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Spain
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Radon is considered to be the main contributor to the worldwide population exposure to natural sources of radiation and so a lot
of efforts have been made in most countries to assess indoor radon concentrations. Radon exhales from the earth’s surface and is
part of the radioactive decay series of uranium, which is also present in building materials. In this work, measurements of radon
exhalation rates in building materials commonly used in the Iberian Peninsula have been carried out by using two different
methods: active and passive techniques. In the first technique, the radon exhalation rate was measured following the radon activity
growth as a function of time, by using a continuous radon monitor. The second technique is based on integrated measurements by
using solid-state nuclear track detectors and a Spark Counter reading equipment. The results obtained by both measuring
methods were found to be consistent.

INTRODUCTION

Natural radionuclides are present in the earth crust in
different amounts, as well as in earth-derived building
materials such as cement, bricks, sand, natural stones,
etc. Building materials contribute to exposure to
natural radiation by external gamma radiation from
40K, 226Ra and 232Th and by internal exposure due to
the inhalation of radon and radon decay products(1).
Enhanced levels of those natural radionuclides in
building materials may cause additional doses due to
external and internal exposure(2). Radon is considered
to be the main contributor to the worldwide popula-
tion exposure to natural sources of radiation and can
cause a significant health hazard when present in high
concentrations in the indoor air(3, 4). Its progenies,
mainly 214Po and 218Po alpha emitters, have a high
damaging potential to the lung tissue and are con-
sidered to be an increasing factor to lung cancer
incidence in humans. Furthermore, there is a consid-
erable public awareness and a growing concern in re-
lation to radon exhalation from building materials,
particularly those that are used for interior decor-
ation(5). Therefore, a lot of efforts have been made in
most countries to assess and control indoor radon
concentrations(6). To do so, it is important to evaluate
the contribution of several building materials that can
act as indoor radon sources in order to establish a
classification of materials based on its corresponding
exhalation rates or ultimately in its potential risk to
radon exposure. In this work, measurements of radon
exhalation rates in ornamental rocks (granites and
slates) commonly used as building materials in the

Iberian Peninsula dwellings and workplace have been
carried out by using two different methods: active and
passive techniques.

MATERIALS AND METHODS

Two types of building materials were tested in this
study. Gran Beige granites and Villar del Rey slates are
extracted in the region of Extremadura (Spain), near
the Portuguese border (Figure 1), and could be consid-
ered as representative of those commonly used in the
Iberian Peninsula. Gran Beige granites extracted in
Garrovillas de Alconétar (Cáceres) are characterised
by their big beige feldspars, being widely used in his-
torical buildings of the region as well as in other build-
ings in Spain and across Europe. Villar del Rey slates
are characterised by the dark colour and the smooth
and homogeneous surface. This material is commonly
used in houses for flooring and walls cover.

In the laboratory, the samples were crashed, sieved
(,2 mm), dried, homogenised and placed (a sample
height of 4 cm with �200 g) inside 2-l (10-cm diam-
eter per 28 cm height) cylindrical sealed containers.

By this processing, the physical characteristics influ-
encing the radon exhalation rate substantially change
(mainly due to grain sizes and humidity), meaning that
the determined exhalation rate could differ from the
value of the original building material. However, the
main purpose of this study is to evaluate the consistency
of the results obtained by using both methods.

In one of the methods (active technique), the radon
exhalation rate was measured by using a continuous
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radon monitor RTM1688-2, from SARAD, in
order to follow the radon activity growth as a function
of time and determining the average equilibrium of
the gas concentration during the exposure period
(Figure 2). The radon emanated from the grains of
the sample migrates through the pores and is finally
exhaled from the surface. The equipment has an
internal pump working at a flow rate of 0.25 l min21.

The radon concentration inside the container was
measured for a period of �10 d at intervals of 2 h.

The variation of the radon concentration C (Bq m23)
inside the container can be expressed as

dc
dt
¼ EM

V
� lC � aC ð1Þ

where C (Bq m23) is the radon concentration, E (Bq
kg21 s21) the radon-specific exhalation rate, M (kg) the
mass of the sample, V (m3) the air volume of the con-
tainer, l (s21) the radon decay constant and a (s21) the
leakage rate from the container.

By solving Equation (1), the radon concentration
growth as a function of time is given by

CðtÞ ¼ EM½1� e�ðlþaÞt�
ðlþ aÞV þ C0e�ðlþaÞt ð2Þ

being C0 (Bq m23) the radon concentration at t ¼ 0.
The other method (passive technique) is based on

integrated measurements by using solid-state nuclear
track detectors placed on the inner upper surface of
the containers. LR115 type II plastic track detectors
from Kodak were used for this purpose. After 83 d
of exposure, the detectors were chemically etched in
an NaOH solution in a water bath at constant tem-
perature. The resulting alpha tracks were counted
using a Spark Counter model UFC-2 equipment.
After obtaining the radon activity concentration, the
radon-specific exhalation rate E (Bq kg21 h21) can be

Figure 1. Location of the sampling points in the Iberian Peninsula.

Figure 2. Experimental set-up for the radon exhalation
measurements.
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calculated through the following expression:

E ¼ CiVl

M½T þ ð1=lÞðe�lt � 1Þ� ð3Þ

where Ci (Bq m23 h21) is the integrated radon concen-
tration obtained by the LR115 track detectors, V (m3)
the volume of the container, l (h21) the radon decay
constant, T (h) the detector exposure time and M (kg)
the mass of the sample.

RESULTS

Figure 3 shows an example of the growth curve of
radon concentration due to exhalation from one of
the samples under study: Villar del Rey slates.

The radon-specific exhalation rates E (Bq kg21 h21)
for the two types of building materials under study
are presented in Table 1.

It can be observed that the granite sample (Gran
Beige granite) has a higher radon-specific exhalation

rate than the slate sample (Villar del Rey slate). It also
can be seen that the results obtained by applying two
different methods (active technique and passive tech-
nique) are consistent.

The results were compared with those measured
worldwide in different types of granites and slates.
The radon-specific exhalation rates for several types
of granites from different origins ranges from 0.0043
to 0.238 Bq kg21 h21(7 – 10). It was not possible to find
in the literature the exhalation rates for slates, but the
results for different kinds of ceramic tiles and orna-
mental rocks used for interior decoration purposes
ranges from 0.001 to 0.038 Bq kg21 h21(8, 10 – 12).

CONCLUSIONS

Two different methods were applied in order to
determine radon exhalation rates from typical orna-
mental rocks (granites and slates) commonly used
in the Iberian Peninsula for interior decoration
purposes.

Radon-specific exhalation rates were found to be
higher in granite samples, in comparison with the
ones measured in slates, and are in the same range of
those reported for other countries.

The results obtained through both measuring
methods proved to be consistent.

Further studies are already ongoing by measuring
original building materials, without previous process-
ing, in order to determine more realistic exhalation
rates.
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Table 1. Radon-specific exhalation rate of the building
materials obtained by two different methods.

Building material E (Bq kg21 h21)

Active technique
(continuous radon
monitor)

Passive technique
(LR115 track

detectors)

Gran Beige granite 0.015 + 0.002 0.011 + 0.002
Villar del Rey slate 0.009 + 0.003 0.009 + 0.001

Figure 3. Growth curve of the radon concentration inside the sample container; solid line shows the fitting curve to the
measured radon concentration for the Villar del Rey slates.
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