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1. Introduction

The radon (222Rn) in the outdoor atmosphere has been investigated in many studies. It was found out
that daily and seasonal variations of the 222Rn concentration occur near the earth's surface air. These
variations are explicitly attributed to changes in rates of vertical air mixing [1,2]. A review of some pa-
pers pertinent to radon variations is given by Gesell [3]. Because a mechanism of radon variations is
not yet entirely known research works that pay attention to 222Rn in the outdoor atmosphere are hence-
forth topical. The verifications and precise improvements of radon variations models based on the re-
gional data are also required [1,4]. In addition to it new measurements and knowledge about radon
variations in the outdoor atmosphere can help to evaluate the population exposure originated in this
source more precisely. The important motivation for the investigation of radon in the outdoor atmos-
phere is also the possibility of advantageous utilize of 222Rn as a tracer in many atmospheric studies
[5,6].

Some results of our long-term measurement of 222Rn concentrations in the outdoor atmosphere are
given in this report.

2. Methods

The 222Rn concentration in the outdoor atmosphere has been measured since 1987. The measurement
place was situated on the open grass area in campus of Faculty of Mathematics and Physics in Brati-
slava at a height of 1.5 m above the ground surface.

The pre-concentration of radon and counting by the scintillation chambers of Lucas type was used till
1991 [7]. The outdoor air was sampled every morning at 9 a.m. from Monday to Friday. Since Febru-
ary 1991 radon in the outdoor atmosphere has been monitored continuously using large volume (-4.5 I)
scintillation chamber [7]. The flow rate of air through the chamber was selected in such a way that
220Rn was decayed still before the inlet of air into the chamber. The record of detector data has been
made every 30 minutes. The 222Rn concentrations have been calculated by means of the method pub-
lished by Ward and Borak [8], based on the data corresponding to the time interval of 2 hours.

3. Results and discussion

The extensive set of data obtained mainly by continual monitoring allows to demonstrate the average
daily courses of 222Rn concentrations for individual months and the average annual courses too.

The average daily courses of 222Rn concentration from March to October have a form of waves with a
maximum in the morning hours and with a minimum in the afternoon. The maximal amplitudes of
daily waves have been reached in the summer months, from June till August. The amplitudes of daily
waves are very small and sometimes they are unidentified at the end of an autumn and during the win-
ter months. The average daily wave of 222Rn concentration obtained by summation of all data for years
1991 - 1995 reached a maximum between 4 and 6 a.m. and a minimum between 2 and 4 p.m. The am-
plitude of this daily wave is equal to 0.26.
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By fitting of average daily wave it was determined that the 222Rn concentration reaches its average
daily value equal to 5.9 Bq/m3 at about 9 a.m. and at 9 p.m. in the evening. The ratio of maximum and
minimum daily value is equal to 1,69. This value is smaller than the values presented by Gesell [3],
(there are in an interval of 2 - 5). The more detail results of the Fourier analysis of the average daily
courses of the 222Rn concentrations were published in our paper [9].

All average monthly 222Rn concentrations obtained since 1987 till the end of December 1996 are
shown in Fig.l. The highest average monthly 222Rn concentration was found in October 1995 -
10.0 Bq/m3 and the lowest one in December 1988 - 2.1 Bq/m3 and then in April 1991 - 3.1 Bq/m3. The
annual courses of 222Rn concentration are similar for all years. They present the annual variations. The
average annual course of the 222Rn concentration calculated on the basis of all continual measurements

Fig. 1. The course of the average monthly 222Rn concentration in outdoor atmos-
phere (1987-1996)
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in years 1991 - 1995 reaches the maximum value in October and the minimum value in April. The ratio
of maximal and minimal values is equal to 1.85. The average annual course of 222Rn concentration cal-
culated from the all data is in good agreement (correlation coefficient R=0.93) with that calculated by
means of the measurements done between 8 and 10 a.m. or between 8 and 10 p.m.

For the further day periods the annual courses of 222Rn concentration differ from the average annual
course. In the Fig.2 we can see that the annual courses of 222Rn concentration mainly for small hours
of the morning present maxima shifted to the summer months (August), meanwhile the annual courses
of 222Rn concentration during daily hours (between 10 a.m. - 8p.m.) present maxima shifted to the
winter months (December, January) and minima are extended in several spring till summer months
(March - July).

The amplitudes (A) of the annual courses of the 222Rn concentration and ratios of their maximal and
minimal values (Cmax I Cmi^) are almost constant for night and small hours of the morning. These val-
ues are 0.26 and 1.72 respectively. The fast increase of both parameters sets in the time interval of (10
a.m., 2 p.m.) and a decrease between (4 p.m. , 8 p.m.). During the time interval (2 p.m., 4 p.m.) the
both parameters reach maxima, values of which are: ^4=0.45 ; Cmax I Cm\n = 2.4.
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Fig. 2. The annual courses of the 222Rn concentration for different time periods of the day (1991-1995)
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The 222Rn concentration in the outdoor atmosphere also depends on a wind direction. For example -
from the radon data measured in 1995 - there was observed the highest 222Rn concentration for the
wind directions from north to east-south-east and the lowest one for the wind directions from west-
south-west to north-west. These also were the dominant wind directions in Bratislava in this 1995
year. The ratio of 222Rn concentrations from these two directions reaches the value even 2.0. This ef-
fect can be caused by wind speed because of continental location of Bratislava [10]. The wind speed in
the directions of the lowest 222Rn concentrations is even 2.8 times higher than in the directions of the
highest 222Rn concentration. The similar dependence between 222Rn concentration and wind speed
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was identified by Wilkening [11] from the measurements made in New Mexico. According to Moses
[12], when wind speed is high the vertical diffusion rates of air are high too and therefore the lower
222Rn concentrations are observed near the ground. The same result also follows from model of the
seasonal variations of 222Rn concentration in the lower layer of the atmosphere, published by Minato
[!]•
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