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‘MEMO

from the desk of
I.LH. WEAVER

I think the attached article gives a
good overview of the entire asbestos/
health situation at it now stands.

I suggest you distribute copies to

the other members of the Asbestos Study
Committee.
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Healith hazards of ashestos

J. C. GILSON*®

Inhaled fibres of asbestos can cause fibrosie of the lungs and two kinds of
cancer. Protection of asbestos workers calls for monitoring and controlting
their working environment and finking these records with records of their

heaith

HISTORICAL

Asbestos was the first inorganic fibre to be used in compo-
sites. More than 1000 years ago clay pots in Finland weze
strengthened by adding anthophyllite fibies'. In classical
tines asbestos cloth was used to preserve the ashies of the
eminent, The oldest known piece of asbestos cluth from
the New World, datiag from about 17401 is a small purse
mzde of tremolite in the Sir Hans Sloane collection of
minerals in the Brivish Musenm (Natural Histury ).

The modern asbestos industry is about 100 years old,
starting neatly simultancously in Canada and the USSR,
but it was not untif 30 years later that the first medicai
reports appeared in France and England, indicating that
there might be u specific type of dumage to the fungs
following inhalation of the dust, By the late 1920s it was
clear from surveys made in this country and in USAZ that
a high proportion of older workers in the asbestos textile
industrics werc becoming severely disabled by a specific
type of chest discase due to the dust. This was named
ashestosis,

DISEASES CAUSED BY ASBESTOS DUST

Rescarch carried out in the 1930s, supported by the areatly
expanded investigations during the Jast 15 years into the
types of disease caused hy asbestos, now provides a4 much
clearer pictere of the specific hazords and how damage 0
health can be sveided i the future.  Table 1 lists the
diseases.

Table 1 Dioases caused by asbestos dust

Asbestoss Fivrosis of fungs

Brunchiat Hung)

Cancer

Mesatheliving
Astiestos Corns Skin
Asbestosis

Foasbestosis the dust causes scarring and thidiemng of the
tssues of the lung. The 1wo parts particulardy aftected are
the Finest air passages (respuatory bronchieles) where they
boanch 1ot the terung) air sacs (the abveotip, and the
sarface o1 the oy (plewtad, The thickening of the tivuce
mdused by the ssbestos dust wlfects the funetion of the
Uloe vadumte when tully nfiseda e
Tou e dess than pomita. Fhe taies
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become  stilfer than normal so that the compliance is
reduced.  The thickening in the alveolar walis. when the
disease is extensive, also reduces the gas transfer for
oxygen, so tiat the bluod leaving the lung is no fonger fully
saturated with this gas. The transfec of carbon dioxide from
the blood (o the air in the lungs is not, however, appre-
ciably affected. The reduced oxygen wansfer is partly
compenssied for by ar increase in the {requency of breath-
ing so that the subject notices breathlessness on slight
exertion, These alterations of lung function are used to
assist in diagnosis of asbestosis and measure the severity
of the damage.

Asbestosis takes a number of years 1o develop, even
under very dusty conditions, but unce established it is a
progressive discase not materially affccted by avoiding
further dust exposure. The less the dust exposurc, the
longer intervai before the onset of discase, the less its
severity; and the less chance of being affected. This dose
response relationskip is used to fix the acceptable dust
levels - threshold limit values - for those working with
asbestos, The article by Molmes in this issue describes how
these standards are applied in practice. Prevention by
avoiding” expasires 1o a dangerous quantity of dust is an
essential step towards the safe use of asbestos,

Asbestos cancers

Some years after the recogaition of ashestosis as an impor-
tant problem in the asbestus textile industry, articles began
to appear in the medical journals® suggesting an association
between asbestusis and lung cancer. A survey in 1955
firmly ectublished that thoss who lad worked in the
asbestos textile industry before the impravements in dust
controf, introduced in the 19305, had a 10-fold excess risk
of developing tung cancer®.  The survey, however, also
indicated that the nuprovement in dust control introduced
at a panticular factory after 1933 had very muterially
reduced the risk.  Later surveys at this factory have
confirmed this®,

The lung cancers seen i astestos workers are simifar to
those caused by cigarctie smoking. Recent rescarchi indi-
cates that theie is likely to bhe a synergistic effect of
cigarette smoking and exposute to ashestos dust’, The
precise quanatative inter-relationship  between  asbestus,
crparettes, and other factors is not fully established, but
prasent evidence indicates that those who smoke cigaretics
s are 2xposed 1o ashestos dust have a sk of developing
g wancer at least fifty times greater than non-smoxers
who e not exposed o ashestos dust.

(e the fast 15 years there s been muuch new informa-
ven abaui the Lok beiween exposure 1o ashestos and
anvther previoushy very asie type of cancer aftecting the

AEEONCITCC Ay b 1OYD 7

FMSI 02814




©aman e e 0 S Ve 2 e e e

PR

surface of tae lung and the put®. Reports of these meso-
sueliomas as they are called have ncreased steeply over
e last 10 years. There is peneral agreement in most
industtialized countries that there has been a real increuse
of t.is vorm of cancer’. n about S5 of cases there is a
history ol exposure w asbestos dust at some time in the
past. A feature of these tumours is the long interval
between first exposurcs to asbestos dust and the detection
of the cancer. It is rarely less than 20 years and may be up
to 50 or more years. In some instances the exposure 10
the dust has been short, only a few maonths, but the
highest incidence of tumours has occuned in those most
heavily expased 10 asbestos dust. Cigarette smaoking seems
to play no part in these tumours, but some research warkers
think there may be other co-factors present as well as
ashestos'®,

The only other specific injury caused is the formation of
asbestos corns on the fingers when the fibies lodge i the
skin. The removal of the fibre usually cures the corn and
no cancers of the skin relatable o asbhestos have been
reported.

PRACTICAL IMPLICATIONS OF THE
BIOLOGICAL EFFECTS OF ASBESTOS

Inhafation of the fibre

For all practical purposes the risk from asbestos is limited
to jnhalation of the fibres. Thus contrul of the sihorne
dust levels and their monitoring by instrumients, which will
measure that part of the dust which can gain access to the
deeper parts of the lung, is an essential step in the safe use
of all types of asbestas.  Although asbestos fibres can be
ingested in minute wpounts in beverages which have buen
filtered through asbestos, or water supplies'’. there is no
firm evidence that such tiny traces have any aiieffects.
Feeding massive doses of asbestos to animals has so far
failed to produce any mesotheliomas or other cancers.

Size and shape of fibres

Recent research has helped to clarify the probable influ-
ence of fibre fength and diameter in producing asbestosis
and the bronchial cancers. The fibrosis is thought o be
caused principally by the fibres between about 3 and
100 pm o fength, Fibres much Jarger than this i the
eevitenment seitic vui quickly and are not mhaled, Further
size separstion occurs in the air passages. the wmportant
size pataincter being fibre diameter since 1 as this dimen-
ston vather than fibre leagth that governs the fulling speed
af the fihres. Thus fibiex greater in diameter than wbout
2 pgm (these also tend to be the longest) mostly fall or
mmpact n the uppes respiratory tract and are carried away
with the sputum. In the nartow airways any long fibres
remaining ire deposited by interception and fibres longer
than about 100 ym seldom reach the tinest bronchivles
This means that for the control of asbestosis. and prabably
bronehial ciicers, the dose o Tibies between about 5 pm
and 10U g an Jengsh and up 1o about 2 gm i diameter 1
the fraction of the dust which has to be measured.

For she mesibichomas the evadence about the hio-
logicully importaant uze s nch e complete. Uy
ionmaton from may sourees, such gs the acrodvnanine
bohiviom ot fine e, the size and shape of fines whih
ae aetmned dnLbe Tungs of anials s man follosang
eapastie o duterent types of asbosioss and tlic epr-
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demiological studics of the incidence of these wmonrs in
man for different types of {ibre, it scems probatle that ihe
important fibres are likely 1o be those which are straisht,
small i diameier (up to about 1 am) and perhaps 10 um
in length. 1o is pat ver known whether the ultra-fine fibres
only visibie under the electron microscope are hiologically
anportant. Such fibres are present in large numbers in the
lungs of those who have been exposed to asbestos, but
their combined mass is extremely small. It is too carly yet
to use this information 10 establish with confidence a
separate dust standard to prevent the development of these
mesotheliomas.  This is a field of infensive research at the
present. )

Some of the new evidence suggests that the size and
shape of the fibre are more important than its chemica
composition, provided it is relatively insoluble. It may be
that extiemely fine fibres of many differsnt materials can
penetrate cells without immediately Killing them, but once
inside can damage the mechanisims of cell divisions. An
implication of this view is that care should be taken ta avoid
expusute 1o dusts of afl types of fibre less than 0-5 pm dia-
rieter and several miciometres in fengili

Types of asbestos and occupations within the
industry
The last 10 years have shown the importance to health of
the type of ashestos inhaled and the occupation of the
workerswithin the industry. Earlier medical reports did not
differentiate between one type of asbestos and another, and
most of the surveys were concerned with ashestas textde
workers. A full assessment of the risks waould ideally be
hased on studies of workers only exposed ia each type of
fibre and in all the operaticns withun the industry m which
this f1tbre was used. {n practice the information is imuch
less complete whan this. Exposures to ane type of fibre
lwve usually occurred only in the mining and fibre separat~
ing. This work usually takes place in countries where the
medical records are scanty and the labour turnover is rapid.
A notable exception is in the chrysotile mines in Quebec
where a very comprehensive survey has just been com-
pleted’=". In the manufacturing countrics several types
of fibre are often mixed together or have been processed
concurrently so that employces have been exposed tc
several types of fibre in unknown quantitics. Past records
of distinoes sre carcly svadeble fonelitng o thiv inddence
of the discases. Thus the current essessinent of the ielative
visks in the past from ditferent types of fitre and occupa-
tions s based on infornation which is far from complete.
Use can be made of experiments in animals, especially rats,
because most of the diseases seen in man can he produced
in these ammials. New information is rapidly accumulating
which riay wive a clearer indication of the way in which
different types of asbestos produce their biological eifects.
There is general agreement that asbestosis and bronchial
cancers can be caused by all types of commercially used
asbestos (amosite, anthophyllite, chrysotile, and crocidolite)
il the dust is inhaled in sufficient quantities, but it now
seewns likely that the risk from chrysotile may be less than
wetht the other types of fibre. There is afso evidence that
the riskoas fowest inomning and incteases along the fibre
sepatating and manufactiving processes. Thisis thought to
he i 1o the ngher praportion of anborne dust consisting
of teagatable fibres able to penctrate snto the deepesi part
ab the bungs Iaopractice this means that the ceaner the
fihte and the mote completely iCis separated into individil
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Sinees and small rundles, the preater the risk. Theie is also
',.;nn:' evidence of a dose response relationship tor ashestosis
and bronchial cancers and thus, it the dust levels are kept
within the new standards. the risks of usbestosis and bron-
chial cancers in the futwie shovld be very simall.

The sk of deveioping mesotheliomay bas a different
relation 1o fibre type. 1t is probably highest with crocidolite
and lowest with chrysotile.  No cases clearty selated to
anthophylite alone have been veported, despste careful
search.  The sisk with amosite probably hes between
crocidolite and chrysotile. The evidence for a dose response
refationship is Jess clear in the case of mesothelionns and
hence the threshold it value is more difficult to assess.
In the Ashestos Regulations 1969'% the standard for
crocidolite is set at one-tenth of that for other types of
asbestos.

COMPARISON OF OCCUPATIONAL RISKS

What is the magnitude of the risk of developing ill-health
Trum wsbeatos? Noosingle mdea provides a saustvetory
measure of injuiy to health.

Thus the excess risk of death before a specificd ape may
be a useful index for those diseases causing sudden or wpid
death, but it is an inappropriate index for diseases causing
a long period of disability but litile shortening of iife. The
cancers associated with asbestos exposure fall into the {irst
proup and asbestosis the second group. In different vceu-
pational groups comparisons of mortality are casier to make
than those of illness. But even for mortality the compari-
sons are not strxightforward.  For example, the muore the
selection is limited to a definable group with a high past
exposure, the worse the risk will appear.  Allowance has
also to be made for the effects of aze, length of exposure,
and how long the occupational group has been followed.

When such aliowances are made the excess mortality
from ‘all causes’ i groups of workers heavily exposed 1o
the more damuging types of asbestos dusts in the past is
closely comparable to that of coaliminers who have developed
the severer form of coalworkers’ preumoconiosis or that
of deep-sea fishermen who have the highest rates of acci-
dental deaths of any occupation. However, the excess
mortality from ‘ali causes’ in these occupational groups is
Jess than that of male smokers of twenty cigarettes and
orC i day comporred with non-smoliers

This as the posinon for deaths from call causes’.
deuths fiom specidic cawses, such wn mesothelinmas, ashes-
tous, o1 lung cancens elative o that of the general public,
are of course propuriionately much more wereased. This
15 beoase mesotheiiomas and asbestoses are extremely tase
in those who have not warked with asbhestos. Conlusion
sometinmes oecws between the proportion of indviduals
exposed who develop a disease and the excess tak ot a
particulur discuse 1 exposed individuals compared with the
general public. The first may be relatively small and the
second extremely high.,

THE FUTURE

As i e oceupational diseases proof of the efticacy of
new prevetitne mcesees inclung the validiny of the
cuntent thieshold lient vajies. can anly come Vrom hukmg
infotnation of thiee types e mumutacturgy prsess
aind the types of fihre and other marenals wsed  the mea

surements of exposure; the medical recwds of those
cxposed. Computers novi make it easy to store this infor-
mation, but we still need the foresight and administesiion
e see that itis achieved. I it is not dane we may sl i
20 years or 5o be in no better position o answer (mportant
questions which ate at present unanswes.ble brcause of tie
paucity of past records,

CONCLUSION

The recent increase in the number of cases of asbestosis and
other diseases telated to past exposure to asbestos is the
result of refatively heavy exposures to the dust, particularly
i parts of the asbestos industry not covered by the 1931
Asbestos Regulations. )

Much new inforination about the biological effects of
asbestos has been acquired recently. The new Asbestos
Regulations 1969 based on this information, if correctly
applied, should greatly reduce the risks in the future,

The selection of which types of asbestos to use in new
processts should take i account thewr biological eifects
if the risk of dust exposure is likely to occur during many-
facture or in the use of the products.

When working with extremely fine fibres of any material
which may become airborne. caution is needed. An 2xami-
nation of the possible bivlogical effects is required if the
product is to be widely used and risks of damage 1o health
ate 1o be avoided in the future,

Proof of the efticacy of present preventive measures

depends on much betier record keeping than has been the
case in the past.
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