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Abstract: Chrysotile, or *white”, asbestos is the gominant form of asbestos in international commerce
today. Etaccounts for 53% of current warid ssbestos production of 2 million tonnes. Chrysotile i
an =xtrcmely| hazardons material} Clinical and epldemiologle studies have eatablished N
incontrovertibly that chrysotile causes cancer af the lung, malignant mcsothelloma of the plevrs :
gnd peritopeum, CADCET of the larynx and cemldmw Chbrysotile slso causes
ashestosis, 8 progressive (ibrous disease of the lungs. Risk of those disoses increases with comalative
lifetizne exposure to chrysotlle snd rises aiso with increasing time imerval (latency) since flrst expasure.
Comparative analyses bave establlshed that chrysotile is 2 to 4 timcs less potent than crocidelite
asbestos In (ts ability to cause maligoant mesathelioma, but of equal potency af causation of lung
cancer, ‘The lnternationsl Agency for Rescarch on Cancer of the World Health QOrganization has
declared chrysotile ashestos a proven human carcinogen. Sales of chrysotile ashestos have virtusily
ended it Western Europe and North America, because of widespread recogniiion afits health hazards.
However, asbestos sales remain strong in Japan, ncross Asia and in developing nations worldwide.
The clalmt has been made that chrysotile asbestos can be used “safely” under “certain conditlons™ in
those nations. That claim is not accurate. The Colleglum Ramazzinl, an internationaf learned :
socicty in environmentai and occupational medicine, has called far an immediate worldwide ban on
all sales and uses of all farms of ashestos, including chrysotle. The ratlonale for this ban Is threefold: '
(1) that safer substitute matcrinls arc readily avsilable, (2) that “eantrolled” use of asbestos Is not
possible, and (J) that the bealth risks of asbestos arc mot acceptahle in cither the industriaiized or
the newly industrializing oatfons.

Kcy words: Chrysotile, Asbestos-relatad discases, Epidemiology, Risk evalustion, Human carinogenicity,
Malignant mesothelioma, Lung cancer

Introduction

Chrysotile ashestos is an important cause of human illness
and death”. Clinical and epidemiclogic studies have
established beyond all reasonable doubt that chrysotile
ashestos causes cancer of the lung, malignant mesotheiioma

#T5 whom cormespondence should be sddressed.

of the pleura and peritoneym, cancer of the larynx and certain
gastrointestinal cancers”. Chrysotile also causes ssbestobis,
a progressive fibrotic disease of the lungs. The risk of these
diseases increases with cumulative expasure Lo chrysotile
and also with time since first exposure. Chrysotile asbestos
has been declared a proven human catcinogen by the Us
[Bnvironmental Protection Agency FEPA)”. by the US
Occupational Safety ind Health Administration (OSHA),
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and by the Intemnational Agency for Rescarch on Cancer of
the Warld Health Organization”. The totai number of deaths
in the United States that will eventually be caused by ex posure
{0 asbestos, over 95% of it chrysotile asbestos, is estimated
to sxceed 400,000,

Background

Asbestas is & term given o a group of minerals that
crystallize in # fibrous habitat Four fibrous rinerals have
commercial imponanes—chrysotile, amosite, crocidalite,
and anthophyltits. Of these, chrysotile is the most imporiant,
accounting for more than 95% of current world production.
The various minerals differ chemically and structurally, but
all readily separate into extremety fine fibers, most of which
are thinner than | gm in diameter. As such, they can casily
become airborne during manufscturing processcs ar by
abrasion or dismrbance of asbesios-containing raaterials.
Their thinness allows them to be readily inspired and carried
inta the lower regions of the hurnan lung, where they can
become lodged and cause damage.

The modern history of ashestas disease dates from the
beginning of the twentieth century, when two cases of
asbestotic jung scarring were bnefly dzseribed in asbestos
textile workers. The pulmonary disease resulting from such
scarring was weil described in subsequent publications and
the term asheastoris applied to it in 1924. An association of
brunchogenic carcnoma with asbestos was first suggested
in the 1930s. Mesothelioma. a malignancy of the lining of
the chest or sbdomen, was clearly associated with asbestos
in 1960.

Despite publication over the past four decades of 2
voluminous literawre on the causal association between
asbestos and discase in different populations, and despite
cxiensive expenmental demonstration of the carcinogentcity
of all forms of asbestos in laboratory animals, there currently
exists an extensive end often acrimonious debate conceming
the carzinogenicity of chrysotile ashestos. Because of the
conkinuing extensive saie and use of asbestos in South and
Ceniral America, Asia, and Africa and the continued
widespread presence of asbestos materials in buildings in
the United States and Europe, it is of vital importance that
this unnecessery debate be brought 1o 2 swift conciusion.

This review considers spidemiologic studies of the heaith
effects of asbestos in populations exposed to commaercial
chrysotile and to mixtures of chrysotile and ather forms of
asbestos. We show that evidence for the human
carcinagenicity of chrysotile asbestos is inconovertibie.
Claims have been made that chrysotile asbestos can be used

P] LANDRIGAN eral
safely. Thesc claims are nol supported by valid data.

The Spectrum of Asbestos Diseases

4 seminal study that established much of our current
knowledge of the spectrum of asbestos discases was
conducted by Selikaff and Seidman® {Table 1). It followed
17,800 heavily exposed asbestos insulation workers for 20
years and demanstrated the wide range of malignanciey
caused by asbestos. Of these malignant discases,
bronchogenic carcinoma and mesothziioma were the two
most important, accounting for more than 30% of the
increased cancer risk in this population. Nearly 24% of the
deaths in this group of workers were due {0 bronchogenic
carcinorma and 9% to mescthelioma, Lesser degrees of excess
cancer mortality were seen at other sites including the
esophagus, stomach, colon and recrum, larynx, pharynx and
buceal cavity, gall bladder and bile ducts, and kidney, Overall,
among insulators whose asbestos exposure began prior to
1968, 30.9% of deaths were excess cancer deaths resulting
from one of the above malignancies, additionally another
8.6% of deaths in this population were due o 1sbestosis.

Although the mortality experience of this unusoal group
is extraprdinary, the insulators were not alone cither in their
exposure 1o asbestos or in their risk of asbestos-associated
cancer. In 1982 our group made estimates of the expecied
mortality in the United States from past occupational
cxposures to asbestos?. Considenng labor tarnover since
1940, it was estimated that approximetely 700 asbestos-
related deaths occur each year among workers directly
installing or removing insulation, Additionally, a much larger
population of construction workers was also cxposed 1o
asbestos, albeit 1o jower levels. Because of the much greates
number of construction workers, many maore asbesios-related
deaths are taking place among them. Thus it was estimated
that approximately 7000 deaths are occurring each year in
current or former shipyard and construction workers and in
workers exposed (o asbestos through mainuining insulation
materiais in plants and powerhouses. We estimated that the
total mortality in the United States from the asbestos epidemic
will exceed 400,000 deaths. Over 95% of the ashestos
respansible for this exposure is chrysotile.

Meny of the workers who are now dying of asbestos-related
discase were exposed to asbestos in concentrations in excess
of 10 fibers/m| of gir. The current US standard, promulgated
1n 1994, is 100 t:mes lower, 0.1 fiber/ml. Additionally,
procedural standards now require enclosuces and the use of
air-supplied respivators in circumstances in which release
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Table k. Observed and tapected deaths among 17,510 atheston iasulation workers,

United States, 1967-1986"

Underiying cause of denth Qbserved,  Expecled,  Siandardized mortality
(] n ratio (SMR)

Total deaths, all silcs 4951 34515 143
Taul cancer, sl sites 12295 1614 301
Lung cancer 1568 2168.7 435
Pleural mesathelioma 173 0 o
Peritoncal mesothelioma 285 0 L]
Larynx 18 0.6 170
Oropharyna 48 2 218
Kidney 37 149 196
Pancroas 54 395 117
Hsophagus 10 17.8 168
Stomach 38 29.4 2%
Colon and Rectum 12} 135 177
Gall bladder 2nd bile ducty 14 54 261
Noninfectiont pulmonary disease 507 1448 350
Asbestosia 427 0 L

All other causca 1149 25413 24

sFrom Selikoff and Seidman*; with permission. +Based en all wvailable information
{autopsy, surgical, clinieal, and death certificate).

of asbestos fibers is likely to occur, such as during rernaval
of in-piace asbestos, These standards were not in place in
years past. [f US regulations are followed, asbestos-related
disease from future exposures will be sharply reduced.
However, workers in other regions of the world, particularly
in the developing nations in South America, Asia, and Africa,
are nct similarly protected. In some of these nations,
chrysatile asbestos is not officially recognized as hazardous
and contrals on its use are often minimal.

Lung cancer

It is widely accepted that ashestos fibers, including
chrysotile fibers, increase the existing risk of developing
lung cancer in proportion to the cumulative exposure that
occuered up to a time 10 years prior to evaluation®. The
relationship can be expressed formally by the equation [ =
L (! +K..[.d, ), where Lis the lung cancer incidence or
mantality observed in a swdy population; [ is the age- and
calendar year-specific lung cancer incidence or mortality
observed expected in the absence of asbestas exposure
(ideally, ! and [, would explicitly consider smoking habits
of each study individual); f is the intensity of asbestos
expasure to fibers longer than 5 um: d is the duration of
3xpasure in years up to a period 10 years prior to evaluation;
and X, is a proportionaliry constant that is & measure of the

carcinogenic potency of the ashestos exposure, K, represents
the fractional increase in lung cancer incidence or morality
that accurs from a 1-year exposure to | fiber/ml. The relative
risk of lung canesr, U1, is indzpendent of age and depends
only or exposure charscteristics.

Information is availabie that allows exposure-response
retationships between asbestos and lung cancer (o be
considered in various exposure scenarios. Table 2
summarizes estimates of the percentage increase in lung
cancer risk associated with a 1-year exposure to | fiber/mi
that have been made by individual researchers or by national
review groups”. There arc obviously substantial uncenainties
in estimates of K . This uncertainty arises first, because
anly limited data exist on workplace asbestos cxposurcs prior
to the mid 1960s. Also when available, the data were usually
expressed in particie counts, rather than in fiber counts. The
relationship between particle and fiber counts is highly
uncertain. When early data were unavaiiable, estimates of
exposure have had to be made, based on laler fiber counts
and an information on changes in control procedurss and
exposure conditions ovar ime. These adjustments too, are
uncertain. Finally, uncertainties exist in the expected lung
cancer risks, which depend on smaoking habits and, perhaps,
on cxposures to lung carcinogens other than asbestos. Despite
ull these uncertainties, many groups have made estimates

w—ﬁ




\

{

", mEEEEREEN  EREEREEREN

riu\-q‘-.. e

274

BJ LANDRIGAN etal.

Table 2 Risks of lung cascer and mesathellams in workers exposed Lo vurions asbestos mincrels

Azbesios exposure and jocation

Perceniage INCREASC It lung
cancer for a L-y ¢xposure
to 1 f/ml of 1sbewas®

Type of asbestos

Teatile manufacturing {South Caroling;
Textile manufaciuring (Rochdale, UK)

Texule manufaciuring (Penasylvanis}

Amosie inyulstion masulscwring {Mew Jerscy)

Inulation spplication (Unitad Siales)

Asbesias products {United Swies)

Arbestas cement prodcts manufgciuriog
(Louisiana and Omianic)

Crocidolite mining
Chrysotile mining

100% Chrysatile .6
98% Chrysotile '
2% Crocidolite
98% Chrysotic 1.4
% Crocrdolite
1% Amaosite
100% Amcstic 4.3
60% Chrysctile ol
A0 Amosite
80% Chrysolile 03
159% Amosiiz
5% Crocidalite
9% Chysolile 18
10% Crocidolite
1% Amosite
100% Crocidalic 1
100% Chrysotile 0.1

eDetils of the calculation of these it £1posure risks are doscribed by the Environmental Protection Agency™.
*eChyysotile as minod in Canadais cotuaminsted by & smell emour of oemolite (generully less than 1%} Thi
comamsnamt 1§ carricd ever Into fiber used in difTercot industnies. The perceniages in the column refer w tho
perceniage of commercially sold Fiber, inctuding the comamination. ***The percentages of the various fibers
uscd in the plants srudied wers nat given. The escmatey are based on published product compasitions.

of risk parameters. The results (Table 2) indicate remarkable
consistency within an indusery and even across industries.
The risk of lung cancer per cumulstive fiber cxposure is
very similar for all exposore circumstances except chrysatile
mining and milling. Risks in the three chrysotile taxtile
manufacmring studics ranged from 1% to 2.6% per Y-year
cxposure to | fiber/ml. These risks arc not statistically
different from one another and cannot be attributed to the
small use of commereial amphibole asbestos in two of the
textile plams. Indeed, the highest lung cancer risk was found
in the Lextile plant that used no commercial amphiboles.
Among the remaining nonmining studies, the percentage
increase in lung cancer for each year of exposure to i fiber/
mi ranged from 0.5% to more thar: 4%, imrespective of the
type of fibers used in the production process. The anly
exceptions were fwo srudies of friction product manufacturing
and one of asbestos cement production. In each of these
thres studies, severe uncertainties limit the validity of the
lower risks reported, All remaining risks, invclving
sibstantial amphibole exposure, are similar to thase of
predominantly chrysotile exposures, within the statistical
uncertainties of the datz. Even a pure crocidolite exposure

in mining demonstrated an increased risk of anly 1% for
each year of expasurc to | fibet/ml™,
Although studies of chrysotile mining and miiling

-demonstrate an excess risk of iung cancer, the risk is more

than 10 times lower than that seen in studies of asbestos
production workers exposed only (0 chrysotile or w 97% to
93% pure chrysotile. The origin of this lower risk in the
miners and millers is not fully underswood. Part of the
difference may reflect the different fiber size distributions
berween the mining and milling operations and the textile
plants and other productian facilities. Fibers are presumably
clumped together and are larger in mining and milting, but
more fragmenied and smaller in the user mdustries.

In sumemary, the available data on workers employed in
the production of 2sbestos products strongly indicate a lung
cancer risk for chrysolile similar o that seen in worken
exposed o amosite and crocidolite asbestos. The best
estimate of lifetime tung cancer risk for worker exposurt o,
chrysotle in the using industries (as opposed to the mining
and milling industries), is an increase of 1% in lung cancer
risk for each year of exposure to | fiber/ml (K = a.0n.
Higher fiber exposure circumstances or longer periods af

Industnial Health 1999, 37, 271-280
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Table 3. Ratio of mesothellnoa to sdjusted excess |ung cancer according o
type of ashestos exposure*®
Mesothelioma/eceas JUAg cancer
Type of expasure Studies (m) Pleural cases All cases
Chrysatile 3 613 0.14
Predominantly chrysatile [} 0.24 0.48
Amosite 2 0.13 a2
Predominantly croeidalite 6 0.47 0.4
Anthophyllits 1 0 ¢
Tale (tremalie) 1 1} 0.08
Mixcd cXposurs 16 0.19 0.4
#From Environmental Prolection Agency™ swadjusted 10 (he US mals cances rle
1 1970
exposure would give directly proporiional higher risks. In L A MGSTE AND
certain textile operations, the unit exposure risk appears o CHATSOTILE
be as much as three times higher than this lower limit. No a .
data are avaiiadle 1o indicate the preseace of a threshold > |
below which there is no risk from exposure to any ashestos g
mineral. 5] .
"
Malignant mesathelioma E '
The risk of mesothelioma by asbestos fiber type can be E AMOIITE ONLY
analyzed in several ways. First, because the risk of lung » /
cancer is very similar acrass ali exposures 10 all fiber lypes, 0 : : . ‘ ‘
excluding mining and mijling of chrysotile, one can use the 0 50 @ b I 20
YEAR

excass number of lung cancars as a measure of cumulative
fiber cxposure. With camparable follow-up periods, the ratio
of the number of mesatheliomas o excess lung cancer is
then a measure of the relative risk of mesothelioma 1l &
given level of fiber exposure. Were mesotheliomas produced
onty by amphiboles, one would expect large differcnees in
the mesothetiomta: lung cancer ratio between papulations
with pure chrysorile exposurc and those with extensive
amphibole caposore. Table 3 summarizes this ratio by fiber
type usage for mace than 40 studies.

The ratio of mesathelioma to lung cancer 1s séen in this
analysis lo be the same, within statistical uncertainty, for
expasures to 100% chrysotte, 97%+ chrysotile, 100%
amosite, and mixtures of chrysotile, amasite, and crocidolite.
Qnly 100% crocidalite exposures appedr o have a2 greater
ratio, about twa to four times above that of predominantly
chrysotile exposures. This relatively small difference in the
potential for crocidolite to produce mesotheliornas cannot
explain the high mesothelioma risk seen in chrysotile
exposures that are accompanied by oniy & very small exposure
1o crocidolite. Canadian chrysotile that is amphibole-free

Fig. 1. Estimated and obseryed cases of mesotheligmasycar. 1943
1957 for insulstory exposced to ite mione and cmosile/chrysotile
Estimated pumbers (smoath curves) are from made!s of asbestos cancer
ritk. The soiid square represcots the mum oer of mesothelioma caazs aclu-
ally obseryed.

still is asaciated with mesothelioma®, These data strongly
suggest therefore that much of the mesotheltoma risk in
papulations with predominantly chrysotile exposures is due
to chrysatile.

The mortality risk of mesothelioma from exposure 1o
asbestos can be described by a widely accepted mathemancal
mode] (Fig. 1). [n this model therc is a very low risk of
mesothelioma for approximately 20 years from first exposure
to asbestos. Thereafter, however, the risk rises very rapidly
such that in long-term asbestos-cxposed populations
mesothelioma may actuaily becoms the dominant cancer
risk.

Chronologic information is avaitahie fram two groups of
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insulation warkers that aliows consideration of the
conmibution of chrysatile to mesothelioma risk. The essence
of this analysis ia a comparison of the time-ceurse of
eppearance of mesothelicmas with the time-course of use
of (1) chrysotile and (2) ather types of asbestos. The analysis
takes advantage of the fact that prior to 1935 insulation
workers in the United States were exposed only to chrysotile.
Fram 1935 until 1940 they were exposed mainly to chrysotile
and only occasionally to amosite. Regular exposure to

* mixtures of chrysotile and amaasite began only afler 1940.

Because of the strong dependence of mesothelioma risk 10
time elapsed since exposure, exposures {o amodite would
not therefore be expectad to contribute substantially 1o s
mesothelioma risk in this workforce before the mid-1950s.
Observations of mortality from mesathelioma prior o that
time wouid relate directly to chrysotile.

The analysis was undertaken in the 632 members of the
New York and New Jersey locals of the [nsuistor's Union
who were members on January 1, 19437, The majority of
the group were first employed prior to 1923; for two

4=
ESTIMATE FOR
AMCSITE PIR OO
1 -
g
<)
o 17
& ESTTMATE FOR
= TOTAL FERIOD
o
g
0 T 1 ]
® s &% n " w0

Fig.Z. Enlmated and sheerved otses of mesotheliornayear, 1943-1927,
Eatimased mesathelioma risk (casesy/'year) adpsed 1o yield 56 desthy. The
salid squares represent the mam ber of masothelioens cases scnualty observed,
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individuals first employment as an insulator began in 1884,
Foliow-up of the group has continued from 1943 until the
present, Thraugh 1992, all but 40 of the 6§32 were deceased.

The model given above for mesathelioma risk and for
estimates of insulation workers’ exposure was uscd to
caleulate the expecied numbers of mesotheliomas for the
period from 1943 1o 1987 ameng this cohort. This calculation
was done for two periods of time. In one calculation, only
exposures subsequent (o 1935 were considered (“amosite
period”) in the other, all asbestos exposures to individuals
in the group were considered, from their first exposure to
chrysctile asbestos undl wermination of employment or death
(“total peripd™). The numbers of mesothelioms deaths
observed were compared to the number that wonld be
expected if amasite were the sole cause of the discase.

Figure 2 shows the results of these calculations. The
principal finding is that the time course of meyothalioma
risk is toully incompatible with an exposure pattern that
beging only in the late 1930s. Indeed, the 95% confidence
limits on three of the four data pointy do not intercept the
distribution that would be expected, were amosite exposune
responsible for mesothelioma in this population. Barring
undiscovered exposures 10 amphiboles prior to 1935, these
data present strong evidence that chrysotile is the substantial,
indeed the dominant contributor to the mesotheljoma risk
experienced by this group of insulation workers®.

The study by Selikoff 7 al.'™ of the entire union
membership of US and Canadian insuiators also strongly
indicates the existence of a mesothelioma risk associaled
with exposure to chrysotile. Follow-up for this swdy began
in 1967, 30 years after the carliest incorporation of amosite
by insulation manufacturers into their products. However,
the risk of mesothelioma rises steeply with time from first
exposure for a period of at least 50 years. Were only amosite
contributing to risk, this pattern would not be expected. The
pattern relates cleerly 1o chrysotiie.

One can also estimate risk of mesothelioma doe to
chrysotile through direct calculations in mixed-exposure
circumstances (Table 4). These anaiyses show that risk of

Table 4, Risky of mesothelloma in workers exposed (0 varions asbestas minersls

T

Asbestas exposure and location Type of ubestos Risk coefTieient
Textile production (Rochdtle, UK) Chrysotie I1x10!
[nsulation workers (United States) Chrysolile and Amosite 5% o
Factory workers (Paersan, NJ) Amosite 2% 107
Miners and millers Crocidelite lax10?
Cement workzrs (Ontario, Canxda) Chrysotile and erocidalite 12x 10

Industeial Health 1999, 37, 271-2380
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mesothelioma/fiber exposyre, a5 measured by K, &s virmally
the same for cxposures 10 98% chrysatile + 2% crocidolite,
&50% chrysatile + 40% amosite, and {00% amosite. The
value of K, from the sudy of Canedian cement workers is
higher than the chrysotile-amosite exposures, as was 2 value
of K_in the same group of workers. The valye for a pute
crocidolite exposurc, as calculated by de Klerk and
Armstrong? for the mining population of Australia, is about
10 times greater. As with the values of K _in Table 1, K, is
not definite because of uncertaintics of exposures in the early
exposure years of the groups under study and from
uncertaintics of small numbers. Indeed, from a consideration
of the ratios of mesothelioma to excess lung cancer, the
mesothelioma patency of erocidolite would appear to be
only two to four times greater than chrysotile or amosite
mesothelioma potency.

The problem of mesothetioma from cxposure to chrysotile
continues ta the present time. Peto e al.'" predict that deaths
feom mesothelioma among men in Western Burope will
increase from just over 5,000 in 1998 to about 9,000 by the
yeat 2018. In Western Europe alone, past asbestos cXposure
will cause a quarter of 2 million deaths from mesathelioma
over the next 35 years, The number of lung cancer deaths
.n Western Europe over the next 35 years'?. In Sweden,
Jarvholm has reported that the number of deaths caused each
year by malignant mesothelioma is greater than the aumber
of deaths caused in that country by all workplace injuries.

Current World Uses of Asbestos™

Asbestos usage worldwide is extensive, but there have
heen dramatic changes in the production and use of asbestos
in recent years, Table 5 gives represencative production data
for the past three decades’; these data have substantial

Toble 5. World produciion of ashestos

Year Productian (lonnes)
1963 2,922,000

1973 4,614,000

1978 5.159.000

1983 4,176,000

1983 4,373,000

1993 1,650,000

1994 2,410,000

1995 2,308.300 (1}
1996 2,145,000 (1)

(a} Chrysatile anly.
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uncertainties because of limited informatien on Russtan
production. The data clearly indicate a rising world
production until the late 1970’s. After thatume 2 steady
decline ensued. Between 1963 and the middle 1570's
amphibole mineral constituted from 5% to 7% of the total
asbestos production. In subsequent ysars, the percentige
drop in amphibole usage was considerably greater than that
for chrysotile. For example, at peak production South Africa
mined 269,000 tons of amphibele in 1978, but jess than
47,000 in 1981, of which 20,000 was crocidolite. Amosite
production ceased in 1992

Currently over 95% of all asbestos used worldwide (s
chrysotile, with cracidolite being used only for very
specialized purposes. Table 6 shows the 17 tap chrysotiie
consuming natiens in 1994'®, Prance and other European
nations have since banned asbestos from use. The current
primary users of chrysatile are countries in Asia and Central/
South America. Substantial use also continues in the Middle
East and Eastern Europe. While there has been an overall
decline in chrysotile asbestos usage, a decline has not
oceurred in all countries. The decline has been substantial
in Western Europe and the United States, but an increase
hes taken place in Asian nations. Same of these changes
with over time can be seen in the data on annual imports
and praduction of asbestos in selected nations (Table 7)*4.

Parallel with the dramatic changes in the global distnbution
of asbestos, there have occurred changes in its uses.

Tablc 6. Principal chrysat/ie cansuming countrics in 1994

Nation Annual usage (tornes)
C wealth of [ndependent States 700,000
Chins 220,000
Japae 195,000
Brazil 150,000
Thailand 164,000
fndia 123 003
South Korsa £5,000
Iran 65,000
France 44,000
Indoncsis 43,000
Meiico 18,000
Calumbia 30,000
Spain 29,000
USA 29,000
Turkey 25,000
Miiaysia 21,000
South Africa 20,000
Total . 2,021,000
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Tsble 7. Annual imports and production of asbestos, in tonnes, in sciccied

cottntries, by year

Courry 1970 1975 1980 1983 1994 (h)
Ispsn 311,274 161,841 309305 264819 195,000
Thailard 1am 41,024 58.756 75516 £64.000
India 56,008 53,240 99010 123,000
South Korea 35261 58,960 16787 17,143 85,000
Taiwan 6,389 13,363 1,247 24519
Mexico 49,450 80,981 54,871 14,000
Prance 151,846 138,537 127.123 88,827 44,000
United Statc 660,000 38,000 162,000 29,000

{b) Chrysatile only; from reference (15).

Previously, asbestos waa used in a wide variety of products,
Now, however, asbestos use is largely concentrated in
relatively few products, which vary from nation to nation.
Worldwide, the dominant use of agbestos is in cement
products. For example, in Japan 93% of all asbestos iz used
in variousallbonrds and 3.6% in friction
producty In developing nations, such as those in Southeast
Asia, asbestos-cement pipes are of imponance for water
systems. South Korea, on the other hand, has extensive
asbestos textile and friction product industries and ghips the
finished products to Japan, West Burope and the United
States™®,

Thete are also differences in national responses to the
health hezards of asbestos. Scandinavian and other Western
Eurapean natiens have prohibited all new uses of asbestos.
In the United States the permissible exposure level is 0.1 £/
ml. Inconwast, Japan and South Korea each have a standard
of 2 f/ml for chrysotile; amosite and crocidolite use arc
prohibited in Japan, but lower standards apply in South Korea
for amosite (0.5 {/ml) and crocidolite (0.2 ¥mi). Generally,
developing nations have permissible exposure levels greater
than i fiml,

At the international level, the international Labour
Organization'™ has pubiished 2 Recommendation Coneeming
Safety in the use of Asbestos in which they advocate the
banning of new uses of crocidolite and urge conmols on the
usc of other asbestos minerals. They particuiarly sdvocae
the use of substitiz materials and alizrnative technologies.

With the use of asbesios being predominandy in cement
products, a good opportunity for contral of workplace and
environmental expasures eXists. During normal use of such
products there is limited release of fibers, and during
instatlation exposures can be well controlled with the uss
of appropriate dust collectars. However, this may not always

be done and workplace monitoring by regulatory agencies
is important. Uncontrolied sawing can produce
concentrations in excess of ten fiml.

Conclusion: The Need for ap International Ban
on Chrysotile Asbestos

Chrysotile is the dominant form of asbestos in use todsy
arcund the world. Evidence is incontrovertible that chrysotile
asbestos is 1 potent cause of both Jung cancer and malignant
mesathelioma™?. Data to support this case derive from more
thar 40 studies of different exposure circumstances.
Chrysotile is shown to be a powerful carcinogen when the
lime course of risk is considered in mixed {iber exposures.
Chrysatile is shown also 10 be a potent human carcinogen
in direct calculations of risk. All available data suggest that
chrysotiie domtnates the risk in those circumstances in which
it is the principal fber used. The risk of chrysotile in
producing mesothelioma i3 similar (o that of amositz on a
per fiber exposure basis. Crocidolite would appear to have
a polential twa to four times greater to produce mesothelioma
for equal exposure than chrysotite®.

The Coliegium Ramazzini, an independent intemationa!
scholarly society in occupational medicine has called for
an immediate international ban on the mining &ad use of
chrysotile and all other forms of asbestos. We strongly
support that call.

An immediate intemational ban on the mining and use of
chrysotile and alt other forms of asbestos is necessary becauss
the risks cannot be contolled by technology or by regulation
of wark practices. The strictest occupational expasure limits
in the world for chrysotile asbestos (0.1 #/ml) are estimated
1o be associated with lifetime risks of 2.3/1,000 for lung
cancer and 0.8/1,000 for asbestosis'®. These exposurc limits
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can be iechnically achieved in the United Stetes and in &
few other highly industrialized countries, but the residual
risks snil are tao high to be acceptablie. 1n ncwiy
industrializing countries engagad in mining, manufeciuring,
and construction, asbestas eXposures are often much higher,
and the potential for epidemics of asbestos disease is greatly
increased'® '™

Scientists and palicy makers in these countries should be
wary of claims that asbestos can be used “safely”. Those
claims are not supported by data. Moreover, even the best
warkplace controls cannot prevent occupational and
envirenmenial exposures to products in use or to waste
asbeswos. Environmental expasure from the continued use
of asbestos is alsa a serious and continuing problem. A recent
swdy of women residing in communities in Canadian
chrysotiie mining arcas found a seven-fold increase in the
mortality rate from pleural cancer®”. Large quantities of
asbestos ramain as a legacy of past construction practices
in many thousands of schools, homes and commercial
tuildings in developed countries, and arc now accumuiating
in thousands of communitics in developing countries.

An immediate intemational ban on mining and use of ail
forms of asbestos is necessary because country-by-country
actions have shifted rather than eiiminated the heslth risks
of asbestas. The asbestos industry has a powerful influence
over public policy in many countries. In the United States,
the asbestos industory succesded in 1991 in overmming the
EPA's recommended ban and phase-out of asbestos by a
technical ruling in the courts. Canada, Russia, &nd other
asbestos-exporting countries have developed major markets
in the newly industrializing nations. Conditions of current
asbestos use in developing countries now resemble those
that existed in the industriatized countries before the dangers
of asbestas were widely recognized.

The grave health hazards of asbestos are entirely
preventable, The health risks of asbestos exposure ars not
acceptable in cither industrizlly developed or newly
indusirializing nations. Moreover, suitable, safe substitutes
far ashestos are availabie. An immediate worldwide ban
on the production and use of asbestos is long overdue, fully
justified and absolutcly necessary.
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