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CISCLAIMER

This report was prepared under contract to the U.S. Environmental Protecticrn
Agency. Neither the United States Government nor any of its employees,
contractors, subcontractors, or employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for any third
party's use or the results of such use of any information, apparatus, prod-
uct, or process disclosed in this report, or represents that its use by such
third party would not infringe on privately owned rights.

Publication of the data n this document does not signify that the contents
necessarily reflect the joirt or separate views and policies of the sponsor-
ing agency. Mention of trade names or commercial products does not con-
stitute endorsement or recommendation for use.
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SECTION 1
INTRODUCTION

1.1 BACKGROUND

As part of a mechanics' awareness and education program, the Office of
Toxic Substances of the U.S. Environmental Protection Agency is assessing the
potential risks associated with release of asbestos dust during brake mainte-
nance. Mechanics often clean dust from the brake assembly with a dry rag,
brush, or compressed air gun. Such techniques offer no protection from
asbestos exposure. To reduce exposure, some mechanics use a shop vacuum,
damp rag, or water hose to remove the dust. There are also a number of
products sold specifically to reduce mechanics' exposure to asbestos; these
inciude erclosure systems vented to a high-efficiency particulate air (HEPA)
filter and amended water wash systems. The purpose of this task was to
idertify existing controls and procedures used %<c limit worker exposure *o
asbestos during brake mainterance and to quantify exposures using existing
monitoring data.

1.2 APPROACH

The primary sources of information for this study were direct contact
with vendors and. users of control equipment, literature and test data sup-
plied by the vendors, and the open literature. Other sources included gen-
eral references on asbestes, contacts with persons familiar with asbestos
exposure in general, and reports on asbestos brake manufacture from the
National Institute for Occupational Safety and Health (NIOSH), Worker com-
ments were also solicited through telephone contacts with facilities using
control svstems,



1.3 ORGANIZATION AND CONTENTS

Section 2 presents a general description of the problem and explains how
asbestos exposure from brake dust differs from other asbestos exposures.
Section 2 describes in detail the techniques and control systems identified
by PEl. Section 4 discusses the control effectiveness of the techniques or
controls. Section 5 presents conclusions and recommendations. Appendix A
presents vendor literature on several control systems,
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SECTION 2
BRAKE DUST CHARACTERISTICS

Asbestos fibers may be released to the air whenever a mechanic works on
a brake drum assembly. The characteristics of the asbestos in the brake dust
differ significantly from both other asbestos exposures and frum the asbestos
used to make the brake linings, however. The fibers, which represent only a
small fraction of the asbestos present in the original brake linings, are
much shorter than those from other sources.

The wearing of brake shoes is due to five different types of wear:
Abrasian;
Heat;
Adhesior;

Fatigue; and
Macroshear.

0O 0 o o ©

Abrasive wear is caused by either two surfaces interfacing (the rotor
and the pad) or by foreign particles such as sand, clay, mud or salt caught
between the two surfaces. The amount of wear increases with temperature,
braking load, and %he concentration, size, and hardness of foreign particles.

Thermal wear includes physical and chemical reactions caused by high
temperatures. The reactions include pyrolysis, oxidation, thermoparticula-
tion, explosion, melting, evaporation and sublimation., The amount of wear
increases exponentially with temperature.

Adhesive wear involves the adhesion of organic or inorganic materials to
the rotor and subsequent tearing or separation of the material from the pad.
Adhesive wear increases with temperature, braking load, and the concentration
of the adherent component.

Fatfgue wear can be caused by repeated heating and cooling, as a result
of a single abusive thermal loading, or by repeated mechanical stressing.
This wezr increases with extreme temperature changes, drums that are dut-of-
round, discs out-of-parallel, or if the rotor thickness is not uniform,



Macroshear wear causes fracture of the brake pad from heavy loading.
The pad weakened by heat, oxidation, or other mechanisms shears away by a
single heavy brake application. The fragments of the sheared ad can cause
further abrasive damage if caught in the interface between the pad and the
rotor. .

Most vehicles are subject primarily to abrasive and adhesive wear,
Below 450°F, abrasive and adhesive wear are predominant, while above 450°F
thermal wear is predominant.1 The percentage of asbestos in the final brake
dust depends on the type of braking the vehicle has been subjected to during
the lifetime of the brake shoes.

The emission of asbestos from brake shoes is not a simple relationship.
Emissions per mile and composition of the dust are dependent on the follow-

ing:2

Composition of the friction material,

Composition, metallurgical structure and hardness of the cast iron
rotor (drum or disc),

° Surface roughness of the rotor,

Previous use of the friction material - primarily thermal history -
both recent and overall,

Third-body contamination of the sliding interface by road dust,
wear debris, rain water, salt and the like,

Vehicle usage - miles driven (urban, suburban, rural, expressway},
Vehicle weight including passengers and cargo,

° Vehicle speed at beginning and end of the stop,

° Deceleration (average and instantaneous),

° Frequency of braking due to traffic, terrain, and driver habits,

Interface temperature, sliding speed, and unit load on the friction
material,

Roadway surface and grade,

Air temperature, wind velocity, and wind direction relative to
vehicle motion, )

Brake design, including brake balance front to rear, and swept area
in relation to vehicle weight and horsepower,
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° Vehicle design including brake cooling adequacy,
° Operator habits and behavior,
° Brake adjustment and maintenance,

¢ Type of tires,

° Engine-transmission braking,
° Suspension system, and
° Aerodynamic shape of the vehicle.

Chrysotile asbestos, which comprises 40 to 60 percent of the original
brake shoe, is a major component of unused brake shoes.2 A study by the
General Motors Research Laboratory reported tests showing that over 99.9
percent of the mass of original asbestos fibers was broker down intc ron-
fibrous magnesium silicates. The same study estimated that at a stopping
rate of 1.2 stops per kilometer, that 2.6 ug of asbestos/km is emitted to the
air, 0.76 ug/km settles on the roadway, and 2.2 ug/km is entrained in the
whee].2 The emitted particles averaged 0,029 percent asbestos.2 Both opti-
cal microscopy and electron microscopy methods were used in this study.

This breakdown of the asbestus to non-fibrous forms is due to9 the chem-
istry of asbestas itself. Asbestos occurs in the fibrous form due to crys-
tallization of the hydrated mineral in the form of long, strong, flexible
fibers.3 Heat during brake use releases the water of hydration, thus break-
ing the fibrous form. The crystals begin losing water at about 700°F. More
water is lost at around 1170°F, with complete breakdown to olivine powder at
1520°F !

There is some evidence to suggest that the morphology and size of the
fiber, regardless of the fiber type, are responsible for its carcinogenic-
ity.4 These studies tend to suggest that the size dimensions are more im-
portant than chemical and surface characteristics in inducing a biological
effect.4

Studies reviewed by PEI showed brake dust contains from 0.004 to 30
percent asbestos by weight, with the vast majority of the samples under 5
percent asbestos.2'5’6’7’8 In all five studies total fibers were measured
rather than just fibers greater than 5 um in length. The majority of the
asbestos (75 percent of the fibers in one study) is less than § |m in
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]ength.7’8 The median length in another study was 6.5 um.2 It should be
noted that both the OSHA standard of 2 f/cc, (8-hour TWA) and the NIOSH
recommended standard of 0.1 f/cc (8-hour TWA) are only for fibers greater
than 5 um in 1ength.9

In conclusion, for most samples of brake dust, asbestos makes up only a
small percentage of the dust and the fibers are shorter than those for other
asbestos exposures. These points are important in judging the effectiveness
of a monitoring test - .[hod, assessing the effectiveness of a contro) device,
and determining harmful health effects,
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SECTION 3
TECHNIQUES AND SYSTEMS TO LOWER WORKER EXPOSURE

This section describes the various techniques and systems used by mechan-
jcs in brake maintenance. NIOSH estimates that a workforce of 151,000 brake
mechanics and garage workers in the U.S. are potentially exposed to asbestos‘4

3.1 TECHNIQUES USED BY MECHANICS TO REMOVE DUST

Several technigues have traditionally been used by mechanics to remove
brake dust and accumulated dirt and grease. Reduction in asbestos exposure
has not always been a primary consideration.

3.1.1 Compressed Air Gun Blowing

One of the simplest methods for removing brake dust is blowing with a
compressed air gun. This was once used almost universally, and is still
widely used. In an appendix to Reference 4, NIOSH recommends that "Under no
circumstances shall compressed air... be used for cleaning." It is important
to note that this method dces not dispose of the fibers, but merely displaces
them into the mechanic's breathing 2one or into the work area where they are
available for later reentrainment,

3.1.2 Brush or Dry Rag

In this technique the mechanic removes the dust using a dry brush or
rag. While not as much dust is entrained as with air blowing, the dust
stands more of a chance of falling on the worker's clothing and in the imme-
diate area. NIOSH again recommends that "Under no circumstances shall... a
dry brush be used for c1eam’ng."4 Although the method could lerd itself to
collecticr and disposal of the dust, this is likely often not the case. If
the dust is not collected, it will remain in the workplace available for
later reentrainment. The method is highly dependent on the worker's ‘tech-
nique. For example, if extreme care is taken and asbestos-containing dust is
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wiped from the brush or rag into a container for disposal, worker exposure
should be considérably lower than for compressed air blowing. If, however,
the dust is brushed onto the floor or the worker's clothing, or if the rag is
used for other tasks, the exposure could be comparable to exposures caused by
compressed air blowing.

3.1.3 Damp Brush or Rag

Some mechanics wet the brush or rag prior to cleaning the brake. The
quantity of water must be sufficient to wet the dust. When the water dries,
the asbestos will again be available for reentrainment, however, and the
asbestos will remain in the workplace available for later reentrainment.
Although it seems logical that wetting a brush would reduce the asbestos
exposure, the literature suggests that the technique of the individual worker
is more important than the presence or absence of a relatively small amount
of water.

3.1.4 Water Hose

Soaking the brake assembly with a hose has severai advantages over the
use of damp brushes or rags. First, sufficient water is supplied to assure
complete wetting of.all the asbestos dust. Second, the hose can be used to
further wash the dust from the garage floor to a floor drain, Finally, there
is 1ittle likelihood that the dust will fall on the mechanic's clothing, as
the worker would try to not get wet and in the process avoid the asbestos.
Disadvantages of this method include the disposal of asbestos down the sewer
and the chance that the dust would not be washed down the drain and become
available for reentrainment.

3.1.5 Brake C]eaﬁer as a Wetting Agent

Although brake cleaners are primarily used to remove gre.se and dirt
from the brake housing, several contacts mentioned their use to also control
asbestos exposure. Most typical commercial brake cleaners contain a solvent,
generally 1,1,1-trichloroethane, in an aerosol container. It is also pos-
sible to mix the solvent into a compressed air system and spray it on the
brake housing.4 1t s important that the solvent be collected for recycle.
If this is not done, and the solvent is allowed to evaporate, the asbestos
becomes available for reentrainment, From an asbestos control standpoint,
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the use of a solvent has no advantage over the use of water. The aerosol
blast could displace the brake dust. Because brake cleaner solvents evap-
orate quickly, subsequent exposures could occur later upon reentrainment.

3.1.6 Shop Vacuum

Anecdotal eviderce indicate limited use of shop vacuums tc remove brake
dust. Due to the small size of the asbestos fibers in brake dust, it is
11ke1y that very little asbestos is caught in the vacuum filter. Exposures
could be high and should relate primarily to the placement of the vacuum
exhaust. This technique has no advantages over other methods and may well
give the mechanic a false sense of safety.

3.2 SYSTEMS SOLD TO LOWER ASBESTOS EXPOSURE

There are several types of enclosures and other systems being marketed
to mechanics to control exposure to asbestos during brake maintenance.
Appendix A presents vendor literature on these systems.

3.2.1 Ammco Brake Assembly Washer Madel 125010

The Ammco brake assembly washer consists of two pans mounted vertically
and connected to a standard mechanic's compressed air gun, The top pan is
perforated to allow fiuid to flow through, and the bottom pan acts as a sump
for the liquid. Ammco recommends the use of amended water (i.e., water
containing a surfactant) in the system and sells packets of concentrate to
mix with the water. Gasoline or flammable solvents should not be used in the
system,

Liquid is siphoned from the lower pan into the air line at standard air
gun line pressure. This lowers the pressure to 6 to 8 pounds, emitting a
Tight spray. The liquid runs off the part into the upper, perforated pan
which catches parts and large debris. The 1iquid drains into the lower pan
for recycle. Non-flammable solvents used in the system may or may not be
reclaimed. Amended water is disposed of dcwn & sanitary sewer. [f the
amended water used in the brake washer system is disposed of down a sewer it
would contain all of the asbestos removed from the brakes. Since the expo-
sure of concern with asbestos is inhalation and retention in the lungs, there
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fs 1ittle or no chance of further human exposure of this type from the asbes-
tos in the waste water.

The vendor reported use by Sears, Midas, and General Motors. Calls to
outlets of these retailers in the Cincinnati area identified two locations
that had the equipment; neither, however, was using the system as fntended.
Both were using it instead as a parts washer and felt that they no longer
needed to use it as intended for asbestos control because they no longer were
installing any brake pads that contained asbestos.

The cost of the washer system is $252; 20 packets of amending agent
concentrate costs $17.50.

3.2.2 Clayton Associates, Inc., Brake Cleaning Equipment11

The Clayton Associates brake cleaning equipment consists of a transpar-
ent enclosure, available in two sizes, that surrounds the brake drum. The
Clayton unit has glove inserts for the worker's hands. The asbestos-contain-
ing dust 1s blown using a standard air qun, and the enclosure is vented to a
HEPA filter at 246 CFM. The Clayton system claims to be superior to cther
enclosure systems in lowering worker exposure during filter changes on the
vacuum.

Tests by Mount Sinai Medical Center show virtual elimination of asbestos
exposure when this system is used as directed. The vendor knew of no Clayton
systems in use in the Cincinnati or Dayton areas.8

The cost of a complete 1000 series sy<*am for autos and light trucks is
$3,000; the 2000 series size for commercial vehicles costs $3,100. These
prices are discounted from list, but represent typical actual purchase
prices.

3.2.3 Hako Minuteman Asbestos Brake Drum Vacuum System11

The Hako Minuteman vacuum system consists of a clear, flexible vinyl
enclosure, available in two sizes, held in place by a wire frame. The
asbestos-containing dust is blown using a standard air gqun, and the enclosure
is vented to a HEPA filter at 95 CFM. The vendor knew of no Hako units being
used in the Cincinnati or Dayton areas and could identify no tests of the
system.

The cost of a Hako system rarges between $1,100 and $1,600 depending
upon its size.



3.2.4 Nilfisk Asbesto-Clene System12

The Nilfisk Asbesto-Clene system consists of a transparent enclosure
cylinder available in three sizes to fit vehicles from passenger cars to
large commercial vehicles. The asbestos-containing dust is blown using a
standard air qun, and the enclosure is vented to a HEPA filter.

Tests by Mount Sinai Medical Center show virtual elimination of asbestos
exposure when this system is used as directed.7 Cincinnati Bell has used the
Nilfisk system for about six years, but has discontinued use of the enclosure
portion. The company uses the vacuum portion to remove the dust rather than
blowing with an air gun. It claims to have run tests indicating that this
approach provided the same worker protection, was less cumbersome for the
mechanic, and lessened contamination due to build-ups inside the enclosure.
The company also claimed that if the vacuum in the original system were not
adjusted properly, air and dust could escape during blowing. They felt that
this was because under some conditions the volume of air from the air gun
could exceed the air exhausted through the vacuum, thus causing a positive
pressure in the enclosure for a short period. One vendor indicated that this
could happen with a competitor's product due to a poor seal and an undersized
vacuum,

The cest of the 40C size system, the smallest, is $1,536; the 500 sys-
tem, $1,810; and the 600 system, $4,429,

3.2.5 HEPA Filtered Vacuum

No vendor is marketing a HEPA filtered vacuum as a brake maintenance
system but, as noted above, at least one garage contacted is using the
Nilfisk system in this manner, The user claims that monitoring indicates
equivalent exposure to that measured when using the complete enclosure and
vacuum system, In addition, the use of the vacuum to remove dust has the
added advantage of no compressed air blowing, increased mechanic mobility,
and Tower cost. In addition, because the vacuum would not have to evacuate
air generated by the air gun, the vacuum could be designed smaller and there-
fore sold at a lower cos*. The cost of a vacuum with a HEPA filter ranges
from $800 to $1,100 depending on the size of the system.
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3.2.6 OQther Systems

There are likely a number of other enclosure and wash systems being
marketed. As an example, Control Resources Systems, Inc. has a system called
Brakemaster that sells for $1,749. Vendor literature on this system was
promised but has not yet been received by PE].

3.3 PERSONAL PROTECTIVE EQUIPMENT

There are two types of air-purifying respirators generally used by
mechanics that protect against asbestos: single-use disposable masks and
reusable twin-cartridge respirators. Single-use disposable respirators are
less expensive than twin-cartridge respirators and cartridges, but the masks
must be discarded after use. Twin-cartridge respirators may be used many
times, but the cartridges must be replaced periodically and the facepiece
requires regular maintenance and cleaning. Table 3-1 presents the prices for
both types of'respirators. Several manufacturer's prices are given to repre-
sent a range of prices.
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TABLE 3-1. PERSONAL PROTECTIVE MASKS

— ——  ——  — —————  —————— e ——— ]
Cost per
respirator,
1985 dollars
Mask type Company L Product No.
Single use disposable M : 8710 0.93
North Safety ! 7170 3.56
Equipment !
|
AQ ' 1670 0.92
Reusable, twin MSA | 463873 3 13.60
cartridge, half ! i
mask AQ | 50442 S4000 ! 14.70
M | 7200 11.15
|
Reusable, twin MSA | 471288 | 96.50
cartridge, full i |
mask Ao 50367 S7000 i 89.00
Scott | 652-6 | 72.85
|
Cartridge filters MSA 464035 | 6.62
e 7285 | 6.55
A0 _J- 51037 RS7A 7.60
e, —_—d — —— — e

2 This filter requires a reusable cartridge retairer costing $0.50.
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SECTION 4
CONTROL EFFECTIVENESS

This section summarizes available monitoring data which can be used to
evaluate the effectiveness of various abestos control methods during brake
maintenance. Because this monitoring was done under a variety of sampling
times and conditions, with variable amounts of brake drum dust, and variable
asbestos concentrations in the dust, and by different test methods, the
results should be viewed only as rough estimates of worker exposure. Table
4-1 summarizes the available personal monitoring data for each technique.
Area monitoring was performed at greatly varying distances from the work area
and at different exposures to the air gun used and is therefore an incon-
sistent measure of exposure. Appendix B presents a summary of analytical
methods for asbestos.

4.1 EFFECTIVENESS IN LOWERING ASBESTOS EXPOSURE

An average exposure for each facility was determined by calculating a
geometric mean of the individual personal monitoring values,

4.1.1 Compressed Air Gun Blowing

Facility G, Reference 4, is an automobile brake service shop also doing
front-end alignment and shock absorber service. The normal work week was
five 9-hour days and one 6-hour day. Three service stalls were used by three
full time employees. Four to six brake jobs were done per week at the shop.
five peak measurements on one mechanic ranged from 0.14 to 2.69 f/cc, with
typical sample time of 30 seconds. One TWA was given of 0.03 f/cc for ap-
proximately a 6-hour sample. The geometric mean of the peak data is 0.71
f/cc. The optical microscopy fiber count method was used for all samples.



TABLE 4-1. AVAILABLE MONITORING DATA 8Y CONTROL TECHNIQUE

Measured exposures f/cc
Mean
Range of
Technique or system Facility peak values peak TwA
Compressed air gun G, Ref 4 0.14 - 2,69 .7 0.03
I, Ref 4 0.91 - 15.00 4.87 0.13
Ref § 6.6 - 29.8 16.00 -
Ref 13 0.85 0.85 -
Ref 17 £.33 0.3 0.04
Ref 18 0.6 - 3.00 1.43 -
Dry brush or rag D, Ref & 0.6 - 0.81 0.70 0.19
Ref 5 1.3 - 3.6 2.5 -
Total 0.70 - 2.5 1.6 0.19
Damp brush or rag C, Ref 4 .67 - 2.62 1.4 0.25
Water hose B, Ref ¢ 0.54° 0.54% g.218
8rake cleaner/aergsol 0 N/Aa N/A N/A\\
Brake clearer/compressed 1, Ref 4 0.25 - 0.68 0.41 0.0?
air
vacuur/shop vacuum 0 N/A N/A N/A
Ammco Brake assembly, Ref 14 0.53 - 1.1 0.76 0.¢3¢
washer model 1250
Clayton Associates, [nc. Ref 8 0.0 0.0 K/A
hrake cleaning equipmen:
Hake Mingtemar vaczuyum 0 N/A N’A N/A
system
Nilfisk Asbesto-Clene Ref 7 c.0 - 0.5 0.0 N/A
system
Vacuum/HEPA f{lter 0 . N/A N/A N/A

3 Measurement is for a liquid, squirt bottle. It is assumed that use of a hose would result in lower exposure
® N/A = Not available,
¢ Assumes 1 brake job per day.
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Faciiity I, Reference 4, is a large automobile brake service shop also
doing front-end alignment and shock absorber service. Five full time mechan-
fcs used 4 service stalls, 9 hours per day, 6 days per week. The shop per-
formed 35 to 45 brake repair jobs per week. Four peak measurements on three
mechanics ra.ged from 0.91 to 15.00 f/cc, with typical sample times of 45
seconds. Three TWA's ranged from 0.10 to 0.19 f/cc over an average 4.5 hour
sample period. The geometric mean of the peak data is 4.87 f/cc. The opti-
cal microscopy fiber count method was used for all samples.

Reference S presents a summary of personal air sampling carried out at
franchised auto dealer garages, tank fleet repair shops, and a municipal
truck repair shop. Four samples were taken, with results ranging from 6.6 to
29.8 f/cc, with a mean of 16.0 f/cc. Samples averaged 5 minutes in duration
during the period of blowing with compressed air. The optical microscopy
fiber count methods was used for all samples.

Reference 13 presents one sample of worker expaosure during the cleaning
of a brake housing with compressed air. The 13-minute sample result was 0.85
f/cc; scanning electron microscopy was used to count and size the fibers.

Reference 17 presents both a TWA and a peak measurement taken at a brake
and alignment service shop while changing the brakes of a 1971 Vega. The
measurement was for fibers greater than 5 microns only with a TWA of 0.04
f/cc and a peak one minute measurement of 0.33 f/cc during use of the com-
pressed air gun., Optical microscopy was the measurement method used.

Reference 18 represents an automobile brake servicing operation in a
city maintenance qarage. Five samples for blowing-off of brake drums ranged
from 0.6 f/cc to 3.0 f/cc with a mean of 1.43 f/cc. The sample times were
not given and measurements were for fibers greater than 5 microns and both
x-ray diffraction and optical microscopy methods were used.

Other sources gave measurements ranging from 0.07 to 30.0 f/cc; the
sources did not provide enough information to avoid possible problems in
combining the data, h0wever.15'16

4,.1.2 Ory Brush or Rag

Facility D, Reference 4, is a municipal garage where an average of eight
brake jobs per day were performed on cars or trucks by any one of 60‘mechan-
ics. The hours of operation were 8 hours per day, 5 days per week. Two peak
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measurements on two mechanics were 0.61 and 0.81 f/cc, for an average 15-
minute sample. .Two TWA measurements were 0.19 and 0.20 f/cc, with & geo-
metric mean of 0.19 f/cc. The geometric mean of the peak data is 0.70 f/cc.
The optical microscopy fiber count method was used.

Reference 5 presents a summary of personal air sampling carried out at
franchised auto dealer garages, taxi fleet repair shops, and a municipal
truck repair shop. Two samples ranged from 1.3 to 3.6 f/cc, with a mean of
2.5 f/cc. Samples averaged 5 minutes during cleaning of the brake drum with
a dry brush. The optical microscopy fiber count method was used for all
samples,

An arithmetic mean of the two facilities showed a peak of 1.6 f/cc and a
TWA of 0.19 f/cc.

4.1.3 Damp Brush or Rag

Facility C, Reference 4, is a municipal garage that averages one com-
plete brake job per day, taking about 5 hours per job. There were five
employees responsible for brake servicing and the facility operated 8 hours
per day, 5 days per week. Four peak measurements on three mechanics ranged
from 0.67 to 2.62 f/cc with typical sample times of 5 minutes. Three TWA's
ranged from 0.23 to 0.28 f/cc, with typical! sample times of 5 hours. The
geometric mean of the peak data is 1.36 f/cc. The optical microscopy fiber
count method was used.

4.1.4 Water Hose

No data were found measuring exposure for this method, however, one
facility in Reference 4 used a liquid squirt bottle to wash down the brake
housing. Facility B, Reference 4, is a municipal garage employing six
mechanics and operating 8 hours per day, 5 days per week. Only one peak
measurement for use of a 1iguid squirt bottle of 0.584 f/cc {10 minute) and
one TWA of 0.21 f/cc (5.5 hours) was measured. The optical microscopy fiber
count method was used. Use of a hose would 1ikely improve the control over
that of the use of a squirt bottle.

4.1.5 Brake Cleaner as a Wetting Agent

Facility I, Reference 4, a brake service shop described in Section
4,1.1, nad four measurements for two mechanics for the use of Stoddard sol-
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vent siphoned through an air gun. The peak measurements ranged from 0.25 to
-0.68 f/cc, with a typical sample time of 45 seconds. Two TWA's ranged from
0.07 to 0.08 f/cc for a typical 4 hour sample. The geometric mean of the
‘peak data fs 0.41 f/cc. The optical microscopy fiber count method was used.
4.1.6 Shop Vacuum

No tests were found to estimate exposure using this technique.

4.1.7 Ammco Brake Assembly Washer Model 1250

Two tests were supplied by the vendor.14 They involved detaching 4
tires from an old car, knocking corrosion off the wheels with a hammer,
taking the wheel covers off, and washing the brake housings with the washer
and concentrate. Both samples were taken at the same location at the same
time. A 15-minute sample showed 1.1 f/cc, while a 30-minute sample indicated
0.53 f/cc. A geometric mean of 0.76 f/cc was calculated. The phase contrast
microscopy technique was used.

4.1.8 Clayton Associates, Inc., Brake Cleaning Equipment

Five tests supplied by the vendor showed 0.0 f/cc for all samples by
optical microscopy.8 One sample taken on the mechanic prior to the tests
showed 215 ng/m3 by electron microscopy, indicating there was asbestos in the
area from previous work.

4,.1.9 Hako Minuteman Asbestos Brake Drum Vacuum System

No tests were found indicating worker exposure during use of the Hako
system.

4.1.10 Nilfisk Asbestos-Clene System

The vendor supplied three tests at one facility. The tests showed some
background asbestos contamination 70 feet from the operation. Tests on the
mechanfc ranged from 0.0 to 0.5 f/cc. On the test indicating 0.5 f/cc, the
mechanic had worked on a . ke job without using the Nilfisk system and did
not change his clothes. On the other tests, mechanics wore clean overalls.
For this reason, the mean of the tests for this control is calculated as 0.0
f/cc and does not include the test with the contaminated overalls. The tests
cited here were optical microscopy, but electron microscopy tests were also
run,
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4.1.11 HEPA Filter Vacuum

 0he garage contacted indicated that they had a Nilfisk system, but now
use the Qacuum without the enclosure. They claim to have tests, which PEIl is
trying to obtain, indicating that worker exposure is the same with or without
use of the enclosure/air gun.

4.2 RANKING OF TECHNIQUES

Because the tests cited in Section 4.1 represent only a rough estimate
of exposures by control type, this section ranks the techniques only into
broad categories rather than individually,

The first category, uncontrolied dust displacement methods, is clearly
unacceptable and should be distouraged. These include the use of a com-
pressed air gun, a dry brush or rag, or a shop vacuum not equipped with a
HEPA filter. Data from only one facility indicate that the use of a damp
brush or rag also fits into this category. Although no exposure data were
found, the usc of aerosol brake cleaner should probably also be placed in
this cateqory. .

The second category, wet methods, shows considerable improvement from
-standard practice, but which still result in some worker exposure. These
methods include use of a water hose, brake cleaner with a compressed air qur,
and the Ammco brake washer. Indications are that, with good work practices,
these methods could be effective in minimizing worker exposure., Testing of
these practices is necessary to confirm this opinion,

The third category, vacuum/enclosure systems, is the best control avail-
able., These include the Clayton, Hako, and Nilfisk systems. These systems
can clearly be recommended but may meet resistance because of cost and me-
chanic resistance. The use of a vacuum with a HEPA filter to vacuum the dust
without using an air gun may also fit intc the third category, but there are
no hard data to support this position,
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SECTION 5
CONCLUSTONS AND RECOMMENDATIONS

Table 5-1 summarizes the advantages and disadvantages of each of the
techniques and systems discussed in this report. The following conclusions
may be drawn from these data:

1.

Several uncontrollied dust displacement methods in common use
clearly result in higher worker exposure to asbestos. These in-
clude the uncontrolled use of a compressed air gun or a shop vacuum
not equipped with a HEPA filter. Although there are work practices
that could reduce the problem with these techniques (such as blow-
ing the dust downward or venting the vacuum out a door), the
methods are inherently likely to result in higher exposure. Use of
a dry or wet brush or rag offers some improvement in mitigating
asbestns exposures, but the results of personal monitoring are
highly variable and dependent on work practices. Although no
exposure data were found, the use of aerosol brake cleaner probab'y
also fits into this category. Because these m¢thods are so prore
to misuse (e.g., contamination of clothing, accunulation of dust on
the garage floor, inadequate clean-up of work areas, etc.), their
use should be discouraged.

A group of wet methods shows clear improvement from standard prac-
tice, but still results in some exposure. These methods include
the use of a water hose, brake cleaner with a compressed air gun,
and the Ammco brake washer. These methods are low enough in cost
to be available to even the smallest garages. Worker education is
necessary, however, For example, two garages contacted had the
Ammco system, but neither was using it to wash brake housings, but



TABLE 5-1. SUMMARY OF CONTROL TECHNIQUES

—————— e —— N—
— Toottal cast T ——
Tesnnigue 0- syster Advertages Disadvantages b} Comments
Cempressed atr gun None Migher worker ¢rposure None Prodably the worst methce

than any other techni-

cue tested
Ory drusn or rag May reduce evpgcsure High woruer exposuyre; None Almost a3 Dad or could be =o0-se

famz Srugh cr rag

wWater hocte

Srake cleaner/serosol

Brave c'eaner/compresged air

Jacuum/shop vacuur

Amce Srake astembly,
wosher moge® 1250

Claycr Associates, Inc.,

Orake cleaning equipment

Hek¢ Minutemar vaCuum system

Nilf<sx Asbasto-Clene
systerm

VaCyum Uil €itepr
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work area; €23y %0
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able to all mechanics
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grease o¢¢ brake
housing
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exposure, c'eans
grease of’ drake

2
o

None

Lowers workes ei1po-
sure; tew costy
allows mechanmics
free movement

8ast workgr protec-
tion; ailows for
proper d1spose) of
asbestos

Best worter protec-
tion; al’ows for
proper disposal of
asbestos

Best worker protec-
tion, allows for
proper disposa’ of
asdestos

LOwer worver exoc-
sure; apoea's to
mechanics; lower
cost ™1~ enclosyre
systems. allows for
proper 4130038l of
asdestos

atbestos remaing in

High worker enposure;
43De3t0s remging in
wOrk area; easy to get
on worker’'s clothes,
gives workers false
senge of safety

Ooes not eliminate

exposure; asbestos

left on flgor could
be reentra)ined

8last from aerosol can
cause fiders to become
a1rborne; quick evapore-
allows for reentrainment

Qoes not eliminate expo-
sure, if solven. ts
a1lowed t0 dry on floor
asbestos can be resn-
trainea

Entraing virtually atl
asbestos inte air; gives
workers & false sense of
safety

Exposures higher thar
witn vacuum gysters,
possible ymproper drs-
posal of asbestos

Retatively high cost,
restricts worker move-
ment vacuum must be
stronger than gir
blast

Relative high cost:
restricts worker move-
sant; vacuum must de
stronger than air
blast

Relative high cost;
restricts worker move-
ment; vacuum must de
stronger than air
plast

May allow higher expo-
sure than with enclo-
sure

than compressec 3'r qun

None Highly vartable control deser -
how much water 13 useq

None Exposure using huse s ‘ess thac
the exposure for liguic sa.'-e
bottle

< 80/yr Although there 1 -0 manitgsir;
data exposures are 'trely %z De
high

<« 80/yr Cer be used with Ammco drae

assemdly washer

45 - 119 Workers should be wirnec °r3°
are nat t-apped Sy ar Qre-ca-,
$hOD vacuum

252 Con de used 3y a degresser

3,000 - 3,100 | Can virtually elimingte worxer
exposure

1,100 - 1,600 [ Can virtually eliminate worece-
exposure

1,536 - 4,429 [ Can virtually eliminate worker
erposure

80C - 1,100 { Need %o quart ’y worres evI5.-s
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- rather only as a parts washer. The system was felt to be unnec-
essary because new brake shoes containing asbestos were no longer
installed by these garages. Many older brakes serviced at these
shops do contain asbestos, however.

3. The best control is vacuum/enclosure systems such as the Clayton,
Hako, and Nalfisk systems. Resistance to the use of the enclosure
and the relatively high cost of such systems may be mitigated by
the use of a HEPA filter vacuum only. Preliminary indications are
that this approach may be equivalent in protection.

4. Although good control systems are available, PEI's contacts indi-
cated that their use is not widespread. During the study, we
contacted control equipment vendors, major fleet brake maintenance
shops, and retail brake shops in the Cincinnati and Dayton areas.
This was not a scientific survey, but nevertheless we found few
instances in which such equipment is being used.

PET therefore makes the following recomrendations:

1. Exposures should be characterized while mechanics use a water hose,
brake cleaner with compressed air gun, and the Ammco brake assembly
washer to determine specific work practices that could mirimize
exposure. These work practices include variations in the air
pressure in the air gun, varying in the amounts of water or solvent
used, and type of sclvent,

2. Exposures should also be characterized during use of a HEPA-filtered
vacuum to remove dust from the brake housing without use of an air
gun.

PEI recommends that the following variables should be considered in any
future testing done to quantify exposure:

1. The largest single variable that affected the measured fiber count
in the data reviewed by PE! was the sample time, Sample times in
future tests should be more consistent.
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The quantity of dust should be estimated and the percentage of
asbestos in the dust should be measured for each test to allow
adjustment of results for differences in these variables, If
possible, similar cars with similar mileage should be used in the
tests.

Almost all testing in the past has been done in locations that have
been contaminated with asbestos. In several tests it was mentioned
that this contamination or contamination of the mechanic's clothing
affected the results of the test. A clean site should be selected
for future testing to minimize the problem,
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AMMCC BRAKE ASSEMBLY WASHER
MODEL 1250



. AT Yaixis e

CABLE: AMMCO EXP/ TELEX: 254795

Sea' .
Sump Pan

and
Toal Tray

ASSEMBLY

1. Insiall the Casters in the Grip Sleeves il the four Legs.
2. Boit the Legs 10 the square Tcal Tray keepingthe screw
holes that are &t the top of the Leg tacing inward.

3. Stand this Leg and Tray assembiy upright and ship the Ring
Weldment over the Loge Press ang WD the Ring onto the
Legs untit the sc:aw holes are Algned. Fasten fing and Legs
together with the ‘our sheet metal screws.

4. Place the Wash Pan Assembly in the Ring ang fill the Pan
with one gallon of AMMCO No. 1256 sate Washing Solution
S. Connect an awr line to the base of the Gun Handle
Maximum sic peessure 150 PSI.

neae-n

wm Pan Assembly
Parts Pan
Gun Assemdly

fing Weldment

Srake Paris

AMMCD. BRAKE ASSEMBLY WASHER  MODEL 1250
aadl :

AMMCO TOOLS, INC. / WACKER PARK / NORTH CHICAGO, ILLINOIS 60064 US.A. / (312) 6891111

ond Sump Pun (Wash Pea Assembly) con e removed iram the
Woshor Stand for clese-quarers werk. (Smai photo:

OPERATION

Wash the brake 2ssembly as illustrated Drop the parts intg
the Pan as the brakes are disassembled to prevent tneir loss

When the Washer is not in use the Hud wil grain inte the
Sump. To avoi0 Dlowing brake dust around the Shop area
stan the pumping achion first by aiming the Gun into the Pan
ana depressing the Trigger.

10W TO UNCLOG SUN

AS Washing Sciution becomes
ity the Gun may clog Puace
hnger over Barre: ang deprass
Trigger 10 DACK liysh the Pick -
vp Noss

_

Mek-up
Hese

Ay Line




Because ot AMMCO ‘s constant program of improvement  specrtcations
ate suoject 0 change wrihoyt NJtiCe

GUN ASSEMBLY 20630 -- -

A - 20733 Nezte
8 - 20824 Qs .-
€ - §122 Hese Connecter

em____fant N9 o Descripton
) 20634 1 Parts Pan
2 2061 1 Seat
3 20625 1 Sump Pan
4 20619 1 Tube
5 20644 2 Wor Clamp
6 20623 1 HoLe. 2"
7 1088 . ..... 4 Sheet Metal Screws
8 20629 4 Leg
9 20620 4 Caster
10 20836 1 Tool Tray
13! 20633 1 Ring Weioment
12 206'8 1 Snap Bushing
13 11213 8 Nut
14 5999 8 Lock Washer
19 20749 8 Roung Ho Screw
16 20622 ! Mose. 36"

AMMCO NO. 1256 safe washing solution s recom.
mended for use in the Model 1250 Brake
Assembly Washer. A carton of 20- 1 02. packets of
Concentrate makes 20 gallons ot washing solu
tion.

DIRECTIONS: Pour one gallon of water into top
Parts Pan of Brake Washer (it will drain into
Sump). Add contents of one packet of No. 1256
Concentrate to top Parts Pan. Dissolve Concen-
trate by oooratin? un and saturating the Concen-
trate with water from the Sump.

CAUTION
DO NOT USE GASOLINE
OR FLAMMABLE
SOLVENTS



CLAYTON ASSCCIATES, INC.
BRAKE CLEANING EGUIPMENT



ASBESTOS
IN
AUTOMOTIVE
-~ SHOPS!

Ceilings and pipes aren’t the
only places to look for
ASBESTOS HEALTH HAZARDS

A Mt. Sinai Medical Center research study,
‘‘Asbestos Exposure During Brake Lining Main-
tenance and Repair’’ (December 1975), con-
tirmed that free asbestos fibers are presant in
decomposed lining dust. Virtually, ali these tibers are small enough to be inhaled, although
they are invisible to the naked eye.

Conventional cleaning methods still practiced in most garages and school industrial arts
classes expose workers and students to /ethal/ concentrations of asbestos fibers.

The use of common industrial vacuums,
without H.E.P.A. filters, 10 collect asbestos-
ridden dust actually creates a greater hazard:
microscopic asbestos fibers pass through the
fitars and are biown into the air to be inhaled.

BE ASBESTOS FREE...

...Use the only
equipment designed with
SAFE FILTER CHANGE™ and
99.999% FILTRATION.

CLAYTON ASSOCIATES
BRAKE CLEANING EQUIPMENT




L O C T WORKERS AND STUDENTS

ECT re envinonment
TECT AGAINST COSTLY LEGAL SUITS AND JUDGMENTS

: with
CLAYTON ASSOCIATES
- BRAKE CLEANING EQUIPMENT

- TOTAL CONTAINMENT prevents the release of asbes-
tos-ridden dust into the environment while protect-
ing the operator from contact.

e Two Attached Gloves
e Protective Storage Cover
ff : e Most Brake Drums Removed Within Enclosure

¢ Blow Off Gun, Brush, Crevice Tool and Vacuum
Hose Confined to the Enclosure.

SAFE FILTER CHANGE™, an exclusive feature of C.A.l.
Brake Cleaning Equipment. Using competitive
equipment, filter changing is the most hazardous
part of the job.

* Prevents the release of contaminated dust dur-
ing the changing of disposable filters

¢ Provides that necessary margin of safety
e U.S. and foreign pztents applied for.

3
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“EASE OF USE, a prime design feature of C.A.l. Brake
Cleaning Equipment, assures maximum operator
acceptance and utility.

e Adjustable to vehicles on lifts or jacks

* Integrated system of vacuum, safety enclosure
and tool storage tray

e Transparent enclosure sculptured for max-
imum visibility and light

e Accomodates all over-the-road vehicles iiiclud-
ing cars, buses and trucks

STATE OF THE ART DESIGN AND CONSTRUCTION
for maximum efficiency and durability.

e High Efficiency Particulate Air (H.E.P.A)) filtra-
tion certified 99.999% efficient for particles
0.12um (micron) or larger. (No other equipment
has it!)

e Built in Manometer signals time for filter
change.

¢ 14-gauge steel is virtually indestructible.

e Dual flow-through vacuum motors rated at 127
C.F.M. each create unequalled suction.
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* SAFE FILTER CHANGE

- — Prevents the release of contaminated dust during
the changing of disposable filters

— Provides a margin of safety when operator fails to

wear respirator or when respirator is improperly

worn. (Operator should wear respirator properly
during all filter changes.)

— U.S. and foreign patents applied for this unique
safety performance feature

““BE ASBESTOS FREE — USE THE ONLY EQUIPMENT
DESIGNED WITH SAFE FILTER CHANGE™
AND 99.999% FILTRATION’’

SPECIFICATIONS

CLAYTON ASSOCIATES
Asbestos Cleaning Equipment

AitFlow (C.FM.) ... .. .. 246
Power (Watts)® . ... . ... .. 2636
Cord&Length(ft.) . ... ........... .. .. ... ......... 12/3, 50'
CapacityDry(cu. M) . ........ ... ... .. ... .82
Filter Efficiency . . . ........... ... ... .. 99.999% @ 0.12 micron
Filter Surface(sq.in.) ..... ... .. e 7753
Height Raised (in.). .. ..... .. e 74
HeightlLowered (in.) ................ ... ... ... .. .. ... ... 48
Length(in) ... ... ... .. . . . . ... 24
WIBtR (IN.) . 21
Weight(Ibs.) . ... ... ... 82
CasterSize(in.) . .......... ... . ... .. 3

* C.A.l. Asbestos Cleaning Equipment is available powered by compressed air for spark-free operation.

Manufactured by:
Clayton Associates, Inc.
P.O. Box 589 ¢ 30 Southard Avenue. Farmingdale, N.J. 07727 « (201) 938-6700
COLLECTION & DISPOSAL SYSTEMS FOR ASBESTOS AND OTHER HAZARDOUS SUBSTANCES




HAKQ MINUTEMAN
ASBESTOS BRAKE DRUM VACUUM SYSTEM
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Minuteman

Asbhestos Brake Drum Vacuum System
Featuring Hako’s exclusive Clear-View * Heavy Duty Vinyl Hood

: . ll. s

The Safest and Most Effective Way to Control nd
Remove Asbestos Dust from Brake Drums



Minuteman

The Effective Way to Protect
your Employees, Customers
and Business from the
Hazards of Asbestos.

Asbestos—a recognized
public health hazard

Reseachers have only begun t0 uncover the senous heaith hazard
represented by asbestos. Any tme a product made with asbestos
1s disturbed. asbestos fibers are reieased nto the air. Once inhaled
or swallowed, these fibers can cause disease and disability.

Asbestos exposure can be costly, both in human and business
terms. It can result in employee absenteeism. increased healthcare
costs ang decreased productivity. OSHA and the National institute
of Occupational Satety Hazards (NIOSH) have 1ssued strict standards
10 imit worker axposure to asbesios. These standards require you
to take certain steps to protect your ampioyees from the dangers

of asbestos expasure.

Asbestos exposure during
brake drum repair

Every lime a mechanic works on a brake drum assembly, asbestos
tibers are released into the air. Anyone in or near the work area—
including the generai public—can ingest these hazardous fibers.

Recognizing the critical need for a safer. more effective way to mini.
mize asbestos exposure, Hako Minuteman has developed the
Asbestos Brake Drum Vacuum System. This system controls,
isolates and contains hazardous asbestos in the safest. most etficient
way possibie. It safeguards the heaith of your smployees. ..increases
productivity...and heips reduce the costs of operating your business.
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Asbestos Brake Drum Vacuum System

3.

How Hako gives you
three levels of
protection:

Controls

Hako's exclusive ClearvView heavy duty
vinyi brake drum hood covers the entire
brake drum assembly to trap ang contain
loose aspestos. Provides total visibility
during cleaning operations for increased
safety and control. Built-in air blowing
nozzie disiodges loose asbestos tibers
from deep inside brake shoe hning quickiy
and etficiently. Protects mechanic from
asbestos exposure—prevents fibers from
spreading 10 other areas.

o4 2.lsolates

Once asbestos fibers are trapped with:n
the hood. they are safely vacuumed
through the exclusive Hako 5-stage. high
etticiency hitrauon medium This filtration
system. designed specitically for the
nandliing of asbestos. 1solates the libers
for added safety and protection. A xey
component in the 1solation ot asbestos

1s a DOP. (smoke) tested and registerec
H E.PA_ (Mgh efficiency particulate air)
titer with a3 minimum efficiency of 9997¢
on particles ot 0.3 micrometers. Both the
operator and the motor assembiy are
protected since all air going through the
vacuum s H.E.PA. hitered before being
exhaustad 1nto the environment.

Contains

Hako provides an extra measu’e 0
operator protection in the hanghng and
disposal of hazardous asbestos Asbestos
fivers are collected in a disposabnie fiter
bag which i1s surrounded by a heavy Guty
plastic tanx hner This hner 1S markec
"Contains Asbestos Fibers. compiying
with Fegerai reguiations The operator
simoly ctoses the top of the plasuc hner
a- s .t—wnth the tilter bag safely

1 18~out of the tank for sate and

2asy disposal



A versatile, portable system that’s easy to operate
Operating Procedures

1. Open aperture 10 ful! open position

2 install drum Cleaner on brake assembly.

3. Draw bunge cora so that vinyl hood
completely encases brake assembly

4 Attach 12’ vacuum hose 10 1niet tube

6. Use air blowing nozzle 10 gisioage
5 Turn on asbestos vacuum

dust around brake assembly

Product Features: Specifications
Asbestos Vacuum Doﬂy Stand Aaborms - fab . .
+ Your choice ot 6. 15. 30 or 55 Mourts to Brake Drum Hooa tc form -4 RT) JE T IR )
gallon asbestos vacuum a complere. portadle cleaning urit - . ” S
e Cpnonal adaptor ring allows use o Constructed of rugged structural Statc L. lincnes Water) 8 8 8 88
ot stanctarg 3C or 83 gallon a:s- siee’ ‘s°‘gng-term curabily A-Fooa RN 3¢ 35 < 35
posable containers « F:ttea with casters for total mobibty Power watrs: 93¢ 330 93¢ 33
* ::Itl;:ge;.tc')::l:?:‘;\aas:; l.:r tEn:A ® Allows agjusiment ot Hako Brake Cora & La~gtn ‘6350 '6.3/%0 16.3°8C '6.352
environment M D;\JI: 5""2‘:? 0 worung neignts ot wet Cacaz ty 1ganons, NA oprona etita dDNet3
Y]
o Hako Minyteman critica: iter OrZacartecu 2 82 3¢ o
vacuums are easily adag'ed to’ Eige arey n . .
wet recovery It you "p‘“ brakes, you Tola Si.av@ nires 222¢ 12c e T
A tull range of tools and attach- need the Hako Asbestos Cveran —e 3™ 25 36 18 33
ments available Brake Drum Vacuum System Weatn 3 2 25
tgeal tcr ¢ty —¢ =3 : —
Exclusive Clear-View Aute Dealars 35 e @ I
Heavy Duty Vinyl Hood e National Chain Aytomotive Service wneeis Sciora  ves e
@ Ailows total pperator visioity during Centers Whee S te—Frons 3 3 [
Qver I y £ wer D NA oprota 2¢'3"a 3¢ tta
contain aspestos :ruC:\ eet gphera:oars System Ory Qniy yes 89 XH ves
¢ Built+n air blowing nozzle hrmiy ¢ Public and School Bus Systems Py : 5 2 ¢
securea 16 N0A to Dreven: acc- « Car ang Truck Rentat Companies vegnt Po.-as %5 3 2
denrtal removal (] MUNC‘D!‘ and Ingustinal Fleats S00C ' 281379 3.0 T 1manQe &m0t RO Te

¢ Mounts to Datly Stang for total
mobility and easy access to different
working heignts and vehicles.

t Available 'n twg stangard sizes for
cars {(agiustavle from 77 to 12" in
diamete’ trucks dusesiadiustable
frgm 12 0 19 .n giameter)

aven arcraft

A W RN

| NI
Adi'iiwl/
Minuteman

« Aircratt Repair Operations

The Haxo Aspestos Brake Drum:
vacuum System. ‘eaturing the exclu-
sive CiearVigw vinyl hood. was de-
signeq tor :he safe control of asbestos
23y ~G orake drum repair For mo‘e
informaton about this etective. cost:
ethcient way to protect your em-
Dioyees c.sia™e’s and business

cah Haxo Minuteman today'

Hako offers a full line of Critical Fiiter Vacs
¢ Industrisi/Commerciai/institutional Vacs

Sweepers
Machines.

1\1 Souih Route 53. Addison tihnois 60101 ¢ Pnone (3:2) 6276300 o Teex 9:C-33:-3992

Scrubbers

Floor.Caspet

H72% ‘204 S 02d)



NILFISK ASBESTO-CLENE
SYSTEM



Niffisk Asbesto-Clene Systems

Fast brake jobs and no asbestos mess.
The only way to do thorough brake cleaning and
still meet federal asbestos exposure limits.
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National Representiatives.
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APPENDIX B

SUMMARY CF ANALYTICAL
AMETHODS FOR ASBESTOS
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TABLE B-1.

SUMMARY OF ANALYTICAL METHOOS FOR ASBESTOS

i
Method feature examined i Comment
Light microscope
1. With phase contrast Morphology Limit of resolution

at 400X

2. Dispersion staining

X-ray diffraction

Infrared spectroscooy

Atomic absorptror

Neutrcr activaticn

Emission spectroscopy

Thermal analysts
TGA and DTA

Scanning electron
microscope with
microprobe

Transmission electron
microscope with

Refractive index and
and morphology

- fidbers.

about 0.5 um,

" Skilled operators can

gistinguish asbestos
Limit of
resolutior about 0.5

um,

Crystal structure

Characteristic absorp-
tion

. Mo fnformation on

fider gsize or s 12e
distridbution.

Amdiguity is possidle.
No information on
fiber size or s:ze

" distribution.

Elemental composition

Elemental compositicn

Elemental composition

Weigh? loss on heating
due to dehydroxylation

Surface topology of
the fiber and ele-
mental analysis

Shape outline, elec-
tron diffraction, and

No size or size dis-
tribution informasion.
High sensitivity for
trace elements.

No informaticn on srze
or size distribution.
Speciatized ruclear
equipmer s needed.

No size or stize dis-
tribution informztion,
Both gross and trace
corstituents deter-
mined.

No information on si12e
or size distribution.
specificicy to asbestes
not yet resolved.

Most SEM's have a
theoretical resolution
Vimt of about 10.0 tc
20.0 nm, Background
can give interference.

Resolution 1imit down
to 0.40 nm., Trarsfer

microorobe i elemental analysis to grid can lead to
statistical errors in
4 . counting.
1 i v e v—
Source: Reference 15,
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