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Introduction 

The radon ( 222Rn ) activity concentration in the surface layer of the atmosphere is not 

stable. It depends mainly on meteorological parameters as the solar radiation, the wind 

velocity and the cloudiness. However, there were found regular daily and seasonal variations 

of the 222Rn concentration in the surface layer of the atmosphere. These variations are 

explicitly attributed to the regular changes of the rate of the vertical air mixing [1]. 

In 1983 Gessell [2] gave a review of some basic papers pertinent to the radon 

variations. However, the research works paying an attention to 222Rn in the outdoor 

atmosphere are topical even after many years. In the last ten years the motivation for the 

radon investigation in the lower atmosphere has been the possibility of the utilization of 222Rn 

as a tracer in many atmospheric studies [3 - 6]. The study of 222Rn behaviour in the lower 

atmosphere is also important for more precise estimation of the public radiation dose due to 

inhalation of 222Rn and its decay products. The developing of new radon models contributes 

to the better understanding of the radon behaviour in the surface layer of the atmosphere 

under variable meteorological conditions and to the prediction of radon concentration from 

the meteorological data.  

The atmospheric radon concentrations can vary substantially with location. Therefore 

radon measurements on the regional level bring almost always new knowledge concerning the 



behaviour of the 222Rn in the lower atmosphere and the population exposures. In our 

contribution the results of the long – term measurements of the radon concentration in 

Bratislava atmosphere are presented and complex view on daily and seasonal radon variations 

is provided. 

 

Methods 

The measurements of radon were carried out at the open grass area in the campus of 

the Faculty of Mathematics, Physics and Informatics in Bratislava (48o 9' N, 17o 7' E, 164 m 

a. s. l.). The air for the analysis was sucked at a height of 1.5 m above the ground surface.  

The radon activity was continuously monitored using the large volume scintillation chamber 

[7]. The flow rate of the air through the chamber was selected 0.5 l.min-1 in order that 220Rn to 

be decayed still before the inlet of air into the chamber. The sensitivity of the scintillation 

chamber is 0.3 cpm at 1 Bq.m-3 of the 222Rn activity concentration in the entering air. The 

radon monitor allows obtaining of almost 80 % of the data of the radon activity concentration 

in the surface layer of the atmosphere with uncertainties less than 30% in the counting 

interval of 2 hours. 

 

Results and discussion 
222Rn in the surface layer of the atmosphere in Bratislava was measured from 1987 on 

and since 1991 it has been monitored continuously with frequency of 12 data of 222Rn activity 

concentration per day. In this 

work mainly the results of the 

measurements in the period    

1991 – 2000 are presented. The 

extensive set of approximately 

39 000 data obtained by 

continual monitoring allows to 

study the average daily courses 

of the 222Rn concentration for 

individual months and different 

years and to demonstrate the 

average annual courses even in 

different time period of the day. In addition it enables us to map long – term trends of the 
222Rn activity concentration in the atmosphere. 
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Fig. 1.  The monthly mean values of the 222Rn activity 
concentration in the surface layer of the atmosphere in Bratislava. 



The monthly means of the radon activity concentration for the years 1991 – 2001 are 

shown in the Fig. 1. The spring minima and maxima occurring in various months of the 

second half – year can be seen in the annual 222Rn courses for all the years. However, 

the individual years differ from each other quite considerably. The amplitudes of the annual 

courses vary from 3.1 Bq.m-3 (1995) to 1.2 Bq.m-3 (1999). The years 1996 – 1999 show 

a decreasing trend of these amplitudes, predominantly as a consequence of the decreasing 

of the radon activity in the year’s maxima. Simultaneously, a shift of the year’s maxima from 

the late autumn and winter months towards the summer months is observed. This effect is 

due to the lowering of the radon activity concentrations in the minima of the daily cycles 

of the autumn and winter months with only mild change of amplitudes of the daily 222Rn 

waves. This behaviour of the daily 222Rn waves is clearly seen in Fig. 2 where the monthly 

mean diurnal waves of the 222Rn activity concentration are compared for the years 1994 and 

1998. 

The observed changes of 

the annual and daily radon 

courses can indicate the 

lowering of the stability of the 

surface layer of the atmosphere 

in autumn and winter months in 

the last period in comparison to 

the previous years. 

 The long – term trend of 

the average annual 222Rn 

activity concentrations is shown 

in Fig. 3. For individual years, 

there are presented also average 

radon daily courses.  

 

The average annual 

radon activity concentrations 

vary from 4.1 Bq.m-3 (in 1999) 

to 7.2 Bq.m-3 (in 1995)              . 

The average radon activity 
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Fig. 2.  The monthly mean diurnal 222Rn waves in Bratislava 
atmosphere for the years 1994 (thick curve) and 1998 (thin curve). 
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Fig. 3.  The mean annual values (solid lines) and the mean diurnal 
courses (dotted curves) of the 222Rn activity concentration in the 
Bratislava atmosphere. 



concentration in years 1991 – 2000 is equal to 5.6 Bq.m-3. The highest radon concentration in 

1995 is caused by the high amplitude of average daily wave in this year (1.7 Bq.m-3) and also 

by high average value of the radon concentration during a day (5.6 Bq.m-3). In 1999 the 

minimum of the average daily wave is equal 2.6 Bq.m-3 and its amplitude is equal only to 1.2 

Bq.m-3. In investigated period, the highest amplitude of average daily wave was observed in 

1994 (2.3 Bq.m-3). 

The average annual course of the 222Rn activity concentration calculated on the basis 

of all the continual measurements in years 1991 – 2000 is shown in Fig. 4. This course 

reaches the maximum in months from October to January (6.9 Bq.m-3) and the minimum in 

April (3.9 Bq.m-3). The variation coefficient VA(Rn) (the square root of the variance divided by 

the mean) of average annual course is equal to 0.2 and it varies for the radon annual courses in 

the period 1991 – 2000 from 0.18 (1998) to 0.30 (1994). 

In the Fig.4 there are also shown the average annual radon courses for different time 

periods of the day. The annual courses vary significantly during various hours of the day. For 

early morning hours the annual courses present maxima shifted to the summer months 

(August), meanwhile during daily hours (between 10 a. m. – 8 p.m.) the annual courses of the 
222Rn activity concentration have the maxima shifted to the winter months and minima are 

extended in several spring and summer months (April – July). 

The variability of the annual courses of the 222Rn activity concentration in twelve 

different time periods of the day is shown in Fig. 5. The variation coefficients and also 

amplitudes (the amplitude A ~ 1,4⋅VA(Rn)⋅ A Rn,m, where A Rn,m is the mean annual radon activity 

concentration) of the annual courses of the 222Rn activity concentration are low and almost 

constant for night and early morning hours (VA(Rn) ~ 0,17) and they reach maxima during the 

time interval 2 p. m. – 4 p. m. (VA(Rn)  ~ 0.37). By means of these results it can by explained 

why the published annual courses of the 222Rn activity concentration measured in various 

periods of the day differ from each other although the measurements were performed in 

mutually close localities [2]. 

 

 

 

 

 

 

 



 

The average daily wave of the 222Rn activity concentration and waves for some 

months obtained as the mean of all data from years 1991 – 2000 are shown in Fig. 6. We can 

see that the average 222Rn activity concentration reaches a maximum between 4 and 6 a. m. 

(7.1 Bq.m-3) and a minimum between 2 and 4 p. m. (4 Bq.m-3). The 222Rn activity 

concentration reaches its average daily value equal to 5.6 Bq.m-3 at about 10 a.m. and 

at 9 p.m. 

 Also the average 

daily courses of the 222Rn 

activity concentrations for 

individual months have a 

form of waves with the 

maximum in the morning 

hours and with the minimum 

in the afternoon. The 

maximal amplitudes of the 

daily waves are reached in 

the summer months from 

June till August (2.2 – 2.9 

Bq.m-3). In this part of the 

year also the lowest afternoon 222Rn activity are reached (~3 Bq.m-3). The amplitudes of the 

daily waves are very small at the end of autumn and during winter months (0.5 – 0.7 Bq.m-3). 
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Fig. 4.  The mean annual courses of the 222Rn 
activity concentration in Bratislava atmosphere for 
years 1991-2000 (–– mean of all values, ···· mean in 
time period 4 - 6 a.m., --- mean in time period 2 - 4 
p.m.). 

Fig. 5.  The relative variability of the mean annual 
courses of the 222Rn activity concentration for the 
different time periods of the day (years 1991 - 
2000). 

Fig. 6.  The mean diurnal courses of the 222Rn activity concentration 
in Bratislava atmosphere (years 1991 - 2000). 
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In our previous work it was shown that the amplitudes of the daily waves are in proportion to 

the intensity of the global solar radiation [8]. 

 

Conclusion 

By the continual monitoring we obtained the extensive set of radon data in Bratislava 

atmosphere covering the time period of 1991 – 2000. 

The average annual radon activity concentrations varied from 4.1 to 7.2 Bq.m-3. In the 

years 1996 – 1999 the decreasing of the average annual radon concentration was observed. 

The average daily courses of the radon activity concentration for individual months 

calculated on the basis of all data from 1991 – 2000 have a form of waves with the maximum 

in morning hours and with the minimum in the afternoon. The maximal amplitude of daily 

wave was found out in August (2.9 Bq.m-3) and minimal in December (0.5 Bq.m-3). The 

average daily wave obtained as the mean off all data from years 1991 – 2000 reaches the 

maximum between 4 and 6 a. m. and the minimum between 2 and 4 p. m. 

The 222Rn activity concentration reaches its average daily value equal to 5.6 Bq.m-3 at 

about 10 a. m and at 9 p. m. The amplitude of average daily wave is equal to 1.5 Bq.m-3. 

The average annual radon course calculated on the basis of all the measured data 

reaches the minimum in April and the maximum in October with seasonal variation from 3.9 

to 6.9 Bq.m-3. The annual radon courses differ from each other for various periods of the day. 
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