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THE HYGIENE STANDARD FOR CHRYSOTILE
ASBESTOS*

JuLian PeTO

D.H.S.S8. Gancer Epidemiology and Clinical Trials Unit,
9 Kebie Road, Oxford

Summary  Previous studies, including the analysis
on which the currem 2 fibres/om?
hygienc standard is based, mey have underestimated the
risk of morbidity or mortality following exposure to low
levels of asbestos dust. Accurale dose-response data at
levels below 2 fibres/cm? sre unlikely to be available for
the foreseeable future, and the biologically plausible
assumption that excess cancer morlality is approximately
proportional todust level should be provisionall y accepted.
It may bec reasonable, however, to postulate a safe
threshold for mortality from asbestosis. If excess morta-
lity from asbesios-related discase is proportional to dust
level for cach cause, approximately 10% of male ashestos
workers might, under certain assumpticns, tventually
di¢ of asbestos-induced disease after 50 years' exposure
at 2 fibres/cm, Peritoneal mesothelioma is usually due
1o crocidolite (blue asbestos) or other amphiboles, but
exposure to chrysotile (white asbestos) alone may lead 10
& substantial risk of pleural mesothelioma. These predic-
tionis are based on rather small numbers in a single fac-
tory, and further studies in other working environments
arc required. Fibre counts based on opiical microscopy
are likely 1o be jess relevant than total counts by clec-
tron imicroscopy, and excess mortality is virtwally con-
fined to men first exposed more than 20 years ago, when
lictle or no accurate data on dust levels were collected.

THE PRESENT STANDARD

Tue correm bygiene standard of 2 fibres/em?® for
chrysotile asbestos dust was based on a study conducied
in 1966 by the British Occopational Hygiene Society
{(B.0.H.5.).! Currently employed -asbestos 1extile
workers who had been exposed for at least 10 years were
examined, and the prevalencef of crepitations (basa)
riles) was relaied 1o cumulative dust  exposurc
{fibre/em? years), A log-normal dosc-response curve fit-
ted the data adequately and led 1o the prediction that
the cumulative dose corresponding Lo a 1% lifelong risk
of developing crepitations was  appraximaicly 100
fibre/em?® vears, or 2 fbresfem? for 50 years (fig. 1).2
Most men with cumulative cxposures of less than 100
fibres/cm? years had been employed for between 10 and
20 years a average dust fevels of less than 10 fibres/em?,
and the absence of crepitations in this group was the
basis for the prediciion that the effect of 50 years’ expo-
sure at 2 fibres/cm’® would be minimal.

This prediction would be reasonable if crepitations
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(un early sign of the effect of accumiuicd asbestos exp.
surc) rarcly appedar or progress &fler exposure hay
ccased. However, other assumptions consistent with
these data could lead to w predicied risk an order of mug.
nitude higher than 1% following 50 years' exposurc gt
2 fibres/eny. For example, suppose: (1) that pulmonury
damage causcd by inhaled achestos dust 18 progressive,
vither because hbres remain in the lung or because the
fibrosis they engender progresses after they have becn
eliminated; (2) that crepitations rarely appear less than
10 years afier first exposure; (3} that men arc usuully
removed from employment when they develop crepita-
tions; end (4} that incidence (rate of appearance of new
cases) is approximately proportional to cumulative expo-
surc after an initial lag of 10-15 years. The B.O.1.S,
study comprised all men who had started work since
1933, had completed 10 years' service, and were mill
cmployed in 1966, The proportion of men with crepi-
tations rose from zero at exposures below 100 fibre/cm?
years ¢ over 16% at 400 fibre/enmy® years. Under
assumptions (1) to {4) the lack of cases in the jower
exposure groups might merely refiect a delay between
first exposure and the appearance of crepitations, while
the prevalence at 400 fibre/cm? years would, if men
were usually removed from employment within, say, 4

vears of developing crepitations, suggest that the annual

risk of developing crepitadons afier a cumulative expo-
surc of about 400 fibre/cm® years might be 4% por
annum, (This figure depends on the average time from
first detection of crepitations to early retirement, which’
has arbitrarily been taken 1o be 4 years. If employment
normally continued for 8 years after the deiection of cre-
pitations the predicted incidence corresponding to 400
fibre/cm?® vears would be roughiy halved.) If incidence is
proportional to cumulytive dose the incidence a1 2
fibres/em® might thus rise from zero during the first
10-15 years to about 1% per annum after 50 vears,
when the cumulative exposure would be 100 fibre/cm’
vears. The risk of developing crepitations by retirement
afier 50 years’ exposurc at 2 fibres/cm® would then be
aboul 20%, and some further cases would appear aficr
retirement. This figure is not presenied as a useful pre-
diction of the likely risk. It is imended only to iliustrate
the importance of the assumptions implicit in such
extrapalation, particularly when prediction of the Jong-
term effects of low cxposure is based on initial response
to relatively high exposure. :

MORBITMTY AS A ﬁASIS FOR A HYGIENE STANDARD

The B.O.H.S. analysis is sipnificant because it is the
basis of the current standard. However, the risk of ‘de-
veloping crepitations may not be an appropriate busis
for & hygicne stondard. ‘The sign el is virtually
asymptomatic and may not progress 10 severe breathless-
ness or entuil a subsiantinlly increased risk of bronchinl
carcinotia or mesothelioma, In the absence of direct
observation of the prognosis in affecied workers a stan-
dard based on such carly signs may thus be unrenson
by restrictive. Moreover, if datss on severe disability or
death are sufficient o cvalume the agnificance of 1he
sipn they will ulso be sufficient to assess the serious re
dircetly, s there way be little advantage in considerin
the prevalence of sueh wsign in framing o hygiene stnn
dard, “This 1 net to say that such esrly signs are nol
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wt- Th studying. They contribute to un understanding of
v atursl history of the disease process, and increased
g tality in-u small proportion of wurEr.crs with ¢repi-
qarons cun be detected and estimated before the overall
excess approsches stmpstical sipgnificance,

I should alse be pointed out that a 15 lifelong risk
of developing such a mild conditinn may be too siringent
ncriterion.

THRESHOLI AND LINPAR MODULS FOR CANGER INDUCTION

Since the pragmatic implications of a non-linear dose-
pespumse meddel such as that in lig. 1 and the assumption
of » threshold {absolutely safe level) are similar { shall
apply the term “threshold™ (o both, The distinction is of
scicntific importance, but in the absence of biological
understanding  ¢pidemiological duta cannot establish
whether a safe exposure leved exists, Crump et al. argued
on theoretical grounds that legislators should assume
linear dosc-response below the range of observation,
even when the dats suggest a quadratic model, particu-
larly for carcinogens,” but for asbestos this is an aca-
demic point. The apparent threshold for crepitations
could be an artefact for the reasons cited above, while
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for lung cancer and mesethelioma there is neither theor-
cetical nor statistical cvidenee vo sugpest that the relation
between dose and response is anything other than linear.

PREVIOUS STUDIES RELATING CUMULATIVE EXPOSURE AND
LONCG-CANCER MORTALITY

The suggestion thar the evenweal proportional excess
(refative risk minus one) of bronchial carcinoma is
approximately proportional 10 cumulative asbustos expo-
sure’ is suppurted by published work. Enterline’s data’
suggest such a linear relationship, but he rather arbi-
irarily superimposed a normal distribution (. 2) and
cuncluded: “Had larger numbers been available it might
have been possible to identify more precisely a TV,
(theeshold limit value) for respivatory cancer in this type

of pupulation. The availuble duta suggest, however, that

large increments in respizatory cancer appear at a cum-
lative asbestos~dust exposure of somewhere between 100
and 200 mpcf-ycars.” Similar daia were reported by
McDonald ¢t al.* These authors inferred that “excess
morality was virtually confined 1o men with exposure
equivalent to at least 400 mpef-years” and concluded
that “considering alt facets of disease—death, roent-
genographic changes, pulmonary function changes, and
respiratory symproms —the 1. risk is reached by men in
our third dust exposure category (100-200 mpef-
years)”. However, 2 straight line appears o fit their
duta well {fig. 3), and the corresponding proportional
excess of respiratory cancer at 150 mpct-years-—about
30%-—would alene corstitute a lifelong risk greater
than 1%, ignoring morbidity and asbestosis mortality.

A cohort bricfly exposed 1o amosite at the beginning
of the 1939-45 war has been followed up by Stidman
et al.” This swdy is particularly vnlvable for resting
models of the likely long-term effects of asbestos expo-
sure, since the workers’ cumulative doses (fibre/cm’
veurs or mpef-vears) have remained constant over more
than 30 years, and the recorded duration of exposure,
which was less thun 2 years for most of the cohort, is
probably closely proportional 1o cumulative dose, The
refauive risk for fung cancer rose for about 20 vears and
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then remained pearly constunt. The essumption that
propotiional excess risk is proportional 1o cumulmive
dose may therelore be it useful approximaton in retired
workers or groups such as the ashestos extile workers
described below whose exposure during recent years has
been low compared with their earlier exposures, but a
more sophisticated model is reguired to deseribe the slow
initia) rise. If the duration of bricf cxposure can be taken
as a measure of tolal dose the results of this study
appear 10 sugpest that for respiratory cancer lower doses
may be proportionately more dangerous, and Knox" in-
ferred that the cancer risk is proportionately higher at
lower dust levels or shorter exposures. However, neither
these data nor the studies he reviewed are described in
enoupgh detail to confirm such a pessimistic conclusion.
Such apparent non-lincarity could be due to selective
-removal of workers who develop respiratory symptoms,
saturation at very high exposures, underestimation of
expecied numbers, or random error in estimates of dose
or duration of exposure.

A RYGIENE STANDARD BASED ON FIBRES/Ca?

The studies described in the preceding section support
the suggestion that dose-response is likely 10 be approxi-
muately linear for bronchial carcinoma, and the first two
studies illustrate the common error of inferring that
there is 2 safe threshold because mortality in the lowest-
exposure groups is not significantly increased. They may
be of litile quantitative relevance in framing a standard
based on fibres/om?®, however. The correspondence
between fibres and particles is very variable,® and the
estimates of risk shown in figs, 2 and 3 differ by a factor
of more than two, perhaps reflecting differences of par-
ticke size and type in different environments, Pleoral
mesothelioma should be analysed seporately. Excess
meortality i likelv to be proportional to the amount of
dust that penctrates the bronchus for bronchial car-
cinoma or reaches the pleura for pleural mesathelioma,
but the relationship with airborne concentration is not
known. Differcnt types and sizes of fibre are likely to be
distributed and eliminated differently. It may be reason-
able to relate excess mortality to cstimated particle or
fibre counts in a particular environment, but different

working conditions may not affect the risk uniformty for
cach disgase,

T
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Fig. 4—Averiage dust levels, weighted by the \
cach level, in an nabestas textlle factory, 1936-72.
(Daty from Petoet al.'?).
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- MORTALITY IN ASRESTOS TEXTILE WDRKERS

The 679 men in the asbestos textile fuctory in which
the B.OLH.S. study was conducted who entered sche-
duled sress after Jan, 1, 1933, and had worked for at
least 14 vears by Dec. 31, 1972, have been followed up
to the end of 1974, The B.OLH.S. ecchort is thus in-
cluded. together with men who retired or died before
June 30, 1966, and those who compieted 10 years® ser-
vice between June 30, 1966, and Dece. 31, 1972, Death:
from bronchial carcinoma, pleural mesothelkoma, other
respiratory discases, and other causes are compared with
expected numbers based on national rates in wable 1.
This shows & substantial excess due to cancer and respir-
atory discasc beyond 25 years after first exposure (35
observed; 15:74 expected}. Mortality due 1o other causes
hys been normal, except for the *healthy worker” effect
between 10 and 15 years zfter first exposure {14 obser-
ved; 21.63 expected), These men were still employed at
the start of the period of observation and were therefore
untikely to be chronicallv sick during this first period.

DUST EXPOSURE

Estimated average dust bevels over the perind of the siudy
wre summarised in fig. 4.1 The average (weighted by the
number of men ut cach level) was npproximately 13 fibres/cm!
up Lo 1950, falling to about 5 fibres/em! by 1955, Individuat
exposure hiswries have not yet been compiled for the whale
group, but for discases Tor which cxcess risk is approximatcly

TAKRLYL £ MORTALITY IN 67U ASBESTON TEXTILE WORKERS AFTER 1{) OR MORE VEARS ERPOSURY
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coportional 1o dust Jevel these uveruge levels can be rebuted
to averall excess mortality, us HN men exposed o § fibee/em?
ant 100 8t 3 fibres/em® would show subsequent excess morta-
iy similar 19 that of 200 men exposed 10 2 tibres/om! over u
comparable period. Such aggregation iy done implicitly in any
study. Measured levels vuey cunsiderably aver time in cach
arci, 30 cven a4 proup nominally expoed 2 Gbres/em® will
have experienced & wide range of dust levelr. "The excess risk
sppeirs 10 be largely confined 1o the period beyond 25 yeurs
after first exposure (table ), when the excess mortality from
reapiratory  disesse, including bronchial carcinoma and
mesothelioma, exceeded the expected mortality from all causes
by 31% {19-26/61-44). The average exposure which caused
this excess can be roughly summarised by towl employmemnt
during the 30 years following first exposure. "Fable 13, which
it bastd ot the 158 men followed up for au least 30 years, sug-
gests that this exposure consisted on average of about 11.6
years before 1954 mt an average dust level of about 13
fibrer/cm’ followed by 9.4 years at an average of abowmt §
#l  fbres/cm’—s cumulative dose close to 200 fibre/cm® years.

1 4 Dust levels in fbres/om® were eatimated in each area from
: membrane-filter measurements at fixed sampling points from

in which 1361 onwards, Thermal-precipitator measurcments in par-
‘ed sche- deles/t* 1aken between 1951 and 1960 were converted to
:d for fibrea/om’ uting the chserved ratio of parallel measurements
owed up obtained by the two methods in 1950 and 1961. Routine
thus in- measurements were nat mede before 1951, Estimated levels in
d before : :
ars’ ser- TABLE [F-—HXPFOSURE (TOTAL SERVICE I¥ SCHEDULED AREAS} 1N
. Deaths MALE ASHESTOS TEXTILE WORKERS IN THE 30 YEARS FOLLOWING
w, other FIRST EXPOSURE™
rg’b;t“:l % % dstribution of Average exposure {yr)
.y ;: Yearol | Mo fiotal exposure (yr) G BT T Teom 1954
2 oK, approx.
i‘} ‘E cxpoIre men| {0~ 15— 30— 25- 13 ﬁglp;ufm’) 5 ﬁbprzs/cm‘)
. s 1933-34 6117 0 67 17 14.1 77
- reffect  § 1935-39  |to4 [25 19 19 37 120 9-3
4 obser- 154044 48 |23 19 31 19.5 10-0
loved at :
aerefors Tuotal 158 |24 18 25 M 1.6 9-4
0d. * Men followed up for les thun 30 yeurs are vmitted,
fibres/cm? in cach area of the faclory are therefore based on
3 stndy ditect observation afier 1961 and conversion from particles/ft
by the to fibres/om? between 1951 and 1960. Estimates hefore 1951
wesfem? arc based on the assumption that levels in euch area fell trom
dividual 1.5 times the 1951 volues berween 1933 and 1950, It is diffy-
¢ whole cult to assess the error in this facior. Bxcess mortality does not
amately appear 1o have been much higher in men first employed
between 1933 and 1950 than ameng those first emploved after
1950,' and in view of the technical concinuity in muny areps
hetwean 1933 ynd 1950 it was considered Jikely that dust levels
e did not full substantially over this perivd. However, this cru-
cial pasumption is open 10 dispute and cannot be proved entil
" butahke turther Iollow-up hus provided a more wecurate cstimate of
o exeess moriality in more recent employess. Exposure was pre-
riality duminantly to chrysotite, slthough u small proporiion o the
\ fibre processed wos crocidolite ot various times afier 1933,
Ml
n .
s BRONCHIAL CARCINOMA
:{: Maortadity Jue o dung cancers other than plevral mesothe-
¥ Tiogg in Lthis cehort has been approxinmately twice the nutionsl
average heyomd 25 years adter fioit exposure (14 observed;
14 6-57 expecwed). There is vo evidence thue the relative risk in-
ycreases buyomd 25 years, which perhups reflects the reliively
negligible increuse in cumulative dose in recent yeurr, Dust
v levely in this asbeston textile factory huve been much reduced
il
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singe Y55, Phis dmerpretation is supported by an carlier
study. P're-1933 workers, who were exposed s very high levels
befure 1933 and comparatively low levels  sulmseguemly,
shuwed o wimilar luek of progeession bevomd 200 veurs lor buth
Teanchinl corcimoma wind asbestosiy mortalite** 11 the eventund
proportinng] increuse in mortalivy Jue 1o bronehial carcinmm
is appronimately lineorly refuted 1o cumulative exposure ind
the risk i doubled at 200 fibrg/em? years, 4 level of T libre/em?
prighi, wfler SO years' exposure, increase mortality due to this
cause by 25% after rctirement, corresponding 10 a lifelong -
riskf of bronchial carcinoms uttributable to asbestay of abuunt
¥7 in smokers.* The risk 10 mn-smokers is probablv very
smull, Asbustos and ciporeite soking appesr to enhunce cach
other's elfects in causing beunehial curcinomu,'? bue morialiny
due t thiz cause is so Tow in asbestos workers whe have never
smoked that the risk due w asbestos cannon be eitimoted with
uny confidence fam published work.

A MORE GENERAL. LINEAR MODEL FOR UBRONCHIAL
’ CARCINOMA

This anabysis 9 based on the assumption that the relaive
risk for bronchial carcinoma is increased in proportion to
cumulative dose, As this is not precisely true a lesa restrictive
assumption may be prelerable, Bronchial carcinoma sccounts
for wn approximately constant proportion of male deaths in
Enpland and Wales (1277 at age 30-34, lutling 1o L' at apge
T0-74), und vorious studiey suggest that the relative risk for
this cause does not fall with the pussage of time aller cxposire
w asbestos hus been subsiuntially reduced or ceased. Fhe
observed excess mortality due 10 broachinl circiizoma as o pros
portion of total expected mortuiity beyond 25 vears
{7.43/61.44, or 12} is therefore a reasonable estimate of the
lifelong ortributnble risk in this cohort. Tt would fullow, winder
any model which predicts that the incrense in risk is approxi-
matcly proportional to dust level, that a similar period of vxpo-
sure at a reduced dust level would produce 4 proportionately
lower risk. Thus a group that had on average been esposed to
1.3 fibres/em? rather thun 13 fibres/em® for abour 12 vears fal-
towed by 1.5 libres/em? ruther than 5 fibres/em? For aboue B
vears would probably kuve a fifclong auvibulable excess risk
due to brouehial carcinomn of abuat 127, "The vonclusion
that about 20 vears™ exposure 21 about 1 fibresem? is likely (0
cause bronchiol carcinona v roughly | man in EHY thus bl

Tows from any fincar mwded, but & more speeilic aswmplion is

required w predien the elfoee of $ vears” exposuee,

PLEUGRAL MESOTHELIOMA

As only 3 cases of plenral mesothelivmy have occurred in
Whis group, any model-liing or exteapolution must be very
speculative, These § cases are tabulited by man-veurs ol phser-
vation in able 1, which suggests that incidence rises sharply
witls increasing gime since first exposure. A formal residence-
tme model with linear doae sesponse for cancer incidence is
given by the equation:

[0

Incidence o time T after fivst exposure 1 Lo TR gitladt

where cits s the dust lesel s thioe 1 Vhe vilae & 2 s the
incidence rates in wable t well and corresponds closely w
Newhovse and Berry's inding tha incidence rose as . 9%
alter heavy mixed expasure 10 chrysotile wnd crocidolite had
ceased. M Applying the abserved rates b table 1, the predicral

scases (o which e exeess risk peraists hovotd eeQirenient il e -
nrarl by pelinis e sk or camwlste e prevafeiee ab s parisde e, The appos
o st s e proquartzon s Do wilb s eendb e ol e D s eesaly
o hwre wvqueane 1 e b el glemgiaene s she Yk sk
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prevalence afier SO vears' vxposure a1 {ibrefom’ correspond-
g Lo this model is 1-6% .§

‘The correspending Hickng  wieibmable risk {0 o m.m
exposid 1o b libreAom® fram age 15 o of is approkimancdy 2%
st be emphasised thae this estimene s necessarily anreli-
able, Juis based vnoonly § cases, and 2 of these were i men
eploved in an arca where raw asbestos was handled who
showhd perhips be exelnded Trom e calenation, ahoest hulbv:
g the pradicted risk.

RRIEE DR NON-OCCUPATIONAL EXFOSURE

Malignunt distases such ox mesochelinna sr bronchisl cur-
cinoma for which the incidence rises as the third or higher
-power of tny sinee fivst exposure te a carcinugen cunnel be
understood without sach Tormal analvsis. Toe example, there
had up to 1he end of 1975 been 10 cages of pleural mesothe-
lioma among approximately 20 000 men first employed in this
luctory afier 1933, To cxpress this 1s o risk of -05% is mean-
ingless. The lifelong risk tn 2 man employed continuously since
1933 may exceed 1047, On the other hand, the suggestion that
brief exposurt is extremely dongerows is equally misleading.
Prefiminary results of a study including the entire past and
present workforce suppory the sugpested modet, ond only 1
case i known o have eccurred in approximately 15 000 men
exposed for less than 2 years singe 1933, Isolaied cese-reports
with 2 history of minimal exposure must be viewed against
some hundreds of thousands of men and women with slight
uccupational cxposure and several millions with casual pon-
veenpationul exposure. A recent study confirming that the risk
of mestibetioma is dose-refuted suggests that only very high
dust Ievels praduce un appreciable risk after briel exposure,!

MINIMAL CROCIDOLITE EXIOSURE IN CHRYSOTILE
WORKERS

It has been arpued that pleural mesothelioma is due to croci-
dulite even when it occurs in workers whose exposure has been
lorgely 10 chrysotile with minimal exposure to other fbres,
Evidence from three sources appeurs to contradict this inter-
prevasion: {1) 9 cases® have occured in Canadian chrysotile
miners and millers with ao exposure to crocidolite;™ (2) the in-
cidence i our siudy hie been compurable 10 that in Neswhouse
anct Heery's'? cohort of workers with heavy erocidolite expo-
sure. Fheir dua shiow o clear dose-response Tor both severity
aanl duration of exposore. Allbough average exposures were
longer in our color, 1otal expasure w crocidolite was so much
lower that the risk of mesothdivma shoult have been far less
than that shserved inthe Tactory we studied if crockdolite were
the sole cause ol mesethelroma; (3 workers exposed to crocido-
hie show v comparable incidence of peritoncal and pleurnt
mesotheliomi. For exanmple, 22 of the 45 mesotheliomas
reported by Newhowse aned Beery!® were peritoneal in origin.
Nune of the 34 that have occurred in workers in the factory
we studied inchuding women und pre-1933 emplovees) or the
9 cases in Conadian miners und millers were peritoncal. An
whrious explunation for this dillerence is that chrysotile causes
anly plenrul nesotheliomu, whereas crocidolite causes boh
pleurul and peritoneal Lumobrs.

ASRESTOSLS

The fifetong visk of death Cratn asbestosis fullowing exposure
w toar 2 hbresfem® cannent be predicied with any conlidence.
There vre ne grounds for assunung fineer dose-response {or
steh u generalised progressive disease, and ubthough o qealdite
tive doser-respunse bas been demunstrated ot very high expo-
sure levels! there may well be 3 safe or virtoally sale (hresh-

“Assunnig that k2 and thet meadenve Wovenrs ulver bk expinude ollowng:
i 1

By [UIPS®an 11 DS 4T ther oieakenyy resee peogthy ae 0! ue The g
bt an e 0¥ L e Tucsors ik dinds prepurtionnd e valies o 1
etsweres 28 md A years, s Blow Nryoues v anuwdesr sonsgghpnbhe.
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ol There were 17 denths (9917 expeetedt due gy
mn- bzt eespirstory Jiscase over 28 veurs alier firg
vkpuisure - onr siedy, incladiog § antribued 1o astestosis, If
rtas asstmed] than incidence is praportionad w cumubinive dose,
the corresponding life-long airbuiable sk afier 510 peors
ekpisure ot 1 fibredem® would exceed 19,0 bar thix made] s
presented for back of another risther than because it is purticu-
larly plausibie biologically. Further data on curly pulmonury
signs may indicute whether o threshold exists, but even if the
incidence of crepitations is linearly relaied to dust {evel the
prognesis in affected workers may be related 10 the severity of
preceding exposure.

DISCUSSION

There have been too few deaths in our study to esi-
mate the risks or evaluate the suggesied models adequa-
tely for each asbestos-rclared discase, but the overall
excess is substanttal, Therc were 80 deaths (61-44
expected) more than 25 years afler first exposure, in-
cluding 14 (6-57 expected) due to bronchial carcmoma,
17 (9-17 expected) due to non-malignant respiratary dis-
case, and 4 due 10 pleural mesothelioma. The excess for
nsbestos-related disease thus exceeds the overall expected
number by zbout 30%. The implications of these figures
are perhaps obscured by the necessarily compiex statisti-
cal models presented for each separate causc. If dose-res-
ponse were linear for all causes (i.e., the risk of death
duc 10 asbestos exposure were proportional 10 dust-level
for any given period of sxposure) it would follow that
aboul 20 years' exposure at about ! fibre/cm? would in-
creaze total mortality by about 3% 25 years afier first
exposure. The wend in the right-hand column of table
1 suggests that this proportional excess is likely to persist
with the further passage of time, so such exposure might
be cxpected 1o Iead to fatal asbestos-induced disease in
about 3% of men. The afsumption of dose-linearity is
dubious for asbestosis mortality, but beth epndemmluga-
cal findings and contemporary knowledge of carcino-
genesis suggest that cxcess mortality from bronchial car-
cinema and pleural mesothelioma is likely to hc
proportional wo dust jevel,

These predictions might be grossty inaccorate. ]mll~
vidual cases have no! been investigated in detail, and
previous emiploviment in dusty working environments
may have contributed 10 the excess’ mortality in this
cohiort, Fmplovment hisories are now being re-exa-
mined, but the estimates of pre-war asbestos exposure
are not relinble, and the assumpion that there is no safe
threshold cannet be confirmed without Jung-term pro-
spective observation of workers exposed to low Jevels.
The recem LARC, monograph on asbestos,'? which
provides o comyprrehensive reference source and summary
of recent work, eoncludes that “at present, it is not pos
sible 10 assess whether there is o level of exposure in
hwmang below which #n incrensed risk of caneer woukl
not oeeur,™ Fheree bre s three alteenanives:

LT conclude that the coonomivc consegtiences of more re-
strictive Tegislption are nob fustilied unless o further 15 or mone
years' observation of workers expused 1o Jow devels of pur
chrysotile shows the current siandurd 16 be dungereouas,

2l base 0 decisnm ap these sanleses, (pnoring sampling
CrFOr, Nr restdes stygeest hat whout $ 1 of prew exposed dor
Sowears i chinesotile ashesw coneentrnions oft 17
tibresfom? are Inktl\ e die ol anbestos-induced diseuse, llllm

A duniler mcsinichuma uuurrnl 1w wonie i ghak pagiduin wii qul ™
wrndy hern eapaned jugrocndelng.
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