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Hon., Lee M. Thomas oFFicE or
Administrater THE AOMINISTRATOR
U.8. Environmental Protection
Agency

0L M Street, SW
Washingron, D.C. 20460

Dear Mr. Thomas:

The Science Advisory Board's Radiation Advisory Committee was
requestad by the Office of Research and Development to review the
scientific merit of a proposal to conduct an epidemiclogical study of
radon in iandoor air. The Board accepted this request and formed a
Radioepidemiology Subcommittee to carry out the review. The Sub-
committes has submitted its report in which it responded to two
overriding scientific issues:

o Can further epidemiological study centribute to an understanding
of the risks of lung cancer associated with household exposures?
The Subcommittes concludes that seientific unecertainties in
current epidemiological studies (chiefly studies of uranium
miners) could be further reduced through direct investigatious
of the domestic population.

o Is the proposed study under review by the 0ffice of Research
and Development, sntitled Health Effects of Waterborne Radon,
appropriately designed to address this risk? For reagons
cited ir the attached report, the Subcommittee concludes that
ic is not appropriately designed.

The Subcommittee's report has been approved by both the Radiatien
Advisory Committee and the Executive Committee of the Science Advisory
Board. We hope that our comclusions will assist the Agency in determin-—
ing the merit of the proposed study and are prepared to provide any
zdditional azsistance that is raguested. We request that the Ageney
formally respond to the report and indicate which recommendations the
Office of Research and Development plans to zccept or reject, providing
the reagons in cases where the Subcommittee's advice is not accepted.

‘hﬁ-ﬂ-q\

William J. Schu
Chair, Radiation Advisory Committee
Science Advisory Board
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Cnair, Executive Commitizs
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Review of a Proposed Study—-Health Effects of Waterborme Radem
Radioepidemiology Subcoumitiee
Radiation Advisory Committae

On February 18, 1986 Dr. Hugh McKinnon, the Acting Director of the Office
of Healrh Research in the Office of Rasearch and Development (ORD), requested the
Radiation Advisory Committee to review 5 proposed spidemiclogical study of indoor
radun. The EPA's Office of Drinking Water and the Office of Radiation Programs
also requasted the review. The questions the Agency wished the Committee to

address included:

1. Can further epidemiological study contribute to an understanding of the
risks of lung cancer associated with housenold raden exposures?

2. 1If so, is the proposed study under consideration by the Office ‘of Health
Research, Health Effects of Waterborne Radon, appropriately designed to
determine this risk?

At its January 21-22, 1986 meeting, Mr. Gunther Craun of ORD's Health Effects
Research Laboratory briefed the Committee on the background and content of the
proposaed study. At this meeting, the Committes formed a Radiocepidemiology Sub-
coumittee, chaired by Mr. Seymour Jablon of the Natiomal Research Council, to
carry out the review. The Subcommittee wmet oa April 18, 1986 in Denver for
briefings by the investigators proposing the study. The Subcommittee providad
writcaﬁ comments aad shor:t verbal summary of its activities at the June 20, 1986
Radiation Advisory Committee meeting. The conteunts of this lelfter report were
subsequently developed, c¢irculated and unanimeusly approved by mail.

The Subcommirtee concludes that further epidEmiolog;Eal studies could clar-
ify our understanding of the risks of lung cancer associated with radon in indcor

air. Appropriately designed and well conducted epidemiological studies of those

sagments of the general population exposed to indoor radom ara urgently needed.



There are at leaar two important questiﬁns that epidemiclogical studies
can address: do radon exposures in indoor air pose a significant health risk
and, if so, what iz the magnitude of that risk? While the Subcommittee e
believes that exposure to radon in indoor air may be the most significant
radiation exposure that affects the health of the general population, this
conelusion is based on the extrapolation to the general population of lung
cancer risks derived from studies of utanium miners. This extrapolatiom
implies that a substantizl fraction of all lung cancers in non-smokers may
be attributable to radon exposures from indoor air. Because the actual
radon exposures experienced by some miners and some families exposed to
radon in the home may be quite similar, ;ﬁis is not primarily an issue of
extrapolation frem high radon doses to low, but of extrapolation between
two human populations, in different environmental settings, that differ in
ways that are known to affect the likelihood of certain diseases occurring.

While the Subcommittee is confident that these miner studies support the
conclusion that radonm causes lung cancer in hhmans, gtudies addressing the
relationship betwsen lung cancer and radon in domestic populations are only
now being proposed and/or conducted. The differences between occupationally
exposed miners and people exposed to radon at home may be sufficient to
yield different risks of lung cancer for the domestic population. Mines
typically contain other.pollutants in addition to radon. The same may be
said for homes, but the mixtures of other pollutants and levals of radon
exposure in the two environments may not be the same.. Miners and the
population exposed to radon at home also differ in such factors as age, sex,
ethnicity, race, smoking habits, nutritional practices, activity levels and

ganeral health. These differences In target populations and exposure paLierns



make a study directed specifically at residential exposures very worthwhile.
Such a study can reduce many of the uncertainties inherent in the present
extrapolation from uranium miners to the general public.

Such 2 study must, of course, be appropriately designed and conducted
to successfully measure these differences in risk between the mining and
home enviromnments. It is important.to note that improperly designed
studies of factors that may adversely affect public health pose a real
danger because, by failing to identify risks that actually are present,
such studies provide false reasgurance. Such studies, esﬁecially those
with small populations and uncertain dosiﬁetry, may obscure affects which
are quite real. While the sclentific community is familiar with the fact
that a negative study in a small population does not necessarily mean
there is no problem, it is wasteful to comduct a study with little chance of
answering the questions asked.

The Subcommitiee’'s critical comments on the proposed study of the Health

Effarts of Waterborne Radon should not be construed by the reader to mean

that epidemiological studies of radon in the home are not needed, but as
an indication that those studies which are conducted should be designed
to have adequate power to answey the important scieuntific questions.

The Subcommittee members confined their review to a single proposal, but
they are individually familiar with other proposed and ongoeing radon
studies. TFor axample, membars are aware that the Natignal Cancer Institute
and the New Jersey Department of Health are undertaking a study that includes
a largar population with lung cancer. Completed 30-page questionnaires are
already available on ea&h person which address dier, ocecupation, and smoking

{both active and passive). Fach individual was 2 long-term resideant of a



single household and each of these homes will be measured for radon.
Other studies are plamned or underway ina Pennsylvania, Sweden, Canada .
and China.

The fact thar other studiea of indootr radon are being conducted does
not imply that a study spomsored by EPA would be unproductive. In a
new regeaych area, multiple studies gith different populations, exposure
levels, and investigators are especially usefvl. The resules, if
complementary, greatly strengthen the conclusions.

The study the Subcommittee was asked to raview, Health Effects of

Waterborne Radon, was proposed by investigators at the Maine Medical

Cantar. What potential does the Maine study have for making a unique
contribution to the current understanding of radon in homes? Two
possibilities have arisen. Omne'is that, by assessing a middle range of
radon expoéures, a successful study in Maine, together with studles in
Pennsylvania (where the levels of radon in homes are thought to be higher)
and in New Jersey (where the levels of radom are thought to be lower), could
provide complementary results that would clarify the preseat understanding
of risks associated with various levels of radon exposure.

" The other possibility is that the study will add to what is known about
the risks posed by radon in water. As is made clear by the title of the

proposal, Health Effects of Waterborne Radon, the study was originelly

spurred by the obsarvation that many wells serving as gources of household
water in Maine are characterized by high levels of waterborne radon.
However, the preliminary work by the investigators has shown that, even
iﬁ Maine, radon in watetr is usually a minor contributor to radon in

indoor air. While the title and the water measurements indicate the

motivation for the study, ir must now be evaluated exclusively in terms of



irs utility as an investigation of lung cancer in women in relatiom
re indoor air coacentrations of radon.

Given the importance of evaluating the lung cancer risks that result
from radon in household air, the key question is whether the proposed study
in Maine gives reasonable assurance gf providing useful information on this
subject. The Subcommittee’'s conclusion is that it will not.

Alrhough the proposgal is for a casé—control study, which iz the design
of cholce for addressing this issue, there are certain overriding problems
with the study that seriocusly compromise its potential utiliry. The Sub-
committee highlights the following difficulties:

1. There are two problems with the proposed location: 1) the pumber of

cases available is barely adequate and will not allow for dropping
a possibly substantial number for whom dosimetry is inadequate;
and 2) there ig the related difficulty of measuring exposure for
that portion of the study populaticu.ﬁhat has lived in multiple
dwellings. Counsequently, estimates of levels of individual radon
exposures will be especially uncertain.

2. The study is designed to answer the question, "Is there an increased
risk of lung cancer in white women who are exposed to radom in the
home?” It is not primarily aimed at the question of how these
risks differ from those encountered in studies of miners. The
Subcommittes recognizes that there are some divergent views in the
sciantific community on whether radon exposuraes im indoor air do,
in fact, pose a significant health risk-—a question which would be

addressed by the proposed study. The Subconmittee Believes,



however, that the eritical scientific question conceruns the
determination of levels of risk in relation to levels of household
exposures. The proposal does not address this issue and is oot of "
sufficient quality to have a high liklihood of testing the null
hypothesis.

The assumptions and sample size calculations underlying the salectiom
of 600 cases and 800 controls in the proposal were not appropriate or
adequate to address the questioﬂ of levels of risk posed above.

Whether an absolute or relative risk model is used, whether continucus
ot dichotomous exposures are emp;oyed, and which question the study
addresses all affect the number of cases needed Iia the study and the
desirable distribution between cases and controls. The overall npumber
of people in the study may actually bé adeguate to address levels of
risk associated with radon in indoor air, but the proposal is not as
¢leay on this issue as 2 study of thiz importance warrants. A study

of radon in indeoor ﬁir is important, as is the need to ensure that there
is a reasonable probability that the study can answer the questions
posed. The Subcommittee iz not coavineced that this study, as currently
designed, can meet this need.

Although the investigating team appears to have most of the necessary
combination of selentific skills, the in-house statistical expertise i=
wealk.

The difficulties and uncertainties in estimating radon exposures over

thirty years are large. The propesal gzave no estimate of the aceuracy



or preclsion neaded for estimating even total annual exposures hased

on short—-term integrated sampling. The individual estimates of

exposure to radon over thirty years are to be made from recalled
activity patterns and current measurements of radon levels in

homes which may have been altered over that time. The uncertainties

in the exposure estimates may be so large, and the expected iuncrease

in the number of cancers in the study population so small, as to
obscure the effacts of radon on.lung ¢cancer rates. Errors in estimates
of individual exposures will bias downward the risk estimates calculated
and, if sufficiently large, may obscure them completely. Because the
difficulties posed by historical ;xposure azgessment are large for
radon gtudies generally, spending the time now to conduct methodolegical
studies for assessing radon exposure would provide a sound basis for

the conduct of better epidemiological studies om this subject at a
later date.

The effort to characterize radon in wéter does not seem useful since,
according to the proposal itself, radonm in water is not a significant
gsource of radon in houses even when levels of radon in water are
elevated.

The appropriate scientific method of dealing with deceased individuals
is a matter of gome controversy among epidemiologists. Simply excluding
them from the study risks introducing selectieon bias if deceased

persong systematically differ from living cases in terms of exposure

or confounders. On the other hand, the use of proxies for controls

(as proposed) risks introducing differential migseclassification bias.

This loss of validity is of particular concern for cigarette smokers



gince smoking is a major cause of lung cancer, and comparable
information on this point is especially important. A third
alternative, using AEceased controls for proxy interviews riske
introducing other forms of selection bias and adding further
misclassification, while not guaranteeing that the misclassification
will now be non-differential., There are no universal guidelines.
The alternatives need to be considered very carefully.

8. The proposed dietary questiomnaire appears Lo be too brief to
obtain satisfactory data conceraning retinol and beta-carotene.
This approach is unlikely to be informative and would appear
not to be worth the effort.

Individual members of the Subcommittee also made a number of detailed
recommendations that have been made available to the Office of Regearch
and Development. While supporting the need for epidemiological studies
on radon in indoor air, the Subcommittee recommends that the Agency not

undertake the study reviewed in this report as it is presently planned.
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