FILE NAME: Garlock (GAR)

DATE: 1982 Dec

DOC#: GARO43

DOCUMENT DESCRIPTION: EPA Report - Analysis of Fiber Release from Certain
Asbestos Products



I. Linda A. Travers, certify that I am the Director of the
Information Management Division of the U.S. Environmental
Protection Agency's Office of Toxic Substances and that the
attached document is a true, correct and compared copy of a
document in my official custody, consisting of:

\ A draft Final Report prepared by the GCA Corporation
{GCA-TR~82~53~G) entitled "ANALYSIS OF FIBER RELEASE
FROM CERTAIN ASBESTOS PRODUCTS" dated December 1982,
and contained in the docket for the EPA "Asbestos Ban
and Phaseout Proposed Rule," docket No. OPTS 62036,

consisting of 160 pages in all (pages 150 and 155 are
missing).

- 4
Subscribed under penalty of perjury on me%/lﬂﬂ_wﬂmwm_wwn. 19Zj.

J 3§

‘ M

ﬂ,/NLp L - Qmu“u’ko/
Linda A. Travers, Director -

Information Management Division
(TS~793)

v R -

Certification

I. Gerald H. Yamada, certify that I am the Acting General
Counsel of the U.S. Environmental Protection Agency, that I have h
duties throughout the United States and that the official whose '
signature appears above has legal custody pursuant to 40 C.F.R. 'L
§2.406 of the original document of which a copy is attached,
witnessed by my signature and the official seal of the
Environmental Protection Agency which appear below.

as

4
/,/ // r // /""51/‘/
,//Gerald H. Yamada“”
Acting Genertl Counsel

0 S

Date:

o

O R



Prepared for

) U.S. Environmental Protection Agency

‘ Office of Pesticides and Toxic Substances
. Chemical Control Division

; Washiagton, D.C,

. Contract No. 68-01-5960 oo/
{ Technical Directive No. 15 '67

EPA Project Officer

( ) James P. Bulman

ANALYSIS OF FIBER RELEASE FROM
: CERTAIN ASBESTOS PRODUCTS

Draft Final Report

December 1982

]

i AWVS’:’") @&f Prepared by

i A‘f' 3 Peter H. Anderson

. L 1S6 . Marc A. Grant
Pc:(:._) 7 N S ¢ _ Robert G. MclInnes

! 155 '\ William J. Farino

[- T GCA CORPORAT ION

GCA/TECHNOLOGY DIVISION
Bedford, Massachusetts

——

i




DISCLAIMER

This Draft Final Report was furnished to the Environmental Protection
Agency by the GCA Corporation, GCA/Technology Division, Bedford, Massachusetts
01730, in fulfillment of Contract No. 68~-01-5960, Technical Directive No. 15,
The opinions, findings, and conclusions expresaed are those of the authors and
not necessarily those of the Environmental Protection Agency or the
cooperating agencies. Mention of company or product names is not to be
considered as an endorsement by the Environmental Protection Agency.

oy

-

~

.
- —tn
+

s,

<
r
R I~ i
- T i SR SR R
et e nim 3 5 P
T o g ittt
L. - e RO i oetactiait®
S e s i e o




Figurel-o.-........-...
Tables

1.

2.

3.

4.

5.

6‘

® @ & & & & s o6 e @ @ o+ & * s 4 =

Introduction « v o o« ¢ o o « « o &
Overview/purpose. + « + + . .
Report organization . . . .

»

.

-

Qualification of analytical techniques and airborne

fiber monitoring data . . .
References. « « o o« o v o o &
Asbestos-Cement Sheet Products . .
Introduction. o+ o« ¢ « o « o o

Secondary processing——fabrication

End use activities. « « « + o

Airborne fiber monitoring dats.

Summary of findings « « . . .
References. « o « ¢ ¢ ¢ o o »
Flooring Products. + « « o o« « « &
Introduction. + « o o o ¢ « &

Secondary processing-—-fabrication

End use activities. . « + . &
Airborne fiber monitormg data
Summary of findings « « « .
References. « + « ¢ ¢ « &« & &
Coatings and Sealants. « « o o o &
Introduction. « o o + « & o o

Secondary processing—-fabrication

End use activities. « « « o .

Airborne fiber monitoring data.

Summary of findings « « . o &
References. « « « ¢ o « ¢ o &
Textiles o« « « o o s o o s s o s o
Introduction. « o ¢« ¢ o ¢ ¢

.

Secondary processing—fabricatioun

End use activities. « .« « o« &

Airborne fiber monitoring data.

Summary of findings . . . . .
References. « ¢« « ¢ o o o o &
Gaskezs and Packings « ¢« « « « « &
Introductione « o o » o o o »

Secondary processing—fabrication

End use activities. . . . . .

iii

N )

b



CONTENTS (continued)

Airborne fiber monitoring data. « « o ¢ o ¢ ¢« . o o o o . . 74
Summary OE findings e e s 8 & + & 4 & s e e s 2 s s s s e . 79
Refetencea- e o ® o & 8 8 ® 8 ® 5 ® & o 8 s e e 6 e o s = @ 83

7. Asbeatos Paper Productes e e 6 & & & ¢ & 4 o & e » 4 8 e e 8 s 85
Overview e o ® o s e o6 8 o o ® & & & & 5 e o 8 8 e e & » 85
Roofins felt ® 6 @€ o e o & e ° 6 ° 4 & & & & & & e @ ¢ o o 85
Flooting felt e & o @ & ® 6 & o o o ® e 5 6 ® @ © 8 8 & e o 96
Millboard and rollboard ¢ ¢ ¢ ¢ ¢ ¢ v ¢ ¢ o « « o ¢ o ¢ ¢ @ 99
Be‘tet‘add glﬂket. @ & & 9 o o & & % & © © & o & ¢ s o e o 106
Electrical insulating paper « « « o ¢ o s o « « o o o« o o « 110
ReferenCes o« o o ¢ o ¢ ¢ o o o s @ « s o « o o o o o o o o 117
8. “Conclusion and Recoumendaltions « « « o o o o o o o o « o « o o o 121
concluﬂioﬂ e & ¢ & & o o 5 8 6 ® 0 e o 6 & o & o © e & & & 121
Recommendations for future product testing . « ¢« « « ¢« « o 144
References @ 6 @0 @ @ ¢ 6 & 8 & ® ® o & 8 * & ° & & s e o o 153

FIGURE
Number Page
i Flowsheet for asbestos textile manufacturing. « « o« ¢ ¢ « ¢ o & 51
- = . ° -
iv .
\
- i



/
TABLES
Number Page

1 Asbestog~Containing Product Categorieg Profiled. . « & ¢« ¢« &« « o 2
2 Partial Listing of the Many Applications of Transite A/C Sheet . 8
3 _ Fiber Coacentrations Associated with Asbestog-Cement Sheet

PrOdUCtEndUﬂCACtiVicieﬂ.c.o-oulco.oono-o- 16
4 Airborne Monitoring Results From Using a Circular Saw and

Drill on Flat A/C shee:. . 'l L ] L] o L ] £l L - L] L] - - . . * . L] L ] 18
5 Summary of A/C Sheet Products Secoundary Processing and End Use

AC:iVi.tiﬁBno-coocccoooo'ooocoococo-o 19
6 Fiber Releasze Prom Vinyl-Aabestos Floor Tile Installation, Use,

H&intenlnce, and BRemoval . « . L R R e L 27
7 Fiber Concentrations Associated With the Installatioa and

Removal of Sheez Vianyl Flooring Backed With Asbestos

Floorim Felto L] L d - . . L) L ] . * - * L] L] Ll L L] L] L] L] L3 -« ; . » 28
8 Summary of Asbestos Flooring Products Secondary Processing and

EndUseACtiVitiel.-........o........... 31
9 Asbestos-Containing Coatings &and Sealants. . ¢ « ¢ o « o « « o o« 37
10 Fiber Concentrations Associated With the Spray Application of

Asbestos-Containing Petroleum-Based Coating Products . « . « . 42
11 Surmary of Airborne Fiber Concentratious Encountered in the

Dmall Tapir@ PrOCes‘ L] L] - L . . - L d - - - L] * L] . . L . L] L] M
12 Summary of Coatings and Sealants Secondary Processing and End

erMtivitiel.-....--...-.......’.....46
13 . Asbestos-Containing Textiles and Their Ead Use Applications. - . 50

14 Airborne Fiber Concentrations Resulting From the Use of
MBestoa*Containing GlOVea o o ¢ ¢ ¢ o 6 o ¢« o o o o o o o o o 60

e e e A TR o o~ — - ey . e < mn S ma— et = ———




Number

15

16

17

18
19
20

21

22

23

24

25

26

27

28

29

TABLES (continued)

Summary of Asbestos Textile Products Secondary Processing and
End Use Mtivitie‘ e o & e + & s »

¢ @ 6 e o s & o s & ° & o

Fiber Concentratioas Associated With Various Compressed Asbestos
Sheet Gasket Handling Activities « o ¢ v « o <« o « o & o o « &

Summary of Compressed Sheet Gasket Secondary‘Proceasing and
End U‘E Activitiel e o ® o & 8 o o s @

Summary of Packing Secondary Processing and End Use Activities .

Fiber Monitoring Data from Asbestos Roofing Felt Studies . . . .

Summary of Asbeatos Roofing Felt Secondary Processing and
End Use AC:iVitie. ® & o o e o o o & o

e @ e o 3 s 3 ° 8 e & o

Summary of Flooring Felt Secondary Processing and End Use
ActiVitie. e o 8 e & 8 8 » ® & e & ¢ o

Industrial, Coumercial and Rasidential Uses of Asbestos-~
Containing Millboard and Specific Applications o . ¢ ¢ ¢ o o o

Summary of Millboard and Rollboard éecoﬁdary Processing and
End Use Mcivitie‘ - L - - * L] L L] L] L] L] L] - L] - . - - L] - L L]

Summary of Beater—Add Gasket Secondary Processing and End
U‘e Activitie. L4 . - L] . * * . * - L] L] . . L] L] L] L] L] L] L] L] L] L

Airborne Fiber Concentrations Resulting from Asbestos
Electrical Insulating Paper and Board Fabricatioa and
Installacion Processes « « o« ¢« o ¢ o o+ s o ¢ o 0 6 0 6 8 & &

Summary of Electrical Insulating Paper Secondéry Processing
‘nd E“d Uae AC:ivi:ies L4 L2 L] * L] L ] L L] L] . . .. L3 . L] . . L] * L]

Measured Airborne Fiber Concentratious Resulting from
Secondary Processing and Eand Use Product Testing
AC:iVi:ie. 4 o % .8 @ 8 € 6 & ® ¢ & o o e & & o o @ -‘o e« o o o

Numerical Summary of Monitoring Studies Performed on
Asbestos~Containing Producls « « o o s o o o o o o o o o o o o

- Asbestos-Containing Products and Activities of Concernm

Recommended for Initial Fiber Monitoring Study « o o « o ¢ o o

vi

Page

62

75

80
82

89

95

98

100

107

111

114

116

122

141

145



SECTION 1

INTRODUCT ION

OVERVIEW/PURPOSE

Over recent years, much has been written about the comsequences of
exposure to asbestos fibers during the manufacture and handling of
asbestos-containing products. Governmental regulatory agencies such as the
Occupational Safety and Health Administration (0OSHA), Consumer Product Safety
Cormission (CPSC), and United States Enviroamental Protection Agency (EPA)
have been entrusted with the responsibility of protecting workers, consumers,
and the enviromment from exposure to asbestos fibers.

It ie estimated that asbestos fibers have been used to manufacture 2,000
to 3,000 discrete commercial and industrial products.l Asbestos fibers may
be released to the ambient air during product manufacturing, secondary

processing, and end use. Persons may be exposed to asbestos fibers during the
performance of these activities.

This study was undertaken to profile the activities routinely performed
on asbestos~-containing products during secondary processing and end use and to
report, when data were available, airborne asbestos fiber conceantrations
sasgociated with such activities. The data presented provide EPA with
information on the likelihood of fiber release from selected asbestos
producte. EPA will distribute the data to other goverumental regulatory
agenciex, OSHA and CPSC, and where the presence of risk is determined to be
unacceptable, measures will be taken to reduce human exposure and environmental
contamination.

REPORT ORGANIZATION

This report is organized by the asbestos product categories preseunted in
Table 1. The categories profiled are asbestos-cement sheet products, flooring
products, coatings and sealants, textiles, gaskets and packings, and paper
products. The latter includes roofing felt, flooring felt, millboard and
rollboard, beater—add paper, and electrical insulating paper. These
categories were investigated to augment EPA's understanding of the fiber~”
release potential from asbestos—containing products. Other products that
contain asbestos include asbestos-cemant pipe, friction materisls, reinforced
plastice, and under paper products, pipeline wrap, commercial paper, and
specialty paper.



TABLE 1. ASBESTOS—-CONTAINING PRODUCT CATEGORIES PROTILED

1.

2.

3.

‘G.

5.

Asbestos~Cement Sheet Products
e Flat Sheet

o Corrugated Sheet

e Roofing and Siding Shingles
Flooring Products

o Vinyl-Asbestos Floor Tiles
e Asphalt-Asbeszos Floor Tiles

.® Sheet Vinyl Floor Covering (Backed with Asbestos Flooring Felt)

Coatings and Sealants
e Petroleum-Based Compounds
o Water Soludle Compounds

Textiles

Fire and Heat Resistant Materials
Thermal Insulation

Electrical Insulation

Gaskets and Packing:

Friction Materials

Gaskets and Packings

e Coupressed Sheet Gaskets
e Mechanical Packinge (Asbestos Yarm)

Paper Products

Roofing Felt

Flooring Felt

Millboard and Rollboard
Beater—Add Gasket Paper
Electrical Insulating Paper




The information preseated in this report was compiled from an extensive
survey of publicly available data and telephone interviews wit?a manufacturers,
secondary processors, distributors, and end users of asbesto:-containing
products. A computerized literature search of eleven (11) data bases revealed
that the amount and diversity of asbeszos fiber monitoring data publicly
available is limited. Various product-testing laboratories have monitored
airborne fiber concentrations during simulated 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 product profiles presented herein include a brief description of
product manufacturing operations and a more in-depth discussion of secoadary
processing and end use activities. Airborne fiber monitoring data are
presented when available and fiber releasability is discussed. Secondary
processing and end use activities include product fabrication and
installation, in-service usa, and removal, respectively. 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 in
the sections but not repeated.

QUALIFICATION OF ANALYTICAL TECHNIQUES AND AIRBORNE FIBER MONITORING DATA

Asbestos fiber concentrations presented in this report are based on the
results of four different microscopic analytical techniques. The four
techniques are phase contrast microscopy (PQM), polarized light microscopy
(PLM), scanaing electron microscopy (SEM), and transmission electron
microscopy (TEM). PCM and PLM are optical microscopic analytical procedures.
PCM, SEM, and TEM are commonly used to analyze air samples, whereas PIM is
generally used to analyze bulk samples.

Phase contrast microscopy is an analytical technique for quantitative
determination of airborne fibers. It is presently the recommended method of
the National Institute for Occupational Safety and Health (NIOSH) for
determining compliance with asbestos occupational exposure standards.

Fibers counted are those that are >5 microns (um) in length and have a
length-to-diameter aspect ratio of 3-to-l or greater.” The principal
disadvantages of PCM are that the technique cannot be used to differentiate
asbestos fibers from nonasbestos fibers and it has a nowinal maguification of
400 to 450%3 with an image resolution of oaly 200 am. &

Polarized light microscopy is generally used to identify and quantify
asbestos in bulk samples of material. The technique takes advantage of
specific optical properties each asbestiform mineral exhibits. With respect
to analysis of air samples, PLM may be performed subsequent to PQM analysis to
distinguish asbestos fibers from nonasbestos fibers, resulting in an actual
asbestos fiber concentration measurement. ‘ ' .

Scanning and transmission electron microscopes provide greater
magnificatioa (up to 100,000X and 250,000X, respectively) and image resolutioa
(down to 20 nm and 0.4 nm, respectively) than optical microscopes. Tozal
fiber counte by electron microscopy (225,000X) can exceed 100 times the number
counted by optical microscopy (400X). SEM used in conjunction with an

.

3
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“under’obearvatica.®+ 7 TEM vith selected ares electron diffriction (SAED)
allovs qualicative identification of fibrous minerals based on differences in
crystalline structure. Transzission electron microscopes can also be equipped
with an EDXR spectrometer.

Discretioa 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 or TEM analyses. In
addition, one should not mietakenly compare peak concentrations occurring
during the performance of an activity with time weighted average (TWA)
conceatrations that have been scaled over an 8 hour period. To the extent
possible, analytical methodologies are identified whenever fiber monitoring
data ate presented. Finally, some of the data presented may be out of date.
Implementation of new control measures, changes in processing methods, and
product reformulations should result in fiber concentrations lower tham some
of those reported. 1In all cases, the most recent airborne fiber concentration
data are presented.




7.

INTRODUCTION
REFERENCES

Federal Register, October 17, 1979, Commercial and Industrial Use of
Asbestos Fibers; Advance Notice of Proposed Rulemaking. Vol. &4, No. 202,

U.S. Code of Federal Regulations, Title 29, Part 1910.1001. U.S.
Department of Labor, Occupational Safety and Health Administration,
Occupational Safety and Health Standards.

National Institute for Occupational Safety and Health: Asbestos Fibers
in Air - Analytical Method. (March 1976). pp. 239-1 to 239-20,
unpublished.

McCrone, W. C., and J. G. Delly. 1973. The Particle Atlas, Edition
Two. Volume I. Principles and Techniques. Ann Arbor Science Publishers
Inc., Ann Arbor, MI.

Rohl, A. N. et al. Exposure to Asbestos in the Use of Consumer
Spacklxng, Patching, and Taping Compounda. Science, Vol. 189.
August 1975. pp. 551-553, -

Rubin, I. B. and C. J. Maggiore. Elemental Analysis of Asbestos Fibers
by Means of Electron Probe Techniques. Envir. Health Perep. 9:81-94.
1974,

Ferrell, R. E. et al. Evaluation of an SEM-EDS Method for Identificatiom
of Chrysotile. $Scanning Electron Microscopy/1975 (Part 1I), Proceedings
of the Workshop on Scanning Electron Microscopy and the Law, IIT Reaearch
1nst1tute, Chicago, IL. April 1975.




SECTION 2

ASBESTOS~-CEMENT SHEET PRODUCTS

INTRODUCTION

Asbestos-cement (A/C) sheet refers to flat or corrugated cement board
producte that are primarily used in the construction, electrical insulation,
glass, and metallurgical industries. Products withia this category include
flat sheets, corrugated sheete, and roofing and siding shingles. Shingles are
cut Erom textured flat sheet and are usually painted, but also may be
integrally colored. Asbestos fibers are incorporated into these products to

provide strength, stiffness, and resistance to heat, rot, weathering, and
attack by corrosive chemicals.

Specific formulations for A/C sheet products are depeadent upou the
method of curing used (ambient or autoclave) and end use specifications. If
the sheet product is cured under ambient conditions {(moist eavironment over
several weeks), representative material formulations are 15 to 40 percent
asbestos, with the majority of the balance cousisting of cemeat.1»? For
autoclave cured products, silica is added to speed the dehydration process. A
general formulation for A/C sheet products cured by this method is asbestos
(15 to 40 percent), cement (40 to 50 perceat), and silica (30 to 40

percenc).3 In addition, other fillers, binders, and pigments may be added
88 necessary. .

A/C sheer products are manufactured by either a dry or wet process.2
The dry process involves preparing a dry mixture of asbestos, cemeat, and
silica (for autoclave cure). This mixture is metered onto a moving wet
conveyor belt, then passes under steel rollers, is rewetted, and subsaquently
fully compressed under rolls. The sheet is then cut to uniform lengths and
cured. After curing, the sheets are cut and trimmed to sizes ranging from the
standard 1.2 x 2.4 meter (4 x 8 feet) size to the smaller size shingles. Flat
siding shingles are manufactured in sizes ranging from 0.3 x 0.6 meters (12 x
24 inches) to 0.64 x 0.8l meters (25 x 32 inches). Roofing shingles are
produced in surface dimensions ranging from 0.23 x 0.41 meters (9 x 16 inches)
to 0.36 x 0.76 meters (146 x 30 inches). Thickness of the sheet products
ranges from 0.32 to 10 cm (1/8 to 4 inches).%

Wet processing is the primary method used to produce both flat sheet and
corrugated sheet. The predominant wet process, wet-megchanical, involves
making a wet slurry of asbestos, cement, and silica (for autoclave cure) in a
vat. The slurry is picked up by a screea cylinder mold and transferred to a
felt conveyor belt. After dewatering by a vacuum the material is passed to a




i i . Width of the sheet is
T e YAl TS S Ve In Tength of che sheet is determined by
i::e;?::::eryof the accumulator mandrel. A cut is then made ~cross the width
of che sheet, and it is manually peeled off the rotating mar.rel onto a
transfer roll conveyor. The sheet may be partially dried by passing it over
heaters before it is processed through embossing rollers and then trimming and
cutting wheels. Corrugating is also done at this time, prior to curing.?:

Another wet process involves making & slurry of ingredients as described
above, and discharging it into a mold with a screen on the bottom through
which water can pass. As the mold is closed, water is squeezed out of the

slurry. Finally, when the sheet has the required density, it is ejected from
the mold and is ready for curing.

Primary manufacturers of A/C sheet may sell their products unfabricated
directly to secondary processors or construction outfits or they may perform
limited fabricating steps themselves before shipping the sheet as “complete"
products ready for installation.®:7 Fabricating activities performed by
primary A/C sheet manufacturers are uncoumplicated, large volume, repetitive
operations. For example, pilot holes placed in roofing and siding shingles
will normally be punched by the primary menufacturer.® The punch presses
used to form the holes are integrated into the primary manufacturing process
such that they are considered part of the production operation, not a
secondary step.6’7 Straight edge, dimensional sawing for large job orders
is another fabricating operatioa performed by the primary manufacturer.

Uses of A/C Sheet Product

Flat A/C sheet products are used in commercial, industrial, and
residential applications. They are widely used by the constructioa industry
in the following applications: soffit material (covering the underside of
structural components), industrial partitions, fire-resistant walls, and
interior and exterior dezorative paneling. Sheet density, i.e., weight,
generally determines-a product's end use. Table 2 presents a partial listing
of the many applications of oune of the most commonly used flat A/C sheat
products, Transite, a product manufactured by the Johns-Manville Corporation.

Flat sheets, impregnated with asphalt, are used as mounting panels for
electrical switchboards, bus-bar supports and controller plates, and as
insulating spacers in a wide variety of electrical apparatus.

Corrugated A/C gheets are used primarily in industrial and agricultural
applications, serving as siding and roofing for factories, warehouses, and
agricultural buildings. They are alsoc used as linings for waterways, pilings
for canal bulkheads, and as end paneling for cooling towera.

Flat sheet is also textured and cut for exterior use as siding and
roofing shingles. These shingles are extremely durable, and are available in
a wide range of styles and colors.
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TABLE 2. PARTIAL LISTING OF THE MANY APPLICATIONS OF TRANS

ITI A/C SEEETS

Adattouirce

Animal hospizals

Air shafts

Air conditioning (houaing)
Astatocs (housing)

Ait pyrification equipmant
Animal otalls
Architectural panels

Arc darriers

Baffles

Boiler roocas

Bakary uixing etands
Baking ovens

Sulkheads

Blower ducts

Basedall dugouts

Bottow plates (foundries)
Surial vaults

Cell compartments (electrical)
Call doors {electrical)
Cameltery nirkers
lncinerators

Canopies

Cooling towers

Chutes

Conveyor aprons

Conduits

Dental mfg. work tables
Dey kilns

Drying tovers

Dust collectors

Orafting tables

Drafe deflectors

Drying ovens

Ducts

Elevator lininge

Exhaust vents and ducts
Fascia

Factory interior/exterior panels
Farm buildings

Floor underlayment

Fume houd linezs/ducts
Fumigstion chambders
Freezer lockers

Faed YHins

Tlumes

Turnace rooms
Fire bdarriers
Foundries

Plour wills
Fruaight Bouses
Fire lookoutls
Fire stations
Treezer tuanels
Tuel hoppers
FoundTty boxas
Pireplace screens
Grain bins

Grain elevetors
Greenhcuses
Hangers

Heat shields
Hothouses

Hoppers

Hoods (stove, weatilatiag)
lacubators
Welding tadle tops
Kannels

Kick plates
Laboratorias
Linings for tanks
Louvers

Machine sheds
Milk houses
Meter doards
Miak warvens o
Machine gusrds

Outdoar furniture (tables, beaches)

Panels, partitions
Pizza ovens

Portable spray chutes
Poultry houses

Protective covering for marinite oven

Prese plazens
Press plates
Pallezs
Playhouses
Radiator covers

Refrigerators
Radiant panels
Sandblasted panels
Spray paint bdooths
Smoke bhouses
Septic taaks
Sluice boxes
Spacers

Storage dins

Stove shields
Sunscreeas
Spaghetti dryeras
Swinge

Sand boxes

Table zops

Tank covers

Toilet partitioas
Tanks (mixing/storage)
Vaults

Vats (exterior)
Wainscoting

Water tank screeas
Water treating equipeent
Walk=-in coolers
Welding tabdle tops




D SECONDARY PRUCESSING = FABRICAT ION

Fabrication of A/C sheet is normally required to transfor= unfinished
material into a functional product ready for end use. As indicated above
unspecialized material fabrication may be performed by the prima'y
manufacturer. Asbestos—cement products requiriang more specialized fabrxcatxon
are usually handled by secondary processors, known as distributors, job
shoppers, or cutters, who are located chroughout the country. Secondary
processxnx by job shoppers ranges from minor alteration of the sheet product
to extensive fabricating operations involving sawing, drilling, sanding,
routing, or beveling. Such operations, for example, are performed durxng the
fabrication of A/C sheet to be used as laboratory table tops or mounting
panels for electrical switches. In both cases, the A/C sheet must be finished

to facilitate the insertion and attachment of plumbing or electrical
components.

The most common fabricating operatxons performed by secondary processors
are saw;ng and drilling, with sawing predominating. Operatious such as
sanding, routing or beveling occur less frequeantly. Overall duration of these
activities varies, ranging from close to 8 hours per day at a large volume job
shop using semiautomated equipment to 2 to &4 hours or less per day at smaller
shops. The actual sawing of a 1.2 x 2.4 meter board, however, lasts only a
few seconds. The same applies to drilling operations. Routing, sanding, and
beveling operations tend to last longer but are not performed as often.
Accumulated over an 8~hour workday the total time associasted with actual
performance of dust generating operations adds up to several minutes (est. 5
to 30). In general, A/C sheet products used in interior applications require
more extensive fabrication than board products used for exterior applicatioas.

Based on the chemical composition and physical structure of A/C sheet,
asbestos fiber relesse is not expected during product handling except when the
material ie physically altered by mechanical disruption. A/C sheet is a hard,
dense building product., The high percentage (>40%) of cement in the product
produces a tightly bound matrix that is difficult to break apart. Only when
an enerzy intensive abrasive force is epplied to the material, such as sawing
or drilling with a power tool, is a fine dust generated. The cutting energy
supplied by the power tool pulverizes the asbestos-cement matrix,
disintegrating the material to the point where it is easily entrained by the
high speed rotating blade or bit. Because substantial dusting can occur
during the fabrication of A/C sheet using power equipment, engineering control
measures are usually implemented to minimize asbestos fiber release.

The tools used to fabricate A/C sheet products are gimilar to those used
by the metal, masonry, and woodworking industries. These tools are
stationary, heavily constructed pieces of equipment drivea by electric
motors. Most of the time associated with their use is_ coasumed in
equipment setup and material layout and not in the actual performance of°the
cutting or grinding operation. The tools most commonly used are fixed table
saws, drill presses, large surface grinders, and milling (lathe) machines.
Hand tools, used to fabricate smaller pieces or assist in more detailed work,
include electric sanders, routers, and drills. With respect to the tool's



cutting edge, masonry bitse are often used to drill A/C sheeting, whereas
dxnmond and carborundum blades or abrasive wheels are used with the sawving
tools.

A major difference existing between the tools used on A/C sheet products
and those used on metal, masonry, and wood is the former's inclusion of a dust
collection system. Most job shoppers use tools designed to prevent the
release of fibrous dust into the workroom environment. The primary dust
control system used by secondary processors is a simple dry vacuum exhaust
system, with suction pickup points located as close as practicable to the
site(s) of dust generation. This system is either of high air velocity, low
air volume design such as those applied to stationary table saws and drill
presses or a low air velocity, high air volume canopy hood design used for
general area coatrol. Another dust control measure commonly applzed to table
sawing operatioans is water spraying. 10,11 gpder these conditions, the
cutting blade and point of material contact are wetted by a constant spray or

flow of water. Dust-laden water is captured and passed through a series of
sedimentation tanks before being recycled.

Secondary processors of A/C sheet products are relatively small business
concerns. Fabrication of A/C sheet is commonly performed in single story
buildings. The workrooms within these buildings tend to be open with few
internal walls and have high ceilings. Air circulation within the fabricating
area results from infiltration through passageways and windows, with
exfiltration by the dust collection vacuuming systea. 112 x5 specialized
filtering of the workroom air is carried out.

Secondary processors tend to deal with ome or two industries or end use
product applications. To illustrate this point, examples of two typical
secondary processing operations are givea below.

Laboratory Table Tops -

A/C sheets make strong and chemically resistant workbench tops. A
representative of the Brown-Morse Compeny of Muskegan Heights, MI, which deals
almoet exclusgively in laboratory table tops and fume hood liners, referred to
the': fabricazed materials as "complete" products, materials that do not
require further processing.lz Fabricating operations most frequently
performed on these products are sawing and drilling. Final processing
involves wipe cleaning the surface and edges, and painting if aesthetic
qualities are desired.

Fabricating tools used by Brown-Morse include a table saw with a diamond
blade and a standard industrial drill press; both are manually opera:ed.
Typically, during the course of an 8-hour workday, an employee is involved inm
sawing sheet for 4 hours and drilling for 2 to 3 hours. Sawing one straight
edge takes 5 to 10 seconds, while drilling takes 3 to 5 secouds, depending on
thickness of the sheet and diameter of the hole. The total daily time
associated with the performance of each dust-generating activity ie estimated
to range from less than 5 to 30 minutes. All cutting tools are equipped with
dust control devices; either water—spraying equipment or dry vacuum hookups
venting exhaust air through a fabric filter. Workers in this shop also wear
dust control face masks.
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Fabricated Sheet Products for the Foundry Industry

The Hines Flask Company of Cleveland, Ohio, fabricates A’ sheet products
for the foundry industry.ll The company purchases Transite f:zore plate)
from Johns-Manville and fabricates the material for use as jacket linings for
"green sand" molds. Fabrication involves sawing the sheezs to required
dimensions, drilling a specified number of pilot rivet holes, and fastening
the flat boards to a metal frame, making the jacket liner. Another product
fabricated by the company is pallet car tops. These tops form the base of a
foundry cast upon which & mold sits during pouring and cooling prior to
shakeout. Sheets are cut to specified dimensions, but are not drilled. 1In
use, the sheets lay flat on the pallet car top. In addition to being sturdy
and noncombustible, Transite boards are true and flat at every point. This
accounts for their use in the manufacture of brass, aluminum, gray ironm,
malleable iron, and steel castings.

During an 8-hour workday, board sawing accounts for approximately 4 hours
of a worker's time and drilling for 2 to 3 hours. As with Brown-Morse,
the total sawing or drilling time is estimated to range from less than 5 to 30
minutes. The majority of the time is spent in equipment setup and material
layout. Actual sawing and drilling operations last only a few seconds each.
Large manually operated table saws and standard industriel drill presses are
used to fabricate sheeting. All tools are equipped with high air velocity,
low air volume vacuum exhaust dust collection systems to minimize fiber
telease to the workroom air. Operators are required to wear dust protection
face masks and are also provided coveralls. Fabricating equipment is cleaned
at the end of each workday with a portadble vacuum unit. No special workroom
air ventilation is employed. Dust control equipment is activated whenever
operators are present in the workplace.

The sawing and drilling activities performed and the tools used by the
two secondary processors described above are representative of the fabricating
operations conducted on the A/C sheet products coveraed in this section. The
tools and control measures employed are essentially the same whether
electrical insulating boards or interior/exterior wall panels are being
fabricated., The duration of the activities will vary, however, depending on
the extent of product finishing required.

END USE ACTIVITIES

Field fabrication of A/C sheet products, which may be required prior to
installation, is infrequently performed. Approximately 95 to 98 percent of
the dust generating operations conducted are performe by the primary
manufgcturer 3: secondary processor before the product is sold to the end
user.®17:10,13 The term "complete" product is often used to describe the
item sold to the end user. It is apparent that a coacerted effort is being
made by the manufacturers of A/C sheet products to minimize field
fabrication. However, when field fabrication is required, the extent of
fabricating and the tools used vary greatly.



There exists an inconsistenz approach by coastructioa firms to provide
adequate worker protection during field fabrication. This issue is compounded
by the fact that the construction business is very competitive; awarding of a
contract is directly related to cost bids. Given this rule of surviva®l, many
contractors bid at levels that would not allow them to purchase specialized
dust coatrol equipment or implement proper work practices to minimize employee
exposure. Generally, only the very large firws or specialized outfits buy
tools equipped to minimize fiber relesse. Many medium and small-size general
contractors saw, drill, and sand asbestos-containing building materials using
the same togls they use on wood, brick, metal or concrete-based
materials.l0s As & minimum, facial dust masks may be worn by the

workers. Also, onsite fabrication is normally performad outdoors whenever
possible,

Field fabricating tools used to prepare A/C sheet for installation range
from electric saws, drills, and sanders to manually operated handsaws, hand
clippers, scoring knives, and rasps., Power tools, which are more likely to be
used on the thicker and denser A/C sheet products, tend to pulverize the
cement matrix releasing fine dust and possibly, free-form asbestos fibers. As
a4 consequence, power—assisted field fabrication tools equipped to capture dust
generated during operation have been developed and are commercially
available.l0:15,16 Thege tools include hand-held power gsaws, sanders and
drills with filter bags attached directly to them or stationary (fixed) saws
or drills that are shrouded with an air exhaust line extending to a portable
vacuum motor mounted to the top of a metal drum. In addition, manufacturers
of A/C sheet products recommend that specific work practices be implemented
during product installation to control dusting.l As with most work practice
guidelines, however, the recommended procedures are widely publicized but not
necessarily always followed as designed or intended.

Field fabrication of thinner A/C sheet products, those less than 0.64 cm
(1/4 inch) thick, ie typically accomplished using nonpower—assisted tools such
as handsaws, hand clippers, scoring knives, and rasps. The slow cutting speed
of the hand-operated tools generate coarse~size particles of asbestos-cement
dust that tend to settle rapidly.1 Local exhaust systems are not normally
employed when these tools are used.

landsawing and surface scoring are the two most widely used methods for
cutting thin A/C sheet products in the field. A/C sheet cut by scoring
involves placing the sheet on a flat surface (e.g., workbench or saw horses);
clamping a guide bar along the cut line; and then scoring the material
repeatedly after which the sheet is hand-snapped along the score line. This
technique reportedly generates minimal dusting.

In field fabrication situations where a rectangular hole has to be made
in the A/C sheet to allow for access to electrical or plumbing fixtures, small
holes are drilled (electric tool) into the board around the perimeter of the
planned opening. The inside rectangle is then knocked out with a hammer. Any
resultant rough edges are filed smooth or beveled using a metal file or rasp.
The procedure just described also reporzz=dly generates minimal dusting.
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i ation, A/C sheet pr
depen:::;"‘pr:::::;; on product weight (d?naicy? and end use. E‘.—.e \n?:hod?
employed include mechanical fastening using nails, screws, or “olts; gluing
using epoxy or 'liquid nail" adhesives; slide-in paneling using melal grooved
framing; or simply laying the sheet flat under a heavy load. Installation by
mechanical means or slide-in-place through metal guide channels is normally
required for the denser, heavier utility and thermal insulatioan-type products,
where the material is installed vertic&lly.7 Gluing is more often
associated with the vertical installation of light—weight, flexible-type
sheets and heavy sheets installed horizontally. Examples of these latter two
installation methods are: the gluing of exterior or interior architectural
wall panels to vertical surfaces, and the gluinﬁ of laboratory table tops
horizontally to metal or wood support cabinets. 4,17

oducts avre secured by various means

Corrugated sheet is normally secured to a support structure using
mechanical fasteners. Roofing and siding shingles are secured in a wmanner
similaty to cthat used for asphalt-felt or wood shingles using roofing
nails.® The following presents a more detailed discussion of various A/C
sheet product installations.

Utilicty Wall Panele

During installation of heavy, utility-type wall paneling, mechanical
means such a&s fastening with nails, screws, or bolts are required to secure
the sheets to a support surface. For most applications, whether exterior or
interior, pilot holes are predrilled during secondary processing. Should
field fabricatioca be required, standard construction sawing and drilling tools
are used unless the coantractor has purchased or has access to specialized dust
controlled equipment.7'1° In cases where cosmetic appearance is desired,
the pilot holes are countersunk by the secondary processor. After erection,
the recessed nail or screw head is patched over with a composite hardeaer that
may or may not contain asbestos.l8 Following drying, the patched area is
sanded flush with the paneling surface.

. A representative of the Electro-Matic Products Company of Chicago,

1L,19 an end user of A/C sheet, stated that the majority of the electrical
insulating mounting panels they purchase are processed as is, but a small
number may require cutting or drilling for special applications. The contact
estimated that the cutting operations would be performed once per month,
lasting approximately 1 hour.

Architectural Panels

Architectural panels installed in both interior or exterior applications
are secured using mechanical fasteners, such as bolts, screws, or nails, or an
industrial strength adhesive (epoxy or "liquid nail"). Architectural paneling
is flexible and fairly thin, 0.48 to 0.95 cm (3/16 to 3/8 inches) thick:s Most
panels are precut to size by a job shopper or purchased through a diettibu:oy
in standard sizes. According to a representative of Erection Specialities,
Inc. of Canton, MA,}O the number of panels requiring field fadrication
(e.g., the cutting of panels to fit around surface obstructions or end pieces)
accounts for less than 5 percent of all sheezs installed. Cutting equipment

.
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uon-; in tfhc l!icld ranges from hand held or !.:nble rf\ount:ed power circular disc
or sabre saws to hand op~rsgted saws Or scoriag knives. Pﬁ)ws: :.a:'-/s xTay Or may
not be equipped with dust collection exhaust'hoods. Cutting time for the
paneling lasts only a few seconds. In this case field fabrizition norwally
takea place outdoors.

A/C sheet panels may also be installed using aluminum chanelling. 1In
this system, the panels are slid into a grooved metal framework that holds the
sheets in place.’ Again, field fabrication may be required to get around
surface obstructions, to cut end pieces, or to provide access holes for
electrical and plumbing fixtures. The field fabricating tools and work
practices employed are similar to those described above.

The representative of Erection Specialties, Inc., of Canton, MA, 10
stated that the company recently responded to a bid that included a clause
stipulating "no field cutting of asbestos—containing products." To meet this
requirement, Erection Specialties proposed cutting all A/C sheet products
identified in the building specifications at their main office where they are
equipped to fabricate such mazerials safely. Another source interviewed,
Lampco, Inc. of Waltham, MA.l & distributor of A/C sheet products,
indicated that for a job requiring the installation of 1,400 to 1,500 standard
size A/C architectural cladding sheets, only 15 to 20 (<2 perceat) would
require field cutting.

Laboratory Table Tops and Fume Hood Liners

Laboratory table tops and fume hood liners are prefabricated prior to
shipment to the job site. A/C sheet products cowmonly used for these two
.applications are Colorlith* and Flexboard,* respectively. During the
installation of laboratory table tops, &n epoxy or some other type of strong
industrial glue is used to secure the tops to wooden or metal support
structures. Only during retrofits or special add-ons are abrasive power tools
used on the material. Performance of thege activities ranges from taking the
sheeting outdoore and sawing or drilling it using tools equipped with dust
controls to drilling the_sheeting in place in the laboratory using
uncontrolled equipment.1 The frequency of these activitieg is unknown. A
representative of Kewankee Scientific, of Statesville, NC,1 a supplier of
laboratory table tops and fume hood liners, stated that once they install the
furniture according to design specifications the owner or operator of the
laboratory can do whetever he wants to the furmiture.

Laboratory fume hood liners (Flexboard) are also prefabricated by a
secondary processor to facilitate easy assembly at the job site. Once
erected, the fume hood may need to be secured to the table top (commoaly A/C
sheet) it rests on. This process involves drilling pilot holes into metal
flanges of the hood chamber and table and screwing the flange to the bottom
support. Set screws may also be used to secure the front edge of the hood
chamber to the front lip of the table top. Installation of the set screws
will not generate any dust.

*Manufactured by Johns-Manville Corporation.
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Co‘rrugncad Sheeat

Corrugated A/C sheets are generally used as exterior wall and roof
coverings, bulkhead pilings, and window overhangs in industrial and commercial
scructures. Corrugated sheets are installed in & manner similar to other
exterior cladding products in that overlapping pieces are nailed or screwed to
the underlying support surface such as exterior grade plywood. Pilot holes
are normally predrilled by a secondary processor to facilitate installation.

Roofing and Siding Shingles

Roofing and siding shingles, used primarily for residential construction,
reportedly last from 30 to 50 years. The most coumon method of securing
shingles to a roof or building siding underlayment is with nails. Because the
material is brittle, pilot hgoles are routinely predrilled or punched at the
primary manufacturing plant.® A representative of the Supradur
Manufacturing Corporation of New York, NY,6 a major manufacturer of roofing
and siding shingles, stated that abrasive power tools are not normally used
during field fabrication. If the shingles require edge cutting to work around
a surface obstruction, a specially designed guillotine cutting tool is used.
Operation of the tool results in a clean edge cut, generating a minor amount
of dust. This coupled with the slow cutting speed of the operation results in
a low fiber release potential. Air monitoring during the performance of this
activity has revealed that no measurable concentration of airborue asbestos
fiberg occurs near the breathing zone of the operator or im the general work
area. For a typical installation job, ouly a small percentage (less than
five) of the shingles require field cutting.

The service life of A/C sheet products is relatively long, on the order
of several years.6-7’1“ As used in the constructioa of buildings, A/C sheet
products normally remain in place until the building is renovated or
demolished. During renovation or demolition, A/C sheet products may be broken
up into small pieces using & sledge hazmer or other impact tools. If proper
control measures (e.g. use of wetting agents) are not employed, asbestos
fibers may be released into the ambient air (see following subsectiocn), In
some cases, the material may be dismantled intact and disposed of at a
landfill in its nonfriable form or the msteriel may be salvaged.

AIRBORNE FIBER MONITORING DATA

Asbestos fiber monitoring studieg?0-23 covering simulated A/C sheet
handling and actual field fabricating operations have been conducted. Fiber
release tests on Transite have been performed in a glove box test chamber. 20
The A/C material was subjected to four routinely performed field fabricating
and installation activities. The activities were hammering, hand scoring, and
sawing and drlllxng using power tools (uncoantrolled). The test results,
which appear in TabTe 3 ranged from 1.1 £/cm3 for scoring to 259 f/emd -
during sawing. The fiber concentrations recorded are not represantative of
the levels expected under actual field conditioas. Testing was performed in a
confined, nonventilated air space that likely resulted in fiber accumulation,
biasing the results high.
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TASLE 3.

FIBER® CONCENTRATIONS ASSOCILATED WITH ASBESTO3~-

CEMENT SHEET PRODUCT END USE ACTIVITIESZO

Sampling

Time pad SEMS
Operation (min) (£/cmd) (£/cm3)
Drill (power) 1 2.3 2.3
Score 4 3.2 1.1
Hammer 1 12.7 16.5
Hammerd 4 6.4 10.2
Saw (power) 1 195.8 258.8

#Fibers as long as or longer than 5 um having a length-
_to-diameter aspect ratio of 3-to-~l or greater were counted.
This applies to analysis performed by both PCM and SEM.

PPhase contrast microscopy analysis.

CScanning electron microscopy with energy dispersive x-ray
(EDXR) analysis.

dUnclear whether this operation simulated installation
with nails (fasteners).

An epidemiological study conducted by Rbdelsperger et al.2l ghowed that
construction workers are exposed to fine dusts containing msbestos fibers
duriang routine material handling activities. Monitoring of grinding
operations performed on A/C sheet at approximately 40 building sites revealed
that fiber concentrations (determined by PQM) ranged from 0.6 to 41 f/cm3 at
the breathing zone, with & mean of 20 £/cm3. 2L Analysis by SEM showed mean
values for fiber length ranging from 1 to 5 um and fiber diameter from 0.1 to
0.4 um. The ratio of fibers with & length of 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 suthors state that when performed, griunding accounts for only 6
percent (approximately 30 minutes) of the daily working time. Grinding is not
necessarily coanducted every day A/C products are handled. As such, the daily
mean value, calculated based on sixteea 30 mianute periods per day, approaches
1.2 £/cm”, It is presumed that the grinding tools used were not equipped
with dust collection systeums.

The study further explaina that, based on a sampling of 61 roofers, the
median frequency of roofing with corrugated sheets, shingles, and frout plate
asbestos-cement building products, where grinding is not performed, are 34, 30
and 25 days per year, reapectively. It is noted that workers may handle more
than ohe_:ype of asbestos—cement product on any given day.
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Nilfiek aof America, of King of Prussia, PA, a manufactures of HEPA* 22
filtered industrial vacuum clesners for toxic materials, conducted l study
demonstrating the effectiveness of their shielded power hand tools 1in
controlling dusting during use. The tools demonstrated, an electric drill, a
circular saw, and a sabre saw, were equipped with specially designed dust
collecting enclosures (shrouding) connected by flexible hoses to a portable
high efficiency vacuum cleaner. Airborne fiber concentrstions were monitored
during sawing and drilling of asbestos cemeat board. Only two sampling runs
were conducted. The fiber concentration measured at the breathing zone of the
operator during use of the circular saw was 0.04 f/cm3. The breathing zone
fiber concentration recorded during the combined operation of the circular
sav, drill, and sabre saw was 0.15 £/cmd, Sampling times for these two runa
vere 12 and 17 minutes, respectively. Both air samples were analyzed by phase
contrast microscopy. Although it was not reported, it is presumed that the
tool demonstration was conducted indoors. No visible emissions were observed
from the cutting operatioa while the vacuum cleaner was activated.

Johna-Manville Corporation conducted a monitoring study23 to determine
the magnitude of airborme fiber coacentrations generated during drilling and
sawing flat A/C gheet. The electric drill and circular saw used to cut a
0.64 cm (0.25 in.) thick piece of flat A/C sheet were equipped with dust
collection vacuum exhaust systems. Each cutting operation was monitored
separately for 40 minutes. Air samples collected are presumed to have been
analyzed by phase contrast microscopy. The test results presented in Table 4
show that airborne fiber concentrations of <0.1 f/cm> Can be expected when

A/C sheet fadbricating activities are performed using tools equipped with dust
control devices.

SUMMARY OF FINDINGS

The moderately high asbestos content (15 to 40 percent) of A/C sheet
creates the distinct possibility for fiber release during physical alteration
which can occur during material fabrication and removal. When in service,
normally & static condition, the high perceatage of cement in the product

matrix strongly binds the asbestos material together making fiber release
unlikely.

Secondary processing and field fabricatiag operations may be performed on
A/C sheet products that result in asbestos fiber release. The magnitude of
asbestoa fiber release during these operations depends on the intensity of the
mechanical energy applied. Power tools increase the likelihood of fiber
releage because of their pulverizing affect oa the material. The high speed
action of cutting blades also causes greater particle digpersal. Use of hand
operated tools does generate dust, but the particlea are coarser (tendxns to
settle to the ground quickly) and the amount of physical energy applied is
well con:rolled.

-
-

*HEPA = High Efficiency Particulate Air Filter (99.97 percent retention at
0.3 microns).
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TABLF. 4. AIRBORNE MONITORING® RESULTS FROM USING A GIRCULAR
SAW AND DRILL ON FLAT A/C SHEETZ23

Time Fiber concentration®
Operation (min) Equipment (£/cad)

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 enclosed masonry

blade

8A11 tests conducted in an open room.

bN1OSH's phase contrast analysis assumed, countiang fibers S um long or
longer with & length-to-diameter aspect ratio of 3 or greater.

Secondary processors performing fabricating operatioas primarily use
power assisted tools. These toole are typically equipped with individual or
centralized dust collection vacuum exhaust systems. Workroom air fiber
concentrations are expected to be below current occupational exposure
standards. Because secondary processors are in the business of fabricating
A/C gheet products, they perform various sawing, drilling, and sanding
operationa more frequently and over a more extended period of time than any
other product handling group. Material handling on any given day may last up
to 4 hours, of which an estimated 5 to 30 minutes is actually involved in
product machining. Fabrication of A/C sheet products by secondary processors
is performed almoet exclusively within the confines of a building. Rarely
would the machining operations be performed outdoors.

Field fabricating operations, which are usually of short duration, are
performed on only a small percentage (less than 5 percent) of the A/C material
handled during installation. Depending on the activity performed and
equipment available, dust control measures employed during field fabricationm
vary from no control to effective dust capture. Power assisted tools are more
often used on the thicker, denser material whereas hand operated tools are
used on thinner, flexible sheets. Airborne fiber momnitoring data indicate
that the use of power—assisted fabricating toole equipped with dust collection
exhaust systems effectively control the release of asbestos fibers. Fiber
concentrations of legs than 0.2 £/cm3 have been measured during the use of
controlled power tools. Uncontrolled power tools, however, have caused fiber
concentrations as high as 41 £/cm3 near the breathing zone of constructiom
workers.

Table 5 summarizes the data preseated on A/C sheez products and
identifies the principal activity of concern with respect to fiber release.

.
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TABLE 5.

SUMMARY OF A/C SHEET PRODUCTS SECONDARY PROCESSIMS AND

END USE ACTIVITIES

Product:
A/C sheet products

Secondary processing

End use

Activity:

Duration: Per Incident
Dail; Total

Fiber Releasability:

Chemical-Composition

Physical Composition

Disruptive Energy
Control Measure(s):

Measured Fiber Concen-
trations (f/cm3):

Environmentel Setting:

Activity of Concern

Sawing, drilling, sanding Sawing, drilling, sanding

<5 to 10 secounds
5 to 30 minutes (est.)

High

Moderately high asbestos

content (15 to 40%)
Hard, rigid'material

Ususlly high intensity
mechanical input

Dust collection systems

Less than 2 f/cm3
expected in workroom,
well documented values

_ not available from

literature

Fabricating operations
are performed indoors

<5 to 10 secounds
5 minutes (est.)
High

Same

Hard, rigid material

Varies from power tools
to hand operated cutting
devices

Varies from portable dust
collection systems to no
control

Less than 0.2 f/cm3 when
tools are equipped with
dust collection devices;
more than 2 f/cm? when
tools are uncontrolled

Whenever possible, field
fabricating operstious are
conducted outdoc::. Some
will be performed indoors,
however

Field fabrication of A/C sheet products using power hand tools that are not
equxpped with dust collection devices.
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SECTION 3

FLOORING PRODUCTS

INTRODUCT ION ~

Asbestos-containing floor products are classified as resilient floor
coverings and include vinyl-asbestos floor tile, asphalt-asbestos floor tile,
and sheet vinyl flooring backed with asbestos-containing felt. A discussion

of the felt backing used for sheet vimyl flooriang is presented in Section 7
under Paper Products.

Asbestos—containing floor tiles and sheet vinyl flooring backed with
asbestos felt are installed in industrial, commercial, institutional, and
residential buildings.l:? They may be installed on concrete or prepared
wood floors, or over old tile floors, and are often specified for heavily
trafficked areas such as kitchens, entry ways, restrooms, supermarkets,
commercial plants, and offices.

Asbestos Floor Tiles

The productioan techniques for the two floor tile products, vinyl-asbestos
and asphalt-asbestos, are similar. They differ only in product composition,
with asphalt-based tiles serving some special applications and uses whea
darker shades are penniasib1¢-3 Beceause viayl-asbestos floor tile
production accounts for most of the asbestos consumed by the floor tile
indus:ry3, the following discussion relating to floor tiles will addreass
only the vinyl product. This discussion, however, will apply directly to
asphalt-asbestos floor tiles, as well.

Vinyl-asbestos floor tiles are composed of asbestos, binders, fillers,
pigments, and chemical stabilizers.l1? The asbestos content of the tile
usually ranges from 8 to 30 percent by weight, or up to 635 grams of asbestos
per square meter (0.13 pounds per square foot) of tile.l Grades 5 and 7
chrysotile asbestos fibers are normally used. Polyvinyl chloride (PVC) resin
serves as the binder and accounts for 15 to 25 percent of the tile
composition. Limestone and other fillers represent 43 to 73 percent of the
product weight. The pigment content usually averages about 5 perceat, but may
vary widely depending upon the materials required to produce the desired
color. s Chemical stabilizers added to the product mix typically represent
1 percent of the total product formulation.

Floor tile production begins with dry mixiang of the ingredients in a
Banbury mixer to thoroughly blend all constituents. The mixture is then
heated to 149°C (300°F) to flux the PVC resin and create a coherent plastic

L}
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mags. This material is fed to o mill where the tile Lo shaped, dec ,;  =
N orate . @&

cooled. Asbestos fibers contained i

00 Le ; ; in the floor tile d - dDoun
thﬁxn the vxny} plastic matrix, thereby isolating :hZ:°£:§: ::; Ly o4
environment during use. 7o external

Unce cooled, the tile product ie waxed, cut to size, inspected and
packaged. Tiles are produced in sizes 23 cm (9 inches) square or 30 cm
(12 inches) square, with thicknesses varying from 0.08 to 0.24 cm (1/32 to
3/32 inches). Asbestos floor tiles are very durable and may last for up to 30
years even in heavily trafficked areas.l .

Sheet Vinyl Flooring

Asbestos felt-backed sheet vinyl flooring is a resilient floor covering
that is applied to subfloor surfaces in roll or sheet form. The sheet backing
or flooring felt is an asbeszos-containing paper product that is manufactured
separately and forms the underlayment of sheet vinyl floovring. Asbestos-
containing flooring felts, which are produced on a conventional papermaking
machine, are composed of approximately 85 percent asbestoe (chrysotile) aad 15
percent latex binder.” Once manufactured, flooring felt may be soéd wvithout -
further processing or may be used to produce sheet vinyl flooring. )6

Asbestos flooring felt is manufactured into sheet vinyl flooring products
by applying & resilient polyvinyl chloride coating to one side of the asbestos
felt using various extrusion coating and laminating and spread-coating
methods. Once the coatings are applied, the sheet is passed through an
oven where these layers are dried and gelled. The coated sheet is then
decorated to enhance its appearance by passing it over one or more eagrawvad
cylinders and/or several printing stations. The printed sheet then goes to a
fusion step where the sheet is coated with a "wearlayer." The wearlayer is a
homogeneous polymer application that provides an impervious surface for the
finished product.z The coated and printed sheet is next fed through an oven
where the felt backing, the layers of latex and plastisol, and the wearlayer
are fused into a single product. During fusion, the layer of plastisol foam
may expan 2 to 6 times its original thickness, giving the sheet vinyl
flooring its thickness and resilience. After fusion, these layers remain
distinct, but are no longer chemically or mechanically separadble.* The
vinyl sheetz is then cooled, cut to size, packaged and shipped. 13

SECONDARY PROCESSING-~FABRICATION -

There is no secondary processing of the products within this category.
Asbestos floor tiles and asbestos felt-backed sheet vinyl flooring are shipped
directly from the factor% to wholesalers and retailers who, in turm, sell
directly to end users.ds

END USE ACTIVITIES - °

As indicated above, vinyl-asbestos floor tiles and sheet viayl flooring
are used in industrial, commercial, institutional, and residential
_applications. Floor tiles can be installed either by professional floor

23 *



installers or home owners,. while the sheet vinyl flooring is uvsually laid dowm

oqu by professionals due _to the difficulty involved ia creating a perfect fit
with the one-piece sheet.’?

The installation of asbestos flooring products, like most floor
coverings, requires preparation of a subfloor that is smooth and free of
surface irregularities. Subfloor preparation may involve minor alteration of
the existing floor covering or partial or total removal.

Subfloor Preparation and Removal

Subfloor preparation is considered by many installers to be the most
difficult and time consuming as well as the most important part of the
installation job if one is to get & swooth, long lasting new floor.”»8 This
activity also involves the greatest potential for asbestos fiber release if
the existing subfloor is covered with an asbestos—containing floor product and
the manufacturer's warnings against sanding are not heeded. Interviews with
several flooring installers revealed that common subflootr preparation
practices run the gamut from sanding or dry scraping without any persocnal
prot?ctive sqgiggen:, to explicitly not sanding, to sanding while using a
respirator. /s _

The majority of installers interviewed avoid sanding whenever it is
economically or practicably possible. If the existing floor is not or cannot
be sanded, it ie either removed using flat-bladed putty knives or covered with
plywood, fiberboard, or masonite. Sanding or removal of the subfloor covering
takes approximately &4 to 8 hours for a standard 2.7 by 3.6 meter (9 foot by 12
foor) room, although this figure varies considerably dependin% on the size of
the room and difficulties encountered in removing old tile 811,12 Sanding
and stripping machines, as well as flat-bladed putty knives, hammers, chisels,
and scrapers are utilized in subfloor preparation.®”

1f the exigting subfloor is covered with asbestos felt-backed sheet vinyl
flooring, then the standard procedure is to "strip" the floor. This process
involves removing the top two (wear and foam) layers of sheeting and splitting
the bottom asbestos felt layer in half, along the horizoantal plane. If the
subfloor covering was glued over its entire area, then this procedure is
relatively easy, since the felt has little vertical tensile strength and will
split when pulled. During this process, the existing floor covering is cut
into strips approximately 0.46 meters (1.5 feet) wide and each strip is pulled
up and away from the subfloor.” This separation process, which may have a
high fiber release potential, leaves half of the felt in place and offers a
uniform subfloor for the new flooring product. Tarkett, Inc.* of Whitehall,
PA.6 a manufacturer of sheet vinyl flooring, recowmends that the exposed
felt be vacuumed immediately after each strip is removed to collect loose dirt
that may contain ashestos fibers. -

*Tarkett Inc. recently purchased the Whitehall, PA facility from GAF
Corporation's Consumer Product Group.
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If, instead of total surface gluing, the existing sheet vinyl flooring
had only been pasted along its perimeter, then stripping will remove the
entire covering, leaving only split asbestos felt around the p:cimeter. Thie
felt is either scraped up after it has been wetted (recommend:d practice) or
it is feathered to provxde a2 smooth subfloor/felt interface. The former
technique is favored since feathering involves sanding the felt, which can
release asbestos fibers.l4 16 1f (a third scenario) the exiating sheet
vinyl flooring is intact and relatively smooth, then its top layer will be
used as the subfloor and be rough sanded to provide a better contacting
surface for the adhesive. Sanding will disturd only the wear layer of the
sheet flooring and not the asbestos felt.}% The time it takes to remove or
prepare a sheet vinyl flooring is similar to that for an asbestos tile floor,
approximately 4 to 8 hours for the standard size room.

Installation

Vinyl-Asbestos Floor Tile—--

The installation of vinyl~asbestos floor tile in a standard 2.7 by 3.6
meter 39 y 12 foot) voom will take a professional installer from 2 to &4
hours.®” Installation is typically begun in the center of the room and
proceeds toward the walls. Tile adhesive is applied over ome section of the
floor at a time and full tiles are applied. 1If the floor tiles are prebacked
with adhesive, the protective cover layer is removed and the tiles are pressed
in place. Once all full tiles are in place, the perimeter and partial pieces
sre measured and cut out. This requires proportionately more time than laying
full tiles; up to one half of the total installation time is devoted to this
detailed work.3:10712 Afrar partial pieces are marked, they are haad cut
either by scoring the tile (cutting partially through) and saapping it or by
simply cutting enzirely through the tile in one operatioun. Whichever
technique is used, the time spent in making each cut amounts to only 5 to 10
seconds. Total cutting time for an average 2.7 by 3.6 meter (9 by 12 foot)
room is approximately 10 minutes. All cutting occurs in the room being
tiled. Cutting tools include commercial tile cutters, utility knives,
scissors, and razor xoives. 771317 The 10w energy input agsociated with the
use of these hand tools and the binding properties of the tile matrix minimize
fiber release during inetallation.

Sheer Vinyl Flooring--

The installation of asbestos felt-backed sheet viayl flooring in a
standard 2.7 by 3.6 meter (9 by 12 foot) roca will take from 1 1/2 to 6 hours
depending on the width of the viayl roll (1.8, 2.7, 3.6 or 4.5 meters), the
way in which it is glued, and whether or not a patteru has been used,8,14-16
The narrower the flooring width, the greater the installation time since the
patteras of adjoining sections must be matched. Gluing techniques, which were
briefly described above, vary in three basic ways: £fully pasted. whereby the
entire felt backing is glued to the subfloor; perimeter pasted, in which only
the perimeter of the flooring is glued; and the "Put Down ngck" (pDQ -~
technique, in which the flooring is layed without any glue. A fully
pasted floor will take the most time to install, but will last the longest.
Perimeter pasting is used most often when the subfloor is concrete. This
technique is quicker and saves time and money. A PDQ installation is more
common to flooring which is solely vimyl than it is to the more expensive
asbestos felt-backed product.
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The use of a template for cutrti
practice. The template is cut to ma
room. ‘These details are then tranaf

Narrow strips of asbestos—coutaining flooring felt are often uised as the
template in sheet vinyl installations since it is readily available and is
relatively inexpensive.'™s

ng sheet vinyl flooring is a widespread
tch the exact perimeter dezails of the
erred onto the sheet vinyl sroduct.

Template preparation involves laying the template sheet along the
perimeter of the room and transcribing onto it the perimeter outline. Each
section of the template is cut on the spot and immediately refitted to the
room perimeter to insure a perfect fit. Utility and razor knives are used for
cutting the template, and this operation takes approximately 10 to 20 minutes
of the total 1 1/2 to 6 hour sheet vinyl floorin% installation time for a
standard 2.7 by 3.6 meter (9 by 12 foot) room.8:14-16 1In4callation time

varies depending on the complexity of the perimeier details and the skill of
the installer.

Once completed, the template pattern is transferred to the sheet viayl
flooring and the flooring is cut to shape and size. Razor knives and utility
knives are also used for this purpose and the total cutting time is a fraction
of the total installation time, usually lasting from 5 to 20 minutes, again
for the standard size room.® k- Interviews with flooring retailers and
professional installers alike indicated that preparation and installation of
sheer vinyl flooring involves minor mechanical disturbance to the product,
minimizing the potential for airborme asbestos fiber release. The only action
during installation that disturbs the asbestos felt layer of the flooring is
cutting, and this is short in duration and not energy intensive. During use,
the asbestos felt layer is never directly exposed.

AIRBOKNE FIBER MONITORING DATA

Monitoring of asbestos fiber release during floor tile inst:llation and
removal was performed by SRI International.l819 Regults of this study are
presented in Table 6., The results of a similar SRI study, doue oun the
installation and removal of sheet vinyl flooring, are presented in Table 7.
The reported fiber concentrations for both studies were determined by phase
coantrast microecopy. Fiber concentrations associated with_the two asbestos
floor tile end use activities ranged froa 0.0 to 0.58 £/cud. The high end
value was recorded when recommended practices were not followed during
removal. Concentrations for the two sheet vianyl flooring activities were
somewhat higher, especially those obtained during removal of the asbestos felt
layer, up to 2.17 £/cmd for dry scraping of the felt layer. According to
the Resilient Floor Covering Institute, dry scraping is not a recommended work
practice. The higher fiber coaceantrations recorded for the asbestos
falc-backed sheet vinyl flooring product is expected because the felt backing
contains a much higher percentage of asbestos (85 percent) than the tile
product. (8 to 30 percent) and is not as structurally cohesive as the tile.

Honito;ing of fiber release during floor tile use and maintenance has
been performed by SRI and Sebastien et al.18,22 gpyty results, presented in
Table 6, show that fiber concentrations ranged from 0.00 to 0.195 f/cm
during in-service use, wet mopping, and machine buffing vinyl-asbestos floor
tiles located in an office building's copy center and snack shap.

-~
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TABLE 6. FIBER RELPASE FROM VINYL-ASBESTOS FLOOR TILE INSTALLATION,

USE, MAINTENANCE, AND ReMovAL18.19

Piber conceatration®

. Sampling
Age of tile time range
Site description (years) Operation (minutes) (£/cmd)
Residential home 6 O0ld tile preparation 10 0.000
for new installation
Besidential home Név Installation 113 to 114 0,092 to 0.184
Residential home New Installation 220 to 232 0.081 to 0.267
Residential home New Installation 65 0.048 to 0.189
Office building copy cepter 5 In-service use 411 to 419 0.002 to 0.011
Office building snack shop 5 In-service use 130 to 133 0.008 to 0.062
Office building copy center 5 Maintenance - mopping 15 0.135
Office building snack shop 3 Maintenance * mopping 21 0.195
Office building copy center 5 Hainéenunce = buffing 11 to 30 0.060 to 0.092
Office building snack shop 5 Maintenance - huffing 21 0.000
Residential home NR Removal 123 to 134 0.062 to 0,147
Residential home 6 Removalb 80 0.153 to 0.583

L .

8Phase contrast microscopy analysis performed. Samples were taken at breathing zone of operators except
for those taken in the office building copy center and snack shop, these were taken from 0.3 to 1.5 meters

(1 to 5 feet) above the floor surface.

bRemoval 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.

BR = Not reported.
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TABLE- 7. PIBER CONCENTRATIONS ASSOCIATED WITH THE INSTALLATION AND REMOVAL OF SHEET

VINYL FLOORING BACKED WITH ASBESTOS FLOORING FELT20,21

‘ Age of vinyl sheeting - Sampling Fiber concentration®
! and method of attachment time range
Site description (years) Operation (minutes) (£/cad)
Resideutial home - kitchen HNew sdhered lostallation 175 to 177 0.246 to 0.310
Regidential ‘ho-. - .t'itchan k:dh;rod Installation 100 0. 000
Residential homs ~ kitchen 13-adhered Installation 58 to 60 0.61) to 0.655
Residential homs - foyer 2-adhered Installation 177 to 179 0.075 to 0.554
Residential home - kitchen 8~adhered Iastallation 44 to 45 0.325 to 1.016
Residential home ~ kitchen 13-adhered Partial u-o\ulb 44 to 62 0.190 to 0.408
Residential howe - Joyar 2-adhered Total n-ovnlb 121 to 123 0.368 to 0.402
Residential home ~ kitchen 8-unadhered Total reuovalb 74 to 76 0.069 to 0.100
Residential home ~ kitchen 6-adhered Wesr layer removal 70 to 75 0.084 to 0.218
Residential home ~ kitchen 6~adhered Wet scrape felt layer 55 0.484
Residential home - kitchen 6-adhered Dry scrape.falt layer 63 1.267 to 2.168
Residential l\onn =~ kitchen 6~adhered Dry scrape felt layer 40 to 45 1.004 to 1.126

%Phase contrast microscopy analysis performed.

bOperstions were performed according to Resilient Floor Covering Institute practices that do not

include sanding, aveeping, or dry-scraping.

S8semples were taken at breathing zone of operators.




Becau?e the air samples obtained by SRI were analvzed by 2CM
asbestos fiber concentrations were not determined. However, ooritori
resulte obtained by Sebastien et al. indicate thac asbestoa.fibéra arzg
released from vianyl-asbestos floor tiles during everyday use. Sebastien et al.
performed air sampling at four locations within an office building contaianing
5,400 m* of viayl-asbestos floor tile. Transaission electron microscopic
analysis of air samples taken during periods of active building use revealed
airborne asbestoe concentrations of 8, 21, 25 and 170 ng/m>* at the four
locations, respectively. The locstions sampled included three corridor sites
and a fourth site located in & workshop where electronic machines are tested
and part of a corridor. The highest concentration was recorded in the
workshop, an area of greatest wvorker activity. No fibers longer than 3 um
were observed on the membrane filters analyzed.

, actual

Fiber concentrations measured during the removal of old asbestos floor
tile are present:’ in Table 6. As evident in the table, concentrations
resulting from removal are significantly higher than those associated with the
installation, use, and maintenance of this flooring product. This is
congistent with the amc .at of energy expended in removing the tile. Whean an
existing tile floor is removed, pieces of tile may remain affixed to the
floor. To remove these pieces, & worker may use a hammer and a chisel to free
the individual bits of tile from the adhesive binder. Alternatively, the
worker may elect to use an electric sander to sand the tile down to the
existing subfloor deck. 1In either case, substanzial amounts of mechanical
energy are applied to the floor tile to effect itse removal. This action,
particularly sanding, may expel asbestos fibers from the viayl matrix,
resulting in elevated (higher than background) airborme fiber concentratioums.

Two monitoring studies on the release of gsbestos fibers from vinyl-
asbestos floor tile have aleo been conducted by GCA/Techaology Division. Ome
revesled asbestos fiber concentrations of 0.02 to 0.10 f/cm3 during
vinyl-asbestos floor tile removal. 24 Sampling occurred approximately 4.5 to
6.0 meters (15 to 20 feet) from an area where workess manuslly ripped up an
asbestos tile floor. . The ripping activity wes monitored for 165 minutes. Air
samples obtained were analyzed by SEM/EDXR. The other GCA study25 involved
measuring fiber concentrations during the reenactment of various end use
activities on viayl-asbestos tiles. The activities, which were performed in a
laboratory glove box, included cutting, grinding, breaking, and drilling.
Sampling periods ranged from 1 to 5 minutes. Initial analysis by phase
contrast microscopy indicated no fiber release. When duplicate samples were
analyzed by SEM (5000X) and EDXR, a fiber concentration of 0.5 f/cm” was
recorded for the tile grinding operation only. No fibers were detected by
SEM/EDXR analysis for the other activities monitored. It is noted that even
though SEM/EDXR analysis was performed, only fibers 5 um in length and having
s length-to-diameter ratio of 3~to-l or greater were counted.

- -

*EPA's Eactor for converting nanograms to fibers is 1 nanogram equals
30 fibers.?3



flocrutzi:{ et ;;; :::;iz;:icfizjr release during sanding of viny}-fsbe-‘oc

T performed under laboratory conditions in a
3 x 3.7 x 2.1 meter (10 x 12 x 7 foot) walkin chamber. A belt sander was used
to remove a section of old floor tile. The data indicate thz: sanding cea
result in airdorne fiber concentrations of 1.2 to 1.3 f/em.? Air samples
were analyzed by PQOM,

SUMMARY OF FINDINGS

Airborne fiber councentrations measured during the installation of
vinyl-asbestos floor tile and sheet vinyl flooring backed with asbestos
flooring felt approach 1.0 f/cm3. as determined by PQ{. During product -
installation, the product matrix countaining asbestos fibers is disturbed by a
limited number of manual cuts, each of which lasts only 5 to 10 seconds.

Total cutting time amounts to 10 to 20 minutes of the total 1 1/2 to 6 hour
flooring inetallation time, The rooms in which this cutting activity occurs
are typically well-ventilated.

Discarding sanding and dry scraping operations, fiber conceatrations
associated with floor tile removal (0.15 f/cm3) are approximately the same
as those associated with tile installation, (0.05 to 0.27 £/cm3) while
asbestos concentrations attributable to sheet vianyl flooring removal (up to
0.48 t/cm3) are approximately half those recorded during installation
(1.0 f/cm”). Whea sanding or dry scraping are employed to remove
vinyl-asbestos floor tile or sheet vimyl flooring during subfloor preparationm,
airborne fiber concentrations of 1.0 to 2.0 f/cm”®, as determined by PQ, can
occur. .

Table 8 summarizes the data presented on flooring products and identifies
the activities of concern with respect to airborne asbestos fiber relesse.

30 _ .
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TABLE 8. SUMMARY OF ASBESTOS FLOORING PRODUCTS SECONDARY PROCESSING

AND END USE ACTIVITIES

Product: Flooring pro-
ducte: asbestos floor
tile, sbeet vinyl backed
with asbestos felt

'

Secondary ‘processing

End use

Floor tile

Shaet vinyl €looriang

© Metivicys

Mo secondary procassiag
- for either product line : .

Buration of Activity:

Par Incident Sudbfloor preparation/

semoval
Daily Totsl

Per Incident lastallation (cutting)
Daily Total
Fiber Releasability:

Chemical Composition

Physical Composition

Subfloor prepsration/

1
Disruptive Xnergy
removal

lanstallation (cutting)

Subfloor preperation/
removal
Installation

Contral Messuvs:

Subfloor praparstioa/
removal, instsllation

N
4 to 8 hours
3 to 10 seconds
10 miautes
Low

8 to 10X asbestos, tightly
bound in polymer rexin

Moderately pliable, stiff,
hard, vary cohesive

Hand chiseling and
scraping, may use power
tools (sander)

Hand held scoring knife,
tile cutter, sciseors

Wetting, following recom—
mended wvork practices

Following recomsended
wock practices, no
engloesring controle

Subfloor preparatioa/
removal, {nstallatioan
RA
4 to 8 boura
Somsvhat coaotiauous -
10 to 20 minutes
Moderate

85 asbestos, bound by
letex binder

Very pliable, not rigid

Hand scraping, may use
pover tools (sander)

Raszor knives, scissors

Watting, followving recom-
mended vork practices

Folloving tecommended
work practices, no
engineering countrols

(coatinued)
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TABLE 8 (continued)

-

Product: Flooring pro-
te:' asbestos floor
tile, shast vioyl backed

vith asbestos falt Secondary processiog

' £0d uee

FPloor tile

Sheet vinyl flooring

!lcnlung Piber Concentration
(t/cm”):

Invironmentsl Setting:

Activity of Concern

Bubfloor preparation/
removal

lostallatioa

Use, maintenance

0 to 0.15%

0.05 to 0.2)
0.00 to 0.20 b
(8 to 170 ng/aY")

indoors, in room usually
wvell ventilated

0.07 to 0.48%
0to I.0
ND

Indoors, in room usually
well ventilated®

Subfloor preparation involving resoval of ssbeatos floor tile or sheet vimyl flooring backed with asbestos felt when recommended work

practices are not followed.

Ayhen following recommended work practices.

bgpA's factor for coaverting nanograms to fibars is | nanogram equals 30 ﬂbcg-.u

NA = Not applicable.
ND = Mo data.
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SECTION 4

COATINGS AND SEALANTS

INTRODUCT 1ON

Asbestos fibers are used in the manufacture of coatings and sealants
because of the strength, durability, thermal and corrosion resistance, sound
deadening, and waterproofing characteristics they impart. Coatings are
covering products used to rejuvenate and/or protect various types of
surfaces. Sealants are liquid or semiliquid fillers used to fill gaps in
building comstruction, vehicle cowponents, and industrial equipment. Table 9
lists the applications of several coating and sealant products and the
asbestos characteristics that make them desirable.

The products within this category can be divided into two subcategories
based oa their compoeition: those which are petroleum based and those which
have a water soluble latex or gypsum base.

Petroleum—Based Products

Petroleum-based products primarily include asphalt and tar-based
sealants. Product formulations vary widely depeanding on end use applications
In general, petroleum seslants are comprised of 5 to 30 percent asbestos
(primarily chrysotile) and 55 to 80 percent cut asphalt.* Other petroleum
derivatives added to ‘achieve the proper consistency required for the intended
end use are naphtha, mineral spirits, and lighter—weight solvents. Other
ingredients include rust proofing chemicals, pigments, heat reflecting
powdered metals such as aluminum, emulsifiers, resins, and clay fillers.l

Sealants are produced in batches under & countrolled 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 vary from several hundred gallons for small
manufacturers with oge production line to several thousand gallons for larger
manufectuyrers with a wide product mix and several productiom lines.2 The
batch sizes also vary with company size, type of product, method of
containerization, type of production equipment, and size of order. Sealant
manufacturing is often not a full-time operation but rather run part-time.
This is due to seasonal fluctuations in demand, a greater amount of sealants
may be produced in certain months of the year than in others.
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NTAINING COATINGS

Distingaishing
characteristics Ln> .V
Use - of asbestos®
Roof coazings A, 2, G
°y. Roof cements® A, G
Flashing cemeata® A, G
j’ Chimney stack psinte® . B, E, C
Automobile and truck undercoatings A, B, E, P, C
Appliance insulazipg coetings . E, 1
‘Corrosion-resistant coatings (resistant to salt B, C
‘solutions including sesvater spray, orgenic acids,
mineral acids, petroleum products)
Waterproof coetings for underground pipelices, A, C E, G
concrete foundations, side walls, tanks, and other
stTuctures such as mobile homes end cooling towers
ia auclear powver plaots
Anticondensation coatiogs for low temperature 3, G
refrigeratioa services
Tile cements ) . A
Woodblock and ‘coacrete floor mastics F, C
{
1]
N Spackle® . A, C D
. Dry wall joint cz:unupcn.u'xdlb A, C, D
Caulking compounds A, C, D
.. Texture paiats® . A, C, D
N Sprayed-oa ceiling finishes® A, C, D
7\ Welding rod :«:ingc" B, E

81atters correspond with the characteristics listed below. Stability,

duradility, and economy of asbestos are relevant to all uses listed
above. '

®No longer manufactured coatsining asbestos fibers.

- Key: A. Strength E. Thermal resistance '
_ B. Corrosion resistance F. Sound deadening
- C. Decay resistacce G. Waterproofing

D. Vermin resistance
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Water b1 Lctex.or‘cfp{uﬁ-sa,ed Producets

Productse under this subcategory include joint compounds, patching
plascer, spackle, and drywall taping and finiehing compound:. Use of this
class of compounds has decreased significantly since the issuance of a
Connuye? Product Safety Commission (CPSC) ben of consumer patching compounds
?ontaxnxng respirable free-form asbestos in 1977.° The ban applies only to

conasumer' products, i.e., products that a consumer can purchase. The ban
covers uses in residences, schools, hospitals, public buildings, or other
areas where consumers have customary access. Patching compounds which are

labeled as, marketed, and sold solely for industrial use applicatioas are not
subject to the ban.

Two principal types of water soluble compounds have been produced. Onme
used latex as the binder, which set by evaporation of th: water. The other
used dehydrated gypsum as the binder (and primary dry ingredient) and set by
chemical reaction as the gypsum took up waters of hydration. The first type
was mainly limestone wi:- lesser amounts of mica and 3 to 5 percent asbestos.
This type was used by about 80 percent of the market, and was mostly sold in
the ready-mixed, wet form. The gypsum-based materisl, capturing roughly 20
percent of the market, also usually contained asbestos and wae gold dry,
requiring wetting just before use. The worker mixed the compound with water

in the field. Wer-mix products were manufactured and packaged in a can for
ready use.

Manufacture of both these products involved the usuazl handling of raw
asbestos fibers where bags were stored, transferred, split, dumped, and
fluffed. After dry blending, the latex-based products were wet mixed, binding
the fibers in the matrix. The dry mixed gypsum-based product, which was not
wetted during manufacture, maintained the potential for fiber release

throughout the manufacturing process, as well as during packaging,
distribution, and end use.

SECONDARY PROCESSING - FABRICATION

There is no secondary processing of the products within either '
subcategory. Once manufactured and containerized, the products are shipped to
wholesalers and retailers who sell directly to end users.

END USE ACTIVITIES

Petroleum~B8ased Products

Petroleum-based compounds include roof and horizontal surface coatings,
roof and flashing cemeants, gg}omobile and truck undercoatings, waterproofing

coskings, and floor mastics.*® These products are applied by coatractors,
specialty coating professionals (undercoating, roofing), and homeowners who
buy the product at local retail and hardware stores and lumberyarcds. The
products may be applied by brush, spray gun, roller or trowel, depending on
their consistency and intended use. The following discussion provides
examples of some of the more common appiicatioas of petroleum—based sealants
and coatings. d
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Asphalt and tar-baged coatings and s

2::22;2§ gig‘zznscrUCtlo“ trades to protect exposed metal surf:zeg, w roof

ng walls, and to patch existing voofing and si:ing * Vaterproot
Asbestos-containing coatings are used in highly corrosive e:;iron;encs such
as those found in paper mills, to protect structural metal surfaces fr;m e
attack by chlorine, chlovine dioxide, and moisture. The coating is shipped
to che a?ce in premix form and applied using a high pressure airless
atomization epray gun.

ealants are used priucrlly“ﬁ&nii.

Asphaltic-based asbestos sealants are widely used in the coumstruction
industry to waterproof foundations and other subgrade structures, as well as .
in "back-up" walls, which are exterior walls that are ultimately covered by an
architectural covering such as brick.? Depending upon the amount of surface
area to be coated and its location, the coating is applied either using
brushes or spray equipment.

For roofing applications, the asbestos sealant is used primarily for
installing flashing or the perimeter of a built—-up roof.” It goes on after
the roof covering material and is applied by & trowel. Asbestos sealants are
also used in repair jobe, when, for example, a leaking chimney or roof must be
patched. This operation is often performed by the homeowner and takes
advantage of the ability of the asbestos product to bridge a crack without
subsequently drying, coantracting and cracking again. A brush is most often
used for this purpose.

The activities just described occur predominantly outdoors or in large
open areas within buildings. Application of the compounds may last froa one
half hour up to a full workday depending on the method of application and the
size of area to be worked.

Another use of petroleum-based asbestos-coataining compounds is for
protective undercoatings and sound deadening on automobiles and trucks.
Application of these materiale is commonly carried out inside an automotive
assembly factory or service shop using spraying equipment, Depending on the
production schedule, material application may last from a few hours to a full
8-hour work shift, Spraying may occur in enclosed work booths or in an area
open to the workroom environment. \\\\\\

Although the asbestos content of petroleum—based compounds is moderately '\
high, the potential for fiber release during application and in-service use is
low. Fibers contained within these products are thoroughly wetted and remain
bound by the tacky asphalt or tar matrix. The petroleum compounds of the
product -ix effectively cover and bind the fibers together, minimizing the
potentia. for free-form release during application.

Most of the petroleum-based products are applied as exterior surface
coatings, upon which~™no direct physical exertion is applied. Consequently,
except for weathering, which is expected to have 3 minor effect on fiber
release, the material remains unaltered after application.
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Water Soluble Latex or Cypsum-Based Products

.

—containing coatings and sealants t=el
) “clude
products as spackling compounds and drywall patching and tapl.ag comno:iﬁr‘

The latex gealing and coating products often come ino premixsd containers
whereas the gypsum—based materials come dry and omust be mixed by che user.
Substantial fiber release can occur during dry product mixing, sanding, and

clean-up, which, it is believed, contributed, in large measure, to the CPSC
ban. : '

Water soluble asbestos

The dry joint compound powder, where atill available, is normally
purchased packaged in paper bags. The bag is slit open with a knife and the
powder dumped into a container. Water is thea added according to the
manufacturer's directions and the compound is mixed by means of a portable
electric drill equipped with a oud or paint mixer bit. Some joint compound is
s01d as & paste (referred to as "premix") and only a small amount of water is
required. The prepared mixture, in ite putty-like form after wetting, is
referred to &8s mud. The time spent mixing in a working day is short. It
usually takes 5 to 10 minutes to aix a batch and in most instances one to
three batches are required daily.

An initial or "embedding" coat of joiat compound (mud) is spread across
the joiat by a 2-inch putty knife. This is immediately followed by the
application of & 2-inch wide perforated paper tape which adheres to the mud;
the mud pasaes through the perforations, insuring intimate tape/mud contact.
The tape/mud layer is allowed to dry until it is thick and thea is followed in
succession by two additional mud coats. Each of these coars is_feathered
using putty knives until they blend with the wallboard surface.’ For large
jobs, a joint taping machine is available which puts d-wm the first mud coat,
the tape, and the second mud coat ian one continuous operation. The final
coats are applied by hand. A skilled worker can put down an 8-foot joint in 2
to 5 minutes. A homeowner, however, may take up to 20 minutes for the same
task. Sixty-five to 70 perceant of the working day, or up to 5-1/2 hours, is
spent performing thie operatioa.

After the mud has dried, it is sanded, as required, to leave a smooth
connection batween successive wallboards. Here again, the experience of the
worker is evident, for if the final mud coat is feathered skillfully, no
additional sanding is required.7 When sanding is undertaken, a hand-held
abrasive paper—covered sanding block is the most common tool employed.
Electric sanders are not widely_used since the mud, even after drying, is too
soft for the high epeed sander.’ Pole gsanders, in which the sanding block
is attached to the end of a long pole, may be used for hard-to-reach areas.
Workers employed in the sanding operation may use face masks for dust control,
regardless of whether or not the joint compound contains asbestos.’ It is
estimated that 25 to 30 percent of the total joint application time is spent
in eanding.6 or up to 2-1/2 hours of every 8-hour workday. Almost all
applications of the water soluble products occur indoors.

The debris and the dust accumulated on the floor resulting from the
mixing, application, and sanding operatious are generally cleaned up by dry
sweeping. In many instances, especially in cases of coummercial building and

.
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large projects,

However, it was

skilled employee
projects.

thie operation is carried out by nonskilled ledor
generally found to be part of the work responiisi
8 of small companies working on residential c=o

ere. 2
licies of
nstruction

AIRBORNE FIBER MONITORING DATA

Petroleum~Based Products

Airborne fiber concentrations measured during spray application and sand
blasting rew:val of different types of asbestos—countsining petroleum-based
coatings are presented in Table 10. Operations monitoved varied from spraying
cutback asphalt containing 7.7 percent asbestos on a roof surface to sand
blasting a 2.1 percent asbestos coatent high performance exterior resin
coating from a steel tank. As shown in the table, airborme fiber
concentrations did not exceed 0.6 f/cm3. Another activity monitored
involved sawing pipe coated with a polyester resin containing 2 to 3 percent
asbestos. Measuged fiber concentrations during this operation ranged from
0.04 to 0.1 f£/cm”,

Water Soluble Latex or Gypsum=-Based -Products

A summary of airborne fiber monitoring data obtained during the
performance of the ead uee activities associated with gypsum~based drywall
compounds is presented in Table ll. The table breaks down fiber coancentra-
tions into the various steps of product use and handling. Fiber
concentrations measured during dry mixing ranged from 9.0 to 59 £/cm3.

During application, concentrations of 0.4 to 1.3 f/cm3 were recorded, Fiber
levegs associated with sanding and sveeging operations ranged from 1.2 to 24,2
f/cm” and 4.0 to greater tham 4l.4 f/cm”, respectively.

SUMMARY QF FINDINGS

From the discussion above, it is obvious that water soluble latex or
gypsum~based coatings and sealauts pose a far greater poteantial for fiber
release during end use than petroleum-based products. Airborme fiber
concentrations associated with dry mixing of such water soluble drywall
patching compounds can approach 60 £/cm3. Detection of such levels probably
contributed, in part, to the 1977 decision by the Cousumer Product Safety
Commission to ban consumer pa%:hing compounds coataining respirsble free-form
asbestos fibers. Because these materials are still used in industrial
settings and may still be present in existing buildings, care must be taken
during all phases of product handling-to minimize asbestoe fiber release.

Asbestos-containing petroleum-based coatings and sealants are applied in
both exterior and interior settings by workers utilizing high pressure spray
guns, hrushes, or trowels. The asbestos fibers coatained in these products
are thoroughly werted by the petroleum-based liquids, greatly reducing the
potential for free-form fiber release during use. Monitoring tests condu?ted
during product application and removal revealed airborne fiber concentrations
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TABLE 10. FIBER CONCENTRATIONS ASSOCIATED WITH THE SPRAY APPLICATION OF ASBESTOS-CONTAINING
PETROLEUM-BASED COATING PRODUCTSS
, Purstion of ' -
Heasured fider sctivity/
Asbestes-contaluling Mctivicy comcaniration Dete of sovpling time Anslytical
product pectorned (t/cud) taste (min) mathod Commant ¢
Spray-epplied sephaitic
ol coating -
s  Oulback asphailz Spraying 0.003 to 0.3 1974 1 te 432 Thase contrast® Purcent weight of sedestes as spraged
4 - {assumed) ranged from 5.8 to )., after curing
9.7 to0 12,8
Asphalt~eaulelon Spraying 0.0l te 0.3 1924,1974 m Phase comtrast Percent waight of asbestos as spraped
. (asoumed) was 2.8, aftefr curiog 5.1
Bullt-up roafing Tear-wof{ 0.1 te 0.4 1934 - Fhase contrast Monitoring performed {a fadiane
(aeoumad)
Tear-off aod 0.0 0 0.3 1974,197¢ m Phase contrast Masitoring performed is Memasylvacic
\ replace (spray) (assumed) aad lodisna
‘Mew application 0.0 to 0.4 1974,1975,1926 w Puase contrsst Movitoring performed in Wiscoasis,
(oprey) (sueumed) Colorado, sod Indlana
Resia costinge Ship coatiog by 0.2 1974 Ste 33 Phase coatraat Oparator spraying outside sod uoder ¢
sprey applicatioa (assumad) ohip with ssdbestos—<ontalalag eposy
resin. Purcent asbestos ss spraged
. 1.3
Dry dock coating 0.0te 0.2 1974 11 to 38 Phase cootraat Opezator spraying dock with as
" vy spray spplication . (aseumed) asbestos~containing epoxy sad coel &8
. nizture. Oma percent ssbsstos s
sprayed
Coat ing pips 0.1 - 1974 3 Pnase contrast Opasator spreying iaterior of 1.4, §
. * istariov - spray (arsumad) and 30 ca diameter pips with ae
application asbestos—~containing (1 parcest) spesp
and coal Lar uicture 3
Piver—glines pipe 0.1 te 0.4 1976 8t ) fhase contraet Operators mogitored vare (avolved o
WG (Mandrsl coating) (ansumed) runeing sutomatic spray macniss sl
wiplog msndrel. & 1.4 percest 4ol
chemical vasistant rasin vae opry,
sppliad
Ship coating balow 0.0 te 0.4 1974 23 zo &3 Phase costrast Chemical veslsteat resla conts
watertine (epray (sssuned) 0.7 parceat aechestos applied
apylication)
Peimtiog building 0.0 to 0.06 1976,19)7 3co 1 Mase coutrast Alkyd resle containing ¢ pervoat
suterior {commarcial) (aosumad) asbestos or viayl-scrylic lates
coatsining 0.6 parcent asbestes
applied 3
v {costinued)
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TABLE 11. SUMMARY OF AIRBORNE FIBER CONCENTRATIONS FNCOUNTERED IN THE DRYWALL TAPING PROCESS
Durgtion of
Measured fiber sctivity/ .
Aabestos taini Activiey concentrgcion Date of sampling tise Asslyticel
* ::::x. e pesformed (”"S) teste (win) mathod Commeat o
Vater solubla Application 0.4 to L.3 1928 3 e 63 Musse contrast® Commercial operatioa
un-basad
:’.—;:,.n c:,....‘ Mining 9.0 to 12.4 1973 te 1927 10 te 12 Msca coatrset Rasldentisl satting
(Study A) {dcy pondar) - )
¢ izing 1.2 te 2.2 1 dte S Phase coagrast Commercial oparetion
{prea-nix) :
Mand sanding 2.1 te .2 L9713 e 1977 10 te 80 hase coatrast Regidentinl setting :
Pole sanding 1.2 te 0.1 1973 te 1977 10 to 38 Thase cootrest Savidenriat settiog
Pole sandicg 1.2 to 10.0 1970 Ate 21 Phsse coatrast Coumavclal oparstion
Sveeplag 4.0 to 26.3 1915 te 1977 9 ce 30 Mase coatrast Nasidential aatting i
Swasping 14.5 10 25.4 1978 10 to 20 Fhase contract Commerciel opetation
Water soluble ey alxing 335.4 to 39.0 1974 uR Phase coacrast Commarcial oparatioa. Fiber raoge
gypoum-based (0.9 o 1.5 W) reported ls sot less background
5 1 lavels, which for the ssae roam
(::::y .;a-vou-l ranged from 0.5 to 1J.1 flca’d
Rand saading 1.3 to 16.9 1974 e Phase contrast Commaccial operation. Fiber raoge
(0.9 to 1.3 W) reported (2 noc less background
lavels, which for the ssme
canged from 2.1 to 2.3 (/cm
.Pola esading 1.2 to 19.} 1974 .- Puase coatrast Commarcial operstiom. Fiber range
(0.9 to 1.5 w) reported is not less background
levele, which tor the ssme voom ranged
fcow 3.5 to 19.8 f/ca’
Sweeping Al.4 (@ean) 1974 L] Phase contrast Due to heavy toading during sweeping,

3.0 to 13 a)

sampling occurrad L% wiautes after
sveeping stopped. After )5 cinutgs,
the wessured flber level was /0.4
t/cm

%pibers 3 yn loag er longer with & length-to-diameter aspect ratio of 3 or greater were couated by phaze contrast sicroscopy.
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ranging from 0.0 to 0.6 f/cm3, spray-applied petroleum~based :
sealants containing more than 1 percent asbestos are the only p
banned from building construction use by the asbestos NESHAP r:julation.

2c3lings and
~oducts not

Table 12 summarizes the data presented on coatings and sealants and

identifies the principal activities of concern with respecz to fiber release.
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TABLE 12. SUMMARY OF COATINGS AND SEALANTS SECONDARY PROCESSING AND END USE ACTIVITIES

Product:  Coatings

and sealants Secondary processing

End use

Petroleum~based products

Water soluble products

Activity:

L]
Duration:
Per Incident
Daily Totsl

Fiber Releasability:
Chemical Composition
Physical Composition

Disruptive Energy

Heasured Fiber

Concentrations (f/cu3):

Eavironmental Setting:

Activity of Concern

Mixing, sanding, and cleanup sweeping of water soluble products that are still available and applied to

interior wall surfaces.

No secondsry processing
of either product line

Spray application, hand
brushing and troweling,
sand blesting removal

Continuous operation
up to 8 hours per day

Low
S to 301 aabestos, 55 to
80X asphalt

Tacky material as applied,
hard resinous fianish when

dry

Hbdgrate to high, power
sanding (aand blasting)
of material off surfaces

0.0 to 0.6

Usually applied out of
doors to exterior
surfaces

Dry mixing hand application
troweling, sanding

Mixing~-5 to 10 minutes
Application——up to 5 1/2 hours
Sanding-~up to 2 1/2 hours

High
3 to 51 asbestos, majority
gypsum or limestone

Wet paste as applied,
granular finiah after
drying

-

Moderate, hand nanding'

Mixing~-1.2 to 59
Application--0.4 to 1.3
Sanding--1.2 to 24.2
Sweeping=—4.0 to >41.4

Applied indoors to wall
surfaces
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SECTION 5

TEXTILES

INTRODUCTION

Because asbestos fibers, after minimal conditiouning, ere processable’on
conventional textile manufacturing equipment, they are incorporated into all
conventional textile forms, including: 1lap, roving, yarm, cord, thread,
¢loth, tape, tubing, wick, rope, and felt. The special qualities afforded
by asbestoe fibers include fireproofing, chemical and dimensional stabilicy,
flexibilicy, and moisture, abrasion, and corrosion resistance.

Asbestos-containing textile product: typically contain from 75 to 100
percent asbestos.? Small percentages of cotton, rayoun, and other natural or
synthetic fibers may be blended with asbestos to improve spimnability and to
impart the desired serviceability to the end product.

Primary manufacturing of asbestos textile products is performed by the
establighed conventional process or by the wet process. Mos:t textiles are
made by the conveational process either by the dry or damp method.? Both
methods are identical, except that during damp processing yarn is moistened to
reduce fiber emissions.

In the conventional process, various size asbestos fibers are thoroughly
blended prior to processing through a carding operation.3 The carding
operation combs the fibers creating & relatively parallel arrangement called a
fiber mat.” Thie mat is pressed and layered into a lap. The lap is separated
into thin, continuous ribbons called roving. Coc:onk rayoun, Oor other material
may be added at this stage to atrengthen the roving.

The more newly developed wel process yields a product that tends to hold
asbestos fibers more tightly than those produced by the conventional process,
thus reducing workplace fiber concentrations. In this process, asbestos
fibers are mixed with hot, soapy water ia a-hydropulper.“ The process
yields a dense yarn by extruding the dispersion slurry and passing the
material through spinnerettes. Wet processing eliminates the carding
operation, the sagment of the conventional process that generates a great deal
of airborne_ fibrous dust. : -

Msay of the asbestos—-containing textiles manufactured are used as

intermediate materials to produce other products, such as electrical and
thermal insulation, gaskets and packings, fire and heat protective clothing,
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woven clutch facings, and brake linings.

. : Table 13 identifies zhe products
made using t?e primary asbestos-containing textile materials dzicribed below.
Product applications are also presented in the table.

Asbestos roving is loosely held together untwisted gtrinds of lap. As

shown in Figure 1, roving forms the building block for almost all the other
asbestos textile products.

) &abelto? yarn is roving that has been mechanically twisted and spun to
give it tensile strength. This yarn may be twisted with other single yarms,
wire, or other material to produce plied yarn which can be coated to produce

thread or treated yarns. Asbestos wick is several strands of untwiasted roving
loosely twisted togeather.

Asbestos tubing is made by either braiding or weaving several strands of
asdbestos yarns. The draided style is supplied in many diameters and textures
and in several wall thicknesses to meet a variety of end use applicatioas.

Asbestos tape is a narrovw woven fabric manufactured from plied yam

containing_selvage edges (the edge of the woven fabric finished to preveat
raveling).

Asbestos rope is made by twisting or braiding two or more strands of
asbestos wick togerther tightly. Heavier ropes contain a binder to hold the
twist. Braided asbestos rope is manufactured in three configuratioans: (1) by
braiding one or more jackers of asbestos yarn over a base of asbestos rope or
wick; (2) by braiding asbestos yarn braid over braid; and (3) by plaiting
asbestos yarn into square cross sectioa.

" Asbestos cord is usually twisted or braided asbestos yarn {a pre-
deternined number of strands) which forme & cord of desired diameter and
tensile strength. The yarns used may be sized or unaized, plain or metalliec
(wire inserted), or single or plied depending om the end use of the product.

Cloth woven from asbestos yarn and thread is soft, flaxible, and
stitchable, enabling it to be fabricated into protective apparel, blankets,
shields, and exterior jackets for fiberglass batts placed around boilers,
columns, and heat exchangers.

In most cases, the asbestos textile materials identified above are
surface treated with & resin or elastomer coating before shipment as a
finished produc:.a'9 The materials can also be aluminized to give a heat
teflecting surface. The metallic layer can be sprayed or bonded to the cloth
"by a thermosetting resin. Treatment by either or both of these coating
techniques effectively reduces the poteatial for asbestos fiber release during
secondary processing and end use.

SECONDARY PROCESSING~-FABRICATION

Depending on, the product line, primary textile manufacturers may produce
intermediate materials such as yara and cloth that will be fabricated into a
final product by a secondary processor or they may produce the final product
themselves. Examples of the latter include tubing and tape used for thermsl

.
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TABLE 13. ASBESTOS~CONTAINING TEXTILES AND TI=I2
END USE APPLICATIONSZ,3,6,7

Product application Textile material End use
Fire ?nd heat resistant cloth, thread, yaru, Protective apparel (gloves,
materials roving coats, hoods, and pants),

blankers and draperies,
conveyor belts, furmace
shields, ironing board
covers, hot matal splash
guards, welding curtains,
dryer felts end mats, hot

pads
Thermal insulation tape, tubing, cord, Marine and industrial pipe-
cloth, yarn wrap and sleeves (lagging),

diesel exhaust line and
manifold covers, tool
insulation (glassware),
braided wall liners in
steam hoses, fuel line
insulation, hydraulic line

insulation
Electrical insulation yarau, roving, tape, ~Electrical wire wrap and
thread, felts, cord, sheathing, multicore cable
lab, tubing wrap and sheathing, wotor

winding insulation, heater
cord insulation, core for
electrical resistance
wires, sleeviag for
electrical appliance leads

Gaskets and packings rope, wick, cord, All purpose shaft and valve
' cloth, tape stem packings, expansion
joint gaskets, manhole and
handhole boiler cover
gaskers, oven and furnace
door gaskets, chemical
process vessel gaskets

Friction materials roving, yarm, cloth Industrial, truck, and
marine clutch facings,
. - beavy stress brake lihing
applications
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Figure 1. Flowsheet for asbestos textile manufacturing.
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insulation and rope used for boiler and fu

ma_;:r xnduatr}nl customers, most of the primary manufacturers sall their ¥
products to.dxatrx.butora. The following discussion presents @ imples of
common textile secondary processing operations.

Tnace door gaskats. Zﬁécb fo

Fire and Heat Resistant Materials

The asbestos cloth supplied to fabricators of fire and heat resistant
materials is often surface-treated to minimize fiber release during secondary
procesging and end use. Fadbricators typically cut, sew, stitch, staple,
weave, and grommet the "lint free" cloth into products ranging from space
suits to welding curtains.”»”’ Secondary processiag is usually performed
indoors within enclosed factory rooms using electrically powered machinery.
Material processing will occur over a normal 8-hour work shift.

The outside surface of woven textile products may be further treated by
secondary processors to enhance certain product qualities. For exanmple,
asbestos—containing cloth may be aluminized to improve radiant heat
characteriszics or be given a polymeric coating to render it waterproof.lo
Other treatmeat methods include painting and plastering.10 Each of these
surface coating treatments reduces the potential for fiber release during
subsequeat processing and end use.

Thermal Insulation

Secondary processing of asbestos textile materiels used as thermal
insulation is required for certain product applications. Fabrication of these
products, such as braided walls of steam hose lines and hydraulic fluid and
fuel line sleeve covers, occure at factories that either distribute these
products or have direct use for them. 8,9 Secondary processing involves the
use of electrically powered machinery over an 8~hour work shift. The use of
engineeriang controls, such as total or partial euclosures which exhaust to a
conventioanal particulate capture device like a fabric filter, will depend on
whether the textile material has been surface-treated to minimize fiber
release and the extent of dusting caused by the fabricating operation. Other
dust control methods include dampening the material prior to processing and
reducing machinery speeds.

Unce the asbestos textile material is incorporated into a final product,
such as & steam hose wall or fuel line cover, the potential for fiber release
is extremely low. Under normal conditioans, the asbestos textile is gever
exposed. Only during mishandling or when damaged whereby the textile material
becomes exposad will fiber release become a potential prodblem.

Electrical Tnsulation

Asbestos yarn, thread, and tape are supplied to wire manufacturers for
use as insulation material in the production of wire products.8 Wire
manufacturers wrap asbestos textile material around wire or cables using
electrically powered wrapping machines capable of producing thousaands of feet
of wire per day. As a conductor covering, braided asbestos tubilng or tape may
be wrapped on wire (or cables), or plastic laminated and pressed outo wire.
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g textiles are used to insulate

! wires and cablon®
high current use under severe tempe cavles
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Although asbestoe textiles normally used for wire insulation and other
forms of electrical insulation are surface-treated, fiber release can be
expected during product fabrication. During processing, the textile material
is passed through various winding machinery that constantly bend and twist the
material. Such handling will loosen the woven or twisted strands of the
textile material, weakening its structural integrity. Continued agitation by
the machinery can cause the release of fibers. Dust control methods
implemented to minimize workroom contamination are similar to those descrided
above for thermal insulation processing. Final processing ianvolves applying a
protective cover over the wound material. This encasing step greatly

diminiehes the potential for fiber release from the product during subsequent
handling.

Gaskets and Packings

Untreated asbestos yarns are used by fabricators in the production of
packings to prevent gumming-up of equipment. Untreated yarn is braided by
machine to form the packing material. Then it is passed through a heated
resin or petroleum-based liquid bath to saturate the strands with lubricant.
Lubricants can include teflon, graphite, or molybdeaum disulfide. The
treatment process is performed to meintain product pliability while in service
and to preveat the abrasive asbestos fibers from scoring machinery shafts and
valve stems during use.3 %1l yplubricated packing is used as gaskets.

Because the potential for fiber release during the braiding of the
untreated yarn is high, engineering coatrols, personal protective equipment,
and appropriate work practices, such as reducing machinery speeds, are
generally employed. Engineering coatrole include enclosing the braiding
machines in ventilated rooms or booths and installing exhaust hoods at key
material handling stations. Personal protective gear may include a separate
set of clean work clothes and dust coatrol face masks, when necessary.

Friction Materials

Asbestos yarn or cord, that may be reinforced with wire, is used to make
woven clutch facings and brake linings. These products are mainly found in
industrial applications where long periods of heavy load conditions exist or
where short bursts of resistance are required.l2 The asbestos textile is
normally impregnated with phenelic resin or coated with asphalt prior to
processing. After curing and drying, the treated yarn is then fed to
mechanical winders, which are used to form the woven friction products.
Because the yarn has been coated with the resin or asphalc-based compound,
fiber release during winding is expected to be minimal. -

END USE ACTLVITIES

Asgbestos-containing textiles are used in a wide variety of applications
ranging from industrial furnace shields and hot metal splash guards to
laboratory gloves (see Table 13). The following describes the end use
activities associated with the more common asbestos textile products.
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Fire and Heat Resistant Materials

curt&?zzlxz:ﬁxong for fire and heat resistant asbestos cloth :.clude wel
» draperies, blankets, protective ¢lothing, hot conv::or belts
furnace shields, and molten metal splash protection aproas.3s8s9 Hany'of
these applications generally do not involve the performance of any activity
chas would cause airborne fiber release. All of the necessary stitching,
sewing, and grommeting work is performed by the primary manufacturer or
secondary processor. To install these products one simply hangs the material
on support structures, as in the case of heat shields and curtains, or puts
the clothing on, as with personal protective apparel. Material installation
for static applications is estimated to last only a few minutes. Wearing
protective clothing may last from a few minutes as in the case of gloves to

several hours for heat resistant suits worn in industrial plants or when
fighting fires.

Airborne asbestos fiber release is likely to occur with product wear.
The life span of these various products ranges from many months to several
years depending on the application and severity of wear. Most applications
are industrial, where harsh and strenuous coanditions exist. As the material
wears, the structural integrity of the woven fabric beginms to fail allowing
pieces of the material to unravel or become frayed.

Thermal Insulation

Asbestos textiles, such as cloth, tubing, and tape, are used as thermal
insulation. Applications include pipe wraps for safety protection, streas
relieving pads in welding operations, protective coverings for hot glassware
utensils, coverings for hydrauéic and fuel lines, and braided walls in the
construction of steam hoses.2:%?

Thermal insulating materiale are generally used in static applications.
Their woven and surface-treated construction mianimizes the possibility of
fiber release due to product degradazion. The greatest potential for fiber
release occurs during removal. Removal typically takes longer than
installation and requires more cuts to extract the worn and sometimes
encrusted material from the surface it was covering.

A specific example of a thermal application iavolves the use of
asbestoe—-containing textile tapes to insulate pipelines that transport hot
liquids and gases. During installation, the tape is normally applied as a
secondary insulator over a primary insulating coating of calcium silicate.
Shears or knives are used to cut the textile tape. The number of cuts
required depends on the surface complexity and the number of start and stop
points. Cutting takes only seconds and accounts for only a few minutes of the
total installation time. After the tape has been wrapped around the primary
insulator, with edges overlapping, it is covered with paint or other sedlant.
Initial installation of the textile tape is almost exclusively performed by
professional insulation contractors, whereas maintenance personnel will make
repairs or renovations when they are required. The length of time for
installation varies depending on the size of the job, lasting anywhere from
less than one hour to a full work day.
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peeled off the pipe and discarded in drums or plastic bags.?

Another application, somewhat unique, involves the use of asbestos tape
as a thermal insulator of process lines in a steel mill. A maintenance crew
at a mill reportedly had to replace asbestos-containing insulating wrap around
hoses carrying cooling water to the doors of an open hearth furnace every 3 to
4 weeks. The frequent need for replacement resulted from hot metal spills
on the hoses. Specifics about the removal of the damaged wrapping and the
application of new tape were not provided in the referenced citation. The
high frequency of replacement associated with this operation is related to the
extreme working conditions. Under less harsh conditions, thermal insulation
applications using tape and tubing wraps are expected to last several years
before replacement is required.

Asbestos textile materials used as thermal insulation in static
applications are not likely to release fibers to the ambient air under normal
conditiona. Generally, no abrasive force is applied to surface of the
material that would disturb its structural cohesiveness. However, fiber
release is likely during product removal if not properly countrolled (e.g.,
thoroughly wetting material). Exposure to extreme temperature fluctuations,
corrosive gases, or hot fumes over many years can physically age the asbestos
material. The aging process weakens the structural cohesiveness of the
textile material such that fiber release during removal is likely.

Textile materials used in dynamic (moving) applications, such as steam
hoses and hydraulic lines are likely to release fibers if jacket walls or
sleeve covers are cut or otherwise damaged such that the asbestos-containing
material is exposed, Continuation under these conditions will increase the
potential for fiber release due to repeated agitation of the damaged or
exposed material, ’

Electrical Insulationm

Asbestos-containing textiles used for electrical insulation are normally
incorporated into the internal workings of an electrical appliance or
component. Rarely is the material exposed. In use, the textile material is
usually held in & stationary position not subject to direct wear or abrasion.

With proper use, asbestos fibers are not expected to be released from
electrical products containing asbestos textile insulating materials.
However, if mistreated, the cloth covering of electrical appliance cords, for
example, may become frayed exposing the inside insulating material. Conatinued
misuse and abrasion to the exposed asbestos material may release airborne
fibers.

With respect to removal:at the end of its service life, the entire
electrical appliance is discarded or the component containing the asbestos
insulation is simply replaced. When damaged electrical components containing
asbestos textile iansulation need repairing, the whole unit, similar to above,
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will be entirely replaced to maintain s

repairs, such as replacement of dama i

e ged wire, gplieci i~e 1 :
system may be all that is required. Spliciné iiié?l?? Mavai oy tneo the.
old and new wi t i T hetY i cuctting the
: : 1re to expose the enclosed metal filament. The "ow energy input
involved in cutting the wire and removing part of the insula:zing sleeve is
expected to minimize fiber release from the asbestos material. Cutting of the
asbesros textile using wire snips or scissors will take only a few seconds and
result in a clean edge cut. After the new wire has been spliced with the
existing wire, electrical tape ie wrapped around the splice point(s) to

insulate the wire. This step covers all exposed asbestos textile surfaces.

yaCem continuity. Hove":r'; for sma

Gaskets and Packings

The following paragraphs focus on the end use of asbestos textiles as
gasketing material, with a brief discussion on packings. A more detailed

analysis of packings made from asbestos textiles is presented in Section 6
under Gaskets and Packings.

Various asbestos—zontdining textile products are used as gaskets to seal
expansion joiats, boi'-: manhole and handhole (inspection) covers, commercial
and residential 2ven doors, industrial furnace openings, and chemical process
vessels. 219 11,1 The textile forms most often used are rope, cord, wick, —~
cloth, and Cape.s' 1ol These products are purchased from distributors in
specified precut lengths, or if larger quantities are needed, wound on spools
or coiled in boxes. Distributors of the textile gasket material cut desived
leangths and punch giloc holes required for mechanical fastening at their
outlet stores.llsl Cutting is done using shears or a knife; hole punching
may be accomplished using a power—assisted or manuelly operated press
machine. Other than possibly wzaring a gurgical-type face mask, no dust
control measures are employed.1

Installation of the gasketing product ranges from setting the rope into
grooved tracks to bolting the tape to the mating surface. Cemeating the
gasketing to the mating surface using a furnace adhesive may also be
performed. The gar«et material selected for use may or may not be surface-
treated. Rope used for this purpose teads to be uantreated whereas the tape is
usually treated.11,1% Rope will likely have a cotton fiber carrier to add
structural integrity.

When installing the new gasketing material, required lengths are first
measured, then the rope or tape is cut using a knife, scissors, or tin
snipa.ll»l 1f the gasketing marerial is untreated, fiber release may occur
when the material is pulled from the carrying spool or box.

In use, the gasket material is not subject to any mechanical
disturbance. However, changes in temperature, moisture, or chemical
conditions will affect the material. These enviroameatal coaditions can break
down aad ‘cook out' the binders in the rope or tape causing them to degrade
between the -two mating surfaces. When manhole covers are opened, or pipe
flanges separated, the inner portion of the gasketing will tear apart while
the outer surfaces that were in contact with the mating surfaces may be bakzd
on. Before installing new replacement gaskating, the old encrusted material
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must be removed leaving a smooth, clean surface.

. Flat edge pu:zcy kniQeu or
wire brushes are used to remove the old material.

h i N Because as>23tos textiles
ave a high asbestos content (low binder coatent) and that the binders present

may have reacted with various gases or been 'cooked-out', fi-:r release is

expected dufing gasket removal. No monitoring data are availlable, however, to
document this assumption.

The length of time required to replace gaskat material depeads on the
size of the pipe flange or manhole cover to be disassembled. The actual time
involved in cutting new strips and removal of old material accounts for oaly a
small percentage of the total job. <Cutting is expected to last only seconds
while material removal and surface cleaning are estimated to last several
minutes (15 to 30 minutes): The frequency of gasket replacement also varies.
Replacement may be required more frequently than actually needed due to the
opening and closing of manholes or handholes as part of a routine maintenance
program.

Friction Mazerials

Woven asbestos brake lianings are found mainly in industrial brakes
contained in cranes, lifts, excavators, winches, concrete mixers, and mine
equipment. Woven friction products are also used as clutch facings for
industrial band, plate and cone clutches in cranes, lifts, excavators, and
winches.? Additionally, automotive brake pads may be manufactured from
woven asbestos ¢loth which may be reinforced with brass wire or impregnated
with phenolic resin.l However, molded automotive asbestos-containing brake
materials, developed in the 1950's, are replacing woven textile products
because they offer superior frictional properties. )

Asbestos fiber release is not expected during the installation of wovea

_friction products. The asphalt or resinous coating applied to the asbestos

yarn prior to winding effectively prevents the release of asbestos fibers from
an unusad product during inszallatioa. Fibar release to the outdoor air
during material wear is also not expected because woven friction products are
usually contained within a metal casing, such as a transmission housing. The
wear of a clutch facing, for example, depeuds on the amount of slippage that
occurs since the clutch is basically a static friction couple that momentarily
slides during gear shifts. Once the clutch cannot hold a continuous couple,
it must be replaced.

During product replacement asbestos fibers may be released to the ambient
air when the frictioa material housing is opened aad the wornm out textile
product is removed, Specific asbestos fiber monitoring studies have not been
reported for woven friction product repair or replacement work.. .

AIRBORNE FIBER MONITORING DATA

Although monitoring to determine airborne asbestos fiber coacentrations
during secondary processing is routinely performed by asbestos textile
fabricators, the results of these studies are not readily available nor well
documented in the open literature. Therefore, only a small amount of data is
presented.

57 .



Workplace fiber conce . A :
. c
(determined by POM) were Ntrations ranging from 2.0

. : reported in the lic 3 ‘
involving secondary pProcessing of asbeastos ::::22:: {g

are not likely to be representative of curreat workpl rh...bgib'*éxf
ingtitutioa of proc difi i i P oe Goncintracions:
P €58 modilicatione and improved cogtrol t2chniques i
these data were collected has resulted in lower work place concencra:io:i.
For example, the manufacturing modification involving wet )

; . 0 ~processing of
asbestos textiles has resulted in lower airborme fiber coancentrations during

primary manufacturing and secoandary processing. Fiber counceatrations in
the generdal workroom area and near an operator during the processing of
agbesgtos cloth made by the wet-process were 0.46 and 0.90 f/cm3, respec-
tively. General area and breathing zome fiber concentrations recorded during
cloth unrglling, measuring, cutting with scissors, and folding were 0.33 and
0.68 f/cm3, respectively. Fiber analysis of all four air samples was
performed using phase contrast microscopy.

18 8oF e

Airborne fiber monitoring data associated with asbestos textile end use
activities are scant. Only a few studies have been performed covering a
limited aumber of textile products. The following presents the monitoring
results that have been obtained from the literature.

Tests to determine fiber release during the wvearing of asbestos garments
vere performed at a blast furnace and a phosphorous plant where asbestos
coats, hoods, and mittens are worn. Personal mouitors were used to measure
the concentration of airborae fibers at the breathing zone level. Fiber
conceatrations of 0.3 to 5.0 £/cm3 were recorded for a blast furnace worker
with an 8~hour TWA coacentration of 0.1 to 1.1 £/cm3.19 Az the
phosphorous plant, fiber concentrations were comsiderably higher; 9.9 to
26.2 f/ca’, with an 8-hour TWA concentration of 4.7 £/cm 197 No reason
was given for the difference in concentrations recorded at the two plaants.
Airborne fiber concentratioans were determined by phase coantrast microscopy.

The garments tested were made of an untreated fabric. Hoods, however,
were aluminized on the outside. The age of the garmeants was also examined in
the study. Generally, asbestos fiber relea:: increased with product age,
however, no firm correlation could be develaped.

Measurements aof fiber release from asbestos-containing fire-fighting
helmets during use have been made. 29 Products tested included a new helmet
with an unlined surface, an ideatical older helmet, and a2 helmet with an
aluminized covering on the inside and outside surfaces. Monitoring results
revealed breathing zone fiber conceantrations of 2.30, 1.38, and 0.0 f/cm
for the three helmets, respectively. Results of the samples analyzed by phase
contrast microscopy clearly indicate that alumimization of asbestos cloth
garments effectively controls fiber release during use of these products. -

Another atudyZI_has similarly shown that woven asbestos textile gloves
can relesse fibers during use. Asbestos textile gloves contain fromw 80 to 85
percent asbestos and 15 to 20 percent rayon. The gloves tested were surface
treated with an acrylate-based compound, which enadbles the manufacturer
(unknown) to market them as "lint free.”
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Three tests were performed as part of

relesse monitoring experiments included:

Ceatin,g in a R
chamber (glove box); a well-ventilated (five air change:e::ie;axl)g \
: . . . . . 3
preparation room; and ig university laboratories under condi:io:: ozl.c”‘
glove use. The researchers examined the potential differerce sual

! 8 in Ffiber
release from new and worn glovss, the latter varying from clean to heavily
soiled.

the referanced

The glove use activities included the following: (1) picking the gloves
up from a table top and putting them on; (2) opeaning 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 14, .

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 new gloves, although the number of fibers released from the
well-worn gloves decreased with increased surface soiling.

TWA values calculated for the well-ventilated biology preparation room
were considerably lower than those obtained in the ventless isolation
chamber. The authors poetulate that these 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 isolatioa chamber
whereby the well-worn/clean gloves released a significantly higher number of
asbestos fibers into the atmosphere than the new gloves did. Fiber
concentrations algo increased with work load, a&s one would expect.

Monitoring tests conducted in various university laboratories revealed a
wide range of fiber concentrations. The researchers state that airborne
concentrations depended more oa 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
ventilation aystem, and amount of moisture oa the gloves.

in another studyzz relating to thermal insulation application,
Raybestos Manhattan Corporation of Charleston, S€, a manufacturer of asbestos
textiles, measured airborme fiber concentratioas of 0.0l to 0.05 £/cad
during the cutting of untreated lagging cloth and counts of 0.0 to
0.04 £/cmd during material application. Specifics about the activities
performed and sampling and analysis procedures employed were not reported.

SUMMARY OF FINDINGS

A limited amount of airborne fiber monitoring of asbestos textile °
secondary processing and end use activities has been performed and reported in

the literature. The majority of the available date relate to fire and heat
resistant garments. Fiber conceatrations reported for the breathing zoae of

workers wearing hooded fire protective clothing made from untreated woven
asbestos fabri: ranged from 0.03 ro 26.2 £/cm3. Other studies have shown
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TABLE 14. ATIRBORNE FIBER CONCENTRATIONS® RESULTING FRO!. THE

USE OF ASHBESTOS-CONTAINING GLOVEsS?2!

Sampling eavironment

Condition of gloves
and work load

Fiber concentration
Mean TWA + SD

lsolation chamber
(noaventilated)

Biology preparation room
(well ventilated)

Breathing zone

Work area

University Laboratories

Breathing zone

Work area

New

Well=worn/clean
Well-worn/lightly soiled
Well-worn/heavily soiled

New =~ normalb
Well-worn/clean-normal

New - heavy©
Well—woru/clean-heavy

New = pormal
Well=-worn/clean-normal

New - heavy
Well-worn/clean-heavy

Well-worn/clean
Well—worn/lightly soiled

Well—worn/clean
Well~worn/lightly soiled

(£/em?)
2.25 + 0.57
7.97 + 3.14
5.08 + 1.27
0195 1 0.16
0.07 + 0.02
0.49 + 0.11
0.51 + 0.21
0.99 » 0.22
0.06 + 0.02
0.40 *+ 0.09
0.26 + 0.08
0.60 » 0.12

0.07 to 2.93¢

0.10 to 0.71

0.04
0.30 to 0.74

8Fibers counted were 5 um loug or longer with a length-to-diameter

aspect ratio of 3-to-1 or greater.

was performed.

bNormal usage of gloves, two times per hour.

CHeavy usage of gloves, six times per hour.

dVltges reported are not means; ranges are from tests performed at
five different laboratories.

Phase contrast microscopy analysis



that :reaged cloth, particularly aluminization of the cloth
reduces fiber release. Monitoving conducted during the use
fire-fighting helmerts revealed no fiber release.

surfaza, greatly
of aluminized

Studies performed on laboratary gloves made from woven asdestos cloth
have shown that fiber release increases as the textile material begins to
wear. Airborne fiber monitoring has demonstrated that well-worn, clean gloves
release a comparatively higher concentration (0.49 £/cm3) of fibers into the
sambieat air than do new gloves (0.07 £/cm3) subjected to the same use.

With respect to other textile products, mounitoring during the cutting and
installation of untreated asbestos-containing lagging cloth for thermal
insulation revealed fiber concentrations of 0.0l to 0.05 £/cm3 and 0.0 to
0.04 £/cm3, respectively.

The majority of the textile materials manufactured roday are surface-
treated with various chemical coatings to minimize fiber release during use.
Textile manufacturers and others have developed processes wheredby the surface
of the material is impregnated with a proprietary compound during
manufacture. This technique reportedly reduces the release of airborme fibers
by more than 75 percent when compared to untreated materials.’ Surface
treatment also reduces unraveling after the materiazl is cut or fabricated.
Fiber release from asbestos textiles is likely, however, during mishandling or
product abuse. Fiber release appears to be greatest from unsoiled, well-worm
productes.

Table 15 summarizes the data presented for asbestogs-containing textiles
and identifies the principal activities of concern with respect to fiber
release.
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TABLE 15.

SUMMARY OF ASBESTOS TEXTILE PRODUCTS SECONDARY PROCESSING AND END USE ACTIVITIES

Product: Five and
heat vesistant
naterials

Secondary processing

Ead use

Activity:

Duration:
Per Incident
Daily TYotal

Piber Releasabilicy:
Chemical Couwposition

Physical Composition
Disruptive Enargy

Control Measura(s);

Heasured Fiber
Concentrations (f/cad):

Enviroomeuntal Setting:

Activity of Concern

Sewing, stitching,
stapling, cutting, or
grommeting woven
textile fabric

Fabricating operations
will occur for up to
8 hours per day at
factory.

lov to moderate
Asbestos woven fabric -
75 to 100X asbestos,
usually surface treoated

Woven fabric, pliable
Low torque machinery

Engineering controls,
personsl protective
c¢lothing, workroom
vantilation

Assuned to be lees than
2 f/cmd vithin
workroom enviromsent

Indoors, open room of
factory

Hagdling or wearing worn, uneoiled material

lastalling wmaterial in place for worker protection or
putting on, wearing, and taking off apparel.

Continuous use throughout day or wearing for short
duracions (e.g., gloves)

Low .
Asbestos woven fabric 75 to 100X asbestos, ususlly
surface treated

Woven fabric, pliable

. Hand spplied

None, surface of material usually treated

0.1 to 5.0 (TWA) for wearing heat protective clothing

0.1 to 3.0 (TWA) for using asbestos laboratory gloves

Indoors or outdoors, industrial or laboratory
setting

(continued)
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TABLE 15 (continued)

Product: Thermal

, -insulstion Secoodary processing

End use

\
Activiey: In general, no
' secondary processing

Duration:
Per Incident
Daily Total
1]

Piber Relessability:
Chemical Composition
Physical Composition
Disruptive Energy

Control Measure(s):

Measured Fiber
Conceatrations (f/cm3):

Envitonmental Setting:

Activity of Concarn

Removal of woru ocut material

|
l

Cutting, wrapping, removal

Cutting - few seconds, totaling minutes
Wrapping ~ minutes to hours
Removal ~ minutes to hours

Low during cutting - may be high during removasl
75 to 100 asbestos content, usually surface treated

Twisted, woven, or braided; pliable
Hand cutting, ripping
Vetting possibly during removal ('rip-out')’

0.0 to 0.05 for cutting and installation

Mostly industrial applications occurring indoore

(continued)




TABLE 15 (continued)

Electrical
insulation

Product :

Secondary processing

End use

Activity:

Duration:
Per Incident
Daily Total

Fiber Releasabilicy:
Chemical Composition

Physical Composition

Disruptive Energy

Coatrol Measure(s):
Measured Fiber
Concentrations (f/cm3):
" Envirommeatal Setting:

Activity of Concern

¥inding or sheathing of
wire, cables, cords,
other electrical
component s

Up to 8 hours per shifc

Low to moderate
75 to 100X asbastos,

Pliable, asbestos
textile contained ia
fiaished product {s
aot ususlly exposed

Winding machines

Engineering controls,
peresonal protective
clothing, work
practices

Assumed to be less than
2 f/cad within

workroom enviromment

Indoors, open room of
factory.

~

Intended use of electrical appliance/coaponeat

Continuous use wvhenever electrical appliance/component
is activated

Low
Same

Static end use spplicstion

- Nona

No data reported

Indoors or outdoors

Mishaodling, abuse of electrical appliance/component such that insulation becomes exposed and frayed.

(cont inued)




TABLE 15 (continued)

Product: GCaskets and

packinge* Secondary processing End use
‘Activity?: - No. secondary procaunip; Cutting, removal ‘
Duration:

Per Incident
Daily Yotal

Fiber Releasability:
Chemical Composition

Physical Composition
Disruptive Energy
Control Heasure(s):

i Measured Fiber
Concentrations (f/cad):

Envirommental Setting:

Activity of Concemrn

Removal of worn gasket and clesning of adhering

Few seconds per cut
_totaling 5 minutes,
15 to 30 minutes for removal

Moderate

75 to 1001 asbestos-many gasket applications will use

untreated rope

Pliable, woven or unwoven

Hand cutting, scraping during removal

Noae

No data reported

Industrial applications, mostly indoors

material from mating surfaces.

*Caskets ouly presented, summary of packings {s presented in Section 6.

(cont inued)




TABLE 15 (continued)

Product: Priction

. materials Secondary processing End use
+ Activity: Coating asbestos ysmm Installation,
with asphalc or other vear, removal

coupound, followed by
winding coated yarn to
form woven product

Duration: : :
Per Incident Secondary processing Installation (estimated 1/2 hour to & hours)
Daily Total activitias will occur Wear intermittent ~ product lasts days, years
up to 8 hours per shift Removal (estimated 1/2 hour to 4 hours)
- Fiber Releasability: Low to moderate Low
Chemical Composition 75 to 100X asbestos Same
yarn coated with
- asphalt
! Physical Composition Rigid structure with Sane
3 tacky surface
Disruptive Energy Moderate, pulling Strassful, shearing of product surface vhen in use
of asbestos yarn ;
through asphalt bath
Control Measure(s): Bngineering controls, ' None
' personal protective
clothing, work
' practices
Measured Fiber Assumed to be less than No dats presented, beyond scope of study

Concentrations (f/cmd): 2 f/cm3 within
vorkrooa enviromment

Environmental Setting: Indoors, open room of Material enclosed in machinery housing. Installation
factory or removal may occur indoors or outdoors.

Activity of Concera .

Removal of worn friction material.
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SECTION 6

GASKETS AND PACKINGS

INTRODUCTION

Gaskets and packings are found in virtually every mechanical, chemical,
and thermal piece of process equipment where fluids are involved.1 Gaskets
and packirgs are primarily used to prevent leakage between two bearing
surfaces: gaskets for static applications and packings for dynamic uses.
Gaskets are needed to obtain tight nonleaking connections between pipe flanges
and other jointse such as the covers and openings on all types of industrial
and commercial equipment. Packing is used as a dynamic seal for revolving or

moving parts, preventing leakage of the contained fluid aloag the bearing
surface.

Asbestos fibers have been used successfully in both product types because
of their unique combination of qualities. In addition to providing heat
resistance, resilience, and strength, the mineral fibers are alsc relatively
chemically inert, which is an important factor for many of the gasker and
packing applications. ‘

Gaskets

Asdbestos~containing gaskets are made from either compressed sheet,
bester—add paper, or millboard. Beater—add paper and millboard gaskets are
discussed in Section 7 of this report under Paper Products. Gaskets made from
compressed eheet are used in pumps, compressors, valves, pipe flanges,
industrial and marine engines, gear and axle housinga, sheet metal covers,
shim gaskets, industrial transmissions, and transformers.l=3 Because of the
strength, chemical inertness, and heat resistance properties of asbestos
fibers, the gasket material is used in applications where temperature, :
pressure, and fluid enviromments are extremely destructive. Compressed sheet
has & higher density and lower polymer-content than beater-add paper and
‘millboard, hence it is used in more severe environments.

The compressed sheet used to make gaskets is formed in a sheeting machine
by rolling out a mixture of asbestos, binder, and solvent. The calendered
sheet is then.cut to size and packaged for shipment. Shéet manufacturing may
be a wet or dry process depending on product requirements. Compressed sheet
formulations vary with manufacturer and product grade. A coumercisl grade
gasket sheet, used in spplications up to 204°C (400°F), contains 75 to 80
percent ashbestos, normally chrysotile, whereas specialty grade gasket sheet,
used in higher temperature applications, may contain as much as 100 percent
asbestos, including chrysotile and crocidolite fibers.ls



Compr?nﬂed sheet may be fabricacted into gaskets at the prinary
menufscturtng plant or more commonly sold to secondary process>r3 or
distributors who supply the industrial equipwment maintenance m: -kec.

Packings

Asbestos packing is a braided product manufactured from untreated
asbestos yarn. The yarn is purchased from a primary manufacturer and made
into the sealant material by a packing fabricator. The asbestos content in
packing varies considerably, and may be as high as 100 gercent for high
temperature applications such as sealing furnace doors. Braiding 1is
performed using & flat belt common shaft electric driven machine or other
similar equipment. The yarn used is untreated because resin impregnated or
similarly coated yarn will not pass freely through the braiding machines.§»

After the yarn has been braided, the newly formed packing materiel may be
packaged as is, uncoated, or, more commonly, saturated with a lubricanz. Dry,
unlubricated asbestos packings are used to _seal furnace doors, rotary kilns,
and high-temperature refractory equipment.5 Lubricated asbestoe packings
are employed in a variety of industrial, commercial, and residential equipment
applications, as well as in motor vehicles. Saturation of the braided
material is accomplished by passing the packing through a heated liquid bath
that containe the lubricant. Some of the more coumon lubricants used in
packing manufacture are:”:

petroleum based oils and waxes,
high grade animal fats aand waxes,
Teflon, : :
mineral oil,

natural rubber,

Buna~S rubber,

vegetable oil,

glycerine,

graphite, aand

molybdeaum disulfide.

This treatment process is performed to maintainr product pliability while in
service, to retard material desiccation, and to prevent the abragive asbestos
fibers from scoring machinery shafts and valve stems during use.’+8 Final
processing before packaging for sale, involves calendering_the packing
material into specific sizes and cross-sectional shapes.1’7 Common
cross-sectional shapes are round and square. Square packings are preferred
because they provide a good seal, creating no gaps aloang the packing/shaft or
valve stem interface. '

SECUNDARY PROCESSING——FABRICATION

Gaskets’

Secondary processing, which involves transforming the compressed sheet
into a usesble gasket product, is performed by an independent fabricator or
the maintenance user. Fabricators, such as gasket cutters, generally form
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gaskets from compressed sheets by die-cutting, while the maintezirce user ;ut
the sheet manually (see End Use Activities subsection below). Independent
fabricatoras, who cut the sheet to customer epecifications, alsc supply uncut
sheets to the maintenance user who will field fabricate the mc:erial to their
own specifications. One secondary processor contacted, B and D Supply, Inc.
of Yeadon, PA,9 eatimated that marketing uncut gasket sheet accounted for
less than 10 percent of their annual sheet sales.

Gasket cutting by the secondary processor is normally performed by
forcing a metal die through the compressed sheet using automatic or '
semiautomatic pressing machinery, which sometimes requires manual gasket sheet
feeding.”’” The actual cutting process, when the die is forced through the
gasket sheet, lasts only about 1 second, compared to up to & minute for
product handling time. Because of the clean edge cut made and that asbestos
fibers are firmly bound by the gasket matrix, the potential for fiber release
during secondary processing is low. This explains, in part, why engineering
dust control devices are not normslly employed for the cutting operation and
the press equipment is open to the workroom enviroument. 2,13 Operatotrs wmay
wear gloves during material handling, which includes sheet feeding, product
separation (hand-picking), and packaging.

Packings

Packing distributorsl4-16 report that, in contrast to gaskets, packing
is infrequently cut before being supplied to the end user. This is due to the
simplicity of the packing/cutting procedure, as well as to the variations of
end use application. A representative of Janos Industrial Insulation
Corporation of Mooanachie, NJ13 did indicate, however, that packings may be
cut to length by a secondary processor for a specific type of application
using automatic machinery equipped with & wet dust suppression system.

Also, some distributors may mold packing, which does not involve material
abrasion or sevaring, to a customer's specifications using an automatic
press.la' For most applications, however, direct distribution of the
standard square.or round cross~section material is sufficient to perform job
requirements.

END USE ACTIVITIES
Gaskets

Compressed sheet gasket end use activities include installationm,’
in-gervice use, and removal during equipment maintenance or gasket
replacement. Gasket installation normally involves temporarily securing o
(holding) the precut material to one bearing surface while carefully aligning
the other surface over the gasket. When the gasket is in place between the
two rigid surfaces, the joint is sealed by torquing down bolts or clamps “at
regular intervals along the perimeter of the joint. In service, the gasket
‘faces are isolated from fluids on either side of the joint by the pressure of
the bearing surfaces. Gasket edges, however, may be exposed on the internal
or external side of the joint. For special applications, field fabricatiocn
may be required to obtain the correct gasket size and shape. Gasket shaping
can be performed with a sharp knife or scissors.

comidom
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After inatallation,

£l the gasket's service life depends on thz severity of
work conditions and the frequency of equipmeat maintenance. A couwmon Cause
fQF gasket replacement results from disassembly of the joint f:r routine
maintenance. The gasket may be damaged during disassembly or its sealing
capability may be in doubt due to low compression. Rather than risk a leak by
reinstallation of the used gasket, a new one will be installed in most
cases.’! In 1978 it was estimated™ that 15 percent of the asbestos-
containing gasket materials* produced are used in new installations, 25
percent for replacement of gaskets failed within 1 year, and 60 percent for
maintenance and long-time replacement.

During removal, portions of a gasket may adhere to the bearing surfaces
if high temperatures or penetration of working fluids alters the elastomeric’
binder in the gasket matrix. The adhering material is typically removed .

manually using a flat-edged scraping tool (e.g., putty knife, paint scraper, o

or screwdriver) or a stiff wire brush.10 1g many cases the energy input

must be well controlled to avoid damaging the joint surfaces, which must be
smooth and level for a& proper fit. The removal process lasts several minutes,
whereas the overall maintenance task typically requires & half-hour or more.
Penetration of the working fluid into the gasket material is expected to
suppress fiber release during removal. To facilitate gasket release from

bearing surfaces, some compressed sheet manufacturers offer materials covered
with an anti~stick film.

Packings

Similar to gaskets, the end use activities associated with packing
applicarions include inetallation, io-service use, and removal. Packing
installation varies depending on whether the process equipment to be serviced
requires a dynamic or static seal. Pump and agitator shafts, hydraulic
cylinders, and valve stems require & dynamic seal and are packed in a somewhat
similar manner. These devices have a shaft that is in coatact with process
fluids in the interior of the pump, valve, or vessel. Where the shaft exits
the device it must be sealed to prevent or control leakage of process fluids.
The shaft exits these devices through a cylindrical cavity commoaly referred
to as & "stuffing box."8 The annular space between the shaft and stuffing
box is filled with packing material to control leakage. The packing is sized
to £ill this cavity by forming it into rings. Rings are formed by wrapping
the packing around the shaft end cutting with a knife.8, 20,21 Packing rings
may be coated with oil or grease before pushing them along the shaft and into
the stuffing box. Most applicatious require from 4 to 10 rings seated
back-to-back in the stuffing box. 2% 2l ynen in place, the packings bear
against the inner (static) surface of the stuffing box and the outer (dynamic)
surface of the shaft. Packings are held in place in the stuffing box by the
"gland,” a metal cylinder with a lip thaet is tightened against the stuffing
‘box. In a pump or agitator, the gland is tightened (prgssius against the

*Meylan's estimate includes compressed gheet, beater—add paper, and millboard
gaskets. The latter two ave addressed in Section 7.
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packing material in the stuffing box) only enou
process fluid between the packing and the rotat
required to provide lubrication to the packing.

ig%zthat:.

“leakagare
Socy leakagaty,
Packx?ga use? in s:atx? applicat%one to seal Praocess eq.ipment doors or
covers typically include tgxs:ed, braided, and plaited ropes as well as square
or rectangular compoeites. <t These materials are held in place by
pressing them into a performed, milled groove or recess in the door or cover
plate. The packing is usually cut to length using a sharp knife. In a door
or cover static application, the packing functions in a manner similar to a
gasket in that adjoining surfaces are stationary. Door and cover packings are
usually unlubricated, although & rubber cement or elastomer may be used to
help hold the material in place during installatiom.

In service, dynamic packings may fail for a number of reasons. Failures
are frequently related to improper size selection (thickness or cross-
sectional shape) or installatioa (cut lenmgth), worn or misaligned shaft or
stuffing box, insufficieat lubrication, or improper gland tightening. Packing
failure may also result from loss of flexibility, chemical attack, or
lubricant boil-0f£.2032l Tne service life of dynamic packing material has
been estimated to be leas than 1 year for 90 perceant of the packing
applications, while the rest wear out much more rapidly.

Failure of process equipment door or cover packings is usually related to
alignment or compaction, since there is little wear oan the material surface
(no movement) and these materials coantain a high percentage of asbestos,
capable of withstanding temperature and chemical extremes. When properly
installed, the service life of static packings generally depends on two
factors: (1) material reaction with the fluid or gases beinﬁ contained by the
packing, and (2) frequency of process equipment maintenance.l»’ Chemical
reactions with process fluids or gases may degrade the packing material
causing failure of the seal and leakage. Maintenance, whether scheduled or
nonscheduled, prematurely ahortens the service life of the packing by )
requiring replacement of the material that has been damsged when the seal is
broken. *? :

Removal of worn out packing from a pump, valve, or hydraulic piston
requires equipment disassembly, followed by removal of the 'gland' (when
present) and extraction of the material froam the stuffing box using
screw-tipped or pointed rods.8: 20,21 Depending on how well lodged they are
in the stuffing box, the packing rings may be torn during removal. Removal
of a ststic packing from a door or cover is somewhat easier because of better
access. Under these conditions the material is easily peeled off the door or
cover plate gr pried out of a retaining groove with a sharp object.

The removal and subsequent installation of dynamic or static packing
material may last fram one-half bour to more than an hour depending on the
size of the equipment and ease of access.® The majority of the time spent
during servicing is in disassembly and reassembly of the equipment. Material
cutting will last only a few seconds and actual packing installation and
removal will each require only a few minutes. Packing installation and
removal operations are performed indoors or outdoors, wherever the equipment
being serviced is located.

Y ¥ S
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Fiber release from the handling and use of lubricated pacliings is
expected to be very low. Packings, used in pumps, valves, and cistons, are
impregnated or coated with s lubricant that suppresses dusting. Cutting
operations performed during installation should cause minor or no dusting.
Cute must produce a clean, smooth edge in order to ensure good end closure
when the packing is in place. In service and during removal asbestos fiber
release is also expected to be low due to material saturatioa.

Concerning fiber releasability from unlubricated packings used in static
applications, Johns-Manville repor:sz that where a door or cover is
periodically opened or closed, the packing is decompressed and compressed, but
without much abrasion. The potential for fiber release to the atmosphere is
expected to be highest during removal of the unlubricated packing. The
door/cover packings are generally twisted or wovea to promote easy release
from the-sealing surface during use, 21 pue prolonged compaction in a
retaining groove, for example, may necessitate scraping when replacement is
required. The packing material will be physically altered during this
process, posaibly releasing asbestos fibers.

AIRBORNE FIBER MONITORING DATA

Gaskets

Secondary Processing — Fabrication—

Airborne fiber monitoring data collected during the fabrication of
compressed sheet into gaskets are presented in Table 16. Fiber concentratioas
for the processes monitored, which included machine cutting, hand shaping, and
varigus materials handling operations, ranged from less than 0.0l to 1.3
f/ecm”, with the exception of hand and machine punching operations that were
performed without dust controls. Fiber concentrations measured for the
uncontrolled hand and machine punching operations were 3.0 and 5.0 f/cm3,
respectively. When control measures were applied to these two operatioas,
fiber concentrations of less than or equal to 0.15 £/cm3 vere recorded.

End Use Activities——

Fiber monitoring data collected during the installation and removal of
compressed. sheet gaskets are also presented in Table 16. Fiber concentrations
meaagred during the performance of these end use activities were less than 0.4
f/em The highest concentration recorded (0.39 £/cm3) occurred during
gasket removal, which involved cleaning (hand acrapxng) adhering residue from

& bearing surface. Airborme asbestos fiber release is not expected during
gasket’wear because the bearing surfaces are stationary during use.

Packings ) . —

Secondary Proceasing - Fabrication=—
Begcause there is virtually no secondary processing of packings, no -
airborne fiber monitoring data were obtained.

End Use Activities~—

Ia April 1979, Johns-Manville conducted an airborne fiber monitoring
study of routine packing installation, in-service use, and removal activities
at their Manville, NJ plant.23 The simulated field operations were
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TABLE 16.

FIBER CONCENTRATIONS ASSOCTATED WITH VARIOUS COMPRESSED
ASBESTOS SHEET GASKET HANDLING ACTIVITIES1O,11,24

) Messured Duratioa of
: fiber Date activity/
concentrations of sample time .
Study Activity psrformed (€/cud) tests (min) Analytical method Comment s
A Puach press operstioa 0.04 to 0.67 t980 80 ta 211  Fibers were couated Moaitoriag parformed at a
' . by POM* with rud major gasket fabricator
verification located io Wisconsin
Power shear operation 0.17 1980 188 Pibers wers counted Monitoring performed st o
by POM wich PIM major gasker fabricator
. varification located in Wisconain
Shear press operation 0.23 to 0.81 1980 30 to 76 Fibecs were counted Monitoring performed at s
by POM wich PIM major gasket fabricetor
verification located in Wisconsia
Roussal press 0.04 to 0.08 1980 100 to 192 Fibers wvere counted Monitoring performed st a
by PCM with PN mnajor gasket fabricator
verificatioa located in Wisconsin
Picking operation * 0.10 to 0.31 1980 93 to 206 Fibers were counted Maoaitoring performed at a
. by PO{ with PIM major gasket fabricator
verification located in Wisconsin
Tumbling opearation 0.42 to 0.60 1980 ° 77 to 14} Fibere were counted Monltoring perforwed at a
. by PCHM with PLM major gasket fabricator
verification located in Wisconsin
Haterials handling 0.11 to 0.34 1980 81 to 216 Fibers wera counted Moaitoring performed at a
by POM with PLM major gasket fabricator
verification located in Wiscousin
Pleten press opcrntion - 0.05 to 0.29 1980 352 to 256 Fibars were counted Monitoring petrformed ot 4
by POM with PLM major gasket fabricator
verification located in Wisconsin
B Platen press operation 0.03 to 0.15 1980 63 to 238 [{o] Mon{toring performed at an

asbestos-ueing gasket
operation in Wisconsia

(continued)
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TABLE 16 (continued)

Scudy

Activity performed

Analytical method

Comments

Hydraulic beam press

Hand picking and packaging

[}
Platen press picking operator
Reeves punch press operator
Storage for receipt and issue
Storags for use
Hand puaching

Hand puonching

Hand operated
mechanical punching

L3

Measured Duratioa of
fiber Date activity/
concentrations of sample time
(€/cu?) tests (min)
0.02 to 0.05 1980 61 to 178
0.06 to 0.20 1980 45 to 176
‘0.09 to 0.12 1980 67 to 140
0.12 1980 124
<0.01 to 0.05 1978 . 60 to 132
€0.01 to 0.12 1978 97 vo 122
3.00 1978 NR
<0.05 to 0.15 1978 28 to 31
<0.03 1978 30

(4> ]

Lo ]

rod

POM

POM

P

PoM

rod

PQM

Monitoring performed at an
asbestos-using gasket
operation in Wisconsia

Moaitoring performed at sn
ssbestos-using gasket
operation in Wisconsin

Monitoring performed at as
asbestos—using gasket
operation in Wisconsin

Monitoring performed at &8
asbeetos—using gasket
operation in Wiscoasia

Housekeeping® performed
monitoring conducted w
actual work conditfoss

No contml,‘ -onltor.'-
conducted under actusf
conditions .

No control, moanitor o
conducted under o4
conditions

Housekeeping perfo
monitoring condectéd

(continued)
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TABLE 16 (coatinued)

Study

Act £vit+ performad

Anslytical method

Comment s

Machine puaching
L]

Machine puaching

Machine puaching

Hand shaping

Machine sbhesring
Hachine shearing
lhchln.c nibbling
Machine aibbling

Iastallation of flangs gasket

Measured Duration of
fiber Date activity/
concentrations of sample time
(€/cmd) tests (min)
3.0 1978 am
<0.0) to 0.7 1978 20 to 30
< 0.0 to 0.06 1978 23 to M)
<0.03 to 0.3 1978 7 to 31
0.5 to 1.3 1978 -6
0.05 to 0.15 1978 . 31 to 38
<0.08 to 0.46 1978 [}
0.08 to 0.8 1978 24 to 31
<0.03 1978 30

[{».]
o

o

rod
POH
PO
PO '
PO

POM

%o control, wonitoring
conducted under actual
work conditions

Housekeeping performed,
monitoring conducted under
actual work conditions

Housekeeping and venti-
lation,® monitaring
conducted under actual
work conditions

No control, monitoring
conducted under actual
work conditions

No control, monitoriag
conducted under sctusl
work conditicns

Housekeeping performed, .
monitoring conducted wm
actual vork conditioss:

Mo control, moaltorieg
conducted under scteal:
work conditions

Housekeeping perl
monitoring coodected,
actual work cosdlt
No control, seef
conducted undef
wvork cooditiese

(continued)
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TABLE 16 (continued)

. Messured Duration of . ;
. i fiber Date activicy/ i
, coucauritiono of sanple time
Study Activity performed (€/ca”) tests (mia) Anslytical method Comment s ,
Removal and coacurrent 0.02 co 0.) 1978 21 to 95 [ {o ] Housekeeping performed, . ,:;
! installation (boiler header : monjtoring conducted under
gaskats) . actual work conditiona ___,_-'
Clesn—up following removal <0.05 1978 33 to N7 rod No control, monitoring )
by hand scraping . conducted under sctual
. work conditions
Removal and hand ecrapiag ‘ < 0.06 to 0.19 1978 15 to 28 PO No control, monitoring
1 conducted under actual
. work conditions
Removal and wire brushing <0.03 to 0.18 1978 25 to 13} POM Housekeeping performed,

monitoring conducted under
actual work conditions

8Phass contrsst microscopy.
bpolarised light microscopy, thus reported fiber concentrations are all assumed to asbestos fibers.

-

CHousekeeping ~ high efficiency vacuum clesners were used to clean sreas (ares kept clean and free of debris accuaulation),
wasts material placed in sealed containers.
dﬂo' control -, no specific controls were used; i.e., no wetting, enclosing, or ventilatioa.

®ventilation ~ filtered local exhaust ventilation provided to oparatioa.

NR - Not Reported



performed on two water circulating side-by-side pumps.

therefore 20 sections of packing were used per test.

Four of the packings tested were impregnated with petroleum-based
lubricants, one was impregnated with a corrosiom inhibitor and treated with a
graphite surface finish, and one was rubber-coated and treated with graphite.
No unlubricated or uncoated packings {(e.g., used in static door/cover

applications) were tested.

Of the 28 samples collected, 5 had a fiber concentration* of 0.0 f/cm3,
10 had a_conceatration of "less than 0.1" £/cm3, 12 had a concentration of
0.1 f/cm3.¢nd one sample, an area sample taken during the removal of the
tubber-coated packing, had a measured concentration of 0.2 f/em3.
general, the personal sample: revealed slightly higher fiber coacentrations
than the area samples, and the installation/use activity samples showed
slightly higher concentrations than the removal activity samples.

SUMMARY ‘OF FINDINGS

Gaskets

Secondary processing of compressed sheet into gaskets can result in
comparatively high workroom fiber concentrations, on the order
5.0 £/em® during hand and machine punching, if coatrol measures are not
employed. When dust control procedures are implemenced, which is usgually the
case, fiber coacentrations resulting from various hand and machine proceasxng
steps and materials handling operations range from less than 0.0l to

1.3 £/cmd.

Measured airborme fiber concentrations resulting from the installation of
comptessed gheet gaskets were less than 0.03 £/cm3 as reported by one
study, Removal of these materials, however, can result in higher
concentrations, up to 0.4 £/cm3 during hand scraping of worn material
adhering to a bearing surface. In this latter case, fiber release is related
to the physical exertioun required to remove the material and to the high
asbestos content (equal to or greater than 75 percent) of compressed sheet
gaskez. Table 17 summarizes the dates presented in this section om compressed
sheet gaskets and identifies the principal activities of concern with respect

to asbestos fiber release.

#Phase contrast microscopy analysis assumed.

79

An ar:a air sample
between the pumps and a simultaneously collected personal sazple were

obtained. Both ends of each pump was packed thh five rings of material,
Six different dynamic
packings were tested over a 4-day period. The duration of each test period
was not reported. A minimum of four separate samples were taken for each
packing tested: two (one area, one peraonal) during in
two during removal. The installation and removal operatious performed were
similar to those described above in the End Use Activities subsection.

stallation and use,

of 3.0 o

-
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TABLE 17.

SUMMARY OF COMPRESSED SHEET GASKET SECONDARY PROCESSING AND END USE ACTIVITIES

Product; Caskets

Secondary processing

End use

Accivity:

Duratiom:
Por Ilncideat

D‘ll.y total

Fider Releasebility:
Chenical Compositios

Physicsl Compositioa
Disruptive Raergy

Coatral Measure(s):

Mesdured Fiber
Coacentrations (f/cad):

Bavicommental Satting:

Activities of Concerm

Die~cutting, packeging

Cutting: less than
1 secoand

Packaging: up to
| mloute

Cutting: saversl
uioutes.

Pachaging: total
productios time over
8 hour work ashifte

Moderate

Asbegtos fiber contest
73 to 8 {n commercial
grades, up to 1008 for
high temperaturse
applications

Fiiable, may have anti-
otick coating, usually
“oily® surface teature

Hydraulic prese die-
cutting; sorting
and packaging by hand

Other than general
housekeeping involving
vacuusing the procase
sress, no snginsering
controls sre ueed.

0.1 to 1.3 with
genaral houssheeping
0.1 to 5.0 without
controls

Opea room, {ndoors

Installation; in-sevrvice use; removal

fastallation; 1-2 minutes

Use: weaks o years, depeading om applicatioe
femoval: 3 to 20 minutes, equipment disasseadly will
require several minutes to more thas an bour

Sane as above

Moderste
Same

" Rewmovsl; hand screping, hand or power tool brushing

to clean bearing surface

GCenerally oons, though during removsl operstion gasket
may be saturated with process fluids. Purther wetting
of wora material prior ¢o removal may alsoc be
performad.

0.02 to 0.4 during instellaetion, in-service use and
resoval

Open room, ladoors or outside

Secondsxy fsbrication, aspeclelly die-cutting gaskets. BEod use, removal of worn gaskets, particularly
the clesning of adharing materfal from bescing surfsces.




Packings

Secondary processing of asbestos-containing packings is j:nerally limited
to molding operations, in which the material is pressed withzit material
abrasion or severing. Any cutting of the packing is routina2ly performed by
the end user during installation, using hand tools. Installation of dynamic
packings results in fiber releases on the order of 0.1 £/cm3. Dynamic
packings are prelubricated and/or coated with friction reducers before use and
further lubricated by process fluids during use. When dynamic packing
material removal is required, the material is usually saturated with process
fluid or still contains residual amounts of lubricant, both of which act to
auppress fiber release. Removal is performed using hand tools requiring low
energy inputs. Some material disintegration can be expected during the
removal of severelg worn packing. Airborne fiber concentrations equal to or
less than 0.2 f/cm” have been recorded during the removal of packing from a
mechanicdl pump.

Fiber monitoring studies documenting asbestos fiber release from
unlubricated packings used for static applicatiouns have not been reported in
the literature. Asbestos fiber release is expected from these types of

"packings during cutting, installation, and removal because they coatain a high
asbestos content, have a low binder content, and are not normally treated or
coated with any type of lubricant that would suppress fiber release. Table 18
summarizes the data pregeanted on packings and identifies the principal
activity of concern with respect to asbestos fiber release.
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TABLE 18, SUMMARY OF PACKING SECONDARY PROCESSING AND END USE ACTIVITIES

Product: Packinge Secondary processing €od use
' Accivity: . Rarely perforwed, but laetallstion (iacluding cuttiag); ia-service use;
\ may be cut to leagth removal
or wolded
Durarioa: .
Per lncidant Cutting: less thaa Installation: 10-30 minutes (Cutting: up to | miaute

1 second sctual cutting.
Molding: sevaral
" minutes (est.)

Daily tetal Cuttingt saveral ala.
' actual cutting
Moldiug: totalliag more
thas 1 bour (eec.)

Fiber Releseability: Hoderats
Chemical Composition Fiber content up to
100X (care); wide
variation jo type and
amount of tubricant/
coating, depeading ca
intended use.

8

Puysicsl Compositfon VYiexible, oily or waxy
surface when lubricated

Dleruptive Eoergy Cuttiog with & kaife or
press machine, wolding
in prees wschines

Control Msasure(s): Wet suppressioa dust
coatrol during automated
cutting. Ho coatrol
during molding

7. Maasured Piber Mo data reported, work-
“Concentrations (f/cmd): roow concentration
assumed to Qe lase
than 2 f/ca

. Rnviroomentsl Satting: Open roow, indoors

Actiyity of Concern

actusl).
Use: weeks to yests, depending om application
famoval; 10 to 30 mioutes

Sama as above

Low

Sama; but dynamic packing may de coated with lubricanmt

during iostsllatios, and may be satursted with procase

fluid during removal. Static packings will be unludri-
cated.

Kaifa or ehears for cuttfng duriog inetailation;
pointed or scrav-tip extractor to remove dynamic pack-
ing from stuffing box, Flat-bladed kuives to remove
atatic packinge.

Hone

0.0 to 0.2 during the inetaellation, {n-eervice
use and removal of lubricated and/or coated dynamic
packinge. Mo data reported for umlubricated packings.

Open voom {ndoors or outdoors

Removal of wors packings, ewpecially unlubricated materiala used in static spplications.




1.

2,

6.

7.

10.

GASKETS AND PACKINGS
REFERENCES

Krusell, N., and D. Cogley. Asbestos Substitute Performance Analysis.
Revised Final Report. Prepared by GCA/Technology Division for U,S.
Environmental Protectioan Agency, Office of Pesticides and Toxic
Substances, Washington, D.C. February 1982.

Product Brochure, "Gasketing Materials,” Nicolet Inc., Ambler Division,
Ambler, PA, January 1979.

Telecon. Betty Kallen, Sales Representative, Rogers Corp., Rogers, CT,
with Mare Grant, GCA/Technology Division, March 23, 1982.

Meylan, W. M. et al. Chemical Market Input/Output Analysis of Selected
Chemical Substances to Asgsess Sources of Environmental Contaminationm,

Task III - Asbestos. Report prepared for U.S. Euvironmental Protection
Agency, Washington, D.C., EPA Report No. EPA-560/6-78-005. August 1978.

Johns-Manville Corporation. Sealing Cowmponents, Comprehensive Guide to
Mechanical Packings, Ropes and Tapes. PK-40l. Ken-Caryl Ranch, Denver,
0. April 1978.

Telecon. Company Representative, Pepperell Braiding Company Inc., East
Pepperell, MA, with Peter Anderson, GCA/Technology Division, March 18,
1982.

Telecon. Dewy Flint, Sales Representative, A. W, Chestertoan Company,
Stoneham, MA, with Peter Anderson, GCA/Technology Division, March 24,
L982.

Telecon. James Novello, Salea Representative, A, W. Chesterton Company,
Stoneham, MA, with Peter Anderson, GCA/Technology Division, March 23,
1982.

Telecon. Cathleen Blake, Sales Representative, B&D Supply'Inc., Yeadon,
PA, with Marc Grant, GCA/Technology Division, March 18 and 25, 1382,

Liukonea, L. R. et al. Asbestos Exposure From Gasket Operations. Report

prepared by Induatrial Hygiene Branch, Naval Regional Medical Center,
Bremerton, Washingtoa, D.C. May 1978.

83




SRR

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

AT Nt it ' - e e St Aot Aortngorrs 4 { onma
. .

Hager Laboratories, Inc. Report on Service Number 3910, For
Johng-Manville Corp., August 21, 1980. Published in Hezl:z1 and Safety

Facts: Mechanical Packings and Gasketing Materials Conte’ ‘aing Asbestos
Fibers, Johns-Manville Corp., Denver, CO.

Telecon. George Siegler, Sales Representative, Rhopac Inc., Skokie, IL
with Marc Grant, GCA/Technology Division, March 18, 1982.

Telecon. Emily Chris, Sales Representative, Arcy Manufacturing Co. Inc.,
New York, NY, with Marc Graat, GCA/Technology Division, March 18, 1982.

Telecon. Ermie Huber, Jr., Company Representative, Paramount Packing and
Rubber, Baltimore, MD, with Marc Grant, GCA/technology Divisionm, Hay 13,
1982,

Telecon. Thomas Connolly, Jr., Vice President, Janos Industrial
Insulation Corp., Moonachie, NJ, with Marc Gran:. GCA/Technology
Division, May 14, 1982,

Telecon. Theodore Braun, General Manager, B&D Supply, Yeadon, PA, with
Marc Grant, GCA/Technology Division, May 14, 1982.

Telecon. Patrick Yoder, Sales Representative, Nicolet Inc., Ambler
Division, Ambler, PA, with Marc Grant, GCA/Technology Division, March 26,
1982.

Product brochure, "Gasketing Materials," Colt Industries, Garlock
Mechanical Packing Divieion, Palmyra, NY, August 1979.

Product brochure, "Sealing Components," Johns-Maanville, Denver, €O,
November 1979.

Product brochure, . "Chesterton Sealing Devices," A. W. Chesterton Co.,
Stoneham, MA. March 1981.

Product brochure. "Compreheasive Guide to Mechanical Packings, Ropes,
and Tapes," Johns-Manville Corp., Denver, C0. April 1978.

Product data sheets. "Palmetto Packings," Greene, Tweed § Co., North
Wales, PA. Copyrights 1978, 197S.

Information brochure. 'Mechanical Packings and Gasketing Materials
Containing Asbestos Fiber,” Johns-Manville Corp., Denver, CO. April 1981.

Johns-Manville Corporation: Health, Safety, and Enviromment Department.
Industrial Hygiene Survey Conducted July 1980 in Wisconsin. Results
published in Health and Safety Facts: Mechanical Packings and Gasketing
Materials Containing Asbestos Fiber, Johns-Manville Corporation, Denver,
m . ’ -




[ETS v i p
o A"«Mz-—kuw.mm'a\-&ﬁ;m";

SECTION 7

ASBESTOS PAPER PRODUCTS

OVERVIEW

Products within this category include those that contain asbestos fibers
and are manufactured on a fourdrinier or cylinder papermaking machine.
Several subcategories have been identified for Paper Products.l:? For this
report, the following subcategories were investigated; roofing felt, flooring
felt, millboard and rollboard, beater-add paper used for gaskets, and
electrical insulating paper. Paper product subcategsries not profiled include
commercial paper, specialty paper, and pipeline wrap.

The manufacture of all asbestos-containing paper products is similar.
Raw materials are blended together with water in a pulp beater or hollander.
This base stock is then processed through 2 series of material build—up and
devatering steps followed by drying. Product differentiation results from the
addition of a manufacturing step, such as the saturation of paper with asphalt
to produce roofing felts, or from using different forming equipment, as with
millboard production. Paper products are also differentiated by varying
ashestos content and grades, as well ag binders and fillers.

ROOFING FELT
Introduction

Asbestos roofing felt is a paper product that is counverted to a weather
resistant toofing material by saturation of the paper with asphalt or tar.
Asbestos fibers are used in the manufacture of roofing felts because they
provide dimensional stability and resistance to rot, fire, and heat buildup.
Rot resistance is particularly important due to roofing felt's use on flat or
nearly flat gurfaces haviang poor drainage.

Asbestos roofing felts are typically composed of 85 to 87 percent
asbestos (primarily chrysotile) with differing amounts of cellulose fibers and
starch binders. Sheets of roofing paper are made in either single or
multilayered grades and may have fiberglass filaments or wire strands embedded
between the felt layers for reinforcement. - .

Following formation oan the papermaking machines, the paper—like product

is either drawn through a bath of hot asphalt or coal tar to provide a weather
‘resistant coating or wound into rolls for future processing. The process of
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eaturating che felt with asphalt is a distinct operation, often parformed by
the felt manufacturer at a differeant plant from where the felt izself is
made.

Secondary Processing--Fabrication

There is no secondary proceasing of asbestos-containing roofing felts.
These materials are supplied in roll form by the roofing felt manufacturer to
local distributors who market roofing products to construction firms.

End Use Activities

Roofing felts are primarily used as one component of "built-up"
horizoatal roofing systems and less frequently as an underlay for iaclined.
roofs covered by conventional shingles or sheet roofing materials. Both
"applications require cutting the asbestos felt to size prior to attaching it
to the roof deck using adhesives or nails. If removal of the roofing material
is required, the methods used depend largely oo the materials of construction
and amounts installed. .

Built-up roofs are constructed by building up successive layers of
roofing felt (asbestos or nonasbestos) and asphalt or an asphaltic-type
coating. The felts used may be composed of asbestos fibers, fiberglass, or
organic fibers, all saturated with asphalt.?s? With respect to asphaltic
roof coatings and cements, a wide range of product types are available., These
include both asbestos-containing and nonasbestos—countaining materials.®

Three basic types of builz-up roof systems are curreatly iam use. They
are smooth surface, gravel surface, and mineral surface. Each type includes a
number of variations which allow for the use of different felt compositions,
number of felt plies, and type of roofing subszrate (nailable 'deck without
insulation, insulated nailable or nonnailable deck, or light weight loosefill
insulating material). The smooth-surface roof type consists of alternating
layers of asphalt and roofing felt topped with a light applicsation of heated
asphalt or a cold-apply asphaltic coating. The gravel-surface roof type has a
similar built-up layer configuration but the top coat is a heavy application
of heated asphalt, over which & mineral aggregate is distributed and
embedded, The mineral surface roof type has the same built-up layer
construction as the other two but the top covering consists of a preformed
inorganic "cap sheet" mat that is embedded in a layer of asphalt. The cap
sheet is manufactured in different colors and is installed to add a cosmetic
finish to the roof.

During installation roofing felts are cut to length using a knife whereas
"width cuts, when necessary, are made using a knife or a "felt slitter" cutting
tool.%s Felts, which are laid down with adjacent edges overlapping, are
attached to the roof deck and to underlying felts using tlails or asphalt, -
depending on the deck composition and the roof slope. Asphalt may be mopped
on and the felt-manually unrolled and pushed into the asphalt, or a specially
designed machine can be used that automatically dispenses the asphalt and

gywh'l
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applies the felt. In order to achieve a uniform membrane (referring to the
total built-up layer) thickness along the edges of the roof deck, a single
fglt is ordinarily cut lengthwise to obtain two felt strips of :he required
widths to build up the perimeter thickness. These strips are jenerally 30,
46, and 61 cm (12, 18, and 24 inches) wide. When the felt is used as
underlayment for a shingle or sheet roof, the felt is generally nailed to the
deck and no asphalt coatings are used.

Asbestos roofing felts have been in use for over 100 year|.9 Built-up
roofs comprised of these felts are reported to have an exgecced service life
of at least 20 years, with some lasting up to 40 years.9' 0

Product deterioration results principally from climatic exposure. During
weathering asphalt coatings and asphaltic felte become brittle and crack.4
Where isolated leaks occur due to excessive wear, the roof may be repaired
" simply by application of heated asphalt or a cold-apply roof coating to the
affected area. If the deterioration is widespread, the euntire roof must be
recovered or replaced. Since the roof membrane derives much of its integrity
from the structuve of overlapping felts, a number of localized repairs is much
less effective than total recovering or replacement.

Industry representatives report that more than 60 percent of the asbestos
roofing felt produced is applied during reroofing, with the remainder used in
new construction. Johns-Manville representatives report that the
smooth-surface type of roof is the easiest to recover and replace, owing to
the smooth surface and overall light weight.4'8 A gravel-gurface roof
requires at least power-brooming to prepare the surface for recovering, and
frequently the top layer of gravel/asphalt must be removed entirely to provide
a smooth surface.*8 Additioanally, the gravel-gurface roof is the heaviest
of the three built-up roof types, and careful attention must de paid to the
structural capacity of the underlying roof deck if the existing asphalt flood

coat and gravel are to be left intact. Recovering tends to be preferred over

reroofing because of lower costs.

Roof removal genérally requires chopping or sawing the existing roof
membrane into pieces which can be pried or scraped off the roof deck. Any
number of roof layers may be removed depending oa the scope of the roofing

. job, from the top layer of asphalt down to the insulation or the roof deck
itself. Cutting tools commonly used are an axe or circular saw (mounted on
wheels), the latter being faster and generally used on large jqbs.é'll - The
circular saw is preferred for removal of top layers of a memdrane because it
cuts to a controlled depth., After cutting, the cut-up blocks of roof are
pried off of the deck or underlying layers with a shovel or crow bar.™
‘In large job operations, the waste material is carted to the edge of the roof
in wheelbarrows and is dropped down enclosed chutes leading to a ground-level
dumpster. Less sophisticated disposal methods are used for smaller jobs.

- -

A series of several scraping routines and a final sweep of the roof area
may be necessary to prepare the deck for application of a new roof. A
Johne-Manville representative stated that it is impossible to characterize
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the number of workers and time required for a reroofing job
even the tools used vary widely with the roof type.

s 85 the work and
. Removal of a 10.5 x 18
meter (35 x 60 foot) section of fiberglass—insulated asphalt rc.fing meabrane,

which was monitored by GCA/Technology Division persoanel in C::ember 1979,
rquired about 2 hours.ll Built—up toof installation is estimated to take a
similacr length of time or longer o apply the multilayered membrane.

Airborne asbestos fiber release during roofing felt installatioa is
expected to be low. Asbestos-containing roofing felts, which are coated with
asphalt, are quite pliable and normally carefully handled during built—up roof
construction to ensure the integrity of the finished membrane. 7112 During
installation, the only mechanical disruption applied to the felt is cutting
with a sharp bladed tool. Liberation of asbeastos fibers from such a low
energy activity is expected to be minimal.

In use, asbestos—containing felt is isolated from the atmosphere by
layers of asphalt and/or other roof coating materials. Although these
coatings may eventually wear off, wind and water erosioa is believed to be a
very gradual process whereby minimal fiber release is expected, By the time
the felt becomes exposed, a membrane leak is likely and repairs would be
performed on the affected area. Roofing materials tend to wear nonuniformly,
therefore the felt is not likely to be exposed over the whole roof at one time.

‘0f all the roofing felt end use activities, felt removal poses the
greatest potential for fiber release. During this operatiou the top membrane
coating and the asphalt in the felt have weathered to a hard, stiff material.
During removal, when surface layers are sawed and scraped, the felt matrix is
likely to be physically altered, releasing free~form asbestos fibers. The
membrane top coat and asphalt coats between the felt layers, however, do tend
. to bind the cut felts together, minimizing felt fracture during prying and
waste disposal.

Airborne Fiber Monitoring Data

Several monitoring studies have been conducted to determine airborme
asbestos fiber concentrations encountered during roofing felt installation and
removal. Results of these studies, conducted by the Johns-Mauville
Corporation and GCA/Technology Division, are presented in Table 19. Airborme
fiber concentrations in and around the work sites were generally found to be
equal to or less than 0.6 £/cm”.

The Johne-Manville studies were initiated through requests by intermal
marketing staff or roofing representatives and spanned a period from October
1972 to August 1976. Air samples collected were analyzed in Waukegan, IL,
Manville, NJ, and Denver, O by Johns-Manville technicians using the PCM
analytical method.® The GCA samples were obtained oa December 11, 1979 and
were analyzed by Eastern Analytical Laboratories of Burlington, MA using-SEM
(5000x) and EDXR techniques. -

The data presented in Table 19 do not indicate any trends as to which
roofing operation has the greatest potential for airborme asbestos fiber
relaase. Although reported fiber concentrations for any given study
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TABLE 19. FIBER MONITORING DATA FROM ASBESTOS ROOFING PELT STuDIES!!»13

Sample b . : Ciber
. - Specific oparatioe leve
Tost conditions® ar avrea sampled Tesle/materists (tica
f
10-10-72 (3-10 wpd) Majerity of cutting lale; Centurise base, Se. 13 0.}
' Oaiv. of Viscoasia alse sprasd assphait finishing telte
(WD) by Batson Roulleng Ce.
(1) —JubasNaaville Assioted cutting ond Same a6 abeve 0.2
(Maukegen) tayleg felt
Cacried {alts to opevation; Sams as shbewa 0.2
. soma cutting
¢ . Upwind of eperatisn — T 0.1
Alsag tlde operation — 8.1
bevevind of eperstion — 0.1
: Sz {t sbove eparaticn -— 0.1
10-73 (m) Moppiog Got sephall " e.1
Schoot ac Bebart, 18
(M) by Masle Raeling Co. Layieg and cutting felt ] 0.1
(1)—Johas-Meavi)le
(Maubogan) Hot asphalt taak sperster » 0.2
Downviad of eperstion -— 0.1
: Dowwwind of sparstion (meer —— 0.4
wee shoveling ecrap oft
rool te truck)
e Dovwwind of opecation -_— e.1
4 3-14-74 (9-10 aph) Crousd level 300 £t fyem scheel -— [ XY
at Bacine, Wi bulldiag (73 g belew reol)
(2,000 aq f2) by
waldentified contractior 13 ft wpvwied of eparstion, -— 0.4
(1) —Jehme-MHanvitls (Denver}) A {t above Tvef
. Same as Me. 1 ares - 0.2
+
13 tt dovavied of epers- — [ 8}
tiea, 2 fC abeove rest
30-13 It downwind of Land 0.3
apacation, 2 It above
. . roel
Mopping hot uihlu some Enife te cut lfalt/Cesturian 0.8
falt cutting and leyleg bose, porforsted finlehing
telte
L d
Same ad above 0.3

Cutting snd laying lett

(cnatinegd)




TABLE 19 (continued)

LA

Sevple Be.b . "N"
Spesilic sperstise teve
Test conditions® Nan Ases ot arva sampled Teslo/nsteoriale (2/cah)® .
1174 (10 wpb) ) 323 e wpvind of building — ‘.
Scomel at ladiscapelis, B st ground low} .
(1,350 og f2) by Sian & . .
Sduards Wooling @M. (R)— ? 10-13 ft dovwwind of — 0.1
Jobma-teaville (Voubagen) : sperutios, &3 1t abeve rwal
3 Sems o Be. 2 aren -— a.2
[} A0 t wpwviad of aperstion — a.4
43 £t adevs rwel ‘
s° All phases of reel removal Ane cucting, pry bers and [ %1
shovele to rwmeve svrfoce;
svaep clesn with broen
1) Same a0 Mo. $ nes Sane se sbove [ ]
3-21-24 ("elightwmoderate”™) 1 Pover sowing and remevieg Power sew, pry ber 0.t
Pept. Stere ot Allcatown, sections of ald reeling
m (1,300 oq f2) by ail}
Metel ond Raofiag Co. Toching dove mow falt Railieg Canturins dase flalt 0.0
(1, 1)~ Jobme-Nanville
(mewviile) 2 Pryleg off old restieg fry ber 0.0
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genef-ally follow a logical pattern, with highest concentrations reported for
cutting, scraping, and sawing operations as compared to spreaZiny asphalt or
unrolling felts, the differences in fiber levels within a giver study are leass
than the differences between studies (generally less than 0.2 :/ecm3). The
variations in reported concentrations between studies in which similar
materials and operations were used seem to suggest some contribution from the
work practices of individual roofers' or from background fiber coacentrationa.
A confusing factor in &4 of the 11 studies was that upwind fiber concentrations
were higher than downwind concentrations, and in 3 of the 4 studies they were
higher than work site levels. No explanation is given for these unexpected
results., .

Summary of Findings

There is no secondary processing of asbestos-containing roofing felt.
The manufactured material is sold directly or through distributors to the
roofing contractor. Asbestos—containing felts are used predominsntly in
"built-up" roof systems which combine the felts between layers of asgphalt or
other coatings. These systems are rarely used for ‘residential roofing. The
flat or geatly sloping "built-up" roof is widely employed on commercial and
industrial buildings. Asbestos—containing felts are occasionally used as an
underlay for shingle or sheet roofing materials on inclined surfaces.

Felt handling practices employed by roofing coutractors tend to be fairly
standardized, although a wide range of combinations with asphalt, roof deck
insulation, and other felts occur. PFelt installation is generally a low
energy intensity process, requiring only felt unrolling, "brooming" (removal .
of underlying air pockets), and mopping with hot asphalt. Only a minor amount
of cutting (with a sharp-bladed hand tool) is required. Removal of existing
roof material requires greater energy input. Power saws or axes are used to
cut the substrate into 0.6 meter (two foot) square or larger blocks, which are
then pried off and scraped from the underlying deck using crow bars and
shovels.

Despite the variety of cutting and scraping operations that are
performed, roofing felts appear to have & low fiber release potential. This
probably results from the encapsulation of the fibers during the asphalt
saturation step of manufacturing. Also, during installation, as the felts are
successively layered with hot asphalt and/or cold coatings, the asbestos
fibers are further isolated. Ia addition, roof weathering is very gradual and
fiber release resulting from wind or rain erosion is expected to be minimal.
The greatest potential for fiber release exists during roof removal when
. high-energy mechanical disruption is required to remove sections of felt from
the roof deck. Fiber monitoring studies indicate that asbestos roofing felt
installation and removal operations resylt in airborne fiber concentratious
that are equal to or less than 0.6 £/cm3. Table 20 providgs a sumary of
the data presented on asbestos roofing felts and identifies the principal
activity of concern with respect to airborme asbestos fiber release.
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TABLE 20. SUMMARY OF ASBESTOS ROOFING FELT SECONDARY PROCESSING AND END USE ACTIVITIES

Secondary

Product: Roofing Felt processing

End use

No secondary processing

Activity’:
' performead

Duration--per incidéat
Daily total

Fiber releasability:
Chenical composition

Physical composition
Disruptive energy

Control measure(s):
¢

Measured fiber concentrations (f/cnj):

Euvironmental setting:

Activity of Concern

Removal (power sawing and scraping) of wornout, brittle felts from roof deck.

'

Installation; in-service use; and removal

Site~specific; Installation and removal
highly variable with roof size and nuamber
of felt layers. Actual felt cutting time
is estimated to last less than one hour,

Low

Before asphalt saturation: 85 to 871
asbestos fiber content, remainder filler(s)
and binder(as)

Pliable, with a tacky surface

Knife or slitting machine during
inatallation; axes, power saws, and hand
scraping tools during removal

None

0.0 to 0.6 (ranging from installation
to removal)

Outdoors

atlm g




FLOORING FELT

Introduction

Flooring felts are used to provide a cushioning effec: under floor
coverings and to aid in subflooring moisture control. Asbestos fibers are
used in the manufacture of flooring felts to provide dimensional stability and
resistance to heat and rot due to moisture. Asbestos-coataining floor felts
may be installed separately as an underlay for various floor coverings or more
commonly fused to the back of sheet vinyl flooring. The vinyl sheet flooring

product backed with asbestos-containing felt was discussed previously (see
Section 3). '

Asbestos-containing flooring felts, which are formed om coaveational
papermaking machines, are composed of approximately 85 percent asbestos and 15
percent latex binder. Chrysotile asbestos fibers are used, with grades 5 and
7 predominating. Currently, a styrene-butadiene latex binder is used in the
manufacture of these felts. Asbestos-coataining flooring felts sold
separately are most often used in residential applications.

Asbestos flooring felts are used as underlay for floor coverings that
include vinyl tiles, sheet vinyl, and carpeting, or ou concrete subfloors
where moisture problems may occur. The asbestos paper product helps to absord
the moisture and transfer the water to the walls. Use of the flooring felt by
itself presently accounts for only a small perceazage of all asbestos felt
produced, as most of the material is combined with sheet vinyl flooring. It
is reported, however, that this product distribution is shifting towards an
increase in :hz use of the unfinished felt as a floor general covering
underlayment.1

Secondary Processing--Fabrication

As mentioned above, asbestos-containing flooring felts may be sold as an
unfinished product that is used as a floor covering underlayment or it can be
fused to the back of sheet vinyl flooring. No secondary processing is
performed on the unfinished felt product. Rolls of the material are
distributed directly from the primary manufacturer to wholesale outlets and
retailers. B

End Use Activities

Although asbestos flooring felt is used primarily im residential
settings, the installation and removal of the underlayment is usually
performed by professional contractors. Work practices are implemented to
minimize fiber release. Felt end use activities include subfloor preparation,
installation, in-service use, and removal.

To insure proper installation, a clean, smooth and level subfloor surface
is required. Subfloor preparation is similar to that described in Section 3
for Flooring Products and will not be repeated here.
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. Before the flo?n.ng .felt is laid down, the dimensions of tke room and
perimeter wall configurations are measured and recorded. Next cha
measurements and wall irregularities are transferred to the flo-ging felt
followed by cutting the specified size and edge shapes using s-issors or ’
razors. Flooring felt installation is similar to sheet vinyl installation
whereby the entire contacting surface will be pasted to the subfloor, oaly the
perimeter of the felt will be pasted, or no adhesive will be used such as in
the put-down=-quick (PDQ) method.

o In use, the felt is completely covered by a flooring product such that it
is isolated from direct wear. Minimal fiber release is expected during the
felt's service life.

The process of removing flooring felt is very similar to that for sheet
vianyl flooring backed with ssbestos felt. For & descriptioa of the removal
process refer to the discusasion presented in Section 3 on sheet viayl flooring.

Airborne Fiber Monitoring Data

No fiber monitoring data associated with the installatioa, use, and
removal of asbestos flooring felt have been reported in the literature. Fiber
concentrations resulting from these end use activities are expected to be very
similar to those recorded for the installation, use, and removal of sheet
vinyl flooring backed with asbestos felt. Fiber concentrations measured
during the installation and removal of sheet vinyl flooring backed with
asbestos felt were on the order of 1.0 f/cm3 and 0.48 f£/cm , respectively
(see Section 3). When recommended work practices are not followed (dry
scraping) during the removal of worn out sheet vinyl flooring, workrooam fiber
concentrations of 1.0 to 2.2 f/cm® may result.

Summary of Findings

There is no secondary processing of asbestos-coataining flooring felts.
Most of the flooring felt manufactured today is incorporated into a sheet
viayl flooring product, although the popularity of using the felt separately
as & floor covering underlayment is on the rise.

End use activities associated with felt applications that may result in
asbestos fiber release include subfloor preparation, cutting duriag
installation, and material removal. No fiber monitoring data have been
reported to document fiber release during the performance of such activities.
Fiber release data are available, however, for sheet vinyl flooring backed
with asbestos felt, which is handled and applied under conditions that are:
very similar to those of the unfinished flooring felt. Fiber concentrations
up to 1.0 and 0.48 f/cm’ were measured during the installation and removal
of asbestos felt-backed sheet vinyl flooring, respectively. Table 21
summarizes the end use activities associated with asbestos flooring felts” and
identifies the principal activity of concern with respect to airborme asbestos
fiber release.
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TABLE 21. SUMMARY OF FLOORING FELT SECONDARY PROCESSING AND END USE ACTIVITIES

Product: .lloorin;'lclt

Secondary
processing

End use

Activity: .

Duration=--per incident
Daily total

Fiber releasability:
Chemical composition

Physical compasition
Disruptive energy

Control measure(s):

Measured fiber concentrations (f/cm3):

Environmental setting:

Activity of Concern

No secondary processing

Installation; in-service use; and removal

Cutting during installation is somewvhat
continuous lasting from 10 to 20 minutes.
Removal aand subfloor preparation is
estimated to last & to 8 hours.

Moderate

85X asbestos fiber content, remainder
being latex

Pliable, soft

Binders, hand shears, scissors, or a knife
during installation, sanding or scraping
during removal

Wetting during removal*

No data, but expected to be similar to
fiber release from asbestos felt-backed
sheet vinyl flooring during installation
and removal, (1.0 and 0.48 f/cm3,
respectively)*

Indoors, closed room

Removal of residual felt adhering to subfloor when recommended work practices are not followed.

*When following recommended work practices.




MILLBOARD AND ROLLBOARD

Introduction

Asbestos-containing millboard and rollboard are consider:d paper products
because they are manufactured by a process similar to thaz used to make
paper. In structure and texture, millboard and rollboard products resemble
cardboard, with millboard more closely sllied with the heavier paper grades.

Millboard is manufactured in individual sheets, this being the oaly
difference from the continuous sheet production of other asbestos-containing
paper products. The individual sheets are formed on counventional papermaking
equipment employing a technique whereby the desired sheet thickness is
obtained by building up layers of fibers om a rotating cylinder mold. When
the desired thickness is obtained, the cylinder is then momentarily stopped as
workers cut the built-up layer of material lengrhwise, removing ome thick
sheet of damp millboard. The wet millboard sheet, countaining about 50 perceat
water, is then air-dried or placed in an autoclave or oven for rapid curing.
Finished millboard usually contains 5 to 6 percent water.

Although rollboard differs from millboard in that it is thin enough to be
rolled, both are usually sold in flat sheets. Millboard manufactured in the
United States is produced in & standard 1.0 by 1.2 meter (42 x 48 inches) size
sheet with thicknesses ranging froa 0.79 mm to 1.9 cm (1/32 to 3/6 inch).
Thicker sheets are produced by laminating sheets together. Rollboard is a
lamination of two 0.4 cm (1/6 inch) thick or thinner sheets.

Asbeszos~containing millboard (and rollboard) is composed of_asbgs:os
fibers (68 to 95 percent), binders (3 to 25 percent), and fillers.lsl
Chrysotile asbestos is the most common fiber type used, with grade 5
preferred.l The binders may include starches, elastomers, or silicates.
Millboard may also contain 5 to 40 percent portland cement and starch as the

binder.3 Mineral wool, fiberglass, and cellulose are commonly used as
fillers.! .

Millboard is one of the most versatile asbestos-containing products. Its
nunerous applications are listed in Table 22. A principal attribute that
makes it so adaptable to varied uses is the way in which it can be manipulated
during installation: millboard is easy to cut, can be punched into shape, can
be wet molded, and is compressible. Unfabricated millboard may be purchased
by & number of secondary processors who install it or incorporate it into
other products; wholesale distributors who supply the molten metals and glass
industry; and construction contractors for Gse as a building materiall®,
Rollboard may also be-used in similar applications, but is generally less
suited to industrial settings where structural rigidity is a desirable feature.

In both the molten metals and glass industries, transfer rollers .
comprised of asbestos-containing millboard are used to coanvey annealed or
pickled steel or flat glass from one point in the manufacturing process to
another. Millboard is also used as slip planes to insulate the silica furnace
linings of induction furnaces. Other industrial uses include mats to place
hot products on, sealings for holes and flues in roofs of furmaces, thermal
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TABLE 22.

INDUSTRIAL, COMMERCIAL AND RESIDENTIAL USES OF A33ESTOS-

CONTAINING MILLBOARD AND SPECIFIC APPLICATIONS!

Uner Applicatica
Industr tal
Caneral In bdotlers, as gaskets, vhich may be matal rein-
forced, as flame and heat barriers, as slip-
planes for furnacs linings, in transfer
* rollers that convey bot material from one
poiat in & sanufacturing process to another.
Ylectrical Thermal protection in large circuit breakers
Appliance Fire-proofing sgent for commercial and home
security boxes, safes, and files
_Aluminue Pouring trough cover and trough liner

Msrine, shipyard,
aircraft

Foundry
Steel
Metallurgical

Ceramic

GClasa

Lummerclial
Metnl-clad doors

Of{ {ce partitions

Soldertng fixtures and
aoldering dlocks

Spark and glarc shlelds
{n welding sheps

Fireproot walldboard

Washers in elcctrical
apparatus

.lLinings for safes, dry-

cleaning machines, incin-

cratocs, heater rooms

tinrage paneling

Residential

Linings for home safes,
stoves, haaters and
electric svitch boxes

Tent shlelds
Stuve plpe rings

Scove aats, table pads

Liner for container that catches hot metal from
cutting cperations

Trough liner «nd iron trough cover
Backup insulation for fucnace lining

Used between the hot mandrel and the bearing
shell in molten badditt operation

Low mase kiln cars

As insulation in glase tank crowns, melter,
refiner, sidevalls, ecc.

Between outside metal and vood core

Between metal sheets, valued as a fireproofing
and sound deadening material. Very large
potential market

Pecfune rings for oll lamps
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door gaskets, and heat protection walls. Millboard is also use?

for éoin%ng pipes at industrial plants and for a variety of boile
applications. )

a3 gaskers

-

Commercial applications include heat or flame barrier shialds for welding
and soldering operations, office partitions, and fireproof wallboards.
Millboard is also used as a filler for metal reinforced gaskets that are
frequently used on small air-cooled engines such as lawnmowers.

In residential settings, millboard is used as a flame or heat barrier in
wood and coal burning stove installations. 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.

Secondary Processing~-Fabrication

Most millboard and rollboard manufacturers market their unfinished
products through one or more distributors. These distributors will either
sell directly to the end user or to aecondar{ processors who fabricate the
millboard for specific end use applicatiouns. 7-19

Fabricating operations performed during secondary proceseing range from
die-cutting gaskets and rings to drilling, sawing, and shearing the millboard
to produce various dimension construction materials., The following discussion
pertains to the more common secondary processing operations performed by
millboard and rollboard fabricators and gives ppecific examples.

In the molten metals and glass industries, asbestos-coataining millboard
is fabricated into rings that are slid along the circumfersatial_axis of steel
mandrels to make heat-resistant rollers used in coaveyor lines.l7 The
millboard rings are assembled with the steel mandrel, such that the entire
outer surface of the roller is comprised of the edges of the millboard diacs.
Manufacture of the transfer roller is performed in two steps by separate
fabricators. The steps involved are: (1) die-cutting the millboard rings
followed by (2) mounting them onto & steel mandrel.

During die-cutting, the millboard sheets are fed by hand to an automatic
punch press which forms the rings from the sheet using & metal die. The
actual cutting action oanly lasts about oune second but it is repeated hundreds
of times throughout an 8~hour work shift.

After the rings have been formed, they are packaged and distributed to a
second fabricator who assembles the transfer rollers. The millboard rings are
slipped onto the steel mandrel and press-fitted together between two end
flanges. Transfer rollers range in length from & to 7 meters (13 to 24 feel)
and may contain from 800 to 1000 rings each. To provide a smooth outer .
rolling surface contour, 0.64 cm (1/4 inch)of the assembled roller's outer
diameter is ground off using a surface grinding operation. Depending on
production demand, grinding will vary from a few hours per day to an entire
work shift.
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) The poctential for fiber release and subsequent dispersal during
die-cutting is expected to be low given the somewhat rigid com:ssizion of the
gasket material and that the operation results in a clean edg: c:t and has
virtually no dust propellant forces associated with it. Howev::, & greater
fiber release potential is expected during surface grinding due to material
shearing. Also, the high speed rotation of the grinding whz=el will propel
dust generated by the operation into the workplace air if not properly
controlled. Grinding machinery is commonly equipped with high air velocity,
low air volume capture hoods that vent to a baghouse dust collection device.
Workers may also wear dust control face masks as they desire and building
doors and windows may be left opea to provide natural ventilation in the
workplace.2°'

In general, the fabrication of millboard or rollboard into a final flame
or heat barrier product is no lon§er routinely performed by & secondary
processor but b§ the end gaer.17’ 8,22 Janos Industrial Insulation of
Moonachie, NJ,Z a major fabricator of insulating materials, has
discontinued millboard and rollboard operations because of the increasing cost
of insurance for workers handling hazardous substances. B and D Supply, Inc.
of Yeadon, PAlY9 discontinued their fabricating operations citing the
complications of operating and maintaining dust control equipment, and J and S
Supply Corporation, of Long Island City, NY, 2% estimates that only 1 percent
of their millboard throughput is cut to size, while the majority of it is
marketed unprocessed to retail outlets (lumberyards, hardware stores).

When they do fabricate, J and § Supplyza cut their millboard products
to customer specification using & beach-mounted electric circular saw equipped
vith a vacuum exhaust dust collection device. The saw is located in an
enclosed room having no special ventilation system. Saw operators routinely
wear surgical-type face masks when cutting the millboard. Actual sawing time
lasts oaly a few seconds per cut; accumulated over the course of the workday,
sawing totals several minutes.

Due to the abrasive shearing and propellant forces associated with
drilling and sawing operations, fiber release into the workplace is expected.
The pulverizing action of these power tools breaks down the cohesive structure
of the millboard, producing fine-size particles that can be expelled into the
air by the high speed cutting bits and blades. Consequently, the fabricating
operations need to be contrdlled, and generally are, to minimize fiber release
into the workplace.

End Use Activities

The end use activities associated with millboard and rollboard products
include field fabrication, product installation, in-service use, and product
removal. In industrial eanvirooments, field fabricating operations primarily
include cutting, drilling, and wet molding. Cutting can be performed using a
handsaw. However, considering the dimensions of a standsrd size sheet 1.0 by
1.2 meters (42 x 48 inches), it is much faster to use an electric circular saw
or to score the material with a knife, breaking it by hand. Scoring followed
by snapping, whereby the board matrix is more cleanly sheared apart, has a
comparatively low dust release potential. Power-operated saws create higher

Ul dadad
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duls release pOCen:ia!.a. but may be used in conjunction with dus: coatrol
equipment and protective clothing, particularly if the user is a large
industrial plant with other safety concerns (e.g., steel, glass, and ceramic
manufacturers). Drilling tools used on millboard are generallw
power-operated, hand-held devices that may or may not be equinped with dust
collection devices.*?s

Field fabrication of millboard for use in commercial or residential
settings is similar to that for the industrial sector. However, fabricating
tools equipped with dust collectic iystems are not likely to be employed
conaidering the small scale size au:i iufrequent occurrence of fabrication at
the commercial/residential level. Handling of asbestos millboard may occur
from once or twice a week for commercial operations to once in & lifetime for
the homeowner.*Y: Duration of the finishing operations will depend on the
quantity of material to be worked. Coumercial and residential operations may
last up to 8 hours or only one hour or fraction thereof.

Under either setting, workers will use conventional tools readily )
available to them. Cutting and drilling operations are performed using hand
operated or power—assisted tools. 126 The actual time required to perform
each activity varies from a few seconds to drill a single hole to several
seconds to cut a staight or curved line using a power saw or longer with a
hand saw. Because millboard is fairly eaasy to cut, hand tools, such as
scoring knives can be used to fabricate the material. The potential for fiber
release from the use of such hand operated tools is expected to be low due to
the minor surface abrasion imparted by these tools and the abseunce of strong
propellant forces. Any dust that is generated tends to fall directly to the
ground, not upwardly dispersed as can occur with the use of uncontrolled power
saws. As a minimum, protective clothing, particularly auriical-type face
masks, are likely to be worn by the safety-conscious user. 5,26

Asbeatos millboard used as a heat or flame retardant barrier is commonly
secured to support surfeces and frames using adhesives or mechanical
fasteners, such as screws, bolts, and nails.%’ In addition, sections of
millboard may be set in place unsecured, between metal support frames as in
the case of slip planes. 6 Adnesive bonding is unlikely where a board is to
be removed regularly, as in a foundry trough or catch basin liners where no
fasteners are used, Also, because of its low tensile strength and easily
sbraided surface, millboard is not installed in situations where it could come
in contact with moving parts. Ian situations where the millboard surface is
left exposed, beveling or sanding with subsequent surface coating is not
expected given the low aesthetic concerns in an industrial setting.

Millboard installation time will range from days for new innta}lationa
and renovatious to a few hours for small material replacement jobs.‘3' If
the millboard has been prefabricated, fiber release during installation is not
expected. If field fabrication is required, the finishiag operations would be
similar to those described above. This latter situation occurs when
mechanical fasténing is required. Pilot holes will be drilled to avoid
fracturing the millboard during installation. Thne potential for airborme
fiber release and extent of dispersiom during cutting will depend on the type
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of drilling tool used. As discussed above,
likely to introduce fibrous dust into the workplace than haand operated tools.
Under industrial settings, where these activities are most corx=:a,
power—assiated tools are generally used.

power—asgisted tools are more

Millboard and rollboard can also be molded to nonplana: surfaces by
dipping in water prior to application. Because the millboard serves no
structural purpose (only insulating), mechanical attachment to a surface or
frame is unnecessary as long as the surface covering or frame restricts board
movement. The time required to apply the millboard by this process varies

depending on the amount of surface area to be covered. Installation times of
8 few hours are likely.

The potential for fit-: release during application is greatly diminished
by wetting of the board prior to installation. Once installed fiber release
is not expected under normal conditions given that this is a static
application and no surface abrasion should occur. During removal, the
potential for fiber release will be considerable unless adequate control
techniques (e.g., use of a wetting agent) are employed. In dry form, cutting
of this material to remove it has the potential to generate substantial
dusting.

Millboard rings used in the rollers of conveyor lines in the molten
metals and glass industries are subjected to repeated countact with ver{ ot

- surfaces. A representative of Guardian Iandustries of Northville, MI,Z a
glass manufacturer, reports that there is no visible wear of the roller
surface on a day-to-day basis, but that the edges of the glass slab eventually
score the roller surface through repeated contact., When a production line is
shut down for several weeks for routine maintenance, about every 5 to 7 years,
the most worn rollers (cypically one-third of the tote® of 220) are removed
and sent to the roller assembler for replacement of the millboard rings.

Gaskets made from millboard and rollboard are carefully installed to
ensure proper sealing during use. Gasket wear resulting in fiber release is
normally not a concern since the bearing surfaces are isolated and immoveable
while in-gervice. During routine maintenance or scheduled gasket replacement,
however, portions of a gasket may adhere to bearing surfaces if the binder
component of the gasket is decomposed by high temperatures or penetration of
working fluids. The adhering material can be removed manually using a
flat-edged scraping tool or a stiff wire brush. The removal process for any
gasket generally lasts only minutes, while the maintemance task which
necessitates gasket removal may range from several minutes to several hours.

The potential for fiber release during material scraping or brushing
will depend on the dryness of the gasket and the inteunsity of the physical
energy applied to remove the material. The dryer the remaining material is
and the greater the force applied to remove it, the greater the potential for
fiber release. Gasksts penetrated by working fluids tend to be pliable
allowing them to be more easily removed and are less likely to disiategrate
than dried-out material during removal.
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Airborne Fiber Monitoring Data

Secondary Processing Fabrication--

Fiber monitoring data associated with millboard secondary processing
operations have not been reported in the literature. A representative of
Nicolet Industries of Ambler, PA,18 a fadbricator of asbestos millboard,
reported that the capture efficiency of a baghouse serving their punch press
operation is high enouéh that workers do not have to wear respiratora to
comply with the 2 f/cm? 8~hour TWA occupational exposure standazd.

With respect to assembling industrial transfer rollers, a representative
of New Hudson Corporation, Verticarb Division, of New Hudson, MI, 20 reported
that fiber concentrations in the workroom air where millboard rings are placed
on steel mandrels approached 0.2 £/cm3, Details about the sampling
location, specific activities performed, and analytical techniques used were
not provided.

End Use Activities——

Actual field fabrication mouitoring data for millboard gaskel use
activities are scarce. In a coutrolled laboratory glove box te:t,ll scoring
and sawing of millboard resulted in measured fiber levels of 8.4 and
6.2 £/cmd, respectively, as determined by SEM (5000x)/EDXR analysis. To
simulate material fastenin:, a piece of millboard was subjected to hammering
for 10 minutes in the laboratory glove box.ll The recorded fiber
concentration was 1.4 £/cm.3 The glove box results are likely to be higher
than those expected under actual field couditions. Fiber accumulation in the
nonventilated air space of the glove box chamber could account for the
relatively high fiber concentrations recorded. In an industrial setting,
field fabrication would be performed in & large open workspace with good
ventilation or out of doors. In a commercial or residential setting, onsite
fabrication would take place in a relatively small room, normally 3 by 4.5
meter (10 by 15 feet) or larger, in a garage, or out of doors. Greater fiber
dispersion, resulting in lower airborne asbestos concentrations, is expected
under actual conditions.

Summary of Findings

Millboard and rollboard are used in a wide range of industrial,

- commercial, and residential applicatious. These board products are used
primarily to insulate equipment or building structures from high heat or
direct flame contact. They generally functiom in a static mode where they are
not physically abraided while in service.

Millboard and rollboard have comparatively high asbestos fiber coutents
and low binder contents, suggesting high fiber release when mechanically
disturbed. Although millboard tends to be somevhat rigid in the greater
thicknesses, it is Aot strong enough to be used in load bearing applications.
When impacted with oaly a moderate force, millboard will fracture.

105 .

P P



] Fabrn.catw-.ng‘operasione performed by secondary processors,
sawing and grinding using power tools, generate substantial dus: emissions.
Beceuae ?f this, processing equipment are well controlled, employing
englneering practices to minimize fiber release. Field fabricating operations
performed by millboard and rollboard end users are generally not as well
controlled. However, the tools used by the general consumer are not as energy
intensive. Many of the tools used, such as hand saws and acoring knives, are
manually operated. Power tools not equipped with dust collection systems will
occasionally be used. Millboard reteil suppliers may warn their customers of
the hazards associated with dust generated by board fabrication, but this is
not standard practice. :

particularly

Representative fiber monitoring data documenting the release of asbestos
fibers during millboard and rollboard field fabrication, installation, and
removal are not available. A laboratory study simulating these activities has
been_conducted, but the measured fiber concentrations, ranging from 1.4 to 8.4
£/cad for hammeriag, sawing, and scoring, are not likely to be
representative of concentrations under actual field conditions. Table 23
summarizes the information presented on millboard and rollboard products and
identifies the principal activities of coacern that are likely to result in
airborne asbestos fiber release. '

BEATER-ADD GASKETS
Iatroduction

Another asbeszos-coutaining paper product used to make commercial and
industrial gaskets is beater—add paper. Beater—add paper is named after its
manufacturing process, in which an elastomeric binder and asbestos fibers are
added to the product mix during the beater step of papermaking.® The
binder, which may include latex, natural rubber, synthetic rubber, or
neoprene, accounts for 20 to 40 perceat of the paper product. Selection of
the binder depends on the end use application for the gasket paper. The
remaining 60 to 80 parcent of the paper composition is asbestos fiber,
normally chrysotile asbestos. Beater-add paper is produced in sheet or
sheet~roll form with thicknesses ranging from a few hundred micrometers up to
about 1 cm.l6» '

Gasket products are routinely installed to obtaian tight, nonleaking
connectiona in piping and other joints. Beater—add gaskets are used as
sealing members in applications where chemical inertness, heat resistance, aund
resilient strength are imgostan:. The major user of this type of gasket is
the automotive induatry.l 130-32 Bester—add gaskets are used in sealing oil
pans and pumps, gear case covers, cylinder head covers, and intake and exhaust
manifolds. Metal-sheathed beater—add paper is used in cylinder head and
exhaust manifold gaskets.29'31 In addition, beater-add peper is used in
other transportation applications in a similar role, as engine and drivétrain
gaskets. Further, it is used in a variety of industrial and commercial
equipment, including heat exchangers, boilers, furmaces, and pipe
connections. ' The chemical industry uses the asbestos gaskets extensively for
equipment counections because of the chemical inertuess of asbestos.
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TABLE 23.

SUMMARY OF MILLBOARD AND ROLLBOARD SECONDARY PROCESSING AND END USE ACTIVITIES

Product: Millboard and Rollboard

Secondary
procassiog

Eod use

Activity:

Durstion—per incident
' dally totsl

Fiber relessability:
Themical composition

Physical composit fon
Disruptive energy

Coantrol measure(s):

Measuréd fiber concentrations (f/cad);

.

’

Ruviroomental setting:

Activity of Concerm

End use:
¢ collaction devices.

‘Die=cuttiang, power sawing,

surface grinding, sooe Jdrilling

Die—cutting: less than | sec.
Sawving, grinding, and drilliag:
Sevarsl seconds.

3 to 30 minutes actual cutting
(estimated)

Righ

Asbestoa coantent 68-95X;
bindare faclude starches,
elastomars, sillcates.

Millboard: generally inflex-
ihle, friablae
Rollboard: gensvrally seal-

rigid, pliable, friable

Electric and hydraulic-powered
blades for cutting; electric
powver sawing, grianding, and
drilling tools

Baghouses oa automated equip-
went ; vacuum exhaust systems
on eome portable power tools

Data not readily available,
sssume workroow concnusutionl
to be lees than 2 f/cm

Indoorst open space or
closed roomse

Pover or hand saviag, scoving snd enapping,
drilling, nailing or screving, wet molding

Saving, acoring, or drilling: & few
seconds; Nailing or screving:
1 to 2 minutes; Wet wolding: several

mioutas (setimated).

1 to 10 mioutes total cutting
time (estimated)

Righ
Sane

Same; also band scoriag with knife,
hand sawving, hand hamsering aod
scraving, hand molding

Vacuum exhaust collection systems

on some portable povar tools. Field
fabricating operations mostly performed
uncoatrolled.

Representative data not aveilable.

Indoors: open and closed rooms,
(basements, garages)
Outdoors.

fleld fabrication involving power sawing, sanding and drilling operations without tha use of dust
Hand sawing and scoring also.




Secondary Processing--Fabrication

Although some primary manufacturers transform their pape: sheet into
final product form, most beater—~add paper producers usually zarket their
product uncut to secondary processors. Gasket fabricators cut the paper to
customer specifications using a metal die in stamping or pressing machinery.
Some gaskets are modified by adding wire insert reinforcements or sheathing
the .paper with metal foils, plastics, or cloth.

The cutting machinery used is sutomatic or semi-automatic, the latter
requiring manual paper sheet feeding. Workers use gloves to facilitate
product handling. The actual cutting process in which the die is forced
through the gasket paper lasts only about 1 second, compared to_up to & minute
of product handling time (including separation and packagiug).33 Total
accumulated cutting time over an 8-hour workday is estimated to be
approximately one hour. Cutting operations are performed indoors in a typical
machine shop setting.

Because beater-add paper used to make gasket products is not brittle, but
somewhat pliable, the potential for fiber release during die-cutting is
expected to be low. Die-cutting using powerful press machines makes a clean
edge cut, purposefully preventing unnecessary ripping and tearing of the
beater—-add paper. In addition, die~cutting is not a vigorous operation, ome
that would propel dust into the workroom air. Consequently special dust
control devices or_work practices are not normally employed for the die-
cutting operation.”™»

End Use Activities

End use activities include installation, ia-service use, and gasket
removal, Some job site fabrication may be required for special applications.
When this occurs, material alteration will be performed using a sharp knife or
scissors and require only a few seconds of cutting.

Beater—add gasket installation is very similar to the installation
process described for compressed sheet gasket in Section 6. The procedure
normally requires placing the precut gasket on one bearing surface and placing
the other bearing surface over the gasket carefully to eusure proper
alignment. When the gasket is in place between the two surfaces, the joint is
sealed by torquing down bolts located at regular intervals along the perimeter
of the joint.

In service, the gasket faces are isolated from fluids on either side of
the joint by contact with the bearing surfaces. The gasket edge may be
exposed on either side of the joint. Again similar to compressed sheet
gaskets, the functional life span of a beater—add gasket depends on the
severity of wear, cHemical conditions of the work enviromment, and msintenance
practices. Since the joint is typically immoveable, material wegr is normally

not a concern. A comon cause for replacement is disassembly of the joint for
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routine maintenance.

) 1f the gasket is damaged during disassembly or if it is
compressed to the point where its sealing capability for future use is in
doubt, the gasket will be replaced.

With respect to removal, portions of a beater-add gasket may adhere to a
bearing surface if high temperatures or penetration of working fluids alter.
the elastomeric binder of the gasket matrix. Adhering material will be
removed manually using a flat-edged scraping tool or a stiff wire brush. The
removal process lasts only several minutes, while the overall maintenance task
often requires an hour or more (as in automotive applications). Beater—add
paper manufacturers do offer a line of materials covered with an anti-stick
film to facilitate gasket release from the bearing surfaces.29:3

Abestos fibers are not expected to be released to the air during the
installation of properly selected pre—cut gaskets. However, fibers may be
released during field fabrication of material requiring alteration to fit
special applications. The potential for fiber release will be minimized by
the use of hand tools such as scissors and knives. These tools wmake clean
edge cuts, generating only a small quantity of loose particles.

In service, beater—add gaskets are held in stationary positions by two
bearing surfaces. Under such conditions no fibers are expected to be released
to the air. During removal of the bzatar-add material, fibers may be released
to the air if the gasket has dried out and the force applied to remove the
material is excessive and vigorous. Gasket material adhering to bearing
surfaces may easily disintegrate during removal if the binders within the
material have decomposed or been structural altered with use. Under these
conditions the cohesiveness of the beater—add paper matrix has been
substantially reduced to the point where fibers can be readily released with
only minor disturbance.

Airborne Fiber Monitoring Data

No airborne fiber monitoring data have been reported for beater-add
gasket secondary Eroceaaing or end use activities, Beater-add gasket
manufacturers>0s 3! and secondary processors 133, interviewed report
that fiber release during fabrication activities is expected to be low due to
the relatively high (20 to 40%) percentage of binder in the beater-add paper
and the type of machining (die-cutting) performed. Rogers Corporation of
Rogers, CT, claims that there are fewer exposed fibers on the surface of
beater—add paper than there are on compressed sheet gasket material (see
Section 6). Also, die-cutting, which is the most common operation performed
during secondary processing, is less likely to produce fiber release than, for
exsmple a sawing type of cut, because the material is sheared rather than
ripped apart.-””

With respect to gasket end use activities, particularly automotive
applications in which beater—add paper is most often used, the gasket is
frequently coated with or surrounded by oil or petroleum sealants, or sheathed
in metal. These conditions impart a dust suppression effect such that fiber
release during installation and removal should be effectively reduced. Fiber
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release can be expected, however,
when the uncoated material is cut

during tt.\e initial stages of gasket handling
. ; for special applications, and during the
removal and cleaning of bearing surfaces of dried out residual gisket material.

Summary of Findings

No monitoring data are available to document airborne asbestos fiber
concentrations associated with secondary processing and end use activities
performed on beater-add paper gaskets. During beater-add paper fabricating
and gasket handling, installation, and use, the potential for fiber release is
expected Lo be low as long as the elastomeric binder in which the asbestos
fibers are contained remains und:i:turbed and functional. Once the binder
dries out or is ‘cooked out' the potential for fiber release increases during
product handling. Fiber release is expected during removal if the material
adhering to the supporting surfaces is dried out and sanding or dry scraping
is performéd. Table 24 summarizes the data presented on beater—add gaskets

and identifies the principal activity of concern with respect to asbestos
fiber release. -

ELECTRICAL INSULATING PAPER

Introduction

Asbestos-containing paper used for electrical insulation is formed on
conventional papermaking machines. Electrical imsulating paper is produced in
rolls, tapes, tubes, and sheets. Asbestos is used in the manufacture of
electrical insulating papers because it exhibits excellent thermal and
electrical resistance properties. Paper composition varies with intended
application, but generally contains chrysotile asbestos and cellulose bound
with latex polymers. '

Electrical insulating paper manufacturers use automatic slitters (for
thin paper) and saws gfor thicker materials) to cut the paper to specified
product use sizes.37138 Mot of the paper produced Seads to be a composite
of asbestos paper laminated with a structural fiber. 9,40 The laminate
offers greater strength and rigidity than the asbestos paper alone, and the
presence of the backing material and thermosetting resin or adhesive tends to
reduce the potential for fiber release during primary finishinmg and subsequent
processing and handling. '

Secondary Processing—Fabrication

Asbestos—-containing paper used for electrical insulating purposes is
fabricated into tapes, spacers or washers, and electrical component boards by
the primary manufacturer or secondary procesaor3.1t39'4° Prior to being
fabricated into a fioal product, electrical insulating paper is cut to
required sizes using slitting and die—cutting machinery. Actual cutting time
for these two operations will last only seconds per cut, but over the course
of a day, accumulate to sasveral minutes or even hours for large volume,
well-automated production operations.
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TABLE 24. SUMMARY OF BEATER-ADD GASKET SECONDARY PROCESSING AND END USE ACTIVITIES

LAE LA L R e P o Ul DT T L L B T o 2 P = P N N N Sy

Secondary
Product: Beater—-add Gaskets processing End use
Activity: Die-cutting Installation (involving limited cutting);
. in service use, removal
Duration-—Per incident Few seconds Installation-~several minutes (5-10).
Daily total Several minutes up to more In service--days to years depending on
. than one hour (est.) for an application. Removal--135-20 minutes

8-hour workday

Fiber relea-abiliiy:

Chenical composition Asbestos content (60-801), Same
binder content (20 to 40%).

Physical composition Pliable material Same, with possible coating of petraleun-
based compounds collected during in-service
use

Disruptive energy (tools) Shear cutting with press Hand operated tools, scissors

machinery
Control measure(s): None reported Possibly wetting during removal, othervise

none
Measured fiber concentrations (f/cmJ): No data reported, assume work- lHo data reported
room airborne asbestos concen-

trations to be less than 2 f/cm3,

Euviromwmental settinyg: Indoors, open room, machine Indoors, in open rovm or outdoors
shop conditions

Activity of Concern

Removal of wornout, dry, brittle material adhering to joint surface by sanding or dry scraping. Also, field
cutting of uncoated gasket material prior to installation. '
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product fabrication using the insulating paper includes, for example,
tape vinding and electrical component board asssembling. Asbestos insulating

tape is wound over wires and wire windings (e.g., transformer coils) to
provide a heat resistant covering.3/» This process is normally performed

by machines, but may be done by hand for special applications. In cable
manufacture, the asbestos tape winding is covered with a plastic or rubber
sheath to provide waterproofing and abrasion resistance. Board assembling
activities include attaching electrical components using screws and adhesives,
and installing the board itself in an appliance or fixture.

All of the secondary processing activities occur im typical factory
enviroaments. Depending on production demand, processing of the electrical

insulation paper and its intermediates will run from a few hours per day up to
full time productionm. :

The potential for fiber release during slitting and die-—cutting is
expected to be low. Both of these operations result in clean edge cuts that
generate small amounts of loose particles. When an asbestos-containing
laminate is fabricated, the slitter operation is controlled by vacuum hooding
that vents to a fabric filter for dust collection. Spacers and washers are
die-cut from asbestos papers and laminates. Board mounting details required
to carry electrical components in small appliances may be die-cut from heavy
papers or laminates. It could not be positively determined whether these
die~cutting operations employ dust control equipment, though a rapreseatative
of the Facile-Division of the Sun Chemical Corporation of Pattersonm, N.J.
indicated that some type of coatrols are used.

The potentisl for fiber release during the processing of insulating paper
into electrical compounents is expected to be low considering that a majority
of paper is laminated with a structural fiber. The addition of the structural
fiber will incresse the cohesiveness of the paper making it less susceptible
to tearing or cracking during processing. Fiber release from insulating paper
that has not been strengthen may occur when it is wound around wires or
cables. Bending of the paper, causing internal tearing can result in cracks
that could release fibers.

End Use Activities

There are essentially no end use activities performed on electrical
insulating paper that would cause the release of asbestos fibers to the air.
Asbeatos-containing electrical insulating paper is incorporated into products
that require very little handling or manipulation during end use. Many of
these products are used- in stationary applicatioms. Under such conditions,

—there is no physical disturbance to the paper that would cause the release of
asbestos fibers. :

Only -hen the electrical component is damaged or needs repair is there a
potential for fiber release. The following conditions provide reasons why
only a minimal amount of or no fiber release is expected from the use of
eletrical cables, transformers, electrical appliances, and other products that
contain asbestos insulating paper:
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1. The paper products are typically isolated behind cove:s to provide
structural protection.

2. The electrical components containing the paper tend to be fragile;
breakage or abrasion of the attached paper product is not encouraged
in normal use.

3. If minor structural or electrical failure occurs, repair, for
example of a wire or cable, would involve exposing only a small
amount of the insulation. The repair of a wire or cable containing
asbestos paper is similar to the repair of a wire or cable
containing asbestos textile tape (see Section 5 for discussion).

4. Lf major structural or electrical failure occurs, the whole

electrical component or device is usually replaced rather than
repaired. -

S. Electric appliances with repairable components are typically
designed for easy removal of these components without damage to
insulating washers or boards.

Airborne Fiber Monitoring Data

Quin~-T Corporation of Tilton, N.H.,37 a manufacturer of asbestos
electrical insulating paper products, has conducted fiber monitoring studies
at a number of their own as well as other plants which fabricate electrical
insulating paper products., Relevant results from these studies are presented
in Table 25. It is not known whether dust control equipment or special work
practices were instituted during monitoring of these activities. The
operations monitored, including cutting mounting board, die—cutting, tape
winding, board assembly, and packaging and shipping, were found to generate
workplace fiber concentrations of less than 0.1 £/cm3. Paper slitting
appears to present the greatest potential for airborme fiber release, with
fiber concentrations of 0.53 f/cm> measured in the vicinity of this process.

One other concentration recorded by Quin-T that may have significance,
but is not presented in Table 25, concerns a concentration of 12.3 £/cem
measured during the use of a band saw machine.37 This datum is not
presented because a description of the type of material being cut was not
provided and the sawing equipment used is not typically employed for product
fabrication.

Summary of Findings

The end use applications of asbestos—containing electrical insulating
paper are confined to the applications of the products manufactured by
secondary processors. Thare are virtually no product applications that_ .
require field fabrication or even removal of the asbestos-—containing
insulating paper itself. Fabrication by secondary processors generally
results in fiber concentrations of <less than 0.1 £/cm’ in the workplace

113 .



TABLE 25. AIRBORNE FIBER "ONCENTRATIONS RESULTING FROM
ASBESTOS ELECTRICAL INSULATING PAPER AYD BOARD
FABRICATION AND INSTALLATION PROCESSES.37

Measured fiber®

Duration of

concentration Date of activity

Activity performed (£/cad) tests (min)

Slitting paper 0:53' 7-12-78 42

0.14 7-10-78 120

0.031 NR 90

<0,033 6-01-80 21

<0, 008 NR 90

Cutting electrical <0. 005 NR 141
mounting board

Die-cutting board ' 0.097 NR 298

Packaging & shipping <0.028 6-01-80 25

<0. 009 NBR 156

Tape winding 0.075 NR 74

0.038 7-10~78 180

<0.008 - NR 90

0.008 NR 90

<0,007 11-14-79 103

<0. 006 12-17+79 108

Board assembling - Q. 008 NR 165

8As determined by phase contrast microscopy.

NR - No Reported.
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envxronme‘nc‘. The manufacture and fabrication of these products appears to be
limited to a handful of companies, and usage has declined dramatically since

the promulgation of standards identifying the health concerns azssociated with
asbestos exposure. Table 26 summarizes the secondary processi:z and end use
activities performed on electrical insulating paper and iden-ifies the
principal activity of concern with respect to airborme asbestos fiber release.
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TABLE 26. SUMMARY OF ELECTRICAL INSULATING PAPER SECONDARY PROCESSING AND END USE ACTIVITIES

{

e

Product: HRlectrical insulating paper

Sacoadary
processing

Eod use

. .
Actlivity:

Durstion—per facident

daily total

911

Fiber releassbility;

Chenical composition

hysical composition

Disruptive energy

Control messure(s):

Measured fiber concentrations (f/cad);

Baviroomental setting:

Activity of Concerm

Slicting; die—cutting; saving;
sssembling or winding

Slitting—iatermittent to coat-
iouous for automated operations
Die—cutting=—less than | eecond
Assembling —seconds up to minutes
Winding—cont inuous

Slitcing—total productioa time
(up to 8-hour shift)

Dle—cutting——several minutes
up to boure depending production
volune

Assembling—several hours

Winding~—total production time
(up to 8 hour shift)

’ Moderate

Asbestos fibers and cellulase
with latex binder

Ranging from falrly etiff te
pliabdle

Die-cutting press, saving, slitter
nachine, screv fastening

‘' Vacuum axhauet to fabric fil~

tear control device on elictting
aud saviag machissry

Slicting~—0.01 to 0.5)
Die~utting—0.01 to 0,10
Assembiing~—0.01
Winding-~0.01 to 0.08

Indoors, open workroom of
factory

Secondary processing, tepe siitting opoutlon.‘

{astallation; in-service use; removal

Installstion—(a0o direct handling of
asbestos paper)

Ia service—months to yeare, depending oa
application

Resoval —less thao one hour (est.) for
alectrical component

Low
Same, but leminatee have epoxy coatisgs

Sems, but laminstes are less pliadle
Screv fastening (installation)

No data reported

Indoors or outdoors, closed room
or opea air epace.
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Technology Division for U.S. Eavironmental Protection Agency, Office of
Pesticides and Toxic Substances, Washington, D.C. September 30, 1981.

.
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11.

12.

13.

14,

15.

16.

17.
18.
19.

20.

21.

Blecher, L., CAF Corporation. Comments on Advance Notice of Proposed
Rulemaking on Commercial and Industrial Use of Asbestos Fibers. EPA
docket No. OTS-61005. February 1980.

Roy, N. et al. Asbestos Product Test Results, Draft Final Report,
prepared by GCA/Technology Division for U.S. EPA, Office of Pesticides
and Toxic Substances, Washington, D.C. February 1980.

Telecon. Walter Straub, District Engineer, Johans—Manville Cdrporation,
Oakbrook, IL, with Peter Anderson, GCA/Technology Division, March 11,
1982.

Submission of test results in letter of May 11, 1982 from James Reis,
Director, Asbestos Policy, Johns-Manville Corporation, Denver, €0, ta
Marc Grant, GCA/Technology Division.

Telecon. Michael Schaum, Production Planning Manager, Congoleum
Industries, Cedarhurst, MD, with SRC, August 1979, as referenced in N.
Krusell and D. Cogley, Asbestos Substitute Performance Analysis. Report
Przzared by GCA/Technology Division for U.S. EPA, Office of Pesticides
and Toxic Substances, Washington, D.C. February 1982.

Carton, R.J. Development Document for Effluent Limitations Guidelines
and New Source Performance Standards for the Building, Conastruction and
Paper Segment of the Asbestos Manufacturing Point Source Category. NTIS,
PB-238-320. U.S. Environmental Protection Agency. February 1974.

Meylan, W. M., P. H. Howard, and A. Hanchett. U.S. Asbestos Paper
Industry and Substitutes for Asbestos Paper and Asbestos Brake Linings.
Draft Report. SRC No. L1415-05, Syracuse Research Corporaton. Prepared
for U.S. Environmental Protection Agency, Washington, D.C. September
1979.

Telecon. James Reis, Director, Asbestos Policy, Johns-Manville Corp.,
Denver, CO, with Marc Grant, GCA/Technology Division, March 29, 1982.

Telecon. W. Craig Wilson, Vice President, Nicolet/Ambler Division,
Ambler, PA, with Marc Grant, GCA/Technology Division, March 30, 1982.

Telecon. Theodore Braun, General Manager, B&D Supply Inc., Yeadon, PA,
with Marc Grant, GCA/Technology Division, March 20, 1982.

Telecon. Gary Hughes, General Manager, New Hudson Corp./Verticard
Division, New Hudson, MI, with Marc Grant, GCA/Technology Division,
April 5, 1982,

Telecon. Albert Czonka, Manager of Equipment Design, Materials Handling

Section, Guardian Industries, Northville, MI, with Marc Grant,
GCA/Technology Division, March 29, 1982.
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24.

25.

26.

27.

28,

29.

30.

3l.

32.

33.

34.

35.

3é.

Chicago,

Nelde, -tf 1.7 er, ' ' lac.,
ecaltcchnology Division, March 29, 1982.

Thomas Connolly, Jr., Vice President, Janos Industrial

Insulation, Moonachie, NJ, with Marc Grant, GCA/Technolczy Division,
March 30 1982,

Telecon. Michael Diamond, Vice President, J&S Supply Corp., Long Island
City, NY, with Marc Grant, GCA/Technology Division, March 30, 1982.

Telecon. Company Representative, Boulter Plywood Corp., Somerville, MA,
with Marc Grant, GCA/Technology Division, April 1, 1982.

Telecon. Company Representative, F. D. Sterritt Lumber Co., Cambridge,
MA, with Marc Grant, GCA/Technology Divisionm, April 1, 1982.

Telecon. Calvin Cooley, Metallurgical Engineer, American Iron and Steel

Institute, Washington, D.C., with Marc Gramt, GCA/Technology Divisionm,
April 2, 1982,

Telecon. James Reis, Directot; Asbestos Policy, Johns-Manville

Corporation, Denver, CO, with Marc Grant, GCA/Technology Division, April
5, 1982.

Product brochure, "Gasketing Materials,” Nicolet Inc., Ambler Divisionm,
Ambler, PA, January 1979.

Telecon. Dr. Paul Parker, Technical Director, Colonial Fiber Cowmpany,

Division of Lydall Corp., Manchester, CT, with Marc Grant, GCA/Technology
Division. March 23, 1982.

Telecon. Betty Kallen, Sales Representative, Rogers Corp., Rogers, CI,
with Marc Grant, GCA/Technology Division, March 23, 1982.

Telecon. John Mayo, Eavironmeantal Engineer, Boise Cascade, Beaver Falls,
NY, with Marc Grant, GCA/Technology Divisiom, March 23, 1982,

Telecon. Cathleen Blake, Sales Representatave, B&D Supply Inc., Yeadon,
PA, with Marc Grant, GCA/Technology Division, March 18, 1982,

Telecon. Patrick Yoder, Sales Representative, Nicolet Ipc., Ambler
Division, Ambler, PA, with Marc Grant, GCA/Technology Division, March 26,
1982.

Telecon. George Siegler, Sales Representative, Rhopac Inc., Skokie, IL,
with Marc Grant, GCA/Technology Division, March 18, 1982,

Telecon. Emily Emria. Sales Repreéentative, Arcy Manufacturing Company
Inc., New York, NY, with Marc Grant, GCA/Technology Division, March 18,
1982,
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38.

39.

40.

v.cC.

;Ié. d: a=T Corporation, Electrical Insulations,
: ricten correspondence to Richard Guimond, U.S. .
ronmental Protection Agency, Office of Toxic Substanczs, Washingtoun,
October 30, 1980.

Telecon. Brian Thomas, Engineer, Manning Paper Division, Hammermill

Paper Co., Troy, N.Y., with Marc Grant, GCA/Technology Division,
April 8, 1982.

Telecon. Charles Wilmore, Division Staff Executive of Insulating
Materials Division, National Electrical Manufacturing Associationm,

Washington, D.C., with Marc Grant, GCA/Technology Division, April 12,
1982.

Telecon. Anthony Coiro, Safety Engineer, Facile Division, Sun Chemical

Corp., Patterson, NJ, with Marc Grant, GCA/Technology Division.
April 12, 1982.
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SECTION 8

CONCLUSION AND RECOMMENDATIONS

CONCLUS ION

This study was conducted to profile secondary processing and end use -
activities routinely performed on certain asbestos—containing products and to
provide an analysis of the potential for asbestos fiber release during the
performance of such activities. Product category profiles presented.were
developed to provide information necessary to identify candidate products to
be tested under future monitoring programs sponsored by EPA. Products to be
tested are those for which airborne asbestos fiber monitoring data are
insufficient or nonexistent.

Fiber concentration data presented were obtained from technical reports,
trade journals, and interviews with government agencies and industry
representatives. Table 27 lists each product category investigated and
presents all monitoring data compiled for the products. Table 28 summarizes,
by asbestos product type, the number of monitoring studies cited in this
report. Many of the studies have been performed on products that are
suspected to -release high fiber concentrations based on their chemical and
physical composition and how they are acted upom, or on products having
widespread use.

The quantity and quality of the monitoring data presented vary greatly
between product categories and products within each category. Measured fiber
concentrations also vary among tests performed on similar products. These
latter variances are attributable to monitoring in a laboratory glove box
versus monitoring in a well-ventilated room or out 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.

Based on the date compiled, a combination of the following three factors
will affect fiber release from asbestos-containing products: chemical
composition (asbestos and binder content), physical composition (structural
integrity), and intensity of mechanical disruption applied during handling
(field fabrication, installation, and removal). Dispersal of dust generated .
during product handling depends on the magnitude of the propellant force
created by the tools or method of operation used. Actual fiber release to the
ambient air, however, is governed by the presence or absence of control
equipment or recomnended work practices and their effectiveness in minimizing
fiber release at the point of contact during wechanical disruption.
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TABLE 27.

AND END USE PRODUCT TESTING ACTIVITIES

MEASURED AIRBORNE FIBER CONCENTRATIONS RESULTING FROM SECONDARY PROCESSING

’ Nessured Dutatios of
tiber activiey/
concan- sanplieg
Asbestos product lntix‘ Dete of time Anslyticat
category Asbestes product Activity perforwed (/cm?) teots {uia) et hod Comme ot o Ref.
Asbestos-cament ¥lat shaer orild 2.3 1981 ) HI0SH Method® Testing peclormed ia 1
shaet ' . (.3 (saM/so0m)® glove bos. Owly fid-
ers >3 m in lemgth
counted, eves wvhen
. analysed ueiog SEM.
Scors 3.2 1901 [ BIDSH Nethod Tasting perlormed ia t
Q.1 ‘ (sxn/gonm) glove box. Ouly fid-

U are 23 va la leagth
couvnted, even when
analysed weing SEM.

Hasmer 6.4-12.) 1981 4,1 NIOBN Method Based o two repeti- 1
(10.2-16.9%) (sex/E0Mm) tioas in glove bdos.
Only fibere >3 ua ia
length counted, aven
vhea sualysed using SEN.

[ Sav 193.8 1901 1 HIOSH Method Tasting pesrformed in 1

4 (238.9) (SER/EDXR) glove bon. Only fib-

Lad ers >3 um iu lengeh
counted, evea wbes
anslysed using SEM.

0.64 cu (0.23 in.) Srilling holes (163) 0.1 1979-1980 40 Phaes costrast Drill vas equipped ?
thick Llst shest ’ (asoumed) with duet pickup
shroud,
Saving (18.] maters) 0.0 1979-1980 40 Phase coatrast Sev vae equipped 1
(ss0used) with dust pickup
shroud that totsily
enc losed masonry
! blade.
Asbestos—cemant Saving with e circular 0.04 1979 12 Phase contrast Saw wes aguipped )
doard (Elat sheet) saw (carbide blade) with dust pickup
shroud that vestod
to p Wiltiek HEPA
filtered vacuua
. cleansr.
Seving, drilling, and 0.13 1979 17 Phase contrast '  Power toole vare ]

scrolllog (eadre saw)

equipped with duet
plckup shrouvde thst
veated to s Will{esk
MEPA (ilteced vacuum
clenser,

(continued)
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TABLE 27 (continued)

* Messured Duration of .
tiver activity/
concea~ sampling
Asbestos product cnl(g- Date of time Anslytical
categery Asbestes product Activity perforwed (t/ca?) teste (nin) wethod Coumeats
Asbestos-coment Corrugated shaet Crinding to cut etack of )
shaet (coutimued) sheoting in opewm air 0.6 e 1980 u Phase costrast Teating performed
Crioding te cut sheeting L1} outdoors on job site.
' vhile on reof Asouned no dust
coatrole used.
floorieg 'folue!'o Vieyl-asbestes floor Out [} 181 s A0SH Nethod Testing perfommaed io 1
(excludisg floorisg tile : ‘ glove box.
felts which ars Grimd 9 1m0 3 HI0SN Nethod Teoting performed ia 1
covered usder (0.9) (sex/e0XR) glove box. Ouwly (ib-
papar) . ers 3 Lm in leagth
: counted, svea wben
- analyted veing SEM.
Sreak [} 1% b | HIOSH Nethod Testing pecformed ia 1
glove bos.
R Deilt [ 1§11} | | NI0SH Method Testiag performed fn i
glove box.
Plooring removal, ripping 0.02-0.1 1980 163 sSEm/EDER Noaitoring performed )
wp tiles duriog sctwal
flooriag removal.
fasulte are more
indicsetive of
levels mssrby the
wvorkplace thaa those
ectually emperienced
: . by the worker.
Yleoring removal by 1.2-1.9 1970-1971 29 Mase coatrast Simulated testing is ¢
sonding tough sucrfeces laboratory chamber
rensiniag ). Ix2.1 wetara
vith four elrc ]
' changes/br. Balt \
sander with coarse 3
paper ueed. ‘
Pedestrien tratlfic on . 0.002 1979 130 co 419 Phase coatrast Mositoring occurred ’ i
tloor tile te 0.062 fin an oftice eetting; .

the aqress sxsmined
were 'a photocopying
toom asd a emack ]

shop.

(contiowed)
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TABLE 27 (continued)
* Nessured buracion eof ‘
fiber sceivicy/
Comcan~ sempling
Asbestos product trati Date of time Asalycicat
category Asbeastos product Activity pecformed (t/ca®) tests (uia) asthod Coamsst »
Tlooving products Viayl-ashbestes fleor Floor coveriag maistesancs; 0.133 1979 15ce Fhase coatcast Activity vas per
(cont iaued) tile Noppilog te 0.19% formed oo (loor tiles
located in pboto-

] . copyiag room asd

seach shop.
Sulfing ' 0.00 1979 1l te X0 Phase coutrest Activity vas par-

' ' te 0.092 formed oa (loor tiles
located ia photo-
copying room and

Y saack sbhop.
Complete removsl by ’ 0.062 te 1979 123 te 14 Phase comteast Testing vas performed
vecommanded procedurest 0.147 in loundry room,
powder room, closet,
and hallvay of
private howe.
tastsllation by 0.08} te 1979 220 te 232 Phaoe contrast Tilas, precosted
recommended procedures 0.267 with adhesive, vers
installed ia lavadry
room, powder room,
closet, sod hallvay
of s privete home.
Isstallstion by 0.092 te 197 1l e 114 Phase coatrast Testiog vas per-
recommended procedures 0.184 formed ia basement
and smell wtility
room of private
home.
014 tile preparation fer 0.0 197y 10 Maee contrast Preparation fociude
tev isstallation eteippiog end dry
moppiag of old tile
surtace.

' Complete removel by a 0.133 te 1979 [ ] Phase contraet Dey ecraping and
method that deviates from 0.383 sweaping occurred
recommended procedures ducing removal.
Instatintion by recommended 0.04i8 te 1979 [}] Phase coatrset Self~-adbering tiles
procedures 0.189 wern imstslled

following standard
work procedures.

Authors poetulate
that fiber lovels
recorded resulted
from fider release
during preceding

removs) operetios.

(costioved)
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TABLE 27 (continued)

. Measured Duratios of .
fiber activity/
concant sampling
Asbestos product !rntlr Date of time Analytical
cetegory Asbestos product Activity performed (t/ca”) testsa (sin) watbod Coument s
Tlooring products Vinyl-sshestes floor Wormel Willding treffic [ 1900 m Trensaiseion Sampling occured st
(count inued) tile 12 electrow micro~ four sites in office
' (ag/eY) scopy (TEM) N(lll:‘ coataining
5,400 w® of viely-
! . ssbestos (chyroatile)
"floor tite, Mo
' ashbestos fibess
' >) ya in length
wvers observed,
Sheet viayl fleoring Installation . 0.0 te 1978-19)9 A te 1YY Phase contrast lastallation covered
backed with asbestos ’ 1.02 four sdheriog sad
flencing felt ose nonadhering
spplicatioas.
Partial removal by 6.190 to 13 24 ) ob te 82 Phase coatrast Marerial removed-
recommesded procedures® 0.408 had beso adhered to
subflooring.
Complete removel by 0.368 to 1979 121 o 1) PMsse comtrast Matarisl removed had
rec ommended proceduree 0,402 bean sdhered to
subllooring.
. Complate removal by 0.049 te 1979 e I8 PMhaee coatrast Material removed had
recommended procedures 0.100 not been adhered to
subflooring.
Completa removal 0.084 to 1979 MWte 73 Phase contraet Material removed had
Wear layer resoval 0.218 been adhared to
. subllooring.
Dry scraping of tlooring 1.00 te 1979 A0 to 63 Phase costrast Materisl removed had
felt .1 been sdhered to
. . sudflooriog.
* et scraping of flooring 0.484 1979 33 Phase coatrast Meteginl removed hed
. [ L3112 been adhered to
subflooring.
Coatings onmd Spray-applied
sealsute eophaltic roof
ceatinge
Cutback sophalt Spreyleg 0.00) te 194 342 te A2 Fhese coatrast Percent weight of
0.1% Casoumed) asbestos ss eprayed

+

ranged from 3.8 to
7.7, sftar cucing 9.7
to 12.8 percent
ashestos.

(continued)
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TABLE 27 (continued)
* Messured Dugation of
fibeyr sctivity/
concea~ sampling .
Asbestes product : (u(lr Date of time Analycicel
estegeory Asbestos product Activity performed (t/ca?) teste (min) matbod Commcots
Costiegs ead seslante Asphalt-emmleion Spraying 0.0l te  1974,197¢ [ Mhsse comtrast Parcent weight of
(cont lased) 0.) (20sumed) asbestos as sprayed
ves 1.8, olter curing
[ . 3.1 perceat asbestos.
. Suilt-wp reofing Tear—oft 0.1 te 1974 [} Phase contrast Mositoring perforwed 1
0.4 (aosumed) is Indisna.
Tear—off and replace 0.0 te 1974,1976 m Phsse coetrast Moaitoring pecformed 1)
(epray) 0.3 (sooumed) is Peansylveais and
indians.
New spplication (apray) 0.8 te 1974,197%, - Phsse costrast Momitoriag performed 13
0.6 1976 (osoumed) f{a Wisconein, Colo-~
trado, sad lndisca.
Resin costinge Ship costing by spray 0.2 1974 8 te 33 Phase costrast Operator eprayiog 1)
spplication (assumed) outeide sod under a
ship with ssbestos-
containing epoxy
vesian. Pecrcent
ssbeston s¢ asprayed
. 1.5.
Dry dock coating by eprey 0.0 te 1974 tl to 30 Phase coatrast Oparator sprayiog 1)
spplications 0.2 (serumaed) dock with am
sebastoe—costeining
epoxy aod cosl tar .
wizture. Oue porcest
ssdestoe ae spreyed.
Costiag pipe Isteriores ~ 0.1 1974 b} Phase costrast Operator spraying 1)
sprey. spplication (a0eumed) iaterior of 2.6, 18,
and 30 cm diameter
pipes with en
. esbestos—containing
{1 parcent) epory
snd cosl tar mizture.
T7ider glase pipe NFO 0.1 te 1974 14 te 23 Phase costrast Operators munitored 13
(mandsel coating) 0.4 (sooumed) vere isvolved in

running sutomatic
spray machine and
wiplng mendrel. A
1.4 percent asdastos
chamical resiotast
resin vas speay-
spplied,

(continwed)
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TABLE 27 (continued)

R Heasured Duration of
fivey sctivity/
concen~ sampling
Asbestos product tu(lr fiate of time Asaiytical
category Asbestes product Activity performed (t/cn’) teste (min) »ethod Commeot s
Coatings and scalasts Resim costings Ssnd blestiog high 0.2 te 1918 3 to 17 Phase costrast Operstors sandblissted
(contioued) performance extasior 0.3 (ssoumed) 12 meter diameter by
costing 7.6 metear high steel
tank spray coasted is
. ‘ . 1973 vith a 2.1 per-
cent asbestos resia
. costiong.
’
Veter seluble Application 0.4 te 1978 39 te &3 Phase costrast Commercial operstios.
gypoum-based 1.3 .
deyvall cowpound Miziog t 9.0 te 197351917 10 to 12 Phase cootrast Residential setting.
(Scedy &) (dry powder) } 12.4
Mizing . 1.2 to 1978 dtod Phase cootraet Commercial operstios.
° (pre-wisz) 3.2 .
Mand esnding 2.1 te 1973-190? 10 te 80 Phase comtrast Residential setting.
2.2
Pole sanding 1.1 co L1975-1917 10 te I8 Phaee contraet Residential setting.
10.1
Pole sanding 1.2 te 1978 beo 21 Phase coatrast Commercial oparation.
10.0
Sweeping 4.0 to 19731972 9 te ¥ Phase costrast Reoidential setting.
6.9
Sweeping 14.9 to 1978 10 o 20 Thase coatrast Commerclal operetios.
23.4
. v:tu soluble D1y aixing 35.4 to 1974 n Phase ceatrast Commercin) operstion.
gypoum-based (0.9 to 1.3 w) 39.0 Fiber range reported
dryvall cospound : . is not lese back-
(Study B) ground levels, vhich
! for the sswe room
ranged trom 0.5 to
! 1)1 (/end,
Rend sending 1.3 te 1974 " Phass contrast Commercisl opstatios.
(0.9 to 1.3 w) 16.9 Fiber range repocted

ie mot less dack-
ground lavele, vhich
Ler the same tovm
raaged fcom 1.1 to
2.5 t/ewd,

(continued)
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TABLE 27 (continued)
i
Measured Durstioo of
fider activity/
coacen— sampling
Asbestes product unlr Date of time Asalytical
category Asbestos product Activity perlorued (t/cw’) tests (ala) wa thod Comment o
Coatings sad seslaats Vater soluble gypsva Pole sanding 1.2 te 1974 [ Phase coatrast Commaccial opecetion.
(continued) based diyvell compound (0.9 te 1.5 w) 19.) Fiber range reported
(Seudy B) is mot lese back-

. . grovod levels, which
for the same room
rsnged f(rom 3.3 to

' 19.8 t/cm).
Sweeping fleor 41.4 1974 [ Phase costrast Due to beavy loading
(3.0 te 13 w) (mese) during sweeping,
B sampling occurred 15
minutes after sweep-
- f{og stopped. After
35 minutes, the mea-
sured fiber lsnl
ves 26.4 f/cw’.
Textilee Asbastos cleth nade Secosdary processiog 0.46, 1972 [} Fhase coatrast Values reported are
by wet-processing of cloth 0.90 micrascopy for sa area aod per—
techaique analysie sooal sample, respect-
- ively. Spacitiee
about activities per—
formed aot reported
Asheotes cloth nade Unrolling, measuring, 0.33, tor2 [ Fhase coatrast Valuss reported are
by wet-processing cutting with ecissors 0.6¢ wleroscapy for ea eres and
techalque and foldlag of cloth ansiysis peteanal sample,
respectively.
Fireproof clething Weoring asbestos fire-
proofing clothing:
(untreated material)
Steel afll-
‘Blast furmace workere 0.%3.0 1973 32 Phase comtraest Actusl sampling le
: (TwA 0.1 (average) plaat.
to 1.1)
Moephorue plast-~
Raduction furmace ?2.9-26.2 1973 3 Phase contraet Actual sampling io
(TVA 4.7) . (average) plant.

(coucinued)
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TABLE 27 (continued)

. Neasured Durstioe of
fiber sctivity/
concea~ sampling
Asbestos product testion Date of Cime Amalytical
category Asbestos product Activity performed (t/ca?) tests (uin) method Comment s
Caskete snd packings Coupresved asbastes . Storsge fer use «0.01 te 1978 7 to 122 Mase costrast Mo control.® Moani-
(c.-tl-u“ shest gaskets 0.12 taring conducted
under actusl work
4 . conditions.
* Sand puaching 3.00 1978 ”m Phase costrast Mo cootrol. Moai-
, toring conducted
. . uader sctual work
conditions.

Raod punching «0.03% te 1978 28 te N Phase ceatrest Wousekeaping.

. ' 0.13 Moaitoring conducted
voder actusl work
conditions,

Rand epersted <0.03 1978 3 Mhase centrast No cootcol. Moni-

nechanical punching toriag conducted
under actual work

. cooditions.

Machine punching . 5.8 1970 " Phase contrast Mo coantrol. Moali-
toring conducted
uoder actusl work
conditions.

Hachise puaching <0.03 te 1978 20 o 3O Phaos contrast Nousekeeping.

0.7 Momitoring cooducted
under actual work
conditioans.

Machine punching <0.903 to 1970 23 te N Phase comtrast Mousekeeping end

0.06 ventilation.

. ) Moaitoring cooducted
uader actual work
coadltioos.

' Hand oheplng <0.03 te 1978 Tto M Phase comtrast No control. Moni-

0.3 toring conducted
voder actual work
conditioons.

Nachine obearing 0.5 te 1978 ¢ Phaoe comtrest Mo contcol. Moni-

1.3 toring conducted
under actusl wock

. conditions.

Machine shaaring 0.03 te 1978 N te IS Phase contrast = lousehreping.

o.13 Moaitoring coanducted

under actusl work
conditions.

(continued)
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TABLE 27 (continued)

Heasured Duratioa of
fiber activity/
coacan— sampling
Asbestos product xndr Date of time Aselytical
categeory Asbestos product Activity performed At/ca’) tests (nia) watbod Commeat e
Caskats asd pockings Comprecsed ssbestos Rachine aidbling <0.08 to 1978 [ ] Phase comtrast o l:'on!rol- Moai-
(cout inued) sheat geslate 0.46 toring conducted
' voder sctual work
: conditions.
Machine nibbling 0.08 teo 1978 24 to 31 Phass coatrast Nousahseping.
. 0.9 ’ Mooitoring conducted
. uader actusl worhk
' 1 ! conditions.
Inptsllation of flange 0.0} 178 30 Phase costrast Mo comtrol. Moni-
gaskat ) toring conducted
uoder actual work
conditioos.
Removal sod concurvest 0.02 te 1978 2l te 93 Phase coatrast Housekeeping. Moaf-
installation (boiler 0.3 toring covducted
hesder gaskets) under actusl work
conditions.
Clean~up fellowing removasl <Q.0% 1978 3 to N Muase constrast No coatral. Momi-
by hand eccapleg toring cooductad
B usdar actual work
- cooditious.
Removal snd hand ecraping ©.06 to 1978 15 ¢te 28 Fhase costrast Mo coatrol. Moni-

: 0.3 toring cooducted
under sctual work
conditions.

Removal end wire drushing <0.0) te 1970 23 te )3 Phase coatrast Housekeeping. Moni-
0.18 toring conducted
voder sctual work
conditioas.
' &-p;.uod sabestos Puach prees eparation 0.04 te 1980 80 to 211 ¥idbers were Momitoring performed
sheet gashate - 0.6) counted by at major gsrhet fab-
phase coatrast ricator located isn
with punl Wieconsin.
veritication
Power shear oparetion 0.17 ~ 19%80 188 Fibers were Moaltoring perforee.
counted by at mhjor gasket (ad-
phase contcast cicator located {n
with PLM Wieconsia.
veriticotion

(continued)
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TABLE 27 (continued)
* Neasured Ouration of
tiber aceivicy/
concen~ sampling
Asbestos product tration Date of time Anslytical
category Ashestos product Activity perlormed (trend) testy (min) netbod Comment s Rel.
Caskats and packinmge Compressed ssbastos Shear press operatios 0.23 co 180 30 te 76 Fibers vere Moaitociog performed 1
(cont inued) oheet gaskats : 0.81 couated by at msjor gaekat lab-
phase comtrast ricator located in
. ' . with PLX Viecossia.
verificatios
Roussel prese 0.04 te 1940 100 te 192 Tibers wete Nonitoring pertormed 1
' ' 0.08 couated by at major gesket fab~
phase coutraet ticator located in
with PN Visconsia.
. verification .
Picking operation 0.10 te 1980 ) te 204 FPibers were Monitoring perlormed 22
- 0. counted by at major goeket fab~
phase costrast ricator located ta
with PN Wiecousia.
verification
. . ‘Twmbling eperation 0.42 te 1980 17 te 182 Fibars ware Monitoring performed 2
0. 60 counted vy at major gsehet lab-
phase cootraet ricator located in
* with PIM Viecoosis.
varitication
Materinls haedling 0.11 te 1980 9l te 216 Fibere were Moaltoring performed 12
0. % counted by 8t major gasket fad~-
. phase contrast ricator located in
with Pin Visconsin.
. ’ verification
Platen press opecation 0.03 te 1980 31 co 136 Fibers were Monitoring performed 212
0.29 counted by at majocr gaskat fabd-
phaee coatraet ricator located ia
wich PIM Wisconein.
veritication
' Comgpressed asbastos Platen prese operation 0.0) to 1980 6) te 208 Thase coatrast Monitoclng performed 1)
oheet gaskets 0.13 at an asbestos-
velng gasker opear-
ation ia Wisconeia.
Bydravlic bean prees 0.02 te 1980 6l te 170 Phase costrast Monitoring pevturwed 3 )
0.03 at sn ssbestos-

uolng geshet oper-
atkow im Wisconsin,

(contined)
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TABLE 27 (continued)

taken during roof
remsoval.

Neacured Duration of
fider activity/
conten~ sampling
Ashestes product ‘"”3‘ Date of Cime Amalytical
category Ashestes product Activity perforwed (f/cal) " taste (nin) nathod Commesnt s hat,
Asbastos paper ting fealt Cuttiog snd layiog felts 0.0 1976 0 Phase costrast FPiver coocentrations of 26
(cont inued) . 0.0 t/cad reported
] . for ) area and 2
N pacsonsl sanples
tahen durlag felt
. . inotallation.
N Outting, sccapliog, sweep- 0.0 1976 L] Phass contraest Fiber coocentretion of 24
isg 0)d rvof material. 0.0 €/cal reported
Cutting sod laying vev for & ares and &
felte : pectsonal samples
taken during roof
removal sad felt
: f{oetallstion.
Outting and loying feles <0.1 1973 190 Phase coatrast Ares and perscos} 2%
samplees takea during
felt faetallstion.
Cutting snd laying felce 0.1 te 1974 180 Phase coutrast Fiber coaceotratioa 26
0.2 vange locludes acea
and personal samples
takam during felc
R inetellatioa.
Seving, scraplog, eswveep- 0.1 te 1974 7%-120 Phase comtrast fiber concentration 2%
ing old roof matevial. 0.3 range includes srea
Cutting and laying mew and pecreonsl samples
felts tahen during roof
removal sad felt
. isetallation.
Saving, scrapliog, sweep~ 0.0 e 1974 [ ] Phase coatrast Fiber coocentration H
ing old vroof meterial. 0.2 range includes area
* Outting and laying sew and personsl easples
felte taken Juring roof
removal anu telt
iastatletion.
Aze chopplog, prying and 0.1 te 1924 60-82 Phase coatrast fiber coocentrstivn b3
scrapiog, svesping old 0.4 ranges locludes arvy
rool and personal samples

(continued)
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TABLE 27 (continued)

. . Massured Duration of
fiber ~ sceivity/
concen— sampling
Asbestes product tut(r Date of time Aaslytical

category Asbestes product Activity perforsed (f/ca?) teste (nin) mathod Commeats fef.
Asbestes paper Roelling felt Qutting and taying fele ’ 0.2 ce 1974 8)-107 Phese contrast Piver concentretios 26

(coatinned) 0.6 range {ocludes ares

and personsl esamples
» . takea during felc
* inetallatica.

. Cutting snd layieg felt 0.1 te 1 [ J Phase coatrast Tiver concentratioa 26

’ i 0.4 range iociudes aces

and persoval samples
taken during felt
s {astalistioa.
Cutring sud laying felt " 0.1 te 1972 m Phase cootrast Fider concentration 13
. 0.) cange includees scea
and parsonal esmplen
taken during felt
installatioa.

nilldoand Score 8.4 1980 10 SEM/EDXR Testing perforwed ia 3
glove bos.

Nomner 1.4 1980 10 sEM/e0 Testiog perforsed la M
glove box.

Saw 6.2 1900 10 st/Epm Tastiog perforwed in 3
glove box.

Secondary proceseing 0.2 [ mn Phsse coatrast Assenbly involviag 27

assumed placesent of punched

miliboard rings oa
steel mandrels to
form traneler rollecs.

Electricel hml}un‘ Sterling magua ply <0.018 1980 43 Phase contrast Results from moni- 28
paper and boards package operator Ctoring slectrical
4 insulating papar
products manulac~
tured by Win-T

: Corporation,
Peper machine revied <0. 004 1980 178 Phase contsast Results from moni- 28
operator, 0.008 cm toring electrical
thick paper . issulsting peper

producte manufac-
tured by Quia-v
Corporstion.

(cont inued) i



TABLE 2‘7 (continued)

Mhnto.. product
category

Asbestoe product

Activity perlormed

Duration of
aceivicy/
sompling

time
(aia)

Analytical
aet bod

Comments

Asbeidtos paper

LET

(cont inved)

Clectrical insulgting Peper nachine revind

paper sad bosrds

operator, 0.04 c»
thick paper

Milldoard cutter operastos

0.08 ca thick paper

Wieding operator,
0.03 cm thick peper

S1itting operstor,
0.03 em thick paper

Mighlandar, band savw
operator

Nightander, eolfitter
oparetor

Coll cutter eperator

Neasured

tider

coacen~

tratige Oate of

(t/cn?) teste
<0. 006 1980
<0.00% 1980
<0.008 1980
<0.008 1980
12.) 1978

a.3) 1978

0.094 [

12

141

131

Phase

Phase

PMhase

Phase

Phaee

Phase

Phase

comtreet

contrast

coatrsst

coatraet

contrast

coatrest

. Results from moni-

toring electricel
imsulating paparc
products meoufac-
tured by Quia-T
Corporation.
Resulte lcom moni-
toring slectirical
imsulating paper
products mavufac-
tured by Quin-T
Corporation.
Reoults from moni-
toring electricsl
insulating psper
products masulac-
tured by Quin-¥
Corporation.
Results from woai~
toring electrical
insulating paper

productes wsoufsc- .

tured by Quin-T
Corporatioa.
Refecence cltes
relonse o9
encesefve.

Reoulte from woal-
toring electrical
insulating paper
products wanufec-

‘tured by Quin-T

Corporation.
Resuites from moni-
toring electrical
iasulating paper
producte msnufac-
tured by Quio-T
Corporation.

26

28

8

18

28

8

(continued)
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TABLE

27 (continued)

Asbestos product
catagory

Asbestos product Activity performed

Duration of
activity/
sampling

time
(min)

Neasured
fiber
concen~
teati date of
U/c-g; tests

Analytical
esthod

Comme nt 8

Re:.

Asbastes popar
(contived)

Klectrical lnulzdn Coil cutter operstor
paper sad boarde

Acma paper cutter
Acwe eoll‘euuu'
Acme conv. viodieg
Winding operstor,

0.008 ce thick paper

Sliccing opornlof.
0.008 c» thick papar

0.013 o "
0.008 1979 n
<0.013 1979 Y
<0.008 1979 1)
1900 %0

<0.008

0.0 1980 90

Phase

hage

Mhase

Phase

Phase

Fhase

coatrast

contrast

contrast

coatrast

coatrast

coatrast

Resulte from moni-
toring electrical
issulating peper
producte wanufac~
tured by Quin-T
Corporstion.
Rasuits from moni-
toring electrical
ineviating paper
products manufac-
tured by Quia-T
Corporation.
Rasultes from moni-
toring electrical
insulating peper
producte manufec-
tured by Quia-T
Corporatioa.
Rasults from moani-
toring electrical
insulating papec
psoducts maoulac-
tured by Quie-T
Corporation.
Results (rom momi-
toring elactrical
ineulatiog paper
products ssaulec-
tured by Quia-t
Corporation.
Resulte from moni-
toring electrical
insulating paper
products wasufac-
tured by Quian-T
Corporation.

8

]

H ]

28

18

28

(coatinwed)




TABLE 27 (continued)

* ' : Neasured Dutation of
(ibee activity/
concen- sampling
Asbestos product traci Date of time Aaslytical
category Asbastos product Activity performed (t/ca?) tests (nin) sethod Comnent o
Asbestoe paper Klectricsl hnl,th Rlectrical (osuisting 0.0%7 [ 19 Phase contrast Resulte from woai-
* (coatimed) poper and boards peper-punch press torimg electrical
opagstor (TV 30RD) . insuleting paper
“" . products manufsc~
) tured by Quie-T
. : - Corporation.
Rlectrical lasulating , 0.064 [ ] is) Phase contrast fasults (rom moni-~
paper—ehsar operstor toring electeical
(TY 30RD). iasulsting paper
: products sanufac-
! tured by Quin-T
Corpocation.
Llectrical insulating 0.008 ] 163 Phase comtrast Resultes from moni-
. paper——ssoembly dept. toring electrical
oparator (YV BORD) ’ iasulatiog paper
products mamufac~
tured by Quin-T
5 Corporatios.
vy XX, shesr machine 0.033 1978 120 Phase costrast Rasulte from moni-
operater toring electricel
imsulating paper
producte manufac-~
tered by Quin-T
Corpocation.
M@, vindiag srea 0.038 1978 180 Pheee coamtrast Rssulte from monf- 28
operator . toring electrical
. . imsulsting papar
: : products manufac- (

tured by Quia-T
Corporation.
' Aces heavy bandwinding «0. 006 1979 108 Phase coatepet Results from moai-~ 18

- toring electricsl
{noulating paper

producte wmenulec-

tured by Quin-T

Corporatiou.

'

(continved)
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TABLE 28. NUMERICAL SUMMARY OF MONITORING STUDIES PER-ORMED ON
ASBESTOS-CONTAINING PRODUCTS2

Asbestos product
category

Asbestos product

Number of studiesP
performed on product
(as presented
in this report)

Asbestos-cement sheet

Flooring products

Coatings and sealants

Textiles

Gaskets and packings

Asbestos paper

Flat sheet
Corrugated sheet
Roofing shingles
Siding shingles

Vinyl-asbestos tiles
Asphalt-asbestos tiles
Sheet vinyl floor covering

Asphalt or tar-based products
Latex or gypsum~based products

Fire and Heat Resistant Materials
Firefighting helmets
Outer garments
Gloves

Thermal Insulation

Electrical Insulation

Gaskets and Packings

Friction Materials

* Compressed sheet gaskets

Asbestos yarn packings

Roofing felt

Flooring felt

Millboard and rollboard
Beater—add gaskets
Electrical insulating paper

OO ONM Fre - ~ - NO O OO r W

N &

rorQmN

4Some studies investigated fiber release from more than one product.

PSome studies may incarporate several test runs.

CComparison monitoring covered under sheet vinyl floor covering.
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T;PAQ‘ change apprecxnbly during its service life, although its binder content

e ilﬂ;;;‘;ﬁ;h. asbestos content of an asbestos~containing product does
may. A product's physical confxguratxon and structural xnCeg~-ty may also be
altered during use, particularly in the case of textile products and materialas
used as gaskets and packings. Disintegration of a product's physical
cohesiveness increases the likelihood of fiber release. This factor becomes
especially important when these types of materials are removed ftom service
after the expenditure of their normal life span.

Mechanical disruption which physically alters asbestog-containing
products can occur durzng secondary processing, field fabricationm,
installation, in-service use, and removal. Secondary processing involves the
operation of power equipment such as stationary table saws, surface grinders,
drill presses, dxe*cuttxng and punch press machines, and hand held sanders and
routers. These operations have the potential to release a substantial pumber
of asbestos fibers. However, to comply with occupational asbestos exposure
standards, these processing machines and tools are normally equipped with
engineering controls to minimize workroom contamination. Further worker

protection is accomplished by the operator's use of a respirator and personal
protective clothing.

Manually operated tools, such as scissors, scoring knives, and hand saws,
may also be used during secondary processing of asbastcs products. However,
the slow cutting speed associated with the use of these types of tools
minimizes dust generation, and just as important, imparts a low propellant
force which minimizes particle dispersal. Scissors and scoring kmives make
c¢lean edge cuts generating only small quantities of loose particles. Cutting
using hand saws produces coarse-size particles that settle rapidly to the
ground.

Mechanical disruption of asbestos products cam also occur prior to and
during installation when total field fabrication or partial alteration of a
prefabricated product is required. Tools used range from hand held power saws
and drills to knives for scoring and scissors. Dust control practices, which
may or may not be employed to minimize fiber release from these activities,
include using power tools equipped with vacuum exhaust collection systems,
moving the fabricating operation from indoors to outdoors where greater air
dispersion and dilution lower fiber concentrations, thoroughly wetting the
point of physical contact where the tool and waterial meet, and controlling
the exertion applied when operating hand tools to minimize pulverization of
the product matrix and subsequent fine dust entrainment.

In many cases asbestos fiber release is generally the lowest if not
nonexistent during product installation. Asbestos-containing products are
usually purchased clean and prefabricated, ready for use. Installation of the
material ususlly requires only simple mechanical dexterity and common sense.
Once installed, many 2sbestos products will not release fibers. Due to their
rigid physical structure, most asbestos products are used in stationary or
static applications., In use, the material is subjected to little or no direct
physical force or abrasion. Only fire and heat gesistant protective clothing,
dynamic packings, and millboard used in hot material transfer rollers are
involved in active or mechanical applications.
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Removal of worn out asbe : viea 15T
normally performed by hand. E;ﬁ:rgiog::zzi::at::s::gbzg :g::: :§§:§c§i:§a' te
fabrication and installation, may be similarly instituted duri-3 product
removal. Material wetting followed by controlled energy impu: cam effectively
minimize fiber release. Many examples of this are presented in the report but
one in particular serves as a good illustration. Dry scraping of residual
flooring felt during subfloor preparation resulted in airborne fiber
conceatrations ranging from 1.0 to 2.17 f/cm”, whereas wet scraping of the
same material resulted in a measured airborme concentration of 0.48 f/cm3.

Whenever possible, asbestos-—containing products should be fabricated,
when required, using hand operated tools instead of power tools. Power tools
such as circular and sabre saws, drills, sanders, and routers pulverize the
product matrix, creating a fine dust. Duriang mechanical disruption the
physical cohesiveness of the product matrix is disintegrated to the point
where free~form asbestos fibers may be released. Additionally, the size of
the fibers released may be altered (decreazsed) from their original
dimensions. The fine dust generated is easily entrained by the high speed
cutting implement of power tools and can remain sugpended in the ambient air
for long periods of time.

Differences in airborme fiber concentrations are also expected between
various power tools. For example, mazerial drilling will pulverize the
product matrix, generating a fine dust, but the particle propellant force is
somewhat restrained compared to that of & circular saw. Dust generated during
drilling tends to accumulate near the drill bit and is not dispersed to any
great extent. The cutting action of a circular saw, hovever, is much more
vigorous, providing enough energy input to propel the fine dust generated
quite & distance from the point of contact. Because of these factors,
asbestos product manufacturers and equipment designers recommend the use of
power tools equipped with vacuum exhaust dust collection systems.

With respect to hand operated tools, enginmeering controls are not
normally used because these types of tools do not generate fime dust nor do
they propel the particles into the ambient air with the same force as power
tools. Dust particles generated during the use of hand operated tools are
coarser than those generated by power tools. These coarse, comparatively
large particles tend to settle rapidly near the operation, minimizing ambient
dispersion and residence time.

In summary, easily implemented and uncomplicated control practices have
been developed by asbestos product manufacturers, industrial trade
associations, and product distributors. These practices have been well
publicized and documented in trairing manuals and product brochures. Bowever,
due to a myriad of reasons, they are not always followed. Many times, ‘simply
for convenience, dust control equipment, work practices, and protective .
equipmént will be ignored during asbestos product handling and processing or
if eastablished control measures are used, they frequently will be improperly
implemented.

.
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Aix‘rborne asbestos fibgr concentratioas resulting from oeco.—.dg"
processing and end use activities routinely or most frequently performed on
certain asbestos—containing products have been presented in this report.
These duts will be used inconjunction with population exposure data (both
occupational and nonoccupational) and product usage information to prioritize
candidate products for testing under future EPA monitoring programs.
Following prioritization based these criteria, products selected for initial
testing can be further classified according to the following:

™ Product testing to create a data base where one does not exist, or

e  Product testing to expand an existing data base. Testing would be
performed to validate results of previous studies or to monitor
other product handling activities that have not been examined.

Asbestos—containing products not profiled in this report, which include
asbestos—-cement pipe, friction materials, reinforced plastics, paper pipeline
wrap, commercial paper, and specialty paper are also potential sources of
airborne asbestos fibers. These products and those that were investigated but
are not recommended for initial testing (see below) may be evaluated under
subsequent monitoring programs.

Based on the information compiled and the prioritization scheme described
above, Table 29 identifies the asbestos-containing products profiled in this
report that require first time testing or further investigation. These
products are listed below in descending order of testing preference. Product
handling activity, tools, and duration of activity to be performed, used, and
monitored during testing are identified, respectively.,

Product Activity Tools Duration
1. Millboard _ Sawing, drilling, Uncontrolled 1 to 10 minutes
(paper product) hammering, power tools per operation
and/or scoring and hand tools
2. Flat A/C sheet Sawing, drilling Uncontrolled 1 to 15 minutes
power tools per operation
3. Gaskets (textile- Cutting, hand Scissors, razor, <1l to 10 minutes
: untreated rope) manipulation, or utility knife; for cutting and
removal flat-bladed knife handling, 15 to
or wire brush 30 minutes for
for removal rexoval
4. Packings "« Cutting, hand Scissors, razor, <l to 10 minutes
(unlubricated manipulation, or utility knife; for cutting and
braided yarn) removal flat-bladed kaife handling, 10 to
or wire brush 30 minutes for
for removal removal
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TABLE 29.

RECOMMENDED FOR INITIAL FIBER MONITORING STUDY

ASBESTOS-CONTAINING PRODUCTS AND ACTIVITIES OF CONCERN

Asbestos
Enpected coatest Kxieting i
locatios fiber of tiber Resocn
Product Activity of coecentrations product wositoring tor
categery Product of concern Toolls) activity Duration from activicy® (29] date® tasting
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. glove box
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o ccivity Tools

Duration
,igzégiiédé Cutting, hand Scissors, razor, <1l to 10 minutes
gaskets (paper manipulation, or utility knife; for cutting and
product) removal flat-bladed knife handling, 15 to
or wire brush 20 minutes for
for removal removal
6. Fire and heat Wearing, hand Not applicable 5 to 15 minutes
resistant garment manipulation total
(textile- :
clothing, hoods)
7. Thermal Cutting, tearing, Scissors or 5 to 15 minutes
insulation ripping, hand utility knife total

(textile) manipulation

Product handling activities to be monitored are those that are routinely
performed. For example, during field fabrication of A/C sheet products,
recommended work practices include the use of engineering controls to minimize
fiber release during sawing with power tools. Monitoring data show that under
these conditions resulting airborne fiber concentrations are less thaa 0.2
E/cm3. However, it has been reported (see Section 2) that field fabricating
of A/C sheet products is also performed using pover tools that are not
equipped with dust control devices. Although not well documented, this latter
practice is suspected to be fairly common. Consequently, because this
situation does exist and fiber release from the cited activity is expected to
be high, product testing of flat A/C sheet using uncontrolled power tools is
recommended. In summary, the products listed in Table 29 have been selected
becsuse fiber monitoring data are insufficient or nonexistent and fiber
release from product handling activities associated with the products is
expected to be high.

Asbestos products not listed in Table 29 were excluded from recom-
mendation for initial testing based on a combination of the following factors
investigated under this study:

'y Airborne fiber release from the product's end use activities has
been well documented.

® The products have a low asbestos content.

° Product handling activities result in minor disturbance to product
matrix and last for short periods of time.

® The products have a strong structural cohesiveness whereby the
asbestos fibers are tightly bound within the material matrix. - -

™ Well designed and implemented engineering controls and work
practices are almost alwvays instituted when product handling
activities are performed.
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TYPollow ng s & 118t ©f the producc- profiled and a statemsant regarding

recomcndltxon for initial tescxng- Where a product is not reccmmended for
testing, appropriate reasons are given based on the criteria o.:lined above.

Asbestos-Cement Sheet Products (Section 2)

Flat Sheet:

Corrugated Sheet:

Roofing and Siding
Shingles:

Recommended for testing (see Table 29).

Not recommended for testing.

The product composition is the same as flat
sheet, testing results from flat sheet will be
directly applicable. Testing of flat sheet is
recommended over corrugated sheet because of the
latter's limited use.

Not recommended for testing.

Limited field fabrication is performed, most
shingles are prefabricated by the primary
manufacturer for direct installatios.
Fabricating tool (guillotine cutter) used in
field causes only minor dusting.

Flooring Products (Section 3)

Vinyl-Asbestos
Floor Tile:

Asphalt~-Asbestos
Floor Tile:

Sheet Vinyl Floor

— Covering:

(backed with
asbestos felt)

Not recommended for testing.

Fiber release from end use activities
associated with floor tiles has been well
documented. The product's polymer matrix binds
asbestos fibers, minimizing release. Low—energy
mechanical disturbance is applied during
installation. Comparatively high fiber
concentrations may result during removal and
subfloor preparation if recommended work
practices are not followed, which is not
normally the case. ‘

Not recommended for testing.

Same as above——except not well examined with
respect to monitoring studies. Fiber release
from asphalt-asbestos floor tiles is expected to
be similar to vinyl-asbestos tiles.

Not recommended for testing.

Fiber release from end u:se activities associated
with this product has beer well documented. Low-
energy mechanical disturbance is applied during
installation. High fiber concentrations may
result during removal and subfloor preparation

if recommended work practices are not followed,
which is not normally the case.
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Coatings and Sealants (Section &)

Textiles (Section S)

Fire and Heat
Resistant
Materials:

Thermal Insu-
lation:

Electrical
Insulation:

Gaskets and
Packings:

Gaskets -

Not recommended for testing.

The asbestos content of these products is
comparatively low (5 to 30 percent). With
respect to petroleum~based products, asbestos
fibers are tightly bound in the tacky product
matrix. Airborne monitoring studies reveal
comparatively low concentrations of fibers
during the application and removal of
petroleum~based coatings and sealants., Use of
water soluble products is limited strictly to
industrial applications. Fiber release from
these products has been well documented
precluding the need for additional testing.

Apparel recommended for testing (see Table 29).
Other materials not recommended for testing.
Heat shields, splash curtains, and blankets are
normally surface-treated to minimize fiber
telease. Also, they are mostly installed in
static applications and therefore are not
recommended for testing.

Recommeni=d for testing (see Table 29).

Not recommended for testing.

These textile materials are usually concealed or
incorporated into internal parts of appliances
or electrical wire. Only minor mechanical
disturbance is applied to textile material
during secondary processing and end use.

Certain gaskets (untreated rope) recommended for
testing (see Table 29).

Fiber release from surface-treated textile
gasket material is expected to be low and only
minor mechanical disturbance occurs during
performance of end use activities. Therefore

_testing of treated gasket material is not

recommended. - .

Packings - See discussion below under Gaskets and Packings.

.

149 ¢




v )

_commended for testing. :

_per i8 often laminated with structural fiber
and adhesive by a secondary processor before it
is incorporated into an electri-al appliance.
Only minor mechanical disturbance will occur to
the paper during ead use.

Lecure product testing studies should include an analytical technique

.en provides results that are fiber specific and consistent. The technique
must be capable of distinguishing asbestos fibers from nonasbestos fibers and
identifying fibers over a wide size range. Of the analytical methodologies
most commonly used to determine airborne asbestos fiber concentratioms, phase
contrast microscopy (PQM), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM), only the electron microscopy
techniques are capable of meeting the analytical criteria requisite for a’
meaningful product testing program. Phase contrast microscopy is not capable
of differentiating asbestos fibers from nonasbestos fibers nor is it capable

of identifyinﬁ fibers less than 5 um in length with an acceptable degree of
reliabili:y.z

Scanning electron microscopy and transmission electron microscopy offer
separate advantages. Upper end magnification and image resolution for
scanning and transmission electron microscopes are 100,000X and 250,000X, and
20 nm and 0.4 nm, respectively. Scanning electron miccroscopes provide better
observation of surface topography and enable viewing of a relatively large
number of fields in a short period of time. Transmission electron microscopes
offer superior image resolution and morphological characterization.”™?

Transmission electron microscopes, with selected area electron
diffraction (SAED), are capable of distinguishing asbestos fibers from
nonasbestos fibers, and chrysotile asbestos fibers from other (amphibole*)
asbestos fibers based on differences in crystalline structure. However,
because amphibole asbestos fibers exhibit similar diffaction patterms,
TEM/SAED analysis is not capable of differentiating amphibole asbestos
minerals from each other.>2:

Fiber identification using a scanning electron microscope is limited
because electron diffraction studies are not possible. 0 However, a
scanning electron microscope equipped with an energy dispersive x-ray (EDXR)
spectrometer can be used for qualitative analysis. EDXR is an electron beam
microchemical analytical technique that provides semiquantitative elemental
analysis of the fiber(s) under observation.”?”” Because the fibrous
minerals exhibit characteristic x-ray spectrums, qualitative identifications
can be made. Transmission electron microscopes can also be equipped with an
EDXR spectrometet.3°’ :

*Amphibole asbestos minerals are amosite, crocidolite, and the fibrous forms
of actinolite, anthophyllite, and tremolite.
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It is important to note that some fibrous minerals produce similar
elemental x~ray spectrums, thus prohibiting individual identification. Unless
the mineralogy of the fiber source is well known, the results of SEM/EDXR
analysis should be interpreted with discretion. 5, In cases where the
fiber source is not well known, the use of TEM with SAED and an EDXR
spectrometer can provide accurate qualitative results. The SAED capability of
TEM enables differentiation of fibers exhibiting similar x~ray spectrums based
on characteristic crystalline diffraction patterns. A transmission electron
microscope with SAED and EDXR capabilities is one of the most powerful
analytical tools available for airborne particulate and fiber studies.30,37
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