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Abstract—Data for natural radiation from a national survey were used to identify areas in Spain with
a high level of natural background radiation. Specific measurements were made in these areas to evaluate
indoor radon levels as well as the main sources of this natural gas in houses. Values of indoor radon as
high as 800 Bq m—* were measured and 39% of the houses showed levels over 150 Bqg m~3. For this area,
exhalation rates from soil range from 40Bqm~2h~! to 900 Bgm~2h~'. Normal values, lower than
10 Bq -, for radon dissolved in water were also measured. The results are examined and compared with
the values obtained in houses located in other areas of Spain.

INTRODUCTION

The results of different campaigns carried out to
measure levels of ionizing radiation have identified
worldwide a certain number of regions that have been
classified as high-level radiation areas (Kolb and
Wojcki, 1985; Swedjemark, 1986; Miles et al., 1992).
These areas are characterized by soils in which the
concentration of some radioactive elements, mainly
those in the uranium-238 series, is significantly higher
on average than that found in other parts of the
world. Owing to this composition in their soils,
high-level radiation areas show a high value for the
intensity of ionizing radiation from the ground to-
gether with a high value for radon, which through
exhalation can give rise to high concentration levels
inside houses. Nevertheless, the dependence and in-
tensity of this process with other parameters, such as
permeability of soils, makes possible the location of
areas with moderate levels of uranium and high
indoor radon.

In the first phase of our study, using measurements
taken for levels of natural radiation in Spain, we
analysed the values in order to establish the areas
with a high level of radiation. These areas were found
to lie in the four provinces in Galicia, in the provinces
of Zamora and Salamanca and in the region of
Extremadura, all of which are located in the west of
Spain, plus a smaller area in the mountains of the
Sierra de Guadarrama not far from Madrid (Quindos
et al., 1991a). This paper presents the results of
measurements made to analyse mainly the indoor
radon levels in these areas, but also include an

approach to the study of the causes that give rise to
such high radon levels.

INDOOR RADON

Two methods were used to measure the concen-
tration of radon in the air inside houses, the difference
between them being the time-scale over which the
radon concentrations were averaged. The first
method used scintillation cells which take samples of
the air inside houses. Each air sample is measured
three hours later using a photomultiplier tube and a
counter. It is an instantaneous sampling method
which is suitable for identifying high-level areas and,
if a room has been closed overnight and sampling is
performed early in the morning, the results produced
are comparable to those obtained with methods
based on mean values. This method was used in the
chosen areas to make 228 randomly distributed
measurements.

The second method of measurement involved the
use of two types of passive track etch detector: one
from Tech/Ops Landauer, Inc, U.S.A. and the other
from the National Radiological Protection Board,
U.K. Both are placed inside a house for a period of
six months and then sent for reading. Both labora-
tories have participated in international intercom-
parisons and the last one is the co-ordinator of the
exercises sponsored by the Radiation Protection Pro-
gramme of the European Community. A total of 188
detectors were placed in the houses where simul-
taneous measurements were carried out with the
scintillation cells.
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The results obtained with the two methods are very
similar (Quindos e al., 1991b) and the set gives a
frequency distribution that fits to a log-normal curve
shown in Fig. 1 with a geometric mean of 116 Bq m ™
and a standard deviation of 3.2. This value is about
three times higher than the mean value for Spain of
41 Bqm™’. The distribution of the values found by
concentration interval is shown in Fig. 2 together
with the corresponding values for the whole of Spain.
It can be seen that 12% of the houses in these areas
have concentrations between 150 and 200 Bqm~2,
14% between 200 and 400 Bqm™3, and 13% over
400 Bqm™. Overall this represents 39% of houses
with values above 150 Bq m~—>, which is considerably
higher than the national average of 13% and, there-
fore, justifies the labelling of the areas under study as
high-level natural radiation areas.

CHARACTERIZATION OF RADON SOURCES

The main contributions to indoor radon arise from
three source types:

(a) the building materials used;
(b) the domestic water supply; and
(c) the ground on which the house is situated.

Independent measurement of samples of each of these
factors was performed in order to determine which of
these sources is the main contributor to the high
concentrations found in the houses in the areas under
study.

For the characterization of the radon contribution
due to building materials used in the houses, 50
samples of materials were collected. The samples were
then encapsulated and measured by gamma spec-
trometry to determine the concentration of natural
radioactive elements, “*Ra, **Th and “K. The aver-
age concentrations of these elements were 86 Bq kg !,
60Bqkg™' and 1100 Bq kg™!, respectively, focusing
our interest on the **Ra content. While the value

percentage (%)

obtained is higher than that found in other areas of
Spain (Quindos et al., 1988), this in no way justifies
the high values for indoor radon concentration and
in all cases its contribution to the total indoor radon
in the houses is less than 20%. Nevertheless, in some
cases, especially in houses built on granite, the values
measured for the exhalation rate, some as high as
100 Bqm~h~!, could explain a contribution that
can reach percentages of over 40% of the total indoor
radon. For these houses a research project under the
Radiation Protection Programme of the European
Community is now underway.

Analysis of the concentration of radon dissolved in
domestic water supplies was made from a total of 30
samples taken from the houses in the areas under
study. Samples were collected in Marinelli beakers,
which were hermetically sealed, and then measured
by gamma spectrometry from which the radon con-
centration was calculated. The same samples also
underwent a process of radiochemical separation for
**Ra measurement. The results found indicate low
average levels for dissolved radon concentration,
below 10 Bq 17}, as is usual with water for municipal
water supplies. Nevertheless, in certain houses, the
radon concentration was found to be exceptionally
high with values up to 2000 Bq 1~!. The ***Ra concen-
tration in water shows values which can be con-
sidered normal, below 6 mBql~!. From these two
results and from the application of the mathematical
models concerning water contribution to indoor air
(Hess et al., 1990), we can say that, apart from in the
exceptional cases mentioned, water cannot act as the
main source of radon concentration and give rise to
the high indoor levels.

DISCUSSION

Given the above results, the contribution to indoor
radon must come, in general, from the soil and this
source was studied through measurement both of the
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Fig. 1. Log-normal distribution of indoor radon in the area study.
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Indoor Radon in Spain

( In Bequerels per cubic meter )

(0-55) 59%

> 400 4%
(200-400) 5%
(150-200) 4%

(55-150) 28%

Indoor Radon in ""Risk Areas"

( In Bequerels per cubic meter )

(55-150)
45%

(150-200)
9%

(200-400)
13%

Fig. 2. Percentages of houses per interval of concentration of indoor radon in the two areas studied.

concentration of the radioactive elements in the soil
and of radon gas arising from the soil. In the first
case, a total of 200 evenly distributed soil samples
were collected, encapsulated and then measured by
gamma spectroscopy. Thus, the same method was
used to determine the concentration of radioactive
elements in the soil as the concentration in building
materials. The 2*Ra content for soils showed a mean
value of 80 Bq kg~! ranging from 40 to 110 Bq kg™~
This value is approximately double that found in soils
for the rest of Spain.

To study the contribution of soil we also measured
the radon arising from soil, measurements which
inform us of the radon that finds its way into the
atmosphere. These are related to factors like the
concentration of ?Ra in the soil, to physical par-
ameters such as soil permeability, and, to a lesser
extent, to other soil variables, such as humidity or
porosity.

Of the various existing methods to measure radon
exhalation from the soil, the method we used was that
of an accumulator system placed on the ground. This
measures the increase in the concentration of radon
inside the system from air samples taken by means of
scintillation cells. A set of 30 measurements were
made over two different periods in the year. At the
same time, control samples of the soil where the
measurements were made were collected for charac-
terization in terms of the ibove mentioned physical
parameters.

The results indicate that the soils measured showed
little variability in terms of porosity with values
between 0.3 and 0.5. However, the humidity of the
samples varied from 29% to 66% in the first period
and reached values between 69% and 92% in the
second. Permeability also varied over a wide range
from 107" to 10~ cm?s~".

The results for radon exhalation yielded values
of 40 to 900 Bgm~*h~! with a mean value of
162 Bqgm~2h~!, which is higher than that found for
the rest of Spain (approximately 76 Bgm~=2h~') and
correspond basically to the first period because the
range for radon exhalation rate in the second period
was 40 to 60 Bgqm~2h~!. The radon exhalation rate

in the second period is related to the high humidity
and near saturation of the soil and, so, of a reduction
in the rate of radon diffusion through the pores
(Stranden et al., 1984). However, despite the higher
values found, when we attempted to relate radon
exhalation values with indoor radon, we found that
the correlation was not as clear cut as in the case of
the Ra content in the soil. This is most probably
connected with the dependence shown by radon
seepage on the soil parameters, which, as we pointed
out, show considerable variability.

CONCLUSION

To sum up, we can conclude that these results from
this indepth study of the previously delimited high-
level natural radiation areas in Spain have allowed us
to identify, in general, the soil as the main source of
indoor radon levels and to show the usefulness of the
measurement of *Ra concentration for the selection
of places for the development of specific studies in
order to achieve the best countermeasures that mini-
mize the risk for people living in those areas.
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