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February 4, (972

Mr. R. W. Grigg

Commodity Purchasing Manager
Kaiser Gypsum Company, Inc.

Kaiser Center - 300 Lakeside Drive
Oakland, California 94604

Dear Mr. Grigg:

Walt Fitzpatrick has asked me to reply to your letter to him dated
December 27, 971 concerning asbestos toxicology. As we discussed
all of your questions cannot be answered directiy because federal
regulations have not been finalized and/or explicitly defined.

We are in the process of preparing-a lengthy Corporate "position
paper" on asbestos, its uses, controis, etc. We hope to complete

the paper by April; however, for expediency, | will answer your
questions to the best of my personal abilitfy., We will keep you
advised of new information and send you a copy of the final Corporate
- document.

There are two separate federal agencies which have recently issued
revised or proposed regulations concerning asbestos (copies attached).
The Department of Labor through the Occupational Safety and Health
Administration (OSHA) has issued "emergency" regulations lowering

the Threshold Limit Value (TLV) for asbestos from |2 to 5 fibers per
ml of air greater than 5 microns in length, and eliminated the total
dust count as an alternate TLV. These regulations apply to employees
handling asbestos in your plants as well as users of your products.

On January 12, OSHA also published "proposed rule making" in the
Federal Register, Vol. 37, No. 7.

The Environmental Protection Agency (EPA), under the 1970 Clean Air

Act, has issued proposed standards which would govern emissions from
plants and certain job sites. These standards will be reviewed in
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March and will not be enacted until later this year. Of major mutual
concern is their proposal to prohibit the spraying of asbestos or
products containing asbestos, without regard to the amount of asbestos
contained. We feel that the intent is to ban only the spraying of
asbestos insulation and the gross negligence which has been inherent
with this operation. We will prepare comments for the EPA and hope

to get a favorable definition of "spraying" to fit the intent of the
current proposed ban.

The comments below are in conjunction with the numbered questions
in your letter.,

l. Calidria Asbestos $SG-2{0 is chrysotile asbestos, the same
as Canadian grades 7RF, 7TF and 7D01. The biological effects
and basic mineralogical or crystalline nature are the same.

| have enclosed a copy of "Airborne Asbestos", a report
Issued by the National Academy of Sciences. |t fully explains
the health hazards and discusses them in an objective manner.

2a. Unless you have enough local ventilation to prevent fiber
counts at breathing zones from exceeding the OSHA TLV,
respirators should be worn when handling dry asbestos. The
handling of pastes containing asbestos should present no
problem. No dust will be generated once the asbestos fibers
are wet with water or resin. Respirators should be worn
during dry blending operations unless dust counts indicate
levels below 5 fibers per ml greater than 5 microns long.

2b. Technically, when asbestos is heated to 700°C it is converted
"+ to forsterite, a non-toxic mineral. Emptied bags and other

waste incinerated at temperatures above 700°C should presumably
not emit asbestos fibers to the atmosphere. Because of inherent
unanswered questions, we would not recommend this method of
disposal. Emptied bags and other waste could be placed in
large plastic bags and disposed of in land-fill operations.
Under current and proposed regulations the latter method may
be most practical and acceptable. Waste bags may be of
interest to a local paper-maker but we have not explored
this possibility.

2c. The type of respirator required depends on the dust levels
to which an employee is exposed, see article 1910.93a (c)
of the enclosed OSHA regulations. Your operations would
probably require no more than the respirators referred to
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in sub-paragraph (2). For comfort and efficiency we would
recommend Willson's Model No. 1009 with R-520 filter or
MSA's No. 86432 with type "H" Ultra-filter, both of which
are approved by the Bureau of Mines.

2d. ‘Dust moniToring techniques are described in the attached
procedure issued by the ACGIH. | have also iIncluded
suggested equipment and its approximate cost. We would
be glad to advise your industfrial hygiene personnel!l and
could make dust counts in your plants, at your discretion.
Such measurements would be for our mutual benefit, not In
connection with any government agency inspection.

2e. Accidental "overexposure" to asbestos dust does not seem
to be a relevant problem if you are referring to a "one-
time" type exposure. All published studies indicate that
exposures must be experienced for long periods, 20-30 years,
to cause lung damage or associated physiological changes.

3. This is the most difficult question to answer since we have
no data indicating asbestos fiber counts in dust generated
in performing the jobs mentioned in your letter. We are
collecting materials and equipment to perform tests in our
Niagara Falls R&D labs. We will obtain dust counts during
the spraying of ceiling textures and the application and
sand papering of joint compounds. |f you could send us
a typical dry mixture we could include simulated job-mixing
of such material in our tests. We would need mixing
instructions and at least the approximate asbestos content.

The revised OHSA regulations answer your specific questions
as follows:

3a. Article 1910.93a (e).

3b. Article 1910.,93a (d)(3).

3c. Article 1910.93a (f) and (g).

3d. Artficle 1910.93a (d)(2). This may not apply
to hand sand-papering but would requlre
clarification.

These articles seem unnecessarily restrictive for your
applications but we do not as yet have any data for argument.

4. Per our telephone conversation | would not attempt to discuss
the scope of the regulations or interpret their many complexities.

There is a hearing concerning the EPA proposed standards in
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Los Angeles on February I15th at 10:00a.m. in +he U.S.
Courthouse, Room {501, 312 N. Spring Street. Testimony

will be presented by several companies and the Asbestos
Information Association. | think you would find the hearing
of intferest and beneficial and would suggest that Kaiser

Gypsum be represented. No advance notice is required except
for those presenting testimony.

After reviewing the revised and proposed regulaflons,'you may wish to
make comments to the OSHA or EPA. 1f you do not want to do this
directly, we would be glad to incorporate any information you have

in our responses. OSHA comments are due by February |l and responses

to the EPA are due by March 6th. It Is possible that the former date
may be extended.

Although it seems somewhat out of place, and perhaps unnecessary, |

would like to end this with a brief commercial. Your use of S$G-210
Is appreciated and we look forward to supplying more of your asbestos
requirements in 1972. |f our original formulating work was indicative,

you should be using 30-50% less SG-210 compared to Canadian asbestos.
This would reduce the total amount of asbestos you use and the amount
In the products you sell. We also have asbestos in pellet form and
they are essentially free of airborne-ftype dust. Although pellets

would not be amenable fto dry-mix, you may want fto consider their
use in ready-mix compounds.

My apologies for the delay in answering your letter - please let me
know if we can be of any further assistance.

Very +ru|y yours,

f

Jghn L. Myer
arketing Manager

/cvb
Enclosures

cc: W.
J

J. Fitzpatrick -
S. Sheaha»—"”’
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PREFACE

The naturally occurring fibrous silicates classified as "asbestos"” have
b;come almost indispenssble in modern technology.67’125’lb2 The world's
annual production has grown from a few thcusand toens in 1900 to over 3
million tons in 1968.121 Annual consumption in the United States avéraged
nearly 800,000 tons during the period 196.5-1969,]‘-21 The potential of
asbestos as a hazard to health has been the subject of a number of reviews

22,49,60,134,137,146,148,168 .

in recent years.

Although it has been known for a hélf-century that persons who inhaled
large amounts of asbestos dust in the course_of their work sometimes
developed dissbling or fatal fibrosis of the lungs, it has been only within
the last three decades that other sériousleffects, such as cancer, have
been associated with occupationel exposures. FRecently, the likelihood

of exposure of the public at large to asbestos has been recognized and

has led to a demand for more rigorous control of asbestos émissions into

the atmosphere.

"Asbestos" is a generic term for s nusder of hydrated silicates that,.

vhen crushed or processed, seperate into flexible fibers made up of

L6

fibrils. Although there are many asbestos minerals, only six are of

commercial importance: chrysotile, & tubular serpentine mineral, accounts

for 95% of the world's production; the others, all amphiboles, are amosite,
crocidolite, anthophyllite, tremolite; and actinolite. The asbestos minerals
aiffer in their metallic elemental content, range of fiber diareters,

flexibility or harshness, tensile strength, surface properties, and other

vii
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attributes that determine their inc-:strial uses and may affect their respira-

bility, depositica, retention, iranslocation, and biologic reactivity.

This report (1) suzmari{zes the mejor evidence cf the pathogenicity of
ssbestos in man end enimals, (2) summarizes the evidence of human nonoccu-
pational exposure to asbestos, (3) evaluates the evidence of a health risk
associated with various degrees end types of exposure, (4) identifies sources
of environmental contamination by asbestos, and (5) offers recommendations

concerning the need for and feasibility of control measures.

W. Clark Cooper
Chairmen
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CHAPTZR 1

PATHOGENICITY QF ASBESTOS

s

The erfects of fibers in biologic systems may result not only from the
properties of the fibers themselves, but also from contamination with
inorganic or organic substances that occur naturally or are added during
mining, milling, processing, shipping, or use. .Contaminants acquired
from the atmosphere or in the respiratory tract may be carried on the

surface of fibers. Fibers may act as cofactors; conversely, their

action mey be modified by other cofactors.

PATHOGENICITY I MAXN

The proven or suspected effects of asbestos minerals on human health
include nonmalignant changes, such as pulmonary and ﬁleural fibrosis,
and several types of malignancy, nots%ly of the lung, pleura, and
peritoneur. Nearly all the positive evidence of an asgociation between
asbestos and humen disease hes come from occupational groups. With few
exceptions, these have consisted of workers engaged in the mining and
milling of esbestos, the manufacturg of asbestos-containing products
(such as textiles and construction materials), and the application agd

N »
removal of asbestos-contaeining insulating materials.

Asbestosis

Asbestosis, or asbestotic pneumoconiosis, was the first clearly demon-
strated adverse effect of asbestos 1ﬁ man. It is charscterized by a
pattern of rocﬁtgcnogruphic changes in the lung consistent with diffuse
interstitial fibrosis of variable degree and at times with fibrosis end

calcificntion of the pleura; clinical changes that include fine rales,

1



finger clubbing, and shortness of Yreath, each of which may be ebsent in an
individual case; and physiologic changes éonsistent with a restrictive lung

disorder.

The first published mention of & case, in a man who had vorked for 10 rears
in the carding room of an asbestos factory, was'bi H. Montague Murray in
1907.lll Cooke reported s second case in 192h20 and in 1927 provided a
more detailed description,el in which the tefm "esbestosis” was first used.
In 1930, MerewetherlOS revieved the salient features of the disease end the
environmental exposures of workers, including data derived from an epidemio-
logic study reported in more detail by Merewether and Price.los This led to
the promulgation of regulations for environmentasl and medical control in the
" United Kingdom, which became effective in 1932.7 Cases were first_reported

110,1h1

in the United States in 1930, and guidelines for acceptable dust

W

——

concentrations were proposed by Dreessen‘gg_gl, in 1938.

Industrial experience indicates that pulmonary fibrosis sufficient to
interfere with respiratory or cardiovascular function can be prevented
by reducing asbestos dust concentrations to levels that are still far

above any likely to be encountered in comuunity air.

-

Pleural Calcification

Calcified pleural plaques occur frequently in vorkers exposed to
asbcstos.5’6‘h3’103'108'130 When multiple or bilateral, they are regarded

43,71 In

by some as almost diegnostic of asbestos-related disease.
asbestos workers, calcified pleques rarely appear until 20 years after
first exposure and do not necessarily correlate with parenchymal fibrosis.91

2
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Calcification appears to differ in frequency in different occupationally
exposed groups, but studies are inadequate to verify or explain such

differences.

Bronchczenic Carcinoma

No features of bronchogenic carcinoma associated with asbestoé are
pathognomonic. Primary sites are more often in the lower lobes, in
contrast with the usually higher frequency of upper lobe tumors.
Peripheral primary sites are common in asbestos-réiated lung cancer.

All cell types are represented in most series.

The first suggestion that asbestos might be causallj related to cancer

of the lung was made in 1935 by Lynch and Smith,?l who described squamous
ce.l carcinoma i a South Carolina te;ﬁilé workef with asbestosis.

Despite other isolated reports, an ass~ciation ﬁas not firmly éupported.

by epidemiologic evidence until 19L7, when Merewether, Chief Inspector

of Factories in the United Kingdom, reporﬁed 31 instances éf cancer of

the lung in 235 persons known by his department to have died with asbestosis
between 1924 and 19146'.10h That constituted an incidence of 13.2%, coupared
with 1.32% (91/688L) in persons certified as having had silicosis during

the same period. Gloyne in 1951°0 reported on the pathologic findings in
1205 lungs from workers whose cases were being evaluated for pneumoconiosis.
In 132 asbestos vorkers, he found 121 with asbestosis, of whom 17, or

14.0% had cancer of the lung, compared with 55 (6.9%) of 796 persons who
had silicosis. The study was AOne, hovever, in a hospital to which
suspected tumor patients would ha?e been referred; thus, there may have

been an overestimate of risk. Doll in 1955.31 after analyzing the causes

3



of death among 105 men who had wor¥-~d for at least 20 yesrs in areas of
asbestes textile blants defined as dusty, concluded that the 18 cases of
lung cancer that occurred indicated a risk sbout 10 times that in the

general rele population,

other stusiesll 13,15,18,23,24,33,34,38-40,59,70,74-76 ,80-82,87,93,9% ,98,
201,112,131,149,154 155,161,169 4ve confirmed an essocistion between
occupationel exposure to asbestos and & highter-than-expected incidence
of bronchogenic cancer. Scme studiesl3 have demonstfﬁted differences

in the degree of risk among different 6ccupationally exposed groups,

probably related to dose, as well as to other factors.

Mesothelial Tuzors

Primary nalignant tumors of the pleura end peritoneum have been regarded
as exceedingly rare by most pathologists; until recent years, some even
questioned their existence. There are still differences of opinion as to

18,70,98,1l9 Therefore, statistics on prevalence or

diagnostic criteria.
incidence in one geographic area cannot be safely compared with those

from enother. Adherence to strict diagnostic criteria, including an

autopsy complete enough to rule out other primary tumors that cculd
metastasize to or involve serosal surfaces, is a difficult constraint on

e

a retrospective series.

It vas after 1960 that serious consideration was first given to asbestos
as an etiolog;c factor in mesothelial malignancies. In that year,
Wagner gi_gl,lsl reported 33 cases of pleural mesothelioma in a part of
South Africe important for crocidolite mining. For all ﬁut tvo of the
patients, the authors discovered likely asbestos contacts two decades or

4
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more earlier. However, only 17 of these had had occupational exposure.

The remainder had lived near mines or had had household contacts. Although

mesothelioma had previously been attributed by some to asbestos exposures, °

164,165,169 . oyt
no evidence of a strong associatioa had been developed.

Additional information supporting a relationship between asbestos and

malignant mesothelioma has accwmulated since 1960.9’12’36’37’hl’h2‘59’75’

80,88,93,95,99,100,102,113-116,132,134,136  , uotonding feature has
been. the long period, commonly over 30 years, between the first exposure
to asbestos and the appearance of a tumor, as emphasized in reports by

Wagnerl58 end Selikoff g§_5£.13h

Other Neonlasia

Associations between asbestos exposures and ﬁalignancies of the gastro-
intestinal tract and of other sites have been reported, but the data are

52,59,77,94,13k

still inconclusive.

Mutagenic Effects

There is no evidence that asbestos is associated with mutagenesis.

PATHOGENICITY IN LOWER ANIMALS

A ccmprehensive review of information derived from experimentel work in
animals entails conéideration not only of the variables related to the
type and dimensions of the asbestos fibers and of adsorbed or concurrently
administered contaminants, but also of the épecies and strain of animal,
the route of administration, and the time and dosage factors. There are
at present no satisfactory eXperimentai models to duplicate prolonged in-
halation of asbestos by man, but many isolated segments of the problems
have been elucidated. The studies are best divided into those dealing

.

with asbestosis and those desling with negplasia.
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Expeririental Asbestosis

Asbestotic pulmensary fibrosis has been produced experimentally in various
species of anirmals, including rats,h5'58’155=157 guinea pigs,eg’h5’69’157
hamsters,SS rabbits,157 and monkeys.157 In many of the studies, the
disease reserbled early asbestotic development in man--e.g., it was
multifocal. Diffuse fibrosis has also been producgd,157 but to do so it
was necessary to use very high concentrations of asbestos dust and long
periods of exposure or observation after exposure. -(In contrast, experi-
mental silicosis can be produced with lovwer cumulative exposure.) Ih

the course of.the investigations, it has been asked whether the fibro-

genicity of easbestos dust is mostly confined to fibers longer than

5 um;hs’l56 the question is still unanswered.

Experimental lecnplasia

Lung cancer from chrysotile dust has beeﬁ pfoduced‘experimentally in
rats® and in mouse lung implants.lho Other investigators wﬁo used

di fferent methods for introducing the dustl'3 aid not find Lung cancer
in the animals they studied. That some asbestos dust has an increased
content of trace meﬁals--particularly nickel, chromiwn, and cobalt--

may explain these differing experiences. Rats whose lung clearance

had been artificially impaired‘had twice the lung cancer rate of sanimals

58

with normal clearance.

Cancer of the pleural surface (mesothelioma) has been reported in rats
and hamsters that received intrapleural injections of the three most

p ,
139,159,100 The anounts of asbestos dust introduced

common types of asbestos.
into thc thoracic eavity were very large, and translation of results to

hwnman inhalation of asbestos is uncertain.



22h L ich involved pleural and peritoneal

The studies of Roe et al.,
mesothelionmas of mice after subcutaneous injections of crocidolite,
emosite, or chrysotile, are of particular interest because they yielded

evidenée of migretions of fibers.

Naturally Occurring Effects in Lower Animels

There is no evidence that effects on doxestic or wild animals are important
as criteria for controlling asbestos emissions. Schuster has described
pulmonary asbestosis (without the development of asbestos bodies) in &

dog that lived for nezrly 10 years as s ratcatcher in a London sasbestos

.

factory.l28 Webster has demonstrated fidbrosis in donkeys, basboons, and
vild rodents in South.Africa,l63 and Kiviluoto has described the finding
of anthophyllite asbestos in the lungs of a ccw in an anfhophyllite-producing

9

area of Finland.

STUDIES IEK VITRD

There have béen limited studies of,the effects of asbestos in biologic
. 02

systems in vitro. For example, Macliab and Harington”~ demonstrated in
1967 that asbestos would hemolyze sheep erythrocytes. This has been
confirmed by others.127'129 Although chrysotile is markedly hemolytic,

amosite, crocidolite, and anthophyllite have little or no activity under

similar conditions. .

Parazzi»g&_g&.ll7

demonstrated in 1968 that both crocidolite and chryso-
tile were cytotoxic for guinea pig macropheges in culture. The activity

of the former was greater; the cytotoxicity of neither was inhibited by



polyvinylpyridine N-oxide, & macr-molecular chemical that is effective .
in preventing the cytotoxic demsge caused by crystalline silica in experi-

mental conditions.

.

Although the foregoing types of study have no known relatidnship to
fibrogenic or carcinogenic effects in vivo, they ?révide systems that may
prove useful in determining mechanisms of action and approaches to prophy-

lactic or therapeutic measures.

INFLUENCE OF MATOR VARIABLES ON PATHOGENICITY

When considering the importance of type of‘asbestos, fiber size, and
cofactors on biologic effects, it is nece#sary to emphésize that a given
attribute may infi;ence in differing ways the respirability, depositiop{
retention, clearance, translocation, and biologic reactifity. Although
same in vitro and laboratory studies yield different responses to.different
typés of asbestos, the results do not justify drawing firm conclusions as
to the relative pathogenicity of the different types. Nor éo epidemiologic
studies conclusively support such differences: A1l the commercially used
forms of asbestos can produce asbestosis. In only relatively few studies
has the incidence of malignancies been determined in groups with exposures
to a single asbestos type. Where there are data that suggest a lower risk,
as in the chrysotile-producing areas of Canadal3,100 ang Italy,lsh there
are possible explanations for the difference other than asbestos type.

The high incidence of mesothelial tumors in fhe North Western Cape area

of South Africa has led to the suggestion that crocidolite is unusually
hazardous, but mesotheliomas have been rare in the Transﬁaal, where

crocidolite is nalso produced.h9’138 Although Selikoff gg‘gl.132 found

8



many mesotheliomas in insulation workérs vhose exposures‘had been largely
to chrysotile and amosite, Sluis—Cremer138 and Webste1162 have not found
the incidence of mesothelicna high in areas where emosite was mined and

milled, and McDonald101 did not report an excess in the chrysotile mining

and milling areas of Canada.

All epideniologic studies that appear to indicate differences in patho-
genicity among types of asbestos are flawed by their lack of quantitative
data on cumulative exposures, fiber characteristics, and the presence of
cofactors. The different types, therefore, cannot be graded as to relative

risk with respect to either asbestosis or neoplasia.'

Fibver sizé is ecritically important in determining réspirability, depcsition,
retention, and clearance from the pulrmonary tract and is probably an im-
portant determinant of the site and nzature of biologic action. Littie is
Known about the movement of fibers within the body, including their potential
for entry through the gastrointestinal tract. The aerodyn;mic properties

of fibers depend largely on their diameter; fibers below 3.5 pm in diameter
arc regarded as being in the respirable range.152 Fiber length affects
deposition, longer fibers apparently having greater fibrogenic effects.hhslss
Until recently, most work and speculation have-involved only fibefs détectable
by the optical or light microscope (LM), approximately 0.5 ym in diameter

and larger. The application of electron microscopic (EM) techniquesnh has
enlarged our horizons as to the varisbles that must be considered. Tissues
and air semples may contain many PM-sized fibrils for every LM-sized fiber

that can be 'demonstrated.el"li”l‘ There is, however, no body of knowledge

that permits the assigning of relative risk factors to fibers in the EM

9



range, compared with fibers in tre IM range. It is possible that the relative
risks essociated with fibers of different sizes are different for nonmalignant
snd nmaligrant chenges. The evidence that bundles of fibrils may be broken

down within the body to individual fibrils is important.l7

A number of investigators have postulated that a probeble role of asbestos
fibers in producing disease is to cérry toxic or oncogenic substances to
vulnereble sites. Studies bearing on thi; have included enalysis of various
types of asbestos to determine the contaminants preéent, with special

48,61-64 studies

emphasis on metalsz6*2T and polycyclic hydrocarbons;
of the elution of contaminants in biologic materials;26 end the concurrent
exposure of anirmals to asbestos and to other materials.109 The present

, consensus is that contaminants are present, but a special pathogenetic role

is still speculative.

The work of Selikoff ggké£.135 strongly suggests a synergism of cigarette
snmoking and asbestos exposure in the increased risk of lung cancer in
insulation workers. It is not known whether this is because of reduced
clearance of asbestos, transportation of cigarette-smoke carcinogens by
asbestos fibers, cr the promotion by one factor of cancer initiated by

another,

10



CHAPTER 2

EVIDENCE OF HUMAN NCIOCCUPATIQNAL EXPOSURES

Direct end indirect evidence that persoés other than those working directly
with asbestos minerals are being exposed to asbestos is of several types.

For example, asbestos fibers can be demonstrated in the lungs of persons

not occupationally exposéd. In a few geographic areas, pathologic changes
regarded as representing a reaction to esbestos (e.g., pleural calcification)
have been found in populations with no history of occupational exposure.

Asbestos fibers have been demonstrated in embient air.

FIBERS TN LUNG TISSUE

Structures that appear to be fibers coated with a pigmented material were
described in lung tissue—as early as 1907 by Marchand.gs These structures
were actuelly fibers coated‘with hemosiderin. In 1929, Cookelg described

such "curicus bodies" in association wﬁth pulmonary fibrosis. Stewart and
Haddowlhh referred to them as "asbestosis bodies." Becaus; those who work
with asbestos exhibit them a few months after starting work, it wes recognized
that they were evidence of exposure, but not of asbestosis. The term

"asbestos body" came to be the preferred designation.

As long és the coated fibers were found in persons known to have been
occupationally exposed to asbestos, the identity of the central fiber was
seldom questioned, although from time to time similar objects were found

in persons with no known exposure to asbestos. ’Meurmanlo? in 1966 summarized
19 reports published between 1932 and 1962 in which these objects were
associated with exposure to graphite, coal, hornblende, rutile, diatomaceous
earth, carborundum, and talc (in which case tremolite asbestos might have

Leen fnvolved;. The demonstration by Grosssh’sq that other fibers may
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produce such bodies in experimentcl enimals indicates that they result from
a nonspecific reection to any sparingly soluble fibrous foreign body, as

had first been suggested by Cocke in 1929.19 There is thus ample Justifica-
tion for abendcning "aesbes*tnc body" as a generic term; Goughsl in 1965
suggested the term "mineral fiber-body," and Gross’3 in 1966 recommended

"ferruginous body."

151 in 1963, were the first to show that these coated

Thomson et al.,
fibers were present in a high proportion of lungs oﬁiained by routine
autopsy. They found thath26.h% of lung smears in 500 consecutive
autopsies in Cape Town showed what were called "asbestos bodies.”
Reports from many other ereas heve confirmed a high prevalence in lungs

obtained in similar autcpsy series?’e’lT’Bo’hT’IOT‘lls’l?B’lso

Utidjian g&_s;.153 inferred that, if a sufficient volure of lung tissue
were exemined in each case, nearly all persons would be found to have such

bodies; their study of 100 lungs in Pittsburgh confirmed their suggestion.

ldentification of the core fibers has proved to be a formidable technicel
task,57’8h’119 Without fiber-by-fiber analysis, all that can be said is
that coated fibers reserbling those in asbestos workers are present in most
persons in our urban centers. Stripping the coating and analyzing the
cores by various techniques can sometimes demonstrate that the cores are

asbestos, but the process is tedious and often inconclusive.

Attention is5 now being directed toward study, not of the }erruginous
bodiﬁs alone, but of the total fiber content of the lungs, whether such

fibers arc coated or uncoated. In a study of 3,000 consecutive autopsies

t gl.ah have found thin, uncoated, optically

ia New York City, Langer
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visible fibers in two-thirds of the 1,4L9 lung specimens in which coated
fibers were demonstrated and in one-fourth of those in which uncoated
fibers were demonstrated. Tventy-eight consecutive samples of lung tissue

from the same series examined by electron microscopy were found to contain

EM-sized chrysotile fibers.®’ Pooley et a1.119 nave reported similar findings.

Evidence is therefore strong that most human lungs harbor thousands or

millions of fibers. Some of these are chrysotile asbestds, and other

types of asbecstos minerals are probably there also. In most persons not
occupationally eiposed to asﬁestos; the numbers of fibers are relatively
small, compared with the nuzbers found in the occupationally exposea.133
The systemetic application of quantitative techniques, measuring both
coated and uncoated fibers, is needed to define a gradient of accugulated

fibers for correlation with incidence of diseesse, on the one hand, and

history of environmental exposure, on the other.

' Although there appears no doubt that asbesfos.riﬁers are present in many
human luﬁgs, there are sources of airborne fibers other than asbestos.28’57
Some are probebly derived from the burning of leaves and plant products,
such as paper, wood, and coal. Man-made (mostly vitreous) fibers have

also been identified in the‘sediment isolated from human lungs. Talc,

often used generously as a dusting powder, may contain a significant

amount of tremolite asbestos fibers.

Information is sparse concerniné possible increase of Tibers in lungs with
increasing use of asbestos and concerning the existence of significant
differences between urban and rural populations. Selikoff and Hammond133

compared lung tissues obtained in 1934 and 1967 and found no significant
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incresse ;n the proportion containing ferruginous bodies. This suggeéted
that, despite increasing use of asbestos in New York City between 193k
and 1967, fibers of a type producing ferruginous bodies had not been
increasing at a cerresponding rate. However, Chang-H&un Uu33 reports an
increase cover each decade in asbestos bodies in samples of'lungs from

persons who died In London in 1936, 1946, 1956, 1966.

PLEURAL CALCIFICATION IN TEE GENERAL POPULATION

MburmanlOS in 1968 reviewed critically the literature related to pleural
calcification and asbestos exposure.. A number of studies strongly suggested
an association between pleural calcification and>nonoécupational exposures
to asbestos. For example, Kiviluoto!? in 1960 reported calcifications in |
9% of the adult population detected during mass roentgenographic surveys

in a- Finnish ccmmune in which there was an asbestos mineiand mill; the
frequency was low for the remainder of the Finnish population. Rauniolzo
enlarged on these observations in 1966, reporting that, of 633,201 chest
films taken in Finland between 1960 and 1965, 1516 showed‘ pleural calcifi-
cations; 1232 of the laiter were among 43,483 films taken in 10 communes

in which there were anthophyllite mines. Rock and soil in such areas

also contain much asbestos, so that the demonstration that airborne
anthophyllite could be demonstrated over 25 km from the mines is not
necessarily relevant. Anspachh reported th;t, of 24L subjects with

pleural cermdeitication found in a chest roentgenographic survey in

Dresden, 177 had either worked in or lived near an asbestos factory.

Zolov et 5£3170 described a 5.1% prevalence of pleural calcification in

n rural population in Bulgaria and suggested that the most likely cause

was asbestos In the soil. However, Hromok,72 Mnrsovﬁ,97 and Rous and
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Studen)'r,126 reporting on a high prevalence of pleural plaques in a rural
district.of Czechoslovakia, have been unable to demonstrate a source of
asbéstos exposure. The consensus at presént is that celecification alone
may not inveriably be considered an index of asbestos exposure in the

general population, although it mey prompt & search for an environmental

source of asbestos.

MEASUREMZNT OF AIRBORNE ASBESTOS

A more direct method of obtaining evidence on'thé likelihood of exposure
of the general population would be the sampling of air to deternine the
presence and emount of respirable asbestos fiberg. Therelare, however,
nany uncertainties as to the best methods of sampling, identifying, and
quantitating airborne asbestos and intérpreting data so obtained.78’90’122’137
Limited information has been derived fronm measuring>fibers on sampling sifes,
such as that by Laamanen gE“gL.,83 who showed asbestos fallout diminishing
rapidly beyond 1 km from an anthophyllite quafry. but still detectable at
27 km. Counts of asbestos fibers collected on membrane filters by high-
volune air sampling and estimated by light microscopic techniques similar
to those used in industrial hygiene have shown small numbers of fibers in a
few urban gites,lo’ls Such results, although showing numbers of fibers de-
tectable by the light microscope that were low by occupational health ex-
perience, have been too few and va?iable‘£o be used with confidence.
Alternative methods that are currently under de;elopment, including estima-~
tions of the number and mass of fibers in the LM and the EM size ranges,
have shown measurable concentrations of asbestos in many samples of ambient
'air,1’66’137 Such environmental measurements are in their earliest stages
and provide few clues to the extent or significance of the risk from this
type of exposure to asbestos or to other minernl fibers,
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CHAPTER 3

ESTIMATION OF RISK IN NONOCCUPATIONAL EXPOSURES

Industriéi experience has shown that prolonged inhalation of asbestos can
increese the risk »f neoplestic disease. Exemination of lung tissue has
made it aprarent that a much larger proportion of the general public has
inhaled gnd retained asbestos fibers than had formgrly been realized; in
fact, most urben dwellers have some such fibers in their luﬁgs; Can these
facts be related? Does the general public--as well as persons working
near occupational sources, living in_the.households of asbestos workers,
living in the neighborhocods of asbestos plants, or having océasional
rendor exposures--have a detectably increased risk of malignahcy or other.
disease because of airborne asbestos? The limited information we have to
ensver these questions comes either from direct epidemiologic studies of
groups with various levels of nonocéupational exposure or by extraéolation
from the experience of industrial populations with direct or indirect

"asbestos exposures.

EPIDEMIOLCGIC STUDIES RESLATED TO NONOCCUPATIONAL EXPOSURES

Two general indices of asbestos exposure are available for use in direct
epidemiologic studies of g;oups not known to be occupationally exposed to
asbestos, The first is based on knowledge of each member's place of work
and place of residence; because of the.iong latent periods of asbestos-
related disease, this knowledge must cover each person's whole lifetime.
The sccond is a quantitative estimate of cach member's lung content of

asbestos fibers. There are few such direct cpidemiologic studies, and

they are inadequate to answer the questions at issue.

16



The only studies that appear to implicate esbestos in the development of
rmalignancies in persons not occupationally exposed are those involving
diffugé resotheliona, a tuzor that is wncommon and that has been the
subject of special attention in recent years. Many of the mesothelicmas
reported by Wagner gg_g;,lsl in South Africa we;e attributed to household

and neighborhood exposures in a crocidolite-producing area. Although non-

168 11k

occupational, these exposures have been described as substantial. Newhouse

studied 76 patients with mesothelioma diagnosed in London Hospital from 1917
to 196L. Of these 31 (40.8%) had occupational exposures to asbestos, 9.
(11.8%) had a relative who worked with asbestos, 11 {1k.5%) had neither of
those backgrounds but had lived within a half-mile of an asbestos factory,
and 25 (32.9%) had no known coﬁtacts. Corresponding percentages for a

group of matched control subjects (patients in the same hospital for other
diseases) were 10.5%, 1.3%, 6.6%, and 81.6%. Stumphius and beezlhs
reported no mesotheliomas in the community near the shipyard in Flushing
(Holland), although 17 of 21 mesotheliomas reported in the province of
Zeeland in 196L4-1967 had been in workers in that yard. Raunio'2C round

no excess of pulmonary, pleural, or peritoneal malignancies in the areas

of Finland where pleural calcifications attributed to anthophyllite were
present in 6%-9% of routine chest survey films. In e series of 17
mesotheliomas collected by Borow 23_9;3,12 all but two were in persons who
had worked in an asbestos mill, although the autopsy series from which the
cases were drawn came from.an area that included inhabitants of the mill's
environs. Lieben and Pistawka87 found that of 42 persons with mesothelioras
reported in Pennsylvania, 10 had worked in asbestos plants, 8 lived or
worked close Lo an asbestos industry, and 3 were members of families that
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included asbestos workers; in 11, no history of exposure could be obtained,
and the remaining 10 had questionable randum exposures. McDonald 33_34,100
collected information on 185 fatal malignent mesotheliomas known to
pathologists in Canada between 1959 and 1968. Taey confirmed an association
with occupational exposure to asbestos but coancluded that the excess wa§

in the manufacture and industrial application of esbestos, rather than in
rining or milling. t is apparent that no quantitative conclusions were
possible from these studies, which present serious methodologic problems

to the epidemiologist. They suggest a risk in hous;hold conte:ts and in
residence in the immediate ﬁeighborhéod of asbestos plants. There appear

to be different levels of risk in different types of occupational exposures,

and some of these may be reflected in corresponding household and neighborhood

-~

experience.

In no analysis of causes of death in a large population has fhere been
quanti£ative estimation of the lung.content of ferruginous bodies and bare
asbestos fibers, to determine whether a detectable gradieng of disease can
be correlated with asbestos content. The series so far studied have been
too small, aﬁd methods have been too variab;e, to permit any conclusions

as to the importance of small numbers of fibers in the lung.

.

EXTRAPCLATION FROM OCCUPATIONAL EYPERIENCE

Another source of evidence of the relative risks associated with inhaling
moderate or small numbers of asbestos fibers is the experience of persons
‘who have had occupational exposures below those known to be definitely
hazardous. The maximal airborne fiber concentratiqns recanmended for pre-

vention of asbestosis are much higher than any likely to be encountered in
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nonoccupational situations. For example, one recommended standard would limit
the averagec concentretion of airborne chrysotile to 2000 fibers per liter as
determined by light-field count.lh Another that has been proposed would

limit average concentrations of fibers to 5000 fibers per liter.®
Occupation-related asbestosis can be effactively csntrolled with airborne
fiber concentrations much higherlthan are likely to be encountered in non-
occupational situations. It is important to determine whether workers
whose exposures have been reduced to levels that prévent or greatly delay

asbestosis, as well as others whose exposures are indirect, have a lower

risk of lung cancer than those with higher and more direct exposures.

VWorkers who began employment in a British textile mill after 1933; vhen
implementation of the Asbestos Industry Regulations of 1931 reduced (but

did not abolish) dust exposures, were reported in 1968 to show no excess

of neoplasnis.82 The long latent periods_of asbestos-related lung cancer

and mesothelioma, which would prcbably be even longer at lower dose levels,
are such that it is too soon to draw final conclusioné asbto the eventual
incidence of these malignancies. Nevertheless, reduced exposure seems.to
be having an effect. Another indication of reduced incidence or.delayed
onset of disease with lower exposure is in the observations of Newhouse,112
who found that, although there were more deaths from lung cancer and chronic
respiratory disease ambng those who had h;avy exposures many years previously
in a london asbestos-products plant, this was nbt true among those who had
low or moderate exposures. McDonald et &L.lOI recentiy reported the
mortality experiehce of men who worked in chrysotile mines and mills of
Quebec. There was a slight excess of lung cancer among the 2457 dcath;

in workers born 1890-1920, but all could be explained by the excess that
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occurred in those who had been maximally exposed. This suggests that,
insofar as chrysotile miners and millers are concerned, the risk drops

off rapidly with decreasing accumulated dosage.

Most series of case reports of mesotheliorms include some persons who

have worked in the comstruction or shipbuilding industries, but in trades
not involving direct contact with asbestos.lo2 Such persons as plumbers,
electricians, end metal workers often have more ferruginous bodies in
their lungs than do white-collar workers.13h Although Dunn and Weir,33
in a study ofvoccupational groups in California that revealed an excess
of deaths from lung cancer in insulation wérkers, found no éxcess lung~
cancer deaths in otker construction tiades, the groups they studied were
diluted with meny persons who were unlikely to have had exposures.
'Nevertheless, there may be a‘definable gradient of effect within the

construction trades. More thorough stud.es of groups with indirect

expcsures are certainly needed.

We cennot extrapolate from the mortality experience of those who are
directly and indirectly exposed to asbestos in their employment to the
general public who have had moderate or slight exposures from ambient
air. Therg is evidence to suggest a gradient of effect from direct
occupational, to indirect occupational, to femily and neighborhood
situations, in all of which dust concentrations are probably high by
comparison with most community air. This suggests that there

are levels of asbestos exposure that will not be associaied with any
detectable risk. What those levels are is not known, but there is no
evidence that persons in the general population--without occupationsal,
household, or neighborhood exposures--have any increased risk of neoplasm,

even though there may be ferruginous bodies of fibers in their lungs.
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CHAPTER b

SOURCES OF ASBEESTOS FIBERS IN AMBIENT AIR

1

Precise information is not svailable on tonneges, numbers of fibers, fiber
sizes and varieties, atxnspheric dispersion, and ultimate fate of the
asbestos emitted into ambient air. Although there are no relisble data

to jJustify extrepolation from the more completely studied occupational
exposure experience, information regarding actual and potential sources

of .emissions of asbestos fibers is of value both. for difecting future
studies and for understanding the_steﬁé that might Se taken now to safe-

guard the health of the public.

NATURAL SOURCES OF AIRBORINE ASBESTOS FIRERS

Several varieties of asbestos ore and counterpart rock {containing EM-sized
asbestos fibers) occur es outcrcppings or are just below the surface of the
earth throughout the world. Asbestos fibers can become airborne from these
formations during road-building, construction, and tilling of the soil,

as well es by landslideg, erosion, and weathering. Talc, mined and uéed
extensively in the United States, exists in fibrous, as well as platy, form.
Like asbestos ore and rock, talc exists on or close to the earth's surface
and is subject to disseminating forces. Such naturally occurring talc,

as well as the large quantities used as a diluent and carrier for pesticides,

166,167

can add to the background fiber concentration in the ambient air.

_ It is thought that studies of‘fibers in glacial and polar ice now under
way will permit comparisons of recent deposition with those in the past
and thereby provide definite information on the relative contributions

of natural and industrial sources.
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MINING AND MILLING OF ASBESTOS

Mining and milling of asbestos provides another source of asbestos emissions.
.In the Uni;ed States, such activity is presently confined to a few mines

in California, Vermont, Arizons, and North Carolina, Fibers are emitted
during removel of overburden end preparation of the ore ﬁody for open-pit
mining. Further release occurs during drilling and ore~breaking. Waste
dumps from nining and milling ere exposed to wind énd to disturbance by
bulldozing. Fibers arevemitted during drying, erushing, grinding, aﬁd
screening of the ore. If dust collectors and air-cleaning devices are

used, disposal of the collected dust provides a potential source of fiber

emission.

TRANSPORTATICH OF MATERIALS CCITAINING ASBESTOS

Transportation of estestos ore, milled asbestos fiver, end asbestos-
containing products and wastes 1s an emission source of varying impértance.
Moverent of asbestos ore from mine to mill in open trucks contributes to
the overéll emission. The shipment of miiled asbestos fiber, usually in
bags, cen result in emissions. If bags are reused, either in the asbestos
industry or elsewhere, they will become a source of fibers. Occaesionally,

bags are broken and asbestos is spilled during handling. Similar emissions
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occur during the shiprent of products. Transporting asbestos-containing
solid wastes in open vehicles through urban areas can de a more important

enission source.
yd

MANUFACTURE OF PRODUCTS CONTAINING ASBESTOS

Industries that must provide ventilation and other dust-contr61 méasﬁres
for the protection of workers may emit asbestos fibers into the.surrounding
environment wnless effective air cleaning is applied to effluents. Fibers
removed.by.ventilation and filtering devices and not reintroduced into

the production process and asbestos-containing waste produc*s of the

manufacturing process ultimately eare disposed of outside the plant.

USE OF PRODUCTS CONTATHING ASBESTQS

Many products, at times unknown to the user, contain asbestos of one kind
or another. There are great variations among such products with respect

to the chances of fiber release during the use of the proddét: “The likeli-
hood depends predominaktly on the ease with which the fibers can be dis-
lodged by the application of energy and on the degree to which the appli-
cation of energy actually destroys the fibers during the use of the product.
Almost all the asbestos fibers used in the United States for manufacturing
products becomes tightly bound within the products and undergoes little
actual abrasion or vear before beiﬁg discarded. Asbestos cement products
(accounting for most of the asbestos usea in the United States), shingles,
and floor tiles are in this category. Some asbestos-containing products,
such as brakelinings, are subjected to high energy, and their rate of veﬁr

is considerable and at times almost complete. In the case of brakelinings,

the application of energy is so intense and the heat created so great that
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zost chrysotile fibers are destroyed by being converted to enother
substence, which is nonfibrous.65'68'89 Nevertheless, an apbreciable
percentege (1%-3%) remains es fibrous asbestos. In scme products--

for examf&e, ashestos cloth, paper, and sprayed fireproofing materials—
asbestos fibers are not tightly bound or mixed with other material that
holds then in place. Fiber release from these products occurs primarily
during application end removal. The spray fireproofing of buildings with
asbestos-containing materials is a case in point. This operation cén Se

& serious source of emission, in that it usually occurs in densely populated

areas. The total amount of asbestos Tiber used in such procedures, how-

ever, is relatively small.

—

TaJE is mined and milled and used in greater éuantities than is asbestos
in the United States. Because it contains asbestos fibers, its uses will
add to the total nuxber of fibers (including nonasbestos fibers) emitted.
The us2 of tale in dispensing pesticides over wide areas of the country
and its use in cosmetics are two examples of how thié material may’act

4s a source of asbestos and other fibers.

DEMOLITION
For years, asbestos has been incorporated in building materials. In

.

some forms of insulation and wallboard, the amount present is iess than
0% of the total; but other materials consist mostly or entirely of
asbestos. When a building is demolished, areas of loosened asbestos are
open to the ambient air and fibers ere emitted. In gcnefal, single-family
residential struciures contain only small ﬁmounts of asbestos insulation.

Demolition of industrinl ond commercial buildings that have been fireproofed
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with asbestos~containing waterials will prove to be an emission source in

the future, requiring contral measures.

SOLID-WASTE DISPCSAL

So0lid wastes produced during maﬁufacture of asbestos-containing p¥oducts,
use of such products, and demolition ean be emission.sources. Thesé
waste materials are usually disposed ;f without.regard to their potential
as enission sources. Altermate methods of disposal often résult‘in .
commingling of asbestos-containing wastes with municipel wastes in open

dumps and thus create a long-term emission source.
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CHAPTER 5

PRINCIPLES OF CONTROL

The neturel background level of asbestos fibers is difficult to quanvtiiy
or modiry. The major sources of locel ambient-eir contamination with
asbestos are industriel processing and use of prdoducts containing asgestos.
It is feasible to identify the sources of emission, select those to which
presently available control procedures can be.applied, and point out areas

that need further study and development of new methods of control.

-

NATURAL>SOURCES OF AIRBCRNE ASEESTOS FIBERS

Natural sources of asbéstos fibers have b;en jdentified in many areas of
the United States. It is asswmed that emissions of fibers from these
reservoirs through erosion and wind make up a natural background of
asbestos in ambient air. Few data are available'on the ;agnitude of the
contanination from natural sources, variation with geogrﬁphic location,
and seasonal variation. It is desirable to have information o; the
natural background, because it would assist in evaluating fhe effects of
control measures and permit some estimates of the lower limits of con-

tamination that might be achieved in different areas of the country.

MINING OF ASBESTOS

The standard techniques for dust control in underground or open-pit mines,
if not already in use, can be applied in asbestos mines. Roadways in
open pits should be treated with dust-suppressive agents; truckloads of
ore should be covered with tarpaulins while being trans;orted; handling
of ore should be minimized; ore storage piles should be moistened to
reduce wind crosion; and waste dumps should be treated with dust-suppressive
agentis.
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MILLING OF AS3ESTCS

An in-plant dust-control program for protecting workers in asbestos mills

includes exhaust ventilation with efficient dust-collecting and alr-cleaning

7/
equipzent, isolation, enclosure, wet methods, and good housekeeping and

maintenance.

MANUFACTURE OF FRODUCTS CONTAINING ASBESTOS .' ‘

The elements of dust control recommended for the milling.of asbestés ore
also apply to the manufacture of asbestos-containing products. It {;
important that a dust-control system be specific to the operation fo;
whi;h it is used and that it4be téétéé to ensure its effectiveness;

Only persons especially trained and experienced in dust control should

be used to develop and institute dust-control procedures.

USE OF PRODUCTS CONTAINING ASEISTOS

An important emission source is the use of insulating materials containing
asbestos. Tnis constitutes only a small fraction of the asbestos used.

But the ashestos in some insulating materials is not bouﬂa as it is in
cementitious products or tiles; construction activities usualiy are carried
on in urban areas where meny people are exposed to conteminated air; and

control of dust during construction, although feasible, is difficult.

&

The mostveffective appfoach in reducing exposures of the general public
to asbestos from this source involves controlliné dust production and

relcase at its origin during construction work. The generation of dust
should be reduced by changing ﬁaterial-handling methods, work practices,

end clcanup procedures. Local exhaust systems should be used for dust

collection at points of generation; for example, dust collectors for band
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savs are availsble, and hand-po;ered tools supplied with exhaust systéms

are being made. Much developzental work is needed to produce portable .
air-moving and air-cleaning systems for use in tuhnels, crewl spaces, and

other cog}ined spaces. This swject haes beea neglected by industriel

hyglenists and ventilation englneers, and no satisfactory equipment is |

available.

DEMOLITION AND WASTZ DISPOSAL

Demolition and waste disposal are likely to be(emisgion sources if
appreciable amounts of asbéstos ere used in construction, unless operational
procedures are strictly controlled. Isolation, enclosure, and wetiing

down are useful. Caution must be observed not to demolish during high

winds and to keep sludge from drying out and becoming airborne later

through natural forces end from being introduced into sources of drinking

water.

MEASUREMENT OF AIRBORNE ASBESTOS

An important consideration iﬁ the development of a strategy for control

‘ is whether there are methods for measuring airborne concentrations of

asbestos that are suflicliently sensitive, specific, and reproducible.

Present methods of samrpling, identifying, and measuring airborne asbestos

are not entirely satisfactory, especially if one is dealing with low concentrations
and unidentified or mixed sources. Only within recent years‘have methods

for determining concentrations of fibers for industrial hygiene purposes been
standardized;ll":"S they use snmples'collécted on membrane filters in which

fibers are counted'with phase~contrast illumination. Electron microscopic

methods give a much more complete indication of the total fiber content
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of the air; but when the need for fiber identification is included, they

are tedious and expensive for routine use.1:66,13T The relative biologic

significance of different sizes of fibers is not known, nor is the relative

7

importance of fiber nucbers and fiber mass. There appear to be no published
dats on the efficiency of eir-cleaning equipment as related to fiders of

different sizes.

.

In spite of the difficulties, it is possibie to sample air, determine the
approximate concentration of airbome fibers, and identify the‘major types
of asbestos. It is not desirable to limit environmentel measurements to
a single method until there is a clearer definition of the critical |
varisbles in terms of health. Because of methbdologic and other un-

certainties, it is not yet feasible to base control on numerical sambient

air quality standards.
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CHAPTER 6

RESEARCH NEEZDS

7
™o recent reportSES,IOT have discussed in some detail the many kinds of
research needed to answer pressing questions concerning the effects of
astestos cn health and the degree and nature of necessary controls.

Investigations aleng the following lines should be given high priority.

Study of the mechaﬁism of action of the asbestos minerals should continue,
with particular attention to carcinogenié effects. It is important to
learn more about the influence of asbestos type and fiber size on
respirability, deposition, retention, translocation, and effects at the

tissue, cellular, and molecular levels, with end without cofactors. It

isvespeeially important that the role of fibers below the LM range be

clarified.

Methods of sampling, identifying, and quentitating airborne asbestos need
continued development. Coordination with studies in animals and man is
essential to ensure thabt environmental data will be biologically relevant.
Similarly, methods for identifying end quantitating asbestos in biologic

tissue need development and application.

Quantitative methods for messuring airborne asbestos should be applied
wvidely to deterrmine the n;turai background and the concentration and
distribution of fibers in the air near various sources. Conventional
LM methods and EM methods should be epplied simultaneously in selected
occupational and comnunity situations.
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More epidemiologic st;dics are needed, Populations in several different
exposure renges should be studied, including occupational, household, and
neighborhood exposures. Special studies of mesothelioma are needed to
Getermine whether the incidence has been increasing and to determine the
current pattern of distribution. A large series of routine autopsies
should be studied to determine whéther causes of death cén be related to
amounts of a§bestos in the lungs and other organs. All the above are

urgent if a range of safe exposure is to be established with confidence.
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CHAPTER T

CONCLUSIONS AND RECOMZNDATIONS

PATHOGENICITY OF ASEBESTCS MINERALS

Any of the cormercially used asbestos minerals, vhen inhaled in sufficiént
numbers, s in uncontrolled occupational exposures, can cause disabling
fibrosis of the lungs. An association between océupational exposures to
asbestos and bronchogenic cercinoma has been established, but the dosé
relationship and the role of cofactors have not been defined.‘ Evidence

of a causal association b;tween some but not all exposures to 2sbestos
fibers end diffuse malignant mesotheliomas of the pleura and peritoneum is
substantial, but evidence of such a relationship with other tumors is
inconclusive. Although the different types of esbestos differ in somerf
their biclcgic effects, no typé can be regarded as free of hazard. The
hypothesis that asbestos fibters act as cofactors or carriers of carcinogens

is attractive, but as yet unproved.

EVIDENCE OF HUMAN NONOCCUPATIONAL EXPOSURZS TO AS3ESTOS

The demonstration of ferruginous bodies, sirilar to those found in
asbestos workers, in a large proportion of randomly selected lung
specimens in many parts of tﬁe world is presumptive evidence that
persons v{th no'océupationel contact may have inhaled andlretained
asbestos. Proof has come in some areas vi;h positive identification of
chrysotile asbestos fibers. Analyses 6f com:ﬁnity air for asbestos have
been too liﬁited to define the sources, concentrations, and distribution
of fibers in the eavironment. The fiber concentrati;;s that have been
demonstrated in ambient gir are small, compared with those in induséry,

but dnta are inadequate for definitive comparisons.
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ESTIMATION OF RISK IN HUMAN NONOCCUPATIONAL EXPOSURES TO ASBESTOS

The most importent question in the case of persons wlth nonoccupational
exposures to asbestos is whether there is an increased risk of malignancies.
Industrial experience indicates that there is no likelihood of significant
asbestosis in nonoccupational exposures. The meajor potential for risk
appears to lie in those with indirect occupatiénal contacts, household
contacts, or residence in the immediate neighborhood of asbes;os sources;
and even theré, the actusal risk is poorly.defined. But the fact that

there appears to be a gradient of effect in such.groups suggests that

there are levels of irhaled asbestos wiihout detectable risk. It is

not known what renge of respirable airborne asbestos fibers will ultimately
be found'to have no measurable effects on health. 'At present, there is

no evidence that the small numbers of fibers found in most members of the

general population affect health or longevity.

NEED FOR AND FEASIBILITY OF CONTROLS

Asbestos is too important in our technology and econcmy éor its essential
use to be stopped. But, because of the known serious effects of uncon-
.trolled inhalation of asbestos minerals in industry and uncertainty as to
the shape and character of'the dose-response curve in man, it would be
highly impruden£ to permit unrestricted additional contamination of the
public environmeqt with asbestos. Contiﬂﬁed use at minimal risk to the
public requires that the major sources of man-made asbestos emission into
the atmosphere be defined and controlled. In the absehce of such controls,
local fiber concentrations might at times approach those in occupational
sites. Analytic methods and epidemiologic data are inadequate |

for the development of embicnt air standards, but emission controls are
necded and np%cnr fensidble,

o
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