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Here we present time variations data of radon emanations in the surface layer of the atmosphere, 
measured from January 2016 to June 2018. By means of spectral analysis method, we have analyzed time 
variations and showed the presence of existing natural variations, mechanisms of which were described 
by the authors in previous works. Authors measured the activity of natural beta-active radionuclides of 
radon’s daughter decay products (DDP) in the surface layer of the atmosphere. The measurements were 
performed with a beta-spectrometer “Progress” scintillation detector, which is located on the third floor of 
the Faculty of Physics and Technology at al-Farabi Kazakh National University (KazNU). Measurements 
of beta spectra were carried out with an exposure of at least for 2000 seconds and during the day up to 10 
beta spectra were recorded. The built up time dependence of the integral values of the spectra shows that 
seasonal variations of natural beta-active radionuclides are manifested on the background of diurnal 
fluctuations. Thus, 1 day, 4 day, 7 day, 16 day and 30 day variations were found. 
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1 Introduction 

The study of spatial topologies of radon 
emanations in the atmospheric surface layers is 
extremely topical, primarily due to the direct effect of 
radon on human health [1]. The Earth's crust from the 
initial moment of its formation contains natural 
radioactive elements, creating a natural radiation 
background. Radioactive isotopes of potassium-40, 
rubidium-87 and members of three radioactive 
families originating from uranium-238, uranium-235 
and thorium-232 are present in rocks, soil, 
atmosphere, waters, plants and tissues of living 
organisms. The only gaseous product that is produced 
during the decay of three families of natural 
radionuclides is radon. 39 radon isotopes are known 
(all are radioactive), three of which are natural: 119Rn, 
220Rn and 222Rn. Under normal conditions, there is 
7*10-6 g of radon in 1 m3 of air [2]. 

Despite the fact that the oncological danger of 
radon is known and studied for a long time [3–9], no 
country in the world established standards for the 
maintenance of radon and its daughter products in 
premises until 1980. There was a need for rationing 
doses to the population by radon isotopes. In the 
Republic of Kazakhstan, these standards were also 
introduced [10]. 

2 Experimental procedure and methodology 

The measurements were carried out by 
"RAMON-02A", an electronic radon radiometer and 
its daughters, developed in the Republic of 
Kazakhstan [11]. For stationary location in a room 
or in a specially installed radio-ecological 
observation station, it is intended for automatic 
monitoring of the content of equivalent equilibrium 
volumetric activity (EEVA) of radon Rn-222 in air 
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in residential and industrial premises, as well as in 
atmospheric air. The device measures radon’s 
EEVA in the range 4-5 *105 Bq/m3. It uses an alpha-
spectrometric method of measurement based on 
surface-barrier semiconductor detectors, and an 
absorbent tape, designed for at least three thousand 
measurements, is installed as a filter material, from 
which the accumulated alpha activity of radon is 
read. 

The territories of Almaty are characterized by 
the existence of extensive zones of tectonic faults. 
World literature data show that elevated levels of 
radon emanations are associated with existing 
tectonic faults. On this reason, an object located in 
the tectonic fault zone was selected for the study. 

This work is a continuation of [12]. To measure 
the time topology of the radon isotopes emanation in 
a continuous mode in buildings and premises, we 

have selected room, located on the third floor at the 
Faculty of Physics and Technology at al-Farabi 
KazNU.  

In order to increase the effect, i.e., to register 
more powerful emanations of radon isotopes, a 
stationary installation was installed near the large 
Almaty tectonic fault, on one of its branches at the 
campus of the university. To measure the equilibrium 
and nonequilibrium components of radon isotope 
emanation, two measuring instruments were placed in 
the room with positions at a height of 1 m from the 
floor level. The measurements were carried out for 10 
months with a periodicity of 2 hours. The instrument 
is automated to collect measurement results into a 
common database, with which measurement results 
were copied to a PC every 5 days. Figure 1 shows the 
time dependence of radon activity in the first half of 
2018.
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Figure 1 – The results of measurements in the experimental room using 
a radiometer “Ramon-02A” for the first half of 2018 
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3 Analysis of experimental data 

Variations in the emanation of radon, as it was 
shown in [13–21], depend on a rather large number 
of factors exerting their influence. In Figure 2 there 
are measurements of radon activity over a long 
period. 

In addition, the time topology of the experimental 
data was analyzed by the method of spectral analysis, 

which is one of the main ones in the study of time 
signals and allows us to characterize the frequency 
composition of the measured complex spectrum. The 
Fourier transform is a mathematical framework that 
relates the time signal to its representation in the 
frequency domain. An important role in spectral 
analysis is played by statistical methods, since the 
signals are usually random or noisy during 
propagation or measurement. 
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Figure 2 – The results of measurements in the experimental room using  
a radiometer “Ramon-02A” for the period from 2016 to the first half of 2018 

Mathematically, a signal with a duration of T 
seconds is some function f (x) defined on the 
interval {0, T} (where X is time). Such signals can 
always be represented as the sum of harmonic 
functions (sine or cosine): 

(1)

where k is the number of the trigonometric function 
(the number of the harmonic component, the 

number of the harmonic); T is the length of time in 
which the function is defined (signal duration); Ak is 
the amplitude of the k-th harmonic component, θk is 
the initial phase of the k-th harmonic component. 
This series can also be written in another form: 

(2)

where , k-i complex amplitude, or 

(3)
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The relationship between the coefficients (1) and (3) is expressed by the following formulas: 

,
(4) 

Note that all these three representations of the 
Fourier series are completely equivalent. The 
amplitude spectra were built up by the results of a 
theoretical analysis of the time variations. Figure 3 
presents the amplitude spectrum, which was 
obtained on the basis of the description by formulas 
(3, 4) of experimental data for the first half of 
2018. 

In the Figure 3, circles indicate the variations 
that were identified in the experimental data. It is 
known that the mechanism of radon emanation to 
the surface of the Earth is complex [19-21]. In 

particular, from the inner surfaces of the Earth's 
crust radon is transported due to the diffusion of 
aerosols to the surface, to which due to electrostatic 
attraction the radon atoms coagulate. The authors 
carried out an areal measurements of soil samples of 
the surface layer of the earth for the content of beta-
active radionuclides of radon daughters [22-25], 
taken at different points of the city of Almaty. 
According to these data, a map of the distribution of 
the content of beta-active radionuclides of radon 
daughters in the soil of the surface layer of the earth 
was constructed. 

Figure 3 – Amplitude spectrum to describe experimental data 
on radon activity in the first half of 2018 

Due to the fact that measurements of radon 
emanation are quite complex and the results oftenly 
depend on subjective factors effecting them, 
measurements of the activity of beta-active 
radionuclides of radon daughters in the surface layer of 
the atmosphere at various points in time were 

performed. Measurements of beta spectra were carried 
out with an exposure time of at least 2000 seconds and 
during the day up to 10 beta spectra were recorded. A 
typical beta spectrum of the radiation background is 
shown in Figure 4. We have also built up a time 
dependence of the integral values of the beta spectra.  
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Figure 4 – Typical beta spectrum of radiation background 

Figure 5 shows the integral values of the spectra 
(points) and values averaged over two days (solid line). 
It is clear that the seasonal variation of natural beta-

active radionuclides is traced against the background of 
diurnal fluctuations. This variation correlates quite well 
with the variation of radon activity. 
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Figure 5 – Time variations of natural beta active radionuclides. 
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4 Conclusions  

The paper presents experimental data of the 
radon activity for the period from January 2016 to 
June 2018. The analysis of time variations was 
carried out by the method of spectral analysis, 
which showed the presence of existing natural 
variations, the mechanisms of which were described 
by the authors in previous works [12, 19-25]. The 
authors measured the activity of natural beta-active 
radionuclides of radon daughters in the surface layer 
of the atmosphere. The measurements were 
performed with a beta-spectrometer with a 
“Progress” scintillation detector, which was located 
on the third floor of the Faculty of Physics and 

Technology, al-Farabi KazNU. The time 
dependence of the integral values of the spectra 
showed that seasonal variations of natural beta-
active radionuclides are manifested on the 
background of diurnal fluctuations. 1 day, 4 day, 7 
day, 16 day and 30 day variations were found. 
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