
Summary 

 
The thesis is focused on measurement and assessment of absorbed doses of radiation in caves 

of the Czech Republic, out of which some exhibit high activity concentration of radon in air. 

This thesis presents an analysis and recommendations based on measurement results obtained 

in the underground caves over the past 10 years. The focus is on defining the sources of 

irradiation within the cave environment (and in areas used for speleotherapy), considering 

their potential health effect, including the variable dependence of external and internal 

irradiation influences. All of the measurements had as an objective to verify, and where 

possible improve, the existing methodology for assessing and calculating the dose from radon 

in underground spaces. The main issue that had to be resolved was whether a numerically 

specified cave factor value is applicable to all underground areas. The research measurements 

were carried out in all available show caves and in several underground areas, and were based 

on the initial results from an aerosol measurement campaign. Two caves (the Bozkov 

Dolomite Caves and the Zbrašov Aragonite Caves) were selected for advanced long-term 

measurements. A large number of long-term and short-term studies were carried out. The 

most important results for cave environments were: the values for the effective dose due to 

external radiation were not higher than units of µSv, and were considered negligible in 

comparison with the internal dose due to radon; radon in water cannot be the source of a high 

concentration of radon in the Czech caves; the 
228
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Ra ratios in clastic sediments are 

generally higher than 1 (on an average, they are 1.5); typical values for the 
228

Th/
226

Ra ratio 

for carbonate rocks (including amphibolite and erlan) varied between 0.2 - 0.5; integral radon 

monitoring using RAMARN detectors can provide more consistent results for calculating the 

effective dose; no major differences were shown in the average radon activity concentration 

during working time as opposed to non-working time; the best period for “winter season” 

measurements was from October 1
st
 to March 31

st
, while the remaining months are referred to 

as the “summer season”;  the free fraction of radioactive particles in air ranged from 0.03 to 

0.6, with arithmetical average fp = 0.13; the presence of aerosol particles 1-10 m in diameter 

is definitely caused by the presence of visitors or personnel; when the cave was closed, these 

particles rapidly dissipated; by contrast, the concentration of air particles about 200 nm in 

diameter is relatively stable (~10 #/cm
3
); for the ~10 nm particle size group it seems that the 

aerosols are produced by intensive work or movement (the concentration is about 100-1000 

#/cm
3
); for the “Night” profile, the AMADs were 140 and 170nm; for  the “Guided Tour” 

profile, the AMADs were 144, 176 and 1900 nm; using the LUDEP program, dose conversion 

factors were obtained for single radon decay products; the direct dependence between 

equilibrium factor F and the size of the free fraction fp was described using the Log-Power 

expression ln(1/fp) = a*ln(1/F)
b
; the calculated values for coefficients a and b for measured 

free fraction values by FRITRA4 device from all measurements made in caves and in 

underground areas were a = 1.85 and b = -1.096. The individual cave factor for each 

investigated underground area was calculated on the basis of the aerosol measurement 

campaign in Bozkov Dolomite Caves, and the LUDEP program and results obtained through 

this research; the cave factor values varied between 1 and 2.4. The 46% relative error of the 

dose from radon was estimated and discussed. A new radon measurement methodology was 

prepared in collaboration with the State Office for Nuclear Safety (SONS), and it was put into 

operational use. A simple model using the MCNPX method was developed which describes 

the gamma-ray contribution of the high concentration of radon daughter 
214

Bi in the air of 

underground environment and the contribution of gamma rays of rocks in the complex 

measurement geometry of the in situ gamma spectrometry in underground caves. 

 


