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ABSTRACT: A review which is based on thirty six published
epidemiological studies is given of the disease patterns that have 
developed aanng industrial workers, miners, and millers who were exposed 
to dusts of one or more of the commercial asbestos minerals or to dusts 
from minerals perceived to be asbestos-like. Health data is also reviewed 
for those who were exposed to asbestos dusts in a non-occupational setting. 
From the published reports it is clear that there are very significant 
differences in the health effects of the several asbestos or asbestos-like 
minerals.

Of the commercial asbestos utilized in the United States about 95$ 
has been chrysotile or "white" asbestos, about 2% amosite or “brown" 
asbestos, and about 2% crocldolite or "blue" asbestos. The common white 
asbestos has had the least effect on those occupationally exposed whereas 
blue asbestos has had the most effect. Despite the wide dissemination of 
white asbestos in our environment; in schools, homes, public buildings, 
brake lining emissions, etc., there is no evidence that the very frequent non- 
occupational exposures to this form of asbestos has caused any harm. On the 
other hand, nonoccupational exposure to blue asbestos has been conclusively 
proven to have caused significant mortality. The different health effects 
of the various forms of asbestos require different regulatory responses 
and remedial actions.
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INTRODUCTION

The Problem

The widespread use of amphibole and serpentine asbestosl/ by Industrial 
society for such Items as service In brake and clutch facings, electrical 
and heat Insulation, fireproofing materials, cement water pipe, tiles, 
filters, packings, and construction materials, has contributed greatly 
to human safety and convenience. Yet, while our society was accruing 
these very tangible benefits, many asbestos workers were dying of asbes­
tosl s, lung cancer, and mesothelioma.

The hazards of certain forms of asbestos under certain conditions have 
been so great that several countries have taken extraordinary actions to 
greatly reduce or even ban their use. Recent experiments with animals 
demonstrate that the commercial asbes.os minerals as well as other fibrous 
materials can cause tumors to form when the fibrous particles are implanted 
within the pleura. These experiments have convinced some health specialists 
that asbestos-related diseases can be caused by many types of elongate 
particles; the mineral type according to these health specialists. Is 
not the important factor in the etiology of disease, but rather the 
size and shape of the particles which enter the human body.

The question now before the World's health and regulatory 
establishments Is whether the hazards of asbestos outweigh the benefits. 
Should the asbestos minerals and perhaps other asbestos-like minerals be 
banned from use? Minerals belonging to the amphibole group are particularly 
Important in this regard for they are ubiquitous and commonly have cry*tal- 
llne habits which are considered by some to be asbestos-like.

The Dlleirma

The concern for human health, tie great usefulness of many asbestcs 
products, the appearance of asbestos minerals or asbestos-like minerals In 
the natural background and In many kinds of mining operations, and the un­
certainty of the exact health effect? of different kinds of minerals, 
different mineral particle sizes, and different mineral dust concentrations 
combine to present a formidable problem to minerals scientists, the

1/At present, the most widely used definition of asbestos in the Unite< 
States, is from the not ce of propos'd rule-making for "Occupational € posure 
to Asbestos" published 'n the Federal Register (Oct. 9, 1975, p. 4765', 
47660) by the U.S. Occupational Safety and Health Administr tion (OSHA1.
In this notice, the naturally occurring amphibole minerals moslte, 
crocldollte, anthophyllite, tremolite, and actlnollte and tie serpenti ie 
mineral chrysotlle are classified as asbestos If the Individual crysta lites 
or crystal fragments have the following dimensions: length greater thin
5 micrometers, maximum diameter less than 5 micrometers, and a length-'o- 
dlameter ratio of 3 or greater. Any iroduct containing any of these 
minerals in this size range is also diflned as asbestos.
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ASBESTOS IN THE WORLD ECONOMY

Early Beginnings

Whereas the general use of asbestos In international commerce dates only 
to the late 19th century, its utility In human culture goes back to at 
least 2500 B.C. Archeological studies (Europaeus-Syrapaa, 1930) show 
that the inhabitants of the Lake Juojarvi region of East Finland knew 
how to strengthen earthenware pots and cooking utensils with anthophyllite 
asbestos. This asbestos probably came from the same areas where it has bet-n 
commercially exploited in recent times. Until recently, however, most other 
uses of asbestos were trivial; such as Its fabrication Into such curiosities 
as cremation cloth, tablecloths, lamp wicks, and purses. Even well Inlo 
the last century, asbestos could not be regarded as a product of commerce 
unless one Included such endeavors as the small Industry developed In 
Russia during the rule of Peter the Great where chrysotlle asbestos from 
the Urals was used for a short period of time In the production of textile?.

In the 1860*$ and 1870’s, the market for asbestos products rapidly 
changed - probably for three reasons; the need for insulation for the new 
steam technology, the formation of an international trading company of 
Italian and English entrepreneurs, and the reopening of the chrysotlle 
asbestos deposits of northern Italy and simultaneous exploitation of the 
vast chrysotlle resources In Quebec. The supply for the first time was 
ample, the market was ready.

The Modern Industry

The reopening of the asbestos deposits of northern Italy, deposit- 
which had been worked as far back as Roman times, marked the beginning of 
the modern asbestos industry. By 1890, the asbestos Industry was full 
blown, with hundreds of applications being Introduced (Jones, 1890); by 
the turn of the century the large South African crocidolite deposits had 
been opened up and the Russian deposits In the Urals were once again producing 
In large quantity. Within a few years, the amosite deposits of the Transvaal 
would be exploited.

From the time of the first recorded use of asbestos by Stone Age man 
to 1900 the total world production of all types of fiber was probably about
200.000 metric tonnes, certainly no more than 300,000 tonnes. Of this
150.000 tonnes came from Quebec. By 1980 more than 100 million tonnes of 
asbestos had been mined throughout the World; of this more than 90 percent 
was chrysotlle and more than 5 percent crocidolite and amosite. Nearly
40 million tonnes of this total World production was chryso'lie mined in 
Quebec Province near the towns of Thetford Mines and Asbesti s. Total 
production of anthophyllite asbestos to date is probably no more than
400.000 tonnes; 350,000 tonnes being produced by Finland alune. Production 
of tremolite asbestos has been sporadic and it has been mined In various 
parts of the World for short periods of time. Total production to date 
for this form of asbestos is probably no more than a few thousand tonnes. 
Commercial exploitation of actlnollte asbestos Is practically unknown.

1
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The World asbestos production for 1978 is given in Table 1. Russia 
leads with 46.1 percent and Canada is second with 28.9 percent of the world 
output. Both countries mine only chrysotile asbestos and most of the fiber 
comes from the Urals and Quebec. The third leading asbestos producer is 
the Republic of South Africa (7.1 percent); the asbestos ore consists of 
amosite, crocldollte, and chrysotile. These three countries furnished 82.1 
percent of the World’s asbestos In 1978. The other countries listed In 
Table 1 produce mostly chrysotile.

COMMERCIAL ASBESTOS

The Asbestos Minerals

Standard references published over the past 50 years usually list six 
forms of commercial asbestos; the amphibole varieties are amosite, crocidollte, 
anthophyllite, tremollte, and actlnolite, the serpentine variety Is chrysotile. 
A detailed understanding of the chemistry and crystal structures of these 
asbestos minerals postdate their discoveries; thus some of the older literature 
can be confusing with regard to mineral identifications.

Chrysotile, Mg3Si2®5f0H)4, one of the three common polymorphs of 
serpentine Is generally fibrous although non fibrous varieties are known.
About 90 percent of the past and about 95 pe cent of the present World 
production of asbestos was or Is the chrysot le form.

Amosite is the very rare asbestiform va iety of grunerite amphibole, 
(Fe,Mg)7$1fl0??{0H)?; this varietal name Is d rived from the word Amosa - 
an acronym for the company "Asbestos lines o South Africa" (Hall , 1918, 
p. 13-14), This valuable commercial isbesto is mined only In the Transvaal 
Province of South Africa.

Crocldolite Is the asbestiform variety if rlebeckite amphibole,
Ideally NagfFe .MgUFe^SigC^fOH^, and ha. been mined in only 
four localities; In the Transvaal and Cape Povlnces of South Africa, In 
the Hammers!ey Range area of Western Australia, and In the Cochabamba area 
of Bolivia. Only the South African mines are still active.

The only other form of amphibole asbestos that has been mined commer­
cially on a significant scale Is anthophyllite, (Mg .Fe^SigO^fOHjg, from 
the Paakklla area of East Finland. With the Finnish mines now closed there 
is now very little anthophyllite asbestos production anywhere In the World.

There are numerous reports of minor occurrences of tremolite asbestos, 
Ca2Mg5Sig022(0H)2, end relatively few reports of occurrences of actlnolite 
asoestos, Ca2(Fe,Mg)5S1|j022(0H)2* Tramoiitc and actlnolite asbestos are 
now, as they have been in the past, of little economic Importance.

The Important Geological Occurrences )f Commercial Asbestos

Many minerals, including the amp ii boles and some serpentines, are 
described variously as fibrous, asbestlform, aclcular, filiform, prismatic; 
these terms suggest an elongate habit. Althmgh such minerals are extremely
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common. In only relatively few places do they have physical and chemical 
properties settable to be valuable as commercial asbestos. Locally, 
amphlbole minerals may show an asbestlform habit, for example In vein 
fillings and In areas of secondary alteration, but usually they do not 
appear In sufficient quantity to be profitably exploited.

Deposits of commercial asbestos are found in four types of rocks:
(I) - alpine-type ultramaflc rocks Including ophlolltes *(chrysot11e, 
anthophyllite, and tremolite), (II) - stratiform ultramaflc intrusions 
(chrysotile and tremolite), (III) - serpentinlzed limestone (chrysotlle), 
and (IV) - banded ironstones (amoslte and crocidolite). Type 1 deposits 
are by far the most Important and probably account for more than 85 percent 
of the asbestos ever mined. The most important Type I deposits are those 
of Quebec and the Urals.

Type II deposits are found mostly in South Africa, Swaziland and 
Zimbabwe. These furnish mostly chrysotile asbestos. Type III deposits 
are small ; the most notable of these are located In Globe, Arizona and in 
the Carolina area of the Transvaal Province of South Africa. Type IV 
deposits are found only In the Precambrian banded Ironstones of the Transvaal 
and Cape Provinces of South Africa anl of Western Australia. Only the 
South African deposits are still In production. A complete review of the 
geological occurrences of commercial asbestos Is given by Ross (1981).

HEALTH HAZARDS OF ASBESTOS 

Diseases Related to Asbestos Exposure

Three principal diseases are related to exposure to one or more of 
the commercial asbestos minerals. These are: (1) lung cancer which includes
cancer of the trachea, bronchus, and lung proper; (2) mesothelioma, a 
cancer of the pleural and peritoneal membranes which invest the lung and 
abdominal cavities, respectively; anc (3) asbestosls, a diffuse Interstitial 
fibrosis of the lung tissue often lecdlng after long exposure to severe 
loss of lung function and respirator} failure. The occurrence of lung 
cancer in asbestos workers is also complicated by the association with 
cigarette smoking which leads to considerable difficulty in assigning 
relative risks of asbestos exposure to smokers. Mesothelioma, a disease 
which is usually fatal In one to two years after diagnosis, is rare, accounting 
for less than 300 deaths per year in the United States and Canada.

Some epidemiological studies suggest that asbestos workers may suffer 
excess cancer of the digestive tract (Selikoff and Lee, 1978); other studies 
do not support this conclusion (McDonald and McDonald, 1980; Meurman et 
al., 1974; Rublno et al., 1979; Nicholson et al., 1979). Some question 
still exists then as to the role played by asbestos in the etiology of 
digestive tract cancers. Becklake (1976). Selikoff and Lee (1978), and 
Simpson (1979) give a complete review of the subject of asbestos and disease.

Particle size and shape appear to be the factors controlling whether 
mineral particles enter and remain in the lung or are removed from the 
lung after entering. Particles such as asbestos fibers which have diameters

5

UCC 008655



,2Y6wil6 fsldonoid 9dl 19309 300063 mj 3 ,(f936mfxoiqq6 06(13 is369ip 
OBtlJ 229 r 219l9m6lb pofved 29131316^ .Ob 21939(116 fb 19fr*M pfl1v6d 920(11 
19ff6m2 9d} 03 936l3909q 063 ^9(11 id 2U019p06b ^fl6fU3l}l6q 916 mu ?. f 

29f3l3l6q 320M . ( f8P r «2FV6G) 2362 16f09Vf6 9(13 03 f)9V9 b06 29loMoOOld
(29foMonoid bn6 .Monoid .irs^nMm 9rt3) 3361} XT'0^6'1 T9d<?u art! 19309 rtorrtw

A .iol6T6329 od3 Y.d bsvomai Y,f9v1i39ll9 bn6 x,f)lo1up 916
lOBll V0l6l1q291 19W0f 9(1} ol 29l619q0 HI2lll6(139(11 9306189f3 pouf b(»0392 
29p6rtqoi36m ^lenomfuq ,9i9H ,{1fo9vf6 bn6 29 To Monoid xio}8ifq29i 9(11)
9(1} o} 9vom (I) :n9(1} bn6 (2l2o3^oop6dq) 29fo11i6q npteiol 9(1} lfupo9

10 9Vf}619qO Zt 10}6f6329 ^16lfl303UfTI 9(1} 919(1w 0} }06l} Y.10}6lfq291 19qqU 
0} y.fr6u}fT9V9 bn6 mul3132i93n1 art) olnl fTew iBfogvfe 9(11 dpuoiril 9vom (S)

.2f9nn6rto dqirntf srtl

}on 916 irn Of Y.f936m1xoiqq6 nedl 19900f 916 doMw 2i9d11 2ol29d2A 
nl nlBirei 0} bn9l 2ori} bn& 2rf93 9p6rtqoi36m art) yd b9sl3Y3op6rtq yf1b69i 

b06 906ldflI9m f61U9fq 9d} 9}6ll909q V6m H9ri} 10 1361} Y10}6lfq291 19W0 f 9ri} 
nf6m9i 2i9dH dou2 n9riw itooo yem 2l20329dzA .936q2 f6iu9fqi9lnf 9ri} 19309

2i9d11 2o}29d26 gdT .9mf3 lo 2boii9q yri}po9f nol 6myrton9i6q pouT 9dj nl 
.219dfl o1fl)3(391 b06 0996 r Too f6l32ls3n1 2293X9 lo 00(3l20q9b 9}6f(J(nf}2 063 

}09iml8qm1 9010209 dlhw b9n9)bM} 9rno39d 0} 6}q92 i6fo9vf6 9dl 292063 2MT 
pouf 9(1} fll 219dH lo >(0n9bl291 rni93-pnoJ .( f8ef ,2lv60) 9^6}qu 099X.X0 lo 
y.d 2m2Msr)39m 9(1} ; 6mof f9d3o29m bn6 193063 gnuT 90ubnf 02fe 6iuefq bn6

.boo}2i9bou gnted moil iel 916 936 fq 29j1b1 2 M} rioMw

yd b93libni 9d Ol 2m992 193063 r&IUStq «19}6r b9dfl329b 9d r r lx 2A 
,zoizadzh slrffYdqorflnB no gflloz^irio >td ion Jud 2ol29d26 93Hobfooio 

9} 1 fob(3010 bo6 , (}l2om6 ,9}1ff'crtqo^rtlns t9rf}o2^ido yd b92U6o 2f 193053 gnuJ 
OWT .29l(916pl3 9*01112 Odw 219*10W 20l29d26 Of y fl6 fU3 1}l6q ; 20}29d26 

0} 9nfdmoo ,9*om2 93l9i89lo bne 2ol29d26 ,2930632du2 3n9i9ll1b yf939fqmoo 
0} b920qX9 yf1V69d n99d 9V6ri odw 920d} 0} *21l }063llMpl2 yi9V 6 93Ub0iq

.2l2ub 20l29d26

yMo 219*10W 20l29d26 Of 169qq6 292692 1b b9l6f91-20l29d26 , yff619O90 
9269130r lOBorlrnprz A .9iU2oqx9 Izirl 9onl2 b92qEf9 sv6d 2i69y ynem is3l6 

91U20qX9 321 11 19316 2189Y AI ol 01 2169qq6 9361 ri369b 193063 pouf 9d3 nr 
IneorlMprz zsmoDsd 9361 ril69b 6mo1f9dlo29m 9riT ,2i69>( 3C ol 0£ 36 2)i69q boe 

2169^ 5A 19316 09V9 dmKo 03 290013003 3ud 91U20qX9 32111 19316 2169^ OS 
2169^ OS 03 ai 3n63ll1npl2 29fllC39d 9361 dl69b 2120l29d26 9dT .b92q6f9 9V6d 

39 llojllfea) 2169^ 36 o3 OA is 2)(69q Y,fl09i6qq6 bn6 9iuzoqx9 32iil lelle
.(60801 f6

>(.po fo1fii9b1q3

rfnoHeqLooo 2uo 1i6v 9d3 lo 29fbu3? ^lIFeliom sd} pnheblznoo 9iol98 
9(id3 gril 9foi 9d3 i9bf2003 ^flghc bfuortz gw ,2o329d26 o3 b920qx9 zquoip 
bfx,6fq (9f 13o2\,ido bne ,9lrfobl30i: ,9}l2om6) 20329d26 lo 29q^l inelioqmf 

lotem 9ri3 9i9(1w 26916 9d3 ,9qon3 bn6 6oh9mA dliod lo 93i9mmoo 9ri3 nl 
.9b6m 919W 219 10W 20l29d26 lo 29fbul2 f63Ipof Imgb1q9

a

UCC 008656



In North America, chrysotile entered the market In large quantities 
early in this century. Crocldollte was apparently first used In the United 
States in 1912 when 9 tonnes were Imported, but It was not until World War I 
that its use for high temperature Insulation became established - particularly 
In the ship building Industry. By 1930, 35,000 tonnes of crude crocl­
dollte fiber had been imported Into the United States. Import statistics for 
crude crocldollte asbestos from South Africa into the United States are given 
in Tables 2a and 2b. Large amounts of manufactured goods containing crocldo­
llte were also Imported but tonnage estimates cannot be made. Not 
until the mid 1930's did amosite asbestos gain a market in North America 
when it began to replace crocldollte for high temperature insulation. 
Crocldollte was milled In Bound Brook, New Jersey In 1920 and in 1924 the 
operation moved to larger faculties In Millington, New Jersey. The many 
advertisements in the trade journal Asbestos from 1920 to 1945 indicate 
that crocldolite was used in many products and particularly for Insulation 
of steam boilers, locomotives, and pipes. As an example, a product contain­
ing crocldollte asbestos and called "85t Magnesian Sectional Pipe Covering" 
was advertised monthly in Asbestos from 1920 to 1945 (see also, McCullagh, 
1980). Amosite, crocldollte, and chrysotile were almost universally used 
aboard ship during World War II; amosite for high temperature boilers and 
pipes, crocldollte for packings exposed to acids or salt water, and chryso­
tile for low temperature and electric Insulation.

The use of asbestos in Europe paralleled that In North America, with 
one notable exception - the extensive use of crocidollte asbestos as a 
sprayed-on coating to fireproof ships JJ railroad cars, buildings, etc. 
Sprayed-on coatings were also used In the United States aftir World War II 
but the coatings contained, with few exceptions, chrysotile rather than 
crocidollte. Sprayed-on asbestos coatings were not used on U.S. ships; 
the principal use being to fireproof steel building girders and as acoustical 
coatings in schools and offices.

Asbestos trades workers. A very significant increased ncldence 
relative to the general male population, of lung cancer, asbestosls and 
mesothelioma is found In men who were employed In the "asbe.tos trades" - 
insulation of steam locomotives, boilers, ships, buildings; fabrication and 
Installation of asbestos-containing textiles, roofing mater als, cement 
products, tiles, wall boards, brake linings, clutch facings, filters, 
packings, gaskets, etc. Those in the "trades" generally us d several types 
of asbestos minerals during their working careers; most comnonly these were 
chrysotile, crocldollte and amosite, rarely anthophyllite. Significant 
exposures by any group i f workers, at least for the past 40 years, to 
tremollte or actlnolite asbestos dusts has probably not occ> rred.

1/Mesothelioma Is prevalent In the shipyard workers of Europe; at Walcheren, 
Wllhelmshaven, Plymouth. Trieste, Hamburg, Nantes, Rotterdan, Malmfl 
(McDonald and McDonald, 1977). The extensive use of crocidollte aboard 
European ships prior to and during Wbrld War II Is suggested to be an 
important factor in the etiology of this disease.
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Table 2b. Imports of all crude asbestos from South Africa (1930-1939)

Year(s) Asbestos Crude (short tons)

1930
1931 
1932-33
1934
1935
1936
1937
1938
1939

3635
2290
1370
4269
2529

9
3025
4248
6422

Total 27,788 short tons**

‘Import statistics do not differentiate between various formr 
of asbestos. Little chrysotfle was Imported from South Africa 
thus the figures are for mostly amosite plus crocldolite. Import 
data for crocldolite during World War II suggests that at least 
20* of the 1930-39 imports were crocldolite. The amosite market 
was just developing In the II.S. in the 1930's. Most of the 
crocldolite was from the Cape Province.

“Assuming a ratio of 4:1 of amosite: crocidolite based on UWII
fmport figures, at least 5558 short tons of crocldolite was 
imported into the U.S. from 1930 to 1939.
Sources: Mineral Resources of the United States (1930)(1931 .
U.S. Geological Survey, WasiTngton, 1).C~." 'Mineral s Yearbook (’ 932) 
(1939). U.S. Rureau of Minos, Washington, O.C.
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Statistical data for 21 mortality studies of defined cohorts of asbestos 
trades workew (mostly male) are presented in Tables 3a and 3b. Of those 
that are continuing prospective studies, the most recent update Is given.
Twelve of the studies are of asbestos factory workers, eight are of asbestos 
insulation workers, and one Is of asbestos construction workers. In all ,
50,143 individuals were followed (1,517 were female); of the 7,166 listed 
deaths 1 ,198 (16.7 percent) were reported as due to lung cancer and 402 
(5.61 percent) were reported as due to mesothelioma. In the 21 studies, 
the lung cancer mortality accounted for 6.1 to 26.6 percent of all deaths; 
mesothelioma mortality accounted for 0 to 16.1 percent of all deaths (Tables 
3a, 3b, Fig. 1). The workers involved in study No. VI worked only with 
chrysotile, those involved in Studies X and XXI worked mostly with crocldolite, 
and those In the remaining studies probably worked with more than one form 
of asbestos.

Estimates of expected cancer mortality are very difficult to predict, 
for cancer rates are modified by the individual’s “lifestyle” as well as 
by occupation. The "lifestyle" contribution to lung cancer Is cigarette 
use. To better assess the significance of these health studies It Is 
necessary to examine the cancer-mortal 1 ty patterns of cigarette smokers 
who were not exposed to asbestos dusts. Unless prevalence of smoking 
within the study group Is carefully evaluated It Is Impossible to predict 
accurately the health effects of occupational exposure to carcinogens such 
as asbestos, radon gas, and arsenic. Unfortunately, In few of the studies 
listed in Tables 3a and 3b have adequate assessments been made of the 
proportion of workers who smoke cigarettes.

The contribution of cigarette smoking to the Increased Incidence of 
disease has been evaluated in several studies and has lead to a consensus 
that this habit produces a very significant increase in risk of dying of 
lung cancer as well as of the various cardiovascular diseases. The largest 
study of cigarette smokers i9k that of E. Cuyler Hammond and colleagues 
under the auspices of the American Cancer Society. This study is based on 
questionnaires and mortality follow-u) accomplished In the United States 
between July 1960 and June 1971 for approximately 51 ,000 men (Hammond et 
al., 1978). The proportional mortality of lung cancer (percent lung 
cancer deaths relative to deaths by a’1 causes), based on the Hammond 
study. Is shown graphically in Figure 2. For a group of men who all smoke 
cigarettes (cohort of 100 percent smo-ers), lung cancer mortality is 
approximately 7 percent at age 45, re ches a maximum of approximately 10 
percent at age 70, then decreases sll'htly at older ages. For a cohort of 
male non-s«ofc«rs, lung cancer mortall'y is 2 percent at age 45 and then 
decreases continuously to approximate y 1 percent at age 95.

Smoking Is most prevalent In blue-collar occupations relative to pro­
fessional and managerial occupations (Sterling and Welnkam, 1978). This 
prevalence also holds true for the asbestos trades, mining, and milling 
occupations. In a group of 13,722 asbestos insulation workers, whose 
smoking habits were recorded, 70 percent had a history of cigarette smoking 
(Seiikoff and Hammond, 1975; Saraccl, 1977). In a group of 1,015 chrysotile 
asbestos miners and millers 85 percent were smokers (McDonald et al., 1974). 
Oata given In Figure 2 predicts that > he lung cancer mortality for a cohort
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Figure 2. Percent of lung cancer rie.ths in males relative to deaths 'y 

all causes (proportional mortality - lung cancer) plotted with 

respect to age for four groups (cohorts) having different cigarette- 

smoking characteristics and for a cohort of non-smokers. For example, 

for a cohort of 70-year old males which is composed of 75 percent 

cigarette smokers, 7.8 percent of all deaths at age 70 are predicted 

to he from lung cancer. Graphical presentation based on data from 

Hammond et al. (1878).
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composed of 75 percent smokers would be at least 6 to 7.5 percent, regardless 
of occupation. In Tables 3a and 3b we see that the lung cancer mortality 
for the total of 21 cohorts of asbestos "trades" workers was 16.7 percent - 
approximately three times that expected if mortality predictions were 
based only on the apparent smoking habits.

The risk of lung cancer due to asbestos exposure Is lower In non-smokers 
than In smokers (Saraccl , 1977, J. C. McDonald, l98Db). There appears to be no 
relationship between smoking habits and the Incidence of mesothelioma, the 
disease Is equally prevalent In smokers and non-smokers alike. Of the 
studies listed in Tables 3a and 3b, only Study No. VI of chrysotlle factory 
workers shows a lung cancer mortality that would be expected from the 
smoking habits alone.

Asbestos miners and millers. Men working In the mining and milling of 
asbestos ore are generally exposed to only one form of fiber. A few 
exceptions occur In the ninlng regions of South Africa where some workers have 
been employed In crocldolite, amoslte, and chrysotlle mines. Anthophylllte 
and tremollte asbestos miners may have been exposed to some ihrysotlle 
asbestos, for these minerals can coexist In metamorphosed uUramaflc rocks, 
for example, those of Paakklla, Finland.

Epidemiological studies of asbestos miners and millers who were exposed 
to only one form of asbestos are useful to understand how the different 
asbestos minerals affect human health. Table 4 gives the mortality 
data for the five major epidemiological studies of asbestos nlners and 
millers. In addition three studies are given of miners exposed to cummlngtonite 
and grunerite amphlbole dusts and one study of tunnel worker; exposed to 
hornblende amphlbole dust. Some classify these amphiboles as asbestos even 
though they do not possess the physical properties requisite to be valuable 
commercially. Such a classification has been made In the ca;e of taconite 
mining by the courts (United States District Court for Minne sota, 380 F.
Supp. 11) and by the U.S. Environmental Protection Agency (Reserve Mlnlig 
vs. EPA, U.S. Court of Appeals Eighth Clrcult, March 14 , 1975); the 1 at ter 
has sued to prevent the Reserve Mining Company from dumping taconite tailings 
Into lake Superior because of the perception that these tailings contain 
“amoslte asbestos" and thus constitute a threat to public health. For a 
complete review of the case see 514 Federal Reporter, 2d Series, 492-5^2,
1975; 256 North Western Reporter, 2nd Series, 808-852, 1977. Of interest 
regarding this suit are the health studies of the Reserve Iron ore miners 
exposed to cummlngtonlte and grunerite in the taconite rock (Table 4,
Study B) and on the Homestake gold miners exposed to cummlngtonlte in
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the gold-bearing schists (Table 4, Study 0, 1)1/. Studies B and E show 
no evidence of asbestos-related diseases appearing in the study groups.

MortalIty comparisons, trades vs. mines. The cancer mortality 
pattern for those In the asbestos traces and mining occupations is graphically 
presented in Figure 1 where percent lung cancer mortality is plotted with 
respect to percent mortality due to mesothelioma. The studies of the <sbestos 
trades workers (Tables 3a. 3b; Fig. 1 , open stars) show a very significant 
excess of mortality due to mesothelioma relative to that found In the 
miners (Table 4, Fig. 1 , solid squares) - with one exception, the crocidollte 
miners of Western Australia (Study F).

In regard to high mesothelioma mortality. It is Important to note two 
health studies of specialized factory workers who, during World War II, 
were employed at the task of manufacturing asbestos-bearing filter pads 
and of placing them Into gas mask canisters. One study (McDonald and 
McDonald, 1978) was of Canadian workers who, at three factories, were 
Involved with the manufacture or handling of crocldollte-bearlng filter 
pads. The maximum duration of exposure during the period 1939-1941 was 
no more than two and a half years. The cohort studied was composed of 93 
men and 83 women (Study X, Table 3a). Of the 56 now dead, 8 died of 1 jng 
cancer (14.3%) and 9 of mesothelioma (16.1% .

The second study (Jones et al., 1976, 980a) was of a cohort of 9 >1 
women who worked either at a factory in Not Ingham, England or at a fa tory 
In Birmingham, England. The Nottingham gro ip worked for only five mon'.hs 
in the years 1939-1940 assembling "civilian filter pads" that contained 
chrysotlle asbestos. The Birmingham group corked for up to four and half 
years during the period 1940-1944 assembling "military filter pads" that 
contained crocidollte asbestos. The croclddlte was thought to have come 
from Wlttenoom, Western Australia. The mortality data is given In 
Table 5. None of those exposed only to chrysotlle died of lung cancer or 
mesothelioma whereas there were 11 lung canter deaths and 16 mesothell >ma 
deaths among those who worked only with crotidolite. None of the womei in 
either factory, as far as Is known, was exposed to asbestos occupationally 
apart from their wartime work. Dust levels, as with the Canadian gas nask 
workers, was considered to be very light to moderate.

2/$tudy E (McDonald et al., 1978) discredits Study D (Gillam et al., 1)76). 
Study D was made on a sub-cohort of the Study E cohort. The latter 
study is much more complete; satlstlcally It Is based on 631 deaths whereas 
Study D is based on 71 deaths. In addition. Study D presents an Implausible 
mortality pattern: (1) No deaths due to silicosis, tuberculosis, or sillco-
tuberculosis were reported despite the fact that the mining company has been 
coping with a quartz dust problem for a century and (2) a 14*1 percent 
respiratory cancer mortality (Incorrectly Included as respiratory cancer 
were a sinus and a mediastinal carcinoma) was attributed to "cummlngtonite 
asbestos" yet no mortality due to asbestosls was reported. The cummingtonlte 
found in the quartz-cummlngtonite schist host rock is not asbestos; but 
rather, garden-variety rock-forming amphibole.
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has been made by RQttner (1978) of the deaths in the ZOrich area of 
Switzerland where there are no asbestos mines, mills, or industries and 
where the cause of death is often determined by autopsy. Among the 28,110 
male deaths (all autopsied) from 1961 to 1976, 51 deaths were due to meso­
thelioma (0.18 percent) and 2466 were due to lung cancer (8.8 percent).
Among women (22,583 deaths) 23 were caused by mesothelioma (0.10 percent) 
and 368 caused by lung cancer (1.6 percent). The proportional mesothelioma 
mortality for hard-rock miners, tunnel workers, and asbestos miners (other 
than crocldollte) Is 0.17 to 0.20 percent (Table 4). The asbestos trades 
workers, by contrast, have an average mesothelioma mortality of 5.6 percent 
(Table 3).

Among the asbestos miners and millers there Is no question that 
those exposed to heavy concentrations of chrysotile and anthophylllte dust 
over long periods of time have suffered a significant excess mortality due to 
lung cancer and asbestosl s - but not to mesothelioma (Studies A, H,
Table 4). The most detailed health study of asbestos miners to date Is 
that of the chrysotile asbestos miners of Quebec (Table 4, Study J).
Here, McDonald et al. (1980) have carefully documented the relationship between 
lung cancer Incidence and cumulative lust exposure. The average dust 
concentrations that the miners and millers experienced during the working 
day were divided Into four categories depending on the work tasks performed 
during their careers In the mines. These are: low level 2.5 to 4.2 mpcfl/, 
medium level 4.3 to 9.4, high level 11.4 to 23.6, and very high level 
46.8 to 82.6 mpcf. The mean within tiese four categories in terms of 
chrysotile fibers per cm3 is: low 10 °ibers/cm3, medium 21 fibers/cm3, 
high 95 fibers/cm3, and very high 194 fibers/cm3. For the men exposed 
for over 20 years (see Table 17, colunn A) in the low and medium dust 
categories (averaging 6.6 mpcf or app-oxlmately 20 fibers/cm3) total 
mortality was less than expected (SMR = 0.94). For these m^n there was a 
slight risk of excess lung cancer (SMi » 1.15) and resplratiry tuberculosis 
(SMR * 1.14). As exposures of 20 f1b?rs/cm3 are an order oT magnitude 
higher than that experienced now (dust levels for the past :ew years have 
been maintained at less than 2 fibers/cm3), miners working t lifetime 
under the present dust-levels are not expected to present a iy significant 
health problems relative to those In other mining Industrie; (Liddell ,
1981).

McDonald et al. (1980) have also studied the health stitistics of a 
cohort of 440 women who also worked in the Quebec chrysotll ? asbestos mines 
and mills. Of the 84 who have died there was one death due to lung cancer 
and one due to mesothelioma.

i/m pc f * millions of particles of roc-, dust per cubic foot. Conversions of 
this figure into asbestos fibers per .ublc centimeter, the isual measure­
ment for Industrial hygiene monltorlni, is difficult but an approximate and 
conservatively small figure is: 1 mpcf = 3 fibers/cm3 (McD>nald et al., 1980,
p. 21 , 23; see also McDonald and Becklake 1976).
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The prevalence of mesothelioma among the miners of Wlttenoon Gorge has 
been discussed (Table 4, Study F). The town of Wlttenoon, the center of 
crocldollte mining In Western Australia, reached a peak population of about 
1 ,000 in the 1960's. At present the population Is down to about 200 and the 
West Australian State Government has suggested the closing of the town and 
evacuation of the residents because of continuing risks of airborne asbestos 
dust (Chemical Week, December 8 , 1978, p. 26). The risk of mesothelioma 
among the residents of the town who were not employed by mines is demonstrated 
by the case of a 27-year-old woman who had an environmental childhood 
exposure to crocldollte (Langlois et al., 1978).

Effects of Non-occupational Exposure to Asbestos

It Is difficult to assess the health effects of non-occupatlonal 
exposure to asbestos, for cohorts are hard to define, exposure levels are 
usually low, and any excess of lung cancer is disguised by the strong 
association of this disease with cigarette smoking. To study the non- 
occupationally exposed, epidemiologists are thus constrained to look far 
increased Incidence of asbestosis and particularly mesothelioma in two 
types of cohorts; those who live In neighborhoods surrounding asbestos 
factories, mills, or mines and those who live within the household of in 
asbestos worker who presumably carried asbestos dust back to the home in 
his or her clothing.

Background incidence of mesothelioma. There appears to be a definite 
"background*1 mortality due to mesothelioma that Is not related to asbestos 
exposure. Mcflonald and McDonald (1977), reviewed 4539 fatal mesothelioma 
cases reported from 22 countries between 1959 and 1976. They found that 
for 923 of the 2453 cases where a history had been recorded a definite 
or probable exposure to asbestos could not be shown. More recently, Jones 
and Silver (1979) report eight cases with no environmental exposure,
Brenner et al. (1981a) report of 25 patients entering Memorial Hospital ,
N.Y. since 1950 with no exposure history, Brenner et al. (1981b) report of 
seven children dying of mesothelioma who had no exposure history to asbestos, 
and Griffiths et al. (1980) report on 10 mesothelioma patients with no 
history of exposure to asbestos who entered Austin Hospital , Melbourne, 
Australia.

A possible genetic basis for som? mesothelioma Incidence is suggeited 
by Risberg et al. (1980) In their report of five deaths due to mesothe ioma 
within a single family; the father, 3 sons, and a daughter. Four of the 
five had worked in the building Industry where random exposure to asbestos 
containing products could have occurred. They lived In a town of 100,000 
Inhabitants which had no asbestos Industry In the vicinity.

An estimate of mesothelioma mortality not related to exposure to 
asbestos can be obtained from the data given by McDonald and McDonald 
(1980). Ascertainment, through 7,400 pathologists, of all fatal malignant 
mesothelioma tumors in Canada (1960-1975) and in the U.S.A. (1972) was 
made. The pathology review panel accepted 73 and 65 percent of the U.3. 
and Canadian cases, respectively. Occupational histories indicate thai. 50 
percent of the male and five percent of the female deaths could be attributed
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much of their lifetime very heavy non-occupatlonal exposures to chrysotile 
asbestos contained In the rock dusts emitted from the operation of the 
nearby mines and mills*!/ The mortality data for the female residents of 
Asbestos and Thetford Mines Is given in Table 7 (see also Tables 8 and 9).

Table 7. Mortality Data for Women Living In Quebec Asbestos Hlnlng 
Towns for the Period Y966 to i§/7 (Pampaion, 1979).

Cause of death Observed

all causes 1225 
al1 cancer 292 
lung cancer 23 
G.I. cancer 97 
resp. disease 35

Expected Excess (Deficiency)

1356 (131)
321 ( 29)

23 0
91 6
58 ( 23)

Another cancer mortality survey of various regions in Quebec was 
made by Graham (1981). His data, summarized in Table 8, show the rates for 
various cancers that may be associated with exposure to asbestos dusts for 
five regions; asbestos mining counties, counties surrounding the asbestos 
counties, other rural counties, and the cities of Quebec and Montreal.
The rates for the asbestos mining counties, which contain the large seml- 
1ndustrlalIzed towns of Thetford Mines and Asbestos, are intermediate 
between the rural counties (“other rural" and "peripheral") and the cities 
of Quebec and Montreal. This Is to be expected for cancer rates are highly 
correlated with the interrelated factors, (1) degree of urbanization, (2) 
socioeconomic class, and (3) "lifestyle" (Doll and Peto, 1981; Goldsmith, 
1980; Wgglnson and Muir, 1979; Hlgginson, 1980; Weisberger, 1978; Gori , 
1979; lender, 1980). Graham (1981) states that the rates for cancers of

1/Even In 1974 and 1975, when rock dust levels at the Quebec asbestos mines 
and mills had been much reduced from levels as high as 200 million particles 
per cubic foot (ppcf) in the early 1950's to less than 7 million ppcf in the 
mid-1970's (McDonald and Becklake, 1976), the rock dust in the ambient air over 
the town of Thetford mines averaged 80,000 ng/m3 when the mines and mills were 
in operation and 40,000 ng/m3 when the mining operations were shut down during 
the strike of April to September, 1 975 (Brulotte, 1 976). I4ien the mines 
were operating, the average weight of dust falling daily over the town was 
377 kg/km2. Recent measurements by Gibbs, Rowlands, and Brjlotte (Air 
Pollution Control Assoc., 1980) of dust in the ambient air if the towi s of 
Thetford Mines and Black Lake show a chrysotile asbestos co itent of HO to 
11 ,000 ng/m3 - a considerable environmental exposure even i i these better 
times. In this regard. It is pertinent to cite the work of Nicholson et 
al . (1980) who analyzed the chrysotile fiber content in the air In houses 
located In two chrysotile mining districts (Copperopol1s, Cilifornla and 
Baie Verte, Newfoundland). The 13 air samples taken In hom?s of crysotile 
miners and millers show the following chrysotile content: a (50-100 ng/m3),
4 (100-200 ng/m3), 2 (200-500 ng/m3), 2 (500-1000 ng/m3), aid 1 (2000-5000 
ng/m3). Three samples taken in houses of non-miners in Bai ? Verte gave 
concentrations of 32, 45, and 65 ng/m3.
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the pleural./, peritoneum!/, lip, tongue, salivery gland and small intestine!/ 
In males and of the pleura^/, 11 p5./, kidney, salivery gland and melanoma 
in females, are In excess!/ In the asbestos mining counties. Graham (1981, 
p. 40) further states that cancer of the colon, stomach, and lung were "at 
a level so low as to be unimpressive." These are cancers known to be e<cess 
in many cohorts of asbestos trades workers (Table 3a, 3b). The low c?icer 
rates found In the asbestos mining localities are not surprising for McDonald 
et al. (1980, p. 12) report that during the five decades, 1926-1975, 4350 
male Quebec asbestos miners and millers died compared to 4107 expected on 
the basis of Quebec age-and-year specific death rates, giving a standardized 
mortality ratio (SMR) of 1.06.

It should also be noted that the residents of Thetford Mines and 
Asbestos, Quebec used drinking water that contained very high concentrations 
of chrysotile asbestos, ranging from 172 million to 1.3 billion fibers per 
liter (Wlgle, 1977). No evidence of excess cancer mortality could be 
attributed to asbestos in the drinking water of these towns (Wlgle, 1977).!/

Toft et al. (1931) expanded on the study of Wlgle (1977) by comparing 
mortality data from 71 municipalities to the amount of asbestos In the 
drinking water. Particularly Informative are the death rates of the female 
residents of Thetford Mines relative to the rates found in women who lived 
in 52 other localities that had very little asbestos In the drinking water. 
Most of the women of Thetford Mines did not work In the asbestos industry, 
but they did receive heavy non-occupatlonal exposure to chrysotile asbestos 
carried In the air and water. Death-rate comparisons (Table 9) Indicate 
that the women of Thetford Mtnes have not been effected by exposure to 
chrysotile asbestos.

1/A total of 1 to 3 deaths for these cancers were reported for the five year 
period 1969-1973. The statistical significance of such small numbers Is 
questioned.

!/ln regard to Ingestion of asbestos and cancer Incidence, a number of animal 
studies are now complete (Donham et a'., 1980); Hallenbeck et al., 1981; 
Hlldlng et al., 1981; Smith et al., M80; DHHS, 1981a; OHMS, 1981b). None 
of these studies show any evidence that ingestion of asbestos causes tumors in 
animals. Hallenbeck et al. (1981, p. 349) state, "the results of this study 
(a baboon gavaged with ccxnmerclal asbestos) indicate that asbestos fibers 
do not penetrate the gastrointestinal tract of the baboon and migrate to 
various tissue."
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In these household contacts, but It Is most probable that the workers 
handled more than one kind of asbestos. The report of Newhouse (1981 , 
see also Newhouse and Thompson, 1965) may enlighten us on this subject. 
She reports that 11 individuals who died of mesothelioma and had neither 
worked with asbestos nor had a relative who worked with asbestos all had 
lived In the Immediate vicinity of a factory that was a heavy user of 
crocldolite asbestos.

ESTIMATES OF MORTALITY IN THE UNITED STATES 
OUE TO EXPOSURE TO ASBESTOS

Previous Estimates

On September 1 1 , 1978, Joseph A. Califano, then Secretiry of the U. S. 
Department of Health, Education and Welfare, gave a major soeech at the AFL- 
CIO National Conference on Occupational Safety and Health 1i which he described 
how the Federal Government was assisting in discovering and preventing 
occupational disease. One of his statements was that 17 percent of all 
cancer deaths in the United States each year for the next 30 to 35 years 
will be associated with previous exposure to asbestos. This translated 
into 67,000 cancer deaths per year due to asbestos (NCI, NIEHS Press 
Release, Oraft Summary, Sept. 11, 1978). The Califano speech was based 
upon an unpublished document (Bridbord et al., 1978) prepared by several 
medical scientists at three of the National Institutes of Health (NCI,
NIOSH, NIEHS). Doll and Peto (1981) have reviewed this document and state 
(p. 1240) “However, these estimates of total risk were so grossly in error 
that no arguments based even loosely on them should be taken seriously;" 
see also, Doll and Peto (1981 , p. 1241 , 1305-1308).

On January 15, 1980, Dr. Irving Selikoff of the Mt. Sinai School of 
Medicine, New York City, stated at a press conference In conjunction with 
the annual AMA meeting In Chicago, that 20,000 U.S. asbestos workers will 
die each year for the next 40 years of "excess disease" (see J. Am. Med.
Assoc., vol. 243, p. 211, Jan. 18, 1980). On September 27, 1981, through 
a press release to Robert Locke (Associated Press Wire Service), Dr. Selikoff 
stated that 10,000 American workers are dying each year because of asbestos 
exposure. Dr. Selikoff doe', not state upon what data he bases these two 
estimates.

Hogan and Hoel (1981) estimate (p. 74) that future exctss cancer deaths 
among U.S. workers exposed to asbestos could constitute as nuch as 3.0 
percent (range 1.4-4.41) of an estimated annual cancer death toll of
400,000 persons - or 12,000 asbestos-related cancer deaths per year. These 
authors based their estimates on an analysis of the number of people possibly 
exposed to asbestos, possible exposure levels, and estimate- exposure- 
associated cancer risk.

In the above paragraphs, future mortality projections of 67,000,
20,000, 10,000 and 12,000 deaths per year due to asbestos exposure are 
quoted. Are any of these predictions correct? In the following, a method 
is proposed of estimating past asbestos-related mortality which can be used 
to predict future mortal ity.
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Table 12. Average Yearly Mortality due to Asbestos (1967-1977) 
Based on U.$. Recorded Asbestosls ffeaths

Mesothelioma 92 
Lung cancer 199 
G.I. cancer 21 
Other cancer 42 
Asbestosls 88 
Non-lnfectlous resp. disease 80

Total asbestos-related
deaths per year 522

Past Mortality Based on the 1972 Mesothelioma Incidence

It Is not possible to obtain accurate mortality data for mesothelioma 
from the Vital Statistics of the United States for this disease is coded 
(ICO.8) with a number oT other neoplasms under the headings: malignant 
neoplasms of peritoneum and retroperitoneal tissue (158.0, 158.9) and 
malignant neoplasms ot other and unspecified respiratory organs; pleura 
(163.0), mediastinum (163.1), and site unspecified (163.9). Also, as 
pointed out previously, mesothelioma Is a difficult disease to diagnose.
These difficulties In coding and diagnosis make it necessar/ that national 
mortality estimates be made on decisions of mesothelioma re/lew panels 
such as those described by McDonald (1979), Kannerstein et «1 . (1979), 
McDonald and McDonald (1980), and Jones et al . (1980b).

The mesothelioma study of McDonald and McDonald (1980} can be used 
to estimate the excess asbestos-related mortality. Their cita, as described 
above. Indicates that approximately 103 mesothelioma deaths in the United 
States In 1972 can be attributed to exposure to asbestos. Igain, using 
the mortality data of Sellkoff et al. (1979a) listed In Table 11 to 
calculate disease ratios (mesothelioma/excess other cancers, mesothelioma/ 
asbestosls, mesothelioma/excess respiratory disease), the n imber of asbestos- 
related deaths In the United States in 1972 Is estimated to be 587 of which 
398 are due to cancer (Table 13).

Table 13. Mortality due to Asbestos in 1972 Based on Estimated Mesothelioma 
deaths of McDonald and McDonald, 1980

Mesothelioma 103 
Lung cancer 224 
G.I. cancer 24 
Other cancer 47 
Asbestosls 99 
Non-Infectious resp. disease 90

Total asbestos-related
deaths in 19?2 587
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Table 15. Calculated mortality based on linear regression analysis &f past 
reported mortality - asbestos!s (males + females,1967-1977) 
and hpleural neoplasms* (males, 1968-1477) - Vital Statistics 
o71he IJ'.?.',~I957-I377.------ ----------- --------------------------------

year Asbestosls (males A females) "Pleural Neoplasms'*(males)

1967 27 deaths 184 deaths
1977 52 222
1982 64 241
2000 105 308

In regard to mesothelioma incidence, it is pertinent to note the 
number of deaths from this disease in the four hospitals of the New York 
University Medical Center. The reported deaths for the period 1967 to 
1976 are (Demopoulos, 1980a): 1967(3 deaths), 1968(2), 1969(3), 1970(4), 
1971(1), 1972(2), 1973(1), 1974(3), 1975(4), and 1976(3). No significant 
trend with time is noted (r2 = 0.01). Sprayed-on chrysotile asbestos was 
extensively used in building construction In New York City until recently. 
Also, chrysotile asbestos emissions from brake linings give measurable 
fiber counts in the ambient air of the New York City streets. For example, 
Nicholson et al. (1980) report that 43 of the 89 air samples collected in 
New York City exceeded 50 ng of chrysotile asbestos per Samples taken 
In New York City public schools ranged from 9 to 1950 ng/nw with 15 out of 
27 samples exceeding 100 ng of chrysotile per Despite the long 
presence of chrysotile asbestos in the New York City air, Demopoulos 
(1980b) found no evidence of an increase in the number of mesothelioma 
deaths in this city over the past 12 years (1967-1978). Vianna et al .
(1981) in a study of malignant mesothelioma in New York State (excluding New 
York City) found that there was no increase in the incidence of disease 
from 1973 through 1978.

23

t
UCC 008681



YflAMMUa

notjjtitxnq zodzedzA

doBorYfngfz Yn6 °Y b9zu n99d 9V6ri nuol *fno «2odZ9dze To zrnnoY xfz 9rid 10
bne «9df ffYdqorldns .gdffobfoono .gdfzoms 9n6 9Z9riT .goneinmoo nr dn9dxe 

rfdnu Ion 26w df nsm 9pA gnod2 b9zu Z6w 2od29d26 rtpuoridfA .9rfJo2^d3 
9rid nf 92u b69nqz9bfw odnf 91W3 df dsrtd ^luJnaD ridGI add Yo d06q n9ddef grid 
ngdle bntfgnB bns \,r6dl nf n6p9d ^d2ubnf nn9bcm 9rtT .bhow b9xr fAfndzubnf 

,088 T y.8 .n9df1 9bino 9rid Yo ngffqquz nf6m 9rtd pnted 39d9up ddfw , 088f 
riofriw Yo 9bfwbho* b9nfm n99d btri 20dzgdzB Yo Z9nnod no f T f fm 00f ncrtd 9nom 
noffffm Y.S duode ,y*9H6v 9ffdozYTrio aril Z6w Z9nnod nofUfm 00 n6rid gnom 

,Yd9hev 9df2om6 9dd 29nnod noffffm S.S duod& ,^d9h6v odffobfoono 9rid zannod 
vf9d6mfxonqqA .yY9H6v 9dfff^riqortdns 9rid 29nnod noHfbm A.O duodfc bne 
‘ ffdo2\.ido 99irld dzut moil smoo Z6rt b9nfm 19V9 zodZ9dZ6 ffe Yo dnsongq 

9rtd Yo 2f6nl) m9flduoe bns fendn93 9rtd bns 6b6nfi0 ,39deup ,Z9fdff6oor pnfnfm 
9on6dnoqmf Yo n9bno nf zahdnuoo gnfoubonq-9ffdozYnrts gril .nofnU d9fvo2 

nofdoubonq zod29dz6 fedod z’bhow 9rid Yo dn9on9q f.dA) nofnU d9fvo2 9dd :9T6 
, (JTG.S) xbdl , (X8.C) enfrtD , (3T8.8) swdsdmfX ,(*e.8S) BbsneO ,(8TGf nf

.(yo.r) BfrvidauA bne ,(jpv.r) ,a.2.u .(f8. r) rfxens ,(*r.s) bomya ddooa

YPofofni9bfq3 9vfd6n6qroo3

9T:Z0qX9 Z0dZ9dZ6 Od b9d6T9T 9T6 riofrfw 292692 fb ffiqfonhq 99Tf1d 9f1T 
29nndm9m f6gnodn9q bn6 T6no9fq srtd Yo n93n&3 (S) «n9on63 gnuf (f) :ei6 
9Uf2'rd gnuf 9fld riofriw nf nofdfbnoo 6 ,2f20d29d26 (£) bn6 , (6moff9rtdo29m) 
,?‘2692fb 929f<T .nofdam/Y od ^dfffde zdf 2920f zurtd bns zuondfl Z9m039d 

Zn9)hOV 20d29d26 YO ZqUOng ZUOhfcV 9rfd nf dn9f6V9nq <tf T6UP9 don 9T6 , 19v9wori 
9fld no 2bngq9b 92692 fb Yo 3q^d bn6 dnuom6 9rtd ;b9fbud2 P99d 9V6rt dfcrid 

grid nt 'tfn6fuofdT6q bn6 ,9nu2oq>9 Yo Y,df2ngdnf grid no ,9nu2oqx9 Yo nofd6iub 
.dosdnoo nf 26w feubfvfbnf 9rid rtofriw od 2od29d26 Yo 29q^d no gq^d

bsmaYgn 29mfd9ino2 , 2od29d26 9ffdO2Yid0 .zodzadzs H9dfriw" no 9ffd02YnriJ 
9rtd nf b92u ^ff6u2u 2f d6rtd nnoY nrid zf ,20d29d26 "9dfr1w" 26 9b6nd 9dd nf od 
.od9 ,nofd6ru2nf 9qfq 26 .zgnfnrf 9)(6nd nf .zpnfdeoo ffew 26 - 29d6d2 bgdfnll 

^d9fn6v 9ffdozYTrio 9rtd zf .2.U grid nf 906fq nf zod29d26 grid Yo dn9on9q 3G duodA 
r6orgorofrgbfq3 .39d9up nf b9fffm bne banfm 26w zfrtd Yo 9g6dn9on9q 9gn6f 6 bn6 

Yd n9)(6dn9bnu D9d9o0 Yo 2n9fffm bne 2n9nfm 20d29d26 9rfdo2Yirt3 grid Yo 2efbud2 
2n69Y OS n6rtd snom noY b92oqx9 n9m noY derid woriz ebensO nf zn9rtDn69Z9n f6ofb9m 

ntrid z?af Z6w Y^fbdnom T6dod arid ^mo\zn9dfY OS gnfg6nav6 dzub »ffdozY*irio od 
n93f’63 gnuf od >lzffl .(zrid69b b9d39qx9 G5d , zrid69b bgvngzd©-OSd) b9d39qx9 
,^f 9rd6T) b9dogqx9 2rid69b SA ,b9vn9zdo zrid69b 8A ;b9Z69n3rtf Ybrigffz zew 

n6rtd n9d69ng 9budfnp6m Yo n9bno 06 9n6 ^mo\2n9dfY OS od Z9nuzoqx3 .(A ranuroo 
9^fdo^Y^riD zitrid ;(tmo\2n9dfY S n6rtd Z29f Yfbngngg) won b9onafn9qx9 9zorid 

-X9 9f don blood. zf9v9f dzub dn9Z9nq 9?9rid nsbnu 9mfd9Yff 6 gnf^now 2n9nfm 
anudoiq YY^ednon n6ffmfz A ,n9on63 ZZ93X9 9fd6nuZ69m Yn* nsYYoz od b9d39q 

.(A ard6T ,3 y!,uY2) zn9fffm bn6 zn9ntm 9ffdozY'>do n6fT6dI noY b9dnoq9n zf

Z9b6nd Yo dnoi 03 e Yo Ybudz fBDfgolofiiebfqg gno Yffo Yo zdfuZ9n 9riT 
b9rizffduq n; 9d zodz9dz6 effdozYirio od y^o b9Zoqx9 9d od nwonjl 2ng>how 

on due zfzod29dzi od 9ub zrid69b S zdnoq9n Ybodz zfrtT .{&€ 9fdET , IV \.bu313)
.b9d39d9b Z6W 193063 Yf>6 YO ZZ93X9

AS

UCC 008682



Mesothellom* Incidence among those working only with chrysotile asbestos 
Is very low. Thus far, about 16 deaths due to this disease have been 
reported among chrysotile asbestos miners and millers and none among 
chrysotile trades workers^/ In addition, 6 deaths among sons and daughters 
of chrysotile miners and millers and two among others living In chrysotile 
asbestos mining localities have been reported as being due to mesothelioma.

Four epidemiological studies of the female residents of the Quebec 
chrysotile mining localities show no statistically significant evidence 
that their life-long exposure to asbestos dust from the nearby mines and 
mills has caused excess disease.

Crocldollte or "blue" asbestos. Crocldollte, usually referred to in 
the trade as "blue" asbestos, was first Imported Into the United States in 
1911 or 1912. By 1930, 35,000 short tons of crude blue fiber had entered 
the country and by 1946 an additional 21 ,000 tons were Imported. In addition 
to these Imports, much crocldollte came Into the United States as manufactured 
products such as yarns, tapes, and pipe coverings. Almost all of the 
imported crocldollte came from South Africa.

Epidemiological studies of groups who worked only with crocldollte 
asbestos show that rather short periods of exposure, or even relatively 
light exposure, causes a large excess of mortality due to lung cancer, 
mesothelioma, and asbestos!s. This is evident not only in those exposed to 
crocldollte during gas mask fabrication and building construction but in 
those employed In the crocldollte mines.

There are only two mining regions in the world where mesothelioma is a 
statistically significant cause of death. These are the crocldollte mining 
districts of the Cape Province, South Africa and at Wittenoom, Western 
Australia. Prevalence studies In the Cape Province report that at least 
278 people have died of mesothelioma as a result of exposure to crocldollte; 
161 of these people worked In the mines and mills and 117 others lived in 
the vicinity of the mines.

Thirty-one men who worked in the croctdolite industry at Wittenoom, 
Western Australia have died of mesothelioma. Of these, 13 had worked for 
less than 12 months and 9 had light to medium exposure to blue asbestos.
Sixty miners and millers at Wittenoom have died of lung cancer; 34 of these 
men had worked In the industry for less than 12 months and 19 had light to 
medium exposure to the crocldollte dust. In addition to this occupationally 
related mortality, 6 others who lived near but did not work in the mires or 
mills have died of mesothelioma.

Amoslte or "brown” asbestos. All amoslte asbestos comes from the 
Transvaal Province of South Africa where between 1917 and 1979 approximately

iL/Acheson et al. (1981 , p. 1405) cite two new studies (in press) of asbestos 
trades workers thought to have been exposed to only chrysotfle which confirm 
the rarity of mesothelioma associated with chrysotile.
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Table 16. Huothel 1 oraa Mortality]./In Four Asbestos Mining Districts 
Relative toAsbestos production

Asbestos type 
Tonnes mined 
Years mined 
No. deaths 
(mesothelioma) 
deaths/100,000 
tonnes mined

Quebec 
Canada 

chrysotlle 
40,000,000 
1878-Pres. 
2?1/

0.06

Western 
Australia 
crocldollte 

155,000 
1938-1966 

37

Cape Province 
South Africa 
crocldol1te 
2,700,000 

1893-Pres. 
278

23.9 10.3

Transvaal Prov. 
South Africa 

amosite 
2,200.000 
1917-Pres.

31/

0.14

1/Reported In the scientific literature up to 1979 for miners, millers and 
other residents of the mining districts 

yExcludes 7 mesothelioma cases that were exposed to crocldollte. 
l/Excludes 4 mesothelioma cases that were exposed to crocldolite.

Several studies (Jones et al., 1980a, 1980b; McDonald, 1980b; Mclonald, 
1980c) have been made on the types and amounts of asbestos fiber in tte 
lung tissue of asbestos workers who died of mesothelioma and In "controls'1 
who died of other diseases and who were not occupationally exposed to 
asbestos. For example, Jones et al. (1980b) found that chrysotlle was 
present no more frequently nor In greater amounts. In the mesothelioma 
cases than In the control cases. They further state (p. 197) that "this 
study therefore provides no evidence to indict chrysotlle in the etiology 
of mesothelioma." Similar findings are reported by McDonald (1980b) and 
McDonald (1980c). The above cited studies also show that amphibole fibers 
(crocidollte and amoslte) were more prevalent in the lung tissues of the 
mesothelioma cases than In the controls.

The constrast in mortality holds also for lung cancer and asbestosis. 
All three forms cause significant excess of these two diseases in those 
exposed for long periods of time to high dust levels. However, short term 
exposure to moderate levels of crocldollte dust appears to be more dangerous 
than long term exposure to high levels of chrysotlle dust. This can be 
seen by comparing the mortality data for the Quebec chrysotlle asbestos 
miners and millers who were exposed to high to very high di st levels for 20 
or more years (Table 17, column B) to the data for the Can.dlan gas mask 
assemblers who were exposed to moderate levels of crocldolite dust for no 
more than 2.5 years (Table 17, column C). For further comfarlson, mortality 
data Is given for Quebec miners and millers who were expos<J to low to 
medium dust levels (column A).
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found In trades workers heavily exposed to asbestos for many years. From 
this we can conclude that mortality studies of asbestos workers who are 
exposed to crocldollte, even for short periods of time, are not valid In 
predicting the health effects of other forms of asbestos.

Estimates of Asbestos-related Mortality In the United States

In various press releases and scientific publications, It has been 
suggested that asbestos exposure In the United States will cause from 10,000 
to 67,000 deaths per year for the next 20 to 30 years. These estimates do 
not appear to be valid when compared to estimates of past mortality that 
are based on reported asbestos-related death due to mesothelioma or 
asbestosls. For example: (1) utilizing the mortality pattern of excess
disease In 17,800 North American asbestos Insulation workers and the incidence 
of mesothelioma In 1972 given by a pathology review panel, it Is estimated 
that 587 individuals died In that year because of exposure to asbestos; or 
(2) taking the reported number of asbestosls deaths as given In the Vital 
Statistics of the United States and again utilizing the mortality data of 
the North American Insulation workers, It Is estimated that the average 
yearly asbestos-related mortality In the United States durlnj the period 
1967-1977 was 522 deaths. There Is some suggestion from the mortality data 
given In the Vital Statistics that the Incidence of asbestos-related disease 
has Increased somewhat during this same period.
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buildings and city streets Is much lower than found In chrysotile asbestos 
mining coamwmttles where no asbestos-related disease appears In the non- 
occupatlonatly exposed residents. The Impetus for these costly removals 
and appliance recalls (hair dryers, for example) apparently comes from 
propagandizing the "one fiber can kill you" concept. Not only Is this 
program costly - It could be dangerous if the removal of blue asbestos Is 
not accomplished with great care. In most cases, asbestos coatings and 
Insulation, where necessary, can be repaired at no risk and at a fraction 
of the cost of complete removal.

Substitutes for Asbestos

If all use of asbestos were to be discontinued, substitutes would 
have to be developed to meet many diverse requirements such as non­
flammability, high strength, flexibility, reasonable cost, and safety.
With respect to safety, the substitutes must not Induce disease In those 
exposed to them and also must not endanger lives In other ways because of 
Inferior strength and durability. Increased flammability, etc. A high 
cost for a good substitute must not force Instead the use of an Inadequate 
replacement. Possible problems with substitutes may occur, for example, 
with the replacement of chrysotile asbestos In drum brake linings. The 
chance of Increased automobile accidents due to a possibly Inferior 
substitute material must be weighed against the probability of anyone 
being harmed by the small amounts of chrysotile asbestos that are emitted 
from drum brakes. Also, the health effects of emissions from substitute 
brake linings must be considered.

The requirements of strength and flexibility necessitate that asbestos 
substitutes be fibrous. Generally, the thinner and longer the fibers, 
the stronger, more flexible, and useful they are. However, fibers longer 
than 4 microns and less than 1.5 microns in diameter are capable of 
producing malignant neoplasms when Implanted Into the pleura of rats 
(Stanton et al., 1981). The test fibers In these studies Included aluminum 
oxide, fiber glass, wollastonlte (CaSiO3), silicon carbide, dawsonlte 
(NaA1C0;j0H), and potassium octatltanate.

Lee et al. (1981a, 1981b) studied the effects on rats, hamsters, and 
guinea pigs of Inhalation of different concentrations of "Fybex", a 
commercially made potassium octatltanate fiber used to strengthen materials 
They found that In addition to the development of pulmonary ^Ibrosis In 
many animal?! 3 hamsters developed pleural mesothelioma, a rfre disease 
In the control animals.

In the report of the Advisory Committee on Asbestos, Health and 
Safety Commission of Great Britain, the following statement is made In 
regard to substitutes for asbestos (Simpson, 1979, vol, 1, p. 69).

"As a general principle we take the view that 
control of any useful but hazardous material is 
preferable to the ultimate sanction of prohibition.
It Is very easy to say that a dangerous substance 
or process should be banned and to hope that that 
will solve the problem. In our view this Is a gross
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was proposed by P, C. Elroes. Director of the MRC Pneumoconiosis Unit, 
Llandough Hospital, Penarth, Wales. He writes (Elmes, 1980, p. 529),

"Populations living on soils contaminated with the
fibers under dry climatic conditions need to be moved."

In regard to his proposal, it Is noted that fibrous zeolite minerals 
occur In many areas of the southwestern United States and that fibrous 
clay minerals are common In the coastal plane sediments of the eastern 
United States.

One does not have to consider the above questions very long before 
coming to realize that If answered In the affirmative they would present 
a regulatory, legal, and economic nightmare.

Instead of overreacting to every perceived health risk (this seems 
to occur particularly In regard to suspected carcinogens) we must allocate 
our scientific and economic resources to our environmental health problems 
In proportion to their seriousness. Billions of dollars have been spent 
directly and indirectly. In understanding anc mitigating asbestos-related 
cancers. Many billions more may be awarded to those filing claims against 
asbestos companies. In contrast, relatively little has been spent on 
understanding and mitigating the more serlou; non-neoplastlc lung diseases 
such as the pneumoconioses caused by Inhalation of crystalline silica and 
coal dusts.

A great deal has been accomplished In urderstandlng the relationships 
between the Intensity of exposure to the several forms of commercial 
asbestos and the Incidence of the asbestos-rtlated diseases. Epidemiological 
studies have shown that modern dust control nethods now In effect can 
prevent most morbidity and mortality related to exposure to chrysotile 
asbestos. Similar studies should be completed In order to set dust levels 
to protect the anthophyl1ite and amoslte asbestos workers (In this regard 
see the Simpson Report, Simpson, 1979).
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