
Virus Hunting and the 
Scientific Method 

The suggestion in the News briefing "Vi- 
rology dead, says Duesberg" (14 Dec., p. 
1514) that I should be "exempt from teach- 
ing any course that relies o n  the scientific 
method" because I favor the "innocent until 
proven guilty" approach is perhaps the most 
honorable discharge I have earned so far. 
Unfortunately, the view that according to 
"the usual scientific method . . . a hypothesis 
remains a candidate until it is dis~roven" can 
have serious consequences, in particular, if it 
is a candidate for a way to confront disease. 

Take the currently popular virus-AIDS 
hypothesis. The virus remains to be proven 
guilty (1). But the hypothesis is currently 
the only candidate for a way to confront 
AIDS (2). This confrontation has produced ~, 

no cure, no vaccine, a highly toxic antiviral 
medicine, and an infectious syndrome that 
does not spread from behavidral or clinical 
risk groups [the United States has now lifted 
its ban on visitors who test positive for the 
human immunodeficiency virus (HIV)], 
and all that for about $3 billion a year. 
Lately it looks as if there is even disagree- 
ment about how to prove HIV guilty, in 
particular, about what kind of microbial 
allies are needed to cause AIDS (3). In view 
of the emerging HIV schism, I wonder 
which candidate hypothesis professors 
should be "exempt" from teaching. 

Other examples demonstrate that the ev- 
er-popular theory has at times "re- 
mained a candidate" far too long, until 
finally disproved at great cost to the affected 
people. In the United States tens of thou- 
sands died unnecessarily in the 1920s be- 
cause pellagra was considered infectious by 
the U.S. Public Health Service, until Joseph 
Goldberger proved it to be a noninfectious 
vitamin B deficiency (4). Indeed, the disease 
was said to be transmitted by "poor hy- 
giene" among corn farmers in the South- 
the primary risk group for pellagra (4). In 
Japan, at least 10,000 suffered in the 1960s 
and 1970s from a drug-induced neuropathy, 
including blindness, that had been misdiag- 
nosed as a viral diease for more than 10 years 
(5). The pursuit of oncogenic viruses as the 
causes o f  cancer by me and by many of my 
learned retrovirology colleagues provides 
another example. Although it has generated 
such academic triumphs as viral oncogenes 
and reverse transcriptase, it has been a total 
failure in terms of clinical relevance to can- 
cer, primarily because, with a very few ex- 

ceptions, cancers are not infectious. Perhaps 
professors should not be exempt from ques- 
tioning clinically unproductive hypotheses 
from a generation of virus hunters who have 
never seen a frontier outside the laboratory. 
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Radon Risk and EPA 

I would like to respond to Philip H. 
Abelson's editorial "Uncertainties about 
health effects of radon" (19 Oct., p.353). 
The information provided here will help to 
clarify some of the misconceptions about the 
potential health risks from radon and about 
the Environmental Protection Agency's 
(EPA's) Radon Action Program. 

The Indoor Radon Abatement Act of 
1988 sets a national, long-term goal of 
achieving indoor radon levels similar to am- 
bient outdoor levels. This is not yet techno- 
logically achievable. Consequently, EPA is 
not planning to lower the current action 
level to ambient levels at this time. The cost 
of reducing elevated radon levels to EPA's 
current action level of 4 picocuries (pCi) will 
range from $500 to $1500 in most cases, 
not $10,000 per house. 

The National Academy of Science's 
(BEIR IV) committee extrapolated lung 
cancer risks derived from epidemiologic 
studies of miners to project lung cancer risks 
for U.S. males and females (1). EPA's cen- 
tral estimate of approximately 20,000 annu- 
al lung cancer deaths is derived by using the 
relative risk models, in conjunction with 
lifetable analyses, presented in the reports of 
the BEIR IV committee and the Interna- 
tional Commission on Radiological Protec- 
tion (ICRP 50 report)(2). This estimate is 
not based on screening data from EPA 
measurement studies. Rather, the estimate 
was calculated by assuming that the average 
residential exposure is about 0.25 working 
level month (WLM) per year (about 1.3 pCi 
per liter) ( 3 ) .  This estimate of exposure is 
consistent with the estimates by Anthony 
Nero (4) of the theoretical frequency distri- 
bution of annual radon levels in homes. EPA 

is currently conducting a National Radon 
~ e s i d e n t i i  Survev that will determine the 
national frequency distribution of annual 
radon levels in residences. 

EPA believes priority should be given to 
identifying those areas where high radon 
levels are highly prevalent. Over the past 5 
years, EPA and the U.S. Geological Survey 
have been working to develop a radon po- 
tential map using residential survey data and 
geological indicators. The map will identify 
those areas of the United States that have 
the highest potential for elevated indoor 
radon levels. I t  will not identify individual 
homes with elevated radon levels. 

Testing is the only method currently avail- 
able that will identify individual structures 
with high radon levels. Different levels can ., 
be found in adjacent homes, and homes with 
elevated levels can be found in areas of low 
radon potential. Consequently, EPA recom- 
mends that most homes be tested (typical 
cost is $10 to $30) to determine whether 
they have elevated radon levels. I t  should 
also be noted that homes with high levels are 
not "rare." On the basis of Nero's frequency 
distribution, we estimate that there may be 
several million homes with annual radon 
levels above 4 pCi per liter, and more than 
100,000 homes with levels above 20 pCi per 
liter. 

Abelson seems to be unconvinced that the 
BEIR IV committee findings (which are 
based on studies of several cohorts of indi- 
viduals) demonstrate that there is a risk from 
radon. He urges a cautious epidemiological 
approach. However, he relies on an unpub- 
lished ecological study by B. L. Cohen as the 
basis for questioning whether residential 
radon is a significant problem. 

Although EPA supports the need for h r -  
ther epidemiologic studies of indoor radon, 
these studies should be designed so that they 
are of value for risk assessment purposes. 
The strongest scientific evidence of a causal 
relationship between exposure and risk 
comes fro& analytical epidemiologic stud- 
ies. Ecologic studies are not recommended 
for the study of residential radon risk(5). 

Unlike case-control or cohort studies. Co- 
hen's work is based on descriptive ecological 
studies that examine groups of people and 
data on average radon exposures. In these 
studies. there is no wav torelate the level of 
radon exposure for an individual to that 
individual's health status. Nor do these stud- 
ies provide a way to assess other lung cancer 
risks, such as smoking experience, that could 
significantly affect cancer rates in the study 
region. 

A number of case-control studies of lung 
cancer risk and residential radon show some 
correlation between indoor radon and lung 
cancer mortality (6). 
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Abelson questions whether it is appropri- 
ate to assume linearity at low doses, as the 
BEIR IV committee did. Epidemiologic 
studies of miners show that significantly 
increased risks of lung cancer mortality oc- 
cur across a broad range of cumulative ex- 
posurrs to radon, including cumulative ex- 
posures at 40 WLM or lower (8, 9) 
(cumulative residential exponue fiom a lifc 
time at EPA's action Icvel of 4 pCi per liter 
is in this range.) Given the evidence for 
linearity in thcse epidemiologic data, EPA 
considers it reasonable to assume that a 
similar rehionship exists for cumulative ra- 
don exposures in -residences. 

Both the BEIR IV and ICRP 50 commit- 
tees assumed a linear dose response relation- 
ship. The only evidence the BEIR IV com- 
mittee h n d  against linearity was in their 
analyses of the Colorado uranium miners, 
wheretheriskperunitcxpomredecrtasedat 
very high doses (above 2000 WLM), but 
not at low doses. Also studies of Colorado 
and Czech uranium miners. as well as ani- 
mals, show an eqmumrak efka (8); that 
is, for the same c u m ~ v e  radon arposurr, 
the risk fi.om long arposurrs to low radon 
levels was greater than the risk fiom short 
exposurcs to high radon kvels. The implica- 
tion of this for risk fiom residential expo- 

On the basis of abundant epidemiologic 
a n d ~ d a t a , r a d o n h a s b c c n d a s s i -  
fied as a human carcinogen. Thac is some 
d t y -  associated with the epidemiologic 
studies ofmincrs, as well aswiththe projoc- 
tionoflungcanaerriskfianstladiesofoccu- 
pational arposurrs to residential arposurrs. 
HOWMT, despite the di&enas in the miner 
cohorts,in&measurcacntofradonexpo- 
sum, and the difkem statistical approaches 
used, all the majar epidemiologic studies of 
miners yield comparable estimates oflung 
cancer risk. In addition, most analysts indi- 
cate that extrapolation fiom the studies of 
m i m r s t o t h e i n d o o r ~ ~ i n t r o d u a s  
only a rehtkly small degret of umxdnty, 
ranging up to 30%. Thus, in the face of 
unseminty, radon must be considered an 
hpomnt public health probkm (9). A panel 
of experts under the auspiccs of the NAS and 
qprtedbyagraatfi.omEPAiscompkting 
an investigation of the rehionship betwan 
minesandindoorarcas. 

EPA rrcognizcs the uncertainties associat- 
ed with estimation of radon risk, as well as 
the uncemhties of risk assessment in gen- 
eral. Nevathelcss, risk estimates serve as an 
important indicator of the potential health 
e@ects to the general population. Given the 
weight-ofcvidena for the carcinogenicity 
of radon in humans and the potential for 

elevated radon levels in homes, EPA believes 
it is prudent public policy to urge the public 
to test their homes for radon and to reduce 
elevated levels. 

kczwm J. GUIMOND 
Director, 

w e  of Radiation Progrorns, 
U. S. Environmental Protection &my, 

Washington, DC 20460 
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In criticizing the Emironmental Protec- 
tion Agency's (EPA's) proposed implemen- 
tation of the 1988 Indoor Radon Abate- 
ment Act, Abelson seems to ignore the fact 
that the EPA's response is in 111 accord with 
repeated recommendations by prestigious 
scientific panels. These panels have stated in 
unmistakable terms that, far purposes of 
establishing public policy, it is prudent to 
assume that any incremental exposure to 
ionizing radiation is potentially harmful to 
human health. The regulatory structure 
growing out of these l&ly kcontested 
recommendations indudes "as low as rea- 
sonably achievablen criteria that require in- 
dustry to reduce public exposure to ionizing 
radiation whenever the cost is less than 
$1000 per avoided person-rem. The associ- 
ated cost to society is on the order of $2 
million per imputed life saved. And in con- 
t e x s s u c h a s t h e s e a l i n g u p o f d u m ~  
piles to prwent the escape of radon, deaning 
up radioactive contamination in defense es- 
tablishments, redesigning or abandoning nu- 
dear power plants to reduce the conxquefms 
of hypothesized accidents, and esxablishing 
aitecia for the v t  of low- and 
high-level radioactive wastes the cost per im- 
pund I& saved is enormously greater. 

The estimated cost of $10,000 per home 
to achieve the objectives of the Indoor Ra- 
don Abatement Act is thus well within the 
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range of costs now being incurred by society 
to remediate small imputed risks to the 
public. Furthermore, despite remaining sci- 
entific uncertainties, the possibility of an 
actual risk to the public from indoor radon is 
considerably less far ached than the possi- 
bility of si&cant risks h m  other imputed 
hazards that have occasioned great public 
alarm. In this sense the EPA is to be com- 
mended for seeking to reduce the egregious 
inconsistencies between indoor radon 
guidelines and the far more strict regulatory 
mandates for dealing with other sources of 
potential public exposure to radiation. 

Nevecthdess, Abelson's contention that 
national priorities should focus on the elim-' 
ination of large, well-documented risks rath- 
er than on the remediation of small conjec- 
tured risks seems entirelv reasonable. But 
the scientific community itself has tended to 
be tolerant of those members who cater to 
rampant public misconceptions concerning 
the magnitude and plausibility of a large 
variety of hypothesized risks. It is therefore 
to be hoped that the indoor radon problem 
will dramatize the urgent need for the scien- 
tific community to become more actively 
involved in seeking to establish a rat iod 
and consistent national attitude toward deal- 
ing with the inmasingly expensive problem 
of risk aversion. 

HENRY HUR- JR. 
827 Jamaica Raad, Schenertady, N Y  12309 

Abdson camaly points out the mcemh- 
ties about the health eEeas of radon. Equal 
m c e m h k  (largely due to a lack of infor- 
mation) stmound the availability of methods 
fb r~ th iSprob leaBecduse theso l id  
aicbomedecaypmduusofradonareelecni- 
calty charged, simply cirmlating the air within 
a room (by using, for example, an o d e a d  
ceiling fin) wiU reduce their concentrations 
through plate-out by 50 to 60%. Since the 
decay pmduus are not a health hazard extec- 
naltothebody,thislqxesentsaneffectve 
method of control. Ifa positive ion generator 
is combid with the fin, reductions of 90 to 
95% are readily accomplished. Although it 
may roquirr upward of $10,000 to correct 
the problem in homes with high radon con- 
centrations, amedve action in the vast ma- 
jority of homes can be accomplished for only 
a few hundred dollars. 

DADE W. MOELLER 
Department of Environmental Health, 

School of Public Health, 
Haward University, 

677 Huntington Avenue, 
Boston, M A  021 15 

Abdson's editorial discusses the uncer- 
tainties about health eEects from exposwe 
to low levels of radon and criticizes the 

Environmental Protection Agency (EPA) 
for taking action before these uncertainties 
are deared up. The editorial does not, how- 
ever, point out that these same uncertainties 
apply at least equally to aU low level radia- 
tion, including that from (i) radioactive 
waste, (ii) rea&r accidents (more than 95% 
of all health e f k t s  are due to low level 
radiation), (iii) bomb test fallout, and (iv) 
diagnostic x-rays, and we are certainly acting 
on those. In fact, we are spending several 
billion dollars a year protecting the public 
h m  them. 100 times what is sDent in the 
public and private sectors combined on pro- 
tection from radon; whmas the radiation 
exposure the average American receives 
from radon is a thousand times more than 
:he or she can ever expect to get h m  items 
(i) and (ii), 100 times more than from (iii), 
and 10 times more than h m  (iv). 

Clearly, programs for reducing exposure 
to radon are many orders of magnitude 
more cost & i v e .  Confirming this, my 
analyses (1)  indicate that the cost per life 
saved with present programs is kughly 
$200,000 for proteaion h m  radon, $200 
million for protection h m  radioactive 
waste, and $2 billion in protection from 
reactor accidents. 

Science has published many pieas about 
the problems and dangers firam radioactive 
waste and reactor accidents, thus contributing 
to public concem about them. How then can 
it & complain about EPA contributing to 
concem about radon? Why pick on radon? 

BERNARD L. COHEN 
Depa- ofphysics, 

Uniwtdy of Pi#Fbu& PittJbutgh, PA 15260 
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The Science cover of 4 January suggests 
that someone has tested the Gaia hypothesis 
by patch-damping the troposphere. I am 
eager to know how they obtained a gigaohm 
sealthat large. I am alsoconcemedthat they 
do not attempt to excise the patch; that 
might put a hole in the ozone layer! 

JOHN T. DURKIN 
Roche Inrtitute of Mohlrrr Biology, 
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Emramr: In thc ti* ofdre rrport "Ach l-ccepc-rich 
mcmbrvvbrvv domains orgvlized in fibroblasts by rannbi- 
nvlt 43- pmt~in: W. J. Phillips a ol. (1 
fib., p. 5 e w 0 r d  was rniqdkd. 
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