T0: Mambers of Asbestos Study Commitiese
SIBJECT: Asbestns Fibers fmissions « Friction Materiais

A seminar was hald at the 11}inois lostitute of Technology Research instis
tute back in Aoril of this year. Dr. Colin Harwood of 1iTRi was one of the
advisors in the I1lineis Poliution Control Beard whe was is favor of the pro-
sosed 1971 regulations as writtemwthai is to inciude a ban on the® use of
ashestos in the brake 1ining of vehicles manufacturad after January 1, 1975 and
soid for uge in itlincis.”

The pages from the 11TRI pa};er are: pages 22, 25, 26, z7, 28, b, 9, 65,
66, 67, 68, 63, 70, 71, Te, 13

Your Chairman, Mr, !, B, Seaver, sent this data to me for distribution to
the Commities. He commented on the paver: "The main issue | would have with Dr.
Larwoodis conclusion would have to do with whether or not the free fibers or
fikrils relassed from friction material decomposition ars truly hazardous in any
way, and | also believe he tends to undersstimate the problems in non-asbestos
containing braking systems. ™

Your Chairman beiiaves that a mesting of the Commitiee should be called, i'm

asking for a reply on the atiached form, for which wasks not 1o call 2 mesfing.
From t?is { will try {o arrive at a meeting daie (perbaps late Gy or Jaie
Fosgusstl

B0/ 1me £. ¥, Drislanae
’ Executive Secrelary
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TO: Friction ¥ateriais Standards institute, ing,
E~210 Route #
Faramas, N J. 07652

-+

Gani)eman:

Concerning & proposed meeting of the Asbestos Study Commitiee, EAST NOT
SCHEDULE IT FOR THE FOLLOWING WEEKS:

July 24-28
Aogust 711
hugust 14-18
hugust 21-25
fugust 2831

Additional Commente:

Comparny,
Date




tarhbewlere. SO0

June 1, 1972

¥r,. L. W. Drisiane, Exegutive Jecretary
Friction Materials Siandards Institute, Ine
Bergen Mzll Office Center, E.210

Route #h

Faramus, K.J, 07652

Tesr Ed:

The attachned material concerning automotive emizsions of asbvestos filre
vas recaived from Illinois Institute of Technology Xesearch Ingtitute
yasterday and prodanly will be of interest to other members of the FMSI
Asbestos Study Commitiee . I suggest that you ¢irculate it to them.

wris materis: was forwarded by Ur. Coldn F. Earwoad of IITR] as &
suppiesent to information presented al 3 S8MINAr On agbestos they
eongustel April 4 through 7. Very little atiention was dewoied to

auzemptive emicsion sources during ine seminar.

The wmain issue I would have with Dr. Harwood's conclusion wouid have

tc do with wnether or not tne free fitres or fibrils released {rom
riction material decompesition are truly hazardons in any way, and kY

aiso believe he tends to undersstimate the problems jnveived in nonw
asbesios containing braking systems.

Sincs it appesrs unnecessary and probably impossible to schedule an
Aspestos Study Committee meeiing in June and I will be away the firsi
tws weeis in July, I think {t might be prudent o tentatively schedule
ermpeiing date tn July, preferably-durdng the last .weeyr. 3By that.tine
i expect there will ve a number of subjects worthwhile reviewing, II
you agree, kindly canvass the other members and pick a date. As {ar
as 1 knox, I will be available argtime during the week of July 24L. I
asm alse open the week after that in the event this suits the siners
bettesr,

Best regards,

K
1. E. Weaver
w
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NS TWIZHNYIR

j A 274




attachments Such that the dust created is arrested at the sourcs

and collected in filter bags., Commercial devices are availatle

but normally firms wath 8 sincere interest in pollution control,

design and febricate their own devices. Two examples of such ~

devices are shown in Figures ©& and 7. Thesa-écntrol hoods work

on the high velocity, low voliume principle and csn be resdily
adapted to industrisl vacutm cleaner systems,

When arrest-at.the«souree systems are not possible, tech.
nigueg similay to those employed by the ashestos spraying
industry may e utilized. ZRules whach relate more gpecifiaallv
to faprication of sshestos products may be found in such pulli.

cations &s4:

i, JReccmmended Practices for Fabwiaaéing. Handling
and Construction Industries,* Health and Safecy
- . ctouncil«Asbestos Cement Products Associstion.

2. #Recommended Health Safety Practices for Handling
and Applying Thermal Insulation Products Conteining
aspestos, * Naticonal Insulation Manufacturers )

Association (NDMA).

2. The Ashestos Research Council - Control and Safety
Guides (London. England).

4, rRacomeendations for Hendling Ashestes,® Enpineering
Equipment Qgers Association (EBUA), E.E.U.A. Band~
ook No, 33,

3.3.3 Priction Material applications

Typical friction materials contain 30 to 50% asbestos and
way. ne up Lo 0K, ané the industyy that manufattures these ma-
terials is ranked third (1969 in the consumption of asbestos
fivers, Crysotile is the preferred variety hecause it has
better frietional properties than amphibol asbestos and does
Aot exert so mucl: wear on the opposing surface.

The major uses of asbestaﬁmcéntaining friction materials
include orake linings, brake dises and cluteh facings., These
produats have been applied to a wide variety of industrial and
commercial progucts, '

it RESEARCH INSTITUTE
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-Sourges of Tmission - Emassion of asbestos from friction
aqterials results from normal day-to~day usage. An idea of the
scope of this source can be gained from the estimstion that the
average automobile wears out 3 to 4 setz of brake linings, ang ~
1 to 2 sets of clutch facings during its 1ifetime.an§ that
commercial public trassport vehicles wear out many more sets,
Data concerning motor vehicle brake linings for the whole of
the United States aye given in the f&liowing:

vehicle miles during 1968 1,010.000,000.000
Mileage life of nprake linings 27,500
Brake lining sets on new ?ehi¢les 10,718,000

Pounds of asbestos per set of
brake iinings : : 3

Tests performed on brake iinings have indicated that
under conditions of normal ussge, considerable alteration of
+he 2s5Destes oceurs., It is reported that most ©f the dust
epliseted from trake drums sppears non-fibrous and is s.milar
in sppearance to thermally degraded -ashestos. The suggestion
is that haicoh temperatures gt the brake lining/drum contact
peints actually reach degradation levels,

Tests on prake linings, brake discs and clutches have
demonstrated that the guantity ©f fiker emitted is some function
of the severity of the braking conditions (see Table 3). How.
ever. even at’the level of 1%, the toral amissions must be
ponsiderable when the total tonnage in use is consigered,
Purther, the emissions are 1ikely to ovceur at praces of Thigh
density population and restricted ventilation. That is, in
busy main streets of towns surrounded by large buildings.

The effect of different hraking conditions and different
types of griction materials on asbestos emissions is the subject
of a study being sSponsored by the Environmental Protection Ageéncy,
Other studies are being conducted in California and some work
on roadsides has been done at Mt. Sinal, New York. The EPA
study will estadklish the extent and nature of the ashestos
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ASPESTOS EMISSIONS FROM BRAKE LININGS

Tanrle 3

{rest Results by Electron Miarogr;phi

~

brake {light}

Weipht estimared from fiber volume,

19
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- Test No. of Condivions Prosence of L Free
Product Rrand Hethnd Samplen = of Tesr-¥ Froe Fibers  Fiber®
1. Auremobile A Friction 2} 200860 Fow <l
drum brakes
2. " B Friction b 250-800 Nene 0
J. " ¢ Friction 5 2004700 Fow <}
&, ? ¢ Friction 1 700~ %00 Ngmarous il
5. " - ) Friction 5 300800 Fev <1
Frensh
6. * - Friction 3 300~ 700 Few <t
1. . ¥ Friction - 5 360800 Tou <i
Garman
5. v ¢ Frictios 2 200~ 550 Few ¢
9, * 6 fricrion 1 600 200 Rumerasans wi§ -
10, # B Friction 2 106660 Few <}
11, Automobile J Dynanotmeter H normat Rone 0
& iutch driving
12,  Auromobile K Dynamometer 1 normal Few <3
disk braks driving
13, Bus drum 3 Dynamometer 1 ciry Hone 4]
brake driving
35, ¥ Friction 2 480D.55D Rone i)
15, Truck dyom T Friction 300« 800 Fow <)




emitted from hrake drums, dise brakes and clurehes of veniclies

operating under real conditions. Hopefully the situation will

ke more clearly underscood st the end of those studies,

pmicsion control Technitmues

Smission at overhaul - To aveid blowing the accumulated
dust into the atmosphere at the time of overhaul devices have
been suggested for extraction of the dust from hrake and/or
clutch housings by suction. Of the devices tried. & simple
hand.heid vacuum cleaner has proven te be the most Zlexible
unit, Changes to the original design have been limited to the
addition of a disposable psper bag inserted in the original
eloth pag. ‘The paper hayg may be easily sealed. tefore removal

to prevent emission.

Sukstitution - Beyond the adaptation of betcter cleaning
practices during hrake and ¢lutch maintenance, 2s menticned
above, additionsl ¢ontrols seam to be limited to improve design
of Drake and clutch azssemblies and/or sunstitukion of othey

materials for aspastos.

The high temperature properties and exceptional tensile
strength of asbestos have resylited in very compact &nd economi-
cal design. These same unique properties which make ashestos
épplicahle to friction materials alsc make the application of
suhstitute materials very difficuls. The tensile strength and
modules of rigidity of asbestos as compared to several candidate
substitute materials follows: '

Tensile Strenath lg{in.z ) Modulus of Rigidity 1b4in.2

Asbestos 850,000 30,000,000
Fiper yarns i8¢, 00 3,000,000
Steel wool 26,000 . 100,000
Mineral wool 25,000 64, 800

‘There is no doudbt that substitution of other materials for
asbestos is possible., but the design changes required to accom-
modate the stresses and temperatures invoived would result in

117 RESEARCH INSTITUTE
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larger. more expensive cotmponents.

prakes - The recent asdoption of disc hrakes by the auto-
morive industry maxes material substirtution more plausikie.
pisc brakes are capable of greater energy dissipstion than
similar sized drum hrakes hecause the design results in con-

sideraktly lower heating rates. This is due to the f£act thst st

any one time the friction pad contacts oply 2 section of the
dise surface. The lower opersting temperatures permit the use
of friction materials which do not contain asbestos. Another
feature of disc hrake design wnich has redueed the need uf
aspestes materials is the lower strength requirement of the
friction materisal.

Clutches -~ The substitution of other material for 'ashestos
in clutch facings of cradicional design could only e done Wy
changes in size and design, 7Two ¢hanges in clureh design which
have reduced the requirement for ashestos~containing friction
m3terislis are the advent of the automatie transmission and the
redesign of manual clunch £riction surface.

The clutch surface of the aﬁtomaéic transmission is im-
mersed in an oil bath which virtually eliminates airborne
pollutants. Purther, the cooling affect of the oil bath
reduces the reqﬁixement for high-temperature capability
materials. Automatie transmission cluteh facings mey be made
from either sintered wetals or fibrous cellulose msserials.

Many manusl clutches have redesigned friction surfsces
which consist of numerous small circular p3ds or discs attached
te the cluteh face as opposed Lo the standard annular ring
friction surface. These small pads act in the same manner as
the disc brakes friction pad. Thus, lower stresses and operw
ating temperatures associated with the new design reduce the
need for aghestos-containing friction waterials,

BT RESEARCH INSYIYUTE
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.iﬁ 1 "Emission Levels

In understanding control techn;ques and their efficiencies,
it is important not to be confused with efficiencies guoted on -
a weight dasis and those hased on & particle count hasis,

yirstly, considering efficiency bhased on & weight nasis,
it is relatively easy to get a very high efficiency with parti.
cles whose size is in execess of 5y with a variety of control
Gevices {(see Figure 10). However, the efficiency does arop off
consideradly with decrease of particie size, for example, see-
Figure 11 for lu partigies, (It should be noted that these
graphs refer to spherigal particles -~ information on fibrous
particies is not presently available,}

Now consider what these apparent high efficiencies mean
in terms of numbers of fibers., It can he agssumed that 193
averzge fibers of 2sbegtos weigh approximstely )l ng.,

I£ ) ¢ of aspestos material appreoaches a filter rated at
even s high as 9%.595% eff;caency then the guantity pessing
through will e 0,00001 g, or 10 ng. and since 1 ny ﬁklcs
fibers, then a2 total of ;gi fipers will pass through the filter
for every 1 g of matekiai impinging upon it.

This is & situation not frequently brought ocut, but is very
gignificant when expesure levels are monitored in terms of
fibers per cubic¢ sentimeter,

Thus the quoting of efficiency in terms of mass efficiency
is a “red.herring” statement that £latters to deceive, It
pears no obvious relation to the number of fibers being emitted.

Bowever, nssed on tests which actually measure the number
of £ibers being emitted, it would seem that both fabric filters
and high efficiency wet scrubbers are capable of reducing the
fiber counts to acceptable levels., Rritish experience is that
0.2 £/0c is routine and Johns Manville finds that ) £/cc is an

acceptahle value when the xesnlts are uveraged over a time
period.
1Y RESEARGCH INSTITUTE

46 .




The medical evidence 2s to the size of fiber responsitle
tor adverse health effects is not positive nor is the question
vf wherther £ibrils of fibers are most hazardous, Until the -
medical questions are fully resolved, it would seem premature
to impose inflexihle or overly rigid regulations. -

This has been the view held by the rederal occupational
health authorities in asgessing their standards, Tt would seem
that thei approach in limiting exposuye to that which is possi-
tle using good modern technology is sensible. The same may be
said for their monitoring techniques. |

10.2 HNater Poliution

Recycling of waste water is possible and is practiced in
cartain segments of the industry. 7The guestion of the damage
done to streams, rivers, and lakes by indiscriminant dumping
of asbestos gontaining waste waters needs careful study. One
must rememper it ig 2 natural materia) which will appear in
water in any case. On the other hand, there is evidence that
asbestos particles ingested into the stomsch may cause stomach
cancer.

Again, until.medical evidance is clear, it would .seem
sensidble to recycle water whenever this canh be accomplished.

fIT RESEARCH INST:TUTE
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ASBESTOS AIR POLLUTION RESULTING
FROM THE WEAR OF BRAKE LININGS

By

Colin ¥. Harwood, Ph.D.

ABSTRACT

Asbestos containing prake linings have been cited as a

source of ambient aly asbhbestos pollution.

rhe suggestion and an estimste in presented which ipdicates
that the asbestos emission from hrake linings is gignificant.

The ways in which this emission may
are priefly reviewed.

pe reduced or eliminsted

TYT RESEARCH INSTITUTE
10 West 35th Street

Chicago, Illinols
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ASBESTOS AIR DOLLUTION RESULTING
FROM THE WEAR OF BRAKE LININGS

INTRODUGTION

Recent interest in asbesto$ and the realization of its

health hazard have raised the guestion of the extent to which
people sre exposed. to asbestos On @ non-occupational basis.

. Measurements have been made on urban background levels and it

has peen shown that small but deflinite concentrations are to be
found in areas guite remcte £from any apparent source.

Since virtually every motor vehicles carries several pounds
of aspestos contained in its -brake linings and since these are
wors away Lo some degree every time the brakes are applied then
it iz reascnable to expect that they could present & significant
amisgion source. This is especlally scceptable when one considers
the 100 million ©r so vehicles on the nations roads.

The paper investigates the possible extent of such emissions
and presents an estimate of the vontribution to arban asbestos
concentrations. Possible means of reducing such emissions by
use of an alternatgve or seazling the system are briefly reviewed,

The Extent of the Emission

The best information available at the present timaliz

indicates that_tﬁe percentage, of asbestos contained in the dust
normzlly emitted from Wrake lininms is of the order of 1%.
However, under conditions of severe breaking, this may rise to
15%. '

The average brake friction material)l contains of the order of
50% asbestos, thus an expianation-is necessary to account for
the discrepancy between the measured and theoretical values.
The most likely explanation results from the known facts with rew
gard to heat generated at friction surfaces, The work of Bowden
and Tabor® has shown that when two surfaces are placed togethar
the contact ayresd is dramaticaily less than the apparent area,

P¢T RESEARCH INSYITUYE
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Tn;sﬂ?nﬁéﬁf‘ what very large energy transfer takes place at thes:

contact points and extremely high tempsratures are reached.
In the case of brake linings, sone evidence of these

remperatures has been generated in unpublished work Dy the .
Ceneral Motors Companyéo In. this study, & small hb}e wag gut
through & brazke shoe and the radiation ¢ollected from the ex-
posed shoe surface was monitored. The results suygested that
under light braking remperatures of the ordsr of B0O.900°C
were found, while during heavy braking the temperature reached

-

1760-18G0°C,

The significance of this data to the present casg is
that it is Xnown that asbestos decomposes above 500°C5 to give
forsterite (Mgzsio4), vale {M935i4010{GH}2) and water vaper,

Acceptance 0f the value of 1% of azsbestos emitted allows
an estimate to be made of the effect of this emission on the

guality of the atmosphere.

Estimation of Urban Concentrations of Ashestos’
From Brakes

»

Asgumpntions
a. ‘There are approximately 100 million* motor wehicles.

B. Motor vehicles have an approximete average weight
of 4 1lbs of friction mategial, when new, of which
59% is asbhestos,

B The average motor vehicle will reguire replocement
0f the brakes after three years of use at which
Ctdwe they will ~have Lost -S0% -of thelir weighs Ty
ahrasion.

d. The gdust emitted will contain 1% of asbastoy fibers,

e. Cf the wear dust, 80% is emitted and 20% is lodged
within the system. :

*T?edhhh claims there are 109,000,000 licenced vehicles in-
ciuding 90,000,000 passenger vehicles and 19,000, 000 trucks.

(EY RESTARCN ENSTLYUYL
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Caleulation
The total weight of prake linings in use is

Lgo,gggbgnﬁ X.5 .« 206,000 Tons. -

The guantity worn off these linings per year follows
¢rom the assumptions made in c. .

- 1 50, . 200, 600
as 200.000 x 3 X 160 *f—g"—— Yons/yr.
This wear dust containg 1% asbestos, nence enission is
20 6000 x 100 _“gm Tons/vr.

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

emission is thus

2%?& X f%% = l%?g'u 270 Tons/yr.

Effect on the Atmoschere

There are no facts relating directly to asbestos on
which one may judge the effect of these emissions on urban alr,
tiowever, there has been a considersble amount of study done on
the diffusion of othér materials from automobiles, particularly
lead and carbon monoxide. At a2 recent ACS Symposium in
Minneapoll 6 avidence was presented which placed the 1eve1 for
lesd emission at O, 31 pg/m in Thule, Alaska and 2.5 pg/m in
New York City. HNext to busy highways a level in excess of
30 ﬁg/m may- wall he possible. In the light of this data the
value of 2 ;g/m for average urban air conditions, suggested
hy.$x41.seems-emaneatly'ﬁeeﬁﬁuaﬁae- ~Lonsidering that
1.25 x 105 tong of lead are emitted in tatal Lrom automobiles
then the following factor is used.

Avg, Cone, asbestos . = Quantity of 3_“9/m3 GLEY.2EL
in city air from - asbestos S i05 t
avtomobiles - emitied ’ ph?f:mm c232

Applying this figure to the present case and assuming that
200 tons are emitted in city areas, then we get that:

BT RESEARCH INSTIVUYE

68




. 5 _
1.25 x 10°

THWe 2vg§. cone- i 2506 x

o
A 3.2 x 103 yg/m3
or M 3.2 x ng/m3

A similar result is obtained using the dispersion factor
for carpon monoxide., HBowever, the values for lead are preferred
since it is a particulate emission rather than a gas.

rrne Significance of This Valus

Thne question of whether asbestos containing brake linings
constitute & significant scurce of ambient air background,
sshestos levels can now ba considered.

Fx:$tly, it is pertinent to review the asvailable evidence
on asbestos levels in ambient air. Perhaps the most up-to.date
informaticn is reported in a re¢ent paper by Thompaon and
Morgan of the EPA’. Their data suggests that valuwes 0.5-15
ng/m3 are appropriate to urkban sites, while 0.1 ng/m3 is to be
found in nonurkan sites. They give a figure of 0.01 ng/m3 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 Q.06 ng/m3 in remote sites and 3 ng/m3 near a
sourge.

Nicholson and Rohl® of the Mt. Sinai School of Medicine

'haVE:arso'beeﬁ active in “the measurement 0f asibestos in urban
ambient air. The analysis of a large number of samples has
feévealed that 33% of tha sampies contained 0.0.% ng/ms. 55%
contained 1.0-%.0 nq/ﬁ and 10% COntaxnad 5-20 ng/m and a few
weére in excess of: this.

All of the workers have been at pains to point out that
the resgits are to be considered preliminary. Thus they shouid

b¢ regarded not as final definite figures, but rather as good,
1Y RESEARCH INSTITUTE
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considered, preliminary findings. The similarity of the figures
reported by the various workers does suggest that at least an
order of magnitude has been established.

~

conéider now the estimate of 3.2 nq/m3 cxlenlated pree
viously as the contribution Irom asbestos brake linings. Firstiy.
itz should pe stated that this figure is a conserwvative estimate
and aliowance has Deen made for the many factors which could re.
duce tnis Figure. Secondly, although there is ne reason to joubt
the factor for the Siffusicn of lead, it should be realized that
this figure is an average value for the whole of the city air.
Consequently. much higher concentrations are to bhe expected in
certain areas of high brake usage. For example, near inter-
sections, telllhooths, erc.

In the light of the evidence here presented, oOne must
conciude that asbestos emitted from brake linings may be a
major contributing factor in the overall ambient aiyr concen.

tration.

Further work is necessary 0 establish more definitely
the major contributors to urban ashestos concentration levels.
It is not pessible o state with assurance how much these
low concentrations of asbestos constitute a threat to the health
of the general public., Medical svidence and opinion is widely
divergent on this issue, Bowever, asbestos has been rated as a
hazardous substancde by the EPA and as such it should be treated
with due respect. Emigsions should be reduced or curbed
vherever this is possible., To this end it is worth briefly
reviewing how this may be achieved.

TECHNOLOGY OF ELIMINATING EMISSIONS

The emission of asbestos to the atmosphere from asbestos
containing brakes could be prevented in two ways: its use could be
Banned altogether, of, the brakes could be sealed. In the
former case, an alternate wouid have to be found.

11 SESEARCH INSTIYUTE
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Alternatiﬁes to Ashesfos

-

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

wave to fulfill a list of degirable features as:

e Resist high temperatures without degradatiob
or i1oss of fricticnal properties.

o cCombine sxcellent frietion characteristics
without severg abrasion.

s provide great strength -~ asbestos fibers have
a greater tensile strength than steel and yet
are more flexible.

* Have relative economy.

0f the materials which have been considered, sintered metial
with ceramics and fibarglass have been the most likely candi.
dares thus far. '

Sintered Metal -~ This material has been used and indeed
nas the desirable guality ¢f being fade-free, for this reason it
is still used in some racing cars. However, it has several dis-
advantages, 1t tendzs to0 be noisy and brake sargeteh is a
problem. They suffer from what is Xnown in the trade as "marning
sickness®, this means that the £irst 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 (Cermets) - A sintered metal and ceramic
composition has been develeped and tried. Tts use at this
time seems tg be restricted to the ¢lutches on heavy-duty
vehicles {tractors, etc.}: in these'caées it is usual to use

buttons of the material rather than a complete annulus.

'~ Although to a lesser degree, it suffeérs from the same complaints
25 sintered metal with respect te noise, wear and severe first
8top, and in addition, it is relatively expensive. However,

1IT RESEARCH INSYITUTE
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its anti-fade characteristics have led to éxtensivé testing.

For example, the Ford Motor Company put insercs of ceramic

metal at the position of maximum hrake wear op thedr 1958 - -
Thunderbird. The concept was abandoned, reportedly due to

uneven braking leading to a directional pull when braking.

fibergiass . Attempts to use fiberglasg instaad of
asbestos have been attempted since 1938, 50 far, no design
has ﬁet the exacting standards required. As with the other
materials, the first stop is harsh., Apparently the design is
pecter for disc brakes than drums A problem is the sensitivity
of the brake to moisture. '

Owens.Corning are undertakingldevelopment-research.in
this area. They are very guarded with regard te thé status
of their work, Iut state that they are actively engaged in
developing a product. To date, no vehicles are known to employ
fiverglass in their brake £riccion progduct.

Sealed Svstems

Sealed systems have been seriously considered. Normally.
cars rely on air cooling and the movement ©f air round the
_ brake caused Ly the motion of the car. However with nigh
performance cars, more cooling is required. This i6 achieved
in 2 simple manner by fabricating a superstructure which
BUUOPS up air and directs it inside the brake drum. . If a
filter were added on the exiting side, this would cause a
aubstantzal xeduction in emissions.

A mora elaborata design’ which has been used is to ligquid
¢ool the brake system. This enables the braking system to be
completely sealed and thus no emisrion are possible. The one
Problem area with this design is that the oil seals must be
extremely reliable. However, with a well designed system
Problems due to overheating could be largely eliminated.
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CONCLUS1OKNS

An estimate hags been made of the asbestos concentrations
ro 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 asbestes background
ievels, The guantity 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 cimes
greater than a background ievel of 3,0 ngfm . The medical
significance of these results is not known with any certsinry.

At the presenit time, no alternative to asbestos containe
ing friction-products is developed to the stage of finssse
required by the isduscry; 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 possibiliry.
Again there do not seem to be any insurmountable technologi-
¢al problems, but no information is available asz to the cost
and time factors, |
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