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Preamble 
This issue of the Chapter Newsletter is devoted primarily to the analysis of 

radon health risks. Included are summaries of radon risk perspectives from four 
eminent scientists: Dr. Ralph Lapp, Dr. Naomi Harley, Dr. William Mills, and Dr. 
Jerome Puskin. These scientists will also present their perspectives in greater depth 
at the Chapter meeting on February 16, 1988. As we debate the fine points of 
radon risks, however, I believe there are questions to consider that go beyond 
the technical aspects of radon risk models. Namely, I propose that we also con-
sider how our perspectives and actions reflect on public concerns for radon. In 
our search for scientific truth, what is the public gaining? What are we doing 
to provide clarity and balance to the public's perceptions of radon risks? Are 
we understating or overstating the case for radon? How do we apply our risk 
perspectives to ourselves? 

Public Concerns	 . 
Over the last three years we have witnessed a dramatic increase in 1,public 

awareness and concern for health risks from radon in homes. The public is 
responding to the statement, often quoted by the news media, that "5,000 to 
20,000 lung cancer deaths a year may be due to naturally occurring radon in 
homes in the United States." Alarmed by these risk numbers, hundreds of 
thousands of homeowners have had their homes tested for radon. They have in-
terpreted their test results by comparison with the guidelines of the Environmen-
tal Protection Agency and generally have followed EPA's recommended actions. 
However, we have all heard stories of homeowners who moved their children, 
family dog, and goldfish into the back of a station wagon, or they have opened 
all the windows of their home in the middle of the winter. We also know that 
there are probably just as many homeowners, with radon levels of 20 - 100 
pCi/l, that are taking no action. 

Despite the publicity of radon risks, however, relatively few homeowners across 
the U.S. have had their homes tested. HOW COME? Many homeowners have 
told me that they do not want to know what radon levels are in their homes. 
They do not want the costs of testing or remedial actions. Many simply do not 
want to be confronted with another risk to worry about, especially in the sanctity 
of their own homes. They feel assaulted every day by depressing statistics on 
cancer, cigarettes, AIDS, air pollution, chemical hazards, traffic accidents and mur-
ders. People generally seem to accept that living is risky and prefer to just go 
about their daily lives and take their chances. Or perhaps, the lack of public 
response is because homeowners simply do not believe our estimates of risks from 
radon. 

Professional Concerns 
Perhaps to better appreciate the public's variety of perceptions on radon risk, 

we could look at the perceptions among radiation protection professionals. We 
might also gauge the extent of our professional beliefs in radon risks by noting 
whether or not we have measured radon in our own homes. HAVE YOU 
TESTED YOUR HOME? Why or why not? Should we respond to radon risks 
any differently than the average homeowner? Perhaps we do not really believe 
in the publicized radon risk estimates ourselves.
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Real Risk from page 1 

Public Information 
When we communicate with the public about radon 

risks, are we simply presenting abstract technical concepts? 
Or, do we present radon as a risk that affects our lives 
as much as theirs? How do our actions lend credibility to 
our statements? Should we be any more or less motivated 
than the public? Is there any difference between what 
we are telling the public and what we are doing oursel-
ves? Do we know something that the public does not 
know? While we are debating the fine points of radon 
risk analysis, what are our actions communicating to the 
public? 

Conclusions 
As we read the following summaries on radon risks, let 

us also evaluate our own positions. For example, if we 
believe the risk estimates of EPA, then we should get be-
hind their program to promote radon safety. If we do not 
agree with the basis for EPA's radon guidelines, then we 
should voice our differences and be prepared to defend 
them. Since radon may affect the entire U.S. population, 
and as professionals in radiation protection, I believe we 
have an obligation to determine the risks of radon, based 
on the best scientific evidence. Furthermore, we have an 
obligation to apply that determination to our own lives as 
a basis for communicationg with the public. 

Raymond Johnson 
Public Information, Chairman 

RADON RISK: WHAT IS THE PUBLIC
TO BELIEVE? 

By Ralph Lapp, of Lapp, Inc. 

BEIR IV 
Last month the BEIR IV report s HEALTH RISKS OF 

RADON was issued and one might think that further dis-
cussion is unnecessary. But BEIR IV does not resolve con-
troversy over the health risk of residential radon. The fact 
is that scientists disagree about the number of lung can-
cer deaths (LCDs) attributable to radon and about the EPA 
action level of 4 picocuries per liter (pCi/1). 

Whether you express radon concentration in picocuries 
per liter or becquerels per cubic meter, the public wants 
to know what is a "safe" level. It seeks certainty from 
science. BEIR IV is an impressive treatise of 602 pages. It 
opts for a relative risk model (RRM) as opposed to an 
absolute risk model (ARM) and assumes that radon and 
smoking combine in a multiplicative manner. I would note 
that the latest review2 of six groups of miners working 
in uranium mines fords that the relationship is additive. 
Whatever the relationship, the fact is that BEIR IV has no 
new data base for radon risk assessment. It is based on 
extrapolation of epidemiological data obtained from high 
radon exposures of adult males to a low dose domain for 
both sexes of all ages. 

Deficiency 
A major deficiency of BEIR IV is that it fails to qualify 

its radon risk assessment in the low dose domain. BEIR
was explicit in stating that it did not "know whether

dose rates of gamma or x rays of about 100 mrads/yr are 
detrimental to man." NCRP-934 uses a high LET to low 
LET conversion and a weighting factor to set an effective 
dose equivalent (EDE) of 200 mrem/year as the U.S. average 
radon exposure. As Naomi Harley5 expressed it "..the pos-
sibility does exist that environmental radon daughters in-
duce no lung cancer." Kenneth Mossman6 argued that "the 
estimates should really range from a minumum of zero up 
to a maximum of 5,000 to 20,000 lung cancer deaths per 
year." Stephen McGuire7 wrote: "The point is that the 
EPA's standard is set on the basis of prudent but un-
proven assumptions, not proven facts." 

Lung Cancer Deaths 
BEM IV is careful not to stipulate a national death toll 

for radon, confining its assessment to a table s of values for 
"cancer deaths per 106 person WLM." 

STUDY	 CANCER DEATHS 
per 106 Person WLM 

BEIR IV
	

350 
BEIR III
	

730 
UNSCEAR
	

200 - 450 
NCRP 78
	

130 

Only NCRP stipulates a national radon toll of about 
9,000 lung cancer deaths. Simple arithmetic converts the 
BEIR IV estimate to about 24,000 LCDs per year. 

NCRP Rpeort 78 was issued in 1984 and was updated 
in NCRP Report 93 issued last fall. It specified the an-
nual collective EDE as 46 million person-rem and dopts a 
nominal risk coefficient of 2 x 104. This translates to 9,200 
LCDs per year. It is of interest to note that NCRP-93 
implies a collective EDE of 65 x 106 person-rem for 50 
million smokers due to radioactivity in cigarettes. This would 
mean 13,000 LCDs per year due to natural contamination 
of tobacco. 

BEIR IV breaks down the 350 LCDs per million WLM 
as 253 LCDs in men and 93 LCDs in women. If we 
take the average US radon exposure as 0.2 WLM/yr and 
a population of 240 million we get a collective annual ex-
posure of 48 million WLM. This leads to an annual radon 
death toll of 13,700 LCDs. I will use an approximation of 
14,000 LCDs per year. 

EPA's use of the RRM by Puskin9 is given in his 
Table 2 which sets forth total US radon casualties of 5,480 
to 45,200 deaths in 1987 corresponding to a range of rela-
tive risk coefficients of 0.3% to 3.6%/WLM. The BEIR IV 
value corresponds to a risk coefficient of 0.8%WLM. (Pus-
kin predicts fewer male LCDs than BEIR IV.) I shall take 
BEIR IV estimates of the sex difference which are: 

Male LCDs
	 10,200 per year or zero 

Female LCDs
	

3,800 per year or zero 

To put the risk issue in perspective Fig. 1 shows the 
historic increase in the percentage of lung cancer to total 
deaths in U.S. for males and females. There is about a 
quarter century lag of female LCDs behind those for males 
(somewhat more if you age-adjusted data). Fig. 2 illustrates 
these numbers in a more dramatic manner by plotting total 
LCDs per year. Clearly, lung cancer mortality is epidemic.



The Meeting 

Sponsored By

Health Physics Society - Baltimore Washington Chapter 

and 
American Nuclear Society - Washington, DC Section 

	SUBJECT:	 Is Radon a Serious Problem? 

	

MODERATOR:	 Dr. Kenneth Mossman 

	

PANELISTS:	 Dr. Naomi Harley, Dr. Ralph Lapp, Dr. Billy Mills and Dr. Jerome Puskin 

	

DATE:	 Tuesday, February 16, 1988 

	

PLACE:	 USUHS Cafeteria 
Naval Medical Center, Bethesda 
(From Beltway: Connecticut Avenue - South exit; first right onto Jones Bridge Road; right 
at USUHS sign OR Wisconsin Avenue - South exit; left on Jones Bridge Road; left at. 
USUHS sign.) 

PROGRAM:	 5:30 Social Hour (beer, wine, soda) 
6:45 Pizza and Salad 
7:30 Panel Discussion 

	

COST:	 $8.00 B-W Chapter members and guests (You may join at the meeting) 
$20.00 for non-members ($10.00 of this may be applied toward membership if you 

desire.) 
To be paid at the meeting. 

	

RESERVATIONS: 	 Call Joy or Toy at (301) 492-3777 by noon Friday, February 12 (Remember Monday is a 
Federal holiday.)

March Meeting 

A Chapter Meeting on March 31, 1988 will discuss hot particles at nuclear power plants. The featured speaker 
will be Dr. Charles Meinhold of the NCRP and Brookhaven National Laboratory.
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Figure 2

Smoking Effects 
Fig. 3 illustrates the vertiginous rise in cigarette con-

sumption in the United States. Fig. 4 shows the correla-
tion of tobacco usage by U.S. males with lung cancer 
mortality. The bending over of the cigarette consumption 
curve in the post war period should be followed by a 
break in the linearity of male lung cancer mortality but 
Fig. 1 does not yet reflect this change. The female curve 
is expected to remain linear in this century.

Fig. 5 is a plot of lung cancer mortality as follows: 

CURVE A	 Total LCDs/year for males and females. 

CURVE B BEIR IV LCDs (male + female) plotted 
using the Puskin paper. 

CURVE C BEIR IV (female) estimate of LCDs. 

For the 1930 to 1987 period the total equals 2.5 mil-
lion lung cancer deaths of which about 90% are tobacco-
attributed. The radon death toll would range from 0 to 
260,000 for the same period. CURVE C illustrates the fact 
that for women radon fatalities are a relatively recent 
phenomenon. This is because of their lagging behind men 
in addiction to cigarettes. 
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Since the RRM multiplies the smoking factor by one 
due to radon exposure we must consider how BEIR IV 
treats this issue. BEIR IV assesses radon risk in terms of 
Re and R. where these represent the lifetime probability 
of lung cancer mortality in exposed people and a baseline 
(non-exposed) probability. Data are presented in the form 
of a ratio (Re/R.) which is described as "the preferred 
measure of increased risk." I use the tabular data by cal-
culating R. from the report and deducing radon risk in 
terms of Re-Ro. Fig. 6 shows the variation of this excess 
risk for male and female smokers and non-smokers. There 
is essentially a ten-fold greater excess risk for smokers as 
opposed to non- smokers. 

RFL RRR117 

Figure 6 

Policy	 Issues 
Smokers exposed to radon do incur an excess risk ten 

times that of the non-smoker, but the smoker is already at 
high risk due to cigarettes. This raises a critical policy 
issue both from an individual or household viewpoint and 
from a national perspective. 

(A) Should a smoker living in a house with 4 pCV1 (1 
WLM/yr) spend $1,000 or more to address the radon risk 
which is small compared to his or her tobacco risk? 

(B) Should the U.S. Government modify its radon remedia-
tion program to reflect risk realism?



D • / 

II<<70.• 

LL LLLL 0,4 

IS /0( LLLLLLL 

.L(711 0,4/••• 

IMO 
t4. 

c 1773-M7 

1,17C C••ela 
1 IAA.. 

”<77/ •<1.1 

IN< 71.1,i7/10e, 

I	 1 < 4.3 

RESPIRATORY CANCER MORTALITY
NORTH CAROLINA 
WHITE FEMALES 

1930--1983 

In 1883 THERE WERE 5,244 RESPIRATORY CANCER DEATHS
[BOTH SEXES, ALL RACES) 

8.6% OF ALL WHITE MALE DEATHS WERE
DUE TO RESPIRATORY CANCER.

BEIR IV 
77/77 

<0.7 
40. 

NIP 

1950	 1960	 1970 

AGE AT DECEDENCE

1980 1930 1940 

2.0

The first issue, while one for individual choice, does 
involve federal action in the form of understandable ad-
vice on radon risk. In my view EPA should translate 
BEIR IV to make it citizen-friendly. 

The second issue may be illustrated by setting down 
the risk numbers. I shall use a simplified method based on 
assuming 92% of male LCDs are due to smoking and 78% 
of female LCDs are likewise attributed to cigarettes. I 
deduce that the annual radon death toll in the United 
States is: 

Male Female Total 

Smokers 8,250 2,750 11,000 
Non-smokers 1,800 1,200 3,000 
Approx. Total 10,000 4,000 14,000

We need to refine our analysis for a remedial risk focus, 
since only a fraction of the 3,000 non-smoker LCDs are 
remediable in a practical way. EPA l ° is in the process of 
acquiring random measurements on radon concentration in 
U.S. homes and it appears that random measurements 
average significantly lower than volunteer assays. One must 
also take account of averages for realistic exposure within 
the home, i.e. upstairs vs basement levels of radon. As-
suming that 10 percent of U.S. homes exceed the 4 pCi/1 
level this would mean that less than 300 non-smokers' lung 
cancers are really remediable. 

Targeting 300 potential lung cancers is a far cry from 
the 20,000 figure that EPA uses and which even the 
American Cancer Society 11 advertises. I believe that the 
Congress ought to hold hearings on this issue and that 
EPA should introduce some realism into its radon program. 

Epidemiology 
Note that I used the adjective "potential" to describe 

radon deaths. Now there is no doubt that epidemiology of 
uranium miners shows a correlation of excess lung cancer 
and radon exposure. But in the low dose domain the 
evidence is not persuasive. So far as residential exposure to 
radon is concerned specific studies targeted on the Read-
ing Prong area in Pennsylvania and New Jersey are in 
a prelimminary stage. In looking over the counties of these 
two states, I found no significant correlation between the 
LCD/I'L) ratio and radon levels. 

Fig. 7 displays the radon levels across Finland as well 
as contours for lung cancer mortality for males and females. 
There is no apparent correlation. The relatively high lung 
cancer rates in females in northern Finland are, I under-
stand, due to excessive smoking among Lapps. 

Fig. 8 shows the lung cancer to total mortality among 
North Carolinian women from 1930 to 1983. The RRM 
would predict the dotted curve as the radon component of 
the observed LCDs. Note that the baseline in 1930 is less 
than 0.1%. This, if attributed to radon, is inconsistent with 
the relative risk model. It would be consistent with an ab-
solute risk model but with risk coefficients significantly less 
than NCRP. 

Dr. Rosalyn Yalow 12 using the absolute risk model has 
concluded "Most likely, estimates of radon-related lung can-
cer deaths are exaggerated, perhaps as much as 10-fold."

FIGURE 7 GEOGRAPHICAL DISTRIBUTIONS OF LUNG CANCER AND RADON 
N INDOOR AIR. MAPS A - C REDRAWN BY COURTESY OF THE 

FINNISH CANCER REGISTRY. 

REFERENCE: 0. Castren DEALING WITH RADON IN DWELLINGS: THE FINNISH EJPERIENCE 
Second International Conference on Indoor Radon, Air Pollution Control 
Association, New Jersey /April 8-10. 19871. 

SOURCE: U.S. VITAL STATISTICS 
NORTH CAROLINA HEALTH STATISTICS. 

Figure 8 



Citizen concern over radon has mounted as measure-
ments have shown more and more homes exceeding the 4 
pCi/1 action level s t . The average radon concentration in 
New Jersey exceeds this limit and there has been a sig-
nificant impact on real estate valuation. If you accept my 
estimate of less than 300 potential lung cancer deaths 
among non-smokers as realistic then we do not have a sig-
nificant public health problem, especially since this mor-
tality is expressed among older people. I suggest that as 
a temporary measure EPA reset its action level at 10 pCi/l. 
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Dr. Ralph E. Lapp 

Dr. Lap received a Ph.D. in Physics from the Univer-
sity of Chicago in 1946. He worked on the Manhattan 
Project starting in 1943 and rose to become Assistant 
Laboratory Director of Argonne National Laboratory in 1946. 
He also worked on the Bikini A-bomb tests in 1946. From 
1947 to 1949 he was scientific advisor to the War Depart-
ment, advisor to Vannear Bush, and acting director of 
nuclear physics in the Office of Naval research. 

In 1950, Dr. Lapp became a public interest scientist 
and a critic of the U.S. Atomic Energy Commission's at-
mospheric nuclear bomb test program. He conducted in-
dependent research on radioactive fallout. The AEC 
responded with intense animosity and retaliated in different 
ways. 

In 1958, Dr. Lapp interviewed the Japanese fishermen 
whose boat sailed into highly radioactive fallout.	 The

resulting book, "The Voyage of the Lucky Dragon," is di. 
book, among dozens he has written, that he is most proud 
of. He became advisor on nuclear issues to presidential 
candidate Adlai Stevenson and staff director of the Com-
mittee on Science and Technology of the Democratic Ad-
visory Council. 

During the 70s and 80s Dr. Lapp founded several con-
suiting firms and wrote many books and articles on ener-
gy resources, uranium resources and nuclear safety. Among 
his books are "A Citizen's Guide to Nuclear Power" and 
"The Radiation Controversy." Dr. Lapp is currently Presi 
dent of Lapp, Inc. 

Basis for EPA's Radon Action Levels 
by Jerome S. Puskin, 
Office of Radiation Programs, EPA 

It is widely accepted that inhaled radon daughters have 
induced lung cancers in underground miner populations. 
The excess risk per unit exposure found in the major 
epidemiological studies agree reasonably well, except at very 
high exposures where the risk rises more slowly. An ex-
cess risk of lung cancer has been observed at cumulative 
exposures as low as about 30 WLM, which is comparable 
to or only slightly higher than the environmental exposure 
levels we are most often concerned about. Furthermore, 
human, animal, and cellular studies all indicate that a linear 
dose response relationship is appropriate for extrapolating 
risk from moderate exposures down to zero. Despite this 
body of evidence, there is within the radiation protection 
community much controversy over the magnitude c4f the 
risks associated with indoor radon exposures to the general 
population and over recommended guidelines for mitigating 
such exposures. 

It has been argued that the EPA radon risk estimates 
must be too high since, for some populations, they seem 
to project more radon-induced lung cancers than the total 
lung cancers observed. Invariably, such claims involve a 
mistaken assumption that estimates are based on an "ab-
solute risk" model. For continuous lifetime exposures, the 
EPA radon risk model projects, as a central estimate, 460 
fatal cancers/10 6WLM. This is quite close to the value 
arrived at in BEIR IV (350/10 6). An important feature of 
these estimates is that each was calculated on the basis of 
a "relative risk" model in which the predicted number of 
radon-induced lung cancer deaths increases, not only with 
exposure, but also in proportion to the baseline lung can-
cer mortality rate in the population. The values cited are 
thus strictly applicable only to a population where mor-
tality rates are governed by 1980 U.S. vital statistics. 

Most lung cancer cases in the U.S. involve cigarette 
smoking as a causal factor. Assuming that radon risk is 
proportional to baseline risk therefore effectively assumes a 
multiplicative interaction between radon and cigarette smok-
ing in causing lung cancer. Evidence for such an inter-
action has been found in the data collected on the Colorado 
Plateau miners. A multiplicative interaction would imply 
that smokers are at higher risk from radon exposure than 
nonsmokers and that smoking is a contributing factor in 
most radon attributable lung cancer cases. 

Contrary to common perception, the divergence of ex-
pert opinion regarding the probable risk due to residential 
radon exposure is not terribly large. There are significant 
uncertainties attached to these estimates, most notably with



respect to the temporal dependence of risk, differences in 
dosimetry between mine and residental exposures, possible 
differences in sensitivity for children, and the interaction 
between radon and smoking. It should be recognized, 
however, that the choice of mitigation strategy is relative-
ly insensitive to the choice of risk model. 

The EPA recommended action level is 4 pCi/L of Rn 
gas, corresponding to a nominal daughter concentration of 
.02 WL. The estimated risk of a fatal cancer associated 
with radon daughter exposures at this level is still rather 
high compared to other environmental risks about 3x104 
annually and 2% lifetime, according to BEIR IV. For com-
parison, the EPA estimate would be about 30% higher and 
the NCRP estimate about a factor of 3 lower than BEIR 
IV, respectively. Thus, even the lower NCRP estimate trans-
lates into a risk of 104 per year at the EPA action level. 
This annual risk lies at the extreme upper bound of what 
ICRP has designated as an "acceptable" radiation risk for 
members of the general public. Indeed at this level, the 
Commission recommends that steps be taken to restriict 
lifetime dose. Although the ICRP did not have indoor 
radon in mind when making this recommendation, it il-
lustrates an important point: from an individual risk 
standpoint, a substantially lower action level than 4 pCi/L 
could be justified. Likewise, when examined in terms of 
cost-benefit considerations, a lower action level appears jus-
tified. The principal reason for choosing a 4 pCi/L reference 
level is that it is about the lowest level that can be 
achieved and maintained, reliably and fairly economically, 
given current technology. Consequently, even rather large 
changes in our estimate of risk would probably have no 
effect on our choice of action level at this time. 

Jerome S. Puskin 
Dr. Puskin was born in Ohio in 1942. He received a 

B.A. in physics from Johns Hopkins University in 1964 
and a Ph.D. in physics from Harvard University in 1970. 
From 1970 to 1982 he was a postdoctoral fellow and as-
sistant professor of radiation biology and biophysics at the 
University of Rochester. He specialized in membrane 
biophysics and bioenergetics. From 1982 to 1985 he worked 
for the NRC as a biophysicist in the area of radiation 
risk assessment. Currently, he is Chief of the Bioeffects 
Analysis Branch of the EPA's Office of Radiation Programs. 
His branch assesses the risks from ionizing radiation for 
EPA.

PROJECTING RADON LUNG 
CANCER RISK FROM

UNDERGROUND MINING
EXPOSURE 

Naomi H. Harley, New York University School of Medicine 

One of the basic problems with estimating whole life 
risk from exposure to radon daughters using underground

miner data is that the form of risk expression subsequent 
to the exposure is not known precisely. 

In the past few years an important aspect for model-
ing of lung cancer following an elevated exposure to radon 
daughters has appeared. This is the observation that there 
is a decrease in risk with time from exposure and this 
decrease has been seen in all of the large published min-
ing studies. This fact has important consequences for 
remediation of high radon levels in homes. 

There are presently two types of models used for project-
ing lung cancer risk from radon daughter exposure. One 
is an absolute model which commences the risk at some 
time following each (years) exposure and this risk persists 
at a constant level for the remainder of life. One ab-
soulute model (the National Council on Radiation Protection 
modified absolute model - 1984) does not assume the risk 
to be constant with time but decreases the risk by an 
exponential function following exposure with a 20 year half 
life. 

The other model is the relative risk model which as-
sumes that the accumulated risk from each exposure is 
simply the normal lung cancer risk at each age multiplied 
by a risk coefficient (fractional increase in risk per unit 
exposure in WLM) summed over all ages. Until now the 
relative risk model used a constant risk coefficient. The 
recent reanalysis of the data, first by NIOSH in 1986 (U.S. 
Colorado Plateau miners), then by the Ontario Ministry of 
Labor (Ontario miners - 1987) and by BEIR IV (given 
these data sets for analysis - 1988), shows that the con-
stant relative risk model is incorrect and the risk coeffi-
cient must be reduced with time after exposure. 

In the past few years several models have been published, 
for example, the EPA Citizen's Guide risk table, Ole NAS 
Probability of Causation Tables and ICRP 50, all of which 
used a constant relative risk model. 

The model developed from the Ontario miners uses three 
windows in time after exposure and reduces the risk coef-
ficient as time from exposure passes through the intervals. 

The BEIR IV model adopted this approach but decreases 
the risk coefficient with time from exposure with only one 
step. 

The risk projections from some of these models will be 
presented at the Chapter meeting on February 16th. 

Naomi Harley 
Dr. Harley has specialized in environmental radioactivity 

programs since she began with the A.E.C. Health and 
Safety Laboratory in New York in 1951. She headed a 
special projects group at this laboratory until 1965 to develop 
measurement techniques for fallout radionuclides and low 
levels of alpha and beta activity. She also developed ab-
solute standards for radionuclides and programs for measure-
ment of Ra-226, Rn-222, Pb- 210, and Po-210 in the 
environment. 

From 1965 to 1971, Dr. Harley was a graduate student 
at New York University where she earned Masters and 
Doctors degrees in Radiological Health. Her research in-
volved measurements of body burden and elimination rates 
for Ra-226 and daughters from four radium dial painters 
and studies on the distribution of alpha dose based on ex-
perimental energy absorption measurements. From 1971 to 
1975, she was an associate research scientist and instruc-



for at the New York University Medical Center where she 
studied bronchial dose to uranium miners from radon 
daughters and bone cell dose from plutonium and radium. 

Since 1975, Dr. Harley has been a Professor at the 
New York University Medical Center, Institute of Environ-
mental Medicine. She has conducted research on skin dose 
to children treated with X-rays for tinea capitis, transuranics 
in the environment from nuclear power production, sig-
nificance of Po-210 in smokers' lungs, and continuous 
monitoring of Rn-222 in the environment. She chaired 
the NCRP tack- group that developed the report, "Popula-
tion Exposures to Radon and Radon Daughters in the 
United States." She also developed a model to predict 
lung cancer risks from environmental levels of radon 
daughters. She has supervised numerous M.S. and Ph.D. 
candidates and is currently studying indoor and outdoor 
levels of Rn-222 in single family and high rise apartments 
to determine the major factors in diurnal and annual 
variability. Dr. Harley has authored over 80 scientific pub-
lications and is active in several professional societies. 

BEIR IV: FINDINGS AND
IMPLICATIONS OF A

MULTIPLICATIVE INTERACTION
BETWEEN RADON EXPOSURE AND 

SMOKING 

W.A. Mills, Oak Ridge Associated Universities 

The recently published report of the National Academy 
of Sciences, National Research Council entitled "Health Risks 
of RADON and other Internally Deposited Alpha-Emitters, 
BEER. IV" provides remarkable and important findings on 
the differences in risk of lung cancer mortality in cigarette 
smokers as compared to nonsmokers. The BEIR IV Com-
mittee chose a multiplicative interaction for its risk ,projec-
tion on a relative-risk scale and provided estimates of 
lifetime risk of lung-cancer mortality (R e), of the ratio of 
lifetime risk (R e/R.), and years of life lost (L0-Le) for 
lifetime exposures to radon at various rates of annual ex-
posure (0-10 WLM/y). Also provided are estimates for 
risk and years of life lost for various ages at start (0-60 
y) and end (0-110 y) of exposure. 

The following table is derived from the BEIR IV es-
timates of lifetime risk for radon exposure from birth to 
age 70 y:

Added Risk Due to Radon 
Baseline	 0.8pCi/1	 4pCi/1	 16pCi/1	 40 pCi/I 
Risk 	 (0.2 WLM/y) (1 WLM/y) (4 WLM/y) (10 WLM/y) 

Male 
Smoker	 12 % 0 ( 2% incl.) 9% 28% 48% 
Male 
Nonsmoker	 1% 0 1% 4% 9% 
Female 
Smoker	 6% 0(1% incl.) 5% 17% 36% 
Female 
Nonsmoker 0.6% 0 0.5% 2% 5%

The dramatic conclusion is that the estimate of risk from 
radon exposure is very much greater in the smoker than 
in the nonsmoker, for both sexes. This raises the sig-
nificant question of the distribution of the 13,000 lung 
cancer deaths per year (EPA says "5,000 - 20,000", the 
media says 20,000) among the groups of smokers and non-
smokers. Using the BEIR IV baseline lifetime risks es-
timates and assuming that the U.S. population of 240 million 
is distributed as follows: 

50 million smokers 
30 million male 
20 million female 

190 million nonsmokers 
90 million male 

100 million females, 

the annual 13,000 lung cancer deaths attributed to radon 
would be distributed as 7,400 cases in male smokers, 2,500 
in female smokers, 1,900 in male nonsmokers, and 1,200 in 
female nonsmokers. Thus, 71% of the lung cancer deaths 
attributed to radon exposure will occur in smokers and 
29% in the large population of nonsmokers. This does not 
include any effects of the passive exposure to cigarette 
smoke in the nonsmoking population which is a likely con-
tributing factor. 

A clear conclusion is that the most effective reduction 
in lung cancer deaths "caused" by radon can be brought 
about by reducing indoor smoking both in terms of reduc-
ing the risk to the smoker as well as the nonsmoker. This 
is the message that the public should be receiving and 
best reflects the scientific evidence available. 
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J. Fabricant 
(BEIR IV) 
13,000 cases 

Male Smoker 7,400 (57%) 

Male Nonsmoker 1,900 (14%) 

Female Smoker 2,500 (19%)

Female Nonsmoker 1,200 (10%)

Media Reporting
(EPA)

20,000 cases 

11,400 

2,900 

3,800 

1,900 

Percent of Total Radon Annual Cases

ANNUAL LUNG CANCER DEATHS IN THE U.S. 
NITRIBUTABLE TO INDOOR RADON EXPOSURE

NCRP Hosts Seminars for NRPB
Speakers 

On Wednesday, March 2, 1988 at 3:00 p.m., Dr. War-
ren Sinclair will chair two 1 - hour seminars by speakers 
from the National Radiation Protection Board (NRPB) of 
England. Dr. Roger Clarke, Director of NRPB, will speak 
on "Leukemia Clusters and Large Nuclear Installations in 
the U.K." Mr. Geoffrey Webb, Secretary of the NPRB, 
will speak on "U.K. Nuclear Emergency Planning." 

Dr. Clarke has been a consultant to UNSCEAR since 
1979 and a consultant to the WHO on emergency plan-
ning for nuclear accidents since 1981. He has also been 
the U.K. representative on the OECD Nuclear Energy Agen-
cy Committee on radiation protection and public , health 
since 1983 and a member of the ICRP Committee 2 since 
1985. 

Smokers	 71% 
Nonsmokers 29% 

William A. Mills 
Dr. Mills received a B.S. from Lynchburg College in 

1951, an M.S. in physics from Vanderbilt University in 
1954, and a Ph.D. in biophysics from the Medical College 
of Virginia in 1964. From 1952 to 1955 he worked as a 
health physicist at Oak Ridge National Laboratory. From 
1955 to 1970, he worked for the Bureau of Radiological 
Health, Public Health Service, as director of the Division 
of Biological Effects. There he worked on the Surgeon 
General's guidelines for tailings cleanup to reduce radon 
exposures in Grand Junction, Colorado. 

From 1970 to 1981, Dr. Mills was a director of the 
Criteria and Standards Division in the EPA's Office of 
Radiation Programs. He managed development of EPA's 
uranium fuel cycle standard and worked on indoor, radon 
assessment. From 1981 to 1985 he was Chief of the 
Health Effects Branch in the NRC. Since 1985 he has 
been Senior Technical Advisor for the Oak Ridge As-
sociated Universities. There he works in support of the 
Committee of Interagency Radiation Research and Policy 
Coordination (CIRRPC) in the Office of Science and Tech-
nology Policy. 

P.O. Box 7532 
Silver Spring, MD 20907

Mr. Webb is Secretary of Committee 4 of the ICRP 
and a consultant to UNSCEAR. He has authored over 
100 scientific publications on many aspects of radiation. 
Before joining the NRPB in 1972, he spent 4 years in 
the U.S. in the nuclear instrument industry. 

The seminars will be held in the NRC Phillips BMA 
ing - Conference Room. 7900 Norfolk Ave., Bethesda, MDA. 
ABHP Continuing Education Credits are being requested.' 

For further information contact Jim Spahn, 657-2652. 

Request for Nominations for BWC 
Officers 

Ballots for the following Baltimore-Washington Chapter 
offices will be mailed to Chapter members in mid-March: 
President-elect, Secretary, Treasurer and Director. Sugges-
tions for nominations for these positions may be made prior 
to 20 February, to Mike Wangler, Chairman, Nominating 
and Election Committee (Tel. W: (202) 366 4498, H: (202) 
483-1561). 

Mr. Thomas G. Hobbs * CHP 
221 Rolling Road 
Gaithersburg, MD

.7 
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