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The naturally occurring fidbrous silicates classified as "asbestos” have

~ L ,
become almost indisvensable in modern technology.oT’lzs'l 2 The world's

annual producticn has grown from a few thousand tens in 1900 to over 3
willion tons in 1968.121 Annual consumption in the United States averaged
nearly 800,000 tons during the period 1965-1969.121 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 yeers.

Although it has been known for a half-century that persons who inhaled
large amounts of asbestcs 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 effects, such as cancer, have
been associated with occupational exposures. Recently, 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 emissions into

the atmosphere.

"Asbestos" is a generic term for a number of hydrated silicates that,
when crushed or processed, separate into flexible fibers made up of

fibrils.h6

Although there are many asbestos minerals, only six are of
commercial importance: chrysotile, a tubuler serpentine mineral, accounts
for 95% of the world's production; the others, all amphiboles, are amosite,
crocidclite, anthophyllite, tremolite, and actinolite. The asbestos minerals

difter in their metallic elemental content, range of fiber diameters,

flexibility or harshness, tencile strength, surface properties, and other
vii

397383

e e T .



attributes that determine their industrial uses and may aiffect tneir resg

bility, depcsition, retention, translocaticn, and biologic reactivity.

This revort (1) summarizes the mejor evidence of the pathegenicity of
astestos in man end animals, (2) summarizes the evidence of human nonoccu-
pational exposure to asbestos, (3) evaluates the evidence of a health risk
associeted with various degrees and types of exposure, (L) identifies sources

of environmental contamination by asbestos, and (5) offers recommendations

concerning the need for and feasibility of control measures.

W. Clark Cooper
Chairman

viii
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CHAPTER 1

PATHCGENICITY CF ASBEZTOS

The effects of fibers in biologic systems may result not only from the
prcperties of the fibers themselves, but elso from contamination with
inorganic or organic substances that occur naturally or are added during
mining, milling, processing, shipping, cr use.' Contaminants acquired
from the etmosthere 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 IN MAN

The proven or suspected effects of asbestos minersls on human health
include nonmaliznant changes, such as pulmonary and pleural fidbrosis,
and several types of malignancy, notably of the lung, pleura, and
peritoneum. Nearly all the positive evidence of an association between
asbestos and human disease has ccome from occupational groups. With few
exceptions, these have consisted of workers engaged in the mining and
milling of asbestcs, the manufacture of asbestos-containing products
(such as textiles and construction materials), and the application and

removal of asbestos-ccntaining insuleting materials.

Asbestosis ~

Asbestcsis, or asbestotic pneumoconiosis, was the first clearly demon-
strated adverse effect of asbestos in man. It is characterized by a
pattern of roentgencsraphic changes in the lung consistent with diffuse
intoerstitial fibros iz of variable degree end at $imes with fibrogis ond

cura: cliinlcal changes that include fine rale:r,

I

¢a2leifinating of the ¢
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Tinger clubbing, and shortness of breath, each of which may vte absent in an

individual cese; end physiclicgic changes consistent with a restrictive lung

e first published zmention ¢f a case, in a man who had worked for 10 yeears

1

in the carding rcom of an estestos factory, was by H. Montague Murray in
1907.111  Cooke reported a second case in 192420 and in 1927 provided a
more detailed description.2l in which the term "asbestosis" was first used.
In 1930, Merewetherl0> reviewed the salient features of the disease and the
anvironmental exposures of wcrkers, including data derived from an epidemio-
logic study reported in more detail by Merewether and Price.lo6 This led to
the promulgation of regulaticns for environmentai and medical control in the

United Kingdom, which became effective in 1932.7 Cases were first reported

Lt

TN
Moy d T

in the United Statcs in 1630, and guidelines for acceptable 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 prevented
by reducing asbestos dust concentrations to levels that are still far

above any likely to be enccuntered in community air.

"{eural Calceificaticn

Calcified pleural plaques occur frequently in workers exposed to
l 1 30 - , . :

33_5v6=‘3’103'108’130 When multiple or bilateral, they are regarded

43,71

asheast

by some as almoct diagnosti: of asbestos~related disease. In

usheging workers, calcified plaques rarely appear until 20 years after
v

't

with parenchymal fibrosis.?1

3]

first expcsurs and 2o not necessarily correlat

to
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Bronchcgenic Carcinoma

Né features of bronchogenic carcinoma associated with asbestos are
pathcgnemonic. 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-related lung cancer.

All cell types are represented in most series.

The first suggestion that asbestos might be causally related tc cancer

of the lung was made in 1935 by Lynch and Smith,9l who described squamous
ce.l carcinoma i: a South Carolina textile worker with asbestosis.

Despite other isolated reports, an association was not firmly supported

by epidemiologic evidence until 19U4T, when Merewether, Chief Inspector

of Factories in the United Kingdom, reported 31 instances of cancer of

the lung in 235 persons known by his department to have died with asbestosis
between 1924 and l9h6.lou That constituted an incidence of 13.2%, comparsd
with 1.32% (91/6884) in persons certified as having had silicosis during

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

14.0% had cancer of the lung, compared with 53 (6.9%) of 796 persons who
had silicosis. The study was done, however, in a hospital to which
sucpected twmor ratients would have been referred; thus, there may have

been on averestimate of risk. Doll in 1955,31 after analyzing the causcs

397388
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of death among 105 men whc had wcrxked for at least 20 years in areas of
asbestcs textile plants defined as dusty, concluded thet the 18 cases of

that occurred indicezed a risx ebcuil 10 times that in the

n— s
SR ee
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511,13,15,18,23,2h,33 4,38-42,59,70,74-76 ,80-82,87,93,94 ,98,

‘o
(@]
-
'_4
[
n
’..‘

31,1%9,154,155,161,189 yave confirmed an association between
occupational exposure to asbestos and a highter-than-expected incidence
of bronchogenic cancer. Some studie513 have demonstrated differences
in the degree of risk among different occupaticnally exposed groups,

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

Mesothelial Tumors

Primary malignant tumcrs of the pleura and peritoneum have been regarded
as exceedingly rare by most patholcgists; until recent years, some even

questioned their existence. There are still differences of opinion as to
diagnostic criteria.lB’YO’ga’lhg Therefore, statistics on prevalence or

er.ce in one gecgraphic area cannot be safely compared with <hose

£

inci
from another. Adherence to strict diagnostic criteria, including en
autcpsy complete enough to rule out other primary tumors that could
metastasize to or involve sercsal surfacss, is a difficﬁlt constraint on

a retrcspective series,

-~

It was after 1760 that serious consideration was first given to asbectos

as an eticlegic factor in mesothelial malignancies. In that yeer,

Wasgner o% al.’ reported 33 cases of pleural mescthelioma in a part of

South Africa imyortunt for crocidolite mining. For all but twe of the

patient s, the wuthoers discovevea likely asbestos contacts two dec.des or
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more earlier. However, cnly 17 of theze had had occupaticnal exposure.

The remainder had lived neer mines or had had household centacts. Although

mesothelioma nad previously been attributad by some to asbestes exposures,

164,235 ico

no evidence ¢f & strong association nad been developed.

Addi-ional information surperting a relationship between asbestes and

malignant mesotnelioma has eccumulated since 1960.9’12’36’37’hl’h2’59’75’

80,88,92,95,99,100,102,123-116,132,134,136 An outstanding feature has

been the long period, commonly over 30 years, between the first exposure

to asbestcs and the appearance of a tumor, as emphasized in repcrts by

158 134

Wagner and Selikoff et al.

Other Necplasia

Associztions tetween asbestos exposures and malignancies of the gastro-
intestinal iract and of other sites have been reported, but the data are

still inconclusive.s‘?’sg"7’9b’l3h

Mutagenic Effects

There is no evidence that asbestos 1s asscciated with mutagenesis.

PATEOGENTICITY IN LOWER ANIALS

A comprehensive review of information derived from experimentel work in
animals entails consideration not only of the variables related to the
type and dimensions of the esbestcs fibers and of adsorbed or concurrently
administered con{Aninants, tut also of the species and strain of animal,
the route of ecdministration, and the time and dosage factors. There are
at present no satizfactory wxperimental models to duplicate prolonged in-
halation of asbectss by man, but meny isclated segments of the prodlems
nave feen clucicstod, The smudics are hest divided iato those deall:g

od o thces amalioes With ooav

5 ' 397390
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hamstoers, reb ,157 and monxeys.lST In many of the studies, the
diseass resemtizd early asbestotic development in man--e.g., it was
multifocal. Diffuse fibroesis has also been produced,lST but to do so it

was necessary to use very high concentraticns of asbestos dust and long

pericds of expesure or observation after exposure. (In contrast, experi-

mental silicosis can be produced with lower cumulative exposwre.) In
+he course of the investigations, it has been asked whether the fibro-
genicity of asbestes dust is mostly confined to fibers longer than

m 45,256

the queétion is still unanswered.

S u

Exverimental jicoplacsia

Lung cancer f{rom chrysotile dust has been produced experimentally in

140 Other investigators who used

mt:s8 and i1 mouse lung implants.
Jdirferent methods for introducing the dustlb'3 did not find lung cancer
in the animals they studied. That some asbestos dust has an increased
content of trace metals--particularly nickel, chromium, and cobalt--

may explain these differing experiences. Rats whose lung clearance

had been artificially impaired had twice the lung cancer rate of animals

58

with ncormal clearance.”

Cancer of the pleural surface (mesothelicma) has been reported in rats

and beasters Shat received iantr

apleural injections of the three most
- -7
139,159,160

cummon types of anbestos., The amounts of asbestes dust introduce
Pnto the Lheraeie Savity Wwere very itairge, 2nd translation of results o
AEEIREE R A PR v oD sobenlocs s ouncerioln
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The studies of Roe et 21., wnizh involwved pleural and peritcneal

mesotheliomas of mice after subcutaneous injections of ctrocidolite,
emcei<e, or chrysotile, are cf particular iIntsrest because they yielded

evidence of migrations of fibers.

5 ~

doaturally Sccurring Sffects iz Lower Animals

There is no evidence that effects cn domestic or wild animals are important
as criteria for contrclling asbestos emissions. Schuster has described
rulmonary asbestosis (without the development of asbestos bodies) in a

dog that lived for nearly 10 years as a ratcatcher in a London asbestos
factcry.128 Webster hzs demonstrated fibrosis in donkeys, baboons, and

wild rodents in South Africa,163 and Kiviluotc has described the finding

or anthophyllite-asbestos in the lungs of a cow in an anthophyllite-producing

79

area of Finland.

STUDIES IN VITRO

There have teen limited studies of the effects of asbestos in biclogic
systems in vitro. For examrle, Macliab and Harington92 demcnstrated in
1967 that asbestos would hemolyze sheep erythrocytes. This has been

. 127,129 . . .
confirmed by others. Although chrysotile is markedly hemolytic,
amosite, crocidolite, and anthcphyllite have little or no activity under

similar conditions.

Parazzi et ~l.llI~demonstrated in 1968 that both crocidolite =nd chryso-

tile were cytotoxic for guinea pig macrophages in culture. The activity

of the forier was. greater,; the cytotoxicity of neither was inhibited by

397392

£€20€001S



pclvvinylpyridine N-oxide, a macrcmoleculer chemicel that is effective

in preventing the cytctoxic damaze caused by crystalline silica in experi-

y
P

Althcugh the foregoing types of study have no known relationship to
fibreogenic or carcinogenic effects in vivo, they provide systems that may

prove uscful in determining mechanisms of action and epproaches to prophy-

lactic cor therapeutic measures.

INFLUENCE OF MASOR VARIABLES ON PATHOGENICITY

when considering the importance of type of asbestcs, fiber size, and
cofactors on biologic effects, it is necessary to emphasize that a given
attribute may influence in differing weys the respirability, deposition,
retenticn., clearance, translocation, and biologic reactivity. Although

same vitro and labcratory studies yield different responses to different

i

types cf asbestos, the results do not justify drawing firm conclusions as
+o the relative pathcgenicity of the different types. Nor 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 siggle asbestcs type. Where there are data that suggest a lower risk,
as in the chrysotile-~producing aress of Cenadal3,100 ang Italy,lsh there
are possible explanafions for the difference cther then asbestos type.
The high incidence of mesothelizl tumors in the North Western Cape area
ot South Africa has 124 to the suggestion that crocidolite is unusually
harardons, but mesctheliiomas have been rare in the Transvaal, where

132

Dy . : 13 . ; .
crocidolite ic alse pra:uced.h9:~§8 Fltnough Selikefl et al. fournd

397393
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many mescothelicmas in insulation wceriters whose exposures nad Leen largely

. . k| . 15
tc chrysotiZe and amosite, Sluls-Cremz—:r‘-‘8 and ‘«ebste:"o2 have not found

-

~he Incidence o7 mesothelicma nign in areas where zmesite was niined and

milled, and Medornzld did nct report an excess in the carysotile mining

-

d milling sreesz <f Canada.

5

All epicdemiciongic studies that arpear to indicate differences in patho-
genicity ameng ty;és o asbestos are flawed by their lack of quantitative
czuta ¢n cusulative exposures, fiber characteristics, and the presence of
cefacters., Tie different types, therefore, cannot be graded as to relative

risk with respect to either astestosis or neoplasia.

Fiber size is cri<ically important in determining respiracility, depcsition,
retention, and clearance from the pulmonary tract and is prcbably an im-
portant determinant of the site and nature of biologic action. Little is
Kknown about the movement of fiters within the body, including their potential
for entry through the gastrointestinal tract. The aerodynamic properties

~f Cibers depend largely con their diameter; fibers below 3.5 um in diameter
arce regarded as being in the respirable range.l52 Fiber length affects
depocition, lcnger fibers apparently having greater fibrogenic effects.hhal56
fIntil Trecently, most work and speculation have involved cnly f{ibers detectszble
by the optical or light micrcscope (LM), approximately 0.5 uym in diameter
and larger. The applicaticn of electron microscepic (EM) cechniquest3% nas
enlarged our horizons as to the variebles that must be considersd. Tissues
and air samples may contain many EM-sized fibrils for every LM-sized fiber

that can be :monstrated.BL’lih Tnere 13, however, no tedy of knowledge

vy

Lhat, permits the assigning cf relative risk facters to fibers in the EM

397394
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range, compared with fibers in the LM range. It is possible that the relative
risks associeted with fibers cf different sizes ere different for nonmalignant

and malignant changes. The evidence <hat tundles of fibrils mey be broken

down wiithin <he body tec individual fibrils is ﬁw"xpcz-tax'xt.'U“7

A numter of investigators have postulated'that a probeble role of asbestos
fibers in producing disease is to cerry toxic or cncogenic substances to
vulnerable sites. ©Studies bearing on this have included analysis of various
types of asbestcs to determine the contaminants present, with special
48,61-64

emchasis on meta1526!27 and polycyclic hydrocarbons; studies

of the elution of contaminants in biologic materials;26 and the concurrent
exposure of animals to asbestos and to other materials.l99 The present

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

is still speculative.

The work of Selikoff{ et 5;.135 strongly suggests a synergism 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

ancthers

10
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EVIDENCE OF HUMAN NCHCOCCUPATICNAL EXPOSURES

‘rec< and indirect evidence tnat persons cther than those working dirsctly
with estestos minerals are being exvosed to estestos is of several types.

For example, asbestos fibers can te deronstrated in the lungs of perscns

not cccupationelly exposed. In a few geographic areas, pathclogic changes
regarded as representing a reaction to asbestos (e.g., pleural calcification)
have been found in populations with no history of occupational exposure.

Asbestcs fibers have been demonstrated in ambient air.

FIBERE IN LUNG TISSUE

Structures that appear to be fibers coated with a pigmented material were

descrited in lung tissue as early as 1907 by Marchand.96 These structures

19
were actually fibers coated with hemosiderin. In 1929, Ccoke™” descrited

such '"curious bodies" in association with pulmonary fibrosis. Stewart and

145

Haddow— referred to them as "asbestosis bodies."

Because those who work
with ashestos exhibit them a few months after starting work, it was recognized
that they were evidence of exposure, but not of asbestosis. The temm

"asbestos body" came to be the preferred designation.

As long as the coated fibers were found in persons known to have been
occupationally exposed to asbestos, the identity of the central fiter was

seldom questioned, although frem time to time similar objects were found

L d

o7

in persons with no known exposure to asbestes. Meurman in 1966 summarized

19 reperts published between 1932 and 1962 in which these objects were
asuociated with 2xposure to graphite, ccal, hornblends, rutile, diatomacsous

carth, carbi rundum, and talc (in which case tremolite asbostos might have

e
oy Gre:nsb’S“ that othear fihers noy

ion oy

[

R N T L ) ey e e
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prcduce cuch todies in experimental enimalc Indicsates that they result from

a ncnstecific reacticn to any speringly soluble fitrous foreign body, as

19

rad firs<t teen suggest2d by Ccoke in 1529.° There is thus ample justifice-
<izcn for ecandoning "astestcs body" as a generic term; C-ous’nSl in 1%65

mineral fiber-body," and Gross’3 in 1966 recommended

suggested the term

"ferruginous body."

Theomson et g&.,lsl in 1963, were the first to show that these coated

fibers were present in a high proportion of lungs obtained by routine
autepsy. They found that 26.4% of lung smears in 500 consecutive

autopsies in Cape Town showed what were called "asbestos bodies."

Reports frcm many other areas have confirmed a high prevalence in lungs
: LT .2

obtained in similar autopsy ser:es}’8’17’3o’ 7,107,118,123,150
Utidjian et _3.153 inferred that, if a sufficient volume of lung tissue

were exeamined in each case, nearly all persons would be found to have such

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

identification of the core fibers has proved to be a formidable technical

57,84,219 . : i - id i
task. Without fiber-by-fiber analysis, all that can be said is

that ccated fibers resembling those in asbestos workers are present in most
persons in our urban centers. Stripping the coating and analyzing the
cor2c by various techniques can sometimes demonsirate that the cores are

asbhbestos, but the prbocess is tediocus and often inconclusive.

ALtention ic now being directed toward study, not of the ferruginous

Lodiva alone, but of the potal fiver content of the lungs, whether such

Citrnre zre coonted or uncoated. In a study of 3,000 consecutive autopsies
Bl

in New Yorw Titr, Lunaer ot al.T have found thin, uncoated, optically

12
397397
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visivie fibers in two-thirds of the 1,-.3 lung specimens in which ccategd
firers were demcnstrated end in cne-fourth of those in which uncoated

rers were demonstrated. Twenty-eignt ccnsecutive samrles of lung tissue
from the same series examined by electron microscopy were found to contain

EM-sized chrysctile fibers.85 Pooley et §£-119 have reported similar findings.

Evidence is therzfore strong that most human lungs harbor thousands or
millicns of fibers. Some of these are chrysotile asbestos, and other
types of asbestos minerals are probably there also. In most persons not
occupaticnally exposed tc asbestos, the numbers of fibers are relatively
small, compared with the numbers found in the occupationally exposed.l33
The systematic applicaticn of quantitative techniques, measuring both
coated and uncoated fivers, is needed to define a gradient of accumulated

fibvers for ccrrelzaticn with incidence 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
28,57

human lungs, there are scurces of airborne fibers other than asbestos.
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 isoclated from human lungs. Talc,

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

amount of tremolite asbestos fibers.

Informeticn is sparse concerning possible increase of fibers in lungs with
increasing use of asbestos end concerning the existence of significant
133

di Crorences betwenn urbasn and rural ropulaticns. Selikeff and Fomcmond

N . . PR -y - - . c ol
compared s tinoues obtalned in 1933 wnd 1G6T and tound no sipgnificant

t 397398
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increase in the proporticn zontaining ferruginous todies. This suggested

in New fork City tetween 163k

14

that, despite increasing use of asbestc
1967, fibers of a type crcducing ferruginous bodies had nct teen
increesing at a correspcncéing rate. However, Chang-Hyun UEJB

increase cver each decade in esbestos bodies in samples of lungs from

perscns who dizd in Londen in 1936, 1946, 1956, 1966.

PLEURAL CALCIFICATION IN THE GENERAL POPULATION
108

Meurman in 1668 reviewed critically the literature related to pleural

calzification and asbestos exposure. A number of studies strongly suggested
an assoclation between pleural calcification and nonoccupational exposures
to asbestos. Yor example, Kiviluoto!? in 1960 reported calcifications in

u% of the adult pcpﬁlation detected during mass roentgenographic surveys

in a ¥innish ecommune in which there wzs an asbestos mine and mill; *the
frequency was low for the remainder of the Finnish population. Rauniot20
enlarged cn these cbservations in 1966, reporting that, of 632,201 chest
films taken in Finland between 1960 and 1965, 1516 showed pleural calcifi-
catigns: 1230 of the latter were among 43,483 films taken in 10 communes
in which there were anthophyllite mines. Rock and soil in such areas

tlso contain much asbestos, so that the demonstration that airborne
anthorhyllite could be demonstrated over 25 km from the mines is not
meconsarily relavane, Ans:pack‘.h reported that, of 244 subjects with
jrleural cdei Ciention found in A chest roentgencgraphic survey in

resden, 177 tud either worked in or lived near an asbestos factory.

Iosov et 313]70 described a 95.1% provalence of pleural caleification in

i orural peprulat.on in Bulparia and suggested that the mest likely cauce

S GLestos fn the sofl, However, Hvomer, 72 Marsove, 97 and fous and
15
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Studeny, reporting on & high prevalence cf pleural plaques in a rural

"y

distriet of Crechoslcvexise, have been unatle to demonstrate? a source of
asbestos expeosure. The consensus el pressnt iz that calciflication alcne
may nct invariably Ye considered an index of asbsstos exposure in the

gerneral populetion, althcugh it mey crompt a gearch for zn environmental

source of asbestcs.

MEASUTSMENT OF AIRBCORNE ASBESTCS

A more direct method of obtaining evidence con the likelihood c¢f exposure
of the general pcpulation would be the sampling of air to determine the
rresence and amount of respirable asbestos fibers. There are, however,

many uncertainties as to the best methods of sampling, identifying, and

e . . . . 78,90,122,137
quantitating airborne asbestos and interpreting data so obtained.
ALY L | K\ . he a A S el . - - Voo o B R . | e ceen e 2w mcreat em o O e a e - Pt R e e
Lirmlled 1010YMatidn (1asds Leell dErivVed I1dh meadSulihg r1w€l'd O 3alp.ilnig 519Co,

such as that by Laamanen et EL-’83 who showed asbestos fallout diminishing
rapidly teyond 1 xm fram an anthophyllite quarry, but still detectable at
27 km. Counts of asbestos fibers collected on membrane filters by high-
velume alr sampling and estimated by light microscopic technigues similar
to those used in industrial hygiene have shown small numbers of fibers in a

tew urban Sites’iO,IG Such results, although showing numbers of fibers de-
tectgble by the light micrcscope that were lcw by occupational health ex-
perience, have been toc few and variable to he used with cconfidence.
Altornative methods that are cufrently under develcpment, including estima-
tions of the nunter and mass c¢f fibers in the LM and the LM size rangec,
have shown meacurable conceatrations cf asbez*cs in many camples of ambient
air. : Such environmental meuasurements are in their earliest stages

ana nrevide few claes to Lhe nxtent or signili-~ances of the risk fvem thi:

v ARSI b bl s - e q N SR e
Lope of axporwre “o acbestos ar o ctinor minsv-l Slbers.
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M AN AN AN ST MY
i NONOCIUTATIONAL ZXTCCLTED

1
nn
-~

ESTIMATION CF RI

inductriel exrerience has shown that proleonged inhalation of asbestcs can

3
'y

increase the rizk of neorlastic diseese. ZIxaminaticn c¢f lung tissue aasg

-

~ede it arparent that a much larger prerortion of the general public has
inhaled and retained asbestos fiters then had fcrmerly been realizzd; in
fact, most urban dwellers have some such fiters in their lungs. Can thesge
facts be related? Does the general public--as well as persons working
near ¢ccupational sources, living in the households cf asbestos workers,
living in the neighborhoocds of asbestos plants, or having cccasional
random exposures--have a detectably increased risk of malignancy or other
disease because of airborne asbestos? The limited information we have to
anaver thean anestisna comes efther from diveat epidemiclogic studies o
groups with various levels of nonoccupational exposure or by extrapclation
frcm the experience of industrial pcpulations with direct or indirect

1sbestos exposures.

UPIDEMIOLOGIC U“TUDIES RELATED TC NONCCCIPATIONAL EXPOSURZIS

™o general indices of asbestos exposure are availsble for use in direct
~pidum%ologic studies of groups not known to be occupslicnally exposed to
asbestos. The first is based on knowledge of each member's place of werk
and place of residence; because of the lcng latent periods cf asbestos-

-
related disesse, this knowledge must cover each person's whele lifetinme.
The: sceond 15 & quantitative estimate of each mexber's lung coatent of
fiverc, There are few such 2irect apideminlogic ctudias, ani
they nre inndreguatce to answer the questicns =t izsue.,

15
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r studies that appear tc impli:ite esbastos in the develcocpment of

sons nct occuratianally extosed are thos2 invelving
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repcrted by Wagner et gé.l in South Africe were attributed to housencli

and neighborhcod exposures in a crocidoliie-producing area. Although non-

occupational, these exposures have been described as substantial.l68 Hewhous

studied 76 patients with mesothelioma diagnosed in Lendon Hospitael from 1G17
to 19G4. Of +these 31 (L40.8%) had occupational exposures to asbestos, 9
(12.8%) had a relative who worked with asbestos, 11 (1L4.5%) hed neither of
tnose backgrounds tut had lived within a half-mile of an esbestos factory,
and 25 (32.9%) had no known contacts. Corresponding percentages for a
grour of matched contrcl subjects (patients in the same hospital for other
diseases) were 10.5%, 1.3%, 6.6%, and 81.6%. Stumphius and Meyerlhs
reported no mesothelicmas in the community near the shipyard in Flushing
(liolland), although 17 of 21 mesotheliomas reported in the province of
Jeelund in 106L-1967 had been in workers in that vard. Rawnic 20 found

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

of Finland where pleurzl calcificaticns attributed to anthophyllite were
present in 6%-9% of routine chest survey films. In a series of 17
mesctheliomas collected by EBorow _3.35.,12 all but two were in persons who
had worked in an.asbtestos mill, althougli the autopsy series frem which the
case¢s were drawn vame from an area that inciuded inhabitants of the mill's
envirens. Licben and Fistawk387 found that of L2 persons with mescthelicmas
swrted in Penncvivania, 10 had werked [n astectos plants, € lived or

2lnso bo oan asbestos industry, ~nd 2 were menbters of fandiiles thot

17
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100
- *5 had + s 3 5 WAl 1 et a1l t”
and <he remaining 10 had guestionaz’nz randcm exgosures. dclonald =t al.
ccllected information on 125 fetal =zalignant mescthelicmas Xncwn o
cathclzgists in Jenada tetween 153¢ and 126C. They confirzed an associeticn
with cecourational expesure tTo asbestcs but ccncluded thiat the excess was
in <re manulacture and industrial applicaticn ¢f asbestos, rather than in
mining or milling. It is apparent that no cuentitative conclusions were

wos.itle from these studies, which present sericus metilodologic problems
“o vne epidemiolcgist. They suggest a risk in household contacts and in
residence in the immediate neighborhood of asbestes plants. There appear

risk In different tiymes cf cccupational exposures,

[

tc be differnnt level

wm

2

and some o7 these may be reflected in corresponding heusehold and neighborhocod

In no analyzsis of causes of Zeath in a large population has there been

quantitative estimation of the lung content of ferruginous tedies and bteare

3

isbesztos fiders, to determine whether a detectable gradient of disszcze c=

$

Le correlated with asbestos content. The series so far studied have been

"

Leo umall, and methods have teen too variable, to permit any conclusions

a5 ton the importance of small numbers of fibers in the lung.

VTTON TROM QCCUPATIONAL EWFIEIILICE

Another source of evidence of the relative risks z2ssociated with inhaling

-~

moderate cr small numbers of asbestos fibers 15 the experi-nce of persons

who have had ocoupaticnal exposures telaw thoze known te bte Jdefinitelrs
noonricug . Ther maximeal wlrborne fiber zonewntroaticons recommendsl for pre-
ventioun ol actesinalis garé much higher than zny likels Lo le anccuntered in
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e concentraticns of fibers tg 5000 fivers per liter.
Cccuration-related asbestosis can be effectively controlled with airborne

ons much higher than are likely to be encountered in ncn-

be

trac

L2 SN
LiTer zence

occupational situations. It is important to determine whether workers
whose exposures have been reduced to levels that prevent or greatly delay
astestosis, as well as others whose exposures are indirect, have a lower

rizi ¢f lung cancer than those with higher and more direct exposures.

workers who began emplcoyment in a British textile mill after 1933, when
impiemenzation of thne Asbestocs Industiry Regulations of 1931 reduced (but
did not abolish) dust exposures, were reported in 1968 to show no excess

of neOplasms.82 The long latent periods of asbestos-related lung cancer
and mescthelioma, which would probably be even longer at lover dose levels,
are such that it is too soon tc draw final conclusions as to the eventual
incidence of these malignancies. Nevertheless, reduced exposure seems o
ve having an effect. Another indication of reduced incidence or delayed
onset c¢f diszease with lower exposure is in the observations of lewhouse,
who found that, although there were more deaths from lung cancer and chronic
respiratory diseass amcng those who had heavy exposurss many years previously
in a2 Londen asbestces-products plant, this was nct trie emeng those whoe hed

101
low or moderate exposures. McDonald e 1.

reccntly reported thsz
mortulity xperiznce of men who worked in chrysctil2 mines and milis of

A 2 e N o 1
o EXZEDO 2L LN

Suaelec.  There was oo osligh
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~ccurred in those who had fea2n zmexizmalily expossd. This suggests that,

b
-k

insofar as chrysotile miners end millers are concerned, the risk drops

cff rapidly with decreasing eccunuiated dosage.

1y

Mzst series of case reporIs c¢f megothelioza Znciude some persons who

tave worked in the constructizn cr shipbuilding industries, but in trades
1ce

not involving direct contact with asbestos. Such perscns as plumbers,

electrizians, and metal wcrkers often have more ferruginous bedies in
cheir lungs < i : 13k ., . 33
thelir lungs than do white-collar workers. Although Dunn and Weir,

in & study of occupational groups in California that revealed an excess
of deaths from lung cancer in insulaticn workers, found no excess lung-
cancer deaths in other construction trades, the groups they studied were
diluted with many persons who were unlikely to have had exposures.
Nevertheless, there mey be a definable gradient of effect within the

construction trades. More thorough studies of groups with indirect

exposures are certainly needed.

We canrot 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 woderate or slight exposures from embient
air. There is evidence to suggest a gradient of effect frcm direct
occupational, to indirect occupational, to family and neighbecrhocd
situatiocns, in all of which dust concentrations are probably high by
cocmperison with mcgz cormunity air. This suggests that thers

are levels of asbestos exposure that will not be associated with any
detectable risx. What *these lsvels are is not known, but there is no
evidence the* perscns in the genersl ropulation--without occupational,
houssnold, or neighterhoeni 2xpesures--nave any increased risn of necplisn,

Lougn Lhere mny te ferssuginoue Lodies of fihers in their lunma.
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SCURCLS T AL ZoZ il JLZLlS v AarlSalal el O

astestos emit+ed into ambient air. Although there are no relliable data
o Justify extrapolaticn from the more completely studied cccupational

exposure experience, inforrmation regarding actual and potential sources
f emissions of asbestcs fibers is of value both fcr directing future

studies and for understanding the steps that might be taken now to safe-

guard the heslth of the publiz.

NATURAL SOURCES CF AIRBORNE ASBZSTOS FIBERS

Several varietieé of asbestos ore and counterpart rock (containing EM-sized
asbestos fivers) ovcwr ws vuicroppings or are just below the surrace of the
earth throughcut the world. Asbestos fibers can beccme airborne from these
formations during road-tuilding, constructicn, and tilling of the soil,

as well as by landslides, erosion, and weathering. Talc, mined and used
extensively in the United States, exists in fibreous, 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 quentities 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

[y

way will permit ccmparisons of recent deposition with Lhose in the past
and thereby provide definite information on the relative ceontributicns
of natural and induztrial sources.

~9
<a
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Ty e T Tl A A AQRESTET
MINING ANT MNILLING OF ASBEETCC

=g and milling of asbestcs provides ancther source of ssbestos emissiens.

In whe United States, such activity is presently ccnfined to a few mines

1

fzrmia, Versent, Arizene, end dortn Carclina. Fibers are emitted
during removeal cf cverturilen and preparation of the core body for cpen-pit
mining. Further release occurs during drilling and ore-breaking. Weste
dumps from mining and milling are exposed to wind and to disturbance by
bulldozing. Fibers are emitted during drying, crushing, grinding, and
s:reening of the ore. If dus* collectors and air-cleaning devices are

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

emission.

TRANSPCRTATION OF MATERIALS CONTAINING ASBESTOS

Transportation of astestos ore, milled asbestos fiver, and asbestos-
centaining products and wastes is an emission source of varying importance.
Movement of asbestos ore from mine to mill in cpen trucks contributes to
the cverall emissicn. The shipment of milled asbestos fiber, usuelly in
bags, can resul*t in emissions. If bags are reused, either in the asvestos
industry cr elsewhere, they will become a source of fibers. Occasicnally,

bags are broken and asbestos is spilled during handling. Similar emissions

T
o
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cclid wastes in cpen vehicl2s thrcugh urban areas can be a more important

M UFATTUEE OF TECILCTS CCHTAINING ACZISTCS

Industries +hat must prcvide ventilaticn and other dust-control measures
for the protection of workers may emit asbestos fibers inic the swrounding
ernvircnment unless effective air cleaning is appiied to effluents. Fibers
removed by ventilation and filtering devices and not reintroduced inte

the producticn process and asbestcs-containing waste products of the

manufacturing process ultimately are disposed of outside the plant.

USE OF PRODUCTS CCHTAINING ASBESTCS

Many products, at times unkncwn to the user, contain asbestos of one kind

nother, Thare are great varistions ameng such products with respect

1

or

|

to the chances of fiber release during the use of the product. The likeli-
hood depends predominantly cn the ease with which the fibers can be dis-
lodged by the applicaticn of energy and on the degree to which the appli-
caticn of =2nergy ectually destroys the fibers cduring the use of the proqu:t.
Almost all the =asbestos fibers used in the United States for manufacturing
pro@ucts becomeg tightly tound within the products and undergoes little
actual abrasion or wear before being discarded. Asbestos cement products
(accounting for most of the asbestos used in the United States), shingles,
and fleor tilegy ;re in this category. Some astestcs-containing products,
sushh as brakelinings, are subjected to high energy, and their rate of wear

is censiderable and at times almost complete. 1In the case of brakelinings,

r

the application of energy is so intense and the heat created zo great tha

23
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suretance, which is nenfibrous.”
rercentzze (1%3-3%) remains as I

during zrtlicetion and removal.
asteszos-containing materials is
socurve of emission, in
areas. Tue total amount of asbes

cver, is relatively small.

i'ale i3 mined and milled and used
in the United States. DBecause it

33 Lo the total number of fibers

The us2 of talc in dispensing pes

e

and i%ts uze in cosmetl

o osourcee of ashbestos and other

DEMOLITICH
Feor ycurs, asbestos has been inco

some forms of insulation and wall
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nd comepercial suildings

The spray fireprocfing of bui
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a case in poirnt. This cperaticn can be
that it usually cccurs in densely populated

.

tos fiber used in such prccedures, how-

in grezter guantifies than is asbestos
contains asbestos fibers, its uses will
(including nonasbestos fibers) emitted.

ticides cover wide areas of the country

s are two examples of how this material may act

fibers.

rgorated in building materials. In

board, ihe amount present is less than

% of the total; but other materials consist mostly or entirely of

2k
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+n aspbestcs-containing meteriels will frove To be en exmissicn source in
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<he Muture, reguiring

v mem ey - -
s -wiSTT TIZENSAD

T3 iy - . -] 3 - . oo~ - . = = - -

SC.li WBR3Tes Dprolucec during manuliatiure CI &.:.CSS:CS~C?S\.LH‘_.".S Trooucts,
- s -~ = 3 Taed ! : - - ]

S22 C°I osuch _:I\.:‘J.Ct:, end denciiticon zen te emissicn souwrces. --.e5e

waste materials are usually dispesed of withcus regard to their potentisl
as ecissicn sources., Alternate metncds cf disposal often result in
rmingling of asbestcs-containing wastes with municipal wastes in open

dumps and thus create a long-term sxissicn source.
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presently available ccntrol procedures can be ar

that nezed further study and develcrment of new methods of ceontrol.

CETAmAC TTRTDA
~ ) - k%
AL ohro> 2z r2Ln2

HATUPAL ZCUBRCEZ CF LIBECQRNE A
Natural sources of asbhestos fibers have bveen idenztified in many areas of

the Uni<ed States. It is assumed *hat emissicns of fibers from these

9]

reservoirs thrcugh erosicn and wind make up a natural backgreund of
asbes“os in ambient air. Few data are available on the magnitude ¢f the
contaminaticn from natural sources, variation with geographic location,
and seascnal variation. It is desirable to have information on the
natursl tackground, because it would assist in evaluating the effecis of

contrcl measures and permit some estimates of the lcower limits of con-

tamination that mignt be achieved in differant areas of the ccuntry.

MINING OF ASBESTOS

The standard techniques for dust contrcl in undergrcund or cpen-nit mines,

if not already in use, czn Le applied in asbestcs mines. Foadwayz in

~

8

oren pits should be treated with dust-suppressive agents; truckilouads of
vre zhould be ceveresd with tarpaulins winile being transperizd; nhandling

Pl -1 T . - H s A - - .4 [ I P ~
Oof cre Shoall ve minimized) ore storase piles siinnd be molghuonzi to

roduce wind erccice, nd waste dumps chonlid be freated with dust-cupprez ive

s
2
-
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inciudes exhgust ventilation with &fficlent dust-ccilscting and zir-cleening

A - DT . - . o P A~ 2 hAyiaa) P
ezl-ment, isglation, encicsure, wei mezhclis, end 3ocl housexeering end

Sy e A RDA e eRE NN TorTet At m e
ACTUREZ OF FREOUUCTE JCHNTAINTNC ADZCZZET

&

Tne elements of dust conirol reccmmenasd for the milling of esbestos cre

in

1so apply to the manulacture of asbestos-ccntaining products. It is

t that a dust-control system be sgecific to the operation for

[

neoerts

3

wihich it is used and that it be tes<t2d to ensure its effectivenecs.
Only perscns especially trained and experienced in dust ceontrol should

be used to develcp and ianstitute dust-control procedures.

seryTm AT At LN AR T TN AT DT 2TAS
USD U TOVLE UL LD L Lfiditmat A W amaios o o

An important emission source is the use of insulating materials containing

4

aspestos. This constitutes only a small fracticn of the astectos used.

/]

But the asbestos in some insulating materials is nct btound as it is in

on activities usueally are carried

b

cementiticus products or tiles,; construct

on in urban areas where many people are exposed to contamineted air: sad

1

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

The most effective apprcach in reducing exsousurses of the general purlic

ct

¢ asbestos from_this cource invclves controlli
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ase at itg origin during censtrustion work. The generation of dust
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siiowld Te roduced by changing naterial-lhandliing metheds, work practices,
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DEMOLITIOH ANL WASTE DISPCEZAL

Cemclilition end waste dispcsal are likely to be emission sources if

rictly controlied. Isolation, encleosure, and weilting

-
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decwn are useful. Cauticn must be sbserved neot to demclisn during high

hGe0E001LS

winds and to keep sludge from drying cut and becoming asirborne later

throwsh natursl forces and from being introduced into sources cf drinxing

MTASURRIENT OF ATSEORNE ASEEZSTGS

An imnortzant consideraticn in the develnrtment cf a strote
1s wnether there are methods for measuring airborn2? concentrzticns of

asbestos that are sufficiently sensitive, specific, and reproducible.

Fresent methods of sampling, identifying, end measuring airborne asbestos

gre nct entirely satisfactcry, especially if one is dealing with lcw concentra<tians
and unidentified or mixed sources. Cnly within recont years have metnods

~

(o1 d-termining concentraticons of fiters for fnlvzirial hvolzne puaposes been

. . 4 25 . - .
standardized;” '~ they Ule gamplies ccliected <o nembrare
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5o recaen- re;crcs;s’ T nave discusssi in some Zetail the pany rinds ¢
researcn neecai to ensgwer frazsing guesticns ooncerning Ihe erfecis of
astzstss cn hesaltnh and the Zegree and nature of necesseryr coaircls.
Investigations elcong the follewing lines sheould te given high priority.
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with tarticular attenticn to carcinogenic effacts. I

uence cf asbestos type and fiber size on
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2arn more abcut the inf

effo
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retention, translccaticn, an

issue, cellular, and molecular l=2vels, with and without cofactors. It

ct

ecially important that the role of fibers below the Lif range be

r
w
17
0

Kol

clarilied.
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