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SECTION 1

INTRODUCT LON

Over recent years, much has been written about worker exposure to
asbestos fibers during the manufacture and subsequent fabrication of
asbestos-containing products. Governmental regulatory agencies such as the
Occupational Safety and Health Administration (OSHA), Consumer Product Safety
Commission (CPSC), and United States Environmental Protection Agency (EPA)
have been entrusted with the respomsibility of protecting workers, consumers
and the environment from exposure to asbestos fibers. Under the Toxic
Substances Control Act (TSCA),1 EPA's Office of Toxic Substances is
responsible for controlling human exposure to asbestos that may present an
unreasonable health risk. Within the confines of TSCA, this study was
undertaken to profile the activities routinely performed on
asbestos-containing products in secondary finishing operations, installations,
repair, or day-to-day handling and to report the levels of asbestos fibers
encountered during such activities.

It is estimated that asbestos fibers have been used to produce 2,000 to
3,000 discrete commercial and industrial products.2 Asbestos fibers may be
released during product manufacturing, distribution wn commerce, and end use.
Persons may be exposed to asbestos fibers during the performance of these
activities. Because OSHA studies provide a relatively adequate data base for
fiber release during primary manufacturing and fabricating, this study has
focused on identifying asbestos fiber release from secondary and consumer
product use activities. ’

The information presented in this report was compiled from an extensive
survey of publicly available data and telephone interviews with manufacturers,
fabricators, distributors, and end users of asbestos-containing products. A
computerized literature search of eleven data bases revealed that the amount
and diversity of asbestos fiber release data publicly available is limited.
Various product testing laboratories have monitored fiber release from
experiments simulating actual product use activities, but due to the
preliminary nature of their findings or to proprietary agreements they are not
willing to disclose publicly the results of their studies.

The purpose of this study is to report measured or expected airborne
asbestos fiber concentrations resulting from secondary and consumer product
use activities. The data presented are intended to provide EPA officials with
the information they need to assess whether exposure to asbestos throughout
its life cycle presents an unreasonable risk to human health. Where the



presence of risk is determined, EPA will consider developing regulations,
under TSCA authority, to eliminate the human exposure. Once it has been
determined that the substance in question presents an unreasonable health
risk, the Agency under Section 6(a) of TSCA, can restrict chemical processing,
limit quantities that can be used, require appropriate labels, and/or mandate
recordkeeping.

REPORT ORGANIZATION

This report is organized by the asbestos product categories presented in
Table 1. The chapters are arranged sequentially by category based on
descending rate of annual asbestos consumption. Due to the versatility of
some products and the intermediate uses of others, there will be some overlap
of products between categories. The overlap will be noted but not repeated

Product profiles include a brief description of product manufacturing
and/or fabricating operations, a discussion of secondary and consumer product
uses and a presentation of monitoring data or potential fiber release
estimates when they exist. Secondary and consumer product use activities
include product finishing, installation, repair, and day-to-day handling.

ANALYTICAL RESULTS

Asbestos fiber concentrations presented are based on the results of three
different analytical techniques. The three microscopic analysis techniques
are phase contrast, polarized light microscopy (PLM) and scanning electron
microscopy (SEM). Phase contrast and PLM are optical light microscope
analytical procedures.

Phase contrast analysis is the recommended method of the National
Institute for Occupational Safety and Health (NIOSH) for counting asbestos
fibers.® Fibers counted are those that are 5 microns (um) long or longer
and have a length to width aspect ratio of 3 or greater. The major
disadvantage of phase contrast analysis is that the technique cannot be used
to differentiate asbestos fibers from nonasbestos fibers.

Polarized light microscopy analysis is used to count fibers of the same
dimensions as the phase contrast method. However, PLM analysis allows the
operator to distinguish asbestos fibers from nonasbestos fibers. The
technique takes advantage of the specific optical properties each asbestiform
mineral exhibits, thus allowing qualitative identification. Scanning electron
microscopy analysis is the most powerful analytical tool of the three,
providing the operator high levels of magnification. Compared with either of
the two optical techniques, fiber counts by SEM analysis can exceed 50 times
the number counted by phase contrast or PLM. Used in conjunction with energy
dispersive X-ray analysis, which is almost always the case, SEM analysis
provides qualitative results. Because of its powerfi.l magnification
capabilities, SEM analysis is also used to determine particle size
distribution of material sampled.



TABLE L. MAJOR ASBESTOS-CONTAINING PRODUCTS WITHIN
EACH PRODUCT CATEGORY

1. Asbestos-Cement Pipe - (40.2)3
' Water Transmission Pipe (pressurized)
) Sewer Transmission Pipe (nonpressurized)
'y Other - Electrical conduits, chemical process pipe
II. Asbestos Paper Products - (25.1)
'y Flooring Felt
(] Roofing Felt
[ Beater-Add Gaskets
) Pipeline Wrap
° Millboard
° Specialty Papers
o Commercial Papers
° Electrical Insulation
1L1. Friction Material - (12,2)
° Brake Materials (linings and disc pads)
° Clutch Facings
. Other
- Discs for automatic transmissions (paper product)
- Woven clutch facings (textiles)
Iv. Flooring Products - (10.1)
. Vinyl-Asbestos Floor Tile
) Asphalt-Asbestos Floor Tile
(continued)



TABLE 1 (continued)

V. Gaskets and Packing - (3.4)

° Compressed Sheet Gaskets

° Impregnated Millboard I

Packing

° Yarn (textile) ‘
VI. Coatings and Sealants - (3.0)

. Petroleum-based products

° Water soluble Latex or Gypsum-Baseﬁ products
VII. Asbestos-Cement Sheet - (2.2)

° Roofing Shingles

° Siding Shingles

° Flat Sheet

] Corrugated Sheet
VIIL. Textiles - (0.5)

° Industrial Packings

. Electrical Insulation

. Thermal Insulation

® Textiles (fire retardant clothing, belt conveyors, and curtains)
IX. Asbestos Reinforced Plastics - (0.4)

. Electronic Industries (commutators)

® Automotive Industries

° Printing Industries

@percentage of 1980 annual asbestos consumpti.on.3



Discretion should be employed when interpreting and comparing the fiber
concentration data presented in this report. Care should be taken not to
compare optical microscopy results directly with SEM analyses. Similarly, the
quantitative results of phase contrast analysis should be fully understood
before comparing them to quantitative and qualitative results obtained from
PLM analysis. A concerted effort has been made to identify these analytical
characteristics which are important to rememb:'r when interpreting the data.

In addition, one should not mistakenly compare peak concentrations
occurring during the performance of an activiiy with time weighted average
concentrations that have been scaled over an cight hour period. Finally, some
of the data reported may be out of date. Implementation of new control
measures and changes in product formulations should result in fiber release
levels lower than some of those presented. In all cases, the most recent
fiber concentration data are reported.
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SECTION 2

ASBESTOS-CEMENT PIPE

INTRODUCTION

Asbestos-cement (A/C) pipe is manufactured in sizes ranging from 10 to 81
centimeters (ca. 4 to 32 inches) in diameter.! The product is used
primarily for water distribution and sewage transport. Approximately 70 to 75
percent of all the A/C pipe produced is used for water supply systems, 20 to
25 percent is used for sewer pipes. ' The remaining pipe produced is installed
as telephone and electric wire conduit, with a minor fraction for air
ducting.l 1In 1978, 321,800 kilometers (ca. 200,000 miles) of A/C pipe was
estimated to be used to distribute water to U.S. consumers.
Proportionally, most of this pipe is located West of the Mississippi River.!.

Release of airborne asbestos fibers from A/C pipe is minimized after
manufacture and finishing. Candidates for exposure would be contractors who
install, maintain, and repair or modify water (pressure) supply or sewer
(nonpressure) systems. During these operations, cutting may be required which
could release fiberous emissions. Asbestos fibers contained within A/C pipe
are bound in a cement mortar matrix.2 In addition, A/C pipes are often
coated with a layer of CaCO3 or other detourant to erosion of fibers from
the surface.3 The pipes are also laminar in structure slowing any
corrosion/erosion processes as well as enabling cutting for branch pipes with
little risk of cracking beyond the cut area.

Once permanently installed, the greatest potential for environmental
fiber release is -to the water or sewer system. Fluids passing through the
pipes have the potential to pick up fibers through erosion and leaching.
Several studies have been conducted to determine the asbestos content of water
supplied to the consumers.?~8 Although the overall consensus is that much
of the asbestos is derived from natural sources such as serpentine rock
formations, most studies do not distinguish between the sources of asbestos
fibers found in the water. Studies concerned strictly with fiber release from
A/C pipe, however, all show a slight increase of asbestos fiber counts in
water which has passed through such pipe.3,9-11

PRODUCT MANUFACTURING AND COMPOSITION

The manufacture of ashbestos cement pipe is governed by specifications set
by the American Water Works Association (AWWA).lZ Pipe is classified



according to the designed internal pressure, ranging from 2070 to 6206
kilopascals (ca. 300 to 900 psi), and according to chemical composition. Type
I A/C pipe has no limit upon the amount of uncombined calcium hydroixde
permitted in the product, and Type II A/C pipe must not contain greater than
one percent uncombined calcium hydroxide. Type I pipe is generally cured
under ambient conditions. The mixture is 15 to 25 percent asbestos and 75 to
85 percent portland cement. Type II pipe (autoclave cured) is made of 15 to
25 percent asbestos, 42 to 53 percent cement, 34 to 40 percent silica and up
to 6 sercent finely ground solids from crushed or damaged pipe as filler.l
Chrysstile asbestos is most commonly used in A/C pipe production. A
relatively small amount of crocidolite and an even smaller amount of amosite
is also used.l3

Manufacturing begina when raw asbestos, generally packaged in 50 kg (ca.
100 1b) bags, is delivered to the plant by railcar or truck, and stored until
needed for mixing. The raw asbestos is weighed and charged with the cement
and other ingredients into a dry mixer, which acts to fluff the fibers and
prepare a homogeneous mixture. The dry mix is then conveyed to a wet mixer or
beater where water is added to make an A/C slurry of approximately 37 perceant
water.l% The slurry flows or is pumped to the pipe~forming machine vats
where it is deposited on one or more rotating horizontal, cylindrical
screens. Excess water is removed from the slurry layer on the screen. The
resulting layer of asbestos-cement material, 0.05 to 0.25 cm (ca. 0.02 to 0.10
in.) thick, 1s transferred to an endless-felt conveyor belt that travels over
vacuum boxes to remove the water.l# The wet mat is then transferred to a
mandrel or accumulator roll which winds the mat into pipe stock of the desired
thickness. Pressure rollers bond the mat to the layer previously deposited
and further remove excess water. The pipe, usually cast in 3.0 to 4.6 meter
(ca. 10 to 15 foot) lengths, is then removed from the mandrel, air cured, and
final cured in an autoclave using saturated steam. Cured pipe sections are
transported to finishing operations where the pipe is cut to uniform lengths
and machined in a variety of ways (sawing, lathing, drilling) and outfitted
with a coupling. To ensure a tightly fitted pipe joint, the ends of the pipe
sections are machined smooth on a lathe. The finished pipe is inspected, and
each section of "pressure pipe" (pipe used for conveying wa:er under pressure)
is tested hydrostatically.

In addition to full and partial lengths, manufacturing plants also
produce a variety of standard and special fittings. Pipe couplings are the
most widely used fittings. To mate with a machined pipe, inside surfaces of
the coupling must be grooved to hold a rubber seal. Other fic:ings (tees,
elbows, reducers, etc) are produced on a less frequent schedule.l Most
manufacturing plants also produce specialty fittings and pieces on an
individual basis. Pipe fittings production include sawing, drilling,
machining, boring, and bonding. Some specialty applications require pipe
lengths to be machined over their entire length with a lathe.l3 As a final
step, the pipe may be lined with a coating to further increase its corrosion
tesiscigce and improve flow characteristics. Vinyl is a commonly used
liner.



Reliable production volumes of A/C pipe cannot be accurately estimated
because such information is considered proprietary by manufacturers. The
total quantity of asbestos consumed for the production of A/C pipe can be
used, however, as a market indicator. In 1980, 144,000 metric tons or 40
percent of the total annual domestic asbestos consumption was for A/C pipe
production.l? Projected trends for A/C pipe consumption vary from modest
growth (5 to 7 percent over the next 3 to 7 years), through market
scability,lj to actual decline.l? Between 1978 and 1980 asbestos
consumption for A/C pipe dropped. Polyvinyl chloride (PVC) pipe inroads on
the water pipe market are predicted to be primarily at the expense of ductile
iron pipe rather cthan A/C pipe. However, in the case of sewer pipes,
especially in the southern U.S. where higher temperatures and low flow rates
accelerate acidic deterioration of A/C pipe, PVC pipe may claim a substantial
share of the market, perhaps eventually displacing A/C pipe if the latter's
cost :annot be lowered.l?

SECOMDARY AND CONSUMER USE

A/C pipe has a relatively narrow range of application compared to other
asbestos-containing products. As indicated above, nearly 100 percent of the
A/C pipe produced is used for water or sewage transport. The remaining pipe
is used for conduits for electrical or telephone wire or air ducts.

It is noted that A/C pipe is not really a consumer product. Finished
pipe is distributed primarily to municipal water works construction personnel
and contractors. Installation is almost always performed by professional
workers, who are familiar with recommended installation procedures.

Because of its relatively recent introduction (about 50 years ago) and
very long service life, there is little information available on the repair
and/or replacement of A/C pipe used for water transport systems. Except under
very aggressive water conditions, once in the ground, A/C pipe lasts forever.
Engineering gtandards recommend that urban lines be replaced every 75
years.18 However, this is often not the case due primarily to the lack of
monies and the inconvenience of digging up streets. The water line
replacement cycle in New York City is 300 years and in Jersey City 500
years.18 In highly populated urban areas, A/C pipe when replaced, might be
removed, crushed, and trucked to a landfill. In lower density areas, the old
pipe might be left in the ground and new pipe laid down beside it. In the
former case, minimal asbestos fiber release from the old pipe is expected and
in the latter instance, none.

ENVIRONMENTAL RELEASE

One of the major advantages of A/C pipe use is the ease of 1nstallationm.
Relatively little onsite sawing, cutting, drilling, or machining of A/C pipe
is required during installment. Although there may be transitory worker
exposure, the likelihood of significant asbestos fiber release into the
environment is minimized since the fibers are immobilized in the cement
matrix. Piping is placed 1in ground and fitted with rubber gaskets which act
as a cushion aga. iyrasion as well as providing a more flexible decay



resistant seal.l Once layed in ground the pipe is completely buried with

the only mechanism available for fiber release being through the water which
it carries. As a result of these activities, the general public's exposure to
airborne asbestos fibers from installing A/C pipe is minimal.

Should field finishing be required, it would be a potential source of
airborne asbestos fibers. Cutting or lathing pipe has the potential to
release airborne asbestos fibers, although this can be minimized with the
proper use of specifically designed tools and cleanup equipment. Special saws
and lathing tools as well as drills have been developed that are equipped with
dust control devices.l3:19 Control devices include local vacuum systems
with filters, wet cutting tools and lathes or tools with self-contained vacuum
and filter fittings.

A recent study sponsored by the Association of Asbestos Cement Pipe
Producers (AACPP), 9 was conducted to measure worker exposure during the
following A/C pipe field operations:

l. TUnloading !

2. Laying pipe in the trench

3. Cutting operations on both pressure and sewer pipe

a. Cutting with hack saw

b. Cutting with snap cutting equipment

¢. Cutting with abrasive disc, wet

d. Cutting with abrasive disc, dry

a. Cutting with hammer, chisel and rasp
#. Machining operations

a. Machining with a manual field lathe

b, Machining with a power-driven lathe

¢. Cutting and machining with Doty machine
5. Hole Cutting

a. Hole cutting with power-operated equipment

b. Hole cutting with drill, hammer and rasp

10



6. Tapping operations

a. Dry tapping with Mueller J. tool

b. Tapping operations with Mueller B-100 tool
7. Coupling removal

a. Removal of coupling with hammer and chisel

The above operations are representative of the activities routinely
performed at construction sites installing A/C pipe. Depending on the
magnitude of the job, any one or all of these operations may be conducted.
Although, all of these operations are fabricating processes, typically A/C
installation requires minimal field fabrication.

The operations identified, are performed intermittently and vary widely
in duration. Reportedly an average of only 1.1 percent of A/C pipe
installation time involves cutting, tapping or machining.19 This is
translated to approximately 5.3 man-minutes per day.19

Measured concentrations during the unloading and laying of A/C pipe were
found to be 0.1 fiber/cm3.19 The unloading activity involved the use of a
forklift which handled palletized pipe. Twenty centimeter (8 inch) pressure
pipe was arranged on 1.2 meter (4 foot) pallets, 8 per bed plus miscellaneous
short lengths and couplings. The material was unloaded in 15 minutes from a
truck carrying 16 pallets. The sample analyzed was vbtained from i1 24-minute
personal sample taken on the forklift operator.

The pipe laying operation involved trenching, laying pipe, and
back-filling simultaneously. Personal samples were taken on two men
performing the activity, one man in the trench at the forward end of the pipe
and the second worker, working both topside and in the trench. The second
worker attached a lowering clamp to the pipe, lubricating the pipe end, then
entered the trench to guide the pipe into place for coupling.

Personal monitoring of workers performing the operations listed above was
conducted to determine worker exposure to asbestos fibers. The results of the
monitoring activity are presented in Table 2, Only two operations, cutting
with abrasive discs and cutting and machining with a Doty tool without a
shroud, resulted in fiber releases greater than the OSHA 8-hr TWA¥* standard of

*TWA - Time Weighted Average.

11
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TABLE 2. RESULTS OF PERSONAL MONITORING OF EMPLOYEES PERFORMING A/C PIPE OPERATIONS
Average peax eaposures Ranges of 8-hour time-weighted average
(up to 15 minites) conrentrations
AJC sewer pipe  AJC pra2ssure pipe A/C sewer pipe A/C pressure pipe
Ooarctur ‘lelper Oo.rator Helper Operator Helper Operator Helper
dperation (/22 (14eed) (thnd) (F7c0d) (E/end)  (x/ead)  (E/cad) (£/cad) Coxzneats

Cuti_nz Joeralivas

hack saw 0.18 <0.10 <0.10 0.1l <0.102 ND-<0.10 ND ND-<0.10 Sampling time ranged from 12 to 15 ziautes.
A standard hack saw was used.

Saap culttirg ~0.10 <0.10 <0.10 ND NE-<0.10 ND-<G.10 ND ND A Wheeler chaia cutter {Model 2950) <4as used
to make 5 to 8 cuts per sampling pericd (13 co
16 minutes).

aI=oalve J15C, wal 42,10 10.20 65.00 49.20 A zas-pouvered sav with a8 25 co diameter carbide
blade was used with a water delivery rate to
the blade of 2 to 3 gallons per minute. Two to
three cuts vere made per sample period (3 to 6
muates).

ALmsa1 ' a1sz, doy, 3».30 6%.00 20.30 59.70 A gias-powered saw wita a 25 ce diamezar caroide
d9lade was used Lo Cake une Cut per sazple peraad
(30 to 45 seconds).

(L., = nMaT 0.3 0.25 1.99 0.87 <0.10 <0.10 <0.,10-0.50 <0.10-0.22 Two cuts (& to & minutes each) were made on the

a1d rasp sewer pipe; cutting (one cut) the pressure pipe
lasted 11 minutes.

T Operitio.s

o lilie 0.15 0.13 0.51 0.22 <0.10 <0.10 <0.10-0.12 <0.10 Twenty cm prpe was cuf using a Pilot ratchet
€i1cld lathe. Actual cutting time on tae sewver
pipe [ook 2 minutes, cutting time on pressure
pipe lasted 4 oinutes.

Puace lothe +0.10 0.10 0.29 0.18 ¥D-<0.10 ND-<0.10 <0.10 <€0.10-0.14 Twenty cm pipe was cut using & Piloc electric
powered [icla lathe. Actual cutting time on tne
sewer pipe took 1/2 to 1 minute, cutlicg the
pressure pipc listed 1-1/2 minutes.

cuttin, and cachinsg 3.83 0.2Y 1.90 2.23 A Doty machine 18 custom-manufactured for

with Doty a3 hine Jdry

cuttang and machining acd bas three operating

(continued)
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TABLE 2 (continued)

Operaiion

Average peak exposures
(up to 15 minutes)

Ranges of B8-lhour time-wiighted average
concentrations

Al sawer pipe

A/C pressure pipe
Nelpar
{£/cad)

Opezator

Helper Operator
{fcnd)

(i/cmd) (£/ca’)

AJC sewer pape A/C prassure pipe

Operatoar

Helpar
(£/cald)

Operator
(i/cad)

Helper
(f/cod)

(£/¢nd)

Commants

Dry ahruud
Wt shiroad

- DR ]

"
r
L
H
r

o~

M.n11i1, ~JLtn aanual

Tanie 27 d

LilellNg

4.9

0 ca puoe

.~ Bt Dpe

Hole Cutziny

e st gla Culter

0.2)
0.29

0.18

ND «0.10

«~0.10 0.13

<C.10 <0.10

0.4% 1.65 0.38

<0.10 ND-<0.10 <0.10-0.32 <0.10
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modes, dry, dry vith shroud, and vet with
shroud. Two to four cuts and twvo to fo.r
macnining operations were completed per sazyie
cycle. Samplz periods were as follows dacy
tool dry, pressure pipe 10 to Ll minutes a=z
sewer pipe 9 to 15 minutes, with dry shrouz,
pressure pipe 13 to 17 minutes, and sewar pipeé
12 to 14 minutes, with wet shroud, pressure pipe
13 to 18 minutes and sewer pipe 12 to 16 aim.

Tapering, whicn 1s samilar in princioia 0

tnat of the field lathe, was performed for 14
22 ainures on a 25 cm A/C air-ducl pipe waica
had a wall thickness of approximately 0.64 c=.

Testang included one cut and onc¢ machair:iag
operation. Actual cutting time lasted ]
oinutes, machining lasted & minutes.

Testing included one cut end one machiniag
operation. Actual culting Ctime lasted 2
minutes, machining lasted 10 winutes.

One partisl cut was made, including machaning.
Cutting time was 12 minutes, machining lastea
20 minutes.

A gasoline-povcred Pilot Hole Cutier was used
to cut a 1l cm diazeter hole with a small

(continued)
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TABLE 2 (continued)

Oparazion

Ranges of 8~hour time-weighted average
concentrations

Average peak exposures
(up to 15 minutes)

A/C sewer pipe  A/C pressure pipe A/C sewer pipe A/C pressure pipe

Comments

udle cutting with
drarl, mamser a-d
£

“T?¢ fud wilh
cewesles 2 fool

fapp.13 operacrions
acet ‘ucirer B-100

Coupling removul
Re aoval ol Counling
with au=. 2r an: chisel

Ooerator Helper Operator Helper Operator Helper Operator Helpes
Gread)  (2fzad) (E/cad)  (£/ead)  (£/cad) (E/cmd)  (f/emd) (£lca’)
0.23 0.13 0.22 <0.10
~0.10 <0.10 <0.10 0.10 ND- 0.10 ND ND~0.10 ND- 0.10
<0.10 ND 0.11 0.13 ND~ 0.10 ND ND-0.10 0.10
<0.10 ND 0.30 <0.10 ND- 0.10 ND- 0.10 0.10 ND~ 0.10

center plug. Faur holes were cut per saaple
activity. It took 1 minute to cut a hole in
the gewer pipe and 1-1/2 to 2 minutes to cut a
hole in the pressure pape.

Activity 1ncluded drilling 1.6 cm holes in 3
pipe 'n a circular pattern aoout 15 co an
diameter, after which tne certral portion wvas
knockad out with a hamner and the rough edges
smootned with a rasp. Sampling tizes, which
did not always cover the hamnering and raspiag
operations, lasted 16 to 24 minutes for
pressure pipe and from 17 to 21 miautes for
s2wer pipe.

Miellzzr J tool 1s used for tapping pipe for
custuker s2rvice connectidns. A manually
operated ool was used which cuts and threzds
a hole. Two 2.5 cm heoles were cut. Sample
periods for the pressurs pipe lasted 14 co 29
minutes; for sewer prpe 15 to 18 minutes.

A Mueller B-100 tool 13 used for tapping pirpes
already 1n place and confaining water. Two
holes were cut par sampling period, which for
both pressure and sewer pipe covered .4 to 19
minutes.

A hammer and chisel were used to make a
longitudinal trough 1in the couplang, afterwhich
a crowbar was used to separate the coupling.
For pressure pipe this took 22 minutes per
coupling. For sewer pLpe the process lasted 10
minutes. Later tests were performed when
couple temoval lasted 10-30 seconds and 3 to &
couples were removed.

— ———

ais range 15 reported when bold vaiues were <0.10 £/cmd.

'D = Not dezected.



2 fibers/cm3. Theoretical TWA exposure ranges calculated assuming the
duration of the operation ranged from 15 minutes to 2 hours, with the
remaining time calculated at zero exposure, are alsc presented in Table 2.

Based on these findings, the AACPP has published a field manual entitled
"Recommended Work Practices for A/C Pipe.'" Because of the widespread
acceptance of this manual, the American Water Works Association adopted the
same work practice recommendations and included them in their own work
practice manual.l?

Other exposure data that are based on laboratory glove box tests have
been reported in the literature. The results of A/C pipe testing by
GCA/Technology Division are presented in Table 3.20 Fiber concentrations
reported in the GCA study for A/C pipe sawing are similar to those found by
the AACPP study. The concentrations associated with hammering, however, were
subgstantially higher than those measured by the AACPP field studies. The
higher laboratory readings may be attributed to fiber accumulation in the
nonventilated air space of the glove-box chamber used in the testing program.
Additionally, because the AACPP operation was perforsed outdoors, the lower
levels recorded probably result from air dilution ani wind movement.

TABLE 3. RESULTS OF LABORATORY A/C SEWER PIPE®
PRODUCT TESTING PERFORMED BY GCA.20

Fiber concentration

Sample time SEMP, ¢ Phase contrast®
Operation (minutes) (€/cm3) (£/cm3)
Sawing 1 - 59.4
Sawing (repeat) 1 65.1 56,5
Hammering 1 20.6 19.8
Hammering (repeat) 3 7.3 12.2

d4A 25 cm (10 in.) section of Johns-Manville sewer pipe having
a wall thickness of 1.6 cm (0.63 in.) was acted upon using an
electric circular saw equipped with an aluminum oxide blade.

DSEM - Scanning Electron Microscopy Analysis.

CFibers 5 um or longer with a length to width aspect ratio of
3 or greater were counted.

With respect to A/C pipe handling operations, transportation poses little
threat of fiber release. If pipe is broken during shipment there is a
possibility for fibers to become airborne, although the fibers would likely be
bound i1n a cement mortar matrix. Prompt cleanup with the proper vacuum
equipment reduces fiber migration significantly.1
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Beyond air releases, water transported through A/C pipe may carry
asbestos fibers into the homea of a great number of people. Several studies
on the asbestos fiber release from A/C pipe into potable water systems
conclude that the fiber increase in the water passing through these pipes is
slight.3-9'u The amount of release is generally dependent upon the
aggressiveness of the water. The more aggressive a water is the greater its
potential to aid in the release of fibers from the cement pipe walls. The
aggressiveness of water is determined by factors such as pH, alkalinity and
calcium hardness.?2l, Generally speaking, the higher the pH, alkalinity, and
hardness of the water the less aggressive a water system is. According to
Millette et al.,2l 16.5 percent of the U.S. water utilities are highly
aggressive, 52 percent are moderately aggressive and 31.5 percent are
nonaggressive. However, it has been noted that even those systems which carry
highly aggressive waters do not necessarily carry higher concentrations of
asbestos fibers. This phenomena can be accounted for by the following
factors:

l. Type II autoclaved pipe is less susceptible to corrosionm.

2. The majority of A/C pipe sold in the U.S. in the last 35 years has
been Type II pipe.

3. Zinc, iron, and perhaps magnesium and organic materials can have a
protective effect on A/C pipe.

Similarly, in the case of the enlar§ement or modification of existing
water pipeline systems, Millette et al.2l cite evidence that residents may
have been exposed to transitory increased asbestos levels in drinking water as
a result of improperly performed pipe tapping. This, however, should not
occur if the proper tools are used. Available tapping devices flush cutting
debris away thereby avoiding drinking water contamination and possible
airborne fiber release.

With respect to health effects, studies have concluded that asbestos
fibers consumed through drinking water do not appear to be intestinal
carcinogens in humans or other animals.l The amount of asbestos naturally
occurring in drinking water or added during passage through A/C pipes is so
small that one could not expect it to induce intestinal cancer; all
epidemiological studies are consistent with this view.l

Under certain conditions, it may be possible for asbestos fibers in water
to become airborne. For example, certain types of commercial and residential
humidifiers operate on the principle of atomizing water into forced heating
air. If it is assumed that the water supply to this type of humidifier
contains asbestos, it may be possible that the fibers are emitted into room
enclosures through heating ducts.l The following hypothetical
calculationl attempts to estimate the levels of asbestos which may be added
to indoor air as a result of humidifiers using water containing asbestos.
Levels of asbestos monitored in water supplies have ranged from 1C3 to as
high as 107 fibers/liter; also, aggressive waters can cause A/C pipe to
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raise asbestos levels to the same ranges. For the purposes of this
calculation, the severe case is assumed that the asbestos water concentration
is 107 fibers/liter. It is assumed that an atomizing humidifier is being

uged by a homeowner, whose house contains roughly 400 m3 (14,000 ft3), and

is connected to the central heating system. The humidifier injects one liter
of water, containing 107 fibers/liter, into the heating system each hour.
Therefore, during the course of one day, the asbestos air concentration of the
house could theoretically be raised:

24 hr x 10’ fibers/hr 5

400 m°

=6 x 10 fibers/m3 = 0.6 fibers/cm3 = 600 ng/m3

This calculation is completely theoretical and is not based upon any indoor
air monitoring.
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SECTION 3

ASBESTOS PAPER

INTRODUCTION

Asbestos paper products include any product manufactured on a fourdrinier
or cylinder paper-making machine. Products in this category are all
manufactured using similar asbestos handling, production, and emission control
equipment. The products do differ, however, in the amount of asbestos they
contain and their end-uses. .

The 1980 consumption of asbes:os fibers for the production of paper
products was estimated by the U.S. Bureau of Mines to be 90,020* metric tonms
or 25.1 percent of all asbestos coasumed in the United States.l Thus, it
ranks second to cement-pipe in the amount of asbestos consumed annually in the
United States. Asbestos paper products include eight general categories,
which are listed below in descending order of annual asbestos consumption
(category percentage):

° Flooring Felts (45)

. Roofing Felts (33)

° Beater-Add Gasket (9)

° Pipeline Wrap (5.6)

° Millboard (3.0)

° Specialty Papers (2.4)

0 Commercial Paper (1.3)

° Electrical Insulation (0.4)

*This figure was arrived at by rearrangement of the Bureau of Mines (bOM)
data such that Paper Products would now include roofing and flooring felt
figures, which were extrapolated from BOM's roofing and flooring product
categories, respectively.

20



The basic manufacturing operations are similar for most asbestos paper
products. The raw materials, which include asbestos fibers, binding fillers
and various other ingredients, are blended in a mixing operation. A pulp
beater or hollander is used to mix the fibers and ingredients with water to
form a stock, which typically contains 3 percent asbestos fiber. This base
stock is stored in & container vessel (chest) until needed. Upon leaving the
storage chest, the stock is diluted to as low as 0.5 percent asbestos fiber in
a discharge chest. The amount of dilution depends upon the quality of the
paper being produced.2

The asbestos paper is now formed on either a fourdrinier-type or a
cylinder-type paper machine. The cylinder-type machine is more widely used in
the asbestos industry. Formed paper, carried along on a felt conveyor, is
dried by either applying heat causing evaporation or pressure, in the form of
rollers. The rollers squeeze the water out of the sheets. Calencering
follows to produce a smooth side and then the paper is wound onto a spindle.

It is estimated that 60 percent of asbestos paper goes through some form
of secondary fabrication before reaching the end-user. Typically finishing
operations include slitting, sawing, punching, pressing, and laminating.
Typical asbestos exposure ranges during manufacture have been estimated at 1.0
to 3.5 f/cm3.3

The products contained in this category have a variety of uses in
industrial, commercial and residential settings. Most are used in
construction type work as an insulation/protector from the enviroament around
the object being built or installed. Others perform as insulators and/or
fire-retardants in appliances or some other type of apparatus which use
requires it to have the ability to withstand high temperature. While still
others are used as filters to purify liquids such as alcoholic beverages and
fruit juices,

In this report, only the major asbestos paper product groupings are
presented. While hundreds of individual asbestos paper products 1ay exist,
many are used in a manner similar to those described in the folloving
discussions and almost all originate from the same primary manufacturing
process.

FLOORING FELTS

Product Manufacturing and Composition

Asbestos is used in flooring felts to add dimensional stability and
resistance to moisture, rot, and heat.4 The asbestos flooring felts are
composed of about 85 percent asbestos and 15 percent latex binder.? The
latex binder is normally a styrene-butadiene type, althougl acrylic latexes
have been used in the past:.6 The type of asbestos used is chrysotile, with
shorter grades, grades 5 and 7, primarily being employed.
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Asbestos flooring felt is manufactured into a final consumer product by
coating one side of the felt with a resilient vinyl-type surface. The surface
coating applied is usually a plastisol or an organosol. The vinyl surfaces
are applied to the asbestos felt by various extrusion coating and laminating
and spread coating methods. After or during the coating operation, the
flooring is decorated to enhance its appearance. The vinyl sheet is then edge
trimmed by razor scoring or shear cutting and wound into a sheet product.

Flooring felt production accounts for 45 percent of the asbestos consumed
in the paper products category or about 40,509 metric tons per year in
1980l. From the geriod 1971-1975 the growth rate was estimated at 14.8
percent annually.? Today, industrial sources indicate that the growth rate
for asbestos flooring felts will be minimal through 1985,5,6

Secondary and Consumer Use

Vinyl-asbestos sheet flooring felt is used in commercial and residential
applications. The asbestos felt backing is used because it adds dimensional
stability to the flooring, it is resistant to moisture and rot and has an
excellent fire protection rating.

During installation vinyl-asbestos flooring is cut to the size of the
floor area it is to be applied to. The cutting is accomplished using a razor,
knife, or shears. The subfloor is then coated with adhesives that secure the
vinyl-asbestos sheeting to the floor. All cutting and installations are done
by hand.

For certain applications asbestos felt is used without a vinyl surface
coacing.6 Under these conditions, the flooring felt is adhered directly to
the floor, with final flooring applied on top of the asbestos felt. The final
flooring may be vinyl tile, vinyl sheet or carpeting. This type of
application is usually restricted to concrete floors where moisture problems
exist. The asbestos paper helps to transfer water to the walls.

The life span of asbestos-containing flooring felt is dependeat on the
amount of traffic the surface layer must with.tand. It has been estimated
that a normal life span is between 10 and 30 sears. During the life 'of the
flooring, the top coat will be worn away by prolonged wear. The surface
material is usually replaced long before the vinyl foam layer or size coat are
lost to expose the underlying felt.’

Environmental Release

During normal use, few or no asbestos fibers are released from
asbestos-containing flooring felt. The fibers are considered locked-in; that
Ls, the fibers are sufficiently bonded to one another by inorganic cements,
thermosetting polymers, thermoplastic resins, or elastomic compositions such
that they cannot be readily separated or removed from one anothev or the
product during normal product handling and use. During installa ion the
vinyl-asbestos sheet flooring is cut with sharp knives or scisso-s at which
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time few fibers are expected to be released.’ The adhering of vinyl sheet
flooring on top of the felt further isolates the asbestos fibers from the
environment.

Foot traffic moving over the flooring and continual washing, wears away
the vinyl coating, but does not wear down to the asbestos containing flooring
felt. By the time the surface layer starts to wear away the floor design is
lost and the flooring would mostly like be replaced.

Environmental release of asbestos fibers may occur during the removal of
old, worn out vinyl sheet flooring. Although the back of the felt is
generally covered with adhesive, it is possible in some instances to have felt
pieces split apart and remain attached to the floor. Fibers in the residual
pieces remain bound in the flooring felt by the resin matrix. Removal of the
residual pieces adhering to the floor by sanding, however, could release
aghestos fibers to the ambient environment. Few or no fibers are expected to
be emitted, however, if the material is thoroughly wetted prior to scrapping
or sanding.’’

Asbestos fiber release during the installation and removal of vinyl sheet
flooring has been monitored. Table & presents the results of tests conducted
for the Resilient Floor Covering Institute (RFCI) by SRI International. As
shown, fiber releases are well below the OSHA TWA limit of 2 fibers/cm3.
ROOFING FELTS

Product Manufacturing and Composition

Asbestos roofing paper consists mainly of 85 to 87 percent asbestos along
with 8 to 12 percent cellulose fiber and 3 to 5 percent starch binder.? The
paper is made in either single or multilayered grades and may have fiber glass
filaments or strands of wire embedded between paper layers for reinforcement.
Chrysotile asbestos, grades .6 and 7, are principally used for making roofing
felts. The felts are converted into conventional roofing products by
saturation of the felt with asphalt or tar.

Roofing felt production accounts for 33 percent of the asbestos
consumption in the paper products category or an estimated 29,707 metric tons
in 1980.! Industry sources believe the market had peaked in 1979.l1 It 1s
expected that the market will decline at a rate of slightly less than the §
percent per year between 1982-1985.3:6 The two major reasons for the
expected decline are:

1. Competition from fiberglass roofing, and

2. Labor unions! and the construction industriesl apprehension
about using asbestos-containing products.
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TABLE 4. ASBESTOS FIBER CONCENTRATIONS ASSOCIATED WITH THE INSTALLATION
AND REMOVAL OF VINYL SHEET FLOORING BACKED WITH ASBESTOS
FLOORING FELT3

Age of vinyl sheeting Measured asbestos
and method of attachment TWA rangeb
Site description (years) Operation (£iber/cm3)

Residential home - kitchen New adhered Installacion 0.01 to 0.02
Residential home — kitchen 6-adhered Installation 0
Residential home - kitchen 13-adhered Installation 0.06 to 0.07
Residential home - foyer 2-adhered Installation 0.0l to 0.06
Residential home - kitchen 8-unadhered Installation 0.03 to 0.10
Residential home - kitchen 13-adhered Partial removal® 0.02 to 0.04
Residential home - foyer 2-adhered Total removal® 0.04
Residential home - kitchen 8-unadhered Total .removal® 0.01
Residential home - kitchen 6-adhered Wear layer removal 0.08 to 0.16
Residential home — kitchen 6—adhered Wet scrape felt layer 0.41
Residential home - kitchen 6-adhered Dry scrape felt layer 1.12 to 2.03
Residential home - kitchen 6-adhered Dry scrape felt layer 0.83 to 1.06

A5ource: Comments on the advance notice of proposal rulemaking on the commercial and
industrial use of asbestos fibers. The Resilient Floor Covering Institute. Washington, D.C.
February 18, 1980.

bvalues have been rounded by GCA/Technology Division.

€Operations*were performed according to Resilient Floor Covering Institute practices that do
not include sanding, sweeping, or dry-scaping.



A 47 percent drop from 1978 to 1980 was mainly attributed to poor
economic conditions in the construction industry.1 An extended 20 year
forecast projects an annual asbestos consumption rate of 15,520 metric
tons.l This forecast was developed prior to the release of 1980 asbestos
figures.

Secondary and Consumer Use

Asbestos roofing paper is used on all types of buildings, whether they be
commercial, residential, or industrial. Two types of roofs primarily use this
material, built-up roofs and roofs that need an underlayment. More than 60
percent of asbestos roofing paper is utilized in the reroofing industry and
the remainder is for new construction.

There are three basic types of built-up roofs; gravel surface, mineral
surface, and smooth surface. Built-up roofing material is usually prepared at
the project site. The asbestos roofing felt is cut to required sizes and
shapes using razors, knives or shears. Strips of paper roofing are then layed
on top of each other with hot asphalt or tar spread between the layers to
provide adhesion and weatherproofing. The built-up roofing is attached to the
roof's deck by tar (adhesion) or is nailed down. After laying the last strips
of asbestos roofing felt, the roof surface is covered completely with a coat
ot asphalt, onto which gravel or ground minerals are applied.

As an underlayment for other roofing materials, asbestos roofing felt is
attached to the building surface with adhesives, such as tar or asphalt, or by
nailing. The asbestos felt is then covered with shingles, cement sheets, or
other forms of roofing material.

Built-up roofs comprised of asbestos roofing felts have an expected life
span of at least 20 years.7 With an aggregate surface application, the roof
will reach a point of failure and require refurbishing prior to any direct
exposure of the enclosed felt. Older smooth-surface roofs, however, may
weather to a point where the asbestos fibers are exposed.

Environmental Release

Asbestos fibers contained in roofing felts are bound within the product
matrix. The degree of bonding as determined by the latex resins and the
asphalt should be adequate to essentially eliminate any liberation of fibers.
During 1nstallation the asbestos paper roofing is cut with sharp knives or
shears.’ The attaching of the roofing felts to the roof deck with asphalt
or tar further isolates the asbestos fibers from the atmosphere and the
effects of weathering.

As stated above, the weathering of the roofs is dependent on the type of
surface covering. A mineral (gravel) surface wears in such a way that it will
reach a point of failure prior to the exposure of the roofing felt material,
while a smooth surface roof may wear to a point where the roofing felt will be
exposed. Under the latter condition, the breakdown of the top coat exposes
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the underlying felt, which can release asbestos fibers by wind and water
erosion. The top layer of felt reportedly remains intact for a period of many

years indicating a slow degradation with extremely low levels of fiber
release.

The potential for asbestos fiber release during the removal of worn-out
roofing material is minimized because the fibers are bound within the roofing
matrix. In addition, an asphalt top covering on the roofing felts keeps the
top layer together and protects the material from surface weathering.

Asbestos fibers have been detected (0.007 to 0.54 f/cm3) in the ambient air
surrounding a roof removal work site.8 It was not determined whether the
asbestos detected was due to the removal work or represented ambient
background levels.8 During the removal process, old roofing material was

cut into small 0.19 square meter (2 feet square) sections using a circular saw
and then ripped up using shovels.

BEATER-ADD GASKET

Product Manufacturing and Composition

There are two major types of asbestos-containing gaskets, compressed
sheet and beater-add sheet. Compressed sheet gaskets will be discussed in
Section 6 under Gaskets and Packing. Beater-add asbestos paper gaskets
consist of 60 to 80 percent asbestos fibers and 20 to 40 percent binder,
usually a latex compound.6 Almost all beater-add gaskets are formulated
using various grades of chrysotile asbestos. The chemical composition of the
binder used determines the suitability of the gasket to its end use
application. Beater-add gaskets are so named due to the fact that the binder
is added during the beater process of the production steps.

Beater-add gaskets are usually produced in sheet form or sheet-roll
form. Thicknesses vary from very thin paper to that resembling millboard, 0.6
to 1.3 cm (0.25 to 0.5 in.) thick. Beater~add gasket paper is sold in this
form to secondary fabricators. The fabricators 'cut-out' the gasket material
to gizes and dimensions specified by their customers. The gasket material can
then be used as is or it can be modified by acding reinforcements such as wire
inserts or sheating the paper with metal foils, plastics or cloth.

The amount of asbestos consumed annually to manufacture beater-add
gaskets is 9 percent of the total amount consumed by paper products or abouc
8,100 metric tons.!l Throughout the early '70s, the growth rate for asbestos
paper gaskets has been roughly 9.8 percent per year and was expected to
continue at that rate into the future.® In 1979, manufacturers were still
projecting continued growth but at a rate less than the 9.8 percent annual
increase predicted by Little, 1976.° The reason for such a strong growth
rate is that there are few competitive products,

26



Secondary and Consumer Use

Beater-add gaskets are used in industrial and commercial applications to
obtain a tight seal between two rigid elements such as connections between
piping, covers, joints and openings of all types.4 The major industrial
user of this type of gasket is the automotive industry. The material is used
as head gaskets, carburator gaskets, manifold gaskets, and oil and
transmission gaskets, to name a few.® 1In addition, asbestos gaskets are
widely used in other transportation applications, such as trains, airplanes,
and ships. Further, they are used in a variety of industrial and commercial
equipment, including heat exchangers, boilers, furnaces, and pipe
connections. The chemical industry uses asbestos gaskets extensivelz for
equipment connections because of the chemical inertness of asbestos.

Prior to installation, the asbestos—containing paper material (roll form)
is die-cut to form gasket shape. The gaskets are normally cut at a
fabricating shop although some could be cut by hand at the job site for
specific applications. Since a gasket is designed to fit between two
ad joining elements, its faces are never exposed; i.e., they are completely
isolated from the ambient environment.

The life span of a gasket is dependent on the severity of use and
maintenance practices. It has been estimated’ that 25 percent of the gasket
materials consumed annually have less than a | year useful span, 60 percent
are used for maintenance and long~time replacement, with the remaining 15
percent for new installation.

Environmental Release

Asbestos fibers contained in the gasket material are locked in the
product matrix and therefore are not readily <islodged during normal
handling. Measured asbestos fiber levels resulting from secondary fabricating
operations such as cutting and packaging have ranged from 0.l to 0.5
fiber/cm3.10 No fiber release is expected during material installation
because the gaskets have been precut to size and in many cases covered with an
adhesive sealant.

Asbestos release during a gasket's useful life time is extremely small
because the faces of the gaskets are isolated from the environment as are the
edges since most are usually covered with metal.

The removal of the gaskets is not a source of asbestos fibers 1f the
gasket is removed in one piece. If any portion sticks to the surface it 1is
usually scraped off. This action is not expected to liberate asbestos fiber
because the bonding material should remain intact. However, if it is dry and
brittle, fiber release is possible. Should sanding be required to remove the
asbestos gasket, wetting 1t down prior to commencement of the activiry will
reduce the potential for fiber release. No asbestos fiber release data have
been reported for beater-add gasket use activites,
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PIPELINE WRAP

Product Manufacturing and Composition

Asbestos pipeline wrap i1s manufactured by a process similar to that
employed to manufacture roofing felts. During processing, the pipeline wrap
is pulled through a bath ot hot asphalt or coal tar until it is thoroughly
saturated. After saturation, the paper passes over a series of hot rollers to
allow the asphalt or coal tar to permeate the paper. Following impregnation,
the felt is air dried, rolled and packaged for sale.

The amount of asbestos used to manufacture pipeline wrap represents 5.6
percent of the asbestos consumed in the paper product category, or about 5,041
metric tons per year.l The predicted future for new pipeline construction
is one of continued strong growth. However, competitive alternatives to
asbestos wrap, such as plastic wrap, epoxy resins, and extruded coatings, are
becoming more available, therefore increasing competitive pressures.11 Cost
effectiveness is still in favor of asbestos pipe wraps. Although, with the
rapidly rising cost of asbestos fiber and coal tar products, the advantage
will begin to shift away from asbestos.0 Consequently, growth rates may
decline or stagnate over the next few years.

Secondary and Consumer Use

Asbestos paper wraps are used by industries and municipalities to protect
underground pipelines from corrosive soil, chemicals, rotting, and decay. The
major user of asbestos wraps is the oil and gas industry. Other industries
such as the chemical industry, with underground steam and hot water piping,
use asbestos paper wrap because of its rot resistant property. Tre life span
of the underground asbestos pipe wrap is the same as the pipe it :s wrapped
around. Very seldom if ever is a pipe rewrapped unless it is damaged.
Asbestos paper wrap use above ground is minimal. The only reported use is for
cooling towers where rot and decay are also a problem.12

Installation of the asbestos paper wrap is usually done by machine
winding. Hand winding is used only for special field fabrication or damage
repairs. The wrapping paper can be attached or bonded to the pipe surface by
special adhesive coatings or by hot enamels which are coated to one side of
the paper. The coatings or enamels also aid in the corrosion protection of
the pipe.

Environmental Release

Because the fibers are bonded by the latex binders and then further
locked in by an asphalt or coal tar coating, the release of asbestos fibers to
the atmosphere is expected to be minimal. Laboratory experiments simulating
pipeline wrap removal activities have been performed by Gca.l3 Monitoring
results of fiber release from cutting, tearing, and crumpling activities are
presented in Table 5. As shown, cutting and tearing caused no or a minor
amount of fiber release. Crumpling, however, did increase the measured air
concentration to a level above OSHA's 2 fiber/cm> TWA standard. The
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simulated activities were performed in a nonventilated glove box chamber.
Such a sampling environment may have resulted in increased fiber levels due to
fiber accumulation in the confined air space.

TABLE 5. ASBESTOS FIBER® CONCENTRATIONS ASSOCIATED WITH
SIMULATED PIPELINE WRAP REMOVAL ACTIVITIESL3

Activity Duration Phase contrast analysis SEMP analysis
performed (minutes) (£/cm3) (£/cm3)
Cut 1 0 0

Tear 1 0 0

Tear 3 0.9 0
Crumple 3 1.9 6.1
Crumple 4 14.5 6.1

3F1bers counted were 25 um in length and had a length to width
aspect ratio of 3 or greater.

bScanni.ng electron microscopy.

As stated above, attachment of the wrapping paper to piping is done by
machine with special adhesive coatings or hot enamels. During application
there should be no release of asbestos fibers since the material remains
intact. Also, the binders and the asphalt or coal tar add extra strength to
hold the material together. For these reasons, once the wrapped pipe is
installed, there should be no fiber release to the environment.

MILLBOARD

Product Manufacturing and Composition

Millboard consists of 60 to 95 percent asbestos and 5 to 40 percent
binders. Chrysotile is the most common type of asbestos used, with grade 5
preferred.6 The binders are usually portland cement and starch. Clay,
limestone, mineral wool, and several other materials are frequently used as
fillers or to provide special qualities. The amount of each material used in
production varies widely. Purchasers frequently specify the ingredients and

composition of the millboard they want to ensure that the product meets their
requirements.

Millboard 1s manufactured in individual sheets, this being the only
diffurence from the continuous sheet production of asbestos paper. The
proc.'ss uses a wet cylinder paper machine equipped with one or two cylinder
screins, conveying belts, pressure rolls, and a cylinder mold. A cylinder
rotat ing in a vat of slurry picks up the fibers which are removed from the
cylirder and drawn through a press for partial dewatering. The sheet is wound
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on another cylinder until the desired thickness is achieved, at which time the
built-up layer is cut and peeled off the cylinder. The sheet is then dried
until it contains 5 to 6 percent water.

Rollboard, a form of millboard, differs from millboard in that it isg thin
enough to permit flexibility. Rollboard, however, cannot withstand
temperatures greater than 177°C (350°F) because of its thinness and starch
binder composition.

Millboard production accounts for 3 perceant of the asbestos consumed in
the paper products category, or about 2,700 metric tons.l The outlook for
increased millboard production is unclear. In the mid to late seventies,
millboard production was predicted to grow at an annual rate of 0.9 to
1 percent through 1985.5 Today, millboard production is predicted to
decrease, as manufacturers find acceptable and economical substitutes. This
is presently the situation for heat and flame protection applications. The
gasket application of millboard is currently stable because there are no
substitutes for it,

Secondary and Consumer Use

Millboard is used for a variety of industrial, commercial, and
resid(ntial applications. Finished millboard is purchased by (1) secondary
fabricators who install it or incorporate it into other products,

(2) iudustrial distributors who supply such operations as steel mills and
glass factories, (3) construction workers as building material, and
(4) asbestos specialty houses.

Millboard used for boiler gasket applications 1is usually die-cut by a
secondary manufacturer, but if a special design is needed, the material may be
cut by the product consumer. Millboard is also used as a filler for metal
reinforced gaskets, which are frequently used on small air-cooled engines such
as lawnmowers. Another application includes gaskets used for laying pipes at
aluminum plants.

Millboard use as a flame or heat barrier has increased with the upsurge
in wood and coal burning stoves in residential settings. It is also used in
the manufacture of prefabricated fireplaces. Residential uses extend to the
linings of safes, stoves, heaters, and electrical switch boxes, stove pipe
rings, stove mats, and table pads.

Commercial applications include heat or flame barrier shields for welding
and soldering operations, office partitions, and fireproof wallboards.
Industrial uses, which are numerous, include mats to place hot products on,
linin;;s for furnaces, oven 1insulation, sealings for holes and flues in roofs
of furnaces, thermal door gaskets, and heat protection walls.

'n both the glass and steel industries, millboard rolls and discs are
used 10 convey flat glass or annealed or pickled steel from one point in the
manufacturing process to another. Millboard is used because it is heat
resislant and it does not disfigure the product.
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Millboard is also used by manufacturers as slip planes to insulate the
gsilica furnace linings of an induction furnace. When the silica lining wears
out and needs to be replaced, the millboard muat also be replaced.

In summary, millboard is one of the most widely used asbestos-containing
products. Its numerous applications are listed in Table 6. Attributes that
make it so versatile include the way in which it can be acted upon during
installaction; millboard is easy to cut, can be punched into shape, and can e
wet molded and is compressible.

The useful life span of a piece of installed millboard is indeterminable
because of its varied uses. Depending on its application, a piece of
millboard could have a short life expectancy as a result of being the lining
for an induction furnace or a long life expectancy as a fire barrier liner of
a door or wall partition.

Environmental Release

Asbestos fiber release from handling millboard is related to the
material's composition and its end use. Peak fiber releases from handling
millboard will occur during preparation for installation, including cutting
and shaping, and removal, especially 1f the millboard needs to be scraped
off. Because the asbestos composition of millboard can vary greatly, the
potential and magnitude of asbestos fiber release change accordingly.

Installation of millboard requires it be cut to size to accommodate its
intended use. Cutting is accomplished using a saw, knife, or shears. 1In a
controlled laboratory glove box test,® scoring and sawing of millboard
resulted in measured fiber levels of 8.4 and 6.2 fibers/cm3, respectively,
as determined by scanning electron microscopy (SEM) analysis.

With respect to fastening millboard to support structures, adhesives,
nails, or bolts are used. When used for an enclosed application, such as the
top or side panels of an oven, the millboard may simply be held in place by a
metal guide frame. To simulate the fastening activity, a piece of millboard
was subjected to hammering for 10 minutes. Again, this test was performed in
a laboratory controlled glove box. The resultant monitored fiber level was
reported to be 1.4 fibers/cm3 as determined by SEM.8 1In all three of
these cited tests, the glove box results may be higher than those one would
expecc under actual field conditions. Fiber accumulation in the nonventilated
air srace of the glove box chamber could account for the relatively high fiber
level: recorded.

Once 1nstalled, asbestos fiber release from millboard should be minimal.
In the case of millboard gaskets, both faces are normally isolated from the
external environment and the edges are usually covered. Millboard used as a
fire retardant or insulating barrier is normally enclosed in walls, ceilings,
and (Joors, thus preventing any asbestos fiber release to the environment. The
same is true for millboard slip planes, in that the millboard is usually
contuined within a finite space. Once installed for insulation, it is
expected to last indefinitely.
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TABLE 6. INDUSTRIAL, COMMERCIAL, AND RESIDENTIAL USE OF
ASBESTOS MILLBOARD AND INDIVIDUAL APPLICATIONS!Z2

Varr

Individual application

Indur traal

Genernl

Electrieal

Appliance

Alunioum

Harane, shipyard, aarccaft
Foundry

Stecl

Metallurgical

Ceramic

Class
Somnere1al

Metal-clad Joors

Qffive partitions

Soldersng [ixtures aud soldering blocks
Spnrk and plare shields in welding shops
Fireproot wallboard

Washerw an clectrical apparatus

Lininge for safes, drycleaning riachines,
incineraturs, heater rooms

Garage paneling
Residential

Linings for Liome safep, stoves, heaters and
electric swvitch boxes

Tent shiclds
Stove pipc rings
Stove mats, Lable pade?

Parfume rings for oil lamps

In borlcrs, as gaskets, which may be matal reinforced, as flaoe and
hest barricrs, 18 alip=plancs for furnace linings, as rolls or dracs
to convey a material from ono point in the manufscturing process to
anocther.

Thermal protection in large circuit breakers

Fire-proofing agent for commercial and home security boxes, safcs, and
files

Pouring trough cov:- r and trough lLiner

Liner for containe that catches hot metal from cutting operations
Trough lincr and i.on trough cover

Backup insulation for furnace lining

Used,betwecn the hot mandrel and the bearing shell in molten babbatt
oparation

Low mase kiln caras

As insulation in glass tank crowns, melter, refiner, sidevalls, etc.

Between outside metal and wood core

Betwecn metal sheeca, valued as a fireproofing and sound deadening
material. Very large potential market

Millboard 15 no longer uacd 1n toasters as « lewent boards for wire 1ngulation. It has been replaced by reconstituted
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In the steel and glass industries, millboard rolls or discs are subjected
to extensive wear. Based on an extensive literature search, the amount of
asbestos fibers released from such activities has not been determined yet.

Removal of millboard has the potential to release asbestos fibers. The
amount of release is estimated to be similar to, if not more than, the releuase
expected during installation.

SPECIALTY PAPER PRODUCTS

There are six major types of asbestos specialty paper:

® Cooling tower fill

. Transmission paper

° Beverage and pharmaceutical filters
° Electrolytic diaphragms

® Decorative laminates

. Metal linings

Other specialty paper products are produced, but asbestos is used 1in
minimal amounts.

Cooling Tower Fill

Product Manufacturing and Composition--

Cooling tower fill is manufactured using a base paper consisting of twe
grades of chrysotile asbestos and a few different latex binders depending or
the manufacturer. The base paper (90 to 91 percent asbestos) is sold to the
tower fill manufacturer who saturates it with thermosetting resing. Fluted
sheets, formed by preceding operations, are then bonded together tuv form
packs, the edges of which are normally reinforced. 1In use, the corrugated
surface of each section of paper increases the surface area of the water film
passing over it, thereby improving cooling efficiency.6

The amount of asbestos paper being used as cooling tower fill is
decreasing.6 However, in those applications where high heat and caemical
resistance are required, asbestos-containing tower fill will contiaue to be
used. In 1976, it was found that several thousand tons o: asbestos fiber were
consumed annually to make cooling tower saturates.> Although consumption
figures are not available, the amount of asbestos fiber used since 1976 has
been declining and 1s presumed to continue to do so. One reason for the
decline 1n consumption is that asbestos paper and processing 1s becoming to.
expensive when compared to readily available -ubstitutes.
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Secondary and Consumer Use-~

Asbestos-containing cooling tower fill is an industrial product, not a
consumer product. Asbestos is uased to manufacture cooling tower fill because
of its heat and chemical resistant properties. The installation process
simply involves attaching the fill material to the inner walls of the cooling
tower. The life span of the cooling fill is not known, but it is expected to
be as long, if not longer, than that of other asbestos paper products.

Environmental Release--

During processing, the asbestos paper is saturated with an oil-baged
product, cut to size, and then layered. As a result of this treatment,
asbestos fiber release during handling and use is expected to be minimal. A
studyl4 of the pollution potential from cooling towers using asbestos paper
fills indicated virtually zero asbestos release to the enviromment.

Transmission Paper

Prodi ct Manufacturing and Composition~-

Asbestos transmission paper is a latex-based product made with chrysotile
asbe: tos.® The base transmission paper is saturated with phenolic resins to
create a very hard and resilient product. After saturation and hardening, the
paper product 158 then cut to required sizes in the shape of discs. The
aver. ge automobile with an automatic power shift contains from 8 to 12 of
thes:- paper-lined discs. In 1977, an estimated 900 tons of asbestos fibers
were consumed in the production of automatic transmission paper.11 Present
consumption and future projections are not available.

Secoindary and Consumer Use--

Transmission discs are industrial and limited retail products. The
gene:r al consumer population would not normally be involved in handling such
products. Installation of the discs would take place at automotive assembly
plants or local service garages. With respect to use, the discs are enclosed
within the transmission housing and are coated with a lubricating oil to
reduce friction wear. These two factors virtually eliminate the potential for
environmental fiber release during use. Wear of the discs depends on the
amount of slippage during gear shifts., Once the transmission can no longer
hold a gear shift, it must be repaired or replaced.

Environmental- Release--

Because the asbestos-containing paper is impregnated with a phenolic
resin before being cut to size, the amount of asbestos material released is
expected to be minimal during installation. As stated above, during use, the
asheatos transmission paper is completely isolated from the environment.
Asbestos release while repairing or replacing the transmission or its parts
should also be minimal as discs are coated with a transmission fluid when they
are removed. No monitoring data for transmission paper use or hardling was
discovered during the literature search.
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Beverage and Pharmaceutical Filters

Product Manufacturinh and Composition--

Asbestos filters used in the beverage and pharmaceutical industries are
made on a conventional fourdrinier papermaking machine.® The amount of
chrysotile asbestos used varies from a high of 50 percent for pharmaceutical
grades to as low as 5 percent for rough filtering applications.l? The
asbestos used for filters 1s a very high purity grade. Other filter
constituents include cellulose fibers, various types of latex resins, and
occasionally diatomaceous earth. In 1979, the estimated quantity of asbestos
fiber consumed to manufacture asbestos-containing filters was 90 metric
tons.ll This is down from over 900 metric tonms annually in the early
1970's, and forecasts are for the disappearance of asbestos filters as more
cost-effective substitutes are developed.11

Secondary and Consumer Use--

Asbestos-containing filters are used primarily by the beer, wine, and
liqurr industries. As recently as 1979, about 30 percent of the wine, 10
percont of the beer, and 25 percent of the distilling producers used some form
of a.bestos filtration.® Asbestos paper filters are also used for specialty
applications in the cosmetic and pharmaceutical industries and for the
filtcation of various fruit juices. Again, these uses are primarily
industrial and not general consumer. The life span of filters varies from a
one-cime application to being used until they are clogged or no longer
effectively filter out undesirable materials.

Environmental Release--

Asbestos fiber release during asbestos filter use has been monitored
extensively to identify potential health concerns. Gaudichet et al. 1>
tested 42 diiferent types of wines before and after filtration and found 15 to
be significantly positive for chrysotile asbestos. Concentrations ranged from
2 to 60 x 10% fibers/liter. Table 7 presents a comparison of the results
from the si1x samples tested after undergoing various common filtration
processes.

Electrolytic Diaphragms

Product Manufacturing and Composition—--

Asbestos fibers are used as a filtering medium i1n an electroliytic process
that produces chlorine and caustic soda. The process involves the
electrolysis of a brine solution whereby chlorine is produced at an anode
element and hydrogen, together with sodium hydroxide, at a cathode alement.
Diaphragm cells coated with asbestos fibers are used to separate the anode
from the cathode element. With use, the diaphragm becomes cloggea with
migrating particles. When the efficiency of the cells drops off, the
diaphragms are removed from the cells and renewed. The useful life span of a
cell will vary depending on use but can last from 6 months to i year.

35



9¢

TABLE 7. ASBLSTUS CONTAMINATION IN FILTERED WINES15

Number of
dasbestos fibers Mean length
No. Fi ltering process (108/1) (vm) Other particles
1 Original wine 2 2.5 Diatomite remains and
some phyllosilicates
2 Filtration with continuous 24 2.7 Diatomite remains
injection of filter additive
ASBESTOS + DIATOMITE
3 Filtration with continuous 0.8 1.6 Many diatomite remains
injection of filter additive
CELLULOSE + DIATOMITE
4 Normal pad filtration 9 1.1 Exceptionally numerous
ASBESTOS sheets diatomite remains and
phyllosilicates
5 Sterilized pad filtration 46 2 Exceptionally numerous
ASBESTOS sheets diatomite remains
6 Normal pad filtration- nd?@ - Diatomite remains and
CELLULOSE + DIATOMITE ' phyllosilicates
*  sheets
7 Sterilized pad filtration 0.8 0.6 Diatomite remains and
CLLLULOSE + DIATOMITE phyllosilicates

sheets

Fiber not detected.



The renewal operation typically involves immersing the cell diaphragm
(a perforated steel plate) into a vat containing a homogeneous mixture of
agbestos and cell liquor (sodium hydroxide and sodium chloride). A vacuum is
drawn through the immersed diaphragm, pulling the asbestos onto the steel
plate to form the filtering surface. After the diaphragm has been coated
(~0.3 cm thick), it is removed from the vat and dried by continuing to pull a
vacuum across the filtering membrane.

At present, almost all industrial diaphragm cells are made using an
asbestos slurry, with a minor amount using asbestos paper. Johns-Manville is
reportedl{ atill manufacturing a high quality paper for diaphragm cell renewal
purposes.2 The paper is comprised of special long-fiber asbestos and is
available in various weights from 58 to 146 kg/100 m? (ca. 12 to 30
1b/100 ft2). Yearly asbestos consumption figures for electrolytic diaphragm
renewal are not known. The majority of consumption is for asbestos slurry
generation and not specialty diaphragm paper production.

Secondary and Consumer Use--

Asbestos use during electrolytic cell renewal is strictly an industrial
application and represents an occupational safety hazard. Human expsoure 1s
not expected beyond the production room environment.

Environmental Release--

Information concerning the release of asbestos fibers during electrolytic
diapliragm cell renewal is scant. Once added to the slurry, the asbestos 1is in
solution and should not become airborne. Removal of the spent filtering
membrane from the diaphragm is accomplished by washing the material off the
plate using water under high pressure. The waste asbestos material, in a
wetted state, is then cleaned up and containerized for ultimate disposal. The
high moisture environment also suppresses airborne fiber release, thus
minimizing exposure.

Decorative Laminates

Product Manufacturing and Composition--

Decorative laminates are a specialty use paper which is completely
saturated with a thermosetting. resin. The laminates are made from a
latex-bound asbestos paper. The laminated sheet is formed by heat curing
successive layers of paper that have been saturated with a thermosetting
resin. Due to the concern of working with asbestos minerals and the
availability of substitutes, asbestos-containing paper has not been used to
produce decorative laminates since 1979.6

Secondary and Consumer Use--~

Decorative laminates can be bonded to plywood, fiberboard, or metals. It
can be sawed, drilled, or sanded using conventional woodworking tools.
Asbestos decorative laminates have been used where Class 1 fire resistanct
ratings were required. They have been applied to wall or ceiling paneiing,
desktops, countertops, or worktable tops.
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Environmental Release--.

Release of asbestos fibers during handling and applying decorative
laminates is expected to be minimal because the asbestos fibers are initially
bonded in the asbestos paper and then the paper is saturated with either a
phenvlic or melamine thermosetting resin. No monitoring data were discovered
during the literature search.

Metal Lining Paper

Product Manufacturing and Composition--

Metal lining asbestos paper is manufactured for use as a corrosive
protecting layer attached to metal siding products and culvert pipe products.
The agbestos paper lining is manufactured similarly to commercial paper except
this gaper contains a higher percentage of binder and a smaller percentage of
clay.® Production rates for this product are very stable, and decreases in
the near future are not expected.

Secondary and Consumer Use--

The metal lining asbestos paper is sent to a secondary manufacturer where
it is attached to building siding and culvert pipe. Typical applications
include building siding and roof paneling in the chemical industry and
building siding for other industries exposed to corrosive conditions. Culvert
piping is used in sewage sanitary landfill applications, which require the
safe transport of corrosive liquids.

Environmental Release—-

Atmospheric release of asbestos fibers is essentially limited to cutting
the paper to size at the secondary manufacturing plant. The magnitude of the
release is expected to be similar to that expected for cutt1ng commercial
asbestos paper (see below).

COMMERCIAL PAPER

Product Manufacturing and Composition

Commercial asbestos paper spans a wide range of product applications,
including general insulating paper, muffler paper, and corrugated papers, all
varyiag in weight and thickness. The compositon of the general insulating
paper is normally 95 to 98 percent asbestos fiber and 2 to 5 percent starch
bindec.? The types of asbestos used are short and medium grades of
chrysotile.

With speci1fic reference to muffler and corrugated paper, muffler paper
consists of a very high percentage of asbestos fiber and only a small
percentage of starch binder. The surface of the paper is waffled or
indented. Corrugated asbestos paper is a commercial paper product corrugated
and cemented to a flat paper backing, sometimes laminated with aluminum foil.
Corrugated paper is manufactured with a high chrysotile asbestos content and
starch binder.
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Manufacturing of commercial asbestos paper is done on conventional
papermaking machines which produce sheetrolls or tapes as finished products.
The manufacturing of corrugated paper differs only by the addition of a
corrugatgon machine that produces the desired corrugated molding of the paper
surface,

Commercial asbestos paper production accounts for 1.3 percent of the
asbestos consumed annually in the paper products category, or about 1,170
metric tons of asbestos in 1980.1 In 1975, the amount of asbestos used was
much larger; muffler paper and corrugated paper each used over 3,000 metric
tons. 1In 1977, the estimated production of corrugated paper was down to
approximately 2,500 tons. The decline of these products has been caused by
the consumer's desire to use a reasonably priced substitute containing no
asbestos. Consequently, there has been and probably will continue to be a
negative growth rate for commercial paper.

Secondary and Consumer Use

The principal end use of all commercial asbestos paper products is to
provide good insulation of minimum thickness against fire, heat, and
corrusion. General insulating paper is currently the major subclass of
commercial asbestos paper products. General insulating paper can be
subdivided into four types:

. Commercial Grades: A medium length fiber paper with a minimum 95
percent fiber content. Available in 49, 59, 78, 156, and 312
kg/100 m2 weights; in widths of 46, 91, and 352 cm; in 11, 23, and
45 kg rolls. Suitable for most general purposes in industry. Good
for temperatures up to 316°C or 427°C where loss of strength is not
critical. Meets Federal Specification HHU-P-1784.

' Nonburn Paper: A medium length fiber paper with high fiber
content. Available in a weight of 20 kg/100 m?, 91 cm wide, in 23
or 45 kg rolls. Suitgble for continuous service at temperatures of
316°C.

] Long Fiber Paper: Made with a high-grade, long asbestos fiber;
minimum fiber content of 98 percent in 2.7 kg and heavier papers.
For use as a thermal insulation, gasketing, and base sheet for
saturating.

° Doublex Asbestos Paper: Completely inorganic; will not burn, char,
or smoke. Has high wet strength. Available.in a weight of
49 kg/100 m2, 91 cm wide, in 23 or 45 kg rolls. Developed for use
as a neon sign pattern paper. Also used as liner for foundry
funnels and pouring gates. Temperature limit of 427°C or 649°C
where some embrittlement and loss of stremgth is not critical.
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A large portion of the general insulating paper produced is sold to
secondary fabricators and/or distributors who sell Lo their customers. Due to
the large number of people involved in the production and conversion process,
it is nearly impossible to identify all of the specific end uses which might
arise. Some of the end uses are described below:ll

. Thermal insulation in annealing furnaces,

° Trough lining for smelting procecs,

) Refractory lining,

° Expansion joints between brick layers of furnace,

. Backing insulation, and .

® Insulation to catch molten metal drippings and hot metal.

In foundries, asbestos paper is used as mold liners, as refractory
liners, and as expansion joint material on induction coil heaters. In the
glas./ceramic industry, commercial paper is used for kiln insulation, linings,
and 18 a separator for hot and cold flat glass sheets. In a laminated form,
comm:rcial asbestos paper is used to fireproof steel decks. Commercial paper
is also used in electrical insulation applications such as dielectric and
thermal protection of transformers for fluorescent tubes and housings for
mercury vapor lamp_s.11

Installation of the paper typically involves cutting it to size at the
site and then laying, nailing, and/or gluing it in place. The life span of
the paper depends on how it is used. No general estimate can be made because
of the multitude of its various uses. Asbestos insulating paper is usually
ripped out when removed, being crumpled up and thrown away.

Muffler paper is used by the automotive industry primarily in the
construction of catalytic converters for engine exhaust emission control
systems. The paper is applied as a wrap between the inner and outer skins of
the onverter or muffler for two reasons; first, it maintains the high
temp.-ratures required for pollution control within the converter reaction
chamber, and secondly, it insulates the outer skin, preventing it Erom
becoming too hot. 1In a less common application, muffler Yaper is used as a
heat shield between the muffler and the automobile body.1

Corrugated asbestos paper is used as a thermal insulator for pipe
coverings, block insulation, and specialty panelings. Applications of
corrugated asbestos paper include appliance insulation up to 149°C, hot-water
and low-pressure steam pipe insulation, process line insulation, and panel
insulation, such as paneling in elevators.ll
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Environmental Release

Asbestos insulating paper has a tendency to crumple, crease, or tear
during preinstallation handling and installation. These actions, including
cutting during installation, can result in asbestos fiber release. Laboratory
tests simulating these handling activities have been performed on two types of
asbestos paper and one type of asbestos tape.8 Table 8 presents the results
of these tests that were conducted in a nonventilated glove box chamber.

During the testing of the 25 percent asbestos household paper for fiber
release due to cutting, a small amount of visible material was released into
the sampling chamber air space. Upon tearing, the edges of the paper appeared
to be friable; further, the paper could be separated into layers. This latter
occurrence results from manufacturing methods that allow for the buildup of
layers which adhere to each other upon drying, forming the finished paper
product. During product tearing, fibrous material was observed being released
into the chamber air space. Material released accumulated on the base of the
glove box after the paper was crumpled.

The commercial paper tested was composed of 75 percent asbestos, 10
percent cellulose, 5 percent opaques, 1 percent glass, and trace amounts of
clay, binder, and carbonate. The paper became quite friable while cutting
with scissors. During tearing and crumpling, pieces of the paper were
released, falling to the base of the glove box or becoming airborne.

The asbestos-containing paper tape tested was 7.6 cm (ca. 3 inches) wide
and was similar to a brand previously tested by a California TV station.l0
The tape consisted of 20 percent asbestos, 60 percent cellulose, 5 percent
opaques, 5 to 10 percent glass, 5 to 10 percent carbonates, and trace amounts
of binder, clay, and gypsum. The release of Eibrous material was also
observed from this product during cutting, tearing, and crumpling actavities.
The tape was very friable during handling, anc¢ the material released appeared
smaller in size than that released from the other products tested.

The study8 presenting these test results reports that NIOSH fiber
concentrations (phase contrast analysis) are 10 to 20 percent of the fiber
levels determined by SEM analysis. The reason for the difference is the
capability of SEM analysis to identify fibers as small as 0.5 um in length and
0.05 um in width. The authors also conclude that the physical conditions the
experiments were performed under do not allow one to predict fiber release
levels during actual use. The researchers do insinuate, however, that
asbestos fiber release would be likely.

As shown in Table 8, the household roll paper and commercial paper
handling activities resulted in the lowest fiber release levels. The asbestos
paper tape revealed the greatest fiber release during routine handling. All
three products are believed to be readily available to consumers. With
respect to potential human exposure, discretion should be employed when
interpreting these test results. The experimental chamber in which the tests
were performed limited normal ventilation that would have a dilution effect on
fiber concentrations.
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TABLE 8.

ASBESTOS FIBER RELEASE FROM SIMULATED ASBESTOS PAPER

HANDLING ACTIVITIESS

Optical
microscop SEM
Testd analysis analysis®
Material Operation No. (£/cmd) (£/emd)
25% Asbestos Cutting 1 2.2 13.8
household paper rol1d
25% Asbestos Tearing and 2 4.8 27.6
household paper rolld cutting
25% Asbestos Replicate 3 2.0 22.3
household paper rolld of No. 1
25% Asbestos Tearing 4 2.3 8.9
household paper rolld
75% asbestos Cutting 5 Not analyzed Not analyzed
commercial paper®
715% Asbestos Tearing and © 6 7.3 58.9
commercial paper® crumpling
20% Asbestos Cutting, 7 49.0 262.0
paper tapef tearing and
crumpling

aAll tests of l0-minute duration, with the sampling pumps set at "6", (2.2

lpm).

bribers counted were 25 um in length and had a length to width aspect ratio
equal to or greater than 3 to 1.

CSEM - Scanning Electron Microscopy.

counted.

dpaper roll supplied by Grant Wilson.

€Commercial paper manufactured by Johns-Manville.

fPaper tape supplied by Grant Wilson.
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As indicated above, a California TV station sponsored an asbestos gaper
product testing program to determine fiber release during product use.!l

Fiber counts of 18 and 24 f/cm3 were measured, respectively, during the
cutting, rubbing, rolling and tearing of 70 to 80 percent asbestos tape and
shelf paper. Results were obtained by polarized light microscopy. Testing
was conducted inside a 30 x 43 x 43 cm glove box. The high levels recorded
are likely attributed to fiber accumulation in the confined air space of such
a sampling chamber.

Once installed, winimal asbestos fiber release is expected from the paper
products tested., Only during removal of the paper, or an accidental tear, is
it likely that the paper would release asbestos fibers. Fiber levels during
such incidents, occurring under actual conditions, are expected to be lower
than those reported., Additionally, the amount of material released would be
reduced if the paper was wetted before being removed.

ELECTRICAL INSULATION

Product Manufacturing and Composition

Asbestos electrical insulating paper is manufactured on conventional
paper machines. It is produced in various thicknesses and sizes in the form
of sheets, tapes, rolls, and tubes. The insulating paper's composition varies
with intended application, but generally contains asbestos fibers and
cellulose bound by latex polymers.

Electrical insulating paper production accounts for approximately 0.4
percent of the asbestos used 1n manufacturing asbestcs paper products, or
about 360 metric tons in 1980.l Because of developing substitute products
and employee concern about working with asbestos, a declining market is
forecasted for this product.

Secondary and Consumer Use

Finished electrical insulating paper may be used directly9 or be
converted, by lamination, for other uses. Electrical insulating paper is used
in industrial, commercial, and residential applications. Industrially, it is
used in situations where electrical equipment is subjected to high
temperatures. Commercial use includes insulation in such items as stoves,
toasters (limited), and other appliances. Laminated insulating paper is used
for low-voltage household applications.6 On a larger scale, sheet laminate
is used for making telephone switchboards and television circuit boards.

Similar to other asbestos-containing paper products, the useful life span
of electrical insulating paper is related to its end use. Industrial use may
result in a short life span, less than 1 year, while lamlnated insulating
paper may be expected to last for several years.
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Environmental Release

Actions taken upon electrical insulating paper during fabrication and
product installation include punch pressing, shearing, cutting, winding, ard
slitting. All of these handling activities were tested to determine asbestos
fiber release.l’ As shown in Table 9, the amount of asbestos fiber released
was found to be quite low. The low levels monitored are attributed to the
manufacturing process whereby the asbestos fibers are bound by satirants and
binders in the product matrix.

Asbestos fiber release caused by normal wear is assumed to be less than
the amount released during installation. If the insulating material separates
or splits, a release equivalent to that determined for product installation is
expected. Because of the more rigorous activity associated with it, removal
of the insulating paper could result in higher fiber releases than those shown
in Table 9. Overall, the fiber levels reported are significantly lower than
OSHA's 2 fiber/cm3 TWA limit and, therefore, should not pose any severe
health hazard.
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TABLE 9. AIRBORNE ASBESTOS CONCENTRATIONS RESULTING FROM ASBESTOS
ELECTRICAL INSULATING PAPER AND BOARD MANUFACTURE AND
[NSTALLAT (ONL7?

Measured
fiber
concen-— Date Duration of
tration of activity Analytical
Activity performed (£/cm3) tests (min) method
Sterling magna ply <0.016 1980 43 Phase contrast
package operator
Paper machine rewind <0.004 1980 178 l\ase contrast
operator, 0.008 cm
thick paper
Paper machine rewind <0.006 1980 112 Phase contrast
operator, 0.04 cm
thick paper
Millboard cutter operator <0.005 1980 141 Pl.ase contrast
0.08 cm thick paper
Winding operator, <0.008 1980 90 Phase contrast
0.03 cm thick paper
Slitting operator, <0.008 1980 90 Phase contrast
0.03 cm thick paper
Winding operator, <0.008 1980 90 Phase contrast
0.008 cm thick paper
Slitting operator, 0.031 1980 90 Phase contrast
0.008 cm thick paper
Electrical insulating 0.097 ND 298 Phase contrast
paper-—punch press
operator (TV BORD)
Electrical insulating 0.064 ND 153 Piase contrast
paper——shear operator
(TV BORD)
Electrical insulating 0.008 ND 165 Phase contrast
paper--assembly dept.
operator (TV BORD)
(continued)
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TABLE 9 (continued)

Measured
fiber
concen-— Date Duration of
tration of activity Analytical
Activity performed (f/em3) tests (min) method
NECO, shear machine 0.033 1978 120 Phase contrast
operator
NECO, winding area 0.038 1978 180 Phase contrast
operator
Highlander, band saw 12.34 1978 30 Phase concrast
operator
Highlander, slitter 0.53° 1978 42 Phase contrast
operator
Coil cutter operator 0.094 ND 118 Phase contrast
Coil cutter operator 0.015 ND 94 Phase contrast
Acme paper cutter <0,008 1979 91 Phase contrast
Acme coil cutter <0.013 1979 53 Phase contrast
Acme conv. winding <0.008 1979 87 Phase contrast
Acme heavy handwinding <0.006 1979 108 Phase contrast
Acme coil pulling <0.008 1979 ' 87 Phase contrast
Acme compound pourer <0.012 1979 60 Phase contrast
Resinite band saw 0.034 ND 372 Phase contrasc
operator
Square D saw operator 0.062 1980 111 Phase contrast

ND - No Data

aReported as excessive.
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SECTION 4

FRICTION MATERIAL

INTRODUCTION

Friction materials represent a broad classification of products that
include automobile brakes, both disc and drum (brake linings), truck brakes,
fan and transmission clutches, torque limiters and other devices used in the
automotive, truck, bus, heavy vehicle, aircraft and other industries to stop,
slow or control moving mechanical parts. These materials may contain anywhere
from zero (0) to 60 percent asbestos by composition depending upon the nature
of the heat build up generated and required for control of the mechanical
device involved.!

In 1980, an estimated 43,700 metric tons of asbestos, about 12 percent of
the United States fiber consumption, was used to manufacture friction
materials.? Production volumes for each subcategory are not available, but
1981 value estimates show brake linings are the largest component at an
estimated 58.9 percent of total value of friction materials produced (see
Table 10).3 Disc brake pads (6.8 percent) and clutches (33 percent) make up
the majority of remaining value except for a small portion which is listed as
various other qﬁes.3 Because of their near total representation (92
percent) of the friction products category, the following discussion pertains
solely to brake linings and clutch facings.

BRAKE LININGS

Product Manufacturing and Composition

Asbestos is used in the production of brake linings because of its
thermal stability, relatively high friction level and reinforcing properties.
Asbestos fiber composition ranges from 40 to 60 percent of the final product
by weight. All grades of chrysotile are used, but in 1980 grades 5 through 7
accounted for 94 percent of the 43,700 metric tons of asbestos consumed for
the production of friction materials.? Because asbestos does not offer all
of the desired properties, other materials known as property modifiers and
binders are added. Depending on the requirement of the brake linings,
different types and amounts of modifiers are used. A list of the binders and
modifiers used 1n automobile brake linings are shown in Table 11l.
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TABLE 10. VALUE OF ASBESTOS FRICTION MATERIAL SHIPMENTS
(IN MILLIONS OF 1981 DOLLARS)2

Total product

shipments, including Percent
interplant transfers of
Final product (%) total
Brake linings
Woven, containing asbestos 27.8 4.9
yarn, tape or cloth
Molded, including all 308.4 54.0
nonwoven types
Disc brake pads 38.8 6.8
Clutch facings
Woven, containing asbestos 54.2 9.5
yarn, tape or cloth
Molded, including all 132.2 23.1
nonwoven types
Other 9.8 1.7
Total asbustos friction
material 571.2 100

2Prpjected from Meylan et al.3 using September 1981 Engineer-
ing and Mining Journal cost index factors.
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TABLE 11. PROPERTY MODIFIERS IN FRICTION MATERIALSS
Binders Property modifiers Use function
Phenolic-type resins Graphite Lower friction coefficient and noise
Natural rubber Coke Lower friction coefficient and noise
Buna N rubber Coal Lower friction coefficient and noise
Nitrile rubber Carbon black Lower friction coefficient and noise
Tire scrap Gilsonite Lower friction coefficient and noise
Pitch Friction duscs Lower friction coefficient and noise
Cork Rottenstone (Si0j) Remove decomposition deposits
Gilsonite Quartz (5i0j3) Remove decomposition deposits
Elastomers Wollastonite (CaSiOj) Remove dccomposition deposits
Drying oils Brass chips Remove decomposition deposits
Zinc and compounds Remove decomposition deposits
Aluminum Remove decomposition deposits
Limestone (CaCO3) Improve wear resistance
Clays Improve wear resistance
Silicas Improve wear resistance
Barite (BaSO,) Improve wear resistance

Lead and compounds

Antimony compounds
Calcium compounda
Copper and compounds
Barium hydroxide
Potassium dichromate
Magnesium carbonate
Iron oxide

Cryolite (NagAlFi)
Fluorspar (CaFjy)
Cardolite

Nickel

Sulfur

Molybdenum sulfide (MoSj3)
Calcium fluoride

Lubric

ant to prevent grabbing

Not available

Not av
Not av
Not av
Not av
Not av
Not av

ailable
ailable
ailable
ailable
airlable
ailable

Not available
Not available

Not av

ailable

Not available
Not available

Lubraic

ant

Lubricant

o



Most linings are produced from a wet-mix resin by extrusion or in rolling
processes. Initially, asbestos and various property modifiers are mixed with
liquid resin at 50°C (120°F), then binder solvent is added to yield a
putty-like mass with good wet strength. In the extrusion process, the mix is
heated to 90°C (195°F) and extruded as & flat, pliable sheet which is dried
for 2 hours at 80°C (175°F). In the rolling process, the partially dried mix
is fed between two rolls that align the fibers into flat, pliable "green
lining." Linings are then cut to length, formed at 150°C (300°F), and molded
for 4 to 8 hours at 180° to 250°C (360° to 480°F). The final product is
surface ground to produce the desired dimensions.?

Linings for heavy-duty use are produced by a dry-mix process. Asbestos,
modifiers, and resin are mixed and formed into 60 x 90 ecm (24 x 35 inches)
briquets (blocks) that are pressed for 3 to 10 minutes at 140° to 160°C (340°
to 375°F), and cured in molds for 4 to 8 hours at 220° to 280°C (425° to
540°F). These block linings are then finished by grinding.4

Asbestos demand for friction products forecasted to the year 2000 is
expected to grow at an annual rate of 2.2 percent.2 But based on an
estimated number of motor vehicles produced in the year 2000, and on the
assumption that the use of asbestos per vehicle will remain below present
standards, the demand could vary from 0 to 70,000 metric tons.

Secondary and Consumer Use

Brake linings are used primarily in the transportation industry but have
numerous uses wherever motion must be controlled. During operation the brake
lining engages with a metal rotor to form a sliding friction couple which
converts the kinetic energy of the rotating members into heat, absorbs the
heat, and dissipates it to the surroundings.3 The brake lining 1is
considered to be the expendable portion of the brake couple which over a long
period of time is converted to debris and gases.

With specific reference to consumer use, potential asbestos exposure
occurs during installation. Although most brake lining installations occur at
an assembly plant or service garage, millions of Americans perform their own
brake repairs. The following seven-step procedure (condensed) has been
developed to minimize exposure during commercial brake lining repair or
replacement:5

1. The work area should be set apart from others,

2. During dissembling, all parts should be set on the floor and cleaned
by vacuum,

3. Precaution should be taken during machining of the lining,

4. Cleaning equipment should be cleaned with care,
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5. All floor cleaning should be done with a vacuum,
6. Clean work clothes or leave them at work, and
7. Proper hygieme practices will help minimize exposure.

In addition, all asbestos-containing waste material should be properly
containerized to prevent exposure during handling and ultimate disposal.

Environmental Release

During use, brake lining surfaces are suspected to be subjected to
temperatures in excess of 800°C (1472°F), which would cause chrysotile
asbestos to transform to forsterite or to an amorphous magnesium silicate
phase.® However, because the heat distribution is not uniform across the
lining surface, braking may liberate partially altered or even unaltered
chrysotile fibers. Abrasion and macroshear are other ph;sical forces that
also contribute to the physical breakdown of the lining. 8

Upon review of the literature, it is not absolutely clear whether fibrous
asbestos is or is not released during vehicle braking. Lynch (1968)9 has
suggested, similar to the discussion above, that the crystal structure of the
asbestos mineral fiber is degraded by heat released during braking, causing
the chemical conversion to olivine or forsterite. Findings published by Holt
and Young (1973),10 however, conclude that fibers collected from the
atmosphere showed little evidence of loss of crystallinity. This latter
summation was further documented by Alste et al. (1976)1l who concluded that
the major effect of braking appears to be in separating bunches of fibers and
reducing their average length but not in altering their crystal structure.
Sampling conducted by Alste et al. revealed an estimated average asbestos
concentration of 5 x 10° fibers/m3 in the vicinity of a heavily traveled
freeway exit.

Elevated levels of asbestos were found in a study by Bruckman and
Rubinol? in which airborne asbestos concentrations were monitored at three
Connecticut toll plazas. Asbestos concentrations were found to vary between 3
ng/m3 (ca. 60 £/m3) and 41 ng/m3 (ca. 820 £/m3).* A nearby large
industrial asbestos user was suspected of influencing the highest measured
concentration. Although no direct correlation was made between vehicular
traffic and the asbestos concentration it was concluded that the decomposition
of brake linings is a significant source of airborne asbestos fibers. With
respect to fiber size distribution, Rohl et al. (1977)% reported for 10
brake dusts sampled in New York City that 80 percent of the chrysotile is 1in
free fibril form and is shorter than 0.4 um in length. Over 57 percent
repoi tedly had lengths of about 0.2 um. Analysis was performed by
transmission electron microscopy at 42,000x magnification.

*Assumed that 1 ng/m3 equals 20 f£/m3.
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TABLE 12.

SUMMARY OF PUBLISHED DATA - ASBESTOS EMISSIONS FROM BRAKE LINING USE

13,14

Pudlacation
spurce

Method used to cotlect
emission or debris samples

Metaod used
to determine
asbestos coantent
of emission
debras samples

Asbestos
particle s:ize
discribution

Asbestos content of
emiseion or debras

Lynch, 19689

Faten, 1970-%

Hiz\i:-t and anaght,
19-0lt

B.sh 2t al., 137217

indorson ¢t al., 197,

13

acch 29 L Clurue,
[ - R
YIS

Jacha vt .., L9701

Laburdtory simulations utilizing brake-testing
was'iines or dJdyaarometers. Sanples collected
o1 0.5 pure size membrane filters.

A Jusl cloud was generated by using compressed
Jir jels Lo feauve aust frow brahe linings

1N an auto repair garage. Samples were
collected by meaus of a hand pump located in
center of dust cloud.

Samples were collected directly from debris
tea2ining 35 brake dust ard from nembranc
fileers caposed duriag brate cleaning
operations utilizingy compressed air.

Filter poxu size is 2wt given.

Laboratory simulations wiailizing a disc brake
assembly mounted or an inertial dynamumeter.
Samples weie collected on sultable faleer
paper.

Lavo:story saculacioas util.zing a disc brake
esseTrly noanted o a dynainvter.  Air sauples
O weir veht1s coliccten woun wiad of diac

orule.

Sarples w2 ¢ gureratod Dy opulaling 3 staudard
Ar._rican cur under typical driving conditisas
ir Do orort, *idus,an.  Mere abusive conaitions,
svo™ s fade tests, were alsu included. Brake
aad clureh assemblies weie enclused by spe-
crally Jesigned eollecturs. Samples were
coll2ezed 1rom (1) dropouts dur:ing use,

(2) dust retained an linang assemblies, and

(3) airborne samples collected on membrane
frlrers.

Eleccron micxographe

Not stated

Not stated

Neutron actaivation

Transoission eleccron
mLLroscopy

Optical and electron
mAErOSCOpY

Not discussed

942 of faibers
fell in 2-5 pm
leagth category.
Only 62 were
longer cthan 5 um

Not discussed

Not discussed

Test results and
procedures
pricluded a saze
distribution
estlimate

302 of fibers
vere from
0.25-0.50 um
in length; 60%
were longer
than 0.5 ym

<1X, except under severe~strecs
conditions

~1z

1.6X and less

~442

~0.022

0.252 overall average (aa
independent check doune by
Batelle iabs give a figure
of 0.171%)

(contanued)
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TABLE 12

(continued)

Publacataon
sousce

Methiod used to collect
emiasion or debris saqples

Method used
to deteraine
asbestos content
of emission
debras samples

Asbestos
particle size
discribution

Asbestos conteat of
emission or debris

Ta0l et ai., 197ut?

vis.e ot al., 1576

Roul ot gl o, 19777

Ten sanples of autowmobile brawe drum dusts wvere
collected from maintenaace shops 1n the New
Yora City area.

S11ples were Cakeén trom fresh and worn brake
lin1133 aud from tne atwosphere near a freeway.

Th1s 15 Dasically 4 reprint of tne Ronl et 4al.,
1¥70 »Zuay with fie 1nclus.on of oruae wear

LesZ SArpids JbCained trom Eurape and Australlia.

X-ray difiraciometry

Transaission electron
microscopy, selected
area electron dif-
fraction, and elec~-
tron wicroprobe
analyses

Electron mcroscopy

802 of Fibers
were shorter
than 0.4 pm
lengch

Majority were
€2 ym 1D @IXLDUG
linear dimension

2-15%, average of 3-62

Consistent with, but lower than,
quantitative determination made
by X-ray diffractonetry:. no
percentages are givea

No percent figure gaven, however,
conclusion was that major effect
of braking appears to be in
ecparating bunches of fibers and
reducing cheir average length,
but not in altering ctheir crystal
egructure

The ocan welght percentage rangad
from 1.42 1n Australia to 2.52 in
France




In addition to those just cited, a number of researchers have discussed
the concern of asbestos fiber release from the handling and use of brake
linings, Table 12 summarizes the published data. Meylan et al. (1978)3
present a detailed treatise of the literature relating to asbestos fiber
release from brake lining use and handle, one which we believe the reader
should review if he or she requires information beyond that presented in this
report.

The Jacko and DuCharme study13 states that approximately 33.6 million
kilograms of asbestos in friction material wears away annually. Their
findings show that only about 0.2 percent of the debris is not converted to
some other nonasbestiform substance, thus total annual asbestos is estimated
at 71,759 kilograms. Of this amount 85.6 percent or 61,426 kilograms were
estimated to drop out on the ground, 11.2 percent or 8,037 kilograms were
estimated to be retained within the brake or clutch housing, and only 3.2
percent or 2,296 kilograms were believed to become airborne.

Asbestos fiber release during the removal, repair and/or replacement of
worn brakes has also been monitored.1? The results presented in Table 13
indicate that the OSHA 2 f/cm3 TWA asbestos concentration standard can be
exceeded during brake cleaning operations, particularly when compressed air
blowing is used to remove dust from the drums and back plates. It is
important to note that the data were obtained in 1976 and that the institution
of improved work practices that lower fiber release levels has occurred. Some
of these work practices are discussed below.

TABLE 13. ASBESTOS FIBER® CONCENTRATIONS RECORDED DURING
AUTOMOBILE AND TRUCK BRAKE SERVICINGLY

Fiber concentration

Number (fibers/cm3)
Distance of = —ecemeccccccccccnen
Operation (m) samples Mean Range

Auto = Blowing dust out of 0.9-1.5 6.0
brake drums with 1.5-3.0 3 3.3
compressed air 3.0-6.1 2.6

Truck - Renewing used 0.9-1.5 10 3.8 1.7-7.0
linings by grinding

Truck - Beveling new linings 0.9-1.5 5 37.3 23.7-72.0

dFibers 5-1000 ym in length, counted by optical microscopy.
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Alternative cleaning methods to air blowing have been found to reduce
asbestos exposure.20 Table 14 presents a comparison of asbestos fiber
concentrations recorded for various types of brake drum cleaning methods.

TABLE 14. ASBESTOS FIBER CONCENTRATIONS ASSO-
CIATED WITH EIGHT TYPES OF BRAKE
DRUM CLEANING METHODSZ0

1. Airblowing 43.8 fibers/cm3 x min

2. Dry brushing 15.0 fibers/cm3 x min

3. AMMCO detergent 2.9 fibers/cmd x min
washer and vacuum

4. Nilfisk dry vacuum 2.2 fibers/cm3 x min

5. Sears dry vacuum 0.8 fibers/cm3 x min

6. Sears wet vacuum 0.6 fibers/cm3 x min
Bag-emptying exposure

7. Nilfisk empty (dry) 0.3 fibers/cm3 x min

8. Sears empty (wet) 0.0 fibers/cm3 x min

Workers may also be exposed to asbestos fibers during brake lining
refacing and rebuilding even though raw asbestos fibers are not handled.
Asbestos exposure levels measured at three such fabricating plants are
presented in Table 15 by processing step.

CLUTCH FACINGS °

Product Manufacturing and Composition

Asbestos Ls used in clutch facings for the same reasons as in brake
linings; thermal stability, relatively high friction level, and reinforcing
properties. The asbestos level in the product ranges from 40 to 60 percent of
which most is grades 5 through 7 chrysotile. Other materials used at various
times are wire reinforcers, rubber friction compounds, and various solvents.

These materials are combined to produce clutches by five different
methods; dry-mix, wet-mix, molded, paper, and woven textiles., Dry-mix and
wet-mix processes are similar to those described for brake linings. Molded
clutch facings are produced by combining materials in a mixer, conveying this
through a two-roller mi1ll which compresses the mixture. The resultant
sheeting is then cut to size, dried, finished, inspected and packaged. Paper
clutch facings are punched from rolls of asbestos paper as described under
transmission paper in the previous section on asbestos paper products. Woven
clutch facings are manufactured from high strength asbestos textile fabric
that may be reinforced with wire. The fabric is saturated witn resins and
autoclaved prior to being wound into yarn and finally into a clutch facing.

Production levels for clutch facings are not reported but a breakdown of
the value of asbestos bearing friction materials, including clutch facings, is
given in Table LO.
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TABLE 15. ASBESTOS EXPOSURE LEVELS IN RELUILDING BRAKE AND
CLUTCH ASSEMBLIES2!
Fibers/cm3 TWA
Receiving and Bonding and Cutting and Inspection and

Facility cleaning riveting grinding packaging
Mean 1.1 0.6 1.1 0.9
Range 0.4 - 4.8 0.2 - 1.4 0.8 - 1.6 0.8 - 1.1
Number of 15 20 - 6 4
samples
Mean 4.0 2.7 5.0
Range 1-0 - 7.6 1.1 - 5.8 1-5 - 9-3 -
Number of 5 6 6
samples
Mean 1.3 0.8
Range 1-2 - ll3 - 1-5 - 9.3 -
Number of 2 6
samples
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Secondary and Consumer Use

Clutch facings are used mainly in the transportation industry, although
they can be used for any application that has the potential of switching
gears. In an automotive application, the engaging of a clutch transfers the
kinetic energy of a rotating crankshaft to the transmission and wheels. Any
slippage results in the generation of heat, which is absorbed and eventually
dissipated to the atmosphere by the clutch.3 The clutch friction material
is considered to be expendable. ’

The wear of a clutch depends on the amount of slippage since the clutch
is basically a static friction couple which momentarily slides during gear
shifts. Once the clutch cannot hold a continuous couple, it must be replaced.

Environmental Release

Specific asbestos fiber concentration monitoring studies have not been
reported for clutch repair or replacement work. Fiber release levels,
however, are expected to be lower than those reported for brake lining repair
and replacement because the clutch facings are normally covered with a
lubricating transmission fluid. The fluid would effectively suppress the
release of asbestos fibers during handling.
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SECTION 5

FLOORING PRODUCTS

INTRODUCTION

The manufacturing of floor products is the second largest industrial use
of asbestos, consuming 76,589 metric tons in 1980.1 Floor products can be
divided 1nto two separate subgroupings, flooring felts and floor tiles. The
production of flooring felts consumed 40,509 metric tons of asbestos while the
rest (36,080 metric tons) is used for the production of tile flooring.
Flooring felts have already been discussed in Section 3 under Paper Products.

The tile flooring industry produces two major product lines:
vinyl-asbestos floor tile and asphalt-asbestos floor tile. Vinyl-asbestos
floor tile consumes up to 95 percent of the asbestos used by the floor tile
industry.2 Both types of asbestos tile utilize grades 5 and 7 chrysotile
fibers to obtain the desired properties; strength, dimensional stability, and
resistance to the cold.3 Production methods for both are similar except for
the high processing temperature required to flux and process the vinyl
copolymer.

VINYL-ASBESTOS FLOOR TILES

Prodnct Manufacturing and Composition

As stated above, within this category vinyl-asbestos floor tile
production consumes 95 percent of the asbestos fibers, or an estimated 34,275
metric tons in 1980. Specific ingredient formulations vary with manufacturer
and the type of tile. Reported asbestos contents range from 5 to 30 percent
by weight or up to 635 §rams of asbestos per square meter (0.l3 pounds per
square foot) of tile.%» Polyvinyl chloride (PVC) resin serves as the
binder and constitutes from 15 to 25 percent by weight of the tile.3

Fillers, such as limestone and color pigments, make up the remainder of the
ingredients.

[ngredients are usually dry mixed in a Banbury mixer, then are dispersed
through the vinyl mass along with any required liquids. The temperature of
the Lath is raised to 149°C (300°F), and the mixture is fed to the mill where
1t i: shaped to the desired size, decorated, and cooled. After cooling, the
tile 1s waxed, cut to size, inspected, and packaged. Tiles are usually
produced in sizes 23 x 23 cm (9 x 9 in.) or 30 x 30 cm (12 x 12 in.) with
thicknesses varying from 0.08 to 0.24 cm (1/32 to 3/32 in.).%
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After a period of a marked decrease in asbestos consumption during the
70's, the market share of all forms of vinyl flooring is now believed to be
well established and 1s not expected to change in the foreseeable future. The
20-year forecast predicts a range for annual asbestos consumption at 110,000
to 220,000 metric tons, with the probable amount being 170,000 metric
tons.ls® A large percentage of tile production, an estimated 40 to 60
percent, is intended as flooring replacement.

Secondary and Consumer Use

Vinyl-asbestos tile flooring is used for protective and decorative
covering of floors in industrial, commercial, and residential applications.
New Eloor covering may be installed on concrete, prepared wood floors, or over
old cile floors if they are in relatively good shape. In some cases, an old
flooc may require repairing rough spots or gouges using a patching material or
may actually require a totally new surface whereby fiberboard or masonite
underlayment 1s laid on top of the old floor.’ For industrial and
commercial installations, the tiles are commonly affixed to the underlayment
using a tacky adhesive. Most tile sold for consumer application is normally
coated on the back with a layer of pressure-sensitive adhesive,8 which by
itself minimizes potential fiber release.

During installation, some cutting with scissors or shears may be involved
to fit the flooring to the size of the room. Other than following
manuf acturer's recommended installation procedures, no control measures are
used during the cutting and installing of the floor covering. Manufacturers
of resilient Eloor coverings that contain asbestos fibers have made it their
policy to warn their wholesalers and distributors against sanding old floor
coverings.7 Similar warning messages are packaged with floor coverings sold
directly to '"do-it-yourself" homeowners.

Envirinmental Release

During floor tile manufacturing, asbestos fibers are mixed with other
ingredients such that the fibers become locked in the product matrix. From
thas point on, the fibers remain securely bound within the vinyl resin
compound. In addition, the wear surface of floor coverings 1s usually coated
with an abrasive-resistant urethane finish which increases the isolation of
the asbestos from the external environment.® The following presents a
summary of available monitoring data and release estimates reported in the
literature for vinyl-asbestos tile installation, use, maintenance, and
removal. The fiber concentrations reported were determined by the NIOSH
method; i.e., fibers as long or longer than 5 um with as aspect ratio of 3 to
1 or yreater were counted by phase contrast analysis using optical light
MLCrOSCOPY.

Installation of vinyl-asbestos floor tiles results in minimal fiber
release. As stated above, the asbestos fibers are locked—-in, therefore, any
release is expected to occur only if the asbestos fibers were sheared away
from the encapsulating material. Monitoring of fiber release during
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installation of vinyl-asbestos floor tile has been performed for the Resilient
Floor Covering Institute (RFCI) by SRI International.?»10 The results of

the SRI study are presented in Table 16. As shown in the table, asbestos
fiber levels associated with tile installation are well below the OSHA TWA
limit of 2 fibers/cm3.

The service life of a vinyl-asbestos floor is estimated to be between 10
and 30 years.3 During this time, various forces act upon the flooring which
may result in the release of asbestos fibers. Monitoring of fiber release
during use and maintenance has also been performed by SRI for RFCI.9»10 45
shown in Table 16, no fibers were detected from mopping and buffing
vinyl-asbestos floor tile in an office building's copy center and snack shop.

Asbestos fiber release from everyday wear and cleaning of vinyl-asbestos
flooring has also been estimated by researchers based on calculated material
wear.2 The calculated releases ranged from 0.008 to 0.08 £/em3.2 Four
assumptions were made before these fiber release levels were calculated:

° Each square meter of floor tile contains 635 grams of asbestos,
° The average service life of the floor is 20 years,
° Approximately 10 percent of the flooring is worn away during the

service life by use and cleaning, and
° About 1 percent of the worn-away floor becomes airborne.?

The greatest potential for asbestos fiber release during floor tile use
occurs during removal. At the end of the floor's lifetime, usually when the
surtace design is worn away, the flooring may be ripped up or covered with a
new surface underlayment. 1If the flooring is ripped up, pieces of tile may
remain affixed to the floor which have to be scraped up or sanded down to
level off the subflooring. Various monitoring studies have been performed
during floor .tile removal.9:10,11,12 gRI's results9,10 are presented in
Table l6. The results of another study11 revealed a fiber concentration
range of 0.02 to 0.10 f/cm3 during vinyl-asbestos floor tile removal. The
fourth st:udy,12 performed under a laboratory setting, reports asbestos fiber
release during sanding to remove old asbestos Zloor tile. The results showed
that sanding can cause the release of 1.2 to 1.3 fibers/cm3 into the worker
environment.l!?2 The experiment was performed in a 3 x 3.7 x 2.1 meter
(10 x 12 x7 £t) walk-in chamber. Room ventilation involved four air changes
per hour. A belt sander with coarse paper was used to remove a section of old
viny l-asbestos floor tile.

ASPHALT-ASBESTOS FLOOR TILES

Asphalt-asbestos floor tiles represent only 5 percent of the asbestos
floor tile industry.2 The differences between asphalt-asbestos and
vinyl-asbestos floor tiles are only minor; therefore, the discussion above on
vinyl-asbestos floor tile applies directly to asphalt-asbestos floor tile use.
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TABLE 16. ASBESTOS FIBER RELEASE FROM VINYL-ASBESTOS FLOOR TILE INSTALLATION,
USE, MAINTENANCE, AND REMOVAL9,10

Age of tile

TWA fiber count range

Site descripLion (years) Operation (£/cm3)

Residential home 6 0ld tile preparation 0
for new installation

Residential home New Installation 0.0046 to 0.0092
Residential home New Installation 0.008 to 0.027
Residential home New Installation 0.016 to 0.032
Office building copy center 5 In-use 0
Office building snack shop 5 In-use 0
Office building copy center 5 Maintenance - mopping 0
Office building snack shop 5 Maintenance - mopping 0
Office building copy center 5 Maintenance - buffing ]
Office building snack shop 5 Maintenance — buffing 0
Residential home NR Removal 0.006 to 0.015
Residential home 6 Removald 0.12 co 0.38

8Removal deviated from recommended procedures that include removal without sanding, use of
a flat-bladed wall scraper instead of equipment that would unduly shatter the tile, and not
breaking the tile by hand before placing in a disposal bag.

NR = Not reported.
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SECTION 6

GASKETS AND PACKING

INTRODUCT ION

This category, gaskets and packing, is ranked sixth in annual consumption
of asbestos fibers, consuming 12,300 metric tons of asbestos or 3 percent of
the total U.S. consumption in 1980.1 Asbestos is used for gaskets and
packing because of its resilience, strength, chemical inertness and heat
resistant properties.? A variety of other materials may be used in the
manufacturing process to give a gasket specific use qualities. With respect

to packing material, it is typically made of asbestos yarn saturated with a
grease~based lubricant.

Gaskets and packing are used to prevent leakages; gaskets for static
applications and packing for dynamic applications. Gaskets are needed to
obtain tight nonleaking connections for piping and other joints such as the
covers and opening on all types of industrial and commercial equipment.
Packing is used as a type of bearing for revolving or moving parts, preventing
leakage of the contained fluid along the bearing surface.

GASKETS

Product Manufacturing and Composition

Gaskets are made from compressed sheet or beater—add asbestos paper.
Compressed sheet gaskets will be discussed in this section. Beater-add
gaskets have been previously discussed under the paper products category
(Section 3). Compressed sheet gaskets are formed from a plastic mixture
consisting of asbestos fibers, an elastomeric binder, and a solvent. The
process consists of mixing the ingredients, rolling them out to a specific
thickness, drying, cutting to size, and packaging. Packages of compressed
sheet are normally shipped to a secondary manufacturer who cuts out the
gaskets as needed, usually by die-cutting.

The amount of asbestos used in producing gaskets is approximately 66
percent2 of the total amount consumed by this category or 8120 metric tous
of asbestos based on 1980 data.l Commercial grade gasket sheet contains 75
to 80 percent asbestos; specialty grades may contain as much as 100 percent
asbestos. For the specialty gaskets both chrysotile and crocidolite asbestos
fibers are used, whereas for the others chrysotile is predominantly used.
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The consumption of asbestos in the production of gaskets and packing has
decreased only slightly, 4 percent, since 1976. Between 1974 and 1976 it had
decreased 25 percent hecause of newly developed products, the use of
substitute materials, and recognized health hazards. Use of asbestos is
expected to continue near current levels due to the advantages of the fiber
compared to substitutes and because the hazardous fiber form of the material
is not employed.3 The 20-year forecast indicates that asbestos consumption
will range from O to 30,000 metric tons, with a probable value somewhere
around 25,000 metric tons annually.l

Secondary and Consumer Use

Asbestos gaskets are used to obtain a tight nonleaking conmnection between
piping and other joints. It is used on all types of industrial and commercial
equifment with specialty items such as impregnated millboard being used in
small motors for things like snowblowers and lawnmowers. The primary product,
the asbestos sheets, are usually sold to secondary fabricators, who size cut,
package, and sell the gaskets wholesale or retail.

Installation is simple once the gasket 13 cut to size; it consists of
setting the gasket in place between two rigid surfaces and sealing the joints
with pressure. In service, the faces are comnletely isolated from the outside
enviconment. After installation, the gasket's life span is dependent on the
seve ity of use and maintenance practices. It has been estimated3 that 25
perc.nt of gasket materials have less than a l-year lifespan, 60 percent are
used for maintenance and long-time replacement, and 15 percent for new
instullation,

Enviconmental Release

Following manufacture, asbestos fibers are considered to be locked in the
gasket sheeting material. Consequently, only minimal fiber release is
expected during secondary fabrication and product end use. Studies have been
conducted to monitor asbestos fiber concentrations associated with various
asbestos sheet gaske: handling, fabricating, installation, and removal
activities.4»2, These studies were performed under actual conditions.
Asbestos fiber concentrations recorded during these activities are presented
in Table 17. Except in two cases, hand punching and machine punching, fiber
levels were all below the current OSHA 8-hour TWA standard of 2 f/cm”?. It
is noted that the relatively high fiber levels recorded for hand and machine
punching occurred when no controls were employed. When control measures were
applied to these two operations, resultant fiper concentrations were reduced
to levels well below the 2 f/cm5 standard.

Another study7 reported fiber levels during cutting and packaging of
asbestos gasket sheeting at 0.l to 0.5 f/cm3. Fiber release during use 1s
expected to be less than that measured during cutting because at no time 1is
the asbestos—containing material acted upon with a force that would cause the
release of fibers from the product matrix.
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TABLE 17.

ASBESTOS SHEET GASKET HANDLING ACTIVITIES%:5,6

ASBESTOS FIBER CONCENTRATIONS ASSOCIATED WITH VARIOUS COMPRESSED

Study

Activity periormed

Maasured

H

Ader

concentrations

(£/:ad)

Duration of

Analycical method

Cozments

Punch press operation

Puwar shear operatiun

v

Shear prass operation

Roussel press

Picking odvdz.on

Tuadlinz opsration

Materials handling

Platea press vperation

Platan preds oparation

Hydzaaliwc bean prass

dand preking aud puckaging

0.0% to 0.67

0.23

0.11

0.05

0.03

0.02

0.06

0.17

to

to

to

to

co

to

to

0.81

0.08

0.3

0.60

0.34

0.29

0.1%

0.05

0.20

Date activaty/
of sample ti1me
tests (@in)
1980 80 to 211
1940 188
1980 30 to 76
1980 100 to 192
1980 93 o 206
1980 77 to 141
1980 91 co 216
1980 52 to 256
1980 63 to 238
1980 61 to 178
1980 45 to 176

Fibers were counted
phdse contrast with
PLM veritication

Fibers wvere counied
phase coatrast wich
PLM verarfication

Fibers were counted
phase contrast vith
PN verifacacion

Fibers were counted
phase contrast with
PLM verifrcation

Fibers were counted
phase contrast wvith
PLM verification

Fibers wer2 counted
phase conirast wath
PLY verification
Fibers were counted
phase contrast with
PLM verafication
Fibars were counted
pnase contrast with
PLM ver:fication

Phase contrast

Phase contrast

Phase contrast

by

by

by

by

by

by

by

by

Mouitoring performed at
wajor gasket fabricactor
located 1n Wisconsin

Monitoring perforzed at
ma jor gashet fabricazor
locatea an ¥isconsia

Monitoring performed at
major gasket fadbracator
located 1n Wisconsin

Monitoring perforaed at
major gasket faaricator
located in Wisconsin

Monitoring performed at
major gasket fabricator
located in Wisconsan

Montoring perforaed at
major gasket fabricator
located an d1scoasin

Yonitoring performed at
major gasket fabricator
located in Wiaconsin

Monitoring performed at
@ajor gasket tabriczator
located 1n Wisconsin

Monitoring performed at
asbestos~using gasket
operatioa in Wisconsia

Monitoring performed at
asbestos—-using gasket
operll:lon in Wisconsin

Monituring perfurmed at
asbestos-using gaaket
operation 1n Wisconsio

(continued)
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TABLE 17 (continued)

Measured Duratien of
t10er Date activaty/
concentrations of sauple time
Study Activaty performad (£/cad) tests (m1n) Analytical mathad Comnents
Platen press picking operator 0.09 to 0.12 1980 67 to 140 Phase contrast Monitoring performed at an
asbestos-using gasket
operation in Wisconsin
Reeves punch press oparator 0.12 1980 124 Phase contrast Monitoring perforaed at an
asbestos-using 2asket
oparation 1n Wiscoasin
c Storage for raceipt and i1gsue <0.01 to 0.05 1978 60 to 132 Phase contrast Housekeeping?® performed,
monituring conducted under
actual work conditions
Storage for use <0.01 to 0.12 1978 97 to 122 Phase contrast No control,® monitoring
couducted under actual work
conditions
Hand punchinyg 3.00 1978 NR Phase contrast No control, moniturang
conducted under actual work
conditions
dand punching <0.05 to 0.15 1978 28 0 31 Phase contrast Housekeeping performed,
monitoring conducted under
actual work conditioas
Had operated <Q.05 1978 30 Phase contrast No control, monitoring
,»:*31.cal punching ~onducted under actual
wvork conditions
Machine puncaing 5.0 1978 NR Phase contrast No control, monitoring
conducted under actual
work conditions
idchiing punciing <0.03 to 0.7 1978 20 to 30 Phase concrast Housekeeping performed,
monitoring conducted under
actual wvork conditions
Machane punching <0.05 to 0.06 1978 2) to 21 Phase contrast Housekeeping and venti-
lation,€ monitoring
coanducted under actual
conditions
Hand shaping <0.03 to 0.3 1978 7 to 31 Phase contrast o contraol, monitoring

conducted under actual
work conditions

(continued)
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TABLE 17 (continued)

Measured Duration of
faber Date activaty/
coocentrations of sample time
Study Activity perforwed (£/cald) tests (m1n) Analytical method Comment s
Ma:hine shearing 0.5 to 1.3 1978 [ Phase contrast No control, monitoring
conducted under actual
work conditions
Machire shearing 0.05 ta 0.15 1978 31 to 38 Phase coatrast Housekeeping performed,
monitoring conducted uader
actual work conditions
Machine nibbling <0.08 to 0.46 1978 8 Phase contrast No control, momitoring
conducted under acctual
wvork conditions
ichine adoling 0.08 to 0.8 1978 24 to 31 Phase contrast Housekeeping perforaed,
monitoring conducted uader
sctusl work coodaitions
Installation of flange gasket <0.03 1978 30 Phase contrast No control, monitoring
conducted under actual
- work conditions
Re 2oval and concurrent 0.02 to 0.3 1978 21 to 95 Phase coontrast Houseleepiny performed,
ti1s2dalla.ion {zoiler header moaltoring coiducted under
3<sRels) actual vork coanditions
Clean-up followlng removal <0.05 1878 33 to 37 Phase contrast Ho control, monitoring
oy hand scraping conducted under actual
wvork conditaions
Rc~oVu. a1d 1a=d scraping ~G.06 to 0.39 1978 15 to 28 Phase contrast No control, monitorang
conducted under actual
vork conditions
Remwvsal and wire brushing <0.03 to 0.18 1978 25 to 33 Phase contcast Housekeeping performed,

wmonitoring conducted under
actual vork conditioons

2dous _arcorg - high efticrency vacuum cleaners were used to clean areas (area kept clean and free of debris accumulation),
vaste material piacad ain s2aled coantainars.

BNo caatrol - no specific controls were used, 1.e., 0o wetting, enclosing, or ventilation.
CVentailation - filtered local exhaust veatilation provided to operation.

M =~ Mot Reporced



With respect to removal, gaskets are generally treated so that they will
release from the equipment face when it is necessary to replace them.3
Should any portion stick to the support surface, it may be removed using a
scraping tool. As shown in Table 17, gasket removal by hand scraping or wire
brushing resulted in fiber releases ranging from 0.03 to 0.39 f/cm3. The
high level of 0.39 f/cm3, however, was recorded when no control measures
were taken. Wetting down the gasket remnants with oil or water prior to
removal with an abrasive tool should substantially reduce the potential for
fiber release.

Westinghouse has reported that asbestos-containing gaskets are used in
residential air conditioners.? The gasket material is used in a
hermetically sealed unit which is normally not repairable and thus totally
discarded after use. Gasketing materials containing asbestos fibers are also
used 1n larger air conditioning units that are not hermetically sealed, but
because of their size and cost, they are replaced by skilled personnel and
therefore should not be a source of significant release.

PACKING

Product Manufacturing and Composition

In 1980 approximately 4180 metric tons of asbestos were consumed in the
production of packing.l The most common type of packin§ is made by
impregnating asbestos-containing yarn with a lubricant.!0 The impregnated
yarns are braided into a continuous length of packing which is in turn
calendered to a specific size and cross sectional shape. The formed product
may be coated again with more lubricant. The packing is then pressed into
desired shapes for use or sold to a secondarﬁ fabricator who forms it to
customer specifications before he sells it,l

Secondary and Consumer Use

Asbestos packings are used in dynamic situations to prevent fluid
leakage. They form a bearing for revolving or moving parts in stationary
supporting members that prevent leakage of the contained fluid along the
bearing surface. Lubricated asbestos packings are employed 1n a variety of
industrial, commercial, and residential applications, as well as in motor
vehicles. Dry asbestos packing is used to seal furnace doors, rotary kilns
and high-temperature refractory equipment.

Installation of the packing 1s easy once the packing is molded to form.
Once in place the packing is enclosed by the supporting members of the unit.
The ) .fe span of packing material, after installation, has been estimated to
be less than 1 year for Y0 percent the packing applications, while the rest
wear much more rapidly after installation.

Environmental Release

Release of asbestos fibers to the atmosphere is considered to be minimal
or nonexistent during packing handling and use. During installation the
fibers are completely saturated with lubricants which inhibit the release of
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asbestos fibers. When the packing is in use, it is intermittently or
continually coated with lubricants. Asbestos fibers released during wear
slivuld be captured by the lubricants or carried away in the proceas fluid
system. Removal of packing should cause minimal fiber release gsince the free
fibers are wetted and captured by the lubtic?nt or process fluid.

Johns-Manville Corporation has conducted a studyll to determine
airborne fiber concentrations associated with the installation and removal of
asbestos- containing mechanical packing. The simulated installation activity,
performed in an open building, involved unrolling the packing material,
wrapping it around the metal shaft of a mechanical pump, cutting the material
flattening it with a hammer, and finally pushing it into the pump. Fiber
levels recorded during these activities ranged from <0.1 to 0.1 f/cm3.
Similar fiber levels were recorded during removal of the packing from the pum>
after the pump had been run for a while. Although it was not reported, phase
contrast analysis employing optical light microscopy was assumed to be used to
determine fiber concentrations.
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SECTION 7

COATINGS AND SEALANTS

INTROL'UCTION

Asbestos-containing coatings and sealants can be divided into two basic
categories; those which are of a tar or asphalt base and those which have a
water soluble latex or gypsum base. Asphalt or tar-based sealants include
products such as: roofing tar, flashing material, automobile undercoatings,
waterproofing and floor mastics.l These products are put into final use by
construction contractors, small businesses (such as for auto undercoating and
private roofers) and often the '"do-it-yourself'" homeowner. The products are
applied by brush, spray gun, roller, or trowel depending upon ite consistency
and intended use. Asbestos fibers contained within coatings and sealants are
bound in the asphalt or tar matrix. The fibers have an affinity for the
petroleum base materials and thus are totally wetted by the asphalt or tar in
the mixture. Consequently, no fibrous asbestos dust is expected to be
released during the use of these products.2

Water soluble asbestos-containing coatings and sealants include products
such as spackling compounds, drywall patching and taping compounds, and
textured paints. These products are used by building contractors both large
and small as well as do-it-yourself homeowners. The latex products often come
in premixed containers whereas the gypsum based materials come dry and must be
mixed by the user. Significant fiber release can occur from mixing of dry
materials, sanding, and cleanup.

ASPHALT/TAR-BASED SEALANTS

Product Manufacturing and Composition

Asphalt or tar-based sealants which contain asbestos fibers as a filler
and gstrengthener dare composed of 5 to 10 percent asbestos, 50 percent volatile
solvents, and various amounts of tars, rust proofing chemicals, pigmerts, heat
reflecting metallic paints, and other fillers such as cork, emulsifiers, and
rtesiny. The solvents are added to reduce product viscosity and thus
facilitate application of the material. The asbestos fibers used are nearly
all (98 gercent) grade 7 chrysotile, which become totally wetted in the
mixture.
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Sealants are produced in batches under a controlled production cycle.
Initially, the fibers are fluffed prior to being charged to a batch blending
tank where they are mixed with asphalt or tar and other additives as required
for an even dispersion. After blending, the liquid product is pumped to
dispersing operations, and finally shipped out to market.

The batch sizes produced will vary from scveral hundred gallons for small
manufacturers with one production line to several thousand gallons for larger
manufacturers who are able to have a wide rroduct mix and several production
lines.3 The batch sizes also vary with company size, type of product,
method of containerization, type of production equipment, and size of order.
Sealant products are shipped out ready for distribution and use.

Consequently, no secondary producers are involved.

The Bureau of Mines reports that 1980 usage of asbestos fibers for
coatings and sealants production was approximately 10,900 metric tons.* The
expected trend for asbestos consumption is not to decline or increase, but to
remain stable.

Secondary and Consumer Use

The asphalt and tar-based sealants and coatings which contain asbestos
are used by various tradesmen and contractors as well as the individual
homeowner. Sealants sold for consumer use generally come packaged in 5 gallon
or smaller size containers. As a roofing product the material is applied as a
thick tar commercially spread by large brushes and trowels. It is most often
applied to large, level top buildings, although due to its adhesive,
nonrunning characteristics (which in part is attributed to the presence of the
isbestos fibers), it can be spread on nonhorizontal surfaces as well.
flashing materials are also applied by trowel. As a thicker material, it is
>rimarily applied to small areas such as joints ana seams in the roofing.

Water proofing and rust proofing sealants are applied by brush or spray,
and may need to be applied in several coats to achieve the desired

protection.

Environmental Release

In general, asphalt and tar-based sealants which contain asbestos are
considered safe for use with respect to asbestos exposure. The U.S. EPA,
under the authority of the National Emission Standards for Hazardous Air
Pollutants (NESHAPs)?, has banned the use of all spray-applied
asbestos—-containing coatings and sealants except those that are made from a
petroleum—based compound. The level of ambient fiber release during the use
of these products is not considered harmful. In response to EPA's notice of
propcsed rulemaking concerning the ban of spray-applied asbestos-containing
coating materials various studies® were conducted to demonstrate the minimal
heal'h effects associated with the use of such petroleum-based products.
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Asbestos fiber concentrations recorded during the spray application of
different types of asbestos-containing petroleum-based coatings are presented
in Table 18. As shown, across a wide range of products and product
applications, worker exposure to asbestos fibers were well below the 2 £/cm3
TWA OSHA standard. These findings support EPA's decision not to ban the use
of such products.

WATER SOLUBLE LATEX OR GYPSUM-BASED SEALANTS™

Product Manufacturing and Composition

There are two principal types of joint compounds. One uses a latex or
water soluble glue as a binder and sets by evaporation of the water. The
other uses dehydrated gypsum as the binder (and principal dry ingredient) and
sets by chemical reaction as the gypsum takes up waters of hydration. The
first type is mainly limestone with lesser amounts of mica and 3 to 5 percent
asbestos. This type is used in about 80 percent of the market, and is mostly
sold in the ready-mixed, wet form. The gypsum-based material, with roughly 20
percent of the market, also usually contains asbestos and must naturally be
sold dry and wetted just before use. The worker mixes the compound with water
in the field. Wet-mix products are manufactured and packaged in a can for
ready use.3

Manufacture of both these products involves the usual handling of raw
asbestos fibers where bags are stored, moved, split, dumped and fluffed.
After dry blending, the latex-based products are wet mixed, binding the fibers
in the matrix. The dry mixed gypsum-based product, which is not wetted during
manufacture, maintains the potential for fiber release throughout the
manufacturing process, as well as during packaging, distribution, and consumer
use. :

Secondary and Consumer Use

The use of these products and thus their manufacture is declining
primarily because of the high potential for exposure to hazardous levels of
asbestos during manufacturing and end use. A major impact on product use has
resulted from the Consumer Product Safety Commission's (CPSC) ban of consumer
patching compounds containing respirable free form asbestos.’ Some
asbestos-containing products are still used by commercial dry wallers but the
health safety factors will most likely drive these users towards alternative
materials as well.

Certain decorative textured paints have alsn contained asbestos in the
past, but manufactures say they have ceased making these products with
asbestos, using other fibrous materials instead.®:

*Joint compounds, patching plaster, spackle, drywall taping and finishing
compounds.
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TABLE 18. ASBESTOS FIBER CONCENTRATIONS ASSOCIATED WITH THE SPRAY APPLICATION OF
ASBESTOS-CONTAINING PETROLEUM-BASED COATING PRODUCTS6

Quration of -

Measured fiber activacy/
Ashesros-contain.ag Activaty concenrracion Date of sanpling time Analytical
praducc perforned (£/cad) tests (=10) method Couwments
Spray-applied asphaleaic
c2of coatiag
Zuroack asphalt Spraying 0.003 to 0.15 19746 342 to 432 Phase contrast® Percent weaight of asbestos as sprayed
(assuned) ranged from 5.8 to 1.7, after curiag
9.7 o 12.3
Asp-eii-eaulsion Spraying 0.0l o 0.3 1974,1976 NR Phase contrast Percenat weight of asbestos as sprayed
(assuned) vas 2.8, after curing 5.1
3uilc-ep roofing Tear~-of f 0.1 to 0.4 1974 NR Phase contrast Monitoring performed an Indi1ana
(assumed)
Tear=-3fL and 0.0 to 0.3 1974,1976 NR Phase contrast Monitorianz perfurmed in Penns;lvanaa
replace {spray) (assumed) and Indiana
Ne< agplication 0.0 to 0.6 1974,1975,1970 NR Phase concrast Monitoring performed 1o Wiscoisim,
(spray) (assunmad) Colorado, and Iadiana
P les.n coatings 51:p coating by 0.2 1974 8 to 13 Phase contrast Operator spraying outside and under a
o spray application (assumed) shi1p with asbestos-containing epoxy
resin. Percent asbestos as sprayed
1.5
Dry Jdock coating 0.0 to 0.2 19724 1t to 38 Phase contrast Operator spraying Jdock with aa
bs spray application (assuaed) asbestos—containing epoxy and coal tar
wixture. One percent asbeslos as
- sprayed
COILL 1S Plgs 0.1 1974 37 Phase contrast Operacor spray.ng interior of 7.6, 15
inter.or = spray (assumed) and 10 cm diswmeter pipe with an
applicatior asbestog~containing (1 percent) epoxy
and coal tar mixture
Fibei-2143s pipe 0.1 co 0.4 1975 14 to 2) Phase contrast Operators munitored were 1nvolved :g
Cu (M adiel coatang) (assuned) ruaning automatic spray machine and
= wiping mendrel. A 1.4 percent asoeszos
cherical resistant resin was oprayed-
applied
Ship coating o2low v.0 to 0.4 1974 23 to 65 Phase contrast Chemicai resistant resin coatarning
waterline (spray . {assuned) 0.7 percent asbestos applied
applicacion)
“aatang euridang 0.0 o 0.06 19725,197; 5 to 16 Phase coantras: Alkyd resin containing 6 percent
eaturior (cansercial) (assunad) asbestos or vaayl-acrylic latex
contaraing 0.5 percent asbestos
applied

a— - -

(continued)
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TABLE 18 (continued)

Duration of

¥essured fiber actavaty/
Ashestla-conza.cing Azcavity concerirarion Date of sampling taime aAnalytrcal
Pragant perforzad (£/:md) tests {z1a) wethod Commecats
Resin codringa Paintang building 0.03 o 0.06 1977 23 Phase contrast Vinyl-acrylic latex contaiming 0.6
(continued) intarior {comx:rcial) (assumed) percent ssbestos applied
wall and roof spraying 0.0 0 0.2 1974 12 to 15 Phace contrast Operator spraying 2.8 1o 1.7 percent
(assumed) asbestus vinyl latex on vertical wall
panel
Rouf spraying 0.0 1974 14 to 28 Phase contrast Operator spraying 0.7 perceant
(assumed) ashestos acrylic latex
Soat MFC - spraying 0.0 to 0.6 1972,1974,1925 4 to 35 Phase contrast Operator spraying 0.5 percent asbestos
surface coatings (assvaed) gencral purpose polyester resain
Saving, pipe coated 0.04 ¢o 0.1 1973 19 to 49 Phase contrast Operator sawing rernforced faiderglass
with polyeiter resin (assuaed) pipe coated vith polyester resin
containing 2 to 3 parzent asbescos
Sii~1.n3 FIP tinks 0.3 to 0.4 1974 5 to 25 Phase contrast Operator arindarg (i1darzlass
a11 pirpe (assumed) reinforcud plastic parts contaiming
1.5 asbestos
Liadsada g 1aterior 0.0 to 0.3 1927 1l to 16 “vnase contrast Operacor nundsanding panel surfaces
turlcing panels (assumad) covered with viayl latex paint
containing l.1 perceat asbestos
Saad blasciag nagh 0.2 to 0.3 1978 5 to 27 Phase contrast Operators sandblasted 12 meter diaceler

perforaance axterior
Sadting

by 7.6 met:r high steel tank spray
coated 1n 1573 with a 2.1 percent
asbestos resin coating.

% - Mot Rerarted

-« £ Or 10f v with a lengta to widch aspect ratio of 3 or greater were counted by phase contrast snalysis using optical light wicroscopy.



The following desccibes a common product end use for dry wall spacklers
who apply asbestos-containing patching compounds in a finishing operation.l0
In the construction of a commercial building, wallboards are fixed to metal
studs with screws, while in residential houses the gypsum wallboards are
nailed into the wooden studs.l0 The resulting joints, as well as screw and
nail indentations, are finished by taping and spackling.

The dry joint compound powder is normally contained in paper bags. The
bag is slit open with a knife and the powder dumped into a container. Water
is then added according to the manufacturer's directions and the compound
mixed by means of a portable electric drill equipped with a mud or paint mixe -
bit. Some joint compound is sold as a paste (referred to as "premix") and
only a small amount of water is required. The prepared mixture in its
putty-like form after wetting is referred to as mud. The time spent mixing i
a working day is short. It usually takes 5 to 10 minutes to mix a batch and
in most instances one to three batches are required daily.1

The joint compound (mud) is placed on the bottom side of a paper tape and
is applied to cover the joints between the gypsum boards and allowed to dry.
Subsequently, this compound is also applied on the front side of the tape and
to screw and nail indentations. A major portion (65 to 70 percent) of the
working day is spent in this operation.

The joints and indentations are sanded between each application of mud,
with the major amount of sanding being carried out after the final coat.
Three to four coats of mud are usually applied. Sanding operations normally
involve either hand sanding or pole sanding. Hand sanding is carried out with
a hand-held, abrasive paper, covered sanding block. In pole sanding, the
sanding block is at the end of long pole. Generally speaking, most of the
sanding is carried out by pole sanding. It is estimated that 25 to 30 percent
of total time is spent in this operation.

The debris and the dust accumulated on the floor resulting from the
mixing, application and sanding operations is generally cleaned up by dry
sweeping. In many instances, especially in cases of commercial building and
large projects, this operation is carried out by general laborers. However,
1t was generally found to be part of the work responsibilities of employees of
small companies working on residential construction projects.

Environmental Release

The asbestos release potential of these products is relatively high., A
summary of airborne asbestos concentrations is given in Table 19. The table
breaks down exposure levels into the various steps of product use and
handling. Even though the CPSC has banned the use of these materials, a fair
amount may still be in circulation in the marketplace. Consequently, the
following discussion presents suggested recommendations to.minimize worker
contamination.

Verma and MiddletonlO reached the following conclusions based on the
data thev recorded:
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TABLE 19.

SUMMARY OF AIRBORNE ASBESTOS FIBER

TAPING PROCESS10,11

CONCENTRATIONS ENCOUNTERED IN THE DRYWALL

Duratioa of

Measured fiber accivacy/
Asbestos-containiog Actavacy concentration Date of sampling time Analytical
oraduct periosmed (£/eed) tegts (m21a) eethod Couzments
Nater soludle Applicataon 0.% to 1.3 1978 39 to 65 Phase contrast® Commercial operstion
Ay pauT-dased
drywall compound Mixiag 9.0 co 12.4 1975 co 1977 10 to 12 Phase contraat Residentisl setting
(Study A) (dry pounder)
Mixing 1.2 co 3.2 1978 4o b Phase contrast Commercial operatioans
(pre-mix)
hana sanding 2.1 to 2%.2 1975 to 1977 10 to 80 Phase contrast Reaidential setting
Pole sanding 1.2 to 10.1 1975 ta 1977 10 co 38 Phase concrast Res:idential setting
Pole sanding 1.2 to 10.0 1978 4 to 21 Phase coatrast Commercial operation
Sweeding 4.0 to 26.5 1975 vo 1977 9 to 30 Phase contrast Residential settaing
S«eeping 14.5 to 25.4 1978 10 co 20 Phase contrast Commercial operstion
w2ler soluble bry mixing 35.4 to 59.0 1974 NR Phase coatrast Coamercial operation. Fiber range
Zypsaa-dased (0.9 to 1.5 @) reported 18 not less background
cryvall compound levels, which for the same room
{3tudy 8) ranged from 0.5 to 1" °* tfea3
- tand sanding 1.3 to 16.9 1974 NR Phase contrsst Commercial operation. Fiber range
(0.9 0 1.5 @) reported 19 not lees background
levels, vhich for the sane room
vanged from 2.1 to 2.5
P>l2 sanding 1.2 to 19.3 1976 NR Phase contrast Compercial opergtion. Fiber range
(0.9 to 1.5 @) reported is not less background
levela, vhich for the same room renged
from 3.5 to 19.8
Sweaping hose 41.4 (weal) 1974 NR Phace contrast Due to heavy loading during sweeping,

(3.0 w0 )

saupling occurred 15 minutes after
sueeping etopped. After 15 minutes,
the measured fiber level was 26.4
£/cad.

4ridars 3 on laig or longer «1th a lengtn to width aspect ratio of ) or greater were counted by Phase Contrast Analysis uasing optical microscopy.
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The tapers are occupationally exposed to potentially hazardous
asbestos dust concentrations in their work. The asbestos hazard can
be eliminated by the.use of asbestos free joint compound. Although
asbestos-free joint compound is available and most manufacturers are
actively working towards the reduction and/or elimination of
asbestos in their material, most of the taping compounds used still
contain asbestos. The use of an asbestos-free compound is the only
feasible method of total control of asbestos exposure and is
therefore strongly recommended. However, a person engaged in
mixing, sanding, and sweeping, of an asbestos-containing compound
should wear an approved protective respiratory device.

The use of a pre-mix compound is preferable over a dry powder joint
compound because it eliminates potential high exposure during
mixing. It is recommended that the amount of joint compound used
should be the minimum necessary to complete the job.

Sanding is the most hazardous operation of the taping process
because the concentrations of asbestos encountered are high and a
large portion of total time is spent in this operation. To reduce
the exposure potential, various control measures should be
considered, including the effective use of respirators and rotation
of workers.

The short-term hazard associated with sweeping and cleanup
operations could be reduced by employing an industrial type vacuum
cleaner. If a broom must be employed, a dust suppressant compound
should be used.

Tapers who work with asbestos~containing compounds should be
1ncluded in the medical surveillance program for asbestos workers.
Additional epidemiological studies of this group of workers are also
recommended. Furthermore, tapers should be familiarized with the
potential health hazards, especially the greatly elevat::d lung
cancer risks for asbestos workers who smoke.

The unnecessary exposure of tradesmen not directly involved in
taping, can be avoided by proper job scheduling and restricting
their entry to exposure areas. Contamination of the home
environment can be minimized by careful handling of workclothes and
good personal hygiene.
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SECTION 8

ASBESTOS-CEMENT SHEET

INTRODUCTION

Asbestos-cement (A/C) sheet, which is the only product in this category,
is used mainly in construction applications, such as roofing and sidings of
both 1ndustrial and residential buildings.l Constituting approximately 2,2
percent (7,900 metric tons) of the 1980 U.S. market consumption for
asbestos-containing material, A/C sheet is categorized into four distinct
product lines:?

° flat sheets

[ corrugated sheets
® siding shingles

° roofing shingles

Flat sheet has a variety of construction applications. Density
variations generally determine the product's end use. Ordinary or high
density sheets may be used for externmal cladding applications, while special,
low density panels, containing a larger portion of asbestos fibers, are
designed for use as infill panels for curtain wall systems, fire-resistant
partitions, ducting, fume hoods and doors.l Other uses include laboratory
bench tops, electrical equipment mounting panels, components in vaults, ovens
and safes, and cooling tower fill sheets. Corrugated sheets are used
primarily in industrial and agricultural applications whereas roofing and
giding products are used in building construction. Other sheeting uses
include lining of waterways and canal bulkheads, and end paneling for cooling
towers.

PRODUCT MANUFACTURING AND COMPOSITION

A/C sheet products typically contain 30 to 40 percent asbestos, by
weight, with chrysotile grades 6 and 7 most commonly used, 1,2 Primary
manufacturing of A/C sheet and shingles include dry, wet, or wet nechanical
processes. Wet processed A/C sheet production closely parallels A/C pipe
manufacturing; dry processing 1s used to make certain shingle type products.
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Secondary processing of A/C sheet products is generally performed at
central fabricating shops. Material is cut and shaped into specific sizes for
sale to a distributor or the consuming public. Fabricating proc.:sses, which
include sawing, trimming, drilling, and grinding, are generally conducted
under controlled conditions.

Today the use of A/C sheet is narrowing toward applications where its
special properties of durability and heat and chemical resistances are not
duplicated by other steel materials. Demand for asbestos use in the
construction industry is expected to remain at present levels; approximately
70 percent of all asbestos-containing material usage.2 However,
substitution is currently being actively investigated in many of the product
uses, particularly in asbestos-cement products where a variety of alternative
ceramic and new plastic materials are available.? The most apparent
opportunities for market increases appear to be asbestos-cement products which
compete with lumber and other building products, many of which are increasing
rapidly in price.? The extended forecasted growth rate for asbestos-cement
products is estimated to average 0.6 percent per year.

SECONDARY AND CONSUMER USE

Almost all A/C sheet consumption is for a construction-related
application. Some field fabrication of A/C sheet products may be necessary,
specifically in shingle applications. Field fabrication of A/C sheet can
release some dust during fitting, cutting, drilling or grinding ooerations,
but it has been found that emission control devices, such as bags to collect
dust, are usually used in the field when such operations are perf-n:med.1
Hand tools (without controls) may also be used in the field, but the extent of
use is not accurately known. Flat asbestos sheets used in homes, barns, or
other more expensive construction, are usually installed with fasteners or
nails, requiring only minimal drilling, if any.l

Life expectancy of A/C sheet products vary with use. A/C roofing
shingles are thought to last 20 to 25 years, while laboratory table tops and
textured architectural construction lasts until the building of which they are
a part of 1s tourn down.}!

ENVIRONMENTAL RELEASE

Asbestos tiber release, and subsequent exposure to asbestos material, is
a function of material age and condition, mechanical forces applied, and the
degree of area ventilation. Generally, asbestos fibers are embedded firmly in
shingle tiles (or sheets) such that handling or installation (where hammering
is the mechanical force applied) are not major sources of asbestos fiber
exposure. Installation of A/C sheet material is generally performed outdoors
where direct exposure to asbestos fiber takes on a lesser magnitude’ due to
ambient air dilution. Removal of A/C sheet by building demolitici, however,
constitutes a greater potential for asbestos fiber exposure.
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Published data on asbestos fiber release from both simulated tests and
actual field applications are available. Fiber release tests of Transite
an A/C sheet product manufactured by Johns-Manville, were performed in a
nonventilated glove box chamber. 6 Commonly used as an insulating panel in
wood stove installations, the A/C material was subjected to four test
activities routinely performed in construction applications. Asbestos fibers
in this product may be characterized by unsorted fibers and bundles embedded
in an irregular orientation in the cement matrix.® The test results appear
in Table 20.

TABLE 20. TFIBER3 RELEASE CONCENTRATIONS ASSOCIA-
TED WITH ASBESTOS-CEMENT SHEET PRODUCT
USE ACTIVITIES®

Time Phase contrast SEMP
Operation (min) (E/cmd) (E/cm3)
Drill 1 ' 2.3 2.3
Score 4 3.2 l.1
Hammer€ 1 12.7 16.5
Hamme r€ 4 6.4 10.2
Saw 1 195.8 258,.8

aFibers as long as or longer than 5 .m having a
length to width aspect ratio of 3 to 1 or greater
were counted by optical microscopy analysis.

bSEM - Scanning Electron Microscopy amalysis.

€Unclear whether this operation simulated instal-
lation with nails (fasteners).

An eprdemiological study conducted in West Germany has estimated
construction worker 2xposure to asbestos fine dusts.’ Worker activity
monitoring occurred at approximately 40 building sites where roofing and
siding work was being performed. Onsite tests of asbestos fiber release from
grinding operations performed on corrugated asbestos-cement sheets revealed
that near the breathing zone of the workers, fiber concentrations ranged from
0.6 to 41 f/cm3 of length greater than 5 microns with a mean value of 20
£/cm3.7 Scanning electron microscopy analysis revealed that the mean
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values of fiber length ranged from 1 to 5 ym and fiber diameter from 0.1 to
0.4 um. The ratio of fibers with a length greater than 5 um to the total
number of free fibers ranged from 4 to 60 percent, with a median value of 25
percent. The authors state that on the average, grinding accounts for only 6
percent of the working time.’ As such, the daily mean value reaches only

1.2 fibers/cm3. According to the study, -roofing operations involving the
grinding of corrugated asbestos-cement sheets are carried out up to 125 days
per ycar. The study goes on to explain that, based on a sampling of 61
roofers, the frequency of handling corrugated sheets, shingles, and front
plate asbestos—-cement building products, wnere the grinding machine is not
used, are 34, 30 and 25 days per year, respectively. It is noted that workers
may h.ndle more than one type of asbestos-cement product on any given day.

Although it is beyond the scope of this study, researchers in Belgium
have ihown that asbestos-cement dust behaves more like cement dust (Portland
cemen! P300) than like pure asbestos fibers.8 The results of their study
reveal that respirable asbestos-cement dust particles are physiochemically
different from respirable pure asbestos dust. Asbestos-cement products tested
(machining) were autoclaved sheeting, not autoclaved sheeting, and A/C pipe.
The authors do conclude, however, that the results obtained from their study
cannot be used to assess whether asbestos—-cement dust is as hazardous to human
health as pure asbestos dust.

Continuing, a simulated product use demonstration? conducted by Nilfisk
of Anerica, a leading manufacturer of HEPA filtered industrial vacuum cleaners
for toxic materials, revealed that fiber releases can be minimized using power
tools equipped with dust control apparatus. Phase contrast microscopy
analysis of air samples taken during the drilling and cutting of
asbestos-cement board ranged from 0.04 to 0.15 f/cm3. Sampling periods
ranged from 12 to 17 minutes using a power circular saw, drill and saber saw.
Dust capture was achieved using hooded tools that vented to a Nilfisk filtered
vacuum cleaner. No visible emissions were observed from the operation while
the vacuum cleaner was activated.

Another simulated A/C sheet monitoring study was performed by the
Johns-Manville Corporation.10 The results of J-M's tests using dust
controlled construction tools indicate little or no fiber release during the
drilling and sawing of 0.64 cm thick (0.25 in.) flat A/C sheet. Measured
fiber levels are presented in Table 21.

Table 22 shows the typical exposure levels occuring during primary and
seconddry manufacturing of A/C sheet. Primary and secondary manufacturing
opurations are generally controlled.

In summary, asbestos fibers embedded in the cement matrix will generally
remain 50 for the life of the product, with the exception of when mechanical
forces are applied during handling. It has been estimated that 0.l percent of
asbestos 1n roof products can become detached by weathering.11 Other
environmental releases include landfill disposal of manufacturing wastes or
old, worn-out product.
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TABLE 21. AIR MONITORING TEST® RESULTS USING A CIRCULAR SAW AND DRILL
ON FLAT A/C SHEET!O

Time Fiber concentratiocnP
Operation (min) Equipment (£/cm3)
Drilling holes 40 Drill with dust 0.1
(163 holes) pick-up shroud; operated
at full speed
Sawing 40 Circular saw with 0.0

(18.3 meters)

dust pick-up shroud;
totally eaclosed masonry
blade

aA11 tests conducted in an open room.

DNIOSH's phase contrast analysis assumed, counting fibers 5 um long orx

longer with a length to width aspect ratio of 3 or greater.

TABLE 22. EXPOSURE TO AIRBORNE ASBESTOS FIBERS DURING A/C SHEET
MANUFACTURINGS
Asbestos concentrations
(Time-weighted average in fibers/cm3)3
Operations with highest levels
Most operations = — ====s——eme—o—aa- -—==
---------------- Name of
Operation Typical Range Typical Range operation
Primary manufacturing 2.0 0.3-8.7 3.0 0.9-8.4 Dry mixing
Secondary manufacturing - 1.0-6.0 2.5 to 3.0 - Trimming,
sanding

8NIOSH's Phase Contrast Analysis performed counting fibers 5 um long or
longer with a length to width aspect ratio of 3 or greater.
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SECTION 9

TEXTILES

INTRODUCTION

Because asbestos fibers, after a minimal amount of conditioning, are
processable on conventional textile manufacturing equipment, they are
available in all conventional textile forms including: lap, roving, yarn,
cord, thread, cloth, tape, tubing, wick, rope and felt.l Approximately
two~thirds of all manufactured asbestos-containing textiles are used as an
intermediate product to produce other materials such as friction products,
insulation, packings and gaskets.Z Long asbestos fibers which are processed
into various intermediate textile forms are generally worked into protective
clothing, insulating materials, filters or diaphragms.

TEXTILE MANUFACTURING AND COMPOSITION

Asbestos-containing textile products typically contain from 75 to 100
percent asbestos fiber. Small percentages of cotton, rayon and other natural
or synthetic fibers are blended with asbestos to improve spinnability and to
impart the desired serviceability to the end product.3. Approximately 1,900
metric tons of asbestos or about 0.5 percent of the total U.S. fiber
consumption went into textile manufacturing in 1980.4 Long, spinning grade
chrysotile fibers, grades 1, 2, and 3, are predominantly used.

Primary manufacturing of asbestos textile products include the
conventional process and the wet process. Most textiles are made by the
conventional process by either the dry or damp methods.? Both methods are
identical except that during damp processing, yarn is moistened to reduce fiber
emissions. The conventional dry process produces a small volume of highly
specialized yarn without absorbing any water.

The more newly developed wet process yields a product that tends to hold
asbestos fibers better than those produced by the conventional processes, thus
reducing workplace fiber levels. The yarn formed, however, tends to have poor
absorption and impregnation characteristics.? Raybestos-Manhattan Inc. has
been involved in the development of this new wet process.6 Their process,
referred to as the Novatex® method, mixes asbestos fibers with hot, soapy
water in 4 hydropulper. Researchers found that the asbestos fibers, with
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positively charged surfaces, are readily dispersed in water treated with
certain soaps.® The process yields a dense yarn by extruding the dispersion
slurry and passing the material through spinnerettes. Similar with respect to
viscose rayon processing, the Novatex process eliminates the carding
operation; the segment of the conventional process that generates a great deal
of airborne fibrous dust.

Primary asbestos textile products are typically fabricated into
industrial, commercial and consumer products by secondary manufactirers.
Table 23 identifies the end products made using primary asbestos-containing
textile materials. In 1975, the market shares of asbestos textiles used for
friction materials, packing and jointing material, protective clothing,
thermal and electrical insulation, layer felts, and conveyor belts were 30,
27, 17, 13, 7 and 6 percent, respectively.1 In most cases, asbestos textile
materials are bound or coated with resins or elastomers before becoming the
final product.7 Asbestos material can also be aluminized forming a heat
reflecting surface. The metallic layer can be sprayed on or bonded to the
cloth by a thermosetting resin.

TABLE 23. FORMS OF ASBESTOS TEXTILES USED IN ASBESTOS PRODUCTS’

F%re- Packings
resistant Thermal Electrical and Friction Specialty
clothing insulation insulation gaskets materials textiles
Yarn Yarn Yarn Yarn Yarn Fiber
Thread Cloth Roving Rope Cloth
Cloth Cord Tape Wick
Rope Thread Cord
Tape Felts Cloth
Tubing Cord Tape
Lap
Tubing

The demand for asbestos in textile manufacture is estimated to fall to
zero tons in the year 2000.4 The performance of high temperature
application substitute materials has proven comparable with and often exceeds
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the performance characteristics of asbestos.’ Large producers of
fire-resistant materials are currently manufacturing substitutes containing
fiberglass and ceramics along with their asbestos products as government
specifications for fire-resistant materials are being revised for health
reasons, thus encouraging the sale and use of substitute materials.z

SECONDAKRY AND CONSUMER USE

As discussed previously, primary asbestos-containing textile materials
are further processed by secondary manufacturers. As an example, electrical
wire manufacturers may use asbestos tubing as insulating material. The
consumer product is the electric wire itself or the fixture or appliance the
electric wire may be a part of.

The following paragraphs describe asbestos textile product uses and
potential consumer exposure. It is important to remember that
asbestos-containing textile materials are generally bound or coated with
resins or elastomers before becoming the final product; this minimizes
consumer exposure during product use.

Fire-Resistant Materials

Whenever the properties of incombustibility and thermal stability are
required, asbestos-containing cloth is generally used. Woven from asbestos
yarn, the variety of asbestos cloth applications include welding curtains,
draperies, blankets, protective clothing, hot conveyor belts, furnace shields
and molten metal splash protection aprons.7 All of these are industrial
applications and do not represent general consumer uses.

With respect to consumer uses, the Consumer Product Safety Commission has
banne:l general use of garments containing asbestos.8 However, the use of
asbestos in special garments, such as fire-fighting protective clothing, is
permitted if the materials are made so that asbestos fibers are not released
under normal use. Asbestos cloth is generally treated during processing such
that direct exposure to asbestos fiber will not occur until the product wears
out or becomes tormn.

Thermal Insulation

Asbestos textiles, such as cloth, tubing, and tape, are used as thermal
insulation. Applications include pipe wraps for safety protection, stress
relieving pads in welding operations, protective coverings for hot glassware
utensils, coverings for diesel engine exhaust lines, and braided walls in the
construction of steam hoses.’ Again these are primarily industrial and
commercial uses, not consumer applications which would affect a greater
population.

Exposure to asbestos fibers can occur during installation when the
textile product may be cut or torn for proper application. ‘''Rip-outs” or
removal of unuseable or worn-out asbestos material generates the highest
concentrations of asbestos fibers encountered by insulation workers. 8
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Electrical Insulation

Asbestos tubing, tape, and cloth have a wide variety of applications in
the electrical industry providing insulation and heat resistance. As a
conductor covering, braided tubing or tape may be wrapped on wire (or cables),
or plastic laminated and pressed onto wire. Generally, asbestos textiles are
employed for the 1nsulation of wires and cable which are designed for low
voltage, high current use under severe temperature conditions.’

Under proper use, direct exposure to asbestos fibers from insulated
electrical products is expected to be minimal. However, electrical appliance
cords may become frayed (cloth covering) under abnormal use, in which case
asbestos fibers could become airborne.

Packing Material

Asbestos textile packing is manufactured from dry asbestos yarn which
is impregnated with a lubricant and braided into continuous lengths. Varying
amounts of binder and lubricant may be added depending on the application.
The most common type of rotating shaft seal consists of packing composed of
woven, twisted or braided textile yarns and threads which are formed into
coils, spirals or rings.9 Similar packing material may be used in slip-type
expansion joints. In both cases, asbestos fiber release is related to the
lack of lubricant which causes packing material to become hard and lose its
resilieacy. Lubrication fittings are generally provided on pumps and slip
joints so that adequate quantities of lubricant can be supplied regularly.

Friction Material

Asbestos textile materials in the form of woven asbestos brake lining or
clutch facings are mainly found in industrial applications where long periods
of heavy load conditions exists. Molded asbestos brake materials, developed
in the 1950's, are replacing woven textile products because they offer
superior frictional propetties.1 Woven asbestos brakes are reinforced with
brass wire or impregnated with phenolic resin. Exposure to asbestos fibers
during use is expected to be similar to other friction materials.

Specialty Textiles

Carded fiber is the main form of asbestos that can be used in specialty
products.’ Carded asbestos fiber (100 percent asbestos) is used as a
filtering media in the clarification of beer, wine, oils and chemicals.

Carded asbestos fiber can be furnished in many degrees of fineness to provide
exactly the right screening for the liquid to be filtered.3 The life span

of this material is dependent upon its application, but usually lasts only one
cycl.e.9 Carded asbestos fiber is packaged by the manufacturer in cartons

and boxes. Use of this material is generally associated with & large scale
brewery or distillery operation.
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ENVIRONMENTAL RELEASE

Asbestos fiber release monitoring data associated with textile use are
scant. A few studies have been performed, covering a limited number of
textile products. The following presents the monitoring results that have
been obtained from the literature.

Tests to determine fiber release while wearing asbestos garments were
performed at a blast furnace and a phosphorous plant where asbestos coats,
hoods and mittens are worn. Personal monitors were used to measure the
concentration of asbestos fibers at the breathing zone level., \sbestos fiber
concentrations of 0.3 to 5.0 fibers/cm3 were recorded for a blant furnace
worker with an 8~hour TWA concentration of 0.1 to l.1 fibers/cm3.10 At
the phosphorous plant, asbestos fiber levels were considerably higher; 9 to
26.2 fibers/cm3, with an 8~hour TWA concentration of 4.7 fibers/cm3.16
No reason was given for the difference in concentrations recorded at the two
plants.,

The garments tested were made ‘of an untreated fabric. However, hoods
were aluminized on the outside. The age of the garments was also examined in
the study. Generally, asbestos fiber release increased with product age,
however, no firm correlation could be developed.

Measurements of asbestos fiber release from fire-fighting helmets during
use were made in another study.ll Testing of a new helmet with an unlined
asbestos cover, an identical older helmet, and a helmet with an aluminized
cover on the inside and outside surfaces, showed breathing zoae concentrations
of 2.30, 1.38, and 0.0 fibers/cm3, respectively.ll

With respect to worker exposure during the handling and use of thermal
insulation, the highest concentration of asbestos fiber exposure occurred
during "rip-out" or removal of old asbestos insulation.® Asbestos air
levels monitored on a ship during the removal of sprayed asbestos coatings,
removal of 100 percent asbestos lagging, and clean-up operations averaged 248,
62 to 159, and 353 fibers/cm3, respectively.8 The high levels of asbestos
fiber exposure are probably attributable to: (1) percent of asbestos content
tn the insulating material, (2) the untreated nature of asbestos material that
becomes exposed to the atmosphere during removal operations, and (3) poorly
ventilated conditions existing during installation and removal operations
(shipbuilding). A study investigating the installation of pipe lagging
containing 15 percent asbestos, reported asbestos fiber exposure levels of §
to 60 fibers/em3.12 It should be noted that the above data are relatively
old and that substantially more effective control measures are now implemented
during insulation removal.

A more recent study13 has shown that asbestos-containing gloves release
asbestos fibers during use. Asbestos gloves, which are manufaciured from
asbestos-containing textiles, are commonly used in hospital, incustrial and
university laboratories where sterilization is done and in the molten metal
industry where worker protection from handling hot items is required. These
types of gloves contain from 80 to 85 percent asbestos and 15 to 20 percent
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rayon. The cloth of the gloves tested was treated with an acrylate-based
compound which enables the manufacturer to market them as "lint free."

Three tests were performed as part of the referenced study. The fiber
release monitoring experiments included testing in a ventless isolation
chamber (glove box), a well-ventilated (five air chauges per hour) biology
preparation room and in University laboratories under conditions of actual
glove use. The researchers examined the potential difference in fiber release
from new and worn gloves, the latter varying from clean to heavily soiled.

The glove use activities included the following: (1) picking the gloves
up from a table top and putting them on; (2) opening an autoclave or oven
door; (3) removing a tray containing laboratory growth media or glassware and
setting the tray on a table top; (4) closing the door; and (5) taking the

gloves off and tossing them onto a table top. The results of the three test
cases are summarized in Table 24.

In all cases, fiber release was found to be directly related to the
condition of the gloves. Under the nonventilated isolation chamber
conditions, the well-worn/clean gloves emitted almost three times as many
fibers as did the brand-new gloves, although the number of fibers released
from the well-worn gloves decreased with increased surface soiling.

TWA values recorded for the well-ventilated biology preparation room were

considerably lower than those, obtained in the ventless isolation chamber. The
authors postulate that the lower levels result from dispersion of fibers

within the room by the ventilation system. The findings of the biology
preparation room testing concur with those of the ventless isolation chamber
whereby the well-worn/clean gloves emitted a significantly higher number of
asbestos fibers into the atmosphere than the brand-new gloves did. Fiber
concentrations also increased with work load, as one would expect.

Monitoring tests conducted in various University laboratories revealed a
wide range of fiber levels. The researchers state that exposure levels
depended more on the particular laboratory than on glove condition or usage
(work load). The range in values reported are thought to be attributed to
differences in room size and configuration, efficiency of the ventilatiom -
system and amount of moisture on the gloves. In summary, the researchers
conclude from their tests that the use of asbestos-containing gloves expose
the wearer to potentially hazardous levels of asbestos and suggest gloves made
from asbestos substitute material be used whenever possibtle.

Asbestos fiber release during primary and secondary manufacturing
processes have been widely documented. Table 25 presents the exposure levels
measured during asbestos textile manufacturing. Asbestos dust levels from
primary and secondary manufacturing of wet-processed asbestos textile are
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TABLE 24. AIRBORNE ASBESTOS FIBERS3 RESULTING FROM THE USE OF
ASBESTOS-CONTAINING GLOVES13

Condition of gloves Mean TWA + SD
Sampling envirooment and work load (£/emd)
Isolation chamber Brand new 2.25 * 0.57
(nonventilated) Well-worn/clean 7.97 + 3.14
Well-worn/lightly soiled 5.08 + 1.27
Well-worn/heavily soiled 0.95 + 0.16
Biology preparation room
(well ventilated)
Breathing zone Brand new - normalb 0.07 + 0.02
Well-worn/clean-normal 0.49 + 0.11
Brand new - heavy® 0.51 + 0.21
Well-worn/clean-heavy 0.99 + 0.22
Work area Brand new - aormal 0.06 + 0.02
Well-worn/clean-normal 0.40 + 0.199
Brand new - heavy 0.26 + 0.08
Well-worn/clean-heavy 0.60 + 0.12
University Laboratories
Breathing zone Well=-worn/clean 0.07 to 2.93d
Well~worn/lightly soiled 0.10 to 0.71
Work area Well-worn/clean 0.04
Well-worn/lightly soiled 0.30 to 0.74

‘'Asbestos fibers counted were 5 um long or loager with a len:th to

width aspect ratio of 3 to 1. Phase contrast optical microscopy analysis
was performed.

bNormal usage of gloves two times per hour.

CHeavy usage of gloves six times per hour.

dvalues reported are not means; ranges are from tests performed at
five different laboratories.
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generally lower than levels for dry-processed materials. Dust level
measurements in the manufacture of insulation mattresses with wet-processed
"Fortex'" asbestos cloth showed asbestos fiber concentrations during cloth

prepacation and matiress making of 0.28 to 0.58 and 0.29 to 0.6 fibers/cm3,
respectively.!

TABLE 25. EXPOSURE TO AIRBORNE ASBESTOS FIBERS DURING PRIMARY AND
SECONDARY TEXTILE MANUFACTURINGS

Asbestos concentrations
(Time-weighted average in fibers/cm3)a

Most operations Operations with highest level
Manufacturing — ======ss—sssessccces mceee-- -- == -
operation Typical Range Typical Range Operation
Primary 4 0.25-10 4 2.0-10 Carding
Secondary - 2.0 - 6.0 - - -

aribers 5 um long or longer, having a length to width aspect ratio of
3:1 were counted by Phase Contrasf Optical Microscopy Analysis.

In summary, all testing has shown that surface treatment of asbestos-
containing textile material, whether it be during processing or prior to
consumer use, generally lessens the danger of asbestos fiber exposure. All
tests with asbestos garments suggest that the safety provided may outweigh the
risk of asbestos-related diseases, however, the tests also show that proper
treatment of asbestos garment materials, such as aluminization of cloth
surfaces, can eliminate the risk entirely.
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SECTION 10

ASBESTOS-REINFORCED PLASTICS

INTRODUCTION

Asbestos fibers are used to reinforce high grade plastics for many
applications where precision and specialty plastics are called for. The
asbestos content of these materials is generally quite low.!l

Asbestos reinforced plastics are extremely versatile. They can be
applied for many uses which call for impact resistance, dimensional stability,
heat resistance, dielectric strength, insulation resistance, arc-trac
resistance, and ability to retain electrical properties at elevated
temperature and humidity.2

Products manufactured from asbestos reinforced plastics include:3

. automotive parts

' communications products

] drafting tools

® precision engineered parts formerly made from metals
° electrical components

® appliance components

Once the plastic products are fabricated and ready for use, the potential
for asbestos fiber release is highly unlikely; the fibers are bound tightly in
the product's polymer matrix. A great deal of energ{ needs to be applied to
the plastic in order to release any amount of fiber.

PRODUCT MANUFACTURING AND COMPOSITION

Two processing steps are involved in the manufacture of
asbestos-reinforced plastic products. The two steps are primary manufacturing
using commercial asbestos fibers and secondary manufacturing or fabricating.
Prunary manufacturers produce molding resin compounds in pellet or flake form,
package it, and sell this granulated material to secondary manufacturers where
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the final product is shaped (molded) and finished. The primary manufacturing
steps consist typically of: (1) fiber receiving and storage, (2) fiber
introduction, (3) dry blending, (4) resin formation, and (5) packaging and
shipping.4 The secondary manufacturing steps usually are at a facility
remote from the primary processor and consist ot: (1) resin receiving and
storage, (2) resin introduction, (3) forming, (4) curing, (5) finishing, ani
(6) product packaging and shipping to consumers.

It is extremely difficult to determine the entire scope of the secondary
market for asbestos-reinforced plastics. There are industry est.mates of some
3,000 secondary fabricators of reinforced plastics and perhaps 5,000 separate
end users of the product.4 Also, it is impossible to determine what ‘
percentage of these plastic fabricators pres:ntly use asbestos-reinforced
plastics. It has been reported, however, thit many secondary manufacturers
have decided not to process compounds contalanlng asbestos fibers in their
operations and have already converted to asbestos-free compounds.5

The volume of asbestos used in the plastics industry is declining rapidly
according to Bureau of Mines estimates. In 1976, 19,500 metric tomns of
asbestos were reported to be consumed by the plastics molding industry; by
1978 this figure declined to 4,900."»6 The 1980 figures indicate a further
reduction to only 1,500 metric tons of asbestos./ This decline can be
attributed to the use of a large variety of asbestos substitutes in the
industry. The asbestos that is used, however, consists primarily of
crocidolite and chrysotile grades 1, 2, 5, and 7.7

SECONDARY AND CONSUMER USE

Asbestos~reinforced plastics are used in a great number of diverse
applications. Most of the applications are related to commercial or
industrial operations, few represent consumer uses. Molded
asbestos-reinforced plastic products are predominantly used in the electronic,
automotive and printing industries. Such product applications include
asbestos-reinforced board material used in the printing industry as a matrix
from which multiple rubber or plastic printing plates can be molded;
automotive transmission reactors which are employed to direct the flow of
transmission fluid; and commutators for electrical motor:c, switches and
circuit breakers.%

The life span of many of these items vary, most are less than 35
years.8 Some, such as automotive parts, may have a very short useful life.
However, even during handling and replacement there is no significant exposure
hazard from the asbestos content of the products. The a.bestos is safely
bound 1n the polymer matrix. Eighty to ninety percent o) the
asbestos-containing plastics produced are for replacement components.8 In
1978, annual wasting of asbestos-containing plastics was estimated to be
around 18,000 tons.
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ENVIRONMENTAL RELEASE

Molded reinforced plastic products are usually finished to a form where
installation for use generates negligible dusting. Secondary finishing
operations include drilling, filing, grinding and some riveting. Tests
performed under laboratory conditions have shown that asbestos fibers are
released during secondary finishing operations.9 Grinding, filing and
drilling tests resulted in fiber levels ranging from 0.0 to 7.1 £/cm3 as
shown in Table 26. Asbestos fibers identified occurred in short bundles and
were encapsulated in the plastic matrix. rree individual fibers were also
detected.

TABLE 26. ASBESTOS FIBER2 CONCENTRATIONS ASSOCIATED WITH
REINFORCED PLASTIC SECONDARY FINISHING OPERATIONSI

Time SEMP analysis Phase contrast analysis
Operation (min) (£/cn3) (£f/cm3)
File 1 0 0
File (repeat) 3 1.6 2.8
Drill 3 0 7.1
Grind 3 1.6 2.8

8Fibers 5 um long or longer with a length to width aspect ration
of 3 to 1 were counted.

bScannmg electron microscopy analysis.

Asbestos fibers are also contained in insulators of electrical
transformers. During assembly, the transformers are varnish-impregnated which
serves as additional protection from fiber release.l0 During normal use,
including some reasonably expected misuse, fibers are not expected to be
released.l0 The bonded asbestos material is sealed by the varnish and the
entire section containing asbestos is removed during repair or disposal.
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SECTION 11

CONCLUSION AND RECOMMENDATIONS

SUMMARY OF FINDINGS

This study was undertaken to provide an analysis of asbestos fiber
release concentrations resulting from routine activities performed on
asbestos-containing products and to prioritize products for subsequent
laboratory testing. Products to be tested under this program are those for
which data is insufficient or lacking in quality. Routine activities to be
reenacted are those which are commonly or most frequently performed and those
which are most likely to release free form asbestos fibers.

Product category profiles were developed to provide the information
required to select the products to be tested under this program and to
identify candidate products to be tested under future monitoring programs
sponsored by EPA. Fiber concentration data reported were obtained from
technical reports, trade journals, and contacts with cnvironmental regulatory
agencies and industry representatives.

As summarized in Table 27, the quantity and qual-ty of the asbestos fiber
release data varies greatly between product categories and among products
within each category. In addition, measured fiber concentrations even vary
among tests performed on similar products. These latter variances are
attributable to monitoring in a glove box versus monitoring in a
well-ventilated room or vut of doors; employing dust control measures during
some tests but not during others; differences in sampling location and
analytical techniques; and differences in product composition. Consequently,
meaningful comparative analysis of the test results is restricted.

The magnitude and severity of human exposure during asbestos product
handling and use depends upon the releasibility of the fibers, strength of th:
exertion or force of agitation, fiber sizes released, and duration of the
activity. During normal handling and intended use, many asbestos-containing
products will not release asbestos fibers. Only during maintenance or
replacement will the product be acted upon such that it may pose a potential
health hazard. Furthermore, due to their rigid physical structure, many
asbestos-containing products are used in stationary or static applications.
Once in place, the naterial is subjected to little or no direct physical force
or abrasion.

108



601

TABLE 27. MEASURED ASBESTOS FIBER CONCENTRATIONS RESULTING FROM SECONDARY AND
END USE PRODUCT TESTING ACTIVITIES
Measured Duration of
fiber activicy/
concen= sampling
Asoestys praduct tration Date of tioe Analytical
cate 200 2sbestos product Actavity performad (£/cad) tests (21n) method Commeats Rei.
EYEINE T LA N A/C seq:r prpe Cuttang Operat fons
?.%e Hack saw 0.18 1979-1980 <15 NIOSH Method® Personal monitor oa 1
operator.
Snap cutting <0.10 1979-1980 <l% NIOSH Method Personal moniter on 1
operator.
Abrasive disc, wet 42.10 1979-1980 <15 NIOSH Mechod Personal monictor on 1
operacor.
Abrasive disc, dry 35.50 1979-1980 <15 N1051 Mecthod Persoaal monitor on 1
operator.
Calsel, hammer, and rasp 0.30 1979-1980 <15 NIOSH Method Personal monitor on 1
operator.
Machining Operations
Manual luthe 0.15 1979-1980 <15 NIOSH Method Personal manitor on 1
oprrator.
Power lathe <0.10 1979-1980 <15 NIOSH Method Pecrsonal wmonator on 1
operatus.
' Doty rachine dry 3.83 1979-1980 <15 NIOSH Method Personal nmonitor on 1
operator.
Ury shroud 0.23 1979-1980 <15 NIOSH Method Personal monitor on i
aperator.
Wet shroud 0.20 1979-1980 <15 NIOSH Method Personal monitor on 1
opecator.
Tapering tool with .18 1979-1980 <15 NIOSH Method Personal wonitor oa 1
airduct pipe aperator.
Hole Cutting
Pove.hule cutter 0.4% 1979-1980 <15 NIOSH Method Personal monitor on 1
operatar.
Hole cutting with drill, 0.23 1979-1980 <15 NIOSH Method Personal monitor om t
harmer and rasp operator.
Dry tap with Mueller J <0.10 1979-1980 <15 NIOSH Method Personal monator on 1
tool - operatur.
Tapping vperations with <0.10 1979-1980 <15 N10Sd Method Personal monitor om 1
Mueller B-100 operator.
Counling Rermaval
e, uval of coupling vith <0.10 1979-1980 <15 N10SH Method Personal monitor oo 1
hamter and chisel operaLor.
A7y .ster (prussuory) Cutting OUperarions <0.10 1979-1980 <15 NIOSH Method Personal mocitor on 1
Pey- Hadk saw operatar.

L T -

(continucd)
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TABLE 27 (continued)
Medsured Duration of
fiber actavacy/
concen= samplang
a2dC.I% poadect tration pDate of Cime Analytical
atezasz, Asbestos product Activily performed (f/cod) tests (21n) method Comzents Ref.
Asbestos-ceaent A/C water {pressure) Snap cutting <D.10 1979-1980 ~15 NIOSH Mcthod Personal monitor on 1
pipe (contizued) pape operator.
Abrasive disc, wet 65.00 1979-1930 <15 NIOSR Mathod Persosal monitoz oa 8
operatar.
Abrasive disc, dry 20.30 1979-1980 <15 NIOSR Method Personal wmonicor oo L
operator.
Chisel, hatner, and rasp 1.99 1979-1980 <15 NIOSH Method Personal monitor an 1
operator.
Machining Operac:ions
Manual lathe 0.51 1979-1980 <l5 N1OSd #Method Personal monitor oa 1
operator.
Power lathe 0.29 1973-1930 15 N1OSH Mechod Personal oonitar on 1
oprr.IoT.
Cutting and machinming 1.90 1929-1980 <15 NIOSH Mectnod Personal monator on 1
on Doy mithine drey opecator.
Dry shroud 1.29 1979-1980 <15 NIOSH Method Personal monitor on 1
operacor.
Wet shroud 0.21 1979-1980 <15 NLOSH Method Personal moanitor on 1
operator.
Hole Cuttang
Powerhole cutter 1.65 1979-1980 <15 NIOSH Method Personal monitor oa 1
cpecitdr.
Hole cutfiny witn drall, 0.22 1979-1330 <15 RIOSH Method Persorz]l momitor on 1
s - r ¢4 rasp operator.
Dry tuap wath Mucller J ~0.10 1979-1980 <15 NIOSH Mechod Personal monitor oo 1
tool operator.
Tappang operalions with 0.1} 1979-1980 <15 NIOSH Method Personal wmonitor on 1
. Mucller 6100 ojeralor. .
Cotpling Removal
ke "oval of cuiplieg with 0.530 1979-1980 <15 NiOSH Method Pursoral Bonitor on 1
er and Cmsel operazor.
A/C saser pipe Saving 56.6-59.4 1981 1 NIOSH Method Testing performed ain 2
' glove box.
Harmerang 12.2-19.8 1981 lto3l NIOSH Method Testang performed 1o 2
glove box.
. - wears  aenline Cat 0 1981 1 NIOSH Method Testing performed 1o 2

wrap

glove box.

{contacued)
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TABLE 27 (continued)

Measured Duracion of
fiber actaivicy/
concen- ssmpling
42b¢stas o-odu tration Date of time Analytical
Sate ary \sbestos product Activity perforaed (fscnd) tests {min) zethod Commeats Ret.
Asdealos Luder asueatds pipeline Tear 0-0.9 1981 ltold NIOSH Method Testing performed 1n 2
{cuntiaued) wrap glove box.
Ceunple 1.9-14.5 1981 J o b NIOSH Nethod Testing performed 1n 2
glove box.
M1llbdourd Score 8.4 1980 10 SEMP Testing performed in 3
glove box.
1amzer 1.4 1980 10 SeM Testing perforzed in 3
glove box.
Saw 6.2 1980 10 SEM Testing performed 1n 3
glove oox.
253 ashestos house~ Cutting 2.0~2.2 1980 10 NIOSH Method Testing performed in 3
hold paper roll (13.3- (5eM) glove box.
2390
3. asbeslos avasa- Teariey 2.3 1930 10 NIOSd Method Testing periorred 1n 3
haod pasver ro:l (8.9) (srv4) giove box.
233 amestas “ouse- Tearing and cucting 4.8 1980 10 N105H Method Testing performed 1n 3
hold saper roll (27.6) (SEM) glove box.
75% asbescios comner- Tearing and crumpling 2.3 1980 10 NIOSH Yethod Teasting performed in 3
c1al pujer (58.9) (SEY) glove box.
23 asuustas paper Cuttin2, tearing aad +9.0 1930 10 NiO>d Method Testing perforaed in 3
T cruipliag (262) (5eM) glove box.
70. to bul usdestos Cuttny, rudbing, rollang, 24 1979 10 Polarized light Tests performed 1a- 6
shesf paper tedring microscopy® side 30.3x63.2x63.2
cm glove box.
L. 1D 8L asdestos Cuttaing, rubbing, rolling, 18 1979 10 Polarized light Tests perforzed in- 4
Lape tearing @1CTOSCOpYy s1de 30.5a%3.2443.2
cm glove Sox.
Electrical insulating Sterling magna ply <0.016 1980 43 Phase contrast Results from moni- 5

paper and buards?

packaje operator

toring electrical
insulating paper
products sanufac-
tured by Quia-T
Corporation.

(continued)
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TABLE 27 (continued)

A3bestas product
category

Asbestos pruduit

Activity performed

“Measured
fiber

concen-

cration

(f/cmd)

Date of
tests

Duration of
accavaty/
sampling

tame
(min)

Analycical
method

Cowrents

Asbeslas paner
veortirued)

Electrical insulating

paper and boards

Paper wachine revind
o.ecator, 0.008 ca
taick paper

Paper mechine rewind
operator, 0.04 co
thick paper

“nllboard cutter operator
0.08 ea thack paper

Winding operator,
0.03 cm thica paper

Sticcing operacor,
0.03 cm thick paper

Y:mlurder, band saw
[PPL LR 11

rdighlander, slatter
oparator

<0.004

<0.006

<0.005

<0.008

<0.008

1980

1980

1980

1980

1980

1978

1978

178

112

90

90

30

42

Phase

Phase

Phase

Phase

Phase

Phase2

Phase

contrast

contrast

contrast

contrast

concrastc

contrast

contrast

Results from oona-
toring electrical
insulating paper
products manufac—
tured oy Quan-T
Corporation.
Results from moaxr-—
toring eleccrical
insulating paper
products manufac-
turad Sy GQuin-T
Curputataon.
Resalts [rom coni-
turing electrical
insulatang paper
products manufac-
tured by Quan-T
Corporation.
Results from moax-
torinz electrical
insulacing paper
products munufac-
tured Ly Quie-T
Curpuration.
Results from moni-
torang electr.cal
1nsulating paper
products nanufac-—
tured 5y Quin-T
Corpuratior.
Reference c.tes
Edl2aSe 35S
excessive.

Results from mona-
roring eleccrical
wnsulating paper
products manufac-
tured by Quin-T
Corporation.

e aes st man b ea

(containued)
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TABLE 27

(continued)

Asbesios pruduct
valegory

Asbastos product

Activatry performed

Measured
fiver
concen~
tration
(£/ewd)

Date of
tests

Duration of

actavity/

saopling
time
(m1n)

Analytical
method

Comxzents

Ref.

35425095 daper
rvioalinged)

Electrical 1insulating

paper and boards

Coil cutter operator

CoiLl cutter operator

Acme paper cutter

Acoe coil cutter

Acoe conv. wiading

Winding operator,

0.008 cm thick paper

Slitting operator,
U.008 ca thick paper

0.094

0.015

<0.008

<0.013

<0.008

<0.008

0.031

ND

1979

1979

1979

1980

1980

118

94

91

33

87

90

90

Phase

Phase

Phase

Phase

Phase

Phase

Phase

contrast

contrast

contrast

contrast

contrast

contrast

contrast

Results from woni-
toring elecerical
ansulating paper
products manufac-
tured by Quin-T
Corporation.
Resulcg from moni—
toring electrical
1nsulatang paper
products manufac-
tured by Quain-T
Corpocation.
Results from mona-—
toring electraical
insulatiry paper
products uatufac-
tured %y Qun-T
Carporacion.
Results fro: noni~
torirg electrical
i1nsulating paper
products manufac-
tured by Quin-T
Corporation.
Rasults frum coni-
toring 2lecirical
tnsalating paper
products maaufac-
tured oy Quin~T
Corporation.
Results from moni-
toring electrical
ansulatang paper
products manufac-
turca by Quin-T
Corporation.
Results from moni-
toring electrical
insulating paper
products manufac-
tured by Quan-T
Corpouration.

{continued)
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TABLE 27

(continued)

Asbestosr proauct
category

Asbescos product

Activaty performad

Measurcd

2iber
conzen~
teation
(£/cad)

Date of
tests

Dutation of
actavity/
samplang

Lime
(@1n)

Analytaical
wethod

Comments

A=besros paser
{c-a21a.2d)

Electrical insulating Elactrical insulating

Paper and boards

paper—punch press
operatar (TV BORD)

Electrical insulating
paper--shear operator

(TV BORD)

Electracal insulating
paper—-assembly dept.

aperatvr \ 1V 30RD)

NECO, shear machine
vperator

NELD, winding area
operator

Acce heavy haadwindang

Acme coil pullaing

0.097

0.064

0.006

0.033

0.038

<0.00%

<0.008

1978

1978

1979

1979

298

153

165

120

180

108

87

Phase

Phase

Phase

Phase

Phase

Phase

Phase

contrast

contrast

cantrasc

contrast

contrast

contrast

Results from moni-
totring electrical
irs lating paper
prociucis zanufaz~
turad by Quin-T
Corporation,
Results {rom oonr-
toring electrical
insulating paper
products manufac-
tured by Quin-T
Corparation.
Reasles rrow mona-~
tusaag clecerical
insulactirg paczer
products manufac-
tured by Quin-T
Corporation.
Results from wona-
torang elecrracal
11sulaiing paper
prodacis manufac—
tured o, Quin-T
Corporation.
Resuiis 1roT nrnz-
toriag electrical
Lasulating paper
products manufac-
tuged by Quan-T
Corporation.

° . Ol houL—
toriag electrical
insulat.r3 paper
producLs manutac~
tured by Quin-T
Corz.m*tion,.
Results from woni=
toring electrical
insularing paper
products zauufac-
tured oy Quin=-T
Corporataion.

{continued)
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TABLE

27 (continued)

Measuced Duration of
fider actaviey/
concen~ sacpling
Azdesias aradust tration Date of time Analytaical
Saveyury Asbestos product Activity perfozaed (£/cad) tests (win) mechod Comments Ref.
Axrcstds paser Electrical insulating Acme campound pourer <0.012 1979 60 Phase contrast Resulte from monL= 5
(zoatinued) paper aad boagds toring electrical
insulating paper
procducts manufac-
tured by Quia-T
Corporation.

Resinite band saw 0.034 ND 372 Phase contrast Results 1rom moar- 3

operator toring electrical
insulating paper
products manufac-
tured by Quia-T
Corpoarstion.

Square D saw operator 0.062 1980 111 Phage contrast Results from moni-~ 5
tortng eleciricsl
1nsulating paper
products M.nuiac~

2ree oy Q21a-T
Corgvratian.
Asbasroascurtain.ng Installation 0.0 to 1978-1979 44 o 179 Phase contrast Insrallation covered 6
£loorang felt attached 0.102 four adhering and
to vinyl sheet (TWA) one nonadhering
flooring applications.
Partial removal by 0.019 to 1979 &4 to 62 Phase contrast Material rewoved 6
recommznded procedures® 0.041 nad oeen adhered :o
( I'KA) subilooring.

Cot plete Te-unvil vy 0 037 to 1979 121 to 123 Phase contrast Matecial redoved aac 6

recomaended procedares 0 04 bz2en adhered to
subflooring.

Complete reamoval by 0.007 to 1979 74 to 76 Phase coatrast Material removed had 6

recomnended procedures 0.01 not been adhered to

{TWA) subzlooring.
Complete rei aval
waar layer reroval 0.98 to 1979 70 to 75 Phase coatrast Material removed aad ?
U. 16 been sdnered to
(Twn) subflooring.
Dry scraping of flooring 0.83 to 1979 40 to 6] Phase contrast Material recmoved had 7
fele 2.0 been adhered to
(TWA) subflooring.
Wet scraping of floorang 0.4l 1979 55 Phase contrast Material recoved nad 7
felt (TWA) baen adhered to

subflooring.

{coatiaued)
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TABLE 27 (continued)

Measured Duration of
fiber activacy/
concea- saxplaing
A3deatas Brog.ct Cration Date of tipe Analytical
category Asbestos proiuct Actavity performed (i/czd) tests (min) nethod Coznents Ref.
Friction pradacts Brake and clatch Receiving und cledning 0.4-27.6 1976-1977 ND N10OSH Mechod Not clear in refer- 8
assemdly rebuilding (assumed) eace how brake and
clutch actavitias
difrer.
Bonding and ravieting 0.2-5.8 1976-1977 ND NIOSH Method Not clear ain refar- 8
(assuvad) ence how brase and
clutc actavaties
aitier.
Cutting and grinding 0.8-9.3 1976-1977 ND NIOSH Method Not clear in refar- 8
(assumed) ence how brake and
clutch accavities
differ.
Inspection and packar.ig 0.8-1.1 1976-1927 ND NIOSH Method Not clear 1n refer— 8
(assuned) eace now bSrase and
clutch actavitias
differ.
w.owolLle brases Bloving dust out of brake
drums with cumpressed
arr
Monitoring disrance 6.6-29.8 1976 ND NIOSH Method 9
0.9-1.5 awecrs
Moiutor.ng J.stiunce 2.0-4.2 1976 ND NIOSH “ethod 9
1.9-3.0 s cters
von.torin? do iance 0.4-4.8 1976 8D NIOSH Mecthod 9
JO0-6 1 wetus
Trucn Srimes Renew,.12°used linings by
2 whiag
Monmitoring distaance 1.7-72.0 1976 ND N10SH Method . 9
ves=2 5 meters
Beveling new lanings.
Mouatiutriy, Jistance 23.7-12.0 1976 ND NISH Methoa 9
0 9-1.5 maters
Fliu-iag pratuars Vinyl-asbestos floor Cuc [ 1981 5 NIOSH Mrthnad Testing performed in 2
( «o'uct .+ tlewring  erle glove box.
taats <hih e Grand 0 1981 3 N1OSH Method Testaing performed in 2
Suaeed uodo €0.3) (SLv) 2love box.
Juger) Break [} 1981 3 NIOSH Method Testi~, o.riormed in 2

glove box.

(continued)
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TABLE 27 (continued)

Aspestds prusust

cate oty

Asbestos proyduct

Actavity perforwed

Measurcd
fiber
conce~
tration
(:/crd)

Date of
tests

Duration of
actavaty/
sampling

tine
(@1n)

Analytical
method

Com=ents

Ref.

F. 0 5 g™ n'u Ta
Cone v meiy
2zlta wnec arfe
cave—ed under
pap.r)
{continued)

f1ouri-g

V.~yl-a.bestos tloar

tare

Dr1ll
Every-day wear and

cleanang

Flooring removal, ripping
up tiles

Flovring removal by
sanding ruugh surfaces
Teqainiag,

Pedesteian traffic on
floor tile

Floor couvering cdintenance,
Mopping

Buifing

0 1981

0.008 to 1976

0.06

0.02-0.1 1980

1.2-1.3 1970-1971

1979

1979

0.0 1979

165

20

130 to 420

15 to 21

il to 30

NIOSH vethod

SEM

Phase contrast

Phase contrast

Phase contrast

Phase contrast

Testing perforzed in
glove oon.
Calculated valies
reporte=d. Not

based on actual
tests.

Monitaring perforzed
duraing actual
flooraag ceaoval.
Results 2re oore
indicataive of

levels nearby the
workplace than those
actually experienced
by the worker.
Simulated testing 1n
labora.ory cnarber
343.742.1 aciers
wvith feL: aar
changes/hr. Belt
sander with coarie
paper used.
Honitoring occurred
Ain an oxfice setting,
the arcas exdnined
were a ;aotocopying
room a1z a snack
shop.

Activity was per-
foraed on floor tiles
located 1n photo-
copying room and
snack shop.

ACLLVICYy «as per=

£.: «a oz floor tiles
located 1a photo-
Copying rooa and
snack shep.

11

12

(concinucd)
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TABLE 27 (continued)

-——— maas mmaa_

Medasured Duraction of
faber astivaty/
consen— sampling
Asbestos product tracion Date of tipe Analytaical
category Asbestos product Activity performed (f/ca3) tescs (m10) method Cozments Ref.
Flooring produccs viayl-asbesto. Complate reamdyval oy 0.006 to 1979 123 ro 134 Phase contrasc Testanyg was periormed 12
tcart.aed) floor tales recomTended praceduresf 0.015 in laundry roovm,
(TwA) pavwder tcoa, cluset,
and nallway of a
private hoaa.
Installation by 0.008 o0 1979 220 to 232 Phase contrast Tiles, precoated 12
recomuended pracedures 0.027 with adhesive, were
(TwA) instatled in laundry
room, powder rooa,
closetr, and hallway
of a privaLe hoce.
Inatallacion by 0.305 to 1979 113 to 114 Phase contrast Test.~g was per- 12
recorended procedures 3.0l forued 1n dasexent
(Twa) and saall utrlacy
. room of private
home .
Otd cile preparation for 0.0 1979 10 Phase contrast Preparation include 13
new 1astdllation (TWA) . stripprig and dry
aoppiag of old tale
surface.
Corplate rewoval by 3 0.12 co 1979 80 Phase concrast Dry scraping ard i3
method that deviates from 0.33 sweeping occurred
recurended procedures (Tha) during removal.
Installation by recommended 0.016 to 1979 65 Phase contrast Self-adhering tales 13
procedures 0.032 were installed
(TWA) followving stanaard
WOFa PrItedulea.
AUthors pusiulate
that fider levels
tecor.ed res.lted
fron Lioer release
durang praceding
renoval operacion.
C3an e afi B slily Lo s 5.ad asbestoas Stotag lor receipt ~0.01 to 1978 60 to 132 Phase contrast Housekeepired per~ 16
1w Llavge and _ssae 0.05 for-ed, monitoring
33 u.n conducted under

actual work
conditions.

(containued)



TABLE 27 (continued)

Mcasured Durstion of
fiber accaviry/
concen= saopling
Asbestos product tration Date of tioe Analytical
catcgory Asbesros product Activity performed (£/cad) tests (min) method Comnents Bef.
Caskels 219 pacaing Comressed asbestos Storage for use <0.01 to 1978 97 to 122 Phase contrast No control.! Mon:- 14
(continued) sne.t flange 0.12 toring conductea
gassets urder actual vork
conditions.
Hand puncnang 3.00 1978 NR Phase contrast No contrel. “oni— 14
toring conductec
under actual work
conditions.
Hand punching <0.05 to 1978 28 to 31 Phase contrast House«ceping. 14
0.15 . Monitoring conducted
under uctial wvork
conditi1d1s.
Hand operated <0.05 1978 30 Phase contrast No contrul. Ponir- 14
mechanical punch:i:ag toring consucted
under actual vork
condicions.
Machine punching 5.0 1978 ~ NR Phase contrast No control. Mona- 14
toring conducted
e under actual work
—
Ve condirioas.
Maching punching <0.03 to 1978 20 to 30 Phase coatrast Housckeepirg. le
0.7 Monicoring cornductec
URJ. T acluds work
conditidas.
Machine punching «0.05 to 1978 23 co N Phase contrast Housekeeping and 14
0.06 ventilstion.?
Monitoring conducred
under actual vore
condaitioas.
4 - 3 upany «0.03 to 1978 7 ta 31 Phase concrast No control. Moau— 14
0.3 toring conducges
under actual vork
conditions.
Machine shearing 0.5 to 1978 6 Phase contrast No control. Mona- 14
1.3 toring conducted
under actual wvork
conditions.
* f e e waTa g 0.05 to 1978 31 to 38 Phase contrast Hor 5 v -a,n-, 14
0.15 Honitoring conductea

under actual work
condiCions.

m m ae mar e A e e S tatame = any . cw—_—

{continuecd)
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TABLE 27 (continued)
Meisured Duration of
faber acravity/
eoncen= sacpling
Asbestos praduct trataon Date of time Analytical
Culegury 1 destos product Activity performed (f/cad) tests (min) method Comzment s Ref.
Siskets and pasxang Cuupressed asbestos Machine nidbling <0.08 to 1978 8 Phase contrast Ro control. Momi- 14
(continued) sheet Elange 0.46 toring conducted
gaskets under actual work
condicions.
Machine nibbling 0.08 to 1978 26 to 31 Phase contrast Housececpang. 16
0.8 Moritering conducced
under astual work
conditions.
Installation of flange <0.03 1978 30 Phase contrast No control. Mooar- 14
gasket toring conducted
under actual work
conditions.
Removal ard concurrent 0.02 to 1978 21 to 95 Phase contrasc Housvk :epiny. Moni- 14
snatallation (boiler ¢.3 toriag coaducted
header gaskeCs) under actual work
. concirziors.
Clean-up following rezoval ~0.05 1978 33 to 37 Phase contrdst No coniral. Moni~ 16
by hand scraping toring coaducted
under actual work
condicions.
Resoval and nand scrapiag ~J.Ub to 1978 15 to 28 Phase contrast No control. Moma- 14
0.39 toring conducted
urder actual wors
corditions.
Reaoval and wire brushang «0.03 to 1978 25 co 33 Phase contrast Househczpla,. wn2- [ 13
0.18 toring conJduciec
under aczual work
conditions.
Caskel-compressaed Punch press operation 0.04 to 1980 80 to 211 Fibers were Monitoring performed 15
asbestos atect 0.67 counted by at cajor gasket fab-
phase contrast ricator located 11
with PlM Wasconsin.
verificacion
Poscr shear operattion 0.17 1980 188 Fibers vere Monitoring performed 15

PUDVH Y

R

counted by
phase contrast
with PLM
verification

at major gasket fab-
ricator located ia
Wisconsain.

(continued)
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TABLE 27 (continued)
#easured Duration of
fiber activaty/
concen= saapling ©
i e sraduct tration Date of tiae Analytical
R -1 t,.Lao3a p-ocuct A.tivity purforred (£/cm3) tescs (o:in) zethod Coznents Ref.
N T wasrel=u.  Tossed Shear pre.s operation 0.23 to 1980 50 to 76 Fibers were Monitoring perfor=ed 15
RS D N Y $3Zeul25 shee. 0.8 counted by at ma)or ges«et fab-
phase contrast ricator located 1a
with PLM Wisconsin.
verification
Roussel press 0.0% to 1980 100 co 192 Fibers were Monitaring periarzed 15
D 08 counzed by at maj)or gasket fad-
phas. conrrast racatar lucaced an
with PLM Wisconsin.
verificscion
Picking operacion 0.10 co 1980 93 to 206 Fioers wvere Monitoring performed 15
0.31 counted by at wajor gasket fab-
phasa contrast ricator located in
with PLM Wiscans.n.
verification
Turyling operation J.%2 to 1930 717 to 141 Fiovz. werd Murator =~y perssr uc 15
0.00 couni.ed by at ajor ,asnet Zad-
phisce Junkrast ricazor locdzed 11
witn PLM wisco1sin.
verification
Materials handling 0.11 te 1980 91 to 216 Fibers ware Monitoring perfosza2 15
0.34 counted by at major gashzt fab~
phase contrast ricatur located in
witn PLM Wisconsan.
verification
Platen press operation 0.05 to 1980 52 to 256 Fibcers were Monitorin, periorzed 15
0.29 counted by at major gasket fab-
phase contrast ricator lucated in
wath PLY Wisconsia.
verification
Gasket-coapressed Platen press oparation 0.03 to 1980 63 to 238 Phase contrast Monitoring performed 16
asdcatos sheet 0.15 at an asbestos-

using gasket opar-
ation in Wisconsin.

(contiaued)
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TABLE 27 (continued)

Measured Duration of
faber actavity/
concen= saopling
Asbeatos product tration Date of Cime Analyctical
cate 37y ~532520s product Aztivity performed «t/cad) tests (m1n) mechod Conencs Raf,
Ja:&ets aad pacairy Lasket-coepressed Hydraulic peam press 0.02 co 1930 €l to 178 Phase contrast Moaitoring performed 16
{woatiaued) asbestos sheet 0.05 at an asbestos-
using gaskat oper-
ation 1n disconsi.
Hand picking and packaging 0.06 co 1980 45 to 176 Phusa concrase dunitdring perfsrzes 16
20 aL an asbostos=
usi il gaskel voel-
ation 1 hislo e
Pl.ten preas prakang 0.09 cto 1980 67 to 140 Phase contrast Mor .toritig peo = 1LY
opurator 0.12 at an ashestos—
using gasket oper-
ation in =iLsconsia.
Reeves punch press 0.12 1980 124 Phase contrast Monitoring perforned 16
operator at an asbestos-
uS11g 3askel oper~
acion 11 Wiscoas.n
Pilh1ng = mechanacal  Simulaced tield 0.1 to 1979 NR Phase contrast Si1walated sct.voz, 17
pacxings for puags installation 0.1 {assumed) was perfurmed :n
open building and
involved unrolling,
wrapping, cutting,
flattening with a
hawier ana pusn:ir
the u.icrial 11:0 a
P .
Siralated reooval of +0.1 to 1979 MR Phase contrast Sirnulazaa remos2t 17
pachang from pump 0.1 (assumed) occurrcd 1n opc—
building, detaiis
of cemoval not
reported.
il nné pachiag Cutciaz/packazg:ng 0.1 to NB SR Phase contrast General fiber re-zes 18
{.1 geairal) 0.5 (assured) are reported, spc-
(TWs) ci1fics aboat tnz

activities monitorea
not available fzom
reference.

(continued)
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TABLE 27 (continued)

Measured Duration of
faber activity/
cancen- sampling
Asdesios pradast tration Date of Lime Analytical
€alytary asJestus product Activity perlormed (£/cad) tests (man) metnod Conneats Ref.
Coatinzs a-d Asp-alt and tar- Application 0 2ero release as 10
sealaats basea scalants stated in cited
reference - statement
19 not documented by
test data however.
3prav~-apoiied
dapiu.lil o0,
coating
C.rauck asphale Spraying 0.C03 to 1974 342 to 432 Phase coatrast Percent weight of 19
0.15 (agsumed) asbescos as sprayed
ranged from 5.8 to
7.7. afeer curing 9.7
to 1..0 percaac
asbestos.
Asphralt=c—alsion sSprayiag 0.01 to 1974,1926 NR Phase contrast Perc.rt wveight of 19
0.3 - {assumed) asboeatas as spraed
was 2.4, after wuri-g
5.1 p.rcunt asses:as.
Burlc-up roofing lear-off 0.1 to 1974 NR Phase contcast Monitoriig pertaraed 19
0.4 (assumed) in Indiana.
Tear-off and replace 0.0 to 1974,1976 NR Phase contrast Monitoring perforaad 19
(spray) 0.3 (assumed) an Pennsyivania aand
andiaia.
New application (spray) 0.0 to 1974,1975, NR Pnase coantrast Mo~ itaring periorzad iy
0.6 1976 (assuacd) 10 w18c31sin, Cala-
rado, ar~d Indiana.
hesin coatings 5h1p coating by spray 0.2 1974 8 to 33 riudse contrast Operator sprajing 19

application

(assumed)

outside and under a
ship with asbestos-
contairaing epoxy
resin. Percent
astestos as sprayed
1.5.

{continued)



XA

TABLE 27 (continued)
Measured Duration of
Fider activity/
concen- sampling
A3destas product tracion Date of time Analytical
catagory Asbestos product Astivaty performed (£/cad) Lests (orn) wethod Comments Raf.
€o3t. 38 3%l sealanis AResan coatinga Dr, duck coating by spray 0.0 to 1924 il to 38 Phase contrast Operator sprayaing 19
(conta~_eas applications 0.2 (assumed) dock with an
agbestos-sontaining
epoxy and coal tar
QlxCure., Une percent
asbastos as sp-cred.
Coating pipe interiors — 0.1 1974 3? Phase contrast Cperazor s3-u 1~ 19
s3ray appLication (assymed) anteraiar 2f 7.€, 15,
and )0 ¢w daazeter
pilpes witn an
asbestos-containing
(L percent) apoxry
and coal tar aixture.
Fiber glass pipe MFG 0.1 to 197+ 16 o 23 Phase contrast Operators non.tored 19
{mandrel coating) 0.4 (assumed) were 1avolvea :a
runniag autd-atic
8P.GY wmddli." € G
Jip117 BaANGIel.
1.4 per.en? asn_sros
chemical resistanc
Tesin was spray-
applied.
Ship cnating below 0.0 to 1974 23 to &5 Phase contrast Chenical res:scant 19
wvaterline (speay 0.4 (assumed) resin cortaini-3 0.7
applicatival percunt astesios
applicc.
2aarting building 0.0 to 1974,1977 5 to 16 Phase ccntrast Aleyd rrs11 co-ieun- 19
e.terior (coomeraiel) 0.06 (assuncd) ing b percent ssbes-
tes or vanyl-acrylic
latex containing 0.6
parcent asbestss
appliea.
Painting building 0.03 to 1977 23 Phasc contrast Viryl-acrylic iatex 19
1aterior (commercaal) 0.00 (assuned) contawnin, 0.0

parcenl asbestos
applied.

(cont 1nued)
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TABLE 27 (continued)

Measured Duration of
fiber actavaty/
concea~ sampling
asZe~ios d-idact tralion Date of [$T-*] Analytacal
Sitezlmy Asbesious product Aciivity pertorded (f/cald) tests (m1n) method Connents Ref.
Coat1~gs and scalants Resin coatinga Wall aand roof spraying 0.0 to 1974 12 to 15 Phase contrast Operator spraying 19
(<cnz1nucd) 0.2 (assuned) 2.8 to 3.7 percent
asbestos viryl lacex
vn sertical wall
parel.
Rouf sprayiag 0.0 1974 14 to 28 Prage contrast Operatur sara ang i9
(assunea) 0.7 percear asbescos
acrylac laiex.
Boat MFG - spraying 0.0 to 1972,19%%, 4 to 55 Phase contrast Operator spraying 19
surfsce coatings 0.6 1975 (assuned) 0.5 percant asbestos
gencral purpose
palvester resan.
SaJing pipe caated with 0.04 to 19723 19 to 49 Phase contrast Operator sasing ce- 19
polyester resan 0.1 (assumed) inforced fiper glass
pipe coated wich
polyesier resin coa-
taiving 2 to 3 p=c-
cenlk <Z2J¢5005.
Gri~dang FRP tanks and 0.3 co 1974 5 to 25 Phase contrast Operator grinding 19
pipe 0.4 (assumed) fiver glass reinfor-
ced plastic parts
. containing 1.5
aspestos.
Handsanaing 1nterior 0.0 to 1977 11 to 16 Phase contrast Operatar hanissnding 13
builzi~y panels 0.3 (assumea) punel auri.ces
cavered o 7 viayl
latex 7316t coitaia=
ing 1.1 percent
asbestos.
Sznd olasting high 0.2 o 1978 5 to 27 Phase coatrasc Operators sandolasted 19
parforiatce exterior 0.3 (assumad) 12 meter di1ameter by

R TS )

7 6 m*Ier vigh stezl
Cua Spray Cuules 1n
1973 with & 2.} per-
Ceri asbesios resin
coating.

“h - mamast . W EmteA SANas oA g -

(continued)
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(continued)

Measured Duration of
fiber aceaviey/
concen- sacpling
Asbestos product tracion Date of taze Analytical
catezory Asoustoes product Activicy performed (£/emd) tests wain) merhod Cogments Ref.
Coatings a~d scalants Water soluble Application 0.4 to 1978 39 to 65 Phase contrast Commercial operatioa. 20
{couatinuea) gypsuzn-based 1.3
drywall coapouad Mixing 9.0 to 1975-1977 10 to 12 Phase contrast Residential secraing. 20
(Study A) (dry powder) 12.4
Mixing 1.2 to 1928 4 to)d Phase contrast Coaner=tal operacica. 20
(pre—aux) 3.2
Mand sanaing 21 to 1975-1927 10 to 80 Phase cootrast Residenzial settinryg. 20
4.2
Pole sanding 1.2 to 1975-1927 10 to 38 Phase contrast Residential setting. 20
10.1
Pole sandaing 1.2 to 1978 L to 21 Phase contrast Commerciral operation. 20
10.0
Sweeping 4.0 to 1975-1977 9 to 30 Phase contrast Residential setting. 20
26.5
Sweeping 14.5 to 1978 10 to 20 Phase contrast Cormrercial operatioa. 20
5.4
hater saluble Dry mixing 35.4 Lo 1974 NR Phase contrast Commercial operation. 21
gy padr=diLed (0.9 to 1.5 m) 59.0 Fiber ra-ge reported
drywsall cenpound 1s not less back-
(Study B) ground levels, which
for the same room
ranged from 0.5 to
13.0 i'cad.
Hand sanding 1.3 to 1974 MR Phnase contrast Carerciul operacicn. 21
(0.9 to 1.5 m) 16.9 Fiber raage reportea
15 not i¢s53 pback-
ground levels, which
for the same room
ranged from 2.1 to
2.5 f/cald.
Pole sandang 1.2 co 1974 NR Phase contrast Comnercial operation. 21
(0.9 :. 1.5 w) 13.3 <ew-" T37gE reported

15 not less back-
ground levels, vkich
for tne same room
ranged from 3.5 to
19.8 /ca’.

(continued)
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TABLE 27 (continued)
Measured Duration o:
fiber activaty/
con.en= saapling
Aspestos orodust tration Date of tiae Analytical
catego-y Asbestos product Actwvity perforwed (ffemd) tests (ain) aethod Comnents Ref.
Coatiqgs and sealants fater soluble Sweeping floor 61.4 1975 NR Phase contraat Due to heavy loading 2]
(continued) gypsum=dased (3.0 to 15 m) {mean) during sweeping,
dryvall compound sampling occurred 15
(Scudy 8) oaiutes after sweep-
1ng stopped. Atier
35 e1actes, the oea-
sured fiber level
-25 26,6 f/emd.
Asbestus-ceaent Flat saneeting Drall 2.8 1981 5 NIOSH Method Testinz pexformed in 2
anectang glove box.
Score 3.2 1981 4 NIOSH Method Testing perforoed in 2
glove box.
- ror 6.4, 198t 4,1 NIOSH Method Based on tvo repeti- 2
12.17 taons in glove box.
Saw 195.8 1981 1 NIOSY Method Testing perforz=ed an 2
~ glove box.
Corrugated sheeting Crinding to cut stack of
sheeting 1n open air 0.6 co 1980 NO Phase contrast Testing perforned 22
Grinding to cut sheeting 41 on )odb aite.
while oa roof
0 64 ca (0 25 in.) Driliing holes (163) <0.1 1979-1980 %0 Phase contrast Drall was equipoed 23
tna.k flac sneatiag (assuaed) with Jdust pircaup
shroud,
Sawing (13.) meters) 0.0 1979-1980 40 Phase contrast Saw vas equipped 23
(assumed) with dust pickup
shroud that totally
enclosed masoonry
blade.
ABistus-cement Sawi-g with & caircular 0.04 1979 12 Phase contrast Sav was equipped 24

baa-a

saw (carbide blade)

witn dust pickup
shroud that vented
to a Nilfisk MEPA
filtered vacuum
cleaper.

(contanued)
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TABLE 27 (continued)

Measured Duration of
fuder accivaty/
concen= sacopling
A5J25%0s produst trataon Date of time Analytical
.ategury Asbestos product Actavity performed (£/cnd) tests (min) method Comments Ref.
Asbesids-cezent Asbestos-cament Sawing, drilling, and 0.15 1979 i1 Phase contrast Pover tools were 24
sreeti1ng board scrolling (sabre saw) equipped with dust
(coatinuzd) pic«u; shrouds that
veatez ro a NMilfask
HE?A filtered vacuua
cleanar.
Textales Fireproof cloching Wearing asbestos fire-
proofang clothing:
(untreated material)
Steal mall-
Blast furnace workers 0.3-5.0 1975 52 Phase contrast Actual samplang in 25
(Tax 0.1 (average) planc.
to 1l.1)
Phosptorua plaat-
Reductiron furnace 9.9-26.2 1975 35 Phase contrast Actual sampling :n 25
(TWA 4.7) (average) plaat.
Frzafizating heluats.
BDes Mn.ver ath Naval tarefighcing 2.3 1971 22.4 Phase concrasc 26
usli. ed asbestos personrel wearing
clotn cosvr huelnotes
L.s FUl7E0 anta Nocal facefigrting 1.38 1971 20.6 Phase contrasc 6
caacy Jdsh2atos pessonnel wazring
clot! cover hekuuts
holmee with alum~  Savael farefighting 0 1971 20.5 Phase contrast 26
aLzed asbestos personnel wvearing
h>lmets
AL225L0, 1loves Puttar: ¢a, haadling hot 0.93 to 1981 <10 N1OSH Mechod Range af fider levels 2?7
tray, td'aang oif 7.92 conitored in ventless

isolation chacber
(glovae box).

(continued)



621

—— s e s

TABLE 27 (continued)

. dmwsman wwswmaw

Heaoared OQurutiva ot
fider actavaty/
coacen-~ sumplarg
amualvs psod.cL tecation Date of tioe Analytical
categosy Asbeotus protuct Act.vity perfurmed (£/cwd) tests (=1n) method Coaments Ref.
T xt les Asbestos gloves Puting on, handling hot 0.97 to 1981 10 N10SH Mctnod Range aof fiber levels 27
(curtt Jdow) Lra), Takiny oil .99 auniroraa 1n “ell
veatilacted d.ology
preparation rad..
RunNge ¢rLoT o nes
bre.thang zvile and
wUrk 4rea.
Us1ng gloves 1in laboratory 0.04 to 16l 10 NIUSH Mechod Range ot fidar levels 27
2.93 oonitored duziag nor-
mal use 1n aniversity
laboratories. Range
ercocpasses breathang
Zulle 4NC WUTA 2rea.
X T PR fhorsate moaaed fila 0 to 2.8 1981 3 Prase contrast Tosting perforadd an 2
s elecirical glove bos.
¢ cunenla Oratl 7.1 1981 3 Phase contrast Testing performed in 2
glove box.
Graad 2.8 1951 1 Phase contrast Testing performed in 2

3, .l mlcrusey, f countang fibers 5 _m long ¢r longer having a length to width uspect ratio of 3

— ASTASA LR AL Ame A4 A A f e e beSmE Mmiaa

—ar—

glove box.

to 1 or greater.

PP » v taty leciren dllroucopy.

vrtertas Wt etanirad Liplt gacrosaop,.

Ve . tent Bl «evorded were fuurd to be no more than arbient levels.
. coe v ST o a1, 1 stulidtien 8 e vt it o0 gunding tae existing flour coveriag or the resadual lelt, aad wet=scrapiig
‘e O T e Y S L P v

< PR 1 «tido o a1, inatallation, aud redwvual withoul sanding, use of 3 flat-bladed wall scrdper instead of equipn2al thac

wal, o at ot Ui tile «nd nol Lr ahang tne tile by hand nefoce placing in a disposal bag.

Vo=t 1 JurT, V4Cul u o icaners were used Lo clean arcas, area xkept clean and free of debris accumulation, waste material placed in

[RLE JE E SR

ety e ntrols wite uaed, i1.0., no wettaing, enclosing, or ventilation.

Svettilel we = f1lTered Jocal ~ahaust ventilation provided to operativn.

ha = No data,

eedl 03=3 crage.

Togut oo,



Table 28 summarizes, by asbestos product type, the number of fiber
release monitoring studies that have been identified in this report. The data
have been compiled from the information provided in Table 27. As expected,
the majority of the studies have been performed on products that are suspected
to release high fiber levels based upon how they are acted upon and their
method of construction (e.g., asbestos-cement products and paper products), or
oa products with widespread use such as friction products and floor tiles.

PRODUCT TESTING RECOMMENDATIONS

In accordance with the data reported, experimental limitations, and
reenactment equipment use limitations, asbestos—containing products are
prioritized for testing as follows:

e The following products are candidates for testing based on suspected
high fiber release potential, widespread application, and expected
future use:

- millboard
- commercial and household paper
- flat asbestos-cement sheet
- uncoated textiles
- paper pipeline wrap.
' Products having low testing priority beceuse (1) they have been

adequately examined, (2) the likelihood of harmful exposure during
use is low or (3) product distribution is limited are:

- vinyl-asbestos floor tile

- reinforced molded plastic components

- asbestos-containing packings

- petroleum-based surface coatings, sealants and adhesives
- flooring felt

- compressed sheet gaskets

- coated textiles

- beverage or pharmaceutical filters

- asphalt-asbestos floor tiles

130



TABLE 28. NUMERICAL SUMMARY OF MONITORING STUDIES PERFORMED ON
ASBESTOS-CONTAINING PRODUCTS2

Number of studies
Asbestos product category Asbestos product performed on product
as presented in this report

Ashestos-cement pipe Water transfer pipe 1
Scwage transfer pipe
Other (electrical conduit,
chemical process piping)

oN

Asbestos paper Flooring felt
Roofing felt
Beater-add gaskets
Pipeline wrap
Millboard
Electrical insulation
Commercial papers
Specialty papers (e.g., tape)
Beverage and pharmaceutical
filters

O N~ ON

Friction products Brake linings
Disc pads
Clutch facings
Other

O~ OoON

Floor tile Vinyl-asbestos tiles
Asphalt-asbestos tiles

owv

Gaskets and packings Compressed sheet gaskets
Impregnated millboard
Impregnated yarn

~n O &

Coatings, scalants, and Asphalt and tar-based 1
adhegives coatings and sealants
Latex or gypsum-based coatings
Adhesives

oN

Asbestos-cement sheets Roofing shingles
Siding shingles
Flat sheet
Corrugated sheet

- Wwoo

Textiles Protective clothing
Firefighting helmets
Outer garments
Gloves
Tubing-wire and pipe insulation
Clutch~transmission components

QO vy e

Reanforced plastic Electrical insulators
Molded product components
for high strength/weight uses

Q-

8Some studies i1nvestigated fiber release from more than one product,
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Products to be excluded from testing under this program jecause
their normal use activity is performed out of doors or with
specialized equipment which this project is not designed to obtain
nor operate are:

- asbestos-cement pipe

- asbestos~cement sheet (roofing shingles, siding shingles,
corrugated sheet)

- friction materials

- roofing felt.
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