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The primary aim of this research is the investigation of natural and artificial radioactivity in
protected areas of Kopaonik, Vlasina, and Rila Mountains. Soil samples (including lake sedi-
ment), drinkable spring water and conifers at mentioned locations of Southeast Europe, are
chosen as study objects due to their importance for people and the environment in global.
Specific activities of 226Ra, 232Th, 40K, 238U, 235U, 137Cs, 210Pb, and "Be are determined using
gamma spectrometry and the obtained values compared with literature and mean world val-
ues. Risk assessment parameters and the soil-plant transfer factor were determined for 226Ra,
40K, 137Cs, and 219Pb. This is the first radioactivity study of high mountain areas of Vlasina
and Kopaonik in Serbia and Rila in Bulgaria and as such a baseline measurement and founda-

tion for future research.
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INTRODUCTION AND BACKGROUND

Rapid industrialization and urbanization have
increased the level of environmental pollution re-
questing metabolic adaptation of all ecosystem func-
tions [1]. Once radioactive materials are incorporated
into the ecosystem, they can be taken up by food or in-
gested by animals [2]. Levels of contaminants in envi-
ronment affect the concentration and exposure to pri-
mordial radionuclides, enhancing the contact with
living beings and increasing overall radioactivity ex-
posure. Some radionuclides, such as long-lived *’K,
232Th, 233U, 20Sr, and '37Cs, are metabolically incorpo-
rated into plant species by absorption from the soil
through the root system. Others, such as >'°Pb and "Be,
can be deposited on plant leaves [1]. Moreover, foliar
deposition represents one way of radionuclide absorp-
tion from the air and is closely associated with the mor-
phological characteristics of leaves and the local cli-
mate [3]. Measurements of specific activities of 'Be in
the environment, especially in soil or plants, are novel.
The amount of 1*’Cs in the environment and its radio-
logical impact throughout Europe is the result of the
Chernobyl accident in 1986 [4]. The most recent re-
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lease of radionuclides, depleted uranium (DU), into
the environment of Southeast Europe, precisely Ser-
bia, occurred in 1999.

Radioactivity of soil, water and plants

The importance of investigating the radioactiv-
ity of soil, water and plants from selected protected ar-
eas of high mountain regions in Serbia and Bulgaria is
based on their vicinity to terrains that were exposed to
DU. These areas include places where people live, or-
ganized in different communities and municipalities.
Norway spruce (Picea abies L.), is a perennial plant
species, common in high mountain areas in this region,
selected for estimating the beginning of radionuclide
absorption by coniferous trees. Along with the re-
search of specific activities and related ambient dose
of radionucides, the soil-to-plant transfer factor is also
considered.

Variations in specific activities of primordial
radionuclides in soils around the world, related to geo-
logical and geographical conditions, may vary the
public external dose from terrestrial radiation. The
mean world values of radionuclides in the soils are in
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the range of 33-1000 Bqkg™! for 28U, 32 Bqkg™' for
226Ra, 45-360Bgkg ™" for 2*2Th, and 420-3200 Bgkg™!
for “°K [5]. Many studies of radionuclides in soil and
water and their transfer to plants were done around the
world, mostly for assessing the dose and the risks re-
sulting from them [6, 7]. In terrestrial environment, the
soil to plant relationship is considered very significant
and widely used for estimating the amount of mineral
materials uptake from the soil by plants.

The mean specific activities of 28U, 2>*Th, and *’K
in surface soils in Serbia are similar to equivalent values
reported for soils in regions with a similar geological
composition and geotectonic structure, as well as with
worldwide average values. Obtained research results
show mean values of 32.8 Bgkg™! for 28U, 37.8 Bqkg™!
for 22Th, and 550 Bgkg ™' for *°K in soils [8].

During the UNEP DU mission, analysed soil
samples from the Pcinja District, Southeast Serbia,
and locations at Pljackovica, Vranje Garrison,
Bratoselce, Borovac, Bukarevac, and Reljan (fig. 1.)
confirmed the presence of various amounts of DU [9].
The reported mean specific activity of radionuclides in
the soil of southern Serbia, from locations where
DU was used, are 45 Bqgkg™' for ?°Ra, 50 Bgkg™!
for 22Th, 651 Bgkg™!' for “°K, 10 Bqkg™! for 137Cs,
3.4 Bgkg™! for 23U, and 57 Bgkg ™! for 223U [10]. The
importance of radioanalysis is also emphasised by
considering the soil-cereals TF in the region of Pcinja,
Serbia [11].

This is the first detailed research of radioactivity
levels in soil, spring water and plants inside protected
areas for possible establishment of monitoring points.
Establishing high quality state monitoring of these ar-
eas is of importance. Risk assessments within pro-
tected areas of high mountains in this region are a pio-
neer research. The control of radiation levels is
important not only for evaluating the effective annual
dose in the place where one lives, but also for estab-
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lishing baseline levels of environmental radioactivity
for detecting any changes in future monitoring [12].

Study area

The study area covers Rila Mountain in Bulgaria
and Kopaonik and Vlasina in Serbia as places with re-
cognised natural, ecological, and cultural features. These
are also tourist destinations and specific world rare areas,
protected by the UN and national authorities. The ter-
rains within them are used for agriculture, livestock
breeding, mushrooms and forest fruit collection, tradi-
tional medical plant production and harvesting, this in
part being the reason for authors selecting these sites for
their study. The study area is presented in fig. 1.

Kopaonik mountain (NP Kopaonik) is the high-
est mountain in Central Serbia, direction NW-SE, with
an eastern border between the Dinaric Alps and
Rhodope. Outstanding natural features, diversity of
terrain geology, geomorphology and biota, along with
the importance of the area for conservation, resulted in
designating it a National park in 198 1. During the acci-
dent 1999, Kopaonik was under heavy and prolonged
attack resulting in the destruction of the terrain and
disruption of the forest ecosystem [13, 14].

Vlasina's plateau is situated in southeast Serbia,
near the border with Bulgaria. A Landscape of Out-
standing Features, Vlasina (LOF Vlasina) includes
wetlands, a lake and the surrounding highland areas.
The nearest high region is the Rila mountain range
with the highest massif on the Balkans (Musala peak,
2925 m), located in Southwestern Bulgaria.

Rila Monastery Natural park (NP Rila Monas-
tery) is a protected area having one of the highest de-
grees of naturalness, stability, typicality and represen-
tative values of ecosystems in Bulgaria. UNESCO
World Cultural and Natural Heritage Conservation
confirmed the national valorisation, identifying it as
the second most visited protected area in Bulgaria.

Figure 1. Map of accidents and sampling sitese
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MATERIALS AND METHODS

Sampling sites from National park ,,Kopaonik™,
Landscape of Outstanding Features "Vlasina" in Ser-
bia and National park ,,Rila” in Bulgaria, alongside
Chernobyl and NATO bombing sites in Soutest Serbia,
are marked on the Map, fig. 1, as accident locations.

Soil, water and plants were selected as samples
for investigation since these are the media that first in-
dicate and transfer radioactivity.

A total of 5 soil samples from a depth of 0-10 cm
were collected. Two samples were collected at National
park "Kopaonik", at the locality of Suvo Rudiste, 1700 m
a. s. 1.(E20°49'0.09", N43°17'33.24"), and at a lower alti-
tude of 1100 m, near the village Brzece (E20°52'49.85",
N43°17'6.48"). One soil sample and one sample of river
sediment were extracted at LOF-Vlasina (E22°19'26.67",
N42°44'54.55"), at 1219 m of altitude and one soil sample
was taken at Nature park "Rila Monastery" (E23° 20'
20.59", N42°7'57.35"). At each sampling site, about
1.5-2 kg of soil was collected from the surface of approxi-
mately 1 m?.

Spring water samples were taken from fountains
marked as a source of drinkable water. One spring water
sample was taken at each location, namely from the "Ma-
rine vode" fountain (E20°492.1",N43°17'30.48") at Na-
tional park "Kopaonik", LOF Vlasina (E22°19'55.61",
N42°43'57.31"), and from Nature park "Rila Monas-
tery"(E23°2025.72", N42°8'0.08"). At all sampling
sites, 15 L of water were collected.

Twigs and needles of young species of perennial,
coniferous trees of Norway spruce, Picea abies L.,were
sampled. At each location, 1 kg of twigs and 1kg of nee-
dles were collected from the same locality as the soil
samples.

Sample preparation

Sample preparation and radioactivity analysis
were done at the Vinca Institute of Nuclear Sciences
Radiation and Environmental Protection Department.
After removing biota and stones, the soil samples were
dried at a temperature of 105 °C to a constant weight,
then homogenized and approximately 500 g of each
sample were stored in Marinelli beakers. The beakers
were sealed using bee wax and left in the laboratory for
28 days to achieve radioactive equilibrium between
radon and its progenies.

Water samples were acidified and then evapo-
rated to dry residue under a IR lamp. The residue
was collected and mineralized at a temperature of
450 °C. The whole amount of mineralised residue
(1-2 g) is then transferred to cylindrical polystyrene
containers of 120 ml covering only the bottom with a
thin layer of sample.

After cleaning off soil and litter, the plant
samples are dried at room temperature, mineralized

at450 °C and transferred to 120 ml cylindrical polysty-
rene containers. The masses of the samples were about
20-30 g. Upon this, they are sealed with bee wax and
stored for 28 days to achieve radioactive equilibrium
between radon and its progenies. Specific activities of
radionuclides 22°Ra, 232Th, 4°K, 238U, 235U, 2!0Pb, and
"Be were determined by gamma spectrometry mea-
surements using three HPGe spectrometers produced
by CANBERRA, with relative efficiencies of 18 %,
20 %, and 50 %.These spectrometers are readily used
in the Laboratory for measurement of environmental
samples. Time of measurements for all samples was
60000 s.

Detector efficiency calibration for different ge-
ometries and different matrices was done in accor-
dance with the measured sample type [15].

Calibration for soil samples was performed using
referent radioactive material, matrix of silicone resin,
Czech Metrological Institute, Praha, 9031-OL-420/12,
total activity of 41.48 kBqat 31.08.2012 (**' Am, '%°Cd,
139Ce, 57Co, 9Co, 23 Hg, $Y, '13Sn, $Sr, 137Cs).

For plant and water samples, secondary refer-
ence material, produced by spiking the mineralized
plant matrix with the primary referent material, Czech
Metrological Institute, Praha, 9031-OL-427/12, type
ERX, total activity of 72.40 kBq at 31.08.2012
4 Am, 19°Cd, Ce, 5Co, °Co, 2 Hg, %Y, !13Sn,
858r, 137Cs, 219Pb) was used. The secondary reference
material was placed in polystyrene cylindrical con-
tainers of 120 ml [15].

Risk assessment

Absorbed dose rate (D)

Using results of radionuclide specific activity
measurements in the soil samples and following eq.
(1), the intensity of the absorbed rate of gamma radia-
tion was calculated

D(nGyh ') =0462Cy, +0604Cy, +00417C (1)

where Cr,, Cry, and Cy represent the specific activity
of the radionuclides [11].

Annual effective dose (D)

Also, the annual effective dose of gamma radia-
tion was calculated following eq. (2)
D (mSv)=0.7(SvGy 1365 (d)-
24(h)-D(nGyh ™) 02 )
The estimation of annual effective doses in-
cludes the conversion coefficient from absorbed dose

in the air to effective dose (0,7 SvGy ' ) and the out-
door occupancy factor, 0.2 [16].

Calculation of soil-to-plant transfer factor (TF)

The soil-to-plant transfer factor (TF) was calcu-
lated for 2°Ra, “°K, '*’Cs, and 2!°Pb using eq. (3)
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given by the International Atomic Energy Agency
(1994)

radionuclide activity per unit of plant dry mass[Bgkg _l]

TF =

radionuclide activity per mass unit of dry soil [Bgkg 71] (3)

RESULTS AND DISCUSSION

Results of radionuclide specific activity mea-
surements in samples of soil, plant and water are pre-
sented in tabs. 1, 3, and 4.The results are presented
with expanded uncertainty with coverage factor k=2,
giving a confidence level of 95 % for normal distribu-
tion.

The uncertainty budget includes uncertainty
arising from counting statistics, measurement of mass
and efficiency calibration. The uncertainty budget of
efficiency calibration covers the uncertainties of the
counting statistics from reference material measure-
ments, uncertainty of reference material activity and
the uncertainty of the coincidence summing correction
factors [15].

Radionuclide specific activities in soil samples
from all locations are presented in tab. 1. It should be
noted that the specific activity of *’Cs detected in all
samples is a result of the nuclear accident in Chernobyl in
1986.

The lithological composition of LOF Vlasina is
determined as a metamorphic complex of shale and,
specifically, at the sampling site of the "Vlasina" com-
plex, as albite-chlorite muscovite schists and (dotted)
gneisses [17]. Soil samples from the Vlasina site have
lower specific activities of measured radionuclides
than values measured at Borovac in the Pcinja District,

South Serbia [18] and global values (tab. 2) and corre-
spond to the natural radionuclide distribution [16].
The investigation of 23°U and 238U specific activities in
soils and their ratio is used to indicate the presence of
DU. The difference between natural and depleted ura-
nium s in isotopic composition which, in DU, changes
by removing 23U and 233U fractions, leading to an in-
crement of 23U, The value of the activity ratio of 23°U
and 238U of 0.045 noticed at this location is similar to
the ratio in natural uranium of 0.047.

The geological background of National park
,»Kopaonik”, Serbia, is represented by contact-meta-
morphic rocks and occurrences and, specifically, in
the case of site "Suvo Rudiste" determined as
granodiorite transition to quartz monzonite [19].
Wherever the geology of the terrain is represented by
granite, higher specific activity of U and Th is ex-
pected. Comparing radionuclide specific activities in
the soil of "Suvo Rudiste" and Borovac in southern
Serbia, the terrain contaminated by DU [18] shows
similar radionuclide distribution. The same values of
specific activities of 2>3U and 233U ratio are found at
Kopaonik and the previously mentioned location, re-
cording values of 0.055 at "Suvo Rudiste" and 0.056 at
Borovac[ 18], which is slightly higher than the ratio in
natural uranium. The obtained results of radionuclide
specific activities are in agreement with literature val-
ues reported for Kopaonik, and are a common charac-
teristic for the area [14].

At lower altitudes of NP Kopaonik, at sampling
site "Brzece", lower values of all radionuclide specific
activities except for 13’Cs are detected, compared to
the sampling site "Suvo Rudiste". A different geologi-
cal background for this site is determined, represented

Table 1. Specific activities of natural and artificial radionuclides in samples of soil from protected areas

Samples 226 3 232T1}l 40K71 238 3 235 s 137C§1 ZIOPQ]
[Bgkg ] | [Bgkg ] | [Bgkg | | [Bgkg ] | [Bgkg ] | [Bgkg ]| [Bqkg ]
Rf\}ztg‘r‘;?gfgy 1 Mountain soil 20+2 3543 | 370+£25 | 30+6 | 1.5+02 | 49+3 50+ 10
X Mountain soil
I\'I%tlonal plzgk 2 Suvo Ruditie 88+6 | 111+7 | 780+50 | 93+8 | 5104 |9.8+08| 64+7
opaont 3 | Mountain soil Brzece | 30+3 | 41+3 | 650+40 | 37+5 | 1.8+02 | 89+5 | 52+5
Landscape of | 4 Mountain soil 19+2 16£1 | 300+£20 | 25+6 | 1201 | 30+2 37+9
outstanding Sediment from
features "Vlasina"| 3 Viasin lake 34+3 36+3 | 510+30 | 50+10 | 23402 | 1.0+£02| 50+20

Table 2. Mean radionuclide specific activities in the world and some countries in the region, (UNSCEAR, 2000)

Specific activities of radionuclides

Countries 40K71 - -1 226R%1 232T}}1

(Bakg | [Bakg | (Bakg | (Bakg |
Mean Range Mean Range Mean Range Mean Range
Albania 360 15-1150 23 6-96 - - 24 4-160
Bulgaria 400 40-800 40 8-190 48 12-210 30 7-160
Greece 360 12-1570 25 1-240 25 1-240 21 1-190
Croatia 490 140-710 110 83-180 54 21-77 45 12-65
Hungary 370 79-570 29 16-66 33 14-76 28 12-45
Global value 400 140-850 35 16-110 35 17-60 30 11-64
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by sandstone, marl and alveolite of the Fleece middle
part [19]. The maximal value of '*’Cs -specific activ-
ity, 89 Bqkg !, can be explained by terrain geology and
higher soil erosion.

Research results of radioactivity in soil samples
from Central Serbia, NP Kopaonik, "Suvo Rudiste",
even though higher than the global average (tab. 2),
are considered a general characteristic for the area.
Similar results of radionuclide specific activities in the
soil of Kopaonik, especially at Pancic's peak, are noted
by other authors [14]. At lower altitudes of the same
mountain, at sampling site "Brzece", except for K,
all other natural radionuclides show a lower value than
at "Suvo Rudiste" (tab. 1).

Rila Mountain and its surroundings are largely
made up of various amphibolite-facies gneisses in-
truded by granitic bodies. The geological background
of the sampling site inside the Natural Park is repre-
sented by biotite and amphibole-biotite gneisses [20].
Obtained results of radionuclide specific activities are
characteristic for terrain formed of gneisses. At this
sampling site, the specific activity of 13’Cs, 50 Bgkg ™',
is in accordance with data cited in literature [16].

In soil samples from Nature park "Rila Monas-
tery", the detected specific activities of radionuclides
correspond to the global average and are characteristic
for the terrain.

The highest values of all natural radionuclides in
the different soil samples are detected at site "Suvo
Rudiste" in NP Kopaonik (tab. 1). The ratio of specific
activity of 23U and 23U in soil samples from different
locations is in the range of 0.045 to 0.055 which corre-
sponds to the ratio in natural uranium, indicating its
natural origin.

Results of radionuclide specific activities in the
perennial spruce species Picea abies L., presented in
tab. 3, show different accumulation values in twigs
(diameter less than 1 mm) and needles, with spatial
variation observed as well.

Comparing radionuclide specific activities in
spruce needles from Kopaonik mountain, Vlasina, and
Rila, the minimal values noted are 2.2 Bqkg™' for
226Ra at NP Rila Monastery and 86 Bqkg™! for 4°K at

LOF-Vlasina site. Detected specific activities of 238U
and 2*°U in spruce needles at all sampling sites are
lower than the minimal detectable activity (MDA),
(tab. 3). In the needles from ,,Suvo Rudiste” the de-
tected specific activity of 23?Th is 4.5 Bgkg ™!, repre-
senting the maximal value. A maximal value of 8.8
Bqkg! for 2°Ra was detected at NP Kopaonik, a max-
imal value of 22 Bqkg™! for “°K has been detected at
NP-Rila Monastery, while the maximal value of 6.9
Bgkg ™! for 137Cs has been observed at samples from
NP Kopaonik. The highest value for 2!°Pb was found
in samples from NP Kopaonik, with a similar value
found in needles from NP Rila Monastery.

The specific activity of “°K in spruce needles
from LOF-Vlasina and NP-Rila Monastery is lower
than previously mentioned results found in literature
[21,22].

Research results show various specific activities
of 2?°Ra in spruce needles. The amount of *?°Ra in
spruce needles depends on the age of the plant, with
the lowest amount found in the younger species [23].
The results obtained in this research also show a very
low value of 2*°Ra in spruce twigs (tab. 3).

Specific activities of '*’Cs in needles are similar
to data previously cited in literature [22, 24].

Incorporation of 2'Pb into plants through the root
system shows that almost 98 % of lead is atmospheric in
origin [25]. The maximal detected specific activity of this
radionuclide was noticed in the samples of the older
plants (45 Bqkg™), confirming that the atmosphere is the
origin of deposition [23]. In this research, the maximal
detected specific activity of 2'°Pb was 90 Bqkg ™, found
in samples from NP-Kopaonik ,,Suvo Rudiste”. This lo-
cality is a very popular tourist destination in Serbia with a
well-developed infrastructure. Higher values of 2'°Pb in
the spruce may be a result of air pollution from the traffic
and foliar deposition.

Except for the samples of spruce needles from
Rila and Kopaonik and twig samples from Vlasina, the
specific activity of "Be at all other locations was below
minimum detectable activity. "Be concentrations in
the vegetation reflected the changing atmospheric
conditions, mainly precipitation [26] that, along with

Table 3. Natural and artificial specific activities of radionuclides in the samples of spruce* from protected areas

Samples 226 3 232T1}] 401<7l 238 s 235 s 137C§1 ZIOPIZI 7B67l
[Bgkg ] | [Bgkg ]| [Bgkg ] | [Bakg ]| [Bgkg ] | [Bgkg ] | [Bgkg ] | [Bakg ]
Spruce needles
. 1 (Piceaabies) | 22+03 | <05 | 220+ 10 <3 <02 | 1.0+02| 82+8 | 41+09
Rila "Suvo Rudiste"
sonastery Spruce twigs
Natural park
ArALPAA 5 1 (Piceaabies) <1 <1 45+6 <s <0.4 <03 |200+10| <2
"Suvo Rudiste"
National park| 5 | Spruceneedles | ¢ g, 09 455107 140210 | <2 <01 | 6905 9010 | 3.0+07
Kopaonik (Piceaabies)
Landscape of | g | Spruce needles + <2 + <10 <0.4 <04 <12 )
outstanding (Piceaabies) 4l 80+9 ) )
features i
"Viasina" | 9 ?ﬁfggjﬁ}gjﬁ; <5 <2 | 110+10| <10 <0.7 | 05402 |[130+20 | 30+10

"Specific activity in plant samples expressed as [Bgkg '] of plant mass dried at room temperature
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Table 4. Radionuclide activity concentration in spring water
Sam les 226Ra 232Th 40K 238U 235U 137CS 210Pb
P [mBgL™"] | [mBqL"]| [mBqL'] | [mBqL']| [mBqL "] |[mBqL']| [mBqL "]
1 Spring water Rila Monastery fountain 1242 <3 70+10 | 60+10 | 2.5+0.5 <0.5 <50
Spring water "Marine vode", Kopaonik
2 "Suvo Rudiste” 46+ 6 <5 <30 <30 <2 <2 <20
3 Spring water LOF "Vlasina" <30 <10 <70 <70 <4 <4 <40

its short half-life, can explain lower values of "Be in a
temperate climate.

Results of radionuclides in water samples from
all loctions are presented in tab. 4.

Various concentrations of radionuclide activity were
found in spring water samples. Research results show that
in samples from LOF Vlasina all radionuclides show a
value of activity concentration lower than MDA.

Radio analysis of water samples from all sam-
pling sites showed that activity concentrations of
226Ra, 232Th, 238U, and '*’Cs (tab. 4) are significantly
lower than the guidance level [2]. Activity concentra-
tions of 37Cs and 2!°Pb in spring water were below
minimum detectable activity.

Previous studies of radioactivity in water were car-
ried out for samples of water of different origin [27].
Drinking water in Serbia contains less than 70 mBqL ™!
of 2°Ra, less than 250 mBqL ! of “°K and less than
50 mBqL" of *2Th [27]. Results obtained in this study
show significantly lower values than previously pre-
sented. At the same time, activity concentrations of the
studied samples are notably lower than the maximal al-
lowed activity concentration for *Ra and 23’Th in
drinking water of 490 mBqL " and 590 mBqL ! respec-
tively, defined by the national legislation [28].

Based on the results of natural and artificial
radionuclide specific activities in the soil (tab. 1), risk
assessment results are presented in the tab. 5.

The absorbed dose rate is found to be in the range
of 31 nGyh™! at LOF Vlasina to 140 nGyh™' at NP
Kopaonik "Suvo Rudiste". An almost twice higher
value, compared to that of LOF Vlasina (66 nGyh™"),
was determined at site "Brzece" NP Kopaonik, which
is to be expected regarding the results of radionuclide
specific activities. At the same mountain, at higher al-
titudes and that of site "Suvo Rudiste", the absorbed
dose rate shows a maximal value that is higher than the
global average of 58 nGyh™! [5], due to the geological
background in the form of granodiorite.

The minimal value of the annual effective dose
of 0.04 mSv was obtained at LOF Vlasina, while the
maximal value of 0.17 mSv was determined at "Suvo

Table 5. Risk assessment results from different localities

Sampling sites Altitude [m] | D [nGyh™']| Dg [mSv]
NP Rila monastery 1147 50 0.06
NP Kopao.nik""Suvo 1735 140 0.17
Rudiste
NP Kopaonik 1100 66 0.08
Brzece
LOF Vlasina 1242 31 0.04

Rudiste", NP Kopaonik (tab. 5). The annual dose at NP
"Rila Monastery" and LOF Vlasina is lower than the
global average value of 0.07 mSv given for outdoor
environment [5], while site "Suvo Rudiste" at
Kopaonik has higher values (tab. 5).

The quantification of radionuclide uptake from
soil-to-leaf using transfer factors (TF) was determined
for radionuclides 22°Ra, 4K, 137Cs, and 2!°Pb and the
results presented in tab. 6.

Research results of the transfer factor for *°K are
higher than for >?°Ra and correspond to values in liter-
ature. The maximal value for TF-*°K is found in sam-
ples from NP Rila Monastery, for TF->?°Ra in samples
from LOF Vlasina, and for TF-37Cs in spruce samples
from NP Kopaonik "Suvo Rudiste".

Obtained higher values for the >!°Pb transfer fac-
tor correspond to the fact that besides root absorption,
these radionuclides can be absorbed through foliar de-
position. In spruce needles from NP Kopaonik and NP
Rila Monastery a similar value of TF-2!°Pb,that of
1.42 and 1.67, respectively, is detected, while the
TF-219Pb for twigs shows a value higher than 3.51 in
the samples from LOF Vlasina and that of 4.08 at NP
Rila Monastery.

CONCLUSIONS

The main conclusion of this research is that acci-
dent situations in the immediate vicinity of investi-
gated areas in Southeast Europe did not affect the natu-
ral spatial distribution of radionuclides. As the first
radioactivity investigation of mentioned areas, it

Table 6. Transfer factor soil-to-leaf in plants from the analysed study area

Sample TF-**Ra TF-*K TE-"*"Cs TE-*'°Pb
NP Rila Norway spruce twigs - 0.12 - 4.08
monastery Norway spruce needles 0.08 0.60 0.02 1.67
NP Kopaonik Norway spruce needles "Suvo Rudiste" 0.10 0.18 0.70 1.42
. Norway spruce twigs - 0.37 0.02 3.51
LOF VI
astna Norway spruce needles 0.21 0.27 - -
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should be viewed as a starting point and basis for fu-
ture investigation.

In comparison to other sampling locations,
higher specific activities of all radionuclides were
found at both sampling sites on Kopaonik. The con-
clusion is that the obtained specific activities of
radionuclides from these sampling sites are typical and
expected for said soil samples, due to the geological
characteristics of the terrain. They are within
UNSCEAR reported values of natural radionuclide
distribution. Higher specific activity of '*’Cs in the
soil samples, detected at lower altitudes near the in-
habited areas, can be explained by soil erosion and
geological characteristics. Specific activities of natu-
ral and anthropogenic radionuclides in plant samples
are low and in accordance with literature, as well.

The detected specific activities of all
radionuclides in soil samples from LOF "Vlasina"
were below world average values. The specific
geomorphological history of this place and climate
changes resulted in low radioactivity that is also in ac-
cordance with reported UNSCEAR values.

This is the first detailed investigation of radioac-
tivity in soil, spring water and spruce samples from
protected high mountain areas in Serbia and Bulgaria.
The measured activity concentrations in the water
samples from all three localities are very low, lower
than guidance levels recommended by WHO (2011).
The amount of '¥’Cs and 2'°Pb is below MDA.

Samples from "Rila monastery" Nature park,
Bulgaria, were taken for comparison since it is one of
the nearest high mountain regions eastward. Risk as-
sessment in the area is insignificant, implying that re-
garding radiological safety, the areas are safe for hu-
man activities.

Further research and monitoring of radioactivity
ofhigh mountain areas in Serbia and Bulgaria is highly
recommended as part of regular monitoring of the en-
vironment.
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NPUPOJHA N BEINITAYKA PAIUOAKTUBHOCT Y
SAIITUHREHUM INIOJAPYYIUMA JYTOUCTOYHE EBPOIIE

Luss nctpaskuBama 61O je fja ce NCUTa IPUPOAHA U BEIITaUKa PafHOAKTHBHOCT Y y30pIIIMa 13
3amtrnhennx noapydyja Konaonnka, Bracuue n Pue. 3a npenMet ncrpaxuBama n3abpaHi Cy 3eMIBHIITE
(yrmbyuyjyhu jesepcku ceqmMeHT), mujakha W3BOpCcKa BOJA W UYSTMHAPW HA HABEJCHUM JIOKaIjama
Jyroucroune EBporme, 300r BHXOBOI 3Haydaja 3a Jby[A€ U >KUBOTHY CpeuHy y riobany. MeTomom
ramMacrekTpoMeTpHje 1abopaTopujcku ¢y onpebene cnenuduune akrusaoctu 2*°Ra, 22Th, 4K, 238U, 235U,
137Cs, 21%Pb u "Be koje cy ynopebene ca npoceunnm BpeHOoCTHMA y cBETY. Y pabeHa je npolena pusuka u
onpeben je Tpancdep pakTop 3emibuITe — OUibKa 3a 22°Ra, “K, 137Cs u 21°Pb. OBo je npBo ucTpakusame
PafnoaKTUBHOCTH BUCOKOIUTAaHUHCKUX nofpyyja Binacune u Konaonuka y Cp6uju u Pune y Byrapckoj u
MOKe ce CMaTpaTH HyJITHM CTalkeM U OCHOBOM 3a 1ajba HCTPAKUBamba.

Kmwyune peuu: zamaciiexitipomeitipuja, ilpouena puduka, cmpyia, Koiaonuk, Puaa, Baacuna



