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ASBESTOS AND HEALTH IN 19692
((EORGE W. WRIGHT

Although a group of materials referred to
generically by the term “asbestos” have been
known and used, to a small extent, far back in
antiquity, widespread and abundant use of
these fibers did not begip until the last quarter
of the nineteenth century, with further augmen-
tation of production during the first half of the
twentieth century. There are six distinct varieties
of asbestiform fibrous minerals. Among some of
these, there are striking differences in chemical
and physical composition (1). Most commonly
produced is chrysotile, a member of the ser-
pentine family. The amphiboles are subdivided
into crocidolite (blue asbestos), amosite, an-
thophyllite, tremolite, and actinolite. All arc
silicates, crystalline in nature, and characteris-
tcally are divisible into very small fibrils.
Chrysotile and anthophyllite contain much
lirger amounts of magnesium than either
rrocidolite or amosite, and the last two contain
much more iron than the others. The crystalline
“tructure and surface properties, which may be
i impartance in the biologic reaction, are also
“trikingly differcnt among the varicties of
ambestos (1). In view of the great variation of
rhemical and physical properties, it is most un-
“afe to predict that the biologic reactions of one
‘ariety of asbestos will be mimicked by another
i terms of either actual consequences or mech-
snisms. To interpret the biologic actions of

'From the Department of Medicine, St. Luke’s
Hasnital, Cleveland, Ohio.

*Presented before the Medical Session, as part
ol Section A, at the annual meeting of the Ameri-

n Thoracic Society, Miami Beach, Florida, May
5. 1969,
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asbestos, it is imperative that the character of
the exposure in terms of concentration, size, and
types of fibers be known. This sort of data is
scant or often nonexistent at present with
respect to exposure of humans.

Pulmonary fibrosis: In 1907, Murray (2) re-
ported the first cases of diffuse pulmenary
fibrosis discovered among a group of persons
who had experienced substantial and prolonged
exposure to respirable-sized asbestiform fibers.
Subsequently, the term “asbestosis’” was applied
to this reaction. Traditionally, asbestosis has
connoted this kind of reaction and its sequelae
with regard to altered pulmonary and cardio-
vascular function. Recently, the term has been
corrupted to include such manifestations as
pleural thickening, pleural plaques, and even the
simple presence of ferruginous bodies. Resolution
of the use of the word asbestosis must be ob-
tained to bring elarity to scientific reporting.

Murray’s report revealed the paradox of a life-
saving agent possessing the capacity for human
harm. At first, the conditions under which this
biologic reaction came about seemed to be re-
stricted to those created during {abrication,
conditions limited to textile manufacturing at
that time. In 1930, Merewether and Price (3)
demonstrated that asbestosis posed a major
threat to the health of workers in the asbestos
textile trade. It is now known that in any of the
several trades in which persons experience pro-
longed exposure to a high concentration of
respirable-sized asbestiform fiber, 1t is probable
that soine of them ultimately will develop
pulmonary fibrosis.

In response to the report of Merewether and
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theit- experience with population W
prknesary fbrasis. during: the-past 30 Y& :
will be of lmemttolumhowthdr
compare to those of the United Kim
pm.u-lTLVexpre-adm:oneem
respirable-sised asbestos fibers has b
whmumdmmu.m. i
fereot valie has been established : in” NSRS
(6, 7). Whether-these are proper forallitl
i b : ummmmhm .

‘ posure-might occur is debatable. Thes
MW Insetation npplienton siderable. evidence to suggest that-e
and some indiblliis} or small business fabriea- penetrates to the decp hung spaces. &
tors fall into this eategory. and ie cleared from the lung more- re

The preventive offorts that were applied led to either amosite or erocidolite (B).:
conaiderable improvement in (be factories, nﬁ.- tile causes Jess pubnonary fibrosis in &
and mine enviromuents and a subsequent less~ ani ! ?
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conmponsunder- the stresses of World War TI, adequate, and there are populations. €
seriously interfered with many heaith proteetion - had Httle or 8o protection-a¢ all. Td&N
programs, including thet for the sufe wee of requited to protect all workers is ax
asbestiform fibers. As a result, the protection of at presest, and its development i i
workers nsing asbestos in miming and milling urgent tasks of the immediate future.
and especially in factory settings has not been as !u,animpoﬂantnepbubeen
good as it might otherwise have been. further defining the conditions n
Until quite recently, the threshold Fmit prevention and ultimate lboltbon of?
valve (TLV) for environments contaming- ss- pulmomary fibrosis in persons -expe
b:-dﬁ!om fibers suggested tentatively by Sayers bestos fiber. R
and Dreesen (4) m 1939 has served s a guide. Bronchogenic cancer: A]gbw‘b"' P .
m9MyMtefmunpurpmmm Lynch. and Smith (10) reported -be -
available in 1930, and it bas taken years to recog-  cancer in 2 patients with-asbeste
nise this inadequacy and to obtain the informe- ynti] 1947 that the possibility. of
tion wpon which to base & more meaningful TLV.  bLiglogie influence of asbestos: Bb
Fortunately, one of the major neers of ashestos ryiged, when Merewethor (11) ¢
in the produetion of textiles and textile products bronehogenic cancer in 13 per ¢
has purseed for many years a program of en- olmwbohdub“l'
vironmental and population monitoring that ployment in the textile trade. Eigh
now provides a more up-to-date experience
(5, 6). These studies demonstrate that pulmo- ?{D?m(&.nﬁdw. lm:a:: e
nary fibrosis can be minimised when adequate exposed for at least 20 years, d
protective measures are instituted, and that the pbetween-1922 and 1953. This & W'l%
concentration of sirborne fibers must be the mﬂfnedinthmﬁhmdob  Neali
focal point of attention even though the tech- Enterline and Kendrick (u{ ek .
nology of such monitoring may be new, diffieult, and El-Attar (15). More recently, Sl
and expensive. The U. 8. Public Health Service, co-workers (16) reported a f —
which began extensive studies into the problems ) ie cancer eight tlme: m i
of asbestos and health in 1961 together with 4 group of insulation e
R T T o Ut 2 T e e
: are at this time examining |ortion of their time ing oid or apul
Cralley. L. J.: Personsl communication. new insulation that contained ashe

i :

ST0011658




1On eXPLANIe ani
¢+ pany 30 years, |
ivow their firmime.
vited Kmgdom. \
n coneenifation
‘s has beew net
, andd & shghtly dn
lished in the U |
yer for all variete
n which human e
able. There is con
wt that chryaoni
spaces Jem readih
: more readily tha
- (S). Also, chrym
to<is ip experiments
Wolite (9).
ntion of pulmonen
le in 1969 thst =
taken have not ben
puintions that han
t all. The knowledp
kery is net: avaield
ment is one of th
ite future, Neverthe
i been taken towan
ms necessary for th
wlition of mgnifiesy' )
ons expneed to »

i
:Although in 1%
ported bronchogew
osis, it was o
ility of this secos
fiber was serioud
(11) demonstrate
r cent of autopet
is arising from ew
ide. Eight vears late
peney of lung caner
Fte in textile worke
rs, during the pern
experience has ber
by Newhouse (13
(19), and Manew
tly, Selikoff a*
frequency of bror
es that anticipated !
‘orkers employed f
utilised & subetanir
oving old or appive
tained asbeston. TP

ARBENTON AND HRALTH 1X jo80

qmr 0§ Teports saggests that aslext:form il ers
plav an undetermined role in the augmented
repuney of bronehogenic eaneer N some cate-
e of workers. In none of thewe categories,
owerer, has there been a full exposition of other
dlwtanrre which ecoexist with asheqon in the
.mirvnment and to which the worker has heen
njeead (3, 6, 17, 18). 1t is poscible, therefore,
iyt roexieting  moterials  poseessing  eareino-
svive potential might be implicated. It would be
jrmbent to explore thix possibility thoroughly
lafine aceepting asbexios per se as the earci-
regratic {actor.

In asbestos textile mills, the expoeure mvolves
prmarily two varieties of ashestos, chrysotile and
roeidolite . In some factories, oil has been
yilied 10 the fibers before final processing.
\foreover, in the process of “opening” the
hhers, » strong pox=ibility exists that traces
wi tetals known to have earcinogenic in-
finences may have been added to the fibers

119-21).

" Insalation workers have heen expoerd not

wily to chrysotile aru nmosite but alo, espe-
mally in ghipyarda, ts + cidolite. The pature
of their work, as the: 1inove old insulation and
apply pew in varions places, expowes these
workers to many nonasbestos sulxtances, some
of which m~y he hydroearbons adsorbed onto
the ashenton fiber. The expoeure history of in-
mhtion workers is seriously hcking as to specific
dtaibe of all of the mnterials that they may
have inhaled in addition to asbestos. ’

f the numermis questions which could be
{=»rd conecerning the relationship of asbestos
ami hrunchogenic cancer, the following three
arr of immediate practieal importance: (1) Is
'he influcnce dose-related? (2) Is it related to
tarily of asbestos? (3) Does the reiationship
mvulve cocarcinogenesis? Some evidence bear-
e upon these questions is now available, but
" no inatance is it complete,

Iita concerning the question of dose rela-
‘omshipe do exist. The type of work relatad
M=t strongly to the development of broncho-
tnie cancer has been in the textile and the
m-uht-lon applications trades; the worker, in
;"'"( mstances, has been employed in either
'f""'f for 20 or more years. Mercwetber and
N (3), and Relikoff and associstes (21) re-
a'" An incidence of asbestosis (pulmonary
"™x) in thoee groups of 80 per cent Among
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persona expamed for 20 or mure years, This iwdie
eatew u heuvy and prolongel exposnre 10 ashestos
for thewe two 1ypes of worker. Knox nnd ase
sociates (3), in a contnuation ol the stody of
textie workems previosly  reported by Doll 0D
(12), show that the incidence of lung cancer —1
deerensex with progremively amaller total ~-=
poeures (0 asbestos fibers. Newhouse (13), abo
in an asbestas textile population, has shown __
that the oecurrence of pulmonary eancer differs oy
markediv with total exporure. She reports mo (1
increare of the incwicure of bronchogenie O
cancer in A low 0 moaderately expoeed group.
whereas in a beavily exposed group the imci-
dence was augmented eightfold. Both growpe-
were fromn the same textile mill and were similae-
with rexpect to duration of exposure and the-
jength of time of ulwervation. Enterline and -
Kendrick (14) demonstrated a stronger rela-.
tionship between lung cancer and employment:
in the asbestos textile trade than exists in the
Jess dusty manufacturing of asbestos building-
products or building materinls. In a series of.
studies, Mancuso and El-Attar (13) suggested-
that eancer risk i lower with lewer exposures
to msbestos. From these obeervations, the in-
ference strongly favors u dosc relationship be-
tween bronchogenic eancer and whatever effect
asbestos fibers may ultimateiv be shown to have

in its causation,

The question of whether the carcinogenie
role of asbestos is related to the speeifie kind of
fiber is more difficult to answer. For this pur-
poee, populations having long-term exposure- to
only one variety of fiber are needed. Virtoally
all fabricating processes use more than ote-
variety within the same premises at any one
time or have used more than one variety at
various times. Populations restricted to mining
and milling in the production of asbestos fiber
lend themselves best to a study of the effects
of a single kind of fiber, and it w to these
populations that ope must look for an answer to
the influence of a single varicty of fiber.

Kiviluoto and Meurman (22) showed that
exposure during the production of snthophyt-
lite in Finland carries with it a threefold to
fivefold incrensed risk of bronchogenic cancer
for those in the age group older than 45 vears
w.th more than 10 years of exposure. At this
time, there are no published data with respoet
to the frequency of bronchogenic eancer in the

STO011659



Bl e T L T SR v e

170

crociolite or amosite produetion areax of South
Afries, the only place in the world where ap-
precinble amaimts of these types of fiber are
produec]. A verbal report’ from Sonth Afries
suggesis that the frequeney i somewhat higher
than anticipated in the gemeral population of
that country. Data from these regions will be
awsited with great intesest. In 1958, Braun and
Truan (23) reporied a stody of the frequency
of hing cancer in workers of the mines and
mills producing only chrywotile in the eastern
part of Quebee, Canads. From the data avail-
able to them at that time, they found no evidence
of an augmented frequeney of bronchogenic
cancer in this group of employres. Although the
perind of obaervation was omly five years and
the group was diluted by short-lerm exporures, it
contained more than 1,700 persons employed
longer than 20 years, all of whom had had at
least five years of exposure and 930 of whom
were older than 55 years of age. The data would
have Leen more meaningfol if arranged in tenns
of total exposure and time from beginning of ex-
posure. Nevertheless, if an exeess of hmg cancer
equivalent to that seen m the scttings referred
to previously in this paper did actuslly exist
in this population, it seems likely it would
liave been found. This same papulation is now
being revtindied after a8 much longer period of
obscrvation and im a morc adequate way.
Vigliani and associstes (24) have found evi-
dence of an augmented frequency of cancer of
the lung and pleurr im a group of 288 permons,
previously compensated for ashestosia arising
froam all oceupations, who died between 1943
and 1067, In a subgrouwp of 32 miners exposed
to chrysotile only, there was no nugmimtation
of the rate cf cancer of lung and plewra. Al-
though theve stindien suggest that chrysotile
has little or no earcimogenic influcnee, more ex-
tensive and refined epidemiologic datn are
needed before renching that ronelusion.

The poesibility that the eareinogenie role of
asbestos is xolely that of a coenrrinogen is very
strong. The data of Selikoff and associates
(23} arr especially pertinent in this remard, in
that not a single bronehogenic eancer has been
found in an inslation worker who was a
noneigarette smoker, cven though the exposire
tar ashesine experieneed hy the nonsmakers wns

the enme av that of thase who smoked and oid”

develop lung eaneer.

"Welstir, L: Personal communication.
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The cowiderable variation in  the |y,
eancer incidence betwren populations of |
fering types of employment may be sl
relnted to dosage, but it may ako be the rey
of differing coearcinogens, Gross and m«mim.{
(26) produced a higher than anticipaied fr.
queniey of pulmonary cancer in rats expomen]
chrysotile. They attributed this varisnce, in. |
the expcrience of others, to be related (o e 4
tamination of the chrysotile fihers by nicl.
cobalt, and chromium caused by the wair.
the metal componenta of the mill used in p ;
paring the fiber for administration to their ae,
mals. Cralley and associates (19, 20) showed sl .
stantisl amounts of these trace metals in (
ssbestos fibers used commercially. Miller and a
sociates (27) have shown that benxo (a) pivre
plus ashestos sugments the yield of pule.
nary, tumors produced by benso (a) pym.!
slone. Harington and associates (28) raised of
possibility that ndsorbed hydrocarbans ocew
ring natively or picked up in storage a

handling may play a role in cocarcinogencsm.
As reviewed in 1909, the role of ashestos
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Mesothelioma: Subsequent to the earlicr ¢
porta linking occupational exposure to asbe -
and bronchogenic cancer, there were sovet
suggestions that tumors of the peritoneal
pleural roesothelium might be similarly link~
Interest in this phenomenon remained dormu
however, until Wagner (29), in 1959, repor-
20 cascs of pleural mesotholioma associated .
the Northwest Cape region of Bouth Afrirs. !
suggrated that these were related to exposure’
crocidnlite asbestos because 14 of the prre
were born or had spent their early youth
Kuruman, where erocidolite produetion iv ¢,
of the major industrics. This observat
prompted an intensive scarch for all me~et
liomas in South Afriea. Gilson (30) plotteal
number and distribution of the South A
cases up to 1962 and demonstirated a ~tm
concentration nf cases in the Northwest €
Although almost none was found 1n o
rlscwhere in South Afriea, the inference that
coneentration of nesothelioman ecoinreided *
the sole source of croculolite in South A7 )
wuld not be warranted, A substantinl quar
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4 eruckiolite has been pruduced for a period of
.ny yrars, bundreds of miles away in the
. stern Transvas), the same area in which amo-
.tv am) chrysotile ssbestos are produeed (31).
Investigators in other parts of the world
i..ve examined tbe ditribution of mesotheliomas
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related to exposure
pe 14 of the prr-

r.is vccupationally exposed to ashestos, with
e result 1hat a strong relationship between ex-
;o~ure to ssbestos tiber and the presence of
nwothelioma has been indicated. Mowt of the
s ocutside South Africa, where mining and
miling are impheated, have been reported in
e United Kingdom and, to a lesser degree, in
e UN. In spite of a thorough search, no
meotheliomas have been found amocisted with
inthophyllite ssbestos production in Fmland
122), and few are reported in France (32),
shere the mbject has probsbly not been
‘lmroughly investigated. In the United King-
kan, the assoeiation hss been with populations
-1 iwulation workers and asbestos textile manu-
nieturing fnetories (33). In the US| the rela-
'um<hip has been shown predominantly with
| 1ulation workers (16) and, to a Jessor degree,
wth textile manufacturing employees (15). Re-
v ot study of the distribution of mesotheliomas
' n Canada will be commented upon later.

' In most of the studies to date, the question

“1» heen ratsed as to whether the population
¢ rsk with respeet to mesothelioma s to be
'wiml outgide as well as inside the factory or
ihiee of work. There has been a plethora of
i ‘tevalation by students of the problem that
" 1tn han heen necepted an fnet or interpreted as
“#h by lay writere. Thene dramatic speculations
“nr further compounded an already difficult
“tter for those responsible for public protee-
“on as well as those responsible for the bealth
tvmployees. Controversinl or paradoxic issues

heir early yourh ¢
ite production i
5. Thim obecn
asch for all me~
ilmon (30) plonul'
of the South Alr
nonstrated a ettt
the Northweat ¢
xas found to ¢
the mference tha
jomas eomewdcd *
slite m Sovth A"
\ substantial qua?’

‘ "t mesathelioma and  nsbestos  deserve a

"ot complete discussion than s powsible in this
‘1=r. Amnng the controversial fratures about
relationship of ashextos cxposure.to meso-
.‘-il-'un:u of the pleura and peritoncum are the

Houwing,
v There i dively controversy among patholo-
" twanding the reqporreinents for eatablish-
< the dhagnosia of primary mesothelioma (34).
Lol wthere a question with respect to
he<tologie enteria, bt even more important,
\}'l’.":':.‘m-ilv for rslah?isbing by autnpsy
the tnmor ik primary or secondary.

ASBYETOS AXD HEALTH IN 1900
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It i apparent that the overwhelming number of
cases Uy jar beipg rclated to asbestos are
diagnosed on the basis of biopey nlone. Further
study will be needed to demonstrate whether
mesothetiotna is being over or under diagnosed.
1f ome accepts that some kind of direct or
inairect  relationship  betwveen  asbestos and
mesothelioma exists, docs it involve a specific
variety of fiber? The data from the UM, and
United Xingdom does not lend itself to resolving
this question bocause chrysotile, amosite, and
crociaofite are invoived In toe Insysat.on workers’'
exposure, and chrysotile plus crocidolite in that
of the textile manufacturing employees. If one
examines the mining and milling exposures to
the specific variety ot ftiber, interesting facts

emerge. Kiviluoto and Meurman (22) did not.

find a single mesothelioma in a large popula-
tion of mincrs and mill workers exposed only to
anthophyllite. This group worked for three
monthe or moro betwcen the period of 1935
and 1967, Although others have streseed the
long period of time required for mevothelioma
development, one would think that if anthophyl-
Iite by iwelf is implicated, at least one case
would have been found by now in a setting
known to cause asbestosis and a somewhat aug-
mented frequency of bronchogenic cancer. In a
study of the distribution of mesotheliomas in
Cansda, McDonald and co-workers (35) were
unable to show excess frequency in the geo-
graphic ares where chrysotile, but po other
vanety of asbestos, is produced.

The South African distribution of mesothe-
liomas is unusually 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 148 patients, and in 24
there was no asbestos exposure. Fifty-one pa-
tients had been exposed during the mining and
milling of crocidolite in the Northwest Cape
only. An additional 52 patients with mesothe-
lioma, not exposed occupationally, were as-
sociated in some way with residence in the
Northwest Cape. Sluis-Cremmer (31) has in-
dieated that about 20 per cent of all erocidnlite
production in South Africa actually comes from
mines located in the Tranwvaal, a few hundred
miles from the Northwest Cape. He also indi-
cated that although the exposure may have been
somewhnt lers intense in these mimes than m
thawe nf the Northwest Cape, it nevertheless was

ST0011661
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high. The writer’s impiries confirm  this nnd
indicate further that the mines of the Trana-
vanl have bvem in opemtion (or ap many years
an thove i the-Northwist Cape. The mechnnbem

for obizining- dats regyrdmg  menothelioma-

in the Transvasl- erocwlolite nrea s ilentienl
to shat for the Northwext Cape. Becauee not a
sinzle care of mesothelioma has been discovered
from the erocidolite mines or surrounding com-
mumties of theeTransvanl, although 51 cares
have come frome the erocidolite mines and 82
additional- exsew- from the neighboring commu-
nity in the Neorthwest Cape producing exactly
the enme kind .of fiber, the contention that
crocidolite per se eamses mesothelioma becomes
dificult to aceept. Slois-Crermmer (31) pointed
out this paradox in 1004, Wehster (36), in his
current feport on asbestos expoeures in South
Africa, hkewise calle attention to this disparity.

It @ of cqual interest that only 3 eases of
mesothelioma have been reported as origimat-
ing from the Transvaal, these being from the
amosite asbestos mines (36). No cases of
mesothelioma have heen reported from the
chrysotile mines of the Transvaal. On the base
of what is known about the number of
persons employed, the intensity and duration of
exposure, plus lapee time, one wonld expeet
fur more than 3 cases of mcesothelioma if
amonite had the rame potential as the factor
cancing mesotheliomas in the Northwext Cape.
The dosage and particle size have not been
sufficiently different in the Northwet Cape
and Transvaal to explain the striking ahsence
or minimal occurrence of mesothcliomas in
the Tranavaal.

The dizcovery of such a striking concentren-
tion of mecothcliomas in the Northwest Cape
ruggents the need for a thorough study of the
differences hetween this region and other areas
of South Afriea in terms of possible etiologic
factors. That something other than, or in ad-
dition to, ashestas plays & role in mesothelioma
formation seems ineseapable. The geology and
climate of the Northwest Capc differs con-
siderably from that of the. Transvanl. Trace
metals, chemicals, or oils adsorbed onto ashes-
tos may be factors. If crocidolite i impli-
cated, it is likely to be in the role of a co-
carcinogen, rome additional apent providing the
difference between the experiener of the North-
west Cape and the Transvanl. Muoch mare stndy
needs to be made of this aspeet.

GrOuNOR-W. WRIHY

The question of whether there is a mh-ml‘m.lu
exposure or threshald limit value for st gp. teni
without contracting an cnhanced risk of ﬂtu ‘
veloping memothelioma has been raised hy 4
finding-of what, on first inquiry, scemed to § o
minor exposures to the fiber in nonoccupatics -+ »
scttings as a buckground for some of the a4
of mesotheliomn reported in South Afriea (. o
and the United Kingdom (33). Although ong ¢-
nally it had been thought that there were me g
such exampies of mesotheliomn developling o
side an oceupation or occupation-associntied r of
vironment, better and more complete et
hintories reduced this proportion grestly, \pertsin
present, 80 per cent or more of the mesarktuy - bx
liomas thus studied in the United Kingdw farhion.
and South Afriea have been shawn to have, hvinee
occupational or paraoccupational assoeiat  If on

with asbestoa fiber. The level of this mﬁ
s substantial. Most cases occurring wdieaihee

N

¢39110015S

actunl “on the job occupational expomire” ocefare ore
through an expoeed worker living on the s drrupat:
b

premincs, who brings fiber into the home-omd
clothing, or through contamination of iges no:
environment surrounding an industrial oper pt mew
tion which has cast nairborne fiber into 1413} an
atmosphere for years and thus cxposed perme smheate
living or working in such a neighborhood. T p» ashe-
was especially exemplified in the Northw-%we o
Cape region of South Afriea where roads wepw=othe
made of nsbestos-bearing waste rock, wheg thmt:
women were cmployed in hand cobbing or -grarept
gleaning asbestos fiber from the waste htl;""" ml
and where the mill disseminated bine fiber w,"lﬂ“
widely around its location. There is ressow ‘¢-Ferru
believe that these various tvpes of *
have been substantial in the population d mwnts b
involved during the past 40 years. Yar an
With respert to newhborhood or paraoceew 3vemg
tional exposure to asbestos in the US, it #°". Tl
of interest that Borrow and co-workers ¢'! Then
called attention to the fact that none of th *'rmal o
series of mesothelioms, gleaned from a o bMilar o
munity medical practice, foll into this ex j*temm
gory of expomre. Jentom
Is it reasonable to believe that the caws * the »
mesothelioma in which no occupational or o > of I
occupational asbestos  exposure can be ¢ *ich e
closed, amonnting to less than 20 per eent whee i
those reported from the United Kingdom e
South Africa, in fact represent a reaction ¥¥mme
the easual exposures which might be e ,"""" i’
enced by (he public at large? In the Um1'™ rep

ST0011662



icr there s & toley, {., nokm, where an mtemive search for meso-
mit valwe for sl , .leana has beem punmed aetively during the
enhaseed: fmk ol .1 1 jour vears, fewer 1 1 100 eaner thus {ar
1as been ramed by - § ... leen dizcovered in permons who have vnl
inpriry, seemed to | .| a1 known substantial expeamre t asbestoa
iber in nonoreupaty. | .. 1f one adde to thi« a portion of the 132
| for some of the vy | .-~ atwmit which there was po information,
4 in South Afriea (.. . number of personx who have not had a
n (13). Although o, .-serable substantial exposure, but in whom
L that there were m. ' v -othelioma hav developed, i lees than 200,
wiioms developing (- ' '+« number 8 such a minuscule proportion
cupation-smocinted . § . the adult popmhtion from which the eases

nore complete expom bt gleoned that it beocomes difficult to en-
i $.-17in the view that the ashestos fibers that

i f.v e in the air and respired in » casual
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the -United Kingk-
bern shown to have
ccupationsl assocists
s Jevel of this expo
ARCY  OCCUTIINE  Outn
wtional exposure”™ ocr
rker living on the wr
wer into the home on!
contamination of v
i an indu«trial ope
rirhorne fiber intn ¢
nd thuas exposed pers:
th a neghborhood. T!
fied in the Northw
Africa where roads wr
ing waste rock, wi

b by the pablie at large pose a genuine
semogenie threat.

If ome postulates that there are respirable-
mib fibers of ashestos in the ambient air
reathe] by the genmeral publie, the strikingly
e occuttence of merothelioma pot related to
-pation strongly suggests that there s a

p - rable level of airhorne asheston fiber which
s«~ nout canse an undue nsk of development

¢ nu~otheliomn, The findings of Newhouse
15 and MeDonald and assoriates (35), which

“luate that a gennine occupational cxposure

o asheetem has been tolerated without evi-

f-ie of an inerenard sk of developing a
brsothelioma, suggest that the tolerable level
| -ulwtantial, The evidence strongly favors the

.in hand cobbing or {""pt that the easual expoeure of the gen-

; from the waste he
/minated blue fiber
tion. There i rcason
foue types of expoe.?
in the population t
t 40 years,

Aborhood or paraoery;
estos in the US,, it
w and co-workemw !V
! {act that none of th

<l public has not excerded such a level in
Wopmst,

Firruginous (ashestos) bodics. In spite of the
tzning  considerations, additional develop-

f- 111~ have eauszed =ome investigators to suggest

<t an epidemic of mesotheliomas will oceur
‘vmz the general public in the near future

"' This apprehension is hased on the finding
M Thitnkon and nssociates {39), confirmed by
Freral uihers, that structures identifiedd an heing

« gleaned from a o
lec, fell into this e

selieve that the case
no occupational ar jo
t exposure can he ¢
rm than 20 per cent
de United Kingdom

‘Tepresset 8 reactioe
which. might be e
it large? In the Uni

mlar 1o asheaton bodies {commonly seen in
*rns known to have an intensive exposure to
‘I>stox fiberr) are found in 25 per cent or more
Dihe adult generl public by direet examima-
on ﬂf hing tissue or of the juices preseed from
h tiwue. The frequeney of ocrurrenee of these
‘:"'- in the hwngs of the general publie appar-
'v depernis upnn the volume of lung tisswe
"""fvl and the intenwity with which the
n’,"' B made, beeatine Utidjian and co-workers

report that in their serics almost 100 per
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rent of the pupnlation exhibited these bmdies,
These strictures have been assumed by many 10
represent coated agheston Rlees and, therefore,
10 indiente an expomre to the inhalation of as-
hevton fiber, henee a higher rick of developing
mesothelioma. Several facts naolitate  againa
this ronclusion.

The coatext fibers foundd in the lungs of the
public have not been proved to he ashecton
fibeex. When they are found in persons who
have experienced a heavy exposure to the in-
halation of asbestos fiber, it i reasonable 1o
asume that the bulk of these hodics de
represent ashestos fiber. It has heen shown,
however, that  ather materials which  are
fibrous in nature will praduce bodies of an
ulentical appearance (41}, Cralley and e
sociates (42) have listed 20 mineral materiak
that are fibrous in nature and that may be
widely disseminated in the environment of the
general publie. Beeau<e of the numerone other
tvpes of fibers that may, and almost cer-
tainly do, gnin nceess to human lungs wheee
thev become coated with an iron-protein com-
plex, Gross and co-workers (43) ruggestedt the
term ferruginous bodies for these struetures
and suggested that they be ealled aghestos
bodicy only when it is known with eertainty,
or can be presumed on the basis of kmown
expoire, that the central fiber of the body is
in faet asheston. Thin would appear to be a far
more accurnte designation and scientifie attio
tude than to insiet on ecalling all of these
bodics ashextos bodies whether or not they
are known to be such,

The literature concerning ferruginons hodies
has breome uite large, and sweeping infer-
ences from their presence in the general pop-
ulation have been made (38, 44). Without
attention to the necesaary quantitative and qual-
itative [actors, it has been predicted that the
experience of the general public with respeet
to mesothciioma will parallel that which has
thus far been disclosed in certain very speeific
ocrupational and paracccupational settings. A
number of facts indicate & great need for cau-
tion before nrriving at mich a serious con-
chision. To tramfer the experience of a speeifie
oecupntions! or parsorrumational population to
the genernl pmblie requires evidence that the
expamire of the publie does, in fact, corre-
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spond. to thoss- popukitions in which an in-
creamed risk. of  mesothelioma v raid to exist.
This # especially true now that it has been
demonstrated that there are some necupational
populations .im:whieh the exposiire ‘i asbhestos
fiber excceds many fold that of the < eml public
and in which. po evidence of an unusual
mesothelioma, sisk wans found (13, 22, 35). What
is the presest sitwation in this regard?

As indieated i foregoing dixcumiions, con-
clusions with .regard to the relationship be-
tween mesothelioma and asbestos filer per se,
even in an ocoeupatiomy] setting, are rather un-
certain at this time. The rles of types of Gber,
cocarcipogenesis, and dosage sre so far from
being clear in these special occupstional set-
tings a8 1o give little assurance that they ean be
tramaferred im any n.caningful way to the
nonoecupational refatedl r general public popu-
I tions,.

Although & seaant number of ferruginous
bodies: has been demonstrated in Jungs from
the general publie, thiere haa been no demon-
stration that thewe are in fact the result of
exporure to asbextos fiber rather than to one
or morc of the many other materials known
to be capable of producing ferruginous bodies.
AL this time, the determination of whether the
fibrous core of a ferruginous body is in fact
asbestos is extraordinarily difficult and quite
beyond the means of other than the most
sophisticated laboratories. In spite of this, the
becemmry investigstion must be done before
the contention that all ferruginous bodies in the
geners) public are in fact asbestos fibers ean
be accepted.

Quantitative estimates indicate that the
number of ferruginous bodice found in the
lungs of the geneml public is & small fraction
of the namber found in the lings of thome
who had beren oecupationafly expneed. If one
aceepte the contention that ferriginous bodies
reflect ashestor expocurn, one must conclude
that the gemeral public has had far Jexy ex-
posure than thore persons in orcupationg ps-
ing asbestow fiber. That some persons  with
known oceupational exposure to asbestos fiber
appesr 10 have but few ferruginous bodics
complieates an interpretation of quantitative
measuremnent of fermginous lusdics. Tt is elear
that much more comprebiensive and reliable
data with regard to the dynamies and the
quantitative nnd qualitative aspeetr of fer:

ruginons Dol ix nescensary Beforn sy nun.
ingful inteapretation of their unpnn*mn- faor
the gencral publie ean be madice,

The finding of ferruginous tadies inon L.
proportion of the general population has 4
to the contention that the angmented e .
ashestos in the mamnfucture of produete ),
greatly increasmd the degree to which the g
eral public has been exposed to thin file
This assuinption hus been based upon o
simpie statistic of ashestod consumption ws
no attention being peid to how the filker
used nor the degree to which its ultinu.
fabricated form would lend itzelf o diewm.
nation of fiber among the publie (30). ‘
though it ix poarible that augmented commn;.
tion of asbestos fiber led ta 2 greater owtpe,
of these fibers from factories into the mir s
rounding the factory, thiz does not constitine . [
generalized  public  environmental  expoew
Tabershaw (45) has pointed cut that asbesr.- |
is used for the most part in fabrication .
materials that are unlikely to hecome au |
borme. It is not widely apprecinted that o
bulk of the products using ashestov setual ’r
bind the fiber firmly in the produet, and the:
s subseqent]ly very little opportunity for r
lense of this fiber exeept by slow wear of o
products. .

The estimnted consumption of asbestns fibs- P
in the UK. has incrensed from 125,000 sher ¥
tons in 1918 to 720,000 in 1965; moat of W |
inerease oecurred after 19H0° Once the fier
in the form of a product, is put info plwe
it is not relcased exeept by grndual wear, wiikt 4
in most examples is minimal. During fseti? p
processing, the public at large is not exposeds < C

During the use of certain products, swh
insintion removal and applieation, fibers »
released] and thiwe in the immediate vielm’ %'
workmen and public, may be exposnl T' '
eategory of product en be thought- ot # | ¥
having fibers that are “loosely hound,” in e+ 7V
trast to ruch producta az ashentor cememt - 1
floor tile which actunlly incorporate the fle* &
snd bind them very tightly. The quantity
anhestas fiber used for “lnomety ol prske ¢
including insulation (figure 1), has ety :

u
h’
\
L,

T —— . waw

-

199 | 10Q0LS

from 30,000 only ta 55000 chort tona brwe
1920 and 1965.°

The eommercial grade of fiber indientes
kind of products in which it will 1w

o

' Pundeack, F.: Pemsonnl communiestion.
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o which the gen. | 4 s15en prOOUCTS

J to thix fiter |
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onsumption, wnl, °
how the fiber » e
hich its ultimat H

stsel{ to dissem:.

T \g

GRADE 7

jmblie (30). Al 150} K GRADE &
:mented consump TSt

4 greater ompan 150, GRADE 4 “~oiT

inta the air sur. /,,.Jé' —

. Lo LA LT
> not constitute a - P /G! ADE S
e ..,

mental  exposure 0 . e S eeees . -
o thnlt mfhulm- e , GRADE 3

in fabrication of - : T

. L

to become  wir- 1930 1935 1940 1945 1930 1955 1960 1963
reciated that th YEAR

asbestoa actualh
product, and then
pportunty for

Jow wear of in<tatiation, or removal,

That most of the augmentation of consimp-
b of ehrysotile has been in grades 4, 8, and
b (especially 7) is shown in fignre 1. Crade
| roex predominantly into asphalt and vinyl
“or tile which weually hns a life of 20 to
L4 vears or mote before it s rhanged, ns A
-t of decoration alterations rather than
ki1t The bulk of grades 4 and G goes into
destnz cement products, especially  ashestoe
'ment pipe, in which the replarement time
immediate vicinity. [ 'Mefinite—eyslems now in use are more than
b cxposed. Thi-!' vears old. Air contamin.tion dnes not oceur
be thought of a< ™M this source. Although there may be some
elv bound,” in con P*thering of ashestos eement shingles and
nehestos cement of M2, the mate of wear is very slow. It can
«orporate the fiber- “uhlv be seen that although there has been
v. The quantity of [" Memented utilization of asheston fiber, ihe
‘2rst fraction of it has gone into strongly
ikl products designed to last many vears.
}h., wear from these products is slro- far less
' M the total product by the time the ma-
fiber indieates th ' i< discarded.
h it will be wed | ““breetos forme an exsential part of friction
Aermis. Coneern har heen cxpresacd that the

n of asbestos fiber
row 125,000 shor
19065: most of the
)} Onee the fiber.
4 put into piaer,
radual wear, whirh
al. During fnetorn
* i% nOt exposnd.

i proslucts, such o
lication, fibers an

v bhound™ prodit-
1), has increasnl
shott tons hetweer

mmunieation.

Fis. 1. Amount of chrysotile ashestos (short tons) used in the U, S. during 1930 to 1965,
secorling 1o the grade of fiber. Longest fibers arc grade 3 and shoriest are grude 7. “Il.oosr-l,\'
Lonmnd® prodicta inelude insulation nud sther materinds that mayv release fibers during use,

" public i3 exposed to large quantities of asbestos -

fiber liberated by the weéar of automobile hrke
linings. This is unwarranted. The amount of
asbestos fiber used in friction material in the
US. was estimaterd at 33,000 tons, less than §
per eent of the total in 1965.° Studies of the ma-
teriz!l released during the use of hrnkes (46)
demonstrated that the high heat of friction
destroys the asbestos converting it to an
amorphous material no longer having the char-
acteristics of asbestos. Of the total materials
removed from brake linings during their use;
less than § per cent appears as actual asbestos,
The amount of Asbestos fiber reiensed by
normal friction material wear must be small
indeed.

The fibera that might.be released from all
kinds of wear cither become intimately bound
with the woil or are captured in cither rain
water or in water used for cleansing. Ultimately
the fibers are distributed predominantly where
water is distributed. A study of river water has
shown that ashestos fiber is almost universlly
present nlthough in quite small amounta, How

ST0011665
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TABLE 1

Avouxt oF Cosseresag, T Usen vor Virgous
Provpuers is e UK. (Sport ToNs s I'Nu)

Total U8, eomsumplion L IRLL
Ceramien 220,000
Paint 153,000
Roofing 72,000
Innecticiden 14,000
Paper 45,000
Refractorien 41,000
Hubher 31,000
Toilet preparatinns 28,000
Mher 167,000

Tutnl U8, conmminption of nsbeatos in 1965 was
720,000 ehort tonn.

mnch of this eornes from wear of priducie and
how much from leaching of soil iz of course
not determined. The concept that nshestos is
indestructble is fallacious, and t. e belief that
it accumulaies on the surface of streets and
other places scems ill-founded.

The possibility that sources of fiber other
than commerein] nshestos may lead 1o ferrugi-
nous bodics must he considered. Tale is a
formi of magnesium silicnte that exists in sev-
eral forms, has lirge industrial use, and com-
monly iz contaminated by fibrous substanees
such ay treinolite and even chrysotile. Tt shoirld
be noted that tale production has been <hown
to cause pulmonary fibrosis and possibly in-
fluence the development of hronchogenie can-
cer {(47). Az shown in table 1, the consumption
of commercial tale in the US. exceeds that
for ssbextos, Attention to some of the products
made suggexts that the apportunities for air-
borve tale dissemination may have been aug-
mentedd to an even greater degree than has
nshestos. Cralley and associates 14K), in an
aggessment of 227 cosmetic talenm  powiders
purchased in the TS found that an average
of 20 per eont of the particles were fibers,
These fibery are fully eapable of producing
ferruginonx bodien in the experimental animal,
It 1= of interest to notr- that the amount of
commereial tale that ultimately finds itx way
into toilet preparations is far in exeess of the
amount of aslwst  used in the mannfacture
of inaulation materinls. Insreticide prepamtions
consume a figer tonnage than all of the un-
bound kinde of nsbextae fiber put together.
Rubber, which wtilizes o Jurge amount of enm-
mereial tale, may econtribute to the di-charge

W, WRIGHT

of fibers in the general environment as a vyl
of wear. It i< obwvious from these dary tha
eompeoreial tale provides o patent sonrer
feast egmvalent 1o that of wshestoz for capply.
ing respimbile-sized fibers that could prodne
ferruginons bodien. It is difficult to conceive of
a better way of having fibers inhaled than (s
use of cosmetic tileum powders. In this m
gard, it is of interest that Avril and Champen
(49) found na fermgimous bodies in 1N
autopsies in Franee, It is claimed that the
cosmetic taleun in France has no fibers* Thé;
extent to which other mineral or vegetable}
fibers known to be present in the envirm-§-
ment of the general public may  contribate
to the produection of ferruginous honlm [T 3™
vel unknown, c

Data have been reported recently by 8
and Hymmond (50) showing that the freqm
of orcurrence of ferruginous bodies is: A
tially the same in lungs obtained by autopsy w |
1034 ax in 1967, a finding difficult to reconed (
with the contention that the augmented use of
ashestox during the past 35 vears has greath ;
enhanced  the exposure of the general pubbe
to ashestoe fiber, 1t also riies the question of
whether the fiberz in these ferruginous bodie
are in faet ashestos. A similar stndy in Great
Britain failed to demonstrate any  fernm-
nous bodiex 1in lune samples obtained av e
cropsy in 1936 or in lung ramples from M
maler autopsied in 1946 (51). .klthmnk!ﬁ
may have been fewer than now, there s
must have heen potent sources for the dimens
nation of both tale and ashbestes in Grent
Britvin before 1036 and 1036,

The previous findings provide Jittle or n
evidenee to snggest that  an  epidenne o+
mezotheliona among the publie at larre o i
be expeeted, Tnoa mare positive way, the date)
from ¥outh Afniea indiente that during the jo- .
five or six vears the number of new ecaws
mesothelioma have been rather constamt v
approximately 20 per vear, and in Gov
Britain (3 only 2 moderate inercas b
been shown, t

Although the stady of ferruginous bl !
< of interest, the neessity for the rﬂ""l .
vore ta be gdentied and for guannrative !
to be obtained in order that more meanme!
ronclusions  he  reached  abont  their g

99911001LS
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.cgedta that this is an aren of study with
Jiminishing returns. A direct approach to the
more easily identifinble naked fibers contained
in the lung would appear to be a more fruit-
jul avenuc of search. Still better would be a
direet approach to the types and amounts of
fiber present in the ambient air of the various
environmental locations that are of interest
with respect to occupational, paraoccupational,
and general publie exposure. Although this
would pose the disadvantage of not giving
nformation with regard to long-term past ex-
posure, there is emally no guarantee that
ferruginous bodies truly represent the complete
history of past expeeure. The direct approsch
to the study of fiber populations in the ambient
air would have the advantage of telling us
what the conditions are for the public at pres-
ent,

Pleurol plaques: Attention has heen direeted
toward snother phenomenon said to be the
result of past exposure to asbestos fiber. Sinee
the first recognition that prolonged inhalation
of asbestos fibers might in some persons lead
to diffusc pulmonary fibrosis, clinicians have
Iwen aware that areas of thickening of the
pleurn oceur in some such persons, At times,
this thickening is Joealized leading to the ap-
pearance of plagques, some of which may be
caleified, The pleura effects range all the way
from minimal findings to extensive and bizarre,
irreguiarly shaped, caleific  mnsses.  Pleural
pPlaques with or without caleification are a
matter of considerable interest at the present
time. Unexpectedly, these manifestations are
olten absent in persons who have well-developed
diffuse pulmonary fibrosis resulting from pro-
longed exposure to asbestos fiber, and they
may be very extensive in pereons with little or
no d:Tuse fibrosia. In fact, rather extcraive
pleviral plnques have been reported as being
rommion in large populationa not direetly ex-
posed occupationally to ashestas, but hvmg in
ot near the region where 1&lx-<to-t fiber is being
produced or used (52). There are, of course,
other causen for pleural plarriex and  ealeifi-

ratiun, and, in somc instances, it is unwise to
sseribe  these findings to  the inhalation of
alestos fiber. In a geozraphic aren where
ashestos fiber is known to be present in con-
sidemble concentration in the ambient air,
there i= every reason tn helirve that from an
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cpidemiologic point of view it 12 proper to
consider these findings as evidence of ashestos
exposure.

Long-term implications of pleural plaques are
A matter of interext. In geneml, unless the
thickeming of the plenra i< extensive, the ef-
fects of this pateby thickening on various as-
peets of pulmonary function are minimal or
absent.” There is no evidence that the presruce
of pleural plaques connotes anything with re-
speet to the ultimate development of mesothe-
lioma. In faet, two of the grozraphic areas
in which the largest concentrations of pleursl
plagques have heen reported, Finland (§2) and
castern (Quebce I'mvinee do not have a

‘demonstrated cxeessive freriency of mesntbe.

fioma. To use the presence of [dcural plaques
as a marker of previous ashestos cxposure is
of limited vaiue, sn view ¢f the fact that other
canses lrad to this conditon and espeeially in
view of the fact that the absence of plaques
in no way conhiotes the absence of absestos ex-

posute,

L L 4 *

The relntionship between asbestog and health
of humans, as reviewable in 1909, indicates that
scrious cxposurcs to aebestos fiber can occur
in certain occupational and immediately ad-
jacent environments. Fortunately, the eon-.

centration of asbestos fihers in these settingss.

~L9s1io0Ls

ean be controlled, The environment of the e

sulation workers is more difficult to control
than the more fixed and permanent envirome
ment of the factory and a-sociated neighbor-
hnod. An approximation of the concentration
of respirable-sized ashestos fiber that can be

tolerated without the risk of pulmonary fibrose -
has heen achicved. There is reacon to befieve.

that thi« coneentration will al<o minimiso the
ritk of puimonary malignancy including mess-
thelioma. Heeauee of the long time japse me-
sociatevl with the development of malignaney,
longer perinl< of abservation are desirable for a
final decision on this point. There is reason to
believe that the ocenpational use of asbestos
fiber ean achieve the same degrce of safety as
the use of explosives, radiatian, and beryllium,
although ext(n-ive alterations mav be r&zuind
in the contrul of produetion and manuracturing,

* Reckiake. M.: Personal communirntion.
¢ Cartier, P.: Prreanal communication.,
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the-containments ofrasbesios- fiber 3o that none
escapes-to the outside:and the proper disposal
of solid wastes containing-the fiber.

The risk to the general public posed by the
mostly intermitient exposurc o tho low con-
centrations of asbustes Ekely to be present in
the ambieat.air-hes been exaggerated beyond
the limits owpossd by known facts. Research
to develop tbe:nessssary additional information
upon which apprepriate and realistic measures
for safe use-of.asbestes fiber ean be taken
should he the goalin the next few years.

{Received for publication July 10, 1569)
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