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ASBESTOS AND HEALTH IN 1969 °

GEORGE W. WRIGHKT

Although a group of materials referred to
senerically by the term “asbestos” have been
kzown and used, to a small extent, far back in
w2tiquity, widespread and abundant use of
rzese Gbers did not begin until the last quarter
¢ the nineteenth century, with further sugmen-
ition of production during the first half of the
iveatieth century. There are six distinet varieties
«: asbestiform Bbrous minerals. Among tome of
‘zede, there are striking differences in chemical
:=u physical compasition (1). Most commonly
rooauced is chrysoule, 1 member of the ser-
-~utine family. The amphiboles are subdivided
2. crocidolite (blue asbestos), amosite, an-
t=oohyilite, tremolite, and actinolite. All are
nlie’ tes, crystalline in pature, 1ad characteris~

ically are divisible into very small fhrils.
(hesoti: and  anthophyllite contais much
amounts of magnesium than either
cracidolite or amosite, and the last two contain
@uch more iron than the others. The crvstalline
sructure and surface properties. which may be
~l importance in the biologie reaction, are also
scakingly  different among the varieties of
ashestos (1). In_view of the sseat variation of
‘hemical and phvsical properties, it is most ua-
siie to predict that the Enoio "¢ reactions of one
VAriety of asbestos wi mimicked by anatlier
w termms of cither actual consq\_nnca or mech-

1ni:my. To interpret the mog\c actions of

'From the DEEamm nt of [g-hcml S, Luke's

? Prescnted before the Medical Session. as part
of Section 3A. at the scnual meetiag of the Amen.
<38 Thoracie Society. Miami Beach, Florida, May
23. 1969,

asbestos, it s imperative that the character of h

the exposure in terms of concentration, size, and
types of fibers be konown. This sort of data is
scant or often nomexistent at pnant ‘mh
respect 10 exposure of humans.

Pulmonary fibrosis: In 1907, Murray (’) re-
ported the first cases of diffuse pulmonary
fbrosis discovered among a8 group of persons
who had experienced substantial and prolonged
exposure to respirable-gized -asbestiform fibers.
Subsequently, the term asbestosis” was applied
to this resction. Traditionaily, asbestosis has
connoted this kind of reaction and ity sequelse
with regard to altered pulmomary and cardio-
vascular function. Recentlv, the term has been

corrupted to include such manifestations ag—
leural thickening, pleural plaques, and even the
simple gresence o! {erruginous b&a. Kesolution
of the use of the word asbestosis must be ob-
tained to bring clarity to scientifie reporting. ..
Murray's report revealed the paradox of a life-
saving agent possessing the capacity for human
harm. At first, the conditiony under which this
biologic reaction came about seemed to be re-
stricted to those created during fabrication,
conditions limited to textile manufacturing at
that time. [n 1930, Merewether and Price (3
Jemonstrated that asbestosis posed 3 major

threat to the heaith of workers in the asbestos
textile trade. It is now known that in any of the

_severa| trades in which persons experience pro-

longed exposure to a high concentration of
reapirable-sized ushestiform Gber, it is probable
that some of them ultimately will develop
nulmonary fibrosis.

In response to the report of Merewether and

Augnicax REVIES ov {lusrtaatouny Di-paag, Vortur 100, U660 467
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Uriceg_the fabricaters of dsbestosecrntinnug
nrodiets touk sub-tantial aicasures to reduce
the concentratiun ot airborne fihers in the fae-
tories. The rcport of Suyers and Dreesen (4) in
139 further stimulated the introduction of
such corrective measures, especially in factories
of the U2 and in mines and mills of Canada
where 93 per ceut of the free world’s asbestos
was produced. Regrettably, substantial numbers
of persons expnsed to ashestos in their occupa-
tion have never come under a protective occu-
pational hyvgiene program. [nsulation applicators
and some individual or small busincss fabrica.
torz fall into this category.

The preventive efforts that were applied led to
considerable improvement ia the ?ncton.es, gni__‘u;
and mine eavironments and a subsequent less-
ening of the occurrence and severty of pul-
monaty nbrosis. L niortunately, the relaxation
of precautions governing occupational health,
common under the stresses of World \Wae II,
scriously interiered with many health protection
programs, including that for the safe use of
ashestiform fibers. As a result, the protection of
workers using ashestos in miniog and milling
and especially in factory settings has not bees as
good as it might otherwise have been.

Until quite recently, the threshold limit
value (TLV) lor environments containing as-
cititorm fibers wiazzested tentatively by Savers
v Orceseny (4) tn 1990 hag served as a muide.
Daca entirely adequate for the purposs were not
available in 1959, and it hag taken years to recog-
nize this inadequacy and to obtain the informa-
tion upan which to hase a more meaningzful TLV'.
Fortunately, one of the major uscrs of ashestos
in the procinction of textiles and textile products
has pursued for many yvears a program of en-
virnnmental and population monitoring that
now provides a more up-to-dite cxperience
(5. 8). These studies demonstrate that pulmo-
nary fibrosis ean be minimized when adequate
peorective measures are insticuted, and rhat the
veheentration of airborne fibers must be the
facal point of attention even though the tech-
nanlogy of sch monitoriag may he new, difficult,
and expensive. The U. 8. Public Henlth Service,
which beein exronsive studies intn the problems
af alwstos and health in 1961° together with
ashestns producers and manuiacturers in the
"% and Canada are at this time examining

*Ceallev. 1, 40 Perwonal cominunislion.
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thete evpeniciice with populutivn exrosurs 1ad
pulinunacy Lheoss uning the nast 30 vears 1t
will e 07 1atecest to learn how their fndins:
compure to those of the United Kingdem. A
provisional TLV expressed in concentration of
respirahle-sized 2sbestos fibers bas been set re-
cently in the Unired Kingdom, and a slightlv ¢::-
fercnt vaiue las been established in the U 3.
(6, ¥1. Whether thess are proper for all variesieg
of ashex:0s and all sotrings in which humaa ex.
pusure uight ocertr i3 debatable. There ia c-a.
siderahle evidenca to suzgest that chrvic-'a

penerrats-s to the dsen lung spaces less raad. v
and 1 clearad from -he iung more readiiv ri-13
- e ——

e 1U0dice noogidalize (8). Also, chrysza-
tile caus-s less pulmsnary fibrosis in experimen-y’
animals shan amosits or crocidolite (9).

With rs3ard to tie prevention of pulmonar:
tibrosis. ~ue would conelude in 1969 that in
many se*-inge the measutes taken have not been
adequaze. an:l chers are populations that have
bad littls or no prozsction at all. The koowledge
required rn nratee: all workers is not available
at pensene, and its development is one of the
urgent t::&4 of the ‘mmediate future. Neverthe-
less, an important :tep has been taken towird
further daining the conditions necessary for the
prevearion and mimate abolition of significaat
pulmonazy theosis n persons exposed to a:-
besras Bhar,

Brovesngaenic  cancer:  Althoush i 1733
Lyvacit o Smith 110} reported bronchoger:c
eancer in 2 naciencs with asbestosis, it was oot
uawl 0047 that the possibility of this recand
hinlagie ndience o7 a-hestos fiber was serinusl
raiserd, when Merewether (11} Jemonstratec
brunchrzenie cancer in 13 per cent of autnpsias
ol peescis who hiad ashestosis arising frorm amz-
ploviner. in tlhe rex-iie rrade. Eight vears li-er,
Doll 112+ t-paread 1 frequency of lung cancer
of ten *iong the 2xpacted rate in rexiile warkes:
expassi or at lee 20 vears, duting the peris:
betweer: 922 ned 1053, This experience haz b2z
confiems i in the t=x=ile teade by Newhaonza (10
Fuseritee and Rewdeiek (149, and Manewss
amd ElAszap 11340 Mere rocently, 3cliked ani
co-wnekzes 1151 erporred a4 frequensy of bren.
chagenic sane P 225t times that anricipated ir
a groir of ina cinn workers emploved et
more 'h-n M v cr who utilized 3 subsrarncial
portien - ¢ their sim2 removing old «r appliin:
ineran cvat enntained ashestns, Thi

ume
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wrics 00 0 poecs sugeests that aehestifarm Alets
-ty an undetermiued rofe Li. the augmeated
:requency of bronchugenic cuncer in some cate-
guried of warkees. In none of these categories,
~owevcr, has there been a {ull exposition of other
:ubstances which coexist with asbestos in the
znvirooment and to which the worker has been
«xposed (3, 6, 17, 18). It is pozsible, thecefore,
-hat coexisting materials possessing ecarcino-
:»nic potential might be'implicated. [t would be
arudent to explore this possibility thoroughly

Jelore accepling 130estos per se as the carel-
~ogenic tactor,

o ss0estai textile mills, the exposure involves
crimarily two varieties of asbastos, chrvsotile and
crocidolite. In some factones, ou has been
ipplied to the fibers before fnal processing.
Moreover, in the process of “opening” the
ibers, a strong possibility . exists that traces
«f metals known to .have carcinogenic in-
duences may have been added to the fbers
119=21).

[nsulation workers have been exposed not
aly to chrysotile and amosite but also, espe-
cially in shipyards, to croeidolite. The nature
2f their work, as thev remove old inzulation and
1pply new g various places, exposes these
~orkers to mamy nonasbestns substances, some
of which may be hyvdrocarbons adsarbed onto
:he asbestos fiber. The exposure history oi in-
slation workers is seriously Licking as to specific
Jetails of all of the materials that they may
have inhaled in addition to asbestos.

Of the numerous questions which could be
po-ed concerning the relation-hip of asbestos
ind bronchogenie cancer, the tollowing thres
are of immediate practical importance: (1) Is
the influence dose-related? (2) Is it related to
variety of ashestos? (3) Does the relationship
:avolve cocarcinogenesis? Some evidence bear-
:ng upon these questions is now availahle, but
i 10 ingtance i3 it complete.

Data concerning the question of «lo-r rela-
tiwnships do exist. The type ni wurk reluted
most strongly to the development oi bruncho-
zenic cancer has been in the testily and the
inanlitinn applieations trudes: the worker, in
mest instancey, has heen cmployed in cither
irade for 20 or moure vears. Merewether and
Price (3), and Salikoff and aesnciates (21) re-
port an incidenes of  ashsrasis  (pubmonary

iheo-is) in these groups oi $0 per cont atnong

persutis exposed for 20 or niore vears. This wndi-
cates 4 heavy and prolunged exposure to ashestos
for these twu types of worker. Koox and as-
sociates (3), in a contiauation of the study of
textile workers previouslv reported bv Dol

{127, show that tae incidence of lung cancer
decreazes with progressively smaller totgl ex.

posurcs to asbestos fibefs. Newhowse (13). alsn
in an asbestos textile population, has shown
that the occurrence of pulmonary cancer differs
markedly wirl cotal exposure, 3he reports no
increase of the incidence of bronchogenic
cancer in 3 low to moderately exposed group,
whereas ta a heavily exposed group the imci-
dence was augmented eightiold. Both groups
were {rom the same textile mill and were similar
with’ respect to duration of exposure and the
length of time of observation. Eaterline and
Kendrick (14) demonstrated a stronger rela-
tionship between lung cancer and emplovment
in the a:bestos textile trade than exists in the
less dusty manufacturing of asdestos building
producty or building materials. [n & series of
studies, Mancuso and El-Attar (15) suggested
that cancer risk is lower with lesier exposures
to asbestgs. From these observations, the in-
ference strongly favors a dose relationship be-
tween bronchogenic cancer and whatever effect
ashestos fihers may uitimately he thown to have
ia its causation.

The question of whether - the carcinogenic ~
role of asbestos is related to the specific kind of
fiber is more difficult to answer. For this pur-
pose, populttions having long-term exposure to
only one variety of fiber are needed. Virtually
all fabricating processes use more than one
varietv «ithin the same premises at anv one
time or have used more than one varietv at
various times. Populations restricted to mining
and milling in the production of a:bestos fiber
lend themselves best to a stndy of the effects
of 1 sinzle kind of fiber, and it is tn these
populatinng that one must look far an answer to
the inflnenee of a single variety of fiber.

Kiviluote and Meurman (22) showed that
expesnee ducing the penduction of anthophyi-
lite in Finlamd carries with it a threefol! to
tivefold ineerased tisk ot hronchosenic cuncer
fur those in the age group older than 43 vears
with more than 10 vears of cxpasure. At this
time, thern are no publisherd rdata with erspeet
s the ieequeney of hennchogenie caneer in the
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crocidotite or amosite praduction areas of South
Africa, the only place in the world where ap-
preciable amounts of these types of fiber are
produced. A verbal report' {rom South Afriea
suggests that the frequency is somewhat higher
than anticipated in the general population of
that country. Data {rom these regions wiil be
awaited with great interest. In 1958, Braun aad
Truan (23) reported a study of the frequency
of lung cancer in workers of the mines and
mills producing only chrysatile in the eastern
part of Quebec, Canada. From the data avail-
able to them at that time, they found no evidence
of an augmented frequency of bronchogenic
cancer in this group of employees. Although the
period of observation was oaly five )urs and
the group was diluted by short-term exposures, it
contained more than 1,700 persoans employed
longer than 20 years, all of whom had had at
least five years of exposure and 230 of whom
were older than 33 years of age. The data would
have been more meaningful if arranged in terms
of total exposure and time {rom beginning of ex-
posure. Nevertheless, if an excess of lung cancer
cquivalent to that scen in the settings referred
to previously in this paper did actually exist
in this population, it scems likely- it would
have been found. This same population is now
being restudied after a much longer period of
ohservation aud in & more adequate way.
Vigliani and associates (24) have found evi-
denée-of an augmented frequency of cancer of
the lung and pleura in a group of 233 persons,
previously compensated for asbestosis arising
from all occupations, who died between 1943
and 1967, [n a subgroup of 32 miners exposed
to chrysotile only, there was no augmentation
of the rate nt cancer of lung and pleura. Al
though these studies suggest that chrysotile
has little or no carcinogenic influence. more ex-
tensive and refined epidemiologic data are
negded hefore reaching that conelusion.

The sibility that the carcinogenic roie of
asbestos i3 solely that of & cocarcinogen 18 very

strong. The data of Selikof and associates
[38) are epgm[!v ge?nnent n_this mﬁ, 1n

that not a single bronchogenic cancer bas been
found 1 an insulation worker ﬂxo wag 4
noncizarctte smoker. cven t ou e
(o a<bestos expericnced by ¢

the same as thut of these \rho smokied lﬂd M
dev ‘clop hing eaneer.

*Welster. [.:

Personal communication,

The cunsvlerable vanation 1 the luag
cuncer mcidence between populations ot dif-
fering tvpes of employment may be solely
related to dosage, but it may also be the result
of ditfering cocarcinogens. Grosy and associates
{26) produced 1 higher than aaticipated fre-
queney of pulmonary cancer in rats exposed to
chrysotile. Thev attributed this variance, from
the experience of others, to be related to con-
tamination of the chrysoule fibers by nickel
cohalt, and chromium caused by the wear of
the metal components of the mill used . pre-
paring the fiber for admunistration to their am-
mals. Cralley and associates (19, 20) showed sub-
stantial amounts of these trace metals in the
asbestos fibers used commercially. Miller and as-
saciates (27) have shown that benzo (a3) pyrene
plus asbestos augments the yield of pulmo.
nary tumors produced by benzo (a) pyrene
alone. Harington and associates (23) raised the
possibility that adsorbed hydrocarbons occur-
ring nauvely or picked up in storage and
handling may play a role in cocarcinogenesis.

As reviewed in 1969, the role of asbestos in
augmenting rhe incidence of bronchogenic can-
cer appears to be dose-related, may be dependent
upon the specific category of fiber, especially in
relaciun to the degree of effect, and appears to
be that of 1 ccearcinogen.

M iothelioma: Subsequent to the earlier re-
ports linking occupational exposure to ashestoz
and bronchogenic cancer, there were several
suggestions that tumors of the peritoneal and
pleural mesothelium might be similarly linked.
Interes: in this phenomenon remained dormant.
however, yntil Wagner (29), in 1939, reported
20 cases ol pieural mesothelioma associated with
the Nor:hwest Cape region of South Africa, He
suggested chat these were related to exposure to
crocivinlite asbeitos becauze 14 of the perions
wore horn or had :pent their early vouth near
Kuruman, whaeee crocidolite production is one
of the major induitries. This observatioc
prumpted an :nteasive search for all mesothe-
liomas in South Airiea. Gilson (30) plotted the
nuraber and distribution of the South Africas
cases up to 1942 and demonstrated a srikiog
concenrration af cases in the Northwest Cape
Although almoit none was found to occur
clsewhere in South Airica, the inference that the
concentratica of mesotheliomas coincided with
the oie sattre of crocidolite in South Africa
woulil nnt 1a wasranted. \ substantial quantity

,
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¢: croaiduiite has Leen produced for a period of
.oy vuars, huudreds of mues away w the
e.iern [ransvaal, the same dred 1a whiel aiv-
sve and enrvsotile asbestos are produced (1),

{ovesugators in other patt: of the world
~.e examined thie dustnbution «f mesotheiomas
==d the irequency of wesoth:eboma 1o popula-
-ous occupationally exposed o ushestos. with
=& resuit that 3 strong relationship between ex-
soaure to azbestos fiber and che presence of
—-zutbeuosit Las been indicated. Most of the
c.iei out:ide Jouth Alrica, wiere nuping and
=:ling are implicated, have been reported in
24 United [Ningdow and, to o lesser degree, in
-z¢ U3 In spite of a clorough search, uo
=230theliomas have been found a:sociated. with
:=thophyilice asbestos production in Finland
-22). and few are reported w France (32),
~3ere the subject bLus probably not been
iaorcughiy investigated. In the United King-
<.@, the 2s40ciation bas been wvith populations
51 nsulation workers and a:bestos textile manu-
:sevuring lactories (33). In the U3, the rela-
<na:bip has beem shown predominantly with
=<u.2u0n workers (16) and, to a lesser Jdegree,
=i:h textle manufacturing-employees (13). Re-
czat study ot the distribution of mesotieliomas
.2 Cinada will be commented upon later.

[o most ot the studies to date, the question
4 neen taued as to whether the population
2t riis with respect to mesothelioma is to be
:nied onigide as well as inside the “tretory or
siace of work. There has been a plethora of
specilation Ly students of the problem that
:2ien has been accepted as faci cr interpreted a3
s:¢iz by iay writers. Theze dramatie speculations
zave iurther compounded an already dJifficult
=ai-er lor those respousible iur public protec-
9% 33 well as those respousiLie for the health
+{ crapiovees. Controversial or paradoxic issues
-buit mesothelioma and 1ibestos deserve a
uore complete discussicn than s possible in this
at e Among the co \ t
"ne relationship of asbestos exposure to meso-
ue:iuma of the pleura and peritoneum are the
illuiwing,

There 1s a lively controversy among patholo-
Jters regarding the requircments for establishe
g the diagnosis of primary mesotheliom (34).
Not only is there a question with respect to
she histologic eriterin, but even more imporrant,
‘he  uccessity  for catablishing by antapsy
ahethee the tumor it primaey oe seevndary

HEALTIL IN (0G0 17l

{t 13 apparent that the overw helming number of
CazCy thud 1af veiog related (o iiheitos are
diagnosed un the basis vt bopsy aloge. Further
study will be cecded (o demonstrate whether
mesotheliowna s being over or under diagnased.

[r one accepts that some kind of diréct or
indireet  relativinhip  between asbestos and
wesothelioma exists, does it involve a specific
variety of fiber! The dara from the U.S. and
United Kingdotn does oot lend itself to resolviag
thi3 question beciuse chrysotie, amosite, aud
crocidulite are tnvolved i the aulativa workees'
expusure, and clirvsotle plus crocidolite in that
of the textile mauutacturing employees. If one
examines the mining and milling exposures to
the spectfie variety ot fiber, interesting facts
eterge. Liviluoto and Meurman (22) did not
find a°single mesothelioma i & Eric Eig-
tion of muners and mill workers exposed oniy ta
anthoplivilice. This group worked for three
months or more between the period of 1938
and [967. Although others have stressed the
long peried of time required for mesothelioma
development, one would think that if anthophyi-
lite by itseli is implicated, at least one case
would Lave been found by nmow in a setting
known to eause asbestosis and & somewhat aug-
mented frequency of bronchogeaic cancer. In a
study of the distribution of mesotheliomas ia
Canada, McDonald and co-workers (33) were
TN4Dle (0 0™ excesa irequency in the geo-
araphic area where chrysotile, but no other
varietv ol asbestos, 13 produced.

The South African distribution of mesothe-
liomas” is uousually interesting. \Webster (38)
reports that before the end of 1968, 179 cases
of mesothelioma were agreed upon as meeting
acceptable criteria. Of these, the history of ex-
posure was known in 143 patients, and in 24
tliece was no asbestos exposure. Fifty-one pa-
tienta had been exposed during the mining and
milling of crocidolite in the Northwest Cape
only. An additional 52 patients with mesothe-
liuma, not exposed occupationally, were as.
suciated in some way with residence in the
Northwest Cape. Sluis-Cremmer (31) hasg in-.
dicated that ahout 20 per cent of all crocidolite
production in South Africa actually comes {rom
mines located in the Transvanl, a few hundred
tniles {rom the Northwest Cape. He also indi-
cated that altheugh the exporure may have been
<mewhat lees intense in these mines than in
thisee of the Northwest Cape, it neverthelexs was

o g o o
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high. The writer's inquiries coofirm this and
indicate further that the mines of the Trans-
-vaal have heen in operation for as many years
13 those in the Northwest Cape. The mechanism
for obtainmng _ data regarding mesothelioma
in the Transvaal crocidolite area is identical
to that for the Northwest Cape. Because not a
single case of mesothelioma has been discovered
from the crocidolite mines or surrounding com-
munities of the Transvaal, although 51 cases
have come from the crocidolite mines and 52
additional cases from the neighboring commu-
nity in the Northwest Cape producing exactly
the same kind of fiber, the contention that
crocidolite per se causes mesothelioma becomes
difficult to accept. Sluis-Cremuner (31) pointed
out this paradox in 1964. Webster (36), in his
current report-on asbestos exposures in South
Afriea, likcwise cails attention to this disparity.

It i3 of equal interest that only 3 cases of
wesothelioma have been reported as originat.
ing from the Transvaal, these being from the
amosite asbestos mines (38). No cases of
mesothelioma have been reported from the
chrysotile mines-of the Transvaal. On the basis
of what is known about the nhumber of
persons emploved, the intensity and duration of
exposure, plus lapse time, one would expeet
far more than 3 cases of mesothelioma if
amosite had the same potential as the factor
causing mesntheliomas in the Northwest Cape.
The dosage and particle size have not been
sufficiently different in the Northwest Cape
and Transvaal to explain the striking absence
or minimal occurrence of mesotheliomas in
the Transvaal.

The discoverv of such a stnﬁnjq_c_c_)_gc_en_t_ -
tion of mesotheliomas in the Northwest Cape

suggests the need lor a thorough study of the

Jdiferences Detween this region and other areds
of South Africa in terms of possisle etiol ¢

faetors. That somezbm other th.m or -

dition to, sbest:

{ormation seems mactpabls._.-‘l'hc geology and
climate of the Northivest Cape differs con-
siderably from- that of the Transvaal. Trace
metals, chemicale, or oils adsorhed onto ashes-
tos may be factors. [f crocidolite is impli-
cated, it is likely to be.in the role of a co-
carcinogen, snme additional agent providing the
difference between the experience of the North-
west Cape and the Transvaal. Much more study
needs to be made of this aspect.

The question of whetlier there is a tolerabe
exposure or threshold limit vaiue for asbestes
without contracting an enhanced risk of de-
veloping raesothelioma has been raised by the
finding of what, on first inquiry, seemed tn b
roinor exposures to the fiber in nonoccupational
cettings as & background for some of the rcases
of mesothelioms reported in South Afriea (35
and the United Kiogdom (33). Although orig-
nally it had been thought that there were zany
such examples of mesothelioma developing ou:-
side an occupation or occupatioa-associated eg-
vironment, better and more complete exposurs
histories reduced this proportion greatly. i:

rezent, SO per cent or more of the mesc:fe-
liomas thus studied io the United Ringdom

and Noith Alrica have been shown to have an

gceupational or paraoccupational 3e3oeia
with .i-hestos Nber. 1he level of this exposure

ig snbstantial. Most cases occurring outside
actual “on the job occupational eXposure” occur”
throngh an expoted worker living ou the 1ame
premises, who brings fiber into the home on his
clothing, or through contamination of the
environment surrounding aa industrial opera-
tion which has cast sirborme fiber into—the
atmasphere for vears and thus exposed per:ons
living or working in such a neighborhood. This
waz npecially exemplified in the Northres
Cape region of South Airica where roads were
marle oi ashestos-bearing waste rock, wher:
women were empldved in hand cobbing or in
gleaning ashestos Gber from the waste heaps
and where rhe mill diszeminated blue fiber quite
widelv arcund irs lecation. There is reazon o
helieve that these various types of exposir2
have heen mibstantial in the population rhus
involved during rhe past {0 vears.

With respact ro neighborhood or paraocernpa-
tional exposure to ashestos in the U'S. it is
of interest that Barrow and co-worker: {37
called arrention to the fact that none At their
sceies of mesorhelioma, gleaned from a com-
rounity medical practice, fell into this cate-
gory of exposure.

Is it reamnahle to believe that the cases of
mesorhmiema 1n whielt no occupational of para-

occupartonal ashsstna exposure can De dis-
clnsndd, amounting 'o [ess than U per cent of
thnee peporred from the Unit
South \inea. in_Lict represent 1 reactinn tc

the_cazuil expomires which might he expen
cnced hv the publie ar large? In the Umted
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Eingdem, where ag inteasive zearch for meso-
rzeboma bas been pursued acuvely dunog the
s15t four years, fewer than 100 cases thus far
aave been discovered in persons who have not
2ad a Xoown substantial exposure to asbestos
33). li one adds to this a portion of the 132
~3jes about which there way no informaties,
e numver of persons who kave sot had a
iscoverable substantial exposure, but in whom
. mesothelioma has developed, is less than 200.
This number is such a minuscule proportion
i the adult population from which the cases
Tere gleaned that it Decomes dubecult to ed-
*arzain the view that the asbestos Dbers that
23V be (n the AIr and reipired I8 4_catudl
‘uhion bv the public at large pose a genuine

s1repozenic threat.

[{ one postulates that thers are respirable-
nzed Gbers of asbestos 1B the ambieat air
reathed Dy the general publc, the StnkiBgly-
rare occurrence ot mesothelioma oot related to

aceunation strongly suggests tnat thers s 3
. ~alerable level of airborne asberins Gber which

3cet not cause an uodue sk o developmeat
«f mesothelioma. The fadings oi-Newhouse
1137 and McDonald and associaces (35), which
ndicate that a gesuine occupational exposure
) asbestos has been tolerated without evi-
‘eace of an increased risk of developing a
ziednthelioma, suggest that the tolerable level
s substaptiaf “The evidence strongly favors the
coneept that the casual exposure of the gen-
2ral public has not exceeded mich a level in
¢he past, .
Ferruginons (asbestos) bodies. In spite of the
iaregoing considerations, additional develop-
meot: have caused some investigators to suggest
that an epidemic of mesotheliomas will oeccur
.maog tie general public in the near [uture
+33). This apprehension is hased on the finding
3¢ Thomson and sssociates (301, confirmed hy
several others, that structures dentified 38 being
smidar ro asbestos bodies (eommonly seen in
Jersons Known to Bave an iatens:ve exposure to
ishestos filxers) are found in 23 per cent or more
¢l the aduit genecul public by itcet examina-
tion of lung tissuc or of the iujces preseed from
fuch tl,",ug The {requency of occurrence of tlicse
bodies in the lungs of the general public appar-
*ntly depends upon the vnlume of lung tissue
cxamined and the intensity with which the
search i3 mude. heeause Ltidiian and en-wnrkers
{40 report that in their serp-s almost 100 tur
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"~ widelv disseminated in the eavironment of_the
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cent of the popuiation exinbited these bodjes
These structures have been assumed by many to
represent coated asbesios fibers and, thereiore,
to indicate an exposure to the inhalation of as-
bestos fiber, hence a higher risk of developing
mesothelioma. Several facts militate against
this conclusion. :

The coated fibers found in the lungs of the
TDlic_have 0Ot been Droved (0 De A4sDestos
&e_rs_.-fmn they are found i persons who
- - ]
have experienced 3 heavy exposure to the in-
halation of asbestos fiber, it is reasonable to
assume that the bulk of these bodies do
represent asbestos fiber. It has been shown,
however, ..that other materials which are
fibrous in pature will produce bodies of anm
idenridal appearance (41). Cralley and as-
sociates (42) have listed 20 mizeral materials
_that are hbrous in nature and that may bc

gencral public. Because of the numerous othcr
tvpes of fbers that may, and simost cer-
tainly do, gain access ta human lungs where
they become coated swith an iron-protein com-
plex, Gross and co-workers (43) suggested the
term  lerruginous bodies for these structures
and suggested that thev be called ashestos
DBoclies onlv when it is Known with certainty,
or can be presumed om the basis of known
‘exposaze, that the centrsl Gber of the body is
0 1act ashestos. This would appear to be a far
more accurate designation and scientific atti-
tude than to insist on calling all of these
badies asbestos bodies whether or not they
are known to be such.

bodies

lias hecome quite

egcu rom their presence in_the genenal pope
ulation have been made (38, 44). Without
attention to the necessary quantitative and qual-
itative factors, it has been predicted that the
experience of the geoeral public with respect
to mesnthelioma will parallel that which has
thus (ar been disclosed in certain very specific
aceupatioml and paracccupational settingy. A
anmber of facts indicate a great need for eau-

tion brforc arniving 3t _such 3 se rious cof

chmion. 10 traosfer the experience of & specifie
mpanon:l or mraoceupauoml population teo
the general publie requices evidence that the
expasure of the publie does, in fact, corre-

Gt
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o
spond to those populations ia which an in-
creased risk of mesothelioma is said to exist.

- This i3 especially true now that it has been

demonstrated thit there are some ocsupational
pupulations in which the exposure to asbestos
fiber exceeds many fold that of the gencral publie
and in which no evidence of an unusual
mesothelioma risk was found (13, 22, 35). What
is the present situation in this regard?
As_indicated in_foregoing discussions, coo-

clusions with regard to the relationship be-
tween mesothelioma and asbestas fiber per ge,

gven tn an occupational setting, are rather un-

certaip at this time. The roles of types of fiber,

———
cucarcinogenesis, and dosage are so-~far from

being clear in these special occupational set-
tings as to give little assurance that they can be
transierred in any meaningful way to the
nogoccupational related or general public popu-
lations. .

Although a scant pumber of ferruginous
bodies has been demoastrated .in lungs from
the general’ public, there has been no demoan-
stration that these are in fact the result of
exposure to asbestos fiber rather than to oue
or more of the many other materials known
to be capable of producing ferruginous bodies.
At this time, the determination of whether the
fihrous core of a ferruginous body is in fact
asbestos is extraordinarily difficult and quite
bevond the means of other than the most
sanhisticated laboratories. In spite of this, the
necestary iivestigation must be done before
the contention that all ferruginous bodies in the
general public are in fact asbestos fibers can
Le accepted. .

Quantitative ecstimates - indicate that the
number of ferruginous bodies found in the
lungs of the general public is a small fraction
of the oumber found in the lungs of those
who had been occupationally exposed. If one
accepts the contention that ferruginous bodies
reflect ashestos exposure, one must conclude
that the general public has had far less ex-
posure than those persops in occupations us-v
ing asbestos fiher. That some persons with -
known oceupativhal exposure to asbestos Aber
appear to have hut few ferruginous bodies
complieates an interpretation of quantitative
measurement of ferruginous bodies. It is clear
that mneh more eomprehensive and reliable
dara with regaed to the dvnamies and the
quantitative and qualitative aspeets of fere

ruginous bodies is necessary befare any meag-
inglul interpretation of their imporwance ior
the general public can be made.

The finding of ferruginous bodies in 1 lirgs
proportion of the general population has ied
to the contention that the augmented use of
asbestos in the manufacture of products ha:
greatly increased the degree to which the gen-
eral public has been exposed to this rber.
This assumption bas been based upon :he
simple statistic of asbestos consumption, w:ix
no attention heing paid to how the rher ::
used nor the degree to which its ulumate
fabricated form would lend itself to dissem:-
nation of fiber among the public (30). Al
though it is possible that augmeated consump-
tion of asbestos fiber led to a greater outpur
of these fibers from {actories into the air sur-
rounding the factory, this does mot constitute 1
generalized public environmentsl exposure.
Tabershaw (45) bas pointed out that asbestos
is used for the most part in fabrication of
materials that are unlikely to become air-
borne. It is not widely appreciated that the
bulk of the products using asbestos actually
bind the fiber firmly in the product, and there
is subsequently very little opportunity for re-
lease of this fiber except by slow wear of the
produets.

The estimated consumption of asbestos fiber

tons in 1918 to 720,000 in 1963: most of tae

increase occurred aiter 1940.' Once the 8ber.
10 the torm of 1 product, is put into place.
it is not released except by gradual wear, which
in most examples is minimal. During factorv
procesiing. the public at large is not exposed.
During the uze of certain products. such 2
insulation removal and application, fibers are
released and thnse in the immediate vicinity,
workmen and public, mav be exposed. This
category of product cao be thought of a:
having fibers that are “loasely bound,” in coo-
trast to such products as asbeitos cement or
floor tile which actually incorporate the fiher:
and bind them very tightiv. The quantity of

asbestos fiber used for “loosely Bound” products.
iﬁ;lnanﬁi msuEtion uﬂg_t_:'re 12, has increased
from 39.000 onlyv to 335.000 shoet tons hetween
1920 and 19G3.}

The cnmmercial crade of fiber indicates the
kind of products in which it will he u:~d

* Punslaaek. B Peesonal eommunication.
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U.S. A IMPORTS CHRYSOTILE ONLY
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Fre. 1. Auwount of chryvotile asbestos (short tons) used in the U. 8. during 1930 to 1963,
according to the grade of fiber. Longest fibers are grade 3 and shortest are grads 7. Loouly
bouad” products include insulation esad other materisls that may release Bbers during use,

instailation. ur removal.

That most of the augmentation of consump-
tion of chrysotile has been in grades 4, 6, and
v (especially 7) is shown in figure 1. Grade
v goes predominantly into asphalt and vinyl
Boor tile. which usually has a life of 20 to
25 years or more before it is changed, a3 8
result of decoration alterations rather than
wear. The bulk of grades 4 and 8 goes into
asbestos cement products, especially asbestos
cement pipe, in which the replacement time
is indefinite—sy3stems now in use are more than
30 years old. Air contaminatioan does not occur
irom this source. Although thers may be some
weathering of asbestos cement shingles and
siding, the rate of wesr is very slow. It can
readily be seen that although there hag been
an augmented utilization of asbestos fiber, the
largest fraction of it has gome into strongly

bound products designed to last many years.

The wear from these products is also far less
than the total product by the time the ma-
teria| is discarded.

Asbestos orms an essential part of friction
materials. Conerrn has been expressed that the

public is exposed to large quantities of asbestos
fiber liberated by the wear of sutomobile brake
linings: This is unwarranted. The amount of
asbestos fiber used in friction material in the
US. ras estimated at 33,000 tons, less than §
per cent of the total in 1963." Studies of the ma-
terial released during the use o .

emonstrated that the Bi eat of friction
destrovs the asbestos converting it to an
amorphous material 0o lon Eﬂl the char-
s T usbasioe—OT the total maverals
removed from brake linings during their use,
less than § per cent appears as actual asbestos.
The amount of asbestos fiber released by
normal friction material wear must be small
indeed. :

The fibers that might be released from all
kinds of wear either become intimately bound
with the soil or are captured in cither rain
water ot in water used for cleansing. Ultimately
the fibers are distributed predominantly where
water ig distributed. A study of river water has
shown that asbestos fber is aimost univergally
prrscnt_although in_quite small smounts. How

O

—
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TABLE 1

AMOUNT oF Commirciat Tare Useo For Viriols
. Proouers ix rur U.3. (Snomrt Toxs o~ 1967)

Tatal U.3. consumption §26,000
Ceramics 220,00
Paine 131,000
l‘.u-:ﬁng 72,000
Insecticides 159,000
Daper 43,N00
Refractnries 41,000
Duliber 31,000
Tinles prepurations 24,000
Oiher 167,000

of tibers 1n the general environment 1s 3 ro-iit
of wear. [t 15 obvious from tlese darg :hut
commercial tilc provides a potent saurcs 3t
least equivalent to that of asbestos for suppiv-
—mg re:pirable-sized abers that coyld nroduce
ierruginous bodies. [ is dithcult to concewve of
- 2 better way of having fibers inhaled than the
use of cosmetic talcum powders. [n this re-
“gard, it i3 et interese rhat Avril and Cham:oax

<4y 1ound no  ferruginous bodies in 113

aylonses g France [t i3 claimed that :ne
. cusmetic _talecum n France has no fibers! The

Tural U.8. consumption of ashestos in 1963 was
720,000 zhouet tons.

~
rauch of this comes from wear of products and
how much from leaching of soil is of course
not determined. The concept that asbestos is

indestructible is [allacious, and (he Deliel JRat
It accurmulates on the suriace of streets and

other rlaces seems ill-founded.
The powsibility that sources of Gber other

than commercial asbestos may lead to term’i-

ys bodies must be considered. Talc is a
{orm of magnesium silicate that exists in_gev-
ral torms, has lirge industrial use, and com-

moniv 18 contaminat an
such a3 tremolite and even chryiotile. It should

Te noted that tale production has been shown
to_ecanss puimonary HErm ang EEnEI\ n-
flicnce the development of bron i¢_eapn-
£er (). As shown in table 1, the consumption
nt commercial tale in the T.S. exceeds that
1or ashestos. Attention to some of the products
made suggests that the opportunities for air-
Lorne tale dissemination may have been zug-
meunted to an cven greater degree than has
aslnestos. Cralley and associates (48), in an
aszespment of 22 cosmetic talcum powders
puceivieed in the US., found that an average
of 20 per cent of the particles were fihers.
Thude fihers are fully eapable of producing
fvrruginous bodic« in the experimental animal.
Tt ie of interrst to note that the amount of
commercial tale that ultimately finds ite way
mra terlet peepagarions 14 far in exeess o the
amount of a¢huernq Tised 1n_the manuiariure
ot in-tlation marerials, [ngecticicte preparations

cunsume a larger tounage than all of the nn-

baund Kinda nf athestos fiber put together.
Rutber, which ntilizes a laege amonnt of crin-
mereial tale, may eontribute to the discharge

-

extent to which other mineral or vegetahle
-flers known to be present in the enviroc.
went of the general public may contributs
to the productiun of ferruginous bodies is 23
vet unkaown.

,-Data have heen reported recently bv 3elikord

and [Hammond 131 showing that the irequency
Ol occurrence of Ierrugioous DOdies 8 oisen-
Al the Tame e Tumer obermed By satoniy
1934 as in 1087, 2 finding diMcult to reconcile
“With the contention that the augmented ute oi
awbestos Juring the past 33 vears has greatly
enbanced the exposure of tﬁe eneral pubuc
Mmar. [t also raises the question of

whether the fibers in these ferruginous bodies
are in (1ct a:hestos. A similar study in Great
Britain failed to demonstrate any ferrug:-
nous hadies in lung samples obtained at ne-
cropsy in 1938 or in lung samples from fe-
males autnpsied in 1948 (51). Although thev
may have heen fawer than now, there surelv
inust have heen potent sources for the diszemi-
nation nf both rtale and asbestos in Grent
Rritain hefore 1738 and 1948.

The previous fndings provide little or no
cvidence 1t suggest that an epidemic i
mesothelioma amons the public at [arge is to
e expecred. In 2 more positive wav. the data
from Sonith Africa indicate that during the past
five nc 3ix vears tne number af new casss of
mesathelinna have bheen rather conastant ar
approximuteiy ) per vear, and in Great
Britain (331°_oniv 3 moderate increate ha:
heen thown,

Although the s:udy of {erruginous bodies
i~ of interest, the necessity for the central
care tn he identificd aud for quantitative dara
to be obtained in ~rder that more meaninerl
conelusicns e reached ahout their import

“Aviil, 3. Perwns L communieation,
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c17gests that this is an srea of study with
d:mnishing returns. A diréet approach to the
aiore easily identifiable asied fbers contained
it the lung would appear :¢ be a more fruit-
ul avenue of search. Sull better would be a
direct approach to the ty-es and amouats of
£her present in the ambient air oi the various
environmental locations tzat are of interest
with respect to occupatiozil, paraoccupational,
:ad general public exposire. Aitkough this
would pose the disadvar:ige of not giving
nformation with regard ) iong-term= past ex-
co:ure, there is equally no guarapree that
{arruginous bodies truly rezretent thie complete
history of past exposure. The direct approach
to the study of fiber popu'ations in the ambient
air would have the adv:ntage of telling us
~nat the conditions are ior the public at pres-
ent. :

Pleural plaques: Attenrion has been directed
toward another phenomeson said to be the
result of past exposure to asbestos foer. Since
the frst recognition that prolonged inhalation
of asbestos fibers might in :ome persons lead
to difuse pulmonary fibrosis, clinicians have
bsen aware that areas o! ihickening of the
rieura occur in some suct -iersons. At times,
tr.1s thickening is localized L-ading to the ap-
pearance of plaques, some i which may be
caicified. The pleura effects :1nge all the way
(rom minimal Gndings to exteasive and bizarre,
tzregularly shaped, calcifc masses. Pleural
plsques with or without csleification are a
matter of considerable inzer:st at the preseat
ume. Unexpectedly, these manifestations are
o:ten absent in persons who have well-developed
d:ffuse pulmonary fibrosis resulting’ from pre-
lnnged exposure to ashesios fiber, ind they
Tay be very extensive in persons with little or
0o difuse fibrosis. In fact. rather extensive
pleural plaques have been reported as being
c mrmon in largs populations nmot directly ex-
pnsed occupationally to asbestos, but living in
or near the region where asbestos Sber is being
rroduced or used (52). Thers are, of courss,
other causes for pleural plaques and calcift-
cation, and, in some instazces, it is unwise to
a:cnbe chese findings to the inhalation of
asbestos Gber. In a geographic area where
a:hestos fiber is known to be present in con-
siderable concentration in the ambient air,
there is every rcuson to helieve that from an
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epidermmiologic point of view it is proper (o
consider these findiogs as evidence of asbestos
exposure. '

Long-term implications of pleural plaques are
a matter of interest. [n general, unless the
thickening of the pleura is extensive, the er-
fects of this patchy thickening on various as-
pects of pulmonary function-are minimal or
absent.” There is no evidence that the presence

q‘ pleural plaques connotes anvthing with res
spect to_the ultimate development of mesothe-
ioma, [n fact, tvo of the geographic areas
in which the largest concentrations of pleural
plagues hiave been reported, Finland (52) and
eastern Quebee Province,' do . pot have a
demonsitrated excessive frequency of mesothe- -
lioma. To use the presence of pleural plaques
a3 a marker of previous asbestos exposure is
of limited value, in view of the fact chat other
causes lead To this tonditioa and especially in
view of the fact that the absence of plaques
in no way connotes the absence of absestos ex-
posure. -

L ® *

The relationship between asbestos and health
of humans, as reviewable in 1969, indicates that
serious exposures to asbestos fiber can occur
in certain occupational and immediately ad-
jacent environments. Fortunately, the con-
centration oi asbestos fibers in these settings
can be controlled. The environment of the in-
sulation workers 15 more t to coatrol
~than the more hxed and permanent eaviron-
ment of the factory and associated ne: Rbor-
ood, An spproximation ol the concentration
of respirable-tized asbestos fiber that can be
tolerated without the risk of pulmonary Sbrosis
has been achieved. There is reason to believe
that this concentration will also minimize the
risk of pulmonary malignancy including meso-
thelioma. Because of the long time lapse as-
sociated with the development of malignaney,
longer periods of observation are desirable int a
final decision on this point. There is ressnn to
belisve that the occupationa] usa ol asbestos
fnber can achieve the same degree of Jalety &Y
The 11s€ Nl explosives, ragiatios, 044 Bervmua,

aithouch extensive alterations ma red
in_the enntrol of production and manufacturing,

* eeklike. M. Persnnal commuagicating,
*Cartir. I': M:rsonul communieatioa.
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the containment of asbestos fiber so that noge

escapes to the outside, and the proper gispasal

Lhe nsk to the general public posed Dy the
mostly intermittent exposure to the low con-
FTTon o asberios Thely Tobe TreeiLin
mr___ﬂﬂ_E&mmmd
the Limits imposed by knowan facts. Research

to develop the necessary additional information
upon which appropriate and realistic measures
for safe use of asbestos fiher can he taken
should be the goal in the next few ycars.

(Received for publication July 10, 1269)
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