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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 among 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 s clear that there are very significant
differences in the health effects of the several asbestos or asbestos-like

minerals.

O0f 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% crocidolite or "blue” ashestos. 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 buiidings,
brake 1in1n? emissfons, 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, nonoccupatfonal 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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INTRODUC TION

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 ashes-
tosis, 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 1s 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-
1ine habits which are considered by <ome to be asbestos-like.

The Dilemma

The concern for human health, the 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 effects of different kinds of minerals,

di fferent 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 proposid rule-making for "Occupational £ posure
to Asbestos” published ‘n the Federal Register (0Oct. 9, 1975, p. 4765°,
47660) by the U.S. Occupational Safeiy and Realth Administr tion (OSHA:.

In this notice, the naturally occurring amphibole minerals mosite,
crocidolite, anthophyllite, tremolite, and actinolite and t e serpenti e
mineral chrysotile are classified as asbestos if the individual crysta lites
or crystal fragments have the following dimensions: laength greater th.n

5 micrometers, maximum diameter less than 5 micrometers, and a length-‘o-
diameter ratio of 3 or greater., Any iroduct containing any of these '
minerals in this size range is also d:fined as asbestos.”

1
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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-Ayrapaa, 1930n) 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 been

commercially exploited in recent times. Until recently, however, most other

uses of asbestos were trivial; such as tts fabrication into such curiocities

as crematfon cloth, tablecloths, lamp wicks, and purses. Even well {into

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 chrysotile asbestos from

the Urals was used for a short period of time in the production of textiles,

In the 1860*'s 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 chrysotile
asbestos deposits of northern [taly and simultaneous exploitation of the
vast chrysotile 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, certataly 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 Worid; of this more than 90 percent
was chrysotile and more than 5 percent crocidolite and amosite. Nearly
40 million tonnes of this total World production was chrysotile mined in
Quebec Province near the towns of Thetford Mines and Asbest:s. Total
production of anthophyliite asbestos to date is probably no more than
400,000 tonnes; 350,000 tonnes being produced by Finland alune. Pranduction
of tremolite asbastos has heen 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 actinolite asbestos is practically unknown,
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The World asbestos production for 1978 is given in Table 1. Russia
Teads 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, crocidolite, 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.

COMMERCIA!L. ASBESTOS
The Asbestos Minerals

Standard references published over the past 50 years usually 1ist six
forms of commercial asbestos; the ampiibole varieties are amosite, crocidolite,
anthophyllite, tremolite, and actinolite, the serpentine variety is chrysotile,
A detailed understanding of the chemis;try 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, Mg35i205(0H)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 1s the very rare asbestiform va iety of grunerite amphibole,
(Fe ,Mg)7518022(0H)7; this varietal name is d-rived from the word Amosa -
an acronym for the company "Asbestos 4ines o South Africa” (Hall, 19718,
p. 13-14), This valuable commercial isbesto 1s mined only in the Trawsvaal
Province of South Africa,

Crocidoli e is the asbestiform viriety f riebeckite amphibole,
ideally Na (Fe Mg) 1si 0y (OH) , and ha. been mined in only
four localxties % 4ra svaal and Cape P-ovinces of South Africa, in
the Hammersley 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);SigO22(0H)2, from
the Paakkila area of East Finland. With the Finnish mines now closed there
is now very 1ittle anthophyllite asbestos production anywhere in the World.

There are numerous reports of mizor occurrences of tremolite asbestos,
Ca ”955’8922(0”) , and relatively few reports of occurrences of actinolite
asbestos, (ap(Fe,Mg)5Siglyp(OH)p. Tramolite and actinolite asbestos are
now, as they have been 1n the past, of little economic importance.

The Important Geological Occurrences »f Comm:rcial Asbestos

Many minerals, including the ampriboles and some serpentines, are
described variously as fibrous, asbes:iform, acicular, filiform, prismatic;
these terms suggest an e)ongate habit. Alth;ugh such minerals are extreme1y

4A
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common, in only relatively few places do they have physical and chenmical
properties suftable to be valuable as commercial asbestos. Locally,
amphibole minerals may show an asbestiform habit, for example in vein
fillings and 1n areas of secondary alteration, but usually they do not
appear in sufficient quantity to be profitably exploited.

NDeposits of commercial asbestos are found in four types of rocks:
(1) - alpine-type ultramafic rocks including ophiolites (chrysotiie,
anthophyllite, and tremolite), (II} - stratiform ultramafic intrusions
(chrysotile and tremolite), (I[I) - serpentinized limestone (chrysotile),
and (IV) - banded ironstones (amosite and crocidolfte). 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 1 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 [II 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 {fronstones of the Transvaal
and Cape Provinces of South Africa anid of Western Australfa. Only the
South African deposits are still tn 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 comnercial asbestos mineralis. 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) asbestosis, a diffuse interstiticl
fibrosis of the lung tissue often leiding after long exposure to severe
loss of lung function and respiratory failure, The occurrence of lung
cancer in asbestos workers s alse complicated by the association with
cigarette smoking which leads to considerable difficulty in assigning
relative risks of asbestos exposure to smokers, Mesothelioma, 3 disease
which is usually fatal in one to two years after diagnosis, is rare, accounting
for less than 300 deaths per year i{n the United States and {anada.

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 concluston (McDonald and McDonald, 1980; Meurman et
al,, 1974; Rubino et al,, 1979; Nicholson et al., 1979). Some question
st11] exists then as to the role played by ashestos 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
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In North America, chrysotile entered the market in large quantities
early in this century. Crocidolite was apparently first used in the United
States in 1912 when 9 tonnes were imported, but it was not until World War !
that its use for high temperature insulation became established - particularly
in the ship building industry, By 1930, 35,000 tonnes of crude croci-
dolite fiber had been imported into the United States. Import statistics for
crude crocidolite asbestos from South Africa into the United States are given
in Tables 2a and 2b, Large amounts of manufactured goods containing crocido-
1ite 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 crocidolite for high temperature insulation,
Crocidolite was milled in Bound Brook, New Jersey fn 1920 and in 1924 the
operation moved to larger facilittes in Millington, New Jersey. The many
advertisements in the trade journal Asbestos from 1920 to 1945 indicate
that crocidolite was used in many products and particularly for tnsulation

_ of steam boilers, locomotives, and pipes. As an example, a product contain.
ing crocidolite asbestos and called "85% Magnesian Sectional Pipe Covering™
was advertised monthly in Asbestos from 1920 to 1945 (see also, McCullagh,
1980), Amosite, crocidolite, and chrysotile were almost universally used
aboard ship during World War 11; amosite for high temperature boilers and
pipes, crocidolite for packings exposed to acids or salt water, and chryso-
tile for low temperature and electric fnsulation.

The use of asbestos in Furope paralleled that in North America, with
one notable exception - the extensive ¥se of crocidolite asbestos as a
sprayed-on coating to fireproof ships,_/ raiiroad cars, huildings, etc.
Sprayed-on coatings were also used in the United States aftcr World War II
but the coatings contained, with few exceptions, chrysotile rather than
crocidolite., Sprayed-on asbestos ccatings were not used on Y,S. ships;
the principal use being to fireproof steel huilding girders and as acoustical
coatings in schools and offices,

Asbestos trades workers., A very significant increased ncidence
relatTve to the general male population, of lung cancer, asiestosis and
mesothelioma is found in men who were employed in the "asbeitos trades” -
insulation of steam locomotives, boilers, ships, buildings; fabrication and
installation of asbestos-containing textiles, roofing mater ais, cement
products, tites, wallboards, 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 comonly these were
chrysotile, crocidolite and amosite, rarely anthophyllite. Significant
exposures by any group « f workers, at least for the past 40 years, to
tremolite or actinolite asbestos dusts has probably not occ: rred,

1/Mesotnelioma 1s prevaltent in the shipyard workers of Europe; at Walcheren,
Wilhelmshaven, Plymouth, Trieste, Hamburg, Nantes, Rotterda ., Malmd
(McDonald and McDonald, 1977). The extensive use of crocidulite aboard
European ships prior to and during World War Il 1s suggeste:/! to be an
important factor in the etiology of this disease.

7A
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Table 2b. Imports of all crude asbestos from South Africa (1930-1939)*

Year(s) Asbestos Crude (short tons)
1930 3635

1931 2290

1932-33 1370

1934 4269

1935 , 2529

1936 ?

1937 3025

1938 4248

1939 6422

Total 27,788 short tons**

=Import statistics do not di fferentiate between various forms

"of asbestos. Little chrysotile was imported from South Africa
thus the figures are for mostly amosite plus crocidelite. Import
data for crocidolite during World War Il suggests that at least
20% of the 1930-39 imports were crocidolite. The amosite market
was just developing in the U.S. in the 1930's. Most of the
crocidolite was from the Cape Province,

**Assuming a ratio of 4:1 of amosite: c¢rocidolite based on LWl
fmport figures, at least 55358 short tons of crocidolite was

imported into the U.S, from 1930 to 1939.

Sources: Mineral Resources of the United States (1930)(1931 .

U.S. Geological survey, Was iington, D.C. Minerals Yearbook {°932)...
{1939). 1,5, Bureau of Min:s, Wasaington, B.C.
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Statistical data for 21 mortality studies of defined cohorts of asbestos
trades workees (mostly male) are presented in Tables 3a and 3b. Of those
that are contfmuing prospective studies, the most recent update is given,
Twelve of the studies are of asbestos factory workers, efght 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 Tung 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 tnvolved in study No. VI worked only with
chrysotile, those involved in Studies X and XXI worked mostly with crocidolite,
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 “11ifestyle” as well as
by occupation. The "1ifestyle” contribution to lung cancer is cigarette
use. To better assess the significance of these health studies it is
necessary to examine the cancer-mortality patterns of cigarette smokers
who were not exposed to ashestos 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 32 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 hadbit 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 isg that of E. Cuyler Hammond and colleagues
under the auspices of the Ametican Cancer Soclety. 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 proportiona) 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 1s
approximately 7 percent at age 45, re ches a maximum of approximately 10
percent at age 70, then decreases sli-htly at older ages. For a cohort of
male non-smokers, lung cancer mortali-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 Weinkam, 1978). This
prevalence alsc holds true for the asbestos trades, mining, and milling
occupations. In a group of 13,722 ashestos insutation workers, whose
smoking habits were recorded, 70 percent had a history of cigarette smoking
{Selikoff and Hammond, 1975; Saracct, 1977). In a group of 1,015 chrysotile
asbestos miners and millers 85 percent were smokers {McDonald et al., 1974).
Data given in Figure 2 predicts that 'he lung cancer mortality for a cohort

LA

UCC 008660

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of... Published by AsbestosClaims.Law
ACL Doc 18391 - Page 13 of 52 asbestosclaims.law/library/18391/13


https://asbestosclaims.law/library/18391/13

(30011001} sevip 978 IR-1 eetimit wr1930410°% 10 9Jabqe 3ae3e3 S2oM (o BIaT 3321 ra(lim Bmg tienim pNTholics (472 120w rebaxs rosssdis Yo 20l wis yiifasvem Jveand ¢ aldel
n X Il iy sty 1" ] ¥ "t 1 i w2
§ no2vesanm A 2ismlAL 2 serisdrin s 3 o3| .is 30 oren| ter pzved e smrd | oo fs 3p Yedlie2 ns orwonn | L. 08 19 pistalets [\Re b Gamaks Yo ecen 10 1>
RIR{ (oniireind] SRRl bfanali ] mted ..o | \2 avel’ s tre] et el ,moreell vel [IY TR yeT Nt | (771 EXY TN af1ead Iaised
{83.80) I8¢ ® (er.nap)dss (2a.1a()01 {ic.reninis]  (at.e0n)da passe] (s 15 » [ETIR%T3 {.aa)). 60| serve> TIA
{ege.000)
os.1 . [IN} of.1 .0 n.g "t 0N KTEIW ]
{1n.300)¢) 53 {te.et)er {35.38)02 {st.i2)e2 (e » [CR LT »® ts (5o n< (axd).ze0 | (ls-595002
ity
e " N 201 .0 .t .0 R (E5-081)
e
1.1% .0 (] 103 £ (8] 3.0C LR 0.0 iR wseed He 2| (fOS-OM)
(ot cs)88 s (GRS (ae.av)es (oc.eni ($C.00 2t (e ] {ss. nor (stian (.as3). 000 ....._M..x.:
2819
s R} u.t w4 .o st 0.1 e oY -Jﬂn
.t €5t (XY} (X1] 8.8 [ X .88 (R 1] (A1 t, it . o% vdteed fla B
LR} ¢ » ’ ) s tr n . Il (e >y 5 [ \$(.qad). 200 Lemet faasozen
BRI
"0 (R 1] "e 21,8 (183 ° . .2 (IR} 2.0 4.0 Jatgeen tis 2 swmly
(€84,021)
(1o.eryer o (.and).1@ R
avisaspln
o1 xR\ .20 LI}
(e21-021)
0.5 (Y X] wsend ia -
t tee. )21 (ss.t}8 o 12,0018 et e (LA NN (-4xd).20 ) .1.3.12:0)
13819
LN 2.1 1n.g X! - Ao | (PRI
fote A 0.2 na .2 [X7] VB | reee (1a 3
(1t.et )80 (at.80n3 13s.e8) 1 130, 28)%¢ L Sl R
L. u.t »e.f .t RNed | (FH00)
it.e L. M roae 9ees AL ] .
’ {.and). 20 .8;.-‘4
- 20ty
A\ 0 wrsly
It |
Mt adseed e 2 (e92.018)
e s x s o 8 o 1 ° a0} 0 teasiget
(X} .t [BY) @t st w.e (W] " Q iees Hio X
(1] L] asos (v
¢ ¢ -~ stwmlnrredus
Lodsd .3 LY cotesd e 2] (fr0-010)
noi wI " " e (23 ar [ (Y sl (1NN ol Awand
10803
{0)2tos {e)te Seoget Jen (a)ed {Mz)e02 (0)N% (0)sat {njeest (esg)2ast (L322 ]] 19 )samt oM (1stemm)) inlisa Yo Veondl
(1} (R} (X3 b8 [N t.08 (%11 sr.d 3.8 £.00 . besd 2
0110324 Jivelomash siredk 2e01000A 20308 dA 16389038 Jereleiveal Wi, erombuaat | | .0) j010ed2A 21024 lu2al 120w colindil LA
Bl T ) Wil doas a0y 1whevy slisnel | (1300 34 [ 20 0] A JeV (s8] Tavgned ,Jeeie it WAk 03811 ol wett Y BRATI 2T
A2 miseden | ANyt W et W, rwae boalonl a2y
ey Wl
crei-iser e Herepet [STR{23] sretgeet seraed deloeet (LR [T IR el ttel.agel betrey asltey e
fe-¢ $-1 sluy ate nic 1¢c totnsy boioqst ton solray e 2.0¢ bersqms 2388Y
relvay relvey (A1) 0l¢ ol¢ sty iy bo3v04n1 Jop haey 2¢ B¢ Pw2oges V1Y adale 2veY
fssotsen 2.0 bsiroqe JoM | bssoqen som | Aseeh IsaotisM  [A3est PanotyeM {Tamotren 2.4 Jre3en el (snatiek 2.0 , hamvatal fanciialt 2.0 L0281 HIned alovined
nu N 2se0 Wo,eeae0| rsssr dtash sasisa] B 18341 diesh vy © YY) rolom 32
be110G97 Jeit | he1vagey Jon hatioger TOR besroger 1o be30qen 10 | beivogey saft | rredcnr-nea be170Q8 IR Us110q91 JoR {amiatm Vet s3ab pniiomd
(113 mpt) bedroger Yol Ayl ..~ { (pfoI-s2e M) pey Loy v e traget 3ot berogsy Jot b trogen JoR be 3hoqey Jol [ L XYY 3180 swdeqnd
P (sT-pa0) ta 1tel sz
RINIYISUH VLRI besrogst J0M|smoe .o () fo2q 82 S0y st iongatd besagey Soll Ll baseyds bedIsqe Yol Bas10gwY Jok SR pf HI02 M) 3¢t zosesdeA
liomk { ,81!10D30%3 sitlobi 30y 821 ob130v) i *i o ~ a3l fablrons
130v3 L1 N Ndaghia.
FYLETIL S0 F

Noreedes at3veamo3 med) AsAse 23eub lerente ¢d besued yieway i atseseadaa\l

{6E 9(daT) {1¥X Sociad 18

3r0f03-du2\

HY 11oMea Yo J1ed03.ddNE

7o) beSMuO3dE $I6E0QER #0 eSO
(OR®T BianolaM bas Bienaliad ¢d Asvip 1340 @O%

{8.401) nei¢iyea nia
03 sesalevmu ¢1lie170n s lisasoren tedns besiall eds aing
Y bezemtize) S1QI al 000,07 nl dissb sne i saat 207qq8

LasersttQ Vo nci3eretrazald fanorssarasni\l

ne\l

a8

A

UCC 008661

Published by AsbestosClaims.Law
asbestosclaims.law/library/18391/14

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of...

ACL Doc 18391 - Page 14 of 52


https://asbestosclaims.law/library/18391/14

_ voudrs sepnpdryE
TIAX 140403 10 Jo0u03-G0S ;)
| soysaqer _-wuu’lnu YOl JONIP SISAP (eaau(w £Q bwifed A(aaea 3y Sebnasagty,p
(Ll “P(tquu pud prvocyd £q wBA(D 1I8D #04) Peivm)ns) 2{6( UY WO'UL Ul NIE0D SUD K [210w1R00000
S0} PIIVAOIIR $AI00XE TOIIBGSE G) PATN|Ssu £} | (V108 Va0 (3U10Iww SIS DAY WL Y g
. (U6u1] woysiady yau “s0seasy Jo LOYIPINHIRIRY) (OUOLIRGIIINY /)

fr—— e e e

i

Published by AsbestosClaims.Law
asbestosclaims.law/library/18391/15

8C

UCC 008662

» A
Apw ENSUTIRZRR Y EIVECIYSTT) s t:.—uﬂ"ww..lu —..“u”—u"u
QAR 0ay roisot Ceyoadiy) "oy ey souy a0 o PRYIGSLS TOM por1et0s Y Pa120034 30 3111084040 “a3piop) 3043 puyseass dow «db1 s03seary
'y £ 344 30w
Havey b ey Po12084s 3w | paasedes om peYI0Nes Lom PaI/OS2) 200 s o1 U sk bl e ity QU IYY
-t Sut [¥YY PeIsDABS 0N P ja0dss Y1 Py Juy paysies 10y Suon 1ad Platles Jun e1vp bujnoug
$1013600 payIil
LLLYR WRAGY |00 “fps bujyoue ‘rubisine veuwh
v Yl ysjury Ts410s 4INNG fa Cealvs y3bay {tedrs avap i [saars yyeap sairs wiedp 9P e irep N SN ‘ST 4IPS wha b Jou ‘s gy [YUSIY 5]
EFIrLY) [YIyT Y we LYYe ) S java 824 U3¢ apom (743 (1 Sujave 030008 i) B)uPL 1wy
s3I0 sELive L1 TPLLY [1TIP1 L) 18402 (LY 1) s ik [T FITZY pasodad samag
£981(psko pue £h6i> pala dus
Vet 1L buy LIENN 1] {33 X wivi-tye| LILTRE 1 ELNTVIR 110N TU LS TR TT0 8 1 ribl 9 Sib1-CEnt ML vt POjadd 40) 39440850
LT W NN a0 goum ¥ Crwreny whpyoy £)101) rvaer
T IINC T aamudy ‘AaLyde, [y YT T spaeddys YY1 [¥LIY) ] LT TYT Y ey "t Kuedees "3 ‘daeydey Y tpasilyat
W, 10800, JbadD SB)taNgty #))2123 1 is0my | G ‘rs03e nte) v sy con  Jeoiav Rty (il [SR1301606; Fhoal udEd) 1038048y LIRS LA Lt ) tSsure gty s
ey - s Wl ¥ " *uL LN 1} ISC1Y prap
{u)or f ol {o)2ws (Y 1] (uduoR® (1 {ujtee {u)3ey {ulsrvs (224 o oty (Sa1/ma)) 10| % ;0 sbquiy
1o0ued
i i yiryy E-"0Y (1. [T (i 1] 11 222§ o ul squry
s ——— UG U JORN -
. L) L2 1 oe* ¢ 0. tareap (v 3
(2°519)
. L 1 €1 m L v a0 sl sisousaqey
" L'} " ”"e L ST e - . ALRLL UL 3
"s v [ 1N ”e ' (L TART
e . — (e [PRALY (0°es)2sl Qe (o {on) s
[ 9 3% | twiedp g1t 3
W W ‘o)t NI UYE) )
steatip
[Cha 732 (%" L)t [ren3jeiqq| Asoimiidtey
YN * ' 08¢ ) CK w's Wi 1193
e [Tt 4 is'v L b2 'l (LT AR vy
1043
L _ L e — fuvn ({314 L s e (esae {*av3) 1au ) “19-so3ve)
R S T - — [T we | B
| : (as-usy)
V vs'y n LI T 1) -3ids
. » ’ 3y 1538)p
1 X L1usise (¢ 1O ) ' 7..?.5; -iawe)
s - - T - 4
I tes1°ws1}
' (Y1 3 ] ') u ne Y L] 'y Winp ey a3 ¢
) “ *wnay0l ) s
' e £ " [] L t (14 v o PaYsode. i ,T(0013) 00 | MUt 13NT0MN
I — -— ——
[N ¢ 164 e rie [ d} <N [ ] L1} e _. A NTT A ( )
24 1]
i’y 197 [ 3Y 9t asy [T 0are "0t o Wyt cenytiw )
| . » ‘ragiway
_ [Jt2 31 RN [IRTY ) (cs)u 1975011900 (LRI el (2'sehis [ ) .:a;lf (1a13) san | Sunpesaome)y
—_—t e [OUR
ves LA X oo €2 (31 LY L1 ] 3t s e d (o2-ue i}
' -
_ net we w e vy "t oo sl (T M LT {okcwry,
-
¢ (4TI T T {ettlon {2°91)8C (Lol )ses (i {0 es)002 (9 ssrloln {1 )sat tor'uy | (t€91) e L1220
@t [ ({8 0%e L1 "' "y T ‘en/se
(424000}
4 var 6 you (¥ us )00 (2°sedee | (o s91) a2 (409529 (b s2t)8e0 {1'0s9) 408 (0°vss)sme {28 i1doL Urae3) squ|  satmesy gy
— ro — [ SRS
. 19 (bt Lot ok | fyWmLeL v LYY ] I el d] 6 Gl ‘Mssag by ey D ed
LR R] Put wdtiaumd|) R L FYLITTTS 1509008 RLYLIITTL \W.:o.:.» e a.\rz 155 LR NTTT Pub StAoynsy | PC (e 3 gLl 1o saqmeu} _ ,6'eree
_r 11} n (31} 183 1t 1} ] LAl Al it th L _T1%

\
L1001-0461) woaLl 000 JYI-11) SAIPRIL 2431300308 (o srepha Seashs %o (P Bige) I8) :w:i Pe biuie Guipm |30 D aeysom Sae0s) S04SR 40 S 1AYL (1j03s0e LLOyD) QN S140)

|

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of...

ACL Doc 18391 - Page 15 of 52


https://asbestosclaims.law/library/18391/15

MORTALITY

CER

CAN

% LUNG

-~

L P et a——— i T e e .- o ———_ 1 - ot et e

R |
. .JT.. eM‘ (IPW. .. LT- M ,
i H I [ S 101 I R P A I 3 ! m - l“r‘ B TR U L \M(:.WM,
,ﬁ Ndx._n 1 ;) LE PO Figure 1. Graphical conparison of the proportional mortality due to lung i il
" M V_.ml ) Ol_ﬁl : cancer and mesothelioma for the asbestos trades workers (Tables 3a, -“Tusl T

3b, Studses I-XX1), the asbestos miners and millers (Table 4,

- >mwmmqom :s_z a
4_» >mmmm3w J?» m

Studies A-J), the male population of the Ziirich area of L*|ll|

1
Switzerland, and the male populations of five nations (Table 6). A i
P

Sl R B S A
RN YRR w oy “.
1 .t.- - . - - i B —.n 7 v - T - -
_ L LI 2 o e
A U O S - ; !
ioedid B SR S I .» S R S
: i | ; et Ra S, T
! N : ot ' | : T i ]
...... - S ; ' — _ i i _ o -
+ » N S m , w.:.l..m.:,L |
JUSCINN TSN SR S Y : RN S

|
6 10 1 1 13 14 15 i6 17
. : : % zmmoqzm:oz». zoz;:i \

-

i
i

Published by AsbestosClaims.Law
asbestosclaims.law/library/18391/16

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of...

ACL Doc 18391 - Page 16 of 52


https://asbestosclaims.law/library/18391/16

] f i

g

lj .a

[
g Led v “o g[‘ -8:5-;
g %/ =o Xl ge o T
i3 i i 3] 3
- ?‘L" ’g‘o z‘i g R 2
g“ o .32

8 \ \

e <

NV T

o -g

P S S L N 2y aear e

(J0300) Bual) ALNVINOY 1YNOILIOIONd %
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all causes (proportional mortality - lung cancer) plotted with
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for a cohort of 70-year old malas which is composed of 75 percent
cigarette smokers, 7.8 percent uf all deaths at age 70 ére predicted
to he from lung cancer. Graphical presentation based on data from |

Hammond et al. (1978).
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composed of 75 percent smokers would be at least 6 to 7.5 percent, regardiess
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 Yower in non-smokers

than in smokers (Saracci, 1977, J. C. Mchonald, 1980b), There appears
relationship between smoking habits and the incidence of mesothelioma,
disease is equally prevalent in smokers and non-smokers alike. Of the

to be no
the

studies listed in Tables 3a and 3b, only Study No. VI of chrysotile 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 nining regions of South Africa where some workers have
been employed in crocidoiite, amosite, and chrysotile mines. Anthophyllite

and tremolfte ashestos miners may have been exposed to some :hrysotile

asbestos, for these minerals can coexist in metamorphosed ul:ramafic rocks,

for example, those of Paakkila, Finland,

Epidemiological studies of asbestos miners and millers sho were exposed
to only one form of asbestos are useful to understand how the different

asbestos minerals affect human health, Table 4 gjves the mortality
data for the five major epidemiological studies of asbestos niners and

millers, In addition three studies are given of miners exposad to cummingtonite
and grunerite amphibole dusts and one study of tunnel worker; exposed to
hornblende amphibole dust. Some classify these amphiboles a5 asbestos even

though they do not possess the physical properties requisite to be val

uable

commercially., Such a classification has been made in the ca:e of taconite
mining by the courts (United States Pistrict Court for Minne:ota, 380 F.
Supp. 11) and by the U,S. Environmental Protection Agency (Reserve Mining
vs, EPA, U.S, Court of Appeals Eighth Circuit, March 14, 1975): the latter

has sued to prevent the Reserve Mining Company from dumping taconite t

ailings

into Lake Superior because of the perception that these tailings contain
“amosite asbestos” and thus constitute a threat to public health, For a
complete review of the case see 514 Federal Reporter, 2d Series, 492.542,
1975; 256 North Western Reporter, 2nd Series, B08.852, 1977, Of interest
regarding this suit are the health studies of the Reserve iron ore miners

exposed to cummingtonite and grunerite in the taconite rock (Table 4,
Study B) and on the Homestake gold miners exposed to cummingtonite in
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the gold-bearing schists (Table 4, Study D, E)Z/. 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 1n the asbestos trades 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 crocidolite
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 [,
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 Canadfan workers who, at three factories, were
involved with the manufacture or handling of crocidolite-bearing filter
pads. The maximum duration of exposure during the period 1939-1941 was
no more than two and a half years, The cohurt studied was composed of 93
men and 83 women (Study X, Table 3a). Of tre 56 now dead, 8 died of 1ing
cancer (14.3%) and 9 of mesothelioma (16.1% .

The second study (Jones et al., 1976, 980a) was of a cohort of 951"
women who worked either at a factory in Not .ingham, England or at a fa .tory
in Birmingham, England. The Nottingham grop worked for only five mon-hs
fn the years 1939-1940 assembling *civilian filter pads" that contained
chrysotile asbestos. The Birmingham group vorked for up to four and half
years during the period 1940-1944 assemblinc *military filter pads" that
contained crocidolite asbestos. The crocidclite was thought to have come
from Wittenoom, Western Australta, The mortality data is given in
Table 5. None of those exposed only to chr:sotile died of lung cancer or
mesothelioma whereas there were 11 lung cani er deaths and 16 mesotheld ma
deaths among those who worked only with croctdolite. None of the womer in
either factory, as far as is known, was expused 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/Study £ (Mchonald et al., 1978) discredits Study D (6i1lam et al., 1)76).
Study D was made on a sub-cohort of the Study E cohort. The latter

study is much more complete; satistically it is based on 631 deaths wh:reas
Study D is based on 71 deaths, In addition, Study D presents an fmplausible
mortality pattern: (1) No deaths due to silicasis, tuberculosis, or silico-
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 “cummingtonite
asbestos” yet no mortality due to asbestosis was reported. The cummingtonite
found in the quartz-cummingtonite schist host rock is not asbestos; but
rather, garden-variety rock-forming amphibole.
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has been made by ROttner (1978) of the deaths in the Zlirich area of
Switzerland where there are no asbestos mines, mills, or industries and
where the cause of death {s 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 ciused by mesothetioma (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 crocidotfte) is N,17 to 0.20 percent (Table 4), The asbestos trades
?orkers,)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 anthophyllite dust
over long periods of time have suffered a significant excess mortality due to
lung cancer and asbestosis - but not "o 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 car:fully documented the relationship between
lung cancer fncidence and cumulative fust exposure. The average dust
concentrations that the miners and miilers 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 mpcf3/,
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 cmd is: Yow 10 “ibers/cm3, medium 21 fibers/cm3,
high 95 fibers/cm3, and very high 194 fibers/cnl. For the men exposed
for over 20 years (see Table 17, coluan A) in the low and medium dust
categories (averaging 6.6 mpcf or app-oximately 20 fibers/cnd) total
mortality was less than expected (SMR = N,94). For these mon there was a
slight risk of excess lung cancer (SMY = 1,15) and respirat ry tuberculosis
(SMR = 1.14). As exposures of 20 fibars/cm3 are an order o° magni tude
higher than that experienced now (dust levels for the past ‘ew years have
been maintained at less than 2 fibers/cm3), miners working 1 1ifetime
under the present dust lavels are not expected to present auy significant
?ea}gh problems relative to those in other mining tndustrie: (Liddell,

931),

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

3/mpcf = millions of particies of roc: dust per cubic foot, Conversions of
this figure into asbestos fibers per .ubic centimeter, the isual measure-

ment for industrial hygiene monitorin;, is difficult but an approximate and
conservatively small figure 1s: 1 mpcf = 3 fibers/cm3 (Mchonald et al., 1980,
p. 21, 23; see also McDonald and Beck)ake 1976),
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The prevalence of mesothelioma among the miners of Wittenoon Gorge has
been discussed (Table 4, Study F). The town of Wittenoon, the center of
crocidoitte 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, Necember 8 , 1978, p. 25). 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 crocidolite {Langlols et al,, 1978),

Effects of Non-occupational Exposure to Asbestos

It 1s difficult to assess the health effects of non-occupational
exposure to ashestos, for cohorts are hard to define, exposure levels are
usually Tow, and any excess of lung cancer is disguised by the strang
association of this disease with cigarette smoking. To study the non-
occupationally exposed, epidemiologists are thus constrained to Yook far |
increased incidence of asbestosis and particularly mesothelioma in two
types of cohorts; those who 1ive fn 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 )n
his or her clothing.

Background incidence of mesothelioma. There appears to be a definite
"background™ mortality due to mesothelioma that is not related to asbestos
exposure, Mchonald and McNonald (1977), reviewed 4539 fatal mesothelfoma
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 ashestos,
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 soms mesothelioma incidence is suggeited
by Risberg et al. (1980) in their repirt of five deaths due to mesothe ioma
within 3 single family; the father, 3 sons, and a daughter. Four of the
five had warked in the building industry where random exposure to asbestos
containing products could have occurred. They lived in a town of 100,000
fnhabitants which had no asbestos industry in the vicinity.

An estimate of mesoctheTioma mortality not related to exposure to
asbestos can be obtained from the data given by McDonald and McDonald
(1980). Ascertainment, through 7,800 pathologists, nf 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 Y.S.
and Canadian cases, respectively, Occupational histories indicate that 50
percent of the male and five percent of the female deaths could be attributed

4
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much of their 11fetime very heavy non-occupational exposures to chrysotile
asbestos contained fn the rock dusts emitted from the operation of the

nearby mines and mil1s 4/ 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 Mining
Towns for the Period 196h to 1377 (Pampaton, 19/9).

Cause of death Observed Expected Excess (Deficiency)

all causes 1225 1356 (131)
al) cancer 292 kY4l { 29)
Yung cancer 23 23 0
G.1., cancer 97 9 6
resp. disease 35 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 assocfated 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 semi-
industrialized 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" (Doil and Peto, 1981; Goldsmith,
1980; Higginson and Muir, 1979; Higginson, 1980; Weisberger, 1978; Gori,
1979; Wynder, 1980). Graham (1981) states that the rates for cancers of

4/even in 1974 and 1975, when rock dust levels at the Quebec asbestos mines
and mitls 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, 1975 (Brulotte, 1976), Wien the mines

were operating, the averdage weight of dust falling daily over the town was

377 kg/kmz. Recent measurements by Gibbs, Rowlands, and Brilotte (Air
Pollution Control Assoc., 1980} of dust in the ambient air f the tow s of
Thet ford Mines and Black Lake show a chrysotile ashestos coitent of 1f0 to
11,000 ng/m3 - a considerable environmental exposure even i1 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 (Copperopolis, Cilifornia and

Baie Verte, Newfoundland). The 13 air samples taken in hom:s of crysotile
miners and millers show the following chrysotile content: 4 (50-100 ng/m3),

ng/m
concentrations of 32, 45, and 65 ng/m3.
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the pleurad/, peritoneumS/, 1ip, tongue, salivery gland and small intestined/
in males and of the pleur 5/, 11p3/, kidney, salivery gland and melanoma

in females, are in excessd/ in the asbestos mining counties. fGraham (198},
p. 40) further states that cancer of the colon, stomach, and lung were "at

a Tevel so Tow as to be unimpressive." These are cancers known to be excess
in many cohorts of asbestos trades workers (Table 3a, 3b). The low céacer
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 1.08.

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
Titer (Wigle, 1977). No evidence of excess cancer mortality could be
attributed to asbestos in the drinking water of these towns (Wigle, 1977).6/

Toft et al. (1981} expanded on the study of Wigle (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-occupational exposure to chrysotile asbestos
carried in the air and water., 0DNeath-rate comparisons (Tahble 9) indicate
that the women of Thetford Mtnes have not been effected by exposure to
chrysotile asbestos,

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

8/1tn regard to ingestion of asbestos ind cancer incidence, a number of animal
studies are now complete (Donham et a',, 1980}; Hallenbeck et al,, 1981;
Hilding et al., 1981; Smith et al., 1980; DHHS, 1981a; DHHS, 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 commercial asbestos) indicate that asbestos fibers

do not penetrate the gastrointestinal tract of the haboon and migrate to
various tissue."
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UCC 008675

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of...
ACL Doc 18391 - Page 28 of 52

Published by AsbestosClaims.Law
asbestosclaims.law/library/18391/28


https://asbestosclaims.law/library/18391/28

101 (2tnsbtasft 000,001 v9q) 29368 yIils310M basauibs-opA .0 sidsT
L{18RT) .76 39 1ol ,(P0-2N aps) 29lismo

\S23t2t18201 noztvsqmod S \J29ntM broltadT 1590 10 92162
£ED 0sh 2s2usd I1s
gefl 8EI 193n6d> I8

€1 ¢.8 135063 paul
a. s .S 71930863 13613 1.2
e.al e.8 \Emasayz yr0164tq291

.93 F1 18q 219d 1 alt3ozy s aoti{tm 0231011 ,1936w bassaT\[
.183sw 10 193t 19q 218di? notilim @ nsA3 2290 bants3nod 29i3tisaof FIA\
Jt32sqoan-non\t

arlt 101 2oit2tiede yrtisdrom navip aved {eYel) .fs 33 bnommsH
«N02793369 afi} zbnuontwe doifw sbizvsviA Yo boornodrptsn art ni 23nabiagq
arf3 Yo sonstisqxe y3ifsdrom sAT .yvo1o8Y 20329dz6 sltzoms ys27180 wsHl
y3ifs3rom sAT XIX ybuie dE oldeT ni navip 2t yi03oeY 2idd ni 219idv0w
a3 10 18t mont afdsA2fupnizeibni yfleoitztissz 2t sbizvevif Yo s3sb
gttzoms a3 mo1Y 29(im [g1avee bedsuiiz ,.L.M . swotoT Yo y3Ifnummod for3nod
9001 nt sbtevsvifs ni bavwwodo A3ssb smoilsdtozam an0 . (Of ofdsT) yrodos?
.9onf2 anon jud

107 y9219(, woll , w0307 bns oabtzravif 10} 5350 viils3toM 193ns] .0f aldsT

(PY8T ,.Ts 33 brommeH) o\P1-30f! bol1aq a3
\SswotoT \labizravis 3650 10 s2usd
x3tle3voM X 0N vItTedvoM & o1

00.001 €ty 00.00f 08¢ 292ued {Is
ét.0s £at 0e.,08 £al 82062 I8
éa.c Be as.¢é I n9on62 pnul
{S.8 L)Y 10.¢ AS 183063 [63291-nofoo
(SN Ss él.f Y 19on63 rfAlxemote
€a.0 Si [é.0 s 183n6) [69psriqoes

Y3361 20t29d2s stizoms 1690 boordvodrptap\f
boodvodriptan for3nod\S

g1eiT .2v9d10w 20322des Yo 2blofdszuod ni zazsaztb balsfov-2032ad2A
0w 2TsuhTvibnt nf patruwo00 enolfTsdlozem Yo 23v0qsy 16 79dmun 5 918
fiofriw 2bfods vort nf boavil , 20320d2¢ 03 boazogxs yifenot3squado 3on dpuord
"Ml 2oxtasmm.2 (9ES .q 080[) .8 33 ~afg3 .+v9dv0ow 20320d26 ns bsbulant
1fan3 ni bouwol svm yuoY 2ulq 28263 smoilantozam dauz E8 Yo 23049n bsreifdug
(81€T) nofoq bns snneiV bns srom £ notinem (08€T1) ..Is 38 neminA .ybuiz nwo
bayo Tqme 2481 363 10 2bnsdzurt fttw bavi[ odw 23natdsg slsms? Of no 3v0g9n
ol .aldizeoqmt :qefinag 3Tuai3Yib 27 31  .2notdequado pnistltIu-20329d2s nt
smo f[art¥ozom sn3 pnizued 26w 203e2sdze 10 2bntd Jedw ylavitdaqaon¥sn snilgb

ar

UCC 008676

Union Carbide trial exhibit UC-3666: Malcolm Ross, U.S. Geological Survey Open-File Report 82-745: A Survey of... Published by AsbestosClaims.Law
ACL Doc 18391 - Page 29 of 52 asbestosclaims.law/library/18391/29


https://asbestosclaims.law/library/18391/29

in these househald 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

crocidolite asbestos.

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

Previous Estimates

On September 11, 1978, Joseph A, Califano, then Secretiry of the U. S.
Department of Health, Education and Welfare, gave a major soeech at the AfL-
C10 National Conference on Occupational Safety and Health {1 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 assocfated with previous exposure to asbestos. This translated
into 67,000 cancer deaths per year due to asbestos {NCI, NIEHS Press
Release, Draft Summary, Sept. 11, 1978). The Califano speech was based
upon an unpubVished 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, 1305-1208).

On January 15, 1980, Or. 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 Anerican workers are dying each year because of asbestos
exposure. Dr, Selikoff does not state upon what data he bdases these two

estimates.

Hogan and Hoel {1981) estimate {p. 74} that future excess cancer deaths
among U.S. workers exposed to asbestos could constitute as auch as 3.0
percent (range 1.4-4.4%) of an estimated annual cancer deatr 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 peaple possibly
exposed to asbestos, possible exposure levels, and estimate: exposure-

associated cancer risk.

In the ahove paragraphs, future mortality projections of 67,000,
20,000, 10,000 and 12,000 deaths per year due to asbhestos 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 mortality,
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Table 12. Average Yearly Mortality due to Asbestos (1967-1977)
Based on U.S. Recorded Asbestosis Deaths

Mesothel {oma 92
Lung cancer 199
6.1. cancer 21
Qther cancer 42
Ashestosis 88

Non-infectious 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
(1¢D.8) with a number of other neopYasms under the headings: malignant
neoplasms of peritoneum and retroperitoneal tissue (158.0, !58.3) and
malignant neoplasms of other and unspecified respiratory orjans; pleura
(763.0), mediastTnum {163.7), and site unspecTfied [163.9). s0, as
pointed out previously, mesothelioma is a difficult disease to diagnose.
These di fficulties in coding and diagnosis make it necessary that national
mortality estimates be made on decisions of mesothelioma re/iew panels
such as those described by Mchonald (1979), Kannerstein et 11, (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 1n 1972 can be attributed to exposure to asbestos. \gain, using
the mortality data of Selikoff et al. (1979a) listed in Tabie 11 to
calculate disease ratios (mesothelioma/excess other cancers, mesothelioma/
asbestosis, mesothelioma/excess respiratory disease), the nmber of asbestos-
related deaths in the United States in 1972 1s 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 o; Mclionald and Mchbonald, 1980

Mesothel i oma 103
Lung cancer 224
G.l. cancer 24
Other cancer 47
Asbestosis 99

Non-infectious resp. disease 90

Total asbestos-related

deaths in 1972 587
21
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Table 15. Calculated mortality based on linear regression analysis of past

reported mortality - asbestosis (males + vemales, 196/-1977
and "pleural neoplasms® 'males, 1968-1977) - vital Statistics
af the U.5., 1967

Year Asbestosis (males & females) "Pleyral Neoplasms"{males)
1967 27 deaths 184 deaths

1977 ' 52 222

1982 64 24

2000 105 308

In regard to mesotheiioma incidence, it {s 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 {rZ = 0.01). Sprayed-on chrysotile asbestos was
extensively used in building construction in New York City until recently.
Also, chrysotfle asbestos emissions from brake iinfngs give measurable
fiber counts in the ambient afir of the New York City streets, For exanple,
Nicholson et al, (1980) report that 43 of the 89 air samples collected in
New York City exceeded 50 ng of chrysotile asbestos per m3, Samples taken
in New York City public schools ranged from 9 to 1950 ng/mj with 15 out of
27 samples exceeding 100 ng of chrysotile per m3. Despite the long
presence of chrysotile asbestos in the New York City air, NDemopoulos
(1980b) found no evidence af 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 (exclud ng New
York City) found that there was no increase in the incidence of disease
from 1973 through 1978,
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Mesothelioma 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 .8/ 1In addition, 6 deaths among sons and daughters
of chrysotile miners and millers and two among others tTtving in chrysotile
asbestos mining localtties 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 11fe-long exposure to asbestos dust from the nearby mines and
mills has caused excess disease, , :

Crocidolite or "blue" asbestos. Crocidolite, usually referred to in
the trade 2§ "blue” asbestos, was Tirst fmported into the United States in
1911 or 1912, 8y 1930, 35,000 short tons of crude blue fiber had entecred
the country and by 1946 an additional 21,000 tons were imported. In addition
to these imports, much crocidolite came into the United States as manufactured
products such as yarns, tapes, and pipe .overings. Almost all of the
imported crocidolite came from South Africa.

Epidemiological studies of groups who worked only with crocidolite
asbestos show that rather short periods of exposure, or even relatively
1ight exposure, causes a large excess of mortality due to lung cancer,
mesothelfoma, and asbestosis. This is evident not only in those exposed to
crocidolite during gas mask fabrication and building construction but in
those employed in the crocidolite mines,

There are only two mining regtons in the world where mesothelioma is a
statistically significant cause of drath, These are the crocidolite 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 crocidolite;
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 crocidolite industry at Wittencom,
Western Australia have died of mesothelioma. Of these, 13 had worked for
Yess 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 fn the industry for less than 12 months and 19 had light to
medium 2xposure to the crocidolite dust. 1In addition to this occupationally
related mortality, 6 others who lived near but did not work in the mires or
mills have died of mesothelioma,

Amosite or "brown" asbestos., All amosite asbestos comes from the
Transvaal Province of South Africa where between 1917 and 1979 approximately

8/Acneson et a}. {1981, p. 1405) cite two new studies (in press) of asbestos
trades workers thought to have been e¢xpased to only chrysotile which confirm
the rarity of mesothelioma assoctated with chrysotile.
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Table 16. Mesothelioma Mortalityl/in Four Asbestos Mining Districts
Relative to Asbestos Kroﬁitffbn

Quebec Western Cape Province Transvaal Prov.

Canada Australia South Africa South Africa
Asbestos type chrysotile <crocidoTite crocidolite amosite
Tonnes mined 40,000,000 155,000 2,700,000 2,200,000
Years mined 1378-Pres. 1938-1966 1893-Pres, 1917-Pres,
No. deaths 222/ 37 278 33/
(mesothelioma)
deaths /100,000 0.06 23.9 . 10.3 0.14

tonnes mined

l/Reported in the scientific literature up to 1979 for miners, millers and
other restdents of the mining districts

2/Excludes 7 mesothelioma cases that were exposed to crocidolite,

3/Excludes 4 mesothelioma cases that were exposed to crocidolite,

Several studies (Jones et al., 1980a, 1980b; McDonald, 1980b; Mc)lonald,
1880c) have been made on the types and amounts of asbestos fiber in tie
Yung tissue of asbestos workers who died of mesotheltoma and in “cont-0ls"
who died of other diseases and who were not occupationally exposed to
asbestos., For example, Jones et al, (1980b) found that chrysotile 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 fndict chrysotile in the etiology
of mesothelioma.” Similar findings are reported by McDonald {1980b) and
McDonald (1980c). The above cited studies also show that amphibole fibers
(crocidoifte and amosite) were more prevalent in the lung tissues of the
mesothelioma cases than in the contrais,

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 crocidolite dust appears to be more dangerous
than Tong term exposure to high levels of chrysotile dust. This can be
seen by comparing the mortaiity data for the Quebec chrysotile 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. dian gas mask
assemblers who were exposex! to moderate levels of crocidolite dust for no
more than 2,5 years (Table 17, column C), For further comjarison, mortality
data 1s given for Quebec miners and millzrs who were expose 4 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 crocidolite, 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 varfous press releases and scientific publications, it has been
suggested that asbestos exposure in the United States will cause from 10,000
to §7,000 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

asbestosis, 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 asbestosis deaths as given in the Vital
Statistics of the United States and again utilizing the mortality data of

e Nor rican Insulation workers, it ts estimated that the average
yearly asbestos-related mortality in the Unfted States durinj the period
1967-1977 was 522 deaths. There 1s 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 asbestas
mining commmities where no asbestos-related disease appears in the non-
occupationally exposed residents. The impetus for these costly removals
and appliance recalls (hair dryers, for example) apparently comes from
propagandizing the “one fider can kiil you" concept. Not only {s 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
tnsutation, 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 strenyth, flexibility, reasonable cost, and safety.
With respect to safety, the substitutes must aot 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 ashestos in drum brake 1inings, The
chance of increased automobile accidents due to a possibly inferior
substitute materfal 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 Tinings must be considered.

The requirements of strength and flexibflity necessitate that asbestos
substitutes be fibrous. Generally, the thianner 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 pieura of rats
(Stanton et al,, 1981), The test fibers in these studies included aluminum
oxide, fiber glass, wollastonite (CaSi03), stltcon carbide, dawsonite
(NaA1CO30H), and potassium octatitanate.

Lee et al, (198la, 1981b} studied the effects on rats, hamsters, and
guinea pigs of inhalation of different concentrations of "Fybex", a
commerctially made potassfum octatitanate fiber used to strengthen materials,
They found that in addition to the development of pulmonary Fibrosis in
many animals, 3 hamsters developed pleural mesothelioma, a rire disease
in the contrdl animals,

In the report of the Advisory Committee on Asbestos, Health and
Safety Commisston 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 1s 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. Eimes, Director of the MRC Pneumoconiosis Unit,
Llandough Hospital, Penarth, Wales. He writes (Elmes, 1980, p. 529},

“paopulations i1v1ng on sofls 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 af°irmative 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 serfousness, Billions of dollars have been spent
directly and indirectly, 1n understanding anc mitigating asbestos-related
cancers. Many billions more may be awarded to those filing claims against
asbestos companies, In contrast, relatively I1ittle has been spent on
understanding and mitigating the more serioutr non-neoplastic lung diseases
suc? as the pneumoconioses caused by inhalation of crystalline silica and
coal dusts.

A great deal has been accomplished in urderstanding the relationships
between the intensity of exposure to the several forms of comercial
asbestos and the incidence of the asbestos-re lated diseases. Epidemiological
studies have shown that modern dust control riethods 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 anthophyllite and amosite asbestos workers (in this regard
see the Simpson Report, Simpson, 1979).
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