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Preface

This document was developed at the request of the National Air
Pollution Control Administration, which became the Air pollution
Control Office upon the formation of the Environmental protection
Agency in December 1970. The request was for a report that would
set forth in a well-organized fashion the currently available informa-
tion on asbestos as an air pollutant, with special attention to sources
health effects, measurements, and feasibility of control. It is not a
state-of-the-art document and, therefore, does not attempt to cover
fully all that is now known about asbestos.

The report i$ the result of the dedicated efforts of the panel on
Asbestos, chaired by Dr. W. Clark Cooper and formed under the aegi
of the parent Committee on Biologic Effects of Atmospheric pollut-
ants, Division of Medical Sciences, National Research Council. The
Members of the Panel on Asbestos are to be commended for having
produced a report that, although brief, covers the salient points on
which the sponsor requested sound scientific opinion. Each item dis
cussed in the report is adequately documented in the bibliography.

Much credit for the clarity of expression in this report must be
given to the Editor of the Division of Medical Sciences, Mr. Norman
Grossblatt.



This report (1) summ¿rizes the evidence regarding the pathoge-

nicity of asbestos in man and animals, (2) summarizes the evidence
of human nonoceupational exposure to asbestos, (3) evaluates the
evidence regarding a health ¡isk associated with various degrees and
types of exposure, (4) identifÏes sources of environmental contami-
nation by asbestos, and (5) offers recommendations concerning the
need for and feasibility of control measures.

Charles L. Dunham
Chairmnn., Divisiron of Medical Sciences
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The naturally occurringt'fibrous silicates classified as "asbestos" have
become almost indispensable in modern technology.61tr24>t4t ^¡¡"
world's annual production has grown from a few thousand tons in
1900 to over 3 million tons in 1968.t2o Annual consumption in the
United States averaged nearly 800,000 tons duringthe period 1965-
1969.120 The potential of asbestos as a hazard to health has been the
subject of a number of reviews in recent yea¡g.22'4e'6o'133'136'l4s'147'168

Although it has been known for a half-century that persons who
inhaled large amounts of asbestos dust in the course of their work
sometimes developed disabling or fatal fibrosis of the lungs, it has
been only within the last three decades that other serious effeEts,
such as cancèr, have been associated with occupational exposures.
Recently, the likçlihood of exposu¡e of the public at large to asbes-
tos has been recognized znd has led to a demand for more rigorous
contiol of asbestos emissions into the atmosphere.

"Asbestos" is a generic term for a numbe¡ of hydrated silicates
that, rdhen c¡ushed or processed, separate into flexible fibe¡s made
up of fibrils.a6 Although there are many asbestos minerals, only six
a¡e of commercial importance: Chrysotile, a tubular serpentine
mineral, accounts fot 95% of the world's production; the others,

;-¡+:=11¡::.-r-:::





Pathogenicity
of Asbestos

The effects 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 adde
during mining, milling, processing, shipping, or use. Contaminants
acquired from the respiratory tract may be
car¡ied on the ers may act as cofactors; con_
versely, their a by other cofactors.

PATHOGENICITY IN MAN
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Asbestosis

Asbestotis, or asbestotic pneumoconiosis, was the first clearly demon-
strated adverse effect of asbestos in man. It is characterizedby a pat-
tern of roentgenographic changes in the lung consistent with diffuse
interstitial fibrosis of variable degree and at times with fibrosis and
calcification of the pleura; clinical changes that include fine rales, fin-
ger clubbing, and shortness of breath, each of which may be absent in
an individual case; and physiologic changes consistent with a restric-
tive lung disorder.

The first published mention of a case, in a man who had worked
for l0 years in the carding room of an asbestos factory, was by H.
Montague Murray in 1907.r1o Cooke reported a second case in
192420 and in 1927 provided a more detailed description,2r in which
the term "asbestosis" was first used. In 1930, Merewetherloa reviewed
the salient features of the disease and the environmental exposures of
workers, including data derived from an epidemiologic study reported
in more detail by Merewether and Pri'ce.ros This led to the promulga-
tion of regulations for environmental and medical control in the Unit-
ed Kingdom, which became effective in 1932.7 Cases were first re-
ported in the United States in 1930,10e,140 and guidelines for accept-
able dust concentrations were proposed by Dreessen et al. in 1938.32

Industrial experience indicates that pulmonary fibrosis sufficient
to interfere with respiratory or cardiovascular function can be pre-
vented by reducing asbestos dust concentrations to levels that are
still far above any likely to be encountered in community air.

Pleural Calcification

Calcified pleural plaques occur frequently in workers exposed to
asbestos.s,6,43,ro2'Lo1't2e When multiple or bilateral, they are re-
garded by some as almost diagnostic of asbestos-related disease.a3'?1

In asbestos workers, calcified plaques rarely appear until 20 years
after first expostue and {o not necessarily correlate with parenchymal
fibrosis.eo Calcification appears to {iffer in frequency in different
occupationally exposed groups, but studies are inadequate to verify
or explain such differences.
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Bronchogenic Carcinoma

No features of bronchogenic carcinoma associated with asbestos are
pathognomonic. Primary sites are more often ih the lower lobes, in
contrast with the usually higher frequency of upper lobe tumors.
Peripheral primary sites are common in asbestos-related lung cancer.
All cell types are represented in most series.

The first suggestion that asbestos might be causally related to
cancet of the lung was made in 1935 by Lynch and Smith,eo who
described squÍtmous cell carcinoma in a South Carolina textile worker
with asbestosis. Despite other isolated reports, an association was not
fìrmly supported by epidemiologic evidence until 1947, when
Merewether, Chief Inspector of Factories in the United Kingdom, re-
ported 31 instances of cancer of the lung in 235 persons known by
his department to have died with asbestosis between 1924 and
I946.tos This constituted an incidence of 13.2%, compared with
l.32Vo (9116,884) in persons certifred as having had silicosis during
the same period. Gloyne in 195lso reported on the pathologic find-
ings in 1,205 lungs from workers whose cases were being evaluated
for pneumoconiosis. In 132 asbestos workers, he found 121 with
asbestosis, l7 of whom , or I4.0%, had cancer of the lung, compared
with 55 (6.9%) of 796 persons who had silicosis. The study was done,
however, in a hospital to which suspected tumor patients would have
been referred; thus, there may have been an overestimate of risk. Doll
in 1955,3r after analyzing the causes of death among 105 men who
had wo¡ked for at least 20 years in areas of asbestos textile plants de-
fined as dusty, concluded that the 18 cases oflung cancer that oc-
cu¡red indicated a risk about 10 times that in the general male
population.

Othef gf'diggllr l3r l5rt8r23r24r33rJ4r3B-4OrS9r70r73-iSr?ts&trg6rgãrg3rgTrtOO ,
lll'130,148,1s4, lss,161'l6e have confirmed an association between occu-
pational exposure to asbestos and a higher-than-expected incidence
of bronchogenic cance¡. Some studiesl3 have demonstrated differ-
ences in the degree of risk among different occupationally exposed
groups, probably related to dose, as well as to other factors.

Mesothelial Tumors

Primary malignant tumors of the pleura and peritoneum have been
regarded as exceedingly rare by most pathologists; until recent years,
some even questioned their existence. There are still differences of
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opinion as to diagnostic criteria.l8,lo'e?'t4B Therefore, statistics on prev-

alence or incidence in one geographic area cannot be safely compared

with those from another. Adherence to strict diagnostic criteria, in-
clúding an autopsy complete enough to rule out other primary tumors
that could metastasize to or involve serosal surfaces, is a difficult
constraint on a retrospective series.

It was after 196O that serious consideration was first given to
asbestos as an etiologic factor in mesothelial malignancies. In that
year, Wagner et al.r6r reported 33 cases of pleural mesothelioma in
a part of South Africa important for crocidolite mining. For all but
two of the patients, the authors discovered likely asbestos contacts
two decades or more earlier. However, only 17 of these had had oc-

cupational exposure. The remainder had lived near mines or had had

household contacts. Although mesothelioma had previously been

attributed by some to asbestos exposures, 8s'164'lós'l6e no evidence of
a strong association had been developed.

Additional information supporting a relationship between asbestos

and malignant mesothelioma has accumulated since I 960. e't2'36'37'4\

42, 59 r'l 4 r,1 9'81 192'94'98 r99 t l0t, I I ? I I 5, I 3 l, 133, r 3 5 An OUtStanding fgatUf g haS

been the long period, commonly over 30 years, between the first ex-
posure to asbestos and the appearance of a tumor, as emphasized in
reports by Wagnerrss and Selikoff and Hammond.r33

Other Neoplasia

Associations between asbestos exposures and malignancies of the
gastrointestinal tract and of other sites have been reported, but the
data arc still inconclutiua. 52r 5er 76'e3' 133

Mutagenic Effects

Evidence of a mutagenic effect of asbestos has not been reported.

PATHOGENICITY IN LOWER ANIMALS

A comprehensive review of information derived from experimental
work in animals entails consideration not only of the variables ¡e-
lated to the type and dimensions of the asbestos fibers and of ad-

sorbed or concurrently administered contaminants, but also of the
species and strain of animals, the route of administration, and the
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Experimental Asbestosis .

Experimen tal Neoplasia
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Naturally Occurring Effects in Lower Animals

There is no evidence that effects on domestic or wild animals are
important as criteria for controlling asbestos emissions. schuster has
described pulmonary asbestosis (without the development of asbestos
bodies) in a dog that lived for nearly l0 years as a ratcatcher in a
London asbestos factory.l27 webster has demonstrated fibrosis in
donkeys, baboons, and wild rodents in South Africa,l63 and Kivi-
luoto has described the finding of anthophyllite asbestos in the lungs
of a cow in an anthophyllite-producing area of Finland.?g

STUDIES IN VITRO

There have been limited studies of the effects of asbestos in biologic
systems in vitro. For example, MacNab and Haringtonel demonstrated
in 1967 that asbestos would hemolyze sheep erythrocytes. This has
been confirmed by others.t26,t28 Chrysotile differs from amosite,
crocidolite, and anthophyllite in the conditions under which it is
hemolytic.

Parazzi et al.rr6 demonstrated in 1968 that both crocidolite and
chrysotile were cytotoxic for guinea pig macrophages in curture. The
activity of the former was greater; the cytotoxicity of neither was in-
hibited by polyvinylpyridine N-oxide, a macromolecular chemical
that is effective in preventing the cytotoxic damage caused by crystal-
line silica in experimental conditions.

Although the foregoing types of study have no known relation to
fibrogenic or carcinogenic effects in vivo, they provide systems that
may prove useful in determining mechanisms of action and approaches
to prophylactic or therapeutic measures.

INFLUENCE OF MAJOR VARIABLES ON PATHOGENICITY

When considering the influence of type of asbestos, fiber size, and
cofactors on biologic effects, it is necessary to emphasize that a
given attribute may influence respirabi ntion,
clearance, translocation, and biologic ¡ wals.
Although some in vitro and laboratory nt
responses to different types of asbestos, the results do notjustify
drawing firm conclusions as to the relative pathogenicity of the
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different types. No¡ do epidemiologic studies conclusively support
such differences. All 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 Cunudurt'rt and ltaly,rsa
there are possible explanations for the diffe¡ence other than as-
bestos type. The high incidence of mesothelial tumo¡s in the North
Western Cape area of South Africa has led to the suggestion that
crocidolite is unusually hazardous, but mesotheliomas have been
rare in the Transvaal, where crocidolite is also produced.ae,r3? Al-
though selikoff et al.t3r found many mesotheliomas in insulation
wo¡kers whose exposures had been largely to chrysotile and amo-
site, Sluis{remerr3' and Websterl62 have not found the incidence
of mesothelioma high in areas where amosite was mined and milled,
and McDonald, et al.10o did not report an excess in the chrysotile-
mining and -milling areas of Canada.

All epidemiologic studies that appear to indicate differences in
pathogenicity among types of asbestos are flawed by their lack of
quantitative data on cumulative exposures, fiber characteristics, and
the presence of cofactors. The diffe¡ent types, therefore, cannot be
graded as to relative risk with respect to either asbestosis or neoplasia.

Fiber size is critically important in determining respirability, de-
position, retention, and clearance from the pulmon ary fiact and is
probably an important determinant of the site and nature of bio_
logic action. Little is known about the movement of fibers within
the human body, including their potential for entry through the
gastrointestinal t¡act. The aerodynamic properties of fibers depend
largely on their diameter; fibers below 3.5 ¡.rm in diameter are re_
garded as being in the respirable range.rsr Fiber length affects de-
position, longer fibers ap genic effects.+,1s6 Until recently, most involved only
fibers detectable by the (LM), approxi_
mately 0.5 ¡.rm diameter of electron
microscopic (EM) techniquesr33 has enlarged our horizons as to
the va¡iables that must be considered. Tissues and air samples may
contain many EM-sized fibrils for every LM-sized fiber that can be
demonstrated.83,r33 There is, however, no body of knowledge that
permits the assigning of relative risk factors to fibers in the EM
lange, compared with fibers in the LM range. It is possible that the
relative risks associated with fibers of different sizes are different
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for nonmalignant and malignant changes. The evidence that bundles
of fibrils may be broken down within the body to individual fibrils
is important.rtr

A number of investigators have postulated that a probable role
of asbestos fibers in producing disease is to carry toxic or oncogenic
substances to vulnerable sites. Studies bearing on this have included
analysis of various types of asbestos to determine the contaminants
present, with special emphasis on metals2ó,21 and polycyclic hydro-
carbons;4s,61-fl studies of the elution of contaminants in biologic
materials;26 and the concurent exposure of animals to asbestos and
to other materials.roE The present consensus is that contaminants
are present, but a special pathogenetic role is still speculative.

The work of Selikoff et al.ry strongly suggests a syneryism of
cigarette smoking 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, or the promotion by one factor of
cancer initiated by another.



Evidence of Human
Nonoccupational
Exposures to Asbestos

Di¡ect and indirect evidence that persons other than those work-
ing directly with asbestos minerals are being exposed to asbestos
is of several types. For example, asbestos fîbers can be demon-
strated in the lungs ofpersons not occupationally exposed. In
a few goegtaphic areas, pathologic changes regarded as represent-
ing a reaction to asbestos (e.g., pleural calcification) have been
found in populations with no history of occupational exposure.
Asbestos fibers have been demonstrated in ambient air.

FIBERS IN LUNG TISSUE

Structures that appear to be fibers coated with a pigmented ma-
terial were described in lung tissue as early as l9o7 by Marchand.es
rn 1929, cooiele described such "curious bodies" in association
with pulmonary flrbrosis. stewart and Haddowla3 referred to them
as "asbestosis bodies." Because those wíro work with asbestos ex-
hibit them a few months after starting work, it was recognized
that they were evidence ofexposure, but not ofasbestosis. The
term "asbestos body" came to be the preferred designation.

11
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As long as 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.
Meurmanr6 in 1966 summarized l9 reports published between
1932 and 1962 in which these objects were associated with ex-
posure to graphite, coal, hornblende, rutile, diatomaceous earth,
carborundum, and talc (in which case tremolite asbestos might have
been involved). The demonstration by Gross and co-worketss4,só
that other f,rbers may produce such bodies in experimental animals
indicates that they result from a nonspecif,rc reaction to any sparingly
soluble fibrous foreign body, as had first been suggested by Cooke
in 1929.re There is thus ample justification for abandoning "asbestos
body" as a generic term; in 1965, Goughsr suggested the term
"mineral-fiber-body," and, in 1966, Grosss3 recommended "fer-
ruginous body.'r

Thomson et al.,rso in 1963, were the first to show that these
coated fibers were present in a high proportion of lungs obtained
by routine autopsy. They found that26.4% of lung smears in 500
consecutive autopsies in Cape Town showed what were called
"asbestos bodies." Reports from many other a¡eas have confirmed
a hlgh prevalence in lungs obtained in similar autopsy series.3,8,l?,30,
47'to6,tt7,t22'l4e Utidjian et al.rs1 inferred that, if a sufficient volume
of lung tissue were examined in each case, nearþ all persons would be
found to have such bodies; their study of 100 lungs in Pittsburgh con-
firmed their suggestion.

Identification of the core fibers has proved to be a formidable
technical task.s7,83,rr8 Without fiber-by-fiber analysis, all that can
be said is that coated fibers resembling those in asbestos workers
are present in most petsons in urban centers. Stripping the coating
and analyzing the cores by various techniques can sometimes demon-
strate that the cores are asbestos, but the process is tedious and often
inconclusive.

Attention is now being directed toward study, not of the ferrugi-
nous bodies alone, but of the total fiber content of the lungs, whether
such fibers are coated or uncoated. In a study of 3,000 consecutive
autopsies in New York City, Langer et a1.83 have found thin, un-
coated, opticallV visible fibers in two thirds of the 1,449 lung speci-
mens in which coated fibers were demonstrated and in one fourth of
those in which coated fibers were not demonstrated. Twenty-eight
consecutive samples of lung tissue from the same series examined
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by electron microscopy were found to contain EM-sized chrysotile
fibers.sa Pooley et øl.rt8 have reported similar findings.

Evidence is therefore strong that most human lungs harbor thou-
sands or millions of fibers. Some of these are chrysotile asbestos,
and other types of asbestos minerals are probably there also. In
most persons not occupationally exposed to asbestos, the numbers
of fibers are relatively small, compared with the numbe¡s found in the
occupationally exposed.l32 The systematic application of quantita-
tive techniques, measuring both coated and uncoated fibers, is needed
to define a gradient of accumulated fibers for correlation with inci-
dence of disease, on the one hand, and history of environmental
exposure, on the other.

Although there appears no doubt that asbestos fibers are present
in many human lungs, there are sources of airbo¡ne fibers other than
asbestos.2s's1 Some are probably 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 concerning possible increase of fibers in lungs
with increasing use of asbestos and concerning the existence of signif-
icant differences between urban and rural populations. selikoff and
Hammondl32 compared lung tissues obtained in 1934 and, 1967 and,
found no significant increase in the proportion containing ferruginous
bodies. This suggested that, despite increasing use of asbestos in New
York City between 1934 and 1967, fîbers of a type producing ferrugi-
nous bodies had not been increasing at a corresponding rate. However,
Chang-Hyun Umrs2 reports an increase over each decade in asbestos
bodies in samples of lungs from persons who died in London in 1936,
1946,1956, 1966.

PLEURAL CALCIFICATION IN
THE GENERAL POPULATION

Meurman,roT in 1968, reviewed critically the literatu¡e related to
pleural calcification and asbestos exposure. A number of studies
strongly suggested an association between pleural calcification and

osures to asbestos. For example, in 1960,
calcifications in 9% of the adult population
roentgenographic surveys in a Finnish commune
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in which there was an asbestos mine and mill; the frequency was low
for the remainde¡ of the Finnish population. Rauniorle enlarged on
these observations in lgíí,reporting that, of 633,201chest films
taken in Finland between 1960 and 1965, 1,516 showed pleural cal-
cification; 1,232 of the latter were among 43,483 films taken in l0
communes in which there were anthophyllite mines. Rock and soil
in such areas also contain much asbestos, so that the demonstration
that ai¡bo¡ne anthophyllite could be demonstrated ove¡ 25 km from
the mines is not necessarily relevant. Anspacha reported that, of 244
subjects with pleural calcification found in a chest roentgenographic
survey in Dresden, 177 had eithe¡ worked.in or lived near an asbestos
factory. zolov et ¿/. r70 described a 5. l% prevalence of pleural calci-
fication in a rural population in Bulgaria and suggested that the most
likely cause was asbestos in the soil. However, Hromek,jz Marsová.,s6
and Rous and Studenf,r2s reporting on a high prevalence of pleural
plaques in a rural district of Czechoslovakia, have been unable to
demonstrate a source of asbestos exposure. The consensus at present
is that calcification alone may not invariably be considered an index
of asbestos exposure in the general population, although it may
prompt a search for an environmental source of asbestos.

MEASUREMENT OF AIRBORNE ASBESTOS

A more direct method of oblaining evidence on the likelihood of
exposure of the general population would be the sampling of air
to determine the presence and amount of respirable asbestos fibers.
There are, however, many uncertainties as to the,best methods of
sampling, identifying, and quantitating airbome asbestos and inter-
preting data so obtained.TT'8e)t21,136 Limited information has been
derived from measuring fibers on sampling sites; for example,
Laamanen et a1.82 showed asbestos fallout diminishing rapidly be-
yond I km from an anthophyllite quarry, but still detectable at
27 km. counts of asbestos fibers collected on membrane filters by
high-volume air sampling and estimated by light microscopic tech-
niques similar to those used in indust¡ial hygiene have shown small
numbers of fibers in a fe,w urban sites.l0,16 Such results, although
showing numbers of fibers detectable by the light microscope that
were low by occupational health experience, have been too few and
variable to be used with conf,rdence. Alternative methods that are
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currently under development, including estimations 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.tz662t36 Such environmental measurements are in theil earliest

stages and provide few clues to the extent or sigrrificance oftherisk
from this type of exposute to asbestos or to other mineral fibers.



Estimation of Risk in
Nonoccupational
Exposures to Asbestos

Industrial experience has shown that prolonged inhalation of asbestos
can increase the risk of neoplastic disease. Examination of lung tissue
has made it apparent that a much larger proportion of the general pub-
lic has inhaled and retained asbestos fibers than had formerly been
realized; in fact, most urban dwellers have some such fibers in their
lungs. 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 neighborhoods of asbestos plants,
or having occasional random exposures-have a detectably increased
risk of malignancy or other disease because of airborne asbestos?
The limited information available to answer these questions comes
either from direct epidemiologic studies of groups with various levels
of nonoccupational exposure or by extrapolation from the experience
of industrial populations with direct or indirect asbestos exposures.

EPIDEMIOLOGIC STUDIES RELATED TO NONOCCUPATIONAL
EXPOSURES

Two general indices of asbestos exposure are available for use in
direct epidemiologic studies of groups not known to be occupa-

l6
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tionally exposed to asbestos. The first is based on knowredge of each
member's place of work and place of residence; because of ihe longlatent periods of asbestos-related disease, this knowledg. .uri 

"ou*each person's whole lifetime. The second is a quantitaãve estimate ofeach member's lung content of asbestos fibe¡s. There are rewìu.n
direct epidemiorogic studies, and they are inadequate to answer thequestions at issue.

The only studies thatappear to impricate asbestos in the develop-
rsons not occupationally exposed are those
oma, a tumor that is uncommon and that

themesotheriomas,,n",," j'åt'#lil::"î"i,2:i11ff ìiTillJj","attributed to househord and neighborhood exposures in a crocidorite-producing area. Although nonoccupationar, tñrr" .rporu* rruu,
been described as substantial.r6s Nåwhouse and Thompsonlr3 studied76 patients with mesothelioma diagnosed in London Hospital froml9l7 to 1964. Of these, 3l (40.g%) had occupational ex'p-osur", to

* asbestos, 9 (ll.8Vo) had a ¡elative who wo¡ked with asbesto-s, iì' (14.5%) had neither-of those bactg¡åun¿s but had lived within a half_mile of an asbestos factory, and 2i (32.g%) had no trro*n 
"ontu"tr.Corresponding percentages fo subjects(patients in the same hospital 13,6.6,

and Bl .6%. Stumphius and Meyerra omas inthe community near the shipyard in Flushing (Holland), Utf,ãuì1, f Zof 2l mesotheriomas reported in the provin ce of z;eerana ¡i igeq-1967 had been in wollers in that yu.à, but not in insulation or asbes-tos workers. Rauniorle found no excess of pulmonary, ptru.A, o,peritoneal malignancies in the areas of Finland where íi"*ui.¿.iri-cations att¡ibuted to anthophyllite were present in 6_9%of routine
chest survey films. In a se¡ies of l7 mesotheliomas .offr"trJ ívBorow et ø1.,t2 all but two were in persons who had worked in anasbestos mill, although the autopsy series from which the cases weredrawn came from an area that incruded inhabitants of the mill,s en-virons' Lieben and pistawkasz found thai, of 42 persons with meso-theliomas reported in pennsylvania, l0 haá worked in asbestos prants,8 lived or worked close to an asbestos industry, and 3 were mem_bers of fami
of exposure I l, no history

able random l0 had question-

on 165 fatal ^^ L^- d information

canada be rween r e5 e and r e6s. r;:J::iåå"rå1i".t".:';ï,i:,
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with occupational exposure to asbestos but concluded that the ex-
cess was in the manufacture and industrial application of asbestos,
rather than in mining or milling. It is apparent that no quantitative
conclusions were possible from these studies, which present serious
methodologic problems to the epidemiologist. They suggest a risk in
household contacts and in residence in the immediate neighborhood
ofan asbestos plant. There appear to be different levels ofrisk in dif-

an re-
ne
lar

been quantitative estimation of the lung content of ferruginous bodies
and bare asbestos fibers, to determine whether a detectable gradient
of disease can be correlated with asbestos content. The series so far
studied have been too small, and methods too variable, to permit any
conclusions as to the importance of small fiber numbers in the lung.

EXTRAPOLATION FROM OCCUPATIONAL EXPERIENCE

Another source of evidence of the relative risks associated with in-
haling moderate or small numbers of asbestos fibers is the experience
of persons who have had occupational exposures below those known
to be deflrnitely hazardous. The maximar airborne fiber concentra-
tions ¡ecommended for prevention of asbestosis are much higher than
any likely to be encountered in nonoccupational situations. Fo, 

"^-ample, one recommended standa¡d would limit the average concen-
t¡ation of airborne chrysotile to 2,000 rrbers per liter as dete¡mined
by light-field count.ta Another that has been proposed would limit
average concentrations of fibers to 5,000 fibers per liter.2 occupation-
related asbestosis can be effectively controlled with airborne fiber con-
centrations much higher than are likely to be encounte¡ed in non-
occupational situations. It is important to determine whether workers
whose exposu¡es prevent or greatly
delay asbestosis, s are indirect, have
a lower risk of lu and more direct
exposures.
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ably be even longer at lower dose levels, are such that it is too soon to
draw final conclusions as to the eventual incidence of these malignan-
cies. Neve¡theless, 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,lll who found
that, although there were more deaths from lung cancer and ch¡onic
respiratory disease among those who had heavy exposures many yeÍus
previously in a London asbestos-products plant, this was not true
among those who had low or moderate exposures. McDonald et al.rw
recently reported the mortality experience of men who worked in
chrysotile mines and mills of Quebec. There was a slight excess of
lung cancer among the2,457 deaths in workers bom 1890-l920,blt
all could be explained by the excess that occurred in those who had
been maximally exposed. This suggests that, insofar as chrysotile
miners and mille¡s are concerned, the risk drops off rapidly with de-
creasing accumulated dosage.

Most series of case reports of mesothelioma include some persons
- who have worked in the construction or shipbuilding industries, but

in trades not involving direct contact with asbestos.lol Such peßons
as plumbers, electricians, and metal wo¡kers often have more ferru-
ginóus bodies in their lungs than do white-collar workers.r33 Although
Dunn and Weir,33 in a study of occupational groups in California that
revealed an excess of deaths from lung cancer in insulation workers,
found no excess lung cancer deaths in other construction trades, the
gxoups they studied were diluted with many persons who were un-
likely to have had exposures. Nevertheless, there may be a defînable
gradient of effect within the construction trades. More thorough
studies of groups with indirect exposures are cefiainly needed.

One cannot extrapolate from the mortality experiencd of, on the
one hand, those who are directly and indirectly exposed to asbestos
in their employment to, on the other hand, the general public, who
have had moderate or slight exposu¡es from ambient air. There is
evidence to suggest a gradient ofeffect from direct occupational, to
indirect occupational, to family 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 associated with any detectable risk. What
those levels are is not known, but there is no evidence that persons
in the general population-without occupational, household, or
neighborhood exposures-have any increased risk of neoplasm, even
though there may be ferruginous bodies or fibers in their lungs.



Sources of Asbestos
Fibers in Ambient Air

Precise information is not available on tonnages, numbers of fibers,
fiber sizes and varieties, atmospheric dispersion, and ultimate fate of
the asbestos emitted into ambient air. Although there are no reliable
data to justify extrapolation from the more completely studied occu-
pational exposure experience, information regarding actual and po
tential sources of emissions of asbestos fibers is of value both fo¡
directing future studies and for understanding the steps that mrght
be taken now to safeguard the health of the public.

NATURAL SOURCES OF AIRBORNE ASBESTOS FIBERS

Several varieties of asbestos ore and counterpart rock (containing
EM-sized asbestos fibers) occur as outcroppings or are just below
the surface of the earth throughout the world. Asbestos rrbers can
become airborne from these formations during road-building, con-
struction, and tilling of the soil, as well as by landslides, erosion, and
weathering. Talc, mined and used 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 dissem-

20
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inating forces. such naturally occurring talc, as well as the large
quantities used as a diluent and carrier for pesticides, can add to the
background fiber concentration in the ambient air.t66,t67 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 contribu-
tions of natural and industrial sources.

MINING AND MILLING OF ASBESTOS

Mining and milling of asbestos constitute another source of asbestos
emissions. In the united states, such activity is presently confined
to a few mines in california, vermont, Arizona, and North carolina.

during drying, crushing, grinding, and 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.

TRANSPORTATION OF MATERIALS CONTAINING ASBESTOS

Transportation of asbestos ore, milled asbestos fiber, and asbestos-

MANUFACTURE OF PRODUCTS CONTAINING ASBESTOS
Industries that must provide ventilation and other dust-control
measures for the protection of workers may emit asbestos fibers
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into the surrou
applied to efflu s

vices and not re de'
tos-containing wast manufacturing process ultimately

are disposed of outside the plant.

USE OF PRODUCTS CONTAINING ASBESTO'S

Many products, at times unknown to the user, contain asbestos ofone kind or another. There are great variations among suffioauctswith respect to the chances of fibt ring the use oith" pr.duct.
the flr ^_-,:^ 

on the ease with which

degre application ofenergy and on the de-

during the use or the product. AhiJ,'fl,i:"#ii,1å:t;ffiHlf"
the united states for m¿nufacturing.products becomes tigtrflytoun¿within the products.and usually.rnã"tgo.,litfle actuar utîuriá., o,wear before being discarded. Asbestos-cement products (accounting
for most of the asbestos used in t re united states), rrtirgìãr, ãr¿ n*,
lil": 1I. in this category. Some asbestos_containing pro¿ìlcts, suctr asbrakelinings, are subjected to great friction; thei, ¡ãte or *"- i, 

"orr_siderable, and at times they arã almost compretely *o- u*uv. In thecase of brakelinings, the application of energy is so intense and theheat created so great that most chrysotile fitltr ut. ã.rtrovräiv ¡oing converted to anothe¡ substancð, which is nonfibrous.6s,6E,E8
Nevertheless, an appreciable perceníage (L _ 3%) remains as fib¡ousasbestos._ In some products_fo, e*arriplà, asbesios 

"lo 
tfr, pup.î un¿sprayed fireproofing materials-asbestós fib"r, -. not tighfly boundormixed with anothermaterial thatholds them in place. Fiberrelease

y during application and removal.
with asbestos_containing materi_

can be a serious source of emis-

rarc is mined and mned un¿ ur.¿'"#J:í,:t:åî*1i:; rhan is as_bestos in the united states. Because it ãontains-asbestos rrtãir,lt,
uses will add to the total numbe¡ of fibers (including ,rorrur¡.rio,
fibers) emitted. The use of talc in dispensing pesticides over wideareas of the country and its use in cosmetics are two examples ofhow this material may act as a source of asbestos and other fibers.
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DEMOLITION

For years, asbestos has been incorporated in building materials, In
some forms of insulation and wallboard, the amount present is less

ttran2O% 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 are þmitted. In general, single

family residential structures contain only small amounts of asbestos

insulation. Demolition of industrial and commercial buildings that

have been fueproofed with asbestos-containing materials will prove to
be an emission source in the future, requiring control meÍìI¡ufes.

SOLID-WASTE DISPOSAL

Solid wastes produced during manufacture of asbestos-containing
products, use of such products, and demolition can be emission

sources. These waste materials are usually disposed of without re
gard to their potential as emission sources. Alternate methods of dis-

posal often result in commingling of asbestos-containing wastes with
municipal wastes in open dumps and thus create a longterm emission

source.
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Principles of Control

The natural background level of asbestos f,ibers is diffrcult to quantify
or modify. The major sources of local ambient-air contamination

NATURAL SOURCES OF AIRBORNE ASBESTOS FIBERS

Natural sources of asbestos fibers have been identified in many areas
of the united states. It is assumed that emissions of fibers from these

background, because it would assist in evaluating the effects of control
measures and permit some estimates of the lower limits of contamina-
tion that might be achieved in different areas of the country.
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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. Road-
ways'in open pits should be treated with dust-suppressive agents;

truckloads of ore should be covered with tarpaulins while being trans-
ported; handling of ore should be minimized; ore storage piles should
be moistened to reduce wind erosion; and waste dumps should be

treated with dust-suppressive agents.

MILLING OF ASBESTOS

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

mills includes exhaust ventilation with efficient dust-collecting and

air-cleaning equipment, isolation, enclosure, wet methods, and good

housekeeping and maintenance.

MANUFACTURE OF PRODUCTS CONTAINING ASBESTOS

The elements of dust control recommended for the milling of asbestos

ore also apply to the manufacture of asbestos-containing products. It
is important that a dust-control system be specific to the operation
for which it is used and that it be tested 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 ASBESTOS

An important emission source is the use of insulating materials con-

taining asbestos. This constitutes only a small fraction of the asbestos

used. But the asbestos in some insulating materials is not bound as it
is in cementitious products or tiles; construction activities usually are

carried on in urban areas, where many people are exposed to contam-
inated air; and control ofdust during construction, although feasible,
is difficult.

The most effective approach in reducing exposures of the general
public to asbestos from this source involves controlling dust produc-
tion and release at its origin during construction work. The generation
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DEMOLITION AND WASTE DISPOSAL

Demolition and waste disposal are likely to be emission sources if

MEASUREMENT OF AIRBORNE ASBESTOS



Principles of Contol

In spite of the difficulties, it is possible to sample air, determine
the approximate concentration of airbome fibers, and identify the
major types of asbestos. It is not desirable to limit environmental
msasurements to a single method until there is a clearer definition of
the critical variables in terms of hearth. Because of methodologic and
other uncertainties, it is not yet feasible to base control on numerical
ambient air quality standards.



Research Needs
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conventional LM and EM methods should be applied simultaneously

in selected occupational and community situations.

More epidemiologic studies are needed. Populations in several

different exposure ranges should be studied, including occupational,

household, and neighborhood exposures. Special studies of meso-

thelioma are needed to determine whether the incidence has been

increasing and to determine the current pattern of dist¡ibution. A
large series of routine autopsies should be studied to determine
whether causes of death can be related to amounts of asbestos in the
lungs and other organs. All the above are urgent if a range of safe

exposure is to be established with confidence.



Conclusions and
Recommendations

PATHOGENICITY OF ASBESTOS MINERALS

Any of the commercially used asbestos minerals, when inhaled in suf-
ficient numbers, as in uncontrolled occupational exposures, can cause
disabling fibrosis of the lungs. An.association betweãn occupational ex-
posures to asbestos and bronchogenic carcinoma has been established,
but the dose-response relation and the ¡ole of cofactors have not been
defined. Evidence of a causal association between some but not all ex-
posures to asbestos fibers and diffuse malþant mesotheliomas of the
pleura and peritoneum is substantial, but evidence ofsuch a relation
with other tumors is inconclusive. Although the different types ãf as
bestos differ in some of their biologi. .ffõtr, no type 

"ur, 
ú. regarded

as free ofhazard- The hypothesis that asbestos fibeis act as cofãctors
or carriers ofcarcinogens is attractive, but as yet unproved.

EVIDENCE OF HUMAN NONOCCUPATIONAL EXPOSURES
TO ASBESTOS

The demonst¡ation of ferruginous bodies, similar to those found in
asbestos workers, in a large proportion of randomly selected lung
specimens in many parts of the world is presumptive evidence thãt
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Conclusions and Recommendations

persons with no occupational contact may have inhaled and retained
asbestos. Proof has come in some areas with positive identification of
chrysotile asbestos fibers. Analyses of community air for asbestos
have been too limited to define the sources, concentrations., and distri-
bution of fibers in the environment. The fiber concentrations that
have been demonstrated in ambient air are small, compared with
those in industry, but data are inadequate for definitive comparisons.

ESTIMATION OF RISK IN HUMAN NONOCCUPATIONAL
EXPOSURES TO ASBESTOS

The most important question in the case of persons with nonoccupa-
tional exposures to asbestos is whether there is an increased risk of
malignancies. Industrial experience indicates that there is no likeli-
hood of significant asbestosis in non
major potential for risk appears to li
tional contacts, household contacts,
neighborhood of an asbestos source; and even there, the actual risk
is poorly defined- The appearance of a gradient of effect in such
groups, however, suggests that there are levels of inhaled asbestos
without detectable risk. It is not known what range of respirable
airborne asbestos fibers will ultimately be found to have nã ,n.uru.-
able effects on health. At present, there is no evidence that the small
numbers of fibe¡s found in most members of the general popuration
affect health or longevity.

NEED FOR AND FEASIBILITY OF CONTROLS

3l
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