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PRETACE

The naturally occurring fibrous silicates classified as "asbestos™ have
b;ccme almost indispensable in modern technologr.m'les 242 me world's
annual production has grown fros a few thousand tons in 1900 to over 3
million tons in 1968.121 Annual consie=ption in the United States av;rsged
nearly 800,000 tons during the period 1965-1969.121 The potential of
asbestos as a hazard to heslth has i’een the sﬁbject of e number of reviews

fn recent years ’22,!:9,60,13!: ,137,146,1L8,168 .

Although it.has been knovn for a half-century that perso;xs vho inhaled
large amounts of asbestos dust in the course of their wvork sometines
developed disebling or fatal fibrosis of the lungs, it has been only vithlin
the last three decades that other serious‘effects. such as cancer, have
been associated with ?ccupationnl exposures. Rlecently, 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 inte

the etmosphere.

"Asbestos” is & generic term for a'n\mer\‘og,hydrated silicates that,.
vwhen crushed or processed, seperate into flexible fibers made up of

fibrils .h6

A]:though there are many ashestos nminerals, only six are of
commercial in{portance: chrysotile, a tubulaer serpentine nix;eral, accounts
for 95% of the world's production; the others, all e:.xphz’..boles, are amosite,
crocidolite, anthophyllite, trenolite; and actinolite. The asbestos pinerals

differ in their metallic elemental ccatent, rangs of fiber diamsters,

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

.
-
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| attributes that deternine their ind-strial uses and nmay affect their respira-

bility, depositica, retention, ‘ranslocation, and bioclogid rea.ctiﬂ.ty..

This report (1) su=merizes the masjor evidence ¢f the pathogenicity of"
esbestos in men and enicals, (2) surmarizes the evidsnce of hx::zax; nonoccu~
pationai.exposure t; asbestos, (3) evalustes the evidence of a health risk
associated vith various degrees end types of exposure, (L) identifies sources
of environmental contamination by asbestos, and (5) cfférs recoﬁéendations-‘

concerning the need for and feesibility of control measures.

’ . ¥. Clark Cooper
Chairmen
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PATHOGENICITY OF ASBESTOS

rd

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 nmaturally or are added during ‘

mining, milling, processing, shipping, or use. .Contaminants acquired

from the atrosphere 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.

PATHOGINICITY Il MAS

) . The proven or suspected effecis of asbestos minerals on huzan health
include nonmalignant chenges, such as pulmonary and i;leural fidrosis,
and several types of malignancy, notf%ly of the lung, pleura, and
peritoneun. Nearly all the positive evidence of an a.ss.ociation between
asbestos and humen disease hes coze fron occupational groups. With few
exceptions, these have consisted of workers engased in the mining and
milling of asbestos, the manufacture of ssbestos-containing products

(such as textiles and construction ::ateria.ls-),. and the application and

removal of asbestos-containing insulating materials.

Asbestosis

Asbestosis, or asbestotic pneumoconiosis, was the first clearly demon-

stratcd adverse effect of asbestos 1:; man. It is characterized by a
. pattern of roc;xtscnogrnphic changes in the ltéxs consistent KVith diffuse

interstitial fibrosis of varinble dcgree and at tices with fibrosis and

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

’
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finger clubbing, and shortness of breath, each of which may be shsent in an
individual cese; end physiologic changes consistent with a restrictive lung

disorder.

The first published mention of a case, in a man who had worked for 10 years
in the'cardins room of an asbestos factory, was‘b& H. Montague Murray in
1907.111 Cooke reported a second case in 192h2° and in 1927 provided a
more detailed description.al in wvhich the tesn "asbestosis®™ vag firgt used.
In 1930, Merevetherl05 reviewad the salien£ feature; of the disease and the
environﬁéntal exposures of workers, including data derived frcm an epidemio-
logic study reported in more datail by Merewether and Price.los Tnis led to
the promulgation of regulations for environmental and medical control in the
United Kingdom, which bacame effective in 1932.7,:Cases were fi;sg-reported

10,1k

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

: 22
concentrations vere proposed by Dreessen et al. in 1938.7°

Industrial experience indicates that pulmonary fibrosis sufficient to
interfere vith respiratory or cardicvasculer function can be prevented
by reducing esbestos dust concentrations to levels that are‘still far

sbove any likely Lo be encountered in cormunity air.

"Ycural Caleification

Cnlcified pleural plaques occur frequently in workers exposed to

asbcstos.5'6’h3’l°3'108'13° When nultiple or bilateral, they are regarded

Ly some as almost diagnostic of esbestcs-reloted disease.hB'Tl In

usbestos workers, calcified plaques rarcly appear until 20 years aflter

firat exposurc rnd do not necesserily correlate with parenchymal fibrosis 91

) 2
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Caleification appears to differ in frequency in different occupstionally
exposed grouias; but .studies are inedequata to verify or explain such

differences,

Bronchegenic Carcinoma

No features of bronchogenic cercinoma associated with asbestos; are
pathognomonic. Primary sites are more often in the lowver lobes, in
contrast with the usually higher frequency of upper lobe t@ﬁ.-

Peripheral primary sites are cormen in esbestos-related lung cancer.

All cell types are represented in most series.

The first suggestion that esbestos mighi dbe ca.usa.u-y related to cancer

of the lung was made in 1935 by Lynch and Smith ,91 who descx;ibed sq_u;scus'
ce.l carcinoma ix a South Carolina tex.t‘ilq vorker - with esbestosis.

Despite other isolated repoz;ts, 2n 'ass~ciation \:ras not firmly ;uppozted.

by epidemiologic evidence wmtil 19LT, when Merewether, Chief Inspector

of Factories in the United Kingdo=m, repor(‘:ed 31 instences o'f cancer of .

the lung in 235 persons known by his department %o have died with asbestosis
between 1924 and 19h6.]f°h That constituted sn incidence of 13.2%, copared
" with 1.32% (91/688%) in parsons certifi;d .asul(lav.wvr:{ng had silicosis during
the sa:n;: pericd. CGCloyne in 19‘515 0 reported on the pathologic findings in
1205 lungs from workers whose cases vere being evaluated for pneumoconiosis.
In 132 asbestos workers, he found 121 with asbes;tosis, of vhom 17, or

14.07 had cancer of the lung, cozpared with 55 (6.9%) of 796 persons who
had silicosis. The study was done, however, in a hospital to vhich
suspected tumor patients would ha;re been referred; thus, there may have

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

) 3
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of death among 105 men who had work~d for at least 20 years in areas of

.

asbestos textile élants defined as dusty, concluded that the 18 cases of )

lung cancer thet occurred indicated a risk sbout 10 times that in the

general male population.

Other s‘z'uiiesll il3 Sls )18’23 )21‘ )33 ’32‘ ’38-1‘0‘59 ’70 '71"76 ’ao‘& ’87,93j9h '98;
101,112,131,149,15%,155,161,169 pave confirmed an essociation between
occupaticnel exposure to asbestos end a highter-then-expected iﬁcidehce_
of dbronchogenic ceancer. Scxze studies13 have demonstf?ted differences

in the degree of risk among differeant 6ccupationally eiposed gIOUES,

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

-~

Mesothelial Turors

Primary naligﬁant tunors of the pleura end peritoheum have been regarded
as exceedingly rare §y west pathologists; wtil.recent years, some even

questioned their ggistence. There are still differences of opinion as to
diagnostic criteria.la’To’ga’lhg Therefore, statistics on prevalence or

incidence in one geographic area cannot be safely compared with those

from another. Adherence to strict diagnostic criteria, including an
autopsy cozplete enough to rule out other primary tumors that cculd

metastasize to or involve serosal surfaces, is & difficult censtraint on

e retrospective series. ‘

It vas after 1960 that serious consideration was first given to asbestos

as gn etiologic factor in mesothelinl malignancies. In that year,

Wagner ct al.lsl reported 33 cases of plcural mesothelioma in a part of
South Africa important for crocidolite mining. For all but two of the
patients, the suthors discovered likely asbestos contacts two decades or

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

The remainder had lived near mines or had had household contacts. Although
8,

mesothelicmo had previously been attributed by some to asbestos expdsures,

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

Additionel information supporting s relationship between asbestos and

maliéﬁant resothelioma has accumulated sinee 1960.9’12'36'37-h1:h2,59,75.

80,88,93,95,99,100,102,113-116,132,134,135 ) v otanding feature has |

been the long perioed, cormonly over 30 years, between the first exposure .
to asbestos and the appearznce of & tumor, as emphasized in reports by

Vagnert78 end selikorr et e1.13%

Qther Heodlasia

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

52,59,77,9%,13k .

still inconclusive.

Mutagenic Effects

There is no evidence that asbestos is associnted with nutegenesis.

PATHOCELIICITY IN LOWER ANIMALS

A cciptghensive review of information derived from experimental work in
animals enteils consideration not only of the variables related to the
type and dimensions of the asbestos fibers and of adsorbed or concurrently
administered contaminants, but also of the ;pecies and strain of animal,
the route of administration, and the time ond dosage factors. There are
at present no satisfactory experincntni models to duplicate‘érolonsed in-
halation of asbestos by man, but many isolated segments of the problems
have been elucidated. The studies are bect divided into those dealing

[

vith asbestosis and those dealing with neoplasia.




Exper{mental Asbestosis

Asbestotic pulmenery fibrosis hes been produced expericentally in various

species of anirals, including rats"*S,sa.lSG,lST guinesa pigs ,29 ,kS 169,157

hmsters,ss rabbits ,157 and zonkeys A5T 1 many of the studies, the
disease reserxbled 'early ashestotic development in man--e.g., it was
multifocal. Diffuse fibrosis hes also beea 1:::-0.:!.u.ce_c1,15'r but to do so it
vas necessz'\.rj to use very high concentrations of asbestos dust and lmg'
periods of exposure or observation after exposure. «{In contrest, experi-
mental silicosis can be produced with lower curulative exposure.) In

the course ot'.the investigations, it has been 2sked vhether the fibro-
genicity of asbestos dust is rmostly confined to fibers longer than

5 um;l‘s_'lss the question is still umanswvered.

Experimental liccplasia

Lung cancer from ci\r}sotile dust has beex; pr'oduced 'experiz:entally. in
ratsss and in mouse lung impla.nts.lbo Other investigators v;xo used
different methods for introducing the dm‘;.‘l:l!‘3 did not find lt;ng cancer
in the animals they studied. That some asbestos dust has an increased
‘content of trace metals-~particularly nickeral;,wc‘h‘rcfﬁil\m, and cobalt--

may exple;.ir\ these differing experiences., Rats whose lung clearance

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

58

wvith normal clearance.

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

139,159,160 The amnounts of amsbestos dust ir.ztroduccd

common types of asbestos.
into the thoracic cavity vere very large, and tronslation of results teo

hu{!mn fnhnlation of asbestos is uncertain.




The studics of Roe et al. ’121+ *hich involved pleural and peritoneal
mesotheliomas of mice after subcutanecus injJections of crocidolite,
smosite, or chrysotile, are of particular interest because they ylelded

evidenée of migrations of fibers.

Naturelly Occurrinz Effects in Lover Animals’

There is no evidence that effects on domestic or wild animals are isportant
as criteria for controlling asbestos emissions. Schuster has described
pulmonary asbestosis (without the developzent of 'asbestos bodies) in a

dog £hét lived for neerly 10 years as s -ratcatcher lin a London asbestos

13

fa_ctory.lgs Webster has demonstrated fidbrosis in donkeys, bsboons, and
wild rodents in South Africa,l$3 and Kiviluoto has described the finding’

of anthorhyllite esbestos in the lungs of a cow in an anthophyllite-producing
19 .

area of Finland.

2

STUYDIES IF VITHD

There have been limited studie.s of the effects of asbestos in biologic
systems in vitro. For example, Mac;ﬂab and Harington®2 demonstrated in
1967 that esbestos would hemolyze sheep erythrocytes. This hes been
confirmed by others .127’129 Although cﬁrysotile is narkedly henolytic,
amosite-a,-crocidolite, and enthophyllite have little or no activity under

similar conditions. -

Parszzi et al .117 demonstrated in 1968 that both crocidolite and chryso-

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

of the former wvas greater; the cytotoxicit‘y of neither was inhibited by

7




polyvinylpyridine N-oxide, a macr-zolecular chemical that is effective .
in preventirng the cytotoxic dezege caused oy crystalline silica in experf-

mental conditions.

-
. -

Although the foregoing types of study have no known relstionship to
fibrogenic or carcinoaenic effects in vivo, they prov:i.de systexs that may
prove useful in determining mechaniszs of action and approaches to prophy- '

lactic or therapeutic measures.

IhFLUZUC.. OF MATOR VARIABLES ON PATHOGENICITY

When considenns the importance of type ot asbestos, fiber size, and
cofactors on biologic effects, it is necessary to empb.rs:.ze that a given
attribute nay infiuence in éiffer;’.ng vays the respirability, depositiop.,.
retention, clear*ncé ‘trax‘xs]‘.;c;tion, and biologi¢ reactivity.” ﬁthougx

some in vitro and 1aboratory stud:.es yield different responses to dif erent

’
’

ty'pes of asbestos, the results de not Justify drawving firm conclusions as
to the relative pathogenicity of the differsnt types. HNor do epideniologic
studies conclusively support such differences. AJ.l the commercially used
forms of asbestos can produce a.sbestosis. In only relet:.vely few studies
has the incidence of malignancies been determined in groups wzth exposures
toa single asbestos type. Where “there are data that suggest a lower risk,
as in the chrysotilc-produéing areas of Canedal3,100 gng Italy,lsz‘ there
are possible explanations for the difference other than asbestos type.

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

" of South Africa has led to the suggestion that crocidolite is wnusually

hazardous, but mesothelicmas have been rarc in the Trans;raal, vhere

crocidolite is also produced.l‘9 ,138 Although Seliroff 5_51“.132 found

8 -
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risk with respect to either asbestosis or neoplasia.

many mesotheliozas §n insulation vorkérs whose exposures. had been Iargely
to chrysctile and a;-::osite. Sluis-—Cre::e:lBa azd Websterlsa have nc;t Tound
the incicdence of mesothelicma high in areas vhere enosite was mined and

milled, and McDonaldml did not report an excecs in the chrysotile mining

and milling arees of Canada.

All epidemiologic studies that e.;:;iea.r to indicate differences in patho-
genicity emeng tyres of asbestos are flawed by their lack of quantitative
data on cwulative exposures, fiber characteristics, and the.presence of”

cofactors. The different types, tﬁerefore, cennot be graded as to relative

Fiber size is critieslly ioportant in determining réspirabi]ity, depcsition,
retention, and clearance from the pulronary tract and is probadly an im-

portant determinant of the site and nature of b;iolog:ic action, Little is

.

known about the novement of fibers within the bdody, including their potentiel

for entry through the gastrointestinal tract. The eerodynamic properties

of fibers depend largely on their diameter; fibers below 3.5 um in diamster

_are regarded as being in the respirable rang;: .152 Fiber length effects

L% ,156

deposition, lenger fibers apparently hai;ingl’éfeiter fibrogenic effects.
Until‘recent.ly, most vork and speculation have .involved only fibez:s éetectable
by .the optical or light microscope (LM), approximately 0.5 un in diameter

and larger. The application of electron nicrosco;')ic (EM) technique313l‘ has .
enlarged our horizons as to the var.iables that must be considered. Tissues
and air scuples may contain many BM-sized fidbrils for every Ll-sized fiber

that caon be dc::onstrat.cd.ah’13l‘ There is, however, no body of knovledge

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

9




range, cozpared vith fibers in tr~ IM range. It is possible that the relative
risks e.ssociateé with {ibers of different sizes are different for nonzsaliznant ’
and x:xe.lis;w.':t chenges. The evidence that bundles of fibdrils mey be broken

dovn within the body to individual fibrils is important.l47

A nusber of investigators have pcstulated thet a probeble role of asbestos
fibers m producing d:.sease. is to c&rry toxic or cncogenic substa.nces to

vulnereble sites. Studies bearing on this have included ana.lysxs of various

types of asbestos to determine the contaninants pre.s.ent, with special
etaphas.is- on zr:etals26’27 end polycyclic hydrocarbons'hs'sl’sz‘ studies

of the elution of coateminants in biologic materials‘26 and 'the concurrent -
exposure of aninm2ls to esbestos and to other materials 209 e present

. . consensus is that contanminants are present, but a special pathogenetic role

is still speculative.

The work of Selikéri: et él.ns strolagly éusgests a synergisz 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 rgduced
clearance of ashestos, tra.nspor-.atxon of c:.garette-smoke carcinogens by
“ashestos fibers, cr the promotion by one factor o" cancer mxtxated by

another,

10




CHAFTER 2

EVIDENCE OF HUMAN NCHOCCUPATIQUAL EXPOSURES .

-

Direct and indirect evidence that persons other than those wvorking directly
with asbestos nminerals ere being exposed to asbestos is of several types.
For -exa.':ple. asbestos fibers can be demonstrated in the lungs of persons

not occupationally exposéd. In a few gecgraphic aresas, pathologic changes
regarded as represéntin; a reacfion to esbestos (e.g., pleural caleification)

have been found in populations with no history of occupational exposure. .

Asbestos fibers have been demonstrated in axbient air.

-
-

FIBERS I LUNGC TISSUE

Structures that appear to be fibers coated with a pigmented material vere
descrited in lung tissus 2s early as 1907 by }garcha.nd.gs These structures
wvere actuelly fibers coated with henosiderin. In 1929, Ctac!:el'9 described

2

such “curicus bodies" in essociation with pulmonary fibrosis. Stewart and
!iaddowlm‘ referred to them as “asbestosis bodies.”™ Bacause those who work
vith easbestos exhibit ithem a few nonihs after starting work, it wes recogsmized

that they were evidence of exposure, but not of asbestosis. The term °

"asbestos body" came to be the preférred designation.

As loné; s the costed fibers were found in persons known to have been
occupationally exposed to asbestos, the identity of the central fiber vas
seldon questioned, although from time to time similar objects were found

in persons with no kncwn exposure to ashestos. Veurnan®7 in 1966 sunzarized
19 reports publiched between 1932 and 1962 -in which these objects vere
associated with exposure to graphite, coel, hornblende, rutile, diatonaceous
eurth, carborundum, and tale (in which case tremolite esbestos might have

Leen fnvolved). The deronstration by crosssh +56 that other fiders may i

1t




produce such bodies in‘ experizentel animals indicates that they result from
8 nonspecific reaétion'to any sparingly soluble fibrous foreign body‘. 8s
had first been sugsested by Cocke in 1929.19 There is thus asple Justifica-
tion for abendcning "asbestos body" as a generic term; Goushsl in 1965
suggested the terz "mineral fiber-body," end Gross®3 in 1966 reccrmended

"ferruginous body."

Thonson et l al. ,151 in 1963, were the first to sh(owzthat these coated
fibers were present in a high proportion of lungs ob.tained by routine
sutopsy. - Tney found that 26 4% of lung szears in 500 consecutive
autopsies in Cape Town showed what were cezlled "asbestos bodies."”
Reports f{rom many other ereas heve confirced a high prevalenée in lungs
obtained in similar asutcpsy series.3’8'17’3°f%T’?'of’lla’RB’lso

Utidjian et &.153 inferred that, if a sufﬁciené, volume of lung tissue
vere exsnined in each case, néa.rly all persons would be found to have such

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

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

task.57"8h'119 Without fiber-by-fiber analysis, 21l that can be said is

.that coated fibers reserbling those in asbestos workers are p::esent in most

persons in our urban centers. _Stripping the coating and analyzing the

. cores by various technigues can sometimes demonstrate that the cores are

asbestos, but the process is tedious and often inconclusive.

Attention 12 now bLeing directed toward study, not of the ‘ferrusinous
bodies alone, but of the total fiber content of the lungs, whether such

fibers are conted or uncoated. In a study of 3,000 consecutive nutopsies

84

in New York City, Lunger ct al.” have found thin, uncoated, optically

12 .
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vis{ble fibers in two-thirds of the 1,19 lung sx;ecimens in vhich coated
fibers vere demonstroted and in one-fourth of those in vhich uncoated

fibers were dermonstrated. Tventy-eight consecutive samples of lung tissue

fronm the saze series examined by electron microscopy vere found to contain

EM-sized chrysotile t‘il:n:rs.85 Pooley et &1—.119\ have reported similar findings.

Eviéence is therefore strong that most human lungs harbor thousands or'
millions of fibers. Soxme of these are chrysotile asbestos, end other . .
types of asbestos minerazls are probably there also. In most persons'not .
occupationally exsosed to e.st;estos~, the numbers of-fibers are relatively
sm&ll,-cc::pared with the nu=hers found in the occupationally exposed.133
The systezatic application of quentitative techniques, measuring both
coated end wuncozted fibers, is needed to define a gradient of accuxulated

fibers for correlstion with incidence of diseese, on the one hand, and

history of enviran=ental exposure, on the other.

Although there appesrs no doudbt that asbestos fi‘;aers are present in meny
huzzn lu.;:gs, there are sources of a;‘.rbome fibers other than asdestos .28‘57
Sone are probebly derived from the burning of leaves and plant products,
such as paper, wood, and coal. Man-nade (mostly vitreous) t“:‘.'bers have

also been identified in the se&imcnt isolated from human lungs. Talce,

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

amount of tremolite asbestos fibers.

Information is sparse concerning possible increase of Tibers in lungs with
increasing use of asbestos and concerning the existcnce of significant
differences between urban and rural populations. Selikoff and Ila.'nmnd133

conpared lung tissues obteined in 1934 and 1967 and found no significnnt

13 . &
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increase in the proportion containing ferruginous bodies. This sugsested‘
that, despite increasing use of asbestos in New York City betveen 1934
and 196'{, fibefs of a type producing ferruginous bodies had not been
increesing et a corresponding rate. However, Chang-!iinm Unl 3 reports an
increase over each decade in asbestos bodies in samples of lungs from

persons who died In London in 1935, 1946, 1956, 1966.

PLEURAL CLLCIFICATION IN TEE CINERAL POPULATION : L

P«ieu::-::xa:xlo8 in 1968 reviewed critically the literature related to pleural
calcification and asbestos exposure.. A number of studies strongly suggested
an assoc}. ation between pil.eural calcification and .nono'ccupational exposures
to asbestos. For example, Kiviluoto!® in 1960 reported calcifications in _'
9% of the acdult population detected during mass roentgenographic surveys

in a-Finnish cemmute in vhich there was an esbestos mine and mill; the
frequency was low for the remainder of the Finnish population. Rauniot20
enlarged on these'ob'servations in 1966, reporting that, of 633,201 chest
films taken in Finland between 1965 and 1965, 1516 showed' pleural calcifi-
cations: 1232 of the lat:ter wvere among 43,483 films taken in 10 communes

in vhich there verc anthophyllite mines. PRock and soil in such areas

""also contain much asbestos, so that the demonstration that airborne

ant.lxophyflit.c could be demonstrated over 25 km from the mines is not
necessarily relevant. Anspn.ch" reported tlx;t; of 2kl subjects with
pleural crdeifiention found in o chest roentgenographic survey in
Dresden, 177 had either worked in or 1;vcd near an asbestos factory.
Zolov et _n_l._.lw described a 5.1% prcvalence of pleursl calcification in
a rural popwlation in Bulgaria and suggested that the most likely cuu.se

was asbestus in the soil, However, l!ron:ck,72 Mnr:-.ovd,97 and Rous and

4

14 . .- .




6
St’.v.xde.-.n;‘r’,.:"2 reporting on a high prevalence of pleural plaques in & rural

dzstnct of Czechoslovekia, have been unable to demonstrate a source of
asbestos exposure., The consensus at pi-esent is that calcification alene
may not inveriably be considered an index of asbestos exposure in‘ the

general population, although it mey prampt a search for an environnental

source of asbestos.

MEASUREMZST OF A'fH"OP.‘"" BES'I"OS

A more direct method of obtaining evidence on ‘the. likel'ihood of exposure
of the general population would be the samplins of air to det en:ine the
presence and emount of respirable asbestos fibers. There a.re, hovever,
many uncertainties as to the best methods oli‘ sampling, identifying, and .

quantitating airborne asbestos acd interpreting data so obtained.78’9 0,122,137

Linited iriformation has been derived froa: meesuring fibers ca sazpling sit.es,
such as that by Laanznen et _e_g.__.,83 vho showed esbestos fallout diminishing .
raéidly beyond 1 km from an anthophyllite querry, but still detectable fa.t

27 kn. Counts of asbestos fibers collected on membrane _filters by high-
voluxe air sanpling and esticated by light microscopic techniques similar

to those used in industriel hygiene have shown small m::bex-s of fibers in a

fev urban s:.tef- 10,16 Such results, a.lthough shovmg nm’bers of fibers de-

tectable by the light microscope that vere low by occupational health ex-

P4

perience, have been too few and variable to be used with confidence.
Alternative methods that are currently under development, including estima-
tions of the nutber and mass of fibers in the LM and the EM size ranges,

have shown measurable concentrations of asbestos in many samples of ambient

'dr,l’66'137 éuch environmental measurcrments are in their earliest stages
and provide few clues to the extent or significence of the risk from this

type of exposure to asbestos or to other mineral fibers. T .
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CHAPTER 3 .

ESTIMATION OF RISK IH'HO!IOCCUPATIOHAL EXPOSURES .

-

Indvstriai experience has shown that prolonged inhalation of asbestos cen
increase the riskx of neoplestic disease. Exemination q;t‘ lung tissus has
made it aprerent thet a much larger proportion of the general public has
inhaled and retained asbestos fibers than had rom;rly been realized; in
fact, most urban dwellers have some 'such fibers in their lm.xg_s..a 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 neighborhcods of asbestos plants, or having occasional

.

randon exposures-~have a detectsbly increased risk of malignancy' or other

disease because of airborne asbastcs?‘ The limited information we have to
answver these questions comes either from direct epidemiologic studies of
groups with various levels of nonocéupational exposure or by extrapolation

from the experience of industrial populations with direct or indirect

‘asbestos exposures.

EPIDEZNCOLCSIC STUDIES RELATED TO NONOCCUPATIONAL EXPOSURES

Two general indices of ésbestos exposure ‘are available fo; -use in direct
epideniologic studies of gx:oups not known to be occupationally exposed to
asbiestos. The first is based on knovledge of each member's place of work
and place of residence; because of the iong latent periods of asbestos-
related discase, this knowledge must cover each personfs vhole lifetime.

The sccond is a quantitative estimate of each member's lung content of

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

thicy are inadequate to enswer the questions at issue.

. 16
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The only studies that appear to implicate asbestos in the development of
nalignancies ir; pergons not occupationally exposed are those involving
diffus’e' resothelioma, a tu=or that is w;co:mon and that has been the
subject of special sttenticn in recent years. Many of the mesotheliomss
reported by Wagner et g,_‘l_.161 in South Africa ve:'-e attributed to household
and neightorhood exposures in a crocidolite-producing area. Althoush non-
occupational, these eipééureé have been described as substmtial.ise Nevhouselld
studied 76 pati.ents with mesothelioma diagnosed in London !iospita.l from 1917 -
to 1964. oOf these 31 (40.8%) had occupational e.xposures to asbestos, 9 )

(11.87) had 2 relative vho worked with asbestos, 11 (1L.5%) had neither of

those backgrounds but had lived within a half-mile ct; an ssbestos factory,

and 25 (33.95) had no known 'co'ntacts. Corresponding percentages for a -

group of matched controllsxmjéc‘ts (patients\ in the same hcspital for other
diseases) were 10.57, 1.35, 6.6%, and B1.65. Stuwphius and Phyexlhs

reported no mesotheliomas in the cormunity near the shipyard in Flushing
(Holland), although 1T of 21 resotheliomas reported in the province of

Zeeland in 1964-1967 had been in vorkers in that yard. "Raunict?? found

no excess of pulmonary, pleural, or'p‘eri’tqn\e‘al ma.ligna.ncigs in the areas
ofil’-‘inlend where pleural calcifications attributed to anit;c;phyllite vere

present in 65-9% of routine chest survey films. In e series of 17

mesotheliomas collected by Borow et al. .12 all but two wers in persons vho

had worked in an asbestos mill, although the autopsy series from vhich the

cases vere drawn come from an aree that included inhahitants of the mill's
environs. Lieben and Pistawke.eT found that of 42 persens with mesothelioras
reported in Penncylvania, 10 had vorked in asbestos plants, 8 lived or

vorted closs Lo an asbestos industry, and 3 were membera of families that

17




included asbestos workers; im 11, no history of exposure could be obtained,
100

and the remaining 10 had questionable randem exposures. McDonald et 2.
collected infor=ation on 165 fatal calignent mesotheliozss known to
pathologists in Canada between 1959 and 1968. They confirmed an association
with occupational exposure to asbestos but concluded that the excess vas‘

in the'mmu:‘actur;a and industrial application of esbestos, rather than in
zining or milling. It is apparent that no quantitative conclusions were
possible from these studies, which present serious methodolcé:‘.c problems ‘
to the epideniologist. They suggest & risk in household conte:ts a.nﬁ in
residence in the immediate rieish‘borh&;o& of asbestos piants. There appear

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

and some of these may be reflected in correspornding household and neighborhéod

-

experience.

In no analysis of causes of death in a large population has there been

¢

quantitative estination 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 have been too variable, to pemit any conclusions

has to the.importance of smell numbers of fiders in the lung.

EXTRAPQLATION FROM OCCUPATIONAL EYPERIENCE

Another source of evidence of the relative risks associated with inhaling

moderatc or small numbers of asbestos fibers is the experience of persons

‘who have had occupational exposures below those known to be definitely

hazardous. The meximal airborne fiber concentraticns reccoamended for pre-

vention of asbestosis arc much higher than any likely to be encouwntered in

: 18




nonoccupational sitﬁations. For exasiple, one recommended standsrd would limit
the average concentration of eirborne chrysotile to 2000 fibers per liter as
deternined by light-field count.lh Ancther that has been proposed would
limit average concentrations of fibers to 5000 fibers per 1iter.?
Occupation-related asbestosis can be effectively c;ntrolled vith airborne
fiber concentrations much hisher.than are likely to be enéounterqd in non-
occupational situations. .It is important to determine whether workers
whose exposures have been reduced to levels that prévent or'greatxy deia&

asbestosis, as wvell as others whose exposures are indirect, have a lowver

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

Workers who began employment in a British textile mill after 1933, vhen
implementation of the Asbestos Industry Regulations of 1931 reduced (but
did not abolish) dust exposures, were reported in 1968 to sh&w no excess

of neoplas::s.82 The long latent perioés of asbestos-related lung cancer
and mesotheliqma, vhich would probably be even longer at lover dose levels,
are such that it is too soon to &raw final conclusioné a; to the eventual
incidence of these malignancies. Nevertheless, r;duced'exposure seers to
be having an effect. Another indication of reduced incidence or.delayed
ons;t Qf disezse with lover exposure is in the observations of Hewhouse,lla
who found that, although there were more deaths from lung cancer and chronic

respiratory disease azbng those who had heavy .exposures many years previously

in a London asbestos~products plant, this was not true among those who had

lov or moderate exposures. NMcDonald et 5&.101 recently reported the

mortality experience af men who worked in' chrysotile mines and mil%s of

Qucbee. There was a slight excess of lung cancer among the 2LS7 death;

in vorkers born 1£90-1920, but all ecould be cxplained by the excess that
19
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directly and indirectly exposed to asbestos in their employrment to the

- situations, in all of vhich dust concentrations are probably high by

occurred in those vho had been maxically exposed. This suggests that,
insofar es chrysotile niners and millers are concerned, the risk drops .

off rapldly with decreasing accuzulated dosage. ’ -

Most series of case reports of mesothelioms include scxze persons who

have worked in the construction or shipbuilding industries, but in trades

not in{rolving direct contact with asbestos .102 Such persons as plunbers,
electricians, and retal vorkers often have more ferruginous boc}.:[g; in .

their luags thean do white-collar workers .13’" Although Dunn and Veir,33 ' ) Lo
in a study of occupational groups in Califoraie that revealed an. excess

of deaths from lung cancer inm insulation vc;rkers, found no .excess llms-; ]
cancer deaths in otker construction tradas, the groups they studied vere
diluted with meay persons who were unlikely to have had exposures.
Neveriheless, there may be a .derine.ble gradient of effect within the
construction tradss. More thorough stud.es of grc;xps with indirect

.

exposures are ccrtainly needed.

Ve ceannot extrapolate from the mortality experience of those who are

general public who have had moderate or slight exposures from ambient

air. There is evidence to suggest a gradient of effect from direct

occupational, to indirect occupational, to femily end neighborhood

comparison with most cocaunity air. This suggests that there

are levels of asbestos exposure that will not be associa.tcd with any
detectable risk. YWhat those levels are is n-ot known, but ther.e is no
evidence that persons in the general populetion--without occupationsal,
houschold, or neighborhoed exposures--have any increased r.isk of ncoplesnm,

even though there may be ferruginous bodies of fibers in their lungs. .
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CHAPTER b
SOURCES OF ASEESTOS FIBERS IN AMBIENT AIR .

Precise inforzetion is not available on toanaaes,lnunbers of fibers, fiver
sizes and varieties, atmspﬁeric dispersion, and ult':inate fate of the
asbestos enitted into acbient air. Although there are no relisble data
to'Justify extrapolation from the more completely studied occupational
exposure experience, information regarding actual and poteatial sources

of enissions of asbestos fibers is of value both. for difecting futﬁre
studies and for understanding the‘steé; that might ée taken ;ow to safe~

guard the health of the public.

NATURAL SOUACES OF ATRBORIE ASBEZSTOS FIBERS

Seversl varieties of asbestos ore and copntgrpart rock (contajging EMesized
asbestos fibers) occur es outcrcppings'or are Just below the surface of the
earth throughout.the world. Asbestos fibers can become sirborne from these
fornations during road-building, construction, and tilling of the soil,

as well as by lendslides, erosion, and veathering. Tale, mined and uéed
extensively in the United Stateé, exists in fibrous, &s well as platy, form.
Like asbestos ore and rock, talc exists on or close to the earth's surface
and is subjegt to disserinating forces. Such naturally occurring tale,

as wvell as the large quentities used as a diluent and carrier for pesticices,

can add to the background fiber concentration in the ambient air.166’1GT

It is thought that studies of fibers in glacial and poler ice now under

vay will permit comparisons of recent deposition with those in the past

and thereby provide definite information on the relative contributions

of notural and industrial sources.
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MINING AND MILLING OF ASBESTOS

Mining end milling of asbestos provides apother source. of asbestos ecissions,

.In the United States, such asctivity is presently coufined to a few mines

in Callfernia, Vermont, Arizons, and North Carolina, Fibers are emitted
during removal of ‘overburden eand preparation of the ore i:ody for open-pit
mining. Further release oceurs _durin_g drilling end ore-bresking. &iaste
dumps rom mining end milling are exposed to wind end to disturbance by
bulldozing. Fibers e.re.eaitted during drying, erushing, grinding, and
screening-of the ore. If dust collectors and eir-cleaning devices are

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

emission. . o . : .

..

TRANSPORTATIC! OF MATERIALS CCUTATHING ASBESTOS

Transportation of astestos ore, milled asbesto§ tii)er, and asbestos-
containing products and wastes is an emission source of varéins i::p;:rtance.
Moverent of asbestos ore from mine to mill in open trucks contributes to
the overall emission. The shipment of mi]:led asbestos fiber, usually in
bags, cen result in emissions. If bags are reused, either in the asbestos
;‘.ndust'ry or elsevherc, they will \Secoxn\e‘ a sovrce*of fibers‘:; rloi:ca.siona]_‘!.y,

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

td




occur during the shipzent of products. Transporting asbestos-coataining

solid wastes in open vehicles through urban areas can de & zore important

enission source.
Vd . .
MANUFACTURS OF PRODUCTS CONTAINTNG ASBESTOS ' T

Industries that must provide ventilation and other dust-control n.;.esures
for the protection of workers may emit asbestos fibers into the surrounding
environment wiless effective air cleening is api)lied to effluents. Fidbers

renoved by ventilation and filtering devices and aot reintroduced into

.

the production process and asbestos-containing vaste prodnc"-é of the

manufacturing process ultimately are disposed of outside the plant. .
USE OF PRODUCTS CONTAINING ASBIESTOS o ST e e -

Many products, at tizmes unknown to the user, contain asbestos of one kind
or snother, There are great variations among such prdducts with respect

>

to the cha.nces,otl. fiber release durin; the use o!.‘. the px{odtit;t'. ‘The likeli-
hood depends predomina;\tly on the ease with wvhich the fibers can be dis-
lodged by the application of enerzy and on the degree to vhich the appli-
cation of energy actually destroys fhe tibez;s during the use of the product.
Almost 21l the asbestos fibers used in the United Stateée.for zanufacturing
products becomes tightly bound within the products and undergoes little
actual a’brasion or vear before beix;g disca.rded.‘ Asbestos cement products
(accountins' for most of the asbestos usea in the United States), shingles,
and floor tiles are in this category. Some asbestos-containing products,
suzh as brokelinings, are subjected t'o high energy, and their rate of wvear
is considerub]:c and at tis;:s alrost compléte. In the case of breakelinings.

the application of encrgy is so intense and the heat created so great that
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DEMOLITION

tost chrysotile fibers are destroyed by being converted to snother
substance, vhich is nonfibrous .65 68,8 Nevertheless, an ap.preciable .
percentege (15-3%) remeins as fibrous asbestos. In some productse-

for exa:.;;le, asbestos cloth, paper, and sprayed fireproofing materialge
asbestos fibers are not tightly bound or mixed with other material that

holds them in place. Fiber release from these products occurs primariif

during application and rencval. The spray fireproofing of buildinss with
asbestos—come.mzng materials is a case in pomt. Th:.s opera.tion can be

a serious source of emission, in that it usuelly occurs in densely populated
areas. The total azount of asbestos fiber used in such procedures, hov-

-

ever, is relatively small. . -,

—

TaJ; is mined and milled and used in greater éuentities than is asbestos
in the United States. Because it contains asbestos fibers, its uses will
add to the total nuzber of fibers (including ncnasbestos fibers) ezitted.
The use of tale in dispensing pesticidas over wide areas of the country
and its use in cosmetics are two exazples of how thié naterial may act

as a source of asbestos and other fibers.

For years, asbestos has been incorporated in building materiels. In

some forns ;f iﬁsnlation and wallboard, the’amount present is iess than

0% of the total; but other materials consist mostly or entirely of

asbestos. When a building is demolished, arcas of loo;eqed asbestos are

open to the ambient alir and fibers are emxtted In gene§a1 single~family
residentiel structures contein only small amounts of asbestos insulution.
femolition of industrinl and commercial buildings that have been fireproofed

2k
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with asbestos-containing materials will prove to be an emission sowrce in

the future, requiring control measures.

SOLID-WASTE DISSCSAL

Solid wastes produced during max;ufacture of asbestos—containing p;'oduets,
use of such pro-ducts, and demoliticn can be e:rd.ssionl sources. 'nz.ese'
vaste materials are usually disposed c;f wii:hout‘ regard to their potential
es ecission sources. Alternate methods of disposal often résult tn
_eozaingling of esbestos-conteaining vastes with municipal wastes in ogeri .

dupps and thus create s long-term emission source.
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CHAPTER 5

PRINCIPLES OF CONTROL

fhe naturel background level of asbestos fibers is difficult to quan.tily
or nodify. The najor sources of local embient-cir contexination with
asbestos are industriel processing and use of products i:onta.ining u!;estos.
It is feasible to identify the sources of emission, select those to which
presently available control procedures can be ‘applied, end point out areas

that need further study and developzent of new methods of confrol‘.

NATURAL SOURCES OF AIRBCRNZ ASEESTOS FIBERS

Natural sources of asbestos fibers have been identified in many areas of

the United States. It is assimed that emissions of fibers from these

‘reservoirs through ercsion and wind make up a natux:el background of

-

asbestos in acbient air. Few data are availsble on the magnitude of the
contanination frem natural sources, variation with seogr.aphic location,

and seasonal variation. It is desireble to have information on the

-

natural background, because it would assist in evaluating the effects of
control measures end perm=it scme estimates of the lower linits of con-

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

MINING QF ASBESTOS -

The standard techniques for dust control in underground or open-pit mines,

if not already in use, can be spplied in asbestos mines. Roadways in

open pits should be treated with dust-suppressive agents; truckloads of

ore should be covercd with tarpaulins while being t.rans;)orted; handling.

of orc should be minimized; ore storage piles s-hou.ld be roistenecd to

reduce vind crosion; and vaste durps should be treated with dust-suppressive

agenis. ) .
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MILLING OF AS3ISTES

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

includes exhaust ventilation with efficient dust-collecting and air-cleaning
. .
equipzent, isolation, enclosure, wet methods, and good housekeeping and

-

maintenance,

MANUFACTURE _OF FRODUCTS CONTAINING ASBISTOS T

The elements of dust control recozmended for the m.ll:.ng of asbes-tos ore
also apply to the manufacture of &sbestos-containmg products. ;Zt is
importa.nt that a dust-control system be specific to the operation for
which it is used and that it be tested to ensure its etrectzveness.

Only persons especially trained and experienced :Ln dust control shouid -

be used to develop and institute dust-control procedures.

USE OF PEODUCTS COUTATNT KG ASE:S“OS

An important emiss?.oa source is the use of insulating materials containing
asbestos. This constitutes only a small fracuxcn of the a.sbestos used,

But the asbestos in some insulating materials is not bound es it is in
cementitious products or tiles; construction activities usua.lly' are carried
on in urban areas where meny people are exposed to contemmated air; and

control of dust during construction, slthough feasible, is rlifflcult.

The most- effective appr'oach in reducing exposures of the general pudblic
to asbestos fram this source invoives ccntrolling' dust production and
release a% its origin during construction vork. The generation of dust
should be reduced by changing m.aterial-handlins methods, vor}: practices,
and clcanup procedures. Local ecxhaust systems s.hould be used for dust

collection at points of generation; for example, dust collectors for band

.
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savs are availsble, and hond-povered tools supplied vith exhaust systems
are being ma'de.. {uch developzental vork is needed to produce porisble
air-moving end air-cleening systems for use in tunnels, cravl spaces, and
other corf:('ix‘.ed spaces. This sudject has been neglected by industrial

hygienists and ventilation ezgineers, and no satisfactory equipzent is

availadle,

DEMOLITION AND WASTZ DISPOSAL

Demolition and wasie disposal are likely to be‘emis§ion sources if
appreciable amounts of asb;stos ere used in cbnstructgion, unles; operational
procedu;es are strictly coatrolled. Isolation, énclosu.m, and wetting

down are useful. Caution must be observed not to demolish during high
winds and to ke=p sludge froa drying out end becoming airborne later

through naturzl forces ‘end from being introduced- into sources of drinking

water.

MEASURSMENT OF AILTMBORNE ASSZSTOS

An important consideration in the development of a strategy for control

is whether there are methods for measuring airborne concentrations of

asbestos that are sufficiently sensitive, specific, and reproducible,

Present methods of sexpling, identifying, and measuring airborne asbestos

-

are not entircly.satisractory, especially if one is dealing with low c¢oncentrations

and unidentified or mixed sources. Only within recent years have methods

for determining concentrations of fibers for industrial hygiene purposes been

stu.nda.rdi:ed;lh’:‘xs they use samples collected on membrane filiers in which
rivers are counted vith phase-~contrast illumination. Electron microscopic
mcthods give a much more complete indication of the total fiber content
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of the air; but vhen the need for fiver identificaticn i3 included, they.

are tedious and expensive for routine use.1,66,137 The relative blologte

significence of different sizes of fibers is not kanowvn, nor is the relative
7’ . - ’ . ’
importance of fiber nuzbers and fiber mass. There appear 1o be no published

data on the efficiency of sir-cleaning equipment as related to fiders of

different sizes,

In spite of the difficulties, it is possible to sample 2ir, detemine the

approximate concentration of airbome fibers, and identify t};ev ﬁal,jor tﬁe_s .
of asbestos. It is not desirable to limit ‘env_ironmental reasurenents to ‘
a single method until the;-e is a clearer definition of the critical ‘

variables in terns 61‘ health. Because of metlfodologic and other un-

certainties, it is not yet feesible to base control om aumerical ambient -

air quality standsrds, -



CHAPTER 6

RESZARCH IEZ5S

™o recent reportsi’s.lﬂ have discussed in some detail the many kinds of
research needed to ansver pressing questions concerning the effcct; of
asbestos on health and the degree and nature of necessary controls. ’

Investigations alaeng the following lines should be given high priority.

Study of the mechanism of action of tlie asbestos minerals shou}d, continue,
with particular attention to carcinogenic:. effects. It is i‘mportant to
learn more about the influence of asbestos type and fiber size en
respirabi-lity, deposition, retention, tre.'xslocat.iou, and effects at the
tissue, cellular, and nolecular levels, with and without cofactors. It
is especially inportant that the role of .fi‘bers below the LM. range ‘be.
cl&rif_ied..

Mathods of sampling, identifying, and quentiteting airborne asbestos need
continued developuent. Coordination with studies-in animals end men is
essential to ensure that environmentsel data will be bioclogically relevant.
Similarly, methods for identifying end quentiteting asbestos in bioclogic

tissue need development and application.’,,, .

Quantitetive methods for messuring sirborne asbestos should be applied
videly to deterrcine the n;tural background and the concentration end
distribution of fibers in the air near various sources. Conventional
LM methods and EM methods should be epplied simultaneously in selected

occupational and corrunity situations.

30
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More epideriologic studics are needed. Populations in several different -
exposure ranses.shou.ld be studied, including occupational,‘ household, and
neighborhood exposures. Special studies of cesothelioma are needed to
determine whether the incidence has been increasing and to determine the
current pa.ttem of distribution. A large series of routine autopsies
should be studied to determine vhether causes of death c;n be related to
amounts of esbestos in the lungs and other organs. All the above are

urgent if a range of sai‘e e'xi:oéure is to be established with ‘conﬁ.den_ce.

..
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CHAPTZR-T

CONCLUSIONS AND RECONMZENDATIONS

PATEOGENICITY OF ASBESTOS MINZRALS <t

Any of the cocmercially used asbestos minerals, vhen inhaled in sutﬁci.exm
numbers, as in uncontrolled occupational exposures, cean cause disabling
fibrosis of the lungs. An association between oc;:upationel exposures to
asbestos and bronchogenic carcinoza has been established, btzt"ﬂ(xg dose'

relationship and the role of cofactors have not been defined. Evidence . .

. »
. B

of a causal association betwveen some but ﬁot all exposures to 2sbestos
fibers and diffuse malignant mesotheliomss of the pleura and pex-itone'm'n is
substantial, but evidence of such a relationship ‘\rith other tumors i'\s
inconclusive. Although the different types of esbestos differ in: some ‘of ’
their biclegic effects, no typ'e can be regerded ‘.'_é free of ha.za.rd. ‘I?Je

hypothesis that asbestos fibers sct as cofactors or carriers of carcinogens

is attrective, but as yet unproved.

EVIDENCE OF HUMAN NONOCCUPATICNAL EXPOSUTIS TO ASSESTCS

The demonstration of ferruginous bodies, similer to those fownd in

asbestos workers, in a large proportion of randomly selected lug

el B

specimens in many parts of the world is preswiptive evidence that

«

persons with no occupational contact may have inhaled and.retained
esbestos. Proof has come in some areas wi;h positive identification of
chrysotile asbestos fibers, Analyses ;!' co:-.:unity air for asbestos have
been too linited to define the sources, concentrations, end distridution
of fibers in the environment. The fider concentratic;ns that have been
demcnstrated in ambient air are small, compared with those in 1ndust.'.ry,

but dnta are inadequate for definftive cozparisons.

r R
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