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a b s t r a c t

The indoor radon concentration was measured in most houses in a couple of municipalities in Austria. At
the same time the activity concentration of radium in soil, the soil gas radon concentration, the
permeability of the ground and the ambient dose equivalent rate were also measured and the geological
situations (geological units) were recorded too. From the indoor radon concentration and different house
and living parameters a radon potential (Austrian radon potential) was derived which should represent
the radon concentration in a standard room. Another radon potential (Neznal radon potential) was
calculated from the soil gas radon concentration and the permeability. The aim of the investigation was
to correlate all the different variables and to test if the use of surrogate data (e.g. geological information,
ambient dose equivalent rate, etc.) can be used to judge the radon risk for an area without performing
numerous indoor measurements.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The identification of areas with enhanced radon risk is in most
cases done by indoor radon measurements. The wide variation of
the indoor radon concentrations demands a relatively dense mea-
surement grid, in extreme, every housemust bemeasured. To avoid
such costly surveys it would be of main interest to find other in-
dicators for areas with high risk for enhanced indoor radon con-
centrations. Indoor radon is, aside from construction properties, the
result of a high radon concentration and a high permeability below
the buildings. Radon (222Rn) is a progeny of radium (226Ra), ura-
nium (238U) resp. and therefore it seems to be obvious to correlate
indoor radon with the soil gas radon concentration, the activity

concentrations of uranium and/or radium in soil and the gamma
dose rate from the ground. Moreover, it is common that certain rock
types/geological units show a characteristic concentration in ura-
nium, thorium, potassium and also grain size, permeability,
porousness, hydraulic conductivity are sometimeswell known. This
raises the question if it is possible to use information from geology
and perhaps from dose rate measurements as surrogates to deter-
mine the radon risk for areas. With this in mind, systematic in-
vestigations concerning the activity concentration of uranium and
radium in soil, radon concentration in soil gas, permeability
determination, ambient dose equivalent rate measurements and
indoor radon concentrationwere performed in six municipalities in
2 regions in Austria (Upper Austria, Styria).

2. Methods

In three municipalities in Upper Austria the indoor radon con-
centration was measured in nearly all homes (~680 dwellings). The
measurements were performed predominantly in living rooms and
bed rooms by the use of SSNTD with an exposure time of 6 months
(December/January until June/July). During spring and during
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autumn at 60 sites the soil-gas radon concentration, the perme-
ability and the concentration of uranium (238U), radium (226Ra,
228Ra), thorium (228Th), lead (210Pb) and potassium (40K) were
determined. Later on the ambient dose equivalent rate 1 m above
ground was also measured. The sites could clearly be allocated to
geological units. Because the selected municipalities showed a
relatively uniform geological situation, next, three municipalities in
Styria were selected which have a much more diverse geological
background (Fig. 1). There the same types of investigations were
made with in total 100 sites for soil analyses (40 during autumn, 60
during spring). Indoor radon concentrations were measured by
SSNTD in 960 dwellings (~50% of all dwellings) with an exposure
time in most cases of 6 months, half in winter- and half in summer-
time. From the indoor data a radon potential (RPA) was calculated as
described in (Friedmann, 2005). This RPA is the annual mean radon
activity concentration in a standard room (living room at ground
level, no basement, and several other standardized properties of
the building and the social circumstances of the inhabitants). The
RPA should represent the geological radon risk for the site of the
dwelling or by averaging over the dwellings within a certain area it
should represent the (mean) geological radon risk for that area.

Generally, soil samples and soil gas samples could not be taken
adjacent to the houses where indoor measurements were per-
formed for different reasons (soil covered by anthropogenic work,
permission for taking samples etc.). The selection of the sites was
based on a broad variety of geological units in combination with
accessibility and undisturbed soil structure.

Soil gas radon was measured with the system used in the Czech
Republic (Neznal et al., 1991): A thin tube (diameter 12 mm) with a
separate tip was hammered into the ground then slightly drawn
back a few cm leaving the tip in the groundwhich opens the tube at
the end. Firstly 200 ml gas were pumped out and discarded then a
100 ml gas sample was taken and the activity of the sample was
measured either by an ‘Alpha Guard’ (Genitron Instruments) or by
an ‘Atmos 12 DPX’ (Gammadata). Both instruments were calibrated
with 100 ml samples of known 222Rn activity because the soil gas
samples did not fill the volume of the measurement instruments
completely. At each site three measurements were performed at
the corners of a triangle with a side length of approx. 1.5 m. A depth
of 1.4 m was chosen for the soil gas samples to reduce meteoro-
logical influences on the soil gas radon concentration. In case it was

not possible to get soil gas samples from a depth of 1.4 m then a
correction was applied by assuming diffusion according to the Fick
Law. The diffusion coefficient was taken as D* ¼ 5$10�2 cm2 s�1

which in combination with the half-life of 222Rn causes a diffusion
length of 154 cm (Kemski et al., 1996). Values lower than the mean
minus one standard deviation were eliminated for the risk of a
dilution of the soil gas by atmospheric gas during the sample
drawing. After the elimination of such outliers the mean value was
used for further analysis (Kabrt et al., 2015).

From the same sample sources air was pumped out (about 1 L/
min.) and the permeability could be computed according to
(Damkjaer and Korsbech, 1992) from the measured flow rate, the
pressure and the geometric parameters of the sampling probe
(Seidel et al., 2011).
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Similar to the radon concentration in the soil gas the mean value
for the permeability was used for the investigations.

From the soil gas radon concentration and the permeability
another radon potential (RPN) was calculated according to (Neznal
et al., 2004; Neznal and Neznal, 2005) as

Fig. 1. Locations of the investigated areas in Austria.

Q flow rate (m3/s)
k permeability (m2)
Dp pressure difference (Pa)
m air viscosity (1.75$10�5 Pa s)
F formfactor

l length of the sampling probe (m)
d diameter of the sampling probe (m)
D depth below surface (m)
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