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The aim of this work was to estimate the health and radiation hazard due to external irradia-
tion from terrestrial radionuclides in the Stara planina Mt. region, which is important be-
cause of past uranium mining activities on the mountain. Soil samples were collected inside
the flotation processing facilities, their surroundings and more distant locations, z. ¢. from ar-
eas considered certainly affected, potentially affected, and unaffected by former mining and
uranium ore processing activities. The radiological and health risk assessments were done by
calculating the six main parameters, based on the activity concentration of 238U, 232Th, and
40K in soil samples as determined by gamma-ray spectrometry. Increased values of the risk pa-
rameters were observed only for sites where uranium ore was processed, while the location
surrounding these compounds showed values that are usual for this mountain or slightly
above them. Calculations of the risk parameters for the background area showed no radiation
risk for the local and seasonal population. The presence of U and Th was detected in all water
samples from creeks surrounding the facilities, but only in the water from the facility drainage
pipe did their concentration exceed the limits given for the uranium content in drinking wa-
ter. In conclusion, the results obtained in this study fall within the range of values in similar
studies conducted worldwide and are below the values which can cause a significant radiation

hazard.
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INTRODUCTION

Irradiation of the human body from external
sources originates mainly from gamma radiation of
terrestrial radionuclides of the 23U and 23?Th series
and from “°K, these elements are always present, but at
different levels [1]. Extensive studies of the distribu-
tion of primordial radionuclides performed worldwide
[1] including Serbia [2] showed wide variations of the
natural concentration of these radionuclides depend-
ing mostly on geological conditions. However, it is
generally considered that external irradiation from
these radionuclides, except in a few cases [3-6], does
not represent a serious risk to human health.

The situation, however, can be quite different in
areas surrounding uranium mines, since materials with
higher uranium content can be spread by weathering.

* Corresponding author; e-mail: milantanic@yahoo.com

Even when mining activities have ceased, installations
aturanium mines can still have a significant impact on
the environment. Consequently, investigations of ter-
restrial natural radiation near abandoned uranium
mines have received particular attention worldwide
and led to extensive surveys in many countries [7-9].
These results are important for estimating population
exposure and serve as reference information to assess
any changes in the radioactivity level.

Geologically, the territory of Serbia includes a
great number of different rock complexes, but the larg-
est uranium mineralized area in Serbia is located on
Stara Planina Mt. In addition, uranium mining activi-
ties have been conducted on this location for several
years. From the environmental and health hazard point
of view, the increased uranium concentration within
the sites of the abandoned mines and processing facili-
ties is expected and not of much concern in itself. The
more important issue is whether this local contamina-
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tion had spread over wider populated areas. The wider
area around former uranium mines on Stara Planina
Mt. is scarcely inhabited today, but the development of
a ski resort on the mountain is slowly inducing the re-
population of some of its regions. We have recently
performed an extensive study of the distribution of
natural radionuclides in surface soils on Stara Planina
Mt. including the vicinity of abandoned mines [10].
An increased concentration of radionuclides has been
found in the vicinity of mines as compared to the rest
of the mountain indicating the spread of radionuclides
from mining and processing sites. However, the
knowledge of the concentration of radionuclides in the
soil does not show per se whether this poses a health
hazard for the population. We therefore used these re-
sults and some new measurements to calculate all rele-
vant parameters for assessment of the potential risks
from environmental irradiation [1, 10-12]. Some pre-
liminary results have been published in our earlier
publication [ 13], but in this work we present a compre-
hensive work on a large number of sites where poten-
tial health hazards are analysed according to specific
regions around uranium mines (affected, potentially
affected, background). In addition, we included analy-
sis of radionuclide content in water in the vicinity of
mines to complete the assessment of potential health
hazards in the area.

EXPERIMENTAL
Study area and sampling

Stara Planina, the largest mountain in Serbia, is
located in the east of the country and forms a part of the
Carpathian-Balkan mountain range, i. e. the western
portion of the wider Stara Planina (Balkan Mt.) massif.
There were two centrally situated uranium mines on
Stara Planina Mt. The mines were operational from
1960 until 1966. The maximum production of uranium
ore was 200 and 60 tonnes per day in the Gabrovnica
and Mezdreja plant, respectively. After the mining ac-
tivities ceased, the local population intensified using
the land around the mines for grazing and some agri-
cultural production.

Samples of undisturbed soil (up to the depth of
10 cm, three subsamples per location) were taken from
19 locations (affected, A1-A19) in the central part of
Stara Planina Mt. where the abandoned uranium mines
are situated (including a few samples from within the
processing facilities in Gabrovnica) and from 11 loca-
tions (potentially affected, P1-P11) in the area be-
tween these mines which we considered as potentially
affected according to their position relative to mining
installations, the hydrography of the terrain and its
geochemical characteristics (fig. 1). For comparison,
25 samples (B1-B25) were taken in parts of Stara
Planina Mt. where mining activities have never been

conducted (including the ski resort areas). The exact
geographical co-ordinates of all sampling locations
were obtained via the Global Positioning System
(Garmin eTrex Vista) and the majority of them can be
found in our previous publication [10].

The water samples (fig. 1) were taken from the
drainage pipe of the Gabrovnica mine, by the main
gate of the facility (Alw) and from two creeks that
flow immediately by the processing facilities in
Gabrovnica (A2w) and Mezdreja (A3w).

Sample preparation was performed according to
recommended procedures [14]. In brief, all soil sam-
ples were weighed and air-dried until constant weight
was reached. The samples were then pulverised, ho-
mogenised, and sieved to pass through a 2 mm mesh.
Water was sampled in the amount of 6 dm?, and after
sampling the water was acidified, pre-concentrated to
a tenth part of its initial volume, and transferred to
Marinelli beakers (total volume 500 cm?). The beakers
with soil and water samples were kept hermetically
sealed for one month prior to radioactivity measure-
ments, to ensure equilibrium between *?°Rn and its
daughters before gamma spectrometric analysis.

Radioactivity measurements

The specific activities were measured using an
HPGe gamma-ray spectrometer (ORTEC AMETEK,
34% relative efficiency and 1.65 keV FWHM for ®°Co
at 1.33 MeV). The quality assurance check on calibra-
tion was performed using standard reference material
through the International Atomic Energy Agency
(IAEA) proficiency for the determination of gamma
emitting radionuclides [15]. The total uncertainty of
the activity measurements was typically in the range of
3% to 10%. Additional details concerning measure-
ments of specific radioactivity can be found in our pre-
vious papers [10, 16].

Calculation of quantities for
determining radiation risks

Absorbed gamma dose rate, D [nGyh™'], in the
air at 1 m above ground level was calculated from the
measured specific activities of the soil samples taking
into account factors of 0.462, 0.604, and 0,042 for
converting specific activities to the absorbed dose as
given below

D=04624, + 06044, +00424, (1)

where Ay, Am, and Ax are the specific activities
[Bgkg™'] of **U, **Th, and *“K, respectively [1].
Other radionuclides such as '*’Cs, *°Sr, and the *°U se-
ries can be neglected as they contribute very little to
the total dose from the environmental background
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Figure 1. Simplified map of Stara Planina Mt. with sampling points in the affected (A) and potentially affected (P) area

[17-20]. Conversion factors for the calculation of
from the activities per unit area or mass were pub-
lished by several authors [17-25].

Radium equivalent activity, 4! [Bgkg'], is an
index that has been introduced to represent the specific
activities of 233U, 232Th, and *°K by a single quantity
which takes into account the radiation hazards associ-
ated with them. It was calculated using the equation
[12]

AL = Ay + 14347, +0074¢ )

External hazard index. This is a useful guideline
for regulating the safety standards of radiation protec-
tion for the general public. The annual effective dose
for radium equivalent activity of 370 Bq/kg corre-
sponds to the dose limit of 1 mSv for the general popu-
lation [10]. This index is calculated as [12]

Ay Ay A
o= A, Ak
370 259 481

3

Annual gonadal dose. The gonads, the active
bone marrow, and the bone surface cells are consid-
ered the organs of interest [26]. Therefore, the annual
gonadal dose, AGD [uSv], for both indoors and out-
doors due the specific activities of radionuclides in the
soil was calculated using the following equation [27]

(4)

Annual outdoor effective dose, AED, [uSv],
was calculated from the absorbed gamma dose rate us-
ing the factor to convert the effective dose rate to the
absorbed dose rate in air for adults of 0.7 Sv/Gy for en-
vironmental exposures to gamma rays and the outdoor

occupancy factor (the fraction of time spent outdoors)
of 0.2, both proposed by UNSCEAR [1]

AGD =3.094,, + 4184, +03144,

AED,,, =07-02DN, 5)

where D [nGyh '] is the absorbed gamma dose rate in
air, and Ny is the number of hours in 1 year (8760 h) [1].
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Excess lifetime cancer risk outdoors (ELCR)
was calculated as follows

ELCR,, =AED,, PCDL (6)

where PC is the nominal probability coefficient for
detriment-adjusted cancer risk of 5.5-10 Sv™' for the
whole population and DL is the lifespan (70 years) [1].

RESULTS AND DISCUSSION

Descriptive statistics for specific activities of
2381, 232Th, and *°K in soil samples taken from the
background, potentially affected and affected area of
Stara Planina Mt. are presented in tab. 1. The mean
specific activities of radionuclides of interest (333U
and 23?Th) in the potentially affected area are slightly
higher than in the background area which could be as-
sociated with mining and processing activities. How-
ever, specific activities for both nuclides are increased,
which also could be explained on the basis of a variety
of lithological components. Also, the range of activi-
ties, i. e. the difference between maximum and mini-
mum activity is roughly the same for both areas and
such variations are within the variations found world-
wide. The situation in the affected area is completely
different. The specific activities of 238U and ?**Th are
around 2.4 and 1.8 higher than the worldwide average
values [1] and significantly higher than in the back-
ground area. Also, values of specific activities for 38U
differ by a factor of 8 in the affected area which is a
clear indication for the existence of hot-spots as a con-
sequence of mining activities, since the affected areas
are relatively small (see fig. 1) and no significant vari-
ations in lithological components can be expected.

Themean value for soils in the background area
is near the worldwide average value (58 nGy/h) [1].
Mean values for both potentially affected and affected
areas are higher. The reported values of D for Serbian
regions without mining and milling activities fell in
the interval from 16.9 nGy/h to 125 nGy/h [28, 29]. All
of the calculated D in the study areas are in that range,
except values for sample points A3 (164 + 7 nGy/h),
A9 (214 + 9 nGy/h), and A13 (206 + 16 nGy/h). The
soil for sample A13 was taken inside the fence of the

processing facility in Gabrovnica, while sample points
for A3 and A9 are located just nearby the local roads
used for ore transportation.

The relative contribution to the total gamma
dose rate due to radionuclides from 233U series for all
areas studied is presented in fig. 2. It is clearly evident
that radionuclides from the uranium series contribute
most to the total absorbed gamma dose rate in the af-
fected area which is obviously a direct consequence of
mining activities, ore processing and transportation.

The obtained range and mean values of the total
absorbed gamma dose rate due to 238U, 232Th, and K
are compared with values reported for mining areas
worldwide (tab. 2). The values obtained in this study
are similar to those reported for uranium mining and
milling sites in Australia, Hungary, and Spain [30-32].
Higher absorbed gamma dose rates have been reported
for uranium mining areas in Kyrgyzstan and Namibia
(8, 33].

The mean values of 4,/ inaffected (200 Bg/kg), po-
tentially affected (175 Bg/kg) and background (110 Bq/kg)
areas (tab. 3) are well below the value 370 Bg/kg, which
corresponds to the dose limit of 1 mSv acceptable for the
general public. However, in two locations (A9 and A13) the
values of 4,7 exceed that limit.

Previous parameters represent dosimetric quanti-
ties based on activity concentrations of radionuclides of
interest. These parameters cannot provide useful infor-
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Figure 2. Contribution of radionuclides of 2**U series to
the total absorbed dose in the air in the background (B),
potentially affected (P), and affected (A) area

Table 1. Descriptive statistics of the total absorbed gamma dose rate and specific activity of **U, >**Th, and *’K in soil from
background (B), potentially affected (P), and affected (A) areas

Parameter Total absorbed gamma Spec1ﬁc act1V1tly of Spec1ﬁc act1v1t¥ of Spemﬁc act1v1ty of
dose rate [nGyh™] U [Bakg ™ *>Th [Bakg '] “K [Bakg ']

Area B P A B P A B P A B P A
Range 46 74 194 36 96 206 32 70 103 522 337 913
Mean 55 83 95 26 63 85 31 51 53 567 564 560
Median 52 78 89 24 63 54 30 44 51 550 595 555
Mode 34 46 21 13 22 31 19 44 65 355 394 525

St. deviation| 11 23 51 9 34 66 8 21 24 152 122 189
Minimum 34 46 21 13 22 31 19 30 6 334 394 64
Maximum 80 120 215 49 118 237 51 99 109 855 731 977
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Table 2. Gamma dose rates from different mining regions worldwide

Country Mine region Gama dose rate [nGyh™']
Kyrgyzstan [8] Mailuu Suu 148
Australia [30] Naberlek 125-300
46-126
La Haba Don Benito 13-114
. Alburquerque 25-117
31
Spain [31] Juzbado — Vitigudino 32-180
Andujar — Cardena 12-117
Cabril — Penarroya 20-126
Kovagoszolos 95-252
Hungary [32] 7%-123
Namibia [33] Arandis 99 to 1305

mation about risk for people who live (or could live) on
the location where the soil samples were collected. That
kind of information can be obtained through calcula-
tions of H_, and AGD. The value of H_, must be less
than unity to keep the radiation hazard insignificant, i. e.
to keep the radium equivalent activity and annual dose
under permissible limits (370 Bg/kg and 1 mSv, respec-
tively). Although the mean value of /., for the affected
area (0.55) does not exceed unity, values at two loca-
tions (A9 and A13) do exceed unity (tab. 3). This indi-
cates a potential radiation risk for the population. The
mean AGD value for sampling points in the potentially
affected area is slightly lower than for sampling points
in the affected area, but in the background area this
valueis 1.7 times lower (tab. 3). The results obtained for
studied locations in affected and potentially affected ar-
eas are higher than doses reported for example in Bel-
grade (Serbia) with a mean of 428 uSv (min. 177 pSy,
max. 630 uSv) [34]. On the other hand, all of the AGD
calculations for the background area are within the Bel-
grade range of AGD values. Also, the results for all
three investigated areas are comparable with AGD val-
ues reported for Montenegro ranging from 0.199 mSv
to 1.270 mSyv [35]. The highest values were recorded
for points A3, A9, and A13, and they are equal to
1.13 mSv, 1.48 mSv, and 1.42 mSy, respectively, which
can be considered as potentially hazardous.

The parameters H,,, and AGD do not take into ac-
count the amount of time that people actually spend in
the affected areas over one year. The assessment of po-
tential radiation risk should include the fraction of
time during which people are exposed to an increased
level of radiation. This extra risk can be expressed by
the AED,, which takes into account the outdoor occu-
pancy factor. Based on the assumption that people do
not stay outdoors in the investigated location more
than 20% of the whole daytime (approximately 5 h per
day), the outdoor occupancy factor was set at 0.2. In-
vestigated areas are almost uninhabited after mining
activities have ceased, so the setup of this coefficient at
this level seems to be appropriate. As shown in tab. 3
the AED,, values for all locations among the investi-
gated area are far below the maximum permissible

value of 1 mSv recommended by the ICPR for mem-
bers of the general public [10], even at locations with
the highest activity (A3, A9, and A13).

The mean values of ELCR,, for the affected
(4.47-107%) and potentially affected (3.94-107%) area
were found to be higher than the world ELCR,; value
(2.90-10%), while the mean ELCR,, for the back-
ground area (2.57-107%) suits the world average [1],
and also the mean values for Belgrade (Serbia)
(2.78-107%)[34], and Montenegro (2.70-104) [35]. All
calculated ELCR,, values are in the range of results
which were reported for the Kirklareli valley and
Bursa in Turkey, regions without uranium mining ac-
tivities, with the exception of ELCR, for sampling
points A9 and A13 that are slightly above the maxi-
mum calculated value for the Bursa region (8.38-107%)
[36,37]. Obtained ELCR,, values for all sampling ar-
eas covered by our study are well below the mean
value for the Mazandaran province in Iran (26-107%)
which is an area with a high population density [38].

Based on results obtained in this study, the only
locations where the measured and calculated parame-
ters significantly exceed the values expected for this
part of Serbia are locations marked A3, A9, and A13.
The site A13 is of no concern since it is located within
the fence of the processing facility in Gabrovnica.
Sites A3 and A9 could become potentially hazardous
ifhouses were to be built there. Also, our study did not
systematically cover the area around mines and there
is a possibility that more “hot-spots” exist.

Results of radioactivity measurements and ra-
diometric determination of U, Th, and K in water sam-
ples are given in tab. 4. The concentration of U and Th
in water coming from the drainage pipe in Gabrovnica
(A1w) by far exceeds values found in the creeks. How-
ever, the concentration of U and Th in water in the
Gabrovnica creek downstream is rather low. Also, soil
samples from the creek bed did not show increased
concentrations of U and Th, so there is neither U and
Th precipitation, nor absorption of these elements by
river sediments. According to domestic regulations,
the maximum allowable concentration of U in bottled
natural drinking water is 50 pug/dm? [39]. The provi-
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Table 3. Radium equivalent activity, external hazard index, annual gonadal dose, annual outdoor effective dose, and
excess lifetime cancer risk outdoors at different locations in studied areas; data for background area are presented only as
the mean value without specifying sampling spots since none of values exceeded normal value for activity

Location Radium equivaljnt External hazard Annual gonadal Annual outdoor E)fcess lifetime cancer
activity [Bqkg '] index dose [puSv] effective dose [uSv] | risk outdoors [-10~"]
Background area
Mean 110 0.31 387 67 2.6
Min 70+7 0.19+£0.02 242 £ 24 42+4 +
Max 163 £ 50 0.46 £0.14 571 £176 99 £30 38+1.2
Potentially affected aca
P1 95+4 0.26 £0.01 325+ 14 56+2 22+0.1
P2 218+ 12 0.60 +0.03 713 £37 125+7 4.8+0.3
P3 162 £ 12 0.45 £0.04 546 £ 50 95+£8 3.7£03
P4 156 £ 8 0.43 +0.02 530+25 92+4 35+02
P5 140+ 7 0.39+£0.02 482 £25 83+4 32402
P6 256 £ 8 0.71 £0.02 840 £ 26 147+£5 57+02
P7 195+ 15 0.54 + 0.04 638 £46 113+£8 44+03
P8 164 +£7 0.45 £0.02 537+23 95+4 3.7+£02
P9 115+£5 0.32£0.01 390+ 16 68+3 2.6+0.1
P10 196 £ 12 0.54 +£0.03 660 £ 39 116+7 45403
P11 228 £ 10 0.63 £0.03 759 £31 134+6 52+02
Mean 175 0.48 584 102 3.9
Min 95+4 0.26 £0.01 325+ 14 56+2 .
Max 256 £ 8 0.71 £ 0.02 840 + 26 1475 57402
Affected area
Al 160+ 13 0.44 + 0.04 533+£49 93+£8 3.6+03
A2 149 £ 11 0.41£0.03 501 +£41 87 +7 34£03
A3 350+ 15 0.96 £ 0.04 1132 +48 201£9 7.7+0.3
A4 219+ 12 0.60 +£0.03 722 £38 12747 49+03
AS 207£9 0.57£0.03 693 +£30 122£5 47+0.2
A6 194+ 15 0.53 £ 0.04 639 £48 11249 43403
A7 198 £13 0.54 £0.04 649 +£43 114£8 44+03
A8 160 £ 8 0.44 £0.02 538 £27 94+£5 3.6+02
A9 458 £20 1.26 £ 0.06 1484 + 67 263 £12 10.1+04
A10 239+ 11 0.65 £0.03 775 +36 1386 53+02
All 188+ 8 0.52 +£0.02 622 £26 109+£5 42+0.2
Al2 105+4 0.29 £0.01 368+ 13 64+£2 25+£0.1
Al3 439 34 1.20 £ 0.09 1421 + 106 253 £19 9.7+0.7
Al4 172+ 6 0.47 £ 0.02 566 £20 99+4 3.8+0.1
AlS 97+3 0.27 £0.01 333+12 58+2 22+0.1
Al6 190+ 6 0.52 +£0.02 619£20 110+4 42+0.1
Al17 45+2 0.12+0.01 142+6 26£1 1.0+0.1
Al18 105+4 0.29 £0.01 360+ 13 63+2 24+0.1
Al19 119+4 0.33+£0.01 416 £ 14 72+£3 2.8+0.1
Mean 200 0.55 659 116 4.5
Min 45+2 0.12+0.01 142+ 6 261 1.0+0.1
Max 458 £20 1.26 £ 0.06 1484 + 67 263 £12 10.1+0.4

sional guideline value for uranium in drinking-water is
30 pg/dm? based on its chemical toxicity for kidneys
as set by the World Health Organisation (WHO) [40].
The same concentration of uranium is set as the maxi-
mum contaminant level for uranium in drinking water
by the Environmental Protection Agency, USA [41].
WHO guidance levels for radionuclides in drinking
water are 10 Bg/dm? for 2*3U and 10 Bq/dm? for 23?Th.

Comparing specific activities for these radionuclides
from tab. 4, it can be seen that all values meet WHO
guidance levels, but such results do not themselves im-
ply that the water is suitable for consumption. It seems
that the analysed waters do not represent a health haz-
ard, except of course the water from the drainage pipe
which is certainly not used for any purpose. Moreover,
the water from these creeks is not generally used as
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Table 4. Specific activity of 238y, 232Th, and ’K and massic elemental concentrations of U, Th, and K in sampled waters

- - 3

Sample - Specific ac:ztslzv;g [Bgdm™] g
Alw 0.991 £ 0.090 0.472 £0.037 0.225 £ 0.022
A2w 0.023 £0.008 0.023 +0.003 0.013 +0.002
A3w 0.007 £ 0.006 0.021 £0.001 0.131 £0.011

Massic elemental concentration [pgdm ]
Sample - - :
Uranium Thorium Potassium

Alw 80.91 £7.29 116.32 +£9.12 (7.42 £0.73)-10°
A2w 1.86 £ 0.65 5.67£0.74 (0.43 £ 0.07)-10°
A3w 0.57 £0.49 5.18£0.28 (4.32 £ 0.36)-10°

drinking water, but values from tab. 4 are useful as a
starting point for a broader analysis, since these creeks
are tributaries of the river Trgoviski Timok whose wa-
ters are used both for drinking and watering of plants.

CONCLUSION

The results of radiological characterization of the
abandoned uranium mining area showed that potential
radiation risk exists only for the population of areas lo-
cated in the immediate vicinity of mines and processing
facilities. A region assigned as potentially affected is an
area where several populated places including Kalna, a
former administrative centre and headquarters of the
uranium mines, are settled. Radiation hazard indices for
this area fall between or slightly above the limits re-
ported for Serbia and also worldwide. Though the radi-
ation hazard associated with external irradiation from
natural gamma emitters in a potentially affected area is
of no immediate concern, the remediation measures are
needed, especially having in mind the tremendous dis-
repair of the processing facilities.
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Munan H. TAHWUh, Munan 3. MOMYUNJIOBHUR, Josan P. KOBAYEBWH,
Cuexana [I. IPATOBUh, N'opan I'. BAYNh

MNPOLUEHA PAJIUJAIIMOHOI U3JATABA Y OKOJ/JIMHU
HAIIYHNITEHUX PYIHUKA YPAHNIJYMA HA CTAPOJ IINTAHMNHU

Lum papa je 610 mpolieHa 3APaBCTBEHOT M PajfjalliOHOT PU3MKA 3a JbYAE YCIEd CHOJbHET
o3paumBamba raMa 3pavdemheM TePeCTpHjalTHIX pagloHyKiIna y pernony Crape IuraHuHe, IITO je BaXKHO
300T paHUjUX aKTUBHOCTH PyIHUKA YpaHUjyMa Ha IUTAHWHU. Y 30PIH 3eMIBHIITA Cy MPUKYIIJLEHN YHYTap
caMux (QIOTAIMOHUX MOCTpOjerha, BUXOBE OKOJWHE M JIOKanuja Ha BeheMm pacrojamy off BHX, Tj. ca
poCTOpa 3a Koje je CMaTPpaHo Jia Cy CUTYPHH, IIOTEHIIN]jaJTHO WITU YOTIIIITE HUCY YIPOKEHU €KCII0ATAIHjOM
Py/ie ypaH#jyMa i lbeHOM IpepafgoM. Pajamjannonn u 3MpaBCTBEHN PHU3HK CY NIPOICHEHU N3padyHaBambeM
IIECT TJIABHUX [TapAMETapa Ha OCHOBY crenuduunux aktusHocTH 2>°U, 22Th n *°K y y3opuuma 3emibuinTa
Koje cy oapeheHe rama-ceKTpoMeTpHjcKOM MeTofoM. [loBuIlleHa BpeHOCT MmapameTapa pH3MKa je
yOueHa jeIMHO Ha JIOKallijaMa Ha KOjuMa je BpIIeHa Mpepajia ypaHujyMcKe pyje, TOK Cy BpeJHOCTH OBUX
nmapameTapa 3a JIOKalfje U3 OKOJINHE TIOCTPOjeha CIIMYHE UM HE3HATHO BUIIIE Off yoonuajeHux 3a Crapy
wranuHy. [IpopadyHn 3a IpocTOp cMaTpaH HEYTPOKEHNM NOKa3yjy /1a je pajiijalioOHy pU3UK 32 JJOKATHO
CTAaHOBHUIIITBO U TypHUCTe He3HaTaH. [IpucycTBO ypaHujyMa U TOpHjyMa je YCTaHOBIbEHO Y CBUM Y30pIIMa
BOJIC y3€THM U3 BOJOTOKOBA KOjU MPOTUYY Yy HEMOCPETHO] OKOJIMHM (DIOTAIIMOHUX ITOCTPOjeHha, alld je
caMoO y BOJiU KOja je y30pKOBaHa M3 J[peHaXkKHE 1eBU (PIOTalMOHOT MOCTpojema y [[aOpoBHUIM cafpKaj
ypaHujyma Behu ofi 103BOJbEHMX KOHIEHTpalMja OBOT ejJeMeHTa y mujahoj Boau. 3akibydak je fa cy
pesynTaTd JOGHMjeHH OBMM HCTPAXXHBAHEM y OICETY BPEJHOCTH JOGHjCHHX y CIMYHHM CTyAHjaMa
CHPOBE/ICHUM IIMPOM CBETA, W fla Ce Hala3e MCIOJ BPENHOCTH KOje MOry JOBECTH [0 3HAYajHOT
pajijanoHOT pU3nKa.

Kmwyune peuu: ipoyena paoujayioHoz Uanazarba, Yparujym, Lopujym, emmpuiiiie, 00d




