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Abstract
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(4), 764-768

This study presents data for the content of natural radionuclides from uranium-radium and thorium series, potassium-40
and technogenic cesium-137 measured in soils from North and South Bulgarian regions in the period 2017-2018.

Analysis of results of 28U, 22°Ra, »>Th and “’K content showed the values were within the range cited in the literature as
typical for the soils from the respective regions. Slightly higher values were observed in the Rhodopes and Mesta River val-
ley due to the presence of rocks such as gneisses, shales, granites, etc., containing higher contents of natural radionuclides, on

which the soils in the area were formed.

Comparing the data with those obtained in previous years, it was concluded that there were no significant changes in the
content of cesium-137 in the surface layer of soils and the decrease in activity is mainly due to the radioactive decay and not
to significant migration along soil horizon or extraction from the soil by plants.

From the results obtained, it can be concluded that no contamination was observed in recent years, either as a result of

nuclear accidents or uncontrolled release of radioactive waste.
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Introduction

The study of the content and behavior of uranium and
other naturally occurring radioactive elements in soils is
essential, as they, along with their daughter products, form
the main part of dose load on living organisms and humans.
The majority of natural radionuclides are long-lived alpha-
emitters and besides being in the group of highly radiotoxic
elements, they are toxic as chemical elements.

In addition to natural radioactive elements, technogenic
radionuclides also contribute to dose load on population and
can cause extremely serious adverse effects on human health
in an event of a serious emergency. Chernobyl (1986) and
Fukushima (2011) accidents were examples for this from the

recent past. This requires the regular monitoring of radioeco-
logical situation in the country and in particular of soils as a
reservoir and main source of radionuclide input into human
body along the soil-plant-human chain.

In this regard, the purpose of the present study was to
determine the current radiological status of soils from North
and South Bulgaria by 2018.

Materials and Methods

The regular radiological monitoring of soils in Bulgaria
is carried out following a sampling strategy described else-
where (Yordanova et al., 2014). The monitoring is conducted
on every two years — soils from North Bulgarian regions are
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sampled during the first year and on the next— soils from
South Bulgaria are collected.

In order to assess the impact of Kozloduy Nuclear Power
Plant (NPP) on the radioecological status of soils in North
Bulgaria, soil samples from the monitoring network points
along the Danube river basin (east and west from the NPP,
from Novo Selo, Vidin to Silistra) are collected along with
soil samples from the 30 km exclusion zone around the NPP.

To monitor the pollution of the Southern regions in the
country, soils from the Rhodopes and Mesta River valley are
sampled.

Preparation of samples is carried out according to Bulgar-
ian State Standard (BSS) 17.4.5.01 and BSS ISO 18589-2.

Soil samples were homogenized, dried at 80°C and
sieved through a 2 mm sieve. Specific activity of natural
28U, 22°Ra, »2Th and “°K and technogenic *’Cs was de-
termined by gamma-spectrometric analysis under method
validated in the Laboratory (Naydenov et al., 2010). A DSA
1000 multi-channel analyzer product of CANBERRA and
ultra-pure Ge-detector were used. Measurements were car-
ried out according to ISO 18589-3 using gamma spectrom-
eter with 25% efficiency and 1.8 keV resolution for 1332
keV energy peak of ©°Co. Reliability of results is confirmed
by regular participation in interlaboratory comparisons and

proficiency tests. Measurement time varied between 19 and
24 hours.

226Ra was determined by the full energy peak at 186.3
keV, with correction for U (185.6 keV). The activity of
28U was determined by the daughter product »**Th (63.3 keV
and 92.3 keV). For #2Th, the ®Ac (911.0 keV) and 2%TI
(583.3 keV) gamma lines were used. The specific activity
of ¥7Cs was determined by the energy peak at 661.62 keV.

Results and Discussion

Gamma-spectrometric analysis of soils from North
Bulgaria

Content of natural radionuclides >*U, ?°U, **°Ra, **’Th,
4K and technogenic *’Cs in soils (0-5 cm layer) from North
Bulgaria (30 km zone of Kozloduy NPP and along the Dan-
ube river basin) for 2017 are presented in Table 1. The aver-
age activity concentration of each radionuclide in 0-5 cm soil
layer and the respective standard deviation in absolute value
were calculated.

From the results obtained it can be seen that the content
of natural radioactivity in soils from North Bulgaria is rela-
tively homogeneous and is within the range typical for the

Table 1. Content of U, U, ?Ra, **Th, “K and "*’Cs (Bq/kg) in soils (0-5 cm depth) from North Bulgaria (Kozloduy

NPP area and the Danube river basin) (2017)

Sampling point 31Cs WK ) 35U 26Ra 32Th
Vratsa 5+1 390420 56+6 2.5+0.5 3545 5043
Sofronievo 3+1 640430 4045 1.8+0.5 30+6 4045
Butan 7+1 650440 3546 1.5+0.5 2543 4844
Hairedin 7+1 690+40 4045 1.8+0.5 4345 40+5
Septemvriitsi 12+1 660+30 50+6 2.3+0.5 3045 40+4
Bazovets 7.5+1.5 660+30 55+8 2.5+0.5 4045 50+6
Glozhene 9+1 580+30 4045 1.8+0.5 30+5 3645
Kozloduy NPP (catchment) 2+1 620+30 55+6 2.5+0.5 4545 45+5
Kozloduy NPP (Akatsieva gorichka) 10+1 410+20 35+6 2.0+0.5 4245 35+5
Kozloduy (Boteva aleya) 14+1 850+40 48+5 2.5+0.5 40+5 54+5
Kozloduyport 12+1 520+30 27+4 <1 28+4 30+4
Dolni Tsibar 6=+1 680+30 36+4 2.0+0.5 35+4 4045
Leskovets 24+1 440+20 40+6 1.8+0.5 4345 4045
Byala Slatina 13+1 600+30 46+6 2.0+0.5 44+6 3645
Knezha 15+0.1 600+30 3745 2.0+0.5 63£5 67+5
Dekov 4.240.5 620+30 4945 2.5+0.5 49+6 45+4
Lozitsa 4.3+0.5 660+30 57+6 3.0+0.6 56+6 6745
Belene NPP 2.0+0.2 410+20 30+5 <1 3545 46+5
Oresh 6+1 620430 4845 2.2+0.5 46+5 46+5
Svishtov (Sviloza) 20+2 500£20 41+£5 3.0+0.5 56+8 4144
Average +/-SDV 10.4+7.3 602.3£109.8 41.848.2 2.0£0.5 40.2+9.5 40.149.6




766

Radoslava Lazarova

soils of the region. No significant deviation from the radio-
active equilibrium U-238: Ra-226 as members of one radio-
active family was found.

Comparing the data for the activity concentration of
28, 22°Ra and*’Th in the samples under study with those
obtained in previous years (Figure 1), no significant changes
were observed. The results were within the range of the val-
ues cited in the literature as typical for the region concerned
(UNSCEAR 1982, UNSCEAR 2000).

Standard deviation calculated for Cs-137 activity con-
centration in 0-5 cm soil layer (Table 1) shows the hetero-
geneity of surface contamination which has been observed
in all the years after Chernobyl accident (Yordanova et al.,
2014).

The average data for the specific activity of cesium-137 in
different years (Figure 1) indicated that radionuclide content
in soils resulted from the global fallout and the Chernobyl
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Fig. 1. Content of radioactive elements [Bq/kg] in soils
from Kozloduy NPP area and the Danube river basin

accident. No additional contamination due to the operation
of Kozloduy NPP or transboundary transfer of radioactive
materials was observed.

Gamma-spectrometric analysis of soils from South Bul-
garia — the Rhodopes and Mesta River valley

The results of the gamma-spectrometric analysis of soil
samples (0-5 cm layer) from the Rhodopes and the Mesta
river valley are presented in Tables 2 and 3 respectively.

Comparing the average results obtained for natural radio-
nuclides — 28U, #2Ra and **Th with data from previous years
(Figure 2), no significant changes were found. The values
were within the range cited in the literature as normal for
the regions concerned. Slightly higher values were found in
soils from South Bulgaria due to the presence of rocks like
gneisses, slate, granite and others containing higher content
of natural radionuclides, on which the soils in the area were
formed (Alvarez et al., 2018; Muthamilselvanet al., 2018;
Montes et al., 2012).

A higher concentration of natural radioactivity was
measured along the Mesta River valley, near Eleshnitsa
(38U — 150+40 Bg/kg, ?°Ra — 280+50 Bg/kg), an area of
past uranium mining and processing. The data also showed
significant deviation of 2*U/?*Ra ratio indicating anthropo-
genic impact. Similar results were also reported in previous
studies of the area (Yordanova et al., 2011; Yordanova et al.,
2015; Lazarova et al. 2017).

The standard deviation calculated for the activity concen-
tration of ¥’Cs, showed significant variation indicating the
heterogeneity of the pollution.

More than 30 years have passed since the Chernobyl ac-
cident in 1986 causing the main '*’Cs soil contamination.

Table 2. Results of gamma-spectrometric analysis of soil samples (0-5 cm depth) from the Rhodopes [Bq/kg] (2018)

Sampling point ¥7Cs YK 38U 26Ra »5y 2Th
Chepelare 170+10 620430 73£10 40+18 2+1 57+7
Rojen area 45+4 450+20 60£16 5610 2+1 44+5
Snezhanka 138+10 920440 130+10 70+£10 5+1 68+6
Smolyan (fishpond) 7+1 950+40 118+6 77+010 5+1 80+8
Smolyan (Kashlite) 56+5 800+40 102£10 80+8 542 80+8
Smolyan Lakes 103+5 720+30 55+6 70+7 3+1 62+6
Smolyan (Kriva Reka) 8244 820+40 5446 7247 3+1 64+6
Stoykite 87+4 800+40 3245 3646 2+1 30+3
Shiroka Laka 30+2 1020+50 46+5 65+10 2+1 80+4
Stickel 3442 700+40 3144 3645 241 4844
Solyshta 27+1 720440 2843 3545 <1 40+4
Borino 84+4 950+30 30+3 40+10 1+0.5 38+4
Dospat (Kasaka) 56+3 620+30 32+6 74+10 2+1 68+6
Batak (dam lake) 169+8 480+20 5846 68+10 2+1 4745
Velingrad 7344 900+50 35410 40+10 241 70+£7
Average +/—SDV 774£50 765+172 59433 57+17 3+1 58+16
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Table 3. Results of gamma-spectrometric analysis of soil samples (0-5 cm depth) from Mesta River valley [Bq/kg] (2018)

Sampling point ¥Cs K =8y 26Ra By 28Th
Yundola 104+5 880+40 4348 32+ 2+1 4544
Yakoruda 12+1 900+50 80+10 56+10 3+1 70+7
Eleshnitsa 12+1 1020+50 150440 280450 1042 60+6
Dobrinishte 12+1 840+40 80+20 100+20 5+1 100+20
Bansko 22+1 700+40 65+10 75+10 3+1 64+6
Predel 30+2 900450 40+10 56+10 2+1 74+7
Belitsa 44+2 760+30 60+15 80+10 3+1 52+6
Cherna Mesta 7+1 720430 50+5 54+£10 2+1 48+4
Average +/—SDV 30432 840+108 71435 92479 443 64+18
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Fig. 2. Content of radioactive elements in soils

from the Rhodopes and Mesta river valley

137Cs half-life is 30.15 years, therefore it was of interest to
compare the radionuclide content found in recent years with
that measured before the accident.

In studies carried out before the accident (Naydenov,
1986; Naydenov&Staneva, 1987) the following average
values of cesium-137 in soils were reported: North Bulgar-
ia— 10 Bq/kg, South Bulgaria — 26 Bq/kg. The comparison
showed the radiological status of soils in the lowlands of
North Bulgaria was comparable to that of the pre-accident
period. In semi-mountainous and mountainous regions of
South Bulgaria (Figure 2), the values for '*7Cs were two
to three times higher. The reason is probably two to three
times higher levels of *’Cs deposition in these areas in
1986.

Conclusions

Radiological monitoring of soils from North and South
Bulgaria was carried out and content of natural radionuclides

4K, 25U, 28U, 2Th and **°Ra and the technogenic *’Cs were
determined for the period 2017-2018. Activity concentration
of natural radionuclides under study was within the values
cited in literature for the respective regions. Slightly higher
values found in the Rhodopes massif and the Mesta River
valley were logical due to the presence of soil forming rocks
such as gneisses, shales, granites, etc. containing higher con-
tents of natural radionuclides.

From data obtained for the content of cesium-137 it can
be concluded that no contamination with the radionuclide
was observed in recent years, either as a result of accidents
or uncontrolled release of radioactive waste.
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