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FOREWORD

There is increasing realization that asbestos may be present across
the entire spectrum of human exposure--in our air, water, food, drugs,
cosmetics; in our homes and, most importantly, in our workplaces. There
is also developing awareness that several types of cancer may be the con-
sequence of exposure to this material, especially for certain segments
of the population.

Recognizing our responsibility to transfer information to the scien-
tific community and the public, the Division of Cancer Control and Rehabil-
itation, National Cancer Iastitute, is making available this document on
asbestos and cancer. Several of the more important objectives of the
document are to: (1) present both current and historical evidence of the
carcinogenic potential of asbestos; (2) examine potential exposure of the
public; (3) describe current intervention and control technology; and
(4) discuss the possible prevention roles of various individuals and
groups in the community. Dissemination of information is a fundamental A
prerequisite to the formulation and implementation of action programs
for effective cancer control and prevention at the federal, state, and
local levels, ’ *

This document represents work of individuals in many different
research fields, and the contributions of all these individuals are
acknowledged. ?

The comments of many scientists in the federal government and private
sector are greatly appreciated. Particular thanks must be given to Dr.
Herman Kraybill and the Interagency Collaborative Group on Enviroamental
Carcinogenesis for their comments and to Drs. Irving Selikoff, Mearl 4
Stanton, Paul Kotin, Elizabeth K. Weisburger, and Kenneth Bridbord for
their review and suggestions.

Dr. Winfred F. Malone served as Project Officer for the National

Cancer Iastitute.
‘£¢Zzz{z <;;774;;;éf:ﬁxﬂ

Diane J. Fink, M.D., Director
Division of Cancer Control

and Rehabilitation |
National Cancer Institute
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Chapter I
INTRODUCTION

Because of their unique combination of resistance to heat and chem-
ical attack, high tensile strength, and flexibility, fibrous asbestos
minerals have long been used by man. The early Greek geographer,
Pausanias, speaks of golden lamps made about 430 B.C. with incombust-
ible wicks of "Carpathian flax." The Romans used asbestos as cremation
clothes to conserve the ashes of deceased persons of rank. The French
emperor, Charlemagne, had a tablecloth of asbestos and is reruted to
have impressed his enemies by .passing it through fire to clean it.

Today, asbestos is found in thousands of commercial products
including heat-resistant textiles, reinforced cement, special filters
for industrial chemicals, thermal insulation, floor tiles, gaskets, and
brake linings. More than 725,000 metric tons (800,000 short toms) of
asbestos have been consumed in the United States alone in producing these
products in each of.severgl recent years. As a consequence of man's
utilization of asbestos, coupled with the natural occurrence of the min-
eral, asbestos fibers are found in the air we breathe, the food we eat,
and the water we drink.

A Hazard to Human Health

The fact that asbestos is a hazard to man's health was recognized
quite early. In the first century, both Pliny the Elder, the Roman
naturalist, and Strabo, the Greek geographer, wrote of a sickness of
the lungs in slaves whose occupation was the weaving of asbestos into
cloth. However, the association of asbestos with chronic respiratory
disease had to be rediscovered in the modern era. A series of case
reports was followed by an epidemiologic study published in London in
1930,1 52 years after large-scale mining of asbestos had begun with the
opening of a mine at Thetford, Quebec, Canada. The cancer-producing
potential of asbestos was not established until 1949, when a report was
published describing an excess of cancer of the lung and pleura among
individuals dying from asbestosis.

It is now clear that among asbestos workers, there is, in addition
to the risk of asbestosis, a greatly increased risk of death from lung
cancer and from pleural and peritoneal mesothelioma, malignancies that
are seldom found in the general population.3’4 Moreover, asbestos has
been linked with gastro-intestinal, oropharyngeal, and laryngeal cancer.

According to the U.S. Public Health Service, one million persons
now living in the United States either work or have worked in the

1 DUP 0931648
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asbestos product manufacturing induscry.5 This figure does not include
those employed in mining and milling asbestos; those whose work may
involve installation, modification, or repair of asbestos products;
persons exposed indirectly to asbestos in the course of their work such
as at shipyards or in the comstruction industry; persons living in the
neighborhood of an asbestos product factory; or consumer users of asbestos
materials.

What is "Asbestos?"

To the mineralogist, asbestos is the generic name for a group of
naturally occurring hydrated mineral silicates of the amphibole or
serpentine series that are characterized by fibers or bundles of fine
single crystal fibrils. Naturally occurring asbestos fibers typically
have length-to-width ratios of the order of 100 and higher.

Included in this definition are the following minerals:
e Chrysotile

e C(Crocidolite

e Amosite, and

e The fibrous varieties of anthophyllite, tremolite, and
actinolite.®

All of these minerals may occur in a nonfibrous form, in which case
they are not classified as asbestos. Commercially, chrysotile is the
form of asbestos used most. Crocidolite, amosite, and anthophyllite

also have some commercial significance.

It is important to note that identification of asbestos fibers is
relatively simple with macroscopic samples that clearly show the fibrous
nature and other unique characteristics of these minerals. Positive
identification is based on morphology, crystallographic structure,
color, hardness, optical properties, and appearance. However, in the
case of microscopic samples, positive identification becomes increasingly
difficult, even when special microanalytical techniques are used.

The identification of asbestos is complex because many of the min-
erals that are chemically almost identical to different varieties of
asbestos (e.g., grunerite to amosite, serpentine to chrysotile) exhibit

* r
Crocidolite, amosite, anthophyllite, tremolite, and actinolite are
derived from the amphibole series and may be referred to as
"amphiboles."

DUP 0931649
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perfect prismatic cleavage (the ability to break along well-defined
crystallographic planes), so that physical degradation often leads to
the formation of minute cleavage fragments that are chemically as well
as physically indistinguishable from asbestos fibers. Recent compre-
hensive studies at the U.S. Bureau of Mines have concluded that there is
currently no absolute way to distinguish between finelvy divided asbestos
and certain other minerals of similar composition.6 Some minerals other
than asbestos that may exhibit fibrous structure are listed in Appen-
dix A.

On the other hand, recent biological studies suggest that, in
terms of carcinogenic activity, mineral shape and size may be more
important than chemical nature.’ The question of asbestos carcino-
genicicy can, therefore, be viewed as part of a broader issue--i.e.,
tissue modification caused by mineral fibers.

Occurrence of Asbestos

All forms of asbestos develop through several stages of geologic
processes (paragenesis) from parent rocks that are transformed into
asbestos. Parent rocks of asbestos minerals include basic constituents
normally found in ultramafic, dolomitic, or limestone rocks. Transfor-
mation may occur under localized conditions of temperature and pressure
which lead to recrystallization of other in-situ minerals (metamorphism).
It may occur as a result of the action of hot mineral solutions that .
can dissolve or otherwise alter some minerals to form others (hydrother- :
mal processes).

In all of the commercial asbestos deposits, the geologic conditions \
have been favorable to the development of fibers of sufficient quality )
and concentration to warrant their extraction. (The same conditions
may operate in other mineral deposits but yield asbestos fibers that are
too disseminated or scarce to be of commercial interest.)

Minerals and rocks that can contain asbestos are listed in Appen-
dix A. A favorable mineral association is not a sufficient condition
for the formation of asbestos--it will form only if special structural
and other geologic conditions are met. If asbestos presence is, in
fact, established, the minerals and trocks listed in Appendix A would be ]
significant sources of contamination for humans, since they include
important raw materials for industry and are mined in commercial quan-
tities, worldwide.

The areas of the United Stated having basic geologic constituents

associated with the formation of asbestos are shown in Figure 1. Again.
this graphic does not necessarily depict actual asbestos occurrence but,

’ DUP 0931650
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rather, is an overview of the areas that are more likely than others
to provide the geologic setting associated with formation of asbestos.

Although deposits of asbestos may be found throughout the United
States, asbestos is commercially mined and milled at only five loca-
tions, in the sctates of California, Arizona, and Vermont. (Most of the
asbestos consumed in the United States is imported, nearly all of it
from Canada.) In addition to commercial mining and milling of asbestos,
human-created occurrences of asbestos fiber may result from the mining
and milling of mineral ores associated with asbestos; from the inadver=-
tent disturbance of asbestos deposits by activities such as farming and
road building; from the transportation of asbestos ore, milled fiber,
products, and wastes; from the manufacture, use, repair, and demolition
of asbestos-containing products; and from the disposal of asbestos
wastes. All are discussed in succeceding chapters of this monograph.

Regulation of Asbestos-Fiber Emissions

A recommendation for limiting exposure to asbestos in U.S. induscry
was made in 1938 by the U.S. Public Health Service.8 The recommended
limit, an airborne concentration of less than 5 million particles per
cubic foot, was formally recognized in 1964--as a guideline issued by
the Bureau of Labor Standards. No legal regulations were established
until passage of the Occupational Safety and Health Act of 1970 and
establishment of the Occupational Safety and Health Administration

(OSHA) .

Occupational Exposure

OSHA regulations apply directly to all private employers, including
federal government contractors, but not to federal, state, or local
government agencies. Federal agencies are required to establish their
own occupational safety and health programs consistent with the stand-
ards of the Act and subsequent OSHA regulations. States are encouraged
by the Act to develop programs and regulations, for private employers,
that are ‘at least as effective as OSHA regulations and can, under these
conditions. assume responsibility for enforcing standards--at the time
of thiswriting, 24 states have programs of their own. The current
OSHA limit on occupational exposure to asbestos fibers is an 8-hour
time-weighted average of 2 fibers per milliliter, no longer than 5
micrometers, with a length-to-width ratio of at least 3:1, detected by
a method using phase-contrast (optical) microscopy.

The permissible levels of occupational exposure to asbestos con-
tained in all federal regulations (and one proposal) are summarized in
tabular form in Appendix B. Also, the provisions of these regula-
tions for method of compliance, monitoring, medical surveillance. edu-
cation, and the keeping of records are summarized there.

DU 035389
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Emissions to Air and Water, Disposal of Solid Waste, Transportation

A national air emission standard for asbestos, first published in
1973,10 requires either the institution of specified air-cleaning meth-
ods or else no visible emissions (except water) to be released to the
outside air. The standard applies to the milling of asbestos (but not
to adjacent storage depots); manufacturing or processing of specified
products; renovating or demolishing certain buildings (but not ships)
containing more than a specified amount of friable asbestos insulation;
and to wastes containing commercial asbestos or products of asbestos
mining and milling. Friable or spray-on insulating materials, except
when applied to equipment or machinery, must contain no commercial
asbestos; however, spray-on paints, decorative materials, and weather-
proofing are not regulated.

Under the terms of guidelines and standards promulgated in 1974
and 1975, certain asbestos-manufacturing operations were to achieve, by
July 1, 1977, wastewater effluent limitations requiring application of
the best practicable control technology currently available; and by
July 1, 1983, except for operations involving solvent recovery, there
is to be no discharge of wastewater pollutants to navigable waters.l

Federal agencies are directed by two Executive Orders to monitor,
evaluate, and control their activities so as to protect and enhance
the quality of the enviromment and to conform to air and water gquality
standards of the Clean Air Act and the Federal Water Pollution Control
Act.

Food, Drugs, Consumer Products

The Food and Drug Administration (FDA) has reviewed several com-
mercial practices that may result in asbestos contamination of food and
drugs and, in January of 1976, revoked approval for use in foods of
{sodium chloride (salt) produced by the electrolytic diaphragm process.12
In the absence of more-reliable data on background concentrations of
asbestos in water and the contribution of asbestos filters to levels
of asbestos found in ingestible products, the FDA has not regulated
the use of asbestos filters for filtering edible foods, beverages, and
nonparenteral dtugs.13 The agency has, however, enacted regulationsg to
limit asbestos and other fibrous materials in parenteral drugs.14 The
FDA has approved (l) the use of asbestos as a component of various
types of food-contact articles in which contamination of food is not
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likely to occur, and (2) the use of talc, in which asbestos is a possible
impurity, in cosmetics.”

The Consumer Product Safety Commission has banned general-use
garments containing asbestos. The use of asbestos in special garments
such as fire-fighting suits is permitted, but only if they are con-
structed so that asbestos fibers will not become airborne under normal
conditions of use.l6t

Constraints on Monitoring and Measuring Asbestos Levels

As will be brought out later in this monograph, it is simply not
known what attributes of asbestos it is that constitute a health
hazard--size, shape, mass, type etc.--nor is it known what amount is
hazardous or over what period of time. The U.S. federal occupational
standards are, perforce, an attempt to optimize what is known about
the health hazard with the technical and economic practicalities of
measuring the substance. For example, by using phase-contrast optical
microscopy, rather than the higher resolution electron microscopy, it
is not possible to count all the fibers and not always possible to even
distinguish between asbestos and other fibers (as noted previously);
electron microscopy, on the other hand, is time-consuming and expen-
sive. The difficulties of measuring and identifying are of such pro-
portions that there are extreme variations in the measurement of a
sample, both within a laboratory and among laboratories.

As a consequence, the reader should always bear in mind the pos-
sible grossness of measurements referred to throughout this document,
even when they are expressed in terms that bespeak of precision--e.g.,
the decimal point. At the same time, the fact remains that asbestos is
a human carcinogen and that, as such, is a suitable subject for treat-
ment in this document, the prime purpose of which is helping man control
cancer. The constraint on monitoring and measuring asbestos is such,
nevertheless, that it is the subject of more extensive treatment in
Appendix C of this document. i

*Talc is listed as a ''generally recognized as safe'" (GRAS) substance
for use in paper, paperboard, and cotton food packaging materials; as
an anticaking agent for forms used in molding various food shapes and
in chewing gum base; and to coat polished nonenriched rice, as a free-
flow agent, and as a vehicle for enrichment formulas.l3 An FDA ruling
on talc as a direct food or drug additive has been deferred until an
acceptable analytic method can be developed.l

+Full attainment of the desired result of regulation inevitably requires
adequate means of enforcement. Legal powers of enforcement as well as

de facto enforcement practices differ widely among the various govern-
ment agencies having statutory authority. See Reference 17 for an ex-
ample of divergence of enforcement practice in just one regulatory agency
from what is required by law.
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Summarized in the next four chapters are: production and uses of
asbestos fiber and fiber-containing products; the biological effects,
carcinogenic and noncarcinogenic, of exposure to asbestos; occupational
and nonoccupational exposures and exposure levels. In the final three
chapters, strategies and programs for the control of the health hazard
represented by human exposure to asbestos are set forth.
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Chapter II
PRODUCTION AND USE OF ASBESTOS FIBERS AND PRODUCTS

Although some exposure of humans to asbestos fibers in air and
water is always possible as a result of the weathering of asbestos-
containing rock, it is man's large-scale commercialization of the mineral
that has engendered greater health risk. In this chapter, the major
facets of such commercialization in the United States are reviewed--
consumption and production volumes; categories of manufactured goods;
and processes for mining, milling, transporting, and manufacturing
asbestos and asbestos-containing products.*

U.S. Consumption of Asbestos Fibers

During the five years ending in 1975 the amount of asbestos fiber
apparently consumed? in the United States averaged some 800,000 tons
annually, although between 1974 and 1975 apparent consumption declined
27% from 856,000 to 629,000 tons.¥ It is expected that consumption will
have recovered to about 820,000 tons in 1976. The sharp decline between
1974 and 1975 reflects not only a market affected by a sharp recession,
but also a substantial interruption of supply associated with work
stoppages, a landslide at a major mine, and a serious fire at an asbestos
mill in Quebec, Canada. The estimated U.S. apparent consumption of
asbestos fiber for the 1971-75 period is shown in Table 1.

It can be seen in Table 1 that most of the asbestos fiber used in
the United States is imported (about 90%). Nearly all of this imported
asbestos is chrysotile fiber that comes from Canada (96.5% in 1974). The

-

* , -
This chapter includes information obtained through a special survey of
industry carried out in the Fall of 1976 by the Mineral and Metals
Center, SRI International.

+"Apparent" consumption--i.e., production plus imports, plus net ship-
ments from government stockpiles if any, less exports. Apparent con-
sumption figures do not take into account any changes in inventory
levels of manufacturers and therefore differ from "actual' consumption
figures (an example of which is found in Table 4 in this chapter).

1=Volumes in this chapter are expressed in short toms (2,000 pounds) in
accordance with industry practice.
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Table 1

APPARENT U.S. CONSUMPTION OF ASBESTOS FIBER
(Thousands of Short Tons)

1971 1972 1973 1976 1975

Production 131 132 150 113 100
Imports 681 736 792 776 575
Stockpile releases A 10 13 7 29 4

' Exports 34 59 66 62 S0
Apparent consumption - 768 822 883 856 629

Source: U.S. Bureau of Mifes, Commodity Data Summaries, 1976.

Republic of South Africa accounted for some 3% of the U.S. imports in
1974 (crocidolite and amosite fibers), and a number of countries sup-
plied the remainder. A substantial portion of Canadian output is pro-
duced there by U.S. companies that manufacture asbestos products.

It should be noted that in addition to importing both crude and
milled fibers, the United States imports products manufactured from

asbestos. In 1974, for example, the value of products exported from
Canada to the United States was as shown below:

Canadian Dollars

(millions)
Brake linings and clutch facings $0.9
Building materials 3.7
Other products 3.2
Total $7.8

However, the value of imported products is not large compared with U.S.
domestic shipments, which, for example, totalled $742.6 million in

1972.2

The U.S. Bureau of Mines has estimated that U.S. demand for asbes-
tos in the year 2000 will range between 1.0 million and 1.8 million
tons.3 It is also possible, however, that substitution of other

DU 035394
10

pup 0931657




materials for asbestos could result in a lower level of demand. This
substitution could occur for a number of reasons such as:

e More rapid price increases for asbestos than for its
competitive products.

e Health and safety considerations.

e Lack of availability (an industry expert has estimated
that by 1980 supply could fall short of potential world
demand by about 500,000 tons, or about 10% of world
demand) .

U.S. Production and Producers of Asbestos Fibers

The volume and value at the mines of asbestos fiber production in
the United States during recent years is shown in the tabulation that
follows: :

Production Value Total Value
(Thousands of Per (Millions of
Short Tons) Ton Dollars)

1971 131 $ 93 $12.2

1972 132 102 13.5

1973 150 121 18.2

1974 113 158 17.9

1975 100 182 18.2

The decline in production volume from the all-time peak of 150,000 tons
in 1973 resulted primarily from the closing or reduction in output of
several mines such as GAF Corporation's Lowell Vermont mine (acquired
by the Vermont Asbestos Group), Pacific Asbestos Corporation's mine
near Copperopolis, California (later reopened by Calaveras Asbestos
Limited), and the Christie mine of Coalinga Asbestos Company, Inc., at
Coalinga, California (a 15,000~ton-per-year mine that has remained
closed). The average domestic production of only 125,000 tons annually
during the 1971-75 period is a relatively small fraction of the nearly
800,000 tons consumed annually in the United States during those years.
As a result of an increase in the production volume and average value
per ton in 1976, the value of Y.S. asbestos fiber production could be
in the range of $25-30 million in 1976 (11-13% of the mine/mill value of
all asbestos likely to be consumed during the year).

U.S. asbestos mines and mills, their locatiomns, output, and employ-
ment are shown in Table 2. The current total mill capacity is on the
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order of 143,000 tons per year (all in the form of chrysotile fibers).
California mines and mills account for about 70% of total U.S. output.

It is difficult to predict changes in U.S. asbestos output because
such changes will be a function of costs, including environmental costs,
in the United States as compared with costs in Canada and other saurces
of supply. Neither current nor projected costs are published.

End Uses of Asbestos

The high tensile strength, flexibility, heat and chemical resis-
tance, and favorable frictional properties of asbestos fiber make it
adaptable to a large number of uses. Depending on the length of fibers
and other characteristics, asbestos can be:

Carded, spun, or woven

Used as structural reinforcement of materials such
as cement, plastic and asphalt

Laid and pressed to form paper.

Some authorities, such as the U.S. Bureau of Mines, state that
there are more than 2,000 discrete uses of asbestos; others, such as the
Asbestos Information Association and Canada's Department of Energy,
Mines and Resources, suggest that there are upwards of 3,000 uses. A
selected few of the many applications are ghown in Table 3.

The properties of asbestos fibers determine the uses to which the
fibers are put. Properties of major importance are length distribution,
bundle diameter distribution, harshness, tensile strength, and surface
activity. Other considerations include color and content of iron and
dust. The relative-strength standard developed for chrysotile asbestos
by the mining industry in Quebec is a convenient basis for delineating
some major uses. For example:

. *
e Long fibers (Groups 1 and 2 and 3) are used in textiles,
electrical insulation, filtration media, and maximum-
strength asbestos cement products.

' Medium length fibers (Groups 4, 5, 6) are used as rein-
forcing fillers in asbestos cement products, in friction
materials such as brake linings and clutch facings, in
paper, and in pipe covering.

* 3
No. 1 crude is 3/4 inch staple and longer (to nearly 6 inches). No. 2
crude is 3/8 to 3/4 inch staple. Other groups are milled fibers.
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® Shorz fibers (Groups 7, 8) are uged as rveinforcing filters
in plastics, floor tile, and asphalt and in paints and
oil-well drilling muds.

The consumption pattern for asbestos fiber in the United States is shown

{1 Table 4. The construction industry--including new building, renova-
ticn, and maintenance--accounts for an escimated 70%-80% of total U.S.
consusption. The first four uses shown in Table 4, which are conscruction-
industry related, account for only 65% of the total use, but a portion

of some of the cther uses is associated in varicus ways with the con-
struction industry. Several othar aspects of Table 4 are noteworthy:

¢ Chrysotile fiber accounts for a very high proportion of
total asbestos use (94X {n 1974).

e About 93% of the crocidolite is used {n the production of
asbestos cemant pipe, because of (1) its hardness,
brictleness, and high tensile screngch, which add to the
rigidicy of che end product, and (2) fts supertor fil-
tracion qualities, which enhance the drainage of water,
permitting the cement to dry more rapidly. ) .

e Asbestos cemenc pipe and sheets account for a large pro-
porction of total use (38% in 1974).

e A very large proportion of total asbestos use 1is accounted
for by the shorter-length fibers (Quabec Grade 7 chrysotile
alone accountad for nearly 40% of the total use in 1974).

The transportation industry uses about 14% of sll the asbestos con-
sumed. The applicance tinduscry uses some 5%-6X of the coctal.

WU TDY J S 9

Hundlinéiof Fiber and Products Durin&ﬁthcir Production

Producing the many asbestas-containing products that are used
{nvolves mining asbestos ore; milling, or hand-separating, the fibers
from the ore and from each other; transporting both ore and fiber; and
manufacturing the products themselves. These four gensral processes
are revieved briefly in the sections that follow.

Mining

Most asbestos ore 1s mined in surface operations., Of the five U.S.
nines in operatiom, four are surface mines and one is underground.*
Each aperating mine (s associatedwith a mill that processes the ore.

.For a descripction of each mine and a discussion of the mining, milling,
and dust-control proceduras, see National Epvironmencal Research Ceater,
Characterization and Control of Asbestos Emissions from Open Sources,
North Carolina, Septembsr, 1974.
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In three cases, the mine and mills are ac the same location, but two
mines send their ore by truck to mills 32 and 55 miles avay. (See
Table 2.) The methods used to mine asbestos ore in the United States
are described below.

Area strip mining, as practiced t{n cthe California aperations,
entails removal of the ore by earth-moving equipment from shallow
deposits-~in one instance without even the need for blasting. Generally,
a shallow overburden with low concentrations of asbestos fiber must be
removed,

Open pit nining, as practiced in the Vermont ocperacion, is
similar to area strip mining operations except that te follow the fiber
veins, the workings are much deeper. Blascing and removal of ore occur
primarily on the sides of the pit along terraces that spiral down around
the-sides of the pit toward the bocctom.

Undcrground mining, as practiced in the Arizona operation,
antails following the veins of ore with shafts, galleries, and drifcs,
using blascing and earth-moving equipment. This operation is followed
by transporting ore to the surface, where Lt {s processed furcher. ¢

At the typical asbestos mine, coarse ore is crushed by 2 jsw
or gyratory crusher to a size that can be accommodated by the mill.
Oversize rock is separated by rotating cylindrical trommel screens and
is crushed in a secondary crusher, usually of s conical type. The ore
streams are conveyed to driers--rotary kilns in larger inscallaciong-—
wvhere moisture in the ore (up to 30% by weight) is removed. The dried
ore is then stored, with large amounts being held to allow for varis-
tions in fiher demand and mine production over time. Prior to milling,
dried ore is conveyed to an additional crushing step.

Millin!

Milling, done primarily by hammer aills (fiberizers) or crushers,
sarves to free the fibers from the rock and separate the fibers from
each other. In general, longer-length fibsrs in the final mix bring
higher prices. Hence, it is desirable to hold the mechanical working
or fibers to s minimum since, although the fibers have very high cen-
sile strength, they are so fine that they are easily broken.

The most expensive grades of fiber are not mechanically milled at
all; rather, cthey are hand-separated ("cobbed") from the surrounding
rock into bundles of relatively long fibers with lengths of 3/4" or
more. Such fiber is valued for manufacturing asbestos textilss.

" The soluction to the problem of maximizing the recovery of fibers
other than hand-cobbed, in all but one of the asbestos mills in the
United States, is co use machanical means to frae ths fiber bundles from
the rock, but to use air aspiration systsms to separate and convey the

17

pup 0931664

DU 035491

e ——



% G GRS et

fibers. In these systems, the ors i{s shaken an progressively finer
screaens :h;ough which small rocks and fiber bundles pass for further
treatment while larger rocks are ratained for further crushing or for
conveyance to tailing dumps. The fibers freed are removed by the flow
of air through powerful suction hoods. Separated fibers are caught ia
dry cyclones and conveyed to screens thac separate them according to
size. Afcer sizing, the fibers are sent to bins for storage. Subse~
quent operations include removing the fibers from the storage bins,
blending in fibers of different sizes to produce the desired final
shipping specificacion, and bagging for shipment.

The one exception to the air-sspiration milling system is found
{in a California mill that processes the loose fiber ore by a wet-
separation systea.

Transgo:::tioa

Conveyors and trucks are used at mine and mill sites to move ore
from minea to mills. .

Asbescos f£ibers typically are shipped froa the mills in L0Q-pound,
multivall, paper or plastic bags.” (One producer reports the use of a
scronger, woven, polyvinyl bag for some shipments.) Bags are prassure-
packed to reduce bulk, damage, and dust. It {s customary to tape rip~
ped or puncrursd bags vhen the damage is discovered; yet the fact that
the fibers are tightly pecked may often pravent them from escaping even
if the damaged ares is not rapaired. The technology i{s now svailable to
pack asbestos even maore tightly--={.s., to form blocks with twice the
density of fiber shipped in conventional bags, a 100-pound block having
& voluma of about one cubic foot.

Palletizing is used almost universally, with the bags glue-lockad
to each other or shrink-wrapped to che pallet (wrapped with a film of
plastic which is then shrunk) to stabilize the load. Much of the asbes-
tos shipped is further unitized by being loaded into sealed railroad
boxcars or shipping containers. Somatixes the asbestos is m=ade into
pellets, which, racher than being packed in bags, are lcaded on and off
railroad hoxcars by gravity flow through pipes.

The majority of Canadian chrysotile fiber is shipped iaco the
United States in conventional sesled railroad boxcars in which the con-
tents are protected by inflated-rubber bags. The modern damage-fres
bulkhesd cars are being used as they becoma avsilable. The cars are
routed directly fzom the Canadian mills to the U.5. manufacturing
plants. Smsller proporcions of chrysotila imports from Canada are
received {n containers, either by rail or by ship via che Atlaancic

*SOIC manufacturers can add the bags, along with the fibers, to their
product mix without even opening them.
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Ocean. All fiber from South Africa, the source of all U.S. imports of
crocidolite, arrives by ship in containerized bags at Gulf Coast ports.

U.S. exports of fiber, virtually all of which are froam California
and destined for Mexico, Central America, and the Far East, leave the
mills by both rail and truck. Containerized ocean shipments leave from
ports such as Stockton, Sacramento, Oakland, and San Francisco. Although
100-pound bags are by far the most widely used in the industry, one of
the California mills, for the convenienca of its customers, ships all
of its fibers in bags weighing from 10 to 50 pounds. One company plans
to shrink-wrap each paper bag individually, for added procection, since
some users buy in less~chan-pallet lots. A representacive of one of the
world's largest shippers of asbestos reports chat about 2% of the bags
shipped sustain some damage.

Manufacture of Asbestos-Containing Products

Production processes used in chs consumption of asbestos are high-
lighted below for salected products.

Asbestos cement products use the largest amount of asbestos

of any product category (about 317,000 tons, or 38% im 1974). Specific
products include wallboard, pipe, shingles, and blocks. Adventages of
the products over their nonasbestos counterparts are better tensile
strength, strength-to-weight ratio, strength under heat stress, resis-
tance to acid, and smoothness of finished surface (critical to easure
laninar flow in pipe used for transport of liquids).

Asbestos fibaer (primarily chrysocile, but also others to a
limited extent) is aixed, either wet or dry, with portiand cemant and
silica in proportions ranging from 10X to 70X of the total material. If
thezixing is done dry, the mixture is generally metered in a flat layer
onto an open surface, where the requisite water is applied by over-
head spray. The resulting layer, much thinner than cthe final product,
is then wound onto mandrels in a spiral mac (for pipe) until the requi-
site thickness is built up, or is layerad flat (for wallboard or shingle
forms). The same winding or layering procass may be used for wet-mixed
products, or the mixture may be cast. Finishing processes for the dried
cemeat products vary with performance requiremencs and type, and may
include grinding, drilling, sawiag, or cutting.

Asbestos can be sade into the full range of textile products--
from norwoven lap and felt, through yarm and cord, to woven cloth, rope,
and tube. The asbescos fibers required for textiles are significantly
different from those used for other asbestos products; they must be quits

*For a more detailed discussion of the manufacture of asbestos-containing
products, see U.S. Environmental Protection Agency, "Developmant Docu~
nment for Effluent Limitations, Guidelines and Standards of Performance:
Asbestos Manufacturing," Washingtoen, D.C., 1973.
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long to be 3pinnable. Spinnable fiher (s sometimes obtainad by textile
producers in hand-cobbed, "crude," form--i.e., as unopaned, rock-free
fiber blocks or bundles~-since, as noted previously, {t is difficulc to
protect fibar length during milling operations,

If the fibers are received as crude, they are opened in edge
(knife) mills into small bundles and then milled into extremely fine
flexible fibers. The resulcant fibers, as well as being more delicate
and breakable, are also more "floatable," leading to a greater emission
potential per unit weight. Once the fibers have been adequately cpened
and fluffed, they may be blended with up to 20% of a cellulosic fiber
such as cotton, the specific material chesen depending upon the appli-
cacion of the final product. The subsequent processes, such as csrding,
lapping, roving, spinning, and weaving or braiding (as required) are
all performed on equipment assencially identical to standard texcile
nachinary.

Agsbestos is used {n vinyl and asphalt floor ciles as a filler
and reinforcement to provide scrangth and szability without reducing
flexibilicy and compressibility. Vary short fibers are used, compris-
ing 8-30% of the total weight. In tha case of vinyl tile, for exsmple, '
polyvinyl chloride resin serves as ths binder, limestone and other
zaterials are used as fillers, and pigments and chemical stabilizers
nake up the rest of the typfcal mix. The manufacturing procese is
typically a 24-hour operation that includes weighing, mixing, heating to
about 1509C, decorating, calendering, cooling, waxing, stamping, inspec-
ting and packaging.

Friction products and gaskets typically contain 30-80% asbes-
tos, generally in some sort of organic binder. In friction products,
the asbestos 1s used for its unique combinacion of strength, compaction
characteristica, friction properciss, and stability at high temperatures.
Asbestos {s used {n these products in two different ways: (1) thes
asbestos, as loose fiber, is mixed with the binder; or (2) the asbestos,
as either matted or woven textile, is impregnated vith the binder. The
low total volume of the latter procass is because it is used only in
special situations, generally in gaskets, vhere dimensional stability
and elasticity are of aignificance.

Asbestos paper has essentially the same properties as the
usual clllEIcle-bcscdpapct. except that it has superior thermsl insula~
tion properties and firs resistance. It is used primarily as building
paper (roofing and flooring) although it has been reported that the
above-mentioned qualities slso find use in highe=quality-bond document
papers. Asbestos papar is made using the same processes as those used
‘for standard woodpulp papers, but the raw naterials mix, by weight,
might be 70-90% asbestos fibers (cypically short i{n length), chins clay
and starch (or scdium silicate) as the binders, plus other constitueacs
that provide special properties.
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Chapter III
3I0LOGICAL EFFECTS QOF ASBESTOS FIBERS

As noted in the Introduction to this monograph, asbestos fibers are
known to cause cancer. In this chapcter, (1) a summary of what is known
about the disposiction of these fibers in the body is followed by (2) o
description of the carcinogenic effacts of the fibers, based on human
studies a¢ well as animal experimentation; also included {s (3) a dise
cussion of the noncarcinogenic effects of asbastos fibers.

Disposition of Fibers in the Body

Technical difficulties associated with the assay of biological
tissues for asbestos have limited the amount of informstion available v
about the disposition of asbestos. Almost all data have come froa
animal experiments in which asbestos was monitored by electron micro-
SCopy or radictracers. Asbestos fibers typically enter the body by :
ichalation or ingestion. !

Inhaled Asbescos

The disposicion of asbestos fibers entering the respiratory tract 1
is not fully understocd. Certainly some fibers are ultimately deposited
in the airvays and lung tissus. Some could also be expectorated or con-
veyed to the gastrointestingl tract by airway clearance mechanisms and
possibly some to the plaural and peritoneal cavities via lymphatic
drainage.

Of asbestos fibers found at autopsy {n human lungs, a majority are
less than 5 ua in length;1+2 geldoa do they exceed lengths of 200 um or
dismeters of 3.3 um.l Ona autopsy study of persons with occupaticnal
exposure demonscrated that all asbestos fibers axamined in the lung vere

’ less than 0.5 um in dismeter.2 This preponderance of small fibers in
part reflects their sbility to remain ‘suspended {n air for longer per-
iods than larger fibers, but it 1s also a function of their deposition
and clearance characteristics once they enter the raspiracory tract. It
is also possible that sowe fibers may be fragmentad as the result of
biological activity within pulmonary tissues.

Longer fibers are screened more effectively by the nasal hairs.
Inside the upper vespiratory tract, fibers are deposited through the
forces of gravitational sedimentation and impactioan at points where the
air stream changes direction; and these depositions depend largely on
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fiber diaméters.3,4 1In che small airways, especially at airway branch
points, che collision cross-sectignal area, which s a function of fiber
length, 1s of greater importance.’ As a result of these obstacles, &
greacer proportion of fibers reaching the gas-exchange surface of the
alvecli may be small, compared with fibers entering che upper raspira-
tory trace.

Studies with mammalian cells in culture indicate that these shorter
fibers (usually less cthan 5 um) may be engulfed by alveolar macrophages
and transporced to lymphatic channels or the mucociliary blankec for
excretion. Longer fibers may be only partially engulfed or may be
engulfed by several nacrophages at once.*

Data from autopsies of humans have suggested that some fibers nay
enter alveolar lymphatic channels and be carried to hilar and mediascinal
lymph nodes.8 Numerous fibers can be found in the pleura, a sercus
membrane which covers the surface of the lungs, thoracic diaphragm, and
chest wall; how they gain access to the pleura is not knowm. Generally,
the concentration of fibers in the pleura is less than i{n cthe lung it~
self, but in some areas of tha plaura, fiber concentrations similar to
those wicthin the lung tissue have been observed.d !

Ingu ted Asbestos

Most asbestos fibers entering the gastrointestinal tract are prob-
ably excreted with the feces. Although it has been reported in one
study thac there is little evidence of asbestos fibersiV pensetracing
the walls of the gastrointestinal tractc, there have been anizmal studies
showing such penetration. In a study reported in 1965, chrysotile
fibers were found in the lining of the colon in rats fed a diat contain-
ing a massive amount (6X) of chrysotile asbestos.ll In another study,
fibers of amcsite asbestos suspended in saline, wvhen placed into an
iscolated segment of rac 1cjunun in vivo, were found penetrating and
within cthe jejunal wall.2 One recent study of rats fed 250-300 og of
asbestos per week for a year did indicace chat L{f penetration of the
gascrointestinal tract lining does indeed occur, the number of

*Ia sn experiment with rats, about one-third of inhaled asbestos (cro-
cidolite) was deposited on the surface of the respiratory tract. Half
the amount daposited at inhalation was found i{mmediacely aftarward in
the gastrotintestinal tract, nose, pharynx, and larynx; clearance from
these latter respiratory tissues to the gastrointestinal tract vas
practically complete within an hour. Of the remaining crocidolite
deposited in the lungs, cne~quarter had been evacuated at the end of
the month.3 In another study of rats exposed to amphibole asbestos for
six months, 41%2-74% of the asbestos found in the lungs immediately after
exposure had been removed within 18 monchs.

[y
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penecracing fibers would be very small (90% probability of less ¢
1500 fibers).l3 8 than

Injected Agbescos

Asbestos injected into the bloodstream is rapidly removed and
deposited in various tissues, with highest concentratioms observed in
lungs, liver, and spleen.l%:15 Limired evidence suggests that asbestos
in the blood may be transported across the placenta of rats.l6

In mice, asbestos injected subcutaneously migrates along lymphacic
pathways from the injection sites. Fibers accumulate in lymphoid tis-
sues, particularly in regional lymph nodes, and are usually contained
within macrophages. Small numbers of fibers may be found in the spleen,
pleura, liver, kidneys, and brain.l?

"Asbestos Bodies"

Approximacely 10Zco 30X of the fibers retained by human lungs .
(usually longsr than 5 um) become coated with mucopolysaccharide and
hemosiderin to form yellow-to-brown rod-shaped structures with clubbed
ends, often beaded along their lcng:h.la These structures were firsc
called "asbestos bodies," but notr they are frequently referred to by the
more general term, "ferruginous bodies,” since identical structures may
result from the costing of fibers other than ashestos. It has been
hypothesized that this coating, latid dowm by engulfing macrophagas,
renders the fibers biologically less active.

) It 1s thought chat a certain balance i{s schieved between the forma-
tion of asbestos bodies and thsir dissolution or excretion.l9,20

Asbestos bodies found in the sputum are strong presumptive evidence
of asbescos exposure. Occupational exposure as brief as one day and as
long ago as ten years has heen shown to produce sputa containing asbes-
tos bodies.20 Asbestos bodies in lung smears or tissue (unlike those
in sputum) are commonly found emong residents of urban arsas who aay
never have been exposed to asbestos in the workplace.2l-2

Asbestos bodies or fibers have been detected in extra-pulmonary
tissuas of persons occupationally exposed to asbestos: in tonsils,

‘thoracic and abdominal lyaph nodes, pleuras, peritoneum, liver, spleen,

pancreas, kidney, adrenals, and small intestine. The numbers found
appest to be far fewer than in the lung.B.

Carcinogenic Effects--Human Studies

The many cbservations, both case reports and epidemiologic studies,
of cancerous effects among humans exposed to asbestos fibers could be
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had cancer of the lung or pleura.29

looked at from a number of points of view, but the ones used here are:
types of cancer; fiber type; dose-response relationship; latency; age at
first exposure; smoking; indirect occupational exposure; household expo-
sure; and residential exposure. The section on human carcincgenic sffects
is followed by a summary discussion of animsl experiments and ashbestos-
related cancer.

High rates of lung cancer have been observed in asbestos workers
exposed to all commercial asbestos cypes. Among some groups of asbestos
workers, approxinately 20% of all deaths are caused by lung cancer where
the proporcion of deaths expected from this cause would be only about
5%.25 Pleural and peritoneal mesotheliomas® are a frequent occcurrence
among occupational groups exposed to chrysotile, crocidolite, and
amosite. Estimates for certain occupational groups suggest that as many
as 8%-11Z of deaths may be due to mesothelioma, a relatively rare cause
of death in the general populaticn.26  Some occupational groups exposed
to asbestos have, furthermore, demonstrated an excess of ocher cancers,
especially of the larynx and gascrointestinal tracc.

Asbestos exposure leading to an excess of cancer may occur among
groups exposed indirectly, as in shipyard workers or in groups mining
other ainerals that may contain asbestos as & contaminant. Mesochelioma
also has occurred among persons living in the homes of asbestos workers
or in the vicinity of asbestos facilities.

Both cigarette Slokin; and occupational asbestos exposure individ-

ually i{ncresase the risk of lung cancer but, cogether, thay act to pro~
duce a risk of lung cancar that exceeds the sum of their saparats risks.

Evidence of Lung Cancer

Tha evidence that asbestos is a csuse of lung cancer is over-
wvhelming. Lung cancer wes first linked with exposure to asbestos in
1935, when three cases of asbestosis and carcinoms of che lungs wars
found at autopsy in asbestos textile workers.27,28 Other case reports
followed. In 1949 the Chisf Inapector of FPactories of England and
Wales axamined 225 desths from asbestosis or in which asbestosis had
been proved at autopsy. Cancer of the lung or pleura was found in 31,
or 13.2%. This was not characteristic of other pneuscconioses; among
6,384 deaths with silicosis at autopsy, for exsaple, only 91, or 1.32%

Further evidence implicating asbescos in theetiology of lung can-
cer came from a matched-pair case~control study published in 1954.
Upon classifying by S vears or more employment in occupaticns .

*
Mesothelioma {3 a term used to refer to & tumor nade up of cells from
the pleura or peritoneunm.
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iavolving asbestos exposure (steam fittars, boilermakers and ashestos

.workers), 10 patients with lung cancer but only one concrol had been

so employed. 30

In a study reported one year later, 1l of 113 workers employed in
an asbesctos ctexctlle factory in the Unitad Kingdom for at least 20 years
were found to have died from lung cancer. By applying to this group
age-specific mortality rates for lung cancer in the general population,
0.8 deaths would have been expected. The ratio of cbserved to expected
deaths, therefore, was greater than 13.31 Continued study of workers at
thls factory has shown a reduced risk of lung cancer, although setll
two~ to three-fold in excess, among workers first employed after 1933,
when regulations for control of asbestos exposure in the United Kingdom -
had gone tnco effect.32,33 Numerous ocher studies heve independencly
confirmed an increased risk of lung cancer in various occupational groups
exposed to asbescos.23,34-39

Evidence of Mesothelioma

There is also overvhelming evidence thst asbescos is & cause of
pleural and peritoneal mesothelioms. Cases have been described in per-
sons with occupational and nonoccupational exposures. The first case
report of a pleural neoplasm related to asbestos exgocurc appeared in
1933.40 Additional cases were noted in the 1940s,%41-43 and in 1954 a
peritonesal tumor was reported.44 However, it was not uncil 1960, with
the publicaction of a series of cases from South Africa, that the asso-
ciation between mesothsliona and asbestos axposure was generally recog-
nized. Of 33 South African patients with mesothelioma, 32 gave a history
of occupational exposura Co asbestos or residence in a crocidolits min-
ing area.% Subsequently, a plethora of tadividusl case reports, case
series, case-control studies, and gtudies of the mortality of occupa=
tional groups have related the occurrence of megsothelioms to a histoery
of exposure to asbescos.25:39,46-33 The ratio of pleural to peritoneal
tumors varies considerably in differeant studies, but peritoneal tumors
seem to be associsted with hesvier exposures and with asbestosis.3é=36

Laryngeal Cancer

The evidence casually linking asbestos and laryngeal cancer is
highly suggestive. In & study of 119 patiencs with squamocus carcinoma
of the larynx and age- and sex-matched controls, 33 with laryngeal can-
cer, but onlg 3 controls, gave a history of occupational exposurs to
asbestos.37+98 This difference was striking, and the suggested increased
risk hss since been confirmed by similar case-control studies,39 and
studies of oceupacional cohorts.50,61

s
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Digestive System Cancer

An excess risk of cancers of the digestive system actribucable to
occupational asbestos exposure has been suggested by & number of epide-
atological scudies,23,34,35,60,62-69 A major problem with these
studies has been the inclugion of peritoneal mescthelioma cases among
all obgerved cases, making {t difficult to document an iLncressed tisk of
any one digesCive system cancer independent of that for mesothelioma.

In occupaticnal cohort mortality studiss where peritoneal mesothe-
liomas ware separated from other cancers of tha digestive syetam, excass
cancers of some sites have been cbserved. Aacng 933 amosite asbestae
factory workers who were first employed between 194l and 1945, there
were 11l deachs from stomach cancer by 1971 (ve. 4.58 expected); 1§
deaths from csncer of the colon or rectum (vs. 7.05 expected), snd none
from cancer of the esophagus (vs. only 1.23 expected).23 of 1.779
deachs through 1974 dmong a cohort of 17,800 insulation workers there
were cbserved 15 deaths from oropharyngeal cancer (vs. 7.87 expectsd):
14 deachs from cancer of the esophagus (vs. 5.35 expected); 18 from
scomach cancer (vs. 11.23 exgcc:cd), and 47 from cancer of the colon or
rectum (vs. 28.63 expected).?3+160 ocrher scudies of groups exposed to
asbestos examining the risk of thase specific cancers afcer excluding
mesothelionas are needad to further elucidace the role of asbestoe in
cancers of the digestive system.

QOther Cancers

Studies of women asbestos workers have suggested possible iacresses
in cancers of the ovary and uterine cervix. Asong e group of female
English asbestos worker, 4 and possibly § deaths from ovarian cancer
were observed while only 2.1 had been expecred.55 Investigators froa
the Soviec Union have reporced significantly iacreased rates of cervical
cancer among older female asbestos workers; however, the numbers of per-
sons in the study populations wers not {ndicated. 33 Findings {n these
reports nead confirmation elsewhere.

- Association of Effects with Fiber Type

There are few sctudiles of persons exposed to ¢ single type of

- asbestos, and the studias that are available oftan lack information

on potential confounding factors such as cumulative exposurs, smoking
history, and physical characteristics of airborne fibers. It is there-
fore excaedingly difficule to assign a scale of relative pathogenicity
to different types of asbestos. For example:

e Crocidolita mined in theNorthera Cape Province of South
Africa and in Western Auscralia is frequently associated
with pleural mesotheliomas, wheress fever cases have been
reported for crocidolite from the South African Transvaal.
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It has been proposed that this apparent difference in risk
may relace to a4 difference in physical charascteristics of
fibers from these areas--crocidolite fibers from the
Transvaal are thicker and longer.7° !

]
¢ AS ashestos proceeds from mine to mill to manufacturing '
planc, it can become subdivided (and fractured), pro- :
ducing fibers of smaller diameter and length, with pos- '
sibly greater or smaller attendant biological risk. !

e Asbestos thought to be of one type may be "contaminaced"
with asbestos of anocher type. Lung tissue from men
eaployed in Canadian chrysotile mining has been observed
to contain tremolite and other amphiboles, often more
than the amount of chrysocile.’l

All types of commercial asbestos have been related to high races of
lung cancer in asbestos workers, and in occupational groups exposed to
chrysotile, crocidolite, and amosite, pleural and peritoneal mesothe~
liomss have been obsarved.’2 Studies of anthophyllite miners in Finland
have shown a slight excess of lung cancer, but no mesctheliomas.36,37
The lack of mesotheliomas may be due to the small size of the cohort
studied; however, none has been reported from the communities in the I
aining area. ﬁ

There is some information su;zes:inz that chrysotile may not be as
hazardous as other types of asbescos.38:47,74=78 Tne mortality experi-
ence of a cchart of workers employed at an asbestos paper and millboard
manufacturing glnnc that used only chrysotile asbastos would seem to
bear this out.’?

Pleural and peritoneal tumors, as well as excess lung cancer, have
been found in the mortality experience of workers who had mined and
milled New York State talc.80,8l This talc may contain large quanti-
ties of tremolite asbestos as well as smaller amounts of anthophyllite
and chrysotile. In Italy, where the talc is reportadly uncontaminatad,
mining and milling has not been associated with mesothelicma or excess
lung cancer.

Dose-Response Relationship -

Evidence that the risk of developing cancer is related to the
degrea of exposure to asbestos by sons quantitative estimate strangthens
the basis for assuming asbestos to be of causal importance. A precise
dose~response relationship is difficult co establish for any environ-
mental exposure and no less 3o for asbestos. However, attemapts have
been aade for asbestos and there is some evidence suggesting that dose
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as messured by severity of exposure and duration of employment relatas
to ractes of cancer in groups occupaticnally exposed to asbestos.

One study concluded that within an age cohort for which dats wers
mogt accurate there was an increasing morcality due to lung cancer with
increasing duration of employment. However, races for individuals
employed the longest were lower than those in the category of next
greacest duration of employment; persons employed longest might more
likely be those whose occupational exposure to asbescos was lass intense
or who were themselves less susceptibla to cancer and respiratory dis-
eases (for example, persons who do not smoke).

An invescigation of mortality among workers ac an asbestos textile
factory in England found markedly reduced mortality from lung cancer,
and from other diseases in the presence of asbescosis, with reduction
in length of exposure before 1933.32 Moreover, che risk of luag cancer
and mesothelioma among workers at a Londom asbestos cextile and {nsulat-
ing materials factory was independently found toc be related to the
severity and duration of exposure.3%.33,

The respiratory cancer mortality (includes deaths due to pleural
mesothelioma in addition to cancers of the lung and larynx) of a group
of retired asbestos workers was categorized according to cumulative dust
exposure. "Exposure'' was the product of job-characteristic dust levels
in millions of particlas per cubic foot (mppcf) and number of years on
the job, summed across all jobs held (thus giving cumulative exposure
in nppef-years). The result is shown in Table 5. It can be seen that
there is & clear gradient of increasing Standard Morctality Ratie (SMR),
or ratio of observed to expected deaths x 100, with increasing cumula-
tive dust exposure.

Table 5

DEATHS FROM RESPIRATORY CANCER 3Y CUMULATIIVE DUST EXPOSURE

Tatal Dust Exposura Number of Respiratory Cancer Deaths -

(wppef-yr) Man Observed Expecced SMR
Under 125 533 15 - 9.0 166.7
125-249 308 12 4.8 250.0
250~499 aasg 17 5.2 326.9
500749 126 9 1.8 500.0

750 and over 56 ] 0.9 $35.6

Source: Chapter chorcucc 78.
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The Cancer Latency Pericd

From all available evidence, the period berween first exposure to
asbescos and death from lung cancer appears to be related to intensity
of exposure.84 among workers at an English asbestos text{le and {nsu-
lating materials factory, an excess mortality from lung cancer was
demonscrated following a latency of 15 years for those with heavier
exposures, whereas an excass did not appear uncil 25 years from onset
of axposure for those whose exposures were lass intense.5?.61,

Fifceen years is probably the minimum latency period for asbestos-
related lung cancer. An excess of lung cancer deaths first appeared
among 3 group of heavily exposed amosire asbestos workers 15 years aftsr
onset of exposure,35 and in a large cohoret of insulation workers fol-
lowed from 1967 through 1974 (135,000 person-years of cbservstiom), ao
applicable increase in mortality from lung cancer was observed before
15 years had elapsed from onset of exposure. The peak increass occurred
about 30-3S years after onset of exposure.lS

In 85% of one series of mesothelioma casss, death occurrad more
than 25 years after firsct exposure to asbestas, with a range of 3.5 to
53 years.86  Anocher iavestigator reported a mean latency period of 137
years,37 and among a large cohort of asbestos workers, most deaths from
pleural and peritcneal mesoctheliomas occurred 30-35 years after first
axposure.

Incidence of Cencer and Age at First Exposure to Asbestos

A characteristic of aany cancers is a marked increase i{n incidence
with advancing age. It is generally acknowledged that the higher inci-
dence of cancer in older persons is not necessarily because their tis-
sues are more predisposed to cancer, but because of the usually long
period bectwean initial exposure and the appearance of diagnosable tum-
ors.38 In face, with regard to susceptibility of body tissue to cancer,
it has been hypothesized, from experimental animal evidence, that the
tissues of younger people may be more susceptible to carcinogens but
that, coaversely, older pecple may be more suscepcible to cancer because
of a less efficient immune surveillance syscem.d

Io a study of the relative i{ncidence of lung cancer according to
age at £irst exposure to asbestos, data were obtained on 117 men who
vere exposed for more than 20 years and who were followed for an average
of 13 sddittfonal years. A greatsr incidence of lung cancer was observed
among men first exposed at older ages. For those first exposed under
age 25, the snnual lung cancer incidence was 262 of the rate for all
ages; for first axposura between ages 25 and 29 it was 1635%; at age 30+
it vas 195%. These incidence rates were corrected to account for varis-
tion in the duracion of exposure, duration of survival after first
exposure, and for the fact that some lung cancers may have been dus co
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nonoccupational causes more common among older men. The dats suggesced

that susceptibility to asbestos-relaced cancer may increase with
ag“88,89

It seems unlikely, however, that age per se is a principal factor
in determining frequency of cancer, and it is not clear whether age
icself plays a part that is independent of exposure duration and time
elapsed since first exposurs.

Smoking and Asbes:os;aelatcd Cancer

Thera is strong evidence that cigarecte smoking elone is sufficient
to cause lung cancer. Many studies attempting to examine the effect of
cigarette smoking on the increased risk of lung cancer observed in
groupe exposed to asbestos have been deficient in one or mors of these
respecss:

o Follow-up periods have baen tco short to allow accurate
coaputacion of risk after the necessary 15-20 year latency.

e Nonsaoking asbestos-exposed groups have besn very small.
s Smoking hlBica have not bean completely ascertained.

e Smoking-adjusted mortality rates from the general population
have not been used for comparison.

A fev studies have found that cigarette smoking was insufficienc o
account for the increased risk of lung cancer smong asbestos workars.
This has been gsnerally accaptad as avidenca that asbastos can act
independently to cause lung cancer, & view chat has been corrcborated by
animal experiments and by soma evidence suggescing an increased risk
among nonsmoking asbescos workers.S

An investigation of two groups of asbestos worksrs--one with a high
dust axposure and s high respiratéry cancer mortality, the other with @
lover dust exposure and a lower respiratory cancer mortality-—found that
their smoking habits wera similar.’3 This implies thaz high dcees of
asbestos can sccount for higher mortality among smokers. Asnother inves-
tigaticn, a case-~countrol study of lung cancer patients, revesled an
enhanced risk of lung cancer with asbestos exposure, whatever the number
of cigarectes smoked.$2

In & study of the combined effects of asbestos exposurs and smoking,
the swoking habits of 1,334 male and 482 female asbestos factory workars
vars exsxined in relation to mortality from lung cancer over a 10-yesr
period. Among 953 smokers with severe asbestos exposure, 41 lung cancer
deaths vere cbserved, while only 11.3 vers expectad for smokers from the
ganeral populaticn, Among 161 never-smoking asbestos worksrs with
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Severe asbestos exposure, 1.7* lung cancers deaths were observed, while

only 0.2 were expected for nonsmokers in the general population. There

were approximately five times as many person-years of observation in the
smoking group compared with the nonsmoking group, but about 24 times as

2any lung cancer deachs among the smokers .S

In another study, smoking histories were obtained from 11,657 of a
cohert of 17,800 insulators. In 9,591 workers with a history of ciga-
recte smoking, 248 lung cancer deaths were observed, compared with 59.§
expected. Among 609 workers who had smoked pipes and/or cigars, two
lung cancer deaths were observed and 1.24 were expected. Of 1,457
workers who never smoked regularly, four lung cancer deaths were
observed, while 1.08 were expected.25 Expected deaths were based on
approximate smoking-specific U.S. death rates.

Further analyses of group data have been performed to examine how
cigarette smoking and asbestos might be acting together.91.92 o0n a
statistical basis it appears chat these two independent causes of lung
cancer interact positively. In the general populatiocn, cigaratte sackers
have a 10-15-fold excess risk of lung cancer. One study observed an N
8-fold excess of lung cancer among smoking asbestos workers compared with
smokers in the general population, but the cxcs!l was 92-fold when com~
pared to the general population of nonsmokers.’¢ This suggests that the
combined effect of smoking and asbestos exposure is grester than the
simple sum of their separate effects. The relation of this statistical .
interaction to the pathogenesis of lung cancer is uncertain. However, !
ic seems clear that, due to the important enchancement of risk by one :
cause complementing the other, the increased risk of lung cancer in
groups exposed to asbestos may be concentrated among thosa who also i
smoke. !

There is very little evidence that cigarette smoking increases the
frequency of developing pleural mesochelioms after asbestos exposure,
and no evidence exists that smoking incresses the risk of peritoneal
mesothelioma. 0Of 9,951 insulation workers with a history of cigaracta i
smoking, there were 2] deaths froam pleural mesothelioma and 47 deaths
from peritoneal masocthelicma, with none expected. Among 1,457 workers
who never saoked.regularly, there were two deaths from pleural meso-
thelioma, eight deaths frow peritoneal mesothelicwms, and noue expected.23 §
!

Cancer from Incidental Occupational Exposure

incidentally exposed to asbestos while working, may suffer excesses of

!
Persons who do not work with asbestos directly, but who may be i
cancer. A 10X random sample of shipyard workers, widely discribuced :

*This {3 an adjusted figure to compensate for missing smoking infor-
mation for the deceased.

— -t
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throughout the various trades, revealed that some had pleural plaques
and some had pulmonary fibrosis, and rectrospective and prospective
cshort morctality scudies have revealed a 2.5-fold excess risk of lung
cancer as well as a number of mesocheliomas among workers with pleural
plaques. Even those without X-ray evidence of exposure to asbesros had a
slightly increased risk of lung cancer and a few mesocheliomas. A scudy
of sheecmecal vorkers also revealed a small excess of lung cancer and
one mesothelioms.33-95

Disease in Workers' Housaeholds

Thers are presently 37 reported cases of mesothelioma in persons
whose presumed exposure to asbestos was limited to living ia the homes
of asbestos workers.36 However, no comprehensive studies of che dis-
tribution of mesothelioma Dy age and sex among contacts of asbestos
workers {n their homes have been conducted.

The majority of reported mesotheliomas related to household
exposure have been in women, perhaps because they are move likely co
be exposad to asbestos by washing the garments of asbestos workers.96,97
Thircty-five percent of axamined family contacts of asbestos workers were
found to have radiological abnormalities characteristic of ashestotic
disease.’2,96

Cancer i{n the Neighborhood of Asbestos Facilities

On the basis of numerous anecdotal reports, indirect issesswents,
and case-control studies, thers seems little doubt that both pleural and
peritoneal mesothelicmas may result frou some types of rasidentsl expo-
sure to asbestos.45,48-50,74,86,98-103 However, there have beea 2o
adequate population~based studies, and an accurate estimate of risk,
where occupational and household exposure are definitely excluded,
cannot be made. On the basis of one case-control study of mesothelioma
patients, relative risk of mesothelioms was estimated at 2.1 for resi-
dencially exposed, and 4.3 for occupational exposed, persons.’

Tvo studies have been made of the possible effects of increased N
asbestos contaminacion of drinking water in Duluth, Minnesots, dus to '
tha disposal of taconite tailings inco Lake Superior. No careincgenic
_affects have been noted, but the period of observation was short rela-
tive to the probable latency period of environmantally-induced can-
car.104,103

Cazcinogenic Bffects-—Animal Studies

All commercial typea of asbastos--chrysotile, crocidolite, amcsite,
anthophyllite--have beea found to be carcinogenic when cesced in mice,
rats, hamsters, and rabbits. A brief review of evideace derived from
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experimencal cbservations is presented below for {ts value im corrobo-
rating known human cancer risks, predicting other effects, and {ncreas-
{ng the plausibilicy of certain hypotheses on causal mechanisms. A more
deta{led treatment of these and other relevanc scudies in animals can be
found in Appendix D.

Incrapleural or intraperitoneal injection of asbestos has produced
sarcomas® and mesotheliomas. Laboratory animals have not been known to
develop mesotheliomas spontanecusly, so that finding even a single such
tumor in an experiment may be significanc. Rats and rabbits receiving
incrapleural injections of crocidolite daveloped pleural mesochellomas,
as did rats receiving chrysotile.l06 For both these fiber types che
carcino§enic response appeared to be dose-relaced i{n another study wich
rats.10/ Mesotheliomas have also been induced in racs by Russian
cheysoctlel®8 and in hamsters by various types of asbestes fibers.l09

Paritoneal mesotheliomas were ouserved in rats following intra-
peritoneal injections of chrysocile and crocidolite but not amosite.l06
Rats chat received incraperitoneally chrysotile milled to 99% <3 um also
developed peritoneal tumors.ll0 Mesocheliomas wers induced {n rats .
inoculated with crocidolitellil and {n mice inoculaced with chrysocile,
crocidolite, or glass fiber.

Lung carcinomas and pleural mesotheliomas have followed from the
inhalation of asbestos. Rats exposed to various doses of chrysotile,
crocidolite, and amosite have developed malignanc tumors of the luang
and of the mesochelium.106,113-115 4smong these studies, adenocarcinoma,
squamous cell carcinoma, and fibrosarcoma were reporced. Among groups
of racs that were exposed with varying duracions to five different types
of asbescos fibers, all of which produce asbestosis, a dose-response
relationship for malignancies was suggested.® In this study it was
observed that as little as one-day exposure was sufficient to produce
tumors .

Few data exist about the effects of asbestos administered orally.
One study found that oral administracion of asbesacos filter macerial
to rats led to an increased {ncidence of malignant tumors,ll8 Car-
cinomas of the lung, kidney, and liver, as well as reticulum—cell
sarcomas, were found.

The available evidence from animal studies relating asbestos type
to differencas in carcinogenic potency is limited and {nconsiscent.
This may be due to the predomsinant influence of size and ghape of fibars,
which may vary from one study to another for aach asbestos type. Min-
eral fibers other than asbestos, but of similar size, can produce meso-
theliomas in racs after intrapleural or intraperitoneal Lujcc:ion.lo '
117,118 alithough the carcimogenic mechanism involving fibers has not

*A sarcoma {3 a malignant tumor derived from mesodermal tissue.
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been entirely eluctdated, a reasonable hypothesis {s that it may be
related co morphologic characteristics.

There are few studies {n which fiber size alone has been varied and
adequately recorded (diameter as well as length). Furthermore, the
preparation of fibers for experimental purposes may alter mineral
propercies.ll9" However, smaller fibers are thought to be more active
in producing tumors.

Noncarcinogenic Effects of Asbestos

Noncarcinogenic effects of asbestos exposure were noted several
decades before the association betwaen asbestos and cancer was recog~
nized. In 1906, deaths among asbestos textile workers from penumoconio-
sis were reported in England and France.l21,122 These were the firsc
reports in modern cimes of the diffuse interstizial fibrosis of the
lung associated with asbestos exposure--"asbestosis."”

Ashescosis

Asbestosis, which i{s characterized by a diffuse interstitial fibro-
sis of the lung, is one of che many dust-related lung diseases that are
terninal preumoconioses. However, unlike some of the other pneumo-
conioses, asbestosis does not predispose to the development of pulmon-~
ary tuberculosis, nor does evidence sugglat that it i3 causally related
to emphysema and chronic bremchitis.ll

Clinical Ftndin;g

The signs and symptoms of asbestosis, listed below, are no
different from those for other forms of diffuse incerscitial fibrosis;
there are no pachognomonic features.

Sympeoms:

e Breathlessness on exertion

¢ Cough, ususlly dry, but may be productive
e Chest tightness or pain

*8111 milling of chrysotile, for axasple, can result i{n decreased
crystallinity and changes in interlayer branching and surface hydrexyl
configuration. These alterations have been accorpanied by decreased
hemolycic activity.120
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Signs:

e Decrements in lung function (dacrease {n lung
volume and flows)

Radiographic abnormalities (chest)
Rales, baiilar

Restrictad chest zotion

Clubbing of fingers

Cyanosis '

e @ & o o

Cor pulmonale (right ventricle hypertrophy)
Pleural effusion.

The earliest and most prominent clinicsl finding--breathless-
ness on axerticn--carely becomes appareat uncil after at least a decsde
of exposure. Thus, by the time this "early” clinical finding appears,
the underlying disease process i{s well under way. As the disease pro=
gresses, breathlessness may be present even at resc.

The most characteristic physical sign exhibited by the patient
with asbestosis is the presence of dry, crackling sounds (rales), heard
on auscultation at the lung bases and in the axillae during inspiration.
As fibrosis progresses, reles bacome morae widespread and occupy s greater
parc of the inspiratory cycle.

Clubbing of the fingers is usually a late feature of asbes-
tosis and is not found consistently. Cyanosis of the skin and mucous
membranes of the mouth and tongue may also occur in the later scages of
the disesse.

Radiographic Abnormalities

Radiographic featuras of asbestosis are similar to those of
other forms of diffuse intsrsticial fibrosis of the lung, except for the
frequency of pleural changes, expecially pleural plsques (which should
alvays signal the possibility of asbestos exposure). Radiographic
diagnosis of asbestosis is based cn the presence of small, irregular,
or round cpacities distributed prominently in the lower lung fields.
The earliest chenges often occur bilaterally {n the cosophrenic angles.
Short, horizontal, linear septal lines (K.rln{ B-lines), which are
believed ta represent lymphatic obstruction, 2 may also be present.
With time, the abnormal shadows gradually spread upward into the middle
and upper zones of the lung fields and become increasingly coarse and
blotchy. In more advanced cases, a "honeycomb'" pattern may be present,
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?nd the outline of the diaphragm and heart may become blurred and
‘shaggy." Pleural changes are likely to be present as well, perhaps in
as many as 50% of :zhe casas.

Pulmonary Function Changes

, The incterscitial fibrosis asscciated with asbestos exposure is
accompanied by changes in pulmonary function characteristically cbserved
with intersctitial fibrosis from other causes as well. Thus, while these
changes are not unique to pulmonary asbescosis, cthey provide useful
diagnostic information when interpretad together with other avidence
such as exposure higtory, signs and sympcoms, and chest radiographic
findings. Changes in pulmonary function considered most characteristic
of asbestosis are:

- e Ganeral reduction of lung volume, especially of
vical capacity (VC)

e Decrease in pulmonary flow rates such as indicated by
forced expiratory volume in one second (FEV1 0) ¢

e Impaired alveolar-capillary diffusing capacicy,
raflecced by reduced oxygenation of the arcerial
blood and increased alveolar-arterial PO2 gradient
(alveolar-capillary block syndrome).

Although it is usually claimed that airway obstruction is
rarely & major feature of asbestosis,l23-125 one investigator has
poinced out that epidemtologic studies of lung funcrion have been unable
to clarify cthe ralationship between obstructive airway disease and
ashestos exposure. She advised thar, uantil further evidence becomas
available, "an open mind should be kept in this regard."34

a————ee o

Asbestosis and Cancer

On the basis of cass reports, an sssociation between asbes-
tosis and lung cancer was susgcc:cd as early as the 1930s. More than
! a decade later, two authorsl28,127 reporzsd that, among British asbestos
. ' workers, carcinoma of the lung and pisura had been found in about 15X of
‘ deschs either caused by asbestasis or in which asbestosis had bean
. proved present at autopsy.” By the period 1961-1963, figures from the
{ Bricish Ministry of Labour showed that approximately 502 of patients

certified as suffltig!ﬁf!al asbestosis (in contrast to exposed to

)
*Iz renained for anocher invc::iga:or31 to show that the actual risk of

: dying from lung cancer was increased on the order of 10-fold over the
' 3 for 20 years or

general population for male asbestos workers employed fo ¥y _
more between 1922 and 1953,
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asbestos) died of (or with) lung canccr.lza. Although carcinoma of che

lung is often found in the presence of asbestosis, cthere appears to bHe
no scientific evidence that the tvo lesions are interrelated, except
chat they both may be classified as diseases that are causally associ-
acted with exposure to asbestos.

With regard to anocher asbestos-related cancer, two revievers
of the subject have noted that mesothelioms of the pleura and peritoneum
has often been associated with even low levels of asbestos axposure for
brief periods in the remote past.3%,123 There appears to be no regular
correlacion between severity of asbestosis and occurrence of mesothe-
lioma. In faet, it is unusual to find significant pulmonary interscitial
fibrosis (asbestosis) with pleural mesothelioma. However, prominent
asbestosis is frequently observed in association with tumors of the
peritoneum, 34,123 and peritoneal tumors gcncttlly appear to be associ-
ated with heavier asbestos exposure.%3,130 One reviever noted that this
appears to support the nocion of retrograde lymphatic spread of asbestos
fibers from the lung to the abdominal lymphatics resulting from thoracie
lymphatic obstruction due to advanced pulmonary fibrosis. 4

Asbestos Pleural Effusion

Benign pleural effusion, which usually occurs in the presence of
some degree of parenchynal asbestosis, is another clinical manifesta-
tion of disease due to asbestos exposure. Among a series of 57 patients
with asbestosis or asbestos exposure, 12, or 21%, were found to have
"agbestos pleural effusion''--i.e., & pleural effusion in an individual
with & history of occupational exposure to asbestos in the absence of

any other disease known to cause pleural effusion.l3l A nusber of
individuals diagnosed as having had asbestos pleural effusion have sub-
sequently developed mesothelioma.l32,133

Pleural Calcification, Diffuse Fibrosis, and Plaques

Asbestos~related plaques occur as discrete, elevsted, grey-vhite
lesions on the inner surface of the rib cage and on the diaphrags.

*Th‘ reason for this apparent increase in the percentage of deaths in
which asbestosis and lung cancer were found on autopsy is not clear.
One explanation may be that the cases described by earlier
auchorsl26,127 received much of their asbestos exposure in the early
quarter of the centruy, when it was likely that airborne concentra-
tions of asbestos were high. As a result, many of these cases nsy
have succumbed to asbestosis at an early aie-bcforc lung cancer, with
its long lacent period, could develop.l28,129
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Microscopically, the plaques conaist primarily of connactive tissus,
often containing deposits of calctum. They do not interfare with
pulmonary funeticn to any significant excent, nor do they necessarily
{ndicate the presence of pulmonary fibrosis.

An association between pleural abnormalities and exposure to
asbestos--both occupational and nonoccupational--has been clearly demon=
straced.5%,123,134=139 Accordingly, their presence should alvays alert
the examiner to the possibility of asbestos exposure. In this regard,
it may be 20 to 40 yesrs after exposure to ashestos that pleural
calcificacions sppear radiographically,l3S

Although pleural plaques do not, themselves, appear to be pracur-
sors of malignant disease, a1 retrospective death-certificace study of
408 shipyard workers with pleural plaques shoved that the risk of
developing bronchisl carcinomas was increased by a factor of 2.4.95
Three cases of mesothelioma alse occurred in this series. Ia a pro-
spectivs study from che same shipyard, 235 men with radiographic evt-
dence of pleural plaques were found co have & 2.4-fold ineressed risk of
bronchial carcinoma. Among 70 deaths, 1] were due to measotheliocums,
an excess of obvicus significance,d¢

Ashestoes Warts

Asbescas warts, or corns, are of minor hesith significance, but
they are an indication of exposure to ashestos. Theyars caused vhan
asbestos fibers panetrate the skin and are most often found on tha hands
and forearms.l40 The warca may have a pinpoint, black center and are
often tender to prassure. Unless removed by excision, they may parsist
for years.

Animal Studies--Evidence of Noncarcinogenic Effeccs

Exposure by inhalacion to any of the four commercial asbestos types
may result in fibrosis of the lungs in animals as well as ia humans.
Under experimencal coaditions a fibrogenic response to inhaled ashestos

has been rcxor:cd in rats, hamscers, guinea pigs, rabbits, and moa~
keys. 142-14 .

Outside the laboratory, pulmenary fibrosis {an the presencs of fibers
and asbestos bodies has been demonstratad in baboons, donkays, and wild
rodents living in the vieinity of crocidolite mines or wills.l43
Pulnonary asbestosis has also been reported in a dog kept &s a tvat
catcher in a London asbastos factory.l46 Thers are markad incerspecies
differences in susceptibilicy to asbastosis. Tissue resctiom in recs,
rabbits, and monkays is typically less severe than in hamsters and
guinea pigs.l192,14
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Subecutaneous injection of aghestos ot injection into the pleural
or peritoneal cavities produces a fibrotic reaction. Thickening of the
pleural, pericardial, and peritonesl membranes has been reported, with

formation of adhcs%ons and. granulomas as vell as pulmonary and medis-
stinal abscesses.l/ 148,149

Neither shape nor chemicsl composition is sufficient to explain the
fibrosing effects of asbestos. Fibrosis has been induced with a variety
of fibrosis as well as nonfibrosis mineral dusts. Some investigators
feel that fibers are more fibrogenic than nonfibrous particulates and
that fibrogenic reaction increases with increasing fiber leagth. Howe
ever, cthe role of fiber length is difficult to evaluate withour simul-
taneously taking into account possible effects of diameter and aspect
ratio (length/diamecer).

On {njection, chrysocile heated to 400°C caused fibrotic reaction
in the pleura of mice equivalent to that of unheated chrysotile, but
tibrolig produg:ion diginishcd as temperatures increased above 4Q00°C
(at 600°C, 800°C, 1000°C). Asbestos in dust from automobile brake
linings, which are subjescted both to high temperature and mechanical
grinding, rnlcnb}.d chrysotile that had baen heated to 800°C or more
and then ground.

Effects of asbestos that may be related to fibrogenesis have been
observed in vivo {n manmalian tissues as well aa in cell culture. Bio-
chemical changes, including stimulation of anaercbic metabolism, and
physical ctgtgsg !8‘“ as damage to cell membranee and chromosomes have
been noted. L

*Such observations may shed light on the mechanisms by which asbestos
induyces fibdrosis. For example, it has baen postulatad that during
phagocytosis, ssbestos causes damage to the masbranes of macrophage
lysosomes, which are cell organelles that contain lytic enzymes. Sub~
sequent incracellular release of these ensymes may injure or kill the

macrophages, resulting in release of a fibrogenesis-stinulacting factor.13?
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Chapter IV
OCCUPATIONAL EXPOSURES

There {s little recent date in the publighed literature on exXpo-
sures to asbestos, and it (s d{ffi{cult to assess whecher what has been
published (s typical. Furthermore:

s Occupational asbestos concentrations are commonly
reported as optical-microscope-visible fibers per
milliliter grester than 5 um long, and these may
account for only a small fraction of che tocal
electron-microscope~visible fibers

e It is not known vhether small differences {n fiber
counts actually reflect differences in fiber levels .
or, if they do, whather they indicste a change in the
risk of incurring asbestos~-related diseases (see
Appendix C). e

Nevertheless, quantitative air sampling data from representative occupa=

tions is provided in this chapter in sn sttempt to indicate the range of {
exposures found in three workplace situations: asbestos aining aad

milling, production and processing of asbestos products, and utiliza-

tion of asbestos-concaining produccs. S

Fewer than 600 persons in the United States are employed in aining
and milling asbescos.* Hovever, industries that msnufacture asbescos
products or that make use of them provide jobs for millions. These .
industries may be categorised as primary, secondary, or cousuner accord-
ing to whether they produce manufactured goods from rav asbestos fiber,
process asbestos manufactured products to make other products, or
ucilize a finished product containing asbestos vithout sdditional modi-
fication. Over 37,000 persons are employad in the msnufacture of primarcy 1
ashestos products; 300,000 are employed i{n secondary asbestos industries;
and millions more work in the asbestoa consumer iadustries--over 183,000

are duate

1"Mmy more may bs exposed to sasbestos as a conraminant during the
mining and milling of other minerals.
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of them in shipyards and almost 2 millien in

autonorive sales, service, ap
and repeir.l. £4
ba
. at

Exposures in Mining and Milling

Sources of asbescos axposure {n mining and milling include blasc-

th
ing, crushing, transporting, and drying ore; air-aspiration milling; of
and disposing of wsste. Time-veighted-average (TWA) lavels of fiber in ce
wining reported in 1973 ranged from 0.5 to 2.8optical-microscope-vigidle
(o=mev)* fibers per milliliter, with an avarage of 0.9. Much higher
concentrations wvaere found in milling, where exposures ranged fromw 6.0 to 22
12.1 fibers per milliliter.? et
} 4t
In addicion te mining and milling of asbestos, the aianing and mill-
ing of other minaral ores that may contain asbestos as an impurity ia
a potsntial source of asbescos exposurs. For example, concentrations to
of asbestiform fiber in one hard-rock gold mine were reported in 1376 33
to avarage 0.25 o-s-v fibers per milliliter, ranging up to 2.8,3 and im
fiber counza of 8 to 260 per milliliter were recordsd in & talc mining ; be
and milling operation, according to a 1373 repore. . ha
Exposures in the Asbestos Products Industrias sh
ge

For all segmetts of the primary industry, nanufacturing begins with th

fiber receiving and varehousing. Levels of airborne fiber in these . dw
areas have ranged from 0.2 to 2.5 o~m=v fibers per millilicer and are it
typically about 1.0.7 Lavels at the upper limit of the range reflact

damaged shipments, carelsss unloading or ineffective housekeeping. The

most important factor influencing asbestos axposure at this step of Tat
production is the coundition of the bags in which asbastos s shipped.

Next, asbestos fibsrs are introduced into the process. Bags of
asbestos sre usually cut open and dumped manually, either into open
hoppers or into bag opening enclosures. This activity can result {a
relatively high exposures if hooding is inadequate or lacking. Disposal ia
of the emptiad bags may also add to airborne fidber levals. In four of ave
the seven major primary industries, highest TWA exposures occur in fiber Lo
introduction and have ranged from 0.3 to 10.0 o-m=v fibers per milli- £t
liter, typically eomevhat above 2 fibers. ;i:

?
Expasures in mixing and blanding depend upon how dry the materials a2t
are that srea being mixed, the intensity of agitation, and the effective- sce
ness of ventilacion. Typical TWA veluas in the past have been pre
|4

. int

*Graater than 5 micromecers in lemgth. | ::E

1'Dau in this saction are from Chapter Refersence 1 (published in March i exa
1976). ‘
:
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approximacely 2.2 fibers per milliliter, with a range of 0.2 to 10.0
fibers per milliliter. Sometimes asbestos {s dumped directly from the
bags into mixing or blending tanks, augmenting the usual exposures found
at this scep.

Once the asbestos fibers are engulfed by a medium chac prevents
chem from becoming airborne, exposures drop. This may occur at the step
of mixing and blending--as in che production of floor tile, paper, and
cement pipe--or in s subsequent step.

Exposure levels in formulation operations have ranged froa 0.2 to
22.0 fibers per milliliter, with an average level of 1.8 fibers per
millilicer. This wide variety of exposures is due to the number of
different procasses represanted by that stage.

Finishing operarions. vary significantly from one type of {ndustry
to another, but usually include machining ({.e., cutting, drilling,
grinding) che rough product to specification. The mechanical energy
imparted during machining causes asbescos fibers to break loose and
become airborne. Average TWA levels of exposure in these operations
have canged from 0.1 to 8.0 fibers per milliliter, with a mean of 1.6,

In the last two produccion steps--inspection, and storage and
shipping-~ashestos exposures are usually the result of airborne dust
generated by other operations, which may drift chrough the plant to
these areas or adhere to the products themselves, beccming airborne
during handling, Exposures are typically less cthan L fiber per milli-
liter.

Exposure levels (n the major asbestos industries are summarized in .
Table 6 and are discussed below.

Friccion Products

rrictcion products say concain 30X to 80% asbestos, and TWA exposuras
in the industry vary widely (0.1 to 15.0 o-a=v fibers per milliliter),
averaging 2 fi{bers per nmilliliter for most operations. Greater concen- \
tracions may occur ian preforming operations, ranging from 0.3 to 22.0
fitbers per millilicer and typically about 4 fibers per milliliter. The
elevated exposure levels found in these operations result froa manual
handling of the dry preform mix (asbestos fibers and mecal reinforcing
materials in an organic matrix), which is conveyed in open car:s,
scooped by hand, weighed, and poured into a block mold for machanical
pressing into the shape of the finished product.

Other operations that may yield high asbestos levels ioclude fiber
incroduction, mixing of the dry preform, and finishing. During finish-
ing, the products are trimmed, drilled, sanded, ground, and sawed to
specification. Exposures very with work practices and equipment. For
example, exposures at ventilated radial grinders are below 2 fibers per
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Table &
EXPOSURE TO AIKBORNE ASBEZSTOS I¥ STLICTED
ASBESTOS PRODUCT NANUPACTURING INTUSTRIZS

- Ashestos Concemerations
(Time~Weighced Average (n Pihecs/ai)®

Mogg Operytions peragions wich dighese Levels
Hame o

Typical Range Trptcal Rangg Jperscign(p)

felctian Producrs

Primary 1 9.1=-15.0 4 0.5-22.6 Tarmiag er
Secondary 2.8-6.8 folitag

Asbescas Paper

Seimary 1S 0.1%-2.7 1 0.)1.8 Fiber latre~
Secondary 1.0=3.8 duccion
Ashastes~
Plastice
Primary 3 0.2-2.% 1 0.5-%0 Tider lacree
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milliliter, but chamfers and backgrinders may cause exposures of S-8
tibers per millilirer.5 If the finished products have not been cleaned
of adherent particulates, exposures may be high during inspection (4=7
fibers per =illilicter).

Asbestos Paper

Exposure levels in the asbestos paper {ndustry vary with the
asbescos content of che manufactured produce, which can range from 5%
to virtually 100X. Typical TWA concentcrations in the primary i{ndustrcy
average 1 o-m=v f{ber per milliliter (range l-J fibers per milliliter)
except in fiber {ntroduction and stock preparation (vet blending),
where concentrations typically average 1-3 fibers per milliliter and
range up to 0. The lLower concentrations are achisved in plants which
use disintegracing, pulpable bags, thus cbviacing bag opening, dumping,
and disposal. . : :

Since papermaking {s a wet process, little asbestos dust exposure
{s realized after fiber introduction uncil cthe praoduct fs dried. Expo-
sure concentrations may then be elevated somevhet by the manual handling
and mechanical mod{fication (slitting, calendering, converting, etc.)
needed to prepare paper sheet according to specifications.

.

Asbestos~-Reinforced Plastics

The asbescos concent of reinforced plestic is relatively sunll,l
and reported exposures in both primary and secondary industries are
lower than in most other segments of the asbestos industry. TIWA concen-
trations during most operations range from 1.0 to 2.5 o-z~-v fibers per
milliliter. Fiber introduction, dry blending, and handling of the
blended mixture and preform are sources of moderate lavels of exposure.
After the preform has been remelted, the asbestos {s bound tightly in
the polymer matrix, reducing the potential for airborne release.

Fibers may still break free, however, during fini{shing.

Asbestos-Ceaent Pipe and Sheet

Asbestos-cement products may containl0X to 70% asbestos. Although
more asbestos is used {n manufacturing asbestoe-cement pips and sheet
than any other primary asbestos products, relatively few workers are
enployed {n these branches of the induscry (3,600 total, 2,200 in pro~-
duetion) .l

{n asbestos-cement pips factories, TWA fiber levels range from
0.5 to 4.3 o-m=v fibers per milliliter, averaging about l.5. In the
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manufacture 6f ssbestos-cement sheet, some fiber-introduction and dry-
uixing operations may yield higher exposure levels (0.3 to 8.7 fibers per
ai{llilicer) than in cthe manufaccure of agbestos-cezent pipe, because
fiber may be introduced directly {nte the dry mixer. Once fibers are
engulfed by the cement mortar during wet mixing, thers {s little oppore=
tunity for them to beccme sirborne until finishing. Higher levels
(averaging above I fibers per milliliter) may be found during cucting
and machining in cement pipe factories; and sheet trimming and sanding
present the highest levels of exposure in the asbestos-cegenc-sheet
process, generally about 2.5 and 3.0 fibers per millilicter, respectively.

Floor Tile

Asphalt or vinyl asbestos floor tile contains 8% to 30% ashbestos.
Airborne TWA asbestos concentration ranges from 0.5 to S o-m=v fibers
per millilicer. Typical concentrations are approximately 1 fiber per
milliliter, except for fiber introduccion, where concentrations of 4
Eibers per milliliter are common. Once the asbestos is engulfed by the
agglomerated plastic during the later phases of mixing, the potential
for exposure is reduced significancly.

Asbestos Textilas

Levels of exposure in primary and secondary production of asbestos
textiles vary directly with the asbestos conteant of the manufactured
products but generally are higher than in sny other asbestoe i{nduscry
besides milling. A typical TWA concentracion of airborne fibere~i.s.,
for most operations~-in the primary textile industry is & o-m-v fibers
per millilicer (range 0.1 to 22.3 fibers per milliliter) except in the
carding operation, vhere the typical concencration exceeds 5 fibers per
milliliter (range 6.1 to 27.3). High asbestos exposures in the asbestos
textile industry result from the processing of dry--or, at best, par-.
tially damp--fibers, vhich sre easily dispersed into the atmosphere.
During carding, the vigorous manipulacion of the dry fibers to separate
and align them accouncs for the particularly high concentrations cbservad
st this step~—evan in the face of intensive efforts to achieve effective
ventilation. '

The liquid dispersion method of asbestoe textile manufacturs, in
which asbestos fiders are mixed in veter with chemical dispersing agents,
results in such lower exposure levels (less than 1 fiber per milliliter)
than in conventional plants.® Moreover, the use of asbestos textilas
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made from disgprscd yarns results in significantly lower asbestos
exposures to the user than f{rom conventionally manufactured products.’

Exposures in the Utilization of Asbes:os-Containiq! Products

4ith two notable exceptions, the insulation trades and clutch ang
brake installation and repair, levels of exposures to workers in the
consumer industries are generally very low. But although exposure
lavels are low, the vast majority of workers in the asbestos consumer
industries, it is surmised, are less aware of the healch hazards of
asbestos than are workers in che produccion industries and may not
utilize basic control methods to minimize risk.

Insulation Trades

‘Exposures in the insulaticn trades vary widely, but they include
the highest occupational'exposgrcs and control is difficult. In the
early 1970's, there were approximately 36,000 insulacion installersd
employed largely {n insulating industrial equipment, cosmercial buildings,.
and ships. It is difficult to obtain characteristic exposure levels for
these workers due to the many different insulacing materials and condi-
tions of work.

The sasbestos content of materials {(n use ranges from 10% to almost
100%. Asbescos subscitutes é2d gaining in use as regulacions over che
use of ashestos becoma i{ncreasingly more rescrictive.

Jobs performed by Lnsulation workers can be classified into six
categories:

e Prefabricacion: materials are precuc and shaped usiag
haad or power sawvs either on the job or at the cone
tractor's shop {10Z% of time).

e Application: Materials ere fittaed, hammered, or carved
and actachad to surfaces by wiring or gluiang (402 of
time). Some nsterials used to ba sprayed applied, but
this practice has been virtually eliminated in recent yesrs.

e Finishing: Materials are coated with asbestos-containing
cemant, resin, asbestos or cotton cloth, or petroleum
based sealer (30X of time).

e "Rip=out™: Removal of old or unusable macerials in the
process of rsinsulacing (102 of time).

e Mixing: Mineral wool, asbestos, fiber glass, and cemant
or glue are mixad in buckats or troughs ssperately or
{n combinacion (5% of tima).

¢ Miscellaneous: Cleaning up, transporting materials
(5% 1f time).
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© 75 fast from the blowing-out operation (14 minutes after), 60 feet from

Percent of time at each task i{s highly variable, of course, and intended
only as a rough guide.?

Highest concentracions encounterad by insulation workars have
occurred during "rip-out’ or removal of old asbestos insulacions. In a
1968 report on air samples collected on a ship during removal of
sprayed asbestos coatings, removal of 100%-ashestos lagging, snd subse-
quent clesnup vere said to average 248 o-a-v fibers per milliliter,
62-159 fibers per milliliter, and 353 fibers per milliliter, respec-
tively; in comparison, the application of pipe lagging containing 15X
asbestos resulted in exposures of 5-60 fibers per millilicer, and cuc~
ting and drilling incombustible board prior to installation yielded
exposures of 0.7-4.5 fibers per milliliter.l0 Levels of 30-100 o-mev
fibers per milliliter have been reported ruing application of spray
asbestos insulation.ll Nearby workers may be exposed to elevated
levels of asbestos as the result of the asctivities of insulatorse- )
especially in shipbuilding, where work often goes on in enclosed poorly
ventilated spaces.

Brake and Clutch Repair

There are almost 2 million persons employed in automotive sales,
service and repair, of whom 900,000 are said o be frequently exposed
to asbestos from automotive brake and clutch repatr.l (Nota that this
figure does not include persons who repair other kinds of brakes and
clutches.) 4

Asbestos exposures were determined for specific brake servicing
operations including blowing=out automobile brake drum assemblies,
grinding used truck brake linings, and bevelling new truck brake linings.
Average peak o-m-v asbestos air concentrations for these activities
based on sampling within 10 feet of the ogcrt:or wvere 10.5, 3.75, and
37.3 fibers per milliliter, respectively. 2 .

In & simlar study, mean concentrations found 3-5 feet, 5-10 feet,
and 10-20 feet from an operator blowing dust out of brake drums were
16.0, 3.3, and 2.6 fibers per milliliter. Grinding truck brake shoes
gave sverage concentrations of 4 fibers per milliter, and bevelling
produced an average count of 37 fibers per milliliter. Measurable con-
centrstions (0.1 fibers per aillilicer) were found at distances up to

grinding, end 30 feet from bavelling, indicating that other garage
employees besides those directly iavolved in brake and clutch repeir
are st risk.l3 Another study estimated the time-weighted average .
axpasure for brake mechanics to be 0.8 o-a-v fibers per milliliter.

Installation of Floor Tile, Roofing, and Siding

There is limited information relating to levels of exposure during
{installation of asphalt or vinyl asbestoe floor tile. Bacause asbestcs
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fibers are firm!y {mbedded in the tiles, {nstallation per se is unlikely
to be a source of important asbescos exposure. [t {g accepted practice,
however, to sand old asphalt or vinyl tile floors before installing new
covering. Conventional belt sinders with coarse grit are used %o sand
the tiles, and, normally, 240 to 250 square feet cf tile can be sanded
ver hour. One report states that levels of 1.2 and 1.) g=a=v fibers
occurred during a simulation of normal sanding activities over a shorc~
term sampling period.l5 It {s likely thact fiber levels fluctuate
significantly depending on the age and condition of the tile being
sanded, grade of sandpaper, speed of the sander, size of the workspace,
ambient humidity, and quality of ventilation.

Installing asbestos roofing and siding should result in exposures
of lesser magnitude since thase operacions are performed outside.

Use of Spackling, Patching, and Taping Compounds

Asbestos may be a primary component of spackling, patching, and
taping compounds used i{n wallboard construction to finish joints and
tepair damage, or it may be a contaminanc of cale, limestone, or ocher
rock used as raw macerial. Used mostly {n che construction industry,
the compounds are also used by persons doing their swn construction
and repair, and intermiltent exposure to asbestos may occur duyring
mixing, application, and sanding (fini{shing).

To determine possible exposure during application, air samples were
collacted at various jobs and sites. Peak airborne asbestos concen-
cracions measured during such operations as hand sanding, pole sanding,

mixing of dry spackle with water, and swseping-up averaged 2.3 to 47.2
opctical-microscope-visible fibers per milliliter.

All exceed the current OSHA occupacional standard for an 8=hour

tine=weighted=-aversge (2 fibers per milliliter), and many exceed the
permissible ceiling (10 fibers per milliliter).

Wearing Asbestos Garments

Tasts of vearing ashestos garments have indicated that breathing
zone concentration csn exceed 2 o-m~v fibers per nilliliter. AL one
plant wvhere hoods, coats, mittans, and leggings were worn, concentrae
tions of airborne asbestos fibers ranged from 9.9-26.2 fibers per milli-
liter, and the 8~hour time-weightad-average concentration was 4.7 fibers
per millilicer.l?

Exposures from vearing fire-fighting helmets also have been mea~-
sured. A new helmet with an unlined asbestos cover, an identical older
helmet, and a helmet covered with aluminized asbestos cloth produced
breathing zone concentrations of 2.3, 1.4 and 0.0 o-n~v fibers per

milliliter, respectively.l
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- Chapter V
VONOCCUPATIOWAL EMISSIONS AND EXPOSURES

Persons not employed in asbestos-related occupations are exposed
to asbestos fibers that originate from nazural sources or from man-
created sources such as the manufacture and use of asbestos products.
Such asbescos may be inhaled~-as, for example, in an office building in
vhich the air {s contaminated by asbestos insulatione-or it may be
{ngested with wacer, food, and drugs. As would be expected, the further
one gets from the occupational environment, the fewer data there are on
such exposures--termed 'nonoccup..cional” exposures. However, the avail-
able data are revieved here ro provide at least some indicatiom of
possible general environmental contamination. (Sea Appendix C for 3
discussion of the difficulties in measuring asbestos contamination.)

Asbestos Emissions from Natural Sources

Rock that contains asbestos can be disturbed by natural means, such
as weathering or landslides, or inadvertently by such human interven-
tions as road building, construction, and tilling of the soil. In such
cases, free asbestos fiber may be deposited onto soil or enter air and
water,l thereby comtributing to levels of contaminacioa in the ambicn:
air and {in water as discussed ia this chapter.

The occurrence of rock formations that could possibly contain
asbestos was discussed in Chapter I of this monograph, and the geograph-
ical distribution of such rock formations in the United Stated is shown
in Figure 1. If the primary areas of source rock are looked at in
conjunction with high population density, the most critical aress for
enissions from natural sources appear to be eastern Pennsylvania, south-
easczern New York, southwestern Connecticut, and greater Los Angeles and
San Francisco.

Ashastos Faigsions from Human-Created Sources

Humgn-creacad sources of nonoccupational exposures co asbestos
include cthe mining and milling of asbestos; the transporctation of asbes-
tos materials and products; the manufacture, inscallation, use, and
demolition of asbestos products; and the disposal of wastes.

Some gross estimates of annual emissions in the United States
from asbestos mining and milling, manufacturing, use of asbestos
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products, and disposal of vastes have been made and are shown {n Fig-
ure 2. Although these estimates are uncertain, by at least an order
of magnitude, several important conclustons are {ndicated:

e Asbestos is preponderantly disposed to land, least to
vater.

e Most of che asbestos disposed to land is consumer waste,
which is more likely to be disposed to uncontrolled
waste dumps and handled by persons unaware of thae
hazards.

o Disposal %o land i{s an important source of atmospheric
asbestos and, because of proximity to urban popula-
tions, may be even more significant to health chan
the emissions to air that come from mining and milling.

Redistribution and Fate of Asbestos in the Eavironment

Because asbestos is exceptionally resistant to thermal and chemical
degradation, it persists in the environment and can be widely redis-
tributed by both natural forces and human means. The magnitude of
this redistribucion {s governed by an extraordinarily complex set of
factors which {nclude the height of the emission source, the ratas of
air and water flow, fiber dismeter, rain, thermal air iaversiouns,.
electrostatic forces, agglomeration of particles, and tha density of
vehicular traffic on asbestos-containing landfill, to name only a fev.

Rediscribution by Alr

1f, for exanple, asbestos {s emitted to air as part of a "large"
agglomerated particle, it will settle to earth relstively quickly and
thereby have a limited potential for environmencal contamination; thus,
coacern over the relatively large quantities of asbestos emitted to
air from mines is somawhat attenuated by knowledge that the aining
processes tend to produce relatively large particles. At the sane tizme,
however, an appreciable fraction of the large mass of asbestos dis-
charged by mills is in the form of free fibers that zay remain in the
acmosphere for long periods of time, travel great distances, and expose
zany people. Studies of acmospheric pollution in the area surrounding
" asbestos mines and mills in Finland showed szall amounts of asbestos
dust as far sway as 27 kilometers.2

A sinplified calculation of "drift distance" for two sizes of 3
asbestos fibers was made for this monograph using the method of Cowherd
and a terminal sectling velocity as determined according to Harris.
Fibers were prasumed to be injected ac a height of 50 fest (15.2 mecers)
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- crystal lattice.2~10 Generally, despite scme degradation, it is falt

into 2 constant crosswind of 10 mph (4.5 meters/second) with no net
effect of turbulence. The locality was assunmed to be rural with a
"roughness height" equivalent to that of a wheat field. A small fiber,
one with a diameter of 0.l micrometers and length of 10.0 micrometers,
under such conditions would drifc 1120 kilomecers; a lLarge fiber, 1.0
micrometer in diameter and 50 micrometers long, would drifr 13.3 kilom=~
eters.

Redistribution by Water

Asbestos borne by wvater can also travel considerable distances.
Studies of Lake Superior, reported in 1974, indicate that asbestos
particles can move several hundred miles or more.5 Another repore,
made in 1976, shows that high river flows in surrounding regions heve
resulted in unusually high fiber counts in the Philadelphia and Atlanta
water supplies.

Water samples taken from wells located {n aresas containing sshescos
rock have shoun elevated concentrations of asbestos. A well at Halvern, .
Pennsylvanis, drilled in a belt of serpentine rock, had an asbestos
content of up to 0.157 micrograns per liter, in contrast with a well at
Glendale, Arizona, in an area known not to have such rock, which had an )
asbestos content of 0.023 micrograms per liter or less.’

————— e -

The Ultimace FPate of Asbestos Fibaers

Very little has been reported on the ultimate fate of asbestos
fibers once they are released to the environment. While £t is known
that fibers can be readily subdivided by mechsanical means into f£ibrils
of submicron diameter, it has not been established if fibers are sub-
divided by natural means. It does sesm likely, however, that natural
forces such as erosion, grinding, abrasion, moisture, and temperature
gradients would cause their eventual subdivision.

All types of asbestos resist prolonged attack by strong alkalis.
However, it has long been known that hydroxyl groups of chrysotile,
in contrast with other asbestos types, will resct with veak acids and
even vater, causing magnesium and silicon to be relessed from the

that the fibrous morphology is retained.® Thus, to a limited extent,
chrysotile may undergo decomposition through reaction with water and
acid present in the environasent.

Temperatures required for thermsl decomposition of asbestos are

seldom attained in the natural enviroumenc. With chrysotile, dehydra-
tion occurs at sbout 100°C, and full dehydroxylacion {s achieved at
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8
800°¢.° Thermal decomposition of amphibole asbestos occurs at somswhat
nigher temperatires.

Exposure to Airborne Asbestos

As one would expect, airborne asbestos can be found in the vicinity
of asbestos aines, mills, manufacturing facilities, and waste dumps.
But elevated levels of fibers also may be found near concentrations of
braking vehicles, in buildings in which asbestos spray products have
been used, and in cars and homes of asbescos workers who have contamin-
ated them with dust brought froa the work area on clothing, body, or
equipment. Asbestos may be inhaled by persons who (nstall their own
asbestos roofing or flooring, or who repair such items as asutomobile
brakes and clutches, home heating and plumbing systems, wires for
toasters and wvaffle i{rons, or the walls of their homes.

Other situations with possible exposures to airborne asbestos
include the use of roads and driveways surfaced with sasbestos-bearing
gravel or paving, humidifiers charged with water containing high levels
of asbescos, talcua powders, paints containing asbestos, and cigarettes
with asbestos filters (reportedly no longer used in U.S. cigarettes). .
Even powdered pdpier maché mixes, which are widely used in elamantary
schools, have been found to contain 50% or more asbestos.

These exposures may be of a one-time or intermittent nature, but,
because of the cumulative permanence of s small portion of inhaled
asbestos, they contribute ta & person's total risk.

Asbestos is also found as e contaminant ian the ambient air, and
this source is treated first in the review of exposure sources that
follows.

Exposure from Ambient Air

The large najority of the U.S. population does not live in areas

_that have elevated levels of atmospheric asbestos dus to asbestos win-

ing, willing, manufacturing, or construction. Nor are most people
{nvolved in part-time installation or repair of asbestos products.
Azbient air, therefore, constitutss the basic source of atmospheric
exposurs for the population ac large.

There is a paucity of atmospheric asbestos-concentration daca,
due, in part, to the cost and difficulty of obtaining it. Moreover:
data have sonetimes been reported as mass of asbestos per volume of air
(most often the case)™ while sometimes as concentration of fibers;

*
Appendix E contains data from several studies.
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usually only chrysotile asbestos has been measured; and the proceduraes
for measuring, and hence the precision of the measurements, have varied
widely. The Environmencal Protection Agency 13 currently developing
standardized measurerment procedures, but until these are implemented and
substancially more data are accumulated, atmospheric asbestos levels
will be largely unknown for most geographical areas.

The gcant data available for ambient levels of asbestos in rural
air include a reported range of 0.01-0.1 nanograas per cubic meter,l2
and levels of 40-100 electron-microscope-visible fibers per cubic meter
found in a remote area of California.l

Average reportad concentrations of asbestos in urban air vary
between 0.09 and 70 nanograms per cubic mecerl4.l5 and, frosm one study,
between O and 2,400 electron-microscope-visible (2.4 o-mev) fibars per
cubic meter.l3 Fiber readings {n one study of air at Silver Bay,
Minnesota--readings that are not typical, since the locale {s near a
taconite milling operation--ranged up to 150,000 electron-miscrosccope-
visible fibers per cubic meter.lb

Exposures from Asbestos Mining, Milling, and Preduct Manufacture

Asbestos fibers are released in mining and milling during removal
of overburden and preparacion of ore bodies for strip and open-pit min-
ing, as well as during drilling blasting to remove ore. Other emissions
occur from ore piles and wasts dumps that are exposed to wind due to dis-
turbance by bulldozers. Drying, crushing, grinding, and screening of
the ore result in the release of fibers. In this connection, the large
volume of air required for air-aspiration milling (seven to ten tons of
process air for every ton of fiber produced),l’ together with the length
of time chat asbestos fibers can remain suspended in air, generates a
significant potential for emissions.

Baghouses are the predominant engineering control measurs used to
remove airborne dust from effluent air streans at nills and manufac-
turing plants. A study in 1974 showed that baghouses using specific
filter materials, and when properly designed, operated, and maintained,
have a collection efficiency of over 99.99% for fibers greater than 1.5
micrometers in length.l® However, the collectiocn efficiency for fibers
less than 1.3 microns in length was approximstely 98%. Since generally
thers are an enormous number of short fibers, a considerable quantity
of fibers can be released to the atmosphere even after passage through
the best available baghouses. Fibers removed that are not reintro-
duced into the production process nust be disposed of outside the plant
and may result in emigsions to air.

A 1974 field survey on the air concentrations of asbestos fibers ina
the vicinity of an asbestos mill at Coalinga, California, showed 100
million electron-microscope-visible fibers per cubic meter within 300
meters from the mill-cailings pile.l8 No data for farthar discances
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from the source are reported. A 1974 EPA report showed atRospheric con-
centrations of 2 zo 106 micrograms per cubic meter within abour one
xilometer of the Vermont mine-mill complex.l9 Average readings were
asout 3O micrograms per cubic meter. At another site, about 1.5 kilom-
ecers from the plant, the resdings wars .0l2 to 0.180 micrograms per
cubic meter, with an average of about .096 micrograms per cubic meter.

In 1972, some atmospheric sampling was conducted at the asbestos
mill located near King Clcy, California.20 one gampling scation located
100 meters downwind of the source showed concentracions on the order of
100 million fibers per cubic mecer, and, due to unusual wind conditions,
concentracions on the ordar of 10 million e-m-v fibers per cubic meter
were recorded at a station located 500 mecters upwind from the sourca.
Another atmospheric sampling, conducted within ] milometers of the mill

‘during August and November of 1974, showed concentrations of up to 1

aillion fibers per cubic meter downwind and 10,000 fibers per cubic

meter upwind.2l Elevaced concentracions (4,500 fibers per cubic meter)

vere found out to the farchest station (3 km). These samoles were

obtained with an 0.8 micron-pore-sized Nuclepore filter, whereasthe 1§72
samples were collected with a Millipore filter. Hence, it would appear -
that the Nuclepore filter failed to collect a substantial number of .
fibers smaller than one micron and that the 1376 data may have under-
estimated the total number of fibers present. The King City mill is

unique in that it uses a weat process; hance, it is believed that mostc

of the fibers in the atmcsphere come from the ore pile and tailings dump.

Dispersion of asbestos emitted to the atmosphere depends upon fiber
length, topography, meteorological condicions, and the emission scurce
itself. Wind speed and temperature stracification are important factors.
As asbestos travels in the etmosphere, gravity and rain remove it from
the atmosphere, and the procsss of agglomaration can be & significant
determinant of how many fibers will be present. Because most of thase
faccors are different at each site, detailed estimates of asbestos con-
centration in the atmosphere at each sits require individual, special-
ized, calculations.

Exposure from Transportation of Materials Containing Asbestos

Movenant of asbestos ore from aine to mill in open trucks, often
over roads paved with mill tailings, may contribute co the overall com-
tanination of the environment.” However, three of five mills operating

*Mme national asbestos air emtssion s:audnrdzz prohibits the surfacing
of roadwaye with wastes containing commercial asbestos or tailings from

asbestas mining and milling, except for temporary roadways in the area
of an ore deposit. The use of wastes that may contain noacocomercial
agbestos as a contaminant has not been regulated.
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in the United b:nccs are located at the mines, the remaining two are
separated by short, rural, disctances (32 and 55 miles).

Shipment of milled asbestos fiber, usually in bags, caa result ia
emissions when bags are broken, but such emissions are minimized by
sressure packing and unitizacion as described in Chapter II of this
monograph. Lf bags are reused, either in the asbestos industry or
elsevhere, they may become a source of contamination.?3 whea milled
asbestos is pelletized and transported in sealed railroad cars (see
Chapter II) the potential for emission is no doubt reduced considerably.

Eaisgsions of fibers could occur during the shipmeant of manufac-
tured products, but they would be negligible, since most manufactured
products contain asbestos tightly bound in a matrix. A more important
emission source, perhaps, would be the transporting of asbestos-
containing solid wastes in open vehicles through urban areas. Also,
the transportation of other asbestos-bearing ores, such as talc and
caconite, and their products may result in environmental emissions.

Ego.urc from Asbestos Manufactured Products

Most asbestos {s incorporated inco finished products wvhere the
fibers are bound ia a matrix (e.g., asbestos-cement pipe and sheet,
flooring and roofing products, and friction products), and this reduces
the possibilities for air contamination. Yet, by the application of
sufficient energy, fibers may bae dislodged from even tightly bound
materials; automcbile brake linings are an exaaple.

Clearly, there ars opportunities for human nonoccupational atmos-
pheric exposure during installaciocn, use, and repeir of asbestos pro-
ducts. Howaver, since there ere so many products that use asbestos or
materials that may be contaminated with asbestos, it would be next to
impossible to estimate human exposure for each product type. In the
paragraphs that follow, soma data and information are prasented for
sutomotive friction materials and spray asbestos.

Automotive Friction Materials

Friction materials used in automotive brake linings, disk pads,
and clutch facings coatain an average concentration of 50X chrysotile
asbestos by weight.2® It has been estimated that about 118 million
pounds of asbestcs are used annually to produce brakes in the U.S. and,
assuming a 152 grinding and milling loss, approximately 103 nillion
pounds of asbestos are actually incorporatsd into brakes; simtlarly, it
has been estimsced that 4.5 million pounds are incorporated annually
into automotive cluteh facings.l5 However, since brakes and clutches
are usually repaired before they are coapletely woran out, and since
some working sutomcbiles are scrapped, not all this automotive asbestos
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will be released to the éimospherc. Hence, che estimace of how much
actually is worn away annually is 74 million pounds, but only a small
amount of which is released as fibrous macerial.

Tests performed on brake linings have indicated that under con-
ditions of normal usage, considerable alteration of the asbestos occurs.
One scudy has reported that most of the dust collected from brake drums
is nonfibrous and is similar {n appearance to cherzally degraded asbes~
tos, and it was suggested that the temperature at the points of contact
of brake linings and drum actually reaches levels at which thermal degra-
dation of asbestos can occur.<%’

Three research studies of asbestos emissions from brake linings
give escimated percentages of free fiber at 1% or less, 0.3%, and less
than 0.02%, respectively.25:26,27 1 the first of these studies, it
was estimated that annually in the United Staces there are 239,340

_pounds of asbestos fiber emissions  rom cars, buses, and trucks and

that, of this amount, 204,952 pounds drop out on the roadway; 7,655
pounds become airborne, and 26,733 pounds are retained within the brake
and clucch housinss.'z§ These atmospheric emissions are of greatest
concern in ubran areas near traffic routes with high volumes of braking
vehicles.

Electron and light microscopy were used in a recent study to
analyze the nunber and size of asbestos fibers collected from air at
four Los Angeles freevay loop sites and froa upwind ambient air controls
within 200 fest of the freeway.ld Concentrations of chrysotile ashestos
atc the four freeway sitas were low, generally in the range of Q¢ to
12,000 electron-microscope-visible fibers per cubic meter, and thay did
not differ significantly from concentrations of chrysotile in the matched
upwind ambient air samples (0 to 9,000 fibers psr cubic meter). Concen~
trations of amphibole asbestos did not diffar between fresway or controls
(1200 fibers per cubic meter). There was no correlation of asbestos
fiber concentrations in the freeway sanples with number or speed of
motor vehicles passing by during the sampling pericds, nor vas there a
correlation with wind direction or velocity.

Measurements were also made of chrysotile and amphibole asbestos
at the San Francisco Bay Bridge toll plssa, and the concentrations there

'Thcrc is apparently an error in data used in this study from "Brake
Emissions: Emission Measursment from Brake and Clutch Linings from
Selected Mobile Sources," March 1973 EPA (NTIS #68-04-0020). Total
enissions should have been 239,340 pounds and, thersfors, the other
emission figurss have been scaled up accordingly in this monograph.
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were found to be 1,400 electron-microscope-visible fibers of both types
rer cubic meter. This compared with an average San Francisco Bay Area
acmospheric chrysotile concencration of 500 fibers per cubic meter.ld

Sgraz Ashestos

From 1958 through 1973, spray materials containing 10T te 1302
asbestos by weight were used extensively to fireproof girders, spandrels,
and decking of high-rise office buildings, and use of spray '3b§§:°. for
decoracive and acouscical purposes dates from the aid-1930s.17"

Erosion of such spray materials alone may cause asbestos fibers to enter
building air, but the materials might also be damaged and dislodged-~-as,
for example, by workmen repairing fixtures inside the space between a
ceiling and the floor above. In large office buildings, air is often
returned to the ventilation system through these spaces.

A recent study of public buildings in vwhich asbestos sprays
had been used showed that there were elevated levels of asbestos within
the buildings, as compared with the air outsids. Also, the difference
between inside and ocutside air was greater in the case of fibrous-
sprayed buildinis than in the case of buildings sprayed with cementi-
tious asbestos.<$

Flaking of sprayed asbestos from ceilings has been reported
{nside schools, libraries, dormitories, and warehouses.l?,29,30,31
Air concentrations may range from 0.02 optical-microscope-visible fibers
per milliliter under quiet conditions to 4.0 per milliliter during dry
dusting.31

Prior to implementation of federal regulations on asbestos-
containing fireproofing materials,” data were obtained at various
building sites in lower Manhattan where such materials vere being
sprayed.32 Generally, average atmospheric concentrations within one-
quarter mile of & comstruction site were at least twica the background
level. Current spray naterials that contain 1% asbestos or less may be

*Spray-on materials used to insulate or fireproof structurass, pipes,
and conduits must contain less than LT asbestcs on a dry-veight basis,
and, for the spray application of material containing more than B |
asbestos used to insulate or firugroot machinsry or equipment, no
visible emissions are permitted.2Z Spray-on paiats, decorative aate=~
rials, and weatherproofing are not regulated.
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expected CO result in no more than one-tenth of the elevated asbestos air
concentracions that accurred previously.

*
Exposures from Disposal of Asbestcs Products and Wastes

Solid wastes produced from the manufacture and use of asbestos-
concaining products and from demolition’ can be emission sources, and
{n the past, chese wasta materials were often disposed of without
vregard to their emission potential. Moreover, their disposal may rasult
in the mingling of asbestos-containing wastes with municipal wastes in
open dumps, thus creating a long-term amission source.

Industrial asbestos wastes include process wastes such as dust,
slurries, waste from overspraying, and mill tailings; waste collected
by air control equipment (e.g.. zhe dust from sawing, grinding, drilling,
ecc, that s vented to conctrol devices); scrap; and emptied asbestos
shipping bags. This lacter i{tem, the bags {n which the milled fiber is
receivad, is an asbestos-containing waste common to almost all manuy~-
Facturers of asbestos products. I[f the bags are not shredded and {ncor-
poraced directly into the product mix, they are incinerated or disposed
to landfill, sometimes sealed in plastic bags. Occasionally, they may
be treated like nonasbescos wastes and result in exposures to unknowing
handlers .23

Water may becoms polluted with asbestos fibers i{n manufacturing,
particularly in the paper and cement product industries, and during uaa
in wet cyclones for cleaning exhaust gases from faccories. The slurry
waste from such processes nay be diractad efther {nto sattling ponds and
the water recirculated (tha dried waste disposed to land), or it may be
dumpad directly into convenient sewers, rivers, or ].ake:.3 In either
case, but especially in the latter, it can contribute to contamination
of the environment with ashestos.

The results of & survey of waste dispoeal mathods used by asbestos
praducts manufacturears show that 372 of 97 plants surveyed used dumps
for wastes and that 13.4% used landfills. (The remainder reuse,

*Sea also Raference 19.

+Fcr years, asbestos has been incorporated into material such as insulas-
tion, cement sheet, roofing, and floor tiles and used in constructing
industrial and commercial buildings and ships. (For the most pare,
single-fanily vesidences contain only small amounts of asbestos insula-
tion.) When such buildings and ships ara demolished, areas of locsened
asbescos, especially from i{nsulating materials, are open to the apbient
air and can emit fibers. Obviously, demolition will continue to be &
source of emissions in the futuve, requiring control measurss.
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sell, store or wet-slurry their wvastes.) Of greatest concerz from the
standpoint of emissions are those wastes that are disposed to uncovered
dumps . . B a

Asbestos mills generate vast quantities of waste. Whereas a large
manufacturing wvaste disposal site may have & surface area of 12,000
square seters (about 3 acres), a large amtll cailings disposal site may
be 400,000 square meters (about 100 scres). Mill waste may contain from
less than 1% ssbestos by weight, as in the case of the Vermont aill, to
over 30% asbestos, in some California operations.

Obviously, there also are opportunities for asbestos emissions from
the disposal of noninduscrial wastes, which constitute the majority of
asbestos wastes disposed to land (Figure 3). Most notable of thase
wastes are those generated by the renovation and demolition of ships and
buildings, which may contain large amounts of friable asbestos insula-
tion as well as many other asbéstos produccs.

Three studies of asbestos concentrations in air near asbestos waste
dumps, all conducted prior to the establishment of EPA standards in the
fall of 1975, have been published.13,19,34 [t is apparent from these
studies that atmospheric asbestos concentrations {n the vicinity of
waste disposal sites, often in urban areas, sre cousiderably higher than
background concentrations~~perhaps 10 to 1,000 times higher-—and may
even spproach occupational levels. (The reavised EPA asbestos standard
that went into effect after these data were recorded may help reduce
emissions.)33

Exposures of Asbestos Workers' Families

Families of perscns employed im the asbestos industry may be sub~
jected to asbestos contaminacion that augments their exposures from
other sources. Workers may bring asbestos fibers home on their skin or
clothing or om equipment such as lunch boxes and automobiles. Atmos~
pheric concentrations of asbestoe in the homes of asbestos vorkmen have
been reported to be 100-500 nanograms per cubic meter,28 concentrations
sinilar to estimated concantrations in the vincinity of asbestos mines
and mills and much higher than the 0.09 to 70 nanogrameé per cubic mater
reported in soma U.S. cities.*14,13

Exposurs to Asbestos in Drinking Water

Drinking wvater is ‘onc of the possible routes by vhich humans aTe
exposed to asbestos. Concaminatton of drinking water msy be due pactly

*It {8 known that occupants of households of asbestos workers have
elevated rates of asbestosis and mesothelioma.3
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to erosion frem natural deposits of serpentine and other asbestos-
containing macerials found throughout the United States, as noted pre-
vicusly in this chapter ("Redistribucion and Fate of Asbestos in the
Eavironment"). Substancial concamination may also result from improper
disposal of asbestos wastes. These wastes may be effluents chat are
directly discharged into water systems, or they nay be released to the
atmosphere or disposed of on land and subsequently join the water
system.

Another potential contaminacor of drinking water is the piping
and pumping of municipal water distribution systems. About 200,000
miles of asbestos-cement pipes are used to carry weter to U.S. consumers,
and the gigcs provide a source of asbestos fibers from leaching and
erosion.’;38 Caskets and insulation used in treatment and in pumps ate
other possible contaminators.*

The major difficulcies in determining the asbestos content of weter
are discussed in Appeandix C. Furthermore, most of the analyses that are
available are for "grab" samples--sanples of a few liters of water that
are taken from one source at one time. The degree to which grab sam-
ples represent the characteristics of an entire municipality's wster
supply over location and time could be questioned--some municipalities
receive their water from several sources, and seasonal and climatologi-
cal variations can change the asbestos content of water.'

For this monograph, data on the concentration of asbestos in drink-
ing water wers axtracted from 9 different published sctudies, represent-
ing 105 water supplies in the United States.0:7,39=43 (Sea also Appen=-
dix E.) An effort was made to select data only for finished drinking

*A study of asbestos concentrations in two water systems using asbestos-
cement pipes revealed average increases of 0.074 and 0.004 micrograms
of asbastos respectively per liter of water at_the tap./ Laboratory
tests conducted by the EPA37 and Johng-Manvilla’ on sections of
ashestos—-cement pipe also have shown increased concentrations of fiber
in water. However, a recent (February 1978) report showed no signifi-
cant release of chrysotile asbestos from asbestos-cement pipe exposed
to the action of "moderazely agrassive' water.38 -

+In San Francisco, water from other sources is supplemented by water
from a reaservoir that is located in a chrysotile rock area. (Recall
also the study mentioned previcusly that showed higher asbestos fiber
councs in Philadelphia and Atlanca water supplies during periods of
high river flows in the surrounding regions.) Further, a study pub-
lished in 1974 found that the amount and minerslogical nature of sus-
pended solids in the Duluth water supply is most evident when heavy
rainfalls are followed by an increase in the amount of suspended
solids resultiag from river runoff and shore erosion.39
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vater--some of the samples were taken from taps in the water supply
system; others were taken at municipal water stations. Also, only
studies in which electron~microscope measurements were made are inecluded.
The cities in the studies were not selected to be representative of U.S.
c{ties; indeed, scme were selected because sshestos was suspecced co be
in their drinking water.

Chrysotile fibers, amphibole fibers, or both were fouand to be
present in 56 of the 105 wvater supplies. Fiber concencrations {n indi-
vidual samples varied betveen the lower limit of detection and 130 mil-
lion electron-microscope-visible fibers per liter (for only two cities
did the sampley range over 40). Mass asbestos concentrations in indi-
vidual samples viaried between below-detectable and 800 uicro;rana per
liter (for only three cities did the samples range over 60).

Exposure to Asbescos in Foods and Drugs

Asbescos contents of food and drugs have not been well-established
to date, and the FDA has no regulations concerning the content of
asbescos in foods and nonparenteral drugs.

Foods may be contaminated during their agricultural phase from
asbestos in air and soil end from asbestos impurities in talc used 2s
a pesticide vehicle. Uptake of contaminated water by plant roots, as
wall as deposition of contaminaced water directly onto leafy surfaces
by sprinkler irrigation, ars possibilities, but no published litera-
ture has been found to substantiste chem. One instance of accidantal
contamination of food in the course of transportation has besn docu-
manted.46

Processed foods may become contaminated with asbestos sither from
water used in their preparation or from the uss of asbestos filters,
adhesives, rubber, and resins {n proceseing and packaging.4? Foods for
which asbestos filters are used may include beer, wine, liquors, fruit
juices, sugar, lerd, and vegatable 0i1.43 Asbestoe filters have also
been employed to process cider, condiments, drinking vater, mouth~
wuhu. sytups, tonics, and vinegar.%9

The authors of one study found between 1.1 and 6.6 uillion
electron-microscope-visibla fibers per liter ian U.S. end Canadian beer,
and betwesn 1.7 and 12.2 million fibers per liter in Canadian soft
drinks. They elso reported between 1.3 and 11.7 million fibers par
liter in wines from verious parts of thse world.30 In another study,
between 13.1 and 24.0 mtllion fibers per liter vere found in one

*Sonc authors reported their daca as fibers per liter, some reported
micrograms per liter, and some reported both.
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manufacturer's gin; the water used in the processing of gin contained
between 3.3 and 8.7 million fibers per Liter.5l

Any estimate of the quantity of asbestos consumed with food must
be purely speculative since virtually no concentration data have baen
reported. The FDA has reporced that under test and market conditions
certain foods contained less than 10 ppb asbescos.52

Asbescos filrers also have been used in tha processing of drugs
and blood plasms. But since April 1975, as noted in Chapter I, the
FDA has disapproved their use in preparing parenteral drugs and bio=-
logics., Asbestos filters may be used, however, in the manufacture of
nonparenteral drugs and their ingredisntcs.

Tale, which may contain asbestos as an impurity, has been used in
the manufacture of medicinal capsules and tablets and has found varfous
other uses in medicine and dentistry.53-55 Algo, tale may be added to

processed foods, either directly as an ingredient or 1nd1rcctlg as a
form release agent or as a constituent of packaging materials,i6-66

68 DUP 0931710

DU 035447



Chapter VI
CONTROL OF THE ASBESTOS HAZARD--
PHYSICAL CONTROL

Three program approaches for concrolling the advarse health effeccs
of asbastos fibers in man's environment are presenced in this and the
following two chapters. These approaches are:

¢ Physical control of human exposure to asbestos

fibers-~i.e., reducing the contact between man and
the fibers

e Medical surveillance--measures taken by physicians
and other health-care personnel in behalf of asbestos- -
exposed persons

¢ Education--ultimacely, of course, of persons exposad
to asbestos fibers so that physical and medical con-
trol measures will be of maxiaum effectiveness, but
also education of persons who are in a position to

motivace those who are exposed, and other persons with
responsibilities for asbestos-control measures.

Reducing the extent of contact between asbestos fibers and man can
be accomplished by actions discussad in this chapter. Such actions
inelude: (1) engineering of the materials, processes, and facilities
for uctilizing asbestos commercially; (2) administrative measures that
relats to the persons who might be exposed; (3) improvemenc of work
practices; (4) control of emissions and asbestos wastes; and (5) con-
trol during transportation of asbestos raw materisls and products. The
chapter includes a section on the epplication of control measures in
geveral specific manufacturing and consumer industries.

Engineering Measurss

Control of airborna asbestos fiber by engineering methods is not
greatly different from tha control of ocher solid particulate matter
having a similar aerodynamic size, though some special problems and
technologies may ba involvad. Engineering control mecthods includa:

e Enclosure

e Exhaust ventilation

¢ Tlsolation -

67 oup 0931731

DU 035445



¢ Plant design
e Treatment of asbescos

e Substitution of slternative materials.

Enclosure

Unless borne by wind, dust particles, even whea impelled at
extremely high velocities, travel only a short distance in air——a few
inches at the most. This behavior {s particularly true of asbestocs
fibers, due to their low mass and serodynamic characteristics. Because
of the short travel distance, a good start toward control of asbesces
dust generaled by machine operations is enclosure or hooding. However,
enclosures musc often have cpenings, to permit manual operation of a
machine or so that the machine may otherwvise carry out its functiom.
Hence, there must he a continual i{nflow of air {nto the unit at suf-
ficient velocity to prevent the escape of asbestcs dust. For many
operations, an intake velocity of 200 feet per minute ac the face of
an enclosure is adequate. Enclosures for high-velocity wheels or
operations involving very large partis require special cars in design.

Exhaust Ventilation

Adequate exhaust ventilatiom, with negative pressure, must be pro=-
vided for enclosed araas to remove airborne fibers. The design of a

proper exhsust system is critical and should be accomplished by persons
who are experianced in the principles of air movement and othsrt ifsportant
aspects of ventilation-system design.

Dusts for asbestos operation carry air at velocities ranging from
3,000 to 5,500 fest per minute. The lover velocities are used vhere
relatively smsll concentrations of well-divided fibers must be carried,
such as in the dust-control systems at textile plancs. The higher
velocities are used vhere apace is restricted and where larger piecas of
naterial must be carried, as in dust systems for machines that cut and
shape brake shoes or asbestos-cement pipe. Most systems, including low-
pressurs penumatic comveying systems, function well at velocities of
4,000 co 4,500 feet par minute.

All parts of asbestos control systems should bs maintained under
negative pressure to prevent leakage of dust into the plaant from locse
joints and open sesms, as well as to ensurs adequate collection at hood
faces. Another major consideration in'a plant's ventilation system is
the provision of make-up sir-—the amount of make-up air introduced
should slightly excesd the amount of sir exhausted. A mechanical air
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supply system,.rather than "natural” room veatilation, ig preferred
and, {n mosc-cases, necessary to achieve the necessary ventilatcion per-
formance.

Many specifications for duct contruction design may be found in
Induscrial Vencilacion issued by the American Conference of Governmental
Industrial Hygienists,t

Even with a ventilation system that is designed and buile sccording
to good engineering principles, periocdic measurements must he made to
determine that the system i{s adequately balanced and performing accord-
ing to design. Such measuremant include:

e Static pressure

o~ Alr flow

e Supply, capture, and conveying velocities
e Pan performance.

Frequent measurements are essential, since plugging and wear can cause
variations {n the balance and, hence, efficiency of the system. .

Isolatcion

"Dirty" operations in the asbestos industry ere frequently isolated

to ninimize human exposure to ashestos fibers. For some cperations,
particularly vibrating screens and bagging at asbestos aills, such
engineering measures as ventilation and enclosure have not been able to
reduce airborne ashestos levels below the two=-fiber time-weighted-

average liait, thereby necessitating isolatiom.

In addition to reducing fiber levels through a plant, thare are
other advantages in isolating asbestos~fiber-emitting operatiouns snd
rescricting sccess to them: (1) an employee working at a duscy opera-
tion is not so likely to relax his aedharence to rescrictive work prac-~
tices if he is separated from fellow employees who ere vorking freely at
operations that prasent no exposure hazard; also, {solation can
(2) reduce costs for local exhaust ventilation, and (3) make for more
efficient housekeeping.

Unloading and storage of asbestos is another candidate for isclation
because of dust from bags that are inevitably perforated by in-transit
shifting or careless loading. Such bags should be repaired--or the
asbestos rebagged—and vacuum~cleaned within the boxcar before being
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transferred to the warehouse. Also, of course, careful unloading is
required to minimize bag breskage.

Bag-opening stations, as well as being enclosed and ventilated,
should be isolated from other oparations in the mixing or compounding
ares. The emptied bags themselves should be "isolated" by being rolled
up within the opening station's ventilation hood and put into either a
clean, sealed bag, a shredder, or a tube that conveys emptied bags to an
{solated, enclosed, central collection point from which they are ulti-
mately disposed of in sealed containers. (In some industries, bags csn
be mixed with other material and submersed into the manufacturing pro-
cess.)

Plant Dcsigu

Not often is industry afforded the opportunity of designing and
constructing & plant to specifications that place such hazard control
measures as i{solation and dusc control at the forefront of priority.
As & rule, process flow efficiency, quality control, and cost factors

receive higher priority. 3But enlightened management is sware that v

effi{ciency, product quality, and cost savings do not necessarily con-
flict with design for health and safety.

An ideal design for isolating a duscy work area is one im which
entry can be made ouly through locker and clothes-change rcoms. Two
locker rooms, saparated by a shcver room should be provided=--one for
sctreec cloches, the other for work clothes and protective equipment.
Interposing a shover bath between the two locker rooms makes taking a
shower at the end of & shift more likely. (See Pigure 3.)

The contaminated change room should be under negative pressure,
with the exhasust air directed Co & suitable collecting system. Air flow
between the two locker rooms should be toward the contaminated toom. Lf
connecting doors between change rooms and shower are self-closing and
wvell sealed, it may be possible to use the separating shower room as
an air lock.

Some other isportant comsiderations 4in designing for asbestos fiber
control ares

e Ingineering a dusty operation so that it can be handled
by as few employees as possible.

e Including a protected cbservation area next to an isclated
work ares so that emntry of supervisory personnel and
visitors can be kept to a minimum.
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e Planning the layout so that airflow into hoods.
enclosures, and other exhaust equipaent is not disturbed
by drafts from fans, vindows, and doors, Off-set doors
with indirect, right-angle entries help to deflact

- and diffuse {ncoming air currents.

e Constructing inceriors such that beams, pipes, and

ledges do not serve as areas whers airborne asbestos
can settle.

Treatment of Asbestos

There ars various methods of treating loose asbestos to reduce
fiber emissions. One of the most effective is wectting. Although not
applicable to operations that will not tolerate moisture, such as the
manufaccure of friction products, wetting can be used in mining and
milling and in the conscruction industry.

At present there is one asbestos mill {n the United States that
utilizes wet processing. Atthisaill, asbestos is separated from

heavier rock chrough a series of flotation devices. It is then col- .

‘lected betveen pillow filters and extruded and dried in pellet form,
or it is fluff-dried and packaged as loose fibrous material. Dust
control is needed only for pelletizing and bagging the finished product.

Use of pelletized asbestos, which can be pumped pneumatically into
enclosed railroad cars and unliocaded cthrough gravicy release at its
destination, has been tried in the manufacture of friction products
and textiles but with little success. Thess products require long

fibers, but pelletizing bresks fibers inte shorter, unusable, lengths.
The shorter fiber length of pellatized asbestos should presenc less of
2 problem in the manufacturs of other asbestos-containing products.

A recent uethod of treatment to reduce airborne fibers in the
asbestos textile industry is the applicacion of polymer to asbestos
yarn.2 Such a coating, however, IE not useful where Eﬁc inhereat sur~
face characteristics of asbestos fibers are required, parcticularly vhen
the fibers are to be bound in a matrix with other materials.

Treatmant of asbestos with anti-duscing lgcncs aay be helpful.
These agents ara viscous liquids that are applied to dry asbestos by
spraying or mixing. The fibers ars then dried at room tempsrature. 3
This procedure retains the performance criteria of untreated asbestos.

Substitution

Although the use of asbestos is well cn:;cnchcd in many important
applicacions, it is likely that substitution Will plsy scme future .
role in reducing the health hazards from asbestoe. For exaxple, ooe oL

72

DU 0354,

k.




the largest asbestos users, the U.S. Navy, has issued an "Instruccion'
that asbestos not be used i{n construction, averhaul, repair, and mainte-
nance where suicable alternative materials have been designaced.

Materials that have been investigated as possible alternacives to
asbescos include:

Fibrous glass Steel wool Rock wool

Kaolin wool Slag wool Exfoliated vermiculite
Silica Cellulose Potassium titanate
Ceraaics Sintered metals ) Carbon fibers

Few alternative materials have proved as satcisfactory as asbestos due to

lack of strength, heat resistance, flexibility, or durability, or because

of cost., Moreover, since attention has been drawn tc the possibility

that inhaled fihers other than asbestos may be carcinogenic,% it is

essencial that the toxicity of proposed asbestos substitutes be evalu-~

ated. -

In cerzain induscrial processes where asbestos is used as a binder,
less toxic materials have been substituted with little effect on the
quality of the product. This has been the case in the manufacture of
rubber, plastics, and variocus adhesives and cements. Similarly, less
asbestos aight be used in paints, coatings, caulks, sealants, and joint
fillers.

Satisfactory asbestos substitutes have been developed for a variety
of reinforced plastics and resins and for {nsulating materials. Por
cricical insulating applications, however, the strength and heat
resistance of ashestos cannot be duplicated economically.

Not many replacemants have been found for asbestos in paper pro-
ducts in which the heat resistance, chemical {nertness, and electrical
and {nsulating properties of asbestos are highly valued—products such
as mill board, roofing felts, pipe coverings, fine quality elsctrical
and insulating papars, and asbestos-latex flooring faelts. Glass cloth,
felt, and thread have found limited epplication in reofing and floor-
ing underlaymencs, but in the majority of these paper products, isbes-
tos fibers sre still used.

Two of the mors successful asbestos substitutes, sada=-lime-silica
and high silica glass fibers, ars viewed briefly below.

Soda-Lime-S{lica Glass Yibers

Soda-1lims-silica glass filsments, made by highly refined
processes involving the use of platinum dies, are of high quality and
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uniform size. Some are less than one~half micron in diameter and are
adaptable to highly speciaslized uses, such as weaving into fabrics.

Glass fibers will nat burn, but they will soften and coalesce
at temperatures which vary sccording to the composition of the glass.
Their heat and moisture resistance is limited by the organic film
applied to thea during msnufacture to improve processing and to reduce
breakage during subsequent plying and weaving operations. (Without
such a coating, the fibers are more brittle and self~-abrasive.) High~
terperature properties are impaired to some excent, but the fibers will
withstand temperatures up to 1,20Q°F,

Exposure of very fine glass fibers to vater vapor results in
relatively rapid deterioration, making them less resistanc than asbestos
to the effects of steam and moisture. Attempts to use them {n place of
asbestos in asbestos-cemant products have been unsuccessful because of a
chemical reacction, becween the glass and cemeant, that decomposes the
fibers.

Glass fibers ave efficient thermal insulators in types of equip~ -
ment, such as stoves and refrigerators, where conditions are not corrosivet
Their high tensile strength, greater thermal stability compared with
organic fibers, and electrical resistance make them suitable for elec-
trical insulation. Glass fiber is used {n conjunction with aaggatos.
or as an optical alternative materiel in Navy shipboard cable.

A glass-asbestos cloch designed during World War II to extend
the supply of asbestos textile fibers has continued in use as a covering
on thermal insulation applied to piping on naval vessels. It is woven
with a plied yarn, having one strand esch of glass and asbestos.

Glass fabrics or combined glaes-esbestos fabrics have soze
advantage over asbestos textile products because they are lighter and
stronger, but they ars generslly less resistant to flexure, abrasion,
and chemical sction. Fabrics made of interwoven glass and asbestos
yarns are being made in nany weights and colors for use as theater
curtains and fireproof draperies.

: A8 & substitute for asbestos in friction equipment, glass fiber
has, {n genersl, given unsatisfactory results, chiefly because of the
poor abrasive characteriscics of glass.

High~Silica Glass Fibers

Glass fibers approximating vitreous silics in composition
are superior to scda~lime-silica glass fibers in resistance to the
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accion of vater vapor and high temperature. They are difficult to manu-
facture, however, because fused silica is extremely vigscous at its
zelting point (1,7259F).

Administractive Measures

Administrative measures are a complement to engineering control of
the hazard in the wvorkplace. Possible administrative messures fnclude
(a) limiting the number of employees exposed, (b) limiting the duration
of exposure for any given person, (c) restricting smoking and eating in
the workplace, and (d) smoking cessation programs.*

Limiting the Number of Employees Exposed

The number of employees exposed to excessive airborme concentra-
ticns of asbestos may be limited by:

¢ Restricting access to contaminated areas (this measure can
also involve engineering design; hence, also see "Tgolation"
and "Plant Design" further on in this chapter)

¢ FReducing to a minizum cthe nunber of persons handling
" asbestos

e Conducting particularly dusty operations during shifts
vhers the number of persons in the plant is at s minimum.

Smaller numbers of continucusly exposed eaployees are more easily

and effectively trained, controlled, and protected than a larger group
that is only casusally and occasionally exposed.

Limicing tha Dureticn of Exposure for Any Givem Person

As notad previously, the OSHA standard for asbestos {a an 8-hour
time~weighted average of no more than 2 fibers, gresater than 3

'Ano:hez adainistrative measure, which has been used in the British dye-
stuffs industry in coanection with cancer control,® would be to give
preference to job applicants who ars of an advanced age and who have not
praviously bean occupationally sxposed to asbestos. The reasouning here
is that the risk of devaloping ssbestos-related cancer during the em=-
ployees' lifetizes will be somewhat reduced. Howevaer, while this uess~
ure may have soms basis in thaory with regard to luang cancer, it doas
not take into accsunt other asbestos-related diseases or even the pas-
sible aggravation of adverse health conditions not normally considerad
to be asbestos-related. Moreover, there are othar ethical and econoaic
considerations that would need to be explored. Still anocher possible
administracive measure--giving praference to job applicants who do not
sncke (because of the greater risk to smokers)--would appear to be sub-
ject to the same considerations. DUP 0931719
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aicrometers in length per milliliter of air; also concentrations muse
never exceed 10 fibers per milliliter. This means that during any single
shift, employees may be expcsed to airborne asbestos levels above 2
fibers per milliliter so long as such excursions are compensated for by
equivalent reductions in exposure, axcept that in no instance can the
exposure exceed 10 fibers per milliliter.

As an example: employees on a shift can be exposed for 4 hours
to an airborne asbescos level of 4 fibers per milliliter, which
{s equivalent to a 2-fiber exposure for 8 hours, as long as they
are subject to zero exposure for the remainder of the day. The
rezaining four hours of the shift would be covered by employees
who had received zero exposure during the first half of the 8-
hour day. Or, for example, a worker could be exposed to an air-
borne level of 9 fibers per milliliter for 1 hour, as long as he
was exposed to & level of no more than L fiber per milliliter
for the remaining 7 hours of the shife,

Concrol of exposure using averaging is deficient in a number of
respects since, in effect, it is assumed that: (l) exposure levels will
remain constant, not fluctuate; (2) the worker receives no asbestos
exposures, on or off shifc, other than those associated with his work;
(3) 2 fibers per milliliter greater than 5 microns in length is that
level at which, for practical purposes, there is zero physiological
tesponse; and (4) cthe submicron fibers g:eson: but not counted are
unimporeant form a toxicity standpoint.” Other assumptions are that a

sufficient work force i{s available for required alternation of person-
nal, and that econoaics (increased payroll) is not a faccor.

Restrictions on Smoking and Eating

For any toxic materials, a strong corporate stand should be estab-
lished against the practice of eating, drinking, or smoking on the job.
These activities should be restricted to a designated, clean location
visited only afcer established decontaminacion procedurss have been
followed. 1If such action represents a change ia policy, the change
should be clearly and frankly explained as 2 step being taken to pro-
vide a safe work environment.

*I: is noted in a receat publication that asbestos fibers longer than

S um having a length-to-diameter ratio greater than 3 (using 430x phase-
contrast light microscopy) account for approximately 2% of all asbescos
fibers present in industrial sectings and that, hence, every fiber
greater than 5 um in length correspoands roughly to am actual fiber
count of 50.
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Smoking Cessation Programs

Because of the interaction of tobacco smoking and working around
asbestos {n producing lung cancer, and since smoking is & health hazard
in its own right, s smoking cessacion program might be undercsken as a
cancer control measure. Unfortunately, however, the various prograas
that have been tried have rarely brought about significant long-term
cessation, although smoking rates have been reduced. [t is possible
that recent moves of federal and state governments to restrict smoking
in public places* and public-service media campaigns to educate the pub-
lic on the hazards of smoking could {mprove the efficacy of cessation
programs,

Various approaches to smoking cessation are discussed in Appendix E
of this monograph with a view to providing a broad perspective of the
available options. If it is decided that a smoking cessation progran
should be undercaken, the discussion should be of help to the health-
care worker in selecting an appropriate program.

Work Practices, Including Housekeeping and Use of Personal Protective
Equigmenc

Changes in work practices often may be the most cost-effective way
of reducing occupational exposure to asbestos, Some of the ways in
which work practices may be modified include:

e Mixing asbestos mortar in closed polyethylene bags rather
chan in mortar boxes or buckets.

e Maintaining central fabrication shops from which insulation
matarial is sent to the field for installation with minimal
on-gite cutting or sawing.

e Permitting power tools to be used only in central shops.

e Using single-point cutting and chipping tools, rather than
saws or cutting equipzent using abrasion.

e Jettisoning polyethylene bags i{nto the product mix when
possible.

e Substituting vacuuming for the blowing off of machines and
" aquipment with compressed air.

Good housskseping (as discussed in more detail balow).
Use of personal protective equipment (also discussed below).

*Slnce 1976, 19 states have pessed & tocal of 23 antismoking ordinances
that restrict smoking in public places of recreation, waiting rooes of
health facilities, and restaurants.
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Hounckecgin!

Good housekeeping is essential to reducing lavels of airborne
ashestos. Waste marerials such as rejects, scrap, shavings, or other
debris should be picked up and placed in plastic bags. AL the end of a
shift, these bags should be taped shut, labeled as to the hazard con=-
tained therein, and disposed of.

Asbestos dust on floors, ledges, equipment, overheads, and other
plant surfaces can become airborne when disturbed by drafts or work
activicy, and it should be removed. Swveeping is not che vay to remove
it, however, because the fine fibers are entrained into the air and
deposited on remote ledges, pipes, and other inaccessible surfaces.

Nor is wet mopping a satisfactory way of cleaning, since it cends only
to spread the dust areund. Vacuum cleaning {s the recommended methcd--
preferably a centrel vacuum syscem.

Personal Protective Equipment

The control measures previously discussed in this chapter can sig-
nificancly reduce exposure to asbestos fibers, and they must be employed
firse. 1f, however, these measures are not sufficient, or if an unex~
pected event creates a potencial for exposure greater than the maximum
permitted, personal protective equipment will be necessary. To reiter-
ate, respirators and protective clothing msust alwvays be available, but
they should never serve as a replacement for enginearing control mea-
sures.

Rcsgira:ors

Respiracors may alwvays be necessary during the cleaning or
repair of exhaust ductwork or during manual shakedown of collection bags
in baghouses. Also, this form of protection may be the only feasible
method of controlling asbestos exposures during the removal of thermsl
insulation or the application of soma asbestos produccs.

The use of respirecors {s not to be taken lightly, however.
Since the devices place z burdem on the respiration of the vearer--and,
at bedt, are a nuisance——a determination must be made as to whether an
individual can use the equipment and perform whatever work it is that
he i{s assigned to do. Factors that must be considerad in such a deter-
mination include: physiologic/physicel ones such as oxygen needs for
the task, hair, beards, and glasses; medical conditions that may be
present such as pulmonary or cardiovascular disease; and psychological
disposition toward wearing a respirator.

The type of reepirator needed--for example, poversd versus
man-powered——will be dictated by the preceding factors as well as by the
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concentration of airborne asbestos £iber.8 (The concentration of fiber
should alveys be rechecked vhenever there are significant changes in
process, control, worksite, or climate.) Respirators require proper
ficting, maincenance, and cleaning to be effective.

The elements of an acceptable respirator program are sec forth
by the American Natiocnal Standards Institute (New York) in ANSI Standard
288.2-1969 "American National Standards Practices for Respiratory
Protection,"

Protective Clothing

Special clothing, not to be worn outside the workplace, should
be worn by all asbestos workers--not only to protect them, but to curtail
axposure- of other persons.

The most satisfactory basic protection is afforded by coveralls,
preferably made of cotton-polyester material--cotton alone cannot be
used, because static build-up causes fibers to adhere to the cloth
tenaciously. Disposable paper coveralls, although they are compars-
tively inexpensive and they eliainate the potentisl for exposure of
laundry workers, are easily torn or perforated by body movement, chenmi-
cal action, or sparks. loreover, some types of paper suits are hard-
finished and nonporous, almost sirtight, and they can lead to heat
stress if worn over street clothes. The coverall garmant should be one-
piece, without pockets, cuffs, or rolled edges, and with adequate clo-
sures for necessary openings. Coveralls should be clean each day and
must never be worn away from the plant.

A head covering (s also required, and lightweight paper
surgical-type caps ars satisfactory. Hard hats do not prevent the accu-
mulation of fibers in the hair, and, where the hats are required, a paper
cap should be worn under them.

Foot coverings, in the form of canvas booties, rubber galoshes,
or safety shoes, are also needed. Either form is satisfactory as long
as they are not worn away froa the plant.

Street clothes and personal effacts should be kept in a "clean
conditions" room, and work clothes and protective aquipment should be
kept in a "contaminated locker" rocm. (3ee Figure VII-1.) When personnel
leave a restricted vork area they should enter the "contaminated locker"
room and resove clinging asbestos fibers by using a vacuum equipped with
a filtered exhsust system. Protective equipment should be removed
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(respirators last) and deposited in the '"contaminated locker" room lockers.
The worker should then showar and put on his personal outer clothing in
the "clean conditions' room.

If laundering of work clothing is done by an outside laundering
service, rather than in the planc, the laundry service should be advised
in writing of the asbestos hazard. When collected for laundering, the
clothing should be vecuum-cleaned, dampened, packed in plastic bags,
sealed, and clearly marked "Asbescos Contaminated Clothing--Wet Before
Handling."

Control in Specific Manufacturing and Consuming Industries

Following are some observations on exposure control as it relates
specifically to several major asbescos manufacturing and using indus-
tries and to demolition and rip-out. Generally speaking, control of
asbestos exposure outside of mzining, milling and manufacturing indus-
tries is difficulc--persons at risk are less aware of the hazard and of
proper work practices, and, moreover, engineering controls and personal
protective equipment may be lacking.

Asbestos Textile Production

Control of asbestos exposure during production of asbestos textiles
has presented a greater problem than during the manufacture of other
asbescos products. In part, this may be due to the use of machiner
chat was originally designed for processing other, less toxic, fibrous
materials.

Fiber preparacion--which i{nvolves fluffing, grading, beating, and
combing and which generates heavy concentrations of dust--is followed
by the aixing of asbestos with another material such as cotton or rayon.
Dust from these operations must be controllad by enclosures and venti-
lation.

Carding, twisting, spioning, weaving, and braiding of fibers are
dry processes which, by their physical arrangemenc, are very difficult
to enclosa and ventilate, and it appears that curreat technology canmot
eliminate excessive exposure from these operations. Control of tempera-
ture and humidiry and general room ventilacion have been used to reduce
axposures. Lt is usual practice to keep the vencilated room at a
slightly positive pressure to help maintain proper temperature and
humidity, and since the rate of air change is often as frequent as
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one complete change every 6 minutes, it is necessary to recycle the air
before cleaning.

Asbestos Paper

Since much of the paper-making process involves wet materials,
litcle dust i{s created. DOrying is usually accomplished by passing the
wet sheet over steamheated rollers, which gradually remove the moisture.
The low-pressure, higheexhausc-volume hoods that are used to collect
the water vapor and to transport it away from the drying paper also
serve to remove any asbestos dustc that may be released during the dry-
ing operation.

Bulk packaging”of paper products by winding them on spools, reels,
or bearis is a dry operation, but local exhausts and vented area hoods
are effective dust-control measures for this operation.

In general, the use of hydropulpers with pulpable bags; proper
ventilacion rataes; and the control measures mentioned previously will
serve to maintain asbestos exposure in paper making at acceptable
levels.

Asbestos=Cement Pipe and Sheet

The prime point for application of control procedures in the
nanufacture of asbastos-cement pipe and sheet ars at the mixing vat
{nto which dry asbestoa is introduced and in which the asbestos is
agitated and at the final sctage where the finished product is cut,
machined, buffed, and packaged. (The addition of water, sand, and
cement curtails dust exposure in the interim stages.) Local exhaust
ventilation with carefully designed enclosures are essential for proper
dust control at the critical exposure points.

Automoctive Brake and Clutch Repair

The greatest exposure to asbestos during repair of automotive
brakes and clutches occurs when brake drums are cleaned by blowing thenm
with compressed air and when brake linings are ground and beveled.
Brake drums should be vacuumed instead of blown out. Grinding and
beveling operations will have to be controlled by enclosure and exhaust
ventilation.

Conscruction

Control of exposure to asbestos fibers in building construction is
difficult since few operactors are sufficiently localized to permit the
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use of enclosures or exhaust ventilation. Ganeral room ventilation
coupled with respiratory protection are the only means of preventing
excessive exposure to fibers that may occur during necessary on-site
sawing or shaping of asbestos products such as insulation; mixing and
applicacion of asbestos patching, taping, or spackling compounds; and
sanding and finishing of spackling, tape, or floor tile.

Generally, the application of floor tile, roofing, and siding
does not require extraordinary control procedures, since asbestos fibers
are securely embedded in the product and little or no dustc is created.
A vacuum device installed on the periphery of a sanding vheel to evacu~
ate dust and fibers would help maintain low levels of exposure and
recharging of fibers into the air from the work area can be controlled
by careful housekeeping.

Much of the exposure in the building {ndustry has been reduced by
substitituions for asbestos-containing materials, and further emphasis
on using alternative materials is anticipated as awareness of the health
hazard of asbestos fibers increases.

Demolition and Rip-out of Asbestos-Concaining Insuiacion

The potential for exposure to asbestos fibers during demolition of
ships and buildings and during rip-out of asbestos thermal insulation
is high. Insulating macerials that contain asbestos have been used less
and less in recent years but, because thers is so much asbestos material
already in place and becauss dust control during demolition and rip-out
is difficult, these operations will resain potentially hazardous for
years to come. The following measures will help to reduce the hazard:

e Airborne dust can be reduced considersbly by soaking the
insulation=-nonabsorbent surfaces punctured to permit water
to be introduced, and absorbent surfaces sosked by a fine,
low-pressure water spray so that dust does not arise from
the impingement of the water upon the surface.

e Insulation should be removed, if possible, by sawing or
cutting with tools fitted with dust collecting devices
rather than by tearing away.

o Materials removed should not be sllowed to fall to the
ground but should instead be placad in bags for disposal.

e Slurries of waste that fall oust not be allowed to dzy—
they should be removed while still wet.

e 1If possible, a highwcapacity exhaust system should be
sxployed at the work site.

s Where wetting and exhaust ventilation are not possible,
control efforts should be directed toward isolating the
hazardous operacions.
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Control of Emissions to the General Eavironment

Air Polluction Control

Methods for controlling asbesteos emissions to community air are
similar to those for controlling any particulate macter, with some
variations due te the special characteriscics of asbestos. Since oper-
ations that generate asbestos fibers are usually conducted under nega-
tive pressuras, careful cleaning of the air in the ventilating system
will adequately control general air pollution. However, while the
air-cleaning methods mentioned below may be adequate for many agbestos-
related activities, they are not practical for use in demolition or
rip-out. Control of general air pollution in this case is limited to
use of water sprays.

The most useful control method is fabric filtration, and design
parameters for successful systeas have been published.9-12 The effi-
ciency of fabric filter units used to collect asbestos fibers ranges
from 95% to 99.9% on the basis of weight. These units operate dry, and
reaoving the filters and packaging them for disposal can be a dusty
operation, requiring the use of personal protective equipment.

. Wet collectors-——wet dynamic scrubbaers and Venturi-type collectors--
range in efficiency from 50% to 90%. The fibers collected are {n a
slurry and may pose a water pollution problem. Usually, the slurry is
filtered and the wet fibers disposed of in a suitable container.

Mechanical collectors (cyclones) generally operate . with the same
efficiency rTange as wet scrubbers, the actual efficiency depending on
the size, design, and enargy expended. Although the fibers collected
are dry, many of them are fractured, thereby limiting their further use.
Because the fibers are dry, personal protective equipmenc may be required
when they are removed from the collectors for disposal. Because they
require no power other tham to move air and they have no parts to vear
out other than the collector shell,? mechanical collectors are econom=
ical to operate and maincain.

Elactrostatic precipitation has proved to be lass effective than
other air-pollution-control means for asbestos fibars--yielding, at
the best, 70X efficiency.

Water Pollution Control

Until recently, little attention was directed toward the vaste
waters associated with asbestos msnufacturing, and there is virtually
no published information on such waters, The number of plants is not
large, and the volumes of wastes have been relatively small. Further-
more: a significant amount of procass wster in manufacturing operations
is recirculated, most plants have some form of waste trescment, and
many plants are situated wvhere they can discharge the process waste
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vaters to municipal sewers. Recently, however, increased concern over
asbestog filbers In che air has resulted in (1) conversion of soma dry
asrocessas into wet ones and (2) use of water sprays to control dust from
niniag and from piles of tailings or gob (low-grade ore), thereby
increasing the potential for wacer pollution.

Waste Water Treatment Processes

The standard ptocesieo for removing suspended-solid wastes from
water have been found to be satisfaccory for removing asbestos fibers:

e Pretreaacment--removal of oil, grease, and the larger
aggregates of golid matter.

e Primary treatment--sedimentation and chlorination

e Secondary treatment--biological processes such as
aerated lagoons

e Tertiary troacmnnt13

Tertiary treatment--sometimes referred to as "advanced w::ie
water treatment' or "physicsl-chemical trestmenc'--is required Lf ‘le
effluent from secondary treatment is not considered satisfactory.

The several means of removing suspended solids in tertiary
treatment including microscraining, diacomaceous earth filtratiom,
chemical clarification, and deep-bed, granular medis filtration.’

In microstraining, the waste water is strainsd through a woven
mesh screen on the surface of a rotary drum that revolves on its hori-
zontal axis. As the drum rotates, the solids are strained out of the
water and to a position from which they are removed from the drum.

Diatomaceous earth filtration is a form of machanical separa-
tion that utilizes distomaceous earch, a finely powdered filter-aid that
ts built up (coated) on a supporting medium, to trap solid material.

The fibers removed are mixed in with the filter medium, and both must
be disposed of.

In the chemical clarification process, chemicals such as
aluminum, tron, or cslcium oxides are added to the water to coagulate
fine solids. Cosgulation is followed by a flocculation phase, in which
particulates are aggregated into larger dumps that will settle. This
process i{f followed by sedimentation, in which the flocs that have been
previously formed are allowed to sectle to Che bottom of a settling tank.
While some of the solid macerisl will have been removed by sedimentation,
the material remaining must be removed by filtration, usually carried
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out in beds of & porous medium such as sand or coal, or a combinacion of
meala such as sand and coal, or sand, coal, and garnst.

Ccntrol of Asbestos Fibars in Potable Water Supplies

The extent of asbestos in the nation's water supplies has not
been egtablished conclusively, and it has not been establighed to what
extent ingested asbestos might be harmful to humans. In the meantize,
it is the opinion of some researchers Ehaf oral intake of asbestos
should be reduced as much as possibla. 4,15

: One method of reducing asbestos concentrations in potable water
involves minor modification of standard coagulation/filtration techniques
as practiced in most water-treatment plants. Preliminary vesults show
that che number of asbestos fibers could be consistently reduced to
below-detectable limits (<20,000 fibers per liter). Even simple filtra-
tion systems have been shown to be partially effective and could prove’
usaful as a low-cost interim measure in areas of high fiber concentra-

tion. 13

The results of one study indicate that both alum and polyelec-
trolyte coagulacion optimize fiber removal and that they can be used
with sand filcers. This is a definite advantage, since sand filters are
used in the majority of filtracion plants in North America, and Europe
as well.l6

During 1974, two diatomite-filter pilot plants operating at 10
gallons per minucte removed over 80% of amphibole asbestos fiber from a
drinking water source., The turbidity of the finished water was 0.05 or
0.06 FTU (Formazin Turbidity Units), with over 95 of the fiber removed.
Removal of amphibole fiber seemed to be significantly better than that
of chrysotile fiber.l’ The pilot plant study suggescs the following
conclusions applicable to the filtratiom of Lake Superior Water at

Duluth:

e Sevaral filter operating conditions can result in 35%
to 98% removal of asbestiform fibers. Conditions pro-
viding the best filtered water would involve the use
of either alum-coated Hyflow Super Cel (or equivalent
grade) as body feed and precoat, or alum-coated C-512
filter aid (or equivalent grade) as precoat plus a
continuous coagulant feed of Cat-Floc B polymer to
the filter influent water.

e The operating data indicate that vacuum diatomite
filters are significantly more expensive as a means
of producing filtered water and that they would be
very difficult to operate under conditions of high
turbidity.
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e Aleast-cost-design analysis of several alternacive
plants suggests chac a plant designed for a 20-year
Life and for a turbidity of 1.9 FTU equalled or ex-
ceeded only 3% of the time could produce 30,000,000
gallong of water per day at a cost of 5.56¢ per L000
gal. It is suggested in the study that the best pro=-
tection against price Lncreases for filter-aid would
oceur if the filzracion plant were designed for a
water turbidicy of about 2.5-3.5 FTU.

Waste Disposal

The greatest hazard associated with asbestos solid waste is the
potential for air emissions arising from improper handling and from
improper final disposal. At each step in the handling of the solid
waste material--whether the waste is to be concentrated, {solated, dis-
posed of, reused, or otherwise treated--hazards to the waste handlers
may arise. tHence, asbestos-containing wastes must be treated with the
same regpect accorded asbestos products and their production.

The most ?enirable general waste management options, in order of
prioricy, are:i8

e Waste reduction--by reducing the amount of asbestos used,
subscituting less-hazardous material, and making the process
more efficient.

e Vaste separation and concentration--segregating hazardous
and nonhazardous wastes.

o Waste recovery--reusing the material.
e Secure ultimate disposal--disposal to landfill in a way
that precludes future reentrainment.

The most important aspects of controlling asbestos solid waste are
discussed in the paragraphs that follow: (a) identification, (b) sep-
aration, (c) secure transport, and (d) secure ultimate disposal.

Identificacion

Obviously, there can be no control measures directed at asbestos
solid waste if asbestos has not been identified as part of the solid
waste stream issuing from a plant-——identification and then tracking
asbestos-containing materials as necessary.

86 pup 0931730

DU 035467

heo



Separation®

The source of asbestos-containing waste having been identified,
that wasce should be separated from nonhazardous wastes, taking care to
prevent exposures to workers during separation. For holding small quan-~
ticies of dry asbestos wastes, the most generally satisfaccory containers
are heavy-gauge, Iimpervious plastic bags. Asbestos may also be disposed
of as a slurry, providad the slurry does not dry between collection and
disposal,

Secure Transport

Waste must be transported to the ultimate disposal site with-
out producing emissions. In practice, thigs means that community (public
or privace) disposal services cannot be relied upon unless they are
aware of che hazard and of proper handling procedures, and unless they
can provide closed conveyance to the ultimate disposal site. I[f wasta
{s digspesad of on the premises of a plant, employees of the facility
will likely be familiar with handling precautions. .

The integrity of the waste container must be maintained. Care
must be taken not to rip or tear plastic bags, and more-permanent waste
containers such as cans or bins must have tight-fitcing lids chac will
not come off during transit.

Secure Ulcimate Disposal

The only disposal of asbestos waste that can be considered
"secure ultimace disposal" is depositing it in a site that is covered
with a layer of nonasbestos-containing waste or earth that is at least
15 centinmeters deep Lif an adequate vegetative cover is also established
and maintained, or 60 centimeters deep Lf there is no such vegetative
cover. Emissions from waste may also be controlled by (1) maintaining
a rasinous or petroleum~based dust-suppression cover at the site, or
(2) by wetting the waste with water and sealing it in an impermeable
container before disposal.

Covering waste with soil and planting vegetation does not
require as much care as i{s needed for maintaining a disposal site with
dust~suppression agents; hence, it is the more desirable coantrol mechod

in most cases.

Control During Transportation

The transportation of asbestos ore from mine to mill is generally
not a significant source of airborne asbestos fibers, although private

*Soc Chapter IV, Occupaticnal Exposure, for additional details and
applicacions.
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nine-mill roads may be paved with tailings from which fibers can be
iiberated when trucks pasg ty. Some of these emissions can be reduced

by =arring, sprinkling, or treating the roads with dust-suppressing
chemicals. EPA regulations permit no visible emissions from mine or mill
roadbeds. ‘'anufactured asbestos products not firmly embedded in a
matrix,” such as asbestos cextilas or spray asbestos materials, should

be either:

¢ Transporcted and stored in enclosed, impermeable, sealed
areas

o Wettad and covered with tarpaulin or similar material to
prevent drying

e Appropriately packaged--packaging that i{s leakproof and
durable enough to withstand abrasion or puncture during
normal handling, and that bears easily visible labels
that warn persons about the hazard.

Areas used to transport or store asbestos not appropriately pack-
aged should not be used at the same time to transport or store other
goods. Such areas should be posted with signs warning of the asbestos
hazard. Before the areas are used to transport or store goods, accum=
ulations of asbestos fiber should be removed thoroughly, preferably
with a vacuum cleaner having & high-efficiency filter.

Personnel working in or near areas used to transport or store
regulated asbestos that is not appropriately packaged should follow
the protective procedures outlined earlier in this chapter.

*Manufacturcd products containing asbestos firmly embedded in a matrix--
asbestos cement, asphalt, plastics, and the like~-may not reasonably be
expected to result in asbestos air concenctrations that are high enyush
to warrant packaging.
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- Chapter VII
CONTROL OF THE ASBESTOS HAZARD--
MEDICAL MANAGEMENT

A means of limicing, in the industrial population, diseases that
can be somehow related to asbestos is to recognize during a preemploy-
meat examination persons who have increased risk for these diseases by
virtue of other attributes they possess and to recommend chat they not
be hired for jobs involving asbestos exposure. Those workers necessarily
exposed to asbescos should be enrolled in a medical monitoring program.
In this way, hopefully, asbestos~related diseases, disorders predispos-
ing to these diseases, and conditions likely to be aggravated by asbes~
tos exposure can be decected early enough so that removal from exposure
or medical intervention may successfully l{mit their course. Neverthe-
less, asbestosis may progress even after removal from asbestos expo- *
sure, and screening programs for the early detection and treatment of
lung cancer have not yet proved to be more than marginally beneficial.

Composition of the Workforce

The extent to which discovering and not hiring certain high-risk
parsons for jobs involving asbescos exposure can bae put into effect in
any particular situation will be limited, inevitably, by social and
political considerations. Each industrial physician must develop his
own program for dealing with these matters ia relation to preemployment
examination policy. :

The desired net effect of the employment screening approach is to
assemble and maintain a workforce whose combined average risk of devel-
oping disease, with exposure to asbestos, i{s less than what it would be
were it to include persons whoss individual risks, even without occupa-
tional asbestos exposure, are relatively higher. The approach would be
expected Zo be most effective in relation to those diseases for which
evidence of a causal role of asbestos is most coavineing and the magni-
tude of the problem is greatest-~lung cancer, azesocthelioza, and asbes-
tosis. Summarized below are some considerations for applying control
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over the industrially exposed population by excluding from employment
certain individuals on medical grounds.

Lung Cancaer

Lung cancer i{s the most frequent of cancers related to ashestos

exposure and today exacts the heaviest mortality of any asbestos-
related disease. Several risk factors for lung cancer have heen
{dencified:

e (Cigarette smoking greatly increases the mortality from lung
cancer, and, based on present knowledge, it is the most Lapor-
tant single risk factor.

e A ﬂis:ogx of lung cancer in s first-degree relative--parents,

siblings, offspring--has been shown to confer almost the sama
magnitude of risk of lung cancer for the general population as
cigarette smoking, and, together, both factors are synergistic.

e Prior occupational exposure to carcinogens affecting the lun
also may reasonably be axpected to enhance the risk of lung
cancer in an asbestos worker. Such carcinogens include arsenic;
chloromethyl ethers; chromium; cosal tar, petroleum, and by-
products; creosote; zustard gas; nickel; radium; and uraniua.

e Nonmalignant raspiratory disease way increase the risk of lung
cancer. Pulmonary fibrosis has been noted in association with
lung cancer in persons with scleroderma3d+* gnd certain rare
hcrcditarg diseases of the lung such as fibrocystic pulzmonary
dysplasia’s§ and congenital cystic disease of the lung.’ Several
reports have associated an excess risk of lung cancer with
chronic bronchitis, after taking into account differences in
smoking hnbiu.s'11 However, such studies have often employed
broad smoking categories and have neglected such inporf,n: vari-
ables as duration of smoking and extent of inhalation.*“ Perhaps
most convincing was the finding of a substantial excess mortalicy
attributed to nonmalignant respiracory diseasses among nonsmoking
blood rcla:ivc! of lung cancer casss that was not present among
case spouses.!3 And significantly higher rates of impaired
forced expiration have recently been found among never-smoking
relatives of patisnts with lung cancer or chronie obstructive
pulmonary disease when compared with neighborhood controls.
Experimants with animals indicate that indi{viduals with asbes-
tosls may be at increased risk of lung ctgccr, regardless of
level and duration of asbestos exposure.

" Possible laboratory measures of lung-cancer risk include inducible
levels of aryl hydrocarbon hydroxylase and the condition of exfoliated
cells in sputum. Aryl hydrocarbon hydroxylase (AHH) is an inducible
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enzyme thought to be responsible for converting hydrocarbon carcinogens
such as are found {n tobacco smoke to an acctive form. One team of
investigators has reported that levels of inducible AHH activity in
human tissues appear to be genetically ragulaced and that patients with
bronchogenic carcinoma have higher levels of inducible activity than
concrols.16,17 Inducible enzyme levels, therefore, might indicate
among cigarette smokers those individuals at grestest risk of develop~
ing lung cancer. At present, however, there are numerous difficulties
with the assay technique even in the most experienced laboratories, and
the mechod is not ready for general use.l8 Furthermore, the associa-
tion between levels of inducible AHH activity and cancer has not yet
been firmly established.l?

Exanination of exfoliated cells found {n sputum has been used ta
assess che state of the human tracheobronchial tree. Cancer has been
cbserved to develop afrer a series of gradual cytological changes cccure
ring over several years. These changeas have been categorized intoe
stages of regular squamous cell metaplasia, various degrees of a typical
squamous cell metaplasia, carcinoma in situ, and invasive carcinoma.?
The more severe the cellular changes, the greater is the likelihood of ’
developing lung cancer.2l Cytological examination of sputum can be used
to complement the use of risk factors listed above since, at any one
time, the condition of exfollated cells must reflect the interrelated
effacts of all operating risk factors, age, and latency. A great limi-
tation to the widespread use of this technique at present is the paucity
of laboratories capable of accurate cytologic {nterpretaticn of sputum
samples.

Persons with any of the risk factors for lung cancer or whose
sputum examination reveals cytopacthology of severity equal to or grester
than moderate atypical squamous cell metaplasia would best not be hired
for jobs involving asbestos exposure.

Mesothelioma

Lictle is known about suiccptibili:y to mesothelioma, an important
cause of morcality in asbestos workers. Persons who have had an

'Thc evidence that asbestos is causally related to laryngeal cancer is
highly suggestive, but not as overvhelning as it is for lung cancer and
mesothelicma. Therefore, the exclusion from employment of individuals
with other risk factors for this disease would probably be less bene-
fictal. It should be noted, however, that except for family history,
the risk factors identified for lung cancer generally apply to cancer
of the larynx. Risk of laryugc%§ cgnccr has, in addition, been corre-
lated with alcohol consumption. =25 This cancer is rare, and most
susceptible persons will have been screened from eaployment in effores
to exclude parsons with elavated risk of lung cancer.
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asbestos-related pleural effusion may be at great risk,
asbestos exposure snould be prevented.

26

and further

Asbestosis

Exclusion from employment of those persons most susceptible to
disease would likely prove more efficlent for asbestosis, for which
exposure to ashestos is a necessary factor, than for lung cancer or
nesothelioma, for which it is not. However, desgice suggested effects
of cigarecte smoking,2’ immunological response,28:29 and specific HL-A
antigens, 30 risk factors for asbescosis have not been established,3l
and there is co date no method for identifying from medical testing or
questioning those i{ndividuals who are more susceptible to asbestosis.

Because of the potential adverse effects of further respiratory
disability from asbestosis in individuals with existing chronic res-
piractory disease, {t would be prudent not to hire such persons for jobs
involving asbestos exposure.

Early Detection and Treatment of Asbestos-Related Diseases

In general, treatment of asbestos-related diseases, even when
datecced sarly, is far from satisfactory. Cure is rarely possible, and
oftentimes death or severe disability supervenes despite the best of
efforts. Furthermore, programs for early detection and treatment run
the risk of inscilling a false sense of security, which may detract
from more primary efforts to prevent disease by controlling exposures.
This must be kept in mind during the subsequent discussion. A suggested
protocol for preemployment and follow-up medical examinations of asbes-
tos workers is given in Table 7.

Lung Cancer

Screening programs. which rely on roetgenograms and symptom ques-
tionnaires at intervals of six months have been notably unsuccessful in
improving the changes of survival from lung cancer.32, 33 The Phila-
delphia Pulmonary Neoplasm Resaarch Project reported a 5-year survival
rate of only 127 of individuals whose rumors were detected within 6
months of a negative roentgenogram, as against 4% in those whose tumors
were detected more than 6 monchs afterward.

A semisnnual screening program conducted among residents of
Veterans Administracion domiciliaries and consisting of stersoroentgen

films, questionnaires, and sputum cytology slides rcpgt:cd a 3-year post-
operative survival of only 122.21 This study documented a considerable
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Table 7

MEDICAL ZXAMINATICNS FOR ASBESTOS-EXPOSED WORKERS

Prsarplovment

Questionnaizre: medical history, family history, hiscory of smoking® and consumption of
alcoholic beversges, occupaticnal history

Physical Examinstion: concentrating on the oral cavity, chest, and abdomee and {necluding
s digital exsmination of the rectum

Spirceacry: including measurements of vital capacity, forced vital capacity, and foread
axpiratory voluse at ons second

Chest X~ray: postercancerior and lateral views (14 x L7 {aches)
Sputum Cycology

Fallow Up
Nonsmokars, Ex-Smokers, and Smokers Who do not Inhale

e No Mors Tham Mild Atypical Sputum Cytopsthelogy: a yearly questionnaire, spir-
omatry, chest X-ray, and aputum cytology

e More Thaa Mild Acypical Sputum Cytepathology: & ysarly questionnairs and spige
ometry; chest X-ray and sputum cytolagy svery & monchs

e 40 Years Old and Older, At Least 20 Years fram Onset of Asbescos Exposurs: add
fecal occult-blood testing and an examingcion of the oval cavity every & moaths

Ssokers Who Inhale

o Less than 15 years from Onset of Asbestos Exposure:
~-No more than mild acypical spuctum cytopethology--sa yearly questicanaire, spirc-
ometry, chest X-ray, sad eputum cytology
~More than sild atypical sputum cyzopathology==s yearly questionnairs and spir~
ometry, chest X-ray aad sputum cytology every & eonchs

e 15-20 Yasrs from Onset of Asbestos Exposurs:
-No more then aild acypical sputum cytopathology=-a yesrly quescionnaire and
spirosatry; chest X-ray and spucum cytology avery 6 months
~¥ora thaa mild atypical sputum cytopsthology-—s yearly quasticanaire and spir-
caetry; chast l-ray and sputum cytology every & aonchs

e More Than 20 Years frow Onsat of Asbastos Exposurae:
-Less cthan 40 years old—-a yearly questicansire and apircmatry; chest X-ray aad
sputus cytology every & soaths
=40 years old and older--add fecal occult-blood tasting and as examinstica of the
orsl cavity svery § moathe.

*stnce smokiag is such an inportant risk factor, breath should be saiffed for tobacco
cdor; and {a situstions vhers the reliability of smoking histories is in doubt, lavels
of expirsd air carbon uﬂg:tdc or serum thiocyanate may he used ta distinguish cigarecte
smokers from nonsmokars. s .

Sources: Protocol modified from the Mt. Sinat School of Medicine, EZnvironmeatal Sciences
Laboracory Pulmonary Surveillance Program for Asbesctos Exposed Workers.
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amount of inter- and intra-observer variability in the interpretation
of sputum smears and chesc X-ray films, but noted that the addition of
positive and suspect sputum cytopathology increased the sensitivity of
the screening method by about 50X without significantly compromising
izg specificicy.2l,34,35

Currently, large detection and follow-up programs are under way at
the Mayo Foundation, Johns Hopkins University, and Memorial Sloan-
Kettering Cancer Center to evaluate the efficacy of sputum cytologic
examinations, chest X-rays, and questionnaires administered every four
nonths. At the Mayo Lung Project each chest X-ray is reviewed by three
physicians individually; and check roentgenography for patients having
follow-up examinations at the Mayo Clinic itself consists of postar-
oantarior (PA) stereorcentgenograms an’ 350-kV PA views, as opposed to
convencional PA and lateral films,36+3

In the presence of normal chest X-rays, if a single sputum speci-
ment contains frankly cancerocus cells or if repeated specimens from
the same individual contain markedly atypical cells, procedures to
localize a tumor ars set into motion. Detailed radiclogic and radio-
isotope studies are undertaken, and a thorough otolaryngologic examina-
tion is made to rule out cancer of the upper respiratory tract. If
localization i{s not achieved, a maticulous endoscopic investigation
follows utilizing fibc:og:ic bronchoscopy, succeeded if necessary by
bronchographic studies.3

Initial results from the Mayo Lung Project suggest that no more
than a third of detected cases of lung cancer may be expected to sur-
vive five years or more. However, more observation is needed in order
to determine actual rates of survival. Roentgenographicslly occult
tumors, which are likely to be centrally placed, were generally smaller
and had a better postoperative prognosis. Most newly diagnosed lung
cancers (64%) were detectable by chest X-ray alone, and only 13X of
cancers detected after an initially negative screen were first noted as

the result of clinical sympcoms.36,

Whatever the outcome of the current detection and follow-up pro-
grams, cercsin limictations will apply:

e Soma individuals should be ineligible for screening because
of inability to tolerate pulmonary resection or unwillingness
to undergo operation if it becomes necessary.38-40 To screen
such persons not only would be wasteful, but also might
ultimately contribute to lowering the morale of other par-
ticipants in the screening program--that is, whether or
not the death of a screening participant was due to inability
or unwillingness to be operated om, it might be ragarded by
octhers as a failure of the program.
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o A considerable number cof persons may discontinue participation
in the screening program because of retirement, termination of
employment, or other reasgns. Since the incidence of lung
cancer increases with age™  and has been found in one study to
be higher among screening dropou:l.38 there is reason to beliave
that persons who discontinue participation in a screening pro-
gram may in facc be at greater risk.

e A certain proportion of screening examinations will be found to
be incomplete or technically unsatisfactory.

o Oncs a cancer has been detected, there will inevitably be a delay
until localization and operative resection. The greeter this
delay, the less the potential benefit that can sccrue from the
screening program.

o It will be difficult ta extrapolate from results obtained at
premier centers of medical care to likely results in an average
industry program. (The difficulty in finding laboratories cap~
able of accurate sputum cytologic diagnosis has already been
nentioned.)

e The considerable financial expense of a screening program and
the drain on available time of medical care personnel should
not be overlooked.

e Despite screening, some cancers will not be detected early; and
despite early detection, certain cancers will be inoperable or
have a poor prognosis.

o A not-inconsiderable percentage of persons who will have been
successfully operated on to remove a lung cancer will develop

a second tumor.

Jespite these limitations, medical screening remains the only
means of assisting the unfortunate individuals destined to develop
asbestos~-related digseases and should not be abandoned. The use of
sputum cytology to distinguish persons of heightened susceptibility
to lung cancer for removal from asbestos exposure or for motivation to
quit smoking deserves to be tested. Screening examinations remind the
workers of the health hazards of his job and may be used to enlist
his cooperation in improving work practices ss well ss in changing

detrimental personal habits.

It is suggested that programs for early detection of lung cancer
in asbestcos wvorkers consist of periodic sputum cytologic examinations,
chest X-rays, and symptom questionnaires adminisctered according to a
schedule which varies with age, risk of lung cancer, and time elapsed
since first exposure to asbestos (see Table 7). Available medical
facilities that are competent in localizing and resecting lung cancer
should be identified in advance of the program to minimize time taken
from detection of cancer to operation. Cmphasis must he placed on
proper check roentgenography, since chest X~rays alone should detect
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tne majoricy of lung :umots;z"37 sputum cycolcgy s more effective in
detecting centrally placed tumors3® whereas asbestos workers may more
Lixely develop peripharal lung cancers (adenocarcinomas).%l Each chest
£4im mustc be read independently by more than one physician especially
trained to detect early lung cancer and qualified in the ILQ/U/C
classificacion of radiographs of pneumoconioses.

raryngeal Cancer

Asbestos workers with clinical symptoms of hoarseness or pain or
soreness of the throat should be referred to an ear, nose, and throat
specialist for a decailed otolaryngologic examination of the upper
respiratory tract.

Masothelioma

At present, mesoctheliomas are uniformly fatal. Neither radical
surgery, radiatiom, nor chemotherapy prolongs survival; in fact, these
modes of treatment may be harmful. Since no useful therapy is avail-
able, screening for early detection beyond what may be done to detect
lung cancer is of no clinical value. Invasive diagnostic procedures
should Se kept to a minimum and managemsnt restricted to the relief
of pain and breathlessness.%3»

Cancers of the Alimentary Trace

Fecal occult-blood testing has been used an an annual screening
device to detect colorectal cancer in asymptomatic men and women 40
years old and older.%3 Positive tests have been obtained from persons
wizh cancer of the stomach, small intestine, colon and rectum, and, to
a lesser extent, from persons with benign gascrointestinal lesions.46*

Persons with positive results should be referred to a gastroenter-
ologist for further studies, which may include endoscopy, cytology,
biopsy, and radiology. Early detection and excision of a colorsctal
and gastric cancer, it has been noted, may result in S-year survival
rates as high as 902, compared with overall national averages of 40X
and 10%, respectively.49,30

*False poeitives can be reduced considerably by using gualac-impregnated
filcer paper slides in conjunction with a diet high in residue (to
stimulate bleeding from existing lasions) and free of red meac and high
seroxidase foods (e.g., horseradish and beets), Vitamins and aspirin-

_containing medications should also be avoided.43:47,
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Asbestosis

Periodic comparative chesc X-rays and pulmonary function tescs
{see Table 7) will improve the chances of detecting early agbescosis.
“any abnormalities, however, are nongpecific, and it will be difficult
to determine {f these reflect early asbestosis or are merely related to
smoking or aging.3l Pleural thickening or plaques in an asbestos
worker must always be suspected as evidence of a biological effect
related to inhaled asbestos.52 Persons with early asbestosis or with
sleural thickening should be removed from asbestos exposure and referred
to a chest physician for careful follow up.
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Chapter VIII
CONTROL OF THE ASBESTOS HAZARD--EDUCATION

Asbestos was the subject of the first occupational safety and
health standard {ssued by the Department of Labor, following passage of
the OSHA Act of 1970. But although tha standard has been amended since
(to change the allovable airborne exposure concencration), no specific
directive has been included regarding education or training of super-
visors or employees.

However, in standards subsequently promulgated for a number of
carcinogens-~-including vinyl chloride, cthe subject of another control
monograph by the National Cancer Institute*--there are particular
requiremencs specified for employee training and indoctrination in,
for example, the following: nature of the carcinogenic hazard, nature M
of the operattion ianvolving the carcinogenic agent; recognition of
conditions that may release the agent; purpose and application of
decontaminacion practices; emergency practices and procedures and the
employea's specific role in them; and purpose and application of the
medical surveillance program.l It would appear that a comparable
mandate should exist for work with asbestos.

Goals of Education

Implicit in the fundamencal goal of controlling the human carcino=
genic hazard from asbestos are several goals of education--increased
knowledge of:

e Work processes involving asbeetos and the potantisl for fiber
enigssions

e The physical charecteristics of asbestos, 3o as to understand
its dispersion and potentiasl for inhalation

e Diseases that may result from exposurs to asbestos fibers and
how these diseases are manifested

-

*Thc reader is advised to read the section on "Educational Control" in
the cancer contrel monograph Vinyl Chloride, since soma of the infor-
maticn presencted thare complensnts the material presented here wvith
regard to the asbestos-conrrol situatian. Among the topics discussed
there are "Understanding 'Risk;'" raview of a National Academy of
Sciences study on informing workers and employers about occupational
cancer; and an outline of an on~going vinyl chloride education program
that embodies some of the approaches discussed hare with regard to
asbestos, .
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¢ The concept of "risk"
Reasons far, and methods of, eavironmental monitoring

¢ The purpose and nature of engineering and work practice control
methods as discussed in the previocus chapter (exhaust ventila-
tion, personal protective devices and clothing, personal hygiene,
ete.)

The elements of medical surveillance and the reasons for it

o The role of related factors in disease production, such as
smoking.

Modes cof Education-~The Written and the Spoken Word

0f the two modalities employed in delivering health messages, the
written word and the spoken word, the written word is far less effective.
[t lacks the elements of concern, warmch, dedication, and personal in-
tarest of che {nscructor, and there is no opportunity for quescion and
discussion. Furthermore, the efficacy of the written word depends on
the reading skills of the reader. However, if one must reach hundreds °
of employeaes at once the written word might have to be used but, even
then, Lt should be as a reinforcement to the oral mode of communication.

One good opportunity for oral communication {s when the physician
and an employee review the results of the employee's periodic medical
examinacion. Attention is then focused on one individual--one who is,
at che same cime, full of foreboding and apprshensiveness, nurtured by
misunderscanding, folk beliefs, inadequate information, and rumor. The
physician at cthis time can clarify medical terms, give meaning to test
results, and suggest changes in work habits and life styles.

Most oral communication will take place at group education sessious.
In some employment jurisdictions, such sessions may be required by
labor-management contracts or by law.2 The subjects for presentation
may be mandated; selected solely by the occupstional health staff; or,
perhaps most effective, chosen through joint consultation of health
personnel with department heads, plant manager, and trade union offi~

cials.

Education must go beyond a pro forma acrempt to meet mandated
requirements. As recommended by a special committee of the National
Research Council,? provision must be made for the worker to acquire
more information than is provided by the "package" of educational
material. He, the worker, must be assured that his questions will be
answered, L{f not during the information session, then later by telephonae,
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leczer, or consultation with a membar of the occupational health staff
or somecne equally xnowledgeable,

An excellent forum for group health education (s during the orien-
tation of new employees. The occupational health staff should use the
cccagion to discuss the purposes of the preplacement medical examina-
tion recently complated, to describe available health services, and to
explain engineering controls, work practices, and use of personal pro-
tective equipment. Pursuit of a health problem in the future will be
facilitated by this infitial tnecroduction.

The Educators

Persons from 3 variety of backirounds may be involved in the educa-
tion effort--physcians, nurses, health educators, {nduscrial hygieniscs,
safety specialists, and others,.

Physicians : .

Physicians that teach usually do so in institutions of higher
learning, where they can remain comfortable with a technical lexicen
and oral shorthand. It takes greater effort and more time to describe
medical disorders and risk factors zo a layman in terms he can under-
stand, yet this must be the charge of the physician, particularly the
specislists {n occupationsl medicine pulmonary disease.

Pulmonary disease specialists, {n particular, as they become more
knowledgeable about asbestos-related diseases, must inform their col-
leagues in the madical community of diseases. For in spite of a growing
body of pertinent literature, many physicians remain uninformed about,
and unsuspecting of, asbestos~-related diseases. Many chest physicians
are members of lung associacions, and such membership can provide many
opportunities for the education of fellow medical practitioners as well
as lay comsunity leaders. Also, when necessary, thes pulmonary disease
specialist could assistc the occupational physician in educacionsl pro-

grams for industry. :

" Nurees

Health education has long besn recognized as a primary function of
the occupational health nurse and an area in which she can make a
considerable contribution. The nurse often has a closer relationship
wich the employee than does the physician and therefore may have greater
{nfluence on changing the employee-patient's behavior. Whereas the
advice of the medical director might be interpreced as the biased word
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of management, a skilled nurse utilizes every patient visit as an
opportunity for presenting material relevant zo health bHehavior.

Health Educators (Communication Specialists)

Professionally trained health communicsctors may be found in tha
larger occupational health programs of industry. As full-time personnel
in the medical facility, they have been able zo learn the mission of the
organizacion, to become acquainted with work processes, to identify
problems or concerns peculiar to the work population, and to absord the
"shop patois." This background puts the heslth educator in an excellent
nosition to communicate successfully with the employees.

Industrial Hygicnisﬁs

The induscrial hygienisc is an integral parc of the occupational
health staff. Whereas the occupational physician has expertise in the
recognition, evaluation, and control of diseases relating to environm-
mental hazards {n che workplace, the industrial hygienist is trained to v
recognize, evaluate, and control the environmental hazards themselves.

One aspect of this responsibility {s the education of the working cos~
munity. The industrial hygienist inforas workers about measures to
control physical hazards and motivates them to do what thev can to min-
imize personal exposure and to assistc in improving the work environment.

Union Health and Safety Specialists

In recent years, a small but increasing nuaber of trade unions have
appointed full-time staff persons in the area of occupational safety and
health. These individuals may be extremely influential, because they
know the issues and supporting data well and can communicate information
to their .lecals by means of gctiodic letters, memoranda, newsletters,
or reprinted presentations.l

Induscrial Safety and Other Training Specialists

" Ever since the birth of the safety movement in the United States,
specialists in accideat prevencion have conducted educational programs
for employees. Although most of these efforts have related to physical
traums, some slight redirection could channel them toward che preven-
tion of asbestos-caused disease.

In addition to training ian safety, there may be company training
programs in other subject matter, from management skills to technical
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craft apprenticeship information. Training specialiscs who conduct such
programs might also assist {n health-hazard educarion.

Science/Medical Writers

Medical writers on the szaffs of large daily newspapers and other
pericdicals might be asked to e plant to be made familisr with the con-
tent of a medical surveillance program, to he apprised of health survey
results, and to be updated on general occupational health sctivities.
1f a good working relationship evolves, chances will be improved that
reports are in~depth and accurate, and the result could be yet another
avenue for educacion of the worker,

Target Croups for Educnﬁion

As indicacted, there are many target groups withia industry for whom
instruction {(a prevencion of asbestos disease is neaded. The language
in the OSHA occupational safety and health act of 1970 direct training
toward both the employer and the employed and, in addition, there are
trade union offtcilals, retirees and other former worksrs, workers'
families, and miscellanaocus persous in the commwunity at large.

Managerisl and Suparvisory Personnal

Managars should be as familiar, or even more familiar, with the
risks of the materials thay ask their workers o handle and with preven-
tive measures, medical surveillance, and the other areas of knowledge
lisced at the beginning of this chapter under "Goals of Educaction.”

There is often an unusual climate in which to educate managers
about asbestos-related disease. That i{s, a number of executives and
line managers have risen from the ranks, so that at the inception of
their careers thay, themselves, worked with asbestos fiber. Hence, any
occupational health procedurs draws special actentfion becsuse such
managers know of the latancy periocd before manifastation of disease.
Their concern is as great ss that of newly esployed machanics' helpers,
while, at the same tima, their literacy level is probably higher,
However, while thay may know that the fiber is hazardous, they might
not be as familiar with aspects of the problem as they should be, and
they should raceive as much medical and industrial hygiene information
as they can absorb.

Because he is at the level of management closest to the worker,
a well-informad supervisor should be particularly effeccive in

pyp 0931746
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_brought home on clothing, equipment, lunchboxes, sud autcmobiles, and =

modifying the behavior of workers since he will be in a position to
aotivate rather than commanding or invoking the sanction of reguls-
tions.

Workers in the Asbestos, as Well as Other, Trades

While workers in the asbestos trades are obvious targecs of
educational efforts, there are other workers who may be exposed to
asbestos and who, therefore, should be informed of the asbestos hazard
and how to minimize it. These workers include those who dismantle ships
and buildings, welders, painters, electricians, carpenters, marine
machinists, shipficcers, zmachinists, and automotive brake and clutch
repairmen.

Retirees and Other Former Workers

Because of the long delay in manifestation of ashestos-related
disease, it is necessary o maintain contact with retirsss and with .
persons who have left work with asbestos to cbtain employment else~
where. The asbastos worker canuot be permitted to depart with the
misapprehension that {f he no longer has contact with that =material
he is no longer at risk of development asbestos-related diseases.

Exit interviews provide an opportunity to smphasize the need for
life-time contact and to stress the need for continued medical surveil-
lance. Wherever possible, former asbestos workers should be included
in plant programs of health education, smoking cessation, and pedictl

surveillance. . - ..b..

Workers' Families

In addition to learning about asbestos-related diseass, the
families of asbestos worksrs should be informed about the importance
of smoking cessation and about the potential contamination by fibers

{n the form of souvenir ore samples. Also, it'has bsen observed ‘that =’
wives who visit with their employee-spouses at the plant physicisa's
office often ask more astute, more penetrating questions than thsir
maces., Communicaticn is good with mixed audiences, and the progranm

of prevention will be atrongly reinforced by informed families.

Occupational Health Professicnals

Bscause there are so maany substances, combinations of substances,
industries, lavels of industry (rav materials, intermediate nanufsc-
turing, finished product manufaccuring and di{stribution), occupaticnal

AN Anrdure P .
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health personnel are not all-knowing sbout all hazardous subsctances cur~
rently in use. For example, with the possibiliry of asbestos insulation
in {nnumerable buildings being removed during renovation or demolition,
it is possible that the health personnel of a company or institutiom not
in the asbestos industry may suddenly be faced with the inauguration of
a project to protect parsonnel against the untoward effects of fiber
inhalation. Finally, the ubiquity of ssbestos {s such that {t could be
present in a plant without a company's health personnel's knowledge——
i.e., through the revorking of asbestos-containing parts or rav materials
manufactured elsewhere. Information on the asbestos hazard will sharpen
the health professional's index of suspicion, and he will seek out the
material’'s presence throughout the workplace.

Assessnent of Education's Value

Every health education program should be validated as to its worth.
While a rigorous avaluation zay not be possible, there are means by
vhich the effectiveness of an education program might be judged. .
Although for a work force as & whole, some workers are retiring and
some workers are leaving for other employment, small groups can be
rested {nformally before and after various education segments in which
they participated as followus:

s Compliance in engineering controls and safe work practicee--
without giving grest visibility to the check-off procedurs,
wvorkers could be observed prior to and after the educational
program to determine if there is a change in their use of
engineering control devices or in their compliance vith safe
work practices.

s Compliance in medical surveillance programs--workszrs often
report for chest radiography or pulmonary function testing
only after innumerable telephone calls and notices, and iz~
proved compliance rate would indicate some success in education.

¢ Basic knowledge appropriate to target group--groups can be pre-
and post-tasted for retention of common knowledge expected of
workers in daily contact with asbestos. Differences in reading
ability, cultural differences and anxiety levels will influence
test rasults, but thers should be at least some rough indication
of added information or altered behavior.

15]8) 2
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Appendix A

ASRESTOS-RELATED AND ~ASSOCIATED MINERALS

Minerals Other Than Asbestos that May Exhibit FPibrous Strueture

Mineral Specils‘

Pyrophyllite
Vermiculite

Attapulgite
(2 clay)

Lepidolite
(a mica)

Minnesotaite
(a talc)

Chamosite

Halloysita
(a clay)

Holmquistite

(an amphibole)

Richterite

(an amphibole)

Morphological Characteristics

Sonetimes occurs as radiating needlelike
crystals in feldspars, kyanite, and in
quarte veins from reef mines.

Normally exhibits a flaky structure, but
fibrous varieties have been reported.

Commonly crystallizes in well-defined
fibrous forms.

Normally fibrous or granular when present
as overgrowths on muscovite micas.

Commonly fibrous rather than platy.

Sonetimes occurs in the form of minute
fibrous crystals, associated with gedi-
mentary iron formations (ironstones)

Frequently occurs with kaolinite and is
characterized by elongated tubular crys-
tals, similar to needles.

Commonly occurs in aggregates and sove-
timss displays an asbestiform texture.

Cormonly exhibits a fibrous crystallo-
graphic habit similar to asbestos.

“The first three have important industrial applications; the others
are found in conrection with commercial mineral operations, where
they are normally considered an impurity.

931750
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Minersls and Rocks Possibl [-) Wizh e

Mineral or Rock

Uses

Talct

Phlogopite

Chlorite

Kaolinitic clays

Bentonitic clays
(Montmorillonice,
Fuller's earth)

Vermiculite

Taconite and siai-
lar metamorphic
iron deposits

Magnesite and
Brucite

Marble®

Ceramic applications (whiteware, wall tiles, electrical
porcelain); extender for paints and pigmencs; lubricant
and filler for cosmetics, and in the preparation and
packaging of foods.

A member of the mics family, used in & number of eleccric
and electronic applications, such as insulation {2 air-
craft spariplugs, and as a thermal {asulator.d

A common constit:.ant of metamorphic rocks; due to its
green coloration, is used in construction for aesthetic
purposes.

Used in ceramics (whitewares, thermal insulators); as a
filler or extender in the rubber, paint, and plastics
industries; in the paper induscry to i{mpart gloss, opacity.
brightness, and princability; and {n medications. v

Drilling =muds; as a binder for iron ore pelletizing; in
filtering applications; and a filler for paintcs, cosmetics,
pharmaceuticals, and ceramics.

Used primarily in the comstruction industry as am {asulator
but is also enployed in the agricultural and horticultural
industries as & soil conditioner.

A prisary source of iron for the steel induscry.

Used as a raw naterial for magnesia-containing refractories,
fluxes, and miscellansous chemicals and can be used in the
production of magnesium metal. Brucite is often associated
with magnesite and, as such, is used as a source of magnesia.

Mstamorphic carbonate rock used for polished stone and other
applications in construction and for sculpture

®Aleo kaown as stestita or sosapstone.

\bHonc phlogopite is i{mported into the United States. Its occurrsance in this
country is resticted mostly to small, noncocmercial deposits and as an {mpurity

Lp certain marbles.

“Ihe term "marble" is scmetines used indiscriminataly to describe other rocks
that can be polished and chat have a plessing appesrsace; such rocks imclude the
so-called verde satique or serts green, some onyxs, and slates. Verds antique
(sarta gresn) is commonly a ssrpencine snd is therefore likely to include
chrysotile contaninants.

Sources: W.A. Deer, et al. "Rock-Forming Minerals,"” Longmsns Green & Co., 1361

N.W. Hendry, "The Ceology, Occurrences and Major Uses of Asbestos,' New

York Academy of Sciences, 132, Dec. 31, 1963.

Malcolm Ross, "Ceology, Asbestoe and Health,” Environmental Health
Psrspectives, 9, 1974, pp. 121-4. "
Roberz L. Bates, "Ceology of the Ladustrial Rocks and Minerals,” Dover
Publicacions, Inc., N.Y., 1969.
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Appendix C

MONITORING AND MEASURING ASBESTOS CONTAMINATION

Although the role of ashestos as a cause of cancer and other
diseases is clear, the mechanisms underlying disease causatlon ar. not
well understood, and this impedes efforts to measure and, subsequently,
control human exposures to the substance. As if the technical and
economic difficultic: of measuring asbestos concentrations--the subject
of this chapter--were not enough, two other facets of the hazard are
murky: (1) Which artrihute(s) of asbestos it is that actually causes
disease and which thercfore must be measured accurately; and (2) the

amount of asbestos that is hazardous, and over what period of tirmwe.

The attributes of asbestos that have been implicated in variocus
hypotheses on asbestos carcinogenesis inciude:

e Size and shape of individual fibers1

e JNumber of fibersz

e Total mass of asbestos3

2
Type of asbestos

e
4

e Trace metal content

e Trace organic content

e Surface charge

e Surface adsorptive characteristics
Because of the inocdinate difficulties of separating the last four
attributes from nonashestos "background", these four are not suitable
indices of exposure for routine monitoring situations. In addition,
hypotheses based on trace metal or organic content have fallen out of
favor. Because there is no consensus on the attribute(s) that cuuse
cancer and, therefore, no consensus on the appropriate indicator of risk
from environmental expusure to asbestos, the ''best' monitoring and
measuring method will be that which permits the most detailed character-
ization of exposure through measurement of the first four variables--size
and shape of individual fibers; number of fibers; total mass of asbestos;

and type of asbestos.

DU 035493

*
References will be found at the end of this Appendix.
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In addition ‘to the limitations just mentiocned, it has not yet been
established whether the time-course of exposure, or dose rate, is
significant in determining carcinogenic risk.7 This leaves open the
possibilicy that it may be just as important to decermine peak exposures
as to determine time-veighted average exposures.

Because of these limicatibns. and because of the technical difficulties
and costs of measurement discussed helow, the method of measuring
nust be chosen judiciously to fit the circumstances: occupational versus
general environment; measurement of asbestos concentrations in water
versus :ho;c in air; monitoring the envircnment at large versus determining
exposures to certain individuals. Also, the methods chosen may ditfer

according to the fiber type that is of concern.

Monitoring Devices and Mechods
The most desirable means of monitoring in general, would be one in

which a device could measure directly the asbestos concencratioa in airc,
water, ov in & bulk sample of material. Such a device, which might be
used for continuous monitoring, i{s not available for most situations,

however.

Some Limited-Application Monitoring Davices

Some devices for measuring general particulate contamination of
fluids=-based upon the piezoelectric balancc.s Bctn-c:ccnuacion,g or
light-scattering principleslo--ay be suitable for monitoring applica-
tions where the asbestos concentration is a kacwm, constant, and relatively
large fraction of the genersl particulate contamination. They are not
appropriate for such purposes as asbestos-pollution monitoring in
community air, where the total particulste lcading will be several
orders of magnitude greater than the asbestos londing.lz Nor are they
appropriste in surveys of industrial sites, whare the asbestos/total
loading ratio and the size of airborne asbestos fibers may fluctuate
markedly.  Thus, continuous monitoring is generally not practicable,

and sampling will almost always be necessary.

c=-2
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Monitoring by Membrane Filtration

The major method of monitoring in use for environmental media is
membrane filtration. The membrane filter method is directly applicable to
air, stack gases, water, food liquids, and other fluid media. With solid
media, it can_be ugsed as a final concentration step for fibers that remain

after some preliminary digestion procedure.

The procedure most commonly used is a single-step filtration, in
which all suspended particulate material in the medium is entrapped,
together with the suspended asbestos. It is also possible, however, to
utilize a dual-filter set-up in which the first (coarser) filter eatraps
the larger material while allowing much of the smaller material (including
most of the asbestos) to pass through to be collected on the second (finer)
filcer for analysis.lz Although this dual-filter method has some
advantages for applications in which the asbestos concentration is low
and concentrations of other particulate material are high, the method
cannot be generally recommended because as filter loading increases,
the collection characteristics change causing an increasing amount of

asbestos fibers to be trapped on the first filter.

The filter best-suited for use in most environmental
sampling for asbestos is a mixed cellulose-ester ﬁeﬁbrane filter (similar
to those manufactured by the Millipore Corporation), with a mean nominal
pore size of 0.45 or 0.8 um. These filters will remove, from water,
99.9%Z of asbestos fibers present13 and are estimated to be "...almost

100% efficient..." for removal of asbestos fibers from air.

For some applications, the "Nuclepore” membrane filters manufactured
by Ceneral Electric are most appropriate.l They are more suitable
for scanning electron microscopy of collected samples because of their
relatively flat surface and their relative stability in an electron beam.
However, they are difficult to use in direct environmental monitoring,
becauge they have a high pressure drop at normal sampling rates and a

c-3
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tendency to develop static charges which makes them difficulr to handle
*
after sampling.

Measuring Asbestos in Air
it is most proovable that inhalation of airborne ashestos i

attended by greater carcinogenic risk than is ingescion (as discussed

in Chapter III). Hence, [t is most important that present knowledge of
exposure to airborne asbestos, as a function of time for various popula-
tion groups, be refined so that those groups at greacest visk can be ascer-

tained.

The biologically effective concentration and deposition characteris-
tics of the particles available for inhalation (in the breathing zone
of the individual) are the critical parameters to be measured. The
biologlically effective concentration will be some complex function of v
fiber number, size, shape, mass, and type of asbestos best correlated
with disease. Deposition characteriscics (deposition in the airways of
of man) are complex and are discussed elsewhere in this monograph (Chapter III}.
Suffice it to say that the diameter of the individual fiber is the principal

controlling variable {n deposition, but length is important enough that both
should be measured, although thia is difficult ia practice.

Measuring Asbescos in Water
The sampling of water to determine asbestos content requires
special care if the results are to be representative of potential human

exposures. As with air, there are seasonal effects on sources of
asbestos and on the distribution of asbestos in & given body of wacer.
Stream flow rates, thermal stratification, sedimentation, aund differing
source flow rates may all have an effect, as may (foy drinking water) the
characteristics of the distribucion system.

The Environmental Measurements Advisory Comuittee of the EPA has
recently been studying the question of measuring asbestos in drinking
water. As part of this effort, the Athena (Georgia) Environmencal
Research Laboratory has developed a preliminary method for such assessment.

*
For discussions of membrane filtering that are much more thorough, see
References 14, 20, 24, 2S5, and 26. C-b
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In part, the guidelines given there include:

"It is beyond the scope of this procedurs to furnish detailed
instruction for field sampling; the general principles of sampling
7aters are applicable. Thers are some considerations that apply to
asbestos fibars, a special cype of particulate matter. These fibers
are small, and {n water range from .l um or more. Because of the
range of size there may be a vertical distribution of particle sizes.
This distribution will vary with depth depending upon the vertical
distribution of temperature as well as the local meteorological
conditions. Samplingrshould take place according to the objective
of :h¢4anclysis. If a representative sample of a water supply is
required a carefully designed set of samples should be taken,
representing che vertical as well as che horizontal distribution,

and these samples composited for analysis.

Thesampling container shall be a clean polyethylene, screve-capped
bottle capable of holding at least one liter. The bottle should be
rinsed at least two times with the water that is being sanmpled
prior to sampling. (Note: GClass vessels are not suitable aa
sampling containers.) A minimum of approximately one liter of
vater is required end the sampling coutainer should not be

filled. It is desirable to obtain two samples from one locncionl45

When the bulk water sample has been collected, 1t'is filtered through
a membrane filter and the filter prepared further for analysis.

Msasuring Asbestos in Food

The most critical, and yet unresolved issue in measuring asbestos
in food is a machod to be used in preparing solid or semi-solid food
for separation of any asbestos that may be contained. At present, no
such generally suitable mathod exists. Surface contaaination (e.g. on
vice) rmay be messured relatively easily by straightforward washing and
fileration techaiques. For liquid foods and beverages, simple filtration,
with membrane filters, ls often appropriate, followad by treatmsat to
remove organic co-contamination of the filter surface.ls
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Analvsis of Samples=~Some Technical and Economic Constraincs

The most valid analytical zmethods for complets assessment of
asbestos contamination are those zethods based upon electron microscopy.
This is parcicularly crue for assessment of general community exposure
from air or vater. In soue cases, where the fiber-size distributions of

asbestos exposures are constant and already known from electron microscopy,

the use of optical microscopy, or the msthods of continucus monitoring
referred o earlier, may be juscified for routine surveillancs.

Tachnical Constraints
Individusl asbestos fibers can be identified by phase~contrastc

optical microscopy. However, without using elactron microscopy it is noc
always possible to discinguish asbestos fibers from amorphous inorganic
(£ibrous glass or mineral wool), natural organic (plant or snimal), or
syncthetic organic (nylon, oriom, ete.) fibers. Morsover, in most
mc{ni:oring situacions cthe majority of fibers will be below the resolu-

tion of the phase-contrast microscope. Cemplete characterization agg' 8
identificacion of such fibers requires the following information:

¢ Dimsnsions and morphology

® Electron diffraction pattern

¢ Elemental composition
For samples such as community air and water, for which more cthan one
fiber type cannot be ruled ocut s priori, obtaining this informationm is
no simple matter. Each fiber must be identified separately by using
electron m:oxcopu.m equipped with X-ray fluorescence and selected
area electron diffraction capabilities, for the deteraination of elemental
comnéuitiou and cryscallographic characteristics.

With any of the analytical mathods, compromises are nacessary becsuse
of the relatively "heroic" sample-preparaticn methods required, especially
for transmigsion electronic microscopy. Many of these methods--iavolving
such techniques as ashing, multiple transfers of liquid resuspensions, and
filtrations--tend to subdivide fibers into fibrils. Thus, it is often
difficult to reconstruct the original size distribution.

c-6
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for samples in which the concentration of asbestos fibers is low and

the size distribution small, size distribucion analysis may be unreliable

because only a few fibers will be seen.

Economic Constraincs

The equipment needed for complete analyses in a continuous monitoring
progranm will require a highly skilled and experienced operator and
extensive technical support. The minimum inicial capital invescment
required for new equipment will be in the range of $100,000-5250,000,
and an annual cperating budget of nearly $100,000 will be required.

This will cover the expense of purchasing and installing a scanning/trans-
nission electron microscope, and the salaries, fringe benefits, and
overhead expenses for a microscopist and two or three technicians.

For an uncomplicated membrane filter sample~~when only one type
of fiber i3 present, and other particulate macerial 1is not excessive--
the number and mass of fibers and their size distributions may be cbtained
for a cost of a few hundred dollars per sample. If the sample is more
conplex, the costs may run to several thousand dollars, and the sample
may require several weeks for amly:i:.lg

Scms progress has been mada in automating the counting and sizing of
fibers, from phocomd.czognphl,zo'z1 but thess sutomated mathods are based
only upon recognition of fibrous morphology «nd are therefors unsuitable

for avaluacion of '"mixad"” exposurs by fiber type.

Reproducibility of Measuremencs
Because of the difficulties of measuring asbestos-fiber contamina-

tion, there are large variations in the mesasurement of asbestos in
samples of air and water, both within and among laboratories., Saeveral
replicabtliity and duplicability sctudies are sunmarized below.

Asbestos in Water
Although the attainment of an intralaberatory precision of $30% ia
analysis of water has been rcpoztcd,ls it is not uncommen for results

Cc-7
pDUP 09317A7

DU 035499




from duplicate samples analyzed by competent workers in independent

laboratories to vary by more than an order of magnitude.

In a reproducibility study reported in 1975, seven "competent"

laboratories showed readings of below-detection-'imit to 9 million fibers

per liter for a water sample known to contain 7.5 million fibers per liter.

In another case where five replicate analyses were made in each of two
laboratories on an identical sample, one laboratory showed readings of
0.79 to 4.0 million fibers per liter, while the other showed readings of

8. to 29. million fibers per liter..>

In another study, repbrﬁed in 1976, investigators evaluated
variation among and within nine laboratories that analyzed samples of
water from five different sites on Lake Superior. The averages for
the nine laboratories varied from 1.6 million to 78.7 million fibers per
liter. The within-laboratory coefficient of variation (standard deviation

divided by the average) ranged from about 50% to lOOZ.22

Asbestos in Air

There is also considerable variability in measurements of atmospheric
asbestos concentrations, especially of ambient air, both within and
among laboratories. Data on duplicate analyses of ten ambient air
samples from measurements by the Mount Sinai Department of Environmental
Medicine and the California Department of Health are given in Table C-1
Differences between the two laboratories may be two orders of magnitude
or more. No one laboratory's readings were consistently higher. The
Mount Sinai group also conducted replicate analyses of four samples.
These results, shown in Table C-2, show differences of less than an
order of magnitude. The authors of the study in which these findings
were reported state that an individual value may be accurate within a

factor of two or three of a sample mean.

The inaccuracy in values obtained from a specific analysis can
result from several circumstances: (1) statistical variation in the
number of fibrils found in given grid squares, (2) a much greater varia-
tion in volume of these fibrils, (3) incomplete dispersal of chrysotile
bundles, (4) variability in the amount of material lost during processing,
and (5) low-!evel contamination of the sample at various points during

its preparation and analysis.
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Table C-1

DUPLICATE ANALYSTS OF TEN AMBLENT AIR SAMPLES

Asbestas Concentration (nanograms/meccrs)

Sample Number Hount Sinai alif.Dept. of Healt
74-000-003 .. 0.6 120.0
74-000-012 44.0 0.4
76-000-023 0.0 13.0 '
74-000-032 2.7 0.0
73-003-038 2.6 0.0
73-003-046 7.38 <800.0
73-003-05%4 . 7.3 0.0
73-003-064 21,0 0.0
74-000-110 46.0 14.0
74-000-119 1.4 2.2

%Jith an annotationm: "Disregard, only 2 fibers observed."
Source: Reference 23 (end of this Appendix).

c-9

pU 035501




Table C-2

REPLICATE ANALYSIS OF FOUR AMBIENT AIR SAMPLES

Agbestos Concentration (nano rams/mccerz)

Sample Number lst Analysis 2nd Analysis Average

73-003-038 0.0 5.3 2.6
73-003-046 7.6 7.1 7.3
73-003-054 3.2 il.4 7.3

73=001-064 12.0 30.0 2l.0

Source: Reference 23 (end of this Appendix).

Alchough the phase-contrast microscopic method has been demonstrated
to be useful for evaluation of occupational asbestos exposurss, and a
coefficient of variation (for sampling and analysis) of 222 has been
reported for trained :cchnieians,z‘ it should be recognized that there may
be a two-fold variation between results (for reference samples) from
experienced and novice microscopists for amosite, and a four-fold
variation for chrysotile. It {s also iaportant to recognize that the
fraccion of fibers in a sample of airborne asbestos that will be visible
in using this mechod will vary by type of asbestos and also (within
each type) by the particular industrial process being evaluated.

Conversions Betwsen Counts by Different Methods and Between Number of
Fibers and Mass.

Because of the large variacions in messuremsants, it is generally not
possible to convert counts by the phase~contrast optical method to
equivalent clectron microscopic counts, except within very wide margins
of error. Indications of the error that may be introduced by uneritical
acceptance of any constant factor for conversion may be found in (a)

a study of size distributions for airborne asbestos exposuras in
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various asbestos process(az and (2) a comparison of optical and electron
nicroscopic methods applied to samples of air taken from inside public
buildingt.23 In the latter study, variations by factors of 20-30, and no

apparent corrvelation, were found.

Yor can counts of visible dust particles by the midget impinger methkod
be equated with fiber lavels determined by phase~contrast microscopy, as
illustrated in another scu&y which gives measurements of both meztods for
one job at four asbestos textile plan:326 Within a plant, asbestos levels
increased with midget impinger counts; but if comparisons are made across
plants, it is clear chat the limits of uncertainty are approximately an
order of magnitude.

In a 1974 study, there ware differences of several orders of magni-
tude between fiber/mass ratios in emission streams of asbestos processing
plants and =mills, making any attempt to apply a constant conversion factor
between number and fibers and nsss uncertain at bosc.zs

Soma important conclusions caan be drawm:

e The ratios of slectron-microscope-visible to optical-microscope~-
visible fibers very among plant eamissions, the workplace, and the
general environment, as well as within each of these categories.

e No universal ratios or factors for conversion of optical micro-
scope results to electron microscope results exist. In this
monograoh, when needed, a factor of 50 has been used to convert
occupational fiber levaels from optical-microscope-visible to
electron~aicroscope-viaibla fibers. The factor is based on a
conservative astimate that 2% of total fibers are optical-aicroscope-
visible.

e No unglg_ factor for conversion of mass emissions to fiber emissions
exists.

® Fiber/mass ratios differ markedly from the occupational to the
general environments, and they also differ markedly within each
environment. The mmber of electron-microecope-visible fibers
per nanogram might well range froam 100-10,000. B3ased on the observed
data available and for convenience sske, 1000 fibers per nanogram
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L.

2.

3.

6.
1.
8.

9.

hag been used in this monograph for atmospheric levels near planes,
and 25Q fibers per nanogram for ambient urban air.

¢ The monitoring method chosen will be different for each spplication

but zmust depend upon electron microscopy as a reference method.

o Because mass of asbestos can be directly calculated from asbestos
type and electron-microscope-visible fiber size and number, it is
recommended that these indices be recorded whenever possible. The
fiber size distribution can be completely stated by the geometric
means and standard deviaticns of fiber length and diameter, assuz-

- ing that fiber length and dismeter vary independently of each other.
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Appendix D

ANIMAL STUDIES RELATED TO CARCINOGENIC EFFECTS
OF FIBERS

Inhalation
Mice

Hybrid mice (AC/FL) wers exposed to a commercial preparation of
chrysotile dust at a concentracion of 150-500 mppef 4060 hours per
week for 17 months and vere sacrificed after exposure. A high incidence
of multiple pulmonary adenomas* was cbserved in the exposed group
(45.7%, or 58/127), than in controls (36.0%, or 80/222). 50"

Rats

White rats, some of whom had received an intratrscheal application
of caustic, (reportedly to impeda mucociliary clearsnce), were axpcsed
to chrysotile dust 30 hours per week for 62 wesks at a mean concentration
of 86 mg/-3. Of 72 rats surviving 16 months or more, 25 develcped
malignanat thoracic tumors (adenccarcinomas, squamous cell carcinomas,
fibrosarcomas, and a mesothelioms). The incidence of animals with cancer
was twice as great among caustic-trested survivors (15/31 or 48X) as
among those who had not beean treated (10/41 or 24%). There were no
tumors in 39 caustic-treatad and untrested control nninnll.113

Squamous carcinomas of the lung wers found in 2 of 31 Charles River
CD rats surviving exposure to crocidolite at a concentration of 49 uz/m3
16 hours a week for tvo years. No nalignant tumors were observed among
racs exposed to chrysotile or amosite, but 5 of 40 exposed to chrysotile
developed multiple pulzonary ndcncna-.los

*Senign tumors of the lung.
+Chapter III references--see Apendix H.
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Groups of 69 Charles River CD rats were exposed to crocidolite,
anosite, or chryﬁocile at nmean concentrations of about 50 mg/m3 16 hours
car wveek for two years. Among the group exposed to crocidolite, four
developed malignanc lung tumors (squamous cell carcinomas and an adenc-
carcinoma). Three of the group exposed to amosita developed thoracic
cancers (a broncoalveolar carcinoma, a fibrosarcoms, and a pleural meso~

chelioma). Two pulmonary carcinomas (a squamous cell and a papillary
carcinoma) and one pleural mesothelioma develbped in the animals

exposed to chtysocilc.lls

In a similar experioent, axposure for six months to two years

produced a 5% incidence of thoracic malignancies among groups exposed to

chrysotile and amosite, but a 14% incidence among the group exposed
to crocidolite., While mass concentrations of the three types of asbestos
were all about 50 mg/m3. counts of optically visible fibers were 54, 364,

and 1105 million per cubic meter, rcspcc:ivcly.llk

In another study, C/D Wistar rats wera exposed to amosite, antho-
phyllite, crocidolite, and chrysotile (Canadian or Rhodesiasn) at a con-
centration of 12 mz/m3 respirable dust 7 hours per day for varying leagths
of exposure. All fiber types produced asbestosis, which progressed after
removal of the rats from the dust. Lung carcinomas and pleural msso-
theliomas were found in groups exposed to each of the four fiber types,
and a single periconeal mesothelioma was observed among aninzals exposed
to crocidolite. Forty percent of animals exposed for tvo years developed
zalignant tumors of the lung and pleura. No such cancers wers found

. among contreol aninlls.s

A dose=~response relationship between asbeetos and cancer was noted—
"with increasing duracion of exposure there was an incressing incidence of
! obssrved malignancies. As little as one-day exposure was sufficient to
praduce lung carcimomas and pleural mesotheliomas. There was significanc~
ly more asbestosis (caking severity of asbestosis and length of survival
inte account) among animals with lung tumors than ameng those without
tumors. In additicn, among groups exposed for only one day, thers were
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significantly more lung tumors among animals with asbestosis than among

those without asbestosis.

Intratracheal Injection

Rats

White rats received 1, 2, 3, 4, or 6 intratrachael injections of
3.5 mg chrysotile in aqueous suspension. Among l6-month survivors, 3
of 19 developed pulmonary adenocarcinomas. Two of these had received

1
4 intratracheal injections, and one had received 6 injections.

After administration of 3 injections of 2 mg chrysotile containing
0.14 mg benzo(a)pyrene (a carcinogen in cigarette smoke) at monthly
intervals, or a single injection of 2 mg chrysotile and 5 mg benzo(a)pyrene,
lung papillomas, epidermoid carcinomas, reticulosarcomas, and pleural
mesotheliomas were noted in 6/21 and 6/11 animals, respectively, within
28 months. No tumors occured in 49 rats given 3 monthly injections of
2 mg chrysotile alone or in 19 rats administered a single dose of

5 mg benzo(a)pyrene.m8
Hamsters

Eight pulmonary adenomas, 9 tracheobronchial papillomas, and 6
pulmonary carcinomas developed among 31 LVG/LAK hamsters receiving a
dose of 4.5 benzo(a)pyrene and 12 mg chrysotile over a period of 12 weeks.
No tumors were observed in 17 animals administered chrysotile alone.
Among 34 receiving benzo(a)pyrene alone, 9 tracheobronchial papillomas

and 1 pulmonary carcinoma were reported.lel

The effect of intratracheal instillation of asbestos with oral or
subcutaneous administration of nitrosodiethylamine (NDEA) was studied
in Syrian golden hamsters. Aqueous NDEA was administered per gastric
tube twice weekly for 20 weeks (total dose 60 mg), or 3.5 mg aqueous
NDEA was injected subcutaneously once a week for 12 weeks (total dose,
42 mg). One mg chrysotile asbestos in polyglucin suspension was injected
intratracheally once weekly for 6 weeks (total dose, 6 mg), beginning
one month after the start of NDEA treatment. After 8-10 months of 21/52
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and 14/51 animals developed benign and malignant pulmonary tumors among
the groups receiving asbestos and oral NDEA or subcutaneous NDEA, respec-
tively. Among control groups receiving oral NDEA, subcutaneous NDEA,

or asbestos alone, only 1/50, 3/47, and 0/50 developed pulmonary cunorl.l62

Intrapleural Injection
Mice

Two of 75 BALB/c mice receiving intrapleural inoculations of 10 mg
crocidolite in aqueous suspension developed pleural tumers, but no

tumors were observed among 75 mice injected with 10 =g chrylotill.163

Rats

A single dose of 20 mg of crocidolite, amosite, anthophyllits, or
chrysotile from various sources administered to CD Wistar rats produced
an incidence of pleural mesothelioma ranging from 19X to 70%. Yet as
little as 0.5 Tg7chrytocilo or crocidolite was sufficient to inducs

mesothelionas.

Various asbestos types have induced sesotheliomas following intra=~
pleural injection {n Osborne-Mendel, Sprague-Dawley, CFY and Wistar/Alderly

107,108,161,183 The carcinogenic response to chrysotile and
107,117

ICI racs.
crocidolite appeared to be dose-related.

Oil-extracted asbestos gave results similer to untreated snnpl.n,l°7'16“

165
thus casting doubt upon the hypothesis :ha:én;:gral oils and waxes,
1
contaminant oils from the milling process ' or
originating from storage in plastic or juts bags contribute to the

carcinogenicity of ssbestos.

or organic materials

It has also been suggested that metal contaminants added during
processing of fiber play a role in asbestos cnrcinogouosil.lls
Subsequent experiments using r.:.169’17° have demonstraced that (1) treac-
ment with acid, base, and ethylene diamine tetra-ascetic acid to remcve
wetal contaminants; (2) selecting asbestos samples from among interior

fibers not sxposed to contaimminating harmermills; or (3) using different
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samples of the same asbestos type containing different quancities of
trace metals did not produce different tumor yields. By way of contrast,
heating samples for two hours at 900-1000°¢C resulted in a substantial

loss of carcinogenic activity in rats.169

Fiber diameter and length, in addition to shape, may be important
determinants of carcinogenic potemecy. Eight subsamples of U.I.C.C.
(Union Internationale Contre le Cancer) standard reference Canadian
chrysotile were milled individually to a finer powder than the standard

aixture. Injection of each subsample intrapleurally resulted in a

higher yield of mesothelicmas in Wistar rats than did the pooled refer-
ence material. The highest tumor yield of all was produced by a separate
superfine chrysotile prepared by water sedimentation of Grade 7 commer-
cial asbestos. Carcinogenicity was correlated with number of fibers '
less than O0.5um in diameter and greater than 10ym long.lo

On the other hand, pulverizing asbestos before applying it to the
plaura of Osborne-Mendel rats by means of a costed glass plaedget reduced
carcinogenicity. Fibers of diameter less than 0.2um end length 5-10ym,
which were present in greater numbers in pulv-rigld speciaens, were
considered to be less effective carcinogens than fibers of greater size.
By contrast, after intraperitoneal injection (see "Intraperitoneal
Injeccion' below), fibers less than Sum long were fully potent in inducing
tumors. It must be kept in mind that prolonged nmilling may alter the
crystalline structure of asbestos and thus influence biological effects.

Hamscers, Guinea Pigs, aud Rabbits

Pleural masotheliomas developed in Goldem Syrian hamsters after
intrapleural injection of 10 mg chrysotile, amosite, anthophyllite, or
crocidolits. An apparent dose~response relationship was observed for
chrysoii:o, with 0, 4, and 9 mesotheliomas induced among 50 animals by
injection of 1, 10, Or 25 mg, respectively. Prolonged milling, which
reduced the majority of fibers to submicroscopic dimensions, eliminated

109
carcinogenic effects and greatly reduced fibrogenic sctivity.
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One pleural tumor was observed among 50 guinea pigs inoculated with
10 mg crocidolite in an aquecus suspension, but none were observed {n

a similar group inoculated with chrysotile.l7l

Of 3 rabbits surviving at least 12 months following injection with
16 mg crocidolite, 2 daveloped pleural mesctheliomas, one at 22 and

one at 24 months.106

Intraperitoneal Injection (Mice and Rats)

Peritoneal mesotheliomas occurad in 20 of 60 BALB/c mice within

18 months of injection with 10 mg crocidoli:c.17l

Peritoneal mesotheliomas were reported in Charles River CD, Sprague
Dawley, and Wistar rats following intraperitoneal injection of croeci- '
c011:|1°6’111'l71’172 and in Charles River CBD énd Wistar rats following
injection of chrysocilc.1°6'11°'172 Although the incidence of peritoneal
tumors among groups of 40 animals was virtually identical, the time from
{njection to observation of the earliest tumor was 276 days for 25 =g
chrysotile as opposed to 343 for 6 mg chrysotilc.l73 Tumors were produced
by four 23 mg injections of powdersd chrysotile (99.8%) of the fibers
less than Sum long), although the incideance was somevhat less than for
standard chrysotile (12/37, or 32%, vs. 18/33, or sszy 112

.

Subcutaneous Infection (Mice and Rats)

CBA mice developed injection-site sarcomas and pleural and peritoneal
nesotheliomas (2+5/17, 2+42/13, 1+1/12) after three sets of bilateral
inguinal injections of 10 mng crocidolite, amosite, or chrysotila at inter-
vale of 5 weeks. No tumors were cbssrved among 15 controls injected with
salim.u6 The investigators, howsver, have been unable to duplicate their
findings and believe that, in thair experiments, asbestos either was in-
jectad directly inte the plehrnl or peritoneal cavities or ulcerated inco

thess cavitiss through the overlying :1.|uns.175

A single local tumor was observed following injection of 75 zg

chrysorile zo 33 Wistar ra:s.llz
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Oral Administrarion (Rats and Hamsters)

One gastric leiomyosarcoma developed among 32 Wistar SPF rats

fed 100 mg/day chrysotile 5 days per week for 100 days in a 6~month
176

period. Yo tumor occurred among 16 comtrols.

Among 42 animals examined after an average of 441 days on a diet
containing 50 mg/kg body weight per day asbestos filter material (52.56%
chrysotile asbestos), 12 malignant tumors were observed: & kidaey
carcinomas, 1 lung carcinoma, 3 reticulum cell sarcomas, and 4 liver
cell carcinomas. Seven benign tumurs including 1 lung adenoms, 2
cholangiomas, 2 stomach papillomas, and 2 mammary fibrosdenomas weras
also noted. Among 49 untreated controls surviving an average of 702
days, 2 liver cell carcinomas and 5 mammary fibroadenomas occurrad. The
increased incidence of malignant tumocrs in the group fed asbestos filtet
material was stacistically significant (p <0.01) ~ : however, the meaning
of this study as regards asbestos is uncertain since asbestos comprised
only half of the filter material administered.

Ten rats fed a diet containing chrysotile, 5% by weight, for 21
months did not develop malignancies. Groups of 28«35 rats fed 10 ug
chrysotile or crocidolite in butter ouce weekly for 16 or 18 weeks de-
veloped no malignant lesions which, when compared with a comtrol group,
could be related to the ingested aabcstos.lo

No tumors of the gastrointestinal tract were observed ia groups of
45 hamsters fed a diet containing 12X chrysotile or amosite by weight

for their 1i£cspnns.177

Careinogenicity of Qther Mineral Fibers

Mineral fibers other than asbestos have been shown to be carcino-
genic by the intrapleural or intraperitoneal routes of administration——
but only when of a diaveter similar to that of asbestos fibers (less
than 5um).

Ia groups of 32 rats, mesotheliomas occurrad ia 18 of those injected
intrapleurally with fihrous brucite or "nemalite,”" which may be concam-
inated with chrysotile, in 3 of those injected with a ceramic fiber,
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and ia 1 each of those injecced with fibers of barium sulfate, glass
sowder, and aluminum oxidc.107 In studies by another team of investiga-
tors, the following results were noted: intraperitoneel injection of
palygorscite (attapulgite) and nemalita=<3 dosaes of 25 mg and 4 dosas

of 25 mg, respectively-~resulted in tumors in about 75% of Wistar rats
(26/34, 25/34). Gypsum, although fibrous, gave a low tumor yield (3/35),
serhaps because it disgolves in tissue. Non~-fibrous dusts (pectolite,
sanidine, talc, biotite, hematite) produced few or no tumors. A dose-
response relationship was observed for glass fiberg-—intraperitoneel
injection of 2 ng, 10 mg, and 2 doses of 25 mg results in tumors in 27%
(21/73), 53% (44/77), and 71Z (55/77), respectively. No tumors appeared

among 72 control animals.l17,118
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AIR AND DRINKING WATER ASBESTOS CONCENTRATIONS

Appendix E

FROM SOME PUBLISHED STUDIES

Table E~1

Atmospheric Concentrations of Asbastos

Berkelay, CA

Boston, MA

Chicago, IL

Dayton, OH
Frankfore, XY
Houston, TX

Los Angeles (freewvay)
Los Angeles (control)
New York City, NY
Manhattan, NY
Brooklyn, NY

Bronx, NY

Queens, NY

Staten Island, NY
Pittsburghr, FA
Fhiladelphia, PA
Port Allegany, PA
Ridgewood, PA

San Francisco, CA
Washington, [C

In Some U.S. Urban Areas

Concentration

_ (Nanograms/n3)
Average Range
6.8 2.1-12
5.0

2 9.5-200
6 0.4=11
0.09 0.02-0.15
s 4m6

27t
43"

13.2 8.2=41
0t 8-65
19* 6=39
12* 2-25

9t 3-18
gt 5-14

‘ 2-8
70* 45-100
15t 10-20
20* 15

28 8.7-68
21 1.6=40

Source
(Chapter V

Raference)

§7
67
67
14
14
14
13
13
87
2
32
32
2
2
14
13
15
15
67
14

21dentified as chrysotile asbestos by the authors.

E~-1
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Appendix F

SMOKING CESSATION PROGRAMS

Alchough a number of different program strategies may reduce smoking
rates, significant long-term cessation of smoking is rare. Most reviews
indicate that the greatest rate of recidivism occurs between 1 and 35 weeks
following treatment, when only 30% of those who had been abstinent at the
end of treatment report continued abscinence. Followeup at 3-18 months
{ndicaces approxizate cessation rates of 20%-30%. One report noted 182

ceasgacion at 5 years after :ren:nnn:.l

Most smoking cessaction progrinn have earolled voluntaers, who may
have been motivated to quit on their own. Since 16% of persons who quit
by themselves have been reported to remain abstinent one year,” the 202
to 30X rates of abstinence achieved 3 to 18 months after smoking cessaciocn
programs suggest that formal cessation programs may be only of modast benefit.
Such programs, however, may be substantially beneficial for parsons who might
not have been able to quit on thair own.

The discussion in this Appendix is intended to provide a broad per-
spective of the available options. Thare ere several published works that
provide s more comprehernidive review of the subjcct.3'4'5’6'7

Counseling by Health Professionals

When they advise patients to quit or reduce smoking, health profes-
sionals, particularly physicians, serve as agencs of behavior change.
Oue report dascribed the results of a phyeician counseling prograam in
which 100 surgical patients were seen for a brief interview duriang which
the health hazards and financial burdens of smoking wers discussed. After
one year, 30Z of males and 11% of females had stopped smoking. Following
another such program, which included medical lectures, physical examinations,
group discussions and filme, the quit rate vas 58%, and 29% were still

abstinent a year la:nr.a'g

P=-1
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A number of health organizacions have developed visual aids—pamphlets,
filns and posters--to agsist physicians and others in counseling patients
who smoke. These organizations include the American Lung Association,
American Cancer Society, National Clearinghouse for Smoking and Health,
and the American Heart Association. Ti{tles of a number of the visual aids
offered by these organizations are given in the National Cancer Institute's
The Smoking Digest (in presa);m Addresses of the organizations will be
found in Table F-1,

Self-Halp _Program
A recent Callup poll (1974) indicated that oaly 34X of smokers

expressing a desire to quit wers interesced in attending cessation clinics.
The majority of smokers who becams abstinent quit without the use of formal.

smoking-cessation interventions. 1 .

There appears, howevar, to be a grest deal of interest in self-help
manuals and kits as judged by the amount of such materials requested during
antismoking cnpaign-.u A typical self-help manual includes a behavioral
interpretation of smoking, a general explanation of the principles of
behavior change, and specific instructions for implemanting self-control
procedures directed at smoking cuu:ion.u For example, the smoker might
be instructed to:

List positive reasons for quitting

® Racord the time each cigarstts is smoked

® Note feelings and behavior prior to and during each smocke

¢ Raduce gradually tha numbar of cigarettas smoked

¢ Impose circumstantial barriers to smoking, such as not
carrying matches

® (Change brands twice veekly, chocsing each tims a brand
lowver in tar and nicotine

® Increase physical activity

® Refrain from saoking for 48 hours

¢ Avoid situations most closely associated with smoking

& Find substitute hehaviors for smcking
The effectiveness of self-help programs has not besn established.

DU 035522




Table F-1

POTENTIAL SOURCES OF ADDITIONAL INFORMATION

Action on Smoking and Health (ASH)
2000 H Street, NW
Washington, D.C. 20006

Anerican Cancer Society
777 Third Avenue
New York, New York 10017

American Health Foundation
Deparcment df Behavioral Scisnces
1370 Avenue of the Americas

New York, New York 10019

American Heart Association
7320 Greenville Avenue
Dallas, Texas 75231

American Lung Association
1740 Broadway
New York, New York 10019

Canadian Council on Smoking and Health
343 0'Connor
Ottawa, Ontario K-2P-1V9

Cancer Information Clearinghouse
7910 Woodmont Avenue

Suite 1320

Bethesda, Maryland 20014

Ganeral Headqusrters

5 Day Plan to Stop Smoking
Seventh Day Adventist Church
Narcotics Education Division
6840 Eastern Avenue, N.W.

Kaiser Foundation Rasearch Institute
1956 Webster Street, Room 3103
Oakland, Californis 94612

National Association on Smoking and Health

4155 East Jewel Avenus
Deaver, Colorado 80237

(Continued, next page)

-3

(202)

(212)

(212)

(214)

(212)

(613)

(301)

(202)

(415)

(303)

659-4310

371-2900

489-8700

750-5300

245-8000

236~6035

565-5953

723-0800

645-5000

753-0777

pup 0931785
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Tab;e F=1 (continued)

National Clearinghouse for Smoking and Healith
Public Health Service

U.S. Department of Health, Education & Welfare
Center for Disease Control

Atlanta, Georgia 30333

National Interagency Council on Smoking and Health
419 Park Avenue South
New York, New York

Occupational Health and Safecy Administration
U.S. Deapartment of Labor

Conscitution Avenue and Third Street, N.W.
Washingten, D.C. 20210

Schick Center
4101 Frawley Drive
Fort Worth, Texas 76118

Smoking and Health Informstion Program
P.0. Box 2003
Tyler, Texas 75710

SookEnders
Mamorial Parkway
Phillipsburg, New Jersey 08865

The Tobacco Instituta
1776 K Street, N.W.
Washington, D.C. 20006

Tyler Asbestos Workars Program
P.Q. Box 2003
Tyler, Texas 75710

(404) 633-3311
X 3235 - Tech. Info.
X 3145 - Public Info.

(212) 532-6035

(202) 523-7081

(817) 268-1157
(214) 877-3011
(201) 454~HELP
(202) 457-4800

(214) 877-3011

Source: Adopted from The Smoking Digest, National Cancer Institute

(in press).

-4
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Croup Therapy and Five-Day Plan

Various health organizations have sponsored commnity group
smoking cessation clinics, which provide health information, encourage-
ent, and group therapy. Groups typically involve 8-13 persons and a
group leader, meeting once or twice weekly for a month. Participants
{n the group are informed of smoking risks, asked to describe vhy they
smoke and to detail their smoking habits, and are then encouraged to
follow one of several procedures for quitting. Estimates of the effec-
tiveness of thess programs after one year range from 182-252.13'14
digher success rates rasult from programs stressing formal long-term

maintenance support.

One variant of group therapy is the Five~Day Plan, which consists
wE five daily meetings, 1-1/2 to 2 hours sach. Up to several hundred
volunteer participants may be treated at these sessicns. Intervention
strategies range from lectures and inspirational nessages to fear-arousing
stimuli and behavior modification procedurss. One such program--a live-in

clinic including lectures, exmrcise, and individual as gell as group therapy--
raported 21%-40% quit rates at a three-ponth follow=-up.

Isolated use of the nonspecific treatment factors characteristic of
the smoking clinic approach (e.g., suggestion, high axpectation of success
in quitring) result in post-treatmanc caseaticn rates similar to those of
clinics chat use specific planned intervention ntratogicc.3’ls A followe
up of a group of 559 volunteers who had attended such a smokiang clinic
(pharmacologic agsnts, health educaciocn, and brief suggestions to use
certain techniques for quitting) indicated that only 18% remained abstinent
at five ycarl.l

Behavier Therapies
The bshavior therapy approach assumes that problematic behavior

13 a function of a person's learned pattern of interacting with the
environmant. The goal is to teach more adaptive means of responding.

The initial step is a '"behavioral assessmant," an evaluation that in-
cludes {dentification of antecedent events that trigger smoking; determin-
ation of thoughts and feelings that influence smoking behavior; analysis of

0931787
F=s pu?
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parsonal smok{ng behavior (frequancy, situations); and identification
of the psychological consaquences of smoking. A number of techniques
2ay then be used to teach the individual new patterns of interacting
with environmental smoking s:imuli.a’lz These techniques can be grouped
into five major categories; systematic desensitizationm, punishment and
aversive conditioning, stimulus control, reinforcement of nonsmoking, and

multicomponent interventions.

Assuming that {t {s anxiety that elicits the urge to smoke, atczempcs

have been made using relaxation techniques to desensitizs smokers system-
16,17,18

acicnlli to anxiety-evoking stimuli, However, no substantial effect

on smoking behavior has been reported.

A number of aversive conditioning techniques have been empioyed to
nodify smoking behavior. Loud noises or electric shocks have been coupled

to smoking or to the urge to smoke, generally with little cffcc:.Lz

Two techniques incorporate cigarette smoke as the aversive stimulus:

® Rapid smoking, which reaquires the individusl to smoke rapidly
and continucusly, sometimes in conjunction with drafts of warm
smoky air

® Satiation, which requires incressing cigarstts consumption
over & certain period of tima (e.g., sxoking double or triple
the usual samount for a week)
In the context of a persussive interpersonal relationship between
patient and therapist, the rapid smsoking tachnique appears to :onui;
in about 50X abstinence three to six months following termination.
While one report of s satiation prograam indicated 62% cessation fo?; months
following :rc::n-n:.19 other programs have not been as successful.
Before implemsnting the rapid smoking method, a medical screening should
be required of participants due to the possible deleterious effects of
20
increased carbon monoxids levels.

Another behavioral techniqus is stimulus control. This may involve
forbidding smoking in situatiocns where smoking would habitually occur
(e.g., no smoking while drinking coffse, watching IV, or folloving a
meal) as well as gradually restricting the number of situatious where
smoking is permitted. While (a) thera appears to be no clear cessation

76 DUP 0931788
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effect from using this mezhod and (b) a high aterition has baen reported

frequently, reduction in the rate of cigarette consumption doas rnsul:.a

The reinforcement of abstinence through the use of social or monetary

incentives has been relatively successful. An example of a technique

incorporating a monetary incentive is the use of a deposit made prior to
initiation of the program., The money is returned in portions made con-
tingent upon progressively longer periods of abstinence. Fifty percent

cessation has been reported at six months as opposed to 242 in a group

not employing the 1nccncive.21'22

Multicomponent interventions have been designed by combining chese
techniques. A number of reports indicate that this approach may yiald

high aggténcncc rates (65X to 100% immediately; S5% to 6352 after one .
7
*

year).

Miscellaneous Individualized Techniques

There are a series of cigarette filters designed to aseist swoking
cessation by gradually rvaducing levels of inhaled tar and nicotine. The

extent to which this method has been effective has not been cv‘lutccd.lo

A diverse array of madications--including stimulants as well as
tranquilizers, nicotine substitutes as wall as antagonists, and anti-
cholinergics~~havs besn prescribed to aseist smokers in overcoming
withdrawal symptoms. With regard to actual cessation, howaver, none of
these pharmacologic agents has shown any more promisa than placcbos.zs
In fact, several studies have suggested that placebo groups may have
higher quit r::.n.s

Very little research is availsble on the effects of acupunctura
as a smokiag cessation tcol. In one study, 50% of subjects wers reported
abstinent six weeks following auricular acupunctur¢.29 This cassation
race is similar to those obtained using less invasive techniques, and,
at the prasent tims, the use of acupuncturs doas not appesar to be just. -ied.

Hypnotic techniques have included actempts tc reveal perscnality
conflicts assumed to be msjor undsrlying causes of the smoking habit as
wvall as direct suggestions to quit.3°'31 While certain investigetors

pyp 0931789
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have reported positive ianitial results.32'33

there have been few controlled
studies. Furthermore, {nitial successes have not been maintained at
follow-up. One report of the results of a single session self-hypnotic
treaczent noted a cassation rate at one year of 20!,34 Using this approach,
another investigator has observed significantly higher rates of recidivisa

than with group counseling.35

Three issues related to smoking cessation--monitoring of smoking
behavior, the "successful quitter,' and gain of weight--are summarized

briefly in Tahle F-2.

Smoking Cassation Programs in Industey
Indusctry provides an i{deal serting for smoking cessation prograns.

Industrial programs often have the advancsages of:
® An existing system of occupational health care, which affords
a maang of careful health surveillance and follow~up

® An established netwvork of communications, which permics the
rapid dissemination of health information

® Peer and managcdnn: interaccion, vhich provides for soccial
incentives

¢ Readily pcrcciv(d benefics in terms of diminished illness and
absenteeism, which can be assessed against program costs.
While the plant physician may wish to refar workars to smoking
cessation programs outside the workplace, on-site programs reduce lost
tine and inconvenience. The local chapter of the American Cancer Society

would be an excellent rescurce for information on available outside
prograns. (Ses also other informacion resources in Table P-l.)

- A number of imaginative industry-based smoking cessation programs
have been established, but as yet there hava been no published reports
of their effectiveness. Several programs have been described:

Intermatic Incorporsted (Detroit) has a no-smoking "parimutusl'
window where employees can bat up to 3100 on their ability to
stop smoking for s year. The company has contributed $1,000 to

be divided among successful participants. Persons not remsining
abstinent donate their bet to the Amsrican Cancer Soclety.

pup 0931790
F-8

DU 035528




¢ Monitoring Smoking Behavior

T e — -

Table F-2

MONITORING SMOKING BEHAVIOR, THE SUCCESSFUL
QUITTER, AND WEIGHT GAIN

As with any intervention, monitoring of treacment effectiveness is
critical, Although self-support has been the major measure used to
date, it lacks precision for a variety of reascns which include the
desire to please, denial of shortcomings, or inconsistent motivation

to maintain accurate records over raporting intervals. Such objective
meagures as sarum thiocyanate or expired-air carbon monoxide, along
with self-support, might be useful for moni:orinz.36

The Successful Quitter

The successful quitter is likely to be a mnn,‘to be concerned about
his health, to be clder, to report fewer neurotic or psychosomatic
symptoms, to smoke less and to have begun smoking at a later age, to
have a supportive social milieuy, and to have tried to gquit on several
previous occnsians.1’37 The behavior of - spouses appears to be a
significant factor. Smokers with nonsmoking spouses, spouses who also
quit, or spouses who "made it easier to quit" were more likely to

remain abstinent at S5-year £ollov-up.l

Weight Gain
A frequant concern sxpressed by those planning to stop smoking is

wheather or not they will gain weight. Indeed, threae out of fog;
persons in one study gasined weight aftar giving up cigarectes.
Specific attention to the possibility of weight gain-~i.s., a
spacisl dietary or behavioral weight management program—~might pos~
sibly ba used to good advantage in cessation prograus.

Source: Appendix Referances cited.
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The Aluminaire Standard Glass Company (Phoenix) has established

& program in which & dollar amount equivalent to what abstinent
smokers would have spent for cigarectes is deducted firom paychecks.
At the end of one year the company matches the total deductions

and pays the entire sum to the worker providing he has remasined
abstinent.

Sears Roebuck and Company (New York) encourages employees to take
ourside smoking cessaczion courses by rebating & porcion of course
fees to those remaining abstinent for six mwnthe or more.

An tnterescing program package including education and social
monetary incentives was implemented at the Dow Chemicel Company
(Freeport, Texas) in collaboration with the American Cancer Society.
Abstinence wvas ravarded by s dollar each veek, and abstinent workers
were enrolled in monchly and quarterly lotteries for prizes that
included a boat and motor as well as cash awards. Ex-smokars wers
used to recruit program participants. For each recruited participant
who remained abstinent for one month, the recruiter was avarded a
chance in a lottery. (Recruiter iacentive is thought to provide a

useful source of social mobilization,)39 Of 395 participants, only
1S (less chan 42) continusd to smoke at program terminstion; however,

the lack of adequate follow-up precludes an assessoent of long-term
effects.

While these prograns are useful in providing rationale and moti-

vation for smoking abstinencs, soms persons do not possess ths skills
needed to quit. It would be useful to assist such persons through the
use of behavior therapies. ’
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L.

Sources of Publighed Educational Materials

Appendix G

SOURCES OF EDUCATIONAL MATERIALS

Asbestos Information Assoctiation/NA

Materials: Brochures on vork practices, fact books, reprints of

scientific articles, conference proceedings, and films;

- reference library,

Address: 1835 K" Street, N.W.
Washington, D.C. 20008

Asbestos Information Committee

Materials: Brochures on work pracrices, health effects, and

control procedures.

Address: 10 Wardour Streat
London, W1V 3HG
England

Asbestos Research Council

Materials: Brochures on work practices, ventilation, comtrel

procedures, protective devices, and disposal methods.

Address: P.0. Box 18 Cleckheaton
West Yorkshire, BD19 3UJ, Bngland

Congress of the United States
Materials: Peartiaent Public Lave

Address: Document Room, Congress of the United States,
Washington, D.C.

Johng~Manville Corporation

Materials: Brochures on work prlcciccn. health effects, films,
slides with sound, slides with seript, video tapes,
newspaper, bulletins, letters, reports, and reprints
of scientific articles.

G-l
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Address: Health, Safety and Environment Department
Ken=Caryl Ranch
Cenver, Colorado 30217

Hational Institute of Occupational Safety and Health, U.S.

Department of Healch, Education and Welfare

Materials: 'Criteria Document” on Asbestcos: reports of occupational

disease research and epidemiologic investigations.

Address: Robert A, Taft Laboratories
4676 Columbia Parikway
- Cincinnati, Chioc 45226

National Safety Council

Materials: Reprints of articles, safety data sheets; reference

library.

Address: 425 North Michigan Avenue
Chicago, Illinois 60611

Occupational Safety and Hcalth Administration, U.S. Department

of Labor

Materials: Occupational Safety and Health Standard:
Subpart Z, Sec. 1910.1001, Asbestos
Brochures on OSHA 1970

Address: Occupational Safety and Health Administration

U.S. Department of Labor
Washington, D.C. 20210

041, Chemical and Atomic Workers International Uniom, AFL-CIO

_ Materials: Poster, slide-tape cassetts presentation

Address: Citizenship-Legislative Department
1126-16th Street, N.W.
Washington, D.C. 20036

Quebec Asbestos Mining Association

Materials: Brochures on work practices, health effects, and
control procedures.

Address: S Place Ville Marie
Montreal 113, Quebec, Canada
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2. Poseiblé Sources of Published Educational Materials

American Association of Poison Control Canters
c/o Academy of Medicine of Cleveland
Poison Informatiocn Ceanter
10525 Carnegie Avenue
Cleveland, Ohio 44105

American Medical Association

- 535 North Dearbornm Street
Chicago, I[llinois 60610

Anerican Public Health Assaciation R

1015~18¢th Streat, N.ﬁ. ’
Washingtom, D.C. 20036

Center for Science in the Public Interast

1757 "S" Street, N.W.
Washington, D.C. 20009

Companies mining asbescos ore

Consuner Paderation of America

1012~14ch Streat, N.W., Suite 9501
Washingeon, D.C. 20005

Consumers Unica

256 Washingtoa Street
Mount Vernon, New York 10530

Heglth Rasearch Group

2000 "p* Street, N.W., Suits 708
Washington, D.C. 20036

Insulation Indusery Hygiens Research Program

Bavironmental Sciences Laboratory

Mount Sinsi School of Medicine of tha City University
of New York

Pifth Avenue and 100th Street

Nets York, New York 10029
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