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Introduction

The radioactive elements abounding in the natural 
environment are the reason that the whole human 
population is exposed to radiation. Atmospheric 
radon concentration in Poland remains at 6.5 Bqm3 
[1, 2], but in closed spaces, where radon tends to 
accumulate, the concentrations may be many times 
higher. 

Ionizing radiation is known as a carcinogenic 
agent, and radon has been classifi ed as Class I car-
cinogen by the International Agency for Research 
on Cancer (IARC) [3]. As radon is soluble in water 
and also as a gas is easily released from water, it 
can easily migrates in the atmosphere. Thus, high 
radon concentrations may occur in various places, 
such as living fl ats, cellars, caves, and mines. The 
issue of radon pollution as a social problem has 
found its expression in European Directive No. 
2013/59/Euratom of 5 December 2013, which pro-
vides that radon should be included in the radiologi-
cal protection system [4]. The radon problem is also 
included in the Polish Atomic Law [5]. 

Kowary city is located between the Rudawy Jano-
wickie and the Giant Mountains at the Jedlica River 
valley. The intensive development of the Kowarian 
industry took place in the nineteenth and twentieth 
centuries. Then intensifi ed mining of iron ores, fl uo-
rite, zinc-lead ores, silver, copper, and uranium took 
place. The presence of uranium makes the Kowary 
area characterized by an increased concentration of 
radon in the air and the living houses. 
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Method

Measurements of periodic radon concentrations in 
dwellings of Kowary were carried out three times by 
the employees of the Nofer Institute of Occupational 
Medicine, the fi rst time in 1995, the second time in 
2000–2001, and the third time in 2015–20161). The 
measurements were conducted in four series quarterly 
in a year (in some cases one-quarter measurement). To 
unify the results from quarterly and annual measure-
ments, the correction factors for the determination 
of annual average radon concentration in dwellings 
resulting from seasonal variability of indoor radon 
were used [6]. Dosimeters were placed at the ground 
fl oor rooms of buildings, in quantity from one to fi ve 
pieces depending on the size of the dwelling. Low-rise 
buildings dominate in Kowary. Measurements were 
performed only in rooms located on the ground fl oor, 
mostly in one- or two-story houses. Measurements in 
higher buildings were also performed (measurements 
conducted at the ground fl oors). 

Mean long-term radon concentrations measure-
ments were conducted using close type NRPB 
passive dosimeter with a CR-39 track detector (or 
Tastrak). NRPB-type passive radon dosimeter is 
made of plastic [7]. It consists of two parts. Dimen-
sions of the dosimetric cassette are diameter 5.5 cm 
and thickness 2 cm. Track detector CR-39 is located 
inside the dosimetric cassette. An important design 
feature of the dosimeter NRPB-type is that after it 
is closed, only radon can diffuse through micro-
cavities to the inside. Thus, radon concentration 
inside the dosimetric chamber reaches a value equal 
to that existing in the ambient air, regardless of 
the concentration of radon daughters in the air. 
When precise measurement time is known, one 
can calculate the average concentration of radon 
in the air during that period. Therefore, dosimeter 
NRPB-type is an instrument to determine the ra-
don exposure. Dosimeter NRPB-type is shown in 
Fig. 1. Basic technical information2): Lower de-
tection threshold: 20 kBqhm–3; upper detection 
threshold: 1 MBqhm–3; precision of measurement: 
15%; surface analysed: 192 mm2; own background 
of the detector: 1.1 trmm–2. 

Before starting the measurements, a new batch of 
detectors was purchased. Each batch of these detec-
tors was calibrated in the Institute of Occupational 
Medicine (IMP) in a radon chamber with a volume 
of 2 m3. Furthermore, the correctness of detector’s 
indications used by the IMP is regularly verifi ed 

by the international and national interlaboratory 
comparisons. 

The analysis of track detectors is conducted 
using an image analysis system by the IMAL com-
pany [8] available in the Nofer Institute of Occupa-
tional Medicine in Łódź. 

As a result of the analysis, the density of traces 
per mm2 is obtained, which in turn is used to calcu-
late the exposure that the detector was subjected to. 

Results

The results of measurements conducted in 1995 
were the average annual radon concentration of 
150 Bqm–3 with a standard deviation of the mean 
equal 20 Bqm–3, and the maximum reached was 
560 Bqm–3. In the years 2000–2001, the average an-
nual radon concentration was 350 ± 16 Bqm–3, and 
the maximum reached was 650 Bqm–3. The average 
for recent measurements (2015–2016) was 390 ± 42 
Bqm–3, and the maximum of radon concentration 
measured was 2500 Bqm–3. The geometric mean of 
radon concentration in 2015–2016 was 260 Bqm–3. 
Figure 2 shows the distributions of average quarterly 
radon concentrations. 

In most houses, the measurements were carried 
out two times over 20 years. In a few houses, the 
measurements were carried out three times over 
20 years. Figure 3 shows a comparison of the aver-

Fig. 1. Opened NRPB-type dosimetric cassette with 
a CR-39 detector. 
1) The research was carried out as part of the IMP 16.13 
project and funded by the Nofer Institute of Occupational 
Medicine: “Verifi cation of radon hazard in Kowary”. 
2) For detectors used in 2015–2016.
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Fig. 2. Average quarterly radon concentrations measured 
in houses in Kowary in 1995 (a), 2000–2001 (b), and 
2015–2016 (c). 
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age annual radon concentrations calculated from 
quarterly measurements in a given apartment. 

Conclusion

Measurements carried out in Kowary over 20 years 
have shown that residents are exposed in their 
houses to radon concentrations, which often exceed 
300 Bqm3 – a reference level recommended by the 
European Union. 

It can be seen in Fig. 3 that in some fl ats (in which 
radon concentration was measured three times), the 
annual radon concentration has a tendency to increase 
during the observed years. A similar conclusion can 
be drawn by comparing the charts (Fig. 2) – 20 years 
ago radon concentrations in houses of Kowary were 
lower than today. It can be suspected that this is due 
to the replacement of windows to a new, airtight, and 
thus greater accumulation of radon in apartments oc-
curs when comparing with previous years. 

It will be interesting to compare the results of 
radon measurements in Kowary with the rest of Po-
land. In 2008–2009, annual measurements of radon 
concentrations were carried out in 129 buildings 
throughout the country using CR-39 detectors3). The 
distribution of mean annual values of radon activity 
concentration in residential buildings in the areas of 
almost all main tectonic units of Poland seems to have 
a log-normal character. The highest maximum values 
of mean annual radon concentration were recorded 
in buildings situated in the Sudety Mts. (reach up to 
845 Bqm3) [9]. Based on the information received in 
the research, the geometric mean of radon concentra-
tion for all buildings in Poland is 142 Bqm3. Present 
geometric mean of radon concentration in dwellings 
of Kowary exceeds almost twice the geometric mean 
of radon concentration in buildings of Poland and 
reaches 260 Bqm3. 

In the light of the new law [5], it seems that the 
level of radon concentration occurring in Kowarian 
buildings may be a problem for the city authorities. 
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Fig. 3. Comparison of average annual radon concentration measurements made two or three times in some apartments 
in Kowary. Legend: Kowary north: 1–7 Wojska Polskiego St.; Kowary centre: 8 –  Sienkiewicza St., 9  –  Jagiellońska 
St., 10 – Kowalska St., 11 – 1 Maja St.; Kowary south: 12–15 Wiejska St., 16–19 Podgórze St. 
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