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IN THE SOIL AIR

K Holyl), M. Matosl), R. Bohml), T. Stanysl), O. Hold2), A. Poldskovdl)
1) Faculty of Mathematics and Physics, Comenius University, Mlynskd dolina F-l

842 15 Bratislava, Slovak Republic
2)Faculty of Chemical Technology, Slovak Technical University, Radlinske'ho 9

812 37 Bratislava, Slovak Republic

Introduction
In the soil air the 222Rn (radon) concentration reaches the value of several

kBq.m'3 and it is not stable. The radon concentration depends mainly on the soil type,
on its Ra concentration but also on the atmospheric pressure, humidity of the soil,
rain precipitation and temperature [1]. Naturally, the radon concentration in the soil air
presents then the result of simultaneous influence of several factors. Therefore it is
difficult to search the dependence of the radon concentration in the soil on the
individual factors separately in real natural conditions. The study of the short-term
changes of the radon concentrations by which one of the factor is changed and the
others are relatively constant is one of the possibilities to discover these influences. The
example of such approach can be the search of the relation between the daily variations
of the radon concentration and the regular daily oscillations of the atmospheric pressure
that is also presented in this contribution.

Methods
The 222Rn concentration in the soil air has been continuously measured. A

scintillation cell of Lucas type which volume is 125 ml has been used for counting of
222Rn alpha decays. The air was sucked from the depth of 0.8 m and dried in the
refrigerator (-30° C) before entering the Lucas cell. The flow rate of the monitored air
was 0.15 /.min'1. This rate was selected so that 220Rn decays before getting into the
detector. The sensitivity of the radon monitor is 0.014 cpm at 1 Bq.m'3 of 222Rn
concentration and its background is about 0.4 cpm. The monitor allows to measure the
radon concentration in the soil air on the level about 10 kBq.m'3 with a relative error 1.5
% at one hour counting time. This precision is sufficient enough also for a study of the
daily radon variations in the soil air.

Results
The 222Rn concentration in the soil air has been monitored continuously since

1994. The sampling place is situated in the area of Faculty of Mathematics and Physics
in Bratislava only 5 m away from the sampling place for the atmospheric 222Rn
measurement [2]. The soil of this place is middle permeable [3]. The mean activity
concentration of 226Ra in the depth of 1.5 m is equal to 37.5 Bq.kg'1 in this soil. The
emanation coefficient of 222Rn in the surface soil is approximately 14.5 % at the weight
content of the soil moisture in the range of 5% - 20% [4]. The radon diffusion length is
about 0.45 m in this soil and the saturated radon concentration is reached in the depth of
about 1.8 m.
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The average value of 222Rn concentration at the depth of 0.8 m determined from
the three years lasted measurements is equal to 10.6 kBq.m'3. For years 1994 -1997, the
average monthly values of the radon concentrations vary from 9 kBq.m"3 to 15 kBq.m'3.

The measurements of the radon concentration did not show very expressive
changes during a day. The amplitude of the average daily courses varies for the
individual months only in an interval of (1 - 5) %.

The diurnal courses of the radon concentration have not the same shapes for all
months of year. However, the similar diurnal courses have been observed from May to
October for all investigated years. For these months a daily minima were observed in
the morning (5-11 a.m.) and the maxima in the afternoon till the evening (3-8 p.m.).

Analysis
Our results [5] and also the results of the other authors [6,7] showed that the

regular short-term changes of the 222Rn concentration in the soil air would be connected
with changes of the atmospheric pressure. According to V.I. Baranov [8] the relative
change of the atmospheric pressure Apr causes the vertical shift Ah of the level with
the same radon concentration AR^K) occurred in the depth h according to the relation:

Ah=Apr.(H-h) (1)
where if is the depth of the gas permeable soil layer.

Subsequently it leads to the change of the radon concentration AA&, in the depth
of h because of the radon concentration increases with the depth in the under-surface
layer. Provided that the radon is transported in the soil only by the diffusion, that the
production rate of the radon is homogeneous and the diffusion coefficient is
independent on the depth, then the depth distribution of the radon concentration for the
steady state conditions is described by the relation [9]:

where: A&, (h) is the activity concentration of the 222Rn in the soil air at the depth of h in
(Bq.m'3), ARC is the activity concentration of 226Ra in the soil in (Bq.m'3), Ke is the
emanation coefficient of 222Rn, Fp is the total porosity of the soil, w is the volumetric

soil moisture content, h is the depth beneath the soil surface in (m), L = J—— is the
V A

diffusion length in (m), Def is the effective diffusion coefficient of 222Rn in the soil in
(m2.s'') and X is the decay constant of 222Rn in (s'1).

After the substitution of the equation (1) for Ah to the equation (2) we can derive
the similar equation as V. P. Rudakov [10] for the change of the radon activity
concentration in the depth h :

*.•*» A
Fp-w

1-e (3)

Because the regular daily courses of the atmospheric pressure are characterised by the
low average daily amplitude below 0.1 kPa, we can modify the equation (3) to the linear
form:

K.Apr (4)
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where K is the characteristic soil constant, Apr = — is the relative deviation of the
Pa

pressure and Ap is the deviation of the atmospheric pressure during a day from the
average daily value pa.

We tried to verify the relation (4) by use of the measured data. The more
significant linear correlation between AA&, and Apr was obtained predominantly for the
summer months from May to August when the soil surfece was dry (the correlation
coefficient R e < - 0.7, -0.9 >. The mean value of the soil constant K = (- 450 ± 80 )
kBq.m-3 was determined from the correlation plot of kAh, and Ap, for data from July
1995, August 1996 and August 1997. For our parameters of the soil (Ke, L, AR, , w, Fp)
this value of K corresponds to the depth of the gas permeable soil layer of H= (44 ± 9)
m, which can answer to the reality.

In regard to these results we can modify the equation (4) by such a way in the
following step that we substitute instead of Ap the well known relation describing
the changes of the
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The average daily course of the radon activity concentration in the soil ( —•—
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atmospheric pressure during a day [11]. Finally, we obtain the following relation for the
daily course of the radon activity concentration of 222Rn in the depth h:

(5)
— W pap pa

where A^m (h) is the average daily value of the activity concentration of 222Rn in the
depth h, a\ , a% , fa , fa are the amplitudes and phase angles, respectively, of the first
and second harmonic terms of the daily course of the atmospheric pressure, t is the time
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from the beginning of the day in hours. The meaning of the other symbols is the same as
in the previous part.

We applied the relation (5) to the description of the average daily courses of the
radon activity concentration for the individual months. In the Fig. 1 there is illustrated
that the average daily course of the radon activity concentration in the soil air can be
very well described by the equation (5) for the summer months. The agreement between
the calculated and measured average daily courses of the radon activity concentration is
very good. The harmonic analysis of the average daily courses of the radon activity
concentration for July 1997 also showed that the amplitude of the first harmonic term is
three times higher than the amplitude of the second harmonic term. Therefore, in this
period the thermal action on the daily course of the 222Rn concentration is dominant.

Conclusion
The deviation of the radon activity concentration in the soil air from the average

daily value reaches only a few percent. For the dry summer months the average daily
course of the radon activity concentration can be described by the equation (5). As it can
be seen in the equation (5) the analysis of the average daily courses could give the
information concerning the depth of the gas permeable soil layer. This soil parameter is
determined by others methods with difficulty.
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