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1. Introduction

In all soils the Ra occurs as a trace component. The 222Rn is created by a- decay of Ra in soil
grains. A small fraction of totally produced radon atoms escapes from soil grains into pores as a result
of their recoil, when their parents atoms of 226Ra decay. Further the 222Rn is transported in the soil air
by diffusion or by convective flow.

In the soil air the Rn concentration reaches the value of several kBq.m' and it is not stable. The ra-
don concentration depends mainly on the soil type, on its 226Ra concentration but also on atmospheric
pressure, humidity of the soil, rain precipitation and temperature [1]. The consequent 222Rn concentra-
tion in the soil air presents then the result of simultaneous influence of several factors. Therefore it is
difficult to search the dependence of 222Rn concentration in soil on individual factors separately.

The interest in Rn in the soil air is connected with the fact that it represents the significant source of
radon in indoor atmosphere. In this connection it is necessary to classify soil very objectively from
point of view of radon exposure risk still before beginning of building of houses [2]. The interest in ra-
don is also connected with the possibility of its use at the forecast of earthquake [3] and its use as a
tracer at the transport of the other gases in the soil (CO2, CH4 ) [4].

In our contribution there are presented results of three-years continual monitoring of 222Rn in the soil
air. Further the average daily and annual courses of 222Rn concentration are discussed.

2. 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 °c- decays. The air was sucked from
the depth of 0.8 m and dried in refrigerator ( - 30 °C) before entering the Lucas cell. The flow rate of
the monitored air was 0.15 //min. This rate was selected so that 220Rn decays before getting into the
detector. The count rates in the detector have been recorded every 30 minutes. The 222Rn concentration
has been calculated by use of the data corresponding to the time interval of one hour according to the
method published by Ward and Borak [5].

3. Results and discussion

The sampling place for monitoring of the 222Rn concentration in the soil air was situated in the area of
Faculty of Mathematics and Physics in Bratislava only 5 m away from the sampling place for the at-
mospheric 222Rn monitoring [6].

The soil of this place is weakly permeable [7]. The mean concentration of 226Ra down to 1.5 m depth
is equal to 37.5 Bq/kg in this soil. The emanation coefficient Ke of 222Rn is 14.5% at the volumetric
content of soil moisture about 19%.

We measured 222Rn concentration depth profiles in the soil in various seasons. By fitting of these data
measured in March 1995 we found out the diffusion length of L = 0.43 m. The saturated concentration
of 222Rn in the soil air is reached at the depth of about 2 m [8].
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The value of saturated 222Rn concentration in the soil varies considerably depending on the volumetric
content of the soil moisture. We calculated 222Rn concentration depth profiles assuming the volumetric
content of the soil moisture of 5 % and of 27 % (Ke = 14.5 %, ^ = 3 7 . 5 Bq/kg , L = 0.43 m ). The
saturated values of 222Rn concentration are equal to (11.8± 1.3) kBq/m3 and (21.1 ± 2.3) kBq/m3, re-
spectively. The average value of 222Rn concentration at the depth of 0.8 m determined from the three
years lasted measurement is 10.6 kBq/m3.

Fig.l. The course of the average monthly Rn concentration in the soil air
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Based on the measured data the average monthly 222Rn concentrations were calculated. Their course is
shown in Fig.l for years 1994-1996. We can see that values vary from 9 kBq/m3 to 16 kBq/m3. How-
ever, the range of 222Rn concentrations measured in one- hour intervals is even greater, from
5.9 kBq/m3 to 20.6 kBq/m3 .

Then annual course shows two maxima in 1994 and 1995. The first one occurs in June while the sec-
ond one in the end of the autumn till winter. In 1996 no striking summer maximum was observed but
the summer values raised. The annual course can be influenced significantly by two processes at given
geographical latitude [1]. The frozen soil and by snow covered ground in winter months can cause an
increase of radon concentration in the soil air during this period. On the contrary, we can expect a de-
crease of radon concentration in the soil air during the summer months when the soil is dried up and
when an increase of permeability of the soil is occurred. As far as we know, this course can be influ-
enced by further meteorological conditions, predominantly by rainfall during a year. In our opinion
this is a phenomenon responsible for the increase of radon concentration in the soil air during the pe-
riod from April to June.

The observations did not show very expressive changes of 222Rn concentration during a day.
The average diurnal courses of 222Rn concentration for months of 1995 are shown in Fig.2. As can be
seen, the diurnal courses have not the same shapes for all months. The similar diurnal courses have
been observed from May to October for all investigated years. For these months a daily minimum is
observed in the morning ( 5 - 1 1 a.m.) and maxima in the afternoon and in the evening ( 3 - 8 p.m.).
From November to April the daily courses are usually different one another and they differ also for in-
dividual years. For example we observed a wide maximum during a day (between 8 a.m. and 5 p.m.)
and minimum from late night to small morning hours (February- April 1994, November 1994, January-
March 1995). In January 1994 and 1996 the daily courses reached their maximum in the morning and
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the minimum in the afternoon till the evening. The amplitude of these average daily courses varies for
individual months only in an interval of 0.01 - 0.04.

Fig. 2. The daily courses of the 222Rn volume activity and the atmospheric pressure [14] in 1995
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The regular short time changes of Rn concentration in the soil air would be significantly connected
with changes of atmospheric pressure [9,10] . Because the daily courses of atmospheric pressure in
Bratislava are characterized by low average daily amplitude of about 0.065 kPa [11] , we can write a
linear relation between the deviation of 222Rn concentration during a day from its average daily value
(in the particular month) and the relative change of pressure [12,13] :

AARn =K. Apr

where K - is constant characteristic for the soil, Apr = Ap/pa - is the relative deviation of pressure,
Ap - is the deviation of atmospheric pressure during a day from average daily value pa (in the particu-
lar month).
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We tried to find out the correlation between A A%n and A p. The more significant correlation be-
tween these parameters was observed only for summer months from May to August ( the correlation
coefficient Rpe <-0.7 , -0.9> ). For spring and autumn months a correlation between AA^n and AT (
the temperature deviation from its average daily value) is more important than between A A^n and
Ap. In this case we found out the correlation coefficient RT between AA%n and AT equal to 0.86 for
some months (May 1994, April and October 1996).
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