
W hen the United States
(US) EnvironmentalPro
tection Agency (EPA)

held a press conference about radon
on August 14, 1986, the news media
galvanized the public into awareness
of a potential indoor pollution prob
lem that radiation experts have ac
knowledged for years. â€œRadonis
probably the biggest public health
problem we have,â€•said Richard
Guimond, director of the EPA's Ra
don Action Program.

James J. Conway, MD, director of
the Nuclear Medicine Department at
the Children's Memorial Hospital in
Chicago, Illinois, said that his depart
ment received a number of telephone
calls from people concerned about ra
don. â€œIwas concerned about this
announcement by the EPA and the
media. It was causingjust one more
instance of radiation hysteria when,
at least in the Chicago area, there is
no definite proof that any significant
hazard exists:' said Dr. Conway, who
is also a member ofthe International
Commission on Radiological Protec
tion (ICRP) committee that addresses
medical risks of radiation.

In its publication, â€œACitizen's
Guide to Radon: What It Is and What
to Do,â€•the EPA recommends that
homeowners who find 4 pCi/i or
more of radon in their houses take ac

tion to reduce that level. The agency
estimates that 5,000â€”20,000of the
130,000total lungcancerdeathseach
year in the US may ultimately be at
tributed to radon. According to the
EPA, as many as 8 million dwellings
in the US may exceed the guideline
of4 pCi/i.

The EPA'sattack on indoor radon
inspired newspaper headlines ranging
from â€œTheVictims of Natureâ€•(Med
ical Tribune, Sept. 24, 1986) to
â€œMedia'sRadon Scare Is 99% Balo
neyâ€•(USA Today@Aug. 21, 1986). It
has generated criticism from some ra
diationexpertsand praise fromothers.

EconomicImpact

Radon reduction methods are rela
tively inexpensive, according to the
EPA, and range in cost from
$150â€”$5,000.Radon detectors cost
about $1Oâ€”$50.Millions of homes
may be affected, however, â€œandthe
economic impact is phenomenal:'
said one radon scientist.

â€œTherereally should be some kind
ofcost/benefit ana'ysis:' said Edward
W. Webster, PhD, director ofthe Di
vision of Radiological Sciences and
Technology at Massachusetts General
Hospital in Boston. â€œIfthere are
8millionhomesexceedingtheEPA's
recommended limit for radon con
centration, and if it costs $2,000, for

example, to reduce the radon level in
each home, that's $16 billion of the
gross national product. We need to
determine how many lung cancers
will be prevented by such a program,
and compare it with how many lives
could be saved if that money were
spent in other ways:' said Dr. Web
ster, who is also a member of The
Society ofNuclear Medicine (SNM)
Committee on Biologic Effects of
Ionizing Radiation.

Mr. Guimond estimates that reduc
ing all homes in the US to 4 pCi/i
would save 2,000â€”8,000lives lost
each year to lung cancer. Some EPA
critics believe that the money needed
to modifythe 8 millionhomes that ex
ceed 4 pCi/i could save more lives if
spent on other programs, such as
antismoking campaigns.

Dr. Conway said that he is con
cerned about the segment ofthe pop
ulation that is overly fearful of radia
tion at any level. â€œIdon't know what
is gained by upsetting these people.
Ifa radon problem exists in a certain
region, the EPA should prove that
homes in that area have excessive
levelsof radon, and then send notices
to those homeowners. That strategy
would have been more constructive
than issuing a blanket statement that
radon will kill 20,000 people this year

(continued on page 1088)
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in the US, which cannot be proven:'
he explained. The way this informa
tion was released @â€˜waspure, unadul
terated media hype. which leads to
radiation hysteria, and which can be
more harmful that the radon itseiC'
said Dr. Conway.

Mr. Guimond, a health physicist,
expressed concern over the possibil
ity that the EPA Radon Action Pro
gram caused undue alarm over radia
tion in general, and said that he would
welcome any suggestions from the
nuclear medicine community on
better ways to communicate radiation
risk to the public. â€œWealso cannot
control how the media handle stories
about radiation,â€•he added.

With regard to the lack of scientific
proof for the number of people who
die from radon, Mr. Guimond said.
â€œAnytime you have a disease. such
as lung cancer, with several causative
factors, it's hard to single out one
thctorand determinehow manydeaths
it causes. The potential of saving
thousands of lives, however, even
though that number is calculated the
oretically, justifies the EPA's efforts
to reduce the public's radon exposure.â€•

Engineer at Nuclear Power
Plant Set Off Alarms

An event that occurred on Decem
ber 19, 1984, led to the EPA Radon
Action Program and last summer's
ground swell of media attention on ra
don. Stanley J. Watras, an engineer
at the Limerick Nuclear Power Sta
tion in Pennsylvania, set off radiation
detector alarms as he reported for
work that day.His contamination was
traced to radon gas and radon progeny
in his home at the highest concentra
tion ever measured indoorsâ€”2,700
pCi/I or 13.5 working levels (WL).
â€œMyestimatedyearly exposure to the
lungs was 10,000 rem:' Mr. Watras
told News/me. [The cumulative
yearly exposure from the EPA's rec
ommended levelof4 pCi/I (0.02WL)
is an estimated 10 rem to the lungs.]

StanleyJ. Watras,the nuclearpowerplant engineer whodiscoveredthat the radon
concentration in his house was 2,700 pCi/i (13.5 WL), with his wife, Diane, and
children, Michael, Christopher, and Cynthia. Mr. Watras said that he is a strong
advocate ofnuclearpower, and he believes that the public needs more education on
risk perception and nuclear technology. â€œTheradiation exposure I received in 12
years as a nuclear worker was 1,000â€”2,000times less than the exposures received
by my family in the one year we lived in our house,â€•he said.

(Courtesy of the Reading Eagle Co.)

about the health consequences of the
radon exposures received by them
and their three children. @â€˜Werepeat
edly heard â€˜Idon't know' from doc
tors when we asked about the health
risks, and that was truly emotionally
damaging for me and my wife.' â€˜said
Mr. Watras. â€œWhenthey tried to find
the answer, they came up with the
same thing everyone else comes up
withâ€”mathematic speculations.â€•

Eventually, Mr. and Mrs. Watras
were referred to Roger E. Linne
mann, MD, chairman of the Radia
tion Management Corp. in Philadel
phia. â€œHeexplained to us that we re
ceived the highest known radiation
doses through natural means, and that
nothing exists that can determine the
damage or counteract it. He also said
that if we worry every single day
about dying in the near future, we will
die in the near futureâ€”from psycho
somatic illnesses or nervous disor

Mr. Watras applauds the EPA's
strategy for reducing radon risk.
â€œWe'retalking about the lives and
welfare ofthe general public, and we
have to take the most conservative ap
proach and use the worst-case as
sumptions,â€•he said.

Radon and Physicians

Although the public usually per
ceives radon as an environmental is
sue, it has become a medical issue as
well because the public wants infor
mation about the health risks. As one
radon expert pointed out: â€œWhatwas
the first thing StanleyWatrasdid after
he learned that his house was highly
contaminated with radon? He called
a physician.â€•These calls are often
directed to the nuclear medicine
community.

After first contacting their pediatri
cian, Mr. Watras and his wife, Diane,
consulted with numerous physicians
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ders. That made a lot of sense to us
at that time, and it calmed us down
enough so that we could decide how
to handle the situation in a rational
manner,â€•said Mr. Watras.

The first immediate countermeas
ures he took were quitting cigarette
smoking and moving his family to a
different house. For the past 2Â½
years, Mr. Watras has devoted much
ofhis time to what he calls a crusade
for more epidemiologic and radiobio
logic research on the effects of radon
exposure. He is the chairman of the
Health Subcommittee to the Radon
Advisory Committee ofthe Pennsyl
vania Department of Environmental
Resources (PA-DER). The goal of
this committee is to persuade large
medical organizations and research
institutions to acknowledge publicly
that radon is â€œapotential killer,â€•and
then use this leverage to obtain more
funding for research on radon's health
effects.

From Mr. Watras's perspective,
environmental groups and the hous
ing industry have taken measures to
deal with the radon problem, but the
biomedical research community
seems to need more convincing. He
has studied the sources of medical re
search funding, and testified before
federal and state legislators in support
of increased funds for radon research.
â€œIthink this problem deserves the
same kind of commitment of re
sources as the war on cancer and the
search for a cure for AIDS [acquired
immunodeficiency syndrome] . It's
possible that exposure to radon is not
as dangerous as it is perceived today.
Perhaps the data will show that it's
actually beneficial. But until some
more thorough, prospective epidem
iologic studies are completed, we
have to assume the worst and hope for
the best:' said Mr. Watras, adding
that he hopes that acquiring more data
will eliminate the need to rely so
heavily on mathematic theories based
on several debatable assumptions.

Dr. Linnemann, who is also a pro

fessor of radiological sciences at the
University ofPennsylvania, said that,
in general, physicians should learn
about cancer statistics, particularly
lung cancer, and help patients under
stand the risks and benefits of radia
tion. â€œNuclearmedicine physicians
should also be aware of the EPA
standards, and be able to advise pa
tients on how to ,have radon levels
measured in their homes:' he added.

Dr. Conway explained how he
handles questions about radon: â€œItell
my patients that the numbers for lung
cancer deaths are purely conjectural,
and I emphasize that they are theoret
Ic derivations of the worst situation
that can possibly exist. I also explain
that many factorsâ€”notjust radiation
â€”enter into carcinogenesis. Some
frightened individuals, though, are
still not consoled by this type of infor
mation.â€•

A. Bertrand Brill, MD, PhD,direc
tor ofthe Division of Nuclear Medi
cine at Brookhaven National Labora
tory in Upton, New York, said that
he tries to dissuade people from pan
icking. â€œEvenif we assume that the
EPA's risk estimates are correct, I
point out that homeowners can take
measures to modify that risk:' said
Dr. Brill, who is also chairman of the
SNM Committee on Biologic Effects
of Ionizing Radiation.

The EPA receives frequent calls
from homeowners who find radon
levels above the 4 pCi/i guideline,
and who want to know their chances
of dying from lung cancer. Daniel
Egan, of the EPA's Radon Action
Program, said that if he were asked
this question, he would want to know
more about the basis for concern and
he would recommend additional
radon measurements. â€œVeryoften the
exposure to radon decay products is
not significantly high, and residents
may not have been exposed for a long
period of time:' he added.

â€œOncephysicians become articu
late with the risks, they can help their
patients decide what those risks mean

to them:' said Stephany DeScisciolo,
special assistant to the director of the
EPA's Radon Action Program. â€œPeo
pie feel more reassured when some
one they consider an expert tries to
â€˜walkthem through' the problem per
sonally,â€•she said.

Establishing Action Levels

Radon poses a number of regula
tory problems. Unlike situations in
volving industrial pollutants, where
factories that allegedly create the haz
ard can be forced to comply with
standards, radon occurs naturally.
â€œYou'redealing with millions of mdi
viduai homeowners who have made
major investments. Some real estate
agencies are insisting on radon meas
urements because they're afraid of
liability. No one really wants to
regulate the environment inside
people's homes, so radon will be
controlled, in essence, by the housing
market,â€•said James Stebbings, ScD,
epidemiology group leader at
Argonne National Laboratory in
Illinois.

Several federal agencies in the US
are involved in the radon issue (1).
The Department of Energy (DOE)
has sponsored radon research since
the 1950s. The Bureau of Standards
sets standards for energy efficiency,
which could affect ventilation and, in
turn, concentrations of radon gas in
homes. Similarly, housing construc
tion, which involves the Department
of Housing and Urban Development,
can affect radon levels. In addition,
the Nuclear Regulatory Commission
(NRC) and the Departments of La
bor, Commerce, Health and Human
Services, and the Interior have
interests in the regulation of radon.

All estimates of lung cancer caused
by radon are based on data from
miners who were occupationally
exposed to radon gas. Experts dis
agree on how to adapt the miner data
to home exposures, how to calculate
the risk factor per unit of exposure,

(continued on page 1090)
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and how cigarette smoking in combi
nation with radon exposure affects
lung cancer risk.

EPA Risk Estimates

The EPA first became involved in
setting standards for radon levels in
1972when uranium mill tailings were
used as backfill under houses in
Grand Junction, Colorado. In 1976.
the EPA became concerned about
radon in houses built on reclaimed
phosphate-mined land.

According to Mr. Guimond. â€œIt
wasn't discovered until the late l970s
or early 1980s that homes without any
connection to mining contained high
levels of radon. When Stanley
Watras's home was found to have such
high levels. 10times higher than most
houses contaminated from uranium
mill tailings, we realized that the
problem was probably 100 times
bigger than we had envisioned.â€•

Some EPA critics point out that the
agency's risk estimates are based on
extrapolations from high to low levels
ofexp()sure. which makes the validity
of those risk estimates questionable.
According to Mr. Guimond, however,
data show that cumulative exposures
for miners span a wide range, from
10to 10.000working level months per
year (WLM/y), and that miners in the
100-10,000 WLM/y range demon
strated a statistically significant in
crease in lung cancer. Radon expo
sures in many homes are also found
within that range, â€œsothe data we use
are not extrapolated from high- to
low-exposure levels:' explained Mr.
Guimond. (The potential alpha
particle energy release from 1WL of
radon progeny is 1.3 x 1O@MeV per
liter of air.)

Dr. Brill of Brookhaven pointed out
that since the alpha-emitting radon
daughters are characterized by high
linear-energy-transfer (LET) radia
tions, the dose/response curve is
linear. It is not as difficult to
extrapolate from high to low doses for

high LET particles as it is for low
LET radiations, he explained.

In adapting the miner data to the
general population. however. the EPA
did make certain assumptions: radon
is the only factor associated with in
creased lung cancer risk in miners:
the risk per unit of exposure is the
same in men as in women and
children (the miner data are collected
from adult men at similar exposure
levels): risk is proportional to the
amount of radon daughters deposited
in the airways. and therefore to the
amount inhaled and to lung size: in
teraction between radon daughter ex
posure and cigarette smoking is the
same throughout the general popula
tion: the risk factors assigned at occu
pational levels are valid at the gener
ally lower level of home exposures.

Ideal Goalâ€”ZeroRisk

The EPA did not establish its stand
ard ofO.02 WL (4 pCi/l) for indoor
radon concentration by determining
an acceptable level of risk for the pop
ulation. Instead. the EPA took the ap
proach ofassuming that the most de
sirable outcome would be to reduce
radon exposure as much as possible
within the limits ofavailable technol
ogy and economic considerations.
â€œOurideal goal would have been to
reduce the risk to almost zero. We
realized that this would require reduc
ing indoor radon levels to the value
of outdoor levels, or even lower in
some cases:' said Mr. Guimond.

The health risks at 4 pCi/i are still
â€œfairlysignificant, posing an approxi
mate 2 % risk of lung cancer for life
time exposure:' noted Mr. Guimond.
The general public, however, most
likely assumes that the widely publi
cized 4 pCi/i is based on health risk.
In addition, the public often misun
derstands the relative risks associated
with such safety standards, and mis
takenly assumes that 4 pCi/l repre
sents the dividing line between safe
and unsafe levels of radon.

Dosimetry for radon is generally

agreed upon among radiation experts.
Some. however, question the EPA's
range of risk per WL exposure. Ac
cording to Ralph Wilde. section
leader of the Policy and Procedures
Section at the NRC. â€œtheproblem
with a WLM. as it was defined for a
miner, is that it simply addressed
concentration, but other factors such
as breathing rate also affect exposure
levels.â€•Mr. Wilde also questioned the
validity of the assumption for the
amount oftime that US citizens spend
in their homes. (The EPA uses the
assumption that people spend 75 % of
their time at home over a 70-year
lifetime.)

Mr. Wilde, who has 30 years of cx
perience in radon issues, contends
that the cumulative exposure from 1
WL (200 pCi/I) is closer to 20
WLM/y. rather than the 50 WLM/y
calculated by the EPA. The resulting
action level could then be higher (10
rather that 4 pCi/i). significantly
reducing the number of affected
homeowners.

Naomi H. Harley. PhD. ofthe Dc
partment of Environmental Medicine
at New York University. disagrees
with Mr. Wilde's views on breathing
rate. During work hours, miners gen
erally have a faster breathing rate than
people at home. where significant
time is spent relaxing or sleeping.
The deposition rate, though. of radon
daughters (solid particles often at
tached to airborne dust) in the lungs
depends on airstream velocity. said
Dr. Harley. The lung deposition rate
of radon progeny. therefore. is lower
when the breathing rate is higher be
cause the particles spend less time in
the bronchial airways. she explained.
â€œTheserates can be calculated quite
exactly. Futhermore, a small percent
age of radon daughters do not attach
to other particles in the air. and this
percentage has a more efficient depo
sition in the lungs. introducing anoth
er factor to dose estimation,â€• added
Dr. Harley, who was a member of the
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National Council on Radiation Pro
tection and Measurements (NCRP)
Scientific Committee 73, which pre
pared Report No. 77, â€œExposures
from the Uranium Series with Empha
sis on Radon and Its Daughtersâ€•(2).
Dr. Harley also chaired the NCRP
committee that prepared Report No.
78,â€œEvaluationof Occupationaland
Environmental Exposures to Radon
and Radon Daughters in the United
Statesâ€•(3).

According to Dr. Harley, the fac
tors ofbreathing rate and whether ra
don progeny are attached to airborne
particles in effect cancel each other
out in dose estimation. â€œAuranium
miner and a person relaxing at home
do receive the same radiation expo
sure from radon ifthe concentrations
are the same in both environments.â€•

Dr. Harley still disagrees with
EPA's guideline of4 pCi/i, however,
for other reasons. â€œTheEPA looks at
the highest estimates derived from the
miner data' she stated. In particular,
Dr. Harley cites the EPA's risk
estimate of 44â€”77% lung cancer
mortality for exposure to radon con
centrations of 200 pCi/l over 70
years. â€œThereare no data at all to sup
port that range of estimated risk.
Studies of miners in Austria and
Czechoslovakia, for example,
demonstrated that working environ
ments ofmore than 2,000 pCi/l were
associated with, at most, a 50% mor
tality rate (4). I think that the EPA's
upper bound of 77% lung cancer

mortality at 200 pCi/l is five times

higher than it should be,â€•explained
Dr. Harley.

[The EPA recommends that home
owners who find 200 pCi/l or more
in their dwellings â€œtakeaction within
several weeksâ€•to reduce levels as far
below 1.0WL (200 pCi/i) as possible.
â€œIfthisis not possible, you should de
termine, in consultation with appro
priate state or local health or radiation
protection officials, iftemporary re
location is appropriate until the levels

can be reduced.â€•At 4â€”20pCi/l, the
EPA recommends that homeowners
perform follow-up measurements
with year-long detectors, and meas
ures to reduce radon concentration
should be taken â€œwithina few years.â€•]

Cigarette Smoking and Radon

Studies indicate that 100,000 of the
130,000 annual lung cancer deaths in
the US are caused by cigarette smok
ing. Whether the combined effect of
cigarette smoking and radon is addi
tive or multiplicative is still a matter
of controversy. â€˜â€Ñobody quite
knows, but as mining data are ex
amined more closely, the effect seems
to be slightly more than additive:' ac
cording to Dr. Harley.

Jacob I. Fabrikant, PhD, chairman
of the fourth Committee on the Bio
logical Effects of Ionizing Radiations
(the BEIR IV Committee), establish
ed by the National Academy of Sd
ences (NAS), said that this committee
based its risk projections on a multi
plicative interaction between radon
daughter exposure and smoking, al
though it recognized that a â€œless
than-multiplicative modelâ€• is also
consistent with the data.

The relationship between radon
and smoking is complicated by the
dosimetry of the alpha particles emit
ted by radon daughters. According to
Mr. Wilde, it's not certain which cells
in the bronchial tree are target cells,
or what quality factor to assign an
alpha particle.

Dr. Harley, however, believes that
the dosimetry is not extremely diffi
cult, but it involves modeling with
about 10 factors entered into the
calculation. â€œAllof the factors are
based on measured quantities, such
as particle size and breathing rate
they are not guesses:' she added.

EPA Follows Precedent

The EPA's guideline of 4 pCi/I is
not new. The same action level has
been mandated in the past by the US
federal government. In 1972, the sur

geon general ofthe US Public Health
Service established 4 pCi/l as the
action level for decontaminating
homes exposed to uranium mill tail
ings in Grand Junction, Colorado.
(â€œThemoney spent per lung cancer
to clean up these mill tailings was ab
solutely disproportionate to anything
reasonable,â€•commented Dr. Harley.)

Four years later, the EPA recom
mended the same level for reclaimed
phosphate-mined land in Florida.
Some radon experts believe that it
would be politically unwise for the
EPA to recommend a different level
now to the public. â€œIftheychange the
number now, they are admitting that
what was done in the past may have
been wrong,â€•said one scientist.

According to Ms. DeScisciolo of
the EPA's Radon Action Program, the
miner data were reviewed by the
EPA's Science Advisory Board,
which then approved a range of risk
estimates. This board advises the
EPA on a variety of issues. A sub
group, the Radiation Advisory Com
mittee, was also consulted on the ra
don guidelines.

Dr. Harley contends that the Sci
ence Advisory Board essentially
â€œrubber-stampedâ€•the EPA's previous
risk estimates. Although the advisory
board â€œisa knowledgeable group,
they were not considering the conse
quence of the risk estimates. The
projected risks have to fit both the
miner data and the observed lung
cancers in environmentally exposed
nonsmokers. The lower value of the
EPA estimated risk range would at
tribute all nonsmoker lung cancers to
radon, and the upper value ofthe EPA
risk range is totally unreasonable,â€•
said Dr. Harley. With most other
carcinogens, there are no human
data, and standards are set based on
animalstudiesinvolvingâ€œhugedoses,
which is very unrealistic,â€• said Dr.
Harley. The advisory board dealt
with radon the same way they would
deal with other carcinogens, by going

(oniinued on page 1092)
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I I particular level as a range of
numbers.â€• (The fact that the EPA's
range was questioned is not
mentioned.)

The Committee on Interagency
Radiation Research and Policy Co
ordination (CIRRPC) of the US Of
fice ofScience and Technology Policy
(OSTP) also evaluated radon risk. It
set out in February 1985 to â€œdevelop
a basis for a federal consensus on en
vironmental radon exposuresâ€• (1).
Eight federal agencies, including the
EPA, were represented on the Radon
Science Subpanel. which published
its recommendations in August
1986â€”thesame month that the EPA
published its radon brochure.

Mr. Wilde, the NRC representative
to CIRRPC and a member ofthe Ra
don Science Subpanel, pointed out
that CIRRPC was not tasked with set
ting a standard, and that the EPA was
not required to follow CIRRPC's ad
vice. He suggested, though, that
CIRRPC â€œwasovertaken by events,â€•
as its report was finished barely in
time for the EPA to look at it before
its radon brochure was published.
The CIRRPC Science Subpanel, like
DOE, advocated a graded response
to indoor radon rather than a single
action level.

A subcommittee of the US House
Committee on Science, Space, and
Technology, chaired by congressman
James H. Scheuer (D-NY), has ques
tioned why the EPA Radon Action
Program is not part ofthe EPA Indoor
Air Program.

According to the EPA, its Radon
Action Program was set up under the
Office of Radiation Programs (which
is under the EPA Office of Air and
Radiation) because â€œtheproblem was
urgent and the expertise to deal with
it already existed there.â€• Other indoor

air quality problems are managed by
theEPAOfficeofProgramDevelop
ment (OPD). The OPD's research
plans are provided to the interagency
Committee on Indoor Air Quality,
which also is kept informed of the

b

Soil samples from proposed building sites can be evaluated to determine radon
concentrations by using a low-level beta detector (above) to measure the content of
lead-21f4 a decay product of uranium.

(Courtesy of Teledyne, Inc.)

year. According to one DOE radon
scientist, the DOE felt that it was a
mistake to choose an action level of
4 pCi/l because of the great uncer
tainties and economic impacts. A
higher level, with more emphasis on
a graded response to various levels of
radon concentration, might have been
more realistic.

The EPA contends that the DOE's
suggestions were considered. Rather
than abandon the Science Advisory
Board's range of risk estimates, how
ever, the EPA â€œchoseto clarify the or
igins of its estimates and include a
discussion of the uncertainties associ
ated with all estimates of risk from
radon exposureâ€•in its brochure, â€œA
Citizen's Guide to Radon:' according
to testimony given before a con
gressional committee. Consequently,
the section headed, â€œHowcertain are
scientists ofthe risks?â€•explains that
â€œradonrisk estimates are based on
scientific studies of miners exposed
to varying levels of radon in their
work underground:' and that to
account for the uncertainty in these
numbers, scientists generally express
risk associated with exposure to a

(eo,iti,ii,edfrom page 1091)

along with overly conservative action
levels. â€œRadonis different, though,
because there are human data for ex
posures that are found naturally in the
environment:' explained Dr. Harley.

Seymour Jablon, a member of the
Radiation Advisory Committee, said
that this committee was asked â€œsome
questions about radon. such as what
kinds of risks one would associate
with given levels ofexposure, and we
reviewed one proposed study. But
that's the sum and substance of it.â€•

Although the EPA consulted other
government agencies when it was
developing its radon action level,
some scientists representing those
agencies feel that their advice was
ignored. The DOE has continuous ra
don research experience from the mi
tiation of mine measurements of ra
don concentration in 1951 up to cur
rent epidemiologic studies and pro
jects on the interaction between build
ings and soil. Two DOE offices, the
Office of Health and Environmental
Research and the Office of Energy
Conservation, will fund over $10 mil
lion of radon research over the next
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DOE's radon research program.
Although the Committee on Indoor
Air Quality has a Radon Workgroup,

cochaired by EPA and DOE
representatives, the EPA Radon
Action Program does not report
directly to that interagency
committee. Some radon experts be
lieve that the EPA has insulated its
Radon Action Program from inter
agency review by separating it from
the EPA Indoor Air Program, and by
relying on previously established risk
estimates.

The EPA's radon action level of 4
pCi/l (0.02 WL) is lower than action
levels recommended by international
ly recognized radiation protection
bodies. The NCRP recommends8
pCi/l, and the International Commis
sion on Radiological Protection
(ICRP) recommends 10.8 pCi/I
(0.054 WL). In Sweden, 400 Bq/m'

(11 pCi/I) is the action level for
existing homes, but 75 Bq/m' (2
pCi/l) is the target level for new
homes. Both Canada and the United
Kingdom have established 20 pCi/I
as their radon action levels.

Epidemiologic Studies

. Maine: A collaborative pilot
case-control study began four years
ago, involving the Research Depart
ment ofthe Maine Medical Center in
Portland, the Physics Department of
the University of Maine, and the
Maine Department of Health and Hu
man Services.

The initial concern was radon
found in the water supply. According
to Peter Rand, MD, director of the
Research Department at the Maine
Medical Center, the study population
uses water from drilled wells, and in
cludes 100incident lung cancer cases,
150cases ofother types ofcancer, and
250 controls. The study, which is
nearly complete, is also funded by the
Maine Cancer Society and the Maine
Lung Association, and various other
contributors.

Air radon was measured in kitch

ens by track etch detectors left for
three months. The lung cancer cases
were determined by hospital patholo
gy reports throughout the state. Male
and female participants in the study
filled out a questionnaire that
evaluated active and passive smoking
history, occupational exposure, a
short medical history, and household
characteristics. Dr. Rand said that
interesting connections are being
drawn between radon levels and
household characteristics, including
the structure of the foundation, the
cellar floor, the type ofheating, water
use, and the location of the house in
relation to geologic features.

A more extensive project is also in
the works. â€œInthe process of doing
this study, the EPA became interested
and asked us to consider expanding
it, and to get more definitive results:'
saidDr.Rand.Thestudywillinclude
all incident lung cancer cases in
Maine and New Hampshire, and

measurements of household radon
concentrations in air and water.

. Pennsylvania: The Reading
Prong area of eastern Pennsylvania
was one of the first to discover high
radon levels in homes. Last October,
the Argonne National Laboratory in
Illinois began a series of case-control
studies ofdecedent lung cancer cases
in women who lived in eastern and
central Pennsylvania. The first series
of 100 women is currently being
studied.

Collecting the vital statistics was
the first thrust of the project,
according to Dr. Stebbings,
epidemiology group leader. â€œWehave
records on over 6,200 female deaths,
and we are working toward several
case series ofabout 500 cases each,â€•
said Dr. Stebbings. The controls will
be randomly selected population
controls.

The study focuses on women be
cause, compared with men, they are
more likely to spend more time at
home, they are less likely to have in
terfering occupational exposures, and
fewer women smoke cigarettes.

Dr. Stebbings emphasized the im
portance of looking at the cell type
ofcancer. â€œThere'slittle evidence that
adenocarcinomas have been induced
by radon; yet in nonsmoking women,
that's roughly halfofall lung cancers.
Small-cell carcinomas are rarely
found in nonsmokers, and yet they
were an early effect of radon in mm
ers, although predominantly among
smoking miners,â€•he explained. (The
Maine study is also classifying lung
cancer cases by cell type.)

Radon in homes will be measured
by both year-long detectors and grab
samples. Although less accurate than
longer measurements with track etch
detectors, Dr. Stebbings said that the
grab samples don't vary much in
comparison with most environmental
measurements in epidemiologic stud
ies. â€œTheextreme range of the data
makes an epidemiologic study of ra

(continued on page 1094)
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These activated charcoal canisters have
been exposed for four days to the air
insidevariousbuildingsbeingtestedfor
radon levels. A scintillation detector can
be usedto measure the gamma radiation
generatedby radondaughterproducts.

(Courtesyof Teledyne,Inc.)
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cancer risk projections from surveys
of underground miners to estimate
risk to the general population from in
door radon introduces numerous un
certainties and technical difficulties.
The domestic environment has not
yet been adequately characterized.
and much more study at the epidemi
ologic and basic research levels is
needed. Further research on dosimet
nc modeling is necessary to deter
mine the comparability of risk per
WLM in household environments as
opposed to underground mines.' â€˜said
Dr. Fabrikant.

IThe panel discussion. â€˜@Radiation
Risk in Perspective: Chernobyl.
Radon, and Nuclear Medicine,@' is
available on cassette tape. For more
information on audiovisuals from the
34th SNM Annual Meeting. held in
Toronto, Canada. June 2â€”5.1987.
contact: SNM Audiovisuals. P0 Box
10503. Chicago. IL 60610.
(312)943-0450.1

Bets@Hanson

Coordinatiiig Ea'itor, Journal of

Nuclear Medicine Technology
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don much easier than o@eof indoor
or outdoor pollution. lead. insecticide
levels, or anything comparable.â€• he
explained. The entire series of studies
will take at least five years to corn
plete. although some data should be
available by the summer of 1988.

. Ne@i'Jersev: A case-control study

of lung cancer cases. diagnosed in
1982 and 1983 in New Jersey.
includes 994 women with lung cancer
and 995 controls. The study has
documented information on smoking
habits. occupation, diet, and
residential history. said Janet Schoen
berg, MPh, chiefofthe Cancer Epi
derniology Program of the New
Jersey State Department of Health.
Short term (4-day) as well as long
term (1-year) measurements of radon
are being recorded, and the initial
data analysis will begin in the
summer of 1987. Collection of the
case-control data was funded by the
National Cancer Institute, and follow
up collection of radon samples is be
ing funded primarily by the State of
New Jersey.

S S@i'cdeii: Methodologically

similar to the New Jersey study. a
survey of lung cancer admissions to
three hospitals (two in Stockholm and
one in Halsov), is being carried out
by researchers at the National
Institute of Environmental Medicine
and the Karolinska Institute. â€œWeare
looking at 209 cases, 207 population
controls matched for age, and 193
hospital controls,â€• said Christer
Svensson, MD, ofthe Department of
Cancer Epidemiology at the
Karolinska Institute.

Data collection began in Septem
ber of 1983. In addition to radon ex
posure. the effects of smoking, pas
sive smoking, and intake of vitamins
A and C are being evaluated. Radon
measurements in a sample of dwell
ings where cases or control subjects
have lived were completed last spring.
Although the project is mainly funded
by The Swedish National Bank, the

track etch detectors used were provid
ed by the Radiation Epidemiology
Branch ofthe US National Cancer In
stitute. A larger program. involving
one-year radon measurements in ap
proximately 1.500 homes. will begin
this year.

Indoor radon from ground sources
is a concern in Stockholm because the
city is partly built on glacial eskers
and granite. which emit the gas. One
of the first case-I control studies of
lung cancer incidence and indoor
radon exposure said Dr. Svensson.
was published in Sweden in 1979(5).
A more recently published study of
292 female lung cancer cases and 584
matched population controls
indicated that increased indoor radon
daughter concentrations were
etiologically important (6).

. Canada: The Bureau of

Radiation and Medical Devices, of
the Health and Welfare Department
ofCanada. is carrying out a study of
700 lung cancer cases and 700
controls in Winnipeg. The Cancer
Institute in Manitoba is collecting the
cases, interviewing, and measuring
radon levels, said Roger Eaton, PhD.
senior project officer. â€˜â€˜Thereason
we chose Winnipeg is that. according
to a survey done in the late l970s and
early l980s. that city has the highest
natural levels of radon . averaging
approximately 1.4 pCi/l (51 Bq/m')
from single grab sample
measurements.â€• said Dr. Eaton. The
study has been under way for two
years. and is expected to be
completed by 1990.

Last month at the SNM 34th Annu
al Meeting in Toronto. Canada. a
panel discussion, â€œRadiationin Per
spective: Chernobyl. Radon. and Nu
clear Medicine:' was held in honor
of Eugene L. Saenger. MD. of the
University of Cincinnati, who re
ceived the 1987SNM Nuclear Medi
cine Pioneer Award. Dr. Fabrikant.
chairman ofthe BEIR IV Committee,
presented an overview of radon risks.

â€˜@Thepresent need to apply lung
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