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Cecupational exposures to several dusts have caused an excess of respiratory
tract cancers - for saxample, arsenic. chromates. fluorspar, haematite, aickel.
uranium, Here the agent is thought to be the element or its gait, or ionising
radiation, or the two operating together. Frofessor Maltond and Dr. Mole will
be discusaing examples of these,

I will limit my remarks to asbestos and some other mineral {ibres for two
reasons. First, present evidence suggests that the physical properties of the
fibres rather than their chemical composition are especially important in the
cancers they induce; and second, because "asbestos” is a commercial term of
a small sub-gruup of fibrous silicates, dut there are many other {ibrous
silicates and other fibrous minerals® widely distributed over the surface of the
earth, so that the dust from these . even though in very small amounts - has )
been in the general air since time immemorial and may be seen in airborne dust
and in lung residues. (1).

These simple observations indicate that even though there may not be a threshold
levei below which no effect is produced in a strict biglogical sense, there isa
practical levei below which no sericus disease is produced\

Our knowledge of the carcinogenic effects of asbestos is almost entirely derived
{rom occupational and para-occupational exposures in the past. The question is.
therefore, do we yet know enough about the effect of varying intensity and type
of exposure in industry to specify what may he acceptable conditions within
industry in the future, as weil as to the general public?

Types of Cancers

Table | shows the types of asbestos and :he cancers with which they are
associated, Neariy ail of it is chrysotile (about 4 million tons/ year), but it
should not be assumed, as used to be done, that the biclogical effects of all types
are the same, The cancers widely accepted as due to asbestos are bronchial
and mesotheliomas of the pleura ind peritoneum. DBut in excess of gastro-

* These include catcium silicates (woolastomite, cement dust); sepiolite (hydrous
magnesium silicate); hornblende {amphiboie mineral variety); diatomaceous
earth (amorphous silica); fibrous clay minerals {kaolinites, bentonites); and
naturally occurring fibrous minerals, such as pyroxene minerals; amphibole
minerals (other than commercial varieties); serpentine minerals (antigorite);

and oxide minerais (brucite, magnesium hydroxide}.
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intestinal tumours has been reported in several large cohort mortality studies
of asbestos workers (2.3,4,), though the excess has peen rmuch smaller than
{or the lung cancers. Larynx, pancreas, and lymphomas have also been

suggested. There 18 still uncertainty aoout the causal relationship of these ot
cancers with asbestos.

Cancer Sites Types of Asbestos

Bronchial Chrysoule {35%)

Mesothelial Amphiboles
Pleural Amosite
Peritoneal Crocidolite

Anthophyllite

G.L.

Larynx ?

Qthers

Table I: Asbestos and Cancers

A pattern of recent research

The last 15 years has seen the results of many epidemiclogical studies into ©
incidence of asbestos-related cancers {5), and also parallel animal experime:
studies to explore mechanisms as to how such remarkably stable and inert
minerals are carcinogenic, The pattern of this work illustrates one of the
themes Dr. Higginson has been developing at the [ARC; 1 combined
epidemiologicai and experimental programme of research in which the wor’
each field stimulates and orientates that in the other. The experimental w
has ceen mainly airmed at discovering physical or chemical factors responsibi
for the carcinogenesis, and it bas not baen aimed at defining 3 TLV for man
extrapoiation from studies in animals. These approaches and their inter-
relations are shown in Fig, 1.
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Fig.l: Research into Asbestos Cancers
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Epidemiology

Proof of association between asoestos and cancers of a partscular site is bSas
in part on case/control studies of pathelogical material, and in part on the z:
of deaths it cohorts of aspestos-exposed workers. The pathoioqical studies
no measure of the magnitude of the risk and are. therefore, of litile predicu
value. The simple cohort studies do give a measure af the excess risk ‘or
type of cancer, but due to the long latent period for cancer induction, often 2
or more years, they refer to conditions many years in the past. Such studie
many of which have received wide publicity in the general press, are also of
little yse for prediction of risks in the future or of extrapoiation to the gener
population,

Dose response studies

For such predictions cohort studies, in which the workers can be sub.divize:
on the basis of duration and intensity of past exposure, are recquired, [deatl
need quantitative information on past dustiness, out useful informatwen - . 3¢
obtained by the detailed historical study of the {actory or mill, making ‘=»
maximurn use of the imowledge of long-term empioyees, and relating these 2
such dust mmeasurements as there have been. [n this approach the men's job:
can often be grouped into those with markedly different dust exposures, so =
mortality experience can be related to dose. The advantage of this approach
that groups of employees are identiflable. who almost certainly had expasure
several orders of magnitude greater than the general popuiation, and yet she
no excess cancer risk or a small one compared t¢ those who have been most
hesvily exposed. ’

Men borm 1891-1920  Deaths/ 1000 to 1969

Sust Exposure {particie/years)

€10 10« ] 108« | 200« | 400. | 800e

All Cancers L1 L} 34 41 a1 7%
*Lung " 19 13 13 1 4} 12
Abdominal " 18 14 19 12 18 . 19

No. of Men 2810 2329 1124 1007 337 533

*Inciuding Mesotheliomas {$)

Table [I: Chrysotiie Mining and Milling, Quebec

Table {I {s an example from the chrvsotile mining and milling industry in Qu:
where about half the world's asbestos is produced. QOnly in the two highest
exposure groups is there an increase of cancer risks relative to the lowest
exposed group. For the whole group of workers there was no iung cancer ex
over the general population. Thus the least exposed group were not at a
significant excess risk despite being exposed ¢ {ar more asbestos dust than

1o
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Biclogical tests

The cancers proved in man to be caused by asbestos are also induced in rats and
other small animait. For example. inwra-pieural injection of ail types of
asbestos caussa high incidence of mesotheliomas (6}, and althougn by this route
part of the defence mechanisms of the jungs are effectively dy.passed, the
technique is very useful to study the effect of particle snape and composition in
the induction of a tumaour xnown to be caused by asbestos L1 man. Present
evidence suggests that to produce mesotheliomas the [ibres may have to be

= um in length and less than about Lum diameter. Larger fibres >3um
diameter and rounded particles rarely or never cause mesotheliomas by thia
route, When it is possible to produce narrow sized ranges of fibres for both
diameter and length, it should be possible to specily fairly precisely the critical
dimensions for the induction of mesotheliomas. Much eifort is being put into
preparing such test samples of fibres at present because the resuits of such
experiments are likely to influence the way new man~made mineral {ibres are
produced in the future and also the way {ibrous dusts are sampled in air and
water,

When the fibres are inhaled it is the diameter rather than the length which
controls entry to the periphery of the lung; also curly fibres, such as chrysotile,
are more readily arrested in the upper respiratory tract oy impaction than the
straight fibres of amosite or crocidolite. This may be one of the reasons why
the incidence of mesothelicmas in those exposed cnly 1o chrysotile is much lower
than those exposed to crocidolite or amosite (7).

The composition and chemical structure does not seem very important because
all types of asbestos and some very line glass fibres and ¢eramic fibres have all
produced mesotheliamas by intra-pieural inoculation. The animal experimental
results have given no support to hypotheses that trace elements or adsorbed
hydrocarbons might be important in the production of the pleural tumours (8).
But an interesting recent observation (9) is that fully magnesium leached
chrysotile. even though [ibrous, produces very few mesotheliomas compared to
the untreated mineral. An impertant result of the sxperimental work has been

a better understanding of the likely mesothelioma risk of man.made mineral,
and other fibres. In general the fibres are too large in diameter and the airborne
concentrations too low for many to reacn deep into the lung. [n addition, man-

- made fibres do not break down within the lung intw [ine fibrils as occurs with
asbbestos (10,11}, Thus present evidence indicates the chances of present man-
made mineral fibres of a critical size reaching the periphery of the iung in
significant amounts must be far less than in the case of the nawural fibrous
inerals,

Inhalation of asbestos produces in rats a small incidence of bronchial cancers
ind even {ewer mesotheiiomas (12). 3o far nothing is <nown adout the importance
of fibre size in the production of the bronchial tumours,

Feeding rats with asbestos, as well as derailed autopsies of rats inhaling the

mineral, (during which they will ingest an apprec:iacle amount when cleaning their
fur), has shown no excess of gastro-intestinal tumours (13, 14).
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members of the general population, Similar patterns have been reported in the
asbestos cement industry, and for lung cancer and mesotheliomas in factories
manufacturing asbestos products (15, 16,17).

Differences within the Industry

Table [II summarizes dilferences in proportional moertality within the industry
tor lung wancers and mesotheilomas (18). As is often the case in spidemiology,
the interpretation of lindings is not simple; in this case because the type of
asbestos {lbre used and the type of industrial process are to some extent
confounded. Many manufacturing processes use more than ona type of asbestos,
often all three of the major types - chrysotile, amosite, and crocidolite. In
mining and milling exposures to one type do occur, but uniortunately for the
epidemiologist crocidolite and amosite are mined only in South Africa where

the opportunities for quantitative epidemiology are slender because of the paucity
of records.

No. aof Total

Asbestos Lung Cancer Mesoth: | Surveys Men
* Insulation 18 + 28 5 -9 § 16,500
*  Factories . § . 2t 1 -7 - 10, 300

M;’;g‘;ﬂ:"‘ .10 8 - 02 3 13,100
Gen: Popi:

E and W .9

U.5. A, § 0-000!

Canada 3

* Mixsd fibre sxposuted
+ Chrysotile {2): Anthophylilite {1):

Table OI: Proportion (%} of All Deaths due to [ung Cancer and Mesotheliomas

in Cohorts of Asbastos Workers and the General Pooulation

The percentage of lung cancers and mesotheliomas is highest in the insulators;
less in the factories maicing asbestos products; and least in mining and milling,
but the mining and milling covers only chrysotile and anthophyllite. [n the two
large chrysotile-exposed cohor:s, one in Quebec and the other in [taly, no general
excess of lung cancers was shown, and no or a very few mesothelomas,

If we add to these quantitative cohort stud{es the resuits of 15 years’ observations
in Scuthern Africa, where chrysotile, amosite, and crocidolite are mined, it is

fairiy certain that mining and milling crocidolite is - by a factor of 100 or more
- more likeiy to produce mesotheliomas than amosite or chrysotile. Studies in

m

Gi~

[u]

Fea
wd

o
]
I~
L



AlA-61

Finland suggest anthophyllite almost never causes mesotheliomas {19).
Cofactors

Cigarette smoking is most important in the production of bronchial cancer in
ashestos workers. The effects of asbestos and cigaretts smoke are muiti.
plicative, not simply additive, Table [V shows this for hoth sexes (20,21,}).
Asbestos alone is apparently 2 weak broenchial carcinogen but it has not been
possibie to establish this very firmly. because there are few non-smoking
aspestos workers with long exposures. [t seems likely that stopping cigarett
smoking is likely to have a much bigger effect on the incidence of lung cancer
asbestos workers than small changes in exposure to asbestos dust, No cofact
affecting the incidence of mesothelioma have peen firmiy {dentified.

Qbserved Expected
Non Qecupe
Insuiadon Non Qeocup: and Qecup:
Cigarettes 4 298 !ars 2:-!
Non-Smoksrs [+ Q-93 28 0-4
Fagtories
Male
Cigarsttes 25-% 3.9 25:1 164
Non-Smokers 0 0-Q 9.9 g1
Female
Cigarettes | 155 1-4 12-5 183
Non-Srnokers 17 02 1T 19

Table IV: Lung Cancer Deaths and Smoking fit with Additive {+)
and Mulnpiicauve (4 Hypotheses

Relative risks

These asbestos cancers shouid be seen in perspective in relation to other
ascupational cangers and cccupational accidents {Table V}. The informartion
this precisely is rnot available, but the general pattern is well summarized b
Pochin (22,23). All the figures are deaths per million per year. Cancers v
from about 700 for the nasal cancers in woodworkers 10 21,000 for the beta-
naphthalene manufacturers, with asoestos lung cancers at about 3,000. The
occupational {atalities range rom 1 in clothing manuiacturers up to 11,000 !
the prof essional divers (24), For both occupational cancers and accidents ¥
is a big range of risk {or different types of job. In general the cancer rizks
the bigger, but affect a selected group of workers,

2

Ol-02m551 5



AlA-61

type of [ibre used. [n the case ol mesotheiiomas there is evidence of 3 major
effect of the ibre 1ype in the order of risk, crocicolite > amosite > chrysatile
> anthophyllite,

Dilferences of risk within an industry indicate that there is a dose response
relation jor both proncehial cancers and mesotneiiomas. Also that :n some
instances it has been possible w0 identily [ightly exposed groups in which rno
excess risks were getectable, As these least exposed groups are likely to ha
had several orders of magnitude neavier exposurs than the general popuiatior
the risks to the general public are likely o be negligible,

Bronchial cancers in absolute numbers are the major excess risk and are hiz
smoking-relited. Stopping cigarette smoking is likely to be of paramount
importance in reducing the excess cancer risks in asbestos-exposed {ndividu:
Cancers in other gites which mayv possibly be related to asbestos exposure n:
further study even though the magnitude of the excess risk nas been small
compared to the lung cancers,

In my view it is now possible to use the epidemiclogical evidence and
experimental results to predier with fair confidence the physical and chemica
characters and cose of natural and man-made fibres which will not cause a
significant hazard in the future.
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Cancers ‘ Accidents

peihh Lo i LoSlrTne
Wood Worxers Nasal 00 Clothing Mf: 3
. i Brieks and Cement 80

Aad: [ndustry Lung :ggg -.:_r !
’ Ship Building 150
Rubber Worxers Bladder 7.000 Coal face 500
Nickel Refimng  Lung  1%.000 Company Directars  1.300
to 1925)

{up to Deawp sea (Ishing 3,000
2 Naph: MI: Bladder 24,000 Prof: Dlvers 11,000

Table V: Tstimated Occuvational Mortality/ M/ vear

Finally, compare these occupational risks with risks run by all from accidents,
our personal habits, and our age (Table V1), Traffle accidents are about ane
quarter that of woriking on the coal {ace. but c:garerte smoking at 20/day is
about double that of heavy asoestos exposure. This is, of course, due to
cigarette smoking affecting severai diseases. The last column shows how
rapidly age creeps up on us and perhaps indicates that those who research into
occupational hazards should be in the 30's to see things in perspective!l

Genarel Accidents; Personal Habizs: Your Age (Male)

Aceidents four Age _
Trafflc 150 12 130
Home 130 36 1,400
Sulcide 30 42 1.000
Al 460 31 16,000
Cigarentes 3 30.000
T T 201day s.000 T 100,000

Table VI: Tstirmated Mortality/ M/ vear in U. K,

SUMMARY
g ret— ——

Major differences in excess cancer risks have occurred in the asoestos industry
in the past; paret of this difference is probabiy related to dustiness. part to the
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