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ABSTRACT :

Background Heavy industrial exposura to asbes-
tos causes lung cancer and mesothelioma, but it re-
mains unknown wheather much lower environmental
exposure to asbestos also causes these cancers. Nev-
ertheless, regulatory agencles, including the Envi-
roasnental Protection Agency {EPA), have assessed
the risk of fung cancer by extrapolating known risks
from past industrial exposure to asbestos to today’s
much lower environmental asbestos levels {roughiy
100,000 times lower). We also tested the EPA's model
for predicting the risk of asbestos-induced lung can-
cer in a population of women with refatively high
levels of nonoccupational exposure to asbestas.

Methods Martality among women in 2 chrysotile-
asbestos-mining areas of the province of Quebec
was compared with mortality among women in 60
control areas, and age-standardized mortality ratios
wera derived. With the help of an expert panel, we
estimated past exposure to asbestos among women
in the mining areas and used these data with the
EPA’s. model to predict the relative risk of lung can-
cer. Wa then compared this prediction with the ob-
served mortality ratios.

Ressdts  On the basis of the estimated exposure in
the asbestos-mining areas, a relative risk of death
due to lung cancer of 2.1 was predicted by the EPA’s
model, amounting to about 75 excess deaths from
tung cancer in this population, By contrast, we cal-
culated a standardized mortality ratio of 1.0 and
a standardized propoctionate mortality ratio of 1.1
{P>0.05), suggesting that there were between 0 and
B.5 excess deaths from {ung cancer among the wom-
en with nonoccupational exposure to asbestos. Sev-
en deaths from pleural cancer weére observed {rela-
tive risk, 7.63; P<0.05}. .

Conclusions We found no measurable excess risk
of death due to lung cancer amaong women in two
chrysotile-asbestos—-mining regions, The EPA's mod-
el overestimated the risk of asbestes-induced fung
cancer by at least a factor of 10. (N Engt J Med 1998;
338:1565-71.)
©1998, Massachusatts Medical Sociery.
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SBESTOS is a commercial group of strong,
ductile, and fire-cesiscant mineral fibers.
These praperties, which differ among

diffecent mineralogic types of asbestos, .

serongly affece its in vivo persistence and coxiciey
Chrysorile asbestos, which constitutes sbout 99 per-
cent of airborne asbestos hbers in the general envi-

ronment, is cleared much more rapidly from the |

tung than amphibole asbestos. s+

It has been recognized for several decades thac ex-
posure to asbestos ar high levels, as was common
arnong asbestos workers in the first half of this centu-
ry, can cause lung cancer and mesothelioma of che
pleura and peritoneum.’ Among asbestos workers,
nearly all mesotheliomas are induced by exposure @
asbestos, whereas most lung cancers are atributable to
smoking. Yet because mesothelioma is 50 rare, asbes-
tos-induced cases of lung cancer gready outnumber
cases of mesothelioma among asbestos workers.512

In the 1980s, afier labor-union campaigns and gov-
ernmental regulations had gready reduced occupa-
tional exposure to asbestos, public atreation turned
to environmental exposure.'? Pressed to recommend
preventive regulations and remedial measures, public
heaith authorities assessed the risks of asbestos-
induced cancers in the general population on che
basis of occupational data.5!? The validicy of such es-
timates of risk has been questioned for several rea-
sons.'+32 Exaapolations were made to environmen-
tal exposure to asbestos at levels char were 1/100,000
of those to which workers had been exposed in the
past. The amphibole content of aitborne dust con-
raining asbestos (aerosols) is much lower in the gen-
eral environment now than in historical occupation-

“al settings. In addition, past studies of occupational
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eXpusure to asbestus were methodologicalty limited,
dose ~response esamates varicd by a factor of 1000
among studics, and estimates of the risk of asbestos-
induced cancer have not been validated in nonoccu-
pationally exposed populacions.

We rested the Enviconmental Protection Agency's
tEPA's) dose ~response model tor asbestos-related
luag cancer in a population exposed to asbestos at
fevels intermediate between those encountered by
asbestos workers and those encountered by today's
urban populacions. A small region of the province of
Quubee, Canada, produced mose of the world’s as-’
bestos uncil 1934 and remains the world's fargest ex-
porter of asbestos. Between 1891 and 1980, asbes-
tos-dust emissions and Gillout were usually visible.
Asbestos acrosols were similar mineralogically to
those tound in cities today; more than 98 percent
were chrysotite.?d Our study was restricted to wom-
en in order ro exclude mose asbestos workers.?
{n contrast to previous scudies of general popula-
tions, 334 we estimated levels of exposure to asbestos
in order o quantity the relation benween asbestos
and lung cancer We used dara obuined from deach
certificates, which are adequate to study the risk of
lung cancer but not that of musothelioma 2234 Mes-
otheliomas are currently being investigated in a sep-
arate study. :

METHODS

The study comprised three distingt components: a mortality
study to measure the acual relative risk of deach due to lung can-
<er and other vauses, 3 historival exposure assessment, and a risk
assessment 10 predict the relutive risk of lung cancer on the basis
of the cxposure assessment and the EPA's risk model. We as-
sumcd, 45 in the EPA's risk-assussnient model, that the cisk of
death due o funyg cancer was nearly idencical w the risk of lung
waneer — 3 commonly accepred approximation tor diseases in
which survival is shore.

Maeortality Study

We determined the number of deaths that occurred berweea
1970 and 1989 among women ot feast 30 years of age who fived
in 2 chrysotile-asbestos ~mining arcas or 60 reference areas in the
province of Quebec. An arca was defined a5 a group of contigue-

. uus municipalitics wich 3 total population of at least 4300, The

aress where the population was exposed 1 asbestos were Thete-
tord Mines {pupulation, 29,095 in 1981) and Asbestos {popula-
tion, 14,225); these two arcas comprised cight towns, of which
three {Thexford Mines, Black Lake. amd Asbestos) contiined
neacly all the asbescos mines and mills. The residents of these 4r-
cus lived wichin 10 km of 3 mine or mill, and 30 percent lived
within 4 km. Amony the other 63 aceas in Quebex, 4 large urban
ceaters and | shipbuilding arca were excluded. The remaining 60
reterene dreas were spread across the provinee and had popula-
tinnas ranging from 8000 to 41,000 {otal population, 1,373,370
in 1981). . .

T conpute the relative risk of Jdeath due to specitic canses in
the asbestos-mining acess, we compared the observed numbers of
deaths wich the numbers expected on the basis of the rates in the
ungypesed seeas. Since thers was migraton in and out of the -
bestos-mining arcas Juring the period ot observation, the study
populatien weally comisted of ditteeent people each year. The
annual populaton numbees, which we used 15 denominators for
moeeality eares, siere based e Canadisn census data. Over the
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cntire observation penod, smong wamen 30 vears of 1ge of ot .
er, there were 221,375 persun-vears in the asbestos-mining W
and 8,629,630 persan.vears in the reterence areas.
The RUMEraeors for our calculations came from Quebec's mor-
tality reyistry; we vbuined the Jeath certificates of women 30
years old or older wha dicd from (970 t0 1989 in Qucbec Prov-
ince, The municipality where cach woman resided a¢ the time of
her deach was used o assign the death ta an asbestos-mining area,
0 2n uncxposed reference rea, ur to a municipalicy excluded
from the analysis.
_ The conventional sandardized moraality ratio and standard-
ized proportionare martalicy rafio were estimated for the two as-
bestos-mining areas separatcly and together, as comparcd with
the reference areas. Boch measuses arc ratios of the numbers of
observed deaths in the population under scudy to the expected
numbers, witk adjustmenz for age and calendar year. For the
standardized mortalicy ratio, the cxpected number is based on dhe
absolute morcality according to causc in the reference population.
Eor the standardized proportionate mortatity ratio, the expected
number is based on the proportion of aif deaths in the refercace
population that are due to cach cause. The confidence intervals -
tor che standardized morality ratios were compured with use of
Byar's approximation; the confidence interval for each standard-
ized proportionate mortality ratio was computed with use of an
approximation of the standand ccror of its nacural logarithm. ¥

Estirates of Exposure to Asbestos

To predict che risk of lung cancer according to the risk model,
we estimated the population’s averige cumulativé exposure to a3
beseas, which is the product of the intensity and the duration of
exposure. These two components were estimazed sepanately for
cach of three possibic types of exposure: neighbothood expasure,
resulting from emissions from asbestos mining or milfing in the
towns’ outdeor air; houschold exposure, resultng from dust
broughr home by asbestos workers; and occupational exposure.

We present here a brief summary of the rathér complex process .
of assessing exposure, described in demil elsewhere ‘/; a

Neighbarhood Exposurs \\

QOur objective was co estimate hiscorical fevels of asbestos in the
mining towns and to derive time-weighted average exposure levels
for the “average”™ female resident. Information on airbome asbes-
ws levels in therasbestos-mining cowns was obtained from con-
tdnuous measurements of dust made by a governument agency be-
ginning in 1972; annual measucements of asbestos fbers in the
air, made by the asbescos industry since 1974; and two recent sur-
veys. W47 To derive estimates of cxposure for earlier periods, we
rook the following steps to obtain evidence:

Annual production volumes were computed for cach asbestos-

. mining town from 1900 to 1984,

Deuiled information sbout determinanes of ashestos pollucidn
going back to 1900 was obuined — spedfically, the dasses of -
bers produced, controls on cmissions, locadon of mining or mill-
ing sites and wiling piles in celation 1o inhabiced aress, urbiniza-
tion, topographic maps, and the direcrional diswibution of winds.

)
The relation among levels of aitbome dust, annual asbestos pro-
duction, and dust conerols was cstimated for cach mining town
tor the period from 1972 through 1984, and extrapolacions were
made back o 1900. L.

The trequency and intensicy of past visible asbestos deposition
and the distace of residerices from mines and mills were estimat-
ed on the basis of the responses of a representacive ample of 817
elderly female residencs o a survey.

The volume and characeeristics of asbestos dusc currendy retained
by the planes’ dust-emission fileration syscems were entered into

\‘ff 7/
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NONOCCUPATIONAL EXPOSURE TO CHRYSOTILE ASBESTOS AND THE RISK OF LUNG CANCER

3 seandard agrosol-dispersion model to vstmuace sichorne bostns
levels in the towa of Asbestos, Queber, betore che tnsee ol Jdust
conuols in the 1950s.

We analyzed the relation beoveen the lung bunden of sbestos
and the histodes o uccupationdd exposure smung 39 Quebee
miners and millers seudied at autopsy by Scébasticn eo sh ™ W
then spplied that relacion to the lung burdens ot 22 Jocessed res-
idents of the mining arca who had ro oceupationat exposures o
3sbestos, 2s reported by Cisc and Séhastien ™ (o estimare fast ox-
posure levels.

We chen dsked an incernational panel of fve ¢xperts on the
measurcsnent of cxposure to 2sbestos o consider the evidenee.
After evaluating the dara ¢ritically, the panel estimared average
ncighborhaod exposurc level in the three main mining towas tor
four key years (1945, 1960, 1974, and 1984), which cover the im-
portanc phases in the implementation of dust-emission control.
The panel aso provided guidelines for estimating yearly average
leyels from 1900 to 1989, based on the values for the key vears
and on town-speific asbestos-production levels (Fig. 1). Average
annual ambiene levels were estimated o have peaked ac § fiber per
millilicer or more (chis value reflects the number of Abers longer
than § um and visible on optical microscopy per milliliter of air)
beoween 1940 and 1954 and 10 have been above 0.2 fiber per
milliliter from about 1905 to sbout 1965, The panel though thac
the true values were unlikely to lie below 33 percent or above 300
percent of their best cstimates, thereby providing subjective plau-
sibility ranges. Furthermore, it was estimated that the three main
towns were 7 to 20 times more poiluted than the Bve other mu-
nicipalides in the ovo asbesros-mining areas.

HMaousahold Exposure

Seveney percent of the women in the asbestos-mining areas had
each lived in the same houschold as an asbestos worker,* but
there were very few data regarding indoor exposure. We cstimated
indoor exposure on the basis of the resules of autapsies of 10 res-
idents who had lived wich asbestos workers. Using data on the
refation berween che lung burden of asbestos 2nd liferime expo-

sure to asbestos among workers, we calculated that the asbestos.

tung burden of those 10 residents had resulted from indoor as-
bestos levels thac were roughly 0.3 tiber per milliliter higher than
the outdoor tovels. This estimate was consistent with the meager
documentation on indoor asbestos levels (0.1 to 6.0 fibees per
millilicer) in the homes of asbestos miners in Quebee,¥ in the
homes of chrysotile-asbestos miners elsewhere,® in urban build-
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Occupational Expasure

Feona orar stirsev i the area, we ostmaed g aboue 3 ponoene
of Jocah women bad worked i the sbestn mdusery or had
mended bags wsed tiw shapping sbovten, A Liege oeanpacenal
study o the Jocal sshostos sidusery ostimuated dhae dhe o ronale
warkees had worked m fess dusey gobs ¢l male workers and had
accurnislagied fess chan 30 riber-veses per mulldicer tiber-veaes are
calcolared by multiplying average annual expasure by veaes of ov-
posurc k3 We used this value eo esonate cumulative expuosure tor
the propurtion oF peeson-years spent by the popalation in work
iy the asbestos industrye.

Duration of Exposurs

fs2 1989, we intervicwed 317 clderly Female residents of che 3s-
bustos-mining areas sboue cheie lifetime residential and cmploy-
mueat histories and thuse of the persons ey had Bived with, This
inguiry gave us intomurion shout the numbnrs of peestmvears
of rusidenve in the e, residence with an asbestus worker, and
asbestos-related work For women ot Jitferene birth coborts in
cach of the asbestos-atining areas.

Cumufative Lifatime Exposure

For cach womae in the 1989 surver, che Bletime cumulacive
acighborhood cxposure was estimared by multiplying vears of ex-
posure by the ustimated asbestos levels for cach vear and town in
which she had lived. Cumulacive houschold and occupaconal
exposure wias computed in che tame way but adjusted tor Jdiscon-
tinuous exposure. We estrapolated values tor the cumulative os-
posure of the women we sunveyed o the entire exposed pupula-
tion and the study period {1970 through 1989) by assuming thae
the women interviewed in 1989 were represenative of the entire
population with regand o cheir history of exposure.

Table | shows che estimated cumulative expasure tor the pop-
ulation in the asbestos-mining areas acconting to che ovpe of
exposure. Neighborhood exposure repeesented sboue 65 percent
of the study population’s average cumulative exposurne, houschold
exposure abour 30 percent, dad occupational exposure abouc
5 pervent. The estimated average cumulative fevel of exposure
was 25 fibeeyvears per miflificer. Considering the range of plausi-
bie vatues around the expere paact’s acighborhoud -exposure es-
timates, the greacer uncertiingy of the houschold-exposurc esti-
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Figure 1. Mean Ambient Asbestos Lavels in Three Asbestos-Mining Towns in the Province of Quebec.
1900 through 1989, Basad on Estimates by sn Expert Panel.

Asbestas levels are expressed as the numbers of fibers longar than 5 um and visibie on optical mi-
croscopy per milliliter of aie. The vertical linas indicate the years for which the panel estimated asbes-
o3 levels (1945, 1960, 1974, and 1984); cther values wers interpolated on the basis of local ashestos

production volumes.
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Tagle 1. AVEAAGE CUMULATIVE LIFETIME EXPUSURE -
OF THE POPULATION tN THE ASBESTOS-MINING AREAS,
ACCORDING TO Tyre OF ExrOSURE, 1970 THROUGH LY89.°

Esnmarso Cusmuianve

Trrg oF Exrosurg ExrosuRE
fiver-yrimi
Netghbarhond exposure 160
Huysehold exposure 78
Oveupational cxposure 1.2
Total cumulative cxposure 5.0
Subjestive plausible range of exposuret 5-128

*\Vilues shown are averages toe women 30 years of age or older who were
living i the cwo wsbestor-mining areas during the follow up period, with
§j for the ducation of Values are expressed in fberyears
per aullilicer of ar, calvulswed by multiplying vears of by the av-
crage exposure level, and reflect cumulative round-the cosk exposure {1 §-
ber-year per milliliter is equivalent o 4.2 Bber-yeirs per millilicer of cumy-
tative exposure caleulited For warkers cxposed 10 hours per weck).

1The subjeceive plausible cange provides for crrors in estimaring past ¢n-
i §and h hold exp fevels and tor errors in sampling and
mcasuring in our exposurc-histoey survey. The lower limic of 5 Rberyoars
pet millifiter corresponds, for example, to 50 vears ot exposure 1o asbestus
<& & level af 0.0 Biber per millilicer (the serval mean ambicor sirborne-sbes-
tos ferel in the arca in 1974); the upper imic of 125 corresponds, tor ex-
ample, to 50 yean of exposure co 2.5 fibers per millilicer — 3 reladively low
sxposure fevel in local asb niniryg and asb -milling indusries be-
tore 1960,

mates, and ¢he uncereainty in our cxtrapolation trom the sample
of women surveyed in 1989 to the entirc population in the asbes-
tos-mining areas, we determined a sybjective plausible range ex-
rending from 20 percent to SO0 percenc of this estimate.

Estimates of Risk

The dose -response model used by the EPA expresses the cela-
tive risk of lung cancer in 2 population as a linear funution of ics
sverage cumulative exposure to asbestas,’ as follows:

R=1+K.X,

where K is the toxicity gradicnt, or the increase in the reladve risk
of lung cancer For each additional fiber-year per milliliter of curnu-
lative exposure, X is the esumate of mean cumulative occupational
exposure based on 2 workweek of 40 hours, and R is the risk of
lung vaacer in an exposed population 23 compared with thatin 2
vomparable unexposed population with similar smoking habits (we
used the standardized morality ratio and the smndardized propor-
tionate moreality cado as estimates of this reladve risk).

The EPA"s estimate of K {0.01) is the geomewic mean of rel-
ative-risk gradicats escimated on the basis of dara from 11 oscu-
pacional studics.” The mode! requires that the exposed and ecfer-
ence populations have similar smoking habits. regardless of the
smoking habits of workers in the original cohort studics. Accord-
ing to the model, 2 continuous exposure of 168 hours a week is
cquivalent to 4.2-40-hour workweeks of exposure to the same
level of aicborne asbeyros. We applied this model 1o the exposuce
Icvel estimated for the populations in the asbestos-mining areas
to predict its relative risk of fung cancer.

RESULTS

Given the estimated average cumulative exposure
ot the population in the asbestos-mining arcas (Ta-
ble 1), the EPA model predicred 2 relative risk of
lung cancer of 2.05 (plausible range, 1.1 10 6.25).

1568 - May 28, 1998

Table 2 shows the standardized mortalicy catios

and standardized proportionate mortality ratio ’\\q

Jeath from selected causes in the exposed poy. .

tion. The standardized mortality ratio in the two ab .

bestos-mining arcas combined was 091 for death
trom all causes (2242 deaths observed) and 0.92 for
death due to all cancers (595 deaths observed).
There were 71 deaths due to lung (or bronchial) can-

© <er among the exposed women. The standardized

morrality ratio for lung cancer was 0.99 (95 percent
confidence interval, 0.78 to 1.25), whereas the stand-
ardized proportionate morrality ratio was 1.10 (95
percent confidence intecval, 0.88 o 1.38). The con-
fidence intervals barely oveclapped with the plausible
range of the relative risk predicted from the EPA’s
model.

The difference berween the expected number of
deaths, based on rates in the reference population,
and the observed number of deaths yields an esti-
mate of the excess number of deaths in the exposed
population. Applying the relative risk predicred by
the EPA's risk-assessment model to the same expect-
ed numbers, it is possible to derive the number of ex-
cess deaths that would be predicted by the model.
Table 3 shows these computadons. Depending on
whether one bases the computation of aexpected num-

' bers on the standardized morrality ratio ot the stand-

ardized proportionate mortality ratio, the risk-assess-
ment model predicts between 68 and 75 excess
deaths from lung-cances, whereas e observed 0 1o
6.5. Thus, the EPA's risk-assessment model overes’
mated the morttality actributable to asbestos by a f
tor of at least 10 (68+6.5).

There were, however, two significant clevations in

risks associated with residence in the asbestos-min-
ing areas. The standardized mortality ratio for pleu-
ral cancer was 7.63 (95 percent confidence interval,
3.06 0 15.73), and the standardized mortalicy ratio
tor asbestosis was 23.49 (95 percent confidence in-
terval, 2.64 to 84.83).

DISCUSSION
Regulatory policies regarding asbestos are influ-

enced by estimates of the risk of lung cancer and-

mesothelioma atrributable to environmental exposure
to asbestos. Such estimates are congroversial because
they rely on unverified assumprions and imprecise da-
ra. [n this study, the EPA’s model overestimated che
tisk of asbestos-induced lung cancer among women
who lived in chrysodlc-asbestos—mining areas be-
tween 1970 and 1989 by at least a factor of 10. Such
risk assessments may also overestmate the risk of as-
bestos-induced tung cancer in other populations with
noncccupational exposure.

Qur units of observation were clusters of towns,
not individual residents, since it was not feasible o
identily a large cohort of individual residents and 1s-
certain cheir exposure levels and viral status. The ap-
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NONOCCUPATIONAL EXPOSURE TO CHAYSOTILE ASBESTOS AND THE RISK OF LUNG CANCER

TABLE 2. STANDARDIZED MORTALITY RATIO (SMR] AND STANDARDIZED PROFOATIONATE
MORTALITY RATIO (SPMR) roR DEATH FAOM SELECTED CALSES AMONG WomEN
IN THE ASBESTOS-MINING ARExS, AS COMPARED WITH MORTALITY AMONG \WOMEN
N THE REFERENCE POPULATION, FROM 1970 THROUGH 1989.°

No. os
Cayse of Deam Otamig SMR {957 CHl SPMR 195% Ci
Al causes 2242 09110.87-0.95» (.00 41—
Circulacory diseases 1087 0.89 (0.83-0.94) 0.9810.94-102Y
Respiratory discases 10+ 0.8110.66-0.98) 0.3910.73-1 08)
Asbestonis 3 2349 (2.64-34.83)  24.1016.06-~93.81y
Al cancen 3935 0.92,0 85-1.00) 1.0210.96~1.10y
Digestive cancer 205 0.96({0.83-1.10) 1.0610.93-1.21
Oral cancer 4 0.68 {0.18-1.74} 0.75({0.28-2,00)
Brea._n cancer 120 0.88(0.73-1.06) 0.9710.82-1,15)
Geniad) cancer &4 0.85 (0.65-1.08) 093:0.73-1.18)
Urinary cancer 19 0.84 (0.51 ~1.32) 0.94 (0.60-1.46)
Lymphade or hematopoietic cancer 42 0.78 {0.56=-1.05) 0.8510.63-1.15)
Respuratory cancer 82 1.06 {0.84~1.32) 147 40.95=-1.45)
arynx 2 0.64 {0.07-2.3) 0.720.i8-2.83)
Lung or-bronchus 71 0.99 {0.78-1.25} 1.10¢0.88~1.38)
Pleurs 7 7.63 (3.06~15.73) 8.1 {3.92-17.18)
*There were no nodceable differences in moruality b che two asb ing accas ior

death from any cause, excepe for the face thae all seven deaths from pleural cancee oceuered in the
Thetford Mines area. CI dengrer confidence inrerval,

proach we used was nevertheless adequate, because

exposures. 10 asbestos differed much more between

the exposed and reference populadons than within

cither one. Furthermore, sk cstimates such as chese
*Jare applicable to group averages.

The study populations were dynamic; during the
study period, people migrated between asbestos-
mining areas and reference or excluded arcas. For
cultural and linguistic reasons, the population of
Quebec was very stable until quite recendy. The pros-
pecicy of the asbestos-mining areas attracted mi-
grants undll 1980. Those who left this area most of-
ten moved to large cides that were excluded from
this study. Migration patterns would have been sim-
ilar in the reference arcas, albeir with somewhat less
in-migration. Migration from exposed to reference
areas would not significantly have affected morrality
in the reference population, since it greatly outmum-
bered the exposed populadion (by 40 to 1). Migra-
tion from reference areas to asbestos-mining areas
was not substantial, according to our survey of eld-
erly female residents of the asbestos'mining areas,
Finally, exposed and reference areas had similar health
services, making it unlikely dhat out-migraton from
an asbestos-mining area would have been more
strongly related to lung cancer than out-migration
from reference areas. For these reasons arid because
of the results of simulations with various plausible
assumptions, we concluded that in- and out-migra-
tion could not have distorted the relative risk sub-

" stantjally.

‘5-,,

Substantial bias due to confounding is unlikely in
this study. Both the exposed 2nd the reference pop-
ulations were small-town homemakers of French-
Canadian ancestury (93 percent) who were bom in
the early part of this cencury in a society that was
culturally and sociceconomically homogeneous un-
til the 1960s. According to the 1987 Quebec Health
Survey’t and our local survey in 1989, the women in
the exposed and reference populations were similar
in ethnic background, lifestyle, and socioeconomic
characteristics. However, the populaton in the as-
bestos-mining areas may have smoked slighcly less
(25 percent were current smokers and 54 percent
had smoked at some time) than the women in the
reference areas (31 percent and 55 percent, respec-
tively). According to Axelson’s method of correcting
risk ratios,’® ditferences in smoking status should not
have distorted the relacive risk of lung cancer by
more than 7 percent. In view of possible confound-
ing and bias due to migration, and given the low
mortality from all causes and from cancer in che as-
bestos-mining areas, we believe that the best esti-
mate of the relative risk of lung cancer falls between
the standardized mortality ratio of 1.0 and the
standardized proportionate mortality ratio of 1.1

The resules of the cclectic and varied methods
used as che basis for the retrospective estimate of ex-
posure were sufficiently coherent thae five experts
agreed casily on past levels of neighbothood expo-
sure. Our assessment of exposure was similar to the
assessment in historical cohort studics of asbestos
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Taotk 3. Excess DEATHS FROM LUNG CANCER AMONG WOMEN
IN THE ASRESTOS-MINING AREAS, A5 COMPARED WITH
THE ExXCESS PREDICTED ON THE BASts OF THE EPA'S
RiSK-ASSESSMENT MODEL."

Basis Faa ESMMAPNG

Svisoe o8 Exsecryro Deamus mom
Vasasie Formuta Rares o Rernemce Argat
SMR SPMR
Expeered Yeaths E 74 &k, 3
Observed deschs (s} 7t 7L
Observed celative risk? Q/E 1.0 il
Observed excess deachs O-E -0.4¢ 6.3

Prediceed eelacive risk? R 1 2.1

Pecdiceed deaths P=aR-E [46.4 132.2
Predivied cxcess deathy P~E 73.0 67.7
Ratio of predicted to {P-EY(O~-E) Undctined§ 104

obscrved excess deaths

*Ed the of' deaths in this population, based an
the deachraces or pmporuon of deaths in the reference pnpulmon, o Lhe
obseeved aumber, and R the relacive risk that is prediceed in the popul
by applying the EPA's model to the catimated expoa\m: fevel in this popu-
lition.

$The estimace of the number of esecss deaths in che population depends
o1t rhe number thar was expeeced on che basis of dhe rates of cancer in the
reference population. Since we derived two versions of the expected num-
ber — une based on the standsrdized mortality ratio (SMR) 2nd onc based
on the standardized propartionate mortality ratio (SPMR) — che excess
numbers coreesponding ro exch of these calculations are shawn, Obscrved
Jdeaths and prediveed relative risk ace the only variables in this able that do
not depend on the expecred Aumber of deaths; they are thereiore neces-
sarily equal in the owo columas,

$The negadive value for O~ E was interpreted 29 an abience of effece
(O ~E=0), lesding to an undefined value for the catio (P -E)/{Q —E).

workers, which also relied on incomplete data and

on subjective and imprecise retrospective estimates. -

These uncertainties and those resulting from the es-
timation of cumulative exposure on the basis of a
survey conducted in 1989 were accommodated by
assigning a large plausible range to our best estimate
of cxposure levels.

There are several possible reasons for the overes~
rimation of the risk of lung cancer by the EPA mod-
el. First, the risk in the low-dose range may be less

than would be predicted by a2 linear model. Second, .

cumulativé exposire may be a poor measure of the
biologically effective dose of asbestos (the acrual
dose that contributes to the risk of disease). Third,
cxposurc-nsk gradients in occupational studies may

have been overestimated because exposure was un-
derestimated, because of confounding by smoking,
or because inappropriate reference populations were
used. Fourth, chrysotile fibers may be less carcino-
genic than amphibole asbestos, which was propor-
tionately more prevalent in the environment of the
occupational cohorts used to estimate the dose—
response gradient than in the general environment
today. Fitth, the relative risk of Jung cancer due

(993

1570 - Mav 28,

to asbestos may be lower among nonsmokers than
imong smokecs, contrary to the model’s assump” -
ot constant relative risks.!”3¢ And finally, the E
statistical analysis may have overcstimated the dose-
response gradient (a cecent mera-analysis found the
EPA’s estimare to be between 4 and 24 times too
h,gh)_ﬂ

The results of this study arc ceassuring with re-
spect to lung cancer, but there were significant ex-
cess numbers of deaths due to pleural cancer (seven
deachs) and asbestosis (¢wo deaths). The instances of
pleural caneer suggest an excess risk of mesothelio-
ma. However, since historical death certificates re-
flect the incidence of mesothelioma poorly,33-% we
have launched a separate study based on a province-
wide survey of hospital records.
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