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ABSTRACT

0

\

Particulate emissions from disc and drum brakes were collected and analyzed 

for asbestos content. Although the original brake lining is about 50% 

asbestos, the emitted particles average only 0.029% asbestos. The remaining 

fibers are broken down from thermal and abrasive wear during the braking 

process. The median length of the asbestos fibers emitted is 0.5 micro­

meters compared to the original brake-fibers which are in the millimeter 

size range. Increased asbestos emissions occur at higher wheel velocities 

and deceleration rates. Average automobile emission rates are 2.2 micro­

grams of airborne asbestos per brake application. The amount of asbestos 

emitted from brakes is extremely small compared to other asbestos sources. 

Samples downwind of freeways do not'show significant increases over upwind 

asbestos levels. Reported asbestos levels for tollbooth areas are shown to 

be consistent with the asbestos emission measurements made in this study.
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INTRODUCTION

The major component of the lining used in brakes is chrysotile asbestos, 
comprising 40 to 60? of the final product. Approximately 46-million kilo­
grams of asbestos are used in brake linings annually compared to the total 
U.S. asbestos consumption of 730-million kilograms. ’ During the braking . 
process, the potential exists for asbestos release to the air or roadway. i

Asbestos levels have caused concern since the early 1900's when the chronic 
lung impairment, asbestosis, was diagnosed in workers exposed to 
asbestos.^ Mesotftelomia, a rare type of tumor made of pleural or perito­
neal cells'is also associated almost exclusively with asbestoi. Cancers of 
the lungs, larynx, and digestive system have all been linked to asbestos 
exposure although a latency period exists of up to 40 years.

The Occupational Safety and Health Administration has set a time-weighted 
average work standard of two fibers longer than 5 micrometers per cubic cen­
timeter of air as measured by optical microscopy. Standards *s low as 0.5 %
fibers/cm^ have been discussed but there are no immediate implementation 
plans. Although this is an indication of the amount of asbestos present, as
much as 98? of the fibers from common asbestos sources are too small to be 

4seen optically.

Chrysotile asbestos is a hydrated magnesium silicate, Mg^SigO^COH)^, 
which dehydroxylates around 8l0°C so that very little of the free asbestos 
is expected to survive the high temperatures at the brake-rotor interface.
However,' asbestos from brake linings has been suggested as one source of the 
high incidence of lung cancer in urban a r e a s . O n e  study indicated that 
2 to 15? of the brake emissions consist of asbestos,^" but two other 
•studies have shown that nearly all of the asbestos in the original lining 
decomposed to nonfibrous forms.^»^ Jacko and DuCharme determined that *
only 0.23? of the brake particulate is asbestos.^ This would mean that 
over 99? of the original asbestos is degraded during thermal and abrasive
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^stress caused during braking. On the other hand, asbestos has been found
T 8near roadways and in ambient samples taken near tollbboths.''

A brake-testing facility was constructed to help resolve the conflicting 
reports of airborne asbestos emissions from brakes. Brake emissions were 
collected in simulations of the normal range of driving conditions and par­
ticulate samples were analyzed for asbestos content. The significance of 
brake emissions will be considered on the basis of the contribution of 
brakes to ambient asbestos levels.

A brake-wear test facility was designed for generation and collection of 
brake emissions. Design of the facility and operational details of

Millipore filters were used for asbestos collection and analysis. These 
were'analyzed by optical and electron microscopy.

Optical measurements were made using .the standard OSHA procedure for 
counting fibers greater than 5 micrometers in length. Using a phase- 

^contrast technique at a magnification of 400X, 1/10 000th of the total 
filter area is scanned.

Because asbestos fibers occur in a very wide size range, it seems appro­
priate to consider mass concentration in addition to fiber counts. In order 
to make such calculations for the optical measurements we assumed that 
regardless of length each fiber had a diameter of 0.25 micrometer and a 
density of 2.56 g/cm^.

Electron microscopy was necessary for counting and sizing the smaller 
fibers. Transmission electron microscopy was found to be preferable to 
scanning electron microscopy. A transmission electron micrograph of a brake

EXPERIMENTAL

q i nparticulate collection have been described previously. ’ Nuclepore or
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fiber is shown in Fig. 1. The method used for counting and sizing fibers 
consisted of the following steps:

1. A section of the Nuclepore or Millipore filter is ashed in a low- 
temperature asher to remove organic material.

2. A methanol/water mixture is added to the residue and this is placed in 
an ultrasonic nebulizer to disperse the fibers.

3. The solution is filtered onto a 47-mm, 0.2-micrometer-pore Nuclepore 
• filter.
4. The filter is’carbon-coated and placed upside down on 3 TEM grids in a 

petri dish containing chloroform to dissolve the filter.
5. Two of the three grids are observed with a TEM at a magnification of

20 000X. Ten grid holes in each grid are counted and sized for asbestos 
fibers. If the fiber identity is uncertain, a selected-area electron 
diffraction pattern is taken for positive identification.

6. From the volume of the fibers and the density of asbestos, the mass of 
asbestos is calculated. The repeatability between the two grids aver­
ages 32$.

A study of electron microscopy methods for characterizing airborne asbestos 
has been conducted for use by the Environmental Protection Agency 
Their optimum method is the same as the one used here except the ashing, 
ultrasonification, and refiltration steps were eliminated. The ashing 
procedure was found to give increased fiber count and decreased fiber length 
which could be due to either breakup of fibers or reduced interference in 
detection of fibers. For our samples, the ashing procedure seemed to be a 
necessary step for the removal of interfering material. The EPA study 
showed a laboratory intercomparison to give a precision of chrysotile mass 
'concentration of 22$ for lab samples, 44$ for field samples with ashing, and 
54$ for field samples without ashing. .The.ashing step improved the preci­
sion of the method, probably due to the removal of interferences.
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Figure 1. Transmission Electron Micrograph of Brake 
Debris Showing Asbestos Fiber (40 000 X).
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RESULTS

Asbestos Content of Airborne Brake Emissions

Twenty-four asbestos analyses were made on particulate emissions from drum 
brakes and 23 from disc brakes. The mass measured by TEM and optical micro­
scopy are both shown in Table I. There are large uncertainties involved in 
the optical microscopy mass due to the paucity of large fibers. Typically, 
only 0, 1, or 2 fibers were visible in the counting area. However, these 
few fibers have an enormous effect on the mass when extrapolated to the area 
of the entire filter. For instance, a single 10-micrometer fiber would 
approximately double the mass as determined with the TEM.
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Table I. Asbestos Emissions from Brakes

Test Velocity
Decelera­

tion
Mass

Particulate
Mass Asbestos 
TEM Optical

%
Asbestos

km/h m/s^ Mg ng ng
Disc Brakes
26B 40 1.8 88 3.5 _a 0.0040
28 40 4.9 443 62 NDb 0.014°
29B 40 4.9 109 3.7 - 0.0033
14B 64 1.2 609 9.7 - 0.016
17B 64 1.8 622 57 - 0.0093
32 64 1.8 73 . 3.1 - 0.0042
34B 64 1.8 430 4.1 - 0.00095
37 64 1.8 . 98 180 - 0.18 )

6 . 64 2.5 82 13 75 0.11
7 64 2.5 2985 85 ND 0.0028°
8a 64 2.5 60 14 - 0.024
8B 64 2.5 734 130 . - 0.017
9 64 4.9 99 11 44 0.056

10 64 4.9 2817 76 ND 0.0026°
11A 64 4.9 85 29 13 0.049
11B 64 4.9 399 8.4 - 0.0021
2 65 0.2 111 8.5 19 0.025
3 65 0.2 381 12 - 0.0032
4 65 0.3 141 11 62 0.052
5 65 0.6 364 26 44 0.019

22 88 1.8 452 38 - 0.0085
36 88 1.8 341 14 - 0.0041
41 88 1.8 498 13 - 0.0027

(continued on next page)
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Table I. (continued from previous page)

Test Velocity
Decelera­

tion
Maas Mass Asbestos 

Particulate TEM Optical
$

Asbestos
km/h m/s^ MS ng ng

Drum Brakes
59 40 1.8 310 14 - 0.0046
60B 40 1.8 104 26 - 0.025
.70M 40 2.5 247 • 18 7-5 0.0075
51 40 4.9 283 79 75 0.054
52 40 4.9 354 16 125 0.040
53B 40 4.9 214 13 13 0.067
62 40 4.9 89 12 75 0.098
49 64 1.2 373 20 - 0.0055
50B 64 1.2 231 19 - 0.0081
56 ' 64 1.8 431 6.7 25 0.0074
57 B 64 1.8 335 5.0 110 0.034
43 64 1.8 590 . 42 - 0.0072
44B 64 1.8 412 2.9 19 0.0053
46 64 2.5 619 17 - 0.0028
47B 64 2.5 427 8.8 31 0.0093
63 64 4.9 121 6.5 99 0.087
‘64 64 4.9 337 13 19 0.0095
64M 64 4.9 428 23 - 0.0055
65B 64 4.9 269 5.4 - 0.0020
66 ' 88 1.8 98 3.5 38 0.042
67M 88 1.8 315 13 - 0.0040
68AM 88 1.8 134 71 190 0.19
68BM 88 1.8 422 10 13 0.0055
69M 88 1.8 373 10 47 0.015

a * No optical fibers visible in counting area.
b ND: No determination made,»
c Asbestos percentage based on electron microscopy count only •
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The average number and mass of small and large fibers per filter are shown 
in Table II. The small fibers greatly outnumber the large fibers by about 
300 to 1. However, the mass is evenly divided between the small and large 
fibers. There are about 90 000 total fibers/ng of asbestos. This is simi­
lar to Thompson's findings of 10-> fibers/ng

Table II. Comparison of Small and Large Asbestos Fibers8

Disc Drum
Small fibers/filter 
Mass small fibers (ng) 
Small fibers/ng

3.4 x io6 
12

2.9 x 105

3.4 x 106 
19

1.8 x 105

Large fibers/filter
Mass large fibers (ng)
Large fibers/ng ♦

0.7 x IO4 
17 

430

1.5 x IO1* 
37 

405

Small/large fibers 460 230

Small/large Mass 0.68 0.51

Total fibers/ng 119 000 61 000

a
Small fibers are less than 5 micrometers in length
Large fibers are more than 5 micrometers in length

The average asbestos content in the emitted airborne particulate from
drum brakes ranged from 0.0020 to 0.19$ mass, with an average of 0.031$* •
The disc brake values ranged from 0.00095 to 0.18$, with an average of

130.027$* These values are similar to those found by Anderson et al.
(0.002$) and by Jacko and DuCharme (0.23$),^ but are much lower than
values of 2 to 15$ reported by Rohl et al.^ However, Rohl et al. based 
their results on x-ray diffraction which is not selective enough to 
distinguish between chrysotile asbestos and similar minerals. The x-ray
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diffraction method was rejected by other laboratories who have measured 
asbestos emissions from brakes. Assuming an initial asbestos content of 
50% in the brake lining, our numbers indicate that 99.95% of the asbestos 
has been degraded to nonfibrous forms. There appears to be no significant 
difference between the asbestos content of particles from disc and drum 
brakes. This is somewhat surprising, since higher temperatures are reached 
in disc brakes and more asbestos breakdown would be predicted. Compared to 
the airborne emissions, the material which is entrained in the wheel or 
settles to the roadway has a slightly higher asbestos content of 0.041%.

The median length of the airborne asbestos fibers is.0.48 m icrometer com­
pared to the original brake fibers which are of the order of a millimeter 
in length. The asbestos that settles to the roadway or becomes entrained 
in the wheel is slightly longer, with a median length of 0.60 micrometer.

Velocity and Deceleration Effects

The brake tests were run at three different velocities (40-, 64-, and 88-km/h)
2and four different decelerations (1.2-, 1.8-, 2.5-, and 4.9-ra/s ). The percent 

asbestos and mass of airborne asbestos per stop are shown in Figures 2 and 3 
for various velocities and decelerations. Due to statistical problems in­
volved with counting large fibers, the figures are based only on the small 
fiber mass. Therefore, the values shown are lower than the final asbestos 
concentrations and are meant only to indicate trends. From Figure 2, there 
appears to be no obvious trend in the asbestos content with increasing velocity 
or deceleration. However, there appear to be trends with total mass of 
asbestos emitted, as shown in Figure 3. As the velocity or deceleration in­
creases, the mass of asbestos emitted increases as do all other brake emis­
sions.^ This is similar to Jacko and DuCharme's conclusion^ that heavier 
braking does not produce a higher percentage asbestos in the emitted material.

Total Asbestos Emissions

Approximately 3.3 mg/stop of particles are emitted from a disc brake which 
can be broken down into 55% airborne material, 12% roadway, and 34% wheel- 
entrained.^ Assuming an average asbestos content of 0.030% in airborne
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and 0.040% in roadway material and four brakes per vehicle, there is an
average of 2^2 micrograras airborne asbestos, 0.63 microgram roadway
asbestos, and 1.8 micrograms entrained asbestos per brake application or
a total of 4.6 aicrograms asbestos per vehicle per stop. The wheel-
entrained estimate may be high since the wheel was cleaned after each
test. There were 114-million registered automobiles in the United

14States in 1977, traveling an average of 16 000 km each. The number of 
vehicle stops per unit distance has been determined for a variety of 
driving cycles and averages 1.2 stops/km (2.0 stops/mile). Therefore, 
there would be 4.9 metric tons of airborne asbestos, 1.4 metric tons of 
roadway asbestos, and 4.0 metric tons of -entrained asbestos for a total 
of 10 metric tons of asbestos emitted annually from brakes. This is 
somewhat lower than Jacko and DuCharme's estimate of a maximum annual 
emission of 27 metric tons from automobiles.^ These values can be 
compared to total man-made disposals and emissions of asbestos in 1974 
of 534 554 metric tons of which 532 307 was disposed to land, 2093 was 
emitted to the air, and 154 *?as emitted to the water.^ Asbestos emitted 
from automobile brakes accounts for approximately 0.0019% of the total
U.S. asbestos emissions, or 0.23% of airborne asbestos emissions. Brake

'• _____
asbestos emissions appear to be an extremely small contributor to total 
asbestos emissions.

DISCUSSION

Despite the very low asbestos emissions from braking, there are liter­
ature reports of higher than background asbestos levels in the air near 
roadways and tollbooths and in roadway debris. These reports will be 
evaluated in terms of our experimental results.

Urban Asbestos Levels

Asbestos fibers have been measured in areas far removed from asbestos
3 12sources. Rural values have been reported of 0.01 to 0.1 ng/m . Urban
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levels are considerably higher, with levels in New York City measured at 10 
o 15to 60 ng/m . Brake and clutch wear has been suggested as a possible 

source for these higher urban asbestos levels.^

13Anderson et al. tested brakes on a brake dynamometer without an
enclosure and estimated that 0.002351 of the brake lining was worn away as .
asbestos fibers. To determine the effect of this asbestos level on urban
atmospheric levels, they compared asbestos emissions to lead emissions from
car3 using leaded gasoline. When gasoline averaged 2.52 g Pb/gal, the
.typical atmospheric Pb concentration in urban-areas was 2 yg/m-'. Based on
this and the annual wear rate of brakes, Anderson calculated a maximum urban
asbestos level of 0.07 ng/m^. Using our brake emission data of 2.6 yg of

•aasbestos emitted/km, a similar calculation would yield 0.07 ng/mJ in urban 
atmospheres which happens to be identical to Anderson’s estimate. These 
data indicate that the brake-wear contribution to asbestos levels 
(<0.1 ng/m^) is small compared to levels actually found in urban areas 
(>10 ng/m^).

Bruckman and Rubino^ have estimated total asbestos emissions in Con­
necticut. Based on 1.56 x 10^ autos and 30 micrograras/mile (19 yg/km) of 
asbestos emitted from brakes,^ they estimate 1.5 tons/year (1.4 metric 
tons/yei.. ) of asbestos would be emitted. This calculation seems to assume
an average distance traveled per car of 48 000 km/year. Using a more

1Arealistic value of 16 000 km/year, their average brake emission would be 
0.45 metric tons/year. Furthermore, if we use the brake emission rate of 
5.7 micrograms/km determined in this study, the average total emissions 
would be only 0.15 metric ton/year. This compares with total asbestos 
emissions in Connecticut of 180 metric tons/year. Brake emissions would 
therefore comprise an extremely small fraction (0.085O of the total asbestos 

• emissions.
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Asbestos Levels Near Freeways and Tollbooths

Asbestos levels have been studied downwind of freeways, where brake 
emissions are expected to be high. Alste et al."^ measured airborne 
asbestos concentrations at three urban sites near freeways in Australia.

C 1A measurable asbestos level of 5 x lO-' fibers/nr was found at only one 
site with most fibers less than 2 micrometers in length. Braking was sug­
gested as the source of this asbestos although there was no attempt to 
measure upwind concentrations. The mass can be determined by estimating the 
volume of fibers, assuming a maximum length of 2 micrometers, a diameter of
0.05 micrometer, and a density of 2.56 g/cm^. The fiber count of 5 x 10^ 
would correspond to a mass of about 5 ng/m^. This value is lower than 
asbestos concentrations in some other urban areas

18Murchio et al. measured asbestos levels downwind of four Los Angeles 
freeway sites. They found 0 to 12 fibers/L, with an average mass of 
27 ng/m^, but there was no significant difference in upwind and downwind 
samples. No correlation was found with asbestos levels and number or speed 
of vehicles. One sample was also analyzed from a toll plaza, an area where 
heavy braking occurs. During the 2-hour sampling period, 11 500 cars passed 
through the plaza. Asbestos levels were found to be only 1.4 fibers/L, a 
value indistinguishable frc- background. The median length of asbestos 
fibers around the Los Angeles -freeway was about 8 micrometers, compared to 
0.5 micrometers for the fibers we found emitted from brakes. Based on the 
asbestos levels near freeways and the asbestos fiber length, it appears that 
automotive brake emissions are not a significant contributor to ambient 
asbestos in Los Angeles.

Asbestos levels have been measured at several sites in Connecticut^ in 
conjunction with a proposed state air quality standard of 30 ng/m^. The 
proposed standard is quite stringent., approximately 0.1$ of the level set by 
0SHA for persons working with asbestos. Rural levels ranged from less than 
1 to 6 ng/m^ and urban levels ranged from less than 1 to 9 ng/m^.
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. Higher levels were measured near known sources. Samples taken near toll-
booths, where continuous high speed braking takes place, ranged from 3 to
25 ng/m . The 25 ng/m figure corresponded to 55 000 cars per day passing
through the toll plaza. Based on our brake emission experiments and dis-

19persion estimates from the General Motors Sulfate Dispersion Experiment, 
we made a rough estimate to see if our results are consistent with these 
toll booth measurements. During the sulfate dispersion experiment, 5500 
cars/h passed the sampling point. The average sulfate emission was 23 
mg/car/km and the maximum increase in concentration during the experiment 
was 15 micrograms per cubic meter. Therefore, an emission rate of 127 
g/km/h sulfate (23 mg/car/km x 5500 cars/h) leads to a maximum concentra­
tion of 15 micrograms per cubic meter. At the tollbooth, 55 000 cars pass 
through in a 24-hour period, or 2300 cars/hour. The authors did not dis­
tinguish between cars and other vehicles so our estimate will be based on 
car emissions. Assuming a deceleration rate of 2.4 m/s from 88 km/h, 
the deceleration time is 10 seconds and the stopping distance is about 
120 m.. Braking from 88 km/h causes airborne particle emissions of 29 
mg/car/stop.^ Based on an average asbestos content of 0.029%, the air- 
borne asbestos emissions are 8.4 yg/car/stop. As a result, in the braking 
zone, the asbestos emission rate is 160 rag/km/h. Then, from the sulfate
experiment, the maximum expected asbestos concentration due to braking

3 3would be 19 ng/m as compared to a measured maximum of 25 ng/m . We con­
sider this to be a quite good agreement between these studies.

Asbestos in Roadway Debris

A study by Shaheen^ documented that asbestos levels have been found in 
road debris along Maryland highways. Approximately 3.6 x 10^ fibers were 
found per gram of roadway material using optical microscopy. We analyzed 
three samples from Shaheen's study and three roadside samples that we col­
lected along the San Gabriel River Freeway in Norwalk, California. The 
results are shown in Table III. We found more asbestos fibers greater than 
5#micrometers than Shaheen reported. However, the numbers again are un- „
certain due to the small number of larger fibers. The median length of 
the roadside fibers was 0.82 micrometer compared to 0.45 micrometer for 
brake fibers.
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Table III. Asbestos in Roadside Dust

Sample Location
Mass
Dust

Asbestos 
Mass 

<5 um

Asbestos 
Fibers/g 
>5 um

Asbestos 
Mass (a) 
>5 um

$
Asbestos

(mg) (ng) (ng)
1 MD 2.18 .44 9 x 106 87 0.006
2 MD 0.81 7.3 6 x 107 210 0.027
3 MD 2.06 5.2 . - - 0.0002
4 CA 2.06 2.4 l'x 106 43 0.002
5 CA 2.01 1.7 - - 0.0001
6 CA 2.08 0.52 • 1 x 107 87 0.004

(a) The mass was calculated based on the 230 large fibers/ng found
from brake-wear mass data.

♦ CONCLUSIONS* __ L - -
«/
* Asbestos emitted during braking was examined using a specially designed

brake-testing chamber. The procedure used to identify the asbestos content 
is quite similar to the method being considered by the EPA. The average 
asbestos content in particles emitted from brakes was 0.031$ from drum and 
0.027$ from disc brakes. Over 99*9$ of the original asbestos has been 
degraded during the braking process to nonfibrous forms. The median length 
of the airborne asbestos is 0.5 micrometer. The percentage asbestos in the 
brake emissions does not appear to be a function of velocity or deceleration 
rate. However, increased asbestos emissions occur at higher velocities and 

. decelerations as more particles are emitted. The total annual asbestos 
r, emission from automobile brakes in the United States is expected to be 10

metric tons, which is very small compared to other asbestos sources.
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Based on ambient studies, brake-wear asbestos comprises a very small portion 
of total asbestos emissions. Studies made in the vicinity of freeways do 
not show conclusively that asbestos levels are above background levels.
There is evidence of increased asbestos levels near Connecticut tollbootbs 
where braking is at a maximum. However, the levels are still within the 
very stringent air quality standards proposed for Connecticut.

ACKNOWLEDGMENT

The authors appreciate the continued assistance from A. E. Fincham in 
operating the brake test facility and the careful analytical work by 
J. L. Johnson and H. W. Sturner of the Analytical Chemistry Department.

**%

18



REFERENCES

1. A. N. Rohl, A. M. Langer, M. S. Wolff, and I. Weisman, "Asbestos Expo­
sure During Brake Lining Maintenance and Repair," Environmental 
Research, 12, 110 (1976).

2. "Asbestos: An Information Resource," R. J. Levine, Ed., (NIH) 79-1681,
May 1978.

3. D. H. K. Lee and I. J. Selikoff, "Historical Background to the Asbestos 
Problem,11‘Environmental Research, 18, 300 (1979).

4. J.'R. Lynch, H. E. Ayer, and D. L. Johnson, "The Interrelationships of 
Selected Asbestos Exposure Indices," American Industrial Hygiene 
Journal, ¿1, 598 (1970).

5. J. R. Lynch, "Brake Lining Decomposition Products," J. Air Pollut. Control 
Assoc., 18, 824 (1968).

6. M. G. Jacko and R. T. DuCharme, "Brake Emissions: Emission Measurements 
from Brake and Clutch Linings from Selected Mobile Sources," Bendix 
Research Laboratories, Report 68-04-0020, March 1973*

7. D. G. Shaheen, "Contributions of Urban Roadway Usage to Water Pollu­
tion," U.S. EPA Report 600/2-75-004, March 1975.

8. L. Bruckman and R. A. Rubino, "Monitored Asbestos Concentration-' in Con­
necticut," J. Air Pollut. Control Assoc., 28, 1221 (1978).

9. R. L. Williams, "Design and Construction of a Test Facility to 
Characterize Brake-Wear EmissionsGeneral Motors Research 
Laboratories, Publication No. GMR-3447 (1980).

10. R. L. Williams and J. L. Muhlbaier, "Gas and Particle Emission Rates 
from Asbestos Brake Linings," General Motors Research Laboratories, 
Publication No. GMR-3434 (1980).

11. A. V. Samudra, F. C. Bock, C. F. Harwood, J. D. Stockhara, "Evaluating 
and Optimizing Electron Microscopic Methods for Characterizing Airborne 
Asbestos," IIT Research Institute, EPA Report 600-2-78-038, June 1978.



12. R. j. Thompson, G. B. Morgan, "Determination of Asbestos in Ambient 
Air," presented at International Symposium on Identification and 
Measurement of Environmental Pollutants, Ottawa, Ontario, June 1971*

13. A. E. Anderson, R. L. Gealer, R. C. McCune, and J. W. Sprys, "Asbestos 
Emissions from Brake Dynamometer Tests," SAE Paper 730549, presented at 
the SAE Automotive Engineering Meeting, Detroit, MI, 1973*

14. MVMA Motor Vehicle Fact3 and Figures. ’78, Motor Vehicle Manufacturers 
Assoc., Detroit, MI, 1978.

15. W. J. Nicholson and A. N. Rohl, "Asbestos Air Pollution in New York
. City," Proceedings of the Second International Clean Air Conference, 

1971.
16. L. Bruckman and R. A. Rubino, "Asbestos: Rationale Behind a Proposed Air 

Quality Standard," J. Air Pollut. Control Assoc., 25, 1207 (1975).
17. J. Alste, D. Watson, and J. Bagg, "Airborne Asbestos in the Vicinity of 

a Freeway," Atmos. Environ., 10, 583 (1976).
18. J. C. Murchio, W. C. Cooper, A. DeLeon, "Asbestos Fibers in Ambient Air 

in California," California Air Resources Board, PB 226-302, March 1973«
19* S. H. Cadle, D. P. Chock, P. R. Monson, J. M. Heuss, "General Motors 

Sulfate Dispersion Experiment: Experimental Procedures and Results,"
J. Air Pollut. Control Assoc., 27, 33 (1977).

20


