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Dear Gene:

Bill Raines has asked me to send you the enclosed packet of materials dealing
with brake linings to help in preparations for your meeting with I1linois
Pollution Control Board personnel, For a quick rundown on what the scientific
papers contain I am attachirng to each of them a copy of the Summary and Evaluation
sheets prepared at the time they were received in this office.

The papers enclosed are:

Bentley, M.L., "Control of the Use of Asbestos-Containing Friction
Materials"

Hatch, D., '"Possible Alternatives to Asbestos as a Friction Material”

Hickish, D.E. and Knight, K.L., "Exposure to Asbestos During Brake
Maintenance"

Knight, K.L. and Hickish, D.E., "Investigations into Alternative Forms
of Control for Dust Generated During the Cleaning of
Brake Assemblies and Drums"

Lee, G.L., "Removing Dusts from Brake Assemblies During Vehicle
Servicing -- Alternative Cleaning Methods"

Luxon, S., "Technical Implementation of the New Asbestos Regulations"

Roach, S.A., "Hygiene Standards for Asbestos"

Smither, W.J., "Asbestos and Asbestosis"

Although you probably have it, I am also enclosing a copy of the Lynch paper
on brake linings. In addition you will find a selection of pages from a docu-
ment, "National Inventory of Sources and Emissions: Cadmium, Nickel, and
Asbestos - 1968, Asbestos, Section III," that deal with friction materials.

This report was prepared for the old Air Pollution Control Administration and
was presented to them in February 1970, It has only recently become available
to the public through a printing by the U.S. Department of Commerce Clearinghouse.

If we can be of any further help, please let us know.

Sincerely,

\

(fames D. Callaghan 6’3

JDC:mml (5 3)

Enc.
cc: W.P. Raines
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SUMMARY AND EVALUATION

Subject: Brief discussion of the various forms of asbestos and their effects

on health, Of some interest,

Evaluation: This very short paper, running to three printed pages, was
presented to provide background information to a conference on possible
asbestos exposure to maintenance workers on auto brakes and clutches in
Britain, The author points out that currently disc brake pads, brake
linings and clutch facings contain 50 percentlchrysotile asbestos, However,
newer developments indicate that the percentage of asbestos in the mix is
likely to decline, perhaps down to a minimum of 30 percent asbestos. Disc
brakes require less asbestos fiber than drum brake linings, and it is
estimated that more and more passenger cars produced in the U.K. will

be equiped with disc brakes.

o s Tr—
Pl - ™~
« Author: Smither, W, J.:;;:zup Medical Adviser, Cape Asbestos Company).
o M e ol . .

Journal: Annals of Occupational Hygiene (British), January 1970.

Title: "Asbestos and Asbestosis,"

Summary: As given above.
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ASBESTOS AND ASBESTOSIS*

W. J. SMITHER
Group Mcdical Adviscr, Cape Asbestos Company, {14 Park Street, London W.1,

THE FORMS AND USES OF ASBESTOS

COMMERCIALLY important asbestos fibres fall into two main groups. The first of |

these is chrysotile, and the sccond comprises the ampbiboles. Both groups arc

fibrous silicates, but they differ in geological origin, in chemical composition, in

molecular structure, in fibre size and strength, and in other characteristics. Chrysoltile,
white ashestos, comes from many different places. Therc are slight chemical and
physical variations in the fibres from different sources, but basically all have the same
molecular structure. On the other hand, the amphiboles comprise at least threc
separate types, whose molecular structure is very similar, but whose chemical and
physical properties differ more widely. Amosite (amber) and crocidolite (blue) are
of commercial importance in this country, whereas anthophyllite is a Fianish fibre
not used here. . ,

The relative amounts of cach fibre in world production is shown in Fig. | and
the arcas of main use in Fig. 2.

Asbestos. .
. Annual world output ~3,000,000 tons
. : \ .
B , . 1
Aathophyllite
{Finlond)
OO0 tons
Amosite 10 L./‘o
(South Africa) i
Crocidolite 90,000 tons
(blue) 3%
(South Africa) .
HO,000 fons

3%

Chrysotile
{white)
2,800,000 tons

3%

1,250,000
* USSR 750,000
S. Africo 250,000
usa 100,000
Evrope 100, 000
Others 350, 000

Conodo

Fic. 1, World production of asbestos.

*This paper was originally presented at a Conference on Exposure to Asbestos during Brake
and Clutch Maintenance, held at Brentwood, Essex, March, 1969,
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Fi 2. Areas of use of asbestos.

The diflerent characteristics of asbestos fibres diclate their uscs, their applications
and their mode of packing and handling. For example, anosite can be pressure
packed and palletized, whereas chrysotile lends itself more readily to containerization,
By far the greatest usc of chrysotile is in the asbestos ccment industry, Amosite is
used mainly in insulation and building products. Crocidolite, due to its excellent acid
resistance, finds its major application in the manufacturc of baltery boxes in “this
country, Itis added to the pitch mixture in unopened dissoluble bags.
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Asbestos and asbestosis 5

Very broadly it can be said that current friction materials, whether they be disc
brake pads, passenger car and commercial vehicle brake linings or clutch facings,
contain 50 per cent chrysotile asbestas. The new trends of development, particularly
in the fields of disc brake pads and commercial vehicle brake linings; indicate that the
percentage of asbestos included in the mix is likely to decline. Some new materials
now contain approximately 40 per cent asbestos, and newer mixes can be foreseen
with an even lower percentage, probably down to a2 minimum of 30 per cent. The
pads for disc brakes require less asbestos fibre than conventional drum brake linings.
It is estimated that more and more passenger cars produced in the U.K. will in future
be equipped with disc brakes, particularly on the front wheels.

THE BIOLOGICAL EFFECTS OIF ASBESTOS

The variation existing in the biological effects of the different types of ashestos
is the subject of considerable interest and research, and the extent to which the
physical and chemical characteristics of the asbestos itself influence biological effects
is being investigated. The role of trace clements and contaminants associated with
the fibres has also to be considered.

The chief biological eflects of asbestos are confined 1o the lung and the pleura, or
lining of the Jung and chest cavity, and to the peritoneum, or lining of the abdominal

cavity. A few cases of skin corns have occured in asbestos workers, but these are -

becoming much less common.

All types of asbestos, if inhaled in fairly high concentrations over a considcrable
period of time, may cause fibrosis of the lungs. This discasc, called asbestosis, con-
sists of thickening of the fung membranes with resultant stiffening of the tissues and
interference with oxygen uptake. The interfercnce with gas transfer is the reason for
the shortness of breath which causes the disability associated with asbestosis.

« The amount of exposurc required to produce fibrosis of the pleura, with or without
calcium dcposition in the scars, is more debatable. 1t may be that shorter, Jess
concentrated exposures, particularly in youth, leave this mark upon the pleura. In
any event this particular cflect of ashestos inhalation causes little or no disability in
itsell.

Exposure to asbestos may lead to further complications, e.g., heart failure, cancer
of the lung, or, rarely, to malignant changes in the plcura or peritoncum, known s
mesothelioma. Cancer of the lung has been shown to be more common in asbestos
workers who smoke, just as it is in the genceal population. Mesotheliomas are very
uncommon throughout the world, but in some arcas they have been associated more
frequently with exposure to crocidolite than to chrysotile, amosite or anthophyllite,
The rcasons for this arc at prescnt obscure, but arc being sought intensively by
investigators in many different countrics.
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SUMMARY AND EVALUATION

Subject: Asbestos dust control standards in Britain and the U.S. and their

relationship to occupational health, Of some interest.

Evaluation: This paper is essentially identical with the one presented by
the author at the Conference on "The Control of Asbestos in the Working
Environment," sponsored by the British Occupational Hygiene Society and the
Asbestosis Research Council, London, June 18, 1969. That paper has pre-

viously been evaluated and distributed. The author is president of the

British ij;9p5€§5§al Hygiene Society.

Roach,/ﬁ. A, (London School of Hygiene and Tropical Medicine).
// )
/'/ .
Journal: Annals of Occupational Hygiene (British), January 1970,

Title: '"Hygiene Standards for Asbestos."

Summary: Hygiene standards of the BOHS are discussed and compared with
those of the ACGIH, The British standards apply only to chrysotile,

and reéommend a lower TLV than the latest recommended by the ACGIH.

-XXX~
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Ann. Occup, Hyg. Vol. 12, pp.]—ls. Pergamon Press 1970, Printed in Great Britain

HYGIENE STANDARDS FOR ASBESTOS*

'S, A. Roacit
London Schoo! of Hygiene and Tropical Medicine, Keppel Street, London W.C.1.

As LONG as there is any airborne asbestos dust in the work environment there may
be some small risk to hecaith. Nevertheless exposure up to certain limits can be
tolerated for a lifetime without incurring undue risks.

A hygiene standard for asbestos was published in the U.K. by the Ministry of
Labour in 1960 and was taken from the annual list of Threshold Limit Values of the

. American Confcrence of Governmental Industrial Hygienists (ACGIH) (Committce

on Threshold Limits, Annually).

The British Occupational IHygiens Society formed a Hygiene Standards Com-
mittee in 1965 to advise on hygienc standards. This Committee recommends the use
of the ACGIH list of standards and supplements this with critical examinations of
ACGIH and other standards considered unsatisfactory by British workers. The
Hygiene Standards Committec has expert Sub-Committees, cach of which is con-
cerned with a specific standard. There is a sub-committee on asbestos dust in air,
one on trichlorocthylene vapour and its urinary metabolites, one on airborne vegetable
dusts in the textile industry, another on noise criteria for hearing conservation and
two new ones are coming into being; on cadmium oxide fume and silica dusts in air.

It is important to take into account the economic conscquences of any recom-
mendations made as well as the benefits to health, and this is one reason why on cach
of these Hygicne Standards Sub-committees, scientific and medical experts from
industry are included. The valuc of a standard riscs in proportion to the number of

'pcpplc who become protected by it. A particular advantage of direct industrial

representation on hygiene standards committees is that the industry more readity
identifies jtself with the standards recommended.

The Hygiene Standards Sub-commitiez on Asbestos, under the Chairmanship of
Professor Lane, has developed new hygiene standards for airborne chrysotile dust

- (LANE er al., 1968). These were based on the results from a medical and environ-

mental study at an asbestos textile factory in England, in which investigations werc
made on 290 of the men employed at this factory in the period of 1933-1966.
The Sub-committee considered that the degree and nature of the risk associated

. with the standards should be specified and the method of the derivation of the stan-

dard from the data presented should be described in detail. It was also considered
that the standards should give prominence to the gradually increasing risk in relation
to the concentration rather than to the single figure threshold concept. Open recogni-
tion should be given to the possibility that people might be adverscly sffected, even

*This paper was originally presented at a Conference on Exposure to Asbestos during Brake and
Clutch Maintenance, held at Brentwood, Essex, March, 1969,
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when the recommended standards of air clcanliness are maintained. Tt was recognised
that to protect the hypersusceptible workers cnvironmental control would have to be
supplemented with medical examinations.

It was evident from the data made available to the Sub-committee, and from the
earlier American experience, that when concentration is held constant the prevalence
of asbestosis was highest among those with the greatest duration of exposure. Over
a period of time, dust accumulates in the lungs and gives rise to asbestosis. However,
some of the dust is removed from the lungs, for example, by being dissolved. Con-
sequently, if it is assumed that none is removed and exposure is limited accordingly,
a safety factor is thereby incorporated. The problem of relating prevalence with
concentration and with duration of cxposure was resolved by assuming that the
cumulative amount of asbestos remaining in the lungs from a given exposure is equally
dependent on the dust coucentration and on the duration of exposurc to that con-
centration.

The asbestos dust concentration had been measured at the textile factory con-
cerned with several different instruments, including the membrane filter method, in
which the number of fibres longer than 5 . was counted. The dust concentration to
which diffcterit workers had been exposed varied from 1 fibre/cm? to 27 fibresfem?

. over periods from 10 years to 33 years.

The exposure of an individual was expressed as fibre years/cm?, that is, the product
of the average concentration to which he was exposed during working hours and his
years of exposure to this average. A curve was developed relating the prevalence of
asbestosis to exposure expressed in this way. The principles on which this was based
may be explained as follows. '

An individual's response to dose of any foreign substance can be expressed by a
line (Fig. 1). There is a dose which produces no response whatsoever. This is marked
by the threshold A. If the individual is given progressively higher doses, the response
progressgs correspondingly. The least positive responsc may be real but merely
undesirable. A higher response may have sensory manifestations. A still higher
responsc might be associated with observable physiological changes and overt clinical
effects. The highest responses of all would perhaps be signified by loss of conscious-
ness, or even death.

The degree of response may be conceived to be mcasurable objectively on a con-
tinuous scale starting at zero, and the scales of dose and response could be chosen
to linearise the relationship between them, as in Fig. 1. The dose-response refation-
ship could then be described by the slope of the line and the point where the line
strikes the dose axis. The slope of the line expresses the rapidity with which increases
in dose produce increases in response in this individual. The stecper the slope the
greater the safety factor necessary in practice to allow for the inevitable occasional
excursions ol dose above the maximum desirable,

Doses which give zero response are never, in fact, known with absolute certainty
since the sensitivity of measurcments of response is limited. A response which can
just be detected in a man corresponds to another and higher dose, shown as threshold
B on Fig. 1. Also, onc is not normally considering just one individual. As with all
other characteristics of man, the position aud slope of a dose-response line varies
from onc individual to another. Each man’s dosc~vesponse linc is different with a
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Hygiene standards for asbestos . 9

Individvol response to dose

Respavnn

Threshoid B

Threshotd A

- Dose

Fic. 1. Individual response to dosc.

different threshold dosc and a different slope. A particular population under study
is represented by a family of dose-response lincs centred avound the line for the
average man. : .

In a real population the threshold dose will vary from one individual to another
about an average value, as in other medical norms. It is to be expected that the size
frequency distribution of threshold doses would be a hump-shaped curve tailing away
on either side of the central value, as shown in the Fig. 2a.

In a real field study it is established whether a man has or has not been affected.
Exactly when or in what concentration he furst developed the characteristic response is
usually not known. A graph showing exposurc against the total number of people
affccted by it would be a cumulative sigmoid curve, illustrated in Fig. 2b, derived from
the size frequency distribution in Fig. 2a. This tails away down to zero response at
Zero exposure. ’

An air quality standard is still associated with a smajl but non-zero probability
«£men being affected by the contaminant in question. The risk of people being affected
can be made as small as onc wishes. Zero risk is the ultimate target and an air quality
standard has to be a compromise between the costs of bearing a health risk and the
costs of air contaminant control.

A curve was fitted to the data from the textile Facior L asbestosts, detected
clinically and the exposure in fibre you, . pue =27 i all theindividuals under study over
their years of emiployment up to 1966, The bottom cnd of the fitted curve is shown in
Fig. 3. The ihree points relate to three of the groups of workers studied. The exposure
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Poputotion response to dose

Number of individuols with symptoms

Threshold dose

' Fic. 2a. Population response to threshold dose.
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Hygicne standards for asbestos 11
Response to chrysotile osbestos exposure
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Fig. 3. Responsc_to chrysotile asbestos exposure,

is shown on the horizontal axis, expressed in fibrc years per cm” and the corresponding
prevalence is on the vertical axis, showing the proportion of people with crepitant
basal rales. )

Basal rales is the earliest clinically demonstrable effect on the lung due to asbestos
and there is a steadily increasing prevalence of basal rales with increase in dust ex-
posure. Only groups with near zero dust exposure show zero prevalence of basal
rales. *

A problem arises when it is appreciated that there is no exposure which can be
said to be absolutely free of risk. There is no single threshold exposure held in com-
mon by cveryone. There is, consequently, this gradually increasing risk in relation to
cxposure. The application of dust control to meet 2 TLV, an MAC, MAK value, or
other similar hygicne standard will limit and control the risk but is unlikely to reduce
it to zcro. It has to be remembered that asbestos is very widely used and brings real
benefits to the community at large. A standard could bc made so stringent that the
cost of dust control is prohibitive, that the production-and use of asbestos ceases to
be cconomic, production and use is discontinued and the associated bencfits are lost.
The bencfits gained by reducing the risk of asbestosis through reducing air con-
taminant exposure have to be weighed against the possible loss of direct and indirect
benefits to the community from the use of the material.

One conclusion from the exposure-response curve fitted to the data was that for
an accumulated exposure of 100 fibre years/oms®, it is probable that the risk of being
affected to the extent of having carly clinical signs will be less than 1 per cent. That
is, for example, a concentration of 2 fibresfem* for 50 years of such exposurc while

....-_,.....,.
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at work, 4 {ibres/ecm? for 25 years, or [0 fibresfem® for 10 years. The British Occupa-
tional Hygicne Society Hygicne Standards Sub-committee-on Asbestos expressed the
view that a proper and reasonuble objective would be to reduce cxposures to below
this level and thereby reduce the risk of contracting asbestosis to less than 1 per cent
of those who have a lifetime’s cxposure to the dust. For such workers, who may
possibly work for 50 years, the long term average concentration to which they are
exposcd would need to be fess than 2 fibresfcm?. For others, who will be exposed to
asbestos dust in air for shorter periods, the long term average concentration need not
be so Jow, as long as their exposure will amount to less than 100 fibrc years/em®,

The possibility was considered that short periods of very high concentration for a
few weeks or less might be disproportionately important in determining the risk of
asbestosis. However, the evidence for this was not conclusive and the committee
were satisfied that the risk can be satisfactorily expressed with respect to an average
concentration over 3 months and can safcly be kept below 1 per cent by ensuring that
a man’s accumulated exposure does not rise above 100 fibre ycars/cm?®

The exposure measured by making fibrc counts on membrane filter samples can
be converted into exposure measured with an impioger, the American method, by
examining the results of side-by-side comparisons of the two instruments. Such

- comparisons made by the United States Public Health Service in asbestos textile

plants have shown that an accumulated exposurc of 100 fibre ycars/cm? corresponds
to 15 million particle years/ft* by standard impinger methods (Aver, LYNCH and
FANNEY, 1965). The present American Threshold Limit Value is a concentration of 5
million particles/ft> (mp/ft*) which, if it persisted, would result in an accumulated
exposure of 250 million particle ycars/ft* over 50 years.

These Awerican hygiene standards, called Threshold Limit Valucs, are a system
for summarising published information on air contaminants in a convenient form

- for the day-to-day practicc of industrial hygiene. The present American standard

for 8-hr averages is thus 17.times higher than the British standard for 3 monthly
averages. However, there is a published intention to revise the American standard
in view of recent knowiledge.

However, the difference between the American and British standard is not pri-
marily due to conflicting cvidence on the adverse affects of asbestos. It is becausc of a
different attitude now adopted over the degree of protection which ought to be
given against asbestosis.

‘The American Threshold Limit Value of 5 mp/ft® was recommended by Drcessen
and his co-workers in 1938 after studying 541 employees in 4 asbestos textile plants
where massive cxposures to chrysotile occurred (DRESSEN er 4l., 1938). Only 3 doubtful
cases of pneumoconiosis were fouid at the time of the study in those exposed to dust
concentrations under 5 mp/ft?, whereas numerous well-marked cases were found
above 5 mp/fte. .

A conference held in 1965 on the biological effects of asbestos called attention to
the very real probability that the 5 mp/ft® limit recommnended by Dreessen is inade-
quate to give complete working-lifetime protection against all forms of asbestos
(ScHALL, 1965). Mecdicul data on which the limits had been based were inadequate;
more than half of the asbestos workers studied by Dreessen and his co-workers werc
under 30 years of age and thus had insuflicient exposure time for much asbestosis to
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develop. Of the 105 workers exposed to less than 5 mp/ft3, 82 had worked less than
5 years and only 4 had morc than 10 years exposure. Moreover, it was a “point-in-
time" study; many of the ill were missing, the dead uncounted, and were not considered
in the over-all evaluation of the limit.

The British Hygicne Standards Committee finalised its views in November 1967
after studying the British data, and these views were immediately communicated to
the ACGIH TLV committce. In May 1968 the ACGIH (Committce on Threshold
Limits, 1968) proposed changes to its hygienc standard. The new asbestos limit,
while taking into account the British vicws, had to be based on American expericnce
and considerations applicable to the Amcrican industrial scene. Recent evaluation
of the health experience in asbestos plants in the U.S.A. had, nevertheless, indicated
that the 5 mp/ft® limit was not sufficicntly low to protect workers exposed for 30
years, a period rarely exceeded in Amecrica.

In accordance with these findings, the 5 mp/ft* limit was made a ceiling value
below which all concentrations should fluctuate. This corresponds to a time-weighted
average concentration over a shift of 2 mp,/ft®. Since the count by Impinger procedure
often consists primarily of cxtraneous particulates, an alternative fibre count was
recommended, using the membrane fifter method in which fibres greater than 5 . in
length are counted as in Britain, On this basis, for a time-weighted 8-hr average limit
by Impinger count of 2 mp,ft3, the corresponding limit based on the fibre count is
12 fibres/cm®. This limit is intended to reduce to an insignificant risk, the occurrence
of asbestos disease among those exposed for 30 years to all forms of asbestos.

The intended changes in American TLVs give two yecars' notice and objections
to them should be conveyed to the TLV committee of the ACGIH. All objections are
given the most serious and sympathetic consideration and users are strongly advised
to take advantage of this if they have reason to question the proposed changes.

The standards of the British Occupational Hygicue Society recommend that a
person’s accumulated exposute to chrysotile asbestos should not excced 100 fibre
yearsfem®, It is probable that the risk of being affected 10 the extent of having early
clinical signs of asbestosis will be less than I per cent if the conditions comply with
these standards. It is believed that this is the first time a hygiene standard has been
associated with such a specified degree of protection. .

- The standards refer essentially to an average concentration during working hours
over 3 months of 2 fibres/cm®. In an environment where this 3 monthly average just
equals 2 fibres/fem?, the concentration within this period will sometimes be above
this valuc and sometimes below. The maximum 8-hr average will thus be somewhat
higher than 2 fibresfem?. The proposed change in the American TLV is to a maxi-
mum 12 fibres/cm® 8-hr average, which if excceded on a shilt demonstrates non-
compliance. Thus, there may be a rough degree of consistency between the hygiene
standards from the two countrics’ organisations, so far as this is possible. The Factory
Inspectorate in their work have often only a short time during a day to come to a
judgiment on conditions and are considering a development of this, applying a maxi-
mum for cven shorter periods, of a few minutes, whicls if exceeded would indicate a
probability that the Asbestos Regulations are not being complied with.

There is a growing body of information on chrysotile dust and other asbestos
dusts from many countrics, and it is hoped that in future the views from diflerent
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parts of the World will be sought so that standards for testing air cleanliness can, as .

. far as possible, be held in common. Even so, the risks that may be tolerated can vary
from country to country and from one situation to another within a country.

The air quality attained in industry in different countries does differ and, no doubt,
will continue to differ. A wealthy country can afford to spend more money on air-
contaminant control. Also, a country very conscious of the slightest risks to which
its workers inay be exposed through their occupation may be expected to have different
standards from one which is not, where other health risks may be so much the greater.

The benefits to the community from the use of inexpensive asbestos products have
in some mcasure to be weighed in the balance against the benefits to the health of the
workers that would accrue by reducing asbestos dust exposure,

The British Occupational Hygicne Society Sub-committee on Hygiene Standards
for Asbestos has not yet decided whether their chrysotile standards would be suitable
for amosite or crocidolite dust, nor whether they give sufficient protection against
lung cancer or mesotheliomas. The ACGIH, on the other hand, make no distinction
between different types of asbestos in their standards. In this country it should be
remembered that the Senior Medical Inspectors® Advisory Panel on Problems arising

from the use of Asbestos considered that the evidence to date on balance indicated
that a particular significance must be given to crocidolite as a cause of mesatheliomas
(Ministry of Labour, 1967). That Panel recommended that other types of fibre
should be substituted for crocidolite wherever possible and where this is at present
impossible .special precautions should be taken to reduce the risks of inhaling the
material to the lowest possible level. Whatever measures may be adopted to control
asbestos dust, the Panel urged that these be even more rigidly applied to crocidolite.

" The Factory Inspectorate is also developing procedures for testing hygiene standards

in factories and is seriously considering the adoption of especially rigid requirements

--where crocidolite is used.

To derive hygiene standards for an air contaminant which provide a known
degree of protection against a hicalth hazard, it is necessary to have a body of data
showing the amount of air contaminant to which people are exposed and the corre-
sponding effects or Jack of them in the people. It is also necessary to have a grasp of
the consequences to industry and uscrs of limiting and controlling emissions of the
contaminant. Our present information is very imprecise, particularly in terms of the
practical consequences of specific hygiene standards. In developing recommendations
for a hygienc standard, the British Occupational Hygiene Socicty Sub-commiittee
found that knowledge of the relationship between exposure and risk was not the

. greatest arca of uncertainty., A much more difficult and contentious problem was to

decide on what, in fact, was an acceptable level of dust countrol,

More information is needed, for cxample, on the expense of dust control. Where
this is done by ventilation it is important to know what is the minimum amount and
what kind of Jocal exhaust ventilation and dilution ventilation is necessary to achicve
a given degree of air cleanliness in a work place, since costs tend to climb as the cube
of the air flow,

Research is neceded to determine the balance between local and gencral ventilation
which produces a specificd degree of control at minimum cast. By setling down the
capital cost, installation cost, running and maintenance costs, it becomes possible to
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eSS CAn, as grasp more firmly the consequences of adopting particular hygiene standards. This
¢d can vary kind of information is needed throughout the ficld of asbestos dust control so as to
. be able to weigh up the costs of achieving high air cleanliness.
t.no dOlll'Jf, This does not reduce the choice of an air quality standard 1o 'a mathematical
ney on air- equation, nor does it avoid the need to exercisc wise judgment in the choice of stan-
< to which dard. However, the judgment can become a little less arbitrary than at present.
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SUMMARY AND EVALUATION

Subject: Study of asbestos dust exposure among British auto brake mechanics.

Of interest and importance,

Evaluation: 'This paper sheds additional light on the persistent speculation
concerning brake linings and asbestos dust. The study was conducted among
workers engaged in the repair and maintenance of brake drums "at the Service
Bay of a Ford Main Dealer in' the Greater London area," During the dustiest
part of the operation, the preliminary cleaning of the brake drum, workers
were exposed to an average of fewer than two fibers per cubic centimeter of
air, According to the recommended dose-time limits established by the British
Occupational Hygiene Society, this means that a brake-maintenance worker could
work for 50 years at this job with less than a one percent risk of contracting

asbestosis, . ) e

Authors: /Hickish, D./E. and Knight, K. L. (Medical Services, Ford of Britain).

Journal: Annals of Occupational Hygiene (British), January 1970.

Title: "Exposure to Asbestos During Brake Maintenance,"

Summary: Brake lining mechanics in an automobile service shop worked on two
passenger cars and a truck, while two types of dust-measuring devices counted
the amount of asbestos dust in the atmosphere. The personal exposure of the
mechanics was below the limit corresponding to 50-year exposure, the hygiene
standard of the British Occupational Hygiene Society. '"Samples of drum dust
were examined by Dr., S, Holmes, and his tests showed that chrysotile was pre-
sent only in trace quantities, or at most at 1 per cent, compared with the
original lining content of 40-60 per cent. These findings suggest that there
is a change in the physical and/or chemical form of the asbestos during its
use as a brake material,"
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- EXPOSURE TO ASBESTOS DURING BRAKE
, MAINTENANCE*

D. E. HickisH and K. L. Knigut

~ Medical Services, Ford of Britain, Brentwood, Eséex

EXPOSURE DURING CAR SERVICING

THERE is little maintenance of passenger vehicle brakes involved at the manufacturers’
premises, and therefore an investigation was carried out at the Service Bay of a Ford
Main Decaler in the Greater London arca. This Dealer normally services 10-20 cars
per day, but blowing-out of brake shoes and drums is not included in all routine
services. It is the blowing-out procedure which is the subject of the study.
Air.sampling was carried out using membranc filters, the sampling and subsequent
asscssment being in accordance with the technique described in the Hygiene Standard
Jor Chrysotile Asbestos Dust, published by the British Occupational Hygiene Society
(1968). .
Static samples werc taken by the side of the car (Fig. 1) and composite samples
were also taken in the dust-cloud during the blowing-out procedure, continuing by
the side of the car for the remainder of the sampling period. Normally the mechanic
takes care to blow the dust away from himself, so this sampling procedure should over-
estimate exposure. Two sampling periods of 45 minutcs were uscd, and during the
first period onc Cortina Estate and one Anglia Yan received brake blow-outs, and
duging the sccond period onc Cortina car was dealt with. The results are shown in

Table 1. .

TABLE 1. ATMOSPHERE SAMPLES DURING CAR BRAKE SERVICE

] . Fibresfem?
Location of samples 1st period 2nd period  Time-weighted
average
By car 112 1-42 1:25
Dust cloud then by car 1.7t 362 2-55

An cstimate of the daily exposure of the mechanic engaged on brake cleaning was
obtained by a scrics of personal samples (Fig. 2). covering an cntire workshift, during
which brake servicing was carricé vut on 11 vehictes. The results are shown in Table 2.

*This paper was originally presented at a Conference on Exposure 1o Asbestos during Brake and
Chutch Maintenance, hickl at Brentwood, Essex, March, 1969, )
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18 - D. E. Hickistt and K. L. KNiGur

TABLE 2. PERSONAL SAMPLES DURING CAR
BRAKE SERVICE e -

Concentration

Sample (fibres/cm?®)

0-63
112
0-21
096
0-383
079
' Time-weighted average 0-68

AW N -

EXPOSURE DURING TRUCK. SERVICING

Maintenance of truck brakes involves a somewhat different type of operator
exposure as the servicing is more complex, and therefore the number of vehicles dealt

with is less. The larger size of wheels and drums, on the other hand, makes it difficult ;f« .

for the operator to avoid the dust cloud produced, and personal exposure could be ' ,‘/,:/

higher than that during car maintenance. Further sampling was therefore carried out =

in a large flect workshop with equipment similar to that used for the passenger car i

tests. ’ ¥
Static samples, cach of approximately 3 hr duration, were collecied during the E

morning and afternoon periods at threc positions; at the bay adjacent to the one E

at which brake cleaning was carried out, at the next bay, and in the centre of the
garage, ) :

Brakes were blown out during the morning, but not during the afternoon. The
results arc given in Table 3.

. TABLE 3. GENERAL ATMOSPHERE SAMPLES DURING TRUCK BRAKE SERVICE .
. ’ Concentration E\
Location of sample (fibres/em?) "
I .
. ! .
. L 4
. Adjaccnt bay Morning . 028 - "f ,
. Afternoon : 0-07 e
2 Bays away Morning ~ 0-17
Afternoon 007
Centre of garage . Morning 049 ’
. Afternoon 011

Personal samples were obtained from two men-—the man engaged on brake
cleaning, and the man engaged on clutch repair work at the adjacent bay. The first
period of 1-5-2 hr included the period of brake cleaning, and the sccond period of
approximaicly 5hr represcated the remainder of the shift. The results are shown
in Table 4.
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TAnLE 4, PERSONAL SAMPLES—TRUCK PRAKE SERVICE

Concentration
Operator . (fibres/cm?)
« Brake cleaner
during cleaning . 7-09
after cleaning E 008
Time-weightcd average ) - 175
Clutch repair—adjacent bay .
. during cleaning 2:25
alicr cleaning o011
Time-weighted average 079

SIGNIFICANCE OF EXPOSURE LEVELS

The Hygicne Standard suggests that exposure should not exceed an accumulated
level of 100 fibre-ycars/cm®. On this basis, a man cxposed for the whole of his working
lifetime of 50 years, should not be exposed to concentrations exceeding 2 fibres/cm?.
While an exposure to asbestos of this length is somewhat improbablc in the case of
motor mechanics, nevertheless the results have been interpreted against this value,
and the findings are summarized as follows:

Car servicing .
While the standard may be exceeded in the dust cloud during actual brake clean-
ing, the personal exposure of the operator studied was well below the standard.

Truck servicing

The standard is not cxceeded during brake cleaning in the gencral atmosphere
away from the immedia(c vicinity of the operation, but personal cxposiires in the
vicinity do exceed the standard. On a daily basis, the personal exposure levels arc
below the standard, although that of the brake cleancr approaches it.

1t should be noted, however, that in a fleet workshop, brake cleaning operations
do not necessarily take place daily.

THE NATURE OF AIR-BORNE DUST

Brake lining materials contain 40-60 per cent of asbestos, and it was somewhat
surprising to find that particles of a fibrous nature were scarce in the air samples
collected. In a laboratory investigation, specimens of dust were obtained by filing
brakc lining material, and after sicving through a 200-mesh sieve, these were ex-
amined microscopically before and after incineration. Samples of dust were collecled
from brake drums during car servicing and examincd in similar manner.

The results of the examination were expressed as the percentage of particles which
were fibrous in nature, and are compared in Table 5, together with a result from an
incinerated thermal precipitator sample obtained during brake cleaning,
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TABLE 5. ASSESSMCNT OF FIBROUS FRACTIONS OF DUST SAMPLES

Percentage of particles
secn to be fibrous

Sample Sample Sample
not incincrated incinerated
Brake lining material : 28 123
Brake drum dust 0-6 16
Air-borne dust —_ 13

It is clearly shown that the percentage of fibres in the drum dust and airborne dust
is much lower than that in the dust formed from the original lining material.

Samples of drum dust werc examined by Dr 8. Holmes, and his tests showed that
chrysotile was present only in tracc quantitics, or at most at 1 per cent, compared
with the original lining content of 40-60 per cent. These findings suggest that there
is a change in the physical and/or chemical form of the asbestos during its use as a
brake material. ' :

Enquiries were madc of research workers in the UK and USA as to whether they
had observed a similar effect. LYNCH (1968) reported that tests on brake testing dyna-
mometers had shown the presence of few or no fibres in the dust produced from bus
and automobile brakes, except under severe braking conditions. In the latter instance,
the brake’ temperature reached 320-370°C, compared with the design maximum tem-
perature of 290-320°C, and it appeared that, under these conditions, the binder
decomposed and released part of the asbestos as free fibre. At lower bulk lining tem-
peratures within the normal operating range, the binder behind the surface remains
intact. However, the spot temperature at the point of contact between the lining and
the drum may be higher than the dccomposition temperature of asbestos. The
decomposition product, therefore, includes not free asbestos fibres but a different
mineral, resulting from thermal metamorphosis.

Hormes (1967) in reporting the analyses described earlier in this paper, com-
meunted that the normal thermal decomposition product of chrysotile is forsterite, a
non-fibrous crystalline magnesium s/licate. However, our samples of brake druin
dust contained very little forsterite, but rather were mainly comprised of an amor-
phous magnesium silicate, which is non-fibrous. Little was known at that time about
the structure and composition of this substance, Whilst there was no evidence to
suggest that the material was a health hazard, this possibility could not be dis-
missed, and animal experimentation has been commenced in the U.S.A.

CONCLUSIONS

Our investigations show that exposure to asbestos during brake maintenance is
not as severe as was anticipated, and in the situations we examined, the personal
exposure of the operators was below the limit corresponding to 50-year exposure.

It is however recommended that care should be excrcised during brake clcaning to
avoid inhalation ol the dust produccd, and the development of cleaning procedures
which would reduce air contamination is desirable. The present trend towards the
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introduction of “flow-ling” servicing at Dealers works, in which onc individual may :
be engaged almost entirely on brake servicing, emphasiscs this point. l
Our environmental studies have not included maintenance procedures which in- 1
volve the filing or grinding of brake lining material, and we would envisage that these K
would give risc to considerably increased air contamination by chrysotile asbestos, i
. with the attendant need for strict precautions (o preveat the inhalation of fibres. i
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SUMMARY AND EVALUATION

Subject: Brief discussion of the British Asbestos Regulations as applied to

brake maintenance in auto repair shops. Of interest and importance.

Evaluation: This very short paper is important because the last paragraph
confirms the American study by Lynch on the small amounts of asbestos in
brake lining dust, The present author reports the results of tests per-
formed in the Industrial Hygiene Laboratory of the British Ministry of
Labour: "We have found that samples of dust from brake drums, when
subjected to X-ray diffraction analysis, contained between 1 per cent

and 3 per cent of chrysotile asbestos although the original lining
material contained more than 40 per cent of asbestos. There seems

little doubt that this is due to the considerable thermal degradation
which occurs consequent on the high temperatures generated by friction

at the interf een the lining and the drum,"

Author: /Luxon, S, AH.M. Factory Inspectorate, British Ministry of Labour).

»

Journal: Annals of Occupational'Hygiene (British), January 1970.

"Title: "Technical Implementation of the New Asbestos Regulatioms,"

Summary: The levels of asbestos exﬁosure for brake mechanics appear safe,
However, the exposure of periicular individual workers will be increased
if brake .verhauvls are conducted on a production line basis, making the
dévelopment of adequate precautionary measures cven more important,
"Certainly, we should not be blowing out brake dust, even if it containsg

only a few per cent of asbestos."
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that they indicate that the levels likely to be found in many scctions of the industry
engaged in this work arc below the level of 2 fibres/cm?, which is considered, in the
light of past knowledge, a safc one for chrysotile asbestos. Their highest figures for
the time-weighted average concentration over 4 hr, however, clearly show that over a
period of 10 min we may have concentrations cxcecding substantially the level of 12 POSSIBI
fibres which are quoted above. ’ :
I was interested to hear of the increasing tendency to carry out brake overhauls on
a production line basis. This, clearly, must increase the exposurc of particular in-
dividual workers, making the development of adequate precautionary measures even-
more important and, in this connection, I hope the devices which will be described
later to-day can be improved and developed to the point where they become univer-
sally acceptable to the operator, Certainly we should not be blowing out brake dust,
even if it contains only a few per cent of asbestos. T HAVE been
; In regard to this latter statement, perhaps I should say that work at our Industrial The facts a
i Hygiene laboratory confirms the figures indicated in the previous paper. We have shortly be ¢
found that samples of dust from brake drums, when subjected to X-ray diffraction then I thinl
% analysis, contained between 1 per cent and 3 per cent of chrysotile asbestos although This is |
? the original lining material contained more than 40 per cent asbestos. There seems eventually |
‘ little doubt .th.at this is due to the considerable thermal degradation which occurs loss in porfv
! consequent on the high temperatures generated by friction at the interface between the
lining and the drum, -
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'TECHNICAL IMPLEMENTATION
- OF THE
NEW ASBESTOS REGULATIONS*

S. Luxoxn

H.M. Factory Inspectorate, Department of Employment and Productivity, Chepstow Place,
Westbourne Grove, London W.2,

THE NEw Asbestos Regulations were signed by the First Secrctary of State on May
13 1969, and will thercfore come into operation on May 14 1970. They are based on
the concept that asbestos dust must be so controlled as to be at a level which will
not be Jiable to cause injury to health.

For the purposes of our discussion today, I belicve we should take this to be a
level of 2 fibres/em® and 0-1 mg/m? for chrysotile asbestos. A fibre is taken as being
5 p or over in length with an aspect ratio of at least 3:1. This is of course the standard
proposed by the British Occupational Hygiene Society (1968) and is based on time-
weighed average concentrations. There is a practical limit on the time over which
samples can be taken if the exercise is not to become unnecessarily cumbersome and
expensive. On this basis, a sample of 4 hr duration seems a reasonable compromise.
I we accept this, as a practical sampling time then the overall standard becomes 2
fibres/cm?® over this four hour sampling period.

We cannot, however, afford to ignore entirely peak concentrations which will
occur during this period, and it seems reasonable to expect that a concentration
of say 12 fibres/om® should not be exceeded during any period of 10 min, i.e. we
might regard 12 fibres/cm?® as a ceiling value.

It must be remembered that we are using the fibre count not as an absolute measure
of concentration but rather as a conveniently measurable parameter to indicate the
total asbestos in the air. The work leading to the formulation of the BOHS Standard
referred to above related to conditions in the textile industry and not enough informa-
tion is yet available on the relationship between mass of asbestos and fibre counts in
other industries. To further complicate the problem, it is not known what fibre sizes
are biojogically aclive and, cven if this were known, appropriate clutriation (i.c. the
rejection of material not biologically active) would be very difficult with a fibrous
material such as asbestos. We, ourselves, arc making both fibre counts and total
mass determinations by X-ray diffraction analysis in industrics, such as the motor
industry, where degradation of the fibres may occur, resulting in a substantial change
in size distribution.

Hickisn and Knigir (1969) have described conditions during the servicing of
braking systems. The figures they have quoted are, to a large cxtent, reassuring in

*This paper was originally presented at a Conference on Exposure to Asbestos during Brake and
Clutch Maintenance, held at Brentwood, Essex, March, 1969,
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SUMMARY AND EVALUATION

Subject: Discussion of the possible use of materials other than asbestos

for auto brakes, Of interest and importance.

Evaluation: The conclusion of the author is that asbestos is practically
indispensable for auto brakes at the present time. If asbestoslwere not
available, we could "eventually find a substitute, but it could well be
at the expense of a considerable loss in performance, and ;lso at a con;
siderable increase in cost." The author also emphasizes that there is

no valid health reason why asbestos should be abandoned at the present
time. He cites the tests demonstrating the very small percentage of
asbestos fiber in brake lining dust and concludes Fhat "the wear products
from friction materials are probably no more dangerous to health than many
other dusts and can be treated as 'merely dirty.'" He also mentions that
technical developments have reduced the quantities of asbestos needed in
the production of—efficient brakes and clutches.

SN
Author:”/Hatch, D, (Ferodo Company),

" Journal: Annals of Occupational Hygiene (British), January 1970,

Title: 'Possible Alternatives to Asbestos as a Friction Material.,"
Summary: As given above.
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industrial I HavE been asked to talk on the possible alternativeg to asbestos as a friction material.
| {lv ush ria The facts are that if by “alternative” we mear a new or better fibre which might
:n“e ave shortly be available as a replacement for asbestos in conventional friction materials,
E.l.;rlalctlo}r: then 1 think the chances arc so remote as to be not worth considering.
; althoug This is not to say that if the world supplics of asbestos dried up we would not
clre seems eventually find a substitute, but it could well be at the expense of a considerable
L1 occurs loss in pcrformancc, and also at a considerable increase in cost.
‘tween the .
THE ROLE OF ASBESTOS IN FRICTION LININGS .
‘ Having started on what may appear to be'a rather depressing note, Jet us examine
) : the reasons why asbestos occupies the role of an almost umversal constituent in
i) Hygiene friction materials at the present time. , o
X The first automotive friction linings were made from cofton textile material im-
j pregnated with drying oils which were subsequently curcd to form a strip of material
1 ) . which, while being flexible and conformable, still exhibited great mechanical strength.
: Thermain function of the drying oil was to protect the cotton from attack by atmo-
: spheric oxygen, which, cven at the temperatures reached by early brakes, would have
: resulted in the cotton burning had its surface been exposed. A second function of the
. drying oil was to prevent the cotton from fraying under the influence of mechanical
abrasion. . '
M As brake opcerating temperatures increased, it was found that cotton started to
degrade and losc its strength even though still protected from attack by oxygen.
In other words, it suffered thermal degradation instead of oxidative degradation.

Around 1910, a technological break-through was achicved when it was discovered :
that textiles could be woven from asbestos and used to replace cotton, because asbestos !
ncither burns nor loscs its strength below about 500°C. However, as brake operating
conditions became steadily more severe, a point was reached in about the middle

1940's when, despite the continual improvement of synthetic resins with which the
H asbestos textile was impregnated, further heat resistance was required, this time
i because the organic part of the composite was proving inadequate. The solution
! proved to be to mould brake linings from powdcred resins, using short fibrec unwoven
*This paper was originally presented at a Conference on Exposure to Asbestos during Brake and
Cluatch Maintenance, held at Brentwood, Essex, March, 1969,
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26 ' . ~ D. Harenn

asbestos to maintain the necessary strength and flexibitity. This made possible the
inclusion of heavy loadings of mineral and metal tiflers which imparted greater hecat
resistance than could be obtained from resin and asbestos alone, and did so at the
expense of a reduction in ashestos content. The last point is important in the context
of asbestos substitutes. The question is often asked, “why can’t asbestos be replaced
by somcthing like glass fibre which, after all, must surcly impart sulficicnt strength ?”
The answer is possibly “it can”, if merely the performance of a textilc lining is required,
but at the temperatures cOmdonly met in modern brakes, the glass fibre melts even
in depth below the operating surface,

Furthermore, as a result of the embrittling effect of mineral and other fillers
needed in today’s brake lining, glass fibre is inadcquate in imparting the necessary
strength and flexibility. The same can be said to a greater extent, of the various types
of rock wools and mineral fibres which have appeared on the market over recent
years. It is interesting to note that not oply is the ultimate strength of asbestos aJmost
three times that of glass fibre, i.e. 550,000 Ib/fin.? but the modulus of rigidity is up to
ten times as high, at a value of 30,000,000 Ib/in.*. Typical figures for other materials
are say 100,000 Ib/in.2, for steel wool and down-at 60,000 Ib/in.? for mincral wool.

The current situation therefore, is that in drum brake linings of normal configura-
tion used for passcnger cars and commercial vehicles, there exists no substitute for
asbestos which would not result in a deterioration of performance and strength.

.

DISC BRAKE PADS

Rates of encrgy dissipation continuc to ris¢ and we have now passed the point
where moulded drum brake linings arc adequate for a large percentage of passenger
cars. In this country, nearly 50 per cent of the passenger car axles are equipped with
disc brakes, and for the second time in nearly half a century, there scem to be technical
possibilities of reducing the asbestos content of friction materials. It is purely for-
tuitous that the friction matcrials used in disc brakes are designed to a stronger shape,
that i§, more or less square or circular pads of considerable thickness, supported,
furthermore, by a metal plate of adequate stiffness. The friction material, therefore,
docs not have to stand up to handling during asscmbly, does not have to withstand
riveting, and could, from the point of view of bulk mechanical strength alone, be
made without a high loading of fibrous reinforcement of any kind. There remains,
however, thermal shrinkage and thermal shock, and in order to prevent the formation
of tensile cracks normal to the operating surface, a percentage of asbestos fibre is still
retained. Nevertheless, it cannot be said that the use of asbestos in disc brake pads
remains a technical nccessity, and it is in this ficld of friction materials that some
departure from resin-asbestos based composites could occur in the next few years on
technical and performance grounds.

FRICTION MATERIALS FOR CLUTCHES

As yet, I have confined my comments to brakes, but the development of friction
materials for clutches has followed broadly similar lines. Tn rccent years, however,
we have scen the start of a growing replacement of manual clutches by automatic
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*Possible alternatives 1o asbestos as a friction material 27

transmissions where the clutch packs are immersed in oil and therefore do not give risc
to airborne contamination. The lriction matcrials used are, in any case, made from
sintered metals or paper based facings in which the fibre is largely cellulose. This
featurc is made possible by the low operating temperatures, duc in turn, to the fact
that the materials are immersed in oil.

Clutches for heavy duty manual shift gear boxes are, in the U.S.A., being super-
seded at a significant rate by the spider clutch. This is a type of clutch in which the
friction material, instead of heing in the form of a thin annulus, consists of a number
of buttons rathcr like disc brake pads, and thesc again could be made from asbestos-
free material such as sintered metals’or cermets (ceramic-metallic compositions).

Summarizing the situation at the present time therefore, it can be scen that there
is a drift towards the use of smaller quantities of ashestos in friction materials as a
result of a number of purely performance considerations and design changes, that s,
reduced amounts of asbestos in some disc brakes, and n,p!acement by other materials
in automatic transmissions and some dry clutches.

OTHER FACTORS AFFECTING EXPOSURE TO ASBESTOS

There arc, however, several other factors which cnter the equation when con-
sidering the exposure to asbestos during brake and clutch maintenance, which is the
subject of this mecting. )

The first is that the durability of friction materials is increasing, as is the tem-

perature at which they will operate satisfactorily. T mention these facts not only

because they tend 10 offsct the adverse effect of increase in vehicle miles per year, but
because they affect the whele chemistry of asbestos in friction materials. The sccond
important point is that the typc of asbestos uscd in friction materials is chrysotile or
white asbestos, and is different from blue asbestos or cracidolite, not only in colour,
but in chemical composition and also in chemical decomposition. The third important
Point is that under the influence of heat alone, chrysotile asbestos decomposes by loss
of water of crystallization at a temperature of around 600°C. The process is rather
slow, taking well over an hour to convert 50 per cent of the asbestos to its degradation
products. These form a series of iron magnesium silicatc materials known as olivine,
the end member of which is forstcrite. The olivine serics of minerals are quite unlike
asbeslos,' both physically and chemically, being non-fibrous, and in fact, widely
occurring as the major part of many common rocks (basic and ultramafic igneous).
Onc would not expect that a significant amount of asbestos would be converted to
olivine during braking except under canditions of very severe duty such as a fade test,

-but in fact it is exceedingly difficult to detect asbestos in friction material wear pro-

ducts. Tt has only on rare occasions been possible to detect asbestos in wear products
by X-ray diffraction methods, and one has to resort o cicctron diffraction, sclecting
occasional individual small .5 to show its existence. This rather surprising fact
has been knawn for sevoral years and current theory suggests that it is accounted for
by very high temperatures which are said 1o exist at the points ol real contact between
the lining and drum or disc, even at bulk temperatures as low as 100°C.

Whether this explanation is correct or not, it remains a fact that very little asbestos
survives in the wear products after brakes or clutches have been used under normal

’
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operating conditions, As the durability of brakes improves, further reductions will
occur in the percentage of asbestos which survives the wcur‘proccss, because cach
particle of asbestos is then subjected to more heat treatment. Of the approximately
1 per cent of asbestos remaining in wear products, a large proportion is ground down
during the wear process to much less than the 5 p length at which particles are judged
to be fibres. This is easy to understand when one considers that undee normal condi-
tions a lining will lose about one-millionth of an inch of thickness for ¢very 20 ft of
sliding.

Over recent weeks I have had regular tests performed in which employees’ private
cars, and trucks from thc Company flcet have been brought into the garage for brake
cleaning. The drums have becn removed and in a garage with no forced ventilation,
all loose dust has been removed from the drums and back plates by the use of a
compressed air jet. As each brake was cleaned, instantancous atmospheric samples
were rapidly taken by a hand-pump from the centre of the dust cloud. Several of the
dust clouds were visibly filthy, and would, in my view, be avoided by the opcrator;
the dust counts taken at the point of maximum dust density were as given in Table 1.

TABLE 1. DUST COUNTS DURING BRAKE CLEANING BY
COMPRESSED AIR-JET

Test Non-fibrous Fibre count Fibre count
No. above 2 2-5u Above 5 u
Samples
1 2000+ 306 54
2 109 11 2-1
3. 402 17 . 25
4 607 21 . 37
s 475 37 53
6 1513 49 82
- 7 628 .35 32
10 min
average 181 . 50 . 0-8

The interesting points from this exercise are, firsdly, the ratio of the number of
particles of asbestos to the total dust particles of a similar size, showing a very small
percentage of asbestos, and, sccondly, the distribution of size of the fibrous clement,
suggesting that those particles over 5 & must have been only just over.

I am not suggesting for a minute that the practice of blowing out brake drums with
a compressed air linc is to be recommendcd, mercly that an intense dust cloud of this
compositipn is a lot less harmful than one might think.

Unfortunately, at the present time, no corresponding data is available [rom clutches
but one would cxpect the situation to be better than in brakes rather than worse,
because on the one hand, surface rubbing speeds arc higher, giving rise to higher
point contact temperaturcs, and on the other hand, wear rates are very much lower
resulting in an even finer subdivision in the wear products.
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uctions will POSSIBLE ALTERNATIVES TO ASBESTOS
cca\?§c cach I have confined my comments to an account of clianges which are taking place
pm"'{":jmdy in friction materials at the present time in the normal course of technical development,
ound :“" in the belicf that, although the use of raw asbestos must be tightly controlled, the wear
N v . . . .
Harc ju !,e.d products from friction materials are probably no more dangerous to healih than many
mmlzaorrl:dnt-_ other dusts and can be treated as “mercly dirty”. If further evidence comes to hand
Ty 0 to suggest that a substitute for asbestos must be found, then under the pressure of
. necessity, a list of possible replacements could be drawn up as follows:—
cfs pr wa}:c Glass fibre Low strength—low melting point—severe frictional instability.
; o;br. ake Steel wool Low availability—high cost—low strength—damage to drums.
cntifation, Mineral wool Very low strength—brittle to the extent of limiting mixing pro-
c use of a " cesses.
e samples .Carbon fibres  £100/1b currently forccast to fall to £1/Ib in several years’ time.
‘Lral of the Still ten times too expensive. ‘
Og)‘cralor ; Sintered metals Probably the best possibility cventually, but cost will always be oo
2 Table 1. and cermets relatively high. ' , t
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SUMMARY AND EVALUATION

Subject: Brief account of the work of the British Asbestosis Research
Council in setting hygiene standards in asbestos friction products

plants, Of some interest,

Evaluation: This paper rums only two pages, of which the first is devoted
to the background and organizaﬁion of the ARC, A Working Group on Friction™
Materials has been conducting studies of dust exposure in factories making
brake linings. The studies are not yet complete, and there is no report

as to preliminary findings.

/—_\
Author:  Bentley, M. L/ (Mintex Company).

Journal: Annals of Occupational Hygiene (British), January 1970,

Title: "Control of the Use of Asbestos-Containing Friction Materials."

Summary: As given above,
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CONTROL OF THE USE OF ASBESTOS-
CONTAINING FRICTION MATERIALS*

- M. L. BENTLEY
Mintex, Clcckheaton, Yorks

INTRODUCTION

TH1s paper outlines the measures taken by the asbestos-using industry to find out the
nature and causes of asbestosis, and the work it has carried out on environmental
control, Particular reference is made to dust created during the manufacture and sub-
sequent handling and machining operations of [riction materials containing asbestos.

Tt is rather Icss than 40 years ago that the nced for control of asbestos dust in large
quantities was first recogniscd and the Governnient Regulations which became law
in 1933 have resulted in a considerable improvement in the health record of people
employed in asbestos factories.

In the 1950's, however, it became apparent that although the improvement had
been dramatic, cases of asbeslosis were occurring in people who had joined the in-
dustry since the dust control measures were introduced and it was also apparent that
certain users of ashestos producm such as thermal insulation engincers or [aggers were
also being aflected.

As a result of this the three Ieadum Companies in the ashestos industry, B.B.A.
Group, Capc Asbestos and Turner & Newall, decided that further investigation into
the nature and causes of asbestosis was necessary and they financed and set up the
Asbestosis Rescarch Council with this objective. Since then the Asbestosis Research
Council (ARC) has comtinvously sponsored research at Cambridge, Reading and
other centres and has co-ordinated the work of its own research, medical and en-
gineering teams concerned with this problem. '

Much of the increased awarcness of health problems connected with asbestos
stems from these research projects and the-industry’s own experts are acknowledged,

" and have been consulted regularly, by Government Departments and other organisa-

tions both in this country angd overscas. The ARC has drawn up some Codes of Prac-
ticc vir the handling af asbestos in those arcas where the control of asbestos dust was
thought advisable at that time. The ARC has also played an active part in the formu-

_lation of the new Asbestos Regulations which are expected to become law in about 12

months,

Because of its considerable experience in using asbestos and asbestos products
itself and its concern that these products should be used without risk, it set up an addi-
tional committce last ycar with the principal object of intensifying the study of prob-

lems arising in the working environment, dealing with those arcas where it had only |

*This paper was originally presented at a Conference on Exposurc o Asb'cslos during Brake and
Clutch Maintenance, held at Brentwood, Essex, March, 196Y.
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recently become apparent that some control might be necessary and helping those
concerned with satislying the requirements of the new regulations.

This Cominitice is the Environmental Control Commiittee of the Asbestosis Re-
search Council and it consists of a number of working groups concentrating on the
special problems of particular arcas. One of these Working Groups is being devoted
to the ficld of friction materials, and has, as its constituent members, Small & Parkes
(makers of Don materials), Ferodo and Mintex. This Group, which has been formed
recently, is concerned with the users of friction materials, both at its major customers
~—the brake, clutch and car manufacturers-—and also in the replacement and service
ficld.

Its concern has been, first of all, to establish whether or not a problem exists and,
if s0, how big a problem itis. To this end dust counts have been taken both in premises
where friction materials are handled and serviced, and at customers’ premises, by the
three Companies principally involved. These tests have been taken by their own dust
counting teams who have many ycars' cxperience in accurate dust measurement,
This work is continuing and a picture is being built up of dust counts likely to be en-
countered whilst carrying out typical operations during brake and clutch maintenance.
Analysis of the dust found in brake drums is being carried out also to determinc
whether all the fibrous dust is asbestos or not.

In addition to gathering and collating information.on a large number of dust
readings in various types ol service premises, the Working Group is preparing two
codes of practice for uscrs of asbestos-based friction materials which will be
issued by the Asbestosis Rescarch Council. One of these is for the guidance of bulk
users in factory premiises carrying out, in some cases, opcrations similar to those
cacried out in our own factories, such as drilling and grinding, and the other is for the
guidance of those engaged in servicing of brakes and clutches.

The purpose of these Codes of Practice or Noics for Guidance will be to remind
users of the principal requirements of the new Asbestos Regulations to recommend
the action that they should take to meet their requirements. The aim is to achieve what
is, after all, the whole purpose of the Asbestos Regulations and the Asbestosis Re-
search Council’s work—to reduce concentrations of asbestos dust to a safc level.
The long experience of the manufacturers of friction materials in dust control over a
wide varicty of operations will enable them to recommend- measures and types of
equipment to help the users to comply with the Regulations and protect the health
of their employees. -

A furthicr line of study is being followed to see whether a satisfactory surface-
sealing agent can te found in order to cut down the amount of dust given ofl' in hand-
ling a new lining, even though his amount is alrcady small.

1t is not possible for us to take dust connts in cvery scrvice garage in the country
and the work of the Friction Materials Group has been direcled to dealing with, and
giving advice on, situations which are likely to be typical of those found in service
garages. [t is, however, the intention to give as much help and advice as possible with
the facilitics that are available and requesis for help or advice directed to the Asbestosis
Research Council will be passed on to the Working Group for action.
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b | SUMMARY AND EVALUATION

Subject: Comparative study of methods used for cleaning auto brakes during

servicing, Of some interest,

Evaluation: 1In British auto repair shops it has apparently be common practice
to clean the dust from brake assemblies by blowing it out with a compressed

air hose, The natural assumption that this process releages most dust into

the air was confirmed by comparative tests using a vacuum cleaner, two types

of brushes and rag wiping. However, iﬁ is noteworthy that the dust concen-
trations, measured by sampling devices, included relatively few fibers, which
would presumably be asbestos, The author comments: '"The results of fibre
counts showed. that the numbers of fibres present in the high total dust con-
centrations obtained when an air line was use& were of a low order of magnitude
and hence the total dust concentration was used as a relative method to describe

the dustiness of the environment,"

e

Author: Lee, G, L, (British Leyland Company).

Journal: Annals of Occupational Hygiene (British), January 1970,

Title: '"Removing Dusts from Brake Assemblies During Vehicle Servicing --

Alternative Cleaning Methods."

Summary: ''Vacuum cleaning provides a useful contribution towards obtaining

satisfactory dust control when brake assemblies are cleaned.”
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REMOVING DUSTS FROM BRAKE ASSEMBLIES
DURING VEHICLE SERVICING—
ALTERNATIVE CLEANING METHODS*

G. L. Lee
British Leyland, Longbridge, Birmingham

1 premises
ies, by the PRELIMINARY CONSIDERATIONS
own dust - :
surcment, WHATEVER the criticisms may be from an occupational health point of view, few would
10 be en- deny that the operation-of removing brake dusts with an air line is cfficient in that
ntenance, the total timc to perform the task is extremely short. ‘The time required to perform
fetermine an operation is of vital importance in industry and any process changes will always
be judged relative to the time scale. In addition, the eflort required from an operative
- of dust in using the m=thod should be minimal and it is easy to sce that the chances of de-
ring two E v-eloping a technique of 'clcaning which will reduce dust emissions but at the same
will be time require no more time and c¢fort are extremely slim. Quite clearly, we must
: of bulk concede from the very beginning that some increase in time and effost involved is
to thrse inevitable. )
sfo When viewed under normal lighting conditions, the result of applying a com-
pressed-air line to remove brake dusts is very dramatic. Unfortunatefy, mere dramati-
remind sation alone is not adequate to describe the cmis§ion of dust from a process; more
mmend objective meF}?ods.nre nceded. The conventional method of evahmtinlil an .environ—
ve what . mental condition is the measurcment of the appropriate parameter (in this casc—
sis Re- fibre counts), referring the results to hygienc standards. Jn experimental work to
¢ level. evaluate dust control methods, simpler, “rclative” techniques of measurement hflve
“over a considerable advantages and part of this work is concerned with applying a fairly
/pes of simple method to define certain environmental conditions which prevail when brake
health dusts are removed by blowing out with a compressed air line and comparing these
with the conditions obtained when a dust control technique is applied. Because the
urface- method is a relative one, care to prevent errors from extrancous sources of variation
hand- is important. These sources of error are discusscd later.
untry , .
). and METHODS USED TO EXAMINE ENVIRONMENTAL CONDITIONS
ervice When dusts are released in relatively small quantities it is often impossible to see
¢ with the clouds under normal lighting conditions. They can be made visible using the
slosis Tyndall Beam effect and this has been employed extensively during the experimental
work. : C
*This papcr wis originally presented at a Conference on Fxposure 10 Asbestos during Brake and
Cluich Maintenance, held at Brentwood, Essex, March, 1969, :
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Mass concentrations of airborne brake dusts were determined at two positions by
sampling through tared membrane filters. In the first position, a static sampler was
placed closc to the sources of dust emission. Generally, this sampling position was
chosen 1o be in the area where the results of Tyndall Beam examinations had indicated
that the highest dust concentrations were likely to be obtained. Secondly, a personal
air sampling device was worn by the opcrative in such a manner that the sampling
head was attached to the wearer’s lapei, as near as practicable to the breathing zone.

Samples for particle counting were taken, again in the operative’s breathing zone,
using a Konimeter, and membrane filter samples were also taken for subsequent fibre
counts by microscopy, using the method described by APDINGLEY (1966). Possible
weighing errors due to static charges on membranc filters were prevented by weighing
in a field of ionising radiation, as described by HigGins and DEWELL.

The results of fibre counts showed that the numbers of fibres present in the high
total dust concentrations obtained when an air line was used were of a low order of
magnitude and hence the total dust concentration was used as a relative method to
describe the dustiness of the environment.

The location selected for the experiments was in a workshop area, behind a glazed
partitiosn, and well away from access doors, so that comparisons of cleaning methods
were not affected by variations in local air movement. Smoke tests were carried out

at each sample period to confirm this point.

CONDITIONS OBTAINED WHEN A COMPRESSED AIR LINE
WAS USED TO REMOVE BRAKE DUSTS

A commercial vehicle brake assembly, after removal of the brake drum prepara-
tory to cleaning, is shown in Fig. 1. In this particular case, thc hub had also been
removed for bearing replacement which facilitated cleaning operations. It should be
noted that this is not always so and for the majority of our tests the inconvenience of
the hub being present had to be contended with.

A series of Konimeter samples were taken during typical operations and also
after the process had ceased. The counts for these samples are summarized in Table 1.

TaBLe 1. RrsutTs oF KONIMETER SAMPLES DURING BLOW-OFF

Numbcr of brake dust

Sample particles/5 cm?®
Taken at beginning of operation 5000
Taken approx. 20 scc later 4500
Taken approx. 60 scc later 4000
Taken approx. 30 scc later. ) 1800
Taken approx. 30 sec later” 580

It is scen that there is a progressive fall in count as the local dust cloud disperses.
The first threc figures arc approximate only, the numbers of particles collected being
too high for accurate counting,
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Removing dusts from brake assemblies during vehicle scrvicing 35

" Afixed sampling period of some 5 min was chosen for the determination of mass
concentrations—this being longer than required for the blowing operation but
sufficient to cover that required for the alternative cleaning methods, The dust col-
lected by the static sampler close to the brake asscmbly gave an equivalent concen-
tration of 114 mg/m? and that for the personal air sampler 42 mg/m®. It is probable
that many of the particles included were larger than respirable size. The fow asbestos
fibres counted on membrane filter samples gave a concentration of the order 3-5
fibresfcm?,

ALTERNATIVE CLEANING METHODS

Initial approaches were to try the use of fixed and hand-held cxtractors to collect
the dust particles removed by hand-brushing with a small paint brush, Fixed ex-
tractors, although reasonably efficicnt, were rejected because of restrictions which
these placed upon the work by confining it to one arca. Both operatives and super-
vision were unhappy about being confined to onc work area—preferring 1o retain
flexibility and carry out the work as they had previously done, whercver the vehicle
happened to be. Portable extraction equipment was clearly required and after some
preliminary enquiries, a BVC industrial vacuum’ cleaner was selected for use in
experimental work. It is of fairly conventional type, powered by a § h.p. motor and
supplied with disposable paper bags in addition to the normal cloth bag. The paper
bags are fitted in a manner which allows them 1o be scaled fairly easily before removal.
To trap any particulales which might pass through the paper and cloth bags, an ex-

ternal, multi-layer filter was provided for fitting to the air outlet end of the cleaner.-

Preliminary experiments established that some brake dust particles were passing the
paper and cloth bags but thesc were trapped by the externally fitted fifter. Sdmphng

at the exit side of the filter established that no particles passed the filter.
A T .

- .
CONDITIONS OBTAINED USING THE VACUUM CLEANER
AS A SOURCE OF EXTRACTION

The first technique tricd was to use the nozzle of the cleaner, hand-held as a

. source of focal extraction whilst the dust deposits were disturbed with a small paint

brush held in the other hand. The Tyndall Beam showed that some dust was escaping
into the enviromment. Objective measurements are summarized in Tablc 2.

TABLE 2. RESULTS OF KONIMETER SAMPLES DURING HWRUSHING AND
WITH LOGAL EXTRACTION

Number of brake dust
Sample particles/5 cm?®

Taken at start of process - 1070
Taken about 1 min later 404
Taken about 2 min later ’ 426
Taken at'end of process 446

2RI
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36 G. L. Lee

The fixcd sampler in the area of the highest concentration gave a dust concentra-
tion of 21 mg/m? and the personal sumpler, 27 mg/m?.

An improvement in controlling the release of dust had been obtained but was not
considered completely satisfactory and an alternative approach was sought.

CONDITIONS OBTAINED USING A MODI?IED TECHNIQUE

Alfter some preliminary experiments, the following general technique was devised.
Firstly, the loose deposits of dusts inside the brake drum and on readily accessible
surfaces of brake shoes and the brake assembly were removed, using the smallest
brush supplicd with the cleaner—the equipment being used as a vacuum cleaner.
A much narrower, tubular brush, made from available materials was then used to
remove dcposits from less accessible surfaces. Finally, a rag, soaked in water and
wrung fairly dry, was used to remove adherent deposits. No visible emissions of dust
were observed but a few particles were detected by the objective methods, as shown in
Table 3. '

TasLe 3. Resutts ofF KONIMETER SAMPLES DURING MODIFIED TECHNIQUE

Number of brake dust

. Sample particics/S cm?
Brushing with standard brush 16-25
Brushing with tubular brush ' 20-25
Rag wiping 1-5

g

No fibres were detected and the mass concentrations involved were too low to
detconine,

CONCLUSIONS

The objective measurements made seem to confirm that vacuum cleaning provides
a uscful contribution towards obtaining satisfactory. dust control when brake assem-
blies are cleaned. The design of the particular cleaner chosen prevents the discharge
of particles back into the cnvironment and the collection in a paper bag enables suitable
disposal mcthods to be adopted. This work was complcted in the early part of 1968
and subsequently the method described was recommendcd for use until such time as
the results of studies being carried out elsewhere in the Motor Industry were known
and detailed requirements subsequently formulated. .

Acknovledgements—The assistance of Mr 1. Smith of the [udustrial Hygiene Department and Mr
Young, Works Engincers, is gratefully acknowicdged.
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INVESTIGATIONS INTO ALTERNATIVE FORMS
OF CONTROL FOR DUST GENERATED DURING
THE CLEANING OF BRAKE ASSEMBLIES AND
DRUMS*

K. L. Knigur and D. E. Hicrisn
Mecdical Services, Ford of Britain, Brentwood, Essex

INTRODUCTION

THE MosT usual method of rgmoving the accumulated dust from brake drums and
assemblics is by “blowing off” with a compressed air stream. This, of course, generatcs
a dust cloud in which the operator works, proportionate in size to the drum/assembly
being cleaned. We therefore investigated two alternative methods of controlling dust
gencrated at a maintenance operation on commercial vehicles, as representing maxi-
mum likely exposure. '

Enquiries at the beginning of the investigation indicated that the removal of dust
is to allow inspection of the mechanisin, rather than being a maintenance procedure
in itself. Qur efforts were, therefore, dirccted towards the removal of loose dust from
the parts of the brake mechanism which nceded lnspccllon rather than achieving
total cleanliness.

The criteria for evaluating the two methods devised were firstly, that the alternative
method did not take significantly longer than the method alrcady in use, secondly,
that it was not more difficult to carry out, and thirdly, that very little extra equlpm"llt
was iceded.

ALTERNATIVE METHODS EXAMINED
The alternative methods examined were a vacuum funnel, and a vacuum brush.

Vacuun finnel .
The funnel (sec Fig. 1) comprised a steel cone with a connection point at its apex

for an industrial vacuum cleaner; a flexible skirt, with a draw string attached at its

periphery; and a small-bore side-entry for the injection of compressed air. In use,
the funnel was sccured over the backplate of the brake assembly or over the drum
and compressed air was injected to dislodge dust while the vacuum clcaner extracted
dust-laden air. Thc assembly was rotated around the iotal circumference to complete
the cleaning operation. *

*This paper was originally presented at a Conference on Exposure to Asbcslos during Brake and
Clutch Maintenance, held at Brentwood, ssex, March, 1969,
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38 ’ K. L. Kneir and D. E. Hickisu

Vacuum brush

The vacuum brush shown in Fig. 2 consisted of a circular nylon bristlc brush
mounted on an angled handle and fitted via the handle to the same vacuum cleaner.
In use, the brush was used to remove dust from drums and assemblies under vacuum,

EXPERIMENTAL PROCEDURE

In order to determine which of these two methods was the better, the performance
. of cach was compared with the traditional blow-off method, in two separate experi-
ments shown in Table .

TaBLE. 1. EFFECT OF CLEANING METHODS ON DUST CONCENTRATIONS

Hour 1 2 s 6 6
Back- Back-  Funnel Brush
Activity ground  Blow-off ground cleaning clcaning
Personal sampler  particles/cm?® 116 422 107 415
fibresfem?® 096 5-35 095 35
Static sampler particles/om? 161 72 162 210
fibresfem?® 0-45 052 041 075
Peak sample particles/em? 41750 759
fibresfcm3 o 87 1-04
Personal sampler  particlesjen?® 125 635 | 140 158
) fibresfcm?® 0-16 084 009 : 022
Static sampler particles/em? 129 155 110 122
fibresfcar? 010 016 020 018
Peak sample particles/cm?® 41750 310
fibresfcem?® 87 0-57

During the first hour of the day air samples were collected to determine background
concentrations; during this period the near side front road wheel was removed. In
the second hour samples were collected during dust removal from the near side brake
assembly by blow-off. Further background samples werc taken during the fifth
hour while the off side front road wheel was removed, and during the sixth hour dust
determinations were made while either the funnel or the brush cleaning methods were
used '

The personal samples were collected from the breathing zones of mechanics en-
gaged in the work and static samples were collected concurrently to simulate exposure
of mechanics working in an adjacent repair bay. Short duration samples were also
collected by means of a Driiger pump from the operator’s breathing zone at the peak
period of dust generation. .

All the samples were subsequently analysed for fibres in accordance with the
tecknique iaid down in the Hygiene Standard for Chrysotile Ashestos published by the
British Occupational Hygiene Society (1968). Particle counts were limited to particles
greater than | p dia. :
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Alternative forms of coptrol for dust gencrated during the cleaning of brake assemblics 39

. DISCUSSION
The results for the vacuum funncl vs. blow-off cxperiment and for the vaguum

brush versus blow-ofl arc shown in Tablec 1. It can be sccn that the background
concentrations during the fifth hour had re-established at the original level after a
2 hr Jatent period and therefore the blow-ofl aperation carried out during the second
hour did not afieet the concentrations observed in the vacuum funnel samples collected
in the sixth hour. The funncl appears to reducc personal exposure by 2 per cent for
particles and 40 per cent for fibres; concentrations observed in the adjacent bay are
_increased and a reduction in peak concentrations of about 80:1 was achicved.
During the second experiment there was more variability in the background con-
centrations between the first and fifth hours but the effect of blow-off on the vacuum
brush test may be discounted. Personal exposure by use of the brush is reduced by
75 per cent for both particles and fibres and the static samples show a reduction of

in peak concentrations was again observed.

CONCLUSION

The experiments demonstrated that the vacuum brush was better in reducing

operator’s exposure; it had the added advantages over the funnel of being easier to
handle, conzisted of fewcr, simpler parts and was much quicker than the vacuum
funnel. . ’
There are threc major reasons for the relative incflicicncy of the funnel; its use
increased brake cleaning time (and thus exposure time) by a {actor of 8, it was difficult
to obtain a good seal at the skirt, and imbalance occurred between the necessary air
input and the capacity of the available exhaust system, with resulting leakage of dust.

REFERENCE
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SUMMARY AND EVALUATION

Subject: Discussion of the preferred type of vacuum cleaner to use in

cleaning auto brakes during servicing. Of some interest,

Evaluation: Having determined that blowing the dust out of brake assemblies
with a compressed air hose releases the most dust into the air, the authors
investigated the use of vacuum cleaning equipment with two types of pick-up
heads, It was determined that a brush on the end of the vacuum hose is

more efficient than a funnel attachment.
Authors: “Knight, K. L. And Hickish, D, E, (Medical Services, Ford of Britain).

Journal: Annals of Occupational Hygiene (British), January 1970,

Title: "Investigations into Alternate Forms of Control for Dust Generated

During the Cleaning of Brake Assemblies and Drums.”

Summary: As given above,
Summary
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Jeremiah R. Lynch
National Center for

Urban and Industrial realth

Brake Lining

Decomposition Products -

A number of investigators have found asbestos bodies in the lungs of urban residents who were not oc-
A relationship between the carinogenic properties of asbestos and the
urban excess of lung cancer has been suggested. The decomposition products of brake linings have been

cupationally exposed to ashestos.
described as a possible source of these fibers.

emission from a variety of friction products.
fiber while the remainder was transformed into some other, nonfibrous, mineral,

Tabie 1. Asbestos bodies in human lungs.

Brake testing laboratory methods were used to test fiber
Only o very small fraction of the asbestos escaped as free

A significant release of free

fiber occurred only under conditions extreme enough to produce brake failure.

Location Year Pos%iiive
Cape Tawn (2) 1963 26
Miami (2) 1965 27
Pittsburgh (3) 1965 41
Johannesburg (4) 1965 .39
Fintand (5) 1966 58
Montreal (6) 1966 43
San Francisco (1) 1966 42

Table Hl. Brake lining composition.

Ingredient Automaobile Truck
Asbestos 59 33
Resins and

polymers 28 48
Oxides and

pigments 9 16
Metals 3 2
Carbon, graphite,

etc. 5 1

’ 100%, 100%

oratory
tional
Health

45202,

Mr. Lynch is Chief of the Lab-
of Engineering,
Health =~ Progenm,
Service,

{hecup-
Publie

Department  of

Health, Education, ad
1014 Broadway, Cineinnati, Ohio

Wellare,

824

The occurrence of coated fibers re-
ferred to as ‘“‘ashestos bodies” in the
lungs of urhan populations not oc-
cupationally exposed to ashestos has
been noted by several investigators.
The results of several autopsy series, as
summarized by Cooper,! are shown in
Table 1.} % Thompson,” in suggesting
possible modes of exposure that could
account for these bodies, stated:

The average private motor vehicle wears
out three or four ~ets of brake linings and
one or two clutch linings in it= lifetime. and
commercial and public transport vehicles
wear ouit many more, Thesxe huings consixt.
largely of axbestos which is ground to dust
as the linings wear, and most wear oceurs
in built-up areaz. This alone in mos1 rities
would involve the dixcharge of many tons
of asbestos dust and fibers in the streets
each vear.

Since asbestos has been implicated
as a carcinogen® and lung cancer has a
higher incidence? amang urban popula-
tions, the fate of the asbestos worn from
brake linings becomes significant.

Brake Lining Composition

The average composition of typical
brake linings of the type tested is shown
in Table IT. Individual mixes may vary
considerably from these averages.

Each of these ingredient= performs a
particular function. The ashestos pro-
vides strength, heat resistance, and xclec-
tive decomposition under stress. The
resing and polymers hold the other in-
gredients together.  Various oxides are
added as pigments and to improve the
grip of the lining on the drum. Soft
metals such as lead and brass improve
wear while carbon and graphite serve

as friction modifiers.

Brake lining quality depends to a large
extent on the type of binder used.
Linseed oil, which begins to decompose
at about $50°F, is used for light service
brakes. Mlore demanding service re-
quires brakes made from cashew type
resins or oil modified phenolic resins.
These ingredients are mixed, either dry
or with a solvent added. formed into
ghape, and cured in an oven. The
hardened lining is then cut, ground, and
sanded to the precise dimensions of the
finishe:l linings. The dust procluced by
the abrading operations in ashestos
friction product factories (Figure 1)
contains free ashestos fibers that are
similar to those in industries where can-
cer is known to be in excess. The
question to be resolved, therefure. is
whether the dust produced hy the
normal wear of brake linings contains
this same type of free asbestos fiber.

Test Methods

In an initial exploratory survey, the
dust obtained from inside automobile
brake drums removed for brake relining
was examined by clectron micrograph.
Figure 2, which is typical of the series,
does not reveal any free fibers. How-
ever, this finding did not eliminate the
possibility that free ashestos fibers were
released and that they had excaped into
the atmosphere. To examine thix hy-
pothesis a scries of experiments was
devised to permit sampling decomposi-
tion produets of the lining wnder simu-
lated operating conditions.  The tests
(Table LI{) were performed with the
brake testing inachines in the laboratory
of a major brake lining manulacturer.
Most of the tests were performed on a
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Table Ift. Test resuits by electron micrograph.

Product

Test No. of Conditions

Brand Method Samples of Test-F

1, Automobile

drum
brakes

2. Automobile

drum
brakes

3. Automobile

drum
brakes

4, Automobile

drum
brakes

5. Automobile

drum
brakes

6. Automaobile

drum
brakes

1. Automobite

drum
brakes

8. Automobile

drum
brakes

9. Automobite

drum
brakes

10. Automobile

drum
brakes

1. Automobile

clutch’

2. - Automobile

disk
brake
13. Bus drum
brake
14. Bus drum
brake

15. Truck drum

brake
(light)

A Friction 6 300 800
8 Friction 6 250 - 800
o] Friction ] 300 - 700
[o! Friction 1 700 - 900
D Friction 5 300 - 800
French
E Friction 5 300 - 700
F Friction 5 300 - 800
German
G Friction 2 100 - 500
G Friction 1 600 - 700
H Friction 2 100 - 600
J Dynamometer 1 Normal
driving
K Dynamometer 1 Normai
driving
L Dynamometer 1 City
driving
M Friction 2 450 - 550
F Friction 10 300 - 800

Presence
of Free ‘73 Free
Fibers -iber®
Few <1
None 0
Few <1

Numerous ~10

Few <1
Few <1
Few <1
Few <1

Numerous ~15

Few <1
None 0
Few <5
None 0
None (]
Few <l

» Weight estimated from fiber volume.

Some independent experiments done
at a brake lining rexearch laborutory!!
have shown that all of the magnesium
present in the chrysotile ashestos orig-
inally in the lining can be accounted for
in the decomposition products, How-
ever, the characteristic X-ray ditfrac-
tion pattern of chrysotile asbestos had
vanished. Thus, it is apparent that
under conditions in which ashestos is
worn from the lining of a brake, the
asbestos is destroyed.

Conclusion

Only a very small proportion of the
asbestos worn from brake linings is
released as free fiber; the remainder is
converted into some other mineral ns o
result of the extreme temperatures gen-
erated at small spots on the lining sur-
face. Thus, although urban air con-
tains a few frec fibers as a result of brake
lining wear, they represent a very small

proportion of the total asbestos used in
manufacture of brakes. Many sources
of respirable fibers mnot associated
with asbestos products have heen identi-
fied,'* and free fibers from brake lining
wear seem to be an inconsequential
health factor in urban air pollution.
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BRAKE LINING DECOMPOSITION PRODUCTS

In recent years, some individuals have
pointed at brake lining wear as a pro-
bable source of asbestos contamination
of the ambient air. In this paper,
Jeremiah R. Lynch of 'the National Center
for Urban and Industrial Health, HEW,
refutes this theory by showing that in
all but a few extremely severe automobile
braking tests, less than one percent
asbestos fiber could be found in the
collected dust. He concludes that brake
lining wear is "an inconsequential health
factor in urban air pollution."
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