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In recent years there has been a growing interest in
the naturally occuring radiation, and in the possible
biological effects of small exposures. One of the most
interesting problems in this field seems to be the radon
concentrations in dwellings and the associated lung cancer
hazards to the population, and in this paper we will
discuss some factors that have influence upon the popula-
tion doses from inhalation of radon and its decay products
in dwellings.

RADON IN DWELLINGS AND INFLUENCING FACTORS

There are several sources of radon to the indoor air,
i.e., radon from building materials and the ground, well
water and natural gas used in the household. In Norway,
well water and gas is used very infrequently, but in some
other countries such as Finland, radon supplied from water
is a large problem (1)•

The activity concentration of radon inside a room
under steady state conditions may be expressed as:

C = E»F (1)
V"Xv

where: C = radon concentration (Bqm~ )
—2 —1E = exhalation rate of radon (Bqm h )

2

F = area of the radon source (m )

V = volume of the room (m )

Av = ventilation rate (h"
1)

Recently we measured the radon exhalation from some main
building materials. In table 1, the radon exhalation rate
pr unit radium activity concentration is shown for some
typical walls.

Measurements of the radium concentration of building
materials from the whole country indicated the following
values: Concrete: 28 Bqkg~l, Brick: 63 Bqkg""-*-, LECA:
52 Bqkg"1. For houses with walls of concrete, the ratio
F/V may be about 1.8 m"1. Using this.value, we find that
the mean radon concentration inside concrete houses in
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Norway may be between about 50 and 9 0 Bqnf 3 for venti-
lation rates between 0.3 and 0.5 h"1. These ventilation
rates may be commonly found in modern hous,es in the
Nordic countries. Recent measurements in Norwegian houses
indicated a mean value of 74 Bqirf̂  (2) in concrete houses,
which seems to be in good agreement with the values found
by exhalation measurements. The measured values in brick
and wooden buildings were 37 and 48 Eqm~3 respectively.

Table 1. Radon exhalation rate pr unit radium
activity concentration for some walls

Material Typical wall Exhalation rate
thickness (cm) (Bqm~2h~1/Bqkg~1)

0.50

0.20

0.26

The radon concentration inside rooms is highly depen-
dent on the ventilation rate. The ventilation rate is
dependent on factors such as wind speed and direction and
the temperature, while the exhalation rate is dependent
on the atmospheric pressure. The radon concentration in
houses will therefore show large variations (2,3). An
example of this is shown in figure 1.

DOSES

The doses to the respiratory system is dependent on
the radon daughter concentration. There will not be
equilibrium between the radon and its daughters because of
the ventilation and deposition of daughter products on
walls, furniture etc. Measurements (2) have indicated that
an equilibrium factor of about 0.5 may be representative
for Norwegian houses. The mean radon concentration in
Norwegian houses is about 50 Bqm~3 (2), and this indicates
that the radon daughter concentration is about 0.007 WL
(Working Levels). For a person spending 80% of his time
within doors, the annual exposure to radon daughters is
about 0.3 WLM (Working Level Months).

There are large discrepancies in the dose estimates
for the respiratory tract. The risk estimates for miners
are all given pr WLM, so this concept seems to be more
useful in evaluations of the biological effects of inhaled
radon daughters. In a recent study (4), we discussed the
possible lung cancer incidence in Norway from inhalation
of radon daughters in dwellings. From the lung cancer
statistics, and from modified risk factors we concluded
that about 30. cases pr year and 10^ persons may. be due
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to radon daughters in Norwegian dwellings. If we now use
the ICRP concept of effective dose equivalent, this indi-
cates that an exposure of 1 WLM in houses may be equi-
valent to an effective whole body dose equivalent of
10 mSv. If we adopt this, we may study the influence of
reduced ventilation upon the population doses from radon
daughters in dwellings. This is shown for a few venti-
lation rates in table 2. The values are calculated for
concrete houses, using the exhalation rate given in table
1. The values are calculated for a radium concentration
of 100 Bgkg~l> which is proposed as an excempt limit by
the OECD (5) .

2C 21 0» 01 II II 10 H 01

Figure 1. Measurements of wind speed, ventilation rate
and radon concentration in a testhouse (ref. 2)
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Table 2. The effective dose equivalent from inhalation
of radon daughters in concrete houses for
different ventilation rates» Radium concen-
tration: 100 Bqkg""1

Ventilation
rate (h~l)

0.1

0.3

0.6

1.0

Daughter
exposure
(WLM/year)

7

1.8

0.7

0.3

Effective dose
equivalent
(mSv/year)

70

18

7

3

The population effective dose equivalent from
inhalation of radon daughters in Norwegian houses today is
about 3 mSv/year. This is the largest contributor to the
population exposure, and the research on the radon problem
should be given high priority among those concerned with
the radiation protection of the population.
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