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Abstract. Indoor radon concentration in Albania has been investigated to study the influence of measuring indoor
radon concentration between living room and bedroom using the CR-39 Solid State Nuclear Track Detectors (SSNTDs).
Approximately 60% (out of 69 measurement locations) of the indoor radon measurements were performed in houses,
while the remainder in apartments. The average bedroom-living room indoor radon concentration in houses were found
to vary from 13 to 454 Bq/m3 with an arithmetic mean of 68 Bq/m3 (median 49 Bq/ms3), while in apartments from 24 to
144 Bq/m3 with an arithmetic mean of 54 Bq/m3 (median 47 Bq/ms3). The relatively lower concentrations found in
apartments is mainly due to apartment floor height, varying from 1st to 7th floor. The ratio of radon concentrations
between bedroom/living rooms showed values varying from 0.3 to 4.1 in houses and 0.5 to 3.7 in apartments. The
distribution is positively skewed with median value of 1.0 in houses and 1.1 in apartments. The slight difference between
houses and apartments can be an indication that the lifestyle is a factor determining bedroom radon concentrations.
However, these results support our proposal that radon concentration measured in living room and/or bedroom is

representative for the determination of environmental radon exposure of the population in dwellings.
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1. INTRODUCTION

Radon and its progeny on average accounts for
about half of all human exposure due to radiation from
natural sources [1]. In Albania, several radon
concentration measurement campaigns have been
carried out in indoor environments, which have made
possible the realization of the preliminary map of radon
concentration in dwellings based on 247 measurements
[2]. The legislation of the Republic of Albania addresses
the problem of exposure to radon in indoor
environments in the V.K.M. No. 957 [3]. The average
annual concentration of radon in the internal
environments of workplaces, residential buildings and
public buildings should not exceed 300 Bq/ms.
However, many studies have shown that long-term
exposure to radon in indoor environments at
concentration levels of 100 Bq/m3, has resulted in an
increased risk of lung cancer [4]. Therefore, it is
advisable to measure the indoor environments in order
to measure the radon concentration. In general, during
national survey campaigns in Albania, testing of radon
concentration in indoor environments is carried out by
the method of CR-39 passive detectors which are mainly
exposed for a period of three months. The primary
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factor affecting the radon concentration is due to
seasonal variation during the measurement period [5-
10]. In Albania we apply corrections for measurement
periods during spring-summer and autumn-winter
only. Other secondary factor affecting radon
concentrations is the floor heigh as reported in Tushe et
al. (2016) [2], which is overpassed by considering
ground-floor data only [11]. On the other hand, the
effect on positioning the detector within the dwelling is
not investigated yet in Albania. This problem is already
studied in various countries [12-15].

This study aims to determine the role of positioning
the detector within the dwellings by randomly choosing
location in Albania and positioning a pair of detectors
both in living room and bedroom. The results obtained
from this study will serve as a guide in support of
campaigns for the measurement of radon in indoor
environments and mainly for the assessment of the
annual concentration of radon in indoor environments.

2. MATERIALS AND METHODS

Indoor radon concentration in Albania has been
investigated through various campaigns during 1999
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and 2014, building the first steps toward the realization
of the distribution map of radon. The 2022 campaign is
a continuation of these campaigns aiming to further
study the influence of measuring indoor radon
concentration between living room and bedroom. This
study is extended throughout the country in order to
have a representative result comprising geological and
seasonal characteristics of different populated areas.
The concentration of indoor radon was investigated for
long-term measurement using the passive
measurement technique using the CR-39 Solid State
Nuclear Track Detectors (SSNTDs). The CR-39
detectors are placed in 69 locations both in living rooms
and bedrooms of houses and apartments located on
different floors (15t to 7t floor). The detectors were
exposed for 3 months at each location during winter and
spring seasons and then were collected for reading
following the procedure explained in Tushe et al. (2016)

[2].

3. RESULTS AND DISCUSSION

The results obtained for indoor radon concentration
levels in living room and bedroom are shown in
Figure 1. The data show a lognormal distribution
confirmed using the Kolmogorov-Smirnov test,
evidencing the various factors affecting radon
concentration indoor. The statistical analysis of each
distribution is summarized in Table 1, showing the
results from bedroom and living room measurements

separately in houses and apartments. The average
indoor radon concentration in living room were found
to vary from 13 to 454 Bq/ms3 with an arithmetic mean
of 63 Bq/m3 (median 43 Bq/ms3), while in bedroom from
22 to 399 Bq/ms3 with an arithmetic mean of 60 Bq/ms3
(median 40 Bq/m3). These results show similar
distributions and radon concentrations levels for both
living room and bedroom. The maximum
concentrations in living room (454 Bq/m3) and
bedroom (399 Bq/ms3) corresponds to the same
building. The concentrations of radon above 100 Bq/m3
[4] found in living room generally corresponds to such
levels in bedrooms with some exceptions.

The average indoor radon concentration in living
rooms were found to vary from 24 to 144 Bq/m3 with an
arithmetic mean of 54 Bq/m3 (median 47 Bq/ms3) in
apartments, while in houses the average indoor radon
concentration vary from 13 to 454 Bq/m3 with an
arithmetic mean of 68 Bq/m3 (median 49 Bq/m3).
Similar behavior was found in bedrooms where in
apartments the average indoor radon concentration
varied from 25 to 123 Bq/m3 with an arithmetic mean of
47 Bg/m3 (median 41 Bq/m3), while in houses the
average indoor radon concentration varied from 22 to
399 Bq/m3 with an arithmetic mean of 67 Bq/m3
(median 47 Bq/m3). The relatively lower concentrations
found in apartments is mainly due to apartment floor
height, varying from 1%t to 7t floor relative to houses
where the floor height vary from 15t to 2 floor.
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Figure 1. Distribution of indoor radon concentration in living room and bedroom
Table 1. Statistical analysis of radon concentration (Bq/ms3) in living room and bedroom both in houses and apartments
- Living room Bedroom
Statistical data All Apartment Houses All Apartment Houses
No. measurements | 69 25 44 69 25 44
Min. 13 24 13 22 25 22
Max. 454 144 454 399 123 399
AM 63 54 68 60 47 67
Median 48 47 49 46 41 47
Skewness 5 1.8 4.1 5 2.4 3.9
Curtosis 27 3.2 20.5 27 7.9 18.3
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Figure 2. The ratios of radon concentrations between both bedrooms/living rooms in houses and apartments

The ratios of radon concentrations between
bedrooms/living rooms (for each pair of measurements
separately in houses and apartments) are shown in
Figure 2. The ratio of radon concentrations between
bedroom/living rooms showed values varying from
0.3 to 4.1 in houses and 0.5 to 3.7 in apartments. The
distribution is positively skewed with median value of
1.0 in houses and 1.1 in apartments. The slight
difference between houses and apartments can be an
indication that the lifestyle is a factor determining
bedroom radon concentrations. However, these results
support our proposal that radon concentration
measured in living room and/or bedroom is
representative for the determination of environmental
radon exposure of the population in dwellings.

4. CONCLUSION

Indoor radon concentration levels are measured in
both living rooms and bedrooms in 69 dwellings around
Albania. From the analysis of these results, we suggest
that the national survey can be performed either by
placing a detection in living room or bedroom. The
slight differences in concentration levels in living rooms
and bedrooms could be indication that the lifestyle
which seems to be an interesting point for future
studies.
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