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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WASHINGTON, D.C. 20506 

August 29, 1 9 8 6  

Dear Dr. Johnson: 

The enclosed Science Panel Report No. 4 "Radon Protection and Health 
Effects" resulted from recognition by the member agencies that the problem 
of indoor radon is of national importance and is one requiring the type of 
multiagency examination that the Committee on Interagency Radiation Research 
and Policy Coordination (CIRRPC) is able to provide. Eight Federal agencies 
were represented on the science subpanel charged to identify and address the 
technical questions involved. Information was also gathered from meetings 
of both the subpanel and Science Panel with the other agencies working on 
the problem. We also had the benefit of a briefing by six of the agencies 
addressing the issue of indoor radon at the Office of Science and Technology 
Policy on May 8 ,  1 9 8 6 .  

Many of the recommendations in the report are being implemented by the 
Federal agencies. We believe these recommended actions can be accomplished 
w i t h  continued cooperation and coordination among the Federal agencies, 
S t a t e s  and industry. Existing legislation and authorities appear 
sufficient. However, CIRRPC will continue to follow developments as may be 
necessary. 

Sincerely ynours, 

Alvin L. Young 
Senior Policy Analyst for 
Life Sciences 

Chairman, CIRRPC 

ALY/lb 
Enclosure 

Dr. Richard G .  Johnson 
Acting Director 
Office of Science and Technology Policy 
Executive Office of the President 
Washington, D.C. 20506 
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COMMITTEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

1019 Nineteenth Street, NW, Suite 700 
Washington, D.C. 20036 

August 27, 1986 

Dr. Alvin L. Young 
Chairman, CIRRPC 
Office of Science and Technology Policy 
Executive Office of the President 
Room 5005 
New Executive Office Building 
Washington D.C. 20506 

Dear Dr. Young: 

The report by the Science Panel of the Committee on Interagency 
Radiation Research and Policy Coordination (CIRRPC) entitled "Radon 
Protection and Health Effects" is submitted for publication. Comments from 
member agencies of CIRRPC were considered in preparing the enclosed final 
report to be published as Science Panel Report No. 4. 

. 

The Science Panel notes that much of what is recommended in the report 
is being addressed by those agencies most involved with the indoor radon 
issue. 

Sincerely, 

Randall S .  Caswell, Chairman 
Science Panel 
CIRRPC 
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PREFACE 

In February 1985, the Executive Committee of the Committee on Interagency Radiation Research and Policy 
Coordination (CIRRPC) agreed to establish a Science Subpanel to review the Federal Government’s activities on 
the radiation protection problem of exposure to naturally occurring radon in homes and buildings The objec- 
tive of the subpanel effort was to develop a basis for a Federal consensus on environmental radon exposures, 
o n  the magnitude of health effects, on possible action levels, and on cost effective remedial actions, among oth- 
er issues. Since April 1985, the subpanel has developed five papers pertinent to the indoor radon problem that 
concisely present the background, discussion and recommendations on scientific issues that have Federal re- 
search and possible policy implications These issue papers constitute the body of this report 

The subpanel finds that all five issues are critical to a scientifically based Federal response to the current 
anxiety over indoor radon, and it would not be appropriate to assign priorities to these issues. 

The emphasis in the report is o n  radon in housing and, although the generic term “indoor radon” is used. 
other factors not considered by the subpanel would need to be developed in order for  the report to be applicable 
to occupational exposure in commercial buildings and factories. 



I. Introduction 

Exposure to radon has been a public health con- 
cern for the past thirty years. Initially, the concern 
was focused on the exposure to underground uranium 
miners and the increased incidence of lung cancer in 
those miners for whom estimates of exposure to ra- 
don were high Later. elevated radon levels were dis- 
covered in buildings associated with enhancements 
from various technological activities, e.g., the use of 
uranium mill tailings in building construction or the 
use of reclaimed phosphate-mined land for residen- 
tial and commercial development. In recent years, 
high indoor radon levels, which appear to be a re- 
sult of entirely natural sources, have been found in 
some locations throughout the United States. For ex- 
ample, certain houses in Pennsylvania have indoor ra- 
don levels much greater than that comparable to 
Federal occupational standards These houses are in 
a geological province known as the Reading Prong, 
which extends from eastern Pennsylvania, through 
northern New Jersey into southeastern New York. 
This finding has received considerable public atten- 
tion and raised questions about the extent and 
seriousness of the indoor radon problem in the United 
States Because this source of radiation exposure is 
basically of natural origin, associated policy questions 
are somewhat different from those where contamina- 
tion of building sites results from industrial activity. 

The National Council on Radiation Protection 
and Measurements (NCRP) model and risk coefficients 
predict (based on 1975 vital statistics) that about 9,000 
of the 87,000 lung cancers that year may be attributed 
to natural levels of environmental (mostly indoor) ra- 
don exposure (NCRP 84) Other published papers sug- 
gest that up to 5 %  to 30% of lung cancers may be 
attributed to radon exposure. The limited available 
data indicate that approximately one percent of the 
general population may experience radon exposures 
that would not be tolerated occupationally. Lifetime 
occupancy of some structures would involve unac- 
ceptably high individual risks of lung cancer. 

Among the scientific questions that must be ad- 

dressed are those concerning 1) the adequacy of ex- 
isting health risk estimates; 2) the basis for standards 
and guidance for remedial actions; 3) the ability to 
identify specific areas that are likely to have unusually 
high radon levels; 4) the extent to which U.S popula- 
tion exposures are known; and 5 )  the availability of 
technology to mitigate or control elevated indoor ra- 
don levels. Among the related policy questions that 
must be addressed are at what level@) should remedial 
action be recommended, and who is responsible for 
and who will pay for the monitoring and the remedial 
actions. 

The purpose of this report is to identify and 
discuss several important issues related to these ques- 
tions and to recommend certain Federal actions that 
can assist in obtaining suitable answers. In attempting 
to define and address these issues, the subpanel has 
recognized that several important aspects of the poten- 
tial public health problem associated with indoor ra- 
don exposure are not well known or have large 
associated uncertainties. Neither the distribution of 
exposures nor the effects of environmental levels on 
the general population in the United States are well 
known, making predictions of lung cancer incidence 
due to radon exposure very tenuous. Extensive 
epidemiological data exist only for adult male min- 
ing populations at relatively high levels of exposure, 
and direct application of these data to lower exposure 
levels and to a general population of all ages and both 
sexes is questionable, but necessary 

Knowledge of the frequency distribution of ra- 
don exposures across the U S population is based on 
a paucity of data. Not only is this information a 
necessary component of the information needed to 
evaluate the potential consequences to public health, 
but also it is useful in determining the effects and 
possible health impacts due to changes in building 
use patterns and technologies (e.g., energy conserva- 
tion) and in providing a baseline for evaluating the 
potential economic and social consequences of any 
adopted policies. 
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11. Issues 

A. Are risk projections based on 
epidemiological studies of miners 
adequate for the general population? 
Background: 

Lung cancer studies of miners exposed to air- 
borne radon progeny have been reviewed recently by 
the NCRP (NCRP S4) ,  the National Institute for Oc- 
cupational Safety & Health (NIOSH) (NIOSH 85), and 
Thomas and McNeill (Th 82). Seven studies in the 
NIOSH review (NIOSH 85)  contain exposure infor- 
mation o n  individual miners, and these all indicate 
an exposure/response relationship, i e., as exposure 
increased so did the risk of lung cancer. Another six 
studies in that review suggest an increased risk of lung 
cancer in radon-exposed miners, but the data are not 
adequate to define an exposure/response relationship. 
Some studies (NIOSH 85; Ho 85; Mu 83; So 85) show 
increased risks in miners at cumulative exposures of 
less than 120 Working Level Months (WLM).* Reported 
absolute risk coefficients ranged from 2 to 50 extra 
lung cancer deaths per 1 million miners per year per 
WLM. Reported relative risk coefficients range from 
0.3% to 4% of the usual lung cancer risk per WLM 
of exposure (see Attachment). 

Two recent case-control studies (Ax 79; Ed 83; 
Ed 84) of persons dying from lung cancer and those 
dying from causes other than cancer have been con- 
ducted with reference to variations in radon levels in 
Swedish houses. The study of Axelson, et al. (Ax 79) 
gives some indication of an excess incidence of lung 
cancer for those persons who lived in houses 
characterized as likely to have elevated radon levels. 
However, no  numerical risk coefficients were devel- 
oped. In the second study (Ed 83; Ed 84) radon 
daughter measurements were made in houses so that 
a risk coefficient could be estimated. The derived risk 
coefficient is i i a  inconsistent with the miner data. 

* The customary units of measure of radon decay products 
are the Working Level (WL) equivalent to a concentration hav- 
ing a potential alpha particle energy release of 1 3 x 105 MeV 
per liter of air and the Working Level Month (WLM) which is 
defined as exposure to an average of one WL for a working 
month of 170 hours Continuous exposure in a house with 1 
WL would result in an accumulated exposure of about 50 WLM 
each year Throughout this report we have referred to radon ex- 
posure synonymously with exposure to radon decay products 

. 

Discussion: 
There are lung cancer data showing increased risk 

at high cumulative occupational exposures to radon 
down to cumulative exposures of about 40 WLM. 
There are also minimal data on risk associated with 
radon exposure in houses. At face value, the limited 
housing data available suggest that estimates of risk 
from studies of miners may be applicable to estimating 
the risk from radon in housing without extensive 
modification. However, the housing data are very 
sparse and can only be taken as suggestive. Additional 
studies are needed to improve these estimates and re- 
duce the uncertainties. 

At the present time it is necessary to apply risk 
projections from studies of miners to estimate the risk 
to the general population from indoor radon. Dif- 
ferences between mining and nonmining en- 
vironments should be considered in making such 
projections and estimating their uncertainties. 

Among miners exposed to airborne radon pro- 
geny, there is an increase of lung cancer for both 
nonsmokers and cigarette smokers, although lung can- 
cer may appear later in nonsmokers than in smokers 
There is disagreement as to the relationship between 
radon risks to smokers versus nonsmokers. The nature 
of this relationship is an extremely important ques- 
tion, as it has a significant impact on estimates of 
overall radon risk. 

It is not clear which risk projection model is most 
appropriate for making projections from higher to 
lower cumulative exposure levels that afp encountered 
in houses. However, the traditional relative risk pro- 
jection model with lagging of cumulative exposure 
by about ten years probably gives estimates that are 
easiest to justify at this time, even though it does not 
account for evidence that the risk per unit of exposure 
is higher at low cumulative dose than at high 
cumulative dose. 

Extrapolation of risk data derived from miners 
may overestimate or underestimate risks in the general 
population. Thus, the radon risks of the general 
population are not well defined, and additional 
epidemiologic research on lung cancer, radon in hous- 
ing, and cigarette smoking is needed. To partially meet 
this need a study of lung cancer rates in females has 
recently been initiated by the Department of Energy 
(DOE) in eastern Pennsylvania, and several other 
studies are contemplated. The only alternative for 
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defining risk at lower levels is the development o f  
mechanistic models o f  cancer induction, which is a 
long term effort now in progress This alternative re- 
quires not only a better definition of the lung cells 
at risk but also an understanding of the radiation in- 
teractions and effects within them 

Recommendation: 
Because of  the importance of valid risk estimates 

in assessing health consequences resulting from in- 
door radon exposures, research should be accelerated 
in the following three areas. 

1 Additional, well-designed epidemiological 
studies of lung cancer and radon progeny exposure 
in housing, including consideration of smoking 
histories. Case-control studies are especially needed. 
(If there is a multiplicative relation between radon 
daughter exposure and smoking, the absolute risk 
from radon would be much greater in smokers than 
in nonsmokers ) 

Tests of risk projectiotdanalytic models by 
application to data from occupational studies of 
groups with and without exposure to cigarette smok- 
ing and a range of radon progeny levels. 

Basic research into the mechanisms of lung 
cancer induction by alpha radiation, development of 
mechanistic models of radiation-induced lung can- 
cer, and better definition of the cells at risk in the 
respirator!. tract and the radiation interactions with 
them 
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B. Is it appropriate to establish levels 
of indoor radonlradon daughter con- 
centrations to guide State and local 
governments and individuals with re- 
spect to possible remedial action? 

Background: 
Currently, no standards or general guidance that 

specifically address natural levels of indoor radon have 
been established by government agencies. Standards 
and guides that do exist were developed for specific 
cases where radon levels have been enhanced above 
expected natural levels as a result of mining or  ore 
processing Limited standards or guides have been 
promulgated for specific problems in Montana, Col- 
orado. Florida, and New Jersey. The Public Health Ser- 
vice and the Environmental Protection Agency (EPA) 

have been the primary sources for such guides EPA 
has provided standards and guidance on radon levels 
pertaining to tailings arising from uranium milling and 
reclaimed phosphate land. 

The guidance issued by EPA for technologically 
enhanced radiation has varied from case to case and 
has ranged from .01 WL to .03 WL. In some cases 
the standards were relative to background levels; in 
other cases the standards were absolute values 
Guidelines issued by the Surgeon General of the 
Public Health Service for cleanup of uranium mill tail- 
ings in and around structures in Grand Junction, Col- 
orado, recommended a graded scale of remedial 
actions. greater than 0.05 WL, remedial action in- 
dicated; from 0.01 WL to 0.05 WL, remedial action 
may be suggested; less than 0.01 WL, no action in- 
dicated. These values referred to levels in excess of 
natural background levels for the Grand Junction area. 
These recommendations did not establish a time 
frame for taking remedial actions. 

Discussion: 
The absence of any Federal standards or guidance 

for naturally occurring radon levels leaves states and 
other agencies faced with immediate problems, such 
as the Reading Prong, with the difficult task of 
establishing them on their own. The states must re- 
spond to concerned homeowners who need to 
understand what the levels mean and what they might 
do about them. In doing so, the states are faced with 
a dilemma. They cannot cite a Federal standard for 
naturally occurring radiation, but cannot ignore EPA's 
standards for technologically enhanced radiation 
levels Because EPA is frequently perceived as the 
authority for all environmental issues, states may find 
it controversial to adopt recommendations other than 
those proposed by EPA 

Extensive surveys of indoor radon concentrations 
in homes in Pennsylvania have indicated a wide range 
of exposures, with some homes exceeding 1 WL and 
the highe'st in excess of 10 WL. Various remedial ac- 
tions are now being studied in a number of these 
homes to determine practical methods of reducing 
excessive radon levels The wide range of situations 
to be dealt with and the current lack of proven cost- 
effective mitigation methods may make it impractical 
to recommend any single action level for remedial ac- 
tion in existing homes. Another approach that may 
be more effective would be to develop guidance 
associating different urgencies for remedial action 
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with different levels of exposure In addition, a dif- 
ferent kind of guidance is probably appropriate for 
new construction, where it should be easier to reduce 
future indoor radon levels than in existing homes. 
This would be more of a design guide than an action 
recommendation 

It  should be understood that, even if all U S  
homes met the recommended action levels, the overall 
incidence of lung cancer attributable to radon ex- 
posure would not be completely eliminated. Much of 
the population risk would be incurred by the large 
number of people in the lower exposure categories, 
rather than the small number of individuals with high 
exposures, if effects are assumed to be proportional 
to exposure down to the lowest exposures. Thus, any 
actions resulting from the limitation of radon daughter 
exposure in existing structures could substantially re- 
duce the individual risk for some people but may not 
markedly reduce the overall population risk How- 
ever, research could lead to actions designed to af- 
fect the future housing stock, e g , design guides or 
modification of building codes and construction prac- 
tices, which may reduce the population risk in the 
long run. 

Recommendation: 
A Federal consensus on recommended action for 

indoor radon control is urgently needed and should 
be established. As an alternative approach to a single 
action level, consideration should be given to a graded 
response that associates different urgencies for 
remedial action with different levels of exposure 
Design guides for new housing should be developed. 

C. Is  sufficient information available 
on ground sources of radon and 
transport mechanisms to estimate the 
radon exposure potential of sites of 
existing structures and new construc- 
tion? Can “hot spots” be identified 
from evaluation of geological, soil, 
and aeroradiometric data? 

Background: 
Radon is a disintegration product of radium. In 

those structures where indoor radon levels are of con- 
cern. the radon source is usually radium in the 
ground The range of radium concentrations in soils 

of most of the United States has been determined, but 
little information relates radium concentrations to soil 
types or the rocks from which those soils are derived. 

Several characteristics of soil and rock determine 
the degree to which radon can escape from the solid 
material and move to the interface with a building: 
emanating power, porosity, moisture content, diffu- 
sion coefficient, and perm’eability Radon can move 
rapidly through channels and fractures. Fractured 
crystalline rocks are known to be radon sources for 
the most radioactive ground waters and for some of 
the highest indoor radon concentrations yet found 
in the United States. Modeling of radon flow through 
fractures is progressing 

It is well established that the important radon 
pathways into buildings are through porous blocks; 
cracks and joints in concrete and masonry walls and 
foundations; and crawl spaces, sumps, and penetra- 
tions by where the radon availability is extremely 
great. Diffusion through the important pathways may 
be significant, but pressure-driven flow caused by 
stack effects, wind-pressure differentials, and 
barometric pumping is thought to predominate. 

Discussion: 
As the evidence mounts to show that naturally 

occurring radon problems are widespread, the ques- 
tion of predicting possible problem areas must be ad- 
dressed. Since it is not practical to test all houses and 
not all new construction need incorporate radon 
proofing techniques, efforts and resources should be 
focused on those areas that are more likely to have 
the potential for elevated levels 

Ideally, it would be best to be able to be very 
specific in characterizing radon availability. A great 
deal of time, effort and money would be saved if 
reliable characterization could be made for areas as 
small as one square mile This is probably an 
unrealistic goal. On the other hand, if the characteriza- 
tions are too gross, e.g.. entire states, it may be finan- 
cially and politically impossible to institute an 
effective control and mitigation effort. At the same 
time, it is very difficult for any agency to contemplate 
taking definite actions without having the ability to 
identify what areas are likely to be affected 

Characterization of the radon potential o f  areas 
is going to be a difficult task Yet, without this 
capability, dealing with radon problems will be on 
a case by case basis as areas are identified more or 
less through random discoveries 
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Although a national sampling survey should re- 
veal some locations where indoor radon problems are 
unusually great and others where they are unusually 
minor, what is needed is a scientifically based meth- 
od of predicting a locality's radon exposure poten- 
tial. This evaluation of a locality could then be used 
to determine the need for intensive sampling of ex- 
isting structures and to determine the design re- 
quirements for new construction 

Research t o  quantifi the effect of  various building 
factors on radon entry is active at some DOE facilities 
and universities in the llnited States and at govern- 
ment and academic institutions in other countries. 
A method of determining the total efficiency of 
transport of radon into a given building may emerge 
from this research When this knowledge is coupled 
with knowledge of the availability of radon from the 
soil at the building's intended location, it should be 
possible to determine the potential for elevated in- 
door radon A desirable end is to characterize a giv- 
en soil or rock by some index of radon availability 
at the building interface Such an index would better 
characterize the intrinsic hazard of a given location 
than would determining the actual frequency of 
houses containing excessive radon near that location, 
because the design and construction strongly affect 
the degree to which radon enters a building The 
weakest link in the development of such a predictive 
capability is insufficient knowledge of the correlations 
among soil and rock units and the soil parameters that 
determine radon availability 

I 
I 

Recommendation: 
The ability to predict radon exposure potential 

of building sites is crucial to an effective control and 
mitigation program A Federal program dedicated to 
development o f  a predictive method should be in- 
itiated as soon as possible, in order to anticipate ra- 
don exposure l e~~e l s  at sites o f  new housing 
developments and to influence design and construc- 
tion standards where exccssive radon exposure levels 
are likely 

As part of this program, research should be con- 
tinued (1) to relate various soil and rock factors to an 
index o f  radon availability and (2) to quantify the ef- 
fects o f  various details o f  building construction on 
the efficiency o f  transport of radon into buildings 
The validation of predictive methods needs to be stud- 
ied in some areas where intensive indoor radon sampl- 
ing has been accomplished 

i 
I 

Appropriate coordination with state and local 
governments and the private sector will be needed 
in the conduct of this research to assure that this in- 
formation will be effectively utilized, whether in the 
form of advice or guidance, or as inputs to modifica- 
tions in building codes. 

D. Are U.S. population exposures suf- 
ficiently well-known and if not what 
is needed to determine them? 

Background: 
A knowledge of the frequency distribution of in- 

door radon concentrations in U.S. housing is required 
t o  assess the overall radon exposure of the U.S. 
population and consequences to public health N o  
such study has been made. Data for the U.S. published 
prior to 1984 have been analyzed at the Lawrence 
Berkeley Laboratory (LBL) (Ne 84).  This analysis in- 
dicates that U S. exposure rates to indoor radon range 
from levels typical of ambient outdoor air, about 0.001 
WL. to as high as 15 WL with an average of about 
0.008 WL It can be inferred from the report that 
about ten percent of all U.S. single-family dwellings 
contain radon concentrations that may exceed 0.02 
WL and a few percent exceed the recommended 
remedial action threshold levels of the NCRP (about 
0 4  WL) and International Commission o n  

Radiological Protection (ICRP) (0.054 WL). It should 
be emphasized that these data are from scattered 
studies and cannot be relied upon as representative 
o f  the entire country. 

National surveys have been conducted in other 
countries, including Canada, Sweden, Federal 
Republic of Germany, Austria, France, Finland, 
England, and Italy A comparison of the LBL study 
with the results of these surveys suggests that the U.S. 
distribution may be shifted to somewhat higher levels 
than those for most of the other countries. 

A national study would permit valid inferences 
for houses in the U S. It should provide a description 
o f  radon concentrations in indoor air, as well as a 
charxterization of factors associated with elevated 
levels and essential data for evaluating the potential 
economic and social consequences of options for for- 
n u l  guidance or recommendations on remedial ac- 
tion at the Federal, state, or local level Finally, such 
a survey would provide valuable baseline data for 
determining the impact of such actions as they are 
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implemented Future studies may well be warranted. 
but i t  would be most unfortunate if there were no 
reliable data establishing current conditions for com- 
parison 

Discussion: 
The principal objectives for a national survey 

would be: 
1. to construct an adequate distribution of radon 

concentrations in indoor air for U S housing and to 
define a corresponding exposure distribution, 

2 .  to investigate those characteristics of houses 
and their siting that can produce high levels of ra- 
don  (e.g., local geology, construction methods and 
materials, and household water supply) and the ef- 
fects of these characteristics, and; 

3. to provide data for validation of geological 
based predictive methods for areas where houses with 
high radon concentrations are more likely to be 
found. (See Section I1 C ) 

Because of geographical size and number of 
houses, for sampling, the country must be divided 
into regions, with the number and boundaries of these 
regional divisions carefully considered. Each region 
must have a sufficiently large sample to adequately 
characterize its concentration distribution The pro- 
portion of the population above various possible ac- 
tion levels cdn be expected to vary from one region 
to another 3leasurrments should provide an estimate 
of the long term average concentration rather than 
an instantaneous one, since health effects are related 
to cumulative exposure over an extended period of 
time. The design of the study should also include 
measurements to support such goals as testing predic- 
tive methodology or finding “hot spots.” Such addi- 
tional goals must be intentionally incorporated into 
the study design; they will not be met by chance 

Recommendation: 
A national indoor radon survey needs to be con- 

ducted as soon a5 possible. An approach yielding 
results within 1-2 years should be given careful con- 
sideration, perhaps as a supplement to a larger scale, 
statistically more reliable effort. 

E. Does the technology exist to pre- 
vent accumulation of high indoor ra- 
don levels in structures? 

Background: 
Radon that enters buildings comes primarily from 

the soil on which the building is located, although 
in some cases the construction materials o r  the wa- 
ter supply can be a significant source There are basi- 
cally two options for preventing high radon 
concentrations from developing within the living area 
of a building. The first option is to prevent the ra- 
don from reaching living areas either by creating a 
barrier between the source of the radon and the 
building interior, or by providing a path that diverts 
the radon to the outdoors before it  can reach the ac- 
tual living areas. The second option is to remove that 
radon that does reach the living areas or the resulting 
decay products either by dilution ventilation or by 
air cieaning. 

Various techniques and materials are currently be- 
ing tested to determine their effectiveness in either 
removing radon from the interior of a building or in 
preventing entry of radon into the interior spaces. For 
example, several types of foundation are being tested 
in Florida to see if they provide long-term radon pro- 
tection for new construction. 

Among the remedial approaches being tested are 
sealants, radon barriers, and venting systems. The 
sealants are designed primarily for interior use and 
are used to fill cracks, joints and other slab or wall 
openings that allow radon into the interior. The ra- 
don barriers are used on both interior and exterior 
walls and floors and include epoxy paints and 
polymer membranes At least four different venting 
systems are being investigated. venting hollow block 
walls, above slab venting, sub-soil venting, and balanc- 
ed air-to-air heat exchangers 

Discussion: 
The design of mitigation measures for elevated 

radon levels should be simple, reliable, effective and 
inexpensive as possible. Ideally, the remedial measures 
should be ones that the homeowner could perform 
These measures should require little o r  no  
maintenance; should not be prone to “corruption“ 
by homeowner activities, and should be relatively 
long lasting. 

In regard to new housing, it should be noted that 
the home building industry is a very fragmented, 
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relatively unsophisticated, high economic risk in- 
dustry For this reason any measures designed t o  pre- 
vent radon entry into a house should utilize existing 
technology and practices as much as possible Almost 
W% of all single family houses are constructed by 
builders who do  less than 10 units a year, many do 
only one or two houses a year. These are builders who 
haven’t had the time or the money to experiment with 
new technology or exotic building techniques If ra- 
don mitigation measures are to be installed correct- 
1): it  will be important to use materials and practices 

that 3re familiar t o  builders 

Recommendation: 
Remedial and mitigation measures must be as 

simple, reliable. effective and inexpensive as possible 
Handbooks need to be developed that provide gui- 
dance for applying remedial measures to existing 
structures and criteria for new building design and 
construction This assistance to State and local govern- 
ments and t o  the building industry is needed now 
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111. Summary and Conclusions 

Risk estimates suggest that about ten percent of 
lung cancers in the United States may be attributable 
to radon exposure, mostly indoors. However, this risk 
is not sufficiently well defined, nor is the frequency 
distribution of exposures across the U S population 
There are also many unanswered questions associated 
with the definition of exposure levels at which ap- 
propriate remedial action should be undertaken, the 
identification of areas where high indoor radon ex- 
posures are more likely, the prediction of radon ex- 
posures in future housing, the technology for 
remediation of exiting homes, and the development 
of design criteria for new construction. 

The recommendations developed in the body of 
this report in response to these questions and uncer- 
tainties are summarized as follows: 

(1) Because of the importance of valid risk 
estimates in assessing health consequences resulting 
from indoor radon exposures, research should be ac- 
celerated in the following three areas. 

a. Additional, well-designed epidemiological 
studies of lung cancer and radon progeny exposure 
in housing, including consideration of smoking 
histories. Case-control studies are especially needed. 

b Tests of risk projectiodanalytic models by ap- 
plication to data from occupational studies of groups 
with and without exposure to cigarette smoking and 
a range of radon progeny levels. 

c. Basic research into the mechanisms of lung 
cancer induction by alpha radiation, development of 
mechanistic models of radiation-induced lung can- 
cer, and better definition of the cells at risk in the 
respiratory tract and the radiation interactions with 
them. 

(2) A Federal consensus on recommended action 
for indoor radon control is urgently needed and 
should be established. As an alternative approach to 
a single action level, consideration should be given 
to a graded response that associates different urgen- 
cies for remedial action with different levels of ex- 
posure. Design guides for new housing should be 
developed. 

(3) The ability to predict radon exposure poten- 
tial of building sites is crucial to an effective control 
and mitigation program. A Feded  program dedicated 
to development of a predictive method should be in- 
itiated as soon as possible, in order to anticipate ra- 
don exposure levels at the sites of new housing 

developments and to influence design and Construc- 
tion standards where excessive radon exposure levels 
are likely 

As part of this program, research should be con- 
tinued to relate the various soil and rock factors to 
an index of radon availability and to quantify the ef- 
fects of various detaiis of building construction on 
the efficiency of transport of radon into buildings. 
The validation of predictive methods needs to be stud- 
ied in some areas where intensive indoor radon sampl- 
ing has been accomplished. 

(4) A national indoor radon survey needs to be 
conducted as soon as possible An approach yielding 
results within 1 or 2 years should be given careful 
consideration, perhaps as a supplement to a larger 
scale, statistically more reliable effort. 

(5) Remedial and mitigation measures must be 
simple, reliable, effective and inexpensive as possible. 
Handbooks need to be developed that provide gui- 
dance for applying remedial measures to existing 
structures and criteria for new building design and 
construction. This assistance to State and local govern- 
ments and to the building industry is needed now 

The issues and recommendations presented in 
this report address only the most urgent aspects of 
the overall radon problem that involve possible 
Federal action. Other issues that should be address- 
ed include the assurance of quality in radon and ra- 
don progeny measurement through the appropriate 
collaboration of government at all levels, research 
laboratories, and the private sector. Also, there is the 
potential conflict between the legitimate need for 
privacy for the individual homeowner and the 
freedom-of-information requirements in the FederA 
government. 

The Panel endorses the significant steps taken by 
the Federal Committee on Indoor Air Quality through 
its Radon Workgroup to develop mechanisms for in- 
teragency collaboration in the development and con- 
duct of a coherent Federally-sponsored radon research 
program. A detailed and comprehensive research 
strategy is needed. 

The Panel sees a clear role for the Fedetal govern- 
ment in responding to the issues defined in this re- 
port, but a clarification of each agency’s role and 
mission is needed. However, Federal response to the 
issues does not appear to require expansion of existing 
Federal authorities. Both basic and applied research 
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is needed to answer the outstanding scientific ques- 
tions. and the resulting information needs to be pro- 
perly conveyed to the public so that individual 
homeowners can make informed judgments Efficient 
technology transfer to the private sector will allow 
the rapid application of state-of-the-art technology to 
public needs State and local governments need gui- 
dance and assistance from Federal agencies in address- 
ing their particular problems in a consistent and 
scientifically supportable manner Finally, the possi- 
ble health and socioeconomic effects of the applica- 

tion of energy conservation technology in U S. 
housing need to be better defined, as they may prove 
to be an important influence on national energy 
policy. I t  is likely that the scientific information 
generated over the next 5-10 years will provide a firm 
basis for the amelioration of existing problems and 
the routine application of appropriate housing design 
features and cost-effective radon control measures in 
new housing. Thus, the indoor radon problem 
discussed in this report, while potentially quite serious 
in nature, appears to be a soluble one 
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ATTACHMENT 

RISK STUDIES 

Study 
Population 

U.S. Uranium 
Miners 
( 3 3 6 2  WM)* 

Absolute Relative Mean 
Risk Risk % SMR Exposure 

(per 1O6PY/WLM) (per WLM) (CWLM) 

- 482 82  1 - 
3.52 0.45 630 1,180 

- - - 2.7-8.0 
- - - 0.3 1 

30 - 1.4 - 
- 0.90  - 120 

Collective 
Follow-up in 

Person 
Years Reference 

62,556 ( I S ) *  * NIOSH 85 
32,196 Th 82  
32,196 (19)  NCRP 84 

- Wh 83 
- Ho 86 

H o  86 - 
~ ~ ~~~~ 

Czech - - 496 289 56,955 ( 2 6 )  NIOSH 85 
Uranium 16.82 1.92 70 1 313 32,215 ( 2 6 )  Th 82  

56,955 ( 2 3 )  NCRP 84 Miners 4.6-2 2.6 - - - 
( 2 4 4 3  M) 

Ontario 3-7 0.5-1.3 144 40-90 202,795 ( 1 3 )  NIOSH 85 
Uranium 9.59  3.97 243 36 15,094 (7)  Th 82  
Miners 

- Mu 83 (15,984 M) 
3.8- 1 1.1 - - - - ( 1 5 )  NCRP 84 
2.5- 10.2 0.9-3.2 - 31-131 

Saskatchewan 20.8 3.28 - 20.2 118,34 1 H o  85 
Uranium 
Miners 
(8487 M) 

37,730 (30) NIOSH 85 
Fluorspar 17.82 2.3 671 204-248 16,845 ( 2 0 )  Th 82  

( 2 1 2 0  M) 

Newfoundland 5.5-6.0 - 427 - 

Miners 18 - - - - (65) NCRP 84 

Malmberget 19 3.6 390 81.4 24,083 (44)  NIOSH 85 
Miners 5.53 2.2 1 474 170 1 1,797 Th 82  
(1294  M) 22.3 3.0 - 85 13,332 (16) NCRP 84 

Kiruna 
Miners 

2.72 1.74 291 110 1,900 ( 1 5 )  Th 82  
7 - - 36 32,900 ( 1 5 )  NCRP 84 

- - Jo 84 9.2-13.1 - - 
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ATTACHMENT (continued) 

Collective 
Follow-up in 

Study Absolute Relative Mean Person 
Population Risk Risk % SMR Exposure Years Reference 

(per 1O6PY/WLM) (per WLM) (CWLM) (PY) 

Zinkgruven 3 0 . 4 0  2 . 8 2  862 270 4 , 8 6 6  Th 8 2  
270 2 , 1 5 5  ( 3 9 - 4 8 )  NCRP 8 4  2 Miners 3 0 . 4  - - 

Chinese 
Tin 
Miners 
( 1 2 , 2 4 3  M) 

- 1,451 716 - NIOSH 85 
- 4 3 6  140 - NIOSH 8 5  

NIOSH 8 5  - - Grangesberg 30-40 - 1,150 
Miners 

U . S .  Metal - - 2 9 2  - 2 5 , 0 3 3  NIOSH 8 5  
Miners 1.99 0 . 3 1  2 9 2  620 2 5 , 0 3 3  Th 8 2  

Cornwall 
Tin Miners 
( 1 . 3 3 3  M) 

2 1 1  15-257 2 7 , 6 3  1 NIOSH 8 5  - - 

Niobium 
Miners 
(124  M) 

5 0  - 4 0 5  437 2,970 So 8 5  



ATTACHMENT (continued) 

Absolute Risk - Expression of the coefficient of increased risk of lung cancer death as the absolute 
number of cases per unit exposure in a given time period. 

Relative Risk - Expression of the coefficient of increased risk of lung cancer death as the frac- 
tional increase in the “spontaneous” lung cancer rate per unit exposure. 

SMR - Standard mortality ratio. 

CWLM - Cumulative working level months. 

Collective 
Follow-up in 
Person Years - The length of time members of the study population have been under observation. 

NB The number of years of follow-up assigned to an individual varies between 
studies, i.e. some studies exclude a 10 year latent period from the collective follow- 
up; others start counting from first exposure to radon daughters. 

* The number of miners in the study is listed in the parenthesis ( 

The average years of follow-up are listed, if given. 

) - WM-White Males, M-Males 

* *  
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