
2015 International Nuclear Atlantic Conference - INAC 2015 

São Paulo, SP, Brazil, October 4-9, 2015 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-06-9 

 

DAILY CHANGES OF RADON CONCENTRATION IN SOIL GAS 

UNDER INFLUENCE OF ATMOSPHERIC FACTORS: ROOM 

TEMPERATURE, SOIL SURFACE TEMPERATURE AND RELATIVE 

HUMIDITY 

 

Evelise G. Lara
1
, Zildete Rocha

2
, Francisco Javier Rios

2
 and Arno Heeren de Oliveira

1 

 
1
 Departamento de Engenharia Nuclear - Escola de Engenharia 

Universidade Federal de Minas Gerais 

Av. Presidente Antônio Carlos, 6.627 - Pampulha 

31270-901 Belo Horizonte, MG 

evelise.lara@gmail.com 

heeren@nuclear.ufmg.br 

 
2
 Centro de Desenvolvimento da Tecnologia Nuclear (CDTN / CNEN - MG) 

Av. Presidente Antônio Carlos, 6.627 - Pampulha 

31270-901 Belo Horizonte, MG 

rochaz@cdtn.br 

javier@cdtn.br 

 

 

 

 

 

 

ABSTRACT 

 
 

This work aims at relating the daily change in the radon concentration in soil gas in a Red Yellow Acrisol (SiBCS) 

under influence of atmospheric factors: room temperature, soil surface temperature and relative humidity. The 
226

Ra, 
232

Th, U content and permeability were also performed. The measurements of radon soil gas were carried 

out by using an AlphaGUARD monitor. The 
226

Ra activity concentration was made by Gamma Spectrometry 

(HPGe); the permeability was carried out using the RADON-JOK permeameter and ICP-MS analysis to 
232

Th and 

U content. The soil permeability is 5.0 x 10
-12

,
 
wich is considered average. The 

226
Ra (22.2 ± 0.3 Bq.m

-³
); U 

content (73.4 ± 3.6 Bq.kg
-1

) and 
232

Th content (55.3 ± 4.0 Bq.kg
-1

) were considered above of average 

concentrations, according to mean values for soils tipicals (~ 35.0 Bq.kg
-1

) by UNSCEAR. The results showed a 

difference of 26.0% between the highest and the lowest concentration of radon in soil gas: at midnight (15.5 ± 1.0 

kBq.m
-3

) and 3:00 pm, the highest mean radon concentration (21.0 ± 1.0 kBq.m
-3

). The room temperature and 

surface soil temperature showed equivalent behavior and the surface soil temperature slightly below room 

temperature during the entire monitoring time. Nevertheless, the relative humidity showed the highest cyclical 

behavior, showing a higher relationship with the radon concentration in soil gas. 

 
  

Keywords: radon, soil, daily changes 

 

1. INTRODUCTION 

 

 

The study of radon concentrations in rocks, soils, alluvial deposits and underground 

environments such as caves and mines, has been greatly intensified in the last forty years. The 

main aims of these studies were to determine the relationship between radon concentrations 

changes in several geological types with increasing lung cancer cases [1]. 
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Several aspects affect directly the mobility of radon in soil gas and its availability in the 

atmosphere. These aspects can be classified as intrinsic factors, ie, it´s part of the soil´s 

composition, such as: physical, chemical and mineralogical rocks; and source of the soil, such 

as: pedogenic processes, permeability and its geochemistry. On the other hand, the extrinsic 

aspects of ground are not essentially ground part, although continually contribute to its 

development, such as:  weather conditions, atmospheric pressure, room temperature, air and 

soil humidity, for example [2]. 

 

In this context, the present work seeks to relate the daily changes in radon concentration in soil 

gas with atmospheric aspects influence: room temperature, soil surface temperature and air 

relative humidity. It was also determined activity levels of 
226

Ra, 
232

Th, U content in the soil 

and also soil permeability. 

 

1.1. General aspects of the study area 

 

The soil was chosen in a natural site, ie, it has not been suffered some sort of human 

interference that change the natural radon concentration in soil gas. Thus,  were regarded some 

conditions such as: the site should be away from heat sources generated by human activities, 

with its influence only from the room temperature; It should be away from the slopes, sediment 

disposal sites, erosion and has a minimal anthropogenic influence; it should be have a relief 

that would benefit the flow of water, so the water does not accumulate on the spot; and it 

should be safe and easy  access, because the probe and AlphaGUARD equipment should remain 

installed on the soil throughout the monitoring time. 

 

The measurements site is located within Nuclear Technology Development Center (CDTN), 

close to meteorological tower, located on 43º58'1''W and 19º52'15''E. The measurements were 

carried out during the winter, in July, 2012. 

 

The soil is classified as Acrisol, according to Brazilian System of Soil Classification - SiBCS 

[3]. This soil type is the most abundant soil class of Metropolitan Region of Belo Horizonte 

(RMBH) [4, 5]. Fig. 1 shows the aerial image of CDTN and georeferenced points of radon 

concentration in soil gas measurements. 
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Figure 1:  Aerial image of CDTN and georeferenced points of radon concentration in soil 

gas measurements. The 1, 2 and 3 points are, respectively: the main gate of CDTN, the 

Meteorological Tower and the TRIGA reactor building. The red point corresponds where 

had been carried out multiple measurements of radon concentration in soil gas to this 

study. Source: Google Earth. Image Date: April 19, 2011. 

 

 

2. MATERIALS AND METHODS 

 

The present paper seeks to relate the daily changes in radon concentration in soil gas and 

atmospheric aspects: room temperature, surface soil temperature and air relative humidity. To 

this, was carried out monitoring the concentration of radon in soil gas at a single site 

throughout the day, during three consecutive days, recording the cited variables each every 

three hours. 

 

2.1 Permeability measurement 
 

The soil permeability was carried out for the same area using the RADON-JOK
 
equipment, by 

RADON V.O.S, Czech Republic. The operating principle of RADON-JOK equipment is 

removing soil gas through negative pressure. Therefore, a metal probe is inserted to a depth of 

0.7 meters is inserted into the ground and through the gases are sucked by a constant pressure 

[6]. 

 

2.2 
226

Ra, 
232

Th and U concentrations  
 

The 
226

Ra and 
232

Th concentrations was carried out in soil samples collected about 0.8 meters 

deep and, after crushed, the samples were put in 0.5 liter sealed Marinelli's for four weeks to 

  3 

  1 

  2 

Radon soil gas measurements in CDTN. 
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achieve the radioactive secular equilibrium. Then, the samples were analyzed by gamma 

spectrometry with a high pure germanium (HPGe) detector of Canberra, model GC1519, with a 

closed-end coaxial geometry and 15% to relative efficiency of NaI.  

 

The determination of U and 
232

Th was carried out by using ICP-MS, model ELANDRC-e, 

PerkinElmer, and belongs to Service Reactor and Analytical Techniques of CDTN. For the 

ICP-MS analysis, about 100 g of the sample were prepared for analysis range, being separated 

and taken to an oven at approximately 100 °C for 12 hours to further reduce the moisture. After 

drying, this amount was pulverized again and finally mixed again to be placed in a 

polyethylene bottle and sent to analyzing. 

 

2.3 ²²²Rn concentration in soil gas, room temperature, surface soil temperature and 

relative humidity 

 

The radon concentrations in soil gas were carried out by using the AlphaGUARD detector 

(PQ2000 PRO), by SAPHYMO GmbH, Germany. For this purpose, the AlphaGUARD is used 

for the measurement in situ by using a metallic probe inserted into the ground at a depth of 0.8 

meters. The soil gases are sucked by a pump and forced to flow continuously through a 

capillary tube into the detector. The AlphaGUARD addition to providing 
222

Rn concentration 

in soil gas also provides room temperature and relative humidity air continuously and 

simultaneously. The soil surface temperature was measured by a mercury thermometer inserted 

2.0 cm to depth in the soil. 

 

 

3. RESULTS AND DISCUSSION 

 

It is known that as higher soil permeability, higher the probability of radon migration from soil 

gas to environment and building. The result of soil permeability in the study area was               

considered average according [6, 7], about 5.0 x 10
-12

. Usually, the Acrisols soil type showed a 

significant surface of clay in subsurface B horizon, which causes soils of moderate permeabilit

y if compared to other soil types [4, 5]. 

 

The
 226

Ra, 
232

Th and U concentrations are 22.2 ± 0.3 Bq. kg
-1

, 55.3 ± 4.0 Bq.kg
-1 

 and               

73.4 ± 3.6 Bq.kg
-1

, respectively. The 
226

Ra  concentration in soil is below about 35% of the     

worldwide mean concentration (35.0 Bq.kg
-1

) according to UNSCEAR [8]. However, the 
232

Th 

and U activity concentrations showed above   worldwide mean activity concentrations reported 

in the UNSCEAR, 2000 Report: 30.0 Bq.kg
-1

 to 
232

Th and 35.0 Bq.kg
-1

 to U [8]. 

 

The results showed the lower radon concentrations in soil gas in the late evening hours, main at 

00:00 h, with a mean of 15.5 ± 1.0 kBq.m
-3

. In contrast, in the daytime, specifically at 15:00 h, 

the radon concentration in soil gas showed the higher mean, about 21.0 ± 1.0 kBq.m
-3

. Thus,     

the difference of 26.0% is observed between the highest and the lowest radon concentration in 

soil gas. 

 

Regarding physical factors as: relative humidity, room temperature and soil surface                   

temperature, it showed statistic correlation with the radon concentration in soil gas. The            

relative air humidity values are inversely proportional to air temperature and dependent on the 

heating or cooling processes, horizontal transport of water vapor and rainfall. [9]. Over of         

lower radon concentrations, the mean of air relative humidity and room temperature was 60% a
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nd 18.7 °C,  respectively. Whereas at 15:00 h, the same variables obtained means of 40% and  

24.7 °C,  respectively. Regarding barometric pressure, it was showed at 00:00 h, this had the    

higher mean, about 924.3 mbar, and at 15:00, showed the lower mean, about 923.0 mbar.        

According   to García-Vindas [10], in tropical countries, the climate variability is quite             

pronounced, although the change in atmospheric pressure is negligible. Thus, for the change in 

atmospheric pressure represents a significant influence on radon concentration in soil gas, it is 

necessary this variation is detected for a long time [10]. The Fig. 2 shows the variation of radon                

concentration in soil gas, room temperature, soil surface temperature and relative humidity     

measurements over the time. For each time, it has been mean values of three days of                  

measurements. Furthermore, the graphs showed the linear fit of each variables.  

 

 

 
Figure 2 - Variation of radon concentration in soil gas, room temperature, soil surface   

temperature and relative humidity measurements over time and its linear fit of each      

variables. 

 

A tropical climate country like Brazil, in particular, the studied area, does not have significant 

temperature variations throughout the four seasons. Thus, the absence of large temperature 

gradients - especially in winter, when measurements were carried out - prevent to do a 

correlation that justifies the elevation or reduction of radon concentrations in soil gas. In this 

work, the relative humidity showed negative correlation with radon in soil gas, showing 

cyclical behavior over time. The radon in soil gas and room temperature showed positive 

correlation, i.e, when the radon in soil gas raised, the room temperature also raised. However, 

the complex dynamics of radon gas in the soils suggests it would be useful and necessary to 

implement a continuous monitoring for a long time. The Fig. 3 shows the distribution of radon 

concentration in soil gas, room temperature, soil surface temperature and relative humidity 
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measurements together, over time. For each time, it has been mean values of three days of 

measurements. 

 

 

 
Figure 3 - Distribution of radon concentration in soil gas, room temperature, soil surface 

temperature and relative humidity measurements together, over time. 

 

4. CONCLUSIONS 

 

 

The result of soil permeability in the study area was considered average, about 5.0 x 10
-12

. 

Usually, the Acrisols soil type has a significant surface of clay in subsurface B horizon, which 

causes soils of moderate permeability if compared to other soil types. 

 

The
 226

Ra, 
232

Th and U activity concentrations is 22.2 ± 0.3 Bq. kg
-1

, 55.3 ± 4.0 Bq.kg
-1

 and     

73.4 ± 3.6 Bq. kg
-1

, respectively. The 
226

Ra concentration in soil is below about 35% of the     

worldwide mean concentration (35.0 Bq.kg
-1

) according to UNSCEAR. However, the 
232

Th     

and U activity concentrations showed above worldwide mean activity concentrations reported    

in the UNSCEAR, 2000 Report [8]. 

 

The results showed the lower radon concentrations in soil gas in the late evening hours, main at 

00:00 h, with a mean of 15.5 ± 1.0 kBq.m
-3

. In contrast, in the daytime, specifically at 15:00 h, 

the radon concentration in soil gas showed the higher mean, about 21.0 ± 1.0 kBq.m
-3

.  

 

In this work, the relative humidity showed negative correlation with radon in soil gas, showing 

cyclical behavior over time. The radon in soil gas and room temperature showed positive          

correlation, i.e, when the radon in soil gas raised, the room temperature also raised. The            

complex dynamics of radon gas in the soils suggests it would be useful and necessary to            

implement a continuous monitoring for a long time. 
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