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1. INTRODUCTION AND SCIENTIFIC AIMS 

The adverse health effects of radon are well documented (e.g. 

UNSCEAR, 2008).  Regulation and mitigation is therefore envisaged which 

among other measures requires knowing the geographical extent of the hazard 

related to radon.  The radon risk is often defined as the probability that indoor 

radon exceeds a risk; the geogenic source of the hazard (or potential risk) at a 

location or over an area is described by its radon potential.  Knowledge on the 

radon potential of an area can support decisions on whether further local 

measurements are necessary in the areas of planned development.  The 

geogenic radon potential (GRP) shows the potential of the source of indoor 

radon ’what the Earth delivers’ because generally the subsurface (soil gas 

radon concentration) is the main source for indoor radon concentration 

(UNSCEAR, 2000, De Cort, 2010).  It helps to find areas, where detailed 

indoor radon measurements are necessary. 

The main aim of this study was to present a detailed GRP mapping 

based on soil gas radon and soil gas permeability measurements and to create a 

radon risk map that helps regional planning, since geogenic radon potential 

mapping has not been performed in Hungary yet.  A further objective was to 

characterize geological formations with radon, soil gas permeability and 

geogenic radon potential based on field measurement results.  The specific 

objective was to develop a GRP map for the studied region including 

Hungary’s capital city Budapest and surrounding area, in order to assist human 

health risk assessment and risk reduction. The second main objective of this 

study was to determine the dynamics of csoilRn in a highly permeable sandy-

gravelly soil and to investigate whether the temporal variation of csoilRn 

influences the geogenic radon potential determination 
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2. RADON MAPPING 

In 2008 the Radioactivity Environmental Monitoring (REM) group at the 

Institute for Transuranium Elements (ITU), Joint Research Centre (JRC) 

decided to compile a geogenic radon map of Europe in the frame of preparing 

a European Natural Radiation Atlas (De Cort, 2010). In contrast to the indoor 

radon map of Europe that covers only areas where indoor measurements are 

available, the geogenic map will present the radon potential at any location in 

Europe using geological, soil data and soil gas radon measurements (De Cort, 

2010). However, several definitions of a quantity “radon potential” exist in the 
literature (e.g. Barnet and Pacherová, 2010, Ielsch et al., 2010, Kemski et al., 

2001, Neznal et al., 2004, Tóth et al., 2006), which sometimes causes 

confusion. One suggested approach to quantify the geogenic radon potential 

for the geogenic radon map of Europe is the continuous variable (formerly 

radon index) developed by Neznal et al. (2004) (Eq. (1)): 

10klog

c
GRP

10


 

             (1) 

where c∞ is the equilibrium soil gas radon activity concentration at a 

definite depth (0.8-1 m) (kBq m-3) and k is the soil gas permeability (m2). 

Based on many years of extensive research in the Czech Republic, three 

categories of GRP (Eq. (1)) were set: low (GRP < 10), medium (10 < GRP < 

35) and high (35 < GRP) (Neznal et al., 2004).  According to Barnet and 

Pacherová (2010) low GRP causes <230 Bq m-3, medium GRP causes 230-460 

Bq m-3, high GRP causes >460 Bq m-3 indoor radon concentration.   

Since there is no regulation for residential indoor radon concentration in 

Hungary, one can use European Union recommendation (90/143/Euratom, 

1990).  Accordingly, intervention limit for existing building is 400 Bq m-3, 

planning limit for new building is 200 Bq m-3 indoor radon concentration.   
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3. STUDY AREA 

The study area, located in Pest and Nógrád Counties of Hungary, 

encompasses 5400 km2 covering 6.5% of the country.  This part of Hungary 

has the highest population density: 28% (2.83 million) of the population of the 

country (9.9 million) live in the 220 settlements of the study area.  The area is 

also characterized by diverse geological background, thus providing excellent 

conditions for radon risk mapping and geological modeling research. 

Long-term monitoring measurements were performed at 0.8 m depth in a 

highly permeable (k = 2.0E-11 m2) sandy-gravelly soil which is located on a 

late-pleistocene fluvial sediment. Measurements were performed between 

August 3. 2010. and July 22. 2011. 

4. METHODS 

 Soil gas radon activity measurements: RAD7 solid-state radon detektor 

with soil gas probe.   

 Soil gas permeability measurements: RADON-JOK in situ equipment 

with the same probe as used by radon measurements.   

 Meteorological parameters: Touch Screen Weather Station PCE-FWS 20 

meteorological station.  
 

5. THESES 

1. I made the first geogenic radon (GRP) map of Hungary, which covers some 

parts of Pest and Nógrád Counties.  The study area is characterized by low 
(GRP<10) and medium (10<GRP<35) GRP.  High GRP area (GRP>35) can 

be found only locally on the proluvial and deluvial sediments, which can 

affect the 0.5%, 15000 people, of the Hungarian population (Szabó et al., 
2014).   

2. I stated that higher soil gas radon activity concentration and GRP values 

characterizes the western and northern mountainous (Triassic carbonates, 
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Mesozoic volcanic rocks, Tertiary sandstone, marl and clay) parts of the 

study area, than the eastern and southern Plane areas covered with 

Quaternary sediments.  Upper quartile of soil gas radon activity 

concentration and GRP values follow the Mountain borders well (Szabó et 
al., 2014).   

3. I revealed, that the loess (GRP=12.4), the fluvioeolic sand (GRP=7.4), the 

fluvial sand (GRP=5.1) and the drift sand (GRP=4.8) formations have low 

(GRP<10), whereas the fluvial sediment has medium (GRP=20,7) geogenic 

radon potential.  Accordingly, I suggest merging the first four geological 

formations on the geology based radon potential maps (Szabó et al., 2014).   
4. I demonstrated that Quaternary sediments are not entirely homogeneous 

from radon point of view.  Fluvial sediment has the highest soil gas radon 

activity concentration and GRP among them.  This geological formation can 

be found on the western and northern mountainous parts of the study area 

(Szabó et al., 2014). 
5. I stated that soil gas radon activity concentration is in inverse ratio to soil 

gas permeability on the Quaternary sediments, except for fluvial sediment.  

The higher the soil gas permeability, the lower the soil gas radon activity 

concentration.  However the fluvial sediment is characterized by the higher 

soil gas radon activity concentration, while on the average there are medium 

soil gas permeable soils on it.  Reason of this can be that fluvial sediment 

eroded from Mountains and derived during the first stage of the 

sedimentation has higher radium content, than the sediments (drift sand, 

fluvioeolic sand, fluvial sand and loess) transported far to the Planes (Szabó 
et al., 2014).   

6. I stated by variogram analysis, that the sampling frequency – 3,2 km 

average sampling interval – is enough for reveal the spatial structure of soil 

gas radon activity concentration and GRP (Szabó et al., 2014). 
7. I demonstrated that soil gas radon activity concentration measured at 0.8 m 

depth has daily and seasonal variation in a sandy gravelly soil derived on 
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Quaternary (late-Pleistocene) fluvial sediment V. terrace.  The soil gas 

radon activity concentration values were 2.4 times higher in winter (from 

October to March) than in summer (from May to July) in the studied 

interval.  The amplitude of daily periodicity is negligible compared to the 

seasonal one.  Values are higher at night than in the daytime by 3.8% and 

14.5%, in winter and summer, respectively (Szabó et al., 2013).  
8. I revealed that environmental meteorological factors (air temperature, soil 

temperature, soil humidity) hava significant effect on the soil gas radon 

activity concentration.  Soil gas radon activity concentration is in inverse 

ratio to the air and soil temperature, whereas it is in direct ratio to soil 

humidity, since the higher the soil humidity the higher the radon emanation 

(Szabó et al., 2013).  
9. I demonstrated, that soil gas radon activity concentration at the long-term 

measurement site has seasonal variation and causes 36% difference in 

GRP value according to the season.  At this measurement site has low GRP 

(GRP<10) calculated also from the summer (GRP=4,2) as well from the 

winter (GRP=9) values.  However the similarly high variation can shift the 

value of the GRP by one category at the category borders, but it cannot 

occur that low GRP shifts to high or vice versa (Szabó et al., 2013).   
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