

Your Chairman believes that a meeting of the Commitiee should be called. I'm
asking for a reply on the attached form, for which weeks not to call a meeting.

—— O Arity——— f—

From this | will try to arrive at a meeting date {(perhaps late July or late
August). :

E¥D/1me E. ¥ Drislane
Executive Secretary

@E@EWE@ :
JUN 211972
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attachments such that the dust created is arrested at the source
and collected in filter bags. Commercial devices are availakle

but normally firms with a sincere interest in pollutlon control,
design and fabricate their own devices. WO examples of such -~
devices are shown in Figures & and 7. These control hoods werk
on the high velocity, low volume principle and can be readily
adapted to industrial vacuum cleaner systems,

When srrest-at-the-source systems are not possible, tech-
niéues similar to those employed by the asbestos spraying
indﬁstry may be utilized. Rules vhaich relate more specifically
to fabrication of asbestos products may be found in such publi-

catlons as:

. 1. "Recommended Practices for Fabricating. Handling
and Construction Industries," Health and Safety
- ‘Council-Asbestos Cement Products Association.

2, vwRecommended Health Safety Practices for Handling
.and aApplying Thermal Insulation Products Contalnlng
Asbestos,." Naticnal Insulation Manufacturers - .
-Association (NIMA).
. . . o #

3, The Ahshestos Research Council - Contiol and Safety

- Guides (London. England).

4. "Recommendaticns for Handling Asbestos," Englneerlng
Equipment Users Association (EEUA). E.E.U.A. Hand-
book No. 33.

-

3.3.3 Friction Material Applications

Typical friction matefialé contain 30 to 50% asbestos and
may be up to 70%, and the industry that manufacturee these ma-
terials is ranked third (1969). in the consumption of asbestos
fibers. Crysotile is the preferred variety because it has
better frictional properties than amphibol asbéstos and does

not exert so much wear on the. opp051ng surface.

LY

The magor uses of asbestos-containlng friction materlaIs
include brake llnlngs. brake discs and clutch facings. These
products have been applied to a wide variety of industrial and
'commerqmal products. ‘
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-gources of Emission - Emussion of asbestos from friction

materials results from normal day-to-day usage. An idea of the
scope of this source can be gained from the estimation that the
averasge automobile wears out 3 to 4 sets of b;ake linings. and -
1 to 2 sets of clutch facings during its lifetime and that
commercial public transport vehicles wear out many mcre sets.
Data concerning motor vehicle brake linings for the whole of

the United States are given in the following:

Vehicle miles during 1968 1,010,000,000,000
sileage life of brake linings 27,500
Brake lining sets on new vehicles 10,718,000

) Pounds of ashestos per set o _
brake linings 3

Tesps,performed.on brake lininés have indicated that |
under conditions of normal uségeﬂ considerable alteration of
the asbestos occurs. It is reported that mést of the dust
collected from brake drums appears non-fibrous and is similar’
in appearance to thermally degraded asbestos. The'suggestion
is that huigh temperatures at the brake lining/drum contact
points actually reach degradation levels.

-

Tests on brake linings, brake disés and clutches have
demonstrated that the quantity of fiber emitted is some function
of the severity of the braking conditions (see Table'3). How-
ever, even at the level of 1%, the total ‘emissions must be -
considerable when the total tcnﬁage in use is considered, ‘
Further, the emissions are likely to occur at places of high
density population and restricted ventilation. That is, in
busy main streets of £owns;surrounded by large buildings.

ghe_effect of different braking conditioné and different
types wof {iiction materiasls on asbegtos emisgions is the subject-
of a studg'being éponsored by the @nvironmental Protection AgEﬁcy.
Other studies are being conducted in California and some work '
on road%idgs has been done at Mt. Sinai, New York.: The EPA

‘study will éstablish the extent and nature of the asbestos

T RESEARCH INSTITUTE
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ASBESTOS EMISSIONS FROM BRAEE LININGS
" (Test Results by Electron Micrograph)

Table 3

e

- Test No, of Conditidns Presence of 7% Free
Product Brand Method Samples of Test-F Free Fibers Fibrr*
1, Automobile A Friction 6 300~ 800 Fow <1
drum brakes
2, " B Friction 6 250800 *None 0
3. " C Friction 5 300-700 Few <l
4, " c Friction }1 . 700-3%00 Numerous 10
S. o D Friction 5 300-800 Few <1
French ’
6. " E- Friction 5 300-700 Few <t
7. " F Priction 5 300-800 Few <
German '
8. " 6 . Friction 2 100-500 Few <1
9. " -G Friction 1 " 600-700 Numerous w15
10. " H Priction 2 100-600 Few <1
11, Automobile 3 Dynamometér 1 " normal None &)
clutech . “driving
12, Automobile K - Dynamometer 1 normal .. Few - <5
disk brake o driving
13, Bus drumw L. Dynamomgfer 1 city None 0
brake ' . driving
14, M "Friction 2 450-550 _ None 0
3
15. Trggk drum F Friction 10 300-800 Few <1
brake (light) . _
- ¢ _ _ . R
*He%ght_éscimatgd from fiber volume. | ' . -
® - . ,
" : o
- 2 S
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emitted from brake druces, disc krakes and clutches of vehicles
operating undzr real .ccnditions, Hopefully the situstion will
be more clearly understood at the end of those studies.

Emission Control Technidues

Friiscion at Overhaul - To aveild bleowing the accumulated

dust into the zitmosphere at the time of overhaul devices have
been suggested for extraction of the dust from brake and/or
clutch housings by suction. Of the devices tried, a simple
‘“hand-held vacuum cleaner has proven to be the most flexible
unit, Changes to the orlglnal design have been limited to the
addition of a dlsposable paper bag énserted in the original
cloth bag.' The paper. bag may be easily sealed before removal
to prevent emission. - = L o

Substitution - Beydnd'thé'agaptation.of better cleaning
practices duriné brake and clutch maintenance, as mentioned -
above, additional controls seem tS be limited to improve design
of brake and clutch- assemblies and/or substltutlon of other -
materials for asbestos.

The hlgh tempergture propeftiés‘and exceptional tensile
strength of asbestos have resulted'in'very compact and economi;
cal design. These same unique properties-which make asbestos
appllcable to frlctlon materiazls also make the application of
substitute materlals very dlfflcult. The tensile strepgth-and
modules of rigidity of asbestos as compareﬂ to several candidate
.substltute’materlals follows:

- L)

Tensile Strength'lb/ih.2 "+ Modulus of Rigidity lb/in.2
Ashestos 550,000 30,000,000
Fiber yarns 180,000 . 3,000,000
steel wool . 50,000 . 100,000 e
Mineral wool 25,000 ' < 60,000 -

¢

There is no doubt that substitutlon of other materlals for
asbestO% is possible, but the design changes requlred to accom-

modate the stresses and temperatures involved would result in
T RESEARCH INSTITUTE
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larger, more expensive components.

prakes - The recent adoption of disc brakes by the auto-
motlvg 1pdustry makes material substitution more plausible. T
pisc brakes are capable of greater energy dissipation than
gimilar sized &rum brakes hecause the design results in con-
siderably lower heating rates. This is due to the fact that at
any one time the friction pad contacts only a section of the
disc surface., The lower operating temperatures permit the use
of friction materials which do not contain asbestos. Another
feature of disc brake design which has reduced the need of
asbestos materlals is the lower strength requlrement of the
friction material.

- Clutches - The substitution of other materisl for asbestos
in clutch facings of traditional ées%gn'could only be done by
changes in size and'désign.'.T?o-changes in.clutch'design which
have reduced the requirement for asbestos-containing frictign“
materials are the-advent of the éutomatic transmission and the - -
redesign of manual clutch friction surface.

PN

#

The clutch surface of the éutomaéic transmission is im;
mersed in an oil kath which virtually eliminates airborne
pollutants. Further, the coolihg'affect:of the oil ‘bath
reduces the requirement for high-temperatﬁre capability
materials. Automatic transmission clutch facings may be made
from either 51ntered metals or fibrous cellulose materlals.

Many manual -clutches have redesigned friction surfaces
which consist of numerous smél; circular pads or discs attached
to the clutch face as opposed to the standard annular ring

friction surface. These small pads act in the same manner as

the dige brakes friction pad. Thus, lower stresses and oper-

ating?Eempgratures associated with the new design reduce the *+ °
need for asbestos-containing friction materials. -

r

]
.

a
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10. SPECIFIC FROBLEMS

-10,1 Imission Levels

In understanding control techniques and their efficiencies,
it is important not to be confused with efficiencies quoted on -
a weight basis and those based on 2 particle count basis.

Firstly, considering efficiency based on a weight basis,
it is relatively easy to get a very high efficiency with parti-
cles whose size is in excess of 5u with a variety of control
devices (see Figure 10}, ‘However, the efficiency does drop off
considerably with decrease of ‘particle size, for example, see
Flgure 11 for 1u,particles. {1t should be noted that these
& graphs refer to spherical particleg - 1nformat10n on fibrous
- particles is not presently avallable )

e Now consider vhat these apparent higﬁ efficiencies mean
in terms of numbers of fibers. It cah be assumed that 103
average fibers of asbestos we;gh _approximately l'ng. o~

I If 1 g of asbestos material approaches a filter rated at
even as high as 99,999% efficiency, thenfthe quantity passing

through will be 0.00001 g, or'10% ng.. And since 1 ng .. 10°
] fibers, then a total of 10’ fibers will pass through the filter
1
i

for every 1 g of matefial impin@ing upon it. .

This is a situatlon not frequently brought out, ‘but 1s very
significsnt when exposure levels are monitored in terms of
fibers per cubic centimeter. J . v

'Thus;the quoting-of effieiency in terms of mass efficiency
is a "red-herring” statement that flattfers to deceive. It
bears no obvious relation to the number of fibers being emitted.

However, based on tests which actually measure the number
of fiters belng emitted, it would seem. that both fabric filters
and high chzczency wet acrubbers are capable of reducing the )
fiber counts to acceptable levels, British experience is that
0.2 £/¢e is routine and Johns Manville finds that 1 f/cc is an

‘acceptable’ value wnen the resultu are averaged over a time
period.

-
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The medical evidence as to the size of fiker responsible
for adverse hcalth effects is not positive nor is the questiop
of whethgr f£ibrils of fibers are most hazardous. ' Until the L
medical guestions are fully resolved, it would seem premature
to impose inflexible or overly rigid regulations.

This has heen the view held by the Federal occupational
health authorities in assessing their stzndards. It would seem
that thei sppreosch in limiting exposure to that which is possi-
ble -using good modern technology is seﬁsiblEv The same may ke

-

said for their monitering techniques. °

10,2 Whter'Poliution

-

Recycling of waste water 15_90551b1e and is practiced in
certain segments of the" 1ndustry5 The question of the damage
done to streams, rivers, and: ‘lakes by indiscrlmlnant dumping

of asbestos contalnlng waste waters needs careful study. One
must remember 1t is a natural material which will appear in. -
water in any case.' on: the other hand, there 1s evidence that

.asbestos partlcles 1ngested into the stomach may ceuse stomach

cancer. T R

again, unt11 medical ev1dence is clear, it would@ seem
sensible to recycle water ‘whenever this ‘can be accomplished.

vd -

are
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" ASBESTOS AIR POLLUTION RESULTING
FROM THE WEAR OF 'BRAKE LININGS

. By .
;Coiih,F; Hafwdod,-g;.D. A
; '3”1f“il;flTiﬁ"ﬁBSTRAcT' _ :
. e . L AN

Asbnstos contalnlng brake lln;ngs have bnen cited as a o
source of amblent alr asbestos pollutlon. This paper reviews

- the suggestion and an’ ‘estimate is. presenteﬂ whlch indicates

that the asbestbs em1551on from brake linings is significant.
The ways in which’ thlS em1551on may be’ reduced or eliminated .
are brlefly rev;ewed . w“g'?f_c S Lo v

L

- IIT RESEARCH. INSTITUTE o
- & .10 West 35th Street
Y - Chiecago, .Illinois 60616
-3":!5 N * A
e
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ASBESTCS AIR POLLUTION RESULTING
FROM THE WEAR OF BRAKE L1NINGS

IMQMMGHON

o T

" Recent intercst in asbestos and the realization of its
heslth hazard have raised the dquestion of the extent to which
people are expOSea.to ashestos on a non~oceupational besis.
leasurements have been made on urban background levels and it
has been shown that small but definite concentrations are to be
found in areas. quite remote from any apparent source.

-

Slnce virtually every motor veh{cles carrles several pounds
of asbestos contalned 1n 1ts brake llnlngs and since these are

worn away to: some degree every tlme'the brakes are applied then

it is reasonable to exbect that, they could present a significant

emission source. Thls is. espeC1ally acceptable when one considers _

the 100 million qgusgﬂyehlcles ‘on’ the-natlops roads. -
The paperlihﬁestiéates %he“possible gxtent of such emissions

and presents an estlmate of Lhe contribution to urban asbestos.

c0ncentrat10ns.f Poss;ble means of. reduceng such emissicns by
use of an alternatlve or,seallng the system are brlefly revieved.

The Extent of fhe Em1551on

The best 1nf01mat10n avallable at the present t:.me1 2 B
indicates that the percentage of asbestos contained in'‘the ‘aust
normally emltted from brake linings is of the order of 1%.

However, under condltlons of severe breaklng, this may rise to
15%. ' P

The average brake frlctlon mater1a1 contains of the order of
50% asbestos, thus an explanatlon is necessary to account for
the dlscrepancy between the measured and theoretical values.
The mosE 11kely explanatlon results from the known facts with- ré-
gard to heat generated at friction surfaces. The wprk of Bowden
and ’I‘abo*‘3 has -shown that when two surfaces are placed together
the contact area is dramatlcally less thah the apparent area.
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This means that very large cnorgy transfer takes place at thesc
contact points and extremely high temparatures are reached.

Iin the caee of bLrake linings, some evidence of these
tcnpclatures has been ceneratel in unpublished work by the
General Motors ComOWny . In.this study, a small hole was cut
through @ brake shoe and the radistion collected from the ex-
posed ghoe surface was monluored. The results suggested that
under light braklng tomperatures of the order of 800-900°C
wera founq while durlng heavy’ braklng the temperature reached
1700~ 1?00°C ] f : ‘»2 ‘ ;5 f' cee . )

\-‘

- The slgnlflcance of thlS daLa Po the presenL case is
that it is known that asbestos dececmposes above 500°C5 to give

forsterzte (M925104), talc (Mg3814OJO(OH)2) and water vapor.

Acceptdnce of tne value of 1% of " asbestos emltted allows
an estzmate to be made of the effect of - thlS emlsslon on the

-

quality of. the atmosphere. y?;;,?y .; $7 SR 3 _

Estimstion’ of Urbwn Concentratlon ef“AsbestQS'
From Brel'es BT S I -

) .
>~

Assumntlons

a, - There are approalmately 100 mllllon* motor vehlcles.
b, notor VethleS haVe an approxlmate average welght
. of 4 1bs of friction materlal, when new, of which
. SOA 13 asbestos. '

- t . P . . . -

_ cg . ..
c. The average motor . vehlcle will requlre replacement
of the brakes after three years of use at which
. time they wlll have lost 50% of thelr weight by
abrasion. |, . . 3

-

d. The aust emltted Wlll contaln 1% of asbestos flbers.

e, 'Of the wear dust 80% is emltted and 20% is lodged
w;thln the sv*tem.

PR : T S : .

-

N . B e . LR - . . .« . " : "
B - . [
. » R - Vot
. o PR
- . - $r e S )
S5 SRS i . A . . . -
. v, e , ) . -

*
_Tye Al clalms there are 109, OOO OOO llcenced Vthcles in-
c udln} 90 000, 000 passenger vchlclcs and 19, pOO 000 trucks.
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The totdl weight of broke linings in use is

100 000,000 x 4
2000

The quantity worn off these linings per year follows

= 200,000 Tons.

from the assumptions made in c.
1 50 _ 200,000

as 200,000 x 3 X Y00 = 3 Tons/yr.

This wear dust contains 1% asbestos, hence emigssion is
200,000 _ _1 _ 2000
*—1;" X360 ~ a3 Tons/yr.

Allowing for the fact .that 20% is not emitted, the total
. ). -

-~

emission is thus

. 2000 80 _ 1600
& *100° 6

= 270 Tons/yr.

Effect on the Atmosphere

There are no facts relatind directly to asbestos on -
which one may judge the effect of these emissions on urban air.
However, there has been a considerable ampunt of study done on
the diffusion of othér materials from automobilés, particularly
lead and carben monoxide. At a recent ACS Symposium in
Minneap01156 evidence was presented which placed the level for
lead emission at 0.01 pg/m in Thule, Alaska and 2 5 pg/m
Hew York City. Next to busy highways a level in excess of
50 pg/m3 may- well be.p0581ble. In the light of this data the
value of 2 1-.g/m3 for average urbén air conditions, suggested
by GM aeems eminently reasonable. Considering that
1.25 % 10 tons of lead are emitted in total from automobiles
then the follpwing facteor is used.

$V9»_Conc: asbestos o~ Duantity of 2.;|_q/m3 city air
in_city air from o~ asbestos X 1 o5 5
automob1les B emitted .25 x 107 tons

Pb from cars

- .
-

Applylng this figure to the present case and assuming that

200 tons’ are emitted in 01ty areas, then we get thdt:
: " ‘
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The avg. <€onc.

200

- 1.25 x 10°
A T

o~ 3.2 x'lO'3 ug/m3\
or A= 3.2 x ng/m3
A similar result is obtained using the dispersion factor

for carbon monoxide. However, the values for lead ave preferred

since it is a particulate emission rather than a gas.
>

The Significance of This Value

The question of whether asbestos containing brake linings
constitute a slgnlflcant source of ambient air background

aSbGStOJ levels can now be cons;deréd.

- Flrstly, it is pertlnent to review the available evidence
on asbestos levels in ambient air.” Perhaps the most up-to-date
information is reported in a recent paper by Thompson and
Morgan of the EPA’. Their data quggests that values 0 5-15
ng/m3 are appropriate to urban 51tes, while 0.1 ng/m is to be
found in nonurban sites. They give a figure of 0.0l ng/h for

remote sites.

The California State Health Department in collaboration
with the School of Public Health, Berkeley, California, have

" tested ambient air for asbestos. Their results suggest

values of 0.06 ng/m3 in remote sites and 3 ng/m3 near a

source. ‘ © -

Nicholson and Pohl of the Mt. Sinai School of Medicine
have also been actlve in the measurement of asbestos in urban
ambient air. The analysis of a large number of samplcs has
revealed that 33% of the samples contained 0-0.9 ng/ﬁ . 55%
containéd 1.0-5.0 ng/m ‘and 10% contained 5-20 ng/m and a few
were i excess of this. . , Lo

-

All of the workers have been at pains to polnt out that
the results are to be considered preliminary. Thus they should

be rcgagdcd not as final dcefinite figures, but rather as good,
14T RESEARCH INSTITUTE
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considered, preliminary findings. The similarity of the figures
reported by the varioug workers does suggest that at least an
order of magnltude has been established.

-~

Consmder now the estimate of 3.2 ng/m calculated pre-
viously as the contribution from asbestos brake linings. :Flrstly.
it should be stated that this figure is a conservative estimate
and allowance has been made for the many factors which could re-
duce this figure. Secondly, although there is no reason to doubt
the factor for the éiffusion of lead, it should be realized that
this figure is an average value for the whole of the city air.
Conseqguently, much higher concent;ati?ns are to be expected in
certain areas of high brake usage. For example, near inter-
sections, tollbooths, etc. '

In the light of the evidence here presented, one must
conclude that asbestos emitted £rom brake linings may be a

major contributing factor in the overall ambient air concen-
tration. -

Further work is necessary to establi;ﬂ more gefinitely
the major contributors to urban asbestos concentration levels.
It is not possible to state with assurance how much these
low concentrations of asbestos constitute a. threat to the health
of the general public. Medical evidence and opinion is widely
divergent on this issue. However, asbestOs. has been rated as a
hazardous substance by the EPA andf as such it should be' treated
with due respect. Emissions should be reduced or curbed
wherever this’ is possible. To this end it is worth briefly
reviewing how this may be achievéd.

TECHNOLOGY OF ELIMINATING EMISSIONS

The semission of asbestos to the atmosphere from asbhestos
€ontaining brakes could be prevented in two ways: its use could be
bunneg altOgeLhcr. or, the brakes could be sealed. IEn the

forrer case, an alternate would have to be found.
&
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Al -ernatives to Asbestos

For a peplacement to be as suitable as asbestos, it would

have to fulfill a list of desirable features as:

¢ Resist high tempecratures without degradation
or loss of frictional properties.

® Combine excellent friction characteristics
without severe abrasion.

o Provide great strength - asbestos fibers have
a greater tensile strength than steel and yet

are more flexible. ’
- ‘ ;

©  Have relative economy.
Of the materials which have been considered, sintered metal
with ceramics and fiberglass have been_the most likely candi-
dates thus far. ’

Sintered Metal - This material has been used and indeed -
has the desirable quality of being fade-free, for this reason it

is still used in some racing cars. Homeyér, it has sever;l dis-
advantages. It tends to be noisy and brake screetch is a
problem. They suffer from what is known in the trade as "morning
sickness", this meané that the first stop is very severe, or,

that the cold friction is high. Wear is higher than with asbestos
and thus the brakes have to be replaced more frequently. Replacing
the brakes is more difficult since all brakes are honed to fit

the drum. Honing metal is more difficult than asbestos friction
material.

-

Ceramic Metal (Cermefs) - A sintered metal and ceramic
COmp051t10n has been developed and tried. Its use at 'this

time seems to be restricted to the clutches on heavy-duty
vehlcles (tractors, etc.);

in these cases it is usual to use
buttons of the material rather than ‘a complete annulus.

hlthough to a lesser degree, it suffers from the same complaints
45 sinteped metal with respect to noise, wear and severc first
st i o te a - . .

top, and in addition, it is relatively expensive. However,

cEe .
.
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its apti-fade characteristics have led to éxtensivé testing.

For exanple, the Ford Motor Company put inserts of ceramic

metal at the position of maximum brake wear on the}r 1958 - -
Thunderbird. The concept was abandoned. reportedly due to
uneven bhraking leading to a directional pull when braking.

Fiberglass -~ Attempts to use fiberglass instead of
asbestos have been attempted since 1938. 5o far, no design
has met the exacting standards required. As with the.other
materials, the first stop is harsh. Apparently the design is
bctter for disc brakes than drums. A problem is the sensitivity
of the brake to molsture.

‘ Owens-Cornlng are undertaylng development research in
this area. They are very guarded with regard to the status
of their work, but state that they are actively engaged in
developing a product. To date, no vehicles are known to employ
fibverglass in their brake friétion product. )

Sezled Systems - 4 -

Sealed systems have been seriously considered. Normally,
cars rely on air cooling and the movement of air round the
_ brake caused by the mopidn of the car. 'Howevef with "Thigh
performance cars,-more coeling is required. This is achieved
in a simple manner by fabricating a superstructure which
8COOPs up air and directs it inside the brake drum. If a
filter were added on the exiting side, this would cause a
substantial ‘reduction in emissions.

et

A more elaborate design which has been used is to liquid
cool the brake system. This enables the braking system to be
CﬂmPletely sealed and thus no emisrfion are possible. The one
problem area with this design is that the oil seals must be
uxtrcmely reliable. However, with 8 well designed system -
problems™due to overheating could be largely eliminated.
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CONCLUSTIONS

An estimate has been made of the asbestos concentrations
to be found in urban air resulting from .the use of asbestos
containing brake materials. The results indicate that brake
use may well constitute a major source of asbestos background
levels. The quantity in comparison to occupational levels
is extremely low., A time weighted average occupational ex-
posure level of 5 £/cc would be of the order of 100,000 times
greater than a background level of 3.0 ng/mB. The medical
significance ¢f these results is not known with any certainty.

* . At the present time, no alte¥native to asbestos contain-
ing friction products is developed to the stage of finesse
rfequired by the industry. It is difficult to believe that
modern technology cannot overcome the problems presented by
the use of alternates.

The use of sealed brake units is a second possibility; -

Again there do not seem to be any insurmountable technélogi—
. 4

cal problems, but no information is avdilable,as to the cost

‘and time factors.
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