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17.00 Indoor 222Rn time series analyzed by the stochastic complexity method 

– M. Krmar, D. Mihailovic, V. Udovicic, I. Arsenic 
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Cucos, R. Begy, L. Suciu, G. Banciu, C. Sainz 
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19.00 CONFERENCE DINNER – departure to Nereus Restaurant in 

Balatonalmádi from University Restaurant 



17/05/2013 FRIDAY 
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L. D. Cuong, T. K. Minh 

10.00 Continual monitoring of radon in underground environments in 
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Predrag K o l a r z ' , Slobodan A t i c ' , Zoran C u r g u z \a S. Zunic'* 

'institute of Physics. Belgrade. Serbia 
'Republieal Hydrometeorological Institiile of Serbia. Serbia 

'Faculty of transport Doboj. University in East Sarajevo. Republic ofSrpska 
^Institute of Nuclear Sciences ., Vinca". Serbia 

Abstract 

Over 300 radon flux measurements have been done at 3 different measuring sites in 
Serbia. Measured points were selected to form a network of 40 m x 40 m distance from 
point to point mostly in plow fields, two in Vojvodina and one in Central Serbia. Two 
continual radon monitors RAD-7. soil temperature and soil humidity meter were 
employed for all measurements. Measuring of moderate and low radon flux levels showed 
many difficulties concerning high measurement uncertainty, artifacts and measuring 
procedure. 

Introduction 

Radon flux i.e. radon surface emission is the rate of introduction of new radon into the 
defined gas volume just above the unit area in a certain time. After decay of '"''Ra in 
the soil, small fraction of new formed ^^^Rn atoms reaches the interstitial space. This 
process is known as emanation and is driven by processes of diffusion and advection 
where radon is dissolved either in water or in carrier gases on its way to the soil 
surface. Emanation depends significantly on the soil moisture, mineral grain size, 
while radon flux at the soil surface is influenced by weather conditions. Wet soil 
reduces the flux of radon at the surface by reducing the diffusion rate of radon through 
the soil matrix. The seasonal c\cle of soil temperature can also introduce a seasonal 
radon cycle because diffusion becomes more intensive at higher temperatures'". 

The land-surface flux of radon varies in space and time. Diurnal and seasonal 
variations of radon flux are ascribed to the hydro-meteorological parameters. Sudden 
changes in temporal scale can be attributed to seismic activity of a region while high 
radon flux values in spatial scale can be found along tectonic or geological faults. 
Radon flux is expressed in Bqm"^-s''. and world continental average varies between 
16 and 26 niBq s-'m"̂ '̂ '. 
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Site description 

During dry weatlier period in 
October 2012 and rainy period 
in March 2013, over 300 flux 
measurements have been done 
on 3 different sites in Serbia. 
Measurement on every site 
lasted no longer than two weeks. 
Two nearby measuring sites in 
Vojvodina were measured during 
diff'erent seasons. The third site 
in central Serbia was measured 
in winter. Measuring sites in 
Vojvodina were plowed fields of 
sugar beet while measuring site in central Serbia was also plowed field but with 
different types of crops. Measuring points was set to be on every 40 m to cover the 
area of 1600 m^ (/. figure). Radon flux, soil temperature and moisture (to a depth of 
0.2 m) were measured on every point simultaneously. 

1. figure: Measuring points arrangement on site in 
Vojvodina presented in Google earth 

Methods and instruments 

Radon flux measurements and instrument setup 
were performed by the RadV manufacturer's 
instructions (Durridge Company)'" and according 
to reference literature as Ferry et al. (2001)'^'. 
Vaupotic et al. (2010)'''. etc. 

Closed loop setup is chosen as most suitable due 
to sensitivity, low levels of emissions and the 
accuracy of the measurements at moderate and high 
concentration. This kind of measuring setup means 
that the air is sampled and returned back into the 
exhalation chamber. Radon flux measuring setup is 
shown in 2. figure. 

The total volume of the system (V) is multiplied by the coefficient of increase of radon 
concentration within the emission chamber. Coefficient of increase is obtained using 
radon concentration linear fit. i.e. slope of increase {3. figure). Dividing these values 
with the ground surface covered by emission chamber (s) results the radon flux (0) 

(l)=slope-V/s (1) 

Measuring uncertainty is calculated by: 

A^/(l)=As/s+Ah/h (2) 

h - height of emission chamber sampling vessel. 

2. figure: Radon flux measuring 
setup on the plow field of 

sugar beet during the draught 
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The radon concentration in the radon 
flux measuring system increases due to 
the radon exhalation from the ground, 
but under irregular conditions it also 
decreases due to the radon decay and 
due to the losses of radon caused by 
penetration of ambient air in the system. 
As a consequence, the linear fit of 
experimental data can be evaluated as 
exponential"''. This kind of uncertainty 
and also residual radon in the system 
from previous measurements take part in 
overall measuring conditions, where 
20% of relative uncertainty should be 
added based on subjective evaluation'^'. 
Square root of the sum of the measurement errors results (-32%). 

The measurements of radon surface flux at each point consist of: 
• Preparation of the measuring point. Flattering and removing the porous surface 

layer of the soil which was very difficult in plowed fields of sugar beet since it 
was necessary to remove 0.3 m plowed soil from surface. 

• Discharge of residual radon from measuring system. Purging the system 20-30 min. 
to reduce radon concentration close to zero in the whole air loop. Skiping this step 
may lead to fault measurements. 

• Lowering the relative humidity in the measuring chamber below 10% by drawing 
the closed loop air through the dehumidifier (5-10 min.). 

• Measurements are taken in the sniff mode of RadV instrument that covers the total 
countdown of a particles from 5.40 to 6.40 M e V including particles ^"*Po with the 
half-life of // 2=3.05 min, which means that most of them wil l decay within 
6 minutes of their formation. To avoid the impact of delayed response of these 
particles on the coefficient of growth in the emission chamber, first quarter of 
measurement is rejected. This period can also be used for lowering the relative 
humidity. 

Measuring results and discussion 

In I. table average values of radon flux, soil moisture content, soil temperature are 
shown. Having on mind that soil content of water could not be over 50%, difference in 
soil moisture between autumn and winter periods are significant affecting also the 
radon flux. 

E 

-1—'—I—'—r-
II) 15 : i i 

t i m e ( m i n i 

3. figure: Example of radon concentration 
increase linear fit 
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/. table: Average values of radon flux, soil moisture (0.2 m), soil temperature (0.2 m) 

^(Bqm-^s') Soil moisture content 
(%) 

Soil temperature 
(°C) 

Vrbas (autumn) 19.2±6.3 22 16.6 
Vrbas (winter) 6.7±2.0 34 8.6 

Svilajnac (winter) 5.6±1.8 36 5.3 

Radon flux for each point for all three measuring sites is presented graphically in 4-
6. figures particular inhomogeneity of flux values that significantly stands out from 
the measurement uncertainty was not measured. 

4. figure: 3-D measured values of radon 5. figure: 3-D measured values of radon 
flux on Vojvodina site - flux on Vojvodina site -

winter period autumn draught period 

6. figure: 3-D measured values of radon flux on central Serbia site -winter period 
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Conclusion 

Measuring results showed low and homogeneous distribution of radon flux and high 
dependence on the soil water content (lower porosity resulting in lover gas diffusion) 
and temperature in the subsurface la\. Increase of temperature is followed by decrease 
of humidity and increase of radon flux. Measuring values of radon flux on all 3 places 
does not show any surface geological anomalies (faults) or increased concentration of 
uranium in the soil. For reliable tracing of geological faults it is necessar\ to remove 
surface soil lajers in order to eliminate possible effects of screening by soil layers of 
small permeability"". 

We did not noticed dependence of radon flux on time of day or meteorological 
factors that are influencing top surface layers. In order to minimize artifacts, special 
attention should be paid to purge the instrument between two measurements because 
small amounts of radon in the system can result in enormous high radon concentrations 
and negative radon increase. This process can last up to 30 min. which is significantly 
prolonging time of measurements. 
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