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INTRODUCTION 

Postojna Cave (Figure 1a), with 20 km of galleries, is the longest 

known cave system and also the largest of about 20 show caves in Slovenia 

and one of the most visited show caves in the world. It is well known that 

high concentrations of radon are common in karstic caves [1-3], although 

quantities of uranium (
238

U) in limestone are rather low. The reason for this 

is low natural ventilation of the underground cavities. Tectonic faults 

constitute an additional source of radon. Variations of radon concentration 

in cave air arise from a balance of the emission from cave surfaces and drip 

waters, decay in cave air, and exchange with the outside atmosphere [4]. 

Because of its elevated radon concentrations, Postojna Cave has been under 

permanent radon survey since 1995 [5-6]. The influence of meteorological 

conditions on the radon levels and their temporal variations depends mostly 

on the shape of the cave [7], and the number and directions of cracks, 

corridors and fissures connecting the cave rooms with the outside 

atmosphere. The driving force for air movement in horizontal caves, and 

thus the inflow of fresh air and release of the cave air to the atmosphere, is 

the temperature difference between the cave air and outdoors, which causes 

seasonal pattern of radon concentration in the cave with high levels in 

summer and low in winter. However, on a daily scale different behaviour of 

radon can be observed at different locations in the cave. In this paper diurnal 

variation of radon concentration at two locations is presented and discussed. 

 

SITE DESCRIPTION AND MEASUREMENTS 

Postojna Cave is a horizontal cave with a stable yearly temperature 

around 10 °C. Continuous measurements of radon concentration were 

carried out from 2005 to 2010 at two locations along the guided tourist trail. 

The first measurement site (P1) is located in the Great Mountain hall, the 

biggest collapse chamber in Postojna Cave (Figure 1b), whereas the second 

(P2), in a narrow natural passage Beautiful Caves (Figure 1b), characterized 
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by numerous cracks in the faulted rocks. Both measurement sites lie about 

2 km from the tourist entrance. 

 

 
Figure 1. a) Slovenia with the Postojna Cave indicated. b) The passages of 

Postojna Cave with indicated monitoring sites P1 (Great Mountain hall) and 

P2 (Beautiful Caves) [8]. 

 

Radon concentration was measured with Radim 5 WP monitors 

(SMM Company, Prague, Czech Republic) with sampling frequency once 

an hour. The Radim 5 monitor determines radon concentration by measuring 

gross alpha activity of the decay products 
218

Po and 
214

Po, collected 

electrostatically on a semiconductor detector. The lower limit of detection is 

about 50 Bq m
–3

. Data are stored in the inner memory of the instrument and 

then transferred to a personal computer for further evaluation. 

Hourly values of outside air temperature and barometric pressure at 

the Postojna meteorological station were obtained from the Office of 

Meteorology of the Environmental Agency of the Republic of Slovenia. 
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RESULTS 

In general, radon concentration was the lowest in winter, with average 

values of 2500 and 7000 Bq m
–3 

at P1 and P2, respectively. Radon 

concentration was lower and more stable at P1, whereas greater variations 

were noticed at P2, especially in spring and autumn. In this transition period 

between summer and winter, radon concentration can vary by more than 

2 kBq m
–3

 per day. Furthermore, under special atmospheric conditions 

significant diurnal variations of radon concentration were observed at P2. In 

summer the ventilation of the cave is reduced, causing higher radon levels in 

the cave. However, when outside air temperatures are high enough (over 

25 °C), slight draught of air in the opposite direction than in winter takes 

place. This effect was noticed in summer 2007 (Figure 2). Ventilation of the 

cave was reduced because of low night outside air temperatures (around 

10 °C, i. e., similar to that in the cave), thus allowing radon concentration to 

build up, whereas temperatures from 30 to 35 °C during day time triggered 

slight draught of air out of the cave, allowing fresh air to enter the cave 

through cracks and small breathing holes from above, thus reducing radon 

concentration. Radon concentration was decreasing gradually from 14
th

 to 

20
th

 July at both measurement sites due to very high outside air 

temperatures. 

 

 
Figure 2. Radon concentration (CRn) at measurement sites P1 and P2, 

outside air temperature (T) and barometric pressure (P) in summer 2007 



 

241 

 

Although not so significant as in summer, diurnal variation of radon 

concentration at site P2 can be noticed also in spring. In spring 2008 

(Figure 3), outside air temperatures varied between 2 and 18 °C on a daily 

scale. Inflow of cold fresh outside air at nights diluted radon-reach cave air, 

whereas decreasing ventilation during the day time, when outside air 

temperature slightly exceeded the cave temperature, caused radon 

concentration to increase. In spring, general trend of radon concentration at 

P1 is comparable to that at P2, but with a time delay of app. one day. 

Diurnal variations of radon concentration are less pronounced in winter, 

when intense ventilation, driven by low outside air temperature, does not 

allow radon to accumulate. Decreasing barometric pressure during cold fronts 

in winter has an additional effect on radon concentration. In this case the cave 

system may become over-pressurized with respect to the outside atmosphere 

and therefore releasing the radon-rich cave air into the atmosphere and thus 

enhancing the entry of fresh air into the cave. 
 

 
Figure 3. Radon concentration (CRn) at measurement sites P1 and P2, 

outside air temperature (T) and barometric pressure (P) in spring 2008 
 

The absence of diurnal variation of radon concentration at Great 

Mountain hall reflects a strong smoothing effect caused by diffusion in large 

air volume at this point. On the other hand, relatively small and narrow 

passage of Beautiful Caves, together with highly developed fracture system 

inside the fault zone, are possible reasons for occasional strong diurnal 

variations of radon concentration. 
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CONCLUSION 

The evaluation of five-year radon monitoring at two sites in the 

Postojna Cave reveals significant diurnal and seasonal variations of radon 

concentration. Diurnal variations are noticed only under special atmospheric 

conditions and depend mostly on the outside air temperature variation. On 

average, radon concentrations were in the ranges of 500 – 2500 Bq m
-3

 and 

500 – 7000 Bq m
-3 

at site P1 and P2, respectively. On a long-time scale 

similar effect of atmospheric conditions is often observed at both sites. 

However, local morphology and characteristics of the cave at the site cause 

different short-time variations of radon concentration. Thus, radon 

concentrations are lower and more stable at the Great Mountain hall, 

whereas they are higher and with more pronounced diurnal and seasonal 

variations in the Beautiful Caves. 
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