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Abstract. The aim of this paper was to investigate the activity concentration of natural radionuclides +°K , 238U,
226Ra, 232Th and the anthropogenic radionuclide 37Cs in the samples of soil, moss, hey, corn, yarrow, houseleek, milk
and cheese. Samples were collected on Stara Planina Mountain, near the summer school for mountain animal
breeding, Faculty of Veterinary Medicine, during July 2014 and June 2015. The activity concentration of natural
radionuclides in soil ranged from 393-543 Bq/kg (+°K), 29-57 Bq/kg (238U), 25-51 Bq/kg (?2Ra), and 28-69 Bq/kg
(232Th). The highest activity concentration of :37Cs in the environment of Stara Planina Mountain was measured in soil
(22 Bq/kg) from the area of Smilovci and moss (26 Bq/kg) from the area of Kamenica. Radiocesium was also detected
in houseleek (5.7 Bq/kg), while in animal feed and dairy products the activity concentration was below the detection

limit.
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1. INTRODUCTION

Radionuclide by process of migration and
accumulation trough the soil and water reach the
plants, and animals, and contribute to total irradiation
of humans on the given territory [1]. From primordial
radionuclides present in the soil the largest
contribution to the total radioactivity is made by
members of radioactive series of uranium (238U), and
thorium (232Th), and radioactive isotope potassium
(40K). Radioactive contamination of soil with 37Cs is a
consequence of radioactive fallout after the nuclear
accident in Chernobyl 1986. Radiocesium is the most
significant anthropogenic radionuclides due to its long
half-life (30 years), and physiological activities similar
to potassium [2]. The migration of 137Cs is affected by
physico-chemical characteristics of the soil [3] such as
pH, humidity, clay content presence of analogs, and
the local configuration of the terrene [3], [4]. The
adsorption of 137Cs by soil depends on the content of
organic matter. With high organic matter content the
adsorption of radiocesium is reversible and cesium is
more available for uptake by plants. The adsorption is
decreased by presence of competing ions K, and Na [4].
The food chain soil-plant-animal-humans is the main
route of contamination to people with radionuclides
[5]. Mosses, lichens and mushrooms are god
representatives of bioindicator plants for both natural,
and artificial radionuclide present in the environment.
Mosses have some advantages because the
accumulating capacity is higher than that of other
plants and because they have a wide ecological and
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geological distribution, and are present during the
whole year [6].

The summer school for mountain animal breading,
Faculty of veterinary medicine is in the
environmentally protected zone of the natural park
Stara Planina. Municipality Dimitrovgrad gave the old
primary school building in Gornji Krivodol to the
faculty for the purpose of establishing a Teaching base.
In a radius of about twenty kilometers from the
educational bases there are pastures and farms of
autochthonous breeds of domestic animals, where in
the Gornjem Krivodol at educational base are winter
ports in which the cattle is placed over winter [7]. Stara
Planina Mountain is characterized by a great diversity
of geological substrate, as well as areas where uranium
mineralization occurs [8].

The aim of this study was to determine the activity
concentration of natural radionuclides, 4°K, 238U, 226Ra
and 232Th and anthropogenic radionuclide 137Cs in the
environment and the radiation risk due to exposure to
terrestrial radiation at the summer school for
mountain animal breading, Faculty of veterinary
medicine on Stara Planina Mountain.

Samples of soil, moss, hay, corn, milk, cheese,
yarrow and houseleek were collected from different
locations and altitudes.

2. MATERIALS AND METHODS

Soil samples were collected at a depth of 0-15 cm
from four different locations on Stara Planina



Mountain, Smilovei (710 m and 720 m above sea level),
Smilovsko jezero (720 m a.s.l.), Kamenica (811 m
a.s.l.), and Gornji Krivodol (835 m and 730 m a.s.l.).
Samples of moss were collected from the ground, and
stone at Gornji Krivodol, and Kamenica.

Samples of corn, cow’s milk and cheese, goat milk
and houseleek were collected from farms on area of
Smilovci, and Gornji Krivodol.

Yarrow was collected in Kamenica.

Soil samples were dried at a temperature of 105 °C
to constant weight, homogenised, and put in 1 1
Marineli beakers.

Moss and hey samples were dried at a temperature
of 105 °C to constant weight, homogenised, and then
packed in containers with a content of 250 ml.

Fresh milk and cheese were packed in 1 1 Marineli
beakers.

Samples were measured after four weeks, which is
the time necessary for achieving radioactive
equilibrium.

The activity of samples was determined by gamma
spectrometry on a High Purity Germanium detector
(Ortec, USA), with relative efficiency of 30% and 35%,
and energy resolution 1.85 keV/1332.5 keV ¢°Co. The
counting time for samples of moss, hey, yarrow,
houseless and soil was 250,000 s, and for corn, cheese,
and milk 60,000 s.

Based on the results of gamma spectrometry
measurements of soil radium equivalent activity (Raeq),
and external hazard index (Hex) were calculated.

Radium equivalent activity was determent based on
the following formula

Raeg = Cra+1.43Cm +0.07C«

where Cra, Cmm and Ck are the activity
concentrations of 226Ra, 232Th and 4°K in Bq/kg
respectively.

When defining Raeq it is assumed that 370 Bq/kg of
226Ra, or 259 Bq/kg of 232Th, or 4810 Bq/kg 4°K
produce the same gamma dose [9].

External hazard index (Hex) is defined as

_CRa +CTh+ CK

7370 259 4810

where Cra, Cmm and Ck are the activity
concentrations of 226Ra, 232Th and 4°K in Bq/kg
respectively. The value of this index must be less than
unity in order to keep the radiation hazard to be
insignificant [9].

3. RESULTS AND DISCUSSION

The main long range of Stara Planina Mountain is
about 550 kilometers, and extends from Zajecar to the
Black Sea. Part of this Stara Planina Mountain marks
the natural border between Serbia and Bulgaria. The
highest peak is Midzor, at an altitude of 2,169m. On
the Stara Planina Mountain the climate is moderately
continental, modified in relation to the altitude and
position of the mountain. Stara Planina Mountain is
rich in medicinal herbs, and mushrooms, and a habitat
for many species of rare plants. The whole area of Stara
Planina Mountain has been declared for a nature park
in 1997 and thus all its reserves placed under the state
protection [10]. It is built of shale, schist and limestone
at the west, crystalline rocks in the most central part
and of fleece in the east [11].

The results of gamma spectrometry analyses and
radiation hazard parameters of soil are presented in
Table 1.

The average activity concentration of natural
occurring radionuclides in soil in the world, published
by UNESCEAR (2000) is for 49°K 400 Bq/kg, 238U 35
Bq/kg, 226Ra 35 Bq/kg, and 232Th 30 Bq/kg. The mean
activity concentration of these radionuclides in soil is
higher compared to the international values and is for
4°K 461 Bq/kg, 238U 44 Bq/kg, 2*°Ra 40 Bq/kg, and
232Th 50 Bq/kg.

Radium equivalent activity (Raeq), and external
hazard index (Hex) for soil are presented in Table 1.
The average value for radium equivalent activity (143
Bq/kg) was below the value which corresponds to a
dose of 1 mSv for the population (370 Bq/kg).
Calculated average value for the external hazard index
(0.4) was less than unity and there for indicate that
there is no risk of exposure to terrestrial radiation.
Obtained results are similar to the results published by
Tanié et al [12].

Apart from the naturally occurring radionuclides in
the environment of Stara Planina Mountain artificial
radiocesium is also present. Before the accident in
Chernobyl (1986) the activity of 37Cs in soil in Serbia
was les then 5 Bq/kg [3]. Collected soil samples
showed a variation of 137Cs activity concentration,
lowest at Smilovsko jezero 3.1 Bq/kg, and highest 23
Bq/kg in Smilovci. Activity concentration of 17Cs in
surface layers of the soil on Stara Planina mountain in
summer of 2000 was 50 Bq/kg [3]. By comparing the
result it can be concluded that even 29 years after the
accident 137Cs is still present in the environment but
the activity has significantly decreased.

Table 1. Natural and artificial radionuclides in soil and radiation hazard parameters

Sample | Location Altitude 40K 137Cs 2387 226Ra 232Th Raeq Hex
Smilovci 710 m 543 + 11 75+£0.2 | 20+5 25+1 28 +1 103 0,3
Smilovci 720 m 410 £ 24 23+1 57+6 51+ 4 696 178 0,5
Soil Smilovsko jezero 720 m 439 + 13 3.1+ 0.1 51+ 4 46 £ 3 66 + 2 171 0,5
Gornji Krivodol 720 m 393 + 20 10+1 49+ 6 48 + 4 59+5 159 0,4
Kamenica 811m 522 + 16 10+1 32+8 28+ 2 20+1 106 0,3
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Table 2. Natural and artificial radionuclides in moss, corn, hey, dairy products, yarrow and houseleek samples

Sample Location Altitude 40K 137Cs 2387 226Ra
Moss from stone Gornji Krivodol 730 m 159+ 6 0.1+ 0.4 16+ 2 6.6 £ 0.6
Kamenica 811m 250 + 18 17+1 8.3+2 8.1+ 0.8
Moss from the Gornji Krivodol 730 m 157+ 6 6.5+ 0.3 < 4.7 7.5+ 0.9
ground Kamenica 811 m 265 + 10 26 +1 18+ 6 18+2
C Smilovci 720 m 123 + 4 <0.1 <16 <18
orn ———
Gornji Krivodol 730 m 94 + 3 <0.1 <1.2 <11
Smilovci 720 m 247 £ 9 <0.3 <2.5 <13
Hey Smilovei 720 m 381+ 12 <0.3 <57 <6.7
Gornji Krivodol 730 m 270 + 10 <0.3 <5.3 < 4.7
Cow milk Gornji Krivodol 730 m 38+2 <0.1 1.8+ 0,1 <16
Cow cheese Gornji Krivodol 730 m 68 + 2 <0.1 <0.8 <0.8
Goat milk Smilovci 720 m 82+3 <0.1 <0.9 <0.8
Yarrow Kamenica 811m 513 £ 17 0.5+ 0.2 < 5.7 < 4.7
Houseleek Gornji Krivodol 835 m 243+ 8 5.7+ 0.2 <27 <3.6

Results of gamma spectrometry analyses of moss,
corn, hey, dairy products, yarrow, and houseleeks
samples collected on Stara Planina Mountain, near the
summer school for mountain animal breading, are
shown in Table 2.

Mosses, lichens and mushrooms are typical
representatives of bioindicator plants for radioactive
contamination; by measuring the radionuclide activity
levels a reliable insight into the contamination degree
of ecological systems by radioactive isotopes is
obtained [1], [6]. The accumulating capacity of moss is
higher than that of other plants. They capture airborne
particulates by both passive and active processes
trough an extra cellular ion-exchange process [6].
Mosses adsorb radiocesium true the entire surface and
become its reservoir [1]. Among the collected samples
of moss (Table 2), 4°K was the dominant radionuclide
with the average activity of 208 Bq/kg. Activities of
other natural occurring radionuclide ranged from 238U
4.7-18 Bq/kg, 22°Ra 6.6-18 Bq/kg and 232Th 6.3-18
Bq/kg. The highest activity of artificial 137Cs was
detected in the samples from Kamenica 26 Bq/kg.
Average activity of 37Cs in moss samples from Stara
Planina, Tara and Maljen [13] were compared and
presented in Table 3. Moss samples from Stara Planina
Mountain have an 48-81 times lower average activity of
137Cs compared to the other two mountains.

Table 3. Average activity concentration of 137Cs (Bq/kg) in
moss samples from Stara Planina, Maljen and Tara mountain

Sample | Stara Planina | Maljen Tara

Moss 14.7 1200 705

In samples of animal feed, corn and hay, as well as
animal products, milk and cheese (Table 1), 4°K was
the dominant radionuclide, while the activity of other
natural and artificial radionuclides was below the
detection limit. According to the current regulations of
the Republic of Serbia the limit of :37Cs content in milk
and dairy products is 15 Bq/kg or 15 Bq/1[14].

Based on this it can be conclude that milk and
cheese from this area are safe for human consumption.

Yarrow (verbena, yarrow) - Achillea millefolium
perennial herbaceous plant (Table 2), one of the most
popular medicinal species in traditional medicine. It
acts as a strong antiseptic and is used externally as a
bath and balm for healing wounds or as tee for diseases
of the digestive system. It grows like a weed in any dry

land, roadsides, meadows and forest clearings [15]. The
activity concentration of 4°K was 513 Bq/kg, while the
activities of other natural radionuclides were below the
detection limit. Low activity of 137Cs 0.5 Bq/kg was
also detected.

Houseleek (Sempervivum tectorum) evergreen
dwarf perennial densely packed rosette (Table 2), with
fleshy leaves from whose center during the summer
develops a pink floral tree. Houseleek leaves can be
used hole or just the liquor from them. It is used as a
balm for hard healing wounds, burns, ear and eye
inflammations and leg cramps. As tee it is used for sore
throat and fever, but it also helps with intestinal
worms. It grows and spreads rapidly in every light,
sandy and well drained soil. It origins from high
altitudes, but is widely grown in gardens. It is
extremely resistant to drought, flexible and often runs
wild on rocks, cracks in the walls, and often on the
roofs of houses, which is how it got its name [15]. In
the collected houseleek samples the activity
concentration of 4°K was 243 Bq/kg, while the
activities of 238U, 226Ra and 232Th were below the
detection limit. The activity of 37Cs was 5.7 Bq/kg.

Before the accident in Chernobyl 1986 radiocesium
was not detectable in the majority of the plants [3].
Nevertheless, due to the lack of literature data, on the
content of natural and artificial radionuclides in plants
in the area of Stara Planina Mountain, it can only be
assumed that the presence of radiocesium is a direct
consequence of the accident in Chernobyl.

4. CONCLUSION

These results, showed that the activity of natural
occurring radionuclides in soil at the area of summer
school for mountain animal breading, Faculty of
veterinary medicine is slightly elevated compared to
the global standards. However by calculating the
radium equivalent activity and external hazard index,
despite the increased activity, we have concluded that
there is no radiation risk from exposure to terrestrial
radiation. Radiocesium is still present in the
environment (soil and moss), but the activity
concentration in animal feed and products was below
the detection limit. This shows that 37Cs is not
included in the food chain.
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