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Preface

This document was developed at the reguest of the National Air
Pollutior Control Administration, which became the Air Potlution
Control Ottice upon the formation af the Fnvironmental Protection
Agency in December 1970, The request was Tor o report that would
set torth in a wetl-organized Fashion the carrently available itoring-
tion on ashesios as an air pollutant, with special attention to sources,
Bealth elfects, measurements, and feasibility of control. His not o
state-of-the-art document and. thereforc, does not attemp! (o cover
tully all that is now known about ashestos.

The report is the result of the dedicated etforts of the Panel on
Ashestos, chaired by Dr. W, Clark Cooper and formed undur the avais
of the parent Committee on Biologic Fitects of Atmospheric Pollut-
ants, Division of Medical Sciences, National Rescarch Counail. “Hhe
Members of the Panel on Ashestosare to be commended for having
praduced a report that. although bricl, covers the salient points on
which the sponsor requested sound scientilic opmion. Faclitem dis
cussed in the report is adequately documented g the bibliography.

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

Fitis report C1y summrarnizes the cvidence regarding the pathoee-
ity ob asbestos an man and ammals, (23 sammurizes the evidenee
ot hwman nonoceupationsl exposure 1o ashestos, (3 evaluates the
cvidenee regarding a health risk assaciated with various degrees and
ty pos al exposare, £33y identifies soeces of environmental contanm
matton by hestos, and (5) otters recommendations concernme the
necd tor and teasbility of control measures.

Charles L. Dunham
Chatrman . Divimon ot Medioal Soenoes
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Introduction

The naturally occurring tibrous silicates classified as “asbestos’ have
become almost indispensable tn modern technology. *7'3414 The
world’s annual production has grown from a few thousand tons in
1900 to over 3 mitlion tons in 1968.72° Annual consumption in the
United States averaged nearly 300,000 tons during the period {965~
1909.72" The potential of ashestos as a hazard to health has been the
subject of a number of reviews in recent years, 2 49:60,133,136,145.147. 168

Although it has been known for a half-century that persons who
inhaled large amounts of asbestos dust in the course of their work
sometimes developed disabling or fatal fibrosis of the lungs, it has
been only within the last three decades that other serious effects,
such as cancer. have been associated with occupational exposures.
Recently, the likelihood of exposure of the public at Jarge to ashes-
tos 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 silivates
that. when crushed or processed. separate into flexible fibers made
up of fibrils.* Although there are many asbestos minerals. only six
are of commercial importance: Chrysotile, a tubular serpentine
mineral. accounts for 95% of the world's production: the others,
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Pathogenicity
of Asbestos

The effects of fibers in biologic systems may result not only from

the propertivs of the fibers themselves, but also from contamination

with inorganic or organic substances that oveur naturally or are added -
during mining, milling, processing, shipping, or use. Contuminants

acquired from the atmosphere or in the respiratory tract may be

carrivd on the surface of fibers. Fibers may act as colucton: con-

vensely, their action may be moditied by other cofactors.

PATHOGENICITY IN MAN

The proven or suspected effects of asbestos minerals on human health
include nonmalignant changes. such as pulmonary and pleurat tibrosis,
and several types of malignancy, notably of the lung, pleura, and
peritoneum. Nearly all the positive evidence of an association between
usbieatos and human discase has come from occupational groups. With
few exceptions, these have consisted of workers engaged in the mining
and mitling of ashestos, the manufucture of asbestos-containing pro-
ducts ¢such as textiles and construction materials), and the application
any *emoval of asbestos-contamning insulating materials.

3
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Asbustoas

Ashestosin, o ashestotic preamoconosis, was tie st eatls dennen
strated adverse ettect of ashestos i nan 1t s chafia terzed by pat
tern of roenteenographic changes i the fung consmtent with diltose
mterstitial bibrose ol vartable degree amd o times with tibross and
salorication ot the plears clineal cianges that inchede te iles, tir
per Vdubbing, and shortness of breath. vach of which iy he absent in
am ndivadual case.and physiologre changes consistent with . resten -
tove Jung disarder.

The tust published mention of o Vi an g man who had werked
tor Fyears ut the carding room of an asbaesgos factory, was by
Montague Murray i 19071 Cooke reparted o secomd caswe
FO235 andan 1927 prosuded a more detialed deseription.”! i wlhich
the term “asbestoss™ wis it used. 1n 1930, Merewether™ resicwed
the satient features of the discase and the environmental expostires of
workers, imdudimg data derived trom an epidennologie study reported
i more detil by Merewether and Price. % This led to the promulga-
von of rexalations for environmental and medical control in the Crat-
ed Kingdom. which became etfective in 19327 Cases were first ree
ported in the United States in 930,19 404 guidedines lor aecept
able dust concentrations were proposed by Dreessen cr . in 193%. 4

[ndustrial experience indicates that pulmonary Hbrosis sutticient
tontertere with respiratory or cardioviscular function can be pre-
vented by reducing asbestos dust concentratious to levels that are
suil tar above any likely 1o be encountered in community air.

Pleurat Calcification

Culcified pleura] plagues oceur frequently in workers exposed to
asbestos, SOFLIORIONIE When muttiple or bila.weral. they are re-
garde { by some as almost diagnostic of asbestoserebited diseise ™
I sshestos workers, valvitied plagues rarely appear until 20 years
after rst eaposure and do not necessarily correlate with parenchymal
tibross ™ Caletication appears to differ in trequencey it difterent
oevupationally exposed groups, but studivs are madequate to verity
or explain such ditferences,
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Brondhogenn € arcmuoma

No featutes o) hrose e -n
pathiopnomome Pt o
contiast with the waidl, S
Penspheral pomary sitosat.
AN Celbty pos arc represcidas

The st suggostion that
canver ot the lung was i
descrihed squainens b
with askostoniy Drespite otk
firmly supported By opadso o
Merewether, et fnspects
ported TEmstances of
s depastynent to iy i
9461 Thos castitaie)
P3X0 ] e xS persen
the satnie peniod. Gloyne
ngsat 1205 lunes trom e
tor pneumogeniesas b 1°
asbhestosis, 17 ol wheen
with S5t ol e e
howeser. e o hospatal to w:
been reterre  thus thee o
i PSS Gt ey e U
fad worked o at heast e
fined as dusty L concbuded v
curred nudicated aotskob
poputation.

i
Other stadies
PUL W Bangsdasse by 0

ERCI S I

pationad expostan fee sl s
ol broondoeen oot N
AR

ciives 11 the deese
proups, Prostgt b s | R I

Moesathelal Lonves

Proniany teaiven e o1
li'j.‘.lhl doas [N

SCDIC A e T Tl

2784
Dow 027 o



Branchogenic Carcinoni

N teatuies ot bronchogenn vatonmen s saociated with ashostosan
pothiovmomome, Pomarny sates are mote odten i the lower Lbos
contrast waith the osuadby ighes trogacacy ot upper bobe tianors
Penpherad prasary stles e coammian i ashestos eelated ung o ose ot
AH Cetb s pos e represeited mnomost seres

Lhe tnst suggestion that asbestos taeht be causally refated 1o
canteer of the Ring was made m 1935 by D yach and Stth, ™
Jdescrbed sqteamaons cell catcmota in g South Caroling tentile wotk et
with asboestosing Desprie other isofated reports, am association was 1ol
tenby supported by eprdennoleie evadence unttt 1947 wlen
Merewether, Chret nspecton ol Factonies m the Uiated Kingada, 1
ported 3 imstances of cancer of the dung in 235 persons known Iy
hes Jepartment to have dicd with ashestoss hetween 1921 wd
193610 This constituted o modenee ot 1327 compared wath
L3270 191 6.XX%41in persons certitied as having bad sthicoss duning
O reported on the pathologic lind-
st 205 Jupgs trom workers whose cases were bemyg evaluated
tor pneumoconioss. [ 132 asbestos worhers, he tound 121 wath
ashestonn, 12 ot whons, or 14077 had cancer of the fuog, compared
with 33 (6.9 7)ot 796 persans who had sthee e The study was done,
however, i hospital 1o which suspected tumor patients would ' e
heent reterred: thus, there iy lave been an overestinate ot isk, Dol
n (USS M apter analy 7mg the Causes of death among 1US wen who
fad worked for at feast 20y cars i areas o asbestos textibe plants dq-
tned as dusty, von huded that the TR Cases of Tung cancet that o
varred mdicated i risk about 10 ties that m the generad male
population,

Other studes
T padsasdassantany gy e onptinmed an asociiion between oo

who

the samie perrad. Gloyne i 1951

I E I RN RIS PR N AR AR U L [T TR L SN L R LN S A R Y

pational expostire toasbestos sad o higher-than-expected i idenee
of branchogenic cancer. Sumie stidien' have demonsis iied Bitter-
cices it the degree on rsk among different occapationatly exposed
growps, probably relited to dosesas well as to aidw tavtors

Mesatheliad Tumers

Pramary malignant tumors wa the plearaand pentoncum inge been
reparded as exeeedmely rare by most pathologists, until recent veats
e even questioned ther exsstence, There are sl diterenses of
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& ASRESTON

opinion as to diggnostic criteria, ' 70:97148 Therefore, statistics on prev

alenee or incidence in one geographic arca cannot be safely compared
with those from another. Adherence to strict disgnostic criteria, in-
cluding an autopsy complete enough to rule out other primary tumars
that could metastasize to or involve serosal surfaces, is @ difficult
constraint on a retrospective serics.

It was after 1960 that serious consideration was first given to
avbestos as an ctiologic factor in mesothelial malignancies. In that
year. Wagner ef al. ' reported 33 cases of pleural mesothelioma in
a part of South Africa important for crocidolite mining, For all but
two ot the patients, the authors discovered likely asbestos contacts
two decades of more carlier. However, only 17 of these had had oc-
cupational exposure, The remainder had lived near mines or had had
houschold contacts. Although mesothelioma had previously been
attributed by some to asbestos exposures, * 14415189 ng eyidence of
a strong association had been developed.

Additional information supporting a relationship between asbestos
and mahignant mesothelioma has accumulated since 1960,% 1246373
$2.69.74,79.07,02 M. IKID 101 FHS LI An outstanding fewtare has
heen the long period, commonty over 30 years, between the first ex-
posute to ashestos and the appearance of a tumor, as emphasized in
reports by Wagner'** and Selikoff and Hammond.'*

Other Neoplasia

Associstions between asbestos exposures and malignancies of the
gastrointestinal tract and of other sites have been reported, but the
data are still inconclusive, $3$% 7693033 .

Mutagenic Effects

Fridence of a mutagenic effect of asbestos has not heen seported.

PATHOGENICITY IN LOWER ANIMALS

A comprehensive review ol information derived from experimentasl
work in animaly entails consideration not onlty of the variables re-
fated to the type and dimensions ol the asbestos fibers and of ad-
sorhedd ar vonciireently adonnistered contimmimints, but nl(g of the
species and strain of animals, the route of administration, and the

86E£G6001S
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Pathogenivity of Asbestos 7

tunce amd dosage Tactors, There are at present no satisfactory ex-
penmental models to duphcate prolonged inkalation ot asbestos by
unttt, but giny solited segments of the problems have been cluci-
dated. Phie studies are best divided into those dealing with ashestosis
wnd those dealing with neoplasia,

Experimentat Asbhestosis

Ashestotic pulmonary Fibrosis has been produced experimentally

in various species of animals, including rats 455156857 pyiney

pigs. SO45A%IST hamsters. rabbits,'*? and monkeys.’? In many of
the studies, the disease resembled carly asbestotic development in
man, ¢.g.. it was multitocal. Diffuse fibrosis has also been produced,'s?
but to do so it was necessary to use very high concentrations of
asbestos dust and long periods of exposure or observation after ox-
posure. tIn contrast. experimental silicosis can be produced with
lower cumulative exposure.) In the course of the investigations. it
has been asked whether the fibrogenicity of ashestos dust is mostly
contined to fibers longer than § pm:*'% the question remains un-
answered.

Experimental Neoplasia

Lung vancer from chrysotite dust has been produced experimentally
in rats*® and in mouse ung implants.’*® Other investigators who

used ditferent methods for introducing the dust'*? did not find

lung cancer in the animals they studied. That some ashestos 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 with normal clearance.

Cancer of the pleural surface (mesothelioma) has been reported
in rats and hamsters that received intrapleural injections of the three
most common types of asbestos.!?™!5%%% The amounts of ashestos
dust introduced into the thoracic cavity were very large, and trans
lation of results to human inhalation of asbestos is uncertain.

The studies of Roe ef al..'** which involved pleural and peritoncal
mesotheliomas of mice after subcutancous injections of crocidolite,
amosite, of chrysotile, are of particular interest because they yielded
evidence of migration of fibers. -
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~ ASHESTOS

Natueath Ocournng Ftfects s fower Animah

There s cvidence that etects on domestic or wild amimals are
Hpor et as cnitern tor controlbimg asbestos comssions. S huster s
doscnibed pulmonary asbestoss twithout the developiment of adeston
hodiesd i doe that Ived tor nearh 10 vears as a rtcateher e o
omdon asbestos factory . 27 Webster has demonstrated fibroses i
by s baboonsand wild rodents 1 South Afnca ™' amd Kivie
et basdeseabad the finding ot anthaphy e asbestos i the lungs
ot cewan an anthephy e producmg area ot Findand, ™

SIUHIES IN VIIRO

Fhere hase been lnted studies of the etfects of asbestos in bologie
s s e For example, MacNab and Harington™ demonstristed
w197 thae asbest w would hemoly 2¢ sheep crvihrovyies. This has
Boen contiomed by others "1 Chrysotile differs Trom ameosite.
vrentdolite, and anthophiy ihite in the conditions undes which 1t s
hemol ti,

Parassy cral '™ demonstrated i 1965 that both crocidolite and
chirvsotile were oy totaxi for guinea pre macrophages in culture, The
sebivaly o the tormer was greater, the cytatonicity ol neither was in-
hibrted by polyvimvipyridime V-onide, o macromolecular chemgal
that s eHective preventing the eytotoxic daniage vansed by crystal-
ling sibca in expenmental conditions.

Although the foregoing ty pes of stody have no hnown relation to
fibrogenic or carvinogenic offects i vvo, they provide systems that
May prove useful in deicemming mechanisms of acthion and approaches
to prophylactic or therapeutis measures.

INFLUENCE OF MAJOR VARIABLES ON PATHOGENICHI Y

When conndenng the influence o 0pe of asbeseon, tiber size. and
vofactors on biologie  tects, it s neeessary to emphasize that a,
yiven altaibute may atiienaee resprrabiuhiy . deposition, retention?
clegrance, translovation, gnd biofogic reactivity in differing ways
Mthough same in vireo and laboratory sttdies yidd difterent

tesponses to ditterent ty pes of ashestos, the reselis do not sty

drasing iem conshvans s to the relativ e pathogemesty of the

Pathagenicity ot Asheston
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Pathogenicits of Ashestos 4

it erent (vpes Nor do epudeniolovie studies conclusively sapporg
ach ditterences AL the commercenilly used Torms of ashestos Gin
produce asbestoan, Tnonby telatnely Tew studies has the iadence
ob muienumaes heendeternied mgronps with exposures to o
sanele ashestos 1ype Where there are data That seggest o Jower Tisk.
W and ltaly '
there are posable explanations tor the dilference other than as-
bostos (v pe. The tugh imordence of mesothedial tumors in the North
Western Cape arca of South Atnics has led to the suggestion Uit
crovklalite s unusually hazardous, but mesotheliomas have been
vare i the Transvaal, where crocndolite is il produced 207 Al
thoueh Schhall ef of ™ Tound many mesothelionus i imsalation
wotkers whose eaposures hiud heen Lirpelyv to chevsotile and amo-
ates ShusCremet”™ and Webater™ have not tound the mendence
ol mesothelioma high i arcas where amosite wis mined amcd milled,
aned Mebonald e7 al "™ did not seport an caeess n the chrysotile-
muune and -mlthng arcas of Canada

Al epademiologie studies that appear to indicate ditterences in
pathogematty among tvpes of asbestos are (awed by thieir ik of
guantitative data on cumudative exposures, fiber charactenistios, and
the presence of eotactors The ditlerent types, theretore, cannot be
graded as to refatine ek with respect to aither asbestosts or peoplasia,

Fiher size s eritically aimportant m deternuting respirabiity, des
position, retention, and clearanee from the pulmonary tract and is
probably an important deternunant of the site and nature of b
logie actien. Little s known about the movement of tibers within
the hunas bady . achding ther potentud tor entry through the
pastrontestingl tract, The acrodynanie properties of tibors depend
Lirgely on their dimeter: libers below 38 g in diameter are re-
garded as bemg i the respirable range 'Y Faiber fongth atfects de-
posttion, Tonger fibers apparentdy having ereater hbrogenic eftects *?
S Ul recently, most work and speculintion have involved ondy
tihers detectable by the optical or light microscope (D M approse
mately 08 gm dameter and larger. The apphcation of dection
micrencapic (M) tochniquest™ has enlarged our horizohs as to
the varables that must be considered  Tissues and air samples may
contin many | Mastzed ibesds for every EMesized tiber that can be
demonstiated. " There s, Bewever, no body of knowicdee that
permts the assgming of relative risk tactors to fibers m the BM
range, compared with hibers i the TM range §0is posable that the
relative risks assoctated with fibess ot diftesent sizes are ditferent

as in the Chirvsotide-producing arcas of Canada
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16) AMBESTOS

tor nonauthenant and mahgnant changes. The evidence that bundles
ot hibrils may be broken down within the body to indmaduat fibrils
N important, 4

A number of investigaton have postulated that a probable role
of asbestos fibens in producing discase is to carry toxic or oncogenic
substances to vulnerable sites. Studies bearing on this have included
analysis of various types of asbestos to determine the contaminants
present, with special emphasis on metals®®27 and polycyclic hydro-
carbons:**" studies of the clution of contaminants in biologic
materials:?® and the concurrent exposure of animals to ashestos and
to other matenialy.'® The present consensus is that contaminants
are present. but a speail pathogenctic role is sill speculative,

The work of Sehikoft e af '% strongly suggests o synergism off
agarctte 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 ashestos fibers, or the promotion by one factor of
vancer initiated by another.

200660015
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Evidence of Human
Nonoccupational
Exposures to Asbestos

Dircet and indirect evidence that persons other than those work-
ing directly with asbestos mincrals are being exposed to asbestos
is of several types. For example, asbestos {ibers can be demon-
strated in the lungs of persons not occupationally exposed. In

a few geogruphic areas. pathologic changes regarded as represent-
ing a reaction to asbestos (c¢.g., pleural calcification) have been
found in populations with no history of occupational exposure.
Asbestos fibers have heen demonstrated in ambient air.

FIBERS IN LUNG TISSUE

Structures that appear to be fibers coated with a pigmented ma-
terial were described in lung tissue as carly as 1907 by Marchand.**
In 1929, Cooke™® described such *‘curious bodics™ in association
with puimonary fibrosis. Stewart and Haddow'? referned to them
as “asbestosis bodies.” Because those who work with asbestos ex-
hibit them a few months after starting work, it was recognized
that they were evidence of exposure, but not of ashestosis, The
term “asbestos body'” came to be the preferred designation.

i
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t ANHESTON

Ve as i coatad Libes were totasd m poersons hnoewn to fase
hovir socapaatienadly exposed Losshestos, the dentity of the central
tibor wos soldom guosthioned . althongh Trom tme $o tiae sl
whis (s wuie ot i persons with o Row i exposaie to asbestis
Moutmman™ e P06 summanzed 19 icporis pubhishicd between
a3 and 1962 a0 wilisch these objects were asocited with es-
positr, te graphinte, coall honblende, rabibe. diatosaccous carth,
satborumbum. and tale € which case tremolite isbestos noght have
becn snobed L The demontration by Gross gind coswurkers &5
tat other Obers may produce such badies i expenmental ammals
nnbrcatos tiat they resudt frowm a nonspeaitic reaction to any sparingly
soebilbe fhecns darerge body D as Bl Tiest been saggested by Cooke
e B2 Eherc s thus ample ustilcation o abandoning “asbestos
Loads 7as w goinie torm e 1763 Gough ™ sagpestad the term
i tad bt bodhy T and i 100, Gaoss™! recommcended Ul
tazeeous body

thomsen o ™ 1963, wore the fist to show that these
ceatud Bbees were present i a high proportion ol ungs obtamed
by entin astopay hey toamd that 203 of fung sinears i S0
seencoativeaepsies 1 Cape fown showed whal were calied
Tasbostov beshios T Repotts trom miany other areas e contivmed
ok provadence m Tungs obtaned s snnbar autopsy series, B
ot v o o S itetred that.at a sathicient volume
ot tssan Wby s 1 cack vase, eathy all persons would be
tontnd LoD e such bodies ther stdy ot 100 tengs i Pitisburah ¢on
TSI B { FRTIRNTICTION AN ' )

Westarcation of the core tibers s proved to be o tormudable
il sk 7721 Wathout fiber-by -Hiber analy s, all that can
ho sand is that couted Tibers tesembling those o ssbestos waoshers
Sbe present manost pessons i urhan cetters Stappaing the coating
b asaly 2o the cores by vanous technigues can sometimes demon-
strate that the cores arg asbestos, but the process s tedions and olten
waonclhisiy .

Atentionn s e beang dicected fanard study . not of the terrugy
s Bodies one, but ot the total tiber content of the lungs, whether
such iibers are cogted oF urcoated. In g study of 3000 consecutne
sttopsies e New York City, Lanper ef a/*Y have found th, un:
et opticallv viseble fibers i two thirds of the 1,499 Jung spedt
micris s which coated tibeos were demonstrated and in ane Tausth at
those moshin b cogted tihers were not demonstrated. Twenty-enpeht
coniiabny saplos of Tung tssie Trom Ehe same series exanined
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PLEURAL CALCINICATION
THE GENERAL POPULATH

197 1O6N] review

Meurman,
pleural caletication and asiw
strongly suggested an assoqn
nonoccupational cxposures t
Kiviluoto™ reported calvin,

detected duting mass roentec

DOW 02700



Faadence of Human Nonoccupational Exposures to Ashesten 13

ny ledvhion mcroscopy were found to contan Mesized Chrysotide
thets ™ Pooley ef of " have reported sadar Pindimgs,

Fasdenee s theretore strong that most haman lungs harbor thoa-
wds o mthons ot hibers, Some ot these are chirysatite asbestos,
atal ether types of asbestos munerals are probably there also In
et persons no! occupationally exposesd to asbestos, the nutibers
St tibers are tekitively smadl, compared with the numbers tound in the
eucupationatty exposed.’ ™ The systematie application of quantita-
tove technigques, measurmg both coated and uncoated fibers, is necded
to dehine o gradient of accomubated hbhers tor correlation with ine-
dunee o discawe, on the one U oand history of enviconmental
vaposare. on the other.

Abthough there appears no doubt that asbestos fibers ure present
wemany human lungs, there are sourees ot airborne hibers other than
ashestos 357 Some are probably denved from the burnmg of leaves
and plant products, such as puper, wood, and coal. Manemade tmostly
vitreous) Ptwers have also been identitied in the sediment isolated from
hamat lungs. Tule, otten used generously as a dusting powder, may
contam g siemticant amount of tremolite asbestos fibers,

tntonmation is sparse concerning possible increase ol fibers in lungs
with increaning use of asbestos and concerning the existence of signit-
eant dits rences between urban and rural populations, Selikof't and
Hattine 2 compired lung tissties obtained in 1934 and 1967 and
tound no sigmificant increase in the propartion containming ferruginous
Faodies. This suggested that, despite increasing s of asbestos in New
York City between 1933 and 1967, fibers of o type producing ferrugi-
noars bodies had not been ncreasing at a corresponding rate. However,
Chang-Hyun Um'*? reperts an increase over cach decade in asbestos
hondivs i samples of fungs from persons who died in London in 1936,
1946, 1956, 1906.

PLEURAL CALCIFICATION IN
THE GENERAL POPULATION

Meurman. ' in 1968, reviewed critically the literaturé related 1o
pleural calcification and asbestos exposure. A number ol studies
strongly suggested an association between pleural calcification and
nonoccupations] exposures to asbestos. For example, in 1960,
Kiviluoto™ reported caleitications in 9% of the adult population
detected durnng mass roentgenographic surveys in @ Finpish commune
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13 ASKESTOS

i ow il there was an ashestos mine and medl the frequency was low
tor the reninnder of the Finnh population. Rauno'™ enlareed on
these obwenations s 1960, reporting that, ot 633201 chest filns
tahen m Finlamd between 1960 and 19635, 1,816 showed pleural cal-
viticetion, 1232 0, the Letter were among 3452 fitms taken m 10
commmmunes 1t which there were anthophyllite mines. Rock and so!
m such areas also contamn much wsbestos, so that the demonstration
that awrborne anthophytlite could be demonstrated over 25 km from
the nunes s not nevessarily relevant. Anspach? reported that, of 244
subpects with pleural caletficatson found in a chest roentgenographe
susvey m Deesden, 177 had either worked in or Hived near an asbestos
tavtory, Zolov et af '™ described o S.177 prevatenee of pleural calvi-
fcation in a rural population in Bulgaria and suggested that the most
hhely cause was asbestos 1 the soil. However, Hromek,”? Marsova ™
and Rous and Studeny.,' reporting on a high prevatence of pleural
plagues in g rural district of Czechoslovak i, have been unable to
demonstrate g soutce of ashuestos exposure.  The consensus at present
i that caleification alone may not invaribly be considered an index
of ashestos exposure in the general population, although it may
prompt a search for an environmental source of asbestos.

MEASUREMENT OF AIRBORNE ASBESTOS

A more direct method of obtaining evidence on the liketihood of
exposure of the general population would be the sampling of air
to determine the presence and amount of respirable asbestos fibers,
There are, however. many uncertainties as to the hest methods of
sampling. identifying, und quantitating airborne asbestos and inter-
preting data so obtained.”7#%- 12083 imited information has been
derived from measuring fibers on sampling sites: for example,
Laamanen et ¢l *? showed asbestos fullout diminishing rapidly be-
yond | km from an anthophyllite quarry, but still detectable at

27 k. Counts of asbestos fibers collected on membrane fifters by
high-volume air sumpling and estimated by light microscopic tech-
niques similar to those used in industsial hygiene have shown small
numbers of fibers in a few urban sites.'®!'* Such results, although
showing numbers of fibers detectable by the light microscope that
were low by occupational health experience, have been too few and
variable to be used with contidence. Alternative methods that are

Evidence of Human SNonaccupat

currently under deselopiient i
and mass o1 bibees i the 1M e
measutable concentrations ol st
air PO Such emvaronmental s
stages and provide 1ew dues to
from this type of exposure o as
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Evidence of Human Nonoccupetional Exposures 1o Asbestos 15

currently under development, including estimations of the number
and mans of fibens in the LM and the EM size ranges, have shown
measurable concentrations of asbestos in many samples of ambient
atr B Quch environmental measurements are in their carfiest

stages and provide few clues to the extent or significance of the risk

tfrom this type of exposury to asbestos or to other mineral fibers.
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Estimation of Risk in
Nonoccupational
Exposures to Asbestos

Industrial experience has shown that profonged inhalation ot asbestos
can ncrease the risk of neoplastic discase. Exariination ot lung tiss
has made 1t apparent that a much farger proportion of the genetal pub-
I has inhaled und retained asbestos tibers than had formerly been
realized. i tact, most urban dwellers have somé such fibers in thew
lungs. Can these tacts be refuted? Doves the general public as well s
persons working near occupational sources, living in the houschokd
of ushestos workers, living in the neighborhoods of ashestos plants,

of having oveasional random exposures have a detectably increasd
risk of malignancy or other discase because of airborne asbestos”

The thnited infonmation availuble to answer these questions vomes
cither from direct epidemiologiv studies of groups with vasious lesels
of nonoccupational ci(posurc or by extrapolation from the experiena
of industriat populations with direct or indirect asbestos exposures.

EPIDEMIOLOGIC STUDIES RELATED TO NONOCCUPATION A}
EXPOSURES '

Two general indices of asbestos exposure are avalable tor use in
direct epidemiologic studies of groups not ksown to e oo

1o
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Uannation ol Risk in Nosaceugational Exposares to Asbestos b7

st enpaosed tooasbestos  Fhe fiestos based on knowledpe ol cach

“oeeibet T place of work amd place of sesidenve: because ol The long
ot pertonds of ashestosredated diseine, this Knowdetdge must vover
sohperson s whote hfctmie. The second s a quaniitative estematye ol
whemember’s fung content ot ashestos fibers. Phere are lew such
trect cpadennolowie studses, and they are madequate to answer the

1 wosbrons ot Issue,

Fhe ondy stadhes thet appear to ouplicate asbestos in the develop-
srenb ot maignancies mpersons not accupittionadty exposed are those
cooabung dubuse mesothelioma, o tumor that s uncommon and that
Tes Been the sabpect of speaad atiention i recent years, Many of
thy mesathelomas reported by Wagner ez o ' in South Afnca were
Ainbuted 1o howsehold ind aaighborbood exposares moa croadobite-
stesbucme areas Although none ceupational, these exposures have
oot desenbed as substantial ' Newhouse and Thompsont't studied

< prients with mesothehoma thagnosed i London Hospatal from
LT o B0 OF these, 330870 had oveupational exposures to
asheston, 20 X ) had o relative who worked with asbestos, 1]
EES b had nether of those backgrounds bat had hived watlun o hat-
“ule ol shestos factory and 28 032977 had no known contacis.
Correspomdinyg pervents 2o tor g grongs of matchad control subyects
crshients e the same hospital fos other dicases) were 1.8, 1.3, 6.6,
el T o Smmphaas and Meyer'™ reported no mesothehomas in
e cmmunsty near the stlipyard i U ushang CHolland b, although 17
4 mesethehomas seported m the provinee o) Zeeland i (064
ST Bt been o workens i that sand, bat pot mansulafion or asbes-
reoworhers Rasmin” foumd no excess of pulmonar§. pleural, or
conrteneal pdgnancies i the areas of fankand where plearid calonte
s dtnbuted to anthophyllte were present @ 6=2077 ol routine
hest sunvey tlis, (na series of 17 mesotheliomas cotlected by
Borow ezaf 12 gl but two were in persons who had worked noan
mbestos mill. although the autopsy serics from which the cases were
drawn came from an area that included inhabitants of the mill's ¢n-
wrons, Lichen and Pistawka®® found that, of 42 persans with meso-
thebomias reported in Pennsylvania, 10 had worked in ashestos plants.
* hvedt or worked close to an ashestos sndustry, and 3 were meme
ors ob tamthes that inctuded asbestos workers it 1, no history
$ooyposure could be obtained. and the rananing 10 had question-
Hle tandom exposures. MeDonald ef al ™ collected information

n EOS tatal mahignant mesotheliomas kaown 1o pathologists in
sanals between 1989 gl 1908 Fhey comtiried an assacistion
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(RS ASBLESTOS

with ocetpational exposure to asbestos but conciuded Uit the e
woss wos n the manutacture and ndustriat apphication of asbestos,
eather tiue an mueniow ae sedling. 10 apparent that no quanbitative
conchusions were possibie from these studies, which present serions
wwe thadotopie problems to the eprlemiolojast. They sageest anisk in
howsebiobd contacts and in residence in the immediate neighborhood
of an ssbestos plant. Phere appear to be different Jevels ol risk i dil-
terent types of occupational exposures, and some of these may be re-
Hected n corresponding houschold and neighborhood experience.

In no analysis of causes of death in a large population has there
been quantitative estimation of the lung content of ferrugimous bodies
and hare asbestos fibern, to determine whether a detectable gradient
of disease can be correlited with asbestos content. The series so fur
stihied have been too smatts and methods too variable, to permit any
conciumions is to the unportance of small fiber numbers in the tung.

EXTRAPOLATION YROM OCCUPATIONAL EXPERIENCE

Another source of evidence of The relative risks associieted with in-
hatig menderate or small numbers of asbestos fibers is the expetivnee
of persons who have had occupational exposures below thase known
to be definitely hazardous. The maximal airborne tiber concentra-
bons recommended For preveation of asbestosis are much highes than
any likety to be encountered in nonoceupational situations. For ex-
ample. one reconumended standard woulkd it the avetage voneens
tration of airhorne chrysotife to 2,000 fibers per liter as determined
by light-fielt count."®  Another that has been proposed would limit
average concentrations of fibers to 5,000 fibers per liter.? Occupation-
sebisted aabestosis can be effectively controlied with airborne Tiber con-
ventrations much higher than are likely to be encountered in non-
occupationat situations. It is important to determine whether workess
whose exposures have heen reduced to levels that prevent ar geeatly
detay asbestosis, as well as others whose exposures are indirect, have

@ lower risk of lung cancer than those with higher and more direct
CXPOSULES.

Workers who hegan employment in o British testile mill atter 1933,
when implementation of the Asbedtos Industry Regulations of 1931
reduced (hut <hd not abolish) dust exposures, were reported in 1968
to show no excess of neoplusms ®' Fhe long latent periods of
ishestoserelated lung cancer and mesothelioma, which would prob-
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ttnnaton of Risk in Nonoceupational Exposures to Asbestos o

B he even longer at dower dose feve!s, e such that st is tao soon to
Aotk condtusions as to the eventual incdence of these mahpnan-
oo Sesertheless, seduced exposuse seems 10 be having an chiect.
Vother indicalion ol reduced incrdence or debayes onset ol disease
ath lower exposure s s the observahions of Newhouse ' whao found
2l although there were more deatiis from lang caneer and chironmie
respirgton discase among those who had heavy exposures many years
orovowsy g bondon asbestos-products plant, thus was not true
st those who had low or moderate exposures, MebDonabd ¢f of ¥
teeenthy reported the mortahty experience of men who worked in
Svsonte munes and madls of Quebec, Phere was i Slight exeess off
Fent cancer amony the 2387 deaths i workers borp 1890=1920. but
Shvonld be esplamed by 1he excess thast occurred in those who
Been manamaly exposcds s sugpests tat, insogar as cheysotile
srters aond allers are concerneds the eish drops ol rapidly with dJe-
aedsing acvumubited dosage.

Most series oF case reports of mesothehioma include some persons
who hayve worked i the construction or shipbuilding industries, but
M trades not mvolving ditect contact with asbestos. '™ Such persons
A phambers, clectricians, and mctal workens often have more ferru-
ainaus bodies i their Jungs than do white-collar workers.' ™ Although
Dunn and Werr Y tna study of occupationz] groups in California that
tevedled an eseess of deaths from luang cancer i insulation workens,
foumd no exces lung cancer deathis in other construction trades, the
2toups they studied were difuted with many persons who were un-
hkely to have had exposures. Nevertheless, these may be a definable
aradient of cHect within the construction trades. More thorough
stidies of groups with indirect exposares are certainly needed.

One cannot extrapolate from the mortality experience of, on the
ate k. those who are directly and indirectly exposed 1o asbestos
n ther employment to. on the other hand., the general public, who
have had moderate or slight exposures trom ambient air. There i
evilence o supgest a gradient of ¢ffect from direct occupational, to
mdirect oceupational, (o Gianly and neighbothood situations in all
ot which dust concentrations are probably hgh by comparison with
mest community air. This suggests that there are levels ol ashestos
avposure that will not be assoctated with any detectable risk. What
those levels are is not known, but there s no evidenee that persons
m the general populition without oceupational. household. or
aerghborhood exposures  have any increassd risk of neoplasmy, even
though there may be ferruginous bodies or fibers i their lungs,
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Sources of Asbestos
Fibers in Ambient Air

Precese tnformation is not available on tonnages, sumbers of fibers,
tiber sizes and varictivs, atmospheric dispersion, and ultunate tate of
the ashestos emitted into amibient aie. Although there are no reliable
Citta to ustify extrapolation from the more completely studied ovcu-
pational exposure expericnee, information regarding actual and po-
tential sources of emissians of ushestas fibers is of value both for
directing tuture studies and for undentanding the steps that maght

be taken now to saleguard the health ot the pubi,

NATURAL SOURCES OF AIRBORNE ASBESTOS FIBERS

Several vancties of ashestos ore and counterpart rock (containing
FM-sized ashestos fibers) oceur as outcroppings or are just helow
the surtace of the earth throughout the world,  Asbestos fibers can
become airborne from these formations during road-building, con-
steuction, and tilling of the soil, as well as by Yandslides, crosion. and
weatheeing. Tale, mined and used extensively in the United States,
exists in fibrous, as well as platy, form. Like asbestos ore and rock,
tale exasts on or close to the carth’s surface and is subject to dissem-

20
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Sources of Asbestos Fibers i

waling torces, Such naturns,
quantitses used as g diluent a
hackground fiber concentra
thought thit studies o1 tibers
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and thereny provide detimte
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MINING AND MILLING OF

Munueg and mitdling ol asbesto
crissions,  En the United St
to a tew miaes 1 California.

Fabers are enutted during ren
the ore body for open-pat aur
mg and ore-breaking. Waste «
posed to wind and to disturh;
duning drying, crushing, gnind
collectors and gir-cleaming do
dust provides a potential sour

TRANSPORTATION OF M

Transportation of gshestus o
contuining products and was
importance, Movement ot usd
trucks vontrabutes 1o the over
wsbestos fiber, usually in bage
feused, cither i the asbestos
asouree of fibers, Occavonal
spilied during handling, Sinul
of praducts. Trunspoeting ust
veliicles throwugh urban arcas ¢

MANUFACTURE OF PRODL

industries that must provide v
measures for the profection ol
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Soutves ot Asbestos Fibers in Awhient Air 21

ok bobces, Such naturatly occuremg tale, as well as the large
ontiies ased s adaluent and carnier for pesticides, can add 1o the
Lachetommt Bibet concentration in the ambeent air'*0-467 4
tieurht that studies o $ibees i glactal and polar e now under way
ot petit comparisons of recent deposition with those an the pust
acclihereby provide definite intformation on the relative contbue
deens of satued and mndusteigl sources,

MINING AND MILLING OF ASBESTOS

My wnd anfhinge of asbestos constitute another source of ashestos
ciosstonus, b the United States, such activity is presently confined
fos tew mnes i Californsa, Vermont, Arizona, and North Caroling,
Fibors aec comrtted dunng removal of overburden and preparation of
thy e bty fof opeirpit sning. Further refease oecurs during dridi-
ine anct ore-breahing, Waste dumps irom mining and milling are ex-
posed to wind and to disturbance by bulldozing, Fibers are emitted
g diy g, crushiing. grinding, and sereening of the ore, I dust
cotbuctors and mircheaning devices are ased, disposad of the collected
Just provades a potentiad source ol fiber enission,

FRANSPORTATION OF MATERIALS CONTAINING ASBESTOS

Lisnsportation of asbestos ore, milled asbestos fiber, and asbestos
Cootanmg products and wastes i an emission source ol varying
sepottanee, Movement of ashestos ore from nune to miil in open

1 ks contnibutes to the overall emission, The shipment of milled
wbeston tiber, usually in bags, can result in emissions, {5 bags are
sl erther e the asbestos industry or elsewhere, they will become
< ntee of fibers, Oceasionally. bags are broken and asbestos is
peiled durmg handling. Simvitar emissions occur during the shipment
of preducts, Transporting asbestos-containing solid wastes 1n open

s hacks tieough urbany dreas can he 3 more iImpostant enussion sousee,

MANUFACTURE OF PRODUCTS CONTAINING ASBESTOS

Fdstites that must provide ventilstion and other dust-control
S asates tar the protection of workers may et asbestos fibens
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22 ASHISTOS

uia the surcounding chvisonment unless eftective air cleaning s
applicd to effluents. Fibers removed by ventilation and filtering de-
vices andd not reintrodaced into the production process and asbestos
vontamsng waste products of the manutuctunng process ultimately
are disposed of outside the plant,

USE OF PRODUCTS CONTAINING ASBESTOS

Muny products, at times unknown to the user, contain asbestos of
one kind or another. There are great variations among such products
with respect to the chances of tiber release during the use of the pro-
duct. The likelihood depends predominantly on the case with which
the fibees can be distodged by the application of energy and on the de
degree to which the application of vnergy actuaily destroys the fibers
during the use of the product, Almost all the asbestos fiber used in
the United States for manufacturing products becomes tightly bound
within the products and usuaily undergoes little actuat abrasion or
wear betore being discarded. Ashestos cement products (accounting
for most of the ashestos used in the United States), shingles, and tloor
tiles are in this category. Some ashestos-containing products, such as
brakelinings, are subjected to great friction; their rate of wear is con-
siderable, and at times they are almost completely worn away. In the
case of brakelinings, the application of energy is so intense and the
heat created so great that most chrysotile fibers are destroyed by be
ing converted to another substance, which is nonfibrous,65:6588
Nevertheless, an appreciable percentage 1 - 3%) remains as fibrous
ashestos, I some products Tor example, ashestos cloth, paper. and
sprayued tireproofing materials - ashestos fibers are not tightly bound
or mixed with another material that holds them in place. Fiber release
from these products occurs primarily during application and removal.
The spray fireproofing of buildings with ashestos-containing materi-
als is a case in point. This operation can be a serious source of emis-
ston. in that it usuatly occuss in densely populated areas.

Talc is mined and milled and used in greater quantities than is as-
bestos in the United States. Because it contains asbestos fibers, its
uses will add to the total number of fibers tincluding nonashestos
fibers) emitted, The use of tale in dispensing poesticides over wide
arcas of the country and its tise 10 cosmetics are two examples of
how this material may act as a source of ashestos and other tibers,

Sources of Asbestos Fib

DEMOLITION

For ycars, ashestos has |
some forms of smsulatios
than 20¢Z of the total: b
of ashestos, When a but.
are open to the ambivnt
family residential structi
insulation, Demolition ¢
have been fireproofed w.
be a4n emission soufce in

SOLID-WASTE DiISPOS,

Solid wastes produced do
products, use of such prc.
sources. These waste ma
gard to their potential as

posal oftenTesult in com.

municipal wastes in open
source,
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Noafses of Ashestos Fibers in Ambieni Air i

PEMOLIEION

For veans, asbestos has been incorporated i building materials, In

< torms o ainsulation and wallboard, the amount present is foss
Cuan P2 of the total, but other materials consist mostly or entirely
vt oasbestos, Whes o huilding s demolished, arcas of loosened asbesios
aty opeit to the ambient air and tibers are emitted. [n general, single-
tanudy residential structures contain anly smatl amounts of ssbestos
waalation. Demolition of industrial and commercial buildings that
have been fireprooted with ashestos-containing materials will prove to
be an enussion source in the future, requiring control measures,

SOLID-WASTE DISPOSAL

Sofnd wintes produced during manufacture of ashestoscontaining
products, use of such products, and demolition can be emission
sources. Fhese waste materials are usaally disposed of without res
wed to their potential as emission sources, Alternate methods of dis
posal often result in commingling of ashestos-containing wastes with
muncipat wastes in open dumps and thus creste o long-term emission
Ml
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Principles of Control

The natural hackground level of ashestos fibers 1s difficult to quantity
or modity. The major sources of local ambient-air contamination
with asbestos are industrial processing and use of products containing
ashestos. It is feasible to identify the sources of emission, select those
to which presently availuble control procedures can be applied. and
puint out areas that need further study and development of new
methods of control.

NATURAL SOURCES OF AIRBORNE ASBESTOS FIBERS

Natural sources of asbestos fibers have been identified in many areas
of the United St-tes. It is assumed that —uissions of fibers from these
reservoirs through erosion and wind make up a natural background of
asbestos in ambient air. Few data are available on the magnitude of
the contamination from natural sources, geographic variation, and
seasonal variation. [t is desirable to have information on the natural
background, because it would assist in evaluating the effects of control
measures and permit some estimates of the lower limits of contamina-
tion that might be achieved in different areuas of the country.

24
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MINING OF ASBESTOS

e standard techniques tos
nunes, it not alicady i uee

ways qupen pats should he
truchloads of ore should be
ported . handling of vre shou
be postened o reduce win
treated with dust-suppressive

MILLING OF ASBEST10S

Anmneplant dust-controf proy,
milhs mchades exhaust ventil.,
ati-cleanimg cquipment. mola
housckeeping and mamicnan

MANUFAUTURE OF PROD

Hhe elemengs of dust control

Core also apply to the manuta

woampartant that s Just-conts
tor which it 1y ased and that »
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be used to develop and institu

USE OF PRODUCTS CONTA

A UNpOrtant emisaton sourey
taisng asbestos. This constite
used. But the ashestos in sonx
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carried on in urban arcas, whe
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»n ditficult.

The most efiective approact
public to asbestos trom ths so
tion and release o tats organ Jdu
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MINING OF ASBESTOS

Ehe -tandard techigques for dust control in underground or open-pit
tanes 1t not already tn use, can be applicd in asbestos mines. Roud-
war i opens pris should be treated with dustssuppressive agents:
racaloads ot ore should be covered with tarpaulims while being trans-
ported. hundling of ore should he minimized; ore storage piles shoutd
he montened to reduce wind erosion; and waste dumps should be
freaicd with Just-suppressive agents,

MILLING OF ASBESTOS

Anan-plant dust-control program tor protecting workers in asbestos
mndls anciudes exhaust ventilation with efticient dust-collecting and
af-cheaning equapment, isolation, ¢nclosure, wet methods, and good
hotscheeping and mamtenance,

MANUFACTURE OF PRODUCTS CONTAINING ASBESTOS

Hhe elements of dust control recommended for the milling of asbestos
ore absa apply to the manutacture of asbestos-containing products. ft
mamportant that a dust-control system be specific to the operation

for which 1t s used and that it be tested to ensure its effectiveness.
Ondy persons uspecially trained and experienced in dust control should
be uved to develop and institute dust-control procedures.

USE OF PRODUCTS CONTAINING ASBESTOS

An anportant ¢mission souree is the use of insulating materials con-
taning ashestos. This constitutes only a small fraction of the asbestos
used. But the asbestos in some insulating materials is not bound as it
i m cementitious products or tiles: construction activities usually are
carried o an urban areas, where many people are exposed to contam-
mated wr; and control of dust during construction, although teasible,
ndithicult,

the most eftective approach in reducing exposures of the general
public o asbestos from this source involves controlling dust produc-
ton and refease at its origin during construction work. The generation

oow
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n ASBESI0S

ot Just should be reduced by changing matenal-handling methods,
work practices, and cleanup procedures. Local exhaust systems should
be used for dust collection at points of generation: for example, dust
wollectors for band saws are avaifable, and hand-powered tool, sup-
plicd with extaust systems are being made. Much developmental work
s needed to produce portable air-moving and aif-clesting systems for
use in tunnels, crawl spaces, and other contined areas. This subject
has been neglected by industrial hygienists and ventilation engineers,
amd no satistfactory equipment is available,

DEMOLITION AND WASTE DISPOSAL

Demolition and waste disposal are likely to be emission sources if
appreciable amounts of asbestos are used in construction, unless opera-
tional procedures are strictly controlled. Isolation, enclosure, and
wetting down are useful. Caution must be observed not to demolish
Juring high winds and to keep shudge trom drying out and becoming
airborne luter through natural forces und trom heing introduced into
sourees of drinking water.

MEASUREMENT OF AIRBORNE ASBESTOS

An important consideration in the development of a strategy for con-
trol is whether there are methods for measuring airborne concentra-
tions of asbestos that are sufficiently sensitive, specific, and reproduc-
ible. Present methods of saumpling, identitying, and measuring airborne
asbestos are not entirely satistuctory, especially if one is dealing with
low concentrations and unidentitied or mixed sources, Only within
recent years have methods for determining concentrations of fibers
tor industria! hygiene purposes been siendardized;'*> they use
samples collected on membrane filters in which fibers are counted
with phase-contrast illumination. Electron microscopic methods give
a much more complete indication of the total fiber content of the air;
but when the need for fiber identification is included, they are tedi-
ous and expensive for routine use.'*%13 The relutive biologic signi-
ficance of different sizes of fibers is not known. nor is the relative
importance of fiber numbers and fiber mass, There appear to be no
published data on the efficiency of air-cleaning equipment as related
to fibers of different sizes. '

Principles of Control

fo wpate of the ditbcultie .
the approximate concentrati,
tor Ly pes of asbestos 1
MEUFCIRIES to g single et
the critica! variables in tesis
other uncertinties, 1t s nol
ambient air quality standards,
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Prinviples ot Control 27
L apte of the dafiseultres, 1t is possible to cemple air, deternune
the approvimate concentration of sirhome tibers, and identity the
maor 1y pes ot asbestos. Fis not desirable to limit enviconmental
measarements to o single method until there is @ clearer detinition of
the cetreal varmables in terms of health,. Because of methodotogic and

uther uncertiamties, it is not yet feasible to base control vn numencat
anitaent ar quahily standards,
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7

Research Needs

Twa recent reports®-1*7 have discussed in some detanl the =uany kinds

o research needed to answer pressing questions coneerning the eftects
ot isbestes on health and the degree and nature of necessary controls.
Investigations along the tollowing lines should he given high prionty.

Study of the mechanism of action of the asbestos mineruls shouid
continue, with particular attention to carcinogenie effects. 16 s impor-
tant to learn more about the influetice of isbestos type and fiber size
on respirability, deposition, retention, transiocation, and effects at
the tissue, celular, and molecidar fevels, with and without cotuctors.
[t 15 especially important that the role of fibers smaller than the LM
size range be claritied.

Methods of sumpling. wentifying, and quantitating arborne asbes-
tos need vontinued development. Coordination with studies in ami-
mals and man is essential to ensure that environmentai data will be
biotogicaily relevant. Similarly, methods for identifying and quanti-
tatutg asbestos i biologic tissue need development and application.

Quantitative methods for measuting airborne ashestos should’ be
appiied widely to determine the natural background and the concen-
tratron and daistribution of fibers in the air near various sources,

R

Research Needs

Conventional LM and EM rcthe,
w elected occupationsl and connt

More epidemuctogic studwes are
ditlerent exposure ranges should ¢
household, and neghborhood exp
thehomin are necded to determine
mereasing and to determine the o
large series of routing sutopsies sn
whether causes of death can be re.
lungs und other organs, Al the ghe
eApOSUTE s Lo be established with
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Re e e Noeads 3

voteoantl B and BM methods should be applicd simultancously
< et avospational and commuamty ahadions,

e padenolopie studies are needed. Populations in wveriad
L0t enposuie ranees should be studied, including oceupationad,
o wehesht, anad meghborhood exposures. Special studies ol presas
v e e Deaded to determine wheiher the incidence his been

sy and to detessmine the current patiern of distribution. A
soserres of routine sutopsies should be studied to determane
whether vatses of death v be refated 1o amounts of asbestos in the
W o~ ot other organs, AR the above are urgent if 4 range ol sate
Aapesare s b be established with conlidence.
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Conclusions and
Recommendations

PATHOGENICITY OF ASBESTOS MINERALS

Any of the commerciaily used asbestos mineruls. when inhaled in st
ticient numbers, as in uncontrolled occupational exposures, Can cause
disabling tibrosis of the lungs. An association between occupational ex-
posures to asbestos and bronchogenic carcinomi hus heen established.
but the dose-response refation and the role of cofactors have not been
defined. Evidence of a causal assoviation between some but not all ¢x-
posures to asbustos fibers and diffuse malignant mesotheliomas of the
pleura and peritoncum is substantial, but evidence ot such a relation
with other tumon is inconclusive. Although the ditferent types of as-
bestos differ in some of their biologic efiects. no type can be regarded
as free of hazard. The hypothesis that asbestos fibem act as cotacton
or carriers of carcinogens is attractive, but as yet unproved.

| EVIDENCE OF HUMAN NONOCCUPATIONAL EXPOSURES
TO ASBESTOS o

The demonstration of ferruginous badies, similar to those found in
asbestos workets, in a farge proportion of randomly selected lung
specimens in many parts of the world is presumptive evidence that

RI{]
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Condlustons and Recommendations t
oo ~wath no ocvupationad contact imay haveanhaled and retained
v s Proot has come in some arcas with postive sdentifawahion o
Voocrbeasbestos Bbers Analyses oF commumity car tor asbespos

da boon o innted to denine the sources, coticentrations, and Jdistri-

botescol tibers i the environment. The tiber concenirations that
v becndemonstrated e ambuent e are siatl, compared wath

1

P andusiny s but data are madeguide tor detimtive comparisons,

ENTIMATION OF RISK IN HUMAN NONOCCUPATIONAL
E\POSURES TO ASBESTOS

{9 mest important question n the case ot persons with nonocetipas
Pt enpostres 1o ashestos is whether there s an imereased risk ot
Lnaes Industrial evpenience indicates that there is no Likeli-
heed of sizimticant ashestoss in nonoceupastional exposures. The
maer potential tor nisk appears to hie in those wath indirect occupias
1=l contacts, household vontacts, o resadence in the immediate
nerzhborhood of an asbesion source. and even there, the actual nisk
~pecrivdetined. The appearance ol a guudient of eftect in such
sotpes howeser, suggests that there are fevels of inhaled asbestos
without detectable sk [ is not known what range ot respirable
aborne asbestos tibers will ultimately be tound 1o have no measar-
sbie ettedts on health, A present. there s no evidence that the sinall
pearbers of tihers tound o most membees ot the general popuistion
theatth or Tongevaty

MEED FOR AND FEASIBILITY OF CONTROLS

Vsbeston s too important in oue technology and ceonomy for its esen-

Gal use [ he stopped. But, because of the known senous eifects of
rcentrolled mnhalation of wsbestos nunerads windustey and aneer-

Lanty s to e shape and character o) the dose=response curve in man,

1t asahd be highly imprudent to persit additional contanination of

e puble environment with ashestos, Continued use it monmal nisk to
e eublic reguires that the major sourees of mansmade asbestos emise

vemanto the atmosphere be defined and controlled. Tn the absence of

“ichonnteols, Jocad liber concentrations maght at tunes uppﬁ'mch thosw
ccapational sites, Analy tie methods and epideniologie data are aot

- adequate Tor the development of an ambient ar standard, but
St controls are peeded snd appear to be leasble
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