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14 TADEUSZ ANDRZEJ PRzyLIBSKI 

Summary 

The paper presents the measurement results of monthly average concentrations of 222Rn and 
momentary concentration values of its decay products, as well as the potential energy of their alpha 
radiation in the air of the underground tourist route in Walim. It has been found out that radon 
concentration in the air of the adits and halls that are open to the public is low and in the 
measuring period (from October 1995 to January 1997) it averaged 0.094 kBq/m3

• It has been also 
observed that there was no significant spatial variabil ity of radon concentration, and no distinct 
seasonal fluctuation has been noticed, either. Nevertheless, the concentrations in particular months 
varied by up to 75% of the average. Except for this, it has been discovered that only occasionally 
conditions favourable for radon accumulation can occur in some places. The factors disadvan­ 
tageous for the accumulation of radon inside the underground workings are rather low con­ 
centration of the parent nuclide (226Ra) in the rocks, which amounts to 43 ± 2 Bq/kg, and intensive 
natural ventilation. 

A similar behaviour is characteristic of radon decay products, whose concentrations in the air 
of the underground tourist route in Walim are even lower. The estimated coeffi cient F of the 
radioactive equilibrium between radon and its decay products is of the order of 0.1-0.2 and it is 
close to the values registered in underground coalmines in Poland. Besides, the values of the 
potential energy of alpha radiation from radon decay products are by an order of magnitude lower 
than the boundary value accepted for so-called inspection level in underground mines in Poland. 

The obtained examination results prove that in the case of the underground tourist route in 
Walim you cannot speak about any radiation hazards neither for the visitors nor the employees 
showing them around the object. 

INTRODUCTION 

In Poland, like in many other European countries, most of the radiation 
exposure of the population comes from natural sources and it constitutes ca 2/3 
of the total exposure. In our country the radiation exposure from natural 
sources amounts to ca 2.4 mSv a year, which is over twice as much as the limit 
established at 1 mSv. The biggest contribution to this exposure is that of radon 
and its decay products, which are the source of the estimated annual effective 
dose equivalent of ca 1.3 mSv. It constitutes ca 40% of the mean annual 
effective dose equivalent received by the average Polish citizen in 1998 from all 
sources of ionising radiation [31]. Therefore, the recent literature often draws 
attention to the necessity of complex investigations into the processes leading 
to high radon concentrations, defining the areas of their potential occurrence, 
as well as monitoring and the application of methods preventing people's 
presence in such places. The enhanced concentrations of this radioactive noble 
gas might be the reason for a greater risk of tumours, especially of the re­ 
spiratory tract. On the other hand, some researchers adopt the theory of 
radiation hormesis, which says that the receiving of small radiation doses is not 
only harmless, but even beneficial for the organism. From this notion follows 
the use of radon in balneological therapy. The problem of enhanced radon 
concentration is concerned chiefly with residential buildings situated in specifi c 
geological conditions or buil t of materials containing parent isotopes of radon. 
To a lesser extent the problem also affects the employees of underground mines 
and other underground structures (tunnels, caves, underground tourist routes). 
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CHANGES IN THE CONCENTRATION OF RADON-222 ... 17 

The Góry Sowie gneisses make the old crystall ine structure of the western 
Sudetes called the Góry Sowie plate. Most of this unit is buil t of quartz­ 
-plagioclase-biotite gneisses and, more rarely, of other kinds of gneiss. They are 
accompanied by migmatites, granuli tes, amphiboli tes and other rocks. The 
Sudetic marginal fault divides the plate of the Góry Sowie into the raised part 
in the Sudetes and the lowered, within the Sudetic Foreland [13, 22, 48]. The 
adits in Walim lie to the southwest of the Sudetic marginal fault, i.e. in the 
Sudetes, in the Góry Sowie range. Micropaleonthogical studies resulted in 
defining the age of this complex as Late Proterozoic [ 14]. The rocks inside the 
workings are strongly weathered, particularly along the planes corresponding 
to the schistosity. In the area near measurement point 3 the fault zone appears, 
within which rocks slide down from the roof, resulting in forming a gravity 
cone on the floor of the "hall". 
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Fig. 2. A simplifi ed geological sketch of the Walim area (after [13]) 
I - Quaternary, 2 - biotite migmatised gneisses, 3 - granite-gneisses with the domination of (augen gneisses), 
4 - biotite and migmatic gneisses, 5 - biotite-plagioclase gneisses, 6 - gneiss mylonites, 7 - gneiss con­ 
glomerates, 8 - gabbro conglomerates, 9 - kersantites, IO - quartz porphyries, 11 - adits in Walim, 12 - faults 

METHODS OF INVESTIGATION 

In order to obtain the possibly fullest description of radon occurrence, its 
decay products and radioactivity itself, mean monthly concentrations of this 
radioactive gas, momentary concentration values of its short-lived decay pro­ 
ducts and the concentrations of the potential energy of their alpha radiation 
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where K is the calibration coeffi cient. The apparatus is equipped with a proces­ 
sor that enables the storing of 99 results and the direct connection with a PC 
computer and/or a printer. The detection limit for the concentration of poten­ 
tial energy of alpha radiation is ca 20.67 · 10-3µJ/m3 [12, 27]. 

RESULTS AND DISCUSION 

The analysed sample of the biotite migmatised Góry Sowie gneiss was 
discovered to contain 43 ± 2 Bq/kg of 226Ra nuclide (Tab. 1). This value does 
not differ from the typical values registered in the upper part of the earth's 
crust, which amount to 10-100 Bq/kg, on average 30 Bq/kg [4, 30, 32]. This 
value is slightly higher than that recorded for similar Góry Sowie gneisses in 
the area of Szczawno Zdrój (cf. Tab. 1) [35]. Therefore it should be stated that 
the rocks from the sides, roof and floor of the adits are not the source of 
enhanced radon emission. Consequently, the only cause of potential enhanced 
radon concentrations inside the tourist route would be the cracks and the fault 
zone found in the area around measurement point 3. In this case good ven­ 
tilation should prevent radon from accumulating. 

Table 1. The content of 226Ra nuclide in the Góry Sowie gneisses for the samples taken in 
Szczawno Zdrój in 1996 (after [35]) and in Walim in 1997 

Góry Sowie 226Ra content 
gneiss [Bq/kg] 

Szczawno Zdrój 34±2 
Walim 43±2 

During the 15 months of measurements it was found out that the mean 
monthly 222Rn concentrations usually did not exceed 0.16 kBq/m3. Only ex­ 
ceptionally in the period between December 1996 and January 1997, the con­ 
centration of 0.33 kBq/m 3 was registered by the detector placed at point 4. The 
fluctuations of mean monthly 222Rn concentrations were considerable - 
of the order of ±75% of the mean values at particular measurement points 
(Fig. 3). However, the registered concentration values were lower in comparison 
to the values registered in similar structures, even lower than the values 
acceptable for residential buildings. This dependency is reflected by the mean 
222Rn concentration of 0.094 kBq/m3 for the whole tourist route during the 
whole research period (Tab. 2 and 3). Besides, the extreme values at all the 
measuring points were similar, both in particular months and in the whole 
research period (cf. Tab. 3). Such results prove the uniform distribution of 
222Rn concentrations in all the structure. This means that there are no local 
sources (e.g. a fault or uranium mineralisation) that could supply larger 
amounts of radon. Besides, there are no areas where this radioactive gas would 
accumulate. This fact proves the presence of good ventilation, which causes the 
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Table 3. Recorded values of mean monthly 222Rn concentrations in the air of the underground 
tourist route in Walim between October 1995 and January 1997 

Period of 
Point no. 1 Point no. 2 Point no. 3 Point no. 4 Mean 

measurement [kBq/m3
] 

X/XI 1995 0.05 0.04 0.04 0.06 0.0475 
XI/XII 1995 0.09 0.10 0.12 0.09 0.10 
XII/I 1996 0.07 0.08 0.05 0.08 0.07 
1/11 1996 0.09 0.09 0.08 0.09 0.0875 
11/111 1996 0.07 0.10 0.10 0.11 0.095 
Ill /IV 1996 0.09 0.06 O.Q7 0.06 0.07 
IV/V 1996 0.09 0.08 0.07 0.09 0.0825 
V/VI 1996 0.15 0.11 0.15 0.15 0.14 
VI /VI I 1996 0.12 0.09 - 0.14 0.117 
VI I /VIII 1996 0.13 0.07 0.07 0.10 0.0925 
VIII /I X 1996 0.09 0.11 0.10 0.11 0.1025 
IX/X 1996 0.04 0.06 O.Q7 0.06 0.0575 
X/XI 1996 - 0.05 0.07 0.05 0.057 
XI/XII 1996 0.08 0.13 0.13 0.07 0.1025 
XII/I 1997 0.11 0.14 0.16 0.33 0.185 

Mean 0.091 0.087 0.091 0.106 0.094 
Min 0.04 0.04 0.04 0.05 
Max 0.15 0.14 0.16 0.33 

Table 4. Momentary 218Po (RaA) concentrations recorded between 15.03.1996 and 14.01.1997 in 
the air of the underground tourist route in Walim 

Date of Point no. 1 Point no. 2 Point no. 3 Point no. 4 Mean 

measurement [Bq/m"] 

1996.03.15 < LLD* 1.94 16.75 221 13.60 
1996.04.17 < LLD* < LLD* 1.94 < LLD* 1.94 
1996.05.16 5.34 11.65 11.65 < LLD* 9.55 
1996.06.18 < LLD* 6.31 13.84 < LLD* 10.075 
1996.07.16 10.68 < LLD* < LLD* < LLD* 10.68 
1996.08.17 17.97 < LLD* < LLD* < LLD* 17.97 
1996.10.15 < LLD* 20.15 < LLD* 24.52 22.335 
1996.11.15 8.5 3.16 5.1 23.31 10.0175 
1996.12.13 13.84 5.34 23.31 13.6 14.0225 
1997.01.14 < LLD* 3.16 < LLD* < LLD* 3.16 

Mean 11.266 7.387 12098 20.8825 11.33 
Min . 5.34 1.94 1.94 13.6 
Max . 17.97 20.15 23.31 24.52 

• Below the detection limit. 
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Table 5. Momentary 214Pb (RaB) concentrations recorded between 15.03.1996 and 14.01.1997 in 
the air of the underground tourist route in Walim 

Date of 
Point no. 1 Point no. 2 Point no. 3 Point no. 4 Mean 

measurement [Bq/m3
] 

1996.03.15 21.27 21.27 10.63 < LLD* 17.72 
1996.04.17 < LLD* 85.08 21.27 10.63 38.99 
1996.05.16 < LLD* < LLD* < LLD* < LLD* - 

1996.06.18 < LLD* < LLD* < LLD* < LLD* - 
1996.07.16 < LLD* < LLD* < LLD* < LLD* - 

1996.08.17 < LLD* < LLD* < LLD* 10.63 10.63 
1996.10.15 < LLD* < LLD* 21.27 < LLD* 21.27 
1996.11.15 < LLD* < LLD* 21.27 < LLD* 21.27 
1996.12.13 < LLD* < LLD* < LLD* 10.63 10.63 
1997.01.14 10.63 < LLD* < LLD* < LLD* 10.63 

M ean 15.95 53.175 18.61 10.63 18.73 
M in. 10.63 21.27 10.63 10.63 
Max. 21.27 85.08 21.27 10.63 

• Below the detection limit. 

Table 6. Momentary 214Bi (RaC) and 214Po (RaC') concentrations recorded between 15.03.1996 
and 14.01.1997 in the air of the underground tourist route in Walim 

Date of Point no. 1 Point no. 2 Point no. 3 Point no. 4 Mean 

measurement [Bq/m3
] 

1996.03.15 < LLD* 5.34 16.03 18.7 13.357 
1996.04.17 < LLD* 2.67 5.34 < LLD* 4.005 
1996.05.16 2.67 8.01 8.01 < LLD* 6.23 
1996.06.18 < LLD* < LLD* 5.34 8.01 6.675 
1996.07.16 5.34 < LLD* < LLD* < LLD* 5.34 
1996.08.17 13.35 < LLD* < LLD* < LLD* 13.35 
1996.10.15 < LLD* 13.35 267 13.35 9.79 
1996.11.15 5.34 2.67 8.01 16.03 8.0125 
1996.12.13 8.01 2.67 16.03 13.35 10.015 
1997.01.14 < LLD* 267 < LLD* < LLD* 2.67 

Mean 6.942 5.34 8.775714 13.888 7.94 
M in. 2.67 267 2.67 8.01 
Max. 13.35 13.35 16.03 18.7 

• Below the detection limit. 
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Table 7. Momentary concentrations of potential energy of alpha radiation resulting from nuclear 
transformations of short-lived 222Rn decay products registered between 15.03.1996 and 14.01.1997 

in the air of the underground tourist route in Walim 

Date of 
Point no. 1 Point no. 2 Point no. 3 Point no. 4 Mean 

measurement [µJ/m3] 

1996.03.15 < LLD* 0.03 0.09 0.11 0.077 
1996.04.17 < LLD* 0.02 0.03 < LLD• O.Q25 
1996.05.16 < LLD• 0.02 0.05 0.05 0.04 
1996.06.18 < LLD• < LLD* 0.03 0.05 0.04 
1996.07.16 0.03 < LLD• < LLD* < LLD• 0.03 
1996.08.17 0.08 < LLD* < LLD• < LLD• 0.08 
1996.10.15 < LLD* 0.08 0.02 0.08 0.06 
1996.11.15 O.Q3 0.02 0.05 0.09 0.0475 
1996.12.13 0.05 0.02 0.09 0.08 0.06 
1997.01.14 < LLD* 0.02 < LLD* < LLD* 0.02 

M ean 0.0475 0.03 0.051 0.077 0.048 
M in. 0.03 0.02 0.02 0.05 
M ax. 0.08 0.08 0.09 0.11 

• Below the detection lim it. 

emphasised that the value of the inspection level has been defined for the 
8-hour working day (2000 hours a year), while the employees guiding visitors 
along the underground tourist route in Walim stay there much shorter. Cer­ 
tainly, the problem of radiation exposure by no means affects tourists visiting 
the Walim adits. 

CONCLUSIONS 

The concentration of radon in the air of the tourist route in Walim is low 
(on average 0.094 kBq/m3

) and does not exhibit distinct seasonal variabil ity. 
No spatial variation of concentrations can be discerned, either. This results 
from the average content of the parent nuclide 226Ra (43 ± 2 Bq/kg) in the 
rocks, as well as from the intensive natural ventilation of the structure. Nevert­ 
heless, during the 15 months of measurements, deviations of up to 75% of the 
average value were noticed. It was also observed that occasionally in some 
parts of the route there might occur conditions favourable for the accumulation 
of this gas. 

The behaviour of radon decay products is similar, but their concentrations 
in the air of the underground tourist route in W alim are even lower. Therefore 
the estimated coefficient F of the radioactive equilibrium between radon and its 
decay products is of the order of 0.1-0.2 and it approaches the values recorded 
in underground coalmines in Poland. The values of the potential energy of 
alpha radiation from radon decay products are by an order of magnitude lower 
than the boundary value accepted for so-called inspection level in the underg­ 
round mines in Poland. 
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