
L ung cancer has surpassed
breast cancer as the number
one cause ofcancer deathin

women, and it is also the most
frequent cause of cancer death in
men. These figuresarenot diSpUted,
nor are the numberof deaths from
lung cancer in 1985â€”106,000deaths
in smokersand 3800 deaths in non
smokersâ€”asdeterminedby the Sur
geon General. The questionthatre
mains concerns the lung cancer
deaths not caused by smoking.

TheCongress,TheEnvironmental
Protection Agency and others believe
progeny of radon-222â€”whichema
nates from the soil and certain build
ing materialsand can accumulatein
poorly ventilated structuresâ€”cause
many cases oflung cancer. Others are
less certainof radon'srole, because
therehasnotbeenanysolid epidemi
ological data showinga clear associa
tion between low levels of radon in
theenvironmentandhmgcancerrisk.
However,thereis evidence foran in
creased risk of exposure to radon in
smokers; most cases of lung cancer
in which radonis a suspectedcause
occur in smokers.

While the Congress and the Envi
ronmental Protection Agency (EPA)
continueto support stricter guidelines
regulating radon levels in homes,
schools, and other buildings, some
experts argue that such efforts to
minimize radon levels might be
premature,miSdireCted,andperhaps
counterproductive.

JacobI. Fabricant,MD, PhD,pro
fessor of radiologyat the University
of California, Berkeley and senior
scientist at Lawrence Berkeley
Laboratory,toldNewsline,â€œMygreat
concern is that I don't believe there's
enoughinformationavailabletopass
regulatory laws to control [radon
levelsj.â€•Dr. Fabricant, who is
chairman ofthe National Academyof
Sciences Committeeon the Biologi
cal Effects of Ionizing Radiation
(BEIR), and senior author of the
BEIR IV Report, â€œTheHealth Effects
ofRadon and Other Alpha Emitters,â€•
discussedtheCommittee'sfindingsat
a seminaron radonduringtheAmen
can College of Nuclear Physicians
(ACNP) Annual Meeting in Febru
ary.Noting thatnumerousstudiesof
underground miners exposedto radon
in mineshaveshowntheyhaveanin
creased risk oflung cancer compared
to non-exposedpopulationsandthat
animals exposed to radon also devel
op lung cancer, he told the seminar
attendees, â€œthereis abundant epide
miological and experimental data to
establish the carcinogenicity of radon
progeny.. .Nevertheless, while the
carcinogemcity ofradon daughters is
established and the hazards of high
levels ofexposure duringminingare
well recognized, the risks of exposure
to lower levels ofradon progeny have
not as yet been precisely character
ized . . . .It is very difficult to deter
mine the precise risk of exposure to
indoor radon progeny in the general

public in the presence of the more
proven causative agent, cigarette
smoking.â€•Continued studies are
needed, added Dr. Fabncant, to de
termine the risks of lower levels of
exposure in order to address the po
tential health effects of radon in
homes andotherbuildingsandto es
tablish standards for exposure.

The EPA's Approach to Radon

While the EPA continues to study
the issue, its approach is one of
cautious pessimism; for the sake of
prudence the Agency assumes the
worst. In April, the EPA released
information on radon screening
measurements of schools that they
had takenover the past winter. The
agency surveyed 3000 classrooms
(every occupied room from ground
floor to basement) in 130schools in
16statesandfoundthat54%ofthe
schools sampled had at least one
roomwith a radonlevel greaterthan
4 picocuries per liter (pCi/L) of air,
the EPA's currently recommended
standard. Ofthe classrooms sampled,
3% hadlevelsover2OpCi/L.The
EPAurgedall school systemsto test
for radonandtakeremedialactionif
necessary. Although Kirk Mac
onaughey,chief of the problem as
sessment branchof the EPA'sradon
division,toldNewsline, â€œthiswasnot
a truly randomsample, and there is
no basisto extrapolateto thenation,â€•
the EPA did not want to withhold
these, whattheyconsideredsurpris
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â€œWhilethe carcinogenicityof radondaughters
is establishedand the hazardsof highlevelsof exposure
duringminingare well recognized,the risksof exposure

to lowlevelsof radonprogenyhavenotas yet
beenpreciselycharacterized.â€•
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ingly high, numbersfromthepublic.
The Agency recommends that for
levels rangingfrom 4-2OpCi/L, the
situation should be monitored, for
levels from 20-200pCi/L, remedial
action should be takenwithin a few
months, and for levels greater than
200pCi/L, action should be taken
within a few weeks, according to Mr.
Maconaughey.

This guidance for schools follows
two radon-related government actions
this past fall. The EPA issued an
advisory in September asserting that
radon poses a larger health threat than
was previously thought. This advi
sory was based on monitoring of
23,000 single family homes in 17
states and several Midwest Indian
landsduringthewintersof 1986-1987
and 1987-1988,in which 1/4 of the
homes surveyed had levels greater

than4pCi/L. At that time, the EPA
recommended that all homes in the
US be surveyedfor radonlevels. In
October, the Indoor Radon Abate
mentAct, anamendmentto theToxic
Substances Control Act, was signed
into law by President Reagan. The
Act, which calls for a long-term
national goal for indoor radon levels
to equal ambient concentrations
(0.2-0.7pCi/L),requiresthattheEPA
revise its Citizen'sGuide to Radon;
develop construction standardsfor
controlling radon in new buildings;
develop various programs and ser
vices to assist states, such as a clear
inghouse for radon-relatedinforma
tion, trainingseminars,public infor
mation material, and a national radon
database; determine the extent of
radon in the nation's schools; and
fund universities for operating re

gional radon training centers to pro
vide trainingto state and local offi
cials and private firms.

Through the Radon Abatement Act
the â€œCongresshas saidEPAneedsto
drivethe standarddown lower:' Mr.
Maconaugheysaid, but the remed.i
ation technology, primarily subslab
depressurization, in which radon
contaminated air is suctioned from
below the house to the roof and out
side; increasing air pressure within
a buildingto forceradonout;andseal
ing cracks in foundations, â€œhasnot
advanced to get the levels lower than
4 [pCi/L]. Fourwas never a health
based standard?' That level, accord
ing to the EPA, is comparable to the
level of radiationone receives from
smoking half a pack of cigarettes a
day and is associated with 20,000 lung

(continued on page 989)
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cancer deaths per year.

Criticism of EPA'S Approach

Some experts are critical of the
EPA's approach to radon and their
dosage estimates. William Mills,
PhD, senior technical advisor to the
Oak Ridge Associated Universities
(ORAU) in Washington, D.C. , who
directs ORAU's science and policy
support to the Committee on Inter
agency Radiation Research and lkilicy
Coordination,Office of Science and
Technologylkilicy,told Newslinethat
the EPA'sequatingof4pCi/L to half
a packofcigarettesadayandanother
comparison to 300 chest x-rays is
â€œludicrousâ€•and said, â€œIdon't think
there's any way you can educate the
public by releasing numbers like
thatâ€”it'sjust comparing apples and
oranges?'

Contraryto EPA'sestimates, Dr.
Mills told the seminar attendees,
â€œ20,000Americans are not dying
every year from radon exposure, the
number is much less than
that . . .10,000 is probably an upper
bound on the risk . . .screening
measurements of state surveys are
absolutely poor indicators of radon
risk, [the type ofmeasurements done
by the EPA, often taken in closed
basementsduringthe winter,tendto
maximize risk], and yet that's what
the media is reporting.â€•

Naomi Harley, PhD, research pro
fessor of environmental medicine at
New York University Medical
Center,speakingattheseminar,said
the EPA estimates that the risk of
exposureto 200 pCi/L is 75%, if that
exposure carried for 70 years. â€œIn
light of what you've seen with the
miner data, that's simply outrageous,
because even the miners at much
higher exposure rates have never at
tamed this [or] even [a] 50%
value . . .There has never been lung
cancer observed in the US [Colorado
miners] cohort below about 250

working level months (WLM), there
just aren't any.â€•[A working level
monthis a unit of exposureto radon
progeny. One WLM is approximately
200pCi/L x 170 hours.] Dr. Harley
also noted that data done on Czecho
slovakian miners demonstrated that
â€œtheradon risk really does return to
zero when you get about 35 years
away from a given exposure.â€•

Dr. Mills wascriticalof EPA'srisk
estimates for children, who the
Agency considers much more vul
nerable to the gas than adults. â€œActual
exposure is probably many-lbldlower
thanthemeasurementvaluesreported
by the EPA. . .They argue that if a
child gets exposed . . .he carries the
associated risk throughout his whole
lifetime . . .There is some evidence
thatthe lung may fight off, through
some mechanism, the potential for
the development ofcancer' he said.
Dr. Harley,who chairedtheNational
Council on Radiation Protection
(NCRP) task force that prepared a
report titled, â€œAnEvaluation of the
Occupational and Environmental
Risk from Radon and Radon Daugh
ters'@and who chairs an NCRP com
mittee preparing another report on
radon and radon daughters, agreed
that the risk estimates for children are
probablyoverstated.Dr. Harleysaid,
â€œThedose per WLM on the bronchial
tree is essentially identical across
populations, men, women, children,
withtheexceptionofa childaboutten

years old, [who does] tend to have a
slightly higher dose per unit expo
sure, per WLM exposure. But this
only lasts for a few years and given
the i@ctthat lung cancer does not
appear until older ages. . .and the fact
thattheeffect ofexposure is reduced
with time, then the dose to children
probablyis not very meaningful.â€•

Lung Cancer Risk Mainly
in Smokers

In the keynote address to the ACNP
Annual Meeting, Rosalyn Yalow,
PhD, underscored the principle role
of smoking in the currentepidemic
oflung cancerintheUS andsaidthat
radon is a hazard only when
combined with cigarette smoking.
Noting that increases in lung cancer
incidenceclosely parallel increases in
smoking rates, with about a 20 year
lag accounting fur the time it takes fur
solid tumors to appear after exposure
to a carcinogen, Dr. Yalow said,
â€œ. . . in the absence of smoking, lung

cancer in our country should be 2-3
per 100,000.â€•

According to Dr. Mills, â€œInorder
to reachthe estimateof the baseline
risk ofthe smoking population expo
surewouldhaveto haveconsiderable
. . . 30 or 40 working level months a

yearâ€•[or about 80 pCi/L]. Extending
the BEW IV data, Dr. Fabncant
projected the risk of lung cancer in
non-smokers to be 1% and in
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â€œ. . . in the absence of smoking,

lung cancer in our country should be
2â€”3per 100,000.â€•
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smokers, about 10%. Dr. Mills
pointed out that while the EPA
estimates the range of risk of lung
cancer from radon progeny in the
general population to be 1-4% , they
did note it could be as low as .3%.

Using the lung cancer risk esti
mates put out by the BEIR IV Com
miftee, Dr. Mills said 4000 lung
cancers per year are predicted to oc
cur in residentsofthe estimatedfour
million homes in the US with radon
levels above 4pCi/L. Three quarters
ofthose lung cancers would be in US
smokers, a population of 50 million,
and one quarter would occur in non
smokers, a population of 190million.
Dr. Mills further estimated that
300-400 of the lung cancers in the
non-smoking population can be
attributed to passive smoke, and he
noted that since all the risk estimates
are based on extrapolations from data
from miners, many ofwhom, in addi
tion to being heavy smokers, were cx
posed to high doses ofradon progeny,
the numbers are â€œstillvery hypotheti
cal?' Beyond that, he said, â€œIjust
don'tknow ifthere areanyeffects in
the non-smoking population from
4pCi/L?' Dr. Harley said extrapola
tions from the miningdata to estimate
the risk ofthose that are exposed en
vironmentally are valid.

The lung cancer risk estimates for
radon daughters derived in the BEW
Iv Reportwerebasedsolelyon
epidemiological studies of exposed
miner populations, said Dr. Fabri
cant. The Committee analyzed data
from four major epidemiological
studiesâ€”Ontario uranium miners,

â€œThelung cancer rates in counties and states
tend strongly to decrease as the average radon

levels increase. The effect is statistically unques
tionable by many, many standard deviations. This

is in sharp contrast to the predictions of the
linear no threshold theory that lung cancer

rates should increase substantially as
average radon levels increase.â€•

Saskatchewan uranium miners,
Swedish metal miners, and Colorado
Plateau uranium miners. The data
included a total of about 500,000
person years at risk as well as 459
lung cancer deaths. Dr. Fabricant
noted that this compared to 2.3
million person years of risk among
Japanesesurvivorsofthe Hiroshima
and Nagasaki bombings.

The Committee found that age at
risk and time since exposure
â€œsignificantlymodifyexcess relative
risk of lung cancer mortality'@â€”risk
decreases with time since exposure
and age at risk, according to Dr.
Fabricant. This contrasts previous
risk models, he noted.

Discrepancies With Linear
No Threshold Theory

Other studies haveIbundan inverse
relationship between low levels of

radonandlung cancer, thoughthese
results do not necessarily support the
hormesistheory,accordingto which
low levels of radiation confer a
beneficial health effect.

Studies by Bernard L. Cohen,
professor of physics and radiation
health at the University of Pittsburgh,
demonstrated a discrepancy between
the data and the linear no threshold
theory of radiation carcinogenesis,
evenwhenmanyconfoundingfactors
are considered. Dr. Cohen told
seminar attendees, â€œThelung cancer
rates in counties and states tend
strongly to decrease as the average
radon levels increase. The effect is
statistically unquestionable by many,
many standard deviations. This is in
sharp contrastto the predictions of the
linear no threshold theory that lung
cancer rates should increase sub
stantially as average radon levels
increase?'

In a paper on this work to be
published by the Pennsylvania
Academy of Sciences in a book on
radon sometime in late 1989, Dr.
Cohen wrote ofan analysis to account
forsmokingby reviewingthedataby
states, in which there is data on
cigarette sales from tax collection,

(continued on page 991)

â€œIjustdon't know ifthere are any effects
in the non-smoking population from 4pCi/L.â€•
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linear no threshold theory. According
to the linear no thresholdtheory,he
noted, â€œhouseswhere people die of
lung cancer should have a higher
radon levelon an averagethan houses
wherepeople diedofanother type of
cancer.â€•But preliminary data from
his study give â€œnoindication that
radon levels in houses where people
died of lung cancer are any higher
thanin houses where people died of
some other type of cancer.â€•

Bertrand R. Brill, MD, PhD, dir
ector of research and professor of
nuclear medicine at the University of
Massachusetts, Worcester, in an
interview with Newsline , called Dr.
Cohen's work â€œprovocativeâ€•because
it is based on such a large number of
measurements.

David R. Mailhie, PhD, associate
professor of biophysics at the

University of Rochester, told
Newsline that an analysis he did of
New York State indicated no rela
tionship between areas with above
averageradonlevels and areas with
high lung cancer rates.

Benefits of Mass Remediation
Questioned

There are certain levels at which
remedial action should be taken,
according to Dr. Mills. Otherwise,
creating panic in the public about
radon levels at which no adverse
health effects havebeen clearly found
can do more harm than good. â€œA
typical home for lifetime exposure is
less than 20 WLM . . .that's con
siderably below where we've seen
[lung cancers]?' Dr. Mills questions
the efficacy of remediating to get

(continued on page 996)

(continuedfrom page 990)

â€œEvenwhenall ofthe otherpotential
socioeconomic confounding factors
are included, the discrepancy with
[the no threshold] theory is not
substantially reduced; in fact it is
reducedbyless thanwas thecase for
counties, where smoking was not
included in the regression.â€•

Ibinting out but not endorsing one
possible explanation for the data, Dr.
Cohen said, â€œTheseresults are very
easily explained if there is hormesis
theory oflow dose rate . . . you could
still have your linear no threshold
theory and superimpose on it a
hormesis effect, where a little bit of
radiation, say by stimulating the
immune system, gives protection
against cancer?'

A case-control study Dr. Cohen is
conducting also contrasts with the

AREAS WITH POTENTIALLY HIGH RADON LEVELS

U.S.EnvuvnmentoJProtectionAgency
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levels to below 4pCi/L, let alone
ambient levels. â€œTheremediation
programis unlikely to significantly
reduce the number of lung cancers
. . . I don't think we'll see a reduction

such that it's really measureable.â€•
Because screening surveys generally
do not measurethe averagelevel for
an entireyear or the amountof time
people are actually exposed, he said,
â€œIwouldcertainlyrely on average
measurements for remediation. I
wouldn't take any of the screening
measurements and act on them?' Dr.
Mills told Newsline, â€œIworry about
large amounts of money being spent
to remediate these houses and schools
based on these screening measure
ments.â€•

Dr. Mills urgedthatpublic health
would be much better served if much
ofthe monies andeffortexpendedto
decrease lung cancer rates were
shifted from an anti-radon campaign
to an anti-smokingcampaign. â€œThis
is my primary messageto the public:'
he toldseminarattendees:â€œThemost
effective means of reducing lung
cancer deaths attributableto indoor
radon is to reduce smoking, which
reduces the risk to the smoker as well
as to the non-smoker. This message
best reflects the available scientific
data and has other social benefits.
That'sthemessagethatI didnothear

â€œ. . .The most effective means of

reducing lung cancer deaths attributable
to indoor radon is to reduce smoking, which

reduces the risk to the smoker as well as to the

non-smoker. This message best reflects the
available scientific data and has

other socialbenefits..

given by the Public Health Service
and EPA when they called for the
whole survey of the United States.
They failed to emphasize this fact.â€•

Similarly Dr. Fabricant said, â€œIf
one wentaheadandmodified all the
homes in the United States that were
in excess of4pCi/L, then the decrease
based on the most conservative
estimate would be only 4-5 % of the
lung cancers that are caused annually
in the US. Based on the available
information,â€• he added, â€œtheradon
risk to the non-smoker appears to be
much less than has been previously
estimated. Protective measures are
likely to be most effective simply by
reducing radon risk to smokers...

who arealreadyata very high risk.â€•
The experts acknowledge the

potential risks of radon at very high
levels, however. Dr. Harley said, at
theseminarthatlegislationis needed
to identify homes with very high
levels of radon. She promoted
legislation that would require radon
measurements when homes are
bought and sold and when new homes
are built. She said that if the EPA
guidelines were raised up to about
8pCi/L and such legislation existed,
thenhomes with potentiallydanger
ous levels could be identified and
remediated. â€œTheadvice, for say a
3OpC/L home is . . . it does need
remediation,andtheriskatthatpoint
is something like that of a smoker.â€•
Dr. Mills also said that the EPA
should raise the guidelines and that
the radon programs should focus on
homes and other buildings with
higherlevels. He said, â€œItis a serious
national problem . . .when we get into
some ofthese homes [with very high
levels], we are concerned about the
risk . . . l5pCi/L is a number that is
reasonable to use for residences,
schools, child care centers . . ?â€ãnd
the currentoccupationalstandardof
3OpCi/L should remain in place.

â€œIfonewent ahead and modified all
the homes in the United States that were

in excess of4pCi/L, then the decrease based
on the most conservative estimate would be

only 4-5 % of the lung cancers that are
causedannuallyin the US..
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