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Abstract: Chrysotile, or ““white”, ashestos is the dominant form of asbestos in internationsal commerce
today. It accounts for $9% of curvent world asbestos productiona of 2 million tounes. Chrysetile is
an extremcly hazardous material. Clinical and epidemiologic studies have establisked
incontrovertibly that chrysotile causes cancer of the lung, malignant mesothelioma of the pleura
and peritoneum, cancer of the larynx and certain gastrointestinal cancers, Chrysotile also causes
ashestosis, a progressive fibrous disease of the lungs. Risk of these diseases increases with camulative
lifetime exposure to chrysotile and rises also with increasing time interval (latencey) since first exposure,
Comparative analyses have established that chrysotile is 2 to 4 timcs lcss potent than crocidolite -
asbestos in its ability to cause malignant mesothelioma, but of equal potency of causation of lung
cancer. The Intcrnational Age'ncy for Research on Cancer of the Worid Health Organization has
declared chrysotilc ashestos a proven human carcinogen. Sales of chrysotile asbestos have virtuaity
ended in Western Earope and North America, because of widespread recognition of its health hazards.
Howcver, asbestos sales remain strong in Japan, across Asia and in developing natiens worldwide.
The claim has been made that chrysotile asbestos can be used “safely” under “certsin conditions™ in
those nations. That claim is not accurate. The Collegium Ramazzini, an international learned
socicty in'environmental and occupational medicine, has called for an immediate worldwide bax on
all sales and uscs of ail forms of asbestos, including chrysotile. The raticnale for this han is threefold:
(1) that safer substitute materials are readily available, (2) that “controiled” use of asbhestos is not
possible, and (3) that the health risks of ashestos are not acceptable in either the industrialized or
the newly industrializing nations,
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Introduction

Chrysotile ashestos 1s an important cause of human illness
and death”. Clinical and epidemiologic studies have
established beyond all reasonabic doubt that chrysotile
asbestos causes cancer of the lung, malignant mesothelioma

*To whom cortespondence should be addressed.
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of the pleura and peritoncum, cancer of the larynx and certain
gastrointestinal cancers®. Chrysotile also causcs asbestosis,
a progressive fibrotic discase of the lungs. The risk of these
4iseases increases with cumulative exposure to chrysotile

~lso with time since first exposure. Chrysaotile asbestos
has been declared a proven human carcinogen by the US
Environmental Protection Agency (EPA)®, by the US
Occupational Safety and Health Administration (OSHA)*,
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and by the International Agency for Research on Cancer of
the Warld Health Organization®. The total number of deaths
in the United States that will eventualy be caused by exposure
to asbestos, over 95% of it chrysotile asbestos, is estimatcd
lo exceed 400,000%,

Background

Asbestos is a icrm given to a group of minerals that
crystallize in a fibrous habitat. Four fibrous mincrals have
commercial importance—chrysotile, amosite, crocidolite,
and anthophyllite. Of these, chrysotile is the most important,
accounting for mare than 95% of current warld production.
The various minerals differ chemically and structuraily, but
all readily separate into extremely fine fibers, most of which
are thinner than | um in diameter. As such, they can easily
become airborne during manufacturing processes or by
abrasion or disturbance of asbestos-containing materials.
Their thinncss allows them to be readily inspired and carried
into the lower regions of the human lung, where they can
become lodged and cause damage.

The modern history of asbestos disease dates from the
beginning of the twenticth century, when two cascs of
asbestotic lung scarring were bricfly described in asbestos
textile workers. The pulmonary disease resulting from such
scamng was well described in subsequent publications and
the tcrm asbesiosis applied to it in 1924. An association of
bronchogenic carcinoma with asbestos was first suggested
in the 1930s. Mesothelioma, a malignancy of the lining of
the chest or abdomen, was clearly associated with asbestas
in 1960.

Despite publication-over the past four decades of a
voluminous literature on the causal assqciation between
asbestos and diseasc in differcnt populations, and despite
extensive cxperimental demonstration of the carcinogenicity
of all forms of asbestos in labaratocy animals, there currcatly
cxists an extensive and oftcn acrimonious debate concerning
the carcinogenicity of chrysotile asbestos. Because of the
continuing cxtensive sale and use of asbestos in South and
Central America, Asia, and Africa and the continued
widespread presence of asbestos malerials in buildings in
the United States and Europe, it is of vital importance that
this unnecessary debate be brought to a swift conclusion.

This review considers epidemiologic studies of the health
effects of asbestos in populations exposed to commercial
chrysotile and to mixtures of chrysotilc and other forms of
asbestos. We show that evidence for the human
carcinogenicily of chrysotile asbestos is incontrovertible.
Claims have been made that chrysotile asbestos can be used
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safcly. These claims are not supported by valid data.

The Spectrum of Asbestos Diseases

A seminal study that established much of our current
knowledge of the spectrum of asbestos diseases was
conducted by Selikoff and Seidman" (Table 1). It followed
17,800 heavily exposed asbestos insulation workers for 20
years and dcmonstrated the wide range of malignancics
caused by asbestos. Of these malignant discascs,
bronchogenic carcinoma and mesothelioma were the two
most important, accounting for more than 90% of the
increased cancer risk in this population. Nearly 24% of the
deaths in this group of workers were due to bronchogenic
carcinoma and 9% to mesothelioma. Lesser degrees of excess
cancer mortality were seen at other sites including the
esophagus, stomach, colon and rectum, larynx, pharynx and
buccal 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 to asbestosis.

Although the mortality experience of this unusual group
is extraordinary, the insulators were not alone either:in their
exposure to asbestos or in their risk of asbestos-associated
cancer. In 1982 our group made cstimates of the expected
mortality in the United States from past occupational
exposures to ashestos?. Considering labor turnover since
1940, it was estimated that approximately 700 asbestos-
related deaths occur cach year among workers directly
installing or removing insulation. Additionally, 2a much largee
population of construction workers was also exposed to
asbestos, albeit to lower levels. Becuuse of the much greater
number of construction workers, many more asbestos-related
deaths are taking place among them, Thus it was estimated
that approximately 7000 deaths are occurring each year in
currcat or former shipyard and construction workers and in
workers cxposed to asbestos through maintaining insulation
materials in plants and powerhouses. We cstimated that the
total mortality in the United States from the ashestos epidemic
will exceed 400,000 deaths. Over 95% of the asbestos
responsible for this exposure is chrysotile.

Many of the workers who are now dying of asbestos-related
disease were exposed to asbestos in concentrations in excess
of 10 fiber/ml « The current US standard, promulgated
in 1994, is 100 times lower, 0.1 fibermi. Additionally,
procedural standards now require enclosures and the use of
air-supplied respirators in circumstances in which release
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Table {. Observed and cxpected deaths among 17,800 asbestos insulation workers,

United States, 1967.1986#

Underlying causc of death Obsceved,  Expected,  Standardized monality
(n) (n) ratio (SMR)

Total deaths, ail sites 4951 3453.5 143
Total cancer, all sitey 2195 761.4 301
f.ung cancer (168 268.7 435
Pleural mesothelioma 173 0 w0

Peritoneal mesothelioma 285 4] L]

Larynx 18 10.6 t70
Oropbaryna 48 22 218
Kidney 37 18.9 196
Pancreas 54 9.5 137
Esophagus 30 17.8 168
Stomach 38 294 129
Colon and Rectum 121 88.5 137
Gall bladder and bile ducts 14 5.4 261

Noninfectious pulmonary discase 507 1448 350
Asbcstosis 427 0 @

All other causes 2149 25473 84

*From Sclikoff and Seidinan”; with permission. +Based bn all available information
(autopsy, surgical, chnical. and death certificate).

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

Lung cancer

It is widely accepted that asbestos fibers, including
chrysotile fibers, increase the existing risk of developing
lung cancer in proportion to the cumulative exposure that
occurred up lo a time 10 years prior to evaiuation”. The
relationship can be expressed formally by the cquation { -
I(t+K.fd,,), where I is the lung cancer incidence or
mortality observed in a study papulation; [ is the age- and
calendar year-specific lung cancer incidence or mortality
nbserved expected in the absence of asbestos exposure
(ideally, [ and I, would explicitly consider smoking habits
aof each study individual); f is the intensity of ashestos
exposure to fibers longer than 5 um, d is the duration of
expostre in years up to a period 10 ycary prior to evaluation;
and K, is a proportionality constant that is a measure of the

. cuxxfipogenic 'pou:nuy of the asbestos exposure. K , represcnts

the fractional increase in lung cancer incidence or montality
that occurs from a [-year exposure to 1 fibes/ml. The relative
risk of lung cancer, UL, is independent of age and depends
only on exposure characteristics.

Information is available that allows exposure-response
relationships between ashestos and lung cancer to be
considered in various exposure scenarios. Table 2
summarizes estimates of the percentage increase in lung
cancer risk associated with a | -year cxposure to 1 fiber/ml
that have been made by individual researchers ar by national
review groups®. There are obviously substantial uncertaintics
in estimates of K. This uncertainty atises first, becausc
only limited data exist on workplace asbestos exposures prior
to the mid 1960s. Also when available, the data were usually
expressed in purticle counts, rather than in fiber counts, The
relationship between particle and fiber counts is highly
uncertain. When early data were unavailable, estimates of
cxposurc have had to be made, based on later fiber counts
and on information on changes in control procedures and
exposure conditions over tim= These adjustments toa, arc
uncertain. Finally, uncertaim.. -~ist in the expected lung
cancer risks, which depend on smoking habits and, perhaps,
on cxposurcs W lung carcinogens other than asbestos. Despile
all these uncertainties, many groups have made estimates
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Table 2. Risks of lung cuncer and mevthelloma in warkers exposed to various wsbestos minerals

Pertentage incicaxe in lung

Asbestos cxpusure and locativn Type of asbestos cancer for & 1-y exposure
to | f/ml of asbestos*
Textilc manufacturing (South Carolina) 100% Chrysoule 2.6
Textile manufacturing (Rochdale, UK) 98% Chrysotile t
2% Crocidolite
Textile munufaciuring (Pennsylvania) 98% Chrysatile {4
1% Crocidulite
1% Amosite
Amosite insulation manufactuniag (New Jeney) 100% Amositc 4.3
{nsulation application (United Statcs) 60% Chrysotile 0.8
40% Amositc
Asbestaos products (United Statcs) 80% Chrysotile 0.5
15% Amosite
5% Crocidolite
Agbestos cement praducts maaufactuding 89% Chrysotile 1.8
(Louistana and Ontario) 10% Crocidolite
1% Amosite
Crucidolite mining 100% Crocidolite I
Chrysotile muning 100% Chrysotile 0.1

#Details of {he calculation of these unit cxposure risks are descnibed ty the Eavironmental Pruiection Agency .
++Chrysatile as mined in Canada is contaminated by a small amount of tremolile (gencrully less than 1%). This
contamunant s carried over into fiher used in diffcrent industries. The percentages in the column refer to the
percentzge of commercially sold fiber. including the contamination. ***The percentages of the various fibers
used in the plants studied were not given. The cstimates are based on published product compositions.

of risk parameters. The results (Table 2) indicate remarkablc
consistency within an industry and even across industries.
The risk of lung canter per cumulative fiber exposure is
very similar for all exposure ciccumstances exccpt chrysotiic
mining and milling. Risks in the three chrysotilc (extile
manufacturing studies ranged from % to 2.6% per 1-year
exposure to | fiber/mi. These risks are not statistically
different {rom onc 4nother and cannot be attributed to the
small use of commercial amphibole asbestos in two of the
textile plants. Indeed, the highest lung cancer risk was found
in the textile plant thut used no commercial amphiboles.
Among the remaining nonmining studies, the percentage
increase in lung cancer for cach year of cxposure to 1 fiber/
mi ranged from 0.5% to more than 4%, irrespective of the
type of fibers used in the production process. The only
exceptions were o studics of friction product manufacturing
and anc of asbestos cement production. In cach of these
three studies, severe uncertainties limit the validity of the
lower risks reported. All remaining risks, involving
substantial amphibole exposure, are similar to thosc of
predaminantly chrysotile cxposures, within the statistical
uncertainties of the data. Even a pure crocidolitc exposure

in mining demonstrated an increased risk of only 1% for
cach year of cxposure to | fiber/mi",

Although studics of chrysotile mining and milling
demonstrate an exccss risk of lung cancer, the risk is more
than 10 times lower than that seen in studics of asbestos
production workers expased only to chrysatile orto 97% to
98% purc chrysatile. The origin of this lower risk in the
miners and millers is not fully understood. Part of the
difference may reflect the different fiber size distributions
between the mining and milling operations and the textilc
plants and other production facilities. Fibers are presumably
clumped together and are larger in mining and milling, but
morc fragmented and smaller in the user industries.

fn summary, the available data on workers comployed in
the production of asbestos praducts strongly indicate a lung
cancer risk for chrysotile similar to that seen in workers
exposed to amosite and crocidolite asbestos. The best
estimate of lifetime lung cancer risk for worker exposure to
chrysotile in the using industries (as opp. 1 the mining
and milling industries), is an increase of 1% . wng cancer
risk for each year of exposure to 1 fiber/ml (K, = 0.01).
Higher fiber exposure circumstances ar longer periods of
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Table 3. Rautio of mesathelioma to adjusted excess lung cancer according (o

type of ashestos exposure®®
. Mesothelioma/excess lung cancer

Type of cxposurc Studies (w) Pleural cascs All cases
Chrysotile 8 0.13 0.14
Predominantly chrysotile 6 0.24 0.48
Amosite 2 0.13 0.22
Predominantly crocidulite 6 0.47 0.61
Anthophy:lite l 0 i
Tale (tremolitc) 2 0 0.08
Mixed cxposures 16 0.19 0.4

*Froen Environmental Protection Agency”  #%Adjusted to the US male cancer rates

a {970,

cxposure would give direct!ly propostional higher risks. In
certain textile operations, the unit exposure risk appears to
be as much as three times higher than this lower limit. No
data acc available to indicate the prescacc of a threshold
below which there is no risk from exposure to any ashcstos
mineral.

Malignant mesothelioma

The risk of mesothclioma by asbestos fiber type can be,
analyzed in scveral ways. First, because the risk of lung
cancer ix very similar across all exposures to all fiber types,
excluding mining and milling of chrysotile, one can usc the
excess number of lung cancers as a measure of cumulative
fiber exposure. With camparable follow-up periods, the ratio
of the number of mesotheliomas to excess lung cancer 15
then a measurc of-the relative risk of mesothelioma at a
given level of fibet.exposure. Were mesotheliomas produced
only by amphiboles, one would expect large differences in
the mesothelioma: lung cancer ratio hetween populations
with pure chrysotile exposure and those with extensive
amphibole exposure. Table 3 summarizes this ratio by fiber
type usage for more than 40 studies.

The ratio of mesothelioma to lung cancer is seen in this
analysis to be the same, within statistical uncertainty, for
cxposures to 100% chrysotile, 97%+ chrysotile, 100%
amosite, and mixtures of chrysotile, amosite, and crocidolite.
Only 100% crocidolite exposures appear to have a greater
ratio, about two to four times above that of predominantly
chrysotile cxposures. This relatively small difference in the
potential for crocidolite to producce mesotheliomas cannot
cxplain the high mesothelioma risk scen in chrysotile
exposures that are accompanied by only a very small expasure
to crocidolite. Canadian chrysotilc that is amphibole-free
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Fig. 1. Estimated and obscrved cases of mevothetlomalycar, 1943
1987 for insulators exposed to amosite alone and amositeichrysotile.
Estimated numbers (smooth curves) are from models of avbeston cancer
sk, The solid square represents the number of mesatheliomu cases actu
ally observed.

still is asociated with mesothelioma®. These data strongly
suggest therefore that much of the mesothelioma risk 1n
populations with predominantly chrysotile exposuses is duc
to chrysotile?.

The mortality risk of mesothelioma from exposure to
asbestos can be described by a widely accepted mathematical
model (Fig. 1). In this mode! there is a very low risk of
mesothelioma for approximately 20 years from first exposure
to asbestos. Thereafier, however, the risk rises very rapidly
such that in long-tcrm asbestos-exposed populatior-
mesothelioma may actually become the dominant cancer
risk.

Chronologic information is available from two groups of
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insulation workcrs that allows consideration of the
contribution of chrysotilc to mesothelioma risk. The essence
of this analysis is a comparison of the time-course of
appearance of mesotheliomas with the time-course of use
of (1) chrysotilc and (2) other 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.
From 1935 until 1940 they were exposed mainly to chrysotilc
and only occasionally to amosite. Regular exposure to
mixtures of chrysotile and amosite began only after 1940.
Because of the strong dependence of mesothelioma risk to
time elapsed sincc cxpasure, exposures to amosite would
not therefore be expected (o contribute substantially to a
mesothelioma risk in this workforce before the mid-1950s.
Observations of mortality from mesothelioma prior to that
time would relate directly to chrysotile.

The analysis was undertaken in the 632 members of the
New York and New Jersey locals of the Insulator’s Union
who were members on January 1, 1943%. The majority of
the group were first employcd prior to 1923, for two

ESUMATE FOR
AMOS(TC PERIOD

MESQTHELIOMAS / YEAR
~

- ESTIMATL FOR
TOTAL PERIOD
1
0 T T ’ T T T T L
40 30 &0 10 80 %
YEAR

Kig. 2. Estimated und observed cascs of mesotheJomasyear. 19431987,
Extimated mesotheliome nsk (casewyear) adjusted 10 yield 56 deaths., The
solid squares represent the aumber of mesothelioma cases actuaily observed.
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individuals first employment as an insulator began in 1888,
Follow-up of the group has continued from 1943 until the
present. Through 1992, all but 40 of the 632 werc deceased.

The model given above for mesothelioma risk and for
cstimates of insulation workers' cxposure was uscd to
calculate the expected numbers of mesothcliomas for the
period from 1943 to 1987 among this cohort. This calculation
was done for two periods of time. In one calculation, only
expasures subsequent to 1935 were considered (“amasite
period”) in the other, all asbestos exposurcs to individuals
in the group were considered, from their first exposure to
chrysotile asbestos until termination of employment or death
(“total period”). The numbers of mcsothelioma deaths
observed were compared to the number that would be
expected if amosite were the sole cause of the disease.

Figure 2 shows the results of these calculations. The
principal finding is that the time coursc of mesothelioma
risk is totally incompatible with an exposure pattern that
begins only in the late 1930s. Indeed, the 95% confidence
limits on three of the four data points do not intcrcept the
distribution that would be cxpected, were amosite exposurc
responsible for mesothelioma in this population. Barring
undiscovered exposures to amphiboles prior to 19385, these

‘data present strong evidence that chrysotilc is the substantial,
indecd the dominant contributor to the mesathclioma risk
experienced by this group of insulation workers?.

The study by Sclikoff e al.'® of the entirc union
membcership of US and Canadian insulators also strongly
indicates the existence of a mesothelioma risk associated
with exposure to chrysotile. Follow-up for this study 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 S0 years. Were only amosie
contributing to risk, this pattcrn would not be expected. The
pattern relates clearly to chrysotile.

One can also estimate risk of mesothelioma due to
chrysotile through direct calculations in mixcd-cxposure
circumstances (Table 4). These analyses show that nisk of

Tahle 4. Risks of mesothelioms (o wockers exposed (o varfous ashestos miverals

Asbestos cxposure and location

Textile production (Rochdale, UK)
Insulation workers (United States)
Factory workers (Patcrson, NT)
Mincrs and millers

Cement warkers (Ontario, Cunada)

Type of asbestos Ritk coefficient
Chrysotile Ix101
Cheysulile and Amosite 1.5 x 104
Amosite 32 x10*
Crocidolite 13.4x 10
Chrysotile and crocidolite 12 x 10~

bt i ¥ Sl - et ';:ll
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mesothelioma/fiber exposure, as measured by K, , is virtuaily
the same for exposures to 98% chrysolilc + 2% crocidolite,
60% chrysotile + 40% amositc, and 100% amosite. The
value of K, [rom the study of Canadian cement workers is
higher than the chrysotiic-amosite exposures, as was a value
of K, in the same group of workers. The value for a purc
crocidolite exposure, as calculated by de Klerk and
Armstrang” for the mining population of Australia, is about
10 times greater. As with the valucs of K| in Table 1, K, is
not definite because of uncertainties of exposures in the early
exposure years of the groups under study and from
uncertainties of small numbers. Indeed, from a consideration
of the ratios of mesothelioma to excess lung cancer, the
mesothelioma potency of crocidolite would appear to be
only two to four times greater than chrysotile or amosite
mesothelioma potency.

The problem of mesothelioma from exposure to chrysotile
continues to the present time. Peto et al.'" predict that deaths
from mesathelioma among men in Western Europe will
increase from just over 5,000 in 1998 to about 9,000 by the
ycar 2018. In Western Europe alone, past asbestos expasurc
will cause a quarter of a million deaths from mesothelioma
over the next 35 years. The number of lung cancer deaths

in Westcrn Europe over the next 35 years'®, In Sweden,

Jarvholm has reported that the number of deaths caused cach
year by malignant mesothelioma is greater than the number
of deaths caused in that country by ail workplace injuries.

Current World Uses of Asbestos'

Asbestos usage worldwide is extensive, but there have
been dramatic changes in the production and vse of asbestos
in recent years. Table 5 gives representative praduction data
for the past three decades'”; these data have substantial

Table . World production of ashestos

Year Production (tonnes)
1963 2,922,000

1973 4,614,000

1978 5.159.000

1983 4,276,000

1988 4.323.000

1993 2,650.000

1994 2.410.000

1995 2,308,300 (a)
1996 2,140,000 (a)

(a) Chrysotile only.
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unccriainties because of limited information on Russian
production. The data clearly indicatc a rising world
production until the late 1970's. Aftcr that time a steady
decline ensued. Between 1963 and the middle 1970's
amphibole mineral constituted rom 5% to 7% of the total
asbestos production. In subsequent years, the percentage
drop in amphibole usage was considcrably greater than that
for chrysatile. For example, at peak production South Africa
mined 269,000 tons of amphibolc in 1978, but less than
47,000 in 1991, of which 20,000 was crocidolite, Amosite
production ceased in 1992.

Currently over 95% of all asbestos used worldwide is
chrysotile, with crocidolite being uscd only for very
specialized purposcs. Table 6 shows the 17 top chrysotile
consuming nations in 1994'*), France and other European
nations have since banned asbestos from use. The current
primary uscrs of chrysotilc arc 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 declinc has not
occurred in all countries. The decline has been substantial
in Western Europe and the United States, but an increase
has taken place in Asian nations. Somec of these changes
with over tifne can be seen in the data on annual imports
and production of asbestos in selected nations (Table 7).

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

Tuble 6. Principal chrysotile consuming countries in 1994

Nation Anauaj usage (tonnes)
Commonwealth of Independent States 700,000
China 220,000
Japan 195.000
Brazil 150,000
Thaitand 164,000
india 123.000
South Korea 85,000
Iran 65,000
France 44,000
Indonesia 43,000
Mexico 38,000
Columbia 30,000
Spain 29,000
USA 29,000
Turkey 25,000
Malaysia 21,000
South Alrica 20,000
Tota. 2,021,000
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Table 7. Aanual imports and production of asbestos, in tonacs, in selected

countries, by year

1980 T 1985 1994 (b)

Cauntry 1970 1975
Japan 31,274 261,841
Thailand 21,271 43.024
India 6,008 63.240
South Korea 35.292 56,960
Taiwan 6,589 13,363
Mexico 40,460 60,981
France 151,846 138,637

United Statcs 660,000 538,000

309005 264619 195,000
58,756 15,516 164,000
99,010 123,000
36,787 57,143 45,000
31,247 24,519

54871 34,000

127.123 68,827 44,000

162,000 29.000

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

Previously, asbestos was 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 asbestos is in cement
products. For example, in Japan 93% of all asbestos is used
in various fire-rctardant wallboards and 3.6% in friction
products. In developing nations, such as those in Southeast
Asia, asbestos-cement pipes are of importance for water
systems. South Korea, on the other hand, has extensive
asbestos textile and friction product industries and ships the
finished products to Japan, West Europe and the United
States'!,

There are also differences in national responses to the
health hazards of asbestos. Scandinavian and other Western
European nations have prohibited all new uses of asbestos.
In the United States the permissible exposure level is 0.1 f/
ml. Incontrast. Ja;_);n and South Korea each have a standard
of 2 f/ml for chrysotile; amosite and crocidolite use are
prohibited in Japan, but lower standards apply in South Korea
tor amosite (0.5 f/ml) and crocidolite (0.2 f/ml). Generally,
developing nations have permissible cxposure levels greater
than I4/mlL

At the international level, the International Labour
Qrganization'” has published a Recommendation Conceming
Safcty in the use of Asbestos in which they advocate the
banning of new uses of crocidolite and urge controls an the
use of other asbestos minerals. They particularly advocate
the uve of substitute matcrials and alternative technologies.

With the use of ashestos being predominantly in cement
products, a good opportunity for control of warkplace and
environmental exposures exists. During normal use of such
products there is limited relcase of fibers, and during
installation cxposures can be well controlied with the use
of appropriate dust collectars. However, this may not always
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be doae and workplace monitoring by regulatory agencies
is important. Uncontrollcd sawing can producc
concentrations in excess of ten f/ml.

Conclusion: The Need for an International Ban
on Chrysotile Asbestos

Chrysotile is the dominant form of asbestos in use today
around the world. Evidence is incontrovertibie that chrysotile
asbestos is a potent cuusc of both lung cancer and malignant
mesothelioma™. Data to support this case derive from more
than 40 studies of different cxposure circumstances.
Chrysotile is shown to be a powerful carcinogen when the
time course of risk ix considered in mixed fiber exposures.
Chrysotile is shown also to be a potent human carcinogen
in direct calculations of risk. All available data suggest that
chrysotile dominates the risk in those circumstances in which
it is the principal fiber used. The risk of chrysotile in
producing mesothelioma is similar to that of amosite on a
per fiber exposure basis. Crocidolite would appear to have
a putential two to faur times greater to produce mesothelioma
for equal exposure than chrysotile?.

The Collegium Ramazzini, an independent intcrnational
scholarly society in occupational medicine has called for
an immecdiate international ban on the mining and use of
chrysotile and all other forms of asbestos. We strongly
support that call.

An immediate international ban on the mining and use of
chrysotile and all other forms of asbestos is necessary because
the risks cannot be controlled by technology or by regulation
of work practiccs. The strictest occupational cxposure limits
in the world for chrysotilc asbestos (0.1 f/mi) are estimated
to be associated with lifetime risks of 2.3/1,000 for lung
cancer and 0.8/1,000 for asbesiosis'®. Thesc exposure limils

Industnal Health 1999, 37, 271-280
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can be technically achieved in the United States and in a
few other highly industrialized countries, but the residual
risks still are too high to be acceptable. In newly
industrializing countrics cngaged in mining, manufacturing,
and construction, asbestos exposures arc oftcn much higher,
and the potential for epidemics of ashestos discase is greatly
increased'® %,

Scientists and policy makcrs in these countries should be
wary of claims that asbestos can be used “safcly”. Those
claims are not supported by data. Moreover, even the best
workplace controls cannot prevent occupational and
cavironmental exposures to praducts in use or to waste
asbestos. Environmental exposure from the continucd usc
of asbestos is also a serious and continuing preblem. A recent
study of women residing in communities in Canadian
chrysotile mining arcas found a seven-fold increase in the
mortality ratc from pleural cancer’. Large quantitics of
asbestos remain as a legacy of past construction practices
in many thousands of schools, homes and commercial
buildings 1n developed countries, and are now accumulating
in thousands of communities in developing countries.

An immediate international ban on mining and use of all
forms of asbestos is necessary because country-by-country

actions havc shifted rather than eliminated the health risks -

of asbestns. The asbestos industry has 2 powerful influence
over public policy in many countrics. In the United States,
the asbestos industry succeeded in 1991 in overtumning the
EPA's recommcended ban and phase-out of asbestos by a
technical ruling in the<courts. Canada, Russia, and 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 industrialized countries before the dangers
of asbestos were widely recognized.

The grave health hazards of asbestos arc cntirely
preventable. The health risks of asbestos exposure are not
acceptable in either industrially devcioped or newly
industrializing nations. Morcover, suitable, safe substitutes
for asbestos are available. An immediate worldwide ban
on the production and use of asbestos is long averdue, fully
justitied and absolutely necessary.
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