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Thare is considerable evidence of asbestos hbers in the genersl en-
vironment, and asbesios fibers can be found in the lungs of mosi aduits
i urban areas of the wesiern worid. Concentrations in largs wban
2-oas appear to average sround 3 ng/m’® of al and In rural areas
around 0.1 ng/m? of alr. For the enire U.S. popuistion & can be as-
timated that the average population expozure is 1.5 ng/m>, Based
a6 the resuits of case controf and other sfudles, it is estimated that
about a third of the 1200 or 30 ca : v of malignant mesothatioma that
ocowr in the U.S. each year appear (o be reiated to this type of
noncccupational asbesics axpoture, This s & etime risk of 100 per
million popuistion. Lung cancer caused by asbestos la the gensral
at.vironmaent can be estimated from Unear exirapoistions of dosé~
responss data arising from occupational studies. Usi.g dala from a
ciudy of ratired asbestos products workers it is estimated that the
fitetime risk of lung cancer due 1o continuous ashesios exposure at
1.5 ng/m? Is 2 per miltion. Possible causes for a tkiy-fold ditfersnce
batwees ung cancer and masolhaliomas caused by nonoccupational
axposurs 10 asbesics are dis €. Thasse estimates ard compared
with estimates derived frofm a recen report commissioned by the
et German government.

Coated fibers have been found in the lungs of residents of
urban areas of the western world for nearly 20 years now. The
meaning of this for human health remains as unclear today
as it ' vas when the phenomenon was discovered. At first, it was
believed that all of the fibers were asbestos but it was soon
realized that many were not. Nevertheless, asufficiently large
proportion have been positively identified as asbestos to
warrant the descriptive term “asbestos bodies™.

The discovery of asbestos bodies in human lungs has led to
& careful examination of the air in urban areas and the con-
clusion that all urban areas are poliuted with asbestos fibers.!
The source of these fibers appears to be primarily ashestos
building products. Table | summarizes levels of asbestoa found
in U.S. cities based on 24 h samplies from each city.? On sv-
piage, 1he CoRCINLIAION in farge urben arees apprars W W
about 3.5 agim?, canging fram 8.08 ta 78 ngsma. In yuraf and
in smail urban areas of the U.S., usbestos concentretions ase
much lower —around 0.1 ng/m3.3 Weighting these concen-
trations by number of people in large urban as compared with
other areas gives an average outdoor asbestos exposure fevel
of around 1.5 ng/m?.
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This is an attempt to estimate the number of cancers t}
are likely to be produced by asbestos among the nonoccug
tionally exposed populations in the U.S,, thatis, the pcpu!
tions exposed to asbestos at the estimated average outdc
beckground level of 1.5 ng/m?® of air. Not inciuded in this ¢
timate is cancercaused bv nonoccupational indoor air poil
tion. Only two of the health effects of ashestos will be co
sidered: malignant mesotheliomas and lung cancers. Mal
nant mesotheliomas produced by background levels of &
bestos will be estimated directly from reports on the numbe
of these cases and their probable asbestos exposures, whi
lung cancers will be estimated by exirapolation from lur
cancers produced by asbestos in occupational environment
Studies which attempted to estimate the overall impact «
occupa.ional asbestos expoeures on the cancer problem in tr
U1.S. will first be reviewed, as these demonstrate some of 1}
problems ericountered in the estimation of health effects :
background levels.

Table I. Concentrations of asbestos in urban areas

of the U.S.
Me. Sinai Battelle
Asbestas Number institute
concentration of Number of
ng/m? samples samples
<1 61 27
1-2 58 33
2-5 45 42
510 12 22
10-20 ] i
20-50 1 2
B0-100 2 0
Mesn 3.58 362
Median 1.57 2.29

Table Il and Figure | summarize six studies that estimstec
the contribution of occupational asbestos exposures to annua
chncer (seidsnes in the U.8.4-% Five put of Lye 852 200228 22
in relstively cipae agreement, whereas the U5, gaverament ™
ggtimate that 13-18% of all cancer is the result of occupationa
asbestos exposure is quite diflerent. The only other estimat:
of this magnitude was by Dr. Irving Selikoff, who estimate-
40,000 cancer Geaths per year caused by occupacional exposur:
to asbestos, or about 10% of all cancer deaths.10

The U.S. government report has had a grzat impact or
world opinion about asbestos since it was announced in 197:
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Table il.  Annusl number of cancer deaths in the U.S. due to
ocwupatiunal expusure (o asbestos- -various estinates.

Exposed Annual Percent of
population  number nf alli}s.
Source alive 1980 cancer deaths cancer duﬁ
McDonsid® (198114 3,330 <i%
Hizgrnson (1979)° 4,000 1%
Enteriine (198115 7.600.000 4,084 1%
Nicholson ez al * {1981)  9.200,000 8,500 2%
Hogan and Hoel 7-8,000,000 12,000 3%
{19811®

US Govt (1978)? 7-10,000,000 §8-75,000 13-18%

@ 1.8, an¢g Canada.

and received extensive press coverage throughout the world.
In its 1979 report to the Congress. HEW listed this report as
a significant accomplishment during the year 1978.1 If the
finding that 13-18% of all cancer is due to occupational ex-
posures ta ashestos were credible, clearly the banning uf all
asbestos should be considered. There is little support for the
government document, however, as Table Il suggests. In fact.
partly as the result of this estimate, Congress commissioned
a study that included an evaluation of the importance of oc-
cupational exposure to asbestos. The study concluded that
asbestos may cause about 5% of all present day lung cancer.1?
Inasmuch as lung cancer constitutes about 20% of all cancer,
this suggests that asbestos-caused lung cancer accounts for
about 1% of ‘all cancers—a finding which tends to support
most cf the estimates shown in Table II.
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Figure 1. Estumates of the percentage of all cancer dus Yo
occupatonal expoture 10 asbestos N the U.S n 1380 (McDonaig
eshimate retlects U S ang Canada).

While there are very large differences in the cancer deaths
shown 1n Table 1, there is not much disagreement on the size
of the uccupationally exposed population. The reasons for the
differences in the estimates of health effects are twofold: (1}
& difference of opinion as to the intensity of exposures recaived
by various groups of workers, and (2) a difference of opinion
as to the apprupriate dose-respcase relationship for asbestos
and cancer.

YW hen dealing with the heaith effects of outdoor background
esbestos concentrations, there are too few data on the intensity
of expusure Lo cause much disagreement. The main problem
is to calculate the response likely at very iow exposure
levels.

Atlempts to directly measure the amount of lung cancer
produced by iow duses of asbestos have been unsuccessful. For
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example, in 1976 a group of governovent investigators reported -
on the effects of very low human exposures to asbestiform fis
bers ameng warkers at a gold mine st Lead, SD.!3 They rev
ported a threefold excess in respiratory cancer and suggested,
that this was due to very low fiber exposures. A second study
of workers fror~ the same mine by researchers from McGill
University showed essentially no excess in respiratory can-
cer.’ The U.S. government commissioned & third study by
a private research group. This study found no excess in res-
piratory cancer umong these same workers, '3

One method for estimating lung cancer caused by low dose
environmental exposure is-by extrapoiation from effects of
&zposure at. higher levels.'$ An estimate of lung cancer caused
by nonoccupational exposure was prepared (using the 1981
Enterline estimate from Table I1), assuming a general popu-
lation exposure of 1.5 ng/m? and that 1 ng contains 40 fibers
of asbestos greater than 5um in length, seen by the optical
microscope.8 The number of lung cancers at 1.5 ng/m® was
estimated by a simple linear extrapolaticn from the experience
in a single British study by Peto, et al. of the dose-response
relationship between asbestos and lung cancer in a population
of asbestos textile workers.!? These estimates of asbestos-
caused lung cancer are shown in Table II1.

Table I11. Annual number of cancer desths in the U S. caused by
exposure to asbestas

Annusi Percent of
Type of 2xposure nuruber of aj] US.
and cancer cancer deaths  cancer deaths
Occupational exposure 4084 1
Lung cancer 2501
Mesothelioma 333
Other cancer 2150
Nonoccupational exposure 351 <0.1
Lung cancer 28
Mesthelioma 333

Also shown is malignant mesothelioma caused by asbestos
exposure. This was calculated as follows: There are aboit 1000
new malignant mesotheliomas in the U.S. vach year with a
male-fernale ratio of 3:1, or about 750 males and 250 females.!®
McDonald and McDonald estimate that for males with
mesothelioma, 52% are the result of an occupational asbestos
exposure. From their study it also appears that no more than
5% of females with a malignant mesotheliomas have this as the
result of an occupational asbestos exposure. Thus, there are
397 males and 13 females out of the 1000 malignant meso-
theliomas reported esch year whose mesotheliomas were
caused by occupational asbestos exposure. This is a slight
upward revisinn of the 333 reported in 1981 (Table I1I), since
it is based on data not available in 1881. By subtraction, there
are 353 males and 237 females whose mesotheliomas were
caused by something other than occupational exposure to
asbestos.

What percent of this total 590 are caused by the average
outdoor asbestos evel of 1.5 ng/m3 of air? There is evidence
that fibers other than asbestos cause inalignant mesothelio-
mas.!8 There is also evidence that nonoccupational exposures
to asbestos cause malignant mesotheliomas.?® The previously
estimated 333 malignant mesothehiomas caused by nonoc-
cupational asbestos exposure-—-a little over half the 530
nonoccupationally crused maiignant mesothaliomasé—is
consistent with an estimate made by McDonald and Mec-
Donald in 1981.¢ This will continue to be used as a best esti-
mate,

“ince the estimate of nonoccupational lung cancer shown
in Table 111 was made, some assumptions in the study upon
which it was based have been revised. Apparently, exposure
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chosen. because it was the o a;!“ﬂﬂhin’mig#po-
sure data were availible ggpiessed if fibers, the curreatly

scceptable method of reporting. tos. concentrations.
Moreuver, it appeared to be well known and well accepted, and
was one of three selected for inclusion in the dose-respotise
section of the report by the Advisory Committee on Asbes-
t0s.22 It has now been reported, however, that the fiber ex-
posures in this study were probably ubout 3 times higher than
originally thought. If so, this would make the estimate of lung
eancer deaths in Table 111 around 9 or 10 rather than 28. This
has little effect on the overall estimate of 361.

In 1981, the effects of asbestos fibers emitted by hair dryers
with asbestos-containing heat shieids on lung cancer mortality
were reported.'6 This estimate was based on a linear extrap-
olation from a study of lung cancer among retired U.S. as-
bestos progucts warkers.2 Figure 2 shows the dose-response
relationship betwsen asbestos concentration expressed as
million particles per cubic foot (mppcf) and excess lung cancer
expressed as Standardized Mortality Ratios (SMR). SMR are
the ratio of observed to expected deaths times 100 and are a
commoniy used measure of excess deaths in epidemialogic
studies. From these data, lung cancer deaths that would resuit
from continuous eaposure to very low levels of airborne as-
bestos can be estimated.

Some results from the 1981 report are shown in Table IV,
expressed as lifetime risk of lung cancer resulting from con-
tinuous asbestos exposure per million people exposed. In
preparing this table. ashestos concentrations expressed. as
mp,-[ were converted to fibers per.cubic centimeter (f/cc) of
wr b assuming I mppef = 3 f/ec. Also. as in Table IIL 1 ng of
gshestos was assumed to contain 40 fibers of asbestos greater

. than 3um in length as counted by the optical method. The

rationale for these conversions appears in the 1981 report.
Lifetime iung cancers were calculated assuming that lung
cancer starts 20 vr after the beginning of exposure and that
an average lifetime is 70 yr, 50 that the effective exposure
period is 30 yr. The effact of hair drvers appears on the first
line followed by the effect of all nonoccupational expo-
sures.

Tabice IV, Lifetime lung cancer deaths resulting
from various levels of asbesios exposure per milhon
exposed.
Level of Equivaient
expusure fibers. cc Lung cancer
{ng/m") (>S5 um long} desths
P 1 0.000037 0.85
i, 15 £.00006 208
s ) 0.0002 4.6
%0 ©.002 46.06
S06 0.02 4506
5.000 0.2 4,606
50000 2 46.060

For a U.S. pupulation of 225 million, Table IV suggests 225
% 2.08, or 468 lifetime deaths from lung cancer due to
nonoccupational asbestos expasure at 1.5 ng/m>, whereas
‘Table 111 suggests 28 X 70, or 1960 lifetime asbestos lung
cancers related to nonoccupational ashestos exposure at 1.5
ng/mt. If the exposure estimate upun which Table HI was
based are off by 8 factor of 3, huwever, these estimates are
rnuch climer (653 vs. 468). For malignant mesuthelioma, Table
I suggests a lifctime risk of 313 X 70 or 23,310 cases fora U.S.
pepulation of 225 million

it is plausible that the oniginal estimates of fiber exposure
in the British study of ashestos textile workers were indeed
too low. The Briuish study estimated an average fiber count
for ashesus textile uperations of around 12 f/ce prior to 1950.17
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For retired workers from a Johns Manville asbestos prod:
plant in the LL.S., aversge worker exposure was 10 mpps .
if thms coaverted to f/cc by assuming | mppef = 3 f/cc t:
this gives an average exposure of 30 f/cc. In a textile operat
teported on by Nicholson, historic fiber counts were estims
at 80 {/cc.® It seems likely, therefore: that exposures in

. British study could have averaged 36 {/cc rather than 17
and that the estimates of U.S. lung cancer desths shour
Table II should be jowered by s factor of 3.

One imporiant assumption in Tables 1T and IV conce
the conversion of ng to fibers seen by the optical me: =
Many fibets cannct be seen by the optical method. Moreo
fiber size determines t* : conversion factor. The conve:-
factor of 40. used in estimating nonoccupstionaily caused .
cancer in Tsbies 11l and IV, is perhaps high. For examp.c
conversion factor of 30 was used in EPA’s water quality &
ument.Z Bruckman recommends 20.26 To the extent tha: :.
conversion factor is high, it overstates lung cancer cases caus
by nonoccupationai asbestos exposure.

It is difficult to judge the validity of the estimates shou
in ['_bles JIl snd IV. There have been only 2 few attempts
estimate the health effects of asbestos exposure on *he gener
population. in 1977, Bruckman reported on the developme
of criteria for setting an asbestos air standard for the state
Connecticut and concluded that 30 ng/m? would be a sa
fevel. %€ It was estimated that at this level, a minimum of 1.
mesotheliomas would be produced on a nationwide basis. Th
level was justified as one that resuits in about the sam
number of deaths as train mishaps and about Yo the vear!
fatalities from airpiane accidents. Only a minimum numbs
of mesothelioma deaths was calculated on the grounds th-
this would be difficult to criticize as being too strict. An uppe
limit can be calculated from the data and appears to be abod
10.000. Extensive details on the manner 1n which these est:
mates were made are not givea.

In 1981, Schneiderman, e al. were commissioned by th
West German government to prepare a report on the risks b
exposure o low levels of asbestos in the general environ
ment.*” Their report provides a basis for calculating the iife
time risk of asbestus expusures at low levels, provided sum
conversion of ng to fibers can be made. The concluding tabl
in their repart, labeled “Risk assessments for the generz
population . ..", apparently is related to the risk for a workin
population expused 8 h/day, five days/week. These risk< ca
be converted tu cuntinuous exposure, however, by dividing b
0.24, since workiny time is 24% of tots! tire. It can then b
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calculated that the lower limit of lifetime risk of lung exricer
fur a population expneed to 1 f/cc for 1 yr is 0.0015. The lower
fimit of risk for expnsure to 1.5 ng/m? with 36 yr effective ex-
posure {assumed by Schneiderman, et a/.%7) can be caiculated
if ng are converted to fibers. Using the conversion factor of 40
gives 0.0KX% €/cc. The risk is therefore (0.00006)(36)(0.0015),
or 0.00000324. Lince the U.S. population is about 225 million
thie means a lifc time excess of 729 lung cancer deaths due to
nonuccupationat asbestos exposure (0.00000324)(225 million).
Tables in the Schneiderman, et al. report also show upper
limi.c. with the upper limit of their lung cancer estimates
simply 10 times the lower. Therefore, the upper limit of lung
cancer deaths due to nonoccupational asbestos exposure is
7290. These estimates nf 709 and 7290 contrast with the above
estimates of 428 and 653. The Schneiderman, ¢t al. report aiso
permits an estimate of lifetime risk for malignant mesotheli-
oma. This 1s 0.0033 (lower lim.t) for 1 yr exposure at 1 f/cc. For
exposure at 1.5 ng/m?, assuming 20 yr effective exposure
(assumed by Schneiderman, et al.}. this is a lifetime lower
limit of 891 cases. The upper limit is 5,400 cases. Thix con-
trasts with a lifetime excess of 70 X 333, or 23,310, caiculated
from Table ill.

One of the reasons for the higher lung cancer estimates in
the Schneiderman, et al. report is that they found reasons 1o

rejent the results of four epidemiolosic studies which gave risks'

of less than 1 jor 1 yr exposure at 1 f/cc. This included it
three studies used in the dose-response section of the report
issued by the Advisory Committse on Asbestos. > Rather, they
relied on dose-response data compiled in 1981 by Nichelson,
some of which were pteviously unpublished.2¢ Of the five
studies thev found acceptable, three were from Selikoff's
iaboratorv in New York City, one of which yvielded s dose-
tesponse relationship based on only 2 lung cancer deaths.?*
INeither of the others was designed to study dose-response. For
one, only duration of exposure was measured {or each worker,
while for the other, workers could oniy be subdivided by time
since first exposure, since duration of exposure was unknown.
The fourth study? provides very few data on exposure and
was describsd by Nicholson as containing “only sketchy in-
formation™ 2* The authors of that study only discuss “possible
exposure jevels” with no details on how these were deter-
mined. The fifth study, 2 study of asbestos textile workers by
Dement. et a/ , appears to be a good one with well documented
exposure levels.?® Numbers of lung cancer cases were relatively
small, herwever, and the results of this study are quite unlike
anvthing uhserved elsewhere. Lung cancer response per unit
dose was ver high It was 88 times greater than a similarly
documented but much larger study of asbestos miners ¥

Discussion

The above ralculations lead to estimates of lifetime risks
due 1o nonoccupational asbestos exposure of 100 per million
for malignant mesotheliomas and 2 per million for lung can-
cers. This is 8 {ifty-fold difference in favor of mesothelioma
and 15 quite uniike contrasts observed in studies of occupa-
tionally exposed papuiations. In occupationally exposed
populations, the excess favors lung cancer, with the ratio of
excess lung cancur to mesotheliomas around 2 or 3.¢ Using a
different set of assumptions, the Schneiderman, et al study
gives estimates of a lifetime excess due to nonoccupational
exposure of 4-24 per million for mesothelioma and 3-30 per
million for excess Jung cancers.?? This also differs from the 2
or 3 ratio of Jung cancers to mesotheliomas in occup:. ..onally
expased populations.

Is it reasonable to suppose that nonoccupetional asbestos
exposures produce more mesotheliomas than lung cancers
while occupational exposures produce more lung cancer than
mesatheliomas? One reason for an excess of mesotheliomas
in nonnccupationally exposed popuiations may be the much
earlier age at first exposure and an unususl mesothelioma risk
associated with exposure at an early age. This is because the
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"ba different fromithe process by which ssbestde causey lung

cancers. Peto, et al. feel that in the production of mesothelis
omus, asbestos acts at an early stage in & multistage process
believed to produce cancer.3’ As a resuit, thev feel that
mesotheliomas are manifest only many years after first ex-
posure, and that where exposure to asbestos starts at an early
2ge, mesotheliomas will constitute a high proportion of as-
bestos rel .ted cancer deaths. On the other hand. in the pro-
duction of ashestos lung cancers there is considerable evidence
o sug, ,2st that asbestos acts at a late stage in a multistage
process. As a result, lung cancers occur more quickly than
mesotheliomas, so that even where exposure starts at age 30
or 40 there is time for lung cancers to be manifest before
deaths due to other causes intervene. Mesotheliomas may,
thereforz, be the predominant asbhestos cancer related to
nonoccupations] exposures simply because of the early age
at which these exposures start, whereas fung cancer is the
predominant sancer in occupationally exposed populations
due to the older age at which exposure starts and a lack of time
for mesotheliomas to be fully axpressed.

Whether vhis is a sufficient explanation for a fifty-fold ex-
cess in mesotheliomas relative to lung cancers may be ques-
tioned. Given the wxll established role of asbestos in the eti-
ology of mesotueliomas, and'the exposure of nearly the entire
.S popuiation to asbestos, it seems likely that nonoccupa-
tional-exposure causes at least a third of the mesotheliomas
that occur in the U.S. each year and perhaps more. Therefore,
the estimate of a lifetime risk of 100 per million due to
nonoccupational asbestos exposure seems conservative and
the true risk may, in fa.t, be highar than this. On the other
hand, the estimate of a litetime risk of 2 per million for lung
cancer couid be fow. The dose-response relationship may not
be linear at low doses, as supposed, or perhaps the response
per unit dose is greater than was assumed. No one has seri-
ously proposed a dose-response reiationship that is curvilinear
gcwnmrd. as wouid be needed to increase response at low

oge.

There are, however, studics that give a larger response for
fung cancer per unit dose than the one used. The highest re-
sponse yet reported was in the study by Dement, et al. ¢ If this
had been used, instead of {h: study of reirec asbestns work-
ers,!8 then the lifetime risk of zsbestos lung cancers resuiting
from nonoccupations | asbestos exposure would have been 40
per million instead of 2. This reduces the apparent mesothe-
lioma-lung cancer discrepancy but does not eliminate it. There
does not appear to be any reasonable set o assumptions that
would yield, for the nonoccupationally exposed populaticn,
the 2-3 excess iung cancers per mesothalior.a chserved in
occupntionally exposed populations. The issue, therefo.  ‘oes
no* appear to be whether the ratic of mesotheliomas to jung

cancers csused by background levels of asbestos exceeds 1, but
rather, by how much it exceeds 1.
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