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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
.Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the

University of California.
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ABSTRACT

Indoor exposures te daughters of radon 222 contribute significantly
to the radiation dose that .the general public receives.  Controlling such

. exposures 1s complicated by the fact that indoor radon concentrations vary

substantially from one geographical area to another and even from one home
to another; the major cause of this variation appears to be the source mag-
nitude, defined as the rate at which radon enters the home. Even for con-
centrations considered to be typical in U.S. housing, ‘the attendant risk.
of lung cancer that may be estimated, although relatively low, is suffi-
cient to warrant attention. Moreover, for the small proportion of the
population living in homes where radon concentrations are much higher than
average, the risk of developing cancer could be increased a few percent
over their lifetime. Survey programs and air quality standards should

be designed to give special attention to those at high risk.

.

Keywords: air quality standards, indoor concentrations, radiation expo-
sure limits, radon



Ay

Indoor exposures to daughters of radon 222 contribute significantiy
to the radiation dose that the general public receiyes;"Contfolling such
exposures is complicated by the fact that indoor radon concentrations vary
substantially frdm one geograpﬁiéal'area to another and even from one home
to another; the major cause of this yariation appeafs to bé the source mag-
nitude, defined as the rate at which radon enters the home., Even for con-
centrations considered to be typical in U.S. housing, the attendant risk
of lung canéer that may be estimated, although relatively low, is suffi-
cient to warrant attention. Moreoyer, for the small proportion of the
population living in homes where radon concentrations are mucﬁ higher than
average, the risk of developing cancer could be increased a few percent
over their lifetime. Survey programs and air quality standards should
be designed to give special attention to those at high risk.

Lawreﬁce Berkeley Labofatory has ﬁeasured radon and radon daughter
concentrations, and concurrent infiltration rates, in conventional and
energy-efficient houses throughout the U.S. Radon concentrations were
found to vary over a large range (0.1 pCi/l to 20 pCi/l) and bore little
apparent correlation to infiltration rates.l Ffom measurements of radon
concentratiohs and aésociated air exchange rates, source magnitudes can
be derived. Figure,l'displays frequency distributions of source magni-
tude per unit volume for residences monitored in England2 and for a sub-
set of measurements made in the United States aﬁd Canada. Source magni-
tudes in both England and the U.S. are found to range over two to three -

orders of magnitude, and this wvariability appears to be a principal cause



of the variability obseryed in indoor radon concentrations, generally,:

Data accumulated to date in U.S. resident:es3 are not édequate
to allow characterization of ayerage radon daughter exposures or thei;
frequency distribution. Moreover, at low éxposure.levels, dose-response
factors for estimating lung cancer incidence are highly uncertain, None-
theless, estimates indicate that exposure of tne general population to
indoor radon daughtef conCentfations of 0.005 working level, a reasonably
typical.value, could account for 1000 tn 20,000 cases of lung cancer
annuallyvin the United States._4 As suggested, this rate is sufficiently
large to require its consideration in formulating codes and voluntary
standards for builders and architects. A.more urgent question, however,
is that of individuals exposed to much higher concentrations over their
lifetimes. Surveys have indicated that in some houses the exposure level
exceeds the national average by a factor of 10. For the most part, these
higher exposures are associated with unusually large source magnitudes,
which monitoring programs could be designed to identify through regional
surveys.

Whether for radon daughters or other pollutants, indoor standards
ought to givé explicit consideration to variations in source strength,
and be structured to inciude special protection for the small portion of
the population that is subjected to unusually high exposureé.’ In the
case of radon daughters, such a standard could be written in two parts:
1) a not—to—Be—exceeded concentration limit that applies to individuals
and protects against excessive risk; and 2) a lower average exposure value
that applies to populations and corresponds to an acceptable average risk.

The limit for individuals would be the basic criterion for remedial action
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in existing homes that have high radon concentrations requiring reductidn
of source strength or increase in ventilation rate. The population ex-
posure value would be based on the average costs and benefits of adopting
specific_housing design features, including those aimed at reducing radon
concentrations as well as those intended to save energy by reducing ven-
tilation rates. The fesulting average exposure goal could be achieved

by careful formulation of building standards, which could give explicit
consideration to geographic variations in source magnitude and to differ-
ences in building practice that are related to geographical region or
building type.

The wide variability observed in indoor radon concentrations appears
to be due in large part té variatioﬁ of the source magnitude over more
fhan two orders of magnitude. The risk estimated to be associated with
observed concentrations warrants substantial regulatory attention, par-
ticﬁlarly to those exposed to much higher than_average levels. 1t is
important that resulting indoor radon standards differentiate between
protection of each individual from excessive risk and achievement of

satisfactorily low average exposures.

This work was supported by the Assistant Secretary for Conservation
and Renewable Energy, Office of Buildings and Community Sysfems, Buildings
Division, and by the Director, Office of Energy Research, Office of Health
and Environmental Research, Human Health and Assessments Division and
Pollutant Characterization:and Safety Research Division of the U.S. De-

partment of Energy under Contract No. W-7405-ENG-48.
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Figure Caption

Figure 1. Frequency distribution of source maénitudes in resideﬁces; the
upper half of -the figure is based on measurements in England
(ref. 1), and the lower half on LBL data in energy-efficient
houses-throughoqﬁ the United States and Canada and in conven-

tional houses in the San Francisco area and in rural Maryland.
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