
PILOT SURVEY OF INDOOR RADON IN THE DWELLINGS
OF BULGARIA
Kremena Ivanova1,*, Zdenka Stojanovska2, Viktor Badulin1 and Bistra Kunovska1
1National Centre of Radiobiology and Radiation Protection, 3 Sv. Georgi Sofiiski st, Sofia 1606, Bulgaria
2Faculty of Medical Sciences, Goce Delcev, University of Stip, 10-A Krste Misirkov st, P.O. Box 201, Stip 2000,
FYR of Macedonia

*Corresponding author: k.ivanova@ncrrp.org

Received April 3 2013, revised June 8 2013, accepted June 19 2013

The first systematic indoor radon survey in four districts of Bulgaria was performed. Three hundred and seventy-three selected
ground floor dwellings were measured using the nuclear track detectors during 6 months, from October 2011 to May 2012. It
was found that indoor radon concentration varied between 20 and 3560 Bq m23 with median value of 90 Bq m23. The fractions
of dwellings in four districts: Sofia city, Sofia districts, Plovdiv and Varna above the reference levels of 300 Bq m23 were 3, 9, 14
and 5 %, respectively. Each data set does not follow a log–normal distribution at a significance level of 95 %. The results of the
analysis of the variance showed statistically significant differences among the indoor radon concentrations for the regions
between urban and rural municipalities as well for the building with and without basement. These results may be utilised to set
up the methodology for a more systematic survey in Bulgaria.

INTRODUCTION

Exposure to indoor radon and its decay products con-
tributes half of the annual dose received by the public
from all sources(1). The long-term effect of radon ex-
posure lung cancer is widely recognised(2). Many epi-
demiological case–control studies have been carried
out to estimate the risk of lung cancer due to residen-
tial radon exposure(3, 4).

Radon gas (222Rn) is a radioactive decay product
of 226Ra, which is present in the earth’s crust in
varying concentrations. According to origin of radon
gas, its concentration depends on the composition of
the underlying soil and rock formation. The transport
through underlying soil and entrance into indoor en-
vironment are controlled by many factors, which give
the wide temporal and spatial variability of indoor
radon concentration(1).

Among the worldwide investigations, a consider-
able attention has been given to the indoor radon
measurements in the neighbouring countries(5 – 7).
Although radon measurements in Bulgaria have
started few years ago(8), there is still no systematic
data for indoor radon distribution.

In order to obtained first systematic data, a pilot
survey of indoor radon concentration has been con-
ducted in Bulgaria under the Regional Project of the
International Atomic Energy Agency (RER9094).
This paper presents the results of indoor radon mea-
surements performed during 2011 and 2012 in four
districts: Sofia city, Sofia, Plovdiv and Varna, focusing
mainly on the variability of indoor radon concentration

in these districts. In the future, this survey can be
used as a baseline towards planning and organising a
National radon survey.

Area under study

The Republic of Bulgaria is located in Southeastern
Europe on the Balkan Peninsula. The country has a ter-
ritory of 110 994 km2. The population of �7.36 million
people is predominantly urban and mainly concen-
trated in the administrative centres of its 28 districts.
The main characteristic of Bulgaria’s topography is al-
ternating bands of high and low terrain that extend east
to west across the country. From north to south, those
geomorphological regions are the Danubian Plain,
Stara Planina, the Subbalkan valleys and transitional
region, and the Rilo-Rhodope Massif. The easternmost
sections near the Black Sea are hilly, but they gradually
gain height to the west until the westernmost part of the
country is entirely high ground.

The main goal of this pilot survey was to choose
more representative districts to obtain as representa-
tive results of indoor radon concentration as possible.
The districts were chosen to meet the diverse topog-
raphy of a country with a large population. In
Figure 1, map of Bulgaria with districts under investi-
gations is presented. Sofia city is representative of
valleys and transitional region; Sofia province is part
of Stara Planina; Varna province is in the Danubian
Plain, and part of Plovdiv district is in the Rilo-
Rhodope Massif and transitional region.

# The Author 2013. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

Radiation Protection Dosimetry (2013), pp. 1–6 doi:10.1093/rpd/nct176

 Radiation Protection Dosimetry Advance Access published July 11, 2013
 by guest on July 12, 2013

http://rpd.oxfordjournals.org/
D

ow
nloaded from

 

http://rpd.oxfordjournals.org/


MATERIALS AND METHODS

Design of the survey

At the beginning of the survey, 400 detectors provided
by the IAEA technical cooperation programme were
distributed and divided into 100 detectors per four
districts according to previously designed distribution
scheme. The number of dwellings in each district was
determined, proportionally to the population density. As
well, during the distribution of detectors within munici-
palities, the spatial distribution was taken into account
to cover as much as possible of investigated area.

The survey was designed, promoted and coordinated
by National Centre of Radiobiology and Radiation
Protection (NCRRP) and carried out in collaboration
with Regional Health Inspectorates in Plovdiv and
Varna. For the distribution of detectors in Sofia city
and Sofia district, many employees at NCRRP were
involved. The regional health inspectors personally
organised the distribution of detectors through the
municipalities in Plovdiv and Varna districts.

Survey participants received detectors together
with instruction form and questionnaires asking for
certain dwelling characteristics.

Measurements

The measurements were performed using the com-
mercially available nuclear track detectors that are
widely used for long-term measurements of indoor
radon concentration. The detector consists of a CR-
39 chip with active area of 1.4 cm2 placed in a cylin-
drical diffusion chamber. The detectors were exposed

for 6 months from October 2011 to May 2012.
Through the instruction forms, the dwellers were
instructed to deploy the detector in the most frequent-
ly used room at least 1 m above the floor and away
from windows and doors.

After the exposure period, the detectors were sent
to accredited laboratory for etching and counting.

Some of the detectors distributed in the selected
400 dwellings were not returned without any explan-
ation and at the end, results were obtained from
exposed detectors for 373 dwellings in the four
districts.

The measured data of radon concentrations were
analysed using XLSTAT Pro 7.5. and Minitab statis-
tical software.

RESULTS AND DISCUSSION

Overall results

Frequency distribution of indoor radon concentration
in four measured district is shown in the Figure 2.
The measured indoor radon concentrations were in
the range of 20–3560 Bq m23. Table 1 shows descrip-
tive statistics of the results obtained from the mea-
surements of the indoor radon concentration in 373
dwellings for the four districts in Bulgaria. The mea-
sured values were mostly (83 %) ,200 Bq m23.
Practically in 92 % of the measured dwellings, the
indoor radon was ,300 Bq m23, which according to
Bulgarian national legislation is the reference level for
the existing buildings (regulation on basic radiation
protection standards, 2012). In 30 of the surveyed
dwellings, the reference level was exceeded, whereas

Figure 1. Map of Bulgaria with districts under investigations.
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13 in Plovdiv district and 3, 9 and 5 in Sofia city, Sofia
district and Varna district, respectively.

The results reported in Table 1 were compared
with those from studies carried out in neighbouring
countries. AM (158 Bq m23) and GM (99 Bq m23)
values obtained in this survey are higher than the AM
(105 Bq m23) and GM (84 Bq m23) reported for
437 dwellings in FYR of Macedonia(9) and the AM
obtained in this survey is higher than the AM (82.5
Bq m23) obtained from Transylvania (Romania)(10).
The AM value in this study is lower than AM
(191 Bq m23) obtained from surveys in some rural
communities of the Balkan, but in this study, GM
(82 Bq m23) is lower(11).

Distribution

In order to determine distribution of the data, the
values of the measured results were compared with a
log-normal distribution; Kolmogorov–Smirnov test
was used at the 95 % significance level (the effect is

significant when p � 0.05). The null hypothesis that
overall data have a log-normal distribution was
rejected (KS, p¼0.001).

Furthermore, the data were grouped according to
districts; the null hypothesis for log normality was
confirmed for Sofia city, Sofia district and Varna dis-
trict (KS, p . 0.05) and rejected for Plovdiv district
(KS, p¼0.002), (Figure 3). Considering this situation,
the authors believe that the possible reason for the
outliers in these results may be local geogenic factors
or some building characteristics(12).

At present a geological map is not used to investi-
gate influence of geology on lack of log–normal dis-
tribution. Then, tests were performed to assess the
impact of type of municipality and presence of base-
ment on radon distribution.

After categorisation of the dwellings by basement
(cellular or garage), the only sub-group data of build-
ings without basements were log–normally distributed
[Kruskall–Wallis (KW), p ¼ 0.135]. The variations of
radon values in the houses with basements were

Figure 2. Frequency distribution of indoor radon concentration in four measured districts.

Table 1. Descriptive statistics of indoor radon concentrations in 373 dwellings.

Indoor radon concentration

Plovdiv district Sofia city Sofia district Varna district All regions

No. of dwellings 91 88 96 98 373
Minimum (Bq m23) 30 20 30 20 20
Median (Bq m23) 100 70 100 70 90
Maximum (Bq m23) 3560 410 800 650 3560
AM (Bq m23) 280 96 151 107 158
SD (Bq m23) 568 72 141 102 304
SE (Bq m23) 60 8 14 10 16
GM (Bq m23) 137 78 111 80 99
GSD 2.62 1.85 2.14 2.09 2.25
Percentage of dwellings above 300 Bq m23 14.3 3.4 9.4 5.1 8.0
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greater; they varied from the lowest to the highest con-
centrations with high number of outliers. Through
classification of dwellings from rural and urban muni-
cipalities, the similar situation was obtained. The null
hypothesis for log normality was accepted only for
rural municipalities (KW, p¼0.622).

Regional variability

In order to investigate different factors that affect the
indoor radon concentration, further statistical ana-
lyses were performed. Technically, after testing of the

homogeneity of variance in the groups with Levene’s
test, analysis of variance with KW and Mann–
Whitney U (MW) non-parametric test was performed
to determine the differences between median values.

The KW test shows significant differences between
indoor radon concentrations measured in four dis-
tricts (KW, p , 0.0001). In the following, MW test
was grouped in the districts according to their median
values in two groups. It was revealed that Plovdiv and
Sofia districts had higher radon level than Sofia city
and Varna district (MW, p , 0.0001). The association
between indoor radon concentration and type of

Figure 3. Log–normal probability plot of indoor radon concentration at 95 % confidence level measured in each district.

Figure 4. Box plot of indoor radon concentration in rural and urban municipality in all district—left graph, and over
districts—right graph (the horizontal line inside the box displays the median value, the upper edge of the box is Q3 and the

lower edge of the box is Q1). Vertical whiskers show the upper (10 %) and lower limits (90 %)—the outliers are not present.
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municipality was also confirmed. The higher values
of radon concentration were obtained in rural versus
urban municipalities (KW, p , 0.0001) (Figure 4,
left). The median value from the rural is higher by a
factor of �1.6 in comparison to urban municipally.
The same tendency of the behaviour overall districts is
observed, but the ratio rural/urban municipalities is
different in different districts. Whereas Sofia city and
Varna district have the same ratio of 1.7, Sofia district
has a lower (1.3) and Plovdiv district the higher ratio
of 1.9 (Figure 4, right).

Among the type of municipality, the presence of base-
ment in the building is considered to be important factors
influencing the indoor radon concentration(9, 13, 14).
These results confirmed that the higher radon concen-
tration is related to buildings without basement (KW,
p , 0.0001) compared with building without base-
ment (Figure 5, left graph). Furthermore, basement
effect shows regional trend and tendency for group-
ing. The results are presents in Figure 5, right graph.
The effect appears more obvious in Sofia city and
Varna district than in Plovdiv and Sofia district.

CONCLUSION

In this study, the results of fist systematic investigation
of indoor radon in the dwellings for four districts of
Bulgaria have been revealed. The percentage of dwell-
ings of investigated area currently estimated to have
indoor radon levels in excess of the National level of
300 Bq m23 has been estimated to be 8 %. Although
the fact that radon detectors were exposed in the cold
months on the ground floor and overestimation of
indoor radon concentration is not excluded, the
results of the pilot survey indicate possibility of dwell-
ings with high radon concentrations.

The measured values show considerable spatial
variability. The indoor radon concentration varied
from region to region, due to different factors as geo-
graphical location, type of municipality and presence
of basement in the buildings all of which contribute
to increase the concentration. They were generally
higher: in Plovdiv and Sofia districts, in houses
without basement in rural municipalities. The effects
were different between districts.

In order to determine public exposure in this dis-
tricts as accurately as possible, future challenge for
the authors is to accomplishe yearly seasonal indoor
measurements taking into account geology of the
area, building characteristic, life style as well number
of people in the household.

The authors expected the impact of this survey as
well on national level. The pilot survey was not
designed to find radon-prone areas; however, some
buildings with high radon concentration have been
identified. The owners of the houses with high levels
of radon concentration are informed of the possible
ways to reduce the levels. According to this survey,
The National Radon Program has been prepared and
reviewed by the government. It will help to conduct a
comprehensive national survey and to promote reduc-
tion of high levels of indoor radon concentrations.
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