
 

243 

 

THE INFLUENCE OF AIR TEMPERATURE AND 

BAROMETRIC PRESSURE ON RADON AND CARBON 

DIOXIDE LEVELS IN AIR OF A KARST CAVE 
 

Kristina Obu
1
, Asta Gregorič

2
, Mateja Smerajec

2
, Barbara Čenčur Curk

1
, 

Ryoko Fujiyoshi
3
, Yosuke Sakuta

3
 and Janja Vaupotič

2
 

1
University of Nova Gorica, Nova Gorica, Slovenia 

 Joţef Stefan Institute, Ljubljana, Slovenia  
3
Faculty of Engineering, Hokkaido University, Sapporo, Japan 

janja.vaupotic@ijs.si 

 

 

INTRODUCTION 

Radioactive noble gas radon (
222

Rn) is created in minerals by 

radioactive transformation of 
226

Ra within the 
238

U natural decay chain. It 

migrates through the ground, accumulates in underground rooms (e. g., karst 

caves) and eventually enters the atmosphere [1]. It is always present in our 

living and working environment. Because of its harmful health effect, it 

presents a serious social concern but is, on the other hand, a useful tool in 

several scientific disciplines. It is thus used as a tracer in exploring 

movement of air masses and an indicator of tectonic faults. Another minor 

constituent of air is carbon dioxide. Similar as radon, it is dangerous at high 

levels, but its presence in air of karst caves is indispensable for their life, 

because it governs speleogenetic processes [2]. In the cave air, its 

concentration is determined by the inflow of outside air, biogenic activity of 

soil, degradation of organic matter and carbonate, degassing from water, and 

human activity. Therefore, ventilation of the cave is crucial for its 

conservation. Based on temporal variations of radon and carbon dioxide 

levels, ventilation regime in the cave can be estimated [3]. 

Radon has been surveyed in all the twenty show caves and in thirty 

other caves in Slovenia, with emphasis on the Postojna Cave [4]. In the 

present study, in addition to radon, monitoring of carbon dioxide was 

introduced for the first time. The Kostanjevica Cave was selected because it 

is crossed by a tectonic fault at which measurements of three-dimensional 

micro displacements are underway. Because of the fault, high levels of 

radon and carbon dioxide were expected [5]. In this paper, measurements 

are described and both the spatial and time variations of radon and carbon 

dioxide levels are presented and commented on. 
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MATERIAL AND METHODS  

The Kostanjevica Cave (Kostanjeviška jama) is situated in southern 

Slovenia (Figure 1) in an isolated island of karst. It is crossed by a tectonic 

fault. Under the cave, there are several water springs and a source of a 

creek. The cave is composed of the main and several parallel corridors and 

passages, some mutually connected and some ending into closed pockets. 

The total length of about 2 km is well known but other parts are still under 

exploration. The part open for visits is dry while several other corridors are 

flooded. Air temperature in the cave is practically constant 11 – 15 ºC all the 

year round. 

 
 

 
 
 

Figure 1. Ground plan of the Kostanjevica Cave [6] with measurement 

points K1 − K3 for continuous and T1 − T9 for instantaneous measurements 
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At points K1, K2 and K3, continuous radon monitoring was carried 

out with the RadonScout devices (Sarad, Germany) from April to December 

2009, with several interruptions because of the instrument failures. The 

instrument gives hourly values of radon concentration, as well as air 

temperature and relative humidity. Data are saved in the internal memory 

and periodically transferred to a personal computer for data evaluation. 

At points T1 to T9 along the guided tourist route, instantaneous 

concentrations of radon and carbon dioxide were measured monthly from 

August 2009 to March 2010. For the former, air was sampled into 0.7 dm
3
 

alpha scintillation cells manufactured at the Joţef Stefan Institute [7] and 

measured in a PRM 145 α-counter (AMES, Slovenia), and for the latter, a 

Testo 435 device connected to an IAQ non-dispersive infrared probe (Testo, 

USA) was used. Outdoor air temperature and barometric pressure for the 

nearby meteorological station were obtained from the Office of 

Meteorology of the Environmental Agency of the Republic of Slovenia.  

 

RESULTS  

Figure 2 shows results of continuous measurements at K1. As 

expected for horizontal caves [4], radon concentration (Figure 2a) is 

significantly higher in summer (1800 − 2200 Bq m
−3

) than in winter 

(20 − 500 Bq m
−3

). In winter the cave temperature is higher than outside 

(Figure 2b) and cave air is released from the cave into the outdoor 

atmosphere due to the air draught caused by the "chimney effect", thus 

allowing fresh and cold outdoor air with low radon concentration to enter 

the cave through low lying openings. This effect is not operative in summer, 

when the outside temperature is higher than in the cave, and air draught is 

minimal or reversed. On a daily basis radon concentration appeared not to 

be dependent on the outside air temperature. Barometric pressure appears 

not to influence radon levels, either in summer or in winter. Neither the 

influence of the fault has been noticed.  

A similar situation was found at K3. On the other hand, it was 

substantially different at K2: last week of November, with outside air 

temperature changing from 2 to 18 ºC, radon concentration fluctuated from 

500 to 6000 Bq m
−3

, until the temperature drastically did fall and radon 

concentration decreased and remained constantly low at about 10 Bq m
−3

 

(Figure 3). Point K2 is in the middle of the main corridor which continues to 

larger galleries and halls. Therefore, the air flow may differ markedly from 

that at K1 and K3 points, being off the main corridor.  
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Figure 2. a) Radon concentration (CRn) and b) outdoor temperature (Tout) 

and barometric pressure (P) obtained with continuous measurements at K1 

 

 
Figure 3. Radon concentration (CRn) and outdoor temperature (Tout) 

obtained with continuous measurements at K2 
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Instantaneous concentrations of radon and carbon dioxide are shown 

in Figure 4. While in summer (with low ventilation and stagnant air), spatial 

distribution along the main cave corridor is quite uniform, this is not the 

case in other seasons (with enhanced ventilation due to natural air draught). 

 

 

 

 
 

Figure 4. Instantaneous radon (CRn) and carbon dioxide (CCO2
, in volume 

ppm) concentrations at T1 − T9 at dates indicated  

 

 

The patterns of spatial distribution of radon and carbon dioxide in 

November, January and March were similar. Except for radon in summer, 

they are considerably higher than outside (cca 10 Bq m
−3

 and cca 300 ppm, 

respectively) and, except at T9, were growing with distance from the 

entrance, as expected [2-3]. Contributions of carbon dioxide have not been 

identified. A very high correlation (R = 0.86) between levels of both gases 

was observed. Obviously, also carbon dioxide levels, as evidenced for 

radon, are mostly controlled by the ventilation regime, and not affected by 

visitors. 
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CONCLUSION 

Change of ventilation regime in the cave is reflected in seasonal 

variation of radon concentration. It is high in summer (1800 − 2200 Bq m
−3

) 

and substantially reduced in winter (20 − 500 Bq m
−3

), when temperature in 

the cave is higher than outside and radon is diluted by the inflow of outside 

air, caused by natural air draught. This draught is minimal or reversed in 

summer. Concentrations of both gases, radon and CO2, are well correlated. 
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