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Asbestos in Brakes: Exposure 
and Risk of Disease

Richard A. Lemen, PhD, msph*

Asbestos has been incorporated into friction products since the early 1900s. 
Epidemiological studies have been equivocal in their analysis of the incidence of disease 
among mechanics servicing brakes. Decomposition of asbestos occurs during the normal 
usage of the brake due to thermal decomposition intoforsterite, although not all asbestos is 
so converted. Short fibers, below 5 pm in length, are also found in brake products. Several 
facts are discussed including the toxicity of the remaining asbestos fibers, short asbestos 
fibers, and the health implications of exposure toforsterite. Control methodologies, when 
used appropriately, have reduced exposure to asbestos during brake servicing, but have not 
been able to entirely eliminate exposure to asbestos, thus bring into question the controlled 
use of asbestos for friction product such as brakes. Even the so called ‘‘controlled’’ use of 
asbestos containing brakes poses a health risk to workers, users, and their families. Am. J. 
Ind. Med. 45:229-237, 2004. © 2004 Wiley-Liss, Inc.
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Historical Aspects of Asbestos 
Use in Brakes

Woven asbestos friction materials were first used in 1903 
in the United States. Molded brake linings were developed in 
the early 1920s with increasing use until the introduction of 
the internal brake shoe around 1927. By 1940 virtually every 
automobile was equipped with molded brake linings [Sheehy 
etal., 1989]. Disc brakes came into being in 1965 and by 1975 
virtually all US cars had such front brakes, however, rear 
wheel brakes remained mainly of the drum variety. 
Chrysotile asbestos was used almost exclusively, as the 
amphibole asbestos type tended to be too harsh and tended to 
score the brake drums, making them wear much faster. The 
chrysotile made up from 40 to 50% of the brake lining 
[Sheehy et al., 1989].
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Decomposition of Asbestos Fibers 
in Brakes

The US Public Health Service reported a study by Lynch 
[1968] of decomposition products from brake linings. It 
found that a small fraction of asbestos fibers survived intact 
after normal brake use. While this study indicated a small 
fraction of actual asbestos fiber is released during normal 
wear into the urban atmosphere, it did not address the actual 
release of asbestos fiber during servicing and repair of the 
actual brakes [Lynch, 1968]. One of the first evaluations of 
worker exposure to asbestos, from brake servicing, found that 
the British Standard for asbestos of 2 fibers per cc was not 
exceeded in the general atmosphere but that personal 
exposures in the vicinity of the operation did exceed the 
standard on occasion [Hickish and Knight, 1970]. The 
chemical composition of asbestos materials is changed by 
the high heat generated during the braking process. Asbestos 
can begin to change at temperatures around 600°C into its 
decomposition product, due to a loss of water, into a form of 
iron magnesium silicate material, the end form which is 
known as forsterite, a non-fibrous material. During this 
decomposition of asbestos into forsterite not all fibers are 
changed and some remain as true asbestos fibers capable of 
causing disease. Studies conducted by General Motors’
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researchers of brake wear debris demonstrate that 90,000 
asbestos fibers per ng remain in that dust [Williams and 
Muhlbaier, 1980]. Fibers less than 5 pm in length outnumber 
fibers greater than 5 pm in length by a ratio of 300:1. This 
translates to approximately 300 billion asbestos fibers greater 
than 5 pm per g of wear debris and 90 trillion asbestos fibers 
less than 5 pm.

The role of forsterite in relation to health effects has not 
been well documented, but what little is known come from 
limited animal studies, that show the production of small 
granulomas with little fibrosis, from injection studies [Davis 
and Coniam, 1973]. Animal studies were not able to assess 
the possibility of long latent effects or associations with the 
production of mesothelioma, as the tests were terminated 
after 1 year. Although little fibrosis has been shown, the 
studies tend to support a more cytotoxic role for both heated 
chrysotile and brake lining dust, which is far more toxic than 
normal chrysotile. Further study is needed to assess the acute 
and chronic toxicity of forsterite [Davis and Coniam, 1973]. 
It has also been reported that during this decomposition 
process the majority of fibers that remain are of small 
diameter as well as below 5 pm in length [Rohl et al., 1976; 
Sheehy et al., 1989; Yeung et al., 1999] and thus are less 
harmful [Hatch, 1970].

Toxicity of Short Asbestos Fibers

Any assumption that short fibers, less than 5 pm in 
length, are not hazardous cannot be justified based on the 
available science. Because the analytical method of choice, 
for regulatory purposes, has been the phase contrast method 
(PCM) which counts only fibers greater than 5 pm in length, 
epidemiology studies that have been forced to compare doses 
in their cohorts to fibers greater than 5 pm in length. It must be 
noted that the PCM analytical method was chosen based on 
its ability to count fibers only and not on a health effect basis. 
While PCM has been the international regulatory method for 
analysis it is not able to detect thin diameter fibers (<0.2 pm 
in diameter), and because of this, it is suggested that 
transmission electron microscopy (TEM) should be an 
adjunct to PCM, since the evidence suggests that PCM may 
underestimate exposures and the health risks as found in the 
analysis of brake residue [Yeung et al., 1999].

Stanton and Wrench [1972] and Stanton et al. [1981] 
found that the longer, thinner fibers were more carcinogenic, 
but could not identify a precise fiber length that did not 
demonstrate biological activity. It must be kept in mind that 
Dr. Stanton has never said long fibers are bad and short fibers 
are good. In fact he appreciated that a large number of short 
fibers, individually of low tumorogenic probability might be 
more hazardous than fewer long fibers, individually of high 
probability [Greenberg, 1984]. It has been shown that it is not 
just the size and shape of the various asbestos fibers that are 
important in its ability to produce disease but other factors

may play a role in the carcinogenicity of the mineral fiber 
[Wagner, 1980; Wylie et al., 1987]. Studies have also found 
that the majority of asbestos fibers in lung and mesothelial 
tissues were shorter than 5 pm in length, thus indicating the 
ability of the shorter fibers to reach the tumor site, remain 
there, and, therefore, their role in the etiology of disease is 
implicated [Dodson et al., 2001; Suzuki and Yuen, 2002]. 
National Institute for Occupational Safety and Health 
(NIOSH) research has found that in typical occupational 
environments fibers shorter than 5 pm in length outnumber 
the longer fibers by a factor of 10 or more [Dement and 
Wallingford, 1990]. Shorter fibers must be studied in more 
depth and they should not be disregarded especially when 
clearance is retarded [Oberdorster, 2001]. That chrysotile 
fibers tend to spit longitudinally as well as partially dissolve, 
resulting in shorter fibers within the lung, was reported in a 
review of several articles [Dement and Brown, 1993]. 
Additionally, Fubini [2001] argues that, because all asbestos 
appears to be nearly equally potent, length and fiber form 
does not appear to be the only influential aspect on the 
outcome of disease. He makes this conclusion based on the 
work of Boffetta [1998] which concludes that the specific 
type of asbestos is not correlated with lung cancer risk but 
that industry specific exposure appears to fit the linear slope 
best, a finding also supported by Dement and Brown [1993]. 
For mesothelioma, induction was related to the time since 
first exposure and potency with both industry type and 
asbestos type [Boffetta, 1998].

The Agency for Toxic Substances and Disease Registry 
(ATSDR), in response to concerns of short asbestos fibers 
resulting from the collapse of the World Trade Towers, asked 
a contractor to convene a panel of seven experts to evaluate 
the role of short fibers with human disease potential [ATSDR, 
2003]. As to non-carcinogenic lung diseases associated with 
short asbestos fibers the report concludes that ‘‘...short 
fibers may be pathogenic for pulmonary fibrosis, and further 
research is needed to clarify this issue.’’ The panel concluded 
that for carcinogenic effects of short fibers the current weight 
of the evidence is that short fibers less than 5 pm ‘‘... are 
unlikely to cause cancer in humans.’’ While these conclu­
sions were found in the executive summary of the report, a 
more in-depth review of the body of the report points to a less 
conclusive assessment for the role of short fibers in the 
etiology of cancer. In fact, in panel discussions it was noted 
that no epidemiologic studies have examined populations 
exposed only to short asbestos fibers. One epidemiology 
study that may have the ability to address this issue suffered 
from short latency to evaluate the development of cancer 
[Higgins et al., 1983]. Another study of workers having 
exposure for at least 5 years, in a gold mine with 94% of the 
asbestos fibers being less than 5 pm in length, found an 
increased mortality from respiratory cancers [10 obs. vs. 2.7 
exp.: SMR 3.7; 95% CI = 1.78-6.81] and non-malignant 
respiratory diseases [8 obs. vs. 3.2 exp.: SMR 2.5; 95%
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CI = 1.08-4.93; Gillam et al., 1976]. A subsequent study 
[McDonald et al., 1978], looking at the same mine reported 
above, of miners with 21 or more years underground experi­
ence, did not find such an increase for respiratory cancers but 
did for non-malignant respiratory disease. However, when 
analyzing the data in the previous study, for only those with 
20 years or greater years of employment, both respiratory 
cancers [7 obs. vs. 2.18 exp.: SMR 3.2; 95% CI = 1.29-6.62] 
and non-malignant respiratory diseases [8 obs. vs 2.56 exp.: 
SMR 3.1; 95% CI = 1.35-6.16] were still significantly 
increased. Two other studies of miners, where 38% of the 
asbestos fibers were shorter than 5 mm in length also found 
excess mortality from lung cancer, mesothelioma as well as 
non-malignant respiratory disease and that the mortality 
patterns for mesothelioma were significant because they 
were much greater than that of crocidolite miners in South 
Africa and Australia [McDonald et al., 1986, 2002].

Animal studies can be misleading when looking at short 
fibers, especially as rodents clear short fibers from their lungs 
at a rate approximately 10-times faster than do humans 
[ATSDR, 2003]. Experimental models are limited also, due 
to the fact that only fibers of very limited length distributions 
have been tested [Dodson et al., 2003]. Further, when 
appropriate analytical techniques have been used the over­
whelming majority of the asbestos fibers in the tissues have 
been found to be less than 5 mm in length [Dodson et al., 
2003]. Only two of the seven ATSDR panelists felt there was 
a reasonable certainty of no harm from short fibers while the 
other five remained concerned about the ability of short fibers 
to cause harm [ATSDR, 2003]. In fact, tremolite asbestos 
fibers were found to produce the highest average fibrosis 
grades when exposures were to average tremolite fibers less 
than 5 mm in length [Nayebzadeh et al., 2001].

NIOSH Recommended 
Worker Protections for 
Brake Servicing Procedures

In 1975, the NIOSH convened a meeting with other 
government agencies, university scientists, industry repre­
sentatives, and labor union officials. It was reported that 
average peak asbestos air concentrations for specific brake 
servicing operations, including blow-out, grinding, and 
beveling of new truck brake linings resulted in average peak 
asbestos air concentrations, within 10 feet of the operator of 
10.5, 3.75, and 37.3 fibers/cc (>5 mm in length). Even when 
an analysis of the asbestos fibers was done it was found that 
overall almost all were shorter than 0.4 mm in length. These 
findings led NIOSH to conclude that enough asbestos is 
preserved to produce significant exposures during certain 
brake servicing procedures [Lloyd, 1975]. At that time 
NIOSH specifically recommended posting warning signs at 
all areas where brake repair work was to be done.

The sign should read:
Asbestos 

Dust Hazard 
Avoid Breathing Dust 

Wear Assigned Protective Equipment 
Do Not Remain in Area Unless Your Work Requires It 

Breathing Asbestos Dust May Cause Asbestosis and Cancer

In addition to the warning signs, the Current Intelligence 
Bulletin (CIB) no. 5 [Lloyd, 1975] also gave very specific 
recommendations for protecting the worker.

Exposure Assessment of 
Asbestos in Brakes

A study of fiber release from brake pads of overhead 
industrial cranes found very small releases of asbestos fibers 
all well below the current OSHA standard [Spencer et al., 
1999]. Such a finding is not surprising, as the normal use of 
brakes have not generally been shown to produce high fiber 
release to the general environment [Williams and Muhlbaier, 
1982]. The greatest concern, however, lies with exposure to 
the person removing brakes or installing new brakes or 
through the manipulation of the pads with compressed air 
blow-out, wire brushing, or other such methods which can 
release airborne asbestos. Exposures during brake wear are 
also higher from vehicles using disc brakes than drum brakes 
(due to the smaller friction surface area of disc, allowing 
faster wear) and during high deceleration [Williams and 
Muhlbaier, 1982]. When evaluating what this means to 
persons near areas where such decelerations may occur the 
authors evaluated the amount of asbestos released into the 
environment in such an area. They chose to look at tollbooths 
in Connecticut where they concluded that a significant 
fraction of the ambient asbestos concentrations of 25 ng/m3 
could arise from braking. While this exposure appears low on 
a one time basis, continued exposures over a working lifetime 
to tollbooths operators would add to their total body burden 
of accumulated asbestos fibers and place them at higher risk 
of developing asbestos-related cancers. Bruckman et al. 
[1977] did report a case of mesothelioma in a tollbooth 
operator. These findings could also be important to other 
persons residing in areas where high decelerations take place, 
such as along high volume traffic areas, where residential 
housing is often located.

Rohl et al. [1976] reported that chrysotile asbestos was 
found in all dust samples taken from car brake drums, with 
2-15% in each sample in both fiber and fibril forms, with 
average concentrations from blowing the dust of 16 fibers/ml 
of air and that measurable concentrations were also found up 
to 75 feet from the actual worksite some 15 min after blowing 
out ceased. Also, Lorimer et al. [1976] found mean 
fiber concentrations of 3.8 fibers/ml among New York 
brake repair workers, which is similar to other studies that
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show intact chrysotile fibers may be released from brake 
materials.

Grinding of the brake linings produced the most asbestos 
fiber release, some as high as 125 fibers/cm3, during brake 
maintenance of truck and buses in a study by Kauppinen and 
Korhonen [1987]. Up to 8.2 f/cm3 was found during cleaning 
of the drum brakes of passenger cars using a compressed air 
jet to remove the brake dust. Overall the average concentra­
tions were between 0.1 and 0.2 f/cm3 for an 8 hr TWA for 
truck and bus repair, and under 0.05 f/cm3 for passenger car 
repair. This study clearly demonstrated that while average 
concentrations can average much lower, excursion levels can 
reach much higher concentrations during certain operations 
of the brake maintenance and repair process exceeding the 
OSHA excursion limits and the 8 hr TWA for asbestos. 
NIOSH researchers found that when looking at the fibers 
from the brake repair area 30% were chrysotile, 20% 
forsterite, and 50% were unknown, leading the researchers 
to conclude that excessive exposure to asbestos fibers occurs 
during brake servicing [Roberts and Zumwalde, 1982]. EPA 
reported that millions of asbestos fibers can be released 
during brake and clutch servicing and that such asbestos 
can linger around the garage long after brake jobs are done 
and can be breathed in by everyone inside the garage 
which can present a hazard for months or years. Grinding 
of used brake block linings has been shown to release up 
to 7 f/cm3 and beveling new linings up to 72 f/cm3 and 
even light grinding of the new linings up to 4.8 f/cm3 
[USEPA, 1986].

Control methods have been shown effective in reducing 
the concentrations of asbestos fibers in the air in areas where 
brake repair takes place, however, when such reductions 
have occurred, the risk of asbestosis is probably eliminated 
but the risks of cancer are not [Sheehy et al., 1987]. Both 
Kelly and Cheng [1986] and Rodelsperger et al. [1986], 
found asbestos concentrations during brake repair to have 
average exposures that reach 0.28 and 0.1 f/cc, respectively, 
one above and the other at the current OSHA PEL for 
asbestos. A study of asbestos exposure during brake inspec­
tion and replacement of light-duty vehicles found fiber 
counts, when not using compressed air blow down, that range 
from 0.05 to 0.2 f/cc and when using compressed air the 
average when up to 0.9 f/cc which remained elevated for 
15 min after blow out. While this is below the OSHA 30 min 
excursion limit of 1 f/cc (OSHA, 29 CFR Asbestos, 1910— 
1001) it does indicate the release of asbestos fibers during 
brake pad manipulation, and in inspection and replacement 
[Weir and Meraz, 2001]. In a study that looked at both brake 
and clutch repair workers in Knoxville and Knox County 
Tennessee it was found, that when using the worst asbestos 
control techniques, that those working up to 7.25 hr per day 
would reach and exceed the current OSHA standard of 0.1 f/ 
cc during brake repair. Citing Anderson et al. [1973] 
concentrations of asbestos reached as high as 29 f/cc at

distances of 5 feet from the brake drums and 4.8 f/cc at 
distances as far away as 20 feet. Peak concentrations of 
asbestos fibers in the breathing zone of brake mechanics were 
reported to be as high as 15 f/cc when using dry brushing, wet 
brushing, or compressed air during brake repair and 0.2 f/cm3 
as an 8 hr TWA.

Laboratory simulated studies while not always showing 
similar results may not tell the entire story of actual brake 
work, as in the case of drilling and grinding simulated by 
Weir and Meraz [2001]. They report ‘‘... that the majority of 
fibers collected on filters from the air stream have resin 
deposits attached.’’ They state correctly that the aerodynamic 
behavior of such fibers is different from the ‘‘clean’’ fibers in 
their inhalation into the respiratory system. They also say that 
‘‘... to a great extent, (fibers) remain bound to the matrix of 
the underlying brake material.’’ The real question is what 
happens to the remainder of those fibers not included in the 
‘‘great extent, remain bound ... ’’ which the authors fail to 
address. And what happens to the nominally bound fibers 
once trapped in the lung tissues, where fibers may be 
released. The EPA evaluated the release of fibers from three 
commercial products (asbestos cement sheet, millboard, and 
brakes). They found that grinding brakes produced a release 
of asbestos fibers and other asbestos containing structure 
types. Asbestos fibers accounted for 46.0% of the asbestos 
structure types released and when evaluated by fibers/cc/g of 
asbestos milled were as high as 486.1. This study shows that 
fibers are indeed released when asbestos containing brakes 
are ground; that many of the released asbestos structures are 
indeed fibers and not just bound into bundles, clusters, or 
matrices; and that sufficient amounts exceed the then 1985 
OSHA 15-min ceiling of 10 f/cc and the current excursion 
limit of 1 f/cc over a 30 min time period [Faigout, 1985]. A 
more recent study by Blake et al. [2003] has also found higher 
concentrations of asbestos fibers released during arc grinding 
but were not above the current OSHA 8 hr TWA PEL. 
Chrysotile fibers were the only fiber type found in this study 
of six brake shoe changes and one cleaning test. While this 
study does not indicate, under the conditions of the study, a 
high concentration of asbestos fiber concentration over the 
8 hr TWA, it does re-iterate that encapsulated fibers of 
asbestos are released as the brakes are manipulated. Other, 
so-called encapsulated products, similar to brakes, such as 
gaskets have also been shown to release respirable asbestos 
fibers exceeding both the earlier 15 min and the current 
30 min excursion limits of the OSHA PEL and in some cases 
the OSHA 8 hr TWAs [Longo et al., 2002].

Fiber release studies of actual brake repair and 
replacement and the laboratory simulation studies both 
demonstrate the ability of encapsulated asbestos contain­
ing brake products, to release respirable asbestos fibers at 
concentrations capable of causing asbestos related disease. 
But another aspect, generally overlooked when evaluating 
the ability of asbestos to cause disease in auto mechanics,
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of mesothelioma. They concluded, however, that if there was 
a mesothelioma risk it could not be detected by their 
methodology. Further they stated that the absence of 
chrysotile fibers in the lung tissue of one of the cases did 
not exclude the possibility that, decades before, chrysotile 
fibers were active at the target cells [Woitowitz and 
Rodelsperger, 1994].

An additional limitation of the Woitowitz and Rodel- 
sperger [1994] study is that the authors looked only at lung 
tissue and not pleural tissues. The authors also excluded a 
number of cases because the workers had other asbestos 
exposures in addition to their brake work. This exclusion is 
significant because both asbestos exposures at brake work 
and during other employments add to an individual’s overall 
body burden of asbestos intake, thus, the role of exposures 
during brake work can not be discounted in considering 
an individual’s overall risk of developing asbestos-related 
diseases. Another limitation was the use of hospital controls 
that had contracted lung cancer which might implicate 
exposures to asbestos. A recent evaluation of the German 
mesothelioma registry records 48 cases of mesothelioma in 
the automobile sector [Neumann, 2001].

Teschke et al. [1997] who found 6 mesothelioma cases in 
vehicle mechanics among 51 cases of mesothelioma did not 
find an excess of this disease in this occupation. The authors 
concluded that most of their cases of mesothelioma were 
explainable by exposure to asbestos and acknowledge their 
findings were based on small numbers of cases and any 
judgments about any causal associations would be spec­
ulative.

In a dose-response study to low levels of asbestos 
exposure, in a French-based case-control study 82% of motor 
vehicle mechanics had frequent exposure. The authors found 
a clear dose-response relation between cumulative exposures 
and pleural mesothelioma and that a significant excess of the 
mesothelioma was observed at levels that were probably 
below the limits adopted in most industrial countries 
[Iwatsubo et al., 1998]. Anderson et al. [1973] reports that 
58 mesotheliomas were reported among Australian brake 
mechanics having no other exposures to asbestos and that 
only a small fraction of the total 82,827 mechanics in 
Australia worked with brake blocks or brake linings. He 
concludes that these 58 cases represent 1,062,946 person- 
years. If one rounds off the total mechanics to 100,000 
mechanics this represents 45 mesotheliomas per million 
person-years and that if one doubles this number to 200,000 
mechanics to include retirees and workers who moved to 
other occupations then the mesothelioma rate becomes 22.6 
per million person-years, a rate substantially above the upper 
limit of the estimated background rate of 1 -2 mesotheliomas 
per million person-years or around a 10-fold excess. The 
Australian mesothelioma tumor registry has reported that 
when analyzing their data for the years 1945 through 2002 
that the overall lifetime risk of mesothelioma for vehicle

mechanics was 0.7% which is much higher than the 
background lifetime risk for Australia of 0.007% (70 per 
million). When analyzing the mesothelioma cases between 
1986 and 2001 there were 78 cases with a history of asbestos 
exposures during either brake lining repair or manufacturing 
work. Broken down it was reported that 73 were among brake 
lining repair workers, 5 from manufacturing workers, and 
that in 43 brake lining repair was their only source of asbestos 
exposure. When looking at 1980-1985, eight more cases 
were reported with only brake lining work as their source of 
exposure. The most recent data for the years 2002-2003 
report another eight cases, three of which reported only brake 
lining work as their only source of asbestos exposure. One of 
the authors, Dr. James Leigh, reports that when using only 
the data from 1986 to 2001 (43 cases of vehicle mechanics 
with no other exposures) and statistics on the number of 
mechanics in the country that the resulting rate of 32.5 per 
million person-years represents over 30-times the commonly 
accepted ‘‘background’’ mesothelioma rate of 1 per million 
person-year. When equating this to the lifetime risk, calcu­
lated by the author of 0.38%, this amounts to approximately 
55-times the background lifetime risk of 70 per million 
(0.007%) [Leigh, 2003; Leigh and Driscoll, 2003].

Conclusions Concerning Asbestos 
and Brakes

A review of the published peer reviewed literature 
reveals at least 165 cases of mesothelioma in end-product 
users of friction products. Additional government studies 
have reported other cases. These numbers can not be 
attributed ambient air exposure or to chance alone [New- 
house and Thompson, 1965:1; Godwin and Jagatic, 1968:1; 
McDonald et al., 1970: 2; Oels et al., 1971:1; Greenberg and 
Davies, 1974:1; Castleman et al., 1975:1; Vianna and Polan, 
1978: 2; McDonald and McDonald, 1980: 11; Kagan and 
Jacobson, 1983: 1; Guillon, 1984: 1; Huncharek, 1987: 3; 
Woitowitz and Rodelsperger, 1994:16; Teschke et al., 1997: 
6; Agudo et al., 2000: 3; Neumann, 2001: 48; Roggli et al., 
2002: 24 = 165; and Leigh and Driscoll, 2003: 43]. Milham 
and Ossiander [2001] of the Washington State Department of 
Health report: 7; the Environmental Protection Agency, 
1986: 6 cases].

The results of the exposure studies, experimental 
studies, case reports, and findings from the equivocal 
epidemiological studies by no means exonerate the brake 
mechanic from being susceptible to a causal relationship 
between asbestos exposure and mesothelioma. In conclusion 
several facts remain evident:

* encapsulated asbestos containing brakes do release
asbestos fibers when the brakes are both used and
manipulated and at concentrations capable of causing
disease;
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* short asbestos fibers (<5 mm in length), often found in 
brakes and brake residue, have been shown to pose a risk 
of disease;

* the application of control methodologies has resulted in 
the reduced exposures to asbestos, but have not been able 
to entirely eliminate exposures;

* additional asbestos exposures, beyond those encoun­
tered directly from work with brakes, occur from faulty 
work practices and clean-up methods which are not 
appropriate;

* OSHA has stated that their current standard for asbestos 
[0.1 f/cc] will not eliminate the risk of asbestos-induced 
cancers [OSHA, 1986], and;

* the International Program for Chemical Safety has 
concluded that no threshold has been identified for 
carcinogenic risks for chrysotile asbestos, the principle 
fiber type used in asbestos-containing brakes [IPCS, 
1998].

REFERENCES

Agudo A, Gonzalez C, Bleda M, Ramirez J, Hernandez S, Lopez F, 
Calleja A, Panades R, Turuguet D, Escolar A, Beltran M, Gonzalez- 
Moya J. 2000. Occupation and risk of malignant pleural mesothelioma: 
A case-control study in Spain. Am J Ind Med 37:159-168.

Anderson AW, Gealer RL, McCune RC, Sprys JW. 1973. Asbestos 
emissions from brake dynamometry tests. Society of Automotive 
Engineers, Pub. no. 730549.

ATSDR. 2003. Report on the expert panel on health effects of asbestos 
and synthetic vitreous fibers: The influence of fiber length. Lexington, 
MA: Prepared by Eastern Research Group, Inc. March 17 for the 
Agency for Toxic Substances and Disease Registry, Division of Health 
Assessment and Consulation, Atlanta, GA.

Blake CL, Van Orden DR, Banasik M, Harbison RD. 2003. Airborne 
asbestos concentration from brake changing does not exceed permis­
sible exposure limit. Regul Toxic Pharm 38:58-70.

Boffetta P. 1998. Health effects of asbestos exposure in humans: A 
quantitative assessment. Med Lav 89(6):4714-480.

Bruckman L, Rubine RA, Christine B. 1977. Asbestos and meso­
thelioma incidence in Connecticut. J Air Pollut Contr Assoc 27: 
121-126.

Castleman B, Camarota L, Fritsch A, Mazzocchi S, Crawley R. 1975. 
The hazards of asbestos for brake mechanics. Public Health Rep 
90(3):254-256.

Castrop VJ. 1948. Fume and dust exposure. Natl Saf News 57(2).

Davis JMG, Coniam SW. 1973. Experimental studies on the effects of 
heated chrysotile asbestos and automobile brake lining dust injected into 
the body cavities of mice. Exp Mol Path 19:339-353.

Dement JM, Brown DP. 1993. Cohort mortality and case-control studies 
of white male chrysotile asbestos textile workers. J Occup Med Toxic 
2(4):355-363.

Dement JM, Wallingford KM. 1990. Comparison of phase contrast and 
electron microscopic methods for evaluation of occupational asbestos 
exposures. Applied Occ Env Hyg 5:242-247.

Dodson RF, O’Sullivan MF, Brooks DR, Bruce JR. 2001. Asbestos 
content of omentum and mesentery in nonoccupationally exposed 
individuals. Tox Indust Health 17:138-143.

Dodson RF, Atkinson MAL, Levin JL. 2003. Asbestos fiber length as 
related to potential pathogenicity: A critical review. Am J Ind Med 
44:291-297.

Environmental Protection Agency. 1986. Yorkshire Television. ‘‘Alice: 
A fight for life.’’ July 14, 1982. Mesothelioma in a ten-year old son of 
brake mechanic described and filmed. In: Guidance for preventing 
asbestos disease among auto mechanics. US Environmental Protection 
Agency, EPA-560-OPTS-86-002, June.

Faigout DA. 1985. Environmental release of asbestos from commercial 
product shaping. Project Summary. Environmental Protection Agency, 
Research and Development, Research Laboratory Cincinnati, OH 
45268, EPA/600/S2-85/044, August.

Fubini B. 2001. The physical and chemical properties of asbestos fibers 
which contribute to biological activity. 2001 Asbestos Health Effects 
Conference, May 24-25, Oakland, CA, US Environmental Protection 
Agency.

Gillam JD, Dement JM, Lemen RA, Wagoner JK, Archer VE, 
Blejer HP. 1976. Mortality patterns among hard rock gold miners 
exposed to an asbestiform mineral. In: Saffiotti U, Wagoner JK, editors. 
Occupational carcinogenesis. Ann New York Acad Sci 271:336-344.

Glickman LT, Domanski LM, Maguire TG, Dubielzig RR, Churg A. 
1983. Mesothelioma in pet dogs associated with exposure of their 
owners to asbestos. Env Res 32:305-313.

Godwin MC, Jagatic G. 1968. Asbestos and mesothelioma. J Am Med 
Assoc 204(11):151.

Greenberg M. 1984. S Fibers. (personal correspondence from Dr. Morris 
Greenberg, 23 May 2003). Am J Ind Med 5:421-422.

Greenberg M, Davies TAL. 1974. Mesothelioma register 1967-68. Brit 
JInd Med 31:91.

Guillon F, Fouret P, Vacherot B, Mignee C, Conso F, Tulliez M. 1984. 
A case of association of myeloproliferative syndrome and pelural 
mesothelioma after an asbestos exposure. Arch Des Maladies Prof De 
Med du Travail Et de Securite sociale 45(2):119-121.

Hansen ES. 1989. Mortality of auto mechanics. Scand J Work Environ 
Health 15:43-46.

Hatch D. 1970. Possible alternatives to asbestos as a friction material. 
Ann Occup Hyg 13:25-29.

Henderson DW. 2000. Friction Products (e.g., brake linings). European 
Communities-Measures affecting asbestos and asbestos-containing 
products: Report of the panel. World Trade Organization—WT/ 
DS135/R 300-304.

Hickish DE, Knight KL. 1970. Exposure to asbestos during brake 
maintenance. Ann Occup Hyg 13:17-21.

Higgins ITT, Glassman JH, Oh MS, Cornell RG. 1983. Mortality of 
reserve mining company employees in relation to taconite dust 
exposure. Am J Epidemiol 118(5):710-719.

Hillerdal G. 1999. Mesothelioma: Cases associated with non-occupa- 
tional and low dose exposures. Review article on cases of mesothelioma 
associated with non-occupational and low levels of exposure to 
asbestos. Occ Envir Med 56:505-513.

Huncharek M. 1987. Chrysotile asbestos exposure and mesothelioma. 
Brit J Ind Med 44:287-288.

Huncharek M, Muscat J, Capotorto JV. 1989. Pleural mesothelioma in a 
brake mechanic. Br J Indus Med 46:69-71.

IPCS. 1998. Environmental health criteria 203: Chrysotile asbestos, 
International Program on Chemical Safety, World Health Organization.

Iwatsubo Y, Pairon JC, Boutin C, Menard O, Massin N, Caillaud D, 
Orlowski E, Galateau-Salle F, Bignon J, Brochard P. 1998. Pleural 
mesothelioma: Dose-response relation at low levels of asbestos



236 Lemen

exposure in a French population-based case-control study. Am J Epid 
148(2):133-142.

Jarvholm B, Brisman J. 1988. Asbestos associated tumours in car 
mechanics. Brit J Indust Med 45:645-646.

Kagan E, Jacobson RJ. 1983. Lymphoid and plasma cell malignancies: 
Asbestos-related disorders of long latency. Amer J Clin Path 80(1): 
14-20.

Kauppinen T, Korhonen K. 1987. Exposure to asbestos during brake 
maintenance of automotive vehicles by different methods. Am Ind Hyg 
Assoc J48(5):499-504.

Kelly FJO, Cheng VKI. 1986. Asbestos exposure in the motor repair and 
servicing industry in Hong Kong. J Soc Occup Med 36(3):104-106.

Langer AM, McCaughey WTE. 1982. Mesothelioma in a brake repair 
worker. Lancet 8307:1101-1103 (November 13).

Leigh J. 2003. Letter to Information Quality Guidelines Staff, 1 October 
2003, Washington, DC: US EPA.

Leigh J, Driscoll T. 2003. Malignant mesothelioma in Australia, 
1945-2002. Int J Occ Env Health 9(3):206-217.

Lloyd JW. 1975. Asbestos-asbestos exposure during servicing of motor 
vehicle brake and clutch assemblies. Current Intelligence Bulletin 5. 
National Institute for Occupational Safety and Health, Public Health 
Service, Centers for Disease Control, US Department of Health, 
Education, and Welfare.

Longo WE, Egeland WB, Hatfield RL, Newton LR. 2002. Fiber release 
during the removal of asbestos-containing gasket: A work practice 
simulation. Appl Occup Environ Hyg 17(1):55.

Lorimer WV, Rohl AN, Miller A, Nicholson WJ, Selikoff IJ. 1976. 
Asbestos exposure of brake repair workers in the United States. Mt Sinai 
J Med 43:207-218.

Lynch JR. 1968. Brake lining decomposition products. J Air Pollut 
Cont Assoc 18(12):824.

McDonald AD, McDonald JC. 1980. Malignant mesothelioma in North 
America. Cancer 46:1650-1656.

McDonald AD, A Harper, El Attar OA, McDonald JC. 1970. 
Epidemiology of primary malignant mesothelial tumors in Canada. 
Cancer 26:914-919.

McDonald JC, Gibbs GW, Liddell DK, McDonald AD. 1978. Mortality 
after long exposure to cummingtonite-gunerite. Am Rev Respir Dis 
118:271 -277.

McDonald JC, McDonald AD, Armstrong B, Sabastien P. 1986. 
Cohort study of mortality of vermiculite miners exposed to tremolite. 
Br J Ind Med 43:436.

McDonald JC, Harris J, Armstrong B. 2002. Cohort mortality study of 
vermiculite miners exposed to fibrous tremolite: And update. Ann 
Occup Hyg 46(S1):93-94.

Milham S, Ossiander E. 2001. Occupational Mortality in Washington 
State, 1950-1999, Epidemiology Office, Washington State Department 
of Health.

Nayebzadeh A, Dufresne A, Vaali H. 2001. Lung mineral fibers of 
former miners and millers from Thetford-Mines and asbestos regions: A 
comparative study of fiber concentrations and dimension. Arch Environ 
Health 56(1):65-76.

Neumann V, Gunther S, Muller KM, Fisher M. 2001. Malignant 
mesothelioma—German mesothelioma register 1987-1999. Int Arch 
Occup Environ Health 74:383-395.

Newhouse ML, Thompson H. 1965. Mesothelioma of pleura and 
peritoneum following exposure to asbestos in the London area. Brit J Ind 
Med 22:261-269.

Oberdorster G. 2001. Fiber characteristics, environmental and host 
factors as determinants of asbestos toxicity. 2001 Asbestos Health 
Effects Conference, May 24-25, Oakland, CA. US Environmental 
Protection Agency.

Oels HC, Harrison DG, Carr DT, Bernatz PE. 1971. Diffuse malignant 
mesothelioma of the pleura: A review of 37 cases. Chest 60:564. OSHA, 
29 CFR Asbestos-1910.1001.

OSHA. 1986. Final rule: Asbestos, 51 FR 22612. U.S. Department of 
Labor. Occupational Health and Safety Administration: Washington 
DC, June 20.

Phillips DD, Hamilton CB. 1994. A preliminary assessment of asbestos 
awareness and control measures in brake and clutch repair services 
in Knoxville and Knox County, Tennessee. J Environ Health 56(8): 
7-12.

Roberts DR, Zumwalde RD. 1982. Industrial hygiene summary report 
of asbestos exposure assessment for brake mechanics, Report no. IWS- 
32-4. National Institute for Occupational Safety and Health, Public 
Health Service, Centers for Disease Control. US Department of Health 
and Human Services.

Robinson CF, Lemen RA, Wagoner JK. 1979. Mortality patterns, 1940­
1975 among workers employed in an asbestos textile friction and 
packing products manufacturing facilities. In: Lemen RA, Dement JM, 
editors. Dust and Disease. Park Forest, IL: Pathotox Publishers. 131p.

Rodelsperger K, Jahn B, Bruckel J, Manke J, Paur R, Woitowitz H-J. 
1986. Asbestos dust exposure during brake repair. Am J Ind Med 
10(1):63-72.

Roggli VL, Sharma A, Butnor KJ, Spporn T, Vollmer RT. 2002. 
Malignant mesothelioma and occupational exposure to asbestos: A 
clinicopathological correlation of 1,445 cases. Ultra Path 26:55-65.

Rohl AN, Langer AM, Wolff MS, Weisman I. 1976. Asbestos ex­
posure during brake lining maintenance and repair. Env Res 12: 
110-128.

Rushton L, Alderson MR, Nagarajah CR. 1983. Epidemiological survey 
of maintance workers in London transport executive bus garages and 
Chiswick works. Brit J Indust Med 40:340-345.

Sheehy JW, Godbey FW, Cooper TC. 1987. In-depth survey report: 
Control technology for brake drum service operations at Ohio 
Department of Transportation, maintenance facility, Lebanon, Ohio, 
CT-152-18b. National Institute for Occupational Safety and Health, 
Public Health Service, Department of Health and Human Service, 
Cincinnati, OH.

Sheehy JW, Cooper TC, O’Brien DM, McGlothlin JD, Froehlich PA. 
1989. Control of asbestos exposure during brake drum service. National 
Institute for Occupational Safety and Health, Public Health Service, 
Centers for Disease Control. US Department of Health and Human 
Services, August.

Spencer JW, PliskoMJ, Balzer JL. 1999. Asbestos fiber release from the 
brake pads of overhead industrial cranes. Appl Occup Environ Hyg 
14:397-402.

Spirtas R, Heineman EF, Bernstein L, Beebe GW, Keehn RJ, Stark A, 
Harlow BL, Benichou J. 1994. Malignant mesothelioma: Attributable 
risk of asbestos exposure. Occ Environ Med 51:804-811.

Stanton MF, Wrench C. 1972. Mechanisms of mesothelioma induction 
with asbestos and fibrous glass. J Natl Cancer Inst 48:797-821.

Stanton MF, Laynard M, Tegeris A, Miller E, May M, Morgan E, 
Smith A. 1981. Relation of particle dimension to carcinogenicity in 
amphibole asbestoses and other fibrous minerals. J Nat Cancer Inst 
67(5):965-975.

Suzuki Y, Yuen SR. 2002. Asbestos fibers contributing to the in­
duction of human malignant mesothelioma. Ann NY Acad Sci 982: 
160-176.




