Scientific Communications

The resulls of studies of respiratory
symploms and !unction, roentgenograph.
ic changes, and mortality in relation to
dust exposure in the Quebac chrysotile
inrdusiry, which has employed some
28,000 workers, are brought togeiher and
their Implications ior control examined.

Breathlessness on axercise, gimnine
Ished inspiratory capaclty, paranchymal
and pleural charges, and respiratory gis-
ease mortality were related to dust expo-
sure and to each other. Respiratory can-
cer was aiso relaled to dust exposure.
The overall excess of dealns from res.
piratory cancers, including five with mae
lignant mesoiteiiomas, was at most 50%
above expectation, based on age-specific
rates for Quebse and the mining region.

It safety standards are set, they should
be based on epidemiological evidancs.
From thess data for the chrysotile produc.
ing Industry of Quebec, a resonable fig-
ure, based on a 1% risk of sacquiring clinl-
cally significant diseass, wouid lie
batween 2 to 4 million particles per cubic
foot, calculated lor a working lile of 50
yzars. In the absence of spidemiological
findings based on fiber counts and tack of
3 satislaciory means of conversion, par-
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n recent years, exposure to as-
bestos dust has been widely recog-
nized as an important etiological fac.
tor in pulmonary fibrosis, cancer of
the lung, and malignant mesnthelial
tumors. The precise nature of the cau
sal association has usually heen ob-
scured by exposure [0 more than one
form of asbestos and to other mate-
rials in the manufacture or appli-
cation of ashestes products. In ihe
mining and milling industry of Que-
boe, where almost half the world's

supply of chrysotile is produced, expo- -

sure 1o other types of asbestos or to
materials used to make asbestos prod-
ucts has been very slizht. To assess
the effects of pure exposure to chryso-
tile, an epidemiological study in this
industry was started in 1966. Qur
aims were to relate dust exposure as-
sessments to mortality, roentgeno-
graphic change, pulmonary function,
and respiratory symptoms. Results of
these studies have heen presented in
separate  papers on  mortality,”*

nary function* and respiratory -
symptoms.” The purpose of this repor:
is to bring together these and certain
subsidiary findings and to discuss
their implications for control.

Outline of Study”

Records of the mining companies
were used to identify all persons
known to have worked in the industry
since its inception in 1373. Earlier
records tended to be incomplete or
missing and certain sets had been de-
stroyed, but altogether some 23,000
employees, mostly men, were identi-
fied and inform:ation was assembled
for this group. Of these, 6,400 were
working on Nov 1, 1968, the registra-
tion date for the study. The informa-
tion collected for each person con-
sisted of date of birth and a full
industrial history. The latest chest
roentgenogram of each employee, if
available, was provided by the indus-
trial medical clinics and read by an
international group of six readers

ticle counts should continue to be used TO¢Ntgenographic change, pulmo-  using the UICC/Cincinnati (now
for control in this Industry,
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Tauia 2 —Rgenizenc3ragu¢ Change Prevalenca Periantajus

Dust Exposure Level, mipef.yr

Roentgencaraphic . _— ey Aver
Charge ~10 10 123 230 £ 0t~ ans
Thettord Minss
Irregular small opacities
170 1.8 33 £3 87 129 17.2 76
2/4 o} 02 22 09 24 42 20
Pleural thickening
Grada 24 45 65 58 83 105 64
Grade 2 1.3 07 08 £.2 13 20 1.1
Asbestos
frragular small opacities
1/0 6.4 37 3 5.0 6.8 70 5.¢
2n 0 0.4 1.5 0B 08 33 08
Plaural thickening
Grade 1 29 26 30 30 4.7 58 32
Grade 2 00 06 1.0 05 14 Q7 07

Ratss are standardized for age and years in industry. Males were 35 1o 65 years of age at
tirme of roentgenogram,

- Table 3.—Age-Correctad Daath Rates Per 1,000 Men
Born 1891-1920: Deatns to December 1963

Dust Exposure Level, mpehyr

Cause <10 10 100 200 400 200+
All causes 365 355 354 n3 3a3 395
Respiratory cangers® 10.3 13.1 134 15.5 214 321
Apdominal cancers 18.0 136 18.7 11.8 23.3 287
Preumoconios!s 1.6 1.5 08 49 49 233

includes malignant pleural mesotheiioma.

Table 4.~~Reiative Risk of Death From Respiratory Cancar in Men by Dust Group,
Estimated From Retrospective Analysis

Dust Exposure No. of
Levei, mpct.yr No. af Cases Controls Relstive Risk
< 10 - 185 1.0
10 [}] 188 1.3
100 13 39 1.9
200 14 61 13
A0Q 15 40 2.2
B0+ 19 2 50
Total 134 536

Tablie 5.~Age-Corracted Mortahty Per 1.050 Men From Respiratory Cancer
and Pneumoconiosis at Thetiord Mines and Asbesios

Dust Exposure Level, mpef-yr

‘<10 10 100 260 400 00+
Respiratory cancer
Thatferd Minas 9 12 18 15 /] n
Asbestos 11} 17 8 18 13 43
Pneumoconiosis
Thetiord Mines 4 1 1 7 [ 2
Ashrstos 0 0 0 s 3 24
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COLOY clasaiflention. ™ A fullow.ay
of easemplavecs was set up und Jetn

cortilicatsys and autepsy repor, wero
evarnined for those whe 100 Gie:l Ome
sevbion of 1nis article denls wih o

sults in women: the rest s concernes
with man enly.

Dot Exposure.=Dust oxposure lev-
els were determined for eich rovorded
Job within the industry, and for each
vear of employment. These levels
were used to caleulate a total dust ex-
posure index for cach worker, Gibbs
and Lachance” described the tech-
niques used und Gibbs' dealt further
with certain gualitative aspects. The
main index was based on particle
counts from midget impinger sam-
ples, expressed as millions of particles
per cubic foot (mpef). A total dust ex-
posure index was calculated for each
worker by multipiving the measure-
ment of dust exposure by the number
of vears of exposure at that level, and
was expressed as mpef-years.

The resuits which foilow are pre-
sented in terms of range of total dust
exposure based on particle counts
{Tabe 1). Table I also lists the number
of men included in the main analyses
considered in this report.

Since disease is probably caused by
asbestos fibers rather than dust par-
ticies, it has been recommended that
standards for occupational exposure
be based on fiher counts obtained by
the membrane filter technigue,'* If
there were a reasonably consistent
relationship between particle counts
by midget impinger and fiber counts
by membrane filter, the resuits of our
surveys could also be presented and
interpreted in terms of fiber counts.
A study was carried out by Gibbs and
Lachance™ in which 87 side-by-side
midget impinger and membrane fil-
ter measurements were made at nine
loeations in each of five mines and
mills of the Quiliee chrysntile indus-
try. The carrelation between the two
types of measurement was too poor to
justify the wse of any single cunver-
sion factor.

Rucentgenopraphic Changes.—The two
main recatgennsraphic indices of res
sponse (o asbestos exposure are ir-
reputar small opacities and plearal
thickeninyz, The prevalences of thes
and of =zl other ruventgenoprap
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chaondes wo e Beer i Ve Thetioed

Mines arc U o Lne N heatns area

0l Guetier, o The Iwa arcas e
w.";} ~ e vl the asbestos
mrred s ceojortedly aimilar The as-
sociation o) the chonees with dust ex-

posiite wis wlae ~trotger at ThetTond
Mines than ai Asbestos,

Tubhic 2 shows that wt Thetiornd
Mines the prevalence of drregutor
s opacitics ot cnterory For mone
roae steadily with inerenaing dust ex-

category 2oor

posdre whereas Lo
mare the rebdoon o dust
was less marked, except for the con-
siderable rise in the most exposed
werkers, Even with allewance for dif-
ferences in dust expusure, the preva-
lence of category 1 or more was
markedly age-refated, rising to 14.8%
for those 61 to 65 years old. This uge
effect was much lower for caterory 2
or more, and amounted to only alout
one third of the change associated
with dust exposure.

At Asbestos, the prevalence of ir-
regular smal opacitios of cateyory 1
or more rose to 9.2°¢ fur those aged 61
to 63, and there wus virtually no rela-
tion to dust expesure. With respect to
only category 2 or mory, the relation
to age was mucn lower and prevu-
lence increased amony those with the
highest dust exposure. ’

For pleural thickcning, the cifect of
age was slightly greater than the ef-
fect of exposure on the prevalences of
grade 1 or more, and of grade 2 or
more, for both mining areas. -~

The biggest ditference among all
the roentgenographic features was in
pleural caleification, for which the
prevalence of grade 1 or mare was
0.4% at Asbestos and 3.2 at Thetford
Mines. In spite of the relationship to
dust exposure, no correlation ex-
ceeded 0.5, This is largely a retlee-
tion of the very high proportion of
mun whe showed no roenteenopraphic
c¢hanwee, Some of the differences bes
tween the Two afeds were Not surpris-
ing, as overall dust oxposure levels at
Asbestos were  considerably  lower
than at Thetford Mines, but others
cannnt vet be eapliiined in terms of
di=3 eXposure or geoiey, 10 variation
in fiher content of Jist were an im-
portant Lactor, the resalts inomine
woraers, fur whem the tiler propor-

U persiite
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tiot waobit be vy, <hoasd difer from
in whom tne
nucher, Al-
o s who
huel worked Tor ten or mure vears en-
tirely inomining or extimgly in mill-
e Analisis of  reentoensvraphic
changues in these muen showed that
mul workers had a slightly higher
prevatence of drregular small opac-
ics, but the differences between
Thettord Mines and  Asbestos re-
mained. No other consistent diifers
onces could be detected between the
mine and mill workers.
Mortabhity.-This study was limited
to those who had worked for one
month or more, and who were born
1891 to 18920. This ag: group was se-
lected because the records of older
persens were f{requently incomplete
and few of the youngeraones had died.
An initial analysis' was limited to
deaths before Nov 1, 1966, but the fol-
low-up will continue until at least
1974. By the end of Docember 1969,

Ercse Lol i Wothers,
hbser proporiion wetia he

tovselPer, Do fe wWor Lt

87.53% of the 11,572 persons in the.

cohort and 99% of those who had
worked ien yveurs or more had been
traced.: Of these, 3.270 had died. com-
prising 63.1% of thesz born 1851 to
1395 but only 9.8% of those born 1916
to 1920,

The age-standardized mortality per
1,000 men for certain causes of death
are given in Table 3. Cancer of the
iung showed a rising rate with in-
creasing dust exposure, particularly
in the two highest dust exposure
groups. Cancers of the gastrointesti-
nal tract also showed a rise in the two
highest, and pneumoconiosis in the
highest categories of dust exposure.
Of 134 deaths in men from respira-
tory cancer, five were from pleural
mesnthelioma. These cases showed no
clear relationship with dust expusure.
There were no peritoneal mesothe-
liomas. Mortudity from all causes fell
with increazing dust exposure up to
the highest dust zroup, probably be-
eause those who died vounyg could not
attain a high dust exposure. On the
baais of Quebee death rtes, the ex-
pected number of respiratory cuncer
deaths in the cohort was (50, or about
Wion the husis of estinmted rates in
the i rogion, This sueests that
H_qu'l:lﬁl_\‘ Croan respuratory cabeol in
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the Quehee chrysntiie intustrs ay g
wiole has boeen al moes
pectation and probahls abor 27

The primary metrod oF anade .,

- ahaee R

gied i our report on dewchs un g,
106G had two main weakaessca The
irst wias that leneth of
might well have been related ty
fength of survival and thus augh:
tend to obscure ditfferences in mar.
tality between expostire grou; = We
looked for evidence of auch an inter-
action using the paramietric approadh
of Berry,' and thoupn we failed tn
find a significant effect, the possi-
bility remained. The second weakness
fay tn the fact that deaths accumu-
lated over many years were used in 2
single calculation of morality. [t is
reassuring that our suhsequent anaf- -
ysis,® which dealt with deaths over a
three-yeur period, 1967 through 1¥59,
gave essentially the same results. To
some extent these problems are some-
what academic, since the total excess
mortality in the industry from res.
piratory cancer, compared with mor-
tality of the general population, was
so small. The data are of practical im-
portance nevertheless in defining the
form of thc dose-response relation-
ship, essential for the setting of
safety stindards.

For this reasoson, when the follow-
up is eventually completed, an analy-
sis hased on man-years of exposure™
is planned to minimize these possible
errors. Meantime, another mcthod of
anaiysis (G. Eyssen, MS¢, and F. D.
K. Liddeli, MA, unpublished data) has
been employed that, we believe, elim-
inates certain of these problems,
thoush it does not make full use of
the data available and provides oniy
estimates of rclative rather than al-
solute risk. For this analysis, the dJust
exposures of the 134 men inciuded in
the 1969 anulysis of respiratory cun.
cer mortality were compared with a
sample of men, four for each case, se-
lecied at random amenyg persons live
ing at the time of the death of the
respiratory cancer case and born in
the sume year. The distribution of
cases amd contrls by dust exposure
eategory is presented in Table 4 It
vt he scen that the pattern of rela-
tive risk obtained by this approach i-
quite similar to that for respirator

AR
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Tanle 6.—oariziiy Fram Al Causes an? Eczntqunsy aphnz Changes 2t Thetiord Minas

Mo of Cloceved and & .20 2lud Doatns 3y Year of Dirth Celoet?

1891-1955 15231302 19015085 1855-13:0 1911.1315 1945.1920 Total
Roentgenggruphie e —— | e e o e —_—
Changes Obs Exp Obs Exp Obs Euvp Obs Exp Qlsg Exn Qbs Zxp [o 1273 £
17 136 7 78 4 19 1 ts 7 15 2 158 23 30
Pieural
chanaps only 11 113 15 168 10 92 S 52 2 34 2 24 a5 472
Both parencihymal
and olyural
changes 14 114 17 127 8 65 6 22 3 06 1 02 43 13.7

e L, T

* Expected number was calcuiated from ceath rales in men vathout roenigancgrashic change.

cancer mortality shown in Table 3.

It scemed possible that the roent-
fenographic  differences  between
Thetford Mines and Asbestos might
also be reflected in mortality. There
was little evidence of this. The age-
standardized mortality per 1,000 pop-
ulation, for all causes, ali malignant
neoplasms, all respiratory diseases,
and all circulatory diseases were 342,
34, 20, and 120, respectively, at As-
bestos and 362, 61, 22. and 121, respec-
tively, at Thetford Mines. All detailed
comparisons showed the same sim-
ilarity. For example, in Table 5, the
age-standardized mortaiity by dust
exposure i5 presented for respiratory
cancer and pneumoconiosis. The only
apparent difference is that the res-
piratory cancer rate rose in relation
to dust slightly earlier but to 2 less
extent at Thetford Mines.

Mortality and Roentgenopraphic
Changes.—Of 10,120 persons traced in
the mortality study, 9.692 were men
and of these 5,082 had chest roent-
genograms and 785 had died. At
Thetford Mines, there were 354
deaths in 2,448 men traced. Death

rates were calculated by date of birth,
dust exposure, and the presence or
absence of parenchymal or pieural
roenigenographic changes. The rate
from all causes combired was in-
creased in the highest dust exposure
group but, with ailowance for expo-
sure and date-of birth, those whose
roentgenograms showed parenchymal
changes had a higher mortality
{220/1,000) than those without roent-
genographie changes (131/1,000) or
with pleural chemyres only {125/1,000).

in Table 6, ti:¢ observed numher of
deaths by year of birth and reenzzen-
ographic change is compared with
the expected number based on those
without roentgenographic change. Of
97 deaths in those with parenchimal
changes, 33 were in excess of the
expected figure. Considering only
deaths from respiratory disease, in-
cluding tubercuiosis and cancer, we
calculated in a similar way that there
were 32 deaths in those with paren-
chymal change compared with eight
expected, an excess of 24. Thus of the
33 excess deaths in this group at
Thetfard Mines, 24 were attributed to

Table 7.—Age-Carracted Prevalsnce Percentages by Dust Exposurs
and Cumulative Smaoking Habils
Dust Exposure Level, mact-yr
<10 10 100 22 &8y £li-
Never srmorod 1 19 19 ik 2 a3
Up t9 102 cigarette-
. years 18 /] 12 [+] 45 0
Bronchltis ¥ 00 2% 3 28 20 33 2 43
500.999 32 38 4 28 &7 s8
L 1.000 107 47 48 3 52 35
tiever snipked 0 14 1] 3 13 i1
Uz 10 183 craoretta.
- vears Q t2 % ral 21 13
Breatnlessness § o5 e9 5 14 8 2 2
509.999 9 19 2 13 14 on
1.000 0 23 27 3 34 i
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respiratory causes.

At Asbestos, the difference be-
tween the mortality of those with and
without roentgenographic changes
was less. Caleulaiions similar to those
used for Table 6 showed that only
seven of the 43} total deaths were as-
sociated with parenchymal change,
and of these 2.4 were attributzble to
raspiratory causes.

Dust exposure levels at Thetford
Mines were much higher than at As-
bestos; thus, in the highest exposure
group there were 336 and 69 men, re-
spectively, on whom roentgenogran
had been periormed and who hao
been subizequently traced. Though the
excess death rate in this highest ex-
posure group was about 9% at both
places, the numhers of excess deaths
were therefore 35 and 6 respectively.

Calcified pleural plaques were not
reiated to mortslity as there were 60
deaths in persons with pleyral
pizques compared with an expected
59 deaths.*”

Puintonary Function.—A total of
1,015 current emplovees underwent
pulmonary function studies during
the summers of 1967 and 1968." The
sampie chosen for study was strati-
fied to include a higher proportion of
older than vounrer workers, as the
former were moere likely to show
vliavres i function, These tested
comprised N of Lthe sample selected,

The varkiion i =ome of the lung
function imdiee: by dust level in
spokers and notsonkers i shown in
Fig 1. 2, and 3 The results of each
test wors standundized o age 50
veurs, heichs 190 enn amd welcht 7
ki Total lung volume £l shebtly
with inereasine e-l exposurs 0t
exposure had bitde effect on v or

~
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the same age and year of death but
who had never been employed in the
industry. There was 2 higher propor-
tion of nonsmokers in patients than
controls, which suggests that pulmo-
nary cancer may be caused by as-
bestos exposure in the absence of
smoking. The controls were on aver-
age heavier smokers, which reinforces
the point but does not rule out the
possibility of synergism between as-
Lestos exposure and cigarette smok-
ing. Clear evidenre was obtained
from a survey of all known cases of
malignunt mesothelioma in Canada
thut this discase was not related to
smoking.“* .

Women.~The number of women
ever emploved in the Quebhec chryso-
tile industry is small. In the mortality
study, 428 of 465 women in the cohort
were traced and of these 54 had died.
Only 79 women had worked for more
thuan ten years, and {ew had been ex-

66  Arch Environ Health/Vol 28, Feb 1974

posed heavily to asbestos dust. One
death was ascribed to lung cancer and

‘none to pneumoconiosis.

Chest roentgenograms were avail-
able for 294 women, most of whom
were 30 years old or less. The enly
roentgenographic changes recorded
were one subcategory 0/1 rounded
smail opacities, one subcategory 0/1
irregular small opacities, and one
grade 1 ill-defined cardiac outline.

Commaent

Althougrh death is the mest Jefinite
and werious manifestation of expos
sure tu asbestos, it ks not the most
senxitive. Exvess deaths related to ox-
posure altugether were probably in
total no more than 2% of the 3.270
deaths in the' cohort study, Maost of
these were attributed to respirtory
canecer or pactinoceniosis and almost
all were in the twa highest dust evpus-
sure categorivs, Thus, escess mortal-
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i wis virtnaliv contined to g w ik
viposire egiivalent Lo ot deast oo
mpel-vrs Detatled  examination of
moriality <hosed no particelur casse,
execpt pocnmoceniesis, with a rate
above that of the penerad population
of Quebee.

An investization was made of the
256 known cuses of malignaat mese-
thelioma in Canada. 1950 througi
1974, The maaner of death certiticas
tions of these patients were exems
inede” and the pathelogieal findings
reviewed in detail by the Mesothes
lioma Panel of the Cunadiur Tumour
Reference Centre.s#- Epidemiologi-
cal inguiries showed that 23% of men
and 1% of women had definite or
probable occupational exposure to as-
bestos, and a further 1% of men and
6% of women had lived in the home of
an 2sbestos worker. In the remaining
cases, none had ever lived within 32
km of an ashestos mine or mitl. Of all
known cases of mesothelioma in Can-
ada, only nine have been associated in
any way with the Quebec chrysotile
mining and milling industry. Seven
(five in the ¢ohort) had been employed
and two were women whose fathers
had worked in the industry.

These cancer rates are very low in
comparison with the studies of New
York insulation workery:* and the
London crocidolite factory workers,*
in both of which there were much
higher rates of malignant neoplasms,
particularly of mesothelioma. Other
studies in the Soviet Union* and
Italy=" support the view that only
high levels of exposure to chrysotile
during mining and milling have an
apprueciable effect on mortality.

Although roentgenorraphic changes
had some relationships to dust expo-
sure, the clinical significance of the
minor changes which were alse re-
lated strongly to age is uncertuin. Ir-
rerular small opacitics of citegory 2
and pleural thickening of grade 2 are
usually considerid of clinieal impor-

tuney, amd these were much less influ--

wieed by age, Changes of his order
oconrred in LU and 0.7% of the en-
tire working papulation. In men aged
61 to 65, employed an averure of 20

-¥eurs in the industey, the rates were |

S and 2.5 at un averaee expasure
level of 13 mpel. These rates are ver;
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functional resduad capacy (FRCY or
resvluat volime 1V Thus exposure
tochryatibe mifceted only the inspira-
tory ety portion of the total bune
volume (TLVY Foreed vital capneity
(V) and foreed expiratery volume
in are sevond (FEV)) bath dechingd
with increasing exposure, the FVC vi-
tal capacity fuiling by abour In2 1o
the highest dust group and the FEV
rather less. Netther steady state nor
singie-breath  ditfusing  capacitioes
showed any etfect of exposure at rest;
on exercise, tne steady state ditfusion
declined slightly.

Aralysis of the relation between
lung functicn and roentgenographic
changes showed that in those with
small opacities of category 2 or more
there was an average reduction of
20% in three indices: FRC, RV, and
single-breath diffusing capacity at
rest. Most indices showed a progres-
sive reduction with increasing cate-
gory of small opacities, but only ¥C
and FVC showed significant reduc-
tions in association with the eariiest
roentgenographic changes. Pleural
changes were also associated with re-
ductions in pulmonary function,
which ranged from about 3% in those
without parenchymal change to about
6% in those with advanced. parenchy-
mal change. An additional small sur-
vey showed that changes in pulmo-
nary mechanics possibly precede
roentgenographic and other function
changes.' Detailed analysis of those
aged 61 Lo 65 showed that those with
-an obstructive lung function profile,
ie, RV and TLC greater than ex-
pected and flow rates less than ex-
pected, had had heavier dust expo-
sure, more symptoms of bronchitis,
and more irregular’ small opacities
than those with normazl or restrictive
patterns of pulmonary function.'

Respiratory Symptoms.—Each of the
1,015 workers in the function survey
answered a slightly madified version
of the Medical Desearch  Council
(MRC)Y  respiratory  quesiinnnaire
given in Freuch or English by a hi-
lingual interviewer. Both persistent
cough and plicsem (bronehitiz} amd
breatidesaness on excrvise were re-
lated to exposure. Table T shows,
however, that after standardizing for
age, the prevalenee of hronehitis roge

Arch Erviron Had'th Vel 28, Fed 1974
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to about 50% in both the highest dust
and highest smoking categories.
Thus, the effect of heavy exposure
and heavy smoking together were the
same as that of either separately. The
same relationships have been ob-
served in other dusty trades." In con-
trast, the prevalence of breath-
lessness on exercise was unaffected
by smoking, but increased steadily
with dust exposure.

Eflect of Smokite.=3moking habits
were originally determined only for
emplovess in the palmonary funetion
surver. Fipures 1.2, and 3 shew that,
with many of the physiolsical in-
divaz, the effeet o1 smeking was
pregter than the efoet of exposure to
azhestos dust. This war most obnvinus
in FRC, BV, wnel werhups in the
steadi-state  difu-ine  eapavity  at
reat, Foreed vitad enpecity and FEV,

were both decreased to a similar ex-
tent with increasing dust exposure,
but only FEV was Jower in smokers.
As mentioned above, smoking and
dust exposure were both related to
the prevalence of bronchitis, but
smoking was not associated with
breathlessness.

Attempts are now beiny made to
collect smoking histories in the cohort
study of mortality, both for those who
are still alive and for thoso who are
dead. This may eventually provide
prospoctive and  retrospective evi-
dence on the interrelationship  of
smeking and ashestos exposure. A
controlled retrospective studys has
been mirde bised on deaths from lunye
eaneer in the cohort stady. Each pa-
ticnt was matched with a death from
lung cancer from the same hoshitul

records in a man of approsimately
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siiiae to these found in the cheysos
te muan L miiing induslry

Capetie, hut wre mueh fower than
hewsin the New York insulatien
weemho #+, torn the British Roval Nu-
vab v Suamtseo

For pulmenary function snd res-
mratory ~vmptoms, the etlect of
stiehlr was generally greater than
o ctfeet of exposure to asiestos,
tlowover, for inspiratory  eapaeity,
foreed] Hew rates, and hreeathlessngss
oty exereise, relationships to dust ex-
posure were found. With respect to
these indices, a 107 reduction in non-
smokers occurred after a total expo-
sure in excess of 100 mpcf-ve. This is
close to the lower limit of the dust
category at which 1% of subjects had
grade 2 roentgenographic changes.

In the Quebec studies, information
on dust exposure was obtained, where-
as in most other studies quantitative
information was not available. Mur-
phy et al' found 1l cases of asbhes-
tosis in 101 New England shipyard
workers with an average exposure of
120 mpef-years, compared with one in
& nonexpused control series. These
workers appear to show a larger cof-
fect of ashestos exposure than those
engaged in chrysotile production.
However, the main constituent of the
insulating materials used was amo-
site, with some chrysotile and no cro-
cidolite,

Dust exposure assessments were
also made for the Cyprus mining and
milling industry,™ and the rates of
roentgenographic change for the
same exposure levels were quite sim-
ilar to those in Quebec. Exposure in-
dices have alse heen assessed in a
study of two ashestos-cement plants
in the United States by Enterline and
Weill, * where the main expnsure has
been to chrysotile and silica, but the
results ure not yet available,

The dimit standards for occupa-
tional exposure to ashoestng are bused
solely »a the airburne cencentration
of dust or iiher, averaged over o lifes
time's work, and the resuits in this re-
rort hisve beon presented {rom this
point of view, There waz some evie
denee inour stindios that logeer expo-
surcs for the same total dust levels

wre s assoeinled witd slightly hisher

previh mee rates of pnnlgzemerrapiie
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Fig 3.=Variation in diffusing capacity with dust group, standardized for age. height,
and weight. .
change. However, the roentgen- averaged over three months, is based

ograms wcere all taken during work-
ing life, so the correlation between
total dust and yvears of exposure or
years since first exposure is high, and
the separation of the contrihutions
from these two factors, duration and
concentration, would be very difli-
cult. The conort study alzo showed
that respiratory cancer mortality was
greater in those who tonk more vears
to reach o wiven Just tevel, Therefore,
in assessing the overall ofteet of as-
bestos exposure, durntion of esjosure
shonshl 0ot really b hrmared Fur this
reaann, it wiald be upwise to sy
the resalts of this or other deseriptive
epbdemiohagienl stindies to wideis Jif-
fevent enjassnre pallerns,

The  Hritish standar? for

Bevandile of 2 leers er eiiiier
NTR AR o o Dideets PP el it

YL

on the concept that a 1% risk of ace-
quiring clinically significant disease
in a 50-year working lifetime of expo-
sure is acceptable. Considering all
facets of disease—deuath, reentgen-
ographic changes, pulmonary func-
tion changes, and respiratory symp-
toms~-the 1% risk is reached by men
in our third dust eXposure category
(100 to 200 mpef-yr).

The relationships that exist be-
tween measurements of total dust
and fitwer exposure are thus of eritical
imgwrtance if standind<-are to be set
for ashestos produstion and other as-
bestus  industeies. Such standards
shoull be bazed ot dose-response re
lativnships established by s=ound epi-
demiolcrical inguiries, To date, very
Tew of Uhese Tave inddudad Y g

T
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titative asscssments of dust, tet alone
of tiber exposure. Though safety stan-
dords evpressed in fiher concentra-
tions have theoretical and conceptual
attractions, there iz as vet little or no
dircet epidemiological evidence on
which to base them. Qur studies ap-
pear to provide a reusonuble basis for
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